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IlepeamoBa

B ocsitHpo-npodeciiinili nporpami Bumwoi ocsith 3a npodeciiinuM cripamMyBaHHAM 6.0925
7ABTOMAaTH3allin  TA  KOMIT'IOTEPHO-IHTErPOBaHi  TexHomorii”  nepeafaueHa  AUCLMILIIHA
“EnexrtpoHika Ta MikpocxeMoTexHika” (undp 3.03).

MeTa BUBMEHHA QMCUMMIIHH — 3aCBOCHHA MPUHLNIB MOGYAOBH i 33CTOCYBAHHS OCHOBHMX
€JIEMEHTIB €NEKTPOHIKM Ta MiKPOCXEMOTEXHIKM, OCHOBHHX €JIEKTPOHHUX CXEM AHATOrOBOi Ta
UM(POBOT CXEMOTEXHIKH.

B ocHoBHUX po3ainax nepeaGayeHuii HacTyrHui marepian.

CraH | nepcrexTHBY PO3BUTKY EJIEKTPOHIKM | MIKPOCXEMOTEXHIKHM; €IEKTPONpPOBIAHICTb
MeTaiB ‘Ta HaniBNPOBIAHMKIB, HaMiBNPOBIAHUKOBI €NEMEHTH (MIOAM, TPAH3MCTOPH, TUPHCTOPH
TOWIO), iHTErpanbHi MIKPOCXeMH, HAWKATOPHI MPUJaaH; NiACHMIOBANBHI KackaaM, MiACHIIOBaYi
HANPYTH Ta AOTYKHOCTI; ONGPAWLIHHT NIACKIIOBAY;, ENEKTPOHHI FEHEPATOPH; JDKEPENA JKHBICHHS Ta
CTa6|m3aTopu Jloriuui efieMeHTH UMPOBUX MPUCTPOIB, OMKMC anropuTMiB (byHKulonyBanHﬂ
AOTIYHUX NPUCTPOIB, MiHiMizauis nOTiYHMX GyHKUIH, MOCHINOBHICT NPOCKTYBAHHA NOTiUMHX
npucTpois; knackbikalis UKPPOBMX IHTErpaIbHUX MIKpOCXEM; OCHOBHI koMOiHaUiliHI cxemu:
wrppatopn, AewndpaTtopd, NepeTBOPIOBAYi  KOAIB, MYJIbTHINEKCOPH, AEMYJbTHNICKCOPH,
CYMaTopH, KOMMApaTopH, aprMETHKO-NOTiYHI NpHCTPOT; OCHOBUI NOCHiNOBHICHT npuCTpO;
ACHHXPOHHI Ta CHHXPOHHI Tpurepy, napaneiibHi, NMOCNiAOBHI Ta 3CYBHi pfrichM; JHYANBHUKY,
3anam’ATOBYBaNbHI NPUCTPOT; CXeMM NPHIIMAHHA 30BHILIKIX CUrHanis, BHXiaHi kona wMPpoBOi
ABTOMATHKM, aHANOrO-uM(pOBi Ta uMppo-aHanoroBi NepeTBOPIOBayi. 3acTOCYBAHHA NPUKIALHUX
TPOrpam Jis MOJIEMOBAHHA AHAJIOTOBUX Ta LU(DPOBUX CHCTEM.

BHacnifok BUBUEHHS JUCLATUIIHK CTYAEHT MOBUHEH 3HATH:

- TEHAEHUIT PO3BHTKY TEXHIYHHX 32CO6IB €EKTPOHIKU T CXEMOTEXHIKH,

- Gisnuby cyTe sBum, WO BiAOYBAIOTBCA y HaNiBMpPOBIAHMKOBUX IpHMNazax Ta

MiKpOCXEMaXx; '

- OpHHUMAN N06YA0BH THIOBHX ENEKTPOHHHUX CXEM;

- CyyacHY KOMMOHEHTHY 6a3y eNeKTPOHIKH Ta MIKPOCXEMOTEXHIKM;

= METOH CHHTE3Y CXEM Ha CIICMEHTAX CIICKTPOHIKM Ta MiKPOCXEMOTEXHIKH,

Bwmitu:

- @HAJ3yBATH CXEMHI PillleHHA ENEKTPOHHHX NPUCTPOIB Ta iX PyHKLii;

= KOPHMCTYBATHCA MAaTCMATHYHAM anapaToM OMUCY aHANOrOBMX Ta UM(BPOBHX CXEM;

- pO3B'A3YBATH 3a/1a4i CXEMOTEXHIUHOIO NPOCKTYBAHHS;

- 3a JONOMOrOI0 BUMIPIOBAILHOT anapaTypu AOC/ILKYBAaTH POBOTY €NEKTPOHHHX CXEM Ta

MPUCTPOIB;

- 3aCTOCOBYBATH NPUKNA/HI NPOrPaMN MOLEIIOBAHHA AHANOrOBHX Ta UM(POBHX CXEM.

Takum 4uHOM, Kype nepenbadae CepiiosHe 3HAWOMCTBO CTYAEHTIB i3 CydacHWM piBHEM
PO3BHTKY €/IEKTPOHHUX YCTATKyBaHb, WO Ga3yeTbcs Ha OCTAHHIX JIOCAPHEHHAX CIAEKTPOHIKH Ta
MiKPOCXEMOTEXHIKM i € BAXUINBOIO YACTMHOO iHKEHEPHOT MiAroTOBKH crieuianicris. Pasom 3 umm,
X042 KYPC i HaneKuTh 10 (yHNAMEHTAaNbHUX AMCUMIUIIH, BIH HE CTAaBMTh CBOIM 3aBAaHHAM
TiArOTOBKY CMEiaNiCTiB B rany3i encKTPOHHOI CXEMOTEXHIKM. 3 BUBUEHHAM KypCy, CTYAGHTH
HOBUHHI 3po3yM1Tu MPUHUAMK Lii Ta MOXIMBOCTI €NEKTPOHHUX YCTAaTKYBaHb, BMIiTH FPaMOTHO
CKCIITyaTyBaTH Ui YCTATKYBAHHA Ta KnacHikoBaHO GOPMYBATH 3ana4i Ha iX po3pOGIEHHA.



CTBOpIOKOYM HABYANBHHH NOCIGHUK 3riIHO 3 MPOrPaMoOI0, ‘ABTOP He NPArHyB YBECTH TIOBHHMI
Matepian 3a paxyHok 36inbineHHA o6’eMy MiAPYHHMKA, HABNAKM, 00’€M BIAMOBINAC peambHUM
MOXIMBOCTAM  CTYZIEHTIB, AKi OyJyTs BHB4aTH leH Kypc. ToMy METOMMKA BUKIAJEHHS OKpeMHX
I7aB, . HANDUKMAN, ~[PHCBAYCHHX HAMIBMPOBIIHMKOBHM NpPHIAZaM Ta  IIACHTIOBANLHMM
YCTATKyBAHHSAM, [PYHTYEThCS Ha AKICHO HOBHX HifX0OJaX JI0 BUBUCHHS €IEKTPOHHOI CXEMOTEXHIKH.

iay 1upoBOi TEXHIKK HaBYATEHOrO MOCiOHMKA MOGYAOBaHi Tak, IO, y NEpIy Hepry,
CTAaBUJIOCH 32 HEOOXifHE JaTH OCHOBH aHaNi3y T4 MATEMATHYHOTO anapaTy CHHTE3Y, IO JAcTh
3MOry OyayBaTW eNeKTPOHHI aBTOMATH, INepeIbaveHi TEXHIYHMMM 3aBAAHHAMH  pisHOI
(yHKWioHanbHOT  CKIANHOCTI. OCTAaHHE CIIOHYKANO  JIEWNO . POSWIMAPUTH 00’€M HABYATLHOTO
nociOHHKa, Mo 3a0e3MeTUTh MOMUTHBICTS BUKOPUCTAHHS MATepiany 3riHO 3 BAMOTAaMM YuGOBHX
TIaHiB He. uwe GakanaBpis, ane i-cneuiaticTis Ta MaricTpis. ToMy aBTop Aemo 36inbmuB po3aim,
AKi NPUCBAYEHI TONOBHMM HAIPAMKAM pO3BHTKY €NCKTPOHHOI LMQpPOBOi TEXHIKM, YBiBLIM

- MaTepian, o He nepeabadyeHui MpodeciiiHOW NPOrpaMolo, i MOCBATHB pAA PO3ALTIB. MHUTAHHAM
€HEPreTHYHOI ENEKTPOHIKKM, AKi NPHBEPTAIOTh YBAry CIELjaticTie B rany3i €HepreTMUHoi
€JIEKTPOHIKHM Ta €NEKTPOMEXAHIKH.

Buknanenuii matepian .y HaB4anbHOMY NOCIGHHUKY MICTHTH NMpHMKNAaAM Ta 3aBAAHHA ANA
CaMOKOHTPONIO, TOOTO CTaBMmach MeTa Oinpul rIMGOkoro. ioro 3aceoenus. [pu poboTi Han
HABYATBHUM TOCIOHMKOM aBTOp HAMarasCsi BUKJIACTH MaTepial y JOCTYIHil Ta HalbinbLI nipocTii
Gdopmi. - PisHomaHiTHiCTE  BHpimeHs y pisHMX = cdepax 3aCTOCYBaHHsi CNEKTPOHIKM Ta
MIKPOCXEMOTEXHIKU 'HE A0 3MOTH BHKIACTU 'CreUMGiUHI NMUTaHHA y JAaHOMY HaBYANLHOMY
NociGHUKy, TOMY MPONOHYETECA 3BEPHEHHs A0 JOJATKOBOI JIHTEPATYPH, CIIMCOK AKOI MiCTHTBCSA
Gi6niorpadii.

- Omxe; HaBHANBHUH MOCIOHMK, IO MPOMOHYETHCHA, HE PO3PAXOBAHMM 1A “3a3y6proBanns”
BM3HAYeHb. . FIOrO rofioBHa MeTa — npobyauTd y MOJIOZIOI JIOJWMHK TNParHeHHs JO HAMNpYXeHo§
TBOPYOI npatti, 6askaHHA CTBOPUTH IOCH CBOE, HOBE, HEMOAIGHE 10 ICHYIOUOTO.

Hapuaneuuil nociGHUK CKIANA€TheA i3 BOCBMH INIaB. Y NMEPLIMX TPHOX IIaBaX POIMJIAHYTI
NPUHUMNK  pOBOTH,  XapaKTEPUCTHKA Ta  NapaMeTpH  HaMiBMPOBiIHMKOBUX MPHIANiB,
TPaH3UCTOPHUX MiJCWTIOBAYIB Ta iMITYNbCHHX YCTAaTKYBaHb, IO IPYHTYIOTHCA HA 3aCTOCYBaHHI
iHTerpabHUX CXeM. Y UYeTBEPTiH InaBi pPOSINAHYTI TPMHLMMH PoOOTH  MANOMOTYXKHHX
BUINPAMJISYIB 3MIHHOTO CTPYMY.

VY m’atiit rnaBi HaBeJEHI OCHOBM apU(METHKH CAEKTPOHHMX UM(PPOBUX aABTOMATIB, I€
ABTOMAT NPECTABNAECTECA, AK QYHKUIOHAIBHA CUCTEMA, [UIA MTOOYA0BY MOJeIel AKOI BUKOPUCTAHI
MaTeMATHYHI 3aNeKHOCTI MK BUXiJHMMM Ta BXiZHHMH 3MiHHUMH Ta a0cTpakTHHI MeToA rpad-
CHCTEM.

3pobrennit aHaniz Ta npenctaBieHi rpad-monmeni QyHKui oxHoro Ta ABOX apl"yMCHTlB
HaBeseHi GOpMH TpeACTaBieHHA (yHKUiM TaOnMdHMMM MeTodamMM  Ta rpadamu. PosrasHyi
icHytoui meronu MimiMizanii nepemukansapx (QYHKUiH TA 3a0pOINOHOBAHME ABTOPOM METOJ
BUKOPHUCTAHHs CKiHYEHOro rpady THIY CTiKKa, AKUH He BUMArae CKJIaIHUX MpOUEIyp, HOB’ I3aHUX
13 CKJIaIcHHAM TabJHLIb.

Y mocTili IMaBi HaBENEHI METOJM aHAMI3y Ta CUHTE3Y UMDPOBUX aBTOMATIE KOMOiHALiHOrO
T4 [I0CT JOBHICHOTO THITY, TIOKa3aHuH BIUIHB 3aTPHMOK B €/IEMEHTAX Ta CHIONY4eHHAX Ha iX poGoTy,
onucadi GOpMH Ta AITOPUTMHM IIPEICTABIEHHA CKIHUEHUX ABTOMATIB, JI¢ BUKOPUCTOBYETHCA [JiA
no6yuonu ABTOMATIB aGCTPaKTHUI METOA Tpad-CUCTeM.

S0V CBOMIN MaBi HABENEHMH AHAMI3 TA CHHTE3 MEPETBOPIOBAYIB cnmany (ananoro-uudpoBux
‘Ta HAPPO-aHATOTOBHX).

V' BOCBMIl I1aBI OMMCAHI CXEMM KEPYBAHHA BUKOHABYMMM MEXAHI3MaMH, sKi MOOYN0oBaHi Ha
OCHOBI - €NIEKTPOHHUX UM(PPOBUX ABTOMATIB-PETYIATOPIB, HaBEJeHi CTPYKTYpH MozlemOBaHH;[
CHCTEM KepyBaHHS Ha OCHOBI Mikpo-EOM.

ABTOp BUCJIOBIIOE  TIOJAKY THM, XTO OpaB Y4aCTh V TATOTOBLU HaBYAIHHOTO nociﬁmma,
NiATpUMYBaB- HOTO ‘ife1o- Ta cnpuss.- ii prinexnio. Lle, nepw 3a Bee, moueHty TepHOMinbChKOro

JIEpAABHOrO TEXHIYHOTO YHiBepcHTeTy imeHi IBaHa [Tymos k.T.H. Jlymenky A. M. Ta cryaeHTam
(baxynbTeTy KOMITIOTEPHHX TEXHONIOriit yHiBepcurery Pomany Muxanosuuy, Apceny [yuany,
Onekcanapy ParymHomy Ta Aujpiro Xapuuly 3a JonoMory y KOMI'IOTEpHOMY Habopi Ta B
oopMIIEHHI pYKOTHCY.

Matepiand BOChMH TIVIaB aBTOP HAMAraBCd - BUKNACTH TakMM YMHOM, W00 MOKa3aTH
HEPO3AIBHUI 3B°430K anropHTMiB GYHKUIOHYBAHHS €IEKTPOHHHX YCTaTKYBaHb Ta pO3poONeHHX
Ha {X OCHOBI MPHHUMITOBUX CXeM. HacKkinbky Le BAAnocs, aBTOpP CHOAIBAETHCA CYANTH NO BiAryKax
Ta 3ayB@XKEHHAX, 9Ki MOXKHA HampaBnaTi 3a aapecoro: 46001, m. Tepronins, Byn. Pyceka 56,
TepHOMiAbCHKMIT  JepikaBHUIA  TexuiuHmii  yHiBepcurer imeHi IBawa Tlymos, dakyasTeT
KOMIT'YOTEPHUX TEXHONOI i, 32 1o aBTop Oyae BAAUYHHMIL.



I'naBa mepma

1. HamiBnposigHukoBi Ta MiKpoeaeKTpoHHI NpuiIagn
1,2,3,4,5,7)

§1. 1. EnexrponpoBiaMicTs HaMiBAPOBiXHMKIB, YTBOPEHHS TA BJACTBOCTI
p-n-nepexony

Kinpkicts BifoMux y gaHuit yac HaniBNPOBIAHMKOBMX MaTtepialis A0CHTh Benmka. Jns
BUIOTOB/ICHHA HAIBNPOBIHUKOBMX NPWIALIB 3aCTOCOBYIOTBCA OPOCTI  HANIBIPOBIAHUKOBI
PCUOBMHU. 2epmanili, KpemHiil, cenen Ta CKIIaJHI HaNIBINPOBIIHUKOBI MaTepiaiu: -apcenio 2aniw,
ocio zanito Ta iH. 3HAYEHHA TUTOMOIO ENEKTPHYHOTO ONOPY B YMCTHX HANIBMPOBiAHMKOBMX
Matepianax N&xate y Aianazoni six 0,65 Om'M (repmaniit) 2o 10° Om-m (cenen). [Hedxi aaHi npo
BJIACTHBOCT] YHCTHX HaniBIIPOBIIHMKOBUX MarepianiB HaBefeui B Jojarkax Tabn. Al( akrtusni
€JIEMEHTH €IEKTPOHHUX NPUCTPOIB ).

VY anctux Haniang)oniuﬂuxax KOHLEHTpALlIA HOCITB 3apAny — BINbHUX eeKmponie Ta Qipox ~
cknapae mame 10'%-10" wa 1 o’ PEUOBMHU. [l 3BMKEHHS DHTOMOTO ONOPY HANiBNPOBiAHMKA Ta
HaJlaHHA oMY NEBHOrO TUIly €JIEKTPONPOBIAHOCTI —~ ereKmpoHHOi TPU MEPEBAKAHHI BLIBHMX
€N1EKTPORiB a0 Jipounol NpH NepeBdKaHHi AIPOK — Y UMCTI HAMIBNPOBIAHUKM BHOCATH MEBHi
Jomimky. - Taknil NpoLeC HA3MBAIOTE AeaysdrHsmM, @ BiANOBIIHI HAMIBIPOBIAHMKOBI MaTepianu —
Ne206CHUMU.

B akocTi neryrounx AOMIlIOK 3aCTocoBYIOTH efieMeHTH 111 Ta V rpyn nepioaMyHol cucTeMu
enemeHTie  JI. 1.- Menaenecesa. Jleryroui  enement. III rpymu CTBOPIOIOTH = AipOYHY
€JIEKTPONPOBIAHICTE HANIBIPOBIAHMKOBAX MATEPIaliB | HAZMBAIOTHCA AKYENMOPHUMU NOMITUKAMH,
€MeMEHTH V IPYIH — €IeKTPOHHY €NIEKTPONPOBIAHICTD | HABMBAIOTBCA QOHOPHUMU JTOMIIKAMM.

[uToMuii  enekTpyuHUil OMip . NErOBAHOTO HAMIBHPOBIAHMKA {CTOTHO 3al€XHTH Bif
KOHLEHTpauil nomiwok. [Tpn koHuentpaii gomiwok 10%°-10% Ha 1 v’ PEYOBHUHU BiH MOXKE OYTH
sHKeHnit 10 5-107° Om'M s repmaniio Ta 5-107° OMM ana kpeMmiio. Ilpote HaBith y
CHILHONICTOBAHMX HAMIBMPOBIAHMKAX OAMH aTOM - JOMIlUKM [pHnNajac Ha 10*-10* arowmis
HanisnpoBigHuka. JleAki BNACTMBOCTI JIEroBaHWX HaMiBIPOBIAHMKOBMX MaTepialliB HaBeJeHi B
AoBATKaxX A2 (MacuBHI €IEMEHTH ENSKTPOHHMX NPUCTPOIB).

CnaGosneropaii HamiBNIPOBIIHUKM BHKOPUCTOBYIOTH It BHIOTOBNCHHS MAROTOTYXKHUX
HaniBpoBiIHAKOBHX AiOJIB TA TPAH3UCTOPIB. Y MOTYXHHUX Ta iMILYNLCHUX Ai0/aX, TPAH3NCTOPaX
Ta TUPUCTOPAX 3aCTOCOBYIOTE CUIILHONETOBAHI HAMiBIPOBiIHUKM 3 MATMMHU IINTOMUMH ONOPaMH.

OcHoBHE 3Ha4YeHHA 11 poGOTH HAMIBIPOBIAHUKOBUX NPWIA/IB MA€ €JEKTPOHHO-IiPKOBUI
nepexij, Mo L CTUCIOCT] HA3HBAIOTE P-N- MEPEXOAOM.

Enexmponno-0ipkosum nepexodom Hasuearomo diNAHKy HA Mexici 060X HANIENPOGIOHUKIE,
00uH i3 AKUX MAE eNEKMPONHY, a Opyzuii — JipKogy enekmponposionicnio.

Ha npaxtuili p-n- nepexil oJep)kylOTh YBEACHHAM Y HANiBOPOBIAHMK 3 JOMIHIKAMH
JONATKOBOI NETYH0YOT AOMIlIKY.

Hanpuknaz, 3 yseaeHHAM NOHOPHOI JOMILIKH Y NMEBHY 4aCTMHY HAIIBIPOBIAHKMKA P-TUIY B
HBOMY YTBOPHTHCA ALNIIHKA HaniBNPOBIAHUKA N-TUITY, O, IPAHUUMTS i3 HANIBNPOBIAHMKOM p-
TUITY.

PosraneMo cXeMaTHHHI YTBOPEHHSA p-n-Nepexoiy 3 3iTKHEHHAM ABOX HANIBIPOBIIHMKIB i3
pi3HUMH TflaMM enexTponposiaHocti (Man. 1.1). Jlo 3iTkHenus B 060X HaNiBMpPOBiJHHMKAX
€NEKTPOHM, AiPKY Ta BEPYXOMi 10HN Gy/M posnoaiieni pisuoMipHo (Man. 1.1, a).
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Man. 1.1. YTBOpeHHs p-n-nepexony

I3 3ITKHEHHAM HamiBNPOBIJHUKIB Yy MNPWKOPJOHHOMY [pOIIAPKY  BiaOyBaeThes
pexomOinattis ( 3'€nHaNHs ) ENEKTPOHIB Ta AIpoK. BinbHi enekTponu i3 3001 HamiBNPOBIANIMKA n-
THNY 3aiMatoTh BiNBHI PIBHI Y BAIEHTHIH 30HI HAMIBHIPOBIAHMKA p-TUny. VY pesyapTari noGnusy
MEXI J\BOX HaniBIPOBIOHMKIB YTBOPWUTLCA MpOILAPOK, NO30aBREHUA PYXIMBHX HOCITB 3apany i
TOMY BONOAIE BUCOKMM €NEKTPUYHUM OMOPOM, — Tak 3BaHMIT 3amupaiouuii npourapok.(man. 1.1, 6).
Tosuwna npowapky, IO 3amupae, 3BUYAHHO HE MEpeBUILYe AEKIIEKOX MiKPOMETPIB.
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Mai. 1.2. Enextponno-aipounuii nepexif y 30BHILIHBOMY e/IeKTPHYHOMY TOJIi:
a) — 10 p-n-Nepexoay MPUKIAACHa 3BOPOTHA Hampyra, 6) — 10 p-n-nepexoay NpHkIaicHa
NpsAMa Hanpyra.

Po3wnpenHio npowapky, o 3anupae, MEpewkoKAOTL HEPYXOMi 10HM JIOHOPHHX Ta
aKLEITTOPHUX JOMILIOK, IO YTBOPIOIOTh Ha MEXi HaniBIPOBIAHUKIB MMOABINMA eneKTPHYHKI
npowapox. Lle#i mpowapox Bu3Hayae KOHTAKTHY Di3HHIEo nmorteHuianis (noveHuiiinmii Gap'ep)
@ .Ha MEXKi HamiBOpoBigHukiB (Man..1.], 6). Pi3uul morenuianis, Wo BMHMKNA, CTBOPIOEC B
3QMMpaloHoMy NpOWIAPKY ENEKTPUYHE MON€, SKEe MEPELIKOLKAE KK NEPEXOJOBI ENEKTPOHIB i3
HAMIBNPOBIAHMKA N-THITY B HATHBMPOBIAHMK P-THILY, TaK i NEPEX0A0Bi AIPOK y HANIBNPOBIAHUK n-
Tany. Y TOH JKe 4YaC €NeKTPOHM MOXYTE BilIbHO PYXaTHCA 3 HaNiBAPOBIAHWKA pP-THOY A0
HaMiBNpOBiAHMKA N-THMY, TOMHO TaK CaMo, K JAIPKM 3  HANIBHPOBiAHMKA n-THNY 0
HANiBNpPOBiAHMKA p-Tuny. TaKum YMHOM, KOHTAKTHA PI3HMUA NOTEHLIANB NEPEIKOMKAE PYXOBi

LOCHOGHUX HOCITE 3apady | HE IEPEIKODKAE PYXOBI neocHosHuX Hocile 3apady. TlpoTe npu pyxosi

4EPE3 p--NiePexi) HEOCHOBHMX HOCIiB (Tax 3Bamuit apefidosnii crpym 1,) BinGyBaerses

3HIWKEHHSI KOHTAKTHOT Pi3HMUI NOTEHLIANiB @, , WO A€ 3MOTY ACAKIi 4aCTHHI OCHOBHMX HOCIiB,
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110 BOJIOAIIOTH AOCTATHEOK €HEPrielo, nepeGopoOTH NOTEHLLIHHMEA 6ap'ep, 3yMOB/IEHUI KOHTAKTHOK
pisHuueo @, nOTeHWianip . 3'aBnserves audysikinuii crpym lm,;nmﬁ COPAMOBAHHUIA Ha3yCTpIy
JipeiipoBOMY CTPYMOBI 1), , TOOTO BUHMKAE AMHAMIYHA PiBHOBAra, Npu akid 1, =1, ,

SKwo 1o p-n-nepexony MPUKIACTH 30BHIMIHIO HAmNpyry, IO CTBOPIOE B 3anHpaioqoMy
NpolIapKy efexkmpuune noze Hanpyxeuicrio £, Aka 36iraeTecad No HanmpaMKy 3 Hosem

HepyxoMHX ioHiB Hampyxenictio £ (Man 1.2, a) TO Li¢ [pU3BEAe JIMILE A0 PO3LMIMPEHHS

3a0UPAIOUOr0 NPOMAPKY,TOMY 1O BiABEAC Bifl KOHTAKTHO! 30HM i MOMTHBHI, i HEraTHBHI Hocil
3apany (AipKH i eNeKTPOHH). ) ‘ )
[lpu wpsoMy onip p-n-nepexoly BeTMKWi, CTPYM uepe3 HbOro Manuil — BiH oGyMoBICHUHA
PYXOM HEOCHOBHMX HOCIiB 3apaay. Y UbOMY BHIANKY CTPYM HAa3HBAIOTh 360pOMHUM, A
p-N-0ePEXi — 3AKPUTUM. i
I .4
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Mayi. 1.3. BonbT — aMnepHa XapakTepUCTHKA P-N-TIEPEXoay

3 MNpOTHIEKHOK MONAPHICTIO Jukepena Hampyrd (man. 1.2,6) 30BHILUHE e/ICKTPUYHE MOe
CNPSMOBAHE HA3YCTPiY NOMIO MOASIHHOIO €NCKTPUMHOrO MPOLLAPKY, TOBUIMHA  3aMHPAIOHOro
npoliapKy 3MeHIIYeThcs | mpu Hanpysi 0,3-0,5 B samuparounit npoisapok 3uukae. Omip p-n-
NEPEXO/Y Pi3KO 3HWKYETCS, | BAHUKAE FIOPIBHAHO BETMKUIA cTpyM. CTpyM MpH 1(hOMY HA3HBAIOTh
npamum, a nepexia — eioxpumum. Onip BIAKPUTOrO p-n-Mepexoly BU3HAUAECTHCA NMLIE OIIOPOM
HANiBIPOBIAHUKA.

Ha man. 1.3 nokasaHa noBHa BOJLT — aMIIePHA XAPAKTEPHCTHKA BiIKPHTOTO T 3aKPUTOrO p-

n-nepexomis, Sk BHHO, LS XapakTepuCTHKa € ICTOTHO HemiHiitnowo. Ha minamui 1 E <E,
npamuii crpyM mamuii. Ha i 2 E > E, ., 3annpaioynii Npomapok BiACYTHiH, CTPyM
BM3HAYAEThCA NMINE OMNOPOM HaMiBMpOBiAHWKA.  Ha fdingHui 3 3anvparoyuit npomapox
NepPelIKODKAE PYXOBI OCHOBHHX HOCIiB, HEBEJIMKMA CTPYM BU3HAYA€TBCA PyXOM HEOCHOBHMX
HOCIiB 3apajy. 3/aM BOJBT -AMIEPHOI XapaKTEPUCTUKH HA MOUYATKY KOOPIMHAT 3yMOBJICHHH
pisHnMu MacluTabaMu CTPYMY.Ta HANPYTH TP NPAMOMY T 3BOPOTHOMY HANPAMKAX HaMpyry, Ska
NpPUKNANAETLCS 10 P-n-NEpexony. | HapelTi, Ha AinaHwi 4 Binbysaethes Npobilt p-n-nepexody i
3BOPOTHUIA CTPYM IIBMIKO 3pocTae. Lle MOB'A3aHO 3 THM, IO MPH py?(om uepes p-n- nepexia mzf
€10 eNEKTPUUHOrO MOJ HEOCHOBHI HOCHT 3apaxy nabysaloTh CHepl‘l'l',‘ILOCTaTHbOl And. yRApHOi
ioHizawii aToMis HaMiBNpPOBiAHKKA. Y NepeXoli MOYHHAETECA TABHHOMOAIGHE PO3MHOMEHHSA HOCIIB
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3apszly —~ CAEKTPOHIB Ta NPOK, WO IPHIBOAMTE 10 Pi3KOro 361MbIIEHHs 3B0POTHOTO CTpYMY Yepes
p-n-nepexin npu Maibke HeIMiHHIK 3BOpOTHIA Hanpysi. Llefi Bua enekTpuuHoro mpoGoo
HA3UBAIOTL Ja6UHHUM.  3BUYARHO Bid PO3BHMBAETECA B JEMIO MIMPOKUX p-n- nepexonax o
YTBOPIOIOTECS B C/1al0/IeroBaHux Hamanpomﬂﬂuxax :

Y cunbHeNCroBaHuX HaniBNpPOBiIMMKAX MMpHHA 3aNMPAOMOTO MNpPOMIAPKY MEHUIA, - O
TEPEILKOLKAE BUHHKHEHHIO JIABUHHOTO MpoGoio, TOMY 1O HOCIi, O pyXaloThCs, HE OEPXKYIOTh
€Hepril, IoCTaTHEOT AN yAapHoi jonizawii. ¥ Tol ke yac MOXe BHHMKATH enexmpuynuil npobii
P-n-NICPEXOy, KO NPH NOCATHEHH] KPUTHYHOT HANPY»KeHOCT! ENEKTPUIHOTO NONIA B P-N-HEPEXoLi
3a PaxyHOK eHeprii [oms 3'1BNAIOTECA Mapy Hociip enexrpon — mipka (edext 3enepa), i ictotHo
3pOCTAE 3BOPOTHUM CTPYM NEPEXOLY.

s enexTpuunoro npoGoio XapaKTepHa 3BOPOTHICT, L0 HONATAE B TOMY, WO MOMATKOB]
BJIACTHBOCTi p-N-[IEPEXOY UINKOM BiZHOBNAIOTBCA, SKWIO 3HM3UTH HANDPYFY HAa p-N-nepexodi.
3aBasgkU  {BOMY CNICKTPHYHH MpoGift  BUKOPUCTOBYIOTH Y AKOCTI PoGouOro pexumy B
HarniBNPOBIIHUKOBMX Hi0A4X.

U

"

Mar. 1.4, 3asiexuicTh EMHOCTI p-N-NEPEXOY BiAl 3BOPOTHO] Harpyru

Slkino TeMnepaTypa p-n-nepexony 3pocTac BHACHIAOK OO HArpiBaHHs 3BOPOTHUM CTPYMOM
I NpY HEIOCTATHEOMY TEIIOBIABOM, TO NOCHMIOETECA NPOLEC TEHEpaLLii nap HOCiiB 3apany. Le, y
CBOIO yepry, NPU3BOAMTE 10 MNOAANBUIOTO 30i/MbWIEHHS 3BOPOTHOTO CIPYMy | HarpiBaHHs p-n-
NEpexoly, WO MOKe BUKIMKAaTH pyiHaUil0 nepexomy. Takui MPOLEC. HAUBAIOTE menosum
npoboem. Tennosuit npoGiit pyiiHye p-n-nepexin.

Y CUIBHO/IErOBAHUX HAIiBNPOBiZHMKAX (YaCTilie BCOrO Ha OCHOBI apceHifa ranio) Moxe
BHHHMKATH KBAaHTOBO-MEXaHIMHUIL myHenbHuil echexm; AKAK noNATaE B TOMY, W0 Ha Jinankax 1 ra 3
(man. 1.3) npu Ayke Manili TOBIUHI 3aNHPAKOHOr0 npotwapky OCHOBHi HOCIi 3apsay MOXyTh
nepeGoproBaTH 3anupaoumi npowapok Ge3 3Minu eeprii. Tafl yMOBH BUKOHYIOTBCA y NEBHOMY
ManasoHi HaNpyr, WO TIPU3BOZWTL A0 3POCTAHHA CTPYMY Ha Minauui 1 npaMoi rinku Tipn
U,, £0,4B i na pinauui 3 380potHof rinku. [Tonanbie nigsnmenns NPAMOI HANpPyry NpU3BOAUTH

2o ocnaﬁneuun TYHEABHOTO eexTy, i npu U,, > 0,4B BiH 308ciM nponanae. Takum uuHOM, Hepes

TYHENbHMi €PCKT NIABMILYETECA CTPYM HA NPAMIH TiILi BONET — aMNepHOT XapaKTepHCTHKH p-n-
nepexoay (1 wa man. 1.3). Tlpu uboMy B Zianasoxi 02<U,, <04 B nudepenuiiiuuit onip
HEraTUBHUH i IWKOM NPOMNaLaE AisiHka 3 Ha 3BOPOTHIl TiMLli XAPAKTEPUCTHKN p-n-Tlepexoy (Mar.
1.3).

3aprmn p-n-nepexii Mac enexmpuuny emmicmy, WO 3aNEKHATH Bifl HOTO NNOWI Ta WIMPHHMK,
a TaKOX Bifl MiENEKTPUUHOI GPOHRMKHOCTI 3aNUPAIOHOTO NPOWAPKY. 13 36iMBIICHHAM 3BOPOTHOT
HaNpyr¥ WHPHHA P-n-NEPEXONY 3POCTAE i eMHICTE C p-n-Mepexoly IMEHIIYEThCH.  3anexHicTs
€MHOCTI 3aKpUTOTO P-n-NIEPeXOy Bill 3BOPOTHOT HANPYTH NOKa3aHa Ha man. 1.4,

BriacTUBOCTI YMCTHX Ta NErOBaHHX HAMiBNPOBIIHMKIB Ta XapakTepUCTMKU p-1i- nepexoy
UMPOKO  BHKOPHCTOBYIOTb Yy HBOCACKTPOAHMX ~ HamiBRPOBIAHMKOBUX  TpHIamax -
HaNiBMPOBIAHNKOBUX pe3ucmopax Ta dxadax Y Ginbin CknanHuX NPHIANAX — mpanzucmopax Ta
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mupucmopax - BHKOPHCTOB}’}OTL enem”pnqm X2paKTepUCTHKY, IO BUIHAYAKOTECH B3AEMOICIO
IICKUILKOX p-n- HCpCXOLLlB

§ 1.2. Kiacugikanis HanisnposigHHKOBHX MPHJIALIB

Hanienposionuxosumu - Hasueaioms npunadu, 0ia AKUX OCHOSAHA HA BUKOPUCMAHHI
sancmueocmeil Hanisnposionuxis.
' Knacuikallis HaniBIpOBiXHAKOBAX npnnazun HaBeneHa Ha man. 1.5 HamiBmpoBiAHHKOBI
'pemc*ropu Ta JiOOM € ABOENCKTPOAHWUMH MNpHIafaMu, GIMONApHI Ta MOMbOBI TPAH3HUCTOPH -
TPHeNEeKTPONHHMH npwiagaMu.  THPUCTOpH MOXYTh' OyTH K ABOCTICKTPOHUMH, TaK |
TPHENIEKTPORHIMHU.

HanisnpoBiasMKoB) IpUIATH

/ ' \
Hanisnpo- Binonapsi Tupucropu
BIAHHKOBI TPAH3HCTODH
pesucTopH

/
h y
Hanisupo- Tosmsosi Haniznpo-
BiaHHKOB1 TPAH3UC- BITHHKOB]
nioan TOpH . L MIKpOCXEMM
A
Hanisnposiasukosi I(om_6ix-xon§ni .
Ta OTOENeKTPHUNI HATBIPOBIAHHKOBI
NPAIANA npunaau

Maun. 1.5, Knacudikauis HaniBnpoBiIHUKOBHX TIpUIaiB

Y  HaniBrpoBiZHMKOBHX. pE3UCTOPAax 3aCTOCOBYEThCA I3O0TPONHMH HaNiBNpPOBiAHMKOBHMHA
matepian, | iXHi ENCKTPMUYHI XapaKTEPUCTHKH ~BH3HAYAIOTHCS ENEKTPUUHUMHU  BAACTHBOCTAMH
OJIHODIAHOTO  HAMiBNpOBiAHMKA. Y HANiBNPOBIAHHUKOBMX ~ AIOJaX  BUKOPUCTOBYIOTECH
HATIBTIPOBIAHMKY 3 PI3HMMU TANAMY ENEKTPONPOBIANOCTI, WO YTBOPIOIOTh OZMH P-N- ACPEXill.
Enextpuudi  XapakTCpMCTUKH Ji0fia BU3HAYAIOTECA  EICKTPHYHAMH  BIACTHBOCTAMH - ULOTO
p-n- NEPEXony.

Y GinonAPHMX TPaH3MCTOpaX BUKOPHCTOBYIOTBCA. ABA P-N-NEPEXOIM. Enemuqu1
XApAKTEPUCTUKK OIMONAPHUX TPAHINCTODIB  BH3HAYAKOTHCA B3AEMOZLIED  LAX nepexomis. Y
NOMBOBMX ~ TPAHIMCTOPAX  3aCTOCOBYIOTBCA  HAMIBMPOBIAHMKA 3 . PISHMMH  THNaMH
€JIEKTPONPOBI/IHOCT], 10 YTBOPIOIOTH ONWH p-n- Tepexifl. Afe Ha BiIMIHY BIL AIOAIB Ta
GinonspHAX TPAH3UCTOPIB CNCKTPHUHI XapaKTePUCTHKH  MOTLOBHX TPAH3UCTOPIB 3ANEKATH B
QCHOBHOMY BiJl'B3a€MOii 130TPOMHOTO HaMiBIIPOBIIHKKOBOTO KaHa1y 3 P-N-MEPEXOIOM.

Y THPUCTOpax 34cTOCOBYIOThCA HAMiBNPOBIAHMKM 3 DI3HUMH THNAMK enexcrponponmuocn
WO YTBOPIOIOTS TPU P-Ni- MEpeXoau aGo Ginewre.  OCHOBHI €JICKTPUYHI XapPaKTEPHUCTUKH
TRPUCTOPIB BUSHAYAIOTECA B3AEMOAIEIO LIMX NEPEXOMIB,

Y HaMiBOpOBIIHHKOBUX (OTOEAESKTPHUHMX MPHIALaX BUKOPHCTOBYIOThCA e(eKTH reHepallii
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CBITNA Ta 3MiHH EJEKTPHYHHMX XapaKTEPHCTUK HATBNIPOBIHUKOBHX CTPYKTYP Mif BILIHBOM
OITTMYHOTO BHUMPOMiHIOBAaHHA.  KomGinoBani HAMBOPOBIAHKKOBI NPWIAMH  SBJAIOTH co6oro
JeKiNbKa Pi3HOMaHITHUX HATiBIIPORi THMKOBUX nppmams 00'ennauyx B OfHIM Kopmyci.

HanisnpoBigHukoBi MIKpOCXeMHM Ta MiKpOeneKTpOHHi BUpoGH, 1m0 BHKOHYIOTb neBHy
¢yHKuif0 nepeTBOPEHHA 1 0OPOGAeHHS CUrHANLY, BCi EIEMEHTH Ta MiKEEMEHTHI 3'IHanHs AKHX
BUKOH&HI B 06’eMi | Ha NOBEPXHI HamiBMpPOBiAHMKA.

§ 1.3. HaniBnposiaHuKoBi peaucropu

Hanienposionukosum pesucmopom Ha3usaiomv HanisnposioRUKosuil npunao is dsoma
6UEO0AMY, Y AKOMY BUKODUCIMIOGYEMBCA IANENHCHICMb eNEKMPUNHOZ0 ONOPY HANIGNpoOsiOHUKA
6i0 Hanpyzau, memnepamypu, oceimuenocmi i inuux Kepylouux napamempig.

Y HanisMpOBiHMKOBMX ~PE3MCTOPAX 3aCTOCOBYEThCA  HAMIBIPOBIAHKK, PIBHOMIpHO
JeroBaHuit IoMimKaMu. Y 3aNeXHOCTI Bifl THNY CyMiliel Ta KOHCTPYKLIT PeIMCTOpa BIACTbCA
ONlepKATH pisHi 3anekHOCTI BiR kepylouwx wapamerpiB. Knacuixalis # ymosHi rpadini
N03HaYeHHA HaMNiBIPOBIIHUKOBUX PEIUCTOPIB HaBEAEH] Ha Mail. 1.6.

3riaHo 3 uiero knacuikauiero nepuwi ABi rpyny HaniBNPOBiAHUKOBHX PE3NCTOPIB — AIHIARI
pesucmopu Ta WeNliniiihi pesucmopu (BapUCTOPH) ~ MAIOTh ENCKTPHYHI XapaKTEPHCTHKH, 1O MAO
3anexarh BiX TakuxX napame'rpm AK TEMMEpPATYpa HABKOMMUIHEOrO CepeloBuina, BiGpanis,
BONIOTICTh, OCBITIGHICTS | T.A.  JInA iHWKMX Ipyn HAmiBOpOBIZHMKOBUX PE3UCTOPIB XapaKTepHa
iCTOTHA ~ 3aneMHICTh ENEKTPUUHHX XApaKTEPUCTHK Bil UMX MNapameTpis, TOMY ix UHPOKO
BUKOPUCTORYIOTE Y AKOCT] NICPBUHHAX NEPETBOPIOBAYIB HEEICKTPHUHUX BETUUUH B ENSKTPHYHI.

‘ HalllBHpOBl}lllHKOHl 1
||

)hixi]ﬁﬂi N CJ ",
U’"““?T’P;'_‘J‘_..ﬁ,, 1

MCTOPH

N { TepMicmﬂ

: { l'lozuc-mpu

[Tcpmopc- 5

Man. 1.6. Knacusikauis it ymoBHi rpadiuni noznauents HaMiBNPOBiTHUKOBHX pe3nc-ropiB

Enexrtpuuui XapaKTEpUCTHKK ~ TEPMOPE3NCTOPiB  CHIBHO  3aNeXAaTs  BiA Temnepawpu

-$OTOPE3UCTOPIB ~ Bift OCBITAEHOCT], TEH30PEIUCTOPIB — BiZ MEXAHIYHMX HampyT.

Jinifinug pesucmop ~ HanienposionuKosuii pesucmop, y AKomy 3aCmOCO8yEmbeR
caabonezoeanuii mamepian muny Kpemuito abo apcenioy zaxiio.

[InToMuii enexTpuuHMit OMip TAKOrO HANBNPOBIAHMKA MANO 3ANCHKUTH Bif Hanpy>KeHOCTi
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€NEKTPUYHOrO  TIONA- * Ta. TYCTHHH - €NEKTPHYHOTO-  CIPYMY. Tomy - omip  niHifiHOro
HaHIBIPOBIIHUKOBOIO PE3UCTOPA 3ATMINAETECA TPAKTHYHO MOCTIMHHUM Y IIMPOKOMY Jiama3oHi
Hampyr Ta CTPYMIB. HaniBnpoBigHMKOBI  JIiHIMHI = PE3UCTOPH IUMPOKO 3aCTOCOBYIOTH B
iHTerpassHMUX MiKpOCXeMax. ’

Bapucmop ~ nanienpogionuxosuii pesucimop, onip AKozo 3anexcums 6i0 Npuxiadexot
Hanpyzu, momy 1020 601bm — AMREPHA XAPAKMEPUCIUKA HENIRiNA.

HamisnpOBiAHMKOBMM MatepianoM JUIS BHPOTOBJICHHS BApUCTOPIB € KapOill KPEMHIl0.
TTopoukonoaiGHUM KpUCTANIYHHH KapGil KPEMHIIO 3MIiIYIOT i3 TJIMHOIO i 3 Hi€l MacH NpecyloTh
saC0TOBKY  BAPUCTOpIB y BUrAsAi crepkHiB abo uckiB. [licns obnamioBaHHs Npu BUCOKIH
TEMMEPATYpi HA 3arOTOBKM METONOM rapsa40ro POMWICHHA HAHOCATD €NeKTpoau. JId 3axucTy Bif
'30BHILIHIX BILTMBIiB BADHUCTOPH TIOKPHBAIOTh ENEKTPOIONALIAHAM J1aKOM.

' HeninifiHicts XapaKTepuCTHK BAPHCTOPIB 3yMOBJIEHA TOKANBHUM (MIiCUEBHMM) PO3irpiBaHHAM
Ha KOHTAKTax Mix 6araro4ncebHUMK KPUCTanaMu KapOiny kpemHito. OMip KOHTAKTiB npy LBOMY
iCTOTHO 3HIDKYETBCA, O NPH3BOAMTE 5O IMEHIICHHA 3araibHOTO ONOPY BapUCTOPiB.

BonsT ~ amnepHa XapakTepHCTHKa BapucTOpa HaBeAeHa Ha Man. 1.7. OmuH 3 OCHOBHMX
napameTpis BapucTOpa — KoeGiLlieHT HeniHifiHoCTi

Ui

A=RIR, =—1\
T duldl

(1)

ne U ra | — nanpyra ta CTpyM Bapucropa.

I,mﬂA | ﬁ

Y

[L.

-12

Man. 1.7. Bonst-amMnepHa xapamepncmka BapuCTOpa

KoedillieHT HeMHIAHOCTI 14 PI3HUX THITIB BAPHCTOPIB JIEKUTL ¥ MexKax 2-6.
Tepmopesucmop — RanienpoGiOHUKOGUIE pe3ucmop, y AKOMY'  GUKOPUCMOGYEMbCA
3A/1eACHICMb eNEKMPUYHOZ0 ONOPY HANieNPOBIOHUKa 6i0 memnepanypu. ‘
PO3pi3HAIOTH Ba TUIH TEPMOPE3NCTOPIB: ‘mepmucmop, Onip HKOTO 3 POCTOM TEMHEPATYpH
. Mafae, Ta nozucmop, 'y AKOTO ONip i3  MiZBMINEHHAM TeMmmepatypu 3poctae. . KoncTpykuii
TepMUCTOpiB TokasaHi Ha man. 1.8,'a-6. MarepianoM AN BUrOTOBIEHHA TEPMUCTOPIB. ClyXKaTh
3BHYAHHO HaNBIPOBIIHMKHY 3 €IEKTPOHHOIO ENEKTPONPOBIAHICTIO, AK NPABANIO, OKCHAM MCTAJIB T2
cymiini ~okcHjii: KOHCTpYKTHBHO TepMUCTOPH Ohopmasiors y BUrAni Gycun, waiG, nuckis, Y
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PAI BUMANKIB TEPMUCTOPH PO3MILILYIOTb Y CKIIsiHi GanoHy i MNiAirpiBatoTh CTPyMOM 3a JOTIOMOTOIO
crietiansHoi 06BUTKY. Takuii TEpMUCTOP HA3MBAKOTSH MEpMUCTOpom Henpsamozo nidizpiey.

TeMneparypHa xapakTepucTuKa BHPEKAC 3aneKHICTL OIopy  TepMOpesucTOpa  Bi
TeMneparypu (r.vlan. 1.9). Mna pisHux nanismposigxukis XapakTep Uiel 3aIeKHOCTI pisHuH, mpote
A GLTBIOCTI  HAMiBNPOBIGHMKIB Y IMHPOKOMY iHTEpBaNi TeMmnepatyp ene}crpuqﬂmsl omip
TEPMHUCTOPA MOXKeE OYyTH BUPKEHO €KCMIOHEHUIATbHIM 3aKOHOM

R, =Keﬂ/7v, (].2)

ae K — xoediuient, wo 3anexuts Bim KOHCTPYKTHBHUX pPO3MipiB TepmucTopa, f —

xoedilient, wo 3anexuTs Big KOHLEHTpauii AOMilok y Hanignpogionuxy, T — abcomorna
TeMIeparypa.

‘OF:HOBHMM 11apaMeTpoM, WO XapakTepuiye poGOTy TEPMOPE3NCTOPA, € memnepamypruii
koegiyienm onopy, AKui BUpaxae BICOTKOBY 3MiHy OMOpY TepMOpE3MCTOpa . NPH 3MiHi
TEMMEpaTypH. ‘

a=——2L100, 1.3)

Iins npqmncnosu?( tepmuctopis @ = —0,3+ —0,66. TepMmuctop He Mac BeHTHIBHUX
BIAaCTHBOCTEN i M€ NOPIBHAHO BENMKY TEMJIOBY tHEPLLIO.

,'ﬁg((
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Man_. 1.8 Kouctpyxuis tepmuctopis: Man.1.9. Temneparypi
a~ UMiHIpKIHE; 6 — AwcKoBa, XapaKTEPUCTHKH TEPMOPE3UCTODIB:
B - Kinbuesa (1 — HaniBnpoBiAHMK; 1 - TepMuctopa; 2 — nosucropa
2 — KOHTaKTH: 3 — BUBOIH)

’ljomy B €/ICKTPUIHHX JTAHIOraX TEPMUCTOPU MOBOMATHCS AK 3BA4ARHI Pe3UCTOPH, ONp AKUX
3AIEHHUTE BIL TEMICPATYPH  HABKOJIMIIHBOTO CEPENOBHUIIA TA AIKUYOFO CTPYMY, TpHYOMY 1A
BUCOKHX 4acToT (100-500 MI'u) He BHABNACTLCA MapasuTHA EMHICTH T4 BacHa IHAYKTUBHICTD
TEPMHCTOPIB. LA BAACTUBICTL BUKOPUCTOBYETHCA NPH BUMIpi A04Or0 CTPYMY BHCOKOi 4acTOTH

Mozuctop mae nosutusHui Temnepa '

- im. Bacunn Credanuna
HAYNOBA BIB/IOTEXA




BUIOTOBJIEHHA TEPMHCTOPIB CHYrye TMTaHAaT-0apicBa KepaMika 3 JIOGABKOI pilKO3eMENbHHX
eqeMenTiB. LleH marepian BoNOIie aHOMaRbHOK TEMIIEPATYPHOIO 3AIEKHICTIO: TIPH MMiABUIIEHHI
TeMIepaTypn BHIe Toykd -Kropi #oro onip 3pocTtae Ha jekinbka nopsikis. KoHCTpykTuBHO
MO3HCTOPH - OPOPMIBIIOTh  AHAIOTIYHO TEPMUCTOPAM. 3aneKHICTE  ONOpY  IMO3HCTOpPAa  BIR
TemmepaTypd Ioka3aHa Ha Man. 1.9 (kpuBa 2). TemnepatypHuii koediuieHT onopy
Tepmopesucropa a=10...50 mobmuzy Touxu Kropi.

TepMope3ucTopy 3aCTOCOBYIOTh Yy CHCTEMaX pEry/HOBAHHA TeMIIEPATYpH, TEIIOBOIO
3aXHCTy, MPOTHIIOKEKHO! CHrHami3awii. TepMUCTOPM MOKHA BHKOPHCTOBYBATH IPH BHMIpI
TEMNEPATypy B HIMPOKOMY IianasoHi, TIO3MCTOPH - B OOMEKCHHX TEMMEPATYPHMX MianasoHax.

Man.1.10.JIedopmaniiina xapawiepucTHKa TEH30PE3UCTOpA
Domope3ucmop — HanienPOBIOHUKOBUIL pe3nucmop, ONip AKO20 3anexcums 6i0 océinieHocmi.
KoncTpykiis Ta XapaKTepHCTHKH (OTOpe3HCTOPIB JOKNAMHO po3raHyTi B § 1.9.

Tensopesucmop -~ HANIGNPOBIOHUKOGUII PE3UCMOP, Y AKOMY BUKODUCHIOEYEMbCA
3aNEIHCHICID eNEKMPUMNHO20 ONOPY 8i0 Mexaniunux oedopmayil.

Jing  BUrOTOBJEHHA TEH30PE3UCTOPIB WACTilE BCBOTO 3aCTOCOBYIOTH  KpeMmHiit 3
€JIEKTPOITPOBIZIHICTIO SIK P-THIY, TaK i n-TUmy. 3aroTiBKM Takoro KPEeMHil0- PDKYTh Ha Ipi6Hi
IUIaCTHHKH, WNiQYIOT IS OfePXKaHHs MNAAKOT TOBEPXH! 3 MO0 KinbkicTio AedekriB. [0 KiHUjB
TUIACTHHOK NPHBAPIOIOTH KOHTAKTH. '

Bak/IHBOIO XAPAKTEPHCTUKOIO TEH30PEIUCTOpA € iore degopmayiiina xapaxmepucmuka
(man. 1.10), wo sBisie coGOK 3aNexHICTh  BINHOCHOI 3MiHM omopy AR/R Bia BimHOCHOI
nedopmauii Al/¢, de (- noBKuHA poGouoro Tina TeHsopesucropa. OCHOBHWUME napamMeTpamu
TEH30pE3UCTOpa € HOMiHampnuit omip R, =100-500 OM Ta KOeiliEHT TECH30WYTIUBOCTI

AR/

R
+150.

, 3HAYEHHS SKOT0 JUIS PIBHOMAHITHUX TEH30PE3UCTOPIB JIEKUTH ¥ Mekax Bix -150 po

§ 1.4. XAPAKTEPUCTHUKH TA IIAPAMETPH JI0XIB

Ji00u — nanienposionuxu, wo nponyckaioms cmpym ¢ 00Homy nanpamky. Busoau miona
HA3UMBAIOTE aHONOM 4 Ta katofiom K. Ha man. 1.11 nokazaHe yMOBHe nmo3HavueHHs Aioaa. SIkmo

npuknaiena nosutueRa Hanpyra U, >0, To miox NIpaIioe B MPAMOMY HATIPAMKY. 3 BiX'eMHOIO
#anpyrGio U, < (T Ton 3akpuTHit. 380pOTHHI FTPYM 38BXIK HA JEKiNbKa TIOPAIKIB MEHLIN,
HDICTpSh e #3770 5 e fs”@kﬁ..“%fs"“
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Man. 1.11. YMoBHe no3naueHHs giona

Pexcum poGoTH miona BH3HA4aeThes HOro XapakTepucTukow [ = F (U,). Tunosa
XapaKTepuCTHKa Aiona mopaHa Ha man. 1.12. [psmuit ctpym pisko 3pOCTac MpUH MaIuX
NO3UTUBHEX Hampyrax U, . [lpoTe BiH He MNOBMHEH MEPEBUILYBATH MEBHOTO MAKCHMAJIBHOMO

sHauenHs [y, ., TOMy IO iHaKiie BinGyneThCa neperpip, i Aiod Buiine 3 nagy. HaGmukeno
Xil XapakTepuCTUKU MoXe GyTH ONMCAHMI 3HAYEHHAMU apAMOt Hanpyru U"p npy crpymax
nopaaxy 0.17,,.. Iina repManito U,, 3HaxomuTsest B Mexxax Bia 0,2 10 0,4 B, ans kpemHiio —
Bix 0,5 10 0,8 B.
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Man.1.12. Xapakrepucrtuka aiona

i 3 Ma. 1,12 BiaHo, 100 380poTHUA CTPYM NpH Hanpyrax ) U,,,,] > Ulsg maxe 3POCTAE 10 3HAUCHD,
CYMIPHUX 13 MPAMHM CTPYMOM. 3BWHaliHi JliOAM TYT HE MOXYTb NPALEOBATH, TOMY 1O B HUX
BiAOyBacThCA NOKANBHWH Teperpi, WO NPU3BOAMTE IO BUXOLY iX i3 nagy. MakcumanbHa

'3BOPOTHA Hanpyra BU3HA4AETHCA KOHCTPYKIi€I0 tiofa | 3HaxoauTeCa B Mexxax 10B-10xB.

XapakTepucTuKy Ai0OAa MOMHA aIPOKCUMYBATH 32 AOTIOMOTOK SKCIIOHERILIANBHOT QyHKLLE,

[=1,(TYe™™" -1, (1.4)
ze 1, - Teopernunnit 38opotHAit crpym, U, = kF /e, - TepMmiunmii noTenwian, TTpu
KiMHATHI#l Temniepatypi
U = kT 11,3810 [/ K 296K

g ==

=255mB 1.
1,60-107" kynon ” (15)

0

Tonpashnii xoediuieHT m 3HAXO1UTECA B MEXKaX 1+2.
Pisnsnns (1.4) onucye xapakTepuCTHKY PEaTbHOTO Jioa NULIE 8 APAMOMY Hanpsamxy Ta 1

HEBENMKUX CTPYMIB. Peanthuil 380poTHUIt CIpyM Aiofa 3mawko Gineuii, Hix [ > A 3BOPOTHY

Hanpyry HEOGXiZAHO BU3HAYATH HA MiACTABI MOBEPXHEBOro edexTy.
Ha man. 1.13 nokasaui XxapakTepwcTuky, po3paxosaHi BiANOBIAHO 10 dopMysu (1.4) nna
KPEMHIEBOTO T FEPMAHICBOTO NIOAIB i3 TAKUMY THIIOBMMHU JAHUMH:
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repmasienit jion: I, =100 uA, mU, = 30 MB, [, ;. =100 MA,

1 .mA
np

Eat

KL st ~ 8

58

i

el )/I
g i - Y 2
Y ;‘;ife T gj:f U"P,B

Man. 1.13. -XapaktepucTuka njo; .» B JiHiiHOMY MacmTabi

kpemuiesuit giox: 1, =10 nA, mU, = 30 MB, I, =100 MA. Jina npamoi Hanpyrn npu
crpymosi 1/10 [, .. 3HavyeHHs Hanpyrd cknmamyTs Bignosiamo 0,35 Ta 0,62 B, mo . moGpe
Y3rO/UKY€ETHCS 3 EKCIIEPUMEHTAbHUMM JaHHMH.

Benuunna U,:p Ha M. 1.12 yacto BH3HAYa€ThCA AK APAMA HANpyra Ai0Aa B TOYLI MEPETHHY
APAMOT FifIKK XaPaKTEPUCTHKH. AJe B IIHCHOCTI NEPervH NpsAMoi TifIKK XapaKTePHCTHKHU €
HaIyMaHWH, 10 MiATBEPMKYETHCA MPU- PO3MMAAL L€l XapaKTEPHUCTHKM B HAamiBIOrapudMiuHOMY
macirrabi (man. 1.14). TleperuH 3'SBns€Tbcst BHACHIAGK 7THIHHOTO Maciutaly MpeACTaBICHHS
9KCHOHEHUianbHOT GyHKUiT. ToMy HOro MoJOKEHH LIKOM 3UIEKUTE BiJl HbOro Macmrady. |

[ .4

np*?

U

np*?

B

Man. 1.14. XapaxrepucTuku aiosa y HanisnorapupmigHoMy Macirra6i

3a pomomororo hopmynu (1.4) Heck1aaHO po3paxyBaTy, WO NPAMA Hémpyra J10CATAE 3HAYCHD
mU; In" 10 ="60-120 ‘MB i3 3pocrannsm npsamoro cipymy B 10 pasis.’ Ockinekn U, ta I
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3ajleXaTs BiJl TEMMEparypd, TO NpsAMa Hampyra s (iKCOBAHOro 3HAYEHHS CTPyMy TaKOK
3AISKUTH BiJ TeMAeparypu. Lls 3anexxHicTh OnHCYeThCs HAbMIKEHHM CHTiBBiHOUIEHHAM

ouU _2mB

np

S g™ = (1.6)

[Tponopuiitie 3MEHIICHHA RPAMOi HAmMPyr¥ 3 TEMOEParypol0 TMpH MOCTIMHIR BeauuuRi
CTPYMY O3Hauae, 1o i3 301IbIIEHHAM TEMIIEPATYPH CTPYM 3POCTAE 32 EKCMOHESHIIIANBHUM 3aKOHOM,
AKINO MPUKIIAJEHA Hanpyra nocTiitHa.

ExcrnoHeHUianbHy TeMIEpaTypHY 3alleikHICTh Ma€ i 3BOPOTHHIA crpym. Bin noasoroerscs
apu 36iabiuenHi Temnepatypuy Ha 100K, 3 gocarnenusam temneparypu 100 K 3sopotHuit ctpym
BIMOBIAHO 3pOCTE B THCAMY pasiB.

Aunamivnuii pexcum. [TepeMukanss AioZa 3 NPOBIAHOTO CTaHy B 3aKPUTHH BiAOyBaeThes
HEMUTTEBO, TOMY [IO TIPH LBOMY P-N-TIEPEXiA MOBMHEH 3BIIBHMTHCA BiJ HAKOMHUHMEHOro 3apsiay.
EdekT HaKONHYEHHA 3apaly MOXKHA NOACHUTH HAa CXEMi MPOCTOro BUNpsMiA4a, 300pakeRid Ha
man. 1.15. Y skocTi BXiAHOI  HampyrH BHKOPMCTOBYEThCS NojaHa Ha man. 1.16 nHanpyra
NPSAMOKYTHOT GopMH.

R

[——
I,

Man. 1.15. Cxema eKCnepuMEHTANILHONO BU3HAUCHHS 4acy HAKONHYEHHA
Konu Bxinna nanpyra U, NO3uTHBHA, AiOJ BIAKPHBAETLCA i BHXilHA Hanpyra AOpiBHIOE

npamiit Hanpysi Ha gioai. Konu U, Bix’emHa,

e

3
i N S
) 4
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o Rk

Man. 1.16. Bnaus 4acy HaKORHYEHHA HA BUXIAHY Halpyry

Aios 3axpusaetsed | U, =U,. 3 man. 1.16 BuaHo, 1110 te BIAOYBAECTHCA MiCHs 3aKiHUEHH
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44CY HAKONMYEHHS £, WO TUM GiABLINIA, YiM OLNbIIMI NPAMUI CTPYM p-n-niepexoay. 3suHabiHo

3HAYCHHA 4aCy HAKOMMYEHHsA Vil ManoHOTYKHMX jioais cknagae 10-100 we. Jna norysmHux
JUOMIB LT BEAMYMHA 3HAXOAUTHCS B Aiana3oui MIKPOCEKYH/L.

3 man. 1.16 BuaHO, 110 NePioji KONMUBaHb BXiAHOT HAnpyri HOBUHEH 6ym OinbIAM Big l{aoy
HAKOMHYEHHS; Y NPOTHACKHOMY BUITAJKY I'YONATBCS BHNPAMHI BIACTUBOCTI Aioja.

JIna 3MeHIIEHHA 4acy TNepeMHKaHHS MOKHA BUKODUCTOBYBATW diodu [llommxi. Ll mioan
MAIOTh NEPEXi METAR — HANIBOPOBIAHMK, 1O TeK Mac BUNPAMHUN edekr. Hakonnuenus sapany B
nepexoAl LbOro THny ayke Mane. ToMy vac riepeMUKants Moxke GYTH 3MEHWEHUH [0 3HaueHs
nopsiaky 100 nc.  IHwolo 0cobauMBICTIO uMX AloAiB € mana (y ﬂOplBHSIHHl 31 3BMUANHUMU
KpeMHIEBUMHU J10/1aMi1) npsMa Hanpyra, wo cknanac 6ina 0,3 B.

YmoBHe nosHaueHHs aioaa Lortki nokasane va Man, 1.17.

A K
N
o DF—o

Man. 1.17. YMoBui nosHaueHHs aiona [orrxi

§ 1.4.1 CTABLTITPOHU
Y nionax 3BWYAWHOTO TuMy 3BOPOTHWH CTPYM iCTOTHO 3pOCTAE€ 3 IEPEBUILEHHSAM
MaKCHMasbHOT 3BOPOTHOT HAaupyrd. 3BOPOTHA TiiKa XapakTepPUCTHKM CTabiniTpoHa Mae KpyTHii
31aM, 3yMOBICHUH piskim pocTom cTpymy. Lle#t 3nam signosinae nHanpysi crabinizanii U,.. Ha
man. 1.18 mnokasaHe ymoBHe mno3HaueHns crabinitpoHa, a Ha wman. 1.19 wHasegena ioro
XapaKTePUCTHKA.

A K
o o0

Mau. 1.18. YMoBHe no3uavenus crabinitpona

CrabiniTpony 3ale3nedyioTs MianasoH Hanpyr crabinisauii 3-200 B; ixus npsMa Hanpyra
cknapae ~ 0,6 B. Sk BuaHo 3 mMan. 1.19, 3B0poTHHMii onip Aiofa MpH MaIMX 3BOPOTHUX HANPYrax

IU,”\.|< U, Benukyit. 3. gocarHeHHaM Hanpyrd ctabinti3aiii 3BOPOTHHil CTPYM pi3ko 3pocTae.

Edexr crabinizauii ocHOBaHMit HA TOMy, LIO BENMKA 3MiHA CTpyMy A/ BukiMKae many sMiny
nanpyru AU . Crabini3auis TaM kpaiua, uuM KpyTilie e xpusa i BiANOBIAHO 4nM MeHMMUiL

Andepenuifinui BHyTpiwnin omip 7,, = AU /Al . Crabinitponn 3 U, =8 B MaioTs Halimenwnii
nadepenuifingil BHYTpilMiA onip; i3 3MeHweHHsM U, uelt onip 3pocrae. TakuM uuHOM,
crabinizylounit egext npu Manux U, BUABNAETBCH MERLIMM.

Jnst Hanpyr U, wwkue 5,7 B nepesaxae npoGiit 3eHepa 3 HEraTHBHUM TEMIEPATYPHUM

“koe(ilieHTOM Hanpyry, BUILE — NABUHHUIA NpoGill i3 NO3ATHBHUM TEMIEPATYpHUM KoedilicHTOM.
TemnepatypHuit koediuieaT Hanpyru crabinizauii cknanae npuonnzno £0,1% Ha KOKHuUI rpaayc.

?, — ac BIIHOBEHHA 3B0POTHOTO ONOPY Aioaa

22

!
; 4

U, s Unp U,
I A
I
boAU

Man. 1.19. Xapakrepucruka crabinirpoua

§1.4.2 BAPIKANIU
EMHICTL p-n- Nepexoay AioAa 3i 3GINbWEHHAM 3B0POTHOT HALIPYIY 3MenwyeTbes. Ha man.
1.20 nokasane ymoBHE NO3HAYCHHS Bapikaua, a na Mai. 1.21 nogami rpadiki 3aneKHOCTI eMHOCTI
Bi, Harpyru.

I
Tx

Man. 1.20. YmoBue nosnaucnis sapikana

MakcumanbHa €MHICTh Bapikalta B 3aieKHOCTI  Bin  #oro  Tuny cknamac 5-300 nd.
Biaunowenusn MiniManbHoi Ta MakCUManbHOT EMHOCTEH JOPiBHIOE 115, 3aBAAKM OCTATHBO BUCOKIl]
AOGPOTHOCTI Bapikani BUKOPHUCTOBYIOTBCA As MOGY0BH KOMMBANILHUX KOMTYDIB i3 KCPOBAHOIO
HaNPYrolo PE3OHAHCHOK YacTOTOO B cpepi HAABUCOKNX YACTOT.

C,nd
200 | ™
100 T, K105
50 o
20 BI0T
10 T
5 e KRIOTE
| e
i
U | R TR T BT o

Man. 1.21. 3anexHicTs eMHOCTI p-n-nepexoay sia Hanpyr
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§ 1.4.3 Tynennni aioan

TyHenvnuii 0iod — Hanienpogionuxosuii 0iod, nofyoosanuil Ha OCHOGI GUPOOIHCEHHA
HanignPogiOHUKA, € AKOMY MYHEAbHUR eeKm npu3eo0ums 00 NOAGU HA 60J1bM — AMNEPHUX
XAPAKMePUCIUKAX Py NPAMitl Hanpy3i OINAHKU 3 8i0°EMHOI0 duPepeHianbHO0 eﬂekmpulmom
npogionicnuo (Kpuea 1 na man. 1.22).

Matepianom iist TyHeJbHUX AiOJIB € CHILHONErOBaHUIA repMaHiil a60 apCeHis rafito.

OCHOBHMMM MapaMeTpaMH TYHENbHOro aioga € crpyM niky I (Man 1.22, xpuBa 1) Ta
BiAHOUICHHs CTpyMy MKy 0 CTpymy Bmaamuu Iy / Iz, Jlna pioais, wo BHPOTOBJISIOTHCA,
17 =0,1-+ 1000 mA ta /Iy / Ip =5+ 20.

TyHensHi  giogd €  MBUAKOMIOYAMHM  HAMiBNPOBIHUKOBUMH  MpUiajaMud  Ta
BMKOPHUCTOBYIOTHCA B N'eHEPATOPaX BUCOKOUACTOTHHX KOJAMBAHB Ta IMITYJIbCHUX EPEMUKAUAX,

Obeprenuii 0iod — 0i00, nofydosanuii HA 0CHO6I HANIGNPOGIOHUKA 3 KPUMUUHOW
KOHUeHmpAiclo 0OMIUIOK, 6 AKOMY eNeKmpUYHA HpPOGIOHiCMb npu 360pomuiii  nanpysi
SHACTIOOK MYHEAbHO20 ePeKmy 3HAUHO Binbuia, Hidc npu NPAMIG HANPY3i.

Obepreni aioau — SBISIOTH COG0K PI3HOBUJ, TYHENBHUX OIOMIB, Y AKMX CTpyM miky Iy = 0
(man. 1.22, xpusa 2). SIkino 1o ofepHeHoro aioaa npuksacTy npsmy Hanpyry U, < 03B, crpym
miona [, ~0. Tomi HaBiTs npu "HeBenMKii 3BOpOTHIM Hanpysi (6ina JeCsTKIB MINIBONBT)

3BOPOTHHMil CTPYM JOCATa€ AEKiMbKkOX Mimamrep. Takum uuHOM OO€pHEHi NioAM BONOALOTEH
BEHTUJIPHUMH BJACTUBOCTAMH NpM MAJIMX Hanpyrax akpas B Tifl JiMsHLI, Ae BUNpAMHI aioau
3BUYANHO BEHTWIBHMMH BIIACTHBOCTAMHM HE BONOMIOTH. [IpH LbOMY HANpAMKOM HaHOinboi
NPOBIHOCTI € HANPSMOK, SIKUH B1NOBIIAE 3BOPOTHOMY CTPYMY.

Lop T
a .
..E_"’;—' /‘\ / ' May. 122. BoneT ~ ammepHa
A XapakTepucTHka TyHesnsHoro (1)
e —= / vl ,/ Ta obepHeHoro (2) aioais

o o

[g¥]

=
-
~a

Uw .8 @z @, 0,1 02 03 04 Uyt

N\
FSE N
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§ 1.5 BinoasipHi TpaH3ucTOpH
. KepyBauna cTpymoM Ta nincusieHHs CHTHaNiB B CXEMaxX HAMiBMPOBIAHHMKIB eIEKTPOHIKH
3MiHCHIOIOTE 32 JI0NOMOTOI0 - TPAH3UCTOPIB. Linonspuuii mpanzucmop ABNE cobolo KpuCTai
HAMIBIIPOBIHNKA, AKUI CKNAAACTECA 3 TPHOX MPOMAPKIB 3 PI3HOIO NMPOBIAHICTIO | BMOHTOBAHMMH
TPEOMa BUBOJAMU (€/IEKTPOAAMM) A/Isk BMUKAHHS! A0 30BHIIHEOFO NaHLiora. OCKiNbKY B HALU 4ac
OiMoMApHi  TpaH3UCTOpH € HaNGiNbIL PO3MOBCIOMKEHMM BHJIOM TPAH3KMCTOPIB, TO ‘iX 4acto
Ha3UBaIOTh MPOCTO TPAH3UCTOPAMH, OIYCKAIOU TepMiH “Ginonspnuit™,

K K

Ugg TPaH3UCTOPIB

+ .

) Man. 1.23. CxemHi 306paxeHHs
- (a) = p-n-p-Tuny; (6)-n-p-n-runy

E

Ubli
Lok

£ Lo

a)

6)

Mai.1.24.Posnoainenna c1pymis (a) Ta noTeHuianis (6) y TpaH3nUCTOpi p-n-p — THIY.

Ha man.1.23,a Ta 6 noka3aHO CXeMHe M03HAYEHHs ABOX THIIB TPaH3UCTOPiB, p-n-p- THITY 3
NpOwWapkaMy p,n Ta p Ta A-p-n- TUMy 3 Npollapkamu n,p,n. Kpaitni npowapky 'HazHBaloTs
emimepom (E) Ta xonexmopom (K), Misk HUMM 3HaX04uTsCa 6aza (B). Tpumaposa cIpyKTypa Mae
ZBa  CJCKTPOHHO-MPKOBUX TIEPEXOIN: eMimepHuii nepexio MiX eMitepoM Ta 6asoi0 Ta
KxorexmopHuli nepexio Mixk 6a3olo Ta KONEKTOPOM. B AKOCTI NOMATKOBOrO MaTepiaty TPaH3HCTOpIR
BHKOPHCTOBYIOTE IepMaHiii a6o kpemHiii,

[1pu BUrOTOBJIEHH TpaH3UCTOPa OGOB A3KOBO NMOBUHHI GYTH BUKOHANI IBi YMOBK:

1} ToBwMHA a3y (BiACTaNB MK eMITEPHUM Ta KOJICKTOPHIM MepexoaaMu) NoBHuHa Oytn
Manoto Mo BiAHOWEHHIO 10 ROB3KMHH BiLHOTO NPoGiry Hociis 3apsany.

2) KOHLEeHTpaNia AOMIIOK (Ta OCHOBHHMX HOCIIB) 3apady B eMiTepi moBMHHA OyTH 3HaYHO
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Ginblua HiX y 6asi (NA>>Np B p-n-p TpaH3HCTOD]).

Po3risanemMo npuHUMN Aif p-n-p TpaH3UCTOpA.

TpaH3HCTOP BMHMKAIOTH -NOCIIJOBHO ‘3 ONOPOM. HABAHTOKEHHA Ry B JIAHIIOT IpKepena
KonextopHoi Hanpyru Ex . Ha Bxin 1pansucropa nogaerses kepyroua EPC Ej |, sk nokasano Ha
man. 1.24,a. Take BMUKaHHA TPaH3KCTOPa, KXoy Bxinuui (Es , Rg) Ta Buxianuii (Ex , Rx) nanuorn
MaiOTh 3aranbHy TOUKY — €MiTep, € HalOLIbI PO3MOBCHOLKEHHM I HA3MBAETHCA BMMKAHHAM i3
3arajbHAM CMlTCpOM 3E).

Mpu sigcytHocti nampyru (Es = 0, ‘Ex = 0) emiTepHuii Ta KoJeKTOpHMH nepexoan
3HAXOMATBCS B CTaHi DIBHOBArd, CTPYMM dYepe3 HUX PiBHI Hymo. OOMABa nepexoad MaroTh
NOABIHHMHA €1eKTPUYHUMA NPOIIAPOK, AKMI CKNANAETECH 3. IOHIB AOMILUOK, i MOTeHIliaTbHUH 6ap‘ep
©o , pisnuil Ha KOKHOMY i3 TIEpexoiB. Po3noniNeHHs NOTEHUiaNiB ¥ TPAH3NCTOPI NPH BiACYTHOCTI
Hamnpyru nokasaHo Ha Man. 1.24,6 mrpuxnBoIO JIiHIE.

TlomspHicTs 30BHIWHIX miepen Es 12 Ex BUGHPAETHCA TaKOIO, IMOG HA eMITEpHOMY Mepexopi
Oyna npsma manpyra (MiHyc mkepena Ep nomanvit Ha 6asy, miioc — Ha eMmiTep), a Ha
KOJIEKTOPHOMY nepexojli — 3BOpoTHa Hanpyra (MiHyc mikepena Ex - Ha KOJNeKTOp , Mmoc — Ha
€MITep), NPUUOMY Harnpyra | Uke > | Use (Hampyra Ha KonextopHomy repexoni Uxs = Uke -
Use ). I1pu Takomy BMHKaHHi fokepen Ep Ta Ex  po3nofineHss notenuianis y TpaH3ucTopi Mae
BUMNAZ, nokasaHuil wa Man.1.24,6 cyuinenowo niwiero. IToTeHLjaneHuii Gap‘ep - eMiTepHOro
MEPeXOoNy, 3MILIEHOTO B MpPAMOMY HANpAMKY, 3HIDKYETBCA, HA KOJEKTOPHOMY Mepexofi
TIOTeHUiaNnbRUM Oap‘ep 301MbUIYEThCA.

BHACHIIOK NPHKTAAAHHA 0 EMITEPHOIO NEpexXo’ . »PAMO] HANPYrd MOYMHAECTHCA M ACHICHA
Audysia (imKexuis) Ripox 3 emitepa B Gasy. Ene .poHBOIO CKNanoBolo Audy3ifiHOTO CTpymy
uepes eMiTEpHUH Nepexifl MOXHA 3HEXTYBATH, Tak SK Pp>>Ny , OCKLbKM BHIIE OGrOBOPIOBANACH
ymoBa No>>N, . Takum unHOM, cTpym eMiTepa Ie~ I pugpp. . Tlin BiuBOM cun audpysii BHacHinok
lepenany KOHUEHTpaUii B30BK 6a3n AipKki NepecyBaloThCA Bifl eMiTepa 110 KonekTopa. OCKibKu
0a3a B TPAH3MCTOPi BMKOHYETHCS MOMKOIO, OCHOBHA HAacTHHA MPOK, iHKEKTOBAHUX EMITEpoM,
AOCATAE KONEKTOPHOIO NEPeXOAy, HE NONajalouH B EHTpH pekomOGinanii. 11t aipku oxonmoloTbes
noNeM KONEKTOPHOrO FEpexody, 3MIlEHOTO B 3BOPO:HOMY HANpAMKY, TaKk fK Lie fone €
MPUCKOPAIOYMM U1 HEOCHOBHHUX HOCIIB — nipok y 6a3zi n-Tumy. CTpyM Aipok, w0 AOManH 3
eMiTepa B KOJEKTOpP, 3aMMKA€ThCA Hepe3 30BHIWHIN Jjianuor, miepena Ex . 13 36inswennam
CTPpyMy eMiTepa Ha BennuuHy Al, CTPyM KONeKTopa MirsumuThea Ha Al = o Alg . Buacninox
Manoi #MOoBipHOCTI pexomGinauii B Toukili Gasi koedilienT nepeabanns cTpyMy emitepa a = Alg
/Alg=0.9 +0.99.

Hesenuka yactuna Mipok, iHMXKEKTOBAHMX EMITCPOM, HONAAE B LEHTPH pekoMGinauii i
3HMKAE, PEKOMOIHYIOUMCh 3 eNeKTPOHAMM. 3apsi] WMX JAipoK 3alMiliacThCs B Oasi, i ais
OGHOBNIEHHS 3apAAHOI HEHTPATBHOT Ga3H i3 30BHIMIHBOrO NAHLIOra 3a PaxyHOK Mkepena Eg B Gazy
NOCTYNatoTh enekTponu. Tomy cTpym Gasu sBiisie co6oto cTpyM pexomGinauii L = Ig (1-at) .

OkpiM  BKa3aHHX = OCHOBHMX CKITAZOBHX CIPYMY TpPaH3HCTOpa NOTPIGHO BpaxyBaTu
MOX/MBICTE NEPEXOAly HEOCHOBHHX HOCIIB, AKi BMHMKAKOTH y Ga3i TA KOAEKTOpi BHACKIAOK
reHepallii HOCiiB, uepe3 KONEKTOPHMIA MEpeXif, 10 AKOro NpUKIafeHa 3BOpoTHA Hampyra. Lleit
Maui cTpyM (TIepeXil Aipok 3 6asu B KONEKTOP Ta eJEKTPOHIB 3 KOIEKTOpa B §a3y) aHANOriuHu
3BOPOTHOMY CTPYMY p-n NIEPEXOJly, BiH TaKOX HA3MBAECTHCS 3BOPOTHIM CTPYMOM KOJIEKTOPHOTO
nepexofy a00 TEIIOBUM CTPYMOM i No3HauaeThes lkpo (Man. 1.24,2).

TakiM YMHOM, MOBHUH KONEKTOPHMIT CYPYM, SIKMH BM3HAYAETLCA PYXOM BCiX HOCITB Hepes
KOJIEKTOpHHUIt nepexm, piBHuit

Ik =alg + Ikpo . (1.7)

‘ 13 3akony Kipxroga ansa crpymis (Is = Ig - Ix) Ta Gopmynn (1.7) punmupae
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Is=(1-a) e~ TIxso - (1.8)

Bupazu (1.7),(1.8) mnokasywoTs, W0 CTPYMH B TPAH3UCTOpi 3B‘A3aHi JIHiliHMMM
CIIBBIAHOIEHHAMH.

[epetsopumo (1.7) Tak, 00 BUABKTH 32NEKHICTH KOMCKTOPHOrO CTPYMY Bif cTpymy Oasu.
Jlna uporo 3 supasy (1.8) oxeprkumo

Ie = (Is + Ikso)/(1-00),

i nigcraBuMo Le 3HaveHHA I y dopmyny (1.7):

1 - 11, _ X Il(l,o ]Kl;o

3aznaunMo koediuieHT crpymy Gasu B = A Ik / Al = o / (1-a), a ctpym  Ikso(1+P)
3a3HauumMo Ixgo . Toni

Ix = Bls + (B+1)lkso =B Is + ko . (1.9)

SIkuo Bpaxysatu Te, o Ixgo Manuit Ta A Ix / Al ~1k/Ip, 3aN€KHICTE CTPYMY KONEKTOpa Bifl
cTpyMy Gasu Moxke OyTH 3anucaHa y BUIIAAL

Ik ="hasls, (19,2

ge hae = B - cratuyHuit KoeQilieHT nepeiaBaHHs CTPYMy TpaH3uCTOpa, (MOAYAb Li€i
BENMUMHK), AKNA HABOAUTLCA B OBIAHHKAX. _ ‘

TpaH3uCcTOp ABJSE COOOK TPUTONIOCHUK, TOMY IDKEPEIIO BXIIHOrO CHTHANTY | HABAHTAKENHA
MOXYTh GYTH YBIMKHEHI OO HBOTO MoO-pizHOMY. Y HaiGiNsili pO3NOBCIOMKEHOMY BMHKAHHI 3a
CXeMOIO i3 3arasibHum emitepoM (Man.1.24) jukepenom sxinuoi Hanpyru Use € Ep , BXiaHUM
ctpymom  OasoBuit cTpym lp . HaBaHTaKeHHs BMUKAa€TbCA B KONEKTOPHE kono. Emitep €
3aransHOI0 TOYKOK NS BXIAHOro Ta BUXIZHOTO naHwora. 3MiHIOOUH Manui cipym Gasu
(BXianuii cTpyM) Ha 3HaueHHA Alg , 3MiHIOEMO BHXiZHMHA cTpyM Ik 3rigHo 3 dopmymnoro (1.9). Ilpu
LBOMY 3MIiHIOETHCA CTPYM Ta MNajiHHA Hanpyrd Ha HaBaHTaXeHHI Ha 3HaueHHs Alg Rk ,
3MIHIOETBCA MOTYIKHICTD, AKA BUALNAETHCA Ha onopi Rk . Takum YHHOM, NPH 3MiHI Manoro cTpymy
Is B naHwo3i mpxepena manoi Hanpyrn Ep 3MiHioeTscs Binmaua motyxkrocti Ex Ha omip Rg ,
npuuoMy A Ig,>>A I, A Ix Rk >> Uskg .

I3 BMUKAHHAM TPAH3MCTOPA 38 CXEMOIO i3 3aransHoI0 6a3oto (3B) BXiAHHM cTpyMOM € CTpyM
eMiTepa, uepe3 HaBaHTAKEHHs NPOTiKae CTpyM konektopa, npuuomy lx <lg , Takum 4HHOM
BUXiZHMI CTPYM MeHui Bia BXixHoro. 3MiHIOOYM Many Hanpyry Ha eMmiTepHOMY NEpEXoAi,
MOMKHA 3MIHMTU CTPYM Yy NaHuio3i wkepena Ex i aictatu npupict Hanpyrk Ha HapaHT@KeHi , A Ik
Rk >> Uge , a Ue 03Ha4ae NIACHINTH CUrHAN No Harpysi. BifcyTHicTs niACUNEHHs MO CTPYMY €
Hes0/1ikoM BMuKaHHs 3 3B, yepe3 akuil us cxeMa BMKOPHUCTOBYETHCS B NPUNANax npoMHUCIOBOT
€NEKTPOHIKY Jy)Ke PLAKO i B JAHOMY KypCi HE pO3TIIAaEThCA.

MpuHuun Aii TpaH3uCTOpa n-p-n-TUMY AHANOTIYHUH, TiNbKW HarpAMOK CTpyMiB, 3Haku
HOCIiB 3apaay Ta HOMAPHICTh MPUKNAJCHWUX HANpyr MPOTHNEKHA A0 TUX, AKI MAlOTh MiCLE B
PO3LASHYTOMY p-n-p TpaH3ucTopi.(aus.man.1.23,a,6).
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§1.5.1. XapaKTepHCTHKH Ta apaMeTpH Gilo/sSIPHUX TPaH3HCTOPiB

Jns BAKOpWCTAHHS TPaH3MCTOPIB - HEOOXiAHO MaTH BIiZOMOCTI Tpo. 'HUX Yy BHIVILAL
XapaKTepUCTHK Ta NApaMeTpiB, AKi JAOTh 3MOTY TPABUIIEHO BHOWPATH TPAH3UCTOP i BH3HAYATH
peXxuMH iioro poSoTH.

Tpamsuctop 3a cxemoto i3 3E onMcyerscs CiMEHCTBAMM  BXiJHHMX Ta BUXIIHUX
XapaKTEePUCTHK.

Buxionowo abo xonexmoproio BONBT-aMIEPHOIO XapakrepucTukoio (BAX) rtpanzucropa
HA3UBACTECA 3aNEKHICTh KOACKTOPHOrO CTPYyMY Bil HANPYTH MK KOJNEKTOPOM Ta EMIiTEPOM

= f (Uke ), 3HATa Npy MocTifHOMY cTpyMmi Gasu Is =const. JIia 3HATIS Wi€l XapakTepHCTHKH
MOKHA BUKOPMCTATH ¢xeMy man.l.24 npu migrpuMmui nocriitdocti [ . Cimelictso suxignux BAX
TPAH3MCTOpa HaBeaeHo Ha Man.1.25,a. 3anexHicTs Ik (Uke), Ak 6auuMO 3 MAMIOHKA, € HETIHIHHOWO
1 MOke OyTH po30UTa Ha sl AUISHOK.

Ha Ginpwiit yacTuni xapakrepueTak 3 Uyg 2 Ukgy CTPYM KOMEKTOpA MAHKe HE 3aNeKHT Bil
nanpyru Uxe (nonoza Oinanxa XapakrepucTukn). Ha Wil ginsgHui TpaH3HCTOp nMpawmoe B pexmMi,
posrisHytomMy y § 1.5, Konu Ba eMiTepHOMY nepexoii Ai€ MpsMa HaNpyra, a Ha KOJEKTOPHOMY—
3BOPOTHA.

CTpyM KoJlekTOpa onueyeThes  sanekdictio (1.9). Ha nonoriii ainsnni  BUXITHHX
XapaKTEPUCTUK TPaH3UCTOP MOME XApaKTEPU3YBATHCS AK NPUIAL i3 BIACTHBOCTAMU KepoeaHo2o
ooicepena cmpymy, T00TO pyKepena cTpyMmy Ik , 3HAUEHHA AKOTO MOKHA 3MIHIOBATH ILNIAXOM 3MIHH
cTpyMY Ip.

Ik, MA A Is,MA
1

30
20

0,5
10

Uos [
A Uxe.B - Use.B
Uken Lo 10 20 T
a) _ 6)

‘ManA1.2‘5).‘ Buxiapi (2) Ta Bxiani (6) XapakrepucTaky GinofipHOTO TpaH3HCTOpa

I[Jm MiHI meuoro cTpymy Gasy, Hanpuknan, Ak Horo 3GinpeHHs, 361m,1uyroﬂ> Hanpyry
qoxepena Eg, npy UboMy 36ibUIyeThes IpSivMa HAMPYTa Ha eMiTepHOMY nepexo/ i ixKexuia HocliB
i3 ‘emitepa B Gasy Ta cTpym emitepa g 36insinyeTbes Ha 3HaueHHs Ale. 36inblteHHs cTpymy 63
3YMOBJIEHO 30LblIEHHAM pekoMGiHaALI] YaCTHHM NipoK y TOHKil Gasi’ Als = Alpex = AIE(I -at).
OCHOBHA YaCTHHA MPHUPOCTY EMITEPHOTO Cprmy QALE BUKITMKAE TIPUPICT CTPyMy Konextopa Alx =
aAlg= BAl5. Bennunna B y pisHOMaHiTHIX THIIAX TPAH3MCTOPIB NeHKKUTE Y Aianasoni Bia 10 jo 100

Hesennukuid HAXKA TONOTOl AUISHKYM BUXIAHO! XapaKTEPHCTHKU 3YMOBIICHHH THM, LIO TPH
36inbmenni nanpyru Ukg 36iNbILyETECA HANPYra Ha KONEKTOPHOMY [EPEXO/ Ta PO3MMPIOETHCS
NOABIAHUA eNeKTPUUHME NpPOIAPOK KOMEKTOPHOrO HEPEXoly, WO MPU3BOAMTL A0 3MEHIIEHHA
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ToBlWKEM Oa3n. Y 6idbll TOHKIH 0a3i MeHwa HMOBipHiCTE pexoMOiHaLLil, TOMY 3HAYEHHS
KoedilieHTiB MepeaaBaHHA CTpyMy o Ta 3 Aewo 36inbiytoTees. I3 Bupasy (1.9) Buamo, o npu
30ibWEHHI B 3pOCTaE KONEKTOPHUMH CTPYM.

Mepeitaemo 10 posmisgy kpymoi Oinfnku BHUXIJHUX XapakTepUCTHK Tpausuctopa. I3
3MeHweHHAM Ukg 3MEHILYETBCs Hanpyra Ha konekropHomy nepexoai Uks, i npu Uke =Uxen =Use
nHanpyra Uxs =Ugxg —Uge 3mimoe cpifi 3uak. [3 mopansmum 3meHwennsam Uge 10 Hyss . 20
KOJIEKTOPHOrO nepexoiy MpUKiaieHa npsaMa Hanpyra. Haszycrpid cTpyMoBi Jipok 3 eMmiTepa B
KOJIEKTOP MOYMHAETLCA NPOTHIISKHE NPAMYBAaHHA OCHOBHHX HOCITB (1ipok) i3 konekTopa B 6azy. Y
pe3ynbTaTi KONSKTOPHWH CTpyM Tipd TakoMmy 3meHwenHi Uke pi3ko manae.  Kpyra ninshka
BMXiZHUX XaPAKTEPUCTUK TPAH3IHCTOpPA XapakTePU3YETbC BTPATOIO TPAH3MCTOPOM BNACTHBOCTEH
NIICUIIIOBANBHOTO EJIEMENTA, Ll MaCTHHA XapaKTEPUCTHK BHKOPHUCTOBYETLCA B IMITYBCHIR TexHiLl
npy peajtizauii KIOUOBOro pexxumy rtpamzucropa. Hanpyra, wo BiaTHHae Kpyry AifsHKY 11a
BUXIAHUX XapaxkTepuUcTukax Tpawsucropa, Uxen =0,2+1 B.

Pizke 30inbluents ctpymy Ik y TpaH3HCTOpax nmpH 3uaunux Haupyrax Ukg BHKIMKaHO, K i B
Niofax, NaBUHHHM PO3MHOXKEHHSM HOCIIB y KONEKTOpHOMY nepexomi, To6To sBULUEM
€NIEKTPHUHOIO Npo0OoI0 LUBOro nepexoay. st 3anobiranus HE3BOPOTHOro MpodoI0 TPaH3UCTOpPA
00MEKYETECA HANPYra Ha KOREKTOPI Ta MOTYXKHICTB, 110 PO3CIIOETHES 11a KOJCKTOPHOMY ICPEXOi
(ma man. 1.25,a noxasani oGmexenns poGouoi ainsnkn xapakrepucruk U, ). T'pannuni 3HaucHHS

CTPYMY KOJIEKTOPd, [IpH [EPEBUINEHHI SKUX 3MeHwyetbes Koediuicur f, naBodThest B
HOBIAHUKAX.

[lepeiineMo no po3rnsny exionuy xapakmepucmux TPAH3INCTOPA - ZAUNEKIHOCTCH crpymy Dasu
Bia Hanpyry mix 6asoto Ta emitepom: Is = f(Uge) npu nocridiniii manpyst Uge. 3 Ukg =0 oBnasa
MePexXo/ B TPAH3UCTOPI NIPALIOIYTHL NPU NpaMill Banpysi, CTpyMu Konektopa i emirtepa
nonatorsest y OGasi.  Bxiuna xapaxrepncTuka B uboMy poxumi sisiac coboio BAX nsox p-n
MepexoAiB, YBIMKHCHHX napanensio (main. 1.25, 6).

[Tpu Uks > Uke,H Ha KOJNICKTOPHOMY NEPEXOli 3'ABNAETHECA 3BOPOTHA HAINPYra, HA CMITEPHOMY
—30epiraethea npaMa. [leit poxum poxknaaso posrasiyruit y § 1.5, Crpym 6asn B ibomy peskumi,
3yMOBJEHNH NPOUECOM pekoMOiHaLii HEOCHOBHUX HOCITB y 0asi, AOPIBHIOE PI3HULLE eMITEPHOro Ta
KOJIEKTOPHOTO CTpyMiB, BiH onucyerhea BupasoM (1.8). Bxiama Xapaktepuciuka TpaHucropa
man. 1.25,6 y upomy pexumi Oyayerbcs no npamiit rinwi BAX emiteproro nepexoay,
3HAYEHHS CTPYMY 3MEHIIYIOThCS Ha koediuieHT (1-o), AKMit nokasye, Wo cTpyM 6azu — ue nuuie
pexomOiHallifina cknagosa EMITEPHOTO CTPYMY.
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Man.1.26. 3anexxHicTe MOAYNS KoedillieHTa nepeaaBaHHs Bijl 4aCTOTH

CTpymu B TPAH3UCTOPI CHIILHO 3aJIEXKATH Bl TEMNEPATYPY HABKOIHLIHBOIO CEPEIOBHLLA, LU0
€ 3aralbHUM HEIOIKOM HAMiBNPOBIAHMKOBHX TMPHIIalis.  PO3INAHEMO 3aneXkHiCTh CTPYMy
KOJISKTOPA Bi/\ TEMIIEpaTypH. fIpH LIOCTIHHOMY BXitHOMY cTpymi 6asu. Y Bupas (1.9) sxoaats
wieHH, WO 3anexath Bij Temnepatypu. [lo-mepiue, i3 3pocTannAM Temreparypu pocre CTpym lkso
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(3HaueHHA HOTO MOABOKOETHCS Yepe3 KOXKHI 8-10° C), ToMy IO 36IMBIIYETHCS KOHUCHATpALlis
HEOCHOBHUX HOCIiB y mpomapkax. Ilo-mpyre, KoedyiltieHT -mepenaBaHHs cTpymy Oasm B i3
36ibIICHHAM TEMNIEPATYPU TakOk 36iMpiIyeThes.  Lle MOACHIOETBCA. TUM, IO 3 MiABUIUEHHAM
TEMINEPATYPH LEHTPU peKoMBiHaLli (Ae(EKTH KPUCTATIMHOI PEIIITKH) NOCTYNOBO 3aNOBHIOIOTECA i
MOXHMBiCTE pexoMGiHamii Hociis y Gasi magae, npu HpoMy 30iMbIIYIOTBCA KOEQILLiCHTH
nepefiapatis cTpyMy B Tpamsuctopi o i, omxe, f=ct/(1-ct). Tlpm marpisasmi na 20-30 9C Ik moxe
3MIHIOBATHCS HA JECATKH BIACOTKIB.

KoediLieHTd mepenaBaHts CTpYMiB TPaH3UCTOpa oL Ta 3 3a/exaTh Bij 4acToTH. e mos'a3aHo
3 iHepUilMHiCTIO NPOIECiB, IO BiAGYBAIOTHCA B TPAH3MCTOPI 3 MPOXOLKEHHAM HOCIB 3apsay uepes
Ga3oBuil MPOIIAPOK, | 3MIHOIO KOHLEHTpauii HociiB y Gasi npu audysii HEOCHOBHMX HOCIiB 20
KOJeKTOpa. 3a paxyHOK iHepUiHOCTI LHX MpOLECiB MPUPOCTH BUXLTHOIO CTPYMY 3aMi3HIOIOTHCS
no ¢asi BiHOCHO NMPUPOCTiB BXIAHOrO CTpyMy. TIpu BHCOKil 4acTOTi NPOXOMKEHHA iMITYILCIB 32
yac iMOYJIBCY CTPYM KONEKTOpA He BCTUrae AOPOCTH [0 MAaKCUMAIBHOIO 3HAYCHHA i 3 POCTOM
YACTOTH aMMTYAA iMnyibCiB majae. J{nd MATeMaTHUHOro OMMCY uux sBuw KoediuieHT P
OJAI0Th Y BUMIAL KOMIJICKCHOT BETHYMHM, IO 3QIEXKHUTh Bia yacToTu (Man. 1.26):

[3_ - __507_ i (1.10)
I+ —
i

ne Po - 3HaueHHs koediuienta B B cdepi HUIBKHX Ta cepeadix HacToT; fp-uacrora, Ha AKii
moAyJib kKoediuienta |BI= o/ J2.

V' IOBIAHUKAX HABOAUTBCA 2panuuna yacmoma xoeiyicuma nepedasanns cmpymy fap, JUIs
sxoi p=1. TliacTaBumo f=fzp y supa3 (1.10) sHaiiaemo MOAYNs |B], 3 BpaxyBaHHAM Toro, Wo fep/fp
>>],

Oneprxumo

fip=Bofp (1.11)

3a BenMuMHOK f3 MOXKHA TIPUOMM3HO CYIMTH Tpo poGouy cdepy 4acToT MiACHMOBaYa,

6 . 7
BHKOHAHOTO Ha TpaH3ucTopax. Y cydacHux Tpamsucropax fs cknapae 107 +10'Tuw.  Sxmo
roTpiBHo migcumoBaty curdanu npu f>fi,, 33CTOCOBYETBCA BMUKAHHS TPAH3HCTOPA i3 3aTAIBHOIO
643010, NIACUIIEHHS IPH HBOMY MOXCIMBE 10 HaCTOTH frp.

§1.6. Cxnaneni 6inonspui TpanzucTopu

SIKINO MiACUIIEHHA TPAHZUCTOPA NO CTPYMY HEJOCTATHE, TO MOXKHA BUKOPUCTOBYBATH CXEMY
cKnajieHoro Tpansucropa (cxema Jlapainrrona). Ll cxema B kIaCMUHOMY BapiaHTi MiCTWTB ABa
TPAH3UCTOPH, 3’€IHAHI KOJCGKTOPH SKUX- SBIAIOTE COOOI0 3aralbHUii KONEKTOp CKIANEHOTo
TpaH3UCTOpa, a 10 6a3| APYroro TpaHIUCTopa Mix’eaHaHMii emitep nepmoro. IIpu weomy Gasa
TIEPIIOTO Ta EMITep APYroro TPaH3UCTOPIB ABIAKOTECA BIANOBIAHO 3araNbHO0 6a30H0 Ta 3araibHUM
€MITEPOM CKJIajieHoro TpaH3ucTopa. Ha man, 1.27, a nokasanuil criiaaeHuil TpaH3uCcTop 3a CXeMOoIo
ysimkHeHHs 3 3E, a Ha man. 1.27, 6 — #oro ekpiBaieHTHa Cx¢éMa.

Tak = ax  dl, =B dl, 1 di,=pdl,,=Bd,=pB +Ddly, 10
dl, =dl, +dl, = Bdls + B,(B, +Ddl,,. Bpaxosyioun takox, wo dly =dl,, xoediuient
nepeaBaHHa CTpYMy 53k CKJIAEHOTO TPAH3HCTOPA MOXKIHBO OACPKATH Y BHTILL

‘ﬂéﬂdﬂﬁﬁﬁ&+ﬂm=wﬁDmﬁD4. (1.12)
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Ockinbku 38M4aKHO BUKOHYIOTbOA HEPIBHOCT] B >>1ta B, >1 10

B~B B, (1.13)

Hmcy‘meHH;{ 3a CTPYMOM CKIJIAACHOrO TPAaH3MCTOpa HalGinew Binnosigae dopmyni (1.13)
AKINO HOMIHANBHUK BXIAHMHA CTpyM Tpamsuctopa VT2 nopisHioe HOMiHaNbHOMY BHXiJlHOM);
crpymy Tpausuctopa VT1. Tomy tpamsucrop VT2 cnix BUOMpaTH Ginpw ndTyxmnM 1
[1apaMeTpH CKNaZeHOTO TPAH3UCTOPA MOXHA BU3HAYUTH 3 HOTO CKBIBANIEHTHOT CXEMH. '

4‘7—01(
1B, +1) @ g[] ‘

ﬂzlnz "“/(ﬂ2+1)

Man. 1.27. CxeMu ckiafieHoro TpamsucTopa:
a-— MPUHUKNOBA; © - CKBIBANEHTHA

Onip Ga3u r; cknagenoro TPAH3MCTOPA JIOPIBHIOE onopy Gasu Tpansucropa VT1:

Ty =Ty (1.14)

Onip emitepa r, BusHauaeThea 32 GopMyNow0

r=r+ [+ ) (B + 1] (L15)

Be P i '
JIHHUHA  KOJICKTOPHOro onopy FK CKAAACHOTO TPAH3HCTOpPA MCHINA, HDK A8 oaHOTO
TPaH3UCTOp4, a came

re = lra (B, + D22, (B, + DY 2B, +1). (1.16)

CXCMHiB AKHX BUKOPUCTOBYIOTh CKNIAZIEH] TPAH3UCTOPH, KPiM NONIMIICHHX MiACHITIOBANbHIX
BAACTHBOCTEH K 110 CTpyMY, TaK i'NO Hanpy3i, BOIOAIOTE Tako GUILWIKMM BXILUMM T MEHIINAM
BUXIIHAM OMOPaMu NOPIBHAHO 3i CXEMaMH Ha OJIMHAPHUX TPAHINCTOPAX. Omxke, Taki cXemu Menu
TCpMOCTii6U1I>HI, TaK SK 3BOPOTHIA KOJNEKTOPHHI CTpYM y CKIafeHOMY TPAH3UCTOPI NEPEBMIILYE
TETUTOBHH CTpyM HOTO OKPEMHX KOMIIOHEHTIB.

]1'(0« =1;\'<\z+(ﬁz+])[;‘;m 117

HapaMCTpu CKIJIICHOTO TPAH3NCTOPA 1A IHIIKX CXCM BMHKAHHS PO3PAXOBYKITHCA 3BHUAHHO.
YacToTHI BNAaCTHBOCTI BCIX CXEM BMHKAHHS CKAAIEHOTO TPAH3UCTOpa BM3HAYAKOTHCS YACTOTHUMH

BJGCTHBOCTAMH HOTO OKPEMUX KOMMOHCHTIB. Ha MpakTuui BUKOPHCTOBYIOTHCS TAKOK CKNAjeH
TPAH3UCTOPU, AKI MiCTATH GiNlbLIE ABOX OKpEMHX.
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§1.7. IonboBi TpaH3UCTOPH

Binonspsi TpansucTopy, po3risanyti B § 1.5, 3HAMUIIM Hag3BHUIARHO MINPOKE 3aCTOCYBAHHA B
PISHOMAHITHUX rany3sx eNeKTPOHHOI TexHikH.  [lpoTe B psfi BHNAAKiB TXHE BMKOPHCTAHHA
VTPYAHEHE, TOMY 1O Ui MPUIaAN KePYIOThCS CTPYMOM, TOOTO CHOXHBAIOTH nowmuy NOTYKHICTH
Bia BXiAHOrO KoOIa.

Lle nepelukomkae TXHHOMY BHKOPHCTAHHIO 3 yBiMKHeHHxM [0 MAIONOTYXKHHX JPKEpEN
BxinHoro curHany. [lporo Henmoniky mo30aBIEHI noabosi mpanzucmopu — Hanmnpomuuukom
NPWIAAK, N0 HPAKTHIHO HE CHIOKHBAIOTE CTPYMY i3 BXIZHOIO JAHLIOra. ‘

[MonkoBi TpaH3UCTOPH AINATECA HA [BAa TWAM, IIO BIAPI3HAIOTECA OAWH BiJ ORHOTO
TIPHHIMITOM Aii: @) i3 p- nepexooM; 6) MJTH - Timy(“MeTan — RieneKTpHK - HariBMpoBiTHHK").

3 l I3
. + :
Em ——

§ “T = Te

e B KAHA Ly C
I
—_—

Ic,m AJl
Use—0

U3s=0,4B

Use=0 8B

3e=1 2B

Ucs,B

r

Man.1.28. Crpykrypa (2), cxemni nosnauenns ((6) — xagax p - Tumy, (B).— KaHan n - THIY) Ta
CTIKOBi XapaKTEPUCTHKH (r) IOJIBOBOTO TPAH3NCTOPA 3 p-11 IEPEXOAOM
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a)

d)
Man.1.29. 3pysceHHA kaHany NONLOBOTO TPAH3UCTOPA 3 N04ABAHHAM HANpyT

§1.7.1. HonnoBi TPAHIHCTOPH 3 P-n MEPEXOIOM

Taxi TpaH3ucTOpU MaKOTL CTPYKTYPY, po3pi3 Axoi HapedeHuit na man. 1.28,a. Tlpowapok i3
NPOBLIHICTIO P-TUIY HAa3UBAECTBCA KAHAAOM, BIH MAE JIBa BUBOAM B 30BHIlIHIi naHwor: C - cmix Ta
B - gumix. Tlpowapku 3 MPOBIAHICTIO THNY N, O OTOYYIOTH KAHAI, CIIONYYEHI Mix coB00 | MatoTs
BUBIA Y 30BHIWHIA Nanwor, nassanut sacyeom 3. TliAKMOUEHHA JpKEpen HANpyru 10 npuiaay
foKasaHe Ha mai. 1.28, a, a na man. 1.28,6 noka3aHe cXxemHe 3a3HaueHHs NONLOBONO TPAH3UCTOPA 3
p-1 HEPEXOIOM Ta KAHATIOM p-TUITY. ICHYIOTH TaKOX MONbOBI TPAH3UCTOPH 3 KAHAJIOM #-THNY, TXHE
MO3HAYCHHA HaBefieHe Ha man. 1.28,6, npuHuMn Aii aHanoriynuii, ane Hanpamku cTpymy i
MOJIAPHICTE MPUKNAACHUX HATIPYT NIPOTHIEKHI,

Po3rnsxemo npuRUMN Aii NOMBOBOrO TpaHsucTopa 3 Kawatom p-tuty.  Ha man. 12871
HABEJCHE CIMEHCTBO CTIKOBMX (BMXIZHWX) XapakTepuctvk uporo npunaay Ic=f(Ucp) npu
Uss= const.

pu kepytouidi Hanpy3i Usp =0 Ta BMuUKaHHI jpkepena Hanpyrn Mix ¢TikoM Ta Butokom Uca
N0 KaHajly TCUE CTPYyM, IO 3aNeKUTH Bl onopy Kanany. Hanpyra Ucs piBHOMipHO TIpHKJIAEHA M0
NOBKHHI KaHANY, 1A HANPYra BUKJIMKAE 3BOPOTHE 3MILLLEHHS p-1 TICPEXOAY MK KaHATOM p-tuny Ta
n-MpowapkoM, Npu4oMy HakGineiua 3BOPOTHA Hampyra Ha p-n nepexodi iCHye B AiNAHWI, WO
npuisrae A0 CTiky, a noGiM3y BWTOKY p-n MEPEXill 3HAXOAMTLCH B clami piBHoBaru. I3
36inbwenHAM Hanpyru Ucs JiNfHKa MOABIAHOIO ENEKTPUUHOrO Npolapky p-n nepexony, 36iaHeHa
PYX/MBHMM HOCiAMU 3apsiy, Oyae PO3IINPIOBATUCA, K nOKa3aHo Ha Man. 1.29, . Ocobaueo
CHJILHO PO3UIMPEHHA NEPEXONY BUABMAETbCA nobnm3y criky, Je Ginbwa 3BopoTHa Hanpyra Ha
mepexoni.  PO3WMPEHHA p-n Mepexoiy MPUIBOLWTL 10 3BYKeHHS CTPYMONPOBIIHOMO Kauany
TPAH3UCTOPA, i ONip KaHany 3poctae. Yepes 36inbimeHns onopy kanany npv 3pocranni Ucg cTikoBa
XapaKTEPUCTHKA NOJIbOBOTO TPAH3UCTOPA MaE HENiHilinnA xapaktep (Man. 128, 2). Tlpu neaciii
Hanpysi Ucg Meki p-n nepexofty cTynaoTees (MyHkTAp Ha Mai. 1.29, a), i spocranys cipymy Ic
Apw 30inbwenHi Ucg NpUnuHAeTbes. ‘

3 NpUKIAAAHHAM TO3MTHMBHOT Hanpyrk 10 3acysa Uss >0 p-n nepexin we cubhiwe
3MilILYETBCS B 30HY 3BOPOTHOT HANpPYrH, WIMPHHA NEPEXOaY 36mmuyen,cn AK T10K23aHO Ha Mayl.
1.29,6. BuacniZok uporo. kauan, wio MpOBOAMTL CTPYM, 3BYXKYeThes, | cTpyMm Ic 3MeHwyeThes.
Taxum unom, 36inburyroun Hanpyry Usp, MOHA 3MEHIIHTH Ic, IO OMEBHJIHO 3 PO3IASLY MAJ.
1.28, r. TIpu nesHomy 3uaucHHi Usp, HA3BaHOMY Hanpyeoro 6idcixanns, CTpym CTIKY NPaKTHUYHO HE
npotikae.  Bianowenns 3uminu ctpymy criky A lc 10 wanpyru, npukiazeHoi Mix. sacysom i
Butokom AUsp ipu Ucg=const, nasnupaetbes kpyTicTio : S=Alc / A Usg npu Ucs =const.

Ha BinMiHy Bia GinosipHMX TPaH3NCTOPIB MONBOBI TPAH3NCTOPH KEPYIOTHCA Hanpyroto, i
4EPE3 MAHIION 3aCYBa NPOTIKAE JTuWe Manuii TenoBmii cTpym I3 p-n nepexolly, 10 3HAXOAMTHCS
nmia  Aieio  3B0poTHOi Hampyru. CTiKOBi XapakTepUCTWKH, TaKk . CaMo, SK 1 KOJICKTOpHI
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XapaKTepucTuky OiNOJNAPHOTO TPaH3UCTOpa, MAIOTh IBi AIMAHKH KpyTy i TIONIOTY; OCTaHHsI
BUKOPUCTOBYETBCA NPH POGOTI TPAaH3UCTOPA -B MIJCHMOBANBHHX TPHUCTPOAX, y TOH Yac sk
NO4ATKOBA KPYTA Ai/IAHKA XAPAKTEPUCTHK — NPH ixHill poGOTi B NEPEMUKATEHUX NPUCTPOAX.

Crtpym cTiky MOTBROBOrO TpaH3HCTOpa CWIBHO 3aNexMTh Bil Temneparypu. Ilo-mepure, i3
3POCTaHHAM TEMNEPATYPH  ENEKTPONPOBIAHICTE  HAMIBUPOBiAMMKIB y poGouomy AianasoHi
TEMNEPATYP 3MeHIyeThes. [lo-mpyre, npu HarpisaHHi WHpHHA p-n NEPEXOAY IMEHIIYETHCS, A
KaH! PO3MWHPIOETECS. BHACHILOK BIIMBY LMX ABOX UMHHMKIB TIPH HArPiBAHHI CIPYM CTIKY mput
Uss =const MOxe 3MiHIOBATHCA Pi3HUMH CMOCOGaMHU — sk 36i/TbIIYBATHCS, TaK i 3MEHLIYBATHCA.

['pahuuni 4acTOTH, Ha $KMX MOXKYTh NPALOBATH MOJBbOBI TPAH3UCTOPH, [YKE BHUCOKI.
OcHoBHIM OGMCKYBANEHUM YHHHUKOM TYT € EMHICTb p-n NEPEXONLY, TUIOWA KOTPOTO NMOPIBHAHO
BenuKa. TToMbOBI TPAH3UCTOPH 3 p-1 MEPEXOIOM, WO BUMYCKAIOTHCA NPOMUCTIOBICTIO, CIPOMOXKHI
NpawioBaTH B MErarepLuoBOMy Aiana3oHi YacToT.

§1.7.2. lNonnogi Tpanzucropu MAH-Tuny

IX HasuBaoTe MONBOBHMMU TPAH3UCTOPaMU 3 i30/1bOBAHHM  3acyBoM. Ha man. 130, a
nokazauuii pospis MJIH-Tpansucropa. - Ha noBepxHi Kpucrana HamiBRpOBiAHHKa-MiAKMAIKK 3

NMPOBIAHICTIO P-TUITY CTBOPEHI JIBi 30HM 3 NMPOBIAHICTIO N-TUITy TA TOHKO! MEPEMHUKHM MiK HHMM, '

AKY Ha3WBalOTh kgHanoM. 30HW N-THUNY MalOTh BMBOAM B 30BHIWHIA nauwmor: C — cmix Ta B ~

sumix. - HaniBnpoBIAHMKOBHA KPUCTan HOKPUTHH OKHCHOK IUNBKOK AiefeKTpuka, Ha AKiil '

PO3TALIOBAHMI METANEBHIt 3acye 3, NOB'A3aHMIt i3 30BHIIHIM NaHWoroM. TakuMm YMHOM, 3aCyB
€NEKTPUMHO 130160BARUI Bin naHiora BuTiK — cTik. BMuxanns mwrepen Ucp Ta Usp nokasane Ha
man. 1.30, a. Tliaknanka 3'eqHyeTscs i3 BWTOKOM; UE 3'eAHaHHA a0 3AiHCHIOETHCA YCEPEAMHI
mpunany, abo migknagka mae BuBia v sopwiwmiil nadwor (I7), i ue veaHAHNR 3IHCHIOETHER 10
30BHILLHBOMY JAHLIOTY. )

Posryisanemo npunumn ail npunaay. Horo crikosi (suxiami) xapaxrepuctuky Ic=fUcsy nipu
Usg ==const nase/icHi Ha man. 1.30,6. [Tpu BiacyTHocTi kepytouoi Hanpyru Usg =0 uepe3 kawan
MK N-30HaMHM NpoTikae cTpym Ic. I3 36inbluieHHam Hanpyru mpkepena Ucp p-n nepexin Mink
MAKNAAKOIO - KAHANOM 3MIllly€TbCs. B 3BOPOTHOMY HAnpAMKY, TpPHYOMY Halibinpmra 3BOPOTHA
Hanpyra Ha Nepexoi YTBOPLOEThes oGN3y CTiKY.

Ilpu -3BOpOTHOMY 3MilUEHHI p-n TIEPEXONY POMWIMPIOETBCH MOABIHHMIL  eNEKTPUIHMIE
npoiapok, o6'€AHAHUI PYXTMBUMU HOCIAMY 3apAly, | 3BY)KYEThCA Kanai, U0 NPOBOAMTE CTPYM.
¥ wmipy 3poctanns Ucy 36inswyerses OIlip KaHany, 3pOCTaHHA CTPYMY CTIKY CIOBILHIOETHCA, &
NpU (IEPEKPHUTTI NMEPEXOAOM CiueHHA Kawany 3i 3GinsiedHsM Ucp ctpym Ic mpaxTiuno He
3MIHIOETBCA. Y LEOMY pexumi npouecy B MJIH-Tpan3ncTopi ananoriuni npouecam y nonsosomy
TPaH3UCTOPI 3 p-1 MEPEXOAOM.

3 NoAaBaHHAM MO3UTHBHOI HAMPYrH A0 3aCYBY CNECKTPHYHE MMOJE TNPUTATAE €IEKTPOHH 3
TiAKNAKK, BOHM HAKONM4YIOTh B 30Hi KaHajty, OMip KaHalty 3MEHIUYETBCA | CTPYM CTIKY POCTE
(pesicum 36azauenns) (AuB. XapaktepucTiky Ha Man. 1.30,6 npu Usg >0).

-Tpu weraruBHifl HAmpy3i HA 3aCYBi ENEKTPHUHE. NOJC BUIITOBXYE €NEKTPOHM 3 KaHaly B
NMiAKNAAKy, oMmip KaHaiy 36inbmyeTses, i cTpyM Ic nanae (pexcum 36ionenns). Takum uuHoM, npn
3Mini kepylouoi Hanpyrd Usp 3MiHIOETBCA BUXiHMH cTpyM npumany lc, npuuomy 38'ssox
NPUPOCTIB BUXIAHOI TA BXiAHOT BENUMHH BU3HAYAETHCA KPYTIiCTIO : S= Alc /AUsp npu Ucp =const.

Ockinbku 3aCyB i30J1b0BaHUI Bill iHINKX JAHUIOTIB, HAA3BUMAlHO Manuil cTpym 3acysa I3
BUKJIMKAETBCH JIMIIE BUTIKaHHAM 10 i3omauii.  TloTykHicTs kepywouoro nanwora MJIII-
TPaH3NCTOPA NIPAKTHUHO AOPIBHIOE HYMO,
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1c,mak A
Uss=10 Ic,mA Ua=3 50
Usp=0,5B ° Uap=3B
e Um=0B Use=2,5B
Usp= —0,5B
Uss=—1B Us=2B
Ucs,B UcsB
6) 8)

Man. 1.30. CtpykTypa (@) Ta cTikoBi XapakrepucTuku (6)- 3 BMOHTOBaHHM KaHaloM, (8)- i3
iHaykoBaHUM KaHaoM MJTH - TpaH3HCTOpiB

Ananoriyio QyHkuUioHye # iHwnii pisnopun MJIH- tpan3ucropa 3 kananom p-tuny. Taknii
NONBOBMI TPAH3UCTOP MaE MIAKNAAKY A-TUMY, HANPAMOK CTPYMY Ta HOJAPHICTH Hanpyr
npoTuitexkHa HaseaeHuM Ha Man. 1.30, a. TosHaueHns MJIH- tpan3ucTopiB i3 kaHanamu n - tuny
Ta p-tuny wasenede Ha man. 131, g ta 6. Posmmsnyri MIII- tpansuctopu € npunapamu 3
80Y006aHUM KAHATIOM.
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Man. 1.31. Cxemui nozHavennst M/IH- tpansuctopis

Kpim iworo, icuyiotb MJIH - mpanzucmopu 3 iidykosanum kanarom n-many (Man. 1.31, 6)
Ta p-tuity (Man. 1.31,2). 3 BUCQTOBAEHHSAM LAX NPUIALIB CEMianbHUi KAHAT MDK JiNsIHKAMU, SKi
NOB'1I3aHMMH 31 CTIKOM Ta BUTOKOM, HE CTBOPIOeThCA i nmpu Hanpysi Usp =0 BuXimHuH CcTpyM
BiacytHii, Ic ==0. [Ipunaa moxke npauoBaTH NULIC B pexcumi 36azaueqHn, KON NMOE 3aCyBa
OpUTArye HOcli BIAMOBIAHOTO 3HaKa, IO CTBOPIOKTH MPOBIAHMIT KaHAN MK 30HAMH BUTOKY Ta
crixy. CimeitctBo cTikoBUX XapaktepucTK MJIIT- TpaH3HCTOPiB 3 IHAYKOBAHMM KAHANOM #-THUIlY
nasenenc Ha man. 1.30, . [Ipu Hanpysi Ha 3acyBi MeHIIIH BiZl HANIPYFH BIACIKaHH:A, CTpyM CTiKY lc
NPaKTHIHO BIACYTHIIA. .

HasBHicth wotHpbox Tunis MJIH-tpaH3ucTOpiB Nae BETWKi MOMAUBOCTI IPU peanisaLil
pI3HOMAHITHHX 3aa4, y TOMY HHMCII WwWaXoM KoMOiHaL{ NOJbOBUMX TPAH3UCTOPIB PI3HUX THITIB.

§1.8. Tupucropu

Tupucmopamu Ha3UBAIOTH KEPOBaHI HAMIBNPOBIAHWMKOBI NpWIAAN HAa OCHOBI GaraTomapoBux
(4oTHpH wapu a6o Ginblue) p-1 CTPYKTYp, CIIPOMOXNCHI FliJ AI€I0 CUTHANY KEPYBAHHS! NEPEXOAUTH 13
3aKkpuToro (1110 HE NPOBOAMTE) CTAHY y BiakpuTHil (NpoBiaHUi).

Haiibinsme nowMpeHuit PisHOBHA TUPUCTOpa, NOOYAOBAHUI HA HOTUPWIIAPOBIA p-n-p-n
crpykrypi, BAX sxoi naBeaena na man. 1.32, a. Ha man. 1.32,6 HaBeneHO CxeMHe MO3HAY€HH:A
THPUCTOPA, WO aHANIZYEThCSA, SIKUIT Mae TPU BUBOAM Y 30BHIIIHIA maHyor. EnexTpoau npumany
Ha3UBaIOTHCA: A - anon, K - katoll, KE — kepyounii eneKkTpoa.

SIKULO YBIMKHYTH THPUCTOP B eEKTPHYHMI laHmor (Man.1.32,8), TO NpH HY/IBOBOMY CHIHAJI
Ha KEpyHUuOMYy e/leKTpoal CTpyM y koni 6yae BiacyTHii. Lle noB'A3aHO 3 TUM, IO NPH MPAMOMY
3aKpuTOMy Cradi (ainsHka I Ha xapakTepuctuui Man. 1.32,a) onip TMpUCTOpA Ay:Ke BENHKHH.
SKWo Tenep Ha Kepylounil eNexkTpoA MOJATH  IMIYNBC TO3HTHBHOI NOJIAPHOCTI, TO TUPHCTOP
BMHKAETHCSA | HEPE3 HABAHTANEHHS Ry MOUMHAE TIPOXOAUTH CTpyM. Uepes Mane naaiHHA Hanpyru
Ha YBIMKHYTOMY THPUCTOpi (Touka 2 na. ainsuui I xapaxrepuctuky Man. 1.32,a) aHoAHuH cTpyM
nicns yBIMKHEHHS BU3HAYAETbCA

Io=Eq/Rn (1.18)

VBIMKHEHHS THPHCTOpa MOXke BiaOyTHca i 6e3 CUrHaTy kepyBaHHA, skwo 30inbmutn EPC
mKepena sxxusjienua Ea 10 suauenus, 6insmol nanpyrn Uy, HaseaeHoro Ha man. 1.13,a. V ueomy
_BUNaaky pobGoua Touxa 3 Ainsakn [ BAX nepexonurts Ha mimanky 1, munatouu ainsuxy I, Ha
NPAKTHL] TAKE BMHKGHHS «M0 aHOAD» /1A GiABIIOCTI THIIB TUPUCTOPIB HE Oa)aHe Yepe3 MOMKIIHBE
YIUKOUKEHHS Tiprnany.
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Maui.1.32. BonbT-aMnepha XapaxTepicTuka —a, CXeMHE NO3HAUCHHS —6, CXeMa BMUKAHHSA
OJIHOONEPALAHOIO THPHUCTOpA ~B

Baxinsoto ocobupictio Tupucropa € Te, wo micna #oro yBiMkHeHts BiAKPUTHIE cTan
36epiracTbes HE3ANEKHO Bijt HAABHOCTI CMTHATY Ha KEpYIOUOMY CICKTPOA. Bumkny v THpUcTOp
MOKHA HIIE NOHIDKEHHAM AHOAHOT HANPyru 10 Hyis abo 10 HeraTMBHOro 3naucuus (U,<0) a6o
fiepepuBaiAM ANOJHOTO ¢Tpymy. Kepylouuit naHLiOr Takoro npunagy BUKOMYe Tinbku oaHy
ONepaulto — yYBIMKHEHHA Tupuctopa. Takuii TUN THPUCTOPIB € HaHOLNBW NowMpeHuM, U
TUPUCTOPH QTPUMANH Ka3BY 0dHoONepayiiinux (a00 HE3ANMPAIOMKX).

Ski isnuni ipouecH 3yMOBMIOIOTE 3a3HAUCH] BNACTHBOCTI Tupuctopis? CTpykrypa npuiany
tapeaeHa Ha mai.1.33, a. 3 nofaBauHAM 1O THPMCTOPA npsAvol Hanpyau (NIIOC HA aHOA A, Minyc
Ha KaTo K) Bona OyAc MpAMOIO i BiAKPMBAIOUOK Wi p-n nepexonis /1, va 11y i 3BOPOTHOIO NSt
nepexony I7,.

Jany CTpYKTYpy MOXH2 YABHTH TAKOIO, AKA CKIANAETHCA 13 IBOX TRGHIUCTOPIB — p; 1y P2 1A
nypan; (Ma. 1.33,0).

_ B‘ 000X TpaHaucTopax nepexin /72 ¢ KONEKTOpHMM, a nepexoaun /1; ta I13 ~ eMitepHuMy
BIAMOBIAHO AVt p-n-p T4 n-p-n Tpauluctopis. Ha pinsuui 1 BAX man. 1,32,a emiteprui nepexi
17 amiwennil y npamMoMy Harpsamky, KONEKTOPHUiL 11, - & 3BOpOTHOMY, TOMY p-n-p TpanIMCTOp
NIPALIOE B POKUMI, PO3TIARYTOMY B § 1.5, a posnoain ctpymy onucyeTscs Bupasom (1.7). Yepes
npamuit nepexia /1) i3 emitepa p; y Gasy n; audyHIYIOTE AipKM, 4acTHHA AKMX ( Top )la
pexombinye B 6asi, a iHIIa yacTuHa pl, BTArYETHCA NOJEM nepexony I1; i notpanise 8 xonexrop
P2 Po;nouin 3a3HaueHOl APKOBOT CKIAA0BOI CTPYMY nokasano Ha man. 1.33, a. B ANHAJIOTIYHOMY
pexuMi- Tipawoe i Jpyruit Tpausuctop. . Emitepuuit nepexin /73 n-p-n TPAH3UCTOPE TAKOK
SMULEHHH Y NPAMOMY HAaNpAMKy, a KONeKTOpHuii /1> — y 3BopoTHomy. Uepes emiTepuuit nepexia
5] npoxgnms CYMapHUi CTpym I’a+l,<,,, (ze Iy ~ cTpy™M kepyiouoro enexTpoaa). Yactuua
CJIEKTPOHIB, OBYMOBNEHUX LM CTPYMOM, pekOMBiHYe B Ga3i (npowapok p; ) (1-aw) ( Lo+l ), 1HIN
CJIEKTPOHU OXOATE A0 KQJICKTOPHOrO NEPEX0RY /72, OXOMOIOTHCS HOTo NoNeM | NoTpanisioTs y
KOIIEKTOp (Npownapox ny).
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Man.1.33. Posnoain cTpyMy B TMPHCTOPI ~a Ta JBOTPAH3UCTOPHA CXEMA 3aMILIEHHS
THpUcTOpa —6
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Ll enexTpoHHa CKNanoBa CTPYMY MOKa3aHa B HIDKHIM WacTHHi CTPYKTYpH Ha man. 1.33, a.
KpiM 1HX TPansucTOpHUX CKNANOBUX CTPYMY KOJIEKTOPHOTO Niepexody /72, 3yMOBNEHUX CTpyMamu
eMiTepHuX nepexoais [7) Ta IT;, wepes nepexin I7; NPOTIKAE CIPYM HEOCHOBHHX HOCIiB, HAABHMX Yy
npowapkax »n; 1a p2 , Ixkso =Ixgp +ixon. 3 Man. 1.33,a nerko nosectu, wo /o= I ,a¢ Ix .. NOBHHMIA
CTpYM uepe3 repexif [1;, TOOTo cyMapHHit KONeKTOpHUM CTPYM 060X TpaH3NUCTOpiB

1[( =1(] =al;1a +(1n(1xp+la)+ 1K0p + 11(()n , (119)
3Biacu

Il(b'()+an><1kp
ln(al’-*_an)

Posrnanemo 3anexnicts koediuieHTiB nepesaBaHHg 3a CTPYMOM 060X TPAHIUCTOPIB Op TA Oy
Bi cTpyMy Jo. Lli koedilieHTH 3anexars Bia MOxIMBOCTI pexomGiHauii Hocii y Gazax n; ta p2. I3
3POCTAaHHAM CTpYMY [/, pekomBiHalif najae, TOMy L0 LEHTPH pexoMOiHauii 3amoBHIOIOTECA NPH
KOXKHOMY aKTi pekomGiHanii, o Beae 10 36inpmeHHs koedillieHTiB o Ta an.  JIOTH, NOKM CyMa
o + o <1, nepexin [72 3aKpUTHIT | THPHCTOP 3ANUILIAETBCS B 3aKPHTOMY ‘CTaHi, TOGTO Mae BUCOKUH
onip aia ctpymy Iy (ingHka I BAX Ha man. 1.32, a).

13 36inbIUEHHAM CTPYMY /o 32 PAXYHOK 36iNbWEHHA KEPYIOUOTO CTPYMY {1, 200 Hanpyru U,
CyMa Olp + Oty POCTE i, KOMH Ctp + 0y = [, Ak Bunnneae 3 Bupasy (1.20), /, — co. Lle 03Hauae, mwo
Bi/I0YBACTbCA BiAKPUTTA TUPUCTOpA: ONMip HOro Pi3ko 3HWXKYETHCS | NaAiHHA HaNpyru Ha THPUCTOPI
Uq 3MeHwmyerses. Y peansHilt cxemi Man. 1.32,8B nNpu BiAKPWTTI THPHCTOPZ BCTAHOBIIOETHCA
CTpyM, Lo Bianosinae 3anexHocti (1.18) (ninsHka Il xapakrepuctukn man. 1.32, a).

Tlpouec BIAKPUTTA TMPUCTOPE 3yMOBNEHWH HAABHICTIO BHYTPIlUHBOrO MO3MTUBHOTO
3BOPOTHOIO 3B'A3KY, MPOTIKAE NABUHOMNOAIOHO (pezenepamusnuii npoyec). Po3rnsHeMo npolec
BMMKaHHs THPHCTOPA 3 TIOZABAHHAM KEPYKOUOro CTpyMy /. [IpH LboMy 36UIBLIYETBCA CTPYM
uepe3 nepexin /73 Ta foro cknagoa oy(ls + L), AKa IS p-n-p TPaH3UCTOpa € CTPYMOM Gasm,
TOMY 3pOCTaE 4aCTKa CTPYMY KOJIEKTOpa Ol 3arajbHUM CTpyM [y 3poctae, fpu upoMy B 6asy n-p-
M TPAH3UCTOpPa HAAXOAWTh i3 wapy #; OiNbUMI CTPYM, WO 3HOBY BUKIMKAE 30iNbLIEHHS
KONEKTOPHOrO CTPpYMY TpPaH3uCTOpa n-p-n- Tuiy. I3 36inbwelHAM  ctpymy [, 3HaueHHs
KoebinieHTIB nepenaBanni op Ta o POCTYTH | 3HAMEHHHK Y BHpasi (1.20) nepeTBoproeThes B Hyb,
3a paxyHOK pi3KOTO HapoCTaHHs CTpyMY I, 36inslyeTbes MaziHHA Hanpyru Ha pesucropi Ru
(Man. 1.32,8), a nafiHHA Hanpyry Ha THPUCTOPi 3MEHIIYETHCA.

Slkwo nicng BiAKPUBAHHA TUPHCTOPA IMEHIWMTH CTPYM [y 10 HYNS, TO BHACAIAOK MPOTiKaHHSA
BEJIMKOrO CTpyMy /o - OyJe MiATPUMYBATHCA HYNBOBE 3HAYCHHA 3HaMcHHuka y supasi (1.20) i
NPWIAA 3aNKIIUTECS Y BIAKPUTOMY, MPOBIAHOMY CTaHi: THPUCTOP MOXKHA 3AMKHYTH TiNbKM NpH
TIOA2HHI 3BOPOTHOT HANPYrh U, aG0 Py po3MHKaHHI IaHLIOra IPOTIKAHHS CTPYMY Jokepena Ea.

3 mopaHHAM IO TMPUCTOpa 3BOPOTHOT HANPYTi NPUIIAL YBECH 4aC 3HAXOAUTHLCA B 3aKPHUTOMY
CTaHi, ocKibKU nepexoau I7; Ta I72 3HaX0AAThCS Miji 3BOPOTHOIO HAanpyrom. 3sopoTHa rinka BAX
THpUCTOpa (ninsHka /¥ na man. 1.32,a) aHaoriyxa 380poTHill rinui BAX wanisnposiaHukosoro
aiopa.

Ic=1.=

(1.20)
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§1.8.1 Hapamefpn Ta pizﬂoﬁmm THPHCTOPIB

.CucremMa mapameTpiB THpMCTOpa = JO3BOJSE BUOMPATH TMPWIAOM NPU  [POEKTYBaHHI
Pi3HOMaHITHUX MPUCTPOiB. [0 YKcna napameTpiB THPUCTOpA BiHOCATHCA MoKasaii Ha man. 1.32,a
Hanpyra BMukanHs Upys Ta Hanpyra saruny (mpoGHBaHH:) Ha 3BOpOTHIM rimy BAX Ujer. Sxmo
aMILNTY/la HaNpyrH SKUBIEHHA Gy/1s-sKOi NMOIIPHOCTI He MepeBepillye HAa3BaHMX HArpyr, TO TpPH
Ly =0 tapucTop Gyac 3aBxau 3akpartuit. JINA HAaifHOrO BMKOHAHHA L€l yMOBM npama afo
3BOPOTHA Hampyra Ha THPMCTOPI HE MOBHHHA NEPCBUILYBATH iMMYIbCHY Hanpyey, WO CKIANAe
npubnuspo 0,7 Haitmenwoi 3 Hanpyr Uy, ta Usqr | HABOAUTHCA B IOBIAHHKAX, JUTA Pi3HMX THITIB

. THDUCTOPIB BoHa cknajae Bia 100 mo 4000 B.

‘ Y NacnopTHHMX NaHWX TUPHCTOPA € TaKi MapaMeTPH: MakcumanbHo OORycmumuii cepeoHiil
APAMUT CIPYM, IMAYAbCHA NPAMA HANPY2d Md MAKCUMATbHULL 360pOMHITI CmpyM, 1O MalOTh TOIi
JKe 3MICT, L0, 1 A1 AIo/IB. Y CyyacHUX MOTYKHHMX THPUCTOPAX AOMYCTHMHUN CEPEAHii npaMuit
cTpym:nocsrae 1000-2000 A.

’ I3 3MEHINEHHAM AHOJHOIO CTPYMY A0 3HAUCHHS CMIpYMY YMpUumants 6MUKGHHS TUPUCTOD
MOXKe HEBMMYILIEHO TNEPEiTH B 3aMKHeHui cTaH. CTpyM YTpUMaHHs, L0 HABEAECHWH Y JOBiAHKUKY,
BU3HAYAETHCS ITPH Ly =0.

Jns po3paxyHKy HapameTpiB curdany, AKWUH HEOOXIZAHO MOAATM HA KEPYIOUMH eneKkTpod,
KOPUCTYIOTBCS apaMETPAMU: Kepylouus cmpym 6iOKDUBAHNA MA Kepyiowa Hanpyaa GioKpusania. 3
TaKMMH 3HA4EHHAMM CTPYMY Ta Hampyrd B KepylouoMy JaHwio3i 3aGe3rmeuyerhca HaaidHe
BIIKPUBAHHA THPMCTOpA HaBiTL npu Manux (5-10 B) Hampyrax Ua i npu HaitHikuiit poGouiit
TEMIIEPaTypi, KOJIM BIAKPHUBAKHS YTPyIHEHE. '

Jlo ‘HafBaxIMBILUNX AMHAMIYHUX [IAPAMETPIB TUPUCTOPA BIAHOCHUTHCSA BENMYUHA (i / dlmax —
KPUMUSHA WBUOKICIb HAPOCMAHHA GHOOHO20 CMPYMY TIPH BMUMKAHHI TWPUCTOpA. 3 TiepeBUMEHHAM
JONYCTUMOTO" 3HAYEHHS (di/dt) max MOMUIMBHI  TIEPErpiB OKPEMHX . AUITHOK HAMIBIPOBIAHUKOBOT
CTPYKTYpPM Ta TENJIOBE NPOIIABNEHHR MEPEX0y; Y OiNbIOCTI BUNAAKIB (di/dt) max =10-100 A/MKe,
ajie B CHELiATbHUX WBUAKOAIFOUHX ab0 IMIYJIBCHUX TUPUCTOPAX (di/dt)max AOX0MTE 10 500-1000
A/mMKe. ’

Jlo nmapamerpis TUPUCTOPIB BIAHOCHTECA Hac 8UMUKAHHSA — TAMUACOBMIT IHTEPBaN, Ha NPOTA3i
AKOFO. MCNSL NPUIMHEHHSA TIPOTIKAHHA AHOAHONO CTPYMY IO NPUIALY MOXHA NPUKIACTH MPAMY
Hampyry 1 npM upoMy He BigOynetscs HOro moBTOpHE BMUKaHHA.  Yac BUMUKaHHA B
HU3bKOYacTOTHUX TUpHcTOpiB 100-500 Mke, y mBuakoaiounx 10- 100 mxc. [lapametp (dU/dt) max —
donycmuma weuokicme Hapocmanna npsmol nanpyzu. 1le o6MemEHHA MO IUBWKOCTI aHOAHOI
HAaMpYry NOB'A3aHe 3 HAABHICTIO €MHOCTeH MEPexOAiB, NPOTIKaHHA CTPYMY dYepe3 skuil npu
IIBUAKOMY HApPOCTaHHI aHOAHOI Hanpyrd MOXE [PWU3BECTH A0 CAMOYMHHOTO BiAMUKAHHS
THPUCTOpA:

(di / dt) max =20+100 B/mke, y wBnsikoaitouux no 200- 500 B/mke.

[onorHa rany3p 3aCTOCYBaHHS OAHOONEPALIIHHIX THPUCTOPIB - EHEPreTHYHA ENEKTPOHIKa, B
chepi  BMCOKMX TOTYKHOCTEH THPHUCTOP € OCHOBHMM CHJIOBUM KEPOBAaHMM NPHIAZIOM.
ManonoTyui THPUCTOPH BUKOPUCTOBYIOTHCA B IMIYJIBCHUX cXeMaX iH(POPMALIiHOT eNeKTPOHIKH.
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Man.1.34. BoabT-amnepHa xapakTepycTHka CUMUCTOPA —a Ta 3yCTpitnO-Napane/ibHe BMUKAHHS
IBOX THPHCTOPIB ~0

KpiM  po3rmsiHyTOro OCHOBHOTO. TUMY THPHCTOpIB, pobota #KUX ONMCaHa  BUILE,
NPOMHUCTIOBICTE BUNYCKAE P PISHOBMAIB TUPUCTOPIB:

. Junucmop — ue mvpuctop 6e3 Kepytoyoro esiekTpoga.  BiH ananoriyHuii 3snuaiHomy
TUPHUCTOPY, Y AKOIO HE ITOAAETHCA CUIHAM Ha KEPYIOUMid enekTpo. Jlng BMUKaHHA MHUCTOPA 0
HBOTO HEOOXiAHO npuknacTk Hanpyry Us2Ugkn 3 nojgadeto 3B0POTHOT HATIPYIH JHHUCTOP 3aBXKIM
3aMKHEHMI.

2. Cumucmop — 6araTolapoBHil NepeMuKaoHuil 1Ipuiaj, i3 cumerpuunoi BAX st npsimoi 1a

3B0poTHO! Hanpyrd (BAX nasesena Ha man. 1.34, a). Cumucrop Moxe KOMYTYBATH CTpyM Oy ib-

SIKOTO HANPAMKY | 3aMiHIOE COOOIO JIAHILOT i3 BOX 3BUUARHNX THPUCTOPIB, YBIMKUEHWX 3yCTPIMHO-
napanensHo (mai. 1.34, 6).

3. deoonepayiani ( 3anuparowi) mupucmopu (JIOTw), 3'asuiues Hanpuxinii 60-x poxis. Y
UAX [IPHIAAAX 3 HI0JABAHHAM BiZl'€MHOTO IMIYLCY HA KEPYIOUMI €IeKTPO/L MOMUIMBO 3AIHCHITH
3aHMPaRHs aHOANOTO crpymy. HeolXiua NoTyIHICTL KepyIoUoro IMIyIIbey, 110 3a1Hpae, 3HAUHO
BHULA BUL NOTYKHOCTI slanupaiosoro imuynsey.  Tlpu po3poGiti ABOOHEPMUHHUX THPUCTOPIB
3"ABWIIMCL YHCNEHHT TPYHOWL, NPOTE B OCTAHHI POKH HAMITUBCA BCIHKWI Nporpec y i ranysi
yike po3pobneni ABoonepawiini THpUcTopu Ha crpymu 1o 200-500 A ta nanpyru go 1000- 2000 B.
[Ipn ubomy iXHC 3acTOCYBAaHHS B €HEpreTHuHill enekTponiui y cepi Maumx 1 cepeanix
HOTYKHOCTER CTa€ yce 0ibill IUHPOKHM.

41



§1.9. HaniBnpoBiTHAKOBI ONTOENEKTPOHHI IPHIAIH
§1.9.1. OcHorHi moHsTTS poTOMeETPIl

JlroaceKe OKO cripuiiMae BMAUME CBIiTJIO — €MEKTPOMArdiTHi KOJMMBaHHA B JAianaszoHi Bia 400
10 700 M. Ko/ibopoBe BifMyTTA BH3HAYAETHCS JOBKHMHOIO XBHUII, 4 ACKPABICTh — iIHTEHCUBHICTIO
CBITNOBOrO MOTOKY. msl KiMBKICHOrO BU3HAYECHHA ACKPABOCTI HEOOXiMHI Jeski (OTOMETPHHHI
BETHMYHHH.

Ceimrosum nOMOKOM HA3UBAETHCA BENMYMHA D, AKa XapaKTCPH3YETHCS YMCIIOM KBAHTIB
€/IEKTPOMArHiTHOTO BUIMPOMIHIOBaHHs ((OTOHIB), 10 MpPOMIUNM 3a OAMHUIUO Yacy uepe3 AaHe
.monepeyHe civeHHd F. OAuHMIEIO BUMIPIOBaHHA CBITIOBOrO MOTOKY € afomen (nm). s
XapaKTEPHCTHKH ACKPABOCTI J)KEPENA CBIT/Ia BEIMYHHA CBITIIOBOTO MOTOKY HE MiAXOAHTH, TOMY L0
BOHA 3QJIOXXHTH BiA IUIOLL] fonepedHoro ciueHHa F Ta Bignani r Bia Jpkepena cBiTiaa. [{ns To4KoBOTO
JUKepena CBiTNa, KOTpe Ma€ LUEHTpaIbHy CHMETpilo, CBITIIOBHH notik P nponopuifiuii TinecHOMy
kyTy Q. Lleit KyT BU3Haua€ThCs K BIAHOINECHHSA M0 chepuyuHOi MOBEPXHi A0 KBajapaTa pajiyca i
€ GezpoaMipHoIo -BennuuHOoKw. OIUHHLEIO BHUMIpY LBOro KyTa € crepafiad. (cp). Besa nosepxHa
cdepu, B LEHpi AKOI 3HAXOAUTHCA JHKEPETIO CBITNA, OXOIUTIOE TiNeCHu KyT, piBHHI

Qo=4n*n? cp=4mcp.
KoHyc 3 KyTOM PO3KPHTTA ¢ OXOIUIOE TIECHUH KyT
Q=27 (1-cos @ )cp. (1.21)

SKIIO KyT pO3KPUTTS KOHyca pisHuil *33° To TilecHMil KyT, AKMi OXOIUOETHCS TAKUM
KOHycOM, cknamae npubnusHo lcp. [ns manoro TimecHoro kKyTta cepuuHy INOBEPXHIO MOMKHA
3aMiHUTH TUIOUHHOIO, NEPIICHANKYIAPHOIO IO HOro OCi; ToAi

Q=Fy7 cp, (1.22)

e r — BIACTaHb 10 USHTPY CHEPUIHOI MOBEPXHI.

Taxk sIK CBIT/IOBHIi NOTIK TOUKOBOTO JDKEpeNa CBiT/a MPONopuidHUi TilecHOMY KyTy €2, TO
ACKPABICTH JpKepena CBiTIA MOXKHA XapakTepu3yBaTH BenHuMHOW 1=dD/dQ , aka HasuBaeTheA
cunoto cgimna. Opanuueio BUMipy cunu ceitha € kangena (ka); lka=lnm/lcp. Takum uuHOM,
JUKepesIo CBITIa MAaE CHITY CBITAA, PiBHY 1K, AKLIO BOHO BHUMPOMIHIOE B MEXaX TiIECHOIO KyTa B
Icp citnosmii noTiK, piBHWi 1am. s TOMKOBOrO Jukepena CBiTHA, KOTpE MA€ LEHTPaIbHY
CUMETPIIO, 3aralbHUii CBITA0BHI NOTIK cknanae V=1 Q =1ka4 x cp=4 7 am. 3riaAHO BU3HAYEHHIO,

3a 1 KA MpUHMAlOTE CHTY CBiTNa, BUIIPOMIHIOBAHY aBCOMOTHO YOPHUM TijIoM rutomieto 1/60 oM’ npu
TeMneparypi 3atbepinns muaturu (1769°C). [pubausno Taky cuny Mae CHibHE NOJYM’sl CBIKH.
Jns namnu  po3kaproBaHHA HacTynHe HabmwkeHe cnisBigHomeHHs! I~I1xy/BTP, ne P -
HOMIHAJIbHA ENICKTPUYHA MOTY)KHICTD JIAMITH.

Jinsg mkeped, ski MalOTh BiJHOCHO BENMKY IUIOULY BMIPOMIHIOBAHHA, YBOJATH MOHATTA
ackpagocmi joxepena csitna L=dU/dF,, ne F, — mnoma npoekuii BUNpoMiHIOBAHO! MOBEPXHi Ha
MIOHIMHY, MEPNEHANKYNAPHY HAMPSIMKY CHOCTEPOKEHHS. SIKINe NEpREHAMKYNAP [0 MOBEPXHi
BUPOMIHIOBAHHS YTBOPIOE 3 HAMPAMKOM criocTepexenns kyT &€ , 1o dF, = dFcos € . Oqunuisamu
ACKpaBOCTI pkepena cBitaa € cTins6 (c6); le6=1kx/cm’. )

Mipoto Toro, HackiNbkH SCKpaBO yABAAETLCA COCTepirady MoBepxHa F, € ocgimnenicmo
E=d®/dF,. OAMHHLEIO BUMIPIOBAaHHS OCBITNECHOCTI € MIOKC (J1K); Lak=1nm/m>. OcBiTACHICTS 3eMHOT
noBepxHi Mix wac noBHoro Micaud cknagae Big 0,1 no 0,2 nk. [aseTy MOKHA 4WTaTH NpH
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ocsiTenocti Bin 0.5 10 2 ak. OcBiTaeHICTs MMCEMOBOTO CTOJIA NMOBUHHA OyTH Big 500 10 1000 k.
Ipu ackpaBoMy A€HHOMY CBIT/ BETUYHMHA OCBITIICHOCTI MOXKe focsrati 50000 1k,

P

Man. 1.35. Jlo Bu3HaueHHS 3a1€KHOCTI MK CHIIOIO CBIT/IA TA OCBITIEHICTIO.

Taonuya 1.1 [eaxi dromomempuuni odunuyi

®iznuHa B3aeM03B’ 230K OauHuui BuMipy
BEJIMUHHA BEIINUYHMH .
Ceitnosuii notik o Inm=1xka-cp=1,47mBr

(A.=555nm)

Cuna cBitia I=dd/dQ Ixa=1am/cp=1,4TmB1/cp
Slekpasicth L=dl/dF, lc6=1kn/cM’=r namGepr=

7 10* anocrine6
OcBIT/EHICT E=d®/dF, 1JIK:lnM/MZ=0,147MKBT/CMZ

Busuauumo, sKy OCBITIEHICTE CTBOPIOC TOYKOBE JDKEPENO CBITIA 3aJaHOI ACKPABOCTI Npu
3afiaHiit Biggani r (man. 1.35).

Jlns BU3HAYEHHA OCBITIEHOCTI MPUIYCTMMO, WO NAOWIA EAEMEHTA NoBepxHi dF mana mo
BiIHOUIEWHIO 0 BEAHYMHM 7°, @ Liell eNieMeHT posTawoBaimii nepnenaukynsapuo oci LM, Tpu
ubOMy TinecHuit kyT dQ, kOTpuil crimpaerses na enement dF 3 sepmunoio B-Touni L, sriano
dopmynu (1.22), pisHuii

dQ=dF/r’ cp

CBitnosnii NOTiK, BMMIPOMIHIOBAHKIA JDKEPENOM CBITIA B MEXKAX LBOIO KyTa, 3riano 3

. BU3HAYCHHAM CTAHOBHTDH

dd=1d Q=K(dF/r®) mm.
[Tpu uboMy AJist BEIUYHUHM OCBITICHOCTI OTPUMAEMO
E= d®/dF=1/1* nk. (1.23)

Taxum uniom, ocBitaenicTe 380poTHO MpoMNOpLiina BiALAN [0 UKepena CBiTia.
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OCKIIbKH KBAHT CBITNA MAE CHEPTiO PIBHY A7, TO MNA KOXKHOI HACTOTU ENEKTPOMATHITHUX
KONUBAHb iCHYE BH3HAYCHE CIiBBIAHOIEHHA MK MOTY)KHOCTSIMU CBITIOBOTO BHIPOMIHIOBaHHA PL
Ta CBITJIOBMM NoTokoM . Jlnis CBIT/Na 3 JOBXKMHOK XBHII 555 HM I1¢ CHIBBIHOMIEHHS Ma€ BUTIIAL,

PL=1,47 MB1/nm @.
3BI/ICH BUIUIXBAE CIIBBIAHOMIEHHS U OCBITAEHOCTI
1nk=lam/M*=1,47 MBT/M.

Buiue Bxe roBopHiIoCs, O JamIia po3kKaprosaHHA notyxHictio 10 BT mae cuny caitha 6ins
10 KA. TAKMM 9HHOM, BOHA BUMPOMIHIOE B TIPOCTIpP CBITIOBHM NMOTiK

Dyar=4mcp 10 ko~ 1261M.

[Tpy1 NOBXKMHI XBUAI CBITNOBOr0 BMIPOMIHIOBAHHS 555 HM L€ CHIBBiHOLIEHHA Bianosinae
NOTY)KHOCTI BunpoMinoBanHs Pr=0,185 Br. Takum uuHOM, KoedilieHT KOPHUCHOI Aii siaMmnu

pO3KaprOBaHHA n- Py/P~2%.
[opsan 3 po3raaHyTMU (QOTOMETPUYHUMM OJMHMIAMH 3aCTOCOBYIOTHCH, OCOGIHMBO B
aMepUKaHChKill TexHiuRil mitepaTypi, i IHIWI OAMHMLI, AKi HaBeaeH| B Tabn.1.1.

§1.9.2. doTopesucrop

Pomopesucmopom Ha3MBAKOTL HAMIBIPOBIJHUKOBUH TNpUNax, KOTpUH HE Mae p-n —
Tepexomy, ONip SKOro 3aeXUTh Bill ocBiTeHOCTI. CXeMHe 300pakeHHs HOTOpesuCTopa nokasaHe
Ha man. 1,36, a oro xapakrepucTuka — Ha man.1.37.

dotopesuctop Beae cebe sk OMiUHMIA omnip, TOGTO HOro omip He 3aNeKHTb Hi Bia
NpUKNAACHOI HAaTPyTH, Hi Bif il 3Haky. st cepeauix Benuuun ocBiTieHocTi (otopesucropa R~E”,
Jie y ~ KOHCTaHTa, fika NMPHMae CBOE 3HaueHHs B Mexax Bix 0,5 no 1. 3 6inkiwowd ocBITIEHICTIO
omip {oTopesucTopa NpaMye A0 MIiHIMaABHOTO 3Ha4yeHHA. IIpy Maniji OCBITIEHOCTI BEJMYMHA Y
30UIBIIYETbCA, | MPU AyXKe Maliil ociTieHocTi onip doTope3ucTopa NpsMye A0 TPaHUYHOIO,
TIHBOBOrO 3Ha4YCHHA. BiZIROLIEHHS TIHBOBOIO ONOPY A0 MIHIMANBHOTO MOXKE TNEPEBUILYBATH 10%,

Ilpy Manux 3HAYEHHAX OCBITJIEHOCTI OMIp - (HOTOPE3UCTOpPA CHIABHO 3JICKMTh Bil
Temniepatypu. TemnepaTypHa 3anexcHictb (OTOpe3MCTOpa NpH pi3Hii OCBITIEHOCTI HaBeaeHA Ha
man.1.38.

o
NIE

Man.1.36 Cxemue 300paxeHHs gotopesrcropa
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Bennuuna onopy npu  ocBiTIEHOCTI  (HOTOpE3UCTOPA BCTAHOBIIOETHCA HE. MUTTEBO.
DoTOpeE3NCTOP XapaKTEPU3YEThCA 4acOM BCTAHOBJCHHS, SKMM MpH OCBITIEHOCTI Ging. AeKiNbKOX
THCAY JIHOKCIB JIEKHTb B MEXaX ACKINbKOX MINICEKYHI, a NPU OCBITIEHOCTI MeHe 1 Jokca MOxe
CTAHOBUTH J€KiNbka CeKyHA. BcTanoBneHa BénuunHa onopy (OTOpE3UCTOpa 3aNeHUTh HE JIHLIE
BiX HOro OCBITACHOCTI, ane i TAakoXK Bia HOTO ONTUYHOI NepexicTopii. Tlicna AOBroro OcBiTNECHHA
(hotopesucTopa CulEHMM CBITJIOBUM MOTOKOM BeJHYHHA f{0ro oropy 6yae 6ineia, Hixk MpU Horo
HonepeiHii BUTPUMLI B TEMHOTI.

Ig R[Om]
A

— N Wk n o g

IgE[1x]

Man.1.37. Xapakrepucruka hotopesucropa

DoTOPE3NCTOPH BUrOTOBIISIOTLECSH FOJTOBHAM HMHOM Ha OCHOBI Cy/ib(iny kaamilo. HaseneHi
BUIIE TIapaMeTpy (JOTOPE3UCTOPIB HANEKATh CaMe €IeMEeHTaM Ha OCHOBI cymb(igy Kanmilo,
DOTOPE3IUCTOPH, BUrOTOBNEHI HA OCHOBI CeNMEHILY Kaamilo, MaioTh Gilbll KOpOTKMil uac
BCTAHOBJEHHS i GiNblU BUCOKE BiAHOWIEHHS TIHLOBOTO OMOPY 110 MiHIMAILHOIO, BOHH BOJOAIOTL
0AHaK GiNbLIMM TEMNEPATYPHAM KoedillicHTOM ONOPY | HUILI SCKPABO BHPAKEHOIO 3ANCKHICTIO
BiJl OfTTU4HOT NepeaicTopil. PPOTOPE3NCTOpH Ha OCHOBI Cyindity abo celeHiry KaaMilo MaloTh
MaKCHMasbHy HYTIUBICTE B CIEKTPanbHOMY AlanaszoHi Big 400 no 800 um.

Rt
R -20 ) A
51
4+ E=0, lnk
3t
24 E=}0nx
[ E=10 nk

i 1 1 i 1 i
40 220 0 20 40 60 80 100 t.T

May.1.38. TemnepatypHa 3anexnicts onopy ¢potopesuctopa
Jlesiki hOTOPE3UCTOPH MOKYTh 32CTOCOBYBATHCS Ha BChOMY CTeKTpasbHOMY AianasoHi, a iHuli

MaKOTb BY3bKY CHICKTPANILHY 4yTIHBICTE, DOTOPEINCTOPH 3 BUCOKOIO YYT/MBICTIO B iH(paUepBOHiil
ALMAHUL COEKTPY BUFOTOBNAIOTLCS HA OCHOBI Cynpdiny cBHHWIO ab0 aTuMoHiay iHmiio. Boun
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MOKYTh 3aCTOCOBYBATHCH HABITh O AOBXKMHM XBHIi 3 — 7 MKM, OJHAaK YyTAMBICTH IX B 3HAYHIH
Mipi HIDKYa, HiX Y $OTOpE3uCTOpiB Ha KaaMilHoBii OCHOBI.

YyrausicTs (pOTOPE3NCTOPIB 3iCTABHA 3 HYTIMBICTIO BaKyyMHHUX (POTOTIOMHOXYBaYiB, ToMy
BOHHM MOMKYTh 3aCTOCOBYBATUCA JTA BUMIPIOBAHHA ManuX Bemnuud oceitienocti. e onua ranyss
34CTOCYBAaHHA. QOTOPE3UCTOPIB — Iie BUKOPMCTAHHS iX- B SAKOCTI Kepyiouux omopiB. OCKinBKM
NOTYKHICTE TaKHX (DOTOPE3UCTOPIB MOXKE HOCATAaTH JEKIMBKOX Bar, 3 iX JOMOMOrol MOXKHA
KOMYTYBaTH Gesnocepeinbo, 63 10AaTKOBHX MPUCTPOTB, HANpHKIa, 0GBUTKH pejie.

§1.9.3.®oTonion

3BOpOTHHIA CTPYM Mi0f4a 3poCTae NPH OCBiTNEHI p-n nepexomy. Lleii edekT Mmosxe
3aCTOCOBYBATUCH U1 (POTOMETPHYHHX BUMIPIOBaHb, 3 Li€H0 METOKO B KOpIyci (oToaiosa pobUTECA
nposope BikHo. Ha man.1.39 nokazado cxemHe 300paeHHsa ¢oTomiona, Ha man.}.40 HasexcHa
cxeMa HOro 3amilenns, a Ha man.1.41 HaseseHe CiMelCTBO Horo XapaktepucTk. Jlna poTtodiona
XapakTepHa HasBHICTh CTPYMY KOPOTKOTO 3aMHKAHHSA, AKUM MPOMOPLiHHKI JO HOro OCBITIEHHA,
ToMy Ha BiaMiHy Bix ¢ortopesnctopiB (OTONION MOME BUKOPUCTOBYBATHCA Ge3 ROIATKOBOrO
Jokepena xusieHHd. UyTnnsicte GoTonionis cxiagae 6nu3pko 0,1MKA/IK.

[o]
P A
SZ VD
K
(o]

Man.1.39. Cxemue nosxaueHHs goroaiona

3 nozauero Ha GOTORIOA 3AMUPAIOUOT HANPYTH GOTOCTPYM APAKTHYHO HE IMiHIOETHCA, Takuit
pexuM poboTH GoTolioa Mae nepesary, Koau MOTpiGHO OTPHUMATH BENMKY WBHAKOAIIO, TaK AK
TIPH 3POCTAHHI 3aMHPAIOHOl HANPYTH 3MEHUIYETHCA BIIACHA EMHICTE p-1 NEPEXORY.

I3 36inbuleHHAM OCBITNEHOCTI Hampyra XoJOCTOr0 XO&y KpeMHiesoro ¢oTomioza
36inbuiyerbess mpubmmsHo no 0,5 B. Sk BUAHO 3 XapakTepucTUK Man.l.4l, mix naBaHTakeHHAM
Hampyra Ha (GOTOAIOAI 3MEHINYETBCA My)XE B HC3HAUHIM MIpi, MNOKM BeqMUMHA CTPYMY
HABAHTAKEHHS 3QMIIAETECA MEHLIOK Bifl BETHUMHH CTPYMY KOPOTKOrO 3aMUKAHHA JUIL JaHOT
ocBiTeHoCTI Ip. 3aBasgky upomMy GOTORIONM MPHAATHI M OTPUMAaHHS enekTpoeneprii. [ umx
uifieit BUrOTOBMAIOTE CrieuiansHi QOTOMIOAN 3 BETUKOIO TUIOLIEIO p-1 TIEPEXOAY, AKi HA3UBAIOTHCA
COHAUHUMU eNeMENMUMU.

3oHa CNEKTPANBHOT YYTAMBOCTI KpeMHiEBUX GoToMioAiB 3HAXOAMTECS Mix 0,6 Ta IMKM, a
repmanieBux doropiomis — mix 0,5 Ta 1,7 mxM. I'padikit BimHOCHOI CHEKTpaBHOI YYTIMBOCTI
TIOACHKOTO 0ka Ta GOTOAIOIB HaBeleHa Ha Ma. 1.42.
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Man.1.40. Cxema 3aminienHs gotogiosa
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Man.1.41. CimeficTBO BOABT — aMASPHUX XAPAKTEPUCTHK PoToaiona

doTonioan BONOIIOTE CYTTEBO MEHIUMM 4YACOM BCTAHOBJICHHA, HIK (DOTOPE3MCTOpPH.
panuyna yactota aia 3Buualinux dotonionis cknagae Gnuspko 10MI. [lnn unemam,uux
¢oromioni 3 p-n NEpPeXoROM CATHYTH YaCTOTH NpuOIU3HO 1TTL.

A
n
%
100 |— Si
XapakTtepuc
THKa anda
80 M jmonce
KOTO
60 p-—OKxa
Ge
40 —
20 —
1| ) .

'
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Man.1 42, Bianocha cnexTpanbia Wy TmBicTs 1] repmanicsux i KPEMHIEBUX (HOTORIONIB
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§1.9.4. ®oToTpansucropu

Y pototpansncTopi nepexin konektop-6aza sapnse coboro poronion. Ha man.1.43 mokasano
CXeMATH4He 306pakeHHs POTOTpaH3HCTOPa, a Ha Mail.1.44 — HOro cXeMa 3aMillCHHS.

Hpurin aif GoTotpanzucTopa A06pe BUAHO 3i CXEMH HOTO 3aMilieHHS. Crpym doToniona
€ Ga30BHM CTPYMOM TPAH3HCTODA, AKMM kepye HOIo KONEKTOpHUM CTpymoM. IIuTaHHs mpo Te, 4
NOTPIGHO BMHKATH 0 CXEMM BMBiA Ga3u (OTOTPAH3MCTOPA UM 3IMIIMTH HOTO HEBBiIMKHEHIM,
3aleKHTb Bif| -BMOPAHOT cXeMH BuMiproBaHHS. (DOTOTPAH3MCTOPH, B SKUX GasoBmil ENEKTPOS,
B3arajli He BUBEEHUH, CKONN HA3MBAIOTH TIOABIMHMM HOTORIONOM.

Jnst OTpAMaHHA BEMMKOTO TiacHneHks GOTOCTPYMY Y GOTOTPaHIMCTOPaX BUKOPHUCTOBYIOTH
cxemy Japninrrona. CxeMa 3aMilllGHHA TaKOIO  CKJAZEHOTO (OTOTPAaH3UCTOpA MOKa3aHA Ha
Man.1.45.

K
D

N

E

Man,1.43. Cxematnune no3HaueHHs GoTorpansucTopa
I3 cxemu 3amiteHns GOTOTpaH3UCTOpa BUIIMBAE, WO HOr0 30HA CNEKTPANBHOI MY TIHBOCTI
TaKa X, AK i Ad BiANOBiaHoro dotomiona. I'paHMHA YacTOTa (GOTOTPAHIUCTOPA CYTTEBO HIDKMA,
HbK y Qotomiona, il Beanmumwa cknagae Gims 300k['u, a y (oToTpaHIMCTOpPiB 3 CXEMOIO
Hapninrrona — 6ins 30k, i

K

D

S

5O VT

E

Man.1.44. Cxema 3amilleHHs (POTOTpaH3uCTOpa
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Man.1.45. Cxema 3amillleHHs CKIaAeHOTO QOTOTPaH3NCTOpa
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Man.1.46. Cxemu HafimpocTilinx (hoToaBaIbHUKIB

Ha man.1.46, a nokasaHo BMHkaHHS (OTOTPAH3MCTOpPAa B AKOCTI UMYTIMBOIO €NEMCHTA
dotonasaneHnka. Skmo GOTOCTPYM KOJIEKTOPHO-GA30B0r0 MEPEXONY NO3HAUMTH Hepes [p, TO wid
BUXIJHOT HANMpYr1 RaBaibHUKA OTPUMAEMO

Us=Ui- BRil,.

ne Uy — Hanpyra Ha kontekTopi, § — KoeillieHT MiACKHICHHS O CTPYMOBI.
Bianosiaso 1Jis cxemu Ha puc.1.46, 6 3Halinemo

U=BRil,.

OB6naBi CXEMU MAIOTh CYTTEBUI HEAOJIK, OCKIJIBKH EMHICTb KOJIEKTOPHO-0a30BOTO NEPEXOLY
Hepe3apaIKacTbes BIAHOCHO MMM OTOCTPYMOM I, TOMY Li CXEMM 3dCTOCOBYIOTBCS JMLLE NpH
HM3bKHX 4aCTOTaX NEPEMUKAHHS. . . .

Binew BUCOKI 4aCTOTH MOXKYTh OYTH AOCATHYTI, SIKILO JIOTCHUIAJW BCIX €NEKTPOAIB
TPaH3MCTOpa MiATPUMYBATH MOCTIAHAMM, IO JO3BOJAE M030YTHUCR Bil HEOMKAHOrO TPOUECY
Mepe3apsiay €MHOCTI KOJIEKTOPHO-Ga3zoBoro nepexony TpansucTopa. 1 uboro, sk nokasaHo Ha
Maj1.1.46, B, PE3UCTOP 3aMiHIOIOTH aMMEPMETPOM 3 MATUM CHAioM Hanpyrd. Takudl amnepmetp
Moske ByTu MalDke ineansHo 3aMiHEHUH IIEPETBOPIOBAYEM CTPYM — HANPyra.
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§1.9.5. Ceitnogiogn

Ceimnooiodu. BUTOTOBNAIOTECA He HAa OCHOBI KPEMHil0 a6o repmaHilo, sk GimblmicTs
HaiBIPOBITHUKOBIX CIEMEHTIB, 2 Ha OCHOBI apceHity-bocdigy ramiio (3 BAICHTHHM 3B’S3KOM
TROY A3Bs). Lli nioqm BUIPOMIHIOIOTE CBITIIO TPH MPOXOIPKEHHI YEPE3 HUX NPAMOTo cTpyMy. 30Ha
CTIEKTPATBHOIO BUMPOMIHIOBAHHS MiOMiB MA€ NOCHTE BY3bKi MEXi. 1i MOJOMKEHHS 3a1eXUTh BiX
HAMIBIPOBiAHMKOBOrO Matepiany, WO BHKOPHUCTOBYEThCS. CXEMHE FMOZHAYEHHS CBITIOMIONiB
nokasane Ha Man.1.47. KoediuieHT kopucHol Ail iHbpauyepBoHUX CBITAOAIOAIB cxiamae 1-5%, B
IHIKMX TUMAX CBITAOMIONIB BiH He nepeBuinye 0,05%. SIcKpaBiCTh OCBITJEHHA B, LIMPOKOMY
nianasoHi MPONOpLIiAHA NPAMOMY CTpyMy cBitnopiona. CrpyMy B Jekiibka Mijiamnep Bike
JOCTaTHBO JUNA 4iTKOI iHAMKALT, TOMY CBITJIOAIOAK 3pY4HO BUKOPMCTOBYBATH y AKOCTI €/IEMEHTIB
iHaMKaWii B HaNiBMPOBIAHMKOBMX cxecaax. CBITNONIONM TaKOXK BUFOTOBJSIOTECA y BMIVIAM
CEMUCETMEHTHUX 2060 TOUKOBHX MATPHLI.

‘Man.1.47. CxemaTH4He 300p@XKEHHSA CBITNOMIOAIB

§1.9.6. Onrponn

Onmpon  — HaniBUPOBIHMKOBUA NPUHAZ, KOTPHE MICTUTh /pkepena Ta npuiiMadi
CBITJIOBOrO BMIPOMiHIOBAHHSA, SiKi ONTHYHO TA KOHCTPYKTWBHO 3B’s3aHi Mk coGoro (Man.1.48.a).
Enementamu ontpoHa € mkepeno csitna (JIC) ta doronpuitmay (DI1). Kepyrouum (BXiaHum)
CHIHaNOM A [kepena cBitna € BXiana Hanpyra Us abo BXinHuit cipyM I, a BHXimnum —
ACKPABICTh BUCBITNIOBAHHA Loy, BXimHUM curdanom ang ¢ - npuiiMaya cBiTiIoBHi noTik Opy 10
Najac. a BUXiAHUM — HANPYTa Ugyy 00 CIpYM e , 3HAYEHHA AKMX 3HAXOAUTBCA Y BiANOBIAHOCTI i3
3MiHAMM iHTEHCHBHOCTI CBITNOBOro notoxy Pey. Jhkepeno caitna Ta doTonpuiiMay 38°a3aHi- Mix
cooro macuBHUM ab0 aKTHBHMM OnTHYHMM cepeposuuiem (OC). Omxe, ronoBHa ocobnuBicTs
ONTOENEKTPOHIKM — TalbBaHiuHe pO3B’A3YBAHHA BXiZHOrO Ta BUXIZHOTO JaHIfOra Ta
OJIHOHAMNPABJICHICTh CHTHAJIIB. '

Po3B’A3ka B ONTPOMIB 3 CYTO ONTHYHHUM 3B’A3KOM MPAKTHMHO iJeanbHa — onip isonsuii
voxe  mocaratu 107 — 10" Om, a emuicHoro 38°a3ky — 107 nd. Ipu uboMy BHUHMKAE pAn
MOMKJIMBOCTEH, AKI HENOCAKHI JUI CYTO eneKTPOHHHMX NaHioris, Hanpuknan, BHACHifOK BUCOKOL
MILIHOCTI i30n1ALi{ 32 KONIOMOTOIO HU3BKOT HANPYTH MOXHA KEPYBATH JOCHTE BENHKUMY HANPYramH,
AKI JOCATAKOTb COTHi KUJIOBOJBT, 3’€HYBATH JIAHIIOTH 3 DI3HAMM 4acTOTAMH, MiABUILYBATH
3aBaJOCTIAKICTE CXEM, TaK AK CIEKTPOMArniTHI COTBOPH HE AIIOTh HA OITTHYHMHA 3B S30K Ta iHIue.

B axocti miepena CBiTNA BHKOPHCTOBYIOTBCA MIHIaTIOPHI NamMnu pOIKApIOBAHHA Ta
Ta30pO3PALHI NaMITH, OQHAK B GipILii Mipi €EKTPOMIOMIHICUEHTHI. KOHAEHCATOpY | CBITNOZOAM
{poaainl.9.5.), TeXHONOris BUrOTORCHHS, AKMX A03BOMAC Ge3KOPIyCHE BUKOHAHHA, A TAKOX Y
BHIIAAL IHTErPAnbHUX MATPHMIb 3 BHMCOKOI) TYCTHHOIO ynakyBaHHa. Y Jauuii yac y SKOCTI
(oronpuiimadis IWUPOKE 32CTOCOBYIOTECS (OTOPE3UCTOPH , BoTomionu , YOTOTpaH3HUCTOPH,
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Man. 1.48. Ctpykrypa (a) Ta yMOBHI rpadiuHi no3HaueHus (6,8,r) ONTPOHHNX Nap
BUIMOBIAHO: CBITIOAIOA — (POTOPE3UCTOP, CBITIOAIOA — HOTOAMHUCTOP Ta CBITNOAION — POTOAION

(OTOTHPUCTOPH, ONOPH AKMX 3MIHIOIOTBCA 3 OCBITNEHHAM, a AN X BUrOTOBIEHHA MOXYThb
BUKOPUCTOBYBATHCS METOAM IHTerpaibHOi TexHiku. Y 0araTbOX BHMMagkax Ha npuAManbHii
CTOpPOHI 3aCTOCOBYIOTb CKAAIHI CTPYKTYpu: (hoTOmioq 3 BHCOKOYACTOTHHUM TPAH3UCTOPOM abo
THPUCTOPOM, cxeMa JlapniHrtoHa ta iHwe. BiIKpuTi onTvuHi xaHa, To6TO NMPocTo NOBITPAHI
3230pM MDK JLXEpenamM CBiTna Ta $oTonpuiimauem 3acTOCOBYIOTBCA pimxo. YacTilne B AKOCTI
ONTUMHOrO: CEPEOBHILA BUKOPUCTOBYIOTBCS TBEPAI IMepCiiiHi cepeoBUILA; MOJiMEpH] OpraHivHi
CIIONYKHM, X&IKOPEHifHE CKNO, BOMOKHAHI cBiTnomiomu. OcTaHi BONOAIIOTE HaHbinbuIMMU
BUCOKHMM i30JILlitHUMH BNACTHBOCTAMM.

KepoBani mkepena cBiTia Ta ¢oronpuiiMaii yTBOPIOIOTb ONTPOHHY MNapy — OCHOBY
efeMeHTapHoro ontpoHa. Ha man.1.48. 6,8,r nokasadi yMoBHi rpadiui no3nadyeHHs ONTPOHIB.
EnemeHTapHi ONTPOHM, sKi BM3HA4AIOTh CTPYKTYPY ONTOCNEKTPOHHOI cxemu (siK, HamMpuxian,
TPaH3NCTOPH, IO CKIAJAIOTE CTPYKTYPY €AEKTPUUHOT CXEMM), BIIPI3HAOTECA ~ CBOIMU
XapakTepuHCTHKAaMM Ta napameTpamy. Lle a€ 3MOTy MOHTYBATM ONTOCNEKTPOHHI CXEMH, AKi
BIAPI3HAIOTECA CKNAAHICTIO, MPHHLIMITOM po0OTH Ta NPU3HAYEHHAM.

Jl0 OCHOBHOTO THMIly BiJHOCATB OINTPOHH 3 BHYTPIllIHIM TIPAMMM ONTHYHUM - 3B S3KOM
(man.}.48, &), B AKMX eNeKTpuuHMi 3IB°I30K MDK eneMewTamu napu BiacyTHill, To0TO BOHM
ranbBaHiuHo po3s’s3ani. [1pn uboMy 3MiHa Hanpyr abo cTpymy jukepena caitna (Uny, lax ) 3MiHIOE
ACKpaBiCTb MOro OCBIT/NEHHA, IO B CBOIO UEPry 3MiHiO€ onip doTonpuiiMaua, a OTKe, HARPYTY Ta
crpyM Ha Buxodi doronpuitmaua. TakuM HMHOM 30iMCHIOETECS NEPETBOPEHHA  BXiAHOTO
enektpuanoro curhany (Uex, lex ) y BUXIAHMA (Ui, lenx ) 328 CXEMOIO! €NeKTPUMHMN CUTHAN —
ONTUYHUI CUTHAN — eneKTPUYHKA curHal. [Tpu uboMy ONTPOH ABnse co6o10 Aeskuit 3MiHHUA onip,
SIKUI 3MIHIOETBCA 31 3MIHAMM PIBHS BXIAHOIO CUrHaNy (aHANOTIHHO TPAH3UCTOPY).

OCHOBHOI XaPAKTEPHCTUKOIO ONTPOHA € koediutieuT nepenasanus K on, sxuit asnste  coboro
BiJHOLIEHHS BUXIZHOTO CUTHAJY [0 BXIZHOTO.

Ha man.1.49, nokasana niHiitHa nepenatHa QyHKLiA ONTpOHa, B SAKOrO JUKEPENO CBITa,
ONTHYHE CEpelOBHULIE Ta HOTONPUMAY MAIOTh NiHIAHI NepeaaTHi XapaKTePHCTHKM.
Ha ocHOBI BMK1aneHOro MOXKHa KOHCTATYBAaTH, WO IJI OMTPOHIB 3 NPAMHUM ONTHYHHM
3B’S3KOM XapaKTepHa:
~ BIACYTHICTb rankBaHiYHOrO 3B’A3Ky MDK BXOJOM Ta BHXOIOM, fAK HACHNifOK, BHMCOKa
3aBaJOCTIAKICTD;
—~ MOXIMBICTb KEPYBAHHSA MO HE3ANEKHUX BXOAX;
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Mau.1.50. ITpuHumnosa cxema (a) Ta nepeaatHa GpyHxuis
_ (6) onTpoHa i3 30BHILIHIM ONITUYHKM 3B’ A3KOM.

~ BEMKA THYYKICTh Ta MOMIIMBICTE (JOTOENEKTPHUHOTO [IEPETBOPEHHS, WO CTBOPIOE YMOBH
A OTPHMAHHS ONTOENEKTPOHHUX CXEM HAfpi3HOMAHITHIIIOrO NPU3HAYCHHS.

3 OnxuM i3 pi3HOBHAIB ONTPOHIB € ONITPORM 3 30BHILIHIM OTITMYHMM 3B S3KOM (man.1.50), sxi
3MACHIOKOTh MEPETBOPEHHA BUIY: ONITUMHHIA CHTHAN — €NEKTPUMHMA CHTHAN — ONTHMHHI CHTHAN,
L v TaKoMy « onTponi (man.1.50,a) BXiMHMM CMTHANOM € CBIiTNOBMH nOTIK Du, AKMH
OWHMYCEBCH BUL HE3AICKHOIO JUKEPENA BUNPOMIHIOBAHHA. 3i 3MiHOW ®gy 3MIHIOETBCS omip
@qmnpnnmaqa} Zips, WO nipu Up=const npu3BoaMTh 10 3Miku cTpyMy L. VY ¢Bolo yepry, BUXIZHUi
can_oanﬁ ROTIK Py [UKEPENA CBITNA 3aNEKKTH BLA CTPYMY Lk, AKHIT IPOXOAUTH uepes l-;bOK‘O (omB
posti 1.9.). Takum 4nHOM 3i 3MiHOIO Qg 3MIHIOETBCH Dy, WO BIZOBPBKACTECH nepcuaTHOK;
XapaKTepPUCTHKOIO ONTpoHa (Man.1.50,6).

anopncmgqun OJITPOHH i3 30BHIIUHIM OITTMYHUM 3B A3KOM, Mifli6paBIiy BiAMOBiAHMM
HHHOM CMEKTPAIbHI XapAKTEPHCTHKH JDKEpENa CBIT/Ia T2 OTONpHiiMaUa, MOXKHA BAIPOMIHIOBAHHS

52

OfHi€l NOBKMHK XBMWIi TIEPETBOPUTH y BHIIPOMIHIOBAHHA APYroi JOBKMHHM XBWII, HAIpUKNIaL,
iHpatepsoHe BUMPOMIHIOBAHHS Y BUIUME, DEHTTEHIBCHKE Y BUIMME T4 IHLIlE.

[CHYIOTh TAKOX ONTPOHM 3 JOJATHMM Ta BiX'€MHMM ONTHYHMM 3BOPOTHIM 3B’A3KOM,
NPUHLUIM pOBOTH AKMX BasyiOTHCA Ha TiM, UIO AK BHYTPILUHE, TaK i BUXilHe BUOPOMIHIOBaHHSA Ai€
Ha OZMH Toil ke (oTONpuiiMad, cTBOpIOtOYM edekT nicuienHs abo nocnabieHHs BUXIAHOTO
curnany. OfHak y BCiX LAX Pi3HOBUJLB ONTPOHIB BiACYTHE FallbBaHiuHe PO3B’A3yBaHHS BXiHUX Ta
BUXiAHMX NTAHLIOFB, WO PI3KO MOHWKYE X 3aCTOCYBAHHA Ta PO3MOBCIO/KEHHS MOPIBHAHO 3
ONTPOHAMM i3 BHYTPILIHIM NPAMMM ONTHYHUM 3B’3KOM.

ONTPOHM XapaKTEPU3YIOTHCA BXIIHUMH, BUXIAHUMM Ta NPOXIAHUMHU NApaMeTpamy, aki y
3HauHiil Mipi BM3HAYAIOTh CTPYKTYPY ONTPOHHOI napu. OCHOBHHMU BXIAHMMH NapameTpamu €
HalGiTBLIA BXiAHA HANPYTa Upy yaxe T2 HAHGUTBILNA BXiAHMHA CTPYM lax vae-

Jlo npoXifiHWX MapaMeTpiB BiAHOCATH: MpOXiany eMHicTs Cyy Ta onip i3onsuii Ri, skl
ABJSIOTE COBOI0 €MHICTh T OMip MDK BXiJIHUMM Ta BUXiAHUMM BHBOJAMU ONTPOHA; Hac BMUKAHHA
tuy — BIAPI30K UACY 3 MOMEHTY MOAABAHHA IMMYNECY BXIAHOPO CTPYMY 10 MOMEHTY NOCHTHCHHSA
BUXIAHUM cTpymoM 90% CBOrO BCTAHOBJIEHOTO 3HAYEHHS. HAC BUMMKAHHS fun — HAC 3 MOMCHTY
NPHNUHEHNHS OPAMOrO CTPYMY i 10 MOMEHTY, NIPH AKOMY BXiAHHH CIPYM 3MEHIIMBCH 10 50% ein
NOYATKOBONO 3HAUEHHS (4715 PE3UCTOPHUX ONTPOHIB).

BuxizHi mapaMetpu BM3HAUAIOTHCH, B OCHOBHOMY, Mapamerpamu QortonpuiiMaua (nus.
(oropesnctopu, GoToTpansucTopk). OCHOBHI NapameTpy AESKHX THMIB ONTPOHIB NPOMHUCIOBOIO
TMOY HaBejeHi B Tabmuui 1.2.

Taéauya 1.2.Ocnogni napamempu onmponie

r Tun Taum Tax vaxe Usxmake | - Cap Ri, taw CrpykTypa
) nd MOmMm MKC
MA B
MKC
AOYI103A | 100 20 -2 3 10 15 Csitnonion
AOY103b 50 -~ (hOTOTHPHCTOP
AOVY103B 20
AOPIO4A | 200 11 3,8 3 100 10 Caitnoaion
AOP104b 2,8 —(oropesucTop

OnTpoHHA NMapa  KOMNOHYETHCA 3 JAMCKPCTHHX EIEMEHTIB T2 3aJMBAETLCS CrCLIATLHRM
OprekNIoM afo eNOKCHAHOK CMONOID, AKi MPU3HAYEHT VIS 3aXUCTY Ta B axocti ceiTnosusoay. Bee
L€ PO3MILLYETHCS B rEPMETHIOBAHOMY METAICBOMY KOPMYCi, KOTpHii Haraaye Kopnyc 3su4aiiHoro
TpaH3ucTopa. JlBa 30BHILUKIX BUBOAM ONTPOHA BiANOBIAAOTL BXOAY JUKCpENa cBiTNa, @ /BA INLIKX
— BUXOAY 1o Janigory Qoronpuimaya.

§ 1.10. larerpansHi mikpocxemu (IMC)
§ 1.10.1. OcoGaHBOCTI MiKPOEJEKTPOHIKM

PO3BUTOK €NEKTPOKHOT TEXHIKH CYNPOBOIKYETHCA AK TIOCTIHHAM YCKITALHCHHAM. ariapaTyph
Ta POCTOM KiNBKOCTI MCKDETHUX (OKEMMX) ENEMEHTIB, TaK i NiABUILEHHAM NOTpedu 10 AKOCTI
anapaTypy — 3GiNbIEHHAM HAAIHOCT Ta 3MeHIleHHAM ralapuTHuX po3mipis, Macu, eHeprii
criokuBaHHs. ONHAK i3 3POCTAHHAM KifBKOCTL AUCKPETHUX ENEMEHTIB 3MEHIIYETHCA HALIHICTS
anapatyp i 36inbUIYIOTECH ii raGapuTHI PO3MIpH, Maca Ta eHepris CNOXHBAHHA. JINi ONONAHHS
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BKa3aHUX MPOTHPiY HEOOXiZHO IOKpPAULYBATH ENEMCHTHY 0asy, KOHCTDYKIiIO Ta TEXHONOTIO
BUPOGHMUTBA anapaTypu. VY JaHuii 4ac pO3PI3HAIOTh HOTHPM €Tald pO3BUTKY a0 HOTHpHU
TIOKOJIiHHA anapaTypy eleKTPOHHOT TEXHIKH.

Tlepiue MoKOMNIHHA anapaTyp €JIeKTPOHHOI TEXHIKH BIHOCHTBCS A0 NEPIIOTO Nepiofy
MOSIBM €JIGKTPOHHO — BakyymHoi namnu B 1904p. Anaparypa UpOro MOKOJIHHS XapaKTepU3YEThCs
BHKOPHUCTAHHSM €JIEKTPOHHO — BAKYYMHUX JIaMIT TA JUCKPETHUX MaCHBHUX €NEMEHTIB (pe3nCcTopiB,
KOH/IEHCATOPIB, KOTYLIOK iHyKTUBHOCTI, TpaHcdopMaTopiB). BAOCKOHANIEHHS anmapaTypH nepimoro
TNOKOJIHHA NPOXOAUIO B HANPAMKY il MiHIATIOpH3ALi 38 PaXyHOK 3MeHWICHHA rabapuTiB Ta MacH
AKTUBHUX (MHACHIIOBANBHUX) T2 TIACHBHMX JMCKPeTHMX esemenTiB. Ha upomy etani Gyno
3aKJaJeHO  TMOYAaTOK PO3POOKH OCHOB  (YHKUIOHAIHHO-BY3NIOBOTO METOAy  KOHCTPYIOBAHHS
anaparypu Ta CTBOPeHHA MoayniB. OJHAaK Yy LUNOMY €JIEKTPOHHO-BAKYYMHi NaMIH 3 HH3BKOIO
HAaAifHICTIO, BEJMKOIO CIIOXKHBAHOI TOTYKHICTIO, rabapuTiB T4 Macu He BJALITOBYBANK
3pOCTAIOMUX NOTPEO ENEKTPOHHOT TEXHIKY i CTPUMYBAIM ii PO3BUTOK.

Jlpyre TOKONIHHS amapaTypu €JeKTPOHHOI TeXHIKM 3’SBMAOCH CNIJAOM 3a CTBOPEHHAM
1948p. HOBOrO aKTHBHOIO (MMiACHIIOBANLHOTO) €lEMEHTAa — TPAH3WCTOpa. AMNAaparypa IbOTO
TNOKOMIHHA CKNAJACTECA i3 AMCKPETHMX TPAH3HCTOPIB Ta JUCKPETHHX MACHBHUX EIEMEHTIB.
Po3suTok amaparypu JApYroro MOKOJIHHA ~MPOXOAMB y ~ABOX OCHOBHHX HAampsAMKaXx —
MiniaTIOpu3auii Ta MikpomiHiaTiopusanii. Ha upomy ertani -Gynu netansHo pospobieHi MeToau
(YHKLIOHATILHO-BY3I0BOTO  KORCTPYIOBAHHS MOMYIIB Ta MIKPOMOAYMIB, fKi ABAAKOTH coBOIO
OKpeMi KOHCTPYKTHBHO O(OPMICHI BY3NM Ha AMCKPETHHX €JIEMEHTAX, BHKOHaHI 33 TMIOBHMH
€/NICKTPOHHUMU CXeMaMu (NiACKIIIOBAYl, TeHePATOPU arepn Ta iHme). Ha BiaMiny Big moaynis
MIKpPOMOZY/Ti .BUKOHYIOTECA i3 MIiHIaTIOPHHX efey .aTiB cneuiansHoi (opMu, BUrOTOBNEHi a6o
BCTAHOBJICHI Ha Mikpomnatax. OfHak MIKpOMiHIaTIOpM3auis Ha OCHOBI  JMCKPETHHX
MIKDOE/IEMEHTIB HE 11a€ 3MOTH 3MEHIINTH Ki/IBKICTE €JEMEHTIB B anaparypi Ta 3abe3neunTy Ginbw
BHCOKY ii HaniiHICTb, NOAATbIIE 3MEHIICHHS FraGapUTHIX PO3MIPIB , MACH Ta CIIOKHBAHOI EHEprii.

TpeTe MOKOJIHHS ANapaTypy eNEKTPOHHOT TEXHIKHM 10YANIO CBiii PO3BUTOK 3 MOSBH y 1958p.
HOBOTO  MIKPOENEKTPOHHOTO ~ PYHKLIOHANLHOTO BY3Na — HAMIBIPOBiAHMKOBOT IHTerpassHOY
MIKPOCXEMHM, B sKili BCI' aKTHBHI Ta NACHBHi €JlEMEHTY i IX 3 €IHAHHA BHKOHAHHI y BUTIAMI
CTIONYHEHHA HEPO3PHBHO 3B’A3aHUX p-K- NIEPEXOAIB B ONHOMY BHXi/IHOMY HaMiBNPOBiAHMKOBOMY
Marepiani. Y nojansiioMy  HaniBOpOBIAHUKOBY iMTErPAlbHY CXEMY HA3MBAIM iHTErpambHOLO
cxemoro (IC). Mepexin no IC crap MOXKIMBMIA 3aBAAKY: OCBOEHHIO HOBOI HaNiBNPOBIAHHKOBO
TEXHONOTi, AKMHA XAPAKTEPU3IYETHCA CTBOPCHHAM IPYNOBHA METOAIB BHUOTOBIEHHS MAHAPHHX
(naocknx) p-n-p. Tlpu CyuacHOMY TIpynoBOMY TEXHOS :iiYHOMY LMK MOXHA BHIOTOBMTH
O/IHOYACHO AeKiNbKa AecATKIiB THeay 1C 3 kinbkicTio enemenTiB 50-500 a6o mekinbka tucsy IC 3
KUIBKICTIO eNneMeHTiB nopsiaky 5000 Ta 6inblue, To6TO OJHOYACHO MOYKHA BUIOTOBUTH nekineka
MINBAOHIB €JIEMEHTIB 3a JIONOMOTOI0 THX K€  HAHMPOCTIIIMX TEXHOJOTYHKX omnepauifi no
opmyBaHHIO  p-n- TepexofliB, WO i B OAHOro MnaHapHoro TpaHsuctopa. lle nae 3mory
3a0e3M1e4MTH BHCOKY IAEHTHURICTh mapaMeTpis IC Ta 3HAaUHO NiABMULUTH HARIHHICTL NMOPIBHAHO 3
AHANOTIYHUMH CXEMAMM HA JHCKPETHMX €NeMEHTax. 32 PaxyHoK YCKNANHEeHb eNEMEHTHOI 6a3u
CTIPOLUYETBCA KOHCTPYKLIS, 3MEHUIYETBCA KiJIBKICT 30BHIIUHIX 3’€AHAHB Ta 06°€M €IeKTPOHHOI
anaparypw. ‘

EnextponHa anapatypa TpETbOro NOKOMiHHSA BUKOHYEThCA Ha ocHoBi IC, wo Mictsts a0 10-
100 enemenrtis, ri6pununx interpansunx cxeM (IIC) Ta mikposGopok.

Tifpuanoio HA3UBACTLCS MIKPOCXEMA, KOTPA MICTATH AieNeKTPHUHY OCHOBY (maknaaxy),
BCI MACMBHI €NEMEHTH HA TMOBEPXHI; SKOI BHUKOHMYIOTbCS Y BMIMIAAI OZHOWAPOBHX ao
GaratowiapoBuX MIiBKOBHX - CTPYKTYp 3 HEPO3DHBHHMH TINIBKOBMMM NpPOBiIHUKAMM, a
HATiBNIPOBIAHNUKOBI Npunany, B Tomy uncni IC Ta iHL KOMIOHEHTH, po3MiuteHi Ha migknaiui y
BUMIAAI AMCKPETHUX Hasichux fetancii. Ilpu- upomy nia enementom IC ao I'IC posymitots
HEMOAUIBHY MacTMHY MIKDPOCXEMH, SKy HE MOXHA DOSDISAATM Y BUTIALI  OKPEMOTO
KOMILIEKTYIo4oro BupoBy, a mix kommnonentoM I'IC — yactuna T'IC, ska: MoXke po3rnanaTucs, AK
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OKpeMui KoMITeKTyIoumii BUpi6 (TpaHzucTop, aion, IC, koHaeHcaTop Ta iHwe). Ha .Biaminy Big IC
Ta I'IC Mikpo36opka BHKOHYE 3aJaHy Oijibi CKIANHY GYHKHIIO 1 CKIIANAETBCA i3 HEOOXIqHOTO s
1BOTO CTIOMYUEHHA €lIEMEHTIB, KOMIOHeHTIB Ta IC.

Po3BUTOK eneKTPOHHOT anapaTypH TPETHOrO MOKOMIHHS NMPOXOAMB Y HanpsMKY CTBOPEHHS
ra nockonanenHs IC, I'IC ta mikpo3bopok.

UYeTBepTe NOKOMIHHA anapaTypu €neKTPOHHOI TEXHIKH [ovano po3BHUBATMCA MIiCHs
CTBOpEHHA BeNHKHMX- iHTerpansHux cxeM (BIC), xotpi micTats 500 ta Ginblue eneMeHTiB. Y gaHui
4ac MAaKCHMANBHO JOCATHYTAa KiBKiCTE eneMeHTIB Ha Kpucrtanax cknapac 500000 i Ginelue.
Creopenns Takux BIC He moxnuse 6e3 BukopuctaHus EOM sk Ha piBHI iX NpoexTyBaHus, Tak i Ha
piBHi TexHoOMOT YHOTO Npouecy. KinbkicTh eNEMEHTIB Ha KpHCTaax Moke Habnusutrcs no 500000
i Binplne 3 MojanbuIuM OGMEKEHHSAM 3POCTAHHS KIIBKOCTI €JIEMEHTIB Y 3B 53Ky 3 NIPHHLUMITOBHMH
TPYAHOILAMH. _

CniBBilHOWEHHA MK YucnoBUMH [C Ta 3araibHOIO KiJIbKICTIO KOMIOHEHTIB €/IEKTPOHHOI
anapatypH B AaHuii 4ac aocdrac:. B 0GUHCIIOBANbHIN TexHilL — 1o 100%, y TexHiui 3B’A3Kky — A0
80%, y TexHiui 06pobku nanux — 10 75%, y sumipioBanbhii TexHiui — 10 70% )

JIna KinekicHOi OUIHKH PiBHA PO3BUTKY IHTErpanbHOi TEXHIKH YBOAUTECSA MOKA3HUK — PiBEHb
inTerpauii, skuit ABise cOGOKO CyMapHe YUCNO HEPO3AUIEHHX enemeHTiB N, 06’ eaHanux B IC abo
BIC. Jlecarkosuii norapudm Big pisus iHTerpauii, 3aokpyraeuuit 1o Haikénmwx4oro winoro umcna,
nasusaetbea cryneHeM interpauii K=IgN. IC 3 uucnom enemenris 2o 10 ¢ IC l-ro crynens
interpauii (IC1);3 uuciom enementis Big 11 mo 100-1C 2-ro crynens interpauii(IC2); 3 HHCIOM
enementis Big 101 go 1000-IC 3-ro crynens interpauii (IC3) i 1.a. [lekonu crymine inTerpauii
XapakTepu3yloTh KilbkicTio BeHTuniB Ha kpuctani IC: mo 10-manuit crynine interpauii(IC); ao
100-cepenniii crynins interpauii (CIC); Ginbe 1000- Benukuit crynine interpauii(BIC).

JIpyrum NMOKasHUKOM NS KIIbKICHOT OLLIHKH pO3MipiB, 00’€My Ta MacH anapartypH CyKWTh

YCTHHA YNAaKOBKM EJIEMEHTIB Y 3amaniM 06’emi yctarkysanna ¥, =N/V afo B 3anamiii nnowi

. . ; 3y
Ys=N/S, BupaxeHa BIAOBIAHO B €EMEHTaX HA CAHTUMETP KyGiunuii (en/cM” ) ta B eNeMEHTax na

CaHTUMETP KBAAPATHUI (en/cmZ ). Y Ttabnuui 1.3. HaBeACHO IYCTMHA YNAKOBKM CNEMEHTIB 'y
eneMeHTapHux Bupobax JUist pi3HHX THIMIB €NEKTPOHHUX BUPOGIB.

Tabnuya. 1.3. N'vemuna ynakoexu enemenmis 8 e1eKmponnux eLpodax

" Tun enexTpoHHoro BUpOOY LUinsHicTh yriakoBKu
€JIEMEHTIB
en/em’
Moayni 1-3
Mikpomoayni 20-30
[i6puani inTerpansHi cxemu 150-200
HariBriposiAHUKOBI iHTErpanbHi CXeMU 1000-1500
Benuki iHTErpanbHi cxeMu 0 107

§1.10.2. Texnonoris surorosaenus IMC Ta I'lC

Inmezpamoni cxemu (IC). B sxocti suxianoro marepiany ana surotosienHs IC 3a3suuaii
BUKOPHCTOBYIOTHCA MIACTUHH KPEMHIIO TOBIUMHOIO He Ginbmue 30 — 50 MxM Ta niametpom 50 — 100
MM, IKI HA3MBAIOTH MiJIKNAAKO0I0, Ha NoBepxHi ab0 B 06°eMi Akux dopMyrotsest enementu IC.
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QOcHoBolo (GOpMYyBaHHA €7EMEHTIB HA MiAKNAALL €. IUIAHAPHA TEXHOJOris, fKa Ja€ 3MOry
FPYNOBHM METOAOM OGPOGNATH OAHOYACHO AEKIIbKa AECATKIB MIAKNAA0K i3 COTHAMM Ta THCAYaMH
IC na koxnii. [Ticns 3akiHueHHS TEXHOMOTIHHOTO LMKy TAKIAAKH po3pizatoTecs Ha okpeMi IC.

EnemenTy, KOTpi BUMOTOBJEHI 32 MIAHAPHOIO TEXHONOTIE0, MAIOTh TIOCKY CIPYKTYpY: p-n
NepexoAd Ta BIANOBIAHI KOHTAKTH, IO BUXOAATH Ha OJHY IUIOWIMHY miAknagku (man.l.51).
OxcHaHa IUIiBKa (Macka) i3 IBOOKCHMIHOro KpeMmHuiio SiO;, HaHeceHa Ha NOBEPXHIO iAKIAnKH,
NpU3HAYEHa JUIs 3aXHCTY MOBEPXHI Ta p-» Tepexody BiA Ail pi3HUX 30BHIIUHIX . aKTOpPiB, a TaKoXK
Biirpac BeNUKy polib y NPOUECi BUTOTOBEHHS TUIAHAPHMX CTPYKTYp, 3a0e3MeUyour NPOHUKHICTh
JOMIIIOK TiTBKH B OKPEMI JAUTSAHKH TiKITAKH.

SiO: E B K
o T TR oo
I RN N
p Gas&

n

Konexkrop (niaknanka)

Man.1.51. Ctpykrypa njan: >40ro #-p-n-TpaH3nCcTOpa

OCHOBHHUMM Ta Haiibinbll cknanuumu enementamu  1C € TpaH3UCTOpH (B OCHOBHOMY
OinonapHi Ta nonkoi 3 MJIH-ctpyktyporo).JlopiBusanbsna onivka IC Ha ocroBi Ginomsipaux
TpansucTopis Ta IC Ha ocHosi MJIH-TpaH3ncTopiB nokasye nepcnekTiBy OCTaHHKIX. Y Toii wac sk
6iNonApHi TPaH3UCTOPHU KepyloThCa cTpymoM, MJIH-Tpansucropn kepyioTecs Hanpyroio, 1o
3YMOBJIOE 3HAYHO MEHLIY CnoXnBany notyxHicTs. Kpim uporo, IC Ha ochosi MJIH- Tpausucrtopis
BOJIOAIE Oibll MPOCTOKD TEXHOMNOIIEK BHMITOTOBIEHHA, MEHLIMMH  PO3MIpaMn ENeMEHTIB Ta
GinbinM cTyneHem inTerpauii. OcoGnuBo 3Hauni nepesard MJH-texnonorii B BIC. Onuak 32
wsuakosieio IC na MJIH-TpansicTopax mocTynarTecs SisionsIpHiM.

Tpanzucmopu. TexHONOris BUTOTOBNEHHS TPAH3:iC:OPIB Taka M, AK 1 iHLWHX €NEMEHTIB,
OCHOBAHA Ha [BOX PI3HOBMAHOCTAX MiaHapHOI TEXHO:OrI] - MiIaHaprO-AMQY3iiiHOT Ta niaHapHO-
enitakcianbHoi. CTaali BUFOTOBNEHHA GIMONAPHUX TPAH3HC < 1B A-p-A- BUAY METOAOM IUIAHOPHO-
nudy3iiinoi Texronorii mokasani Ha Man.1.51. 3a ocHoBy Oeperbcs OnHOpiaHa Mizknaaka 3
kpeMHilo p-tuny. LLInsxom TepMiuHOrO OKMCHEHHS KPEMHIIO HA MOBEPXHI NiAknanaku GopMyeTses
TOHKA 3aXHCHA NMNiBKa ABOOKUCY KpemHito SOy (masn.1.52,a). icas 1b0ro BUroTORIAETLCS nepiua
OKCUAHA Macka, ANA WeOro B okucuidt mnisni SiO; poGnstecs OTBOpM (BikHA) noTpiGHOT
koH(Irypauii B KUIBKOCTI, BIAMOBIAHO 1O 3a4aHOi KutbKoCTi TpaH3ucTopis IC (Man 1.52,0). Macka,
3BHYANHO, BUKOHYETbCS MetopoM (ororpadii, sika nonsrae 8 nacrynHomy. TToBEpXHS OKUCHOT
nniBkd SiO; NOKPHBAETBCA TOHKHM TMpPOLIAPKOIM CBITJIONYTNNBOI eMynbeil — QoTopesucra. Ha
(OTOPE3UCT NPOEKTYETLCA MOTPIGHMA MATIOHOK Macku, Micns 4oro 300paxeHHsn NPOABNAIOTH i
3acBiueHi AinAHKH GOTOPEINCTA CTPABIIIOKOTECS, OTOMIOKYH OKUCHY TUiiBKY. TI0TiM 38 10TIOMOTOIO
TpaBJieHHs OroNieHi NiNAHKN OKUCHOT IUTIBKK PO3YHHIOIOTBCS, YTBOPIOKOYH CYKYITHICTb BikoH. Yepes
OTpHMaHI BiKHA MPOBOAUTHCA AMQDY3id AOMIMIOK y-TUITY, KA NMPOHHUKAE B MMOMAY miaknaaxu. Y
pe3ynbTaTi yTBOPIOETLCR NPOLWAPOK K-THNY (OCTPiBLU), i30MLOBAHI Bifl MIAKNAAKA Ta BIA CYCiAHIX
OCTPIBLIB 32 IONOMOrOI0 3aYUHEHUX p:u- nepexoaiB (Man.1.52.B). Taki ocTpiBUi € OCHOBOIO A/
CTBOpEHHA BCix eemenTiB IC. Ha oTpumanux ocTpisusx GopMylOTbes NIAHAPHi Tpar3ucTopu. Jina
LIEOFO OMMCAHUM BHILIE METOLOM BUTOTOBIAETLCA APYra OKCHIHA MACKa, 4Yepes AKy B rubuny
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OCTPIBLY, AKUI € 30HOI0 KOMEKTOpa n- THMy, 3AificHIoETbCs MU(y3ia AOMIMOK p- THIY, TAKMM
YMHOM OTPHMYIOTH Npomapok G6asu p- THny (Man.1.52.r).

Si02
P -doxiutx

T T T T T P T T

JTidxnadxa p-mun

n-doMiutky
e AN X oo W oo

Ma1.1.52. OCHOBHI eTanu BUFOTOBIEHHS IHTErpaibHHX H-p-1 TPAH3HCTOPIB:
a — OTPUMAaHHs OKHCHOT MNIBKY; 6 — BUOTOBNEHHSA MackH 3 BIKHAMU; B — (JOPMYBAHHS B
NiaKnaaui ocTpisuis; I — GopmyBanHs wapy 6a3u; 1~ OPMYBAHHA EMiTEpPa; € — HAHECEHHA
METani30BaHUX KOHTAKTIB .
HoTiM BUrOTOBNAETLCA TPETA OKCHIHA MAcKa, Yepes AKy B OCTPiBUI 3aifciocTbes Andysis #- THIY
i TAKMM YUHOM OTPUMYIOTH eMmiTep n-tuny (man.l.52,1). Ha 3akmouniii cragii uepes uertsepry
OKCHAHY MACKy HamwlioOTh METani3oBaHi KOWTAKTH Ha OTPHMaHi fpomwsapku Ta ‘neobximmi
3’enniosanbHi  gopikkd (Man.1.52.¢). Ha wupoMy npouec BHIOTOBACHHA TNEBHOI KiJIbKOCTi
TPaH3UCTOPIB Ta iX 3’€HAHb 3aKIHUYEThCA.

Henonikom mnnaHapHo-audy3iftHoi TexXHOMOri ¢ MOPIBHAHO Maia WiTKiCTb MEX p-n-p
nepexXoiB, TaKk Ak AMQy3ia  jaomimok iae 3 mosepxHi  miaxnaaku. ToMmy  oMiluku
PO3MOBCIOKYHOTECS HEPIBHOMIPHO 110 TOBLIMHI NIAKNAAKK: KOHLUCHTPALLA HA NMOBEPXHi Oibiua,
HiK B rinbuRi. HepoctaTHIO HiTKICTh p-n NepexotiB NOHWKYE AKICTh T2 BAACTUBICTH eneMeHTiB 1C.
Bkazauunit Heponik B 3HauHiN Mipi HelTpanisyeTbCcs 3a J0MOMOrOI0 NnanapHo-enirakCianbuoi
TEXHOJOTi.

Enirakcis sBjize 06010 Npoliec HAPOILYBAHHS TOHKOrO HarliBIIPOBIAHHKOBOTO NpowWapky
Ha HaNiBNPOBIAHWKOBY NiAIaAKY 3 OyAb-AKUM BHIOM NPOBLAHOCTI, NpU AKOMY KpHCTAMivHa
PEWIiTKa HAPOIUIEHOTO NMPOIIAPKY € TOYHMM ITPOJOBIKCHHAM KPHCTANiuHOT pULIITKH Miaknanku. Ha
Man.[.53. 11oka3aHi MO4ATKOBI CTAAil BUFOTOB/ICHHA iHTETPANBHUX GiNONSIPHHX TPAHIUCTOPIB H-p-n
TUITY METOAOM INMNAHAPHO — EMITaKCiANBHOT TEXHONIOTII. .

I3 BUrOTOBNICHHAM IHTErPANbHUX TPAHINCTOPIB, 3a38Uuail, BUKOPUCTOBYETHCH BACOKOOMHA
Nigknajaka p TMNY Ta eNiTakcialbHUH NMPOLIAPOK 7 TUMY TOBUIMHOW He Gilbine 20MKM, KOTpHii
NOKPUTHIA. OKucHoW maiskoto SiO; (Man.1.53,a). Flotim 3 mnieku SiQ; crBoproeTLCA Macka
(man.1.53,6), uepes BikHO saKoi npoBoAHTsCA AUDY3is  JOMIlIOK p-Tuny. Y  pe3yasTari
CTBOPIOIOTBCA  130/IbOBAHI  3aKPUTI p-n- TEPEXOJAMM  OCTPIBIL  eMITAKCIANBHOTO potuapKy
(mMan.1.53,B), aHANOTIUHI PO3MNAHYTHM MPH NIaHapHO-AMQY3ikHIl TexHonorii.

TMopanbwi erand QopMyBaHHA Ha OCTPIBLAX NJAHAPHUX TPAH3UCTOPIB HiuMM  He
BiPI3HAIOTECA BiJl MOAIGHMX eTanis MuaHapHO-aUdY3iiiHOI TeXHONOr . BUKOPHUCTaHHA TOHKOrD
eMiTakCianbHOro NpolapKy MpU NJaHapHO-EMITAKCiaNbHili TEXHONOTIi Ja€ 3MOry OTPUMATH

‘PIBHOMIPHO PO3MOAINEHI AOMILIKHM MO TOBLIMHI, Ta IOCTATHBO YITKI p-1 NEPEXOAM.

TexHonoria BUTOTOBREHHS iHTerpansHuX MJH- TpaH3uctopis He BimpisHAeTbCA Bifl
PO3IMAHYTOI, OAHAK KiNbKICTE onepauiii 3veHwyetscs B 3 — 3.4 pasu, a nnolua, sky 3aitMae

TpaH3ucTOp 3MeHIyeTses B 20 =30 pasis.
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Mayi.1.53. ®opMyBaHHA OCTPIBLIB METOJOM ™ HAPHO-EMITaKCiaBbHOT TEXHOJIOrIT
a — CTBOPEHHS OKHMCHOI NIBKH Ha EMiTaKCibi, oMY NPOLIAPKY MiAKNaAKH; 6 — BUTOTOBICHHS
MACKH 3 BIKHaMH; B — YBEIEHHA p- JOMIUIOK Ta OTPUMAHHS OCTPIBLIB /- THITY

- K
]
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Mai.1.54. Meroan TpaH3uCTOPHUX CTPYKTYP B AKOCTI i0]a 3 BUKOPHCTAHHAM:
a, § — KOJNIEKTOPHOrO MePEXOAY; B,r —~ EMITEPHOro NMEpexoAy; A — NApaneibHO yBiIMKHEHOrO
€MITEpPHOTO Ta KONIEKTOPHOTO MepeXoliB; 1, 2 — BUBOAY NiOAIB

2)

Hioou. TInanapna TexHonoris Aae 3Mory GpopMyBaTn Jioan OyaAb-AKMX TUMIB OJHOYACHO 3
TpaHsucTopaMH., OfIHaK KOHCTPYKTOPCEKO-TEXHOMOMYHI MipkyBaHHs B sikocTi aioaie [C 3a 3Buuait
BUKOPHUCTOBYIOTh: TPAH3UCTOPHI CTPYKTYPH TIPH N’SITH Pi3HUX CXeMax yBIMKHEHHs (man.1.54). 1l
CXEMM - OCHOBAHI Ha BHKOpWCTaHHi kosiexktopHoro (Man.1.54,a,6), emirepmoro (manl.54,s,r)
nepexoie a60 ix napanebHoro 3’ enHanna(man. 1.54,x).

Haii6inbiu JonycTumy 380poTHY Hanpyry (10 50B): MaioTh #ioau KOJEKTOPHOTO Mepexony,
HaliMeHLIMI 3BOPOTHHI CTPYM Ta HaitGinblly WBHAKOMIIO MAIOTh JiOZH, B AKX BUKOPUCTOBYIOTH
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emitepnuil nepexin. Hali6inemmii 380poTHU CTPYM Ta HaMeHUIY WBMIKOLiO — 3 Napane bHUM
3’€[HAHHAM KOJIEKTOPHOIO Ta eMITepHOro nepexo/lis. HaitGinbi HU3bKyY npsMy Hanmpyry mae gion
Ha OCHOBI EMITEPHOrO NepexoAy NMpH 3aKOPOYCHOMY KOJEKTOPHOMY MEPEeX0i, HAHOiMbIL BUCOKY —
Ha OCHOBI EMITEPHOTO NMEPEXOY NPH PO3IMKHEHOMY KONEKTOPI. .

Emitepnuit nepexia TpaH3UCTOPHOI CTPYKTYPH i3 3aKOPOUEHHM KOJIEKTOPHUM MEPEXONOM
(manl.54,8) 4aCTO BHMKOPHMCTOBYEThCA B AKOCTi iHTErpaibHOTO cTabiniTpoHa, AKUM Mpauoe Ha
JWISHLI eNEKTPAHHOTO MPOGHBAHHS €MITEPHOTO NMEpexoay.

Pesucmopu. CTBopenns iHTErpanbHUX DE3UCTOPIB, fKi SBAAOTL COOOI0 ToHkui (Gins
3 MKM) NpOIIAPOK HAMIBNPOBIAHUKA, NPOXOAMTE 32 MIAHAPHOIO TEXHONOTIE B npoueci audysii
JOMULOK B ONHCaHi BHlNE OCTPIBUI MiKMagku abo eniTaKCianbHOTO NpOWAapKy OJHOYACHO 3
(dopMyBaHHAM TPAH3UCTOPIB B iHIUMX OCTPiBUAX NiaknankW. Taki pe3UCTOPU HAHBAIOTH
Any3idnumu. Isoaauis audy3iiHUX Pe3nCTOPIB Bl IHIUMX €1EMEHTIB Ta I1iAKAaAKH 3AiACHIOETBCS
TAKOK, K | B IHTErPAILHUX TPAH3UCTOPAX — 34 JOTIOMOrOIO0 3aKPUTOrO p-1 NEPEXOY.

HaiGinpw  po3noBCIOMKEHMM  CrIOCOOOM  BUTOTOBICHHA  AUdy3iliHMX pesucTopis €
BUKOpHMCTaHHs Ga3oBoro afo emiTepHOro npoluapky TPaH3UCTOPHOI CTpYKTYpu. Y nepuiomy
BUMNAJKY OTPUMYIOTh BUCOKOOMHI PE3HCTOPH, B PYroMy ~ HU3BKOOMHI, Tak sk 6a308Mit npoiwapok
MA€ 3HAYHO MEHINY KOHUEHTPALHIO OCHOBHUX HOCIIB. HDK emitepHuil.

HAudysiitni pesucTopn Ha ocHoBi eMiTephoro Ta 6a3soBore npoWapKis TPaH3MCTOPHOT
CTPYKTYpH. NnoKasaki Ha Man.1.55. Pe3sucTopy BiJOKPEMIEHHI Bif IHWNX HC MEHIUE, HDK ABOMA p-n
NepexoAamMy, yBIMKHEHUMM HasycTpid. Ilpu usomy npu Oyap-sKkifl MONAPHOCTI MPUKNAREHOT
Harpyru CUCTEMAa 3YCTPiYHO YBIMKHEHUX p-1 fiEpexoiB Oyae 3akpuTa, 1o BUKMIOHAE HeoBXiAHICTb
nojasaHHs 3miwlenHa. Onip audysiiiHoro pesncropa npamokyrHoi (OpMM  BU3HAYAETLCA
BiJIHOLLEHHSAM:
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Man.1.55. IuterpanbHi pe3ucTopy Ha TPAH3UCTOPHUX CTPYKTYPAX 3 BUKOPUCTAHHAM:
a~ BHCOKOro 6a30BOro MpoapKy p-TUny; 6 — HU3BKOI0 eMITEPHOTO MPOLApKY A-TUNY

R=pl/(bh)=Rs/b=Rs N, (1.24)

me p, I, b, h - BianoBiaHO nMTOMUH OMip Marepiany, AOBXKWHA, UIMPHHA Ta TOBUIMHA

andysitHoro npowapky nnisku, Rg=p/h —~ nosepxsesudi nutomuit onip; Ns=/b ~ KinbKicTh
KBaZApPATiB i3 CTOPOHaMH b, KOTPI JiexKaTh 110 JOBXMHI [LTBKY /.

Tosepxtesuit nuTomui onip Rs € BAYKTHBUM rapamMeTpoM, AKU XapakTepu3ye NpoBiaHicTh
INiBOYHUX PE3NCTOPIB | HE 3AIEXUTH Bin po3mipis ksaapara. Oauuuueio sumipy Rs € Om/kpaapar
(Om/00).

Hunysiitti peauctopn Ha ocHoBi GA30BOT0 MPOWIAPKY TPAH3UCTOPHOT CTPYKTYPH MAlOTh
noBepXoBuit muToMuit onip 6i1a 100-300 Om/kBanpart, Ha OCHOBI eMITEPHOTO NPOLLAPKY — NOPAIKY
0,5 Om/kpanpar. 3Buualino, Aianason ONopiB TAKUX PEUCTOpiB OOMENKYETECA 3HAUEHHAM Bin 10
Om 1o 50 kOM, a nrow@, Ky BOHM 3afMAOTH JNS BEPXHIX 3HAUCHb Jjana3oHy, CTAHOBHTH
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npuomzHo 0,125 mv?, o B 40— 50 pasiB MeEpPEBUULYE NIOULY iHTETPANbHOTO TPaH3UCTOPA.
Jndyy3ifiHi pe3ncTopu 3 130MAUIHHUM p-s1- TEPEX0JaMH NPaLOI0Th BOPHTYA 10 YactotTu 20MI 1.

B IC.-na MJIH-ctpykTypax B HKOCTI pE3MCTOpiB HacTO BHKOPUCTOBYIOThCA MJIH-
TPaH3HCTOpH. 3aCYB TAKOro TPAH3HCTOpA B 3ANEXKHOCTI BiJ NOTPIOHOTO XapakTepy HaBaHTAKEHHS
MOKe BMUKATHCSA JI0 CTIKY, BUTOKY, KOpOycy.

Konoencamopu. B axocti koHjencatopis IC BHUKOPHCTOBYIOTHCS €MHOCTI 3BOPOTHOIO
BMHKaHHA p-A-TIEPEXOJIB  TPAH3HCTOPHOI CIpyKrypn abo emHicts MJH-cTpykrypy, ki
BUFOTOBTSIOTECS B 130JIbOBAHMX BiJ 1HIIMX CNIEMEHTIB B OCTPIBLSX B OAHOMY TEXHONOTTYHOMY
LMK 3, 1HITMM#M TPAH3UCTOPHUMH CTPYKTYPaMHU.
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Maun.1.56. [urerpanbhi KOHAEHCATOPH Ha TPAH3HCTOPHUX CTPYKTYpax:
a— Ha EMITEPHOMY NepeXoi; 6 — KONEKTOPHOMY MeEpEeX0ii; B — Ha I30JALiHHOMY nepexoai;
I — iX eKBIBaneHTHa cxeMma; 1, 7 - BUBOAM KOHAGHCATOpA ‘

Ha wman.1.56, a-B moka3ani BapiaHTW [HTErpajbHUX KOHIAEHCATOPIB, MPUHUMM AiT SIKHX
GasyeThesi HA BMKOPMCTaHHI Oap’epHUX €MHOCTEH eMITEpHOro, KOJEKTOPHOro. Ta I30/H0BAHONO
TIEPEXOAY TPaH3NCTOPHO! CTPYKTypu. EKBIBaJieHTHA cXxemMa TaKuX KOHaeHcaTtopis (man.l.56,r)
MICTUTE Gap’epHy eMHICTb Cq, OMIp Mepexoay I Ta 06’ ¢éMHHi OMip NEPEeXOMiB MPOILAPKIB Ie, WO
CTBOPIOIOTHCSL.

E€MRICTb KOHJIEHCATOPA Ha OCHOBi p-1 MEPEXOY 3aJIEKHUTh BiJl TOBIMHN Ta NJIOLILI MEPEXoay i
pO3paxoByeTbcs 3a (OPMYNOI MNOCKOro KOHAeHcat:yn Cn=g6,S/Mhy , Ae &,- eleKTpHuHa

IOCTiHHA; & — AIENEKTPUYHA NPOHMKHICTH KPEMHLO; & - nuowa repexody; h, — TOBLIMHA
nepexoay. .
Konpencarop Ha emitepHoMY nepexoai (Man.1.56,a) wax HaWbINblny EMHICTL HA OJMHULKY

niouti (NMTOMY €MHICTh), sKa jgocsrae 0,2 Mr®/em? Ta HaiiMenwy Hanpyry npoOuBaiiHs, fka
JOPIBHIOE OIMHMIL BOABT. HacTymHMM 3a BENMYMHOIO NMHTOMOI EMHOCTI € KOHIEHCATOp Ha
KonekTopHoMy ‘nepexoni (Man.1.56,6). [luToma eMHICTh LKOrO KOHAGHCATOPA NPUGIM3HO B WICTL
pasiB MeHwa BiA nonepeaHsol. OAHAK Hanpyra MPoOWBAHHS TAKOro KOHAEHCATOpPA MOCSATKIB
Jecatkn BoNbT. HaHMEHIIOIO NHTOMOIO €MHICTIO BOOAIE KOHJEHCATOD Ha I30MAUiHHOMY nepexo
(Man.1.56,). .

HeznonikoM KOHAEHCATOPIB HA OCHOBI P-n-NEPEXOMIB € HEBEIMKA MHTOMA €EMHICTD, 3HAYHO
OiNblA Y TIOPIBHAHHI 3 TPAH3HCTOPHOIO [UIOILEIO, 3ANEXHICTh EMHOCTI BiJl HATIPYr# Ta HAABHICTH
MapasMTHUX €MHOCTeHl 3a paxyHOK i30MIOIOMHX p-n-TiepeXoniB. Tomy Terep KOHAGHCATOPH
BIAHOCHO piako BHkopucToByioThes B IC. Wle piawe sukopuctoByrotscs B IC iHAYKTUBHI
€/ICMEHTH B HACII 10K BEAMKMX TPYAHONIIB peanizaii HABITS MANUX iHAYKTUBHOCTEIH.

Tiopuoni inmezpansni cxemu (TIC). 'V texnonoriunomy BigHowenni I'IC Tak camo, Ak i
IC, BUTOTOBAAOTHCS TPYNMOBHM METOAOM LIIAXOM HAHECCHHA MIIBOYHUX MACHBHUX €ICMEHTIB Ha
MENCKTPHUHY THAKNAAKY 3 NOAANEUINM T EAHAHHAM 101X ' €NEMEHTIB HABICHUX aKTUBHMX
KOMITOHEHTIB, B ToMy umcii IC, siki MicTsrrpes Ha Tili camifi nigknami. BukopucTtanHa HasicHux
KOMIIOHEHTIB BHKIIMKAHE TPYAHOLIAMH B CTBOPEHHI NOCTIHHUX AKTUBHUX €JIEMEHTIB y NIiBKOBOMY
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sukoHaHHi. ITacupHi eneMenTH I'IC MOXKYTh BUTOTOBJIATHCS, AK | HA OCHOBI TOHKMX (/10 1 MKM), TaK
i Ha ocnoBi ToBCTHX (Bif 1 10 50 mkm) numiBok. OIHAK TOBCTOMIIBKOBI €1€MEHTH IOCTYNAIOThCA
TOHKONMIBKOBUM N0 AONYCKAX HA HOMiHaMH Ta cTabinpHOCTI napameTpis.

Jlo ocxoBrux komnoHeHTis I'IC Hanexuts nigiianKa, CUCTEMa MACHBHUX ENEMEHTIB Ta iX
3’ €HAHD, AKTUBHUX HABICHHUX KOMIOHEHTIB.

Hioxnadku. TIABNIMIEHHA CTYNEHs (HTErpailii 32 paxyHOK 3MCEHUICHHS pO3MIpiB ejleMeHTIB
[IC crapure Bce Oinblli BUMOTM A0 WYHCTOTH 0OpoGnEHHS nOBepXHi -Migknaaxy, i
MIKpPOHEPIBHOCTEH, PIBHOCTI . [UIOWHHK, TEMIONPOBIAHOCTI, XIMiuuOl CTiKOCTI, MeXaRigHol
MILHOCTI Ta iHworo. Hi oAnH i3 BinoMux MarepianiB He 3am0BOABHAE JaHi TOTpeGH, OAHAK
HaHBLIBII MPUHHATHUMH € TPU FPYITH MaTepialliB: CKIIO, CKIIOKEpaMIidHi Ta KepamidHi Matepianu.

Miaxknanke Ha OCHOBI OPOCHIIKATHHX Ta aTOMIHOCHIIIKATHUX CKJIOPEHOBUH MAIOTh BEJIMKY
uucroty obpobnenns nopepxui. IlloperkicTs Takux niaknazok He nepesuutye 200 aHrcTpem,
BiAXunelHa Bij nuowmHiocTi rnosepxHi 0,1 Mxm/MM. OCHOBIIUM HEAOIKOM € HH3bKa
TErUIONpPOBIAHICTS. .

B sikocTi cknokpueTanivuHUX MartepianiB mnifKIafoK BHKOPUCTOBYIOTHCA CITANLIH, PO3MIpP
3epeH Akux He nepesuutye 0,01 MxM. Bucokt enexTpoizonsiuiini  BAacTMBOCTI, Mexawidlia
HAIIfHICTL, TEPMOCTIHKICTE, XiMiuna Ta abpasusHa CTIMKICTL, BOJMOIO- Ta ra3OHENPOHMKHICTD,
nerkicTs 06pobnenHs acTaneit podbuTh CITALIN OCHOBIMUM MATEPIANIOM MiAKIALO0K.

OcnoBHI nepepary KepaMitHUX NAKIAA0K MOAAraloTh B X BUCOKIA TENIONpoBianocTi.
OnHak QIOPCTKICTL MOBEPXi CKAA/AE TUCAY] QHICTPEM.

B sixocti nipxnanok NC 3 nOpiBHAHO BETHKOIO MOTYKHICTIO PO3CIIOBAHHS 3aCTOCOBYETHCS
Kepamika 3 okcuy Gepuiilo, sika Mae 1 enaonposiaAHicTs 6ina 200 kan/(cm. .« rpax ), TOGTO Ha ABa
NopsAKY BHILY, HiXK Yy ckna. ["abapuTHi posmipu Gasosoi minknaaku 1'IC crawaaprusoBani i
cxnanaots 48x 60 Mm npu tosunni 0,5 — 2 mm. JlineHnsm Gazonoi nijknagku Ha 2.3,4,6.8,12
YACTHI OTPUMYIOTH HOPMATIZOBAlNIT THNOPO3MIp.

Pezucmopu. Jlis HAHCCEHHS TONKMX 111iBOK 3aCTOCOBYIOTL METO/ BAKYYMHOTO HanUAeNiis
Ta KatoAHOIo pOo3nuienus, siki B NOcAHanHi 3 meroaom Qotorpadii JaioTh MOy OTpUMATH
MACHBHI €NEMEHTH NOTPIGHOT KOH(IrypaLLii Ta po3MipiB.

[lpy BuUroToBACHHI IWHPOKOTO AIANAIONY HOMINANIB MAIBKOBAX  pe3nCTOPiB (Bi Accarol
yactiHn Oma  no  coTeHb MeraOM)  BUKOPMCTOBYIOTLCS  PE3NCTUBHI  MaTepianun 3 pisHuM
MOBEPXHEBUM NUTOMHM onopoM. Taki MaTepiany MOKHA NMOMINMMTH HA PAA Pyl YuCTi MeTan,
CIaBW METANIB, MIKPOKOMHO3MUIT Ta inii. [3 pe3nCTUBHUX MaTepialliB Ha OCHOBI YHCTHX METANiB
BUKOPUCTOBYIOTh XpoM i TaHTay. OCTaHHIfi € YHIBepcanbHUM Marepiajom Ui CTBOPCHHA
nacuBHux enementis I'IC, ue 3yMOBNEHO #i0ro BUCOKMM TOBCPXHEBUM MUTOMHM OfIOPOM B
YMCTOMY BHAI JOOPHMH LIENEKTPHUHNUMH BIACTUBOCTAMM Y BUITIS/L OKHCHUX nuisok. [Tpuknasamu
PE3NCTHRHUX MATEpialiB Ha OCHOBI CMIABIB € HIXpOM, a Takok KapOiau, HITPMAM 1 cunilmim
Xpomy, Tantany Ta soibQpamy. IToBepXHeBUR NMUTOMUIA ONip cnnasiB 3a3BUYAi 3HAYHO BUNLMIL, A
3HAUEHHA TeMnepaTyplioro koediuienra onopy (TKO) Menwnii y nopiBHAI1O 3 UMMU H1apaMeTpamMu
MaTepianis, 3 SKMX CKIALAETLCS CMNaB. 3a CBOIMM BNACTMBOCTAM 10 CIMABIB HAGMIDKAIOTHLCA
MIKPOKOMMO3NLIH, AKi DOPSA 3 MeTanaMu MICTATH AICnekTpuxkn abo HaniBNpOBIAHUKM i MalOTh
BeMMKMi  1noBepxHeBUi  onip.  HaliGinem  WwMpoko B MIKPOKOMHOBHWIHHKX  pesncTopax
BUKOPHUCTOBYIOTE cymitlli MJTT- THIly HA OCHOBI XpOMY Ta KpeMHIIO 3 106aBKaMH 3a)1i3a, HIKEIIO Ta
amomiHilo.  OcofnuBMM  BHNAAKOM MIKPOKOMMOZUWIHHNAX ~CyMIlLeH €  KepMETH, B  HKHX
BUKOPUCTOBYETHCA TYrOTUIABKME matepian abo GnaropoiHi meranu Ta aienektpuku. Kepmeru
MalOTh LIMPOKHIi liana3ol NOBEPXHEBOrO MUTOMOrO ONOpY.

3Buuaiini nniskosi pesuctopu MaloTs GopMy tpamokyTHuka (man.l.57,a). Hucno ksajpatis
MAiBKK TA ONip TAKOro Pe3UCTOpa MiApaxoByethes 3a (opmynowo (1.24). Jlekonn win peanizauii
BENIUKOI KIJILKOCTI 1HOMiHaNi8 orlopy i 6inb 1 MOBHOrO BUKOPHCTAINSA THIOUL NiJIKAAAKN PEIMCTOPAM
HAZAIOTL  CKNaiHy KoHdirypauilo (Man.1.57,6,8), saxi maiore [- Ta Tl-noaibwi BIApPI3KH,
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‘3aKpyrieHHs Ta iHDle. VY UpOMy BHMaAKy IUIOINA [ONEPEYHOro CiHeHHs ILIBKH CTae
HEpiBHOMIPHOIO, HANPHMKIAJ, Ha KyTax Ta 3ruHax. V pesynrrari hopmyna (1.24)
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May.1.57. Koudirypauist n1iBKOBUX pe3UCTOPIB: _
a— npamokyTHi, 6 — [T- noai6ui, B — niaKoBonoAiGHI

17151 PO3PAXYHKY OTNOpPY TUHBOK CTA€ HE TOUHOK TOMY HEOOXiaHO BBOZWTH MONPABKH. ‘ 5
Kondencamopu ma  iHOykmusHi enemenmu. Y  [POCTIIOMY BHAAAKY TAIBKOBWi
KOHJEHCATOp Ma€ TPHLIAPOBY CTPYKTYDY: [ABA METATi4HHX Npoliapku (0OKIaAKH KOHAEHCATOpa) 3
RiENEKTPHYHUM TIPOLIAPKOM MIXK HUMH, B GiNIbII CKIAIHHX OaraTomaposy. . 3
Binbiuicts NOKA3HHUKIB NJIBKOBMX KOHCHCATOPIB B OCHOBHOMY 3aI€)KaTh B1Jl BNaCTHBOCTCH
MieNEKTPUUHOTO TpOWAPKy: Horo marepiany, TOBIIMHW Ta METOjy OTPUMaHHs, a ckian
JICNCKTPUUHOIO POUIAPKY OGYMORIIOE BiANOBIAHKI MiaGip MaTepianis 06!(]1&1&01( KOHIEHCATOpa.
O[HiE’ 3 OCHOBHMX XapakTEPUCTHUK TIBKOBUX KOHIACHCATOpPIB, AKA 3QICAHTH BIA
Matepiany Ta Bifl JeICKTPHIHOr NPoIapKy, € MHTOMa EMHICT

Cy=C/S=EE¢/h=0,0885E/h,
ne € — enextpuuna nocriiiva, nd/cm; S ~ mnaowa o0KNaA0K KOHACHCATOpA, oM’

€4 — MiEMEKTPUYHA NPOHHMKHICTH NMPOWApKy MK oOknankamu; h  TOBWIMHA AieNneKTPUYHOrO
NPOLIAPKY, CM.
3nauenHs € NEXHTh B MeXax Bill 3,5 Aid ABOoOKHCY KpemHilo Ta o 80 ~ 120 anst mnisok
TuTany Gepunito. MiniMansHa Bennuuea h 0OMemEHA HAABHICTIO MiKpOAedeKTis ILIBKOBHX
CTPYKTYp Ta AONYCTHMOKO pOBOYOIO HANPYIOk0. o i
JIpyroro OCHOBHOIO XapakTePUCTHKOI ~ RIENIEKTPUMHUX MaTepiasiB € IX eJeKTpHiHa
MILHICTh, SKA OLIHIOETHCS 3HAYCHHAM HANpyr# €NeKTPUYHOrO MO, Heo6me0m b1l S
npoﬁuaannx E=Unp\h , ne Uyp — Hanpyra ﬂPOGHBaHHﬂ. EnextpiyHa MILHICTs TOHKOTLIBKOBMX
marepianis 30ax0AuThes Bia 0,1 10° 50 10 10° B/em. [lns 6inbwiocTi nnisox Hanpyra npoGUBaHHs

BU3HAYA€TbCA ACQEeKTaMM Matepiany MUiBkM Ta matepianiB obknamok koaencartopa. OCTaHHE

NOB’A3aHe 3 Mirpalielo atoMiB OOKAAKA B AICNCKTPUUHMI Npowapok, WO NpH Manik Togmnui
IJHBKM MOXE TMPHBECTH JO JACAKOro 3amukanus oOknanok. Hampuknaa, nmo uifi npuuuni opu
cpiGuux 06knazakax Hanpyra npuGHBaHHs MEHIUA, HDK NpH amOMiHiegux. .

Ipogionuxu ma konmaxmui naowadky. Jna 06’ €aHaHHA MIIBKOBUX MACHBHUX €/EMEHTIB
Ta MiABicCHHX KoMIOHEeHTiB I'IC BUKOPUCTOBYIOTHCS TUTIBKOBI NIPOBIIHMKA Ta KOHTAKTHI MIOLIAAKK.
Taki eneMeHTH MOBHHHI MaTH BUCOKY €NEKTPONPOBIAHICTh, TA HE BHOCHTH 3aBall Y MEPEAABAHHS
CHMIHAJIIB, HE CTBOPIOBATH MAPA3UTHUX 3BOPOTHUX 3B’A3KIB Ta MaTH Haniﬁﬂuﬁ, Hesunpnmnﬂ}oquﬁ,
MATOMYMHUH KOHTAKT 3 €NEMCHTAMH T2 KOMIIOHCHTAMH  CXEMH. L_Il, BUMOTH . HEJIETKO
32/I0BONEHUTH OHOMACHO. 30KPEMA, 3MEHIICHHA MHUPUHU NIIBKOBOIO MPOBIAHMKA IPU3BORKTE AC
3MEHIICHHS NAPA3HTHUHOT EMHOCTI, O/IHAK TIPH LBOMY 3pOCTac 1T iHAYKTHBHICTE, 110 B CBOK HePry
MOMKE TIPU3BECTH 10 CTIOTBOPEHHS CUTHAINIB, WO TIEPEAAKOTHCSL.
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Marepian 1liBKOBUX NPOBIAHUKIB Ta KOHTAKTHUX NJIOWMALOK Bu6npaerbcs: 3 ypaxyBsaHHAM
iX MOXUIHBOI B3a€MOJIii 3 MATCPIa/IOM MAaCHBHUX ENIEMEHTIB, TIOBEPXHEBA MIrpaliis AKUX Mk i€
NOCTIHHOI Hanpyry HaiGinbin HeGesneuHa i MOXKE MPHU3BOAMTH A0 obpusie Ta 3aKOp0‘{yBaHHﬂ
IiBKOBUX MPOBiAHuKiB. He Menm HebesneuHa MOXIMBICTL yTBOpeHHS IHTEpPMETANEeBUX 3 €HAHD
Yy MICLUIX 3’€/IHARHA ENIEMCHTIB 3 KOHTAKTHUMH TJIOLLAAKAMH, L0 MOJKE SHAYHO 3MIHHTH BENMHUHY
KOHTAKTHOTO Onopy. Jlnis HaNMNeHHa MAiBKOBUX NMPOBIAHMKIB T KOHTAKTHUX MIOLAA0K HANGINb
KpailliM{ MaTepianamu € 30/10T0, cpi6no, Miae Ta amominiit. Henonikom 3onora, KpiM BHCOKOI
UiHM, € HU3bKA anre3is 2o NIAKIAAKK; cpibna Ta Miai — BUCOka erpaumua PYXJIHBICTh, KPIM TOrO,
Milb CXMIBHA 10 OKHCAEHHA. TOMy Jiss nonillilieHHs  apre3ifiHux BnacTMBOCTel Ta YCYHEHHSA
Mirpauii Bkasani Marepiaj# BHKOPHCTOBYIOTHCH PasoM 3 NPOLIAPKAMH XPoMY, HIXpOMY, HiKkelo,
TUTaHY Ta IHIHX.

Axmusni enemenmu. B sKocti akTMBHUX komnoHeHTiB I'IC 1IMPOKO BHKOPHUCTOBYIOTHCS
'mcxpeTm HariBIPOBIAHUKOBI JIOAM, TPAH3UCTOPH, THPHCTODH, IC, BIC B kopmycHomy aGo,
vacriitie B 6e3KopnyCHomy BUKOHaHHi. BukopuCTOBYIOUH 1i KOMnoHenTH, ocobamBo [IC, MOxHa
IHYYKO BUPILIYBATH PAf CKNAAHUX mmeuepunx 3aBJAHb MO CTBOPEHHIO TAaK 3BaHUX HETUIOBMX
(Hec-rauuapnmx) (yHKUIOHANbHUX BY3NB, sKi HANCKATL KOMKPETHiHi anaparypi eNeKTPOHHOI
TeXHIKU. [1py LbOMY JL1 JOCATHEHHA ONTUMANBHUX EINEKTPHUIHX NapamMeTpiB Ha OAHIN niAkanui
I'lC MoxHa croflyuaTtd akTHBHI KOMITOHEHTH, BUKOHAHI 32 PI3HUMU TEXHOJOTIAMMK: 6inonapHoto,
MJIH, Ta inwnx. Y pani Bunajkie suriaHiwe o6’ eanyBary Ha oanilt nigknami I'C nekineka IC
abo BIC, Tax ctBoproloThes HoBI, Ginew cknaaui IC Ta BIC. I, Ha KiHews, AHCKPETHI aKTHBHI
KOMFIOHEHTH JalOTh 3MOTY CTBOPIOB/TH DPAJ fOTYxHUX, cuilosux [IC, wio BuKIMKaE Beauki
IPYAHOUY] Ha CyuacHOMy eTami, OCOONMBO NPM CYMICHOMY BHTOTOBJICHHI MEIOMOTYXKHUX Td
NOTYKHHX AKTHBHUX €IEMEHTIB HA OIHOMY KPHCTAJT HANiBNPOBiAHMKA.

3’EAHYIOTBCA  AMCKPETHI OKTMBHI KOMIAOHEHTH 3 KOHTAKTHHMM IUIOIMA/NKAMH Pi3HAMH
METORaMH: TEPMOKOMITPECIEIO, YNBTPA3BYKOBHM 3BAPIOBAHHAM, NA3EPHHUM NIPOMCHCM Ta iHIUI.

§1.10.3. Knacndixauist mikpocxem

3riauo i3 [lepacranaaprom 18682 — 73 Bei iHTerpantbHi MikpocxeMn 3a KOHCTPYKTOPCHKO-
TEXHOJIOTIYHUMK O3HaKaMU NMOAIAIOTLCA Ha TPH IPYNM: HANIBNPOBIAHWKOBI, riGpUAHI Ta iHwi.
3rigno 3 JlepKcTAaHAAPTOM CHCTEMA NO3NANCHHA THIUB MIiKPOCXeM CKIAJaeThCd 3 HOTHPHOX
OCHOBHHX €IEMEHTIB:

nepuinii enement — Lndpa, Brazye Ha rpyny mikpocxem: 1,5,7 - nanisnpoeiguukosi, 2, 4, 6,
8 — ribpuasi, 3 ~ inwi;

ApYruit eNeMeHT — ABi LMQPH, AKi BKA3YIOTb Ha NMOPAAKOBHii HOMEP POIPOBKH MiKPOCXEM.
Tlpusomy nepuruit Ta Apyrufi eneMenT YTBOPIOIOTh HMNUCHO, AiKE 3a3HAuYaC cepiio mikpocxem. [lin
Cepiel0 MIKPOCXCM PO3YMIEMO AeKiTbKa THMIB MiKDOCXEM, SKi MaiOTh ojiHe KOHCTPYKTOPChKO-
TCXHONOMIMHE BUKOHAHHs, ane BHKOHYIOTh DisHi QyHKUii Ta npusHauedi s CYMICHOTO
BUKOPHUCTOBYBAHHs B anapatypi;

TPETift €neMenT — 1Bi OYKBH, AKi BKA3YIOTh HA (YHKLIOHAILHE NPU3HAYCHHS MiKpOCXeMH
(amB. ropatok B1);

UETBEPTHH €NEMEHT — MOPAAKOBHHA HOMEP PO3POOIICHHS MIKPOCXEMH B JIaHilt cepii.

Tlpn HeoOXiAHOCTI BBOAMTECA M'ATWH enement — Oyksa (BiR A o $), ska BKa3ye wa
BIZIMIHHICTE MiKpOCXEM BCEPEAMHI JHOTO TNy no oaHomy abo zekinbkoM napamerpax. Kpim
10T0, MiKPOCXEMH LUHPOKOTO 3aCTOCYBAHHS MAiOTh Ha NOMATKY MO3HAYCHHS AONATKOBY GykBY K,
KA BXOAUTH Y NO3HAYEHHS Cepil.

Pisnnua mixk cMoTeMoro nosnayenHa 10 1974 poky nonsrae B TOMy, 110 TOPAAKOBHI HOMEp
PO3pobneHHs Cepii MikpocXemu (Ipyruli ENEMEHT y HOBHX NO3HAYEHHAX) CTABHTBCH 3pasy K Mic/s
JNTEPHOrO MO3HAuEHHS (yHKUIOHANEHOT npunancikHocti cxemu. Homep cepii o 1974 poxy
CKNAIABCs 3 NEPIIMX TPHOX UM(P NO3HAUEHHS, -
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[MpuGAN3HI NO3HAYEHHA MIKPOCXEM 3TiaHo 3 JlepiKCTaHaapTom:
K140YT6A — niacumoay noctijiHoro CIpYMy Y BUINAAI Hanisnposianukosoi IC, cepinldl,
NOPSAIKOBHIA HOMep po3poOeHHa B Jlanil cepu — WOCTHH, PIBHOBUIHICTE A;
173VH3 — migcumoBad NOTYKHOCTI HH3BKOI 4acTOTH Yy BMIIaAi HamiBmposignukosoi IC,
cepis 173, mopaakoBuii HoMep po3poOIeHHA B NaHil cepii — TpeTif.
Heo6xiHO BpaxoByBaTH, IO HABEJAEHA CHCTeMa MO3HAYEHb Hamexkath jo IC, pospobnena

micns 1974 poky.

§1.10.4. Knacudikanis Ta cucrema yMOBHHX I03HAYEHB MiKpOCXeM
32 JlepaBuuM cTaHAAPTOM YKpainu

Hakazom JepicTanaapTy Ykpainn Ne326-95 Bin 29 sepecna 1995 p. 3aTBepIKeHHHA
nepskaBHUM | CTaHAapT YkpaiHM Ha M1KpocxeMy[ iurerpaneHi JICTY3269S. Llei craumapt
NOWMPIOETECA HA  MIKPOCXEMM  iHTErpaibHi, O BHAPOGIAOTECA And [OoTPeG  HApOIHOro
FOCNOAAPCTBA i BCTAHOBAIOE X KIACH(DiKALIiIO Ta CUCTEMY YMOBHHX TO3HAYEHD.

BHMOTH CTAaHAapTy € 000B’S3KOBUMH | TIOMWMPIOIOTECA HA MIKPOCXEMH, po3poliieHi micis
H0ro 3aTBEPDKEHHA.

34 KOHCTPYKTHBHO-TEXHOJIOTIUHUMH BUMOraMH MIKPOCXEMH MOAIIAIOTHCA HA 5 TPYI, AKMM
HAZAIOTh TaKl MO3HAYEHHA:

- HamiBMpOBIAHMKOBI, i3 CTPYKTypamMu Ha 6iNONAPHUX Tpamucmpax -1,6

- HaﬂlBHpOBllIHI/IKOBl i3 CTPYKTypaMM Ha MOJIbOBUX - TPAH3UCTOPax =5,7

- ribpuaHi 2,4

- iHwi (nniBKOBI, BAKYYMHI, KEpaMiuHi TOIIO) -3

- peseps -8,9,0

3azHaveHi rpynu MiKpOCXEeM MOIILTIOTE Ha MiArpYNH 32 KOHCTPYKTHBHO -
TEXHOJIOTIYHMM BHKOHAHHAM, AKHM HAJaHO NMO3HAMCHHS:
- JUIA Nepol rpynu:
xoMGiHOBaHa CTPyKTypa (3 GIMONAPHUMY Ta fOJEOBAMU
TPAH3HCTOPAMHU) -0
CTPYKTypa Ha 6iNoNAPHUX TPAH3HCTOPAX 3 13074 Ui€H0
p-Tt fiepexoaamu -1
CTPYKTYpa Ha GiNONAPHUX TPAH3MCTOPAX 3 i30TALLI€I0
JlieREKTPUKOM -2
CTPYKTYpa Ha GinoJspHAX TPAH3HCTOPAX 3 IHKEKLIHHOIO
IHTErPOBAHOIO JIOTIKOI0 -3
peseps - 49
- A4 ApYroi rpymm: .
1) . CTpYKTYpa Ha NOABOBUX TPAH3HCTOPAX N-TAMY -5
2) CTpYKTYpa Ha MOAbOBUX TPAH3UCTOPaX P-THIY 6
3) i3 CUMETPUHHOIO KOMIJIEMECHTAPHOIO CTPYKTYPOIO -1
4) cTpyKTypa i3 3aps0BUM 3B’ A3KOM 8
5) peseps . -
- . JUI% TPEeTOI Ipynu — r16pnnﬂ| MIKpPOCXEMH:
1) TOBCTOIiBKOBI 1
2) TOHKOILTiBKOBI 2
3) komOiHOBaHi ! -3
4) peseps -4
- JUisk YETBEPTOI MPYIIU:
1)  TOBCTOMIBKOBI -1
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2) TOHKOIUBKOBI 2
3) xomGinoBani -3
4) peseps - 49

3a QyHKUIOHATEHUM NPU3HAUYCHHAM MIKPOCXEMH MNOJINAIOTE Ha IrpyNW Ta BUAM, HABEACHI y
Tabnuui B jonarky b2.

Cucmema ymosHux nosnauens. [103Ha4€HHS MIKPOCXEMM TIOBHHHO CK1aAaTHCA 3 TAKUX E/EMEHTIR:
— nepumi enement -- uudpa, WO XapaKTEpPH3ye FPYNy MIKPOCXeMH 3a KOHCTPYKTHBHO —
TEXHONOTIYHUM BHKOHAHHSIM;

— JpYrvi eneMeHt — urdpa, MO XapakTepu3ye MArPYNY MIKPOCXEMH 33 KOHCTPYKTUBHO-
TEXHONOFIMHUM BUKOHAHHAM,

— Tperiii CAEMeHT — ABi Mdpy, U0 No3HAYATL NOPIAKOBUI HOMEpP PO3POGKH Cepii MIKPOCXEMH,
HaJAETHCA 3IHIHO 3 UCHTPATI30BAHUM [1OPSLAKOM,

— ueTBEPTWIi eneMeHT —  IBi NiTepd, WO XapaKTePHIYIOTL FPyly Ta BHI MIKPOCXeMM 3a
(yHKUIOHANBHUM MPU3HAYEHHAM 3MiAHO 3 Tabnuueto 1.4,

—_ IUATWH eneMeHT — ABi WH(pPH, 1O NO3RAYAIOTH MOPALAKOBHH HOMEP PO3pOGKH MiKpOCXEMH 3a
(GyHKUIOHANTLHUM NPU3HAYEHHAM Y AaHIH cepil | HANAIOTLCA 3UIHO 3 UEHTPANIOBAIIUM NOPALKOM,
Tpu mepluux enemMeHTH M03HAYAIOTH CEPil0 MIKPOCXEMHM.

Ilpuknan yMOBHOINO MO3HAYEHHH HAMiBMPOBIAHUKOBOI MIKPOCXEMH — NpPOrpaMOBaHOrO
KOHTPOJIEpa KepyBaHHs AMHAMIUHUM 3anaM’AToByBaueM npamoro goctyny (311)1) i3 cumerpuanolo
KOMILIEMEHTAPHOIO CTPYKTYPOIO, 3 HOMEPOM po3pobku cepii — 04, HoMEpOM pO3POBKH MIKpOCXeMH
y Janiii cepii 3a PyHKUIOHAIBEHUM 11pU3HateHHsM — 03:

cepin
5 7 04 Brr 03"
UudpH, WO NOIHAYEIOTE NOPAAKOBHI Homep po3pol-

XM MIKPOCXOMI 38 (DYHKLIOHANBHNM npuauamm y
AAHIA cepll

Nitepw, WO XBPSXTEPHIYIOTL IP)TTY TR BHA 28 DyHLIOHA M
NPUIHAYSHHAM

!

UndpH, U0 NCIHAWRIOTE NOPARKOBMI Homep poapolikn cepl

UMdpa, Wo xapaxrepuays 2
oot NWPW KOHCTPYKTUBHO-TOXHONONMHUM

wabpa, wo xapaxiepuaye rpyny sa mwrpymmnmm’mum BMKOHRHHAM

) Tlpuknan  yMOBHOIO  NO3HA4ENHA  HANIBMPOBIZHMKOBOI MIKDOCXEMU —  omepaLliitioro
MIACHNOBAYA, LIO MAE CTPYKTYPY Ha GinonspHUX TPaH3UCTOPaX 3 i30AALIEI0 P-n MepexoiaoM, 3
MOPAIKOBHM HOMEPOM po3poGku cepii — 01, NOPAIKOBUM HOMEPOM PO3POOKH MIKPOCXEMH Y JaHiit
cepii 3a pyHKUIOHANLRUM Nipu3HadeHHAM — 06,
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cepin ' : ' . v
1 1 01 Y, 08

UMDPH, 140 NOIHAYBIOTS NOPAAKIBHI HOMED POIPOS-

Ki MIKpOCXeMH 30 DYHIIOHANBHIUM NPUIHANOHHAM Y
ARaniv cepli ’

nivepu, cqo XApaKTeLMIyTL PYITY T BRA 38 QYHKOHANLHKM
NPHUIHAUOHHAM - ' o

LMGPK, Wo NosKavaIOTE NOPRAKOBAK HOMEp POIPOBKH oapll

Unhpa, Wo XapakTepuaye NIAMPYTY 38 KOHCTPYKTRBHO-TAXHONOMKHHM
BUAKOHAHHAM - -

[. ijuchpa, Wo xapakrepnsye ruyny sa xomrpynuwo-‘iexmnoﬂqnuu BUKOHAHHAM

V pazi HeoGxiaHoCTi pO3pOGHHK MAE NPaBO MCNA N03RAUSHHA MOPAAKOBOTO HOMEPa PO3POOKH
MIKPOCXEMH 32 PYHKUIOHANBHMM NPHIHAUSHHAM JOJATKOBO HABOAMTHU MUTEPHI NO3HAYEHH (Bia A
1o A 3a sunsteom nitep T, €, 3, 1, [, M, 0, T, UL, I, Y, {1, b), 1o Xapakrepusytots BiaMiHHiCTs
MIKDOCXEM OO0 THMY 32 eneKIpuuHumy napamerpamy. s nitepa mapkysanna voxke Gytu
3aMiHeHa KONBOPOBOIO TOUKOIO, JIiTepa UM Kosip MAPKYBANBHO! TOHKH 3a3HAYACTLCA Y TEXHIMHUX
YMOBAX Ha MIKPOCXEMH KOHKPETHHX THNIB. ‘

s Ge3kopriyCHHX MIKpPOCXeM Micis MO3HAYSHHS MOPAIKOROrO HOMEpPa po3pobku
MiKpoCXeMit 38 PYHKUIOHANLHUM NPU3HANEHHAM Y JAHIA cepil (UM TicaA A0JMATKOBOIG MTEPHOTO
I03HAYESHNs) Yepe3 PUCKY WABOUATL UMQpy, WO XapakTepusye MOAMPIKaUilo KOHCTPYKTHBHOTO
BUKOHaHHA 3rian0 3 Tabnuueto 1.4, [lepea uu@poBuM no3paueluam cepil noaatots fitepy b.

Tadnuys 1.4.

‘Moanikaulis KOHCTPYKTHBHOIO BUKOHAHHS MIKPOCXEM [To3HauenHa KoHCT-
3 PYKTHBHOFO BUKOHAHHS

13 rHYyUKUMK BHBOAMM i
I3 crpiukosumu {naByuxkoBumu) BuBoaamu (Y TOMY 4HCHi Ha

aoniamigHil i) 2
I3 sKOpCTKUMY BHBOAAMM 3
Ha cninehili nactudi (Repo3pineHi) 4
Ha cninpniii nnactyni, pozainedi Ge3 BTpaty opienTai (Hanpukaan,

HAKIICEHT HA MBKY) 5
13 KOHTAKTHUMU [IOLMHKaMK Ge3 BHBOAIB (KpncTam) 6

puknan:

YB1101Y106-2 — mixpocxema cepii 1101 y Ge3xopnycHOMy BUKOHAHHI i3 CTPINKOBUMH

BUBOAAMM. )

Jing xapaxtepucTixy matepiany i Ty xopaycy 3a Jep:acerannaprom 17467 nepen undposum
f103HAYEHHAM Cepil OJIUOTH TaKi JiTepy:

P — 1% fUIACTMACOBOTO KOPIYCY TUILY 2;

M ~ a1 kepamidyHoro, METAIOKEPAMIYHOI0 KOPIYCiB THay 2;

E ~ it METAJIOMOAIMEPHOTO KOpRYCY TUity 2,

C — Ans CKITOKEPAMIMHOTO KOPTIYCY THy 2;

J— AN METANOKEPAMIYHOTO MATPUIHONO KOpRYCY Tany 6;
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A — [UIR (ACTMACOBOI0 KOPILyCy THILY 4; .
Y — 49 KepamIKOeKIAHOTO (4aIKOBOTO) KOPIYCY THIY &
H — /18 KepaMidHOro MIKpoKopaycy;
D — 27 1ACTMACOBOTO MIKPOKOPIIYCY- ' '
JliTepa HC BUKOPHCTOBYETHCA AN [103HAYEHHS MIKPOCXEMHU Y KOPIIytaX:
— METANOCKISHOMY Turty 4;
—~ MeTaNoKepaMiuHOMY THIY 41
_ METANOCKIAHOMY THRY 3.
~ MeTanocKnsHoMy THITy 1
— MAACTMACOBOMY THITY 1.
[epen yMOBHHM
o3poGruka — Y (Ykpaina). o . N
P 3riAHO 3 BUMOraMH LLOrQ CTaHRPTY UOBHE YMOBHC TIO3HAMCHUS ‘M;;pocxe‘zmﬂiMM o
: i 1 Y .
TIPOBAAMTHCS 32 CXEMOID, HIDKHE naseactoro. Jins MIKPOCNSM 13 KPOKOM L 'u’\l S
BUBOJAMU KOPIYCY, MO NIOCTABNSOTHCH HA eKCHOPT, HA TOUATKY YMOBLONO HOBHAYE
AN >
Aitepn Y HPOCTABIRETLCA NMTCPA E.
Tpuxnan ' . s
VEXI)H?HY)LOG ~ MIKpPOCXCMH cepii 1217 13 KPOKOM BHBO/LUB 1 27mm (2,54MM), sKa TTOCTABHACT
CROPT Y NIACTMAC ' e Ty 2.
{12 EKCAOPT Y HIACTMACOBOMY KOpHYC N o ’ om
l’l‘mcaovmm HO3HAUCHD MIKPOCXEMAM 3ACHIOC Y HEHTPANIZ0BAHOMY THOPRAKY H)}J‘K‘l H
‘ ‘ ii pupobin enekTpornof TeXHiKH, AKA MOXKC BBOANTH JONATKOBI

opraHizatis 31 CTanaapTR3AL ’ . ¢ h onamon
lLIl){(prBi yp pitepui no3HAuen s KOHKPETHHX TEXHONOMIUHHX Ul KOHCTPYKTHBHUX O3HAK

PaXyHOK Pe3epBY, AKi HABOASTLCA ¥ TEXHIYHAX YMOBAR HA KOHKPETHY MIKPOCXCMY.

vy alniujufajulninju
IR
jit :

[ Cuopauena Hassa Aepxasy

. o P o u-
1103HAUCHHAM MiKpOCXCMH HABOJIUTLCH CKOpOUCHA HaszBa JAcpKaB

Uwbpa, WO xepaKTepHIYE

= .. Moandirsiiio GearopnycHol
fNitepa, w0 nosxavae Geaxop- MIKpOC oMl
fiycHy mixpocxemy. aBo kopaye-| |
Hy I3 KpokoMm BuBoAls 1,27 MM _Nitepa, 1o xapaKTepnays
(2,54 mm) HHICTD MIKPOCXOMY 38

SNOXTPUNHRMU NADAMETDAMN

Nitepa, w0 xapakrepuiye
Martepian Ya YAn xopnycy -

: L{ncbpw, WO NOIHANAOTE NOPRA]
{indpa, wo xapakrepuayc L XOBHA HOMep Pospoliu MiKpo-~
rpyny 3a KOHCTPYXIMBHO- [~ ©CXOMW 39 DyHKLioHANbHIM

TEXHONONHHAM BAKORARHAM MPAMANENHAM Y AaKlA capli

{{ndpa, wo xapakrepuaye
BlArpyny 33 KOHCTPYKTHBHO-
TAXHONOMIUHAM BUKOHIHHAM

i mtopi. WO XAPAKTEPHIYIOTH
TPyny Ta aug 3a dyNryioHant-
HUM NPUIHBYOHHAM

iindph, WO rOIHAYANTL NOPAA-
X0BHit HoMep cepil

Hpuwmitka: JI - o3nauac airepy; Ll — o3navace wdpy.
[tpuknag:  YPL101Y 1065, YBE1101YI06A-2.

67



Ilpuxnao 1.1.

PospaxyBard HaMOpocTimy -~ cXemy BUNpAMIIMA  6e3  3TNapKyBanbHOro Ginbrpa wns
BUMPSAMIICHHS CHHYCOIIHO{ HATIPYTY 3 JIiIIOHUM 3HAYCHHAM U=700B, BUKOPHUCTOBYKOUHU 04U TUITY
J226B.

Po3zé’azox

BH3HAUMMO aMIUIITy/IHe 3HAYEHHsA CHHYCOIHOI HApPyu:
U, =~2-U=141.700=1000B
Lln Hanpyra y mpocTili cxemi BunpsiMisiia Gyne 3BOpOTHOK. OCKinbku U, .\ Y AIOAIB
J1226B 3 MakcuMAansHOI0 poGOUOL0 TeMIepaTypoto ckianae 3008, To Ams BunpaMIIeHHs HeoOXiaHo
BUKOPHCTATH JIAHLIOF NOC/LAOBHO 3’ €AHAHMX ARO/IB OJHOTO i TOTO K THIY. Uepes BenuKi po3kuau
3BOPOTHHX OMOPIB OB, fAKi MOXYTh BilPi3HATHCH B JACKINBKA pasiB, ix HeoOXiHO WIYHTYBATH
pesucTopamu. HeoOXiAHe 4MCIIO IONIB N BU3HAYAEMO 32 thopMyII0t0:
n= Um /(K~ .U'Mmp_muxv >
1e Ku - koedilieHT HaBanTaxeHHs 110 Hanpys3i ( MOke NPUAMATH 3HAYCHHS Big 0.5 po 0.8).
Hexaii Knu=0.7, Toni
n =1000/(0.7-300)=4.76 .
Bizsmemo n=5. '
3HaUEHHs OMOPIB, L0 UIYHTYIOTH PEUCTOPH, BU3HAYMMO 32 HOPMYJI0I0:
RS U 11U ) L)
z¢ KoedillienT 1.1 BPaXoBye JECATHBIACOTKOBHI PO3KH ONOPIB PE3MCTOPIB, LIO
BUKOPHCTOBYIOTCA; | - 3BOPOTHUH CTPYM MPH MAKCHMATBHO JOMYCTHMIH Temneparypi. 13

Fwop. max

NOBiIHKKA 3HAXOAUMO, o [ =300 MKA. Toli, MiACTABAAIOUM YMCIIOBI 3HAYCHHS BENHUMHI Y

(opmyiy ams R, OfEpKYEMO:
R, <(5-300—1.1-1000)/((5~1)-0.003) = 333xOm

Ru Ruws

Ru2 v
1 :—T——-
In| N e
>l A
UD1 uD2

-

7
™~
L~
UD

Um 3

Ry

1

Man. 1.58

Tpuiimemo R, = 300 kOm.
ODke, cXeMa BUMPAMILAYA Ma€e BUIIAA, 300pakeHnit Ha Mal. 1.58

Hpuxnao 1.2

HAna  craGimisauii Hampyrm na  uvaBaHTakemni  (man.  1.59)

BUKOPHCTOBYETHCS

HaIBIPOBIAHNKOBUH CTa6iNITPOH, Hanpyra ctabinizauii akoro U, =10 B. Busnauurtu gonyctimi

TPaHULL 3MIHM HAIIPYIH JKMBNEHHSA, SKIO MaKCUMATbHUM CTpym crabinitpona ]

om max.,

MIHIManbHui  CcTtpym  crabinitpona [ =1MA, onip HaBaHTakeHHA R =1
w

cm nin

OOMEKYBATBHOTO peskcTopa R, = 0,5 xOm.
Pose’azox

Hanpyra mkepena sxupnenns

E= UL"I' + Rna (lu + [c"r)

=30 MA,

kOM Ta

CTpyM uepe3 HaBaHTANKEHHA R“"‘
[II = U['T /RII —
© TakuM YMHOM,
E=Uq(+R,/R,)+ 1R B
g (T of o
E \V4 UR,,
+
l('TT IIIT
May.1.59
IMigcrasnsioun B wio GopMyny Makcuman iHIM4
raBinitonn, oo yny BHE Ta MIHIMATEHE 3HAuEHHS CTPYMY uepes
E, =10(1+0.5)+1.05=155B
E,.=10(1+0.5)+30-0.5=30B
Mpuxnao 1.3
Y nanwosi, sobpakeHomy Ha man. 1.60.a, E.=-10 B, R, =2 xOM, R, =1 kOm
> I3 .

BusHasuti BXiAHi 0nOpu ko4, AKWO KoedilicHT Tepeasata ctpymy Gasu Tpansucropa =50

Poze’azox

Bxiguu#t onip R_=U,/I,. Tlockinekun Moxna 3HEXTYBATH MNaQiHHAM Hanpyru Ha

eMiTepHoMY niepexoa, To U, ¥ -1, R, a I, = —I,(B+1). Omxe

R =1,(B+D)R, /1, =1(50+1) = 51kOm. Lie npubmmme suayerns BXIAHOTO Omopy onepikaHe
Ge3 BpaxyBaHHs OnIOPY eMiTepa #; Ta onopy 6asu r,. SIkuio Bpaxysatu ui oropu, To opmyna s

BXIAHOTO omopy Gyne math Burnam R, =(r,_,.+R,:.)(ﬂ+l)+rﬁ. Ha npaxmaui r, <<R, Ta

t; << R.(B+1), Tomy npubIusHO MOKHA BBaNaTH, IO R = R,(B+1).
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a) 6)
Man.1.60.

Tyt we Gyno BpaxoBaHO TaKOXK BILIMB OMOPY ’A CxeMa 3amilliEHHs, AKa BpaxoBye Lefi
BIUTHB, MI0Ka3aHa Ha Man. 1.60,6. Jlomyctumo, mo r', =0 Ta reseparop ctpymy P/, BiacytHiii.
Toai ctpym konexTopa [, nopiBHioc Hymo i BXiaHMi cTpyM Gasu 1, BM3HAUAETHCA TUIBKK F; TA
, R, . Y taxomy Bunanky R_=v, +R,

Tenep npunycrumo, o omip rkf HeckinuenHut, ane € renepatop ctpymy fI,. Omnxe,
mxepeno U, 36ymrye cTpym [, a mokepenio B, Gyne 30ymiysatu cTpym konekropa [/, =f/,.
Lii ctpymu 36y/0KyIOTS Ha 0nop1 R, cnapuanpyra R, (/,+ f/,). 3 aHanisy cxemu BUIIMBAE, 110
U,—R (/3+1)1

T
PO3B’A3aBIIK UE PIBHAHHA BIAHOCHO [, , OEPMHMO

U6

[ =
" r+R(B+1)

R, =U, /1, :'Z:‘+R1:(ﬁ+l)

1, =

Toni Bxiaxuit onip

Bynemo Bakatu; o ormip r, CKiHYEHHUH. [3 3MEHIIEHHAM r,:. Bce OiNiblua YacTHHa CTPYMY
BI; Oyae mpoxoauTH - uepes ueil omip, 3aMICTh TOTO, WIOD iTW. /0 KONEKTOPHUX BHXOAiB Ta

30y/LKYBaTH CTPYM koJekropa. Omike, criall Hanpyru Ha pe3uctopi R, Oyae meHumii i BXiaHuii

onip Gyae amenunysaruca. TIpoananizyemo lie ABUILE, 3aMIHUBLIM 'Y cXeMi Ha mant.1.60,6 rexepatop
CTPYMY Ha TeHEPATOP HANpPyrH: Buxopncroay}oqu METOJ eKBIBAICHTHOTO reHepaTopa, ouepnmmo
CXeMy, floKasany Ha Ma.1.61. a1t KOHTyplB MO3KHa 3ar1caty:

U, =+ R+ R 1,
0=(R, - Bro)l, +(R, +1, +R,)I,
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Po3B’sKEMO Ul PIBASHHA BiIHOCHO [
U, R,
) - 0 R+r+R,| Uﬁ(Rf+r,:.+R,, .
‘"I TR, R, G+ RXR, +7 + R,)-R,(R, - Br;)
R, = Pre R,+r +R,
TepeTBOPUMO 3HAMEHHUK JApoly:
(R, +7+ R, )+ RE+ R,y + R,R, — R+ R, Bry,

abo
rﬁ(Rl«: + r + RII)+ RI:' [rl{(ﬂ + 1)Ru] .
SIKUIO YMCENBHMK Ta 3HAMEHHMK PIBHAHHS Ana [, po3finutu na R, + r,:. + R, , TO MOXHA

nepenucaty ue pisHauua y surasal [, = U, /R, ne R -Buximnuii omip. Onie, sxiaunii onip

o

e, Rl (;3+1)+R]

w =l R, +r +R,

P03IliHHBlIIl/l YUCE/IbHHUK Ta 3HAMCHHHUK Ha FK , OJACPIKHMO

L RBD+R ]
T I+ (R AR

MM oziepikany TOYHHil BUPA3 s BXIZHOMO 0nopy. 3 1HOr0 BUPA3Y MOKHA BUACHUTH PONlb
onopy 7y . Slkwo (R, + R, ) ry <<1,10 R,/ 7} <<lyi Toai pisnana npuiivac B

R, =r,+R,(B+1)

Man.1.61.

3agoanns ona CAMOKOHMPOIIO

I. Hepepaxyme pyxomi Ta nepyxomn 3apsA B HABIPOBIIHKMKAX, 1O MICTATh JOMIILIKH, BKAXKITh
XHE MOXOHKEHHS! TA 3ANCIKHICTL KOHLUCHTPAIT BIA TeMneparypu.

2. YoMy npu aHanizi eIeKTPONPOBIAHOCTI METAIB HE BPAXOBYIOTh JipKOBY CKIIAJ0BY CTPYMy?

3. Yomy nosa 3amipHumM NpOWAPKOM -1l NepexoAy NPoLapky HaniBNpoBigHUKa HelTpanbHi?
SIKMMHU 3apsaaMi yTBOPIOETHCS 3aIliPHHUI NPOIIAPOK Ta BHYTPIIHE €NEKTPHUHE N10J1¢
nepexony?

4, TToACHITH 3ANEKHICTL WHPUHK 3aNIPHOIO NPOLAPKY P-n MEPEXOLY Bil NPHKIAAEHOT HANPYTIH.
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i3.

14.
15.
16.

BKa){(iTL‘Haﬂp}./l‘M, I.Ipl/ll(flajleHi J0 p-n fepexo1is TpansucTopa Ha nosiorii(Uxe>Uxke i) Ta
KPyTiif AiisiHul BHXiQHOI XapakTepucTuku Man. 1.7, a. 7
TosicniTs (6e3 popmyn), Homy npu TOCTifiNi i (Uxe>Uxke, ) 36U1s1eHAS CTpYMY Gasu
TPaH3UCTOPa BUKIMKAE 361BIIEHHS CTPYMY KOJEKTOpA.

TostcuiTs npouecu B Tpausucropi npu Ig=0, Ukg>Uke. 1. .

Ax 3MIHHTBECS eMiTepHMi CTpyM TpaHsuctopa npu 36inswenni Uke (Uxe>Ukg, 1), SKII0 cTpym
Ga3y NIATPUMYETBCA TIOCTIHUM?

BkaxiTs BHIT2/IKH, KOITA CTpYM CTiKY MOEOBUX TPAHZUCTOPIB 3MIHIOETHCS 4epe3 PO3MUPEHHA
p-n TIepEXOiB. :

. Ha ocnosi crikosux xapakrepuctuk man. 1.9, r i man.-1.1 1, 6, B moByayiite criko3arsophi

xapakrepuctukH Ic=t(Usg) npu Uca=const.

- TlosckiTe po3noainesys cTpyMis y THpPHCTOPI. Siky pons y Horo poGoTi Bisirpae 3anexHicTs

KOCQILIEHTIB NepeaUi cp Ta O, Bif CTPyMy I?

- Yomy npouec BIAKPHBAHNS THPUCTOPA 3 NOAABAHHAM CTPYMY KepPYBaHHA NPOTIKaAE

NaBMHONOAIGHO?

Homy B 0AHOONEPAILI HHOMY THPUCTOPI 3MEHIIEHHS KEPYIOHOTO CTPYMY He NPU3BOAMTH A0
3aKPHUBanHs NPHCTPOIO?

Hasgith nepesaru IMC. ToscHiTe 3anexnicts BaprocTi IMC Big cTyIEHs iHTErpauii.
CdopmysroiiTe BiaMiHHI 0COBNHBOCTI HAMIBMPOBIAHUKOBHX TA ribpuauwx IMC.

TosCHITE NPUHLWMN Aii CBITIOBUNPOMIHIOIONOTO 0K, ¢otoniona, Gortorpanzuctopa Ta
doToTupucTopa. B 4oMy nepesara onTpouis Haj MPUCTPOSAMMH 3 EIEKTPUYHNM 3B’ A3K0M?
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I'naBa apyra

2. TpaH3ucTOpHi HigcnoBavi
[1,2,4,5,6,7]

§2.1. TlepeaaTHa XAPAKTEPUCTUKA HiICHIIOBAIBLHOIO KacKa1y

Hidcuniosauamu Ha3WBAIOTLCA NPHCTPOI, Y KOTPUX MOPIBHAHO MANONOTYXcHHH exiowuil cueHan
Kepye repeaayeto 3HauHo OinblIoT MOTYKHOCTI 3 Oxcepend JCueneHts Ha HaBAHTAXKEHHA. HaiiGinsiu
moWMpeHi  MiacumoBaui, 0OGYAOBaHI HA  HANIBNPOBIAHMKOBMX  [iICMMIOBAIBHUX  ENEMEHTAX
(GimonApHMX Ta  MOJNHOBMX  TPAH3UCTOPAX); B  OCTAMPI DOKM  MIACANIOBAYI  NEPEBAKHO
BUKOPUCTOBYIOTBCA Y BHIJISAI COTOBHX HEMOALTBHUX KOMMOHCHTIB — MIACHIIOBAIBHMX JHTErpasibHHUX
mikpocxem (IMC). Haltnpoctima komipka, WO Aa€ 3Mory B3AICHATH MiACHICHHS, HAa3MBAETHCA
nidcumosanvium kackadom. ENEKTPUUHI CUTHATH, 1O TOAAIOTBCA HA BXiA 11 ACHMOBAYIB, MOXKYTEL GyTH
HAJGBUMANHO PI3HOMAHITHI, e MOXCYThb GYTH  BENMMMHH, WO- OE3MEPEPBHO 3MIHIOKOTHCA, 3CKpeMa
rapMOMiliHi KOJMBAHHA, OAHOMONAPHI aG0 ABOMOMAPHI iMnynbcd. STk npasuno, Ui CHrHanu
PonopuiiiHi nNeBluM Gi3udHUM BelMuUHAM. Y BCTAHOBIEHUX pexuMax Gararo Qisnduux Benuun
110CTifinI 400 - 3MIHIOIOThCA Jyke NOBiIbHO (Hanpyra Ta 4acToTa
Mepexci, uacrora  oBcpranns  ABMIYHA,  panip  BOAWM  Ha
rifpoenekTpoctani). ¥ repexiuiux i ocofnupo apapifinnx pesxxcnumax
Ti K BEIMMMHY MOXCYTb 3MIHIOBATHCS NPOTAOM MaNMX NPOMDKKIB
yacy. ToMmy miacwuoBay  MOBMIICH  BOJOAITH  BIACTHBICTIO
MACHIOBATH AK 3MIHHI, TaK 1 MOCTiiii ab0 BENUUMIIM, 1110 MOBIIBHO
amintotoThes. Taki niacuiuioBaui ¢ HalGILIT YHIBEPCATPHUMH TA
nowMpernMu. 32 TpagMuielo - IX  HAZUBAIOTH  AIOCHIOSAUAMU

Man.2.1. HaiinpocTiwa cxema nocmitinozo  cmpymy(I111C),  xoua Taka Hassa i He LWIKOM
pMuKaHHs Tpaisucropa 3 CE - cnpasegnuea: THIC  nincumotots He Jimine nocriliny, ajie i sminny
cknagoy (fpupict curmany) i B nepesaxHili GiibWOCTi BUNAAKIB
BOHM € nijcumiosauamu wanpyru, a ve crpymy. ¥ ITTTC ne mMoxkHa 38's3yBaru [pkepeno i npuimay
CUTHAY uepez TPaHc(OPMATOPN Ta KOHJGHCATOPH, IO HE UPONYCKAGTH  UoOCTiuol CrIanosoro
curnany. Lis ymoBa sukaukae geski pyanouli npu creopenni TTIC, 3 sxump mu nosHaiomumocs
Hibkue, aie Bona 3ymopuia me Ginbme rowupennst [ITIC i3 noasoto mikpoenckrponiku: 111C ne
MICTATH €NEMEHTIB, BUKOHAHHA AxuX y ckiati IMC He Moxcnmse (TpaHCQopMaTopH ‘1a KOHACHCITOPH
BEJIMKOI EMHOCTI).
Jinst Toro, M6 pOICAAKYTH NPURLAN AT HAKHPOCTILOO MIACHIIOBANLHOIC KACKALY, YBIMKHCHOr)
3a cXeMOto i3 cnineyum emitepom, (CE), nosepsemocs 4o cxemu Majl. 1.24.a. 300pasuMo LIO cxemy 3
TPaI3UCTOPOM N-p-N-THNY B iHWOMYy Buragai (aus. man. 2.1). Jbrepeno wanpyru [y >> Uxe,n

A€V e,y ~ 383HAUCHO NaA BUXiAnifi XapakrepucTuui TpaHsuctopa (man. 1.25, a), nos'ssane i3
KONEKTOPHUM €JIEKTPO/IOM TPAH3IUCTOPa Yepe3 ONip HABAHTAKEHHA R, . BXinuuit curnan nojacrses
Ha Ga3y TpaHsucropa (Hanpyra(/ge Ta CTpyM ig)- ToByayemo 3anemuicrs (/,, = /((/58), 1110
HAZUBAETLCA NEPEOAIHOIO XAPAKMEPUCTUKOIO KACKAQY.

3i 36iNBUEHHAM "HANPYTH ] 4, 3pOCTAE  CTPYM 5 (AMB. BXiAHY XapakTepUCTHKY TPAH3UCTOPA

Man.l.25,6 npu {J o 2 UKe,H)’ 3POCTAE | CTPYM KOJIEKTOPA: ) = B+ l)[K50+ ! g laus. Bupas (1 N
Y pesynbrari  3GiMblIYeThCA NAfiHHA  HAMPYrM Ha  PE3UCTOPi R, 3MEHWIYEThCS  Hanpyra

Uye = E iR (man. 2.2). 3 AOCATHERHAM HANPYIH U ko = U o, 1y NOAATBINE 30inbINEHHS {J g, HE
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BHUKJIHKAE 3MIH HANPYTH {J o TA CTPYMY iy ; IO NPOXOJMTE YEPEI PEIHCTOP R, . Y LBHOMY PEXHMI A0

Ry NPRIIAJICHA HANPYTA. E—U kg y s 1 TOMY CTPYM KONEKTOPA jyx = Iy y = (EK - Uxe H)/RK

Posrmsn nepesaTHoi xapakTepUCTUKH Kackaly I0Kasye, WO IpH 3Mini Banpyrn U g, abo cTpymy
ig Y AHIEO3] MANONOTYKHOTO [BKEPENA CHTHATY MOXCHA 3MIHUTH CTPYM /. Ta HAPYTY { o ¥ MAHLYO3
Oinpul NOTYAHOTO Jkepena £, .JIpoTe KOJCKTOpHY HANpYTy MOXHA 3MiHIOBATH JIMIIEC B MEKaX

Uke,nSUxe S Ex.8 CIPYM B MeXaX [pp()Sip < (EK - Uxe,H)/ Ry (ninsnxa /I na nepenaruiii
XapaKTepuCTHLL). 3 BiZi’MHUM 3HAYEHHAM 45, Ha AUTAHLI / 4epe3 TPAHHCTOP MPOTIKAE TiILKN MaTHii
HEKEPOBaHWA CTPYM KONIEKTOPHOrO NEpexofy, a Ha AinsHui [l .U xe=U Ke,Hi TpaH3UuCTOp, sk Oyso
BKazaHo y § 1.5, BTpauac BIACTHBOCTI MiACHIIOBATIBHOTO eneMeHTa. 1lle 0auH BUCHOBOK, AKHI MOXHA

3poGUTH 3 aHai3y NepeaaTHOl XapaKTEPUCTHKH POSTIAHYTOTO HIACHTIOBANBHOTO KacKaly:
npH 30iMbIiCHHL {6, (AinAHKA [I) U, 3MeHmyeThea. TliacnmoBau, y AKOMY MpupicT BUXiAHOrO

CUTHATY NPOTHAEKHUIA 32 3HAKOM 10 AIPUPOCTY BXiZHOTO CHTHAIY, HA3HBAETLCA iHEEPMYIONUM.
[TepenaTHa XxapakTepHCTHKA KACKaLy A03BOJSIE HAM DO3MIAHYTH  PI3HOMAHITHI ¢rocobu - pobortu

U"j 1 Knac B Use
N AT
Nt
KnacA
g >
Tt Tt t
Knrouoenit
Pexxnum
T Krnouosuit
N Desxama

Man.2.2. TlepenatHa xapaxteplcTuka
TPaH3UCTOpHOTO Kackany i3 CE

Kackazy, 10 Ha3UBAKOTHCA KIIacaMH MiACHTIEHHS.

Ha man. 2.2 noka3sani 10BilsHUH ABOMIONAPHAH BXIIHMIT CHTHAN [/ gy (t)Ta (opma kpuBoi HanMpyru
Ha KONEKTOPi [/ (t) y PI3HOMaHITHHX pexkumax (knacax nipcuneHHs). ITpu poborti B xraci nidcurenns
B U ge = U gx Heniniinicts NIEPENATHOI XAPAKTEPUCTIKN KACKALY NPU3BOIMTH A0 TOTO, IO B Xnaci B
Ha BHXiI MEPENacThCs CUTHAT TibKM OMHI€T MOJAPHOCTI: Ugy > 0. Knac B y posrmaHyromy
HAlNPOCTIINOMY KACKA/li MOYHA BUKOPHCTOBYBATH JIALIC /TS TIEPEAABAHHS  OZHOTOIAPHHX CUTHATIB,
10 3YCTPIMAKOTECS HEYACTO: 3 NepelaBaHHAM JBOMONAPHOI HATIPYrH (opMa ii COTBOPIOETBCS, HAaCTHHA
ingopMauii 6e3MOBOPOTHO IyGHTHCA.

[tpu poborti B knaci nidcunerHs A Ha BXiA MIACUIIOBAYA OJHOYACHO 3 BXiAHMM CHUTHANOM Ue(l)
TI01a€THCS TAKOK MOCTIHA HANPYTa 3CYBY, TaK WO Uge=Uect Uy (AMB.HACOBI Jlarpamut CUTHATIB Ha M.
2.2). 3aBAKH 3MIILEHHIO Uex(?) BXIAHUH CHTHAN BIATBOPKOETBCS LUIKOM, NPAKTHYHO (€3 CMOTBOPEHHS
(bopMu, TOMY [0 3HAYEHHA Use NOCTIHHO BIANOBIAAIOTE AiNAHLI /] NEpeaTHOI XapaKkTepUCTHKH. Pexum
poGoTy miJCHAIOBAYa, KONMM YBIMKHEHI J/oKEpena >XMBICHHA Ta TOAAHE 3MILUCHHS, alle  tg=0,
Ha3UBAETBCA pedicumomM cnoxoio. Y uboMY pPexuMi s =Use: Ta ig=l5c a tue=Uee 3 TIpUKIaNAHHAM
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BiJl’€MHOI (460 MO3UTHBHOL) HATIPYTH g 3MECHIIYETHCS (A60 BIANOBIAHO 3GLMBIULYETECH) CTPYMU ig TA ix
Ta NajiHHA HAanpyru Ha Ry, y pe3ynbTaTi 30iNbWNTECA (3MEHILMTBCA) HAAPYTa Use, Uk = Ukeo + AUke. BiE
AUie = gy .. KOpUCHUI €EKT MiACHNEHHS.

Tpu po6oTi y kmouosomy pedicumi (PeNKHUM BETMKOTO CHTHANY) 3MiHA BXIAHOT HANpyru 3aXOrumnoe
nainsuky [-I]] mepenaTHoOi xapakTepucTrku (AWB. 4acoBi AlarpamMp Ha man.2.2). dopma nepeaaHoro
CUTHATy CHOTBOpIOETbC (0OMexcyeThes #oro amrunityna). IloniGuuil pexxuMm pofGoTu  kackamy
3HaXOJMTh IMMPOKE 3aCTOCYBAHHA B IMIYNbCHIR TeXHILi 3 MepefaBaHHsAM IMIYJLCIB NPAMOKYTHOT
thopmu, e OOMENKEHHA aMILTITYI¥ iMOYJIBCIB HECYTTEBE.

Bubip xiacy migcunesHs Ta Bubip pexxumy CloKOK BU3HAYAE He Muiue Gopmy nepeaHoro curHany,
ane i MOTY)XKHICT BTPAT, 10 BUKJIMKAE HAarpiB TPaH3UCTOpa:

17

Py= 7 JUeirdt

0
Ha piarpamax man. 2.2 MyHKTUpOM 300paXkeHa 3aMeXHICTb MOTYXHOCTI Py y peXnMi CNOKOIO Bijl
Hanpyry 3miwenus U, Lls 3anexHicts nokasye, wo Bubip Uy, Becepeldui ainsuku J/ nepeparHoi
XapaKTepUCTUKU Kackajly BiAMNOBiJa€ MakCUMAaNbHUM BTpaTam NOTYXHOCTI B TpaH3ucropi. Binbi
JOKNAJHO LE MUTAHHA PO3MNANACTHCA Y HACTYMHHX pO3AiNax npu noOyAOBi KackaiiB MiACHIEHHS

NOTYXCHOCTI.

§ 2.2. Pexxum cnokolo B KACKali i3 cniJibHUM emMiTepom

Bujiinenns pexxumy CMOKOIO MpU aHati3i CAEKTPOHMUX CXEM € OJMIMM i3 THMOBUX NpPUAOMIB
CXEMOTEXHIUHOT eNIeKTPOHIKU. [1ponosixxumo po3rasn kackany i3 CE y naiiGinelu nowvpeHoMy xnaci
niacuaenHs — xiaci A. Cxema kackaly HaBeaeHa Ha ‘mMan. 2.3; crouarky Oyjemo posrisjara
crpolleHuii Bapiaut kackany npu R.=0. CxeMa MICTUTH 3HAHOMI HAM KOMIMOHENTH: MIACHIIIOBANBLHUI
€IEMEHT ~ TPaH3MCTOP, JUKEPENO MKMUBJICHHS [ OMIP KOJEKTOPHOro HasaHtTakeHns R, Ha cxemi
3'ABUBCA OMIP KOJNEKTOPHOIO HARAHTAKEHHA R, JO AKOIO HPUKIAACHA Hanpyra (/. & BXie KOJO
YMOBHO MOJAHE Y BWIIAMLL NOCHIAOBHOIO BMUKAHHA ABOX Jukepen nanpyrn U, va Uy, (Y § 2.5 mu
YTOUHWMO CMOCOOHM 3B'A3KY KacKaly 3 JUKCPENIOM CHIHAIY 13 HABAHTHKEHHAM, NOKK BIA3HAYNUMO JIHLLIC,
IO B KJaci MiACMJIEHHA A Ha BXiJ Kackaly KpiM BXIHOTG CUrhaay MOAacTLCs floctiiia nanpyra
3MiweHHA Us,y,)

Ha man. 2.4 noaani TMMuacoBi fiarpamu Hanpyr Ta crpyMis y kackaui i3 CE. 1pn =0 y pexcumi
CIIOKOIO YepPe3 TPAHZUCTOP NPOTIKAOTH MNOCTIMHI crpyMu J5., Lo, loc 1 210 Gaim Ta Konmekropa
TPAH3UCTOPa NprKNajeHi NocTiii Hanpyru Usec | Use.c#0. Jins Toro, o6 y pexuMi criokoio {/,,=0, y
KOO HaBaHTaxeHHs Ry HEOOXIIHO BBECTH JDKEPENIO NOCTiiHOT komneHcy1otol Hanpyru Uy ¢=Ukee: 3
(PUKJIAIAHHAM BXiHOI HANPYCH, CTPYMH Ta HaNpyrd B TPAaH3UCTOPI OAEPXKYIOTh NPUpIct Al/g=tux,
Al Al Al,, AUe=Ugy, AKI NOKa3ani Ha Mait. 2.4 Ui BXiAHOTO CUrHANY JIOBINLHOT popMu. Mutresi
3HAYEHHA CTPYMIB TA HAMPYr Y TPAH3UCTOpI MOXKYTL OyTW 3Haijeni 3a JIONOMOrolo rpadidsoro
METOAY, WO € OAHNM 3 eHEKTUBHUX 3ac00iB aHanizy HeNiHiNHUX Kin.

Y cxemi majt. 2.3 € AMIIE OAMH HEMIHIHHUA €MEMEHT — TPaH3UCTOp, 3B'A30K CTPYMIB Ta Harpyr y
TpaH3uCTOpi nojanuii fioro BAX (aus. man. 1.25), 30kpema  HOro BUXIAHUMH XapaKTCPUCTHKAMH

ix=1(tx) NpY Jg=const @0
Ipu rpadiuHomy ananisi nixilina yacTHAA CXEMM OMUCYETLCA PIBHAHHIM Y THX 3KC KOOPAMHATAX

(ix, uw)

Posrnanemo pexcum cnoxoro. JonycTuMo, WO B NAHLION HABAHTDKEHHS YBIMKHEHE JUKepesio
HANPYrH, WO KOMNEHCYE, Ukown=Uk.. TOMI B peKUMI CMOKOIO CTPYM Yy HABAHTAKYBAILHMH NAHIUIOT
(R, Usowe) HE BIATANYIKY€THCA, | PIBHAHHS JNiHiIHHOT YACTHHU CXEMHM 3aNUCYETHCS Y BUMIAAL

4 ‘ ix:( EA' - UA‘L‘,L‘)/ Rk‘ (22)
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Man.2.3. Kackan i3 CE \U/‘
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Man.2 4. Yacosi giarpamu ¢Tpymis . Ta
Hanpyr B kackagi i3 CE A
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Pose’sizyemo cuctemy piBHane (2.1), (2.2) rpadiqno, ANA UBOTO Hepe3 CIMEHCTBO BHXiIHHX
XapaKTCPUCTHK TPAH3UCTOPA,(MaN. 2.5) NPOBOIMMO NiHiI0 HABAHMANCEHHA 1O ROCMITIHOMY CIpYMY, 140
omicyetbea GopMynoto (2.2). 3 Gopmynu (2.2) 3HaxoANMO, WO 0PH ix=0, uxe=Ey i TPU =0, ix= Ex/Ry
Hepes /i 3HafteHi TOUKH NPOBOAMMO MPAMY NiHilo. 3a1aMoO CTPYM 6a3u B PEKHUMi CIIOKOK Is.¢, TOAI
NEPEeTHH JIiHii HAaBAHTUKEHHA MO MOCTIAHOMY CTPYMOBI 3 BUXIZHOK XapaKTEPHCTHKOK TpaH3HUCTOpa
pH- ig= 16:c Oyae BiANOBINATA PO3B’A3KY CHCTEMM PiBHAHB (2.1), (2.2)-Touuti crokoto 0 (Usee, Jeo)*.

Ipapiynnii awanis kackamy npu waseHocmi exidHOzo cuzvanry TPOBOIMTECA AHANOTIMHO.
Posrnanemo kontyp npoxomienns crpymy Al uepes HiHiiHy uacTuny cxemu. Lleli cTpym mose
TpofiTH Hepe3 Ry Ta £y, a TakoXK 4epe3 Uxouc Ta Ry OCKiTbKM oMip mpKepen mocrilinoi Hanmpyrn wis
npUpocty CIpymy (tobTo  ixHilt omip w1 3MiHHOT CKNamoBOi CTPYMy) AOpiBHIOE HYIIO, PiBHSAHHS
JIHIAHOT YaCTUHM CXEMH MAE BUTTIS

* V sarancHomy semaxy yMOBA Uyyu=Uyc HE BHKOHYETBCA i CTPYM KONEKTOPA BIATANYXYeTsCA B JaHigor R,
3anHHMO B UBOMY BUNANKy JiHilHY YacTHHY cxeMH (£, R, Uy, R,) exsiBanentanmu onopamu-ta EPC R,,, Ta £,
3HAWJEHMMU 3rUIHO 3 TEOPEMOIO MPO CKBIBAIEHTHHMH retiepatop. UnTau Moxke nepexowartucs, mo Re=RRJ(RARy), a
Epe ] Re % RARARN Uppud Rt EJR,). Ui 3HaueHHs Roy 1a K.y TiACTaBEMO 3aMicT R, ra I, y dopmyny (2.2) 1
1106y 2y€MO 32 UM PIBHAHHAM NHII0 HABAHTAXEHHA 1O MOCTIHHOMY CTPYMOBI.
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JliHis HaBaHTAKEHHA NO MOCTIHHOMY
CTPYMOBI '
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Mai.2 5. I'pagiunnii pozpaxynok kackaay i3 CE: wrrpux-
HYHKTUPHA JIHISE — BUXIHE XapakTepueTuka npu le-ls.e ra
Harpisatni

AL AU RARVI(RR =AU (Rel | Ro). (2.3)
ne Ry||Ry = nosHaycHun napaiensioro s'eHanns pesucropis. Po3p’sikeMo cuinnuo pisusiiis (2.1) ra
(2.3). Jist 116010 "epes CIMERCTBO BHXIHINX XAPAKTEPUCTHK TPANZHCTOPA (Ma. 2.5) MPOBOAMMO, Hcpes
TOUKY CHOKOIO, #itilo HAGuHmaxcenus no sminnoay cmpysy AOB signosinno jo supasy (2.3). Ockinbku

(R [ R, npama AOB 1ipoxoanTs, KpyTile Jiinii HasalnTakenis 110 nocriiiomMy crpymy. ‘

I3 s3Ginbiuetism is pododa Touka kackany (U, i) NEPeMIllyeTbes YBEpX 110 npamiit OA, Crpym iy
3poctae, e najac. I3 smerieniam crpymy 6asn pofota ToMKa 1epeMitlyeThest o npamiit 08, crpym i
nanae, Uy spoctae. [pama AOB- ye mpackmopis potouol mourxu Kackaly.

I'padimimil  ananiz  203BONsE  BPAXyBaTh  HCIHHIANICT  XAPAKTCPUCTHK  TPAH3NCTOPY,  JA€
MOJKIIMBICTL PO3IIBIAATH AT OYJbL-3KUX CUIHaiiB Y Oyjb-KOMY Kiaci mijacuicns. Heaomikom #oro ¢
IPOMIBAKICTL 1 HCMOXNUIMBICT BUGOPY TapameTpiB CIACMCHTIB KACKALY 3a 3QIAHMME  BHMOrami.
[onoBHOIO 1epeBarotd rpaiyHoro avalily € narjsiHe NpeAcTaBiIcHin 1po poboTy Kackaly K Ipo
CXEMY 3 HCJHHIAHIIM CIICMCITIOM.

Y § 1.5 Myt BIZHAYATH CHIILHY 3ATICKHICTL CTPYMY e BULTCMICPRTYPH. 3 HATPIBAHIAM POCTC /¢
BHXiHA Xapakrepucruka npu sbepiraii pisnocti Je=lse 3MILLYCTHEH Bropy, sK 1OKA3aHO ITPHX-
IYHKTUPHOIO JIiHicio na man. 2.5, Touka CIOKOW NCPEMIlLYETLEs BrOPY 110 NiHil HABAHTMKCHHS 110
nocTiiHOMY ¢TpyMy 3 0 y (), BHACHIJOK HOIO NMPUPICT CUrHAIB MOXKC BHITTH 3a Jinsnky /I nepenariol
XapakTepUeTUky (B, Man. 2.2) i dopMa kpuBoi curiany Gyie clioTBopeHa (KPHBA ey IPH HArpiBaILI
Ha man, 2.5). ToMy B Tpan3HcTOPHEX fIACHIIOBANAX HEOOXIIHA cmadinizayis mouxy cnokoio i Kackajm
Ge3 crabnizalii npaktuo He 3acTocoByloThest. Crabiizawis pekuMy Croko: I03BOISC US JIHLIE
BHAYUMTH cnOTBOPENNs QOPMK CHIHAny Nipu narpisanui, ane i crabinizysarn peKkMM LpH 3amini
TPAH3HCTOPA, OCKUIBKH MAPAMETPH TPAH3UCTOPIB MAIOTh BEJIMKHI PO3KWJL, NOKazaHUil y IaclopTHHX
JaHUX HpHIIaLy.
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§ 2. 3. 3sopoTHi 38’ sm3ku. Cradirisauis pe;xUMY CIIOKO0I0

Tl craGinizaiii pexunmy CIIOKOI y KacKall YBOMITE 360pomuuii 36230k (33). 360pomuum 38'a3x0m
HA3u8aEMbCA nepedasanisi iHgopmayii (ab0 eHeprii) 3 guxody npucmpoio abo cucmemu Ha #1020 6xio.

3a sonomorowo 33 10GUBAKOTECS HOBUX AKOCTEH MPUCTPOIB Ta CTBOPIOIOTH HOBI cxemu. Teopin 33
NEKUTE B OCHOBI «Teopii aBTOMATHMHOTO perymoBanHsy». 3BOPOTHHI 38'430K 3ACTOCOBYIOTE HE AHILC B
TEXHil, e #i 'y KepyBaHHi rany3sMH HapPOAHOIrO roCIIONAPCTBA, Y KEPYBaHHI COlUiaTsHIMU MPOLECaMA.

3BepHEMOCA 10 €NiEKTPOHHOT TexHiKH. CurHan 33 3aleXHTh Bl OAHOTO 3 BHXIAHUX NapameTpiB
NPUCTPOIO: HANPYTH, CTPYMY, 4aCTOTU 06€PTaHHs ABUTYHA, TEMITepaTypu 00'ekTa i T.in. Bianosiaxo ao
uboro 33 MOAINAIOTECA Ha 33.10 Hanpysi, cmpymosi, weudkocmi, memnepamypi i T.iM.

Ha Bxoni npuctpoio BiaGyBaeTbes AOAAaBAaHHA BXIAHOrO CMrHany Ta curany 33. Slkmo 3raaai
CHUTHAIK JIOAAIOTHLCSA TaK, 10 anrebpaivHo CKNAAAOTECs iXHI HANpyru, To 33 HA3UBACTLC NOCAIOOBHUM.
Ipu anre6paiuHoMy noJaBaHHI CTPyMiB HAEThCA napareabHuti 33.

SIKuio Ha BXO/1i OAAIOTHCA CUTHANM PI3HKX 3HAKIB, TO 33 € necamusnuii (H33). Y nanomy sunaaky
Ha BXOMi CXeMM jlie pi3HMUEBMH CMIHAN, sKMIl MeHwMi BXigHoro. BuXigumii curuan mpu upomy
3menuyerses. Tlpore i3 3acTocysanHam H33 36inbinyersest crabinbhicTs BHXIAHOT Benuuuneay: H33 no
Hanpysi crabinizye Hanpyry, H33 no wsuaxocti crabinizye weuakicts i T.A. Y uifl ocobnausocti H33
nepekoHaemMocs B 1aHoMy naparpadi.

I3 nopartium 33 ([I33) Ha BXiA NPUCTPOIO MOJAETHCS CyMa BXiAHOTO CHUTHamy Ta curHamy 33.
Buxinpuit  curnan  30inbwiyeTbes, ane  crabinpHicTh  BUXiAHOro - napamerpa namac.  JI33
BUKOPUCTOBYIOTbCA . I MPUCKOPEHHA MEPEXiHMX [IpOLECciB, BOHM 3aCTOCOBYIOTBCA B CXeMax
TEHEepaTopiB Ta B iMMTYN6CHUX MPUCTPOSIX.

Omke, nepea Hamu NOCTABNIEHE 3aBAAHHA cmabini3ayii. mouku CHOKOK Kackaigy 3 ChifbHUM
emiTepom. [1na usoro yBoauMo B kackan Mait. 2.3 pesuctop R. [TaliHH Hanpyri Ha HboMY te=i.Ro~ixR,
NPUKNAANAETCA 10 BXOLY TPAH3MCTOpA:

Uge=Uext Uy U (2 4)

Hanpyra u, € curtanom 33, BiH nponopuifiuMii BUXiAHOMY CTPYMOBI TPaH3UCTOPA i~ ix TOBTO B
2aHoMy BUNAAky Haerscs npo 33 no ctpymosi. Ha Bxoai BinbyBaeTses BigHiMalHa Hanpyr, ToMy 33 €
nocniA0BHMIL Ta Big eMHN, )

V § L5 sxazysanoos, wo npu narpisasni 36inburyrotses f,7cc, TOMy pocte nocTiiina Cknanosa
vanpyru 33 Uec=lecRe~ R Y Bianosignocti 3 supazoMm (2:4) Usee=Usn-U.. 3mMeHIIyETHCH,
3HWKYETHCA NpPAMA HaNpyra Ha EMITEPHOMY NEpexofi, BHACHIZOK 4Oro 3MEHIIYIOTHCR CTPYMH
TPaH3NCTOPa lge, Iie TA Jee. OTke, 33 NiATpMMYE CTPYMH TpaH3WCTOpa B PEiHUMi CIOKOW Ginbi
cTabinsHumu. CTaGibHICTD peXkMMY CNOKOO 3pocTae 3i 36inbleHHAM R,, TOMY IO NMPU UBOMY POCTE
curnan 33. )

Taka ctabini3alis TOYKH CMNOKOW JAAETHCS AOPOTOI0 WIHOK. 3 - rojaveld Ha BXIA Kackaiy
MO3UTHBHOTO (300 HEraTMBHOIO) BXIAHOTO CUTHANY g 3GIMBINYIOTHCA (a60 BiATNOBIAHO 3MEHIIYIOTHCR)
CTPYMH . TA I @ TAKOK MaJiHHA Hanpyru na R, (curxan 33). 3 Bupasy (2.4) Bu3HauuMo 36in6IueHHS
Hanpyru mix 6aszoro Ta eMitepoM: AUse=ug-AU,. Tpausuctop  kepyetbea  Ranpyroio |AUs| <fus,
Tomy Als, Aly, AUy, TeNEp MEHLUE, 3HWKYIOTHCS Uax T KOEDILIEHT MiACHIEHHS KacKay.

JnA 3mewenHa wkianueoro BIUMBY 33 Ha NiACHAEHHA Kackaly oOMekywoTs Hanpyry U, (xe
Oinbure 0,1 Ey), ane i npu usoMy mwkimmsui Bunue 33 goctatHso senukuit. TlpoTupivus mix
BUMOraMH 10 - cTabinbHOCTI  TOMKM CMOKOK 1 10 BHCOKOrO riacuieHHs nepeGopedi B
JudepenuiansHomy kackaai (aus. § 2.6).

3 BUOHPAHHAM TOUKM CTIOKOIO B KJIaci A HEOOXiAHO M036aBUTHCH CMOTBOPEHL CUTHATY (AN H40TO
TpaexkTopis pobouoi TOUKM MoBuHHa GyTv oOmexeHa Biapizkom AOB) (man. 2.5), npu upomy
TNOTYXHICTh, IO PO3CIHOETHCA HA TPAHZUCTOPI, MOBUHHA BYTH MIHIMANBHOK. [ BUKOHAHHS LIUX yMOB
JIOCTaTHBO BUOPATH

Uxe,c= UK.’).H+A Ux.c+ Ueuxw‘mx; (25)
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IK‘L':(B+1) 1K60+ Ueux.uax/( RKl |Ru), (26)

n¢ Uken — Hanpyra, Wo BIATHHAE KPYTY AIMRHKY BUXIJHHUX XapakTepUCTHK TpaH3ucTopa (IMB. Man.
1.25, a); A Uy — 3anac Ha repeMilieHHs TOUKH cnokol0 0 3 HAarpiBaHHAM, Uy mex - MAKCHMalbHa
aMINiTYAa BUXiZHOTO CHTHAY.

ITpononyemo unTauy 3a NONOMOFOK AiarpaM Man. 2.5 NEPEeKOHATHCA, WO NPU BHKOHAHHI
caiBBigHoeHb Gopmyn (2.5), (2.6) TpaexTopis pobouoi TOHMKN Kackaay HE NOKWAAE 30HH Ue>Uen,
i>ig(Bt1), wo sianosinae ainsuui [l nepeaaTHoi xapakTepucTuku Man. 2.2, K 1py MiHIManNbHIM, Tak i
MPU MaKCHManbHil TeMIepaTypi.

np” er).\/n: Uw.c
Ix,cz( EK' Uxu.l- - L‘.L‘)/ Rx.
Poss'a3aBiun ue piBHAHHA pa3oM i3 BHpaszoM (2.6), nicis nepeTBopewb 3HANACMO OMip Y NaHIo3i
KOJIEKTOpa:

Ex—Uxke,c=Ue,c—Uguxmax
1xk60(B +1)+ U guxmax / Ry

Ry =

§ 2.4. Cxema 3amilleHHS TA roN0BHI NOKa3HUKM Kackaay i3 CE

Jlns pospaxyuky RIOCUMOSWIBHUX  HAPAMEMPIS KACKAMB  KOPUCTYIOTHCA iHIUUM  MCTOAOM
pO3paxyHKy HCNIHIAHWX  KiJl, OCHOBAHOMY Ha JIIHCapu3auwii HCMHIAHUX — BONBT-aMIEPHMX
XapakTepucTuk TpaHsucTopa (aus. Man. 1.25). Jlineapusayin neniHiiiHUX XapakTepHCTHK HEMMIyue
noB's3aHa 3 BTpartow) iHQoOpmalii Npo pealbHUA CIAEMCHT Ta OOMEXEHHS, 3yMOBNEHI FHioro
HeniHifHICTIO. Tak, mpu aHanisi NiacHMOBA4iB MOXKEMO PO3PAXOBYBATH JIMINE 3minii CKIAO08I
(MprpoCTH) CTPYMIB Ta HANPYT Kackajy Y Kraci niocusenhs A,

I3 PO3PAXYHKOM IMIHHWUX CKNAROBUX NIACHMOBANLHUA SACMEHT 3aMiocThes JHniiNoIo cxemoro
samiwenns. Ha noxunili AiAsHUL BUXiAHMX XapakTepucTvkK mat. 1.25,a TpaH3ucrop QyHKUIiOHYe sK
TPKEPENIO CTPYMY ix, 361NBINEHHS SKOro MOXKe GYTH 3anucane y BUTIS i

L= BAlgt AU el 1o,

ne re=AU/ Al npu [7=const — AnHamiuHUi BUXiAHUE orip TpaH3sncropa i3 CE, o6ymorneunii Haxuiom
nOXUNOi IARHKN BUXIAHUX XapaKTepUCTHK. ORip 7+ BENNKMIA (10*Om 1a BHILE).
TakuM 4MHOM, BUXIAHWA (KONEKTOPHUI) NAHLIOr TPAHIUCTOpA ABASE COBOIO Keposauu JoKepeno
CTPYMY 3 BHYTPILIHIM ONIOPOM Fe.
Bxianuit (6a30Buii) JaHLEOT TPAH3UCTOPA ONUCYETLCA PIBHAHHAM ceri
Als=AUge/Vex.c . .
€ Fee — JMHAMIYHME BXigHHit omip Tpansuctopa i3 CE, 3yMoBAEHHiT HaxwioM  BXigHoi
XapakTEPHCTHKI TpaH3ucTOpa (man. 1.25,6) npn Ug> Uy, ONIp Faxe NS MATOMOTYXHMX TPAH3UCTOPIB
nopAnKy 10° Om, ans Ginbw MOTY)KHUX TPAH3UCTOPIB BiH 3HIKYETHCH.

A JAYR
;
BO A —O0K
~ Man. 2.6. Cxema 3amitlieHHs o ls
Tpanzucropa i3 CE no 3miHHiH Aug, L] re 1A,
CKIanOBiH
Eo OE
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Cxema 3amitlienss TpaH3HCTOPA T 3MIHHUX CKNANOBUX M0/aHa Ha M. 2.6.

Tpansuctop, sk | Gyab-sxui 6araTonoOMOCHUK, MOKe OYTM NOAAHHE y BUITIAAI PI3HOMAMITHUX,

CXeM 3aMmilueHHa (AMB., HANpUKNal, Mail. 2.7,a Ta 6). Cxema Man. 2.6 mac psag repesar, o 3yMOBEIIH 11
BuGip: 1) ii napametpu nerko BU3HauaoTECs 3 BAX Tpausuctopa i MaloTh BU3HAMeHMil (i3uuHmit
3MICT; 2) O3HaYeHHs €JIEMEHTIB Ha CXeMi 3aMilUCHHS BIATIOBIAAC PO3MIPHOCTI BENHHHH,

3) po3paxyHKOBI BUPa3y 3 BAKOPHUCTAHHAM JAHOT CXeMM 3aMilUCHHS HAAGIMBI NPocTi.

Fir
b O
Al KB 75 T K
Nt 1/h22e Yo BAlg
EO——-=—- 8 -0 E FO— OF
a) 6)

Man.2.7. Cxemu 3aMilnetins tpanzuctopa i3 CE no 3Minuiil CKIan0Bii;
a~— B h-mapamerpax; 6 — y ()isHHHHX TIapaMeTpax.

YV Ttabn. 2.1 nonauuii nepeBig napameTpiB cXeM 3amillieHHs Mai. 2.7 y napaMeTpu CXeMU
3aMIMIERHs Mat. 2.6.
Iopanok po3paxyHky 3MIHHMX CKIQIOBHUX CTPYMiB Ta Hanpyr kackamxy Takuil: 1) 3amiHioemo
TPAH3MCTOP CXEMOK 3aMilleHHA Man.: 2.6; 2) 3aMmiHs€MO JiHifHy 49acTUHy CXeMH Kackamy
EKBIBAIEHTHUMM OTOPAMM ISt SMIHHOTO CTPYMY, TIPH LIbOMY BPaxoBYEMO, IO UKEPEA MOCTIHHUX

Taonuya 2.1. 3¢'a30k napamempie cxem 3aMitieHHA MPAHIUCIOPA 3 GMUKAHHAM i3 CRINBHUM

eminmepom
IMapametp cxemu 3HaueHHA MapameTpa Hepe3 napamMeTpy iHIKUX CXeM 3aMiluleHHs
man. 2.6 Cxema 3aMilueHHs B h- rapamerpax Cxema 3aMiIEHHS Y QI3MYHMX
(man. 2.7, a) napameTpax (Man. 2.7, 6)
Yexe hype re+re (B+1)
B [ha1e| B
Fi 1/h2ze ‘ rir

Hanpyr(E, Uy, Ukouc) AN 3MIiHHOI CKNAZOBOi CTPYMY MaIOTh HyABOBMi onip (§ 2.2) i Tomy
3AMMKRIOTECS HAKOPOTKO; 3) 3 OTpUMAHOI CXeMH 3aMillCHHA KACKALy pO3paxoByrOThes enempuqm
NapameTpH TiHIHHOTO NaHLIOra METOAAMH, BLIOMUMU. 3 KYPCY €IEKTPOTEXHIKH.

Ha man. 2.8, a HaeaeHa cxema 3amimenns kackay i3 CE 3a man.2.3. Jlo kosiekTopa TpaH3ucTopa
YBIMKHEHI napanenbHo pe3sucTopu Ry (kepeno £, T06To Touxd 1 Ta 2 Ha man.2.3 3akopouyemo) i Ry
(3akopouyeMo Usouc), 10 EMiTEPA — PE3NUCTOp Re, a MK 6A3010 T 3aralibHUM NPOBIIHUKOM (TOUKH 1, 2)
YBIMKHEHE JDKEPENO BXIIHOTO CHIHANY. '

KopucTylounch cxeMo1o 3amillieHHs kackany Man.2.8,a, 3HaliieMo napameTpH, o XapakTepH3yioTh
fioro niAcuOBaIbHI BNACTUBOCTL. [IpK pO3paxyHKY He BPAXOBYEMO i, OCKITIBKHM BIH BERHKHII.
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1. Bxiomiia onip Re=tlgr/ . O6iitnemo BXIAHN{ JIAHLOT Kackany:
e Al o AL R==Alg[ Fox o H(BH1) R.], ockineku AL=Als+AL=(p+1) Als. OTxe,

in=Alg Al & o

—— - -

Ul ' Uar
RF le\ I |
Ry Ry
J K H\\*l u\'[]
er I :
14
) ........... — 6)

Man. 2.8. Cxema 3amiulenns xackany i3 3arajibHuM eMIiTEPOM (10 3MiHHIF CKIAZOBIT (a) Ta
y3arajibHeHa CXeMa 3amilieltst liacunosava (0).

Ra= r(L\L+(B+l)R 2.7
Tpu R~0 (xackag 6e3 cTabinmi3aiii TOUKH CIOKOI) Ra= Fue. Bennunna R y kackauax iz CE manoi
NOTYXCHOCTI JOpiBHIOE Nopsiaky 10° Om.
2. Koeghiyjienm niocunenna no manpy3i y pexuMmi Xoioctoro Xoay: Kiw=tunltte PR Ry = .
Kopucryrouucs 3akotom OMa, BUPA3UMO HATIPYTY YEPE3 CTPYMHU;
Alx Rk BR;
K = = (2.8)
AlcRe  rac+(B+DR.

[pn Re=0 Kye=BRiFex.. 3nauenns Kuw npn R>>R, jocarae B kackanax sennumnnn 107, 3anexnicrs
dopmynn (2.8) nokasye aywe cunbhe 3MEHIICHHS K NPH 36ibenni R, (100TO 1py miABMILEH
cTabiNLHOCTI TOYKHN CIIOKOIO).

3. Buxiowuii onip -Rey 311aXOMITh 33 TEOPEMOIO DPO eKBiBaneHTHMIl rencpatop: 1e onip Mik
BUXIAHMMM  BMBOAAMM [IACHIIOBAYA 3 BUMHKAHHAM YCIX JDKCPCI cHrHaily  (JuKepena  Halpyru
00pUBAIOTS, JDKEPEa CTPYMY 3aK0pouyloTs). Jlonycrumo 11,,\‘0 Tojli BAls=0. Onip MK BUXigHAMK
BUBOJAAMH

R(ﬂl.\’= IeA (2())

Y MajgonoTyKHNX IAcKITIOBaYax Ryx=10° Om.

DByOo-skuti niocuniogay MOXCHA 3aMIHUMU Y3A2GNoHeHO Cxemolo man. 2.8, 6, wo Micmume
nidcumosaneni napamempu Kuy, R Ta Ry TIPOTArOM i€l HaCTMHU KYpey MOMIA NPOCTOKHTH
TEHACHLIIO 3aMiHIOBATH NPUIIAAK, KACKAH Ta GLIbLI 3HAUHI eNeKTPOHH] BY3NH YOTHPHIIOMOCHUKAMH
BHU3HAYEHOIO CHCTEMOIO y3arajibHEHUX napameTpis. Posymue ysaraisHenHs 3BCACHb HPO eleMeHTH
SNICKTPOHHUX NPUCTPOiB Aac 3MOry po3rnsaary yce Ginbil CKIaaHi CUCTEMM, 3BINBHAIOUM aHaNi3 Bij
PAHIlC BUBYCHUX MOAPOOULLE.

3a  10MOMOrOI0  y3aranbHEHOi cXeMM 3amimeHus Man.2.8, 6 3ualaemo immi  napamerpu
nizcustosaibhoro kackagy i3 CE, 1o € noxinuumu. Bis Kiay, Rex 12 Ra. Jlonyckaemo, o JOKEpEIIo
CHTHanly £c Mae BHYTpituniii onip Rr 3naiinemo koedilien IIACHNEHHS Kackaly N0 HANpy3i npH Ry

Kiu= L = Kuw—R_'L-—L = Ko YoxYeux. (2.10)
Er R+ R Ri* R o

A€ Yax T2 Yenx KOCDIUIEHTH, 0 NOKAIYIOTH BTPATY CHIHALY y BXiAHOMY Koai (wa onopi Rr) Ta y
BUXIAHOMY KON (Ha Ryyy). 3aBcau Ky < K

KoeoitieHT miacunerHs kackaay 1no ¢rpyMmosi

Ky =igud 1= Kupex Rexl( Ryt Rtmx) 2.1 1)
Ockinpkn B kackai 3 CE K>, 10 K> 1 socsokuuii.
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Un L] 0BT

Man. 2.9. PizHi crioco6u no6ynosu cxem [TI1C

KoediuieHT miacuaeHHs no moTys;kHOCTI
Kp= Poud Por= Ky Ky>>1 (2 12)

SIk npaBuIlo, MANTONOTYXKHI TiACHIIOBAYT CTBOPIOIOTHCA VTSl TiACKNEH S HAanpyru. Ina oneprianns
MaKCMMALHONO MiACUIIEHHA MO HANPY3i, sk Bunnueae 3 gopmynu (2.10), Tpeba 3abeancuntn Ru>>R,
Ta Rux<< R, VY xackazi i3 CE ui ymosu 3abesnedytotscst morano. [Tokaxemo ue Ha ripuknami. Hexait
B=50, rexe= Ri=1 KOM, R= R: =2 kOM, R. =100 Om. I3 popmyau (2.7) Re=6 kOM. I3 dopmyiu (2.8)
Kin=16, a3 dopmynnt (2.10) Ky = 4. Hepnane cniBBiHOWEHHS Re/ Ry Ta R,/ Ry 3Menmye koeditient
niacHneuHs B 4 pasu!
Y § 2.7, 2.8 posrnsuyri cnocobM NOJONAHHA ¢ ;0 HEIOJIKY, BJACTHBOTO  TPaH3MCTOPHMM
NiICHOBAYaM.

§ 2. 5. Buau 38’s13kiB Ta apefid nyas y miacumeBayax nocriifHoro ecrpymy

I3 noGya0BOIO MiZCHMOBANBLHUX KACKaAiB, U0 MPALIOOTh Y KNaci A, HA BXif Kackany (man. 2.3)
MOAAETHCA BXiAHA HANPYTA T Hanpyra 3MitleHAs. Ha KoNekTopi TpaH3ueTOpa — BUXijHA Hanpyra Ta
noctiiHa cknanosa Uy, A1 KOMIeHcalii Skoi Moxe GyTn BBEAEHA KOMMEHCyoua Hanpyra. Cxema
mat. 2.3 moke Gyrn peanizoBaHa npu BUkOHaHHi mkepen Uy, Ta Ugwe Y BUDIGSAL HE3ANEIHUX
rajbBaHiqHUX enemenTiB. [IpoTe Take BUPILWEHHS CHARIO  YCKNAJHIOE JUKEPENO  SKHBJCHHS
NiACKIOBAYA | 3aCTOCOBYETBCS Ayske piAko. Ha cxemi mat. 2.9, a Hanpyru Uiy Ta Usoue GOPMYIOTHCS
PE3HCTUBHUMK NoninbHukamn R;R> Ta R3Ry, wo yBiMKHEHI 1O juxepena >kuBlieHHa £,;. Henonikom
CXEMHOrO BUPILEHHs Man. 2.9, a € BiICYTHICTD 3araibHOi TOUKH ¥ DKEPEN| Uox TA HABAHTAHKEHHI R, IO
HEPIAKO YTPYIHIOE BUKOPUCTAHHA TAKOIO IiACHTIOBAYA.

Lleit Hezonik Moake GYTH NIKBIZOBAHMA y MiACHMIOBAYaX i3 MBOMA PI3HOMOMAPHUMM DKEPENAMH
JKMBJIEHHSA, 10 Y AaHUH- bac wupoko noumpedHi. CXeMa BMHKAHHSA JLKEPENA CUTHAmy A0 TaKoro
NiACHIIOBAYA HaBe/IcHA Ha Mall. 2.9,6. JIna onepXkanHs HANPYIy 3MilEHHs BUKOPUCTOBYETHCH IPKEPENo
— £, 110 SKOTO YBIMKHEHUH €MITEPHHIA NAHLIOT KACKazy, WO MICTHTE pe3ucTop Res. JDKepeno cHrHany
yBiMKHeHe 6e3nocepeanbo Mik Ga3ow0 i 3araisHuMm (3a3eMUIEHMM) NpPOBiAHMKOM. Jns W€l cxemu
cnpasednuBui Bupas (2.4).

3arantbHuM HEZOTIKOM PO3FAAHYTHX CrocoGis BMEKaHHA ukepena curvany ao ITIC (cxemu man.,
23, man. 2.9, g, 6) € Te, WO Yepe3 WKEPERO CUPHATY POTIKAE CTPYM Gaiu CNOKOW. SKWO LKEPEno
CHrHally HE NPUIYCKAE L1bOro, KaCKaj BapTO BUKOHYBATH HA NONBLOBOMY Tpan3nctopi (ans. § 2.8).

BMuKaHHs HABAHTWKEHHA Y CXEMaX I3 JBOMA [PKEPENAaMH XUBEHHA MOXe OYTH 3aiiicHeHe, Ak
nokasaHo Ha man. 2.9,6. Hanpyra U, KOMNEHCYETLCA HAMPYTOO HA Pe3ncTopi Ry MOMIAEHUKA HANPYCH
RiR2.'Y pexxnuMi CrOKOK HAanpyra Ha BUXO/1

Ugu™ Ul\(,( UK.L'+| EA'Z[ ) Ry (RI+ R2)

Ockinpkp B pesxumi cokol NoTPIGHO 3206E3NCUNTH Ugy=0, TO MiCHA HECKNANHMX NEPETBOPSHD

MOXCHA OJIEpIKaTH, 1o VIS LBOT0 HEOOXIAHO
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Usel| Exal= Rif Rz

[3 nepenaBaHHAM KOPUCHOIO CHTHANY U, YacTHHA HOro ryGUThCA HA MOAINBHUAKY, 0 CKIAAa€ThCs
3 pe3uctopa Ry Ta omopa R;|| R, KoedillienT nepesaBaHis UbOr0 NOMINBHNKA

v=Ro|| R/ Ri+ Ra|| Ry).

Takum 4MHOM, Y MIACUIOBAYAX MOCTIHOrO CTPYMY 3aBAAHHS 3B'A3KY MiACHIIOBAYA 3 HKEPESIOM
CHTHANY T4 HABAHTAKEHHAM BUKJIMKAE BIAOMI TPYAHOLL, BUPILIEHHA HEPIAKO HOCHTE KOMIPOMICHHI
xapaktep. Haibinbue BAami CXEMHi BUPIICHHSA OAEPXKYIOTh LWIHMPOKE MOLUIMPEHHA | BUITYCKAIOTHCS Y
surnsiii (abo B cknani) IMC, siki aHaJTi3y1I0TBCA HUKYE.

Xapaktepnoto pucoto [IITC € Takox Opetigh Hysna — camMOMMHHA 3MiHA BHXiZHOIO CHUTHaNy DpH
AUgs=0. Illpuurvnamu  BuHUKHEHHS apciidy MOXKYTh OYyTH  HecTabiNbHICTh JUKEPEN SKUBJEHHS
niAcHMOBauiB i 0COONMBO  3MiHA NapaMeTpiB HAMIBIPOBIAHWUKOBUX NPUNALIB Ta IHLINX CIEMEHTIB
CXEMM BHACHIJIOK 3MiHU Temrnepatypu abo crapiHHs enemenTiB. Hanpuknaz, y cxemi man. 2.9, a npu
36ineiuendi EPC miepena >xuBnenns £y 1 3MiHa AE uepes nofinbHuk RyR; 6yne nepesana Ha Gasy
TPAH3UCTOPa, BUKINUE 36iMbLueHHs §a30BOr0 CTPYMY Ta 3HIDKEHNHS NoTenuUiany konekropa. OcKinbku B
cxemi i3 CE K,>> 1, ua 3mina AU, Moxke 6yTtu 3HauHo Ginbwa, sk AE. lHa napanraxenti 3'ABUTbCS
HeraTHBHE 3011bIIEHHS BUXiHOT HAMPYTK — cUrHan apeidy.

Posrnanemo inwmii sunanok. lpu 36insmennt Temnepatypn 3pocTaioTh CIpyM fqao Ta koediuieHT P
TPaH3MCTOPA, BHACHIZOK LHOro 36iNbLUIYETHC CTPYM KoJeKkTopa (AuB.§1.5) i 31mKyeThes noTeHtlian
KosiekTopa. Ha HapaHTakeHHi BUHUKAE HeraTnaHe 30ULIEHHS HAaNpyrk — curuan apeigy.

MakcumanbHy HaNpyry Ha BUXOAI MNiACKWTIOBAYa, BUKIMKany APeH(OM, 003HAYUMO Uy .
Beanunna Upp= Uppan /Ky, D¢ K. — xoedinient niacunenna mincwiioBaua, HauBacTbC CUSHUNOM
Opeiighy, npusedenum 0o exody. Curnan npeidyy € nosinwHo 3minna. senuuuna. [lpun  poGori
macumoBada HeoOxiano 3abes3nedntn Un>>g,, inakuie npeid va BUXO/l HE MOXTHBO BIAPI3HATH Bl
KopHucHoro curHany. Jlns crBopeHHs akichux [T11C HeoGXiiHO 3HINKYBATH, @ UPH MONCTUBOCTI LIKOM
nosbasutuca apeddy nynsa. Crabinizalis Jokepesa SKUBACHHA, polOYMX PEKUMIB, TCMNEPATYpH JUif
uporo HeedekTHBHA, TOMY W0 Halimenwi siaxuncuus nigcumotorbes TMTIC. EdéxruBanm 3acobom
GopoTebu 3 ApeioM CTamo 3aCTOCYBaHHA KackaiiB, NoOyJ0BAHUX 32 NPUHLMMIOM 3PiBHOBDKCHHX
MOCTiB. HaiiGiNbli noWwmpenM i3 HUX € audepeHilianbHiil kackal,

§2.6. ludpepenuianbHUi Kackag

I3 posrnagom kackagy i3 CE BusBneHo psl ~TPYAHOWIB, WO BWHUKAIOTL TMPU  CTBOPEHIN
mipcumosayis. [lo-nepuwe, npu crabinizauii pexuMy CloKolo 3a JNOMOrol onopy Re siadysacthes
3Ha4yHe 3HmKeHHs Koediuienta niacuneHHs kackamy snacnijok Aii B33. TMo-upyre, upu 3s'asky
KACKa/iB OJMH 3 OAHUM KOEdiLiEHT MiNCHACHHS 3MCHIIYETHCS 3a PAXYHOK BTPAT HA PE3MCTUBHUX
enementax (aus. Man. 2.9,6), and JikBizawii 1eoro 3HmKeHHs K, HEOOXiANO 3aCTOCOBYBATH CXEMH 3i
CKNaZHUM JKepenoM xkupnenns. [To-Tpete, y nigcumoBadax € apeiid) Hyaa. L{ux cepio3Hux HeJonikis
yacTkoBO ab0 UinkoM nosGasnenuii audepenlianbHUi Kackaj, KW TOMy HAI3BHYAHHO LUMPOKO

3aCTOCYETBCA.
Haiinpocriwa cxema apdepeHUianbHOTro Kackany HaseaeHa Ha man. 2.10. Tpansucropu VT, VT2 ta
PE3NCTOPH Ryt T Ryz, yTBOPIOIOTE MiCT, B OIHY A1aroHab SKOTO BMAKAIOTECA JUKEPENaA JKUBNEHN  +

Ex Ta ~ Ee a B ApYry — HaBanTaxenus. JudepeHuiansHuil KACKaj HEPIAKO HA3MBAIOTH TAKOK
napanensHo-6ananchum kackaoom. BUCOKI NOKa3HUKM Kackajsy MOXYTb OYTH JOCATHYTI JUIIE MTPH
BUCOKiH cumetpii (GasaHcyBaHHi) MocTa. Y- cHMETPUUHOMY Kackaai Ra=Ri;=R. TpaH3HUCTOPHU MOBHKHI
OyTH inenTnuHi 3a cBOiMU napamerpamn. OCTAHHE AOCHKHE JUIIE NPY BUTOTOBNCHHI TPAH3HCTOPIB HA
OZHIM KPHCTaNI 32 OAHIEI0 TEXHOOTIE, TOMY NMdEPeHLIANbHI KACKALH BHKOPHCTOBYIOTh Y AaHui vac
aue y surnami (abo B cknaai) IMC. ‘

Po3rnaHemMo pexuM criokoro, B kackaai Man. 2.10, KonH ue=0 Ta ue:=0. Hanpyru 3MilleHus Ha
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060X TpaH3uctopax omHakoBi: Usge; = Usges = -U., me, sax Bummsac 3 wman. 2.10,
U= -Eat(lgcrtlEez)R<0. 3a paxyHOoK OOHAKOBOIO MO3MTMBHOND 3MilieHHA Ha Gasax uepes
TPAH3HCTOPU MPOTIKAIOTE PiBHI cTPYMU: lgor= I5ea, Ixer™ Ikea, Tpei= Igea. KonektopHi ctpymn
CTBOPIOIOTH MAAiHHA HANPYTH HA PE3UCTOPaAX Ry Ta Rig, Tomy U cr=Ukpc=Fa-Tcer Rer- Uk ™ Exv-Ige2
RA'Z'UL".C-
Ha suxoai kackany tg,= U -Urpi=0
Y TakoMy kackaii 3IiMCHIOETbCS cTabinizamia pexuMy cnokow. SIkuo NPU HarpiBaHHi 3POCTYTh
Iger T Ixer, 30iMBIMTECS CTIPYM Izert Iico, o nipoTikae uepes R, i Hanpyra Up. 3pocte; AUy >0.
Hanpyra Upp;=Upr7= -Ucc 3MEHINTBCA, eMITEPH] NEPEXOAN TPaH3UCTOPIB CTaHyTh TpPOMYCKATH
MCHILMIE CTPYM, BHACTIOK YOTO CTPYMM KONEKTOPa Jx ¢ Ta Ixc2 OymyTh cTabinizoBaHi. Hanpyra AUp,. .
ue.curuan 33, wo crabinisye cymapHuit crpym (Jiertlng. Y andepenuiansnomy kackam R, Benuke i
O+Ly, cTaifizauis TOYKH CMOKOK Jy)Ke TOYHA, TOMY
MOMKHA BBRXKATH, WO [pci+/pc2=const, TOOTO yepes
pesuctop - R, HA CXEMy KAaCKamy roJacTbes
crabineumit crpym. PoGora kackany He 3MiHHTBCH,
VT, AKWO 3aMiHMTH R, JDKEPENIOM | TTOCTIMHOTO
o CTpyMY(Ecrtlp o).
| Posrnanemo npobnemy npetidy Hyns.
Jonyctumo, w0 mKepeno  KuBieHHS B
! neerabinene, i EPC E,; 3Ginbmwunacs. 36insmy-
! iomeen ApYyr¥  Ha  KOJNEKTOpax Ha 3HaueHHs
]

Ui Uk

e Fe AUrer iter. Tlpn upoMy Alqw=0, 0610 apeiid
_",\,‘\________/ BiﬂC)./"!‘Hil?l.. lHlJ.{Hl?‘I BapianT HecrabifbHOCT: npH
<) -~/ HarpiBaHHi ~30LILUIYETECA  KOJNGKTOPHMH  CTpyM

Man. 2.10. Cumerprnunnii andepenniansauii Aly=Alz, TOMY WO TPAH3MCTOPN iAeHTHYHI. [lpu
’ KacKas uboMy . AUge/=AUsez, AUa=0 1 apebidp 3HOBY

BINCYTHIN. ByOb-sKi cumempuuri aminu e cxemi we
suxnukaronte Opeiy Hyna. Y pealbHMX KackalaX CHME:pis clIEMeHTIB HenoBMa, ane Apei(y vy
NOPIBHAHHI 3 KaCKANAMHK, PO3rAARyTHMU B § 2.1- 2.5, 3HWKYETbCA Ha AEKiNbKA NOPARKIB, L0 JO3BOJIAC
NoJaBaTH HA BXizA KacKaliB AysKe Masli HaNpyru.

Po3rasneMo niacunoBanbHi BlacTHBOCTI kackady. Hacamnepea Tpefa BiI3HAUMTH, WO KACKAL JAC
3MOry BMMKATH JDKEPEJTa BXiAHOTO CHrHaJlY PI3HUMH METOIAM i

1. Jxkepeno curnany BMHKAECTBCA Mik 6a3aMu TPAH3HCTOPIE, K MOKa3aHO MyHKTHpoM Ha MaJl. 2.10.
Do sxony VT, npuknanena Uss=e/2. Hexait e>0, Togi nia »I1MBOM MO3HTHBHOI Hanpyru Ha Gasi
3ABSETbCS NO3MTHBHUE NPUPICT Al Ta Aly=(B+1)Als/; 30inbiueHHS CTPYMY i/, IO TIPOTIKAE uepes
Rz, 3HwKy€ HAnPYTY ttyer: AU<0. Jlo Bxoay VT2 NPUKIANCHA tgo= -€/2, MO BUKIMKAE 3MEHLICHHS
CTpyMy Gasn -Als - Ta 3MEHUIEHHs CTPYMY KosekTopa }'7T> Ha 3HaueHHs Alo= -(B+1)Als. Hanpyra u:
30inpmyerhen: AUx>0. Ha naBaHTaKeRH] Uau=AUwz - AUwe;=2AUs2.3BepTac Ha cebe yary Te, 1o pu
Uexl= = Uexg, Alor= -Ala, TOMY fert io=const, T06T0 curHan 33 AU, =0 i maginns Hanpyru Ha R, He
BIUTHBAE HAa KoeiieHT niacumeHns. OTKe, B KACKaAl TOAONAane MPOTHPIuYA MK HEOBXiAHICTIO
cTabiNizauii penuMy CoKoko i SHIKeHHAM KOeDIUICHTA M ACUNIEHHS 32 PaxyHOK 33.

2. Jikepeno BXiTHOTO CHIHANY BMUKAETBCA NUlIe 10 BXOAY VT Ueg=¢, BXiX APYroro TPAHINUCTOPA
3aKOPOUYCTBCA: 6x2=0. ITia BNAMBOM BXiAHOTO cHrHANY 3MIHIOETbCA CTPYM 6asn, Horo npupict Al >0
npu e>0, 3pocTac iy, 36INBLYETHCA NARIHHA HANPYTH Ha Ry, Ha xonektopi Al <0. 13 3Ginsiuennsm
igr 30iMbIyETBCA Jos. 51k MOKaA3aHO Buine, B33 3a CyMOIO CTPYMIB (iy/+i.2) cra6inisye Bkazauuit crpym,
L0 NPOTIKaE uepes Re, TOOTO fes+ foy=const, Tomy Ale=— Aly
3Bincu Als= — Alsi, Alwo= — Alyy; AUger= — AUsr. Ha nasantakenni Ugy= AU — AUse>0. Taknm
YHHOM, TIOAABAHHS BXIAHOrO CHTHAMY Ha OJIMH i3 BXOAIB BHK/IMKAE 3MiHY CTPYMiB Ta HAanmpyr B 060x
TPAH3UCTOPAX 3aBAAKH CTAGLTI3AUIl CTPYMY foj+ic2. AHAJIOTIYHO MOXHA PO3CISHYTH 3 FOJAABAHHAM

84

curHaty Ha BXig V72! ues=e, ues=0. Ilpn e>0 AUe/>0, AU,2<0, Ha HaBAHTDKEHHI g™ AUz —
AU,;<0. 3 nonasaHHAM cUrHATY Ha BXiA VT NONAPHICT BUXIAHOTO CHIHANY 36iracTees 3 NOJIAPHICTIO
BxigHoro (Bxix V7T, Ha3suBaeMo npsamum 6xo0om), 3 NOAABAHHAM Ha BXIR V7> NMONAPHOCTI Ugx Ta e
npotunexHi ( Bxia VT2 — ingepmyrouuii). Ilpu UboMy Bif3zHayaeMo, WO cXeMa JUQEpeHLIanbHOro
Kackany CUMETPHYHA | 3HAK Uey 3QICKMTH JHINE BiA TOro, AKMA HANPAMOK Ugy NPHAHATHH
TO3UTHBHUM.

3. Ha o0uasa sxoau amdepeHiiialibHOrO Kackaay MOMKHA yBIMKHYTH HE3aNeKHi JUKepena CHrhanis
Ugx] TA Ugx2, Y POKUMI NIHIAHONO MigcusieHHs (knac A) BUXIAHY HAMPYTy MOXe OyTH 3HalIEHO METOIOM
Cynepro3Huii Bift BILTHBY KOXHOTO i3 CHTHAJTIB. o _

. IepeitneMo R0  KiIbKICHOI  OLIHKHK
L 3 i ACHIIOBANBHUX napamerpis

i audepeHuiansHoro kackaay. [loGynyemo
CXeMy 3aMilleHHs Kackaly At 3MiHHUX

! CKNaaoBUX (NPUPOCTIB) 32 METOAMKOIO,

! BUKAAJICHOI0 B §2.4. Jlns Up0ro 3aMiHUMO
b | TPAH3UCTOPH CXEMAMW  3aMillicHHs  MaL.

|

|

|

Una

2.6 (HEXTYEMO Fyw=o0), 3aKOPOUYEMO
JoKepena HOCTIHHUX Hanpyr +E, 1a -Exz i
pO3PHBACMO  KOJIO  [IOCTIHOTO  CTPYMY
(fo+1e2), TO6TO pesncrop R, 3amiHiocMO
....... J pO3pMBOM  KOJIa, TOMY IO uepe3 R,
uporikac CTpyM, y AKOMY BIACYIHiik
upupicr: JUIA HUX Horo ouip A0piBHIOE
HECKIHYEHHOCTI. Cxema  3aMillleHHs
AUGEPEHIIANLHOTO KACKaay HaBe/icHa wa
man. 2.11. OcKinbkH iyt io=const, TO s+ igx=(iei+ ie2)/(B+1)=const, onxe, Alsy= -Als l‘Ipnpoc-n/!
BXiHOrO CTpYMY IDKEpENa e UPOTIKAIOTh uepes VT depes eMITEpHui JaHLGOT BXOJATL y VT i
3aMHKAIOTBCA UEPES JBKEPENO CHTHANY Uay2, AKC NMOB'A3AHE i3 JUKEPENOM Uy 3ArallbHUM NPOBILHHKOM
(muB. man. 2.10). Ha cxemi 3amillieHHs Ll KOHTYp CTpyMy nokasanmid mynkrupoM. 3akoH Oma jns
LIBOTO KOHTYPY A€ CMiBBiJHOIIECHHSA

Man.2.11. Cxema 3amilligHHA CUMETPHYHOTO Ande-
PeHLIANBLHOrO KackaLy no 3MiHHIA cki1ajoBii

AII’)I:(“(:,\'I'Nﬂx])/zrsx,e:'l\lﬂl . . (2 ] 3)

3Biacu
AI»:I:B A/6I=B(unxl‘ll«x2)/2rax.u=' Al . (2.14)

an Ri= 00 AUyer= -Rx Alk-/, AUer= -R2 A= -AUW/, 3IBITCH

tow - AUnr= AU 2BR (ttea = tr)

Yer — Uz Uie1 ™ U 2V e (um - umz)
Mu 3HOBY NEPEKOHYEMOCA, WO eMITEpPHHIl JAHWOT, AKWI CAyKuTh ans crabinizauii peskumy
CNOKOIO, Y AvdepeHiianbHoMy Kackaai He BrnuBae na xoediuienwr nigcunenna: 33 1o 3MiHHIHK
CKNajoBiit CTpyMiB y Kackaai neMae. TTopiHsemo dopmyay (2.15) i3 (2.8): Bonu 36iraioThes, SKiIoO B
ocTaHHii npupisHaTH R.=0.
3HakaeMO IHIli MapamMeTpH, 1110 XapaKTepU3YIOTh MiACHICHH IM(EPEHLIANLHOIO Kackaly. 3 BUpasy
(2.13)

Kuee = = ﬂR,,/I'nx,u . (2.15)

Rox™ (U1~ uaxZ)/ Alcxzzrmr.c, (2.16)

ne Aly=Als; .

TTopisHsuua 3 BupasoM (2.7) nokasye 36inblueHus Ry 2 pasu, WO 3YMOBIEHO npoﬂxauHuM CTpyMY
JoKepesl curhaily uepe3 ofuzasa TpaHsHcTopd. 3HaHnemo Ru.. [na uworo npupisuaemo Ue=0 Ta
Use2=0. [lpn HynboBMx BXiAHux curianax PAfs =0 ta BAls; =0 i onip kackany 3 6oky BUXoLy
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Ru=2R.. : @2.17)

Man. 2.12. [IpakTH4HI cxemn cuMeTpHYHOro (&) Ta HecumeTpuuHoro (0) andepesiianbHux
KacKafir

Y NOpPIBHAHHI 3 Reye Yy BUpasi (2.9) TyT Bono 3pociao Basidi. OTpumani 3HaueHHs K. Ry TA Reu
MOXKHA BUKOPHCTOBYBATH ANIA M00yI0BM y3arajlbHEHO! CXEMH 3aMilleHHT AU(EPEHIIaNbHOTO KACKALY
(auB. man. 2.8,6), 10 BXOAy AKOi NPUKNAAEHA PIBHUUS Uey = Ug. JUIA PO3PAXyHKY IHUIMX
NiACHIIOBANLHUX NApaMeTpiB Kackany ckopucraemocs Bupazamu (2.10)- (2.12).

HudepenuianbHuii kackal NiACKIIOE. PISHAWIO CUTHANIB, TOMY 3 NOAABAHHAM Ha o6MABa BXOIM
AMQEPEHLIaNBEHONO  KACKALy OIHAKOBHX CUTHAMB Uur=ite? Uaw=Ky (Usi-Ua2)=0. Tlpu usomy
MiACHIOBAY [IPAOE B PEMUMI CuH@asHux cuzHanie. 3a PaxyHOK HENOBHOI CUMETpii Kackamy B
PEANBHUX MiACUMOBAYAX Y PEKMMI CHH(AZHUX CUTHANIB HA BHX:: i yTBOPIOETHCSA HEHYIIbOBHI CHIHAIL
Ugu=he gy, 1€ ke — KoGDILIEHT NepenaBanHs Jia cUHPA3HOTO ChiHaly. SIKICTh ocnabrenna cunHdasnoro
curHany xapaxrtepusye KoeQiuienT Kocoy=20 log (ks/Ky). Y cuny Bucokoi cumetpii kackaais,
BMKOHAHKX Y BT IMC, Koo Cknanae -80 +-100 1B, To610 Av/K,=10°-10°.

Ha man. 2.12,a naseneHa cxeMma audepeHuianbHOrO Kackagy npu HOro BUKOHAHHI y BMTASAL .

Hanisnposianukosoi IMC. Hebaxannit npu Burotosiaenti IMC eneMenT — BUCOKOOMHHUE pesncTop R
— 3aMiHEHWH JuKepenoM CTPYMY (it i), 3ibpaHoMy Ha Tpawsuctopi V73 Jng crabinizauii crpymy ix
TpaHsucropa ¥T3 B HOro emiTepHe Kono BBeACHMI BiAHOCHO HeBenwukuit omip R, mo 3abe3sneuye
NIOAABAHHA HA eMITEpHMH Mepexin curHany B33: npu narpisanHi 36insmyerscs nanpyra u',= i'.R', nin
JU€I0 AKOI CTPYM 4epe3 eMiTepHuii nepexin VT3 smenwyerses. Jlion VD Takox npusHaueHuil ana
crabinizauii cTpyMmy: npu 3GUIbLEHHI TeMNiepaTypy Harpyra Ha HeOMY i, OTiKe, Ha Gasi VT3 nazae,
3MEHLLYETLCSA CTPYM Yepes eMiTepHui niepexin V7s.

Henonixom mudepenuianbtoro kackay € BiICYTHICTb 3araibHOT TOUKH MK [DKEPENaMA CUrHARY Ta
HABAHTKEHHAM. L[pOro HENONIKY MO36ABNCHHUI Hecumempuunuii Ougepenyianshuil kackad Ha Mal.
2.12, 6, y AKOro cHrHan 3HiMaeThes 3 konekropa V72 Cxema Takox Mae cTaGifizaliio TOYkN CHOKOI0,
OCKIJIbKH ie/+ f,7=const, MpH LUBOMY B Hiil HeMae 33 No 3MiHHii CKAaKOBill CTPYMY, TOMY 1O | eMiTepHe
KOO 'HE BILIMBAE HA KOCPiUieHT NifcuncHus. Y 6araTokackamHuX NiACUMOBAYAX Mepuii (nepmwii)
KaCKa[1  BUKOHYIOTHCA Y BHAI CHMETPUUHOIO AM(EPEHLIATBHOTO Kackany i 3a6€3NeuyIoTs NONepeaHe

86

MiACHIIEHHA CHTHAny MpakTH4HO 6e3 apeiidy, A0AATKOBE MiJCUNEHHS Moxke OYyTH 3aiificHEHE B
HECHUMETPHYHOMY AudepeHLiaibHOMY KacKai.

§ 2.7. Kackap i3 cnifibHHM KoJieKTOpOM

VY § 2.4, 2.6 6yno noka3aHo, o CMiBBiAHOWEHHA MK Rer Ta R, XaPAKTEPHI A1 NiACHIIOBATBHUX
xackanis 3 CE, He 3a6e3nevyloTb yMOBM OJEPIKAHHA MAKCHMANBLHOYO MiACHNEHHA NO Hanpysi, 1A
BUKOHAHHS AKOFO HEOOXINIHO, 00 Re—»00,Re—>0. Hepes manuit Ry NiACHMMOBAYL CMOKUBAIOTE Bil
IpKEpeNa CUrHany MoMITHY TOTY)KHIiCTh. Benuke 3HaueHHs Rey HE A03BOJIAE 3AiiicHioBaTH poboTy
KAaCKajly Ha HU3bKOOMHE HABAHTAKEHHS 4Eepe3 BTPATH CUTHATY Ha Ry .

Y kackaoi iz cninvrum xonexkmopom (CK) 10CATAIOTBCA BUCOKI 3HAYEHHS Rex NPH HU3BKUX Reyx. AJle
3a L0 NepeBary B MEPTBY NPHHOCHTLCA iHWM napametp: y cxemi i3 CK Ky <l. Kackan i3 CK ne
[LACHMIOE CUrHATTY 10 HAnpy3i, 8 BUKOPUCTOBYETHCA JHLIE K JAOTIOMDKHHH Kackad, o 38'3y€ CXemy
i3 CE i3 ManonoTyxHum JukepenoM curHany (R, Bearke), abo 3 HW3bKOOMHHMM HABAHTAKECHHAM (R,
mane). Hespaxarouy Ha JOTIOMDKHY: poJib, 100 BHKOHYeE cxema i3 CK y nijchioBauax, 3aCTOCOBYETHCA
el Kacka A0CHTh YacTo.

Cxema kackany i3 CK HaBegena Ha man. 2.13, a. KonekTop TpaH3ucTropa yBiIMKHEHHI 10 Kepena
xuBneHHs E,. B emitepue xono yBemeHuii peauctop R., wo ctBopioe B33, Tum crabinizye Touky
cnoxo10. HaBantakeHns R, BMHKACTbCA A0 €MITEPHOro naHuiora. Y Knaci MiCWCHHS A Ha BXill

MOAAOTHCS VRV aly
By — —> <
_U\ kowe L APDAL
/.
€
lllc RH Ui l"lmx
a) ' 6)

Marn. 2,13, Kackan i3 cnijIbHUM KONEKTOPOM (@) 1 H0ro cxema 3aMilLeHHS 10
3MIiHHIN cKNanosit (6)

BXi/IHa HANPYTa e Ta Hanpyra 3milicHHs U, (peanbHi CXeMU BUKOHAHHSA BXIAHOTO NanIOra posrisHyTi
B §2.5).

JDKEpPENo CHTHANY Uy NPUEAHAHE MK 643010 Ta 3arajibHAM MPOBIAHUKOM, HABAHTAXKEHHS ~ MDK
EMITEPOM Ta 3araibHuM NPOBIAHMKOM. 3arajlbHUil NMPOBIAHUK Hepes JLKEPENO KUBNCHHA £y, MO Mac
HYABOBMI ONip AN% 3MIHHNX CKIALOBMX, NOB'I3aHM i3 xonexTopoM. Tomy cxema i onepiana Ha3By ~
kackan i3 CK, iHwa ii Ha3Ba emimepruil noemopiogay. ‘

VY pexumi cnokolo ux= 0. Hanpyra U, suknnkae ctpym 6asu /5., B EMITCPHOMY NaHLIO3] Nije
CTPYM /e, IO CTBOPIOE NaAiHHA HANPYry Ha R.. 1A Toro, wo6 y pesknMi CIOKOIO tyx=(, HCOOXIAHO B
JGHOIOr HABAHTAXKEHHS. BBECTH JUKEPENO = Harpyru, o koMmneHeye, U= (peasibhi cxemu
BUKOHAHH® BHXIAHOrO kona posrnsauyTi y §2.5). Y pexumi CHOKOIO 10 EMITEPHOTO MNepexoiy
tpan3ucTopa npuknaneHa Hanpyra Usee= Ueu — Uee.

13 nojasaHHAM BXIAHOrO CHUTHANY CTPYMM Ta Hanpyru TpaH3ucropa oaepxars npupict. [lpu
[03UTHBHOMY (260 HeraTuBHOMY) BXiZMOMY CUTHANI e CTPYMM Ga3n Ta emitepa 36inpmatses (a6o
BIJMNOBIJIHO 3MEHLLATHCA), 3pOCTe (IMEHLIMTHCA) NAAIHHA Hanpyru na R, Tlpupict Hanpyru Ha HbOoMy
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BITTOBIZAE BMXINHOMY CHrHany, mo Oyme no3utuBauM (HerarusHuM). [TondpHicTs BXigHOro Ta
BUXiAHOTO cmrHatiB y cxemi i3 CK 36irarotbes, kackajy € weingepmyiouum niocumosavem. o
EMITEpHOTO MEPEXOAy TPAH3UCTOPA MpUKaeHa kepyoda Hanpyra AUse™ uar - Usw. CHAIBAT Ugu
noaaerscst Ha Bxia sk curnan B33: AUn= tee Ilockineku npu poGOTI Tpau3ucTopa g 3aBiKAM
MO3UTUBHA, TO Ugux< Ugr, TOOTO Ky = tigyx/ tex<1. : _ _

JIng po3paxyHKY MiACHIIOBAILHUX 11ApaMeTpiB Kackaly no6yuyeMo CXeMy 3aMillleHHA 3TifHO 3
npasunamu, Aki BuknazeHi B § 2.4. Cxema 3amiteHHa kackauy i3 CK HaBesiena Ha man. 2.13,6.
3HaX0AMMO TOJOBHI MIACHIIFOBANIBHI TIapaMETPH:

1. Bxionuii onip Re=ue/Aly PO3rnsHeMO BXiXHM JIAHLIOT KAacKany Ua=Als raotAl(Re || Ru )=

Alglrae+(B+1) (Re || R ).

O1xce:

Re= rex.’ﬁ'(B"L’l) (RL’ ” Ry ) (2 18)

Hpu BenuxoMy R || Ry~ Rex 0CATAE po2ripiB NOPAAKY 10° Om.

2. Koeiyienm nidcunenss no Hanpysi 8 pexuMi XonocToro XoaY Kun™ Mau! e 3a 3akonoM Oma
BHPA3MMO HaNpyry uepes CTpyMn

ALR. _ BHD RAL (B+D) R

= = . < 1
Als Ruey  Aslru.+(B+1) R] re.t(B+D R

e AK Fero <<(BH1)Re, 70 Kye=1.

3. Buxionuii onip 3HaXOANMO 32 TEOPEMOIO NPO €k~ inaleHTHUH reHepaTop, MJIA LbOro A0MyCTHMO
e=0 (To61o 3aKOpoTUMO JKepeno er ). Omip MK *  ~iAHUMH BHBOAAMU 3 NPUKIALAHAAM HAMPYTH
AUz :

©2.19)

>

Ky =

AU gux
Rgux = Rell —3
sux = Rel Al
Togi i3 cxemu 3aMmitleHHs AUsax =Als (Faxet Re) =[A/(BFH1)] (Faxet Re). Y pe3ynbTati oTpUMaEmMo
rex,et Rz
=R, || —2r (2.20)
Reux =Rell B <1

ax3 CK R w=10+10°0m. B
? ﬁ?{culi?ﬂnincgumoaa;:;{i napametpr MOXYTh OyTy 3uailas 3 dopmyn (2.10)-(2.12). V kackania CK
JIOCSHKHI 3HAYEHHS

K/>1i[\//)>/ .

Ockinbkn kepyrouni curnan y oxemi 13 CK AUpp = AlUs - AU Manm?l, cnoTBOpENHa (Hopmn
TIEPESAHOTO  CHIHAY CUOCTEPIracTbCA NMIIC MPH JOCTATHRO BEJMKHX BXILAHMX HANPYrax, KO
amniityaa curnany cknaaac (0,2-0,4) Ex,. Hassa eMiTepHuit nosropioBay 3aKpIMIACs 38 KacKkaioM i3
CK came ToMy, o BiH nepepac cvrwan i3 koediuicHrom K, Onu3bkum 10 -1 i He crnoTsopioe Horo
(opmu. Sk Gyae nokaszaHo HiKYe, AKOCTI, BnacTusi kackany i3 CK, Xapaktepui ana nigcuniobayis 3
naHigorom B33 no nanpysi.

§ 2. 8. Kackag i3 ciinbHUM BHTOKOM

Haii6iib1ni 3HaueHHsA BXIAHOTO ONOPY AO3BOJAIOTH OJAEPHKATH Kackaay Ha MojbOBUX TPAH3UCTOpax.
Sk nokazano B § 1.7, N0JILOBI TPAH3UCTOPH KEPYIOTBCS HAMNPYTOIO | NMPAKTHYHO He CII0KHBAIOTE CTPYMY
3 pxigdoro gavwgora. Tomy X MOKH2 BHKOPMCTOBYBATHM pPa3oM 13 MAajONOTYKHUMHU JDKEpenamu
CUTHay, TIPYMOMY. Yepe3 JLKEpPeNo CUTHAJY NMOCTiHHA CKNanoBa CTPyMY He npOTikge. Obmexumocs
po3rnanoM Kackajy i3 cnutbHum Butokom (CB) Ha nonsoBoMy Tpansuctopi MH-mmny 3
BMOHTOBAHNM KaHanom (Mai. 2.14).
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HizcumoBaneHuit enemMenT — nONbLOBMI TPAH3UCTOP i3 KAHAIOM N-TUMY YBIMKHEHWH A0 pKepena
RUBNICHHA UEPE3 HABAHTAKYBANbHUI pesucTop R.. Brache naBaHTaxenia R, yBIMKHEHe MiX CTiKOM
Ta 3arajlbHiM (3a3€MIICHIM) NPOBIAHUKOM. BUTOK TpaHaucTOpa 38'A3aHMHA 13 3aransHUM NPOBIAHMKOM
HEpEs pe3ucTop Re, ysedeHuit Anist crBoperns B33, wo ¢rabinizye TouKy cnokoio. JHkepeno BXiaHoro
CHrHany BMUKAaeTbCs GE3M0CEPESHBO [0 3aCyBa BiHOCHO 3arallbHOi WHHYM. PO3MIHEMO pexHm
CII0KOI0. Yepes KaHan TPaH3HCTOpa MpOTiKae CTpyM Icc= Ipe, WO BUKIMKAE NajliHHA HaNpyru Ha Rp
Usc= Ipc Re. Hanpyra Usg = -U,, TOGT0 0ORBOBUH TPAHIUCTOP TPALIOE B PEXXUMI 30iAHEHHS NPy
HEBE/IMUKIA HeratuBHill Hanpysi Ha 3acyBi. V peacnMi crokow Ha CTiKy € Hanpyra Uc,. ToMy and
3a0e3neueHHA umx=0 y CXSMy BBODMTBCA JDKEPENO Hanpyru, wo komnencye Hanpyry, Uwone=Ucc
(cxemHi BapiaHTH CTBOPEHHS Uyoye POIFNAHYTI B § 2.5).

Man. 2.14. Kackaz i3 crinbHUM BUTOKOM

I3 nopasanuam CMrHany Bci CTPYMH Ta Hanpyru TpausucIopa 0IepaKyIOTh npupict. lpu
MO3UTHBHOMY (a00 HEraTUBHOMY) 15x HATIPYTa HA 3aCYBi 36IIBIYCTHLCA (460 BLUIOBIAHO IMEHUIYETHCR ),
CTPYMM i T2 ip 30UTBUIYIOTECS (3MEHUIYIOTBCR), 3POCTAE (3MCHILYETLCS) AL MU HAMPYTH HA PEIMCTOP
Re, smenwyetses (36inbwyethes) wanpyra Ucs, npupict AKOT € BAXIAHOO nanpyroio kackaay Alcy =
unex. Kackan i3 CB € iHBEPTYIOUHM MiJCHTIIOBAYEM, 3 POIFNAAOM HOTO CTPYKTYPH Ta npunuuny Jui
MOMHA 3HakTH GaraTo aHanorii i3 kackazom i3 CE.

PospaxyHok Kackafty Mo 3minHiii CRIAZOBIM NpOBOAMTLCA THMK  crocobamu, wo i s
MiACHITIOBaYIB Ha BinonApHUX TpansuctopaX. Ha man. 2.15,a HaBeicHa CXEMa 3aMIlUCHHS TIONBOBOTO
TpansncTopa. Buxiini XapakTepucTHky nonboBux Tpansuctopis (Man. 1.28, rta 1.30.6, B) MOKA3YIOTh,
L0 TPAH3UCTOP € KEPOBAHNM JDKEPEIIOM CTPYMY 3 BUCOKMM BHYIDILUHIM OTIOPOM R;,

A Ic=SAUw+AUcw! R; .
ae S =Alc /AU npu Ucy =const — kpymicmb- ApaMETp, (RO XapaKTepU3ye BIUIMB BXIAHOI HalpyK Ha
BUXIAHKA cTpym (S Gysac nopsuky oamuuus MA/B) (aus.§ 1.7): R=AUcy 1M nipn Uy =const -~
OuHaMmiyHull  UXIOHUD  Onip TPAHIUCTOPA, 3IYMOBJICHMI HAXUAOM OXWAOT JLiisHKH BUXIANUX
XapaKTePUCTHK TPAH3NCTOPA. BXiAHNA NaHLIOT 1101b0BOCO TPAH3MCTOPA MidK 3aCYBOM Ta BHIOKOM He

A]'“zo Al < Al 3 illll.\:
30— ‘ 9 (-—_n C 1 < o
1 rg,.
AU’{«: 1= w0 AUy R; lAUu, !
- U AUy
BA* ) MR o
a) 6)

Man.2.15. CxeMu 3aMitlieH st 110 3MIHRIH CKAA0BIii:
a-~NoNBOBOro TPAH3UCTOPA; O- KACKay i3 CNijIbHAM BUTOKOM
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NpOTyCKAE CTPYMY | Ha CXeMi 3aMillieHHs [OAAHE BHCOKOOMHUM (MOPAIKY 1060M) PE3HUCTOPOM gy,
[TopiBHAEMO CXEMM 3aMilGHHA MONBOBOTO 'Ta GIMOMAPHOTO TPaH3HCTOPIB (Man2.6 i 2.15.a), Bouu
BIAPI3HAIOTECA THM, IO B JPYTili 3 HHUX JOKEPENO BMXIJHOTO CTPYMY ‘KEPYETHCA HAMpYrow, a He
CTPYMOM, 5K B IEPLLII CXEMI, @ TAKOMK THM, O Fax>> Foxe.

CKOpUCTABILKCH TIPABMAAMH, LIO BUKNaACH] B § 2.4, | nofyayeMO CXeMy 3amillleHHs Kackany i3
CB, npeacrasiaeHy Ha Man2.15, 6. 3naliieMo OCHOBHI NACHIIOBANEH] MAPAMETPU:

1.Bxionuti onip Rex = usy / Isx Y KACKaJaX Ha NOJBOBOMY TPAH3MCTOPI HAA3BHYANHO BEJMKUA (10°
OM Ta BHUlLE).

2. Koegpiyienm nidcunenHa no Hanpysi B PEKUMI XONOCTOTO XORY Kum™ Usux/ Usx 38NMIIEMO
HAMPYTH Ugux TA Upy HEpE3 CTPYM Alc TOAL

Al Re S AUwnRc S Re ’
K = = = . (2.21)
AUs+AlIsRs AUw+S AUuwRs 1 +S8 Ry

[Tpu Rg=0 Kis=SRc, ante cTabinisanis TOUKM criokolo BiacyTHa. Y kackami i3 CB moxna onepxaty
K >>1 3 3abesncuennam SRc>>1 ta Re>>Rp.

3. Buxionuii onip Rex 3HANAEMO, N0NYCTHBUIY, WO #xn=0. ONip MK BUXiAHMMM BUBOJAMH B
MAHOMY BUNAAKY Renm=Rc

Buxiaunii ouip kackany i3 CB nocuts penvkuii (nopaaxy 10° Ow).

[Ipu nodynoBi Kackaiis Ha TMONBOBMX TPAH3UCTOPAX IHIIMX THMIB (fIOBOBI TPAH3MUCTOPH 3 p-n
nepexoaoM - abo 3 IHAYKOBAaHMM KaHANoM) Y BXIJHE KOO BBOAMTHCA HAMpyra smimenHa. Moxiuea
1106y/10Ba AndepeHIlianbHuX KACKaAiB Ha [OJILOBUX “TPAH3UCTOPAX. TA Kackaly i3 CHiJIbHUM CTiKOM
(BUTOKOBOTO TOBTOPIOBAYa) — aHAIora eMiTepHOro NMoBTOPIOBaYa. BUKOPHCTOBYIOTHCA THACHMIOBAYI,
3MOHTOBAHI Ha OCHOBI CHIONYYEHHS MONBOBUX Ta BINOAAPHAX TPAHIUCTOPIB.

§ 2.9. Onepauifinnii nigcumosa4

PO3BMTOK - MIKPOCXEMOTEXHIKH  3MiHIOE TMiAXiA 10 NPOEKTYBAHHA  HAMiBMPOBIAHAKOBUX
MACAMOBANBHKX NPUCTPoiB. PaHille NMpu CTBOPEHHI TMiACMMOBAYIB HA AHCKPETHHMX KOMMNOHEHTAaX
BHPOOHUKM TIParHynu 3HaifTy HalGinbW npocTe BUPIIEHHS NPUCTPOIB, Y NEplly uYepry NparHyiu
3MEHIIMTH KibKICTh AKTHBHMX KOMIIOHEHTIB cxeMmyu (HioAiB, TpaH3ucTOpiB), TakMil niaxin
3abe3ncuyBaB 3HIKCHHs BAPTOCTI anapaTypH i il BUCOKY HaailHicTs. Temep npu po3poOui anaparypu
Ka IMC BupoGnuk nparne BukopucroBysatd rotosi IMC macosoro Bunycky; came Taki IMC
HalileleBii; BapTiCTh, IXHi CXeMHi BupimeHHs crapaHHo npopobieHi | 3abesriedyioTh BHUCOKi
nokazHukn poboTr anapatypy. ToMy NiANPUEMCTBa, WO BUMycKaroTs IMC, npartyTh 0 BUTOTOBJIEHHS
HalGineI yHiBEpPCANBLHUX BY3NIB; IO 3aCTOCOBYBAMUCS § y HaMpi3HOMAHITHIWINX  NPUCTPOAX, UE
3abeanedye 30inpwenna sunycky nadoro tuny IMC i samkeHHa ixnboi BaptocTi. Tomy IMC
CTBOPIOIOTHCA HE HA OCHOBI HANGINBIL IPOCTOrO BUPIILEHHS, @ HaliGiNbll yAOCKOHAIEHOTO, 1O BOJOAIE
yHiBepcanbHuMi nepesaramu. 3actoCyBaHHs Takux [MC sunpapnane A y Tux BUNamkax, Ko psii
iXHIX NAPaMETPIB B KOHKPETHOMY NMPUCTPOT Oy/1e HEMOBHICTIO BUKOPUCTAHWIA.

HaitGinemn nomuperoo nigcwuosanbHoto IMC e onepayiiinuti niocumosay (OIT), B akomy
30Cepe/DKEHi FONOBHI MEpeBard MiICUNIOBANBHUX CXEM. laeanbHuit onepauiiiHuit niacumosay maec
HaI3BHYANHO BHCOKHIl KOeDILIEHT NiCHICHHS 110 HaNPy3i Ku = usux /ttsx —>00, BENMKHI BXiasuii onip
Rex—>o0, MJMIT BUXiAHUI OTlp Re—>0. OII € nizicumoBauem moCTiHOMO CTpyMy, TOOTO  MiACHIHOE
WHPOKKE CHEKTp YacToT @K A0 MOCTiiiHoi cknanosoi. [Tpu ubomy Apeitd nyma OIT xyxe mamait. Ol
Mae uucbepeﬂuianmnﬂBuxm‘um#(u(U.,XLUN)_- 3 MOJIQUEIO CUTHANY Ha NPsAMUI BXiA BUXiAHA Hanpyra
Up=Kttsx1, 3 NOJQUCIO tpx) HA IHBEPTYIOUMH BXIZ Uai= ~K1J Uax2.
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Ha man. 2.16,a nokasane nosnauenns OI1 na cxemax, Ha man. 2.16,6 nokaszana CTPYKTYpHa cXema
QHA [Tepunii Kackal BUKOHYETBCA 32 CXEMOK CHMETPHUHOTO AU(BEPEHUIANLHOrO Kackazy (JAK)
(HanpHUKIIAZ, 3a CXemoto Mall. 2.12, a), B AKOI MaKCUMaNBHO KOMICHCYEThCS apeiid Hymn. Y skocTi

+E, - o—o i

U I I I

Oﬁ Cumerpi- Hecumetpn- —J
aumi JK aumii JIK BK e

Ui i 2

T
! 1
a) g X o

Man. 2.16. CxemHe nosHadeHHs (a) i cnpotuena cTpykTypHa cxema Ol (6)

Usa =0l s

ApYroro Kackalay uacto BUKOPUCTOBYEThCA JIK i3 HECHMETPHUHMM BHXOAOM (HANPHKIAJ, cXema Majl.
2.12,6). Tperiii BUXiaHUH KaCKa BUKOHYETHCA 32 CXEMOIO EMITCPHOTO NOBToptosaua (kackai i3 CK),
wo 3abesneuye manuit BUXiHWA omip OTl Cyuacui OIT BUKOPHCTOBYIOTL CXEMM KAaCKaliB, 110
Habarato ckaaauili posrNAHYTHX, NOJATKOBI eneMeNTH 3a6e3neuyioTh NiABHUIENHA BXLLHOIO OMOpY,
N0AATKOBY CTAGINI3aLiI0 PEMUMY CIOKOIO, NiABMILEHHS KOChiieHTa niacHacHHs Ta i, Cxemu Ol
MOJKYTb HAPAXOBYBATH ASKINIbKA NECHTKIB TPAH3UCTOPIB.

Bnactusocti peanphux OIT B Gutewiid afo Mewwiit Mipi HaOUBKAIOTLES 10 BRACTUROCTECH
ineanbHoro Ol Cucrema Hapamerpis, MO NPHBOAWTBECH B JAOBIAIMKAX, A4C 3MOTY OLINMIH L
BJACTHBOCTI | BU3HAYMTH PEXKUMM, Y SKUX MOXKe BUKOpuctoyBarucs IMC. Y Tabn. 2.2 uascaciti
napameTpu acakux OIT.

Taonuys 2.2. Hapamempu onepayinnux nidcuniosaie

TNapamerp 140V]12 140Y]16 140Y,17 140Y 11
Eu B 12,6 +12,6 +15 15
L MA, 11E BLUIbLIE 8.0 8.0 2.8 6,0
Ky 5 000-150 000 35 000 50 000 20 000-80 000

Lix, MKA, 11e Ginbuie 0,7 0,35 0.2 0,6
Uy, MB, e Ginviue +5 +5 +4 45

Kecoyr 4B, He Binpue -80 -80 -70 -65

Uy B, He Menine +10 +10 +11,5 +10

Riy, KOM, He MeHwe 300 300 400 100

Ry, OM, 11€ Ginbre - ~ N 200
R, kOm, He Mene - - 2 2

EPC xuBnenus Eyp 12 COOKHBAHME Bif JOKEPENA KUBICHHA CTIPYM lon  JAI0TH SMOry BUOparTu
IDKEPENIO  BOTONSIPHOTO IKMBJICHHA 1O HANpy3i i 1o noryxHocti. llapamerpu K, Ry T8 Rew
XapaKTepusyloTs niacumosansui nactupocti IMC. TlapaMetp o (BXimnnit crpym afo crpym
BUTIKAHHA) XaPAKTEPU3YE CTPYM CHOKOW BXiAHOro encktpona IMC. Tlpuoauthes K‘oc([)iuiem
ocnaﬁneum{ CUH(Da3HOTO CHrHANY Kocop (AMB. § 2.6). Hepiako HaBeAeH! rpaHnuHi HANPYTH HA BXOAAX
Ta MDK BXOAAMH, NPY BIACYTHOCTI LMX MApPaMETPIB y NACOOPTHHX JAHWUX iX NpuiiMalote piBHAMM
iEMW. Y peanenux OIT pescuMy upn=0 BiANoBifac HenynboBa HANPYFA gy -Un=Usn L0 HA3MBAETHCA
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Hanpyrmo SMILIECHHA HYJIA (ZWMB. MepenarHy Xxapakrepuctuxy OI, Man.2.17). I'panudHa vanpyra Ha
suxogi OI1 AOCATACTBCS MPh ‘[u.mxt=(0,9+0,95) Eye. L0 Hanpyry 3a30auMM0 Usgmas. Y JIOBIAHUKY
TPHUBOJUTHCA. MIHIMATBHO MOMIABA TPAHUYHA HANPYTa U, ii 3HAYCHHA NOMITHO MEHINE HATIpyrn
Usicxmax y Ginbiuocti 3pazkis IMC nanoro tumy.

‘Ysaranwena cxema 3amimenHs OI1 1o 3MiHHIR CKnafoBiii Bignopizae mMa., 2.8,6 3 nomaBaHHsIM Ha
BXLI HAMPYTU tpy] - Usx.

306pa>1<§HHx IDKEPEN XKUBNCHHA Ejcus T ~ Ejyg, 10 AKUX BMHUKAIOTH BiANOBIAHO BuBOaM IMC, Ha
CXEMaX HEPLAKO ONYCKAKOTE. ’

Upux B
10 4
UBH.\I]]HX’
5
[ o | |
2 -l e T 2 Uet Ha, 2 -
-5 - MB
B _V'Unuxmax B
<o Tt =10
0)

Man.2:17. ITepenatna xapakrepuctika Ol Man.2.18. Heinsepryiounit Ol i3 B33 (a) Ta fioro
nepeaaTtha xapakrepuctrka (6)

§ 2.10. HeinBepTyrounii onepauifinmii miacunosay 3i 3BOPOTHHM 3B SI3KOM

Hespaxatouu Ha e, WO OIl mictute B co6i Kpauli BAACTHBOCTI MiACHMIOBATLHMX TPUCTPOTB
6e3nocep§ngfo B AKOCTL nifckimoBada OIT He 3acTocoBycThea. Ll MOB'S3aHO 3 1BOMA MPUYHHAMH: noj
fiepwe, muifina ananka AOB uva nepenatwili xapaktepuctuwi (aus, man. 2.17) ob6mexcHa JyHKe
ManuMu HanpyraMu Usixmar / Ku. 31 30inbliennsam BXiaHOT Hampyrn 3a Wi Meki BUXiHa Hanpyra we
3MIHIOETLCA, T06T0 CMOCTEPiraloTsCs HeriHiitHi cnoTsopu curkany. Ilo-npyre, KOEILIEHT NiacHNeHHs
OIl K, SMIHIOETRCA B AYKE IIUPOKMX MEIKAX Ta [lyXKe CHIIBHO 3A/ICKHTD Bifl pexcuMy poGOTH, y nepiiy
H€pry, BLA TEMNEPATYPH, LIO 3yMOBCHO CUIIBHOIO 3AJIEXKHICTIO Bifl TEMNEpAaTypH B TpansucTopis, aki
BXOLATE 10 CKAALY IMC. T necTabinbHicTs K, yCKIAAHIOE CTBOPEHHSA NiACHITIOBANBHIX npuchoi'B)

Hdna foniMueHHA napameTpis NiACHIOBATBHUX NPUCTPOIB 3acTocoByoTs OIT 3 33, Ha man. 2.1‘8 a
HABEEHA CXeMa HEIHBEpTYIOHOro niacumosaua Ha 6asi OIT BXigHuii curHan nopacrbes ua npﬂM;lﬁ
BXiJ, IMC. 3 suxopy OIT nanpyry 33 us3 noaaiots Ha inBepTyioumit Bxia OIT. Takum 4MHOM, Ha BXOAAX
OIl nie BXI\Ha Hanpyra uyx Ta Hanpyra u33, o610 Haerbes npo 33 3 nogasaHusmM Hanpyr) Ha3BaHNM
TAKOK  MOCHIAOBHHM 33. Buxigna- Hanpyra OIl BHSHAYAETECHA DPIBHULEIO (Up- u33) ’TaKl/l]?'l 33
HasuBaeTbea BinemanM (B33) (aus. § 2.3). . ,

3uainemo koedinient nincumnenns cxemu mMan. 2.18,a. Tpu- LHOMY BBRKAEMO, IO Ry>>Raox, Rux>> R
Ry>> Raux (i ymoBu B peansiux OIT nerko Bukonyiotscs). Hanpyra 33 llOpiBHK;CC o I

U™ U + = ¢ '
ney= RI/( R,+ Rz) 33 BUX Rl/( RI RZ) Unx Y, (222)
Buxina nanpyra BU3HAYA€TbCA PI3HKIEIO HANPYT Ha BXoAax Oll;
: Upi™ Ky (unx' u33) =K. (unx' Ugux Y)

3sincu Gopmyna ans pospaxynky OIT 3 B33 mae Burns,

. o Ko™ Unind tsx= Ku/(1+ sz)< K. (223)

B33 3MeHwye xoedilieHT TMACHIEHHA, TOMY IO Ha BXON NiACHMOBAua Jj€ He Hanpyra: ugy, &
MCHIIE 3HAYCHHS Ugx-233. Ockinbku B OIT K, ayxke Benuke, TO 3 BUpaszy (2:23) npu K,—>w onepmyer'v;o

Kus=1/y=RJ/(Ri+Ry), ' (229
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100TO Kijss BU3HAYAETHCA SIMILE BIAHOWEHHAM O1IOPiB Ri/( Ri+ Ry) | He 3anexuth Bia K,

TakumM uKHOM, BBeAeHns B33 nac 3mory crabinisysaty koediuieHT niacnnenns IMC. didcHo, akmo
K, IMC 3MEHIINTBCS, 3MEHILATHCA 3HAMEHHS Ugex TA 433, 3POCTE PIBHAUA (Uu-1433), LLO NPU3BELE JIO
3POCTAHHA Mg, LU0 KOMTNEHCYE [104aTKOBE IMEHIEHHS BUXIAHOT HANPYTH.

dopmyna (2.24) Moxe GyTH OTpHUMAHA IHIINM UUIAXOM, WO AACTh 3MOrY HaM Mo3HaHomuTHCH 3
XApAKTEPHUM PO3PAXyHKOBHM NPUHAOMOM, sKult 3aCTOCOBYETBCA TpH ananizi cxem Ha OIl. Buxiaua
nanpyra Ol wax SUqmar, @ KOSILIEHT MiACHACHHS IMC Ky—>00, OTKE, Upx- 133 = Usnd Ku=0, T06TO
s w33, 3BigcH 3 ypaxysamHam (opmynu (2.22) sunausac dopmyna (2.24). YV pexcumi AiHETIHO20
nidcunenna nanpyea mizxc exodamy OIT dysice mana, — 4 BAACTHBICTE BUABIACTLCS B Oyb-AKUX CXEMaX
pMukanHa Ol Ta WUPOKO BUKOPHCTOBYETHCA IMPH AHANI3I.

Xoua koeilieHT NiACHNEHHS CXEMU 3aTEKUTh MIIE Bijl CIIiBBIAHOWECHHS oropiB R Ta Ry, ue He
03HAYAE, WO BOHU MOXKYTh OYTH 00paHi LinkoM A0BinbHO. MiniMansnuii onip pesncTopis y cxemax OIl
oBMekeHui N1aBaHTAKYBANLHOIO cnpomonciictio IMC. MakcumansHui orip pesucropa obMmexenui,
TOMy IO M CTPYMU, WO NPOTIKAKOTE MEpe3 BUCOKOOMHI pesncropi, Gyiy s CyMipHi 3 BXIZHMMH
crpymamu O, a ue iACUAWTL BIUIHB neigeansnocti Ol Ha poboTy cxemmu. Y NPAKTHUHKAX CXEMax
OIp 3HAXOUMTBCH B MENAX 10>-10°0m. '

CraGinizauis koediuienta nizeunenus OI1 3a paxyHok yseachns 33 nalnmKac BNacTHBOCTI
niacunoeaua A0 kepena EPC, To6To BuXiaHui onip
cxemu Mail. 2.18, a MeHwmit, HiK BUXiaHMIE omip camoro
OIT: Raxs<< Rux. Lle wie oAHa nepepara, A0CsrHyTa 3a
paxynok 33, Bximmuit onip cxemm mar. 2.18,a
BU3HAUAETBCA Ruxw= Unx/ oy, A€ iax — CTPYM MDK BXOJAMH

OTT: i=(utux-1133) / Rox, 1€ Rax— BXiannit onip snacue Ol
Ockinskn (e-t33)=0, TO ine®0, a nXiauuil onip pizko & Usixmar
30IMBINYETBCA.  Run™>>  Re, WO € [IEPEBAroI0 ;l

niacumosaua 3 33*.
Buxiana nanpyra Ol oGmexcena Mexamu £ Unsmas. Y
AN

cxemi Man. 2.18, a pexum JiliifHOro miacuieHus

BiANOBiAAaE BXiAHMM HaAnpyram, OOMEXCHHM 3HAYCHHAM Koz )

+Ugxmax! Ktjas, OCKiNnbkK Kun<<Ki, nepeaarna

xapaxtepuctika OTT 3 33 Mae 10CTATHBO BEMUKY AiNAHKY  Man.2.19. Gopma curvanis na BXOAI
Ainiktnoro nigcunenns (man. 2.18,6). Haxun nepenatvoi  ta BuxoAi nipcumosada man.2.18. npu
XapaxTepUCTUKK Ha NiHiiiniit ainanui AOB Bu3HauacThea  pisimx koedinienrax nigcuncins Kyw
koediuientom niacuneHHs Ky, nivia [ HaBeneHa ang

Kuw= 4, minia 2 418 Kin=10. Takum 4uioM, yBeACHHA 33 103BONSE POWMPHTH Nitiitny AlaHKy
NepeaTHoi XapaKTEPUCTHKN Ta 3MEHIIMTH Heninifni cnorsopu. Ha man. 2.19 unaBejena BXiliHa

HANPYIA Uy, AKa Nojana ua cxemy (man. 2.18,a) Ta BUXiZlHA HANPYra CXCMM Uy TIPH PisHEX

koedinientax nigcwnettns  Kus:  Kunsr<Kunz<Kuns  Pozmupenus  301m NIHIANOro  MIJICKAENHA
JIOCATAETBCSK 32 PAXYHOK 3HIKEHHA KoedilienTa niacunenns. 3 unM cexrom My e 3YCTpIMAINCh
npy po3CAAl NiACHITIOBAIBHUX KACKANIB, HANPHKNA, CXeMH 3 CK (auB. § 2.7), B fKiil Takox mie
nocinosnrit B33 no suxiaHii wanpysi.

§ 2.11. InBepTytoHnii onepaniitnuit migcua0BaY i3 3BOPOTHUM 3B’SI3KOM

Onepattiiinuii NiACHOBaY i3 N0JaBaHHAM CUTHANY Ha HBEPTYIOUMH BXiJI, IPH THACHICHHI 3MIHIOE
NOJIAPHICTS CMPHAY HA NPOTHAENHY. 3 NOABAHHAM CHIYCOTIHOT HANPYTH 3AHICHIOETHCS 3CYB (ha3n
nigcunoBaibHOro curnany Ha 180°. Y MiACHIIOBANIBHUX NPUCTPOAX LHPOKO 3aCTOCOBYCTHEA

Ruonn = R 1+ Ky )0pn K00 R0,
R = R/ (1+ Kiy),0pm K500 R 5i—0;
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]\

i
N0, 2 ug(B)

= Bsxmax

a) . 6)

Man.2.20. Insepryrounit OIT i3 B33 (a) Ta fioro nepeaarna xapaktepuctuxa (6)

cxema ingepmyiono2o OIT iz B33 (man. 2.20). BXiaHuit curnan ta curran B33 nonaiots Ha
inseprytounii pxia Of, npu usomy BinGyBaeTbcsa RONABAHHA CTPYMIB iny Ta iy, TOOTO iimeThes npo B33
i3 A0AaBaHHAM CTPYMiB, ILO HA3UBACTBCS TakoX napanenbHuM B33, Jlna samiffcHeHHs noRaBaHHs
CTpyMiB HEOOX1IIHO BUJTyUHTH BMUKaHHA Ge3nocepeanso a0 sxoay OI1 mrepen EPC, To6To HeoOXiaHo
3abesneuntu R =0, Ry#0. :

3naitaemo  nigcumosanbhi napamerpn OIT 13- B33, Tlpu ananisi BakacMo Ru>>Rew Ru>>R)y,
R << Ro; 1l yMOBH B pEAnbHHUX CXEMAX JIETKO BUKOHYIOTHCA. OCKINBKH B IMC Ry—>90,T0 iuy= — iy .
Y §2.10 Oyno BigzHaueHo, IO Ha MHIRRIN AingHUi nepearHoi xapaktepueturn OIT wanpyra
mizk tioro Bxogamu U« =0. Toai

Uex™ I Ri= i Ry, (2.25)
U™ iy o= — i Ry (226)

3Bincu nerko ogeprkary koedilienT nigcuneu s cxemu man. 2.20, a;
K(/;;;: ugm/ U™ — Rz/ R) (2427)

3HaK MIHyC BKasye, 1O HONAPHOCTI BXIAHOI Ta BUXiAHOI wanpyr npotmnexHi. Koediuient
nigcunenss | Kys|<< K, ane npu upsomy Ky, 3aReKHTE Aule Bij CNiBBIAHOIEHHS onopis Ry/R|, Tomy
fioro cTabinbHICTh AyKe BHCOKA.

3Haitnemo exinunit onip OIT i3 B33:

RB.\'.u: Usy ! Iy
Tak aK ie= i3 supazy (2.25) maemo )
Rexaa= R
KinileBe 3HaueHHA BXiAHOTO onopy Biapishse po3rmanytvit OIl Big cxemn man. 2.18,a 3i
- crabinizaniero koeilieHTa MiACHNEHHA cxema HabIMIKAETECA 3a CBOIMH BJIACTMBOCTAMM A0 MKEPEIa
EPC, 0010 BUXiauM# ONip 3HIWKYETHCA.- MOKHA ONYCTUTH, IO Ry 30<< Ry, WO € NIEPEBATOL0, AKA
J0CATAETHCA 3a paxyHoK B33*, .
IlepenatHa xapaKkTepUCTHMKa IHBEpPTYIOWOro mniAcumoBaua Hasegena da man.2.20,6. Bowua
BUIPIBHACTLCA BIJ XapaKTEPUCTHKM Man.2. 18,6 TUM, IO po3TawoBaHa B APYriil T& YETBEPTIil UBEPTAX,
WO XaPaKTEPHO TS CXeM, AKi IHBEPTYIOTh MOTAPHICTE curHay. Jlinilina ANAHKA XapaKkTepucTuKy
obmexena  Hanpyramu - +Usnmad/Kus.  Ockiibku |Kus{<<Ky, -nigidna pinsuka  nepenarnof
XapakTepUCTHKK ~PO3WHPIOETHCA 32 paxyHOK yeefleHHs B33 1 carmanu  Oinpwol  amnniTyiwm
MepeaaioTes 6e3 ClloTBOPEHD,

Taxum yunom, Beenenns B33 y cxemy insepryiouoro OIT aae 3mMory nonimunty i0ro napamerpu:
MABUIATH CTA0INBHICTE Koe(ilieHTa MIACHICHHS, 3MCHIIWTH . BUXIAHUE onmip, PO3WUPHTH NiHiiiRy
30HY MepenaTHoi XapakTEepUCTUKKM Ta 3HU3UTH CNOTBOPEHHA 3 MOAABAHHAM CHTHANIB  BEJIWKOT
ampmiryar. Taki K pesynbTaTm  Jocsraotbea i mpm o yseaewui B33y weinsepryiouuit Ol
BIAPI3HAIOTHCA AMILE 3HAUCHHA BXIAHMX onopiB (B, § 2.10). Taknum yunowm, 3a aonomoroio B33 3a
PEXYHOK TNOTipWientis OAHOrO 3 napamerTpis ( 3HinkerHs koediuienra nizcunenus Kyy) Moxkna

HOMNLWKTA THIWI RapamMeTpH. SHmkeHHs K, B 6arathox cxemax HecyTrese, ToMy o OIT pononiots
Ayxe srcokum Ki. Npn neobXiAROCTI BeNHKOro. MiACKIEHHS CUIHATIB 3aCTOCOBYIOTH BaraTrokacKaHi
CXEMM, B AKMX KOMHH Kackaa BukoHaHuit Ha OIT Ta oxonnenuii naHworom B33,

*Binbiy AeTaNbHANR HATI MOKABYE, WO Ry, Rowe (1H Ky, 11e Yo =R/ (R 5. 1), Tlpn Ky @0 Ry
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§ 2.12. [{pHHOMOOBA CXeMA oNepaniiinoro niacwoBaua

Haunpocriumid ynisepcanphuit Ol 8 iHTErpanbHOMY BMKOHAHHI BUBUACTBCA Ra npukiani
mixpocxemn K140V (1A (man. 2.21).

Mikpocxema K140Y /1A posTaiiosana B TEPMETUIHOMY METANOCKIAHOMY
1BAHANDATHIITHPKOBOMY KOPYCi. MiKpocxema Mae TpH KACKA/W MIACHNCHHS, MDK APYTUM T2 TPETIM 3
JIHX 3HAXOMMTHCA KACKAIL 3CYBY PiBHS cHrHany Ha tpausuctopi VT7. Ha tpausucropax VT3, V16, VT8
3ibpano craBinizatop cTpymy, B Axomy VT6 BMUKAETHCA 32 MOAHOKO cXemoio, o 3adesneuyc
TeMrepaTypHy KoMiteHcauio sminu nanpyrn Uge Tpau3ncTopis VT3 Ta V I8. o

Tlepwnii Kackag 1ACHIEHHA -~ e AudepeHuiinuii ch@pr_munia AIJCHIIOBAY 1A TPAHSACTOPAX
VT1 Ta VT2 3 KHBICHHAM EMITEPHORO NAHWOra 4epe3 CTabijti3aTop CTpyMy lia TPaH3ucropl VF}.
Kackan Ma€ nBa BXOAM: iuBepTyl0uni 9 Ta ueinseprylounii 10. Curuap MOXKIIA n()uaBaTu’ Ha O I3
BXOJIB BIAHOCHO CMiNBMIOT TOYKK CXEMH (B LLOMY BHAAJIKY BLIBHUIE BXIJL HEPE3 PEIUCTOP 3 €AHYIOTH 13
CMiNBHOIO TOUKO10) a00 Ha 0OR/BA BUBOIM.

DA

W
FEEL

5

4

3 Man. 221 [lpuuumnosa

2 cxema (a) ra yMoBHe nos-

12 nauentist (6) O K140Y 1A

SETTTO

6)



Jpyruit kackan miackneHHs  — andepeHiiHuii
HECHMETPUYHUI migcwnosad  — CKIaacThes 3 R3 150k

eMITepHOro MoBTOpIoBaYa Ha VT4 Ta migcumosaua Ha —

VT5. [lo emitepHoro p-n nepexony VTS nigsoaursest cl 9 DA

c\:/vg{an 3 KoJiekTopa VT1, a 3 koJiekTopa TpaH;ncTopil 3 3 »—;—(P_ D ||
CUTHan  MIABOAMTBCA — Uepe3  eMiTepHuit o+ 0 v

- nosroptoBay. VT4, Tliacunennit curHan 3 konekropa ) B qeti

TpaHsuctopa VTS nonaetecs Ha BXiJl eMiTepHOTO Imx| ] O

NOBTOpOBa4Ya Ha Tpausuctopi - VT7.. Emitepnuit _l@ 12

NoBTOpIOBay  3abe3neuye po3B’A3Ky MK ApYram 1 3

KAackaOM NiJCHJICHHA Ta KacKaloM BuXody. Bin R1 R2 U C@J

3HWXKYE PIBEHb HANMpyrH Ha BUBOAI 5 10 HyNs npu 100k 10x 0.01MRT~

BiacyTHocTi - curHany.  CrabinizoBaHuit  cTpym T

konekropa VT8 Teue no pesucropy Ro i cTBOproe Ha
HbOMY .~ cTabinizosawuii  crman  manpyru, T06TO
HeoBXiAHMI 3CYB piBHA CUTHATY HA BUBOAI 5 BIAHOCHO
BUBOJLY 2.

BuxigHuit kackaa figcumoBaya noGymoBaHO 3a CXEMOK eMiTepHOro mostoptoBaya Ha VT9.
Pesuctop Riz B HOro eMiTepHOMY KOMi € 4aCTHHOK eMITepHOr0 HaBAHTAXEHHA TpaH3ucTopa VT8 i
30inblye KOCIUIEHT MIACKIEHHS CTPYMY BHXIJHOTO KAacKaay 3aBIsikM HETIMOOKOMY ROJAATHOMY
3BOPOTHOMY 3B’A3KY, Hanpyra fIKOro 3HimaeTscs 3 Ryp. lle 3abesneuye n0omaTKOBE 3MEHLICHHA
BUXI/IHOTO OMOPY CXEMMU.

Jloparkosi BuBoau 2, 3 Ta 12 BUKOPUCTOBYIOTH ISl NPUESHAHHA 30BHILIHIX eNEMEHTIB Cxemn, o
HaaalTh NiACKIIOBAYY HEOOXiAHUX BNACTUBOCTEN.

Po3rnsHemMo cXeMH Jeskux npuctpois Ha 6asi Ofl K140V /1, axi moxkna 3i6patv Ta A0CNiANTH.
IHupokocmyzosuii  Heingepmyiouuil  niocuai06ad, cxeMma SKOro nokasaHa Ha wan. 2.22, Mae
PO3AiNOBHIT KOHAEHCATOP Ha BXOJI, TOOTO BUCTYNAE MIACK/IIOBAaYEM 3MinHOT Hanpyru. Y mniacumosaui
CTBOPEHO Bij’eMHMil 3BOPOTHUIL 38’130k uepes pesnctop Rj. [ocTidina cxnanosa cTpymy 380pOTHOTO
3B’A3KY MPOXOAMTH 4EPE3 MOAITBHUK HAMNpPYrH, YTBOPEHuMH pesnuctopom R; Ta BXiaHuUM omopoM
mikpocxemu Ha Bxoai 9. OckinekH Rgx >> R3, KoedillieHT NepeaBaHHS LBOro SAHUIOra JOPIBHIOE
oauHuLl. 3MiHHA CKaJ0Ba CTPYMY 3BOPOTHOTO 3B A3KY LIYHTYEThCA faHLorom RoCa, o i Bu3Havae
YacTOTHI BNACTUBOCTI Nigcumosaya. [TouMHa0um 3 4acToTH

1

[ —

27R,C,
koe(iLiEHT nepenaBaHHA [ nauuora 3BOPOTHOTO 3B’A3KY 3MEHIIYEThCA, @ KOeiLieHT NiACHIEHHS
CTAHOBUTh -

Man.2.22 [TpuHuunmnoBa cxema a'n[Epio-
JMYHOro nigcumosaya Ha K140V 11

(2.28)

>

K _R+R

2.29
SR 229

-

KonzaeHcarop Cs 3anofirae Mo>KIMBOMY caM030yDKEHHIO MIACKTIOBAYA.

Axmueni RC-hinbmpu na inTerpaibHilii MiIKpOCXeMi MOzkKHA MOGYAyBaTH 3 JAHLIOraMK 30BHILHIX
YACTOTHO — 3ANIEKHMX 3B’ A3KIB, CXEMH AKUX BHAO3MIHIOIOTHCS 3riaHO 3 npusHaueHHaM ¢inprpis. Ha
Man.2.23, a 1oka3aHo BY3bKOCMYFOBHI (ifbTp Ha MIKPOCXeMi 3 ABOMa BHIAMH 3BOPOTHHX 3B’A3KiB.
JlaHugor NOAATHOrO 4acTOTHO3AIEKHOrO 3BOPOTHOrO 3B°A3Ky Ha enementax RsCs, R4Cs yrBOproe
KBa3ipe30HAHCHUIT QIIBTP 3 CEPENHBOIO HACTOTOIO, BEIMMMHA AKOI BU3HAYACTHCA MApaMETPaMu LUX
¢JIeMeHTIB (IpK HABEICHUX Ha CXeMi BenuuuHax ornopis i emHoctel fy=1kl"u).

[IlupuHa cmyry NponyckaHHs Ha pisHi ‘0,7 BCTAHOBMOETBCA 3aNEHKHICTIO BIJ BENMYMHH OMOPY
pesuctopa Ri* B naHLosi Bix'emHoro 3soportHoro 38°a3ky RaCoRiRs. Ilpu 3meHwenni  koediuieHTa
BiI’EMHOTO 3BOPOTHOrO 3B’A3ky 30iMblIyeThCA KoeillieHT nepeJaBaHHR Ta 3BY)KYETbCA CcMyra
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NPOMYCKaHHS.

Ha man. 223 6, ¢ nokasami cxemu akTHBHUX (iNbTPIB HIKHIX Ta BEpXHIX MACTOT 3 BENUKOIO
KPYTICTIO CXHMIIB  aMMIIITYAHO-4aCTOTHHX XapaKTEPUCTUK. Y JIAHUOrax 3BOPOTHOrO 383Ky TYT
3acTocoBani npocTi - noaiGui cxemu. [Ipy HABEASHUX BENUMMHAX ONOPIB TA EMHOCTEH rpanpuHi
wactoth uux ¢inepis fp=1 k' i fy=250 'y,

R233A
T 680k
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Man. 2.23. Tlpunumnosi cxemu axcusHux RC-dinstpis na OIT; a- BY3LKOCMYI'0OBOTO;
6-PHY; 8- DBY; r- 3aropomky104010; - KBa3ipe30HAHCHOro

Ha man. 223 2 0 nokasasi cxeMu 3aropopkyiouoro ra KBa3ipE3OHAHCHOIO  (inkTpiB i3
BHKOPHCTAHHSAM 2T-nopibtoro mMocra. 3aropokyounii QinbTp YTBOPEHHIT 3a JONOMOIOI HACTOTHO-
3ANEKHOT BXIIHOT NPOBIAHOCTI MIACKMOBAYA, KA 3YMOBNEHA NOCAIAOBHMM BMHKAIHAM {BiAHOCHO
CHIHANyY) MOCTa Ta BXIAHOTO. oriopy Mikpocxemu. Kpasipesonancuuii ¢inktp yTsopeno 4a paxyHok
HaCTOTHO3ANEKHOTO BiJt'CMHOIO 3BOPOTHOIO 3B’A13KY, 3MIHCHIOBAHOIO TAKOIK 30 JONOMOIOI0 MOCTA,
Cepeani 4acTOTH fe CMYI' 3ar0POUKEHHS T CMYTH NPONYCKAHIS PO3PAXOBYIO T Ha (hopmynoio

1

f=
2RO (230

ne
R . ¢, .
Ri=Ra=2R;5=R; C|=Cz=7 =C.

Emiawtenmni pequuani eremenmu. Y  (QinbTpax i3 3aCroCyBaHHAM  MiKpPOCXCMHOI
rexnfmon]’ YACTO HEOOXIAMI BENMKI €MHOCTI T ingyKTBHocTi. Bukopuctanns Ol aaé 3MOLY HPOCTO
PO3B’A3aT WO NPOGAEMY METOJOM CHHTE3Y CKBIBAICHTHHX PCAKTUBHMX CXCM. Hpuuinnosi cxemu
CKBIBAJICHTHUX PEAKTHBHUX €JIEMEHTIB MOKa3aHi Ha man. 2.24.

st ollepakalita B-CJ]HKOT €MHOCTI HEOOXi/O, 100 MOAYIIL BXIMIOrO ONOPY CXCMH 3MCHIIYBABCA
NPOMOPLLIHHO “ACTOTI CHrHANY HA BXOJli, & CTPYM Bill JUKEPENA KHBICHHA 3POCTAB i3 3POCTALHAM .
tactot. Sxwo no Heinpepenoro sxoay OIT, wo yBiMKieHMI AK 1OBTOPIOBaY CUFHATTY, YBIMKHYTH
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anepioanune k0110 RC, To curtan na fioro BUXOZi 6y/Ie OIHAKOBHM 13 CHTHA/IOM HA KOHACHCATOPI.

R
Uc 4|—-—R-| Ue ——
DA
9 DA 5 . 9 ;5
g 124w B 1o][>0,, 4
] =13 FC..-L.
R, F F—-— R, || JEC 3
2 FG——
FC— =
7 ‘ﬁ 12 — 2 12
Ul 1
4:9 ""LUZ R, u <:$ —2 R o
C C
S —-C
R ? 0 Leke:RlRC R C
Co =7 CLc
I R F $+—
a) 6) 1)) Z)‘

: ,
Man.2.24. Exgisanestai (a, €) Ta NPUHUMIOBI (6, 2) cXxeMut N OACPIAHHA LITYHHHX PEAKTHUBHUX
enementis Ha OIT

SIKIWO [UKEPENO CHIHAITY 3'€/IHATH Hepe3 Majii onip Ri 3 BHxOJOM giﬂcnnmaaqa, TO Ha HalbInLW
BUCOKHX HACTOTAX Bil JuKepena 6y/ie NPOXOAMT CTPYM, L0 NPHOIMIHO CTAHOBHTD

=< 2.31)

I3 sHWKcHHAM 4acToTH OyIyTs 3pOCTATH HAMPYCH CHTHANY HA KOHJICHCATOPL Td Ha BUXO/
migcunioBaua, a CTPYM ueped R 3MeHIyBaTHMETHCA, TOGTO BXiAHMI OMip TAKol CXEMW MaThmMe
EMHICHHI XapaKTep 3 EKB{BANCHTHOIO EMHICTIO )

_RC
EKE"R

1
Jins ozepxkanya ripatopa — cxemu 3 BXi/IHMM OTOPOM, eKBiBaJ]eH'THl/IM IHAYKTHBHOMY o.nopy, -
J0CHTH y CXeMi Mal. 2.24 MOMIHATH MICUAMY ENEMCHTH R ta C. Toai curHas, WO NPOXOAWTE HEPC3
omnercarop C Ha HEIHBEPCHHH BXif, 30UILUIYETHCA 13 3pOCTAHHAM HACTOTH, a Tomy\ cTpyM™, éng
TPOXOAUTH BiA Jukepena curnany Uc 4epes pesneTop Ry, 3ueRwyethes i3 3pOCTAHHAM 4acTOTH, TO Ea
BHKOHYETBCA YMOBA, 110 3abe3neuye jHyKTHBHRE XapakTep BXinHOro onopy. EKBIBANCHTHA BEMIH
iHAYKTUBHOCTI NPH LOMY

C (2.32)

= 233
L,,=RRC. ey
Skino p63ranyTi CXEMH 3aCTOCYBATH B KONUBANBHOMY KOHTYP! agroreueparopa ! 3MIHKIBATH OMip

Pe3UCTOPa MiJl BIVINBOM KEPYHOUOro CHrHany, (HanpuKNaz, 3acTOCYBABLIM 3aMICTb R Tpan3ucTop, AKuM
KepyIOTb 38 AOTOMOTOK0 HANPYTH HHU3LKOT 4acTOTH), MOXKHA 3ATHICHAUTH YaCTOTHY MOAYIANIIO 3 AOCHTE

BEJIHKIM iHAEKCOM MOAYIALT.
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CxeMH IesKHX eeMeHTIB aHANOT0BOT 0GuHCIOBANLHOT Texniky i3 O noxasani na Man.2.25. Ix
OCHOBHI BJIACTUBOCTI BU3HA4AKOTHCS JIAHLIOTOM Bij’€MHOIO 3BOPOTHOTO 3B’ A3KY.

U. R2
VT Vi
U, Rijo DA 5] Bux, Bx. R 9 DA 5 Bux
0 (> T > L
F(I F Z
2 2
7 477

3

o ol _ _ 1 dU

2) U e 9) U..= F{ U, e U..=- 4

Man.2.27. [lpuHuioBi CXeMu ACAKUX €IEMEHTIB aHANOTOBOT 00MMCIIOBANLHOT TEXHIKKH HA OCHOBI
K140y 1l:

a — cymatop; 6 ~— NOMINLHHK, 6 — JIOrapu(hmMyBay; 2 — CXeMa JJIA OACPIKAHHS €KCIOHEHTH, O —

iHTerparop; € - andepeuuiarop

JlonaBaniia CUrHanis i3 3MIiHOIO 3HAKIB CYMH MOXHA BMKOHATH npu Gyab-aikomy koedilienti
nepesaBanua B cxemi Ha Man.2.25, a. Skuo sudpatn Ra=Ry=Rc¢=Ry3, 10 xochiuicur neperapanns
nopiBHIOBAaTHME OfHHNL (R33 — pe3vcTop laHwora 3BOPOTHOTO 3B A3KY).

Minennsi BAKOHYETBCH B cXemi Ha Man.2.25, 6 3a paxyHoK Toro, 1o koepiLieHT nepenaBaHHs
AGHUKOTA BLI'€EMHOTO 3BOPOTHOFO 3B’A3KY 3MIHIOCTBCA 32 3aKOHOM 3MiHu Ua. Y 1boMy BuRauky
JOU{IBHO BUKOPUCTOBYBATH NOABLOBNI TPAH3UCTOP AK KEPOBAHY MPOBIAHICTS,

Hna nozapugmysants BUKOPUCTOBYIOTh EKCRIOHEHLIANBHY HACTUHY BOABT-AMMEPHOT XapaKIepue-
TUKH P-11 NEPEXOJly TPAH3HCTOPA, YBIMKHEHOIO Y NAHIIIOT 3BOPOTHOrO 3B°A3KY AK Aioj (Man.2.25, 6).

Cxema, nokasana Ha Man.2.25, 2, 3abe3neuye BUKOHaHHs onepauii antinorapudmysats Ugn= V™,

Jndepenuiiobais Ta interpysanua GyayTh JOCHUDKCHI Y raBi TPeTiid, Jie TouHicTh uux onepaii
Oyna o6MexeHa HU3bkUM KkoedillicHToM nepenaBanna. Bukopucramis OI1 nae 3mory sabesnequt

Koeiti€HT nepeaBatns, Wo AOPIBHIOE OAMMULI MPH BACOKIA TOYHOCTI BUKOHAHNA Martemaruduot i
(man.2.25, 9, ¢).

§ 2.13. Bubipni nincuniosavi Ta reHepaTOpH CMHYCOIIHHX KOINBAHD

Bubiprum nidcumosaies HA3UBACTBCA CXEMA, WO MAC MAKCUMANLHMIL koediuieHT NepefaBanus ¥
BY3BKiit CMy3i 4acTOT no6u3y /,. 3a MexkaMu 1€l BY3bKOT CMYTH NPONMYcKauHa koeilieHT nincnaeHHa
pi3Ko Ccnanac 1o Hyna. BuaineHns ofHici rapMOHIKM i3 CHrHAlY CKNAAHOTO FapMOHIMHOTG ckiajy
Oyrac HeoOXiHUM nNpu Aochijxenni QisuMHUX npouecis, npw kepysanni Garatbma 06'cKTamy.
Inpoko 3aCTOCOBYIOTLCA BUGIpHI NiaCHMOBaYi B 3B'MIKY, HANPUKNAL, Y PALIO3B'A3KY: 34 JONOMOrOI0
11aCTPOIOBARKA BUOIPHOIO MiACHIOBAYa HA HECYHY HacTOTY MepejaBada THM CaMMM 3JiHCHIOETBCA
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4ACTOTHA CeNeKUis KOPUCHOTO CUIHaJy. o 4
BubipHi niacwmosadi aioTh 3Mory BMOMpaTH NOTPiOHI CUrHaau 3 NEPeAaBaHHAM JACKUIBKOX

MOBIZOMIIEHE 10 OXHOMY KaHAI 3B'A3KY.

Yrs Pu
0,33

Y
Maji. 2.26. Bubiphuii miacumosay (a) Ta ‘
yacoBi iarpaMy CUrHANIB Ha BXOAi Ta BUxoai (6) Pu
. = ~aguin k.0

1 1 I
0,010,1 1 0100 f/f

Km
Man. 2. 27. YacToTHi xapaktepHcrukyu mocta Bina (a)
. Ta Bubiproro nigcnntosaya (6) : ,

TO,l 1 10 1/, 6)

[1inpoke NoUIMpenns oepxkani BUGIpHi niacumosayi, nobynosaui Ha ocHoBi OIT. fx nc;n;wfali?ug
§ 2.10, 2.11, koediuient niacunenns OIT i3 B33 BU3HAUACTECA JHIIE papamer;zamu nanora 33. !
B naHwWo3i 33 BukopucToByBaTH RC-NaHKy, koeiLieHT niepe/iaBaHHs i ¢bazosuit 3CyB AKO 3a.ne>x6§1-b grg
4acTOTM, MOKHAa 3abesnmednT TOTPIGHY 3anekHicTh  KoediieHTa nepenaBanus  BUOIPH
i 1OBaya Bij 4acToTH. o
nlﬂ;”;lKOCTi ‘laCI;OTHOSaJ'ICM(HHX JAHUIOTIB BUKOPUCTOBYIOTE PI3HI RC-‘J'laHK'I/l, HaripUKAan, CXemy n{ocze.}
Bina {cxema MocTa Buminewa mynktupom). 13 no}lal'a.a}m;iM HA BXiJ NiACHNIOBAYa HECHHYCOIAH!
HANPYTH 1sy(1) YACTOTH fo HA BUXOAI OTPUMAEMO CUHYCOLHHIT CHrHAn (M@.2A26,6)4 T
Po3rnsHeMO YACTOTHI XapakTepicTuki MocTa Bia, (Man. 2.27,a).Mict cxna’nae.rbcn 3 1 Hz:l ot
(C'R}) Ta napanenbnoi {C"R") nanok (aus. Man. 226, a). 3 NPOXOIUKEHHAM YEpe3 MICT, cn;};z:.]n ”:I; Kol
4aCTOTH TyGUTECA Ha KoHmeHcaTopi C',.a CUrHa BUCOKOI YacTOTH FacuThCA Ha MUIbHHKY o g)T);l ’oni
CKNAACTRCA -3 MOCMIZOBHOT T2 NApA/ENbHOI JIAHOK, TOMY MO 3 MIABHUICHHAM q; o o ’p
konzencaropa C" nagae. ToMy uaiGinbmuit Koe(illieHT NMepesaBanH MICT Ma€ Ha JeAK] o
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®azoBui 3CYB, BHECEHUH MOCTOM, Ha HACTOTI /5 AOPIBHIOE HYNO. [Tpy onTUMAaNEHMUX CMiBBIAHOILEHHAX
C'=C"=C, R"=R"=R uacrota I, =1/(2rRC); npu {=fo koedhiuieHT nepeaBauHa MocTa w=1/3

TlosepHemocs 1o po3risay BuGIpHOTO NiACHNIOBAYa B uinomy. Ha wacrorax, BiaMiHHMX Bif /,,
KoeQiUieHT mepesiapanks Mocta Bia Manuil i MOXHA BBKATH, MO CUTHAT HA npsamomy Bxoai Ol
u=0. Cxema inentuuHa inseptyiowomy OIl (Man.2.20,d8) i.mae KOE(ILIEHT MiACHIEHHA, LIO
BU3HAYACTLCA 33 popmynoio (2.27), K'=-Rz/R;.

Ha uacroti /, koediuient neperasanns mocta Bina MakcumansHuil. Yepes mior Bina ua exin OI1
nojaeThes curian JI33, wo pisko 36inewye xoedinient nincunenus cxemu K, y nopiBHasmi 3i
3HaneHHaM K. HacToTha XapakTepuctvka BUGIPHOTO MIACHMIOBAYA HABEAEHA HA Mall. 2.27, 6. Ynum
BHIIMA  KoediuieHT nifcknenns K'=-R; /R, TWM BMa NiACHIIOBANTbHA 30HA YACTOT (cmyra
NPONYCKaHHA), BRE BianowenHa K,/K'.

Tpote npu 3nauenni R2/R; =2 BukonyeThes yMoBa camo30yKEHHS | KOeDiLliEHT NiACHAEHHA CXeMU
Ku Ha 4acToTi f, crac piBHUM GesmexcnocTi. Lle 03Hauae, IO HA BUMXOMI CXEMH OyayTs icHyBaTH
CHHYCOIAHI KOJIMBAHHA MaCTOTH fo | TIPH HYNBOBOMY BXIHOMY CHrHani., Y TAKOMY BMITIARI CXCMA MAN.
2.26, a crac’ cenepamopom cunycoidnoi manpyeu, NAHUKOT IDKepesia BXIZHOT Hanpyru Moxe Gyt
BUMKHYTHM (JUKEPENO Uy 3aK0opoueHe).

Po3rnaHyTa cXema He € €QMHMM NPUKIAOM CXeM BUGIPHHX IiACHIOBAUYIB Ta TeHEparopis
CHHYCOTIHUX CHrHaniB. ICHYIOTE YMCNICHHI BapiaHTH UMX NpPUCTPOIB, noby/108aHWX Ha 0a3i iHmIKX
HaCTOTO3aNEXHUX RC-naHLIOrB.

§ 2.14. UiacnsmoBayi 3 eMricHum 38°s13K0M
[Topsin i3 3acTOCYBaHHAM ronoBHOTO TUNY nijcumioBadip — TTIC — Y PSULL BUNMAJKIB € AOUINLHUM

BMKOPHCTaHHA NIACKIIOBAYIB i3 €eMHICHNM 3B'A3koM. Ha man. 2.28 sk NPYKNAJL NOoKazauuii tifcuinosay
I3 EMHICHUM 3B'A3KOM, BUKOHaHW Ha 6asi OI1. 3actocyBanus emuichoro 3B'A3KY MK

Upyx

0)

Man. 2.28. [TigcumoBan i3 eMHICHUM 38'13K0M | HOFO cxema 3amiunienusn

KacKallaMu 11iACHNIOBAYIB y JIAHM{ 4ac BUELINO 3 BUKOPHUCTAHNS, TOMY WO KOHJCHCATOPH 3 BEJIMKOIO
EMHICTIO HE BUKOHYIOTHCS Y BUCTIAAI eneMentis IMC.

IlepeBaroio NiacUIOBAYIB i3 EMHICHUM 3B'S3KOM € BIACYTHICTB Apeiidly Hyns: KOHHEHCATOPH ne
MPOITYCKAKITE MOCTIiiHO CKNAL0BO, Y TOMy HucAi HANPYrH Apeiidy.

I3 noaBaHHAM curdany 6e3 nocTiitHo CKNAZOBOI, WO NOKA3aHO Ha Maj, 2.29, a, BUXiAHWI cUrHan
NPaKTHYHO NIOBTOPIOE GOPMY BXIAHOIO, ane 3 NOAABAHHAM CHrHajly, o Ma€ NOCTIHHY CKnajoBy (ma.
2.29, 6) Boua uepes KoneHcaTopH 38'13Ky C; Ta C; He TNEPeACTLea i PopMa CUIHAILY HA BUXOZI BXKE HE
BiANOBiAAC BXigHOMY. [To BUXinHili Hanpy3i MiACHIIIOBAYA 3 EMHICHHM 3B'A3KOM He MOMKHA BUACHUTH,
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N f Man. 2.29. YacoBi aiarpaMy CHIHaiB HA BXOJi Ta

BMXOJI MiJCKIIIOBAYA 3 EMHICHUM 3B’a3KoM (a,6)

Ta HOro YacTOTHI XapaKkTepHCTHKY (B)

8)

aka (Qopma BXizHoro curhany — sk wa man. 2.29,a um 6. O6M€>Ke_Hicn, lxaC'r'O’ruorou)lianzno'uy
AiACHMIOBAYIB 13 €MHICHUM 3B'S3KOM € IXHIM TOJIOBHHM HEAOJHKOM, UEpe3 sAKWiA B Mipy
yaockonastoBanis [TIIC cepa ix 3aCTOCYBaHHs NOMITHO CKOpOTHITACH. ‘ ‘ .

PO3rAsHEMO YAacTOTHI BNACTMBOCTI MiJCUMIOBAYiB i3 €MHiCHMM 3B's3koM, Bca 3owa uacror
pO36MBAETLCA HMA TPH  MACTMHM: pofoua 30Ha  cepeouix uacmom '(CMyura nponycxczun—@
XapAKTEPU3YETHCA THM, 10 OIip  KOHAEHCATOPIB 1/(1)C/‘Ta 1/wC> Maj!lilﬁ, I 3MIHHHA CHPHan 6e3 mpal
NpOXOAUTH uepe3 koHeHcaToph. ITijcnaeHna B Uil 30H1 4aCTOT NOCTIfME i HE 3ANCKHTS Bi 4acToTH.
B 30HI sucokux vacinom BAABIAETLCA inepuiitHicTs Tpansuctopis. Sk i 8 II1C, 13 pOCTOM HaCTOTH
3HIKYETLCA KoeilienT niAcHen st i 3ABIAETbCS 3ani3Hinnit Gazosuit 3CYB MiX BX]lel/lM Ta BUXIAHUM
curpanamu migcuniosaua. B 30Wi wusskux wacmom onip KOHJCHCATOPIB (:,‘1 Ta Ca, pocTe, HacTiHa
CHIHANY NPUKAMIAETECA 10 KOHICHCATOPIB i ryGHTLCS HA HHX, Ko;d)iuleHT TACKNCHHA 3i 3MEHUICHHAM
yactotn nazae. Ha man. 2.29, ¢ wasefeHi aMnJIiTy/\HO-4aCTOTHI Ta (a30-4acTOTHI XapaKTePHCTHKH
MiACHIIOBAYA 3 EMHICHUM 3B'A3Kk0M. CMYyra 1ponyckaHHs oOMeNKella YacToTaMus fn Ta fu 1A AKKX K=
Ko2. ' '

Jina ananisy niackioBaya 3a cxemow Ma. 2.28, a 3aMIHUMO BNACHE MIACHIOBAY  y3aranbHCHOIO
CXEMOIO 3aMILLCHHA, 110 CKAANAETLCA 3 BXiAHOTO ONOPY Rex, MKepena Hanpyru Kix ttes Ta' BUXIAHOTO
OIOPY Ruw (Man, 2.28.6), OTpumana cxeMa 3aMillleHHsl NiACKIIIOBAYA 3 KOHAEHCATOpaMH 38'a3Ky L) Ta
C, ONMCYETLCS BUPA30M Y KOMIUIEKCHIH (opmi: :

KU=L_]«M/E«,\’“_ Y ex' K(Ixx Y sux, . (234 )

€ Yor -KOSDILIEHT TIepeAaBAHHA BXIIHOTO NAHILOra:
| Yox = Yo = R ) (2.35)
E. . RAV(0CH+R,

¥ ux - KOCDILIEHT MepelaBaHHs BUXIAHOTO HaHLIOTa;

102

m R (2.36)
U  Raxtl/ i0C+R, .

IIpoananisyemo 3aNexHiCTbYq: Bifl HACTOTH. J19 LBOTO NOMINNMO YUCENLHNK TA 3HAMCHHHK BUPA3y
(2.35) Ha (Rax* R.):

o RSRAR) Vo
T o Rt R 1+ jon

1€ Vexo™= Rax /( Rt R.)- KoeilieHT nepeflaBanis BXifHOro nawora npu 1/joC=0,106T0 B 30Hi
Cepe/IHIX Ta BHCOKUX 4ACTOT; T1=C( Reyt R:)- cTana uacy kona 3apsity kouzeHcaropa C

Moaynb koediuielta nepefaBaiig yo AO3HAUMMO |Yox|=Yew /My, B¢ My, NOKA3YE, Yy CKiJlbKM pasis
3MEHINYETLCA KOchiLiEHT nepeaasaHys i Ha 4actoti . 3 Bupasy (2.37) oTpuMaemo

Mu1 =1+t (2.38)

I3 3MelenHAM 4aCTOTH © M POCTE, & Yo DAZAE, TOMY 1O 36iNbIIYETbCS onip kouaexcaropa C i
Ha HbOMY FyOWTLCA 4acTHHa curHamy mxepena EPC. Tlpu upoMy 1o janmosi R, C; Rex nporikae
EMHICHUI  BHIIEPE/DKAIOUUE CTPYM, WO CTBOPIOE HA Rex CNan HANpyru . AKA BUTIEPEIKAC En 3
(opmysnu (2.37) orpumaemo

(2.37)

0= arctg(l/wz,). (2.39)

AHIONMHHI aHaIi3 MOXHA TIPOPOGHTH | A KoNa Ruw C2 R, JIna wporo y bopmynax (2.38)-(2.39)
3aMICTh 71 MACTABUMO T=C'5( Ruwt R,), A€ Tr-NOCTIHHA KONa 3apajty konencaropa o Hpi upomy
OJIEPKHMO BHPa3 [ist M,,2 Ta (2, AHATIOTINHI 34 CTPYKTYpoio Bupasis (2.38) Ta (2.39),

Koediuient niacuienns cxemu 3 eMuicHUMI 38'13KaMH 4Tino 3 Bupasom (2.34)

iy

- Y s . 7«.\'(\/\"’\‘\' Y.m\'ﬂ
Keg——= ————,

M M M.

ac My=M,; M,z — napameTp, mWo nokasye, y ckiibkd pasis BMCHINYCTLCS KoeDilienT nigcHaeHs
MACHIIOBAYA (Y NOPIBIAHHI 3 MAKCUMATLHHM 3HAYCHHAM Ky n1a vacrori w=2n/,

DA30BI CHOTBOPM, BIIECEHT KOHACHCATOPAMH, JOARIOTHCS

=0+,

Ha xapaktepucruxax Man. 2.29,6 nokasane nauinus Moayns KociLielra DiCHICHHA HA TI3LKMX
HACTOTAX TA NOABA (HA3OROTO BUICPEPKAIONOTO 3CYRY @. [l POIUMPEHHS CMyTH TPOIYCKAHS B 30H1
HM3bKHX 4aCTOT HeoOXIAmo 36inbinyBati eMHocti kouzencatopis € ta Ca, 1o NPU3BOJNTL  J10
TOTIPLICHHA MACO-TaapUTHUX 110KA3HUKIB 11LACHMOBAYIB,

Cnag aMnuiTynno-uacToTHOl XapakTepUCTHKN B 30HI HHIBKHX 4aciul NPU3BOJNTE 110 NOSBU
criotsopent popmMu nepesanux curnanis. Ha man. 2.29 nokasano, mo 3 ACPCAABANNAM 1IPAMOKYTIHX
IMIy/ILCiB HANpyra 1a BUXO/ mijicwinoBaua Mae cnaa ha BepunHi. Lle nafiHus vanpyru 3ymMoBneno
HE3/IATHICTIO NIACHIIOBAYA NCPEAABATH CHIHANH 3 MAIOIO HacTOTON a6o CHIHAJIM, 11O MOBIJILHO
suminioloThes. Criorsopetus dopMu iMIYNLCIB TUM Gitbi, wuM 08U iMUynbeu.

Ku

§ 2.15. Kackaan nigcuiennst notyxuocri

Posrmauyri nigcumosaui (§2.1-2.14) nipcumoiors nacrynui NIAPAMCTPH  CHIHALY: [IOTY)KHICTD,
Hanpyry Ta cTpyM. IlpoTe noryiuicTs, sky niACHMOBAYI CHPOMOMKHI HECPEAATH B HABANTANCHIA, JiyKe
Mana. Tak, IMC OIl 140Y/17 mae na suxopi nanpyry o 11,5 B, miniMahuii Ornip HaBAHTHKENIA
2 kOm. TTpu upoMy MakcHMajibia NOTYRHICTS, nepeaana B nagantaxeHon, P,= /> /R, =0.0024 Br.

s
Ha piBui HacTinsku Maninx noTyIKHOCTSH eHEPreTuuLt NOKA3INKH TICHIIOBAIS (nanpuknag, KKJ1) ne
BiRiTpaloT, Bemukoi poni, i npu TMPOEKTYBAHHI B LEHTPI yBalM 311aX0/MTLCA “THILKK npobiieMu
nepenaBanus iNGopmauil: nifeuselts curnany ro wanpysi, crabuibHicts koediuienra nijgcunernis,
BIACYTHICTL CrIOTBOpEHL (OPMH CUMHATY, NOBHE NEPENABAHNA KOPUCHOT vacTHim cnexkrpa i r.in. [lo-
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[HIIOMY CTOITH CHpaBa 3i CTBOPEHHAM MiACHIIOBAUIB, HA BUXO/i SIKMX € HABAHTAXKEHHS, WO CITOKUBAE
BiJl MiACHTIOBAYA NOMITHY TIOTY>KHICTE (MAIONOTY>KHI ABUI'YHH, Pi3HOMAHITHI BUKOHABY MEXaHI3MH i
in). Y upOMy BUNANKy NpH TPOCKTYBAHHI BMXIZIHOTO KAaCKaly [iJCHTIOBAYad CHEPTETHUHI NUTAHHA €
nepwopaaHuamy. JIne npu Bucokomy 3HadweHH] KKJI MoxyTs GyTH 3HMKEHI BTpaTH €HEPTIi ukepesa
YKHBJICHHs!, 3MEHILEHMI HarpiB HAMBNPOBIAHUKOBMX NPUIANIB 1 3HWKEHA TXHA NOTYXKHICTh, Kackamu
MIZICUIEHHS. TIOTYXKHOCTI BIAPI3HAIOTECS Bi PO3MJITHYTHX CXEM He JIMILE CBOEK CTPYKTYpOto, ane i
0COOJIMBOCTAMHU PO3paxyHKy. MojkHa BBaXKaTH, 11O NMEBHOK MIpoK KacKaiH MiJCHIECHHSA MOTY)KHOCTI
BIAHOCATBCA A0 CXEM €HepreTHUHOI eMEKTPOHIKM, 31 CTBOPEHHAM AKMX Y NEpUy 4epry HeoOXiTHO
3a0e3neunTy CIpUATIUBI ¢HEPreTHHHI CIiBBIAHOIIEHHS.

Po3rnsiveMo HalbiI XapakTepHi crnocob nmobyaoBH KackaniB NiACHICHHsA NOTYXKHOCTI. Bonu
BiIPI3HAIOTECA Kacamu NificuienHs (aus. § 2.1).

Kackad nidcunennn nomyyenocmi xaacy A wasefennit na man. 230, a. [lna creopenus
niacumioBaua TNOTYXKHOCTI Kiaacy A HEoOXiHEe 3acTOCYBAaHHs TPaHC(GOPMATOPHOTO 3B'SI3KY 3
HaBaHTaxeHHsM. TpaHchopmaTtop He nepenac NOCTIHHY CKRaJoOBOro CHrHany, TOMY 4YacTOTHa
XapaKTEePUCTAKE TaKOro Kackajly aHaloriyHa uacTOTHIH XapaKTepUCTHUI KackadiB i3 €MHICHMM
3p'a3koM (oMB.Man.2.29,6). Y pexumi Crokow (ue=0) 32 paxyHOK Hanpyru 3milleHHa U, fka
nofaerbes Ha 6a3y, MPOTIKAOTE CTPYMU 5 Ta L =P Is H{(B+1) Liso

bBynemo sBaxatu TpaHcgopmartop ineaqbHHM (TOOTO HEXTYeMO BTpaTaMu B HBOMY, BBAKAEMO
IHAYKTHBHICTh HaMarHi4yBaHHA AY)KE BCJMKOIO, a IHAYKTMBHOCTI po3ciroBaHHR Mamumu). Toai omip
NepBUHHOT 0BBUTKU TpaHCHOPMATOpa TIOCTIAHOrO CTPYMY JOPIBHIOE HYAIO i B peskuMi crokoio U e“Ey.
Ha BUXifHKX XapaKTepHCTMKAX TpaH3MCTOpa no6yayeMo JNiHIH0 HABAHTAKEHHR MO TIOCTIHHOMY CTPyMY,
BOHa siBJsie co6010 BepTHKanbHy npamy (puc. 2.30,6). Touka cniokow O Mae koopavuatt  Use Jee

ullx
T

IK
A ———

. —

O
B I Ugux
>t
Ex :Ux.c [Z( B) -

6)

Man. 2.30. OnvorakTHuit NiACHIOBaY IOTYKHOCTI Knacy A:
a -cxema; 0-no0y10Ba JliHii HABAHTAKEHH; B — 4acOBI AiarpamMu CTPYMiB Ta Hampyr

I3 noJaBaHHAM BXIJHONO CHIHANY He 3'ABIATBCA TIPUPOCTH CTpyMiB 0asm Als Ta koseKTopa
Al=PAls. HapanTaienram IS TPAH3UCTOPA ABNAETBCA OMP R, = R.oi /@7, A€ O1 | (22 — MCTA BUTKIB
y NepBUHHIN Ta HaBaHTXYBAIBHIK 06BUTKAX TpaHcdopMaropa. [T00YayeMO NiNil0 HABAHTAXKEHHA N0
3MiHHOMY CTPyMOBi. [ins 1poro, sk i B §2.2, NPOBEAEMO depes TOMKY Cilokolo O mpamy MMl mix
KYTOM, W0 BH3HAuaeThca R’y [1pn NO3MTHBHOMY BXIHOMY CHrHl CTPYM KOJICKTOpa 3pOCTac,
36inbIIYeThCA NaliHHsg HaNpPYrH Ha NepBUHHIH oOBMTLI TpaHcOpMAaTopa, 3HWKYETLCA Hanpyra Ha
konexTopi (Bimpisok OA. man. 2.30,6). 3i 3MEHWEHHAM Mer ~3HIDKYETBCR i, HANPYra Ha KONEKTOPI
36inbyeThes (BiAPizok 0B) i 10 TPaH3MCTOPA MPHUKNAAAETHCA HE JMILE EPC pxepena xusnenHa Ei
ane i npotu-EPC’ tpancopmaropa. Ilpu BEIMKOMY #ex BEJIMUMHA Uy B MeKaX N0Csrae 2E, wo
HeoOXiZHO BpaXoBYBATH NpH BHGOpI TpansucTopis. Ha man. 2.30, B IOKa3aHi KPUBT HANDYT Uy Uix, Yo
Ta KONEKTOPHOTO CTPYMY ix 3 TIEPEIaBAHHAM ABOMOJAPHOTO IPAMOKYTHOIO CUTHAILY.
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Busnauumo KKJI xackazy n=P, /P, ae P, — NOTYXHicTh HaBaHTa)KéHHx; P, — TNOTYXHICTS,
CTOXHBAHA Bifl Jaepena >kupieHus E. Ilpu ideansHomy Tpancdopmartopi Ta mpu curHam g,
nokasanomy ta man. 2.30,8,

Py= Ulpox mIRe=AUPR /= (& E )/ R, (2.40)
ae & =AUk/Ex Usux m—=aMITTY A tgyr B JAHOMY BUMARKY Upnx m JOPIBHIOE A1i0UOMY 3HAUCHHIO.

Y xnaci A 3asxau

Poi= Ec L 24D

JUta ofiepKaHHA MAKCUMANBHOF aMIITYAM Unax m (pu E->1), ax sunnmsac 3 man.2.30,6, BapTo

BubupaTH lc ~E/ R, Toai BHpa3 (2.41) 3AMUIMETBCA Y BUTAANI

o P=E%/R,. (2.42)
43 dopmy (2.40) Ta (2.42) nicranemo
n=t’ (2.43)

Ha man. 2.31 nasenteni 3anexKHOCTE M, P, Ta Py =P, P, Big & 3 aHanisy uux rpadikis pofumo Taki
BHCHOBKH:

1) makcumanbunit KKJT gocsraetocs npyu Bennkux sHauenuax &= AU, / E,, TOBTO npu niACHICHHi
BEJIMKWX CHUTHAJIIB;

2) NOTY)KHICTh, CHOKMBANA BiJt JUKCPEna Po, HE 3a&KUTE Bijl CHIHANY, WO NEPEAAETHCA,

3) MaxcuMalbHa MOTYXHICTh BTPAT Px = P,- P, Mac Miclle B peuMi CMOKOIO, KOMH 1y=0.
HoTyxHICTb BTPAT — LE NMOTY)KHICTb, WO BUTPAYAETHCH HAa HATPIBAHHA TPAHIUCTOpA, OTKE, A
TPAH3NCTOPA HAWBLILIIE BKKUM ABIACTLCH PEXHM CTIOKOIO, | 33 UMM PEXUMOM Tpeba BUGUpaTH
TPAH3UCTOP MO NOTYXKHOCTI: Primax> Po = Ex Icc.

I3 nepepasannsm curHanis fosinbhoi Gopmu 3Hauenns KKJI 6yiue sussauarucs CepeaHIM
3HAYCHHAM KoeditienTa £ i Oy/ie 3HAUHO HIIKYUM 3HAYCHD, LU0 A0CAIAIOTLCA MPH £~ |

Hanpuknan, npu cuHyCcoiHOMY tex Q)opMM AU ra taux CUHYCOIAHE, € MPOTAIOM NOJOBHHM Nepioga
3MIHIOETBCS 38 CUHYCOTUHHM 3aKOHOM Bil 0 10 Eumar, @ B Kinui Big 0 a0 |.BpaxoByBaHus peaisHux
BNACTHBOCTEH Tpancopmaropa jae e meuwi 3mauennn KK/ kackany nicusiesns noryknocti.
Takum anHoM, nigcumosay 3a cxemolo man. 2.30, 4, sx i Bci kackaau, wWo npaloIoTh y Kiaci A, aac
3MOry Nepe/laBaHHA ABOTIONAPHOTO CHIHANY O€3 CIIOTBOPEHb, AIE BONOAIC JAEAKMMM HENONIKAMM: Mac
Husbkuid KK, 0c0611BO NPy Manux 3HaUEHHAX tie; NOTYKHICTE P NE 3a1e3UTh Bill BXLAHOrO CHrHany

i IPY MAIMX CUTHANAX BUTPAHAETHCA MAPHO; KACKA/L IOBMHCH MATH
n

1
+E, —
0,5 // £ U
. Uaux BN
e l [ : >t
§ I——- i
P ~ Py E. we t
N >
AN \ 4[__umlx t
NP >
a) 0)

02 04 06 08 1E

Man.2.32.0nkoraktinit  nijcuimosay
NOTY:KHOCTI Knacy B:

a- cxema, 6-4acoBi jAiarpamu Crpymis i
. ) Hanpyr
TpaHc(POPMATOPHUA 3B'A30K i3 HABAHTAKCHHAM, LIO BM3HAYAE HECTPMATIMBMA XapakTep HOro

Man. 2.31. 3anexHocti n=/(&) Ta P= 1(£)
A2 TACURIOBAYA MOTYKHOCTI Kilacy A
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4aCTOTHOI XapaKTEPUCTHKH Ta HEMOMIUBICTE NEPEe/laBAHHES OJHOTONAPHEX CUTHANIB,
Oonomaxkmiiuii Kackao knacy B napenennit Ha man. 2.32.a.

1]" T

1

0,5 A

// Man. 2.33. 3anexHocti N(E) Ta Po(&),Px ()
A JIA MIACHIOBaYa NOTYKHOCTI Kiacy B

02 04 06 08 1g

HapaHTakeHHs BMMKAEThCA OE3MIOCEPENHBO B KONEKTOPHUH NaHIor Tpawsuctopa. Y pexumi
CTIOKOIO, KOMH ue=0, 3MilleHHs Ha 6a3y TpaH3UCTOpa He MOJAEThes i fe= feox0, Px=0, To6TO
HArpiBaHHA TPAH3UCTOPA B PEXUMI CIOKOI0 OPAKTMYHO He BiAOyBaeThcA. 3 MojaBaHHAM Ha Gasy
TPAH3HCTOPA NMO3HTHBHOIO BXiAHOIO CHIHANY CTPYM KOJEKTOPA 30ULLIYETHCR, 3'ABAECTBCA MAAIHHS
HAMPYTU HA HABAHTANCHHI U= ix Ry

Tlpu BN eMHifi 1aNPY3i HA BXOAI TPAH3HCTOP 3AKPUTHI, Uay=0. Takuil nifcumosay y knaci B moike
MiACHNIOBATH NIMIIE OAHOTIONAPHI CHUPHAM, l¢ BHKIOYAE 3aCTOCYBaMiis TpaHC(OpMaTopa Ha BHXO
I 3B'A3KY 3 HapanTakeHHaM. Ha man. 2.32,6 HaBeneHi KpuBi BXiJHOT T2 BUXIAHOI HANPYTH KACKaLy 3
nepeiaBaHiaM OZHONOAPHOTO CUIHANY. '

Buznaunmo KKJ{ xackany ans Bunagky nokasanoro currany. IlOTYHICTh, WO BIZAETBCA HA
HABAHTAXKEHHS, BHM3HAYMMO 3 YpaXyBaHHAM TOro, IO B JAHOMY BUFIAAKY JilicHE 3Ha4Yenus
Uin= =Usixm:

Pu= Usxn! R =(& E )/ R (2.48)

[TorykHiCTb, ChOXUBAHA BiA JUKEPENA, 3alEKMThL Biji CEPEHBOrO CTPYMY, 1O MPOTikae uepes
HABAHTAXKEHHS:

Po= Eg L= ELomm e /R, 2.45)
. R

I3 dhopmyn (2:44) ta (2.45) onepxumo KKJ[ )
=g (2.46)

Ha man. 2.33 noaani 3anexuocti 1, Po Ta Pk Bia £, aHani3 AKX 10380i15€ 3p0OUTH TAKI BUCHOBKHU:

1) KK/ xackany knacy B Bmwmuit, Hix y cxemi man. 2.30, g, 0coGAMBO Ul MajiMX i cepeauix
CHTHATIB Ugy,

2) NOTYIKHICTD, COKHMBAHA BiX Mkepena £, MiHiManoHa B pekuMi COKoo i 3Ginbuwyerbes i3
361bILEHHAM 1tey] )

3) MOTYXHICTh BTpaT MakCUMalbHa IpPU CEPelNHIX 3HAYCHHAX &, ane Habarato MeHLIa, Hix
MaKCHMaJIbHA MOTY)KHICTh BTPaT y cxemi man, 2.30, a. Tlpu manux &, Px Mana, Tak sk Maji cTpymu
yepe3 TPAH3UCTOP, TIPH BEAMKMUX & [OTYXKHICThL "Py TakoK Mana, - OCKUIbKM CIal Hanpyru Ha
HABAHTAKEHHI BEHUKUI, @ CNaj HANPYrH HA TPAHSUCTOPI 1= Fiy — Uax MAIMH.

Bce onncane n03Bons€ 3po6UTH BACHOBOK NpO NEpeBard Kackauip MiACHICHHA MOTYXHOCTI kinacy B
y MOpPIBHAHHI 3 KackaaoM knacy-A. Hemoxcusicts nificunenys ABOTONAPHUX CHUrHaiB nepebopeHa y
JIBOTAKTHHUX MiJICUIIOBAYAX MOTYIKHOCTI.
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Heomaxmuuil  xackad nidcunenns nomyxucHocmi riacy B 3 Ge3nocepeaniM’ BMHKaHHAM
HABAHTOKEHHA 300paxenuit Ha Man2.34a. YV pexumi criokolo ofuABa TpauucTopa 3akpuri. 3

ixl

Upyx

-k Unx

6)

Rl LR - . .
'¢ Haws Man.2.34. JlporakTii nigcuno-

Baui NOTY)XHOCTI kiacy B

8)

TMOIABAHHAM JOJIATHOTO Uee 3POCTAE CTPYM fxs  n-p-n Tpauznctopa V7T, noaspuicrs nanpyrn na
HaBaHTOKEHH] Nokasada Ha Man, 2.34,a. Cxema Npaioe aHanoriuHo Ak kackan mat. 2.32 a Tpansucrop
VT> sakpuTuii. .

I3 Hanpyroio na sxopi uw<O V7T 3akputhii, crpym iv2 p-n-p 1pansucropa V75, AKkuil. npoxXoAnTL
4Epe3 HABAHTAKEHHA, 3POCTAC (MONAPHICTL HANPYTH HA HABAIITAKEHHI NPOTUACKHA TOKA3aNiH Ha Man.
2.34,a). TakM 4MHOM, TPAH3UCTOPH BCTYMAIOTL Yy pobOTYy 110 Yep3i B 3aiCKNOCTI Bij MOJIAPHOCTI
NiACHMOBAILHOTO curnany. o 3akpuToro TpausnucTopa NpHKIAAACTLCH HANPYIA 1= Ey + 1tgm, KA HA
MK Npu Beaukux & Habamkaerses 10 2K, o HeoOXiAHO BpaxyBaTi npu BuGopi Tpatsncropa. Jnsa
JBOTAKTHOI CXEMM ClpaBe/UTHBI CriiBBinHOMmeHHs (2.46) Ta rpadikn Man. 2.33.

JBotakThi niacumoai NOTY:KNOCTI KJacy B MOMXYTh BUrOTOBJIATHCH | Ha TPAH3UCTOPAX OMHONO
iy nposijnocti. Ha wman. 2.34,6 npejctasnena cxema 3 6e3rpaHcopMATOPHHM  BMHKAIIISAM
HasaHTakenns. Tlpu u,>0 iikpusaethes tpamsuerop V7. Tpausucrop VTz 3akpuTni 3BOpOTHOIO
Hanpyrolo Ha BXoli -kl Konexropuuit crpym V77 iy npoxoawrs uepe3 HaBaHTKeHUn Ry i
3aMHUKAETBLCA Yepes JDKepeno xuBNeHHA . Cxema QyHKILonye aHanoriuno, K i kackay man 2.32,a.
Ipu e <O Tpansucrop V7 3akpusacthes, A04aria HANPYra — & uqx na 6asi V7 sinkpusae iioro.
Emirepunii ctpym V72 iz npoXouth uepe3 HaBaHTakeHHs R, 1 3aMUKACTLCS ucpes JDKEpeNno
KUBAEHNS Ly, Tpawsuctop VT2 npawoe 3a cxemoto i3 CK, npn 11bOMy cnpase/uiiBi criiBBiAloLICHHS
Qopmynn (2.46) Ta rpadikn Man. 2.33. Jins piBHOCTI koedilicHTa nepeaaBanHs 10AaTHOTO Ta
BiJ'€MHOIO CHIHANY Mg AN HABAHT@KCHHS HEOOXIAHO BHKOHATH YMOBY  Kiee=kKywoie Ki e —
xoedinient niacunenns no wanpysi 6asu 3 CE na tpansucropi ¥74, a Ky koediuienr nigcuncns no
Hanpy3i cxemn i3 CK na tparauctopi P72 J1na BUKOHAHHS L€ yMOBH BXi/IWA CHIHAN N0JAETBCA HA
V'T> uepes inBeprytounii nigeumonay 3 KoeqiLlli€HToM MiACHIAeHHs k.

Cxemu man. 2.34,a,6 npy HEOOXIAHOCTI TabBAHIYHOT PO3B’I3KH 3 HABAHTAKCHHAM Ta 3MIlIK PiBlis
BUXIJIHOT HANpyry 10 BIAHOWEHHIO 10 £, Moxyrs Oyru 3abesnedcuui TpaHcdopmaTopom y
HaBAHTAKYBALHOMY JTaHUIO3i.

Cxema mait. 2346 Mac ouMe JDKEPENO OKUBJCHIS, anc MAsBHiCTh Tpanchopmaropa B Hil
06os’s3xoBa, OOHABA TPANHCTOPH NPALUOIOTE 3a ¢XeMoIo 13 CE, na ix 6a3u noaaloTses CHIHAIN ty, Ta
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— tigr, WO 3abe3neuye npu ue>0 BIAKPHBaHHA VT, @ IPH 1,<0, TOGTO TpU ~ e >0, BinkpuBauus V75,
Cnml}mﬂomeﬂm (2.46) i rpacixu mMan. 2.33 3aCTOCOBYIOTBCS i A0 CXeMu Mat.-2.34,6.
Tlincumosaui HOTY:KHOCTI, MO NPamOIOTs MO ABOTAKTHIH CcXeMi B Kiaci B, B nanuii uac

BMIOTOBIAIOTBCA Y surnani IMC, ki fonyckatoth Gesnocepe/He MiAKIMOYEHHS HABAHTAKEHHA 460
#ioro NpueaHanys yepes Tpancdopmarop.

Ipuknao. 1

TpansucTop yBiMKHEHUEE B MiACHMOIOUMiA Kackas 3a cxemoio CE. Kackan SKHBHTHCA Bin
OJIHOTO JuKepena 3 Hanpyroo E=10B.

Jnst nojatHA 3MIMERAA B JTAHMIOT 6a3H BUKOPUCTOBYETHCA pesuctop R, (Man.2.35).
XapaKTepUCTHKK TPaH3nUCTopa 300pakeHi Ha Man.2.36. Binomo, wo noctiitHa cknamosa CTpymy
6a3@ 15,=0,3-MA, amnniTyna 3MiHHOI cKnanoBoi cTpymy Gazu /.. =0,2MA, omip HaBaHTAKEHHS
R, =500 Owm, a MaxcuManbHa JOMYCTUMA MOTYXKHICTB, L0 PO3CIHOETECA  KOMEKTOPOM,
B =150MBT. '

K max

HeobxinHo:
a) mobynysaru niHiio P,

kmax 2

0) 3a BUXiAHMMU XapaKTEpUCTIKaMKt SHAITY NOCTiliHY CKIAROBY CTPYMY Konektopa [

ko
MOCTifiHy CK4A0BY HANPYrM KONCKTOP-eMiTep U,.,,» aMIIiTYQy 3miHHol CKNagosoi crpymy
KOJICKTOpa /,,, aMmiTyay BUXiaHol Hanpyru U, =U,, , KOCHILIEHT MiACHAEHHA NO CTPYMOBI
K, BUXiZHY NOTYKHICTE P, ., NOTYKHICTh, WO PO3CIOETLC HA HABAHTAKEHHI MOCTIMHOL
CKIIaDOBOT CTPYMY KONekTopa F,,, TIOBHY CNOXKHBAHY MOTYXKHICTb B KONEKTOPHOMY. Tanwo3i, KK
KOJIEKTOPHOrO NIAHLIIOra 2.

Hepcsipwm Y4 HE MNEPEBUUYE MOTYKHICTh F, , 10 BUAINAETLCA HA KONEKTOPi B pexknmi

CIOKOI0; MAKCHMANBLHO IONYCTUMY MOTY)KHICTs P,

max >
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B) 33 JIONOMOIOIO BXiAHMX XAPAKTEPUCTMK BHUIHAUMTH Hanpyry smimewus U, . amnuityay

BXiAHOMO curHany Umse, BXiJIHY NOTYXKHICTL P,

e

koediLlieHT NifcknenHs no Hanpysi K, Ta no

noryxHocTi K, BXiAuwi omip kackagy R

ux ?

onip pesucropa R, Ta €MHICTb pPO3AIJIBHOIO
KOHJIeHcaTopa CI, . JlianasoH 4acToT KONHBaHD, 10 miacunolorhes 801 u-5kIML;

1) 3uaittn napamerpu haie, hze, R, =1/hae, hie i h2ie=S T2 ananitnio pospaxysaru

Bx

senuunnn K, K K, R .
Po3ze’azox

OCKiNBKM y BXIAHOMY Naulo3i TpaH3ucTopa npu Oyab-akili cxeMi BMMKaNHs NPOTIKAE CTPYM,
TO JNA PO3PAXyHKY poGOUOr0 PeKHMY TPAHIUCTOPA HEAOCTATHBO OJHOIO BMAY BMXIAHMX
XapaKTEPUCTHK, a HEOOXIAHWA 1€ OAMH BUA, IO BH3HAYAE PEXMM POGOTH BXIAHONO NAHLIOrE.
Chil Bi3HAYMTH, 1O B JOBIAHMKAX 3BMYAHO JaHA OHA BXiJHA XapaKTepUCTUKA, TaK sK BXimui
XAPAKTEPUCTHKM, 3HSTI NPY Pi3HAX BXIAHKMX HANPyrax, posmiteHi GAK3LKO 0/1Ha /10 OAHO.
TNopsaok po3s’s3ania 3aaadi HacTynHui. Ha rpymi BUXIOHUX XapakTepucTux Oyayemo
NHII0 MAKCHMARBLHO AOMYCTUMOT NOTYXKHOCTI, BAKOPUCTOBYIOUH PIBHAHHS.

[ =P UL =0.150/U,. |

iy K mux

MMigcTasnstouu B nbOro 3nauenus U, , piski, nanpuknan, -75; -15; =10 =20 B, onepkumo
3naueHus /,, wo pisi 20; 15; 10; Ta 7,5 MA sianosiano. Tlo6yaoBana no uux Toukax jinis £
3o06paxkeHa Ha Man. 2.37.

[oTiM, BHKOPMCTOBYIOMM pIBHAKHS NiHii HaBawTaxeHHs, [, = (E—UAL, )/ R, ma rpyny

BUXIAHUX XApAKTEPUCTHK — HAHOCMMO NiHil0 HasantaweHua: npu [, =0 U, =E=-10 B - nepuna

Touyka  Rinil uasawtawewus: npn U, =0 [, =E/R =10/500=20MA — npyra Touka niHii
HABAHTAKEHHS.
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Man. 2.37

Touka nepetnny niHii HaBAHTANEHHA 3 XRPAKTEPUCTUKOW, WO BIANOBIXAC HOCTIMMi
cknanoBif crpymy Gasu [, =300 MKA, BU3HAUUTE poGouy Touky. [l GyayTs BiANoBizaT! nocTiiHa
CK1azoBa CTpyMy KonekTopa [, =6 MA i noctifina ckmanosa Hanpyrn U, =-7B. Amnnitymy
3MIHHOT CKJIAJ0BOI CTPYMY KOJIEKTOPA BUSHAYMMO SK CEPEIIHE 3HAUEHHS.

Lo = = Lo )/ 2= (0.009-0.002)/2 = 3.5uA
[Tozanswmii NOPAROK PO3PAXYHKY TAKHil:
AMMITITY @ 3MIHHOT HATNPYCH HAa HRBAHTAKEHHI
7 U,.=U,=1,xR =0.0035x500=1.75B
Koeiuient niacunenus no crpymy .
‘ K =1,/1,=00035/0.0002=17.5.
. BuxigHa noTysKHicTh ‘ ’
P =05x1, xU, =0.5x0.0035x1.75=3uBr
TToBHa cnokuBaHa MOTYXKHICTE B KOJIEKTOPHOMY JIAHLIONY
P =Ex{, =10x0.006=60uBr
KK konektopHoro nanuora
KK/ =P, [P ,=0,003/0,06=0,05=5%

ToTysKHICTh NOCTIHOT CKIIAIOBOT KOJIEKTOPHOTO CTPYMY, IO PO3CIIOETBCS HA KOEKTOpI!

mi

Foo =1, XU, =0006x7 =42 MBT < B, =150 BT, T06T0 peskium POGOTH J0NYCTHMHUIA.

Hani po3paxyHoK BEIEMO 3a IPYMOKO BXiTHHX XapakTepucTHK (Man.2.36). Ockinbku y
TPAH3NCTOPIB BXIAHI XapAKTCPUCTHKM PO3MILIEHI GIU3BKO OAHA BiXt ONHOL, TO B AKOCTI poGouoi
BXIZHOI XapakTepUCTHKH MOXKHA NPHHHATH OAHY i3 CTATUYHWX BXIAHMX XapaKTEPUCTHK, IO
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BIINOBIAAE AKTMBHOMY PEXHMOBI, HAMPUKIIAJ, XapaKTEPUCTHKY, 3HATY npu U, =-5B. Lle MoxHa
3pOGUTI- B TOMY BUMIAAKY, KOJIM JUKEPENO KOMMBAHB, WO MiACHIOKTECA, NPALIOE SK reHeparop
CTpyMY, TOGTO KOMM BHYTpilmHill onip [ukepena KoiBaHb 3HAUHO GiNMbW ki Bil BXIAHOMO ONOpY
TpaH3ucTopa.

I3 rpadika 3HaX0AMMO, 110 [UM ={,25 B.
AMMJIITYd BXIIHOI HANpYrH
Uy =Ugne = Uporn )/ 2=1(0,277-0,187)/2 = 45 uB.
Mognynb koediLieHTa MiACKIEHHA N0 HANpY3i
IK,|= U, /U = 1,75/ 0,045 =39.

KoediuieHT NiACHAEHHS 110 MOTYKHOCT

K, =|K xK,|=39x17.5=690.

nie mée

BXxiaHa NOTY)XHICTH
P, =05x/1 _xU

LAY mb b

=0,5x0,0002 x 0,045 = 4,5 uB.
Bxiannii onip
R
Onip pesucropa
RE U,V 1., =(10-0,25)/0,0003 = 32,5 kOw
E€MHICTD KOHACHCATOP BU3HAYAECTLCA 3 YMOBHU!
1w, xC,.)=R, /10

Ae @, - WWKHs poboya uacrora.

U1

By T e me

=0,045/0,0002 = 225 Om

Toui
C, =10/{w, xR, )=10/Q2xmx 1, x R, }=10/(6.28x80x 225)= 90 mxd>

Pospaxyemo napamerpu B poGouiii Touni
upn U, ==71B 1/ = 6MmA:
hy,, =B=dl 1dl, npn U, =const
o Toukax B 1a I' Busnauumo (Man.2.37)

hy, =0.0037/0.002 =18.5

I’[Q Toukax /| ra E Bu3znaunmo

by, =dl 1dl, npn I, =const

h,,, =0.0007/6 =117mMxCwm
R, =1/p,, =1/0.000117 =8.5 kOm

napamerp

h, =dl /dl npw U, =const.
ITo roukax M i N (man.2.37) BH3HAUHMO

h,,, =0.004/0.00019 =210 Om

KpyTicTb XxapakTepUCTHKY TPAH3UCTOpa
S=h,, /h, =18.6/210=88 MA/B.

34 10MOMOrOI0 3HANACHUX NAPAMETPIB BU3HAYMMO LIYKAHI 3HAYEHHA NO HAOMDKEHNX (opMyax.
KoedilieHT niACHICHHS NO CTPYMOBI
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K, =h,, =18.5, a touuime
K, =h, xRy, [(R, + R, )=18.5x0.0085/(500+8500)=17.5,

LLO CMIBMANAE 3 PE3YABTATOM rpao — AHATITHUHOTO POIPAXYHKY.

14.
15.

Bxinnwuit onip
R, =h,, =210 Om.
KoedinienT niacunenus o Hanpysi :
K,=-h, xR, /R, =-18.5x500/210=-44,

a TOuHille,

K, =-17.5x500/210=-41.5.
KoediuieHT niscuneHHs no NOTYKHOCTI /I0piBHIOE:

K, =|K xK |=17.5x41.5=725.

3asoanna ona camokoHmpoio
Sk 3miHuTRCA TepenaTHa XapaktepHcTuka Kackany i3 CE (Ma. 2.2), AKiLo 36insmumy Rk, B,
Ex? SIk 3miHto€TBCA epenaTHa XapakTepucTHKa TpH HATPiBAHAT TPaH3UCTOPa?
l; AOTOMOTOHK - rpaditHOre  METO/ly PO3PaxyHKy BH3HAUMTH, AK 3aNEKUTH KoeilieHT
niacunenns kackany i3 CE Bin Bu6opy Ek, Ry, Ry.
Y cxemi i3 CE 3a man. 2.3 Ex=15 B, Ugn=1 B, Ry=2 kOwm, B=50, lxs0=0,01 MA, Ukgn=1 B,
AUx=1 B, 3naiitn R, Uk n, Re npu Usux max=2 B; 4 B.
Mobyaysatn cxeMy 3aMillieHHs N 3MiHHIA CxknanoBiit ana kackany i3 CE (van. 2.9, a). Uu
MOJMHA 34 CXEMOIO 3aMillleHHs 3HaliTH Ik 3 Ta Uk s, AKUIO BiIOMi BCi eeMeHTH, sKi BXOAATH B
CXEMY 3aMilLeHH:A?
Y pesxuMi Xon0cToro Xoy Ha Buxodi niacumosaua Upnx=2 B, a npu BMUKaHHi HaBaHT@KEHHs
Ru=2 kOm, Upux=1 B. 3Haittu Rpyx miacumosaua.
TlosicHuTy, YoMy B cXemax Man. 2.9 1iABUILEHHS cTAGINBHOCTI PEXUMY CTIOKOID TIPU3BOMTE 10
3HIDKCHHA KOe(iuienTa nifcunedys, a B cxemi Man. 2.10 koediticnt niacuneHts npu usoMy e
3MIHIOETBCH.
Yum 3aMiHeHi Ha cxemi 3amiteHns Man. 2.11 Exy, -Exa, Re?
[ToGynyBatu . cxeMy 3aMilleHHs Ta 3HAHTH MiACHIIOBAILHI TapaMeTpH HECUMETPHYHOrO
JudepeHuiiHoro kackauy man. 2.12.
SIKy Hanpyry 3MillICHHA HEOOXiAHO MPHKIACTH J0 3aTBOPY NONBOBOrO TPAH3HCTOPA B CXEMi
man. 2.14, pukoHaniii Ha noLoBOMY TpaH3ncTopi 3 p-n-nepexogom? Ha  MJTI- Tpamsuctopi
3.1HlYKOBaHMM KaHaaom?

. Iepepaxyiite Bnactuocti ineansuoro OIl. Yum 3ymoBnieHa HEOOXiAHICTb 3abe3nedenns

KOKHOI 3 UMX BAACTHBOCTEH?

. Yomy B nigcumonansnnx cxemax Ol He BukopucToByIoThCA B3 naHok B33? Yomy srinus B33

Ha KOe(ILieHT MiACKICHHS B CXeMi. Mall. 2.3 Hamu OLHIOBABCA AK HEFaTWBHUM, a y BUNAAKY
cxem man. 2.18,a ta 2.20,a Takoro BUCHOBKY He 0yn0 3pobneHo.

. Yomy nopisHioe Hanpyra mix Bxogamu IMC OIT B cxemax man. 2.25,a ta 2.25,0? Sk

BHKOPMCTOBYETHCA LIE 3HAUCHHS NP aHANI31-AaHuX MiAcumosauis?

. [Tobynyiite BUXiani Hanpyru iHTerpaTopa, AKUIO B MOMEHT 4acy to 40 HOro BXOAY NnpMKNaneHo

cuHycoigHy Hanpyry, a Upux(to)=0.

Un MokninBeé camo30y/ukeHHs B cxemax mai. 2.20, a, 2.21, a, 2.25, 07

Bxiaxi nanpyry mat. 2.29, a Ta 6 noaaHi Ha Bxoau cxem man. 2.18, a, 2.20, a, 2.28,a.
[Tobynysaty $popMmy BUXIAHOT Hanpyru.
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16.

17.

19.
20.

21.

22.

23.

24.

25.

26.
27.

28.
29.

SIx 3minuTbea GopMa BUXiNHOT HAMPYTH B NifcumoBaui Man. 2.28, a 3 NoAaBaHHAM BXiIHOTO
curiany man. 2.29, a Ta 6, AKio 36insmnty onip Ry?
CKNacTh cxeMy CyMaropa, SKMH peanisye piBHAHHs
Upux=— (SE| + 7TE2+ 4E3).
Ilkepena curHanis E|, Ej, E3 maroTe BHyTpiwHif onip Rr=2 xOm. Onip B xoni 33
R33=10 kOwm.

. TToGyaysatu mist cxemu i3 3aspanns 2.17 3anexuicts Upux= f (E|), axmo E; =E;=0,5B, a OI1

Mae Uppx max =10 B.

JloecTH, 1o caM030yKeHHs B cxeMi Man. 2.28 HacTae Ha wacToTi fy npu Ra/R1=2.

SIky (GyHKUIIO BUKOHYE B PE30HAHCHOMY MiAcHmoBadi KonuBansHui kKoHTYp? YoMy B RBOMY
3aCTOCOBYIOTh NapanenbHui, a He NOcniJOBHUH KOHTYp?

SIK 3MIHIOIOTBCA YMOBH VISl PO3PaxyHKy EMHOCTEI KOHAEHCATOPIB y PE30HAHCHOMY
MiICHMIOBAYI MOPIBHAHO 3 anepioauyHuUmM?

Sk BrMBac Ha BUOIPHICTE Ta KoehillIEHT NepeaaBarHa 1iacumoBada Tpan3nctop? Sknm
UMHOM UEH BIMB MOXKHA 3MEHILUTH?

SIK BIUIMBAIOTE HA BEJMYWHY [1APaMETPIB ONOPH HABAHTAKEHHA Ta PAAIOBUMIPIOBANIBHHX
NpUIaLIB, IKUM YHHOM UEH BIUIMB MOYKHA 3MEHIIUTH?

3aBAAKK SKAM BJIACTHUBOCTAM PE3OHAHCHNI MIACHMOBAY HEKPUTHUHWH 10 HENHIHHOIO PeRUMY
poGor? B akux pasioTeXHIHHUX MPHCTPOSIX BUKOPUCTOBYIOTH Ueit peicum?

1110 Ha3MBaKOTH KYTOM BiACIKAHHA CTPYMY ENEKTPOHIIONO NPHAALY i AK 3aleKNTL HOro
BE/IMUNHA BI POKHMY POBOTH PE3CHAHCHOTO NiACHAIOBAYA Ta aMIIIITY/ I BXi/IHOIO curHany?
Y 4OMY NOAArac MHOKEHHS MacTOTH | K HOro 3AIACHUTY B PE3OHAHCHOMY fliacunioBadi?

SKi 0COGNMBOCTI CMYTOBUX PE30HAHCHUX MLACHIIOBAYIB | UMM BIAPI3HAIOTHCA MiACHINOBaAY 3
3ocepe/LieR00 BUBIPHICTIO Bi/l 11IACHIIIOBAYIB 3 PO30CEPEILKEHOIO BUOIpHICTIO?

Y 4OMY 110J1Arae 0COONUBICTE PC3OHAHCHUX NiACHIIIOBAYIB HA B3AEMHO PO3CTPOCHHX KOHTYpax?
SIK BIUIMBAIOTH 114 BJIACTUBOCTI PE3OHAHCHHX TIJICHIIIOBAYIB IMapamMeTp posiailanis 1a paxrop
3B’13KY KOJIMBAILHAX KOHTYPIB? SIKi IX 3HAUCHHS € KPHTUYHUMK?
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3. ImnyabcHi npucrpoi
[15 25 35 4’ 7’ 8]

§3.1. llepesaru nepegapanus indopmanii y suraani  imnyascis

Cyuacna €eKTpOHiKa XapakTEpPU3YEThCSA IMHPOKMM 3aCTOCYBAHHAM IMIYNBCHAX OPUCTPOIB.
Hanpyru Ta CTpyMH B TakUX MPUCTPOSX MAIOTH IMOYILCHHI XapaKkTep, 4acTo iMOyihcH BLAAINEH] 01K
BiJ OAMOrO JAYMe TPUBANMM IHTepBanoM mnaysn. Moskna HasBaTW TONOBHI TIPUMUHM, WO CUPUMATH
PO3BUTKY IMITYJIBCHOI TEXHIKH,

To-nepwe,  6arato BMPOOHUUYUX MPOLECIB MAKOTH IMIY/ILCHUI XapakTep: Tyck Ta 3yMMHKa
arperaris, 3MiHa WBHAKOCTI TA ranbMYyBaHHs, CKHAAMHA HABAHTAKSHH, CIPALLOBYBAHHA 3aXHCTY i T.J,
BisiplicTh TEXHONOMIUHMX NPOLECIB ABAAE COOOIO PAA onepauiil («TAKTHY), i IXIE HYepryBaHHs TAKOm
3YMOBIIIOE IMTTYAbCHUIE XapakTep poboTH mpucTpois. Jns KkepyBaHHs POGOTOIO Arperatis 3 iMIy/bCHHM
XapaKrepom QYHKUIOHYBAHHR, NOTPIOHE CTBOPEHHA CretbItHUX iMITYILCHUX CEKTPOHHUX BY3iB.

ITo-apyre, nepenasanns indopmauii y BHMAMI IMOYNBLCIB, PO3JIMEHUX TNAay3aMu, /a€ 3MOry
3MEHILHTH NOTYXKHICTb, CIIOXKKBAHY Bifl JUKEPENa SKMBIEHHS, NP 3Gepiratui J0CTATHLOT MOTYKHOCTI
immynecy. Le 0cobnmBo BauIUBO MPM BUKOPUCTAHHI IDKEPEN IKUBJIEHHS OOMEMkesiol NoTyKHOCTI
(Garapei, akyMmynsITOpH), HANPUKNAA, Ha pyxoMux (y TOMY 4Mci KocMiudmnx) of'ckrax. Ane #i y
crauionapHiii anaparypi nigguiwenns KKJ{ 3Ha4H0 NOKpamyrots TEXHIKO-CKOHOMIYHI NOKA3HIKM
*©JIEKTPOHRUX IPUCTPOIB. JoKaHinIe 3ynMHUMOCH Ha il nepesasi IMIyABCHIX npUcTpois y § 3.2.

[To-Tpete, nepenasanus iHdopMaLii y BUMSAI iMITY)IBCIB Aa€ 3MOTY 3HAUHO PO3BAHTAKUTH KAHAIN
38'a3Ky. Tak, Hanpuknan, Hemae neoOXigHOCTI mepeaasatu iHdopmauio npo Hanip [EC y surnsai
GesnepepBHOro CHrHAy, TOMY WO HaIMip 3MiHtoerbesl Ayxe nosineuo. Tepemasarst indopmaunii y
BUIIAAL  OKPEMHX BIUIKIB 103BONUTE BUKOPHCTOBYBATH LEil K& KaHan 3B'A3KY A OAHOMACHOIO
nepeaagatiis iHGopMaii npo iHmi Gi3nuni BETMYMHMU.

[To-uetBepte, nepenaBanHa indopmauii B iMOYAbCHIR (OPMI JAac 3MONY 3HAYHO TIABMILATH
3aBaAOCTIAKICTh, TOUHICTh TA HAMIAHICTE €NEKTPOHHUX MPHCTPOIB. [Ipu nepesaBaHHi Ge3nepepHOro
CUTHANY TOYHICTH 3HIDKYETHCA Uepe3 NPUCYTHICTs Apeldy wyns niacumosadis (aus. §2.5), sruuiBis
HaMPyry 3MILEHHA HYJA | BXIAHUX cTpyMiB (aus. § 2.12) Ta pizHomManiTHUX 3aBan,

Icnye Garato criocobis nepenapanHs GesmepepBHoro curtany (Man.3.1,a) y BHMAsA OPAMOKYTHHX
immynscip (van. 3.1,6-r). Tlpu 3piifcHenHi ammaityauo-imnyapenoi moaynsuii (AIM) ammnityaa
IMIY/ILCiB nponopuiiina Bxigromy curnamy (Man. 3.1, 6). [lpu takomy cnocofi nepepasantis
inopmautii wkigusuit BrIMB Apelidy Hyns niacumoBauiB Ta iHUWIMX nEpepaxosanux (akTopis Ha
TOWHICTh 30epiracThea. 13 BMKOPHCTAHHAM WWMPOTHO-IMIMyJIbeHOT Moaynauii (LLIM) amnnityaa Ta
4aCTOTA [OBTOPEHHS iMIIY/ILCIB TOCTIMHI, ane WMPHHA IMOYALCIB / MPOTOPUiIliHA MOTOMHOMY
3HAYEHHIO BXIAHOTO curnany (man.3.1, ¢). Ilpu yactortHo- IMI'lyIlLCHIH moaynauii ('—HM) (man.3.1.e)
BXIIHWi CMTHaN BH3HAYa€ 4acToTy TPOXOJVKEHHS IMOYABCIB, MO MAIOTH MOCTIHY TPUBANICTh Ta
amnnityay. Hpu IIIM Ta YIM apeiid nyns niacmosadiB He BIUIMBAE HA TOMHICTL NEPENABAHNA
BX1AHOTO CHTHANY, L0 Y JAHOMY BHMAJIKY 3aIEMHTL MMWE Bifl TOYHOCTI (ikcalii 4aCoBOro NONOKEHHS
iMryabcis. Haiibinbmy TouHiCTL Ta 3aBafoCTiliKicTh 3a6e3neuyloTs HUCNO — IMNYABCHI METOAM:
iHOpPMaLisl NEPENAETHCA Y BUMAAI YMCNA, IKOMY BiANOBiAae BU3HAuEHHMI Ha61p My R6CI8 (KOJ), npu
upoMy 1CTOTHA JIMHIE HAABHICTH 00 BIACYTHICTD IMIYNECY.
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Man. 3.2. OcHOBHI napaMeTpH HPAMOKYTHHX
IMMYJILCIB
A Ho

Maun. 3.1. PisHi criocoOu nepeapaliis
inopmaii 3 10110MO1'010 IMITYIILCIB

" IMnyancu mpsaMokyTHOT GOPMH HARGIAIBI MACTO 3ACTOCOBYIOTLCS B CACKTPOHUIH Texuiwi. Ha mai.
3.2, ¢ HaBeeHa NEPIOMNUHA HOCLIOBHICTH NPAMOKYTHHMX IMIYILCIB, @ na Mail. 3.2.0 noxazana cuereMa
HAPAMETPIB, 1110 JAE 3MOTY ONHCATH IMNYJILCH, IMIysLe
XAPAKTEPHIYETCH TAKHMH TAPAMCTPAMM:
/\/\/\/ Uy = aMIuliTy1a imnyJincy;
> £ - TPUBANICTH IMNYSILLY,
! £y ~TPHBANICTL  TIAY3H MK IMITYIILCAMH,
a) i@ G+ 1, — 1epiojL LHOBTOPCHLIS IMIIYILCIB;
|§ |> IE li =1/ T\ -4acTOTA NOBTOPCHHS IMITYBCIEB;
Q= Tyl & - WinbHICTL IMIYILCIB
) t Y peanhHuX NpUCTPOAX MPSIMOKYTHI  IMIYIBCH
f MaoTh (Ma3.2, @) uesity Tpusasicrs porny fp Ta
M—A—A} apisy 4. Sk npasuno, Qpoirr Ta 3pis iMitynncy
6) t BU3HAUAIOTECH HPOTATOM  Hapoctauns (abo cnagais)
nanpyrs s 0,1 Un po 090, Jis vopMassnoro
(QynKUionyBaHua iMUYALCHUX  HPUCTPOIB neolXimo,
Wob fy<< £ ra K<< L B IHINOMY BUIIAAKY THMHACOBC HONOMEHHA iMIynbey ne Oyae sadixcosatie 3
HeoOximnolo TouticTio. Cyqaci eNeKTPONUL NPUEIPOT JIO3BONIOTH OACPIKATY f) 1a Ly NOMITHO MEHIIY
1 MKC, TOMY MOMHA B TIEPIIOMY HAGHMKCHHT BBAKATH, LUO fy TA £, —>0).

Tlopan i3 NPAMOKYTHAMN IMITYJIbCAMU B €NEKTPOHHIN TEXHILI THPOKO 3aCTOCOBYIOTHCS iMIYIILCH
MTHAKOMOAIOHOT (Man.3.3,a), xcnonemuiansiol (Man. 3.3.6) ta wsouononitnoi (man. 3.3, 8) gopmu.

Man. 3.3. QopMu iMTLYJILCHHX CHPHANIB

§ 3.2. KnrouoBHit pexum TpaHzucTopa

BiaMIHHOIO PHCOIO IMAYJIBCHUX CXCM € IIAPOKE 3aCTOCYBAHIS enexmponnux  kuouie. Yepes
igeanshnit - posiMKHYTHH KmOu CTpyM ue LpoTikae, Hanpyra ma iacanbuoMmy 3amMkHYTOMY KMOMi
JIOPIBHIOE MYJNHO.



Haiibinbli Uwnpoko 3acTOCOBYIOTBCA B AKOCTI €NEKTPOHHMX KNIOYOBUX €EMEHTIB TPaH3UCTOPHI
KackaaH, y mepiuiy uepry, Kackaa i3 cmineHuM emitepom (CE). PozriisHemo poGoTy Takoro xackamy
(van.-3.4, a) y kmouosomy pexcumi. TIpH po3risni- ckopucraemocst rpadiuHUM METOJOM pO3paxyHKy
TpaH3MCTOPHUX NaHworis (auB. §2.2). Ha man.3.4,6 HapeneHa BUXiQHA XapaKTEPUCTHKA TPaH3MCTOPa,

I

+hy :
2 Ex\Re NS, I6>l5n
1= s
yl\‘
Uyx Rs
Uy . 760
| N
A
UKL‘,H A ko EK,UK

a) 6)
Man. 3.4. TpaH3uCTOpPHHI KITHOU:
a-HanpocTia cxema ; 6- TpaekTopis poGouoi

TOYKH
K K .
o B
CE
B Mar. 3.5. CxeMu 3aMillieHHs TPAH3UCTOPA B
) E pexxumax Biacixauus (a) Ta HacuueHus (6)
a 6) )

Ha AKIR NPOBEJEHA HABAHTAXKYBA/IGHA JIiHIS, LLO NTepeTHHAE OCi KoopauHar y Toukax (u~E. i~0) Ta
(=0, 1= Ex [Ry).

V KAOYOBOMY PEIKMMI TPAH3UCTOP MOME 3HAXOJAUTHCA B JBOX NONOBHUX CTAHAX:

1. Cran (pesxuM) giocikanua («Kmo4 PO3iMkHyThiDy). TIpd UbOMY Yepe3 TpaH3uCTOp NpoTikae
MiHIMQIBHUN CTPYM.

Lieit craH Binnoeizae Touui A Ha piarpami Man. 3.4,6 i= I ~0, Hanpyra Ha TpaH3ucTopi u=Ex
TpaHsuctop y pexumi BijcikanHs Moxe OYTH NMOAAHMI CXEMOIO 3aMillicHHs Man. 3.5, g, 1o MicTHTh
TINIbKH OJIHE JUKEPENO CTPYMY Jiso, YBIMKHEHE MiK 5a3010 Ta KOJIEKTOPOM.

Jnst Toro, mob TPaH3UCTOPHUHA KIFOY 3HAXOAMBCS B PO3IMKHYTOMY CTaHI, HEOOXiJHO BHKOHATH
YMOBY BIJCIKAHHSA: 3MICTHTH B 3BOPOTHOMY HANPAMKY €MITEPHUIN Nepexij TpaHincTopa abo Ans n-p-n
TPaH3MCTOPA BUKOHATH YMOBY

) us<0 3.h

TIoTy)HICTb, 1O BTPAYAETLCS B PEKUMI BIACIKAHHS HA TPAHIUCTOPHOMY KMIOYi, Py = ux i MaNa,
TOMY 1110 MAnui cTpyM.

2. Cran (pexxum) nacuuennsa (CKIOY 3aMKHYTHII). MiHiManeHa Hanpyra Ha Tpan3uctopi u=U ~
~(0 Bianoeifae Touwi B Ha aiarpami man. 3.4, 6. Ctpym. uepe3 TpaH3UCTOP OOMENEHUI pE3NCTOPOM Ry i
BW3HAYAETHCA

1)\1M= (EK- Uk‘e,u)/ sz EI\' Rx- (32)

®i3uuui npoliecH B TPAHIUCTOPI. NPK MANHX u, po3raHyTi B § 1.5. V- pexxumi HacuueHHs obunsa

MEepeXoan TPAH3UCTOPA 3MILIEH] B IIPAMOMY HAMPAMKY, TOMY HArpyrd MK eNeKTpOAaMU TPaH3UCTOpa

mani. TPaH3MCTOp y PEXMMI HACHUEHHA MOJAHMI CXCMOIO 3aMillicHHs Man. 3.5, 6, WO Bianosijac

KOPOTKOMY 3aMHMKAHHIO MIXK YCiMa ENEKTPOAAMH TPaH3HCTOPA (FOBOPATH, HIO «TPAH3UCTOP CTATHYTHUIA
y TOUKY»).

116

PesknM HAacHMEHHS JOCATAECTLCS BKe NP i5 =l5w=leu - hy,, * Momanbwe 36ibLweHHs cTpyMy 6a3u
is>5.. HE 3MIHIOE CTPYMY B KOJIEKTOPHOMY NaHwio3i. Takum YMHOM, yMOBAa HACHYEHHA TpaH3HCTOpa
3AMUCYEThCS Y BUTTAAE

' is> Isn= Ienlhate, (33)
ne = Ex Ry

Jlia HagiitHOro HAacHYEeHHs TpaH3ucTopa HeobXiaHo, wob ymoBa (3.3) BUKOHYBANAcs Ipu
e hiemn. Bennuuna Si= ip / 15, 21 Ha3suBaeThCs Koeghiyienmom HacuuenHs TPaH3NCTOPa.

SIK i B pexxuMi BIACIKAHHS, Y PEKHMI HACHUYEHHS NOTY)KHICTh, IO BUTPAYAETLCA HA TPAHIACTOPHOMY
kmoui, Py =Usx i Mana, ToMy wo Mana wnanpyra. Hanpyra U, HaBOAWTbCH B NOBIJHUKAX, ANS
CTBOPEHHSA €/IEKTPOHHMX KJIIOUiB BAPTO BUGHPATH TPAH3UCTOPH 3 ManuM Uy << Ei.

[Ipn poborti TPAH3MCTOPHOTO KJHOYA MEPEMUKAHHS 3 BIIKPHTOrO CTAHY B PO3IMKHYTMH | HaBmaku
BizOYBaEcThCA CTPUOKOM, BTPATH NOTYIKHOCTI NPH UBOMY, AK NPABKIIO, He3HA4HI, Takum YMHOM, poboTa
TPaH3MCTOPA B KJIKOUOBOMY PEXHMI XapaKTEpU3yeThCs MAIMMU  BTPATAMH NOTYKHOCTI Ta BUCOKMM
KIKJI, (1o € BaiJIMBOIO NEPeBaroio B MOPiBHANHHI 3 HAMIBIPOBIAHNKOBAMU NPHCTPOAMH, PO3TIAHYTHMI
paiie. '

YacTo 3aCTOCOBYETHCS CXEMa TPAH3UCTOPHOTO KIIOYA, (O NoKasaHa Ha Ma. 3.18, a. I3 nofasannam
MO3UTUBHOT HATNPYTH Uy TPAHIUCTOP BXOAUTH B PEKUM HacKHUeHHS. T1pu BIICYTHOCTI BXIAHOT HaNpyry
16=0 JDKEPENO HANPYTH — By, 387s3aHe 3 6a3010 TPAH3UCTOPA 4epes pesucTop Ry 3abe3neuyc pexnm
BiACIKAHHA.

Uy>U, g
— B U,=U. 9,4
i .
Uox
°_I A U .8
a —» (B)
) U, E. U.

6
Man. 3.6. Kiou sa MOH- tpansuctopi : )

a- Haitnpocriwa cxema; 6- TpackTopisn pobouoi TouKK

[LInpoko 3acTOCOBYIOTECS KNIOMi Ha MOJIbOBUX Tpansnuctopax. Ha main. 3.6 nHasclieHa cxema
Ha MOH-Tpansuctopi 3i BOYJ0BAHUM KAHWIOM A-THHY Ta JIIHIA HaBaHTaxeHs, 000y10BaHA HA
BUXIZHMX (CTIKOBMX) XapaKTepUCTHKax [MOJBLOBOTO TPAH3UCTOPA aualoriyHo nobyjaosam Ha
man.3.4,6. Kioui Ha MojIbOBHX TPAHZUCTOPAX (HILMX TUMIB GYAYIOTHCA AHAIONYHO,
Y BiAKpHTOMY CTaui KIIOMA HANPYTa Ha Tpansnetopi Mana ({J,=0), a crpym o w=(Ee- U0) /R= Ed Re.
Lieit cTpyM MOXKHA 3amucaty y BUIIIS
IC. M=S(U‘J, H- U’JH.BIA),
ne S Ta Uspgig ~ KPYTICTL TA HAnpyra BifCIKaHHs TONbOBOTO TpaH3ucTopa (Jms. § 1.7). Binkpuruii
CTaH KJoUa MiATPUMYETHCA NPH BUKOLIAHH] YMOBH
;2 Uu,u=( Ec/ S Rc)+ U‘JB,Bi}L
JInsl 3aMKHEHOro CTaHy KMOYa, NMpU AKOMY ic=0, a u. =F. HeoOXimHo nojaTi Ha 3acys
TPAH3UCTOPA HANPYTY U; <{/yp piz.

hy\*- cTaTHUHME KOSRILIENT NiACKNEHHs CTPYMY, WO BU3HAYueHHiy § 1.5,
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§ 3.3. Heninifinnii pesxnm poSoru onepauiiinoro nincwiosaua. Komnapatopu

Posraiga po6OTH TPaH3UCTOPHOro Kimoua nokasye, mo cxeMa i3 CE B ko4oBoMy pexxnMi Mae
XapaxkTepHi o3Haky. Bugsumo ananoriuni ocobnusocti OI, mpy posrisai #oro poGoTH B HentnifiHomy
pexumi (Man. 3.7, a).

Ha wmam 3.7, 6 HaBeneHa mnepeaarna xapakrepuctuxa OIl Y nmonepeassoMy marepiani mu
OOMEKHITICS PO3IAAOM TINBKH JHIAHO! AinaHkn AOB, KoMH[ueyi-te2=AUsx<Up. TIpu|tteei-tiee2™ Urp

+E,

—
/2297, S U BHX Max
4 3
Ugx2 U1~ mB
Bxl” [/:xb

a)

Man.3.7. OIl sk kommapatop: a- cxema ; 6-niepelaTHa XapakTepHcTHKa

Buxiana Hapyra OTl o6MexkeHa 34aueHHIM £ Upyy max. L6 OOMEKEHHA HANPYIY BUKIUKAHE THM, 110
Npd BEJIMKMX CHTHANAX TPaH3UCTOPH BUXIZHMX kackaniB Ol MpaliolTh y KIHOUOBOMY PEXKHMMI, NpH
UbOMY IPaHUYHO JIOCSHKHA BUXiAHA HANPYTA Umyx max TPOXU MeHlle EPC jpkepena skusneds £y (aus.
man. 3.7,a). Takum uuHoM, nepeyarHa xapaktepuctika OIT MiCTUTL AINAHKY MO3UTUBHOTO HACHUEHHS
(AUu>Urp, piux = Ugis max) Ta HEaTHBHOTO HacHueHHst (AUn< -Urp, Uux = — Daux may)-

Ockinbkn K, OTT nyxe senukuil, 10 Harpyra Urp = Usnx max/ K Iye mana. B ineansuomy OI K, =c0
Ta Up=0. Y peanbinx IMC Uy, He bl AekiLKOX MImBOIBT (Y § 2.9 Mu BKe 3poOHAM BOKINBHI
BUCHOBOK, 10 HA NIHIARIA DINAHW Uer/-Ue2x0). TakMM UMHOM, MOXKHA BB@KATH, IO MPU Uex/-Uex2>0
(T06T0 111;xl>“ux2) Ueix =Upx max, a [pH Uge/-Ugc2<0 (TOGTO ll«x/<lzl«x2) Uiy == Uiy max. LIC o3Ha4yae, 1o
suxiana Hanpyra O npu [ue-uea>Usp 3anexmmth Bif TOro, Axa 3 BXiguux Hanpyr Sinbuia, i O €
cxemol0  nopiguamus  Hanpye (komnapamopom). Komnapatopu € OAMH 3 OCHOBHUX EJICMEHTIB
IMITYJILCHUX CXeM, TOMY OY/IEMO HEOJHOPA30BO 3 HUMM 3yCTPiYaTHCs Hajani*.

Ha man.3.8 noxasari BXiHI Hanpyrd KOMOapatopa, NpUuOMY NPUAHATO, MO ey — CHHYCOIAHA
HaMpPyra, a4 ue: — MocTiitna. KoMmapatop 11epeMUKAETCs B MOMEHTH PIBHOCTI #ge/ = g2, 1 BUXifHA
Haripyra mae QOpMy TNpAMOKYTHUX iMnynscis (man.3.8). Illupuna nux imnyascis npu 3ajanii
AMIUNTYl  CHHYCOIAM 3aUISKUTh BIJ BEIMYUHM g2 TaKHM  YMHOM, MH MNEPEKOHATINCA, 1O
HAUNPOCTIIME KOMNAPATOD MOME CAYKUTH [IEPETBOPIOBAYEM CHHYCOIANOT HATIPYTY B 1ipsiMOKyTHY. Y
WiH ke CXeMi 3AIAICHIOETECA 11EPETBOPEHHS HATIPYTH Uqz B TPUBANICTH IMOYILCY ;.

* [IpOMHCNIOBICTE BHNYCkae KOMIApatopd y surngai cnewiansiux IMC. Bonm sigpisnsiorses sin cxem OI1 y
HeninfiiHoMy PoOXUMI MCHIMM 4acoM (POHTY Ta 3pisy BUXIAHMX iMNyNbCIB, BUXiAHA Wanpyra B nux crabinizosawa.
Mozsmise Buropuctanng IMC komnapatopis npu OABIA NONIPHOCTI UKEPENA KNBICHHA, Yy B LUBOMY BHNAAKY TAKOA
oanonongpre. Cxemn sacrocyBaHna [IMC xoMnapaTopis 0pakTUMHO He BIADIZHAKOTLCA Bill POIMIAHYTHX HIDKYE CXEM
iMnynseunx nprerpois Ha OI1.
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Tlopaz i3 HAHNPOCTILIOIO CXEMOFO KOMMapaTopa (Aus. mMai. 3.7, a) WMPOKO 3aCTOCOBYETHCS CXEMa
xomnaparopa i3 /133 (man. 3.9, a), ska Ha3MBACTHCR TAKONK spaHuunum esemenmom abo mpuzepom
[imimma. s cxema naranye cxemy man. 2.18,a, ane tyr 3actocoBanuii J33 uepes nauwor R, K-, a
BXiAHNHA CUrHAN NOAAETHCA Ha 1ABepTyOunii BXin OI1. - '

1
N
| !

Man. 3.8. Hanpyra Ha BXo/i Ta BUX0AI kOMItapatopa

t
I
T o Man3.9. Cxema xoMnapatopa 3 [AOJ&THUM. 3BOPOTHAM
hE— >t 38’s3koM.  Tlepenartna xapakTepuCTHKa komraparopa 3
B JIO/IATHUM 3BOPOTHHM 3B SI3KOM

‘ ”«ux
UBHX max
y Ly M
S
U*] U"‘l ‘Unu.\ max
Y
0)

Ha ma1.3.9.6 noGynosana nepenata xapakrepuctnka uboro komnapatropa. Ioscunmo ii pobory.
Hpu 3uauniii sig’emniit nanpysi na ivsepryiouomy Bxosi Ol tue=Usu ma. Hanpyra typ HA MIPIMOMY
sxozi Ol BUKIMKAHA BINIMBOM ueax Ta U, 3uaitnemo ii merosom CYNEPNONILIT, 3 OTIISLALY 1A Te, 1110 /s
000X HANPYr NAHLION R, 12> BUKOHYE PONb NOAINbHUKA:

R
upp =U*|= U()“—l— U gux max

2 (3.4)
Ri+ R R+ R2

Komiaparop Gyae B pemumi HACHUCHHN (Upn=Upimas) TPH <l [pu p=Uer BinGyaeTbEs
TepeMHKaNHs KOMIaparopa. 3yNnuHUMOoCs Ha LLOMY NIPoLeci AoKIaAH LI,

Hpn e Us) Bixiana nanpyra OI1 noune 3meHwysaties. Bin’eMumit npupict Allgy 110 nammosi R,
R; 133 wagmiiizie na npsmuit sxin OTL § 3'suruea sin’emua Alpp. O nigcuants ueii npupicr, i 1a
BUXON 3ABUTHCSH JAU win>|AU, |, 10 3HOBY BHKNMYE 3Midy HAnpyru na npsmomy Bxoai OI1 AU wp.
[Ipouec Oyne pozsuBaTnes NABUHONORIGHO | 3ABEPIIUTHCA, KOMM U AOCHTAC 3HAUEHHA ~ Ui,
Takum unnom, JI33 npuckopioe npolec 1epeMukanis koMmnaparopa. Taknil npuckopeHuii  xin
nepemuKanig Gy/b-sIKOro NpUCTPoIo Nia Aieto J133 HasuBactLes pecenepaniugrium npowecom.

an Urxy = ~Upix max

R] i¥)
upp =Ux2=U0————-Ugyxmax—"——"-
np ()Rl T Ry 8ux max Ri+ Ry
Big'emne nacuuenna OIT Gyae 36epiratics npu um>Us. 30 3MenuicHusm Ugx J10 3HaUEHNA (s

(3.5)
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BiAOYAETbC HOBE MEPEMUKAHHS KOMMApaTopa, NPOLEC 3HOBY Gyle POIBMBATHCS DErEHEPATHBHO i
BUXIAHA HANPYra MUTTEBO AOCATHE 3HAYEHHA Upn max. TAKMM YMHOM, NEPEJATHA XAPAKTEPHCTHKA
Komnaparopa Man. 3.9, a Ma€ TicTepe3HCHHI XapaKTep i epeMUKaHHs KOMITapaTopa 3i 36insIeHHM Ta
3MCHIICHHAM Uey BIAOYBAETBCA IPH PisHUX Hanpyrax Usi Ta Usy. LlupuHa newmi ricrepesuca (Usy -Usy )
30INBIIYETLCA 31 301IbIIEHHAM BIAHOIEHHA R; /R;.

Trm camuM BCTAaHOBJIEHO, 1O BBeJeHHs [[33 y KIIOUOBI CXemu € 3MOTY 3HAYHO MPHUCKOPHTH
NIPOLECH NEPeMHKAHHA NPUCTPOIB. [IpoTe pereHepaTHBRHI CXCMH BOTOMIIOTE | XapaKTEPHUM HEAOTIKOM!
no6au3y mopora CrpaitosaHHa iXHA 3aBagocTilikicTs mama. [yxe Mana 3aBada MOXKe BHKITHKATH
APHPICT AUy, WO OPH3BEAE IO BUHUKHEHHS PETCHEPATUBHOIO NPOUECY NepeMuKkaHHa. [1ifBULLEHHS
3aBalOCTIHKOCTI IMNYJIBCHUX MPHCTPOIB, L0 MICTATh PEreHEpaTHBHI BY3NH, HEPIAKO ABNZE COBOIO
BAXKKE TEXHIUHE 3aBAAHHS.

§ 3.4. llepeTBopeHHs IMNYILCHUX CHIHAJIB 32 Aonomorow RC-nanworis

3i CTBOpEHHAM IMITy/IbCHUX OPUCTPOIB, reHepyIounx abo NeperBOPIOIOMHX PI3HOMAHITHI . iMOYNbCHI
CHrHAIH, HeoOxiaHe (opMyBaHHA THMYAaCOBMX IHTEPBANB, W0 BHU3HAYAIOTH TPUBANOCTI IMITYJIBCIB,
nay3 MK HUMH, 4acTOTY NOBTOPEHHs iMmyisciB Ta iH. Il 3aBmaHHs BHpIIIYETHCA 3a AOMNOMOrOI0
4aC0334a10UMX JIAHUIOTIB, WO MICTATh JiHiAHI peakTuBHi- enemertu (L,C), a Hepiiko i HemiHikini
peaKTHBHI €leMeHTH (HanpUKIa, HETiHiMHI iHAYKTUBHOCTI). V Takux NaHworax ¢Tpym abo Hanpyra
NPH [EPEXiHOMY NPOLECi 3MIHIOIOTECA 3 MEBHOK MIBUAKICTIO. MH 3HAEMO, 110 MACHITHI €NEMEHTH B
cknaai IMC HesnilicHeHH], TOMY B AKOCTI 4aco3aat0MUX KiJl BUKOPUCTOBYIOTh TOJIOBHUM YHHOM Gilbil
NpocTi Ta HaAiHHI JaHLOTH 3 PE3UCTOPAMU Ta KOHAEHCaTopamu, To6To RC- TaHWIOTH.,

Po3srnanemo ABa XxapakTepHUX COCOOH BMUKAHHA RC-TaHIIOTIB.

HAudpepenyirowni (abo cxopouyroui) nanytozu. Cxema INQEPEHIIIOIOYOrO AHIHOTA HABEAEHA Ha
man. 3.10, a. Ha Bxii cxeMd BBIMKHEHE MKEPENO NPAMOKYTHHX IMAYMBCIB us. Sk NpHKna,
posriAHeMo  pofOTY NaHLOra Bij JDKepena ABONOIAPHUX iMItynbcis. Yacosi Aiarpamu cTpyMiB Ta
HaMpyr y cxemi HaBeJeHi Ha Man. 3.10,6. Y MOMEHT #; HANPYTA uey 3MIHIOETHCA CTPUOKOM Ha BENMUNHY
2Up. Hanpyra Ha KOHAEHCATOPi CTPUOKOM 3MIHUTHCA HE MOMKE, TOMY Ha HABAHTAKCHHS MEPCAACTHCA
crpu6ok Hanpyru AlUp=2Up. TIOTIM NMOUMHAETBCS 3apA] KOHACHCATOpA HANPYrow us=Us uepes
pe3uctop R i nanpyra Ha ¢ 3MIHIOETBCS IO eKCROHEHTI. Hanpyra uan()=us()-uc(f). Tlo mipi sapany
KOHIEHCATOPA Ugix EKCIIOHEHLIATBHO CNAAE IO HYJIS.

a)

Man. 3.10. udeperuiiorounit nanwgor (a) ,
Ta 4acoBi AiarpamMy CTPYMIB Ta Hanpyr { o
y audepeHilirorodomy naHio3i (6)

A\ 4

6) t
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Y MOMEHT {2 HaNpPYra us. 3MiHIOETECA CTpHOKOM. CTpUBOK BXIAHOI HAMPYrU MEPEAAETHCS HA BUXI]
nanwora Alge= -2Uy,. TIOTiM riounHaeTses posps konaeHcatopa C A0 Hanpyr -Uy, Yepes pesucrop
R. Tlouatkosa nanpyra Ha konaeHcatopi Ue (£2)**Un. Takkm uuHOM, Ha pesuctopi R dopmyloTbes
PISHOTIONAPHI  iMMYNIBCH, IO EKCMOHEHWIABHO CTIafaloTh, GPOHT AKHX BiAMOBifae (POHTY Ta 3pisy
IMIIYJIBCIB Ugy. TPUBANCTD BUX IMIYJNIBCIB 3ANEKUTE Bij moctiinoi wacy t=RC i Mmoxe OyTH ouiHeHa &
=(2+3)7. [Ipu maniii nocTiitHiit yacy 7—>0 HaNPyra #a,. BIAMOBIAA€ 3HAYEHHIO MOXIAHOT Usy.

HacTo Ha BUXOAI BUKOPUCTOBYIOTH AMUIC OAMH 3 iIMAYALCIB HANPYTH U JInst upOFro cXema Maji.
3.10 AONOBHIOETHCS AI0AOM, MOKA3AHUM MYHKTHPOM, a Hanpyra #'sux JUIS JBOTO BHMAAKY HaBEJEHA Ha
man. 3.10, 6.

Judepennilonui TaHUWOTH, IHPOKO 3aCTOCOBYIOTECA B IMMYJBCHUX MPHCTPOAX NMPH HEOOXiAHOCTI
(hikcauii MOMEHTIB (POHTY Ta 3pi3y, a TAKOMK JUIA YKOPOUEHHS IMAYIILCIB.

Inmezpyroui nanyiozu. 3uaiiomuit nam RC- nadipor moxke 6yTH yBIMKHEHHI IHIIMM METOJOM, 110
nokazano na mai. 3.11, a, 0Py UbOMY ugn™ . PoO3rIisHEMO mpolieck B RC- NaHWIO3( 3 3aMUKAHHAM Y
MOMEHT =0, kmoua K7r., WO MPUEAHYE A0 HLOTO JuKepesno nocTiitHoi Hanmpyru E. [lpouec 3apany
KOHJEHCATOPA ONUCYETLCA AMdepeHUianbHIM PIBHAHHAM, No6pe BiToMuM i3 kypcy TOE:

dU ¢
RC —E+u.=E . (3.6)
dt

I;IOFO p03B’ﬂ30K Ma€ BUIIsA A
ugux=ucO=E —[E —Uc(0)]exp(~1 /1), (3.7

ne U0) -nanpyra na koHaeHcaropi B MoMeHT ( = 0 ; 7=RC — nocriiina uacy kona. Hanpyra na

unx
/m
Ey
w
K >
C gy K : (= 0 t
Uy [
.__.)l‘ l—
Ey - %
— 1 9

Man. 3.11. Cxema BMKopMCTaunﬂ iHTerpylouoi NaHkW B opMyBatax “acoBHX iHTepBaiB (a),
qacoBi giarpaMu Hanpyr (6).
KOHJIEHCATOPI eKCIIOHENLIAIBHO POCTE, BIANOBIAHO A0 HAKONUUEHHS 3apsijty (IHTErpyBaHHIO CTPYMY)
(man. 3.11,6). .

B iMmynscHux upucTposx naswor Man. 3.11, a yacto nocrauaersest komnaparopom K, va apyruit
BXiJ AKOro nojaHa nanpyra E,<E. Y MOMEHT {; Uw=Uc~E, KOMIApaTop crpausoBye. IMnyabcuuii
By3ost Man, 3.11 opMye THMUYACOBMH iNTEPBAI MK MOMCHTOM 3aMHKAHHS Kitoua (MOMEHT (=0} Ta
MOMEHTOM CpalbOBYBAHHA KoMnaparopa /=t IHTepsan sanexuth Bia 3nauens £, U(0), E,Ta 7. Y
MOMEHT {; piBHsiHHA (3.7) 3anucyeThes r BUTNAL

i

E -l ~UcOexp(-t,/7) = Eg
JlorapudmyBanHs 115070 BUpa3y Aa€ 3MOTY 3HAHTH JIOBXKUHY iHTEpBaTY
E -U0
ti=tln————— (3.8)
E -EQ
IMpouec popmyBanHa iHTEpBANY £ 3a A0NOMOrol0 RC - naHwiora Ta KOMIAPaTopa JNICKHTS B OCHOBI
faraTouNCIEHHNX IMITYILCHUX NPUCTPOiB (MYNbTHBIGpaTopis, oanoBibparopis Ta in.). Icuye Garato
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BapiaHTiB BMpIMIEHb TMX CAMUX IMMNYJIbCHUX (YHKUIOHATEHUX BY3NIB HA TPaH3UCTOPAxX, HOJLOBUX
TpaH3ucTopax, pisnoManiTHuX IMC 1 T.in. Hipkue 3YMUHHAMOCS Ha JEKIIbKOX BUPIIIEHHAX UMX BY3JNB,
pukotiannx Ha IMC. Hessakaiouw Ha pi3HOMaBiTHICTb IHINMX CXEMHHUX BHpIILIEHb, MPOLECH B HUX
MOKYTH OYTH 3BEACHI [0 PO3MAAHYTHX BHLIE NEPEXiAHMX IHTErpylouux npoiecis y RC -naHuiorax,
(nuB. man. 3.11). LInpoko 3acTOCOBYIOTECS B iMITJIbCHIi TEXHIL It iHTErpaTOpH.

§ 3.5. My.sibTRBiGpaTOp Ha onepaniliHoMy nizcHIOBAYI

My nemugiGpanopom Ha3MBA€TLCA NEHEPATOP HEPIOAMYHO MOBTOPIOBAHUX IMIYNbCIB MPAMOKYTHOT
dopmu. MynsTHBIOpaTOp € aBTOTEHEPATOPOM 1 npamioe 6e3 noAaBaHHs BXIAHOIO CUTHATY.

Cxema mynsTusiéparopa Ha OIl noaaHa Ha man. 3.12, a. IlopisHsemo ii 3i cxemowo man. 3.11, a.
Kouaencarop C Ta pe3uctopn R;,R; yTBOPIOWOTH HTErpytounit RC- naHIior: npu 3apaii KOHAeHScaTopa
BiakpuTHii aioj VDI, cTpyM NpoxXoanTs yepes Ry, npy pospaai — BiaKputhit VD2, ctpym iine uepes R;.
Jhkepenom Hanpyru Ha Bxoal € BuxiaHmii maHipor OI1. Kommnapatop suxonanuii va OIT 3 /133 uepes

N
UBHX MAX | e o e —— —— i ——
- - - -
Un - -
Uo i~ <
u: |
3
>
i T ts t
Uo| 7777 ~_
'Uan\nmx FTT T T T -
UBI‘I\‘ \
ot sux K
UBM\ e L | s
<>
3 —>
t
tn | [~ L Bux max
< >
T, 0)
>

Man. 3.12. Mynstusibparop na OIT (a) i uacosi giarpaMi Hanpyr y cxemi mynbTusiGpatopa (6)

naHwor B3R, (nopisusitte 3 mMan. 3.9). 13 nepexnoueHusM KoMnapatopa Ha Horo suxoai Bindysacthen
KOMYTauiA JaHWOTiB 3apsay Ta po3psaay kouaencaropa C, to6to OIl BMKOHYE Bilpasy jexinhbka
(QyHKUi#: kepesia HanpyTr 3apsly Ta po3paRy KOHASHCATOpa, KOMIIaparopa Ta Kmoua.

Posrnsanemo poboty MyapTMBiGpatopa. Tumuacosi piarpamu HaseaeHi Ha man. 3.12,6. Hexait 1pu
t<t; mxepena xunacaus OIT BUMKRYTI: E,0,-E,=0. Kongencarop C po3paauses i u=0. Y MOMENT ¢/
YBIMKHEMO Ey Ta —Ey.

[Ipu iXHbOMY BMHKaHHI BuXiaHa Hanpyra OIT s 3MiHIOETBCA a00 B J0JaTHOMY, abo Y Bif’€MHOMY
wanpamky (sunaaxosuil npouec). Jins nesHocTi AONYCTUMO, O BiaOyses no3utHBHMI npupicT AUz
Uepes naHwior R3Ry ueit npupict, noaethea Ha npamuit Bxin OIl, nocwnoerses iy cBowo uepry
BUKJMKAE NPUPICT Al s [TpoLEC pO3BMBAETHCA JIABUHONOAIOHO, B PE3YNLTATI B MOMEHT {; CTpuOKOM
BCTAHOBIIOETHCA Upix = Upiex ma-

Flounnalodu 3 MoMenTy £, Kougencarop C 3apamKactses HANPyrow U=Usu max HEPE3 PE3HCTOP R,
TOMY 1O [0 aHoja fiofa V) npuknanexa no3uTMBHA Hanpyra, noctiiina yacy t=R,;C. HapocTtatoua no
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CKCIOHEHTI HANPYIa 1e NOLACTLCA HA inBeprylonuii xia OI1. Ha npamuit sxin OIT yepes namwor B33
RsRy mopaetsest Hanpyra
U= Uy mar Ra l( R3 +R4)= Uy,

Y MOMeRT /=1 Hanpyra Ha KOHAEHCATOPI u. 0cATae 3HaueHHA Uy i BiAGYBAEThCa CAPALLOBYBAHHS
Komnapatopa. HMoro nepemuxanns NPOXOANTE  NABUHONOAIOHO  (pereHepartusHUil  npouec) i
3aBEPIYETLCA NPU Unex = —Upix max. Hanmpyra na xongeHcaropi He MOxKe 3MiHMTHMCS CTPUOKOM i,
MOYHHAIOUH 3 MOMEHTY f2, BiADYBAETbCA NEPE3apsAKa KOHIACHCATOPA YEpE3 PE3UCTOP Rz HANPYrow
U=-Unnx mox 13 nOCTiHHOIO wacy =R>C (na mioai VD2 npsma nanpyra — Mminyc ma Karoni). Mu
BIA3HANAEMO, IO, BIIMBAIOYM Ha Ajod VDI ta VD2, komnapatop 3aiiicHioc nepeMyKanHs JaHuioris
sapany (VDI, Ry) ra pospany (VD2, Ro) xounencatopa C. Tlpu £2< 1< ¢3nanpyra na npamomy sxoai Ol

_ ~Usurmax R4 _
Uz = — " =~-U(-
R3+ R4

Kouznencatop € He Betrrac po3paauTies 10 Hanpyri -Usuy mex, TOMY IO B MOMEHT {3 HANpPYra Ha
HBOMY J10cArac snaueniis —Uo 1 3HOBY BIAOYBAETLCS PETSHEPATHRHE NEPCKIIOUCHHS KOMIIAPATOPA, IIPH
UBOMY BCTAHOBIOCTBE U =Usix mav. 1= Uo. 31oBY nounnaerses eran 3apsay konnencaropa C
uepes pesucrop R, llpn Hanpysi na kongencatopi u.(f.)={ BiubyBacTbCst ueprose CriparboRyBaHHS
KOMRaparopa.

Cranuii npotee NOYUHACTLCA TIPH £+42 | XapAKTEPUIYCTLES 3MIHOIO HATIPYTH T1a KOHJIGHCATOPI Bijt
U 130 =Un va 380POTHLO. THTCPBAN £3 — £ BI3NAYAC TPUBAICTD iIMIYIILCY 4 TPUBAIICTH naysn t, = f3 —
£, .

3HANACMO 4 T fn, JIIS LEOIO CKOPK UTAEMOCA AHANTIZOM CXEMU 3APALY KOWACHCATOPA , BUKOMAHHM
y § 3.4[Bupasmu (3.7) 1a (3.8)).

Hst o6uucncnns #; posrisanemo 2apan kouaencaropa C' Bia Kepena £y mox 3 NOCTIHHOIO vacy
=R, Tlponec nouunacrocs npu Ud0)=-U (ans. man. 3.12, MoMeHT £) ‘ra JABEPINYCTHCS NPH
Uty ~ Uy, 3rinno 3 Bupazom (3.7)

Usuxmax *UQ
U gux max U
Bpaxosytouir sanexmknicts {p BIA Uy pars OUCPIKHMO
1i=R1C n (+2R4/ R3).
lrepsan naysu £, 0GHHCIAMO IpK PO3LTIL TIepe3apaku Konencaropa C Big jpkepena
£ Ui max 3 DOCTHIHOI0 Hacy 7=RyC' 5 U0)=Up; Ue(t) = -Un. 3rinno 3 supasom (3.8)
Uguxmax tUQ

th= R2C In M =T gy i (142847 13). (3.10)
Uguxmax U0

ti=R1C In (3.9)

[epioa nostopetiis
Tn=ti+1a=(R1+R2)C W (+2r4/ R3) @1
Ulinsnicr,
Q =Tnlti=(Ry+ RV R]. : (3.12)

Binnaunmo, mo stauenus 6, £, 7, Ta Q ue 3anexars ix napamerpis Ol Lle 3YMOBIIOE BUCOKY
CTABINBHICTS HACTOTH T4 miinpnocyi O MynyTusiOparopa. Y peanbHix MyJILTHBIDpaTopax npouecH
PO3BHBALOTLCS JICILO CKAAHIILEC, TOMY WO Usey OI1 IPH MpAMOMY T 3BOPOTHOMY HACHUCHH] e LITKOM
OMHAKOBI 3a BCIMYMHOIO, ¢ Hanpyra scysy Hyns (aus. § 2.12), cnpaueoByRanus komnaparopa
BIZOYBAETHCA NPU HCHYILOBIM HANPY3i - . 11i ParTopy s1MsKyIOTE CTABIbHICTL pobOTH cxemH.

Posriisiiemo €nocobu perysioBatis 4acToTH Ta Winbnocti MystHsiGpatopa.

1. Tlpu perymoani 4actot / winsHics Q He NOBMHUA 3MiHIOBATHCA. MOXH2 3a1IPONIOIYBATH Taki
CHOCOOM PeryOBaHHs YacTOTH: ‘

a) 3MIHOI0 eMHOCTI Komencatopa C. Lieit METONt 3acToCOBYCTBEA PiAKO, TOMY WO NOB'A3ANKi i3
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IPOMI3AKMMU PilIEHHAMH;

6) 3MiHOIO BiZHOWIEHHA R3/Ry HINAXOM 3MiHM OJHOTO 3 LMX omopis. IIpu usomy 3minweTsca U,
Hanpuknan, npu 36ibmienni Ry 36inpmyersca Uy, koHaeucarop C 3a uac & MOBKHEH 3apsmKaTUCs 10
Oinewoi Hanpyru Up, ane foro nocriiHa yacy HE3MiHHA, TOMY 4 pocte. Tak Camo 3MIHIOETBCA i fn,
0TIKE, HACTOTa / 3MEHIIYEThCS. :

2. TTpu perynioBanHi WinbHOCTI HEOGXIAHO MIATPUMYBATH MOCTIHHWM 3HAYEHHs 7, TOGTO npu
36iNbIIEHH] TPUBANOCTI IMIYbCY HA T€ ¢ 3HAYEHHA HEOOXIZHO 3MEHIUWTH TPUBAIICTs naysw. Jina
us0ro Rta Ry B cxemi Mai. 3.15 BHKOHYIOTBCS Y BHJ NIOTEHLIOMETPA, Cepeas TOHKA AKOrO HpUEAHAHA
1o inBepryroyoro sxoay OIN, a kpaitHi Touku — BLANOBIAHO N0 KaTozaa Aiona VD! i anona mioaa VD2, 3
PeryOBaHHAM 3PYHIYETHCA CEPEIHA TOUKA MOTEHLIOMETPA, ale CyMa onopis Ri+R; 3alviuactses
He3MiHHOO [ quB. Bupasu (3.11) Ta (3,12) ].

§ 3.6. OaHosiGpaTop Ha onepauiiiHoMy nmigcHIOBAYi

Oonogibpamop € (popMyBaueM OAHHOYHOFO IMOYJIBCY nNPAMOKYTHOI (opMu Ta dikcoBaHoT
TPUBANIOCTI, 1O BUMHHMKAE HAa BUXO/l 3 HAaAXOMKEHHAM HA BXiJ 3aMyCKalOHOr0o KOPOTKOIO IMIYNbLCY.
OaHoBibpaTop 3acToCOBYETECS abo B AKOCTI ()OpMyBaua NPSIMOKYTHHMX imIynbeiB, abo B sSKoCTi By3na
3ATPUMKH IMIYJILCIB HA 3aJaHUi uac.

Cxema oaHosibpatopa na OIl naBeneHa Ha man. 3.13. IlopiBHsieMO WO CXEMY 31 CTPYKTYPHOIO
cxemoro Man. 3.11. Onuosibparop mictuts koHaeHcatop C|, nos's3aHuil i3 BHXOJAOM KOMNapatopa Ha
Buxia OIl uepe3 pesuctop R. B sxocti komnaparopa BUKOpHCTaHa J06pe HaM 3Haiioma cxema 3 J133
uepes naHuor R;Ry (nopisusitre 3 man.3.9,a). Mikpocxema OIT BukoHye B OZHOBIGpaTOpi AeKiNbKa
(yHKUI: KOMMapaTtopa, mKepena Halpyru A 3apsly KOHACHCATOpa Ta Koua, TOMY 1O KOMYTauist
TIAHLIOTIB 3apsAay Ta PO3psAy KOHIeHcaTopa 3AIMCHIOETCS NMPK nepeMuKaHHi kommnapartopa. [ion VDI
npuzHadyeHuit s dikcauii nmouatkooi Hanpyrd Ha koHaeHcaropi U.0). Enemenrn C,, Ry, Rs, VD2
CKNIAfa0Th JAHLIOr 3aMyCKy, Yepe3 HUX Ha CXEMY HAaJXOIANTh KOPOTKMiA 3aryCKAOUMH IMITYIbC .
Jlanka C2Rs € audepenuiiotouoro (aus. § 3.4).

Tumuacosi aiarpaMn Hanpyr y cxemi oaHosibparopa Haseaeni Ha mai. 3.13,6. Posrnsa po6oru
0AHOBIGpaTopa NOTPIGHO MPOBOAMTH 32 €TaNamMH BIINIOBIAHO 0 MOPAAKY HOro poGOTH.

| e Tan (BUXiZHNI CTaH, «ueKaouuity eran), usx=0. byaemo BBaxaTh, 110 KOMMIapaTop paniue 6yB
NPHUBEACHUI Y CTAH Upnx = ~Usux max. KoHpeHcatop C), po3psaamses, Tak sk Aioa VDI nepemkomkae
ioro 3apsany BuxiaHow Hanpyroio OIT uepes pesucrop R, HeBakko nepexOHATHCA, 110 aHANI30BaHHI
CTaH. CTIfiKWA, TOOTO MOXE TPMBATH K 3aBFOJHO MAOBrO. uy<u, OTKE, KOMMAparop AifCHO
3HAXOAWTHLCA B CTAHI HEMATUBHOTO HACHYEHHS

R41IR5

AL L AR (3.13)
R3+R4IRs

u33 = ~Ugux max

2 e T an (popMmyBaHHs imnyabcy). Ilpn >0 o npamoro sxoay OIT npuknanacrsca sxizna
Hanpyra, Wo i€ cuibHie, HiX curnan i3 suxoay OIT uepes Rz Hanpyra Ha npsamomy BXoai crae
no3uTHBHOK. OCKINbKH Ha IHBEPTYIOUOMY BXOAi 36epiraeTbes u.(1/)=0, To KOMNAPATOpP pereHepaTUBHO
MEPEMHMKACTLCA, | HANpyra Ha HOro BUXOAl CTPUOKOM HOCATAE Upn =Usny mae.  Ha erani gopmysanns
IMOyAbCY MoTpe6a B MIATPUMLI HATIPYTH Ha BXOAIL TIC/A TIEPEKMIOUYEHHS KOMNAPAaTOpa Bianaaac, ToMy
1o No3uTHBHE HacnueHHa Ol NiATPUMYETHCA MOUTHBHOK HAMPYIOH, WO HOAETLCS i3 HOro BUXOLY
Ha npamui BXiA No naHwWwo3i R3Ry Tomy BXigHuil iMmyibC onHOBIGpaTopa MoXke BYTH Lyke KOPOTKUM.
[Tpu £>1; xonnencarop C 3apamKacThest HANPYrow Unnx max 4€PE3 pesvctop. R, npuuomy t=RC;. Etan
(hopMyBaHHs IMNYJILCY 3aBEPLIYETHCH B MOMEHT £2, KOIU HANPYTa HA KOHJEHCATOPI A0CAraE 3HAUEHHS
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Man.3.13. QuuosiOparop 1a Ol1 (a) Ta yacosi 6)
piarpamu Hanpyr y cxemi ojHoBiGparopa (6)
Hanpyru /{33 Ha npaMomy BXofi :
R4
ue(12)= u3:(2)= U gux max =U@2- (3.14)
R3* R4

VY ueil MOMEIIT KOMNApaTop PereHePaTHBHO NEPEMHUKAETLCS.

3 e an (crajlis BIAHOBIEHHS BUXiZHOTO crady). OMKe, B MOMCHT /2 CIPUOKOM BCTAHOBMIOETHESA
gy = Ui max KO eHCaTOp | MOUMHAE PO3PA/KATUCS Hepes pesuctop K BijL kepesia Hapyru
~Usnx may.  MpuuoMy 7=RC;. Y MOMEHT f3 HANpPYra Ha KOHIAEHCATOPI NOCATAC U((3)=0, BiJIKpUBAETLCS
gioa VDI, wo nepeiiko/pkac NOAANbLIOMY 3MEHIIEHHIO HAMPYr¥ Ha KOHJICHCATOPi. Y MOMCHT /3
CTallis BIHOBJICHHS 3aBEPLIYETLCS, OJHOBIOPATOP rOTOBUI /10 NPUXO/Y HOBOI'O IMIYJBCY HA BXOAL.

Po3risL NpUHUMAY AiT 0/1HOBIGPaTOpa 1€ 3MOTY 3HOBY NEPEKOHATUCA B TOMY, LIO B Wikl cxeMi, s i
B CXeMi MynbTMBIOpaTopa, BHKOPUCTOBYIOTHCH HPHUHUMNK, 3aknanewi B cxemi man 3.1l Jls
PO3pPaXyHKY FOJIOBHUX CTaziil poboTh oaHOBIOpaTopa ckopucTacMocs BUpasoM (3.8).

Po3paxyemo TpuBaicTe iMriynscy. [Touatok Horo (opMyBaHHA BijlOYBacTbCs B MOMEHT f; (JMB.
Man.3.13), UL0)=0, E=Unux max. noctilina 4acyr=RC,;. Y MOMEHT cnpallboByBaHHS KoMnaparopa
ult2y=Uaz Tlpu nijcTanoBui umx senmund y Bupas (3.8), Bpaxosyioun 330K Upz Ta Usix max,
OEPHKNUMO:

U BuUX Mmax

ti=RCyIn = RCyIn{l + R4/ R3). 3.15)

U guxmax ~Y g

AHANOrIMHO PO3PAXOBYEMO TPUBANIICTbL CTAAil BIIHOBNEHHS 4= {3 ;. Jlna Ub0Oro miacTaBuMo y
BUpa3 (38) UL0)= Uz, E= ~Usix max, T=RC1, ul'(”):o'



Onepxumo

~Uguxmax~ U

+
= ey In T3 2R (3.16)

t,=RCqln
~Ugux max R3+ R4
PerymoBagBHs TpUBATOCTI IMITYJIbCY OJHOBIOpaTOpa f; MOXKYTH 3OIACHIOBATUCS TAKUMHM METOAAMU:

a) 3minoo R abo C)| (ocTaHHE 3BHYAHO HE 3aCTOCOBYIOTH, TOMY IMO KOHJACHCATOP i3 3MIHHOIO
€MHICTIO Mae Ginbii rabapuTH Ta Macy), Npy LOMY 3MIHIOETBCS IBMAKICTE 3apsia konaeHcartopa Ci;

6) 3minomo cniBBizHOWEHAs R3/Ra. [Ipy 1bOMY 3MIHIOETBCS HATIPYTA CPALLOBYBARHA KOMMapaTopa
Uz, a3 UBM | yac, MPOTAroM SKOTO HAMPYTa Ha KOHASHCATOpi HapocTae 10 Beauaunu Ups.

I3 BuKopuctaHusiM ojHosiGpaTopa He BapTo 3a0yBatu, WO cxemu 3 /133 MaloTb HU3BKY
3aBaJOCTIHKICT, Y BHUXIAHOMY CTadi Hanpyra Ha npsamomy Bxoai Ol w,, =Uy, nosuuua 6yrn Gararo
Oinblua BiA piBHA nepewlko. [TpupoaHo, o # aMmniTya BXiAHOIO CHrHaNy NPU UbOMY MOBUHHA OYTH
BENMKA, 1306 3a0€3NCHUKTH NepeMUKaHHs KOMI1apaTopa Ha MOYaTKy CTalil (JopMyBaHHA iIMITYJILCY.

§ 3.7. 'eneparopu niniiiHo 3MiHHMX HanIpyr

Tenepamopu niniiino 3minnux nanpyz (I'/I3H) $opMyloTs Hanpyry nunkornoniGHol ¢opmu (aus.
main.3:14,6). Jns cTBOpeHHS niHifHOI 3aeKHOCTI HANPYTH BiJl 4aCy YacTilie BCLOTO BUKOPHCTOBYIOTH
3apsaa (abo po3psaa) KoHaeucatopa rocTifHUM crpymoM. Haiinpoctima cxema ['JI3H wnaBenena Ha
man.3.14, a, TUMuacoBi Jiarpamu Hanpyr B cxemi Ha man. 3.14,6. [lpu posimkmyromy kmiovi K,
KonzaeHcatop C 3apaLKaETsCA B UKepena CTpyMy /, | Harpyra Ha HbOMY HapocTae:

R
- 1 u
1 | °
él c luc K
1 =
. ! >
. 0 ] t
a) 0)

Mau. 3.14. HaiinpocTiwa cxema Ans GopmMyBaHHsA NiHIAHO 3MIHHOT Hapyry

t
uc:%[Idt+Uc(O)=]t/C+Uc(O), « (3.17)
0

Je = 0 — MOMENT 1o4aTKy 3apany.

Y MOMEHT #={; 3aMHKACTHCA KoY K, i KOHACHCATOP EKCMOHEHLIANBHO PO3PALKAECTECS Yepe3 KoY
Ta pe3uctop R, MmO -BBEACHWH y cXeMy And OOMENEHHS po3psaHoro ctpymy. [licna pospany
konzcHcaTopa A0 Harnpyrn U0)=0 kmou K Moxe GYTH pO3IMKHYTHHR, TOAI NOUHETLCS 3HOBY MPOLEC
(opmyBaRH: NiHiMHO HAPOCTAIOHOT HATIPY .

Binomi umciienHi Bapianti cxemu- man. 3.14, g, w0 BiAPI3HAIOTLCS MeTodamu no0YyI0BH /pKepesna
ctpymy | Ta KMOYOBOTO eneMeHTa. BUILIINMU TeXHIKO-CKOHOMIYHHMH NepeBaraMu BOJOAIE cXeMma
I'JI3H, no6ynosana na IMC. Cepen HUX IiMpOKe NOMAPEHHS ofepxanu cxemu Ha Ol
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Y cxemi inmeapamopa, po3rnsaHyTiil B § 3.4, KOHACHCATOP 3aPAIKAETHCA NOCTIHRUM CTPYMOM, AKILO
Ha BXI/ iHTGrpaTopa nojana nocTiiina vanpyra (aus. mMan. 3.11,6). 3 nopaBanuam Ha BXin {pe>0
HAMpyra Ha BUXOAI 3MEHIUYETBCS 3 JIHIHHIM 3aKOHOM:

1
tgx == [Ugprdt +U gy (0) = -

t
U oy *
Re ) R“x £ U gux(0), (3.18)

[Ipy up= — Upyr BUXiZIHA HADPYTa HAPOCTAEC TAKOXK 32 NHIMHUM 3aK0HOM:

Ugx*
RC

1 ‘
tgux = == U gx %Al + U g (0) = E+U g (0), © o (3.19)
RC

Ha man. 3.15, a nasenena cxema [JI3H i3 30Builuniv kepyBanHsM (1 ~ KCpylOua Hanpyra) Ta

VD3 VD4
: . M M [ ’”7\ lll(
vpr R [ N P—I H
| g __||_r_J. L1
hnh ty U 0t

o VAN V4l B U

VA

0)

Man. 3.15. Cxenma PJI3H i3 3onniuniim 3anyexom (a) ta nacosi alarpamu curaanis(6)

TAMYACOBI Aiarpamu Hanpyr. Cxema CKIaJaeTbes 3 KOMIaparopa i itrerpatopa. I'pusasicts £
BXIZHOTO TIOBMTUBHOIO IMIYABCY Uk BUBHAUAE TPUBANICTS CTAMIT CHany BIXIAHOT MANPYTH U
(Man.3.15,6), TPUBANICTL CTaNIT HAPOCTAHHS Upyey JOPIBHIOE NAY3T fy MK IMITYSILCAMH 2y,

I3 HagxoKkennAM BXiioi Hanpyrn, amruiiryaa Aol Uw>Fo, KOMIApaTtop nepexojuts B Crau
MO3HTHBHOIO HACHUCHHS u'™ Uik max Bikpupaerhes aioag VDI, i Hanpyra sy yracac 3a niHiitnnm
3aKOHOM; Y Bupasi (3.18) nincrasumo R=Ri. Kpyvicts Hanpyru urg, Ha inrepsani cnany t; 4

S d U/ d 1= = Ui woax IR C. (3.20)
3 npunuieniaM iMNyILCy i KOMMApaTop 1A BILAMBOM HANPYrH Eo Ha iHBEPTYIOUOMY BXOJ
MEPEXOAHTH Y CTaH HCIATMBHOTO HACHUCHHA u'=-Uw wax, Binkpusacrscs aioy FD2, i iwrerparop

(opmye Niniiino Hapoctatouy nanpyry, y supasi (3.19) miactasumo R=Ry Kpyricth HApOCTAHHA M
Ha IHTCpBa £ . 13
Si=dUipan ! d = Uik max /[R2C. (3.21)
IJI3H i3 308HIlUHIM KepyBaHuAM Mac BKIUBY NPUHLMNOBY ocobausicTh., Cramuii pexnm
AOCATACTLCS NHIUC B TOMY BUAAAKY, AKWLO PiBHi AlUrs 112 eTamax napocrants aGo cnaiy, B iHmwomy
BUNIAAKY CCPEAHE 3HAYCHIA BHXIAHOI HANPYrH NnOuMHAE Hapoctaty (abo yracaTn), 1o B KiHLEBOMY
paxyuky npussoauth 10 nacuuenns Ol iwrerpatopa. YMosa crifikoi poGoru 1'JI3H ssoamrses 1o
BUMOTH
=8¢ = thSu. (3.22)
BpaxoByioun MOxjIMBY HeCTabiIbHICTL KPYTOCTI Ta ‘TPUBANOCTI 4 Ta [,  opicHTyBatHcd na
BUKOHaHIS ymoBu (3.22) y cxemi man. 3.15, a nepeanbho. Y NpPAKTHUHUX CXEMAX MAKCHMAJIBHE Ta
MIHIMAIBHE SHAUCHHA HANPYTU Uy OOMOKYETBCH. Y exemi Mait, 3.15.a juist oOMEReHNS 0y, yBEACH
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ctabinitponn VD3 ta VD4. Sk nokasano B §2.12, Hanpyra Mik BX0AaMH OTl iHTerparopa u ~0. T}pn
0< Upmn <Us Ha crabinitponi VD4 nie mpama nanpyra Usvps=0, ctabinitpon VD3 3miwieHuid B
3BOPOTHOMY HANpAMKY 1 “epe3 Koo crabimiTpoHis mpoTikac mammit ctpym Jo ~0. Taxnm H[/I»HOM:;
CTaGiNiTPOHM B UBOMY BHMAIKY MPAKTHHO HE BIUIMBAIOTE Ha MpOLCC pospay KOHjeHeaTopiB. 3
JOCATHEHHAM Urase =U+=|Ucrvp3| (8¢ Ucrvps - Hampyra craGinizauii 'VD3) PD3 n'pamoe B. peKuMi
efleKTPUUHOro NPOBHBaHHS, PO3PAA KOHAeHcaTopa C TPHIHHAETHCA, | CTPYM in=u'/R1 NEPEXOINTD 3
KOH/IGHCATOPA HA NAHWOr CTAGLAITPONiB: TakuM YMHOM, HAMPYTA Urwn 3BEPXY OOMEKEHA 3HAUEHHAM
U... AHAIONUHO 3HM3Y HANPYTa U OOMEieHa 3HaueHHAM U =-Ucavpd, n€ Unvps — Hanpyra
mg‘;lﬁ?l’;ﬁg cnpapa nokazana poGoTa cTabiTiTPOHHOr0 0GMENKyBaHA B MOMEHT f5. InrepBan naysu
f; . fs 3a0aHuUii JOCTATHBO BETMKHM, TOMY B MOMEHT #5 Hanpyra I'JI3H nocarae snauenns U.. 3
MPUXOJOM YEPFOBOTO IMITYIIBCY Uy MIOUHHAETLCH TIPOLEC GOPMYBAHHSA CIAAY Hrzw, MPOLEC ONUCYETHCA
gupazoM (3.18) npu Uge(0) = tirmn (t5) =U.

DI R C

’
Umlxmax u

{
>
o T |2 A I8 i
u&"f" = Uﬂ"xlﬂﬂx

a) ~ _";“;_;’

Man. 3.16. Cxema IJI3H B asTOreHepatopHoMy
pesxumi () Ta uacosi diarpamu Hanpyr (6)

0)

Kpim TJI3H i3 30BHilIHIM KEpYBaHHSM 4acTO 3aCTOCOBYIOTHCA ['JI3H, wo npau;({)}oTbO 1P[
ABTOrEHEPATOPHOMY PEXNMi, TOOTO Ge3 KEPYIOHOro CurHay. Hlupo_xo nowmpena cxema ['JI3 ’He} '
(man. 3.16). Lla cxema BIAPI3HAETHCA Bijl PO3MNAHYTOrO I'JI3H Hassricno naHwora 33 R3Ry, wo 38'A3y€e
NPAMUiT BXiA KOMNApaTopa 3 BUXOIaMH KOMINapatopa i IHTerparopa. ) oa

3HAHACMO HATPYTY ts; METOLOM CYMEPNONLII: 4= w1+ uy. Hanpyry #) 3Hax0AuMO NPH drun =V,
Hanpyry uz npu u'=0. Onepkumo

R34 ooy —2—. (3.23)
"R3+ R4 R3+ R4

TumuacoBi miarpamMu Hanpyr y cxemi man. 3.16, a HasecHi Ha Man. 3.16;6. [Tounemo posrnan y
MOMEHT f;, KOAM KOMIAPATOP MEPEXOMMTL Y CTaH HETaTHBHOIO HACHHUEHHA '=-Usux max. HPH LUBOMY
sifkpuBacThes Mi0A VD2, | HA IHTErpaTopi NOYMHAETHCA MPOLIEC (GOpMyBaHHA HAPOCTAIOMOT HANPYry
Up. Hanpyra uy,, Ha IHTEPBANI £ £ TAKOX NiHIAHO HAPOCTAE 3IHO 3 BHPA3OM, (3.23). Jlna MomeHTy
f» 3 Bupa3y (3.23) oTpuMaemo:

u33(f) =u'

R3 vy, R4 _ . (3.24)
R3t R4 R3+ R4 .

VY ueil MOMEHT £ KOMMApaTop NEpeMUKacThCs, Hampyra Ha ﬁorg BHXOJI c_Tpn6K0M IMIHIOETHCS 110
sHauerHst #' = Us max. 37iAHO 3 BupazoM (3.23) CTpUOKOM 3MIHIOCTBCA | HANPYra s [Tpouec
nepeMUKaHHS KOMNApaTopa PO3BUBAETHCA PErCHEPATUBHO 33 PAXYHOK B33 uepe3 pe3ucTop Ra.

133(t2) = —U gux max
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Ha intepsani 1> — 4 sigkputnii gion VDI Tnterpatop dopmye initizo 3racatouy Hanpyry s
Hanpyra us, Takox ninifino sracae, i npu #=t; supas (3.23) 3B0anTsea 10 BUINAIY

B3 sy R4 g (3.25)
R3+ R4 R3+R4
Komiiapatop 3HOBY perctepaTHBHO 1€PEMHKAECTHCS, MOUMHACTHCS (dopMyBanHs NiHilHO HapocTarouoi
IUSSAHKH U 1 T AL

3 pospaxynkom cxemu ['JI3H B asrorenepatopHomy pexumi Bupaszu (3.24) ta (3.25) aawoth 3Mory
3B'A3aTH 3Ha4eHHs U. ta U. i3 3uauenHsMu R3/Ry ta Ep. Kpyricts cnany S; Ta napocradns Shi, @ Takox
TPHBANICTh AINAHOK HAPOCTAHHS Ta CTIa/ly MOYCYTh OYTH BH3HAYEH] 3 (popmynu (3.18) 3 nincTanoBKoIo
U 0y=U+, R=R; i 3 dopmynu (3.19) npu migcranosui Unix(0)=U-, R=R;. HeBaxKo nepekonatucs, (o
npu £o=0 U..=-U-.

Cxema Man. 3.16 moxke GyTH BHKOPUCTAHA TAKOXK i B SKOCTI MYNBTHBIOPATOPA, ¥ UBOMY BUMAAKY
BMXIZHA HANPYTA 3HIMAETHCS 3 BUXOAY KOMAApaTopa (AUB. Mai. 3.16,6).

T'JI3H nysice 1Mpoko 3acTOCOBYIOTLEA B TexHiui. Ha ixuiii ocosi Oyay10TbCs CUCTEMH PO3IOpTaLIHA
CNEKTPOHHO-NPOMEHEBUX  TPYOOK, NPUCTPOIB Uit BUAPOGOBYBAaNHS PisHOMAHITHHX of'ckrin  Ha
CREKTPUUNY  MiUmicTh. JlyKe Beluky ponn y  cyuacHiil  rexmiwi BIITPAIOTL  rlepeTsoploBayi
PISHOMAHITHAX (M3MUINX BEAUUUH B CICKTPUUMI CHIHaNM, HANPHKNAJL, MEPCTBOPIOBAY] HANPYru B
THMUACOBHH IHTCpBaN, Y uMCNO iMNYILCIB, y (azosnit cys. Sk HPUKNAT  NOMIOHUX 1IPHCTPOIB,
PO3MISIEMO  IMIYIBCHUEE NPUCTPIlE, CTPYKTYpHA cXeMa aKOro naseaena ia man. 3.17. a vacosi

13303) = U gux max

niarpamu Hanpyr uasemeni wa man3.17,6. Tlpuctpiii cxnagacrees 3 [JIBH, nos'ssatoro 3
TTI3H W
lll‘.’l'lll
K Ugxl [/
Uy
Rul ! = >t
o g

K?I
MB Han2 j I [—] I-_]"“N —>
[V /) 2 !

L 11 11

a) 6) !

Man.3.17 Crpykrypha cxema 1epeTBOPIOBAYA HANPYTY B WHpuHY IMIYIECIB TA YHCIO IMUYIILCIB (a)
Ta TUMUACOBI Alarpamu curaanis (4)

komnaparopoM K, ua gpyruil BXiJ AKOTO 1N0JACTHCA BXijHMIL (NepeTBOPIOBANLHUIA) CHUTHAN ;.
Komnaparop uepes aion nos's3aHuit 3 neplumm BUXOAOM cxeMu Ry, i 3 KEepPYIOUnM KonoM knioua K, 1110
BMUKAE MyabTHBIGPaTOp MB 10 Apyroro Buxomy R.a.

Komnaparop K dikcye piBHICT tpml)=un(f). Y MOMeHT £ Urea=Su({2 = 1), N€ £2~ /1= 1. 3Bincw
= “Bx/ Su

I3 nepemukanugm komnaparopa na Horo BUXoAi (JOPMYIOTbCH UPAMOKYIHI IMIYJIBCH, TPUBANICTD
AKUX  1PAMO  NPONIOPUIAHA NOTOYHOMY 3HAYCHHIO Uy (nopisusicre 3 man. 3.1, B). [pit s >0
3AMHKAETBCA KO Ky v HAa  Hasawramkenys R WAAXOAMYL Tpyna  iMnynscis i3 BUXO/LY
MYIBTHBIOpATOpA, YUCHIO AKHX NPAMO POTOPUiHIe iHTepBANY £ Ta HaNpysi uy.  Takum ymuHOM,
NPUCTPIl € NEPETBOPIOBAYEM HAIIPYTH B KiNIbKiCTH IMNYILCIB.
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Hpuxnao 3.1.

Po3zrnisiHemMO NPUKAL po3paxyHKy Kiaoda man.3.18,a.

Il a 2 o: TpaH3uCTOp 3 napameTrpamMu h310*=20%()0; Lo <10 MKA 5 E~10 B; E,,, = -2 B. B sxocri
HABaHTaXKEHHS BUKOPUCTOBYEThCS peanctop R=1kOM. Tpan3ucTop moBnHeH OyTH HacMueHM npp
Usc 27 B. Ipu Uy =0 TpaH3ucTOp B PEKNMI BiACIKAHHS.

—-E M
a)

Ma. 3.18. TpaHzucTopHHil KJIIOY 3 ABOIOJIAPHIM JKMBJICHHAM (&), HOTO cxeMa 3aMillieHHs
B pexuMmax Biacikanus (6) Ta HacHiaeHHA (B)

3na#tu RrraR;
Po3e’aszor
1. TIoMHEMO PO3PaxyYHOK 3 peXkumy BiAcixanms. TpaH3HCTOpP 3aMiHUMO cxemoio Masl. 3.18, a. Toni
6a30BUiT NAHWIOT Kloua Moxke OyTH 3aminenmii cxemoro Ha man. 3.18,6. Hanpyra wuy; cteOprocthes
[BOMA JUKEpENaMu: JDKepenoM Hanpyri E., i jkepenom ctpymy fao  CrOprcTacMocs METONOM
cynepnosuuii i sHaiaemo

RiRy . Rl __ RIR3 [, Esu| (3.26)

m K0
R1+R2 R1+R2 R1tR2 R2
YmoBy Biacikanns Bupasy (3.1) MOXKHa 3anuCaTH Y BULIALL
[K);O' Em/ Ry <0
Haitripmum 3 Goky 3akpUBaHHS TPAH3UCTOPA € BHAANOK, KOMH fuw™ fiso wax =10 MKA.
3Haiinemo

us = o

R2< B! Tgo max=200 KOm.
[puitvemo ans Gitbl HAAIHOTO 3akpuBaHHs R =100 kOm.

2. [TepeiiieMo 10 PekMMY HACHHEHHS. TPAH3WCTOP 3aMiHMMO CXeMolo 3amiwmeHHs man. 3.18, a,
Tolli GazoBMil HAHILOT CXEMM KJ10Ua 3BeAeThes 10 cxemu man. 3.18; 6. Ctpym Gasu cTeopioc pKepena
HAMPYTH Uy Ta  Eyy. 3HOBY CKOPUCTAEMOCA METONOM CYNEPNO3HLIT

5= e/ Ry= Eou! Ra,
YMOBa HacHueHHs BHPa3y (3.3) BUKOHYETCA IpH
Ugy /RI' Ey,u/ RZZ EK /( Rx h2lc)~

Haitripunm BUnaakoM s 3a6e3neueHHs HacuueHHA & moie™ faiemin =20 | un =7B. Busnauaemo Ry

— Ex Esm|_y39x0m.

R1Sugyx/
: Rxh2lemin  R2

[puiimemo R/=1,3 kOwm:
Po3paxoByioun TPAH3HCTOPHUIT KITIOU, 3yCTPIMAEMOCs 3 XapaKTEPHOIO 0COGIMBICTIO IMILYTBCHUX

CXEM: HE3BAKAIOUN HA HECTABINBHICTL BXIAHOMO cHrHany (3a4aui 30HHU, Y AKWX 3AIACHIOITLCS
PEKMMM HACHYEHHs Ta BIACIKAHHA Npu Oyab-SKUX napaMeTpax CXemM), 3AIACHIOETbC Hauiline
Qyukuionysanua kmoua. Cxema Ma€ NiJIBUILEHY CTIRKICTD [0 BIUIMBY 3aBaJ1 HA BXOZI.

hyio*- cTaTnuHui koeiLlieHT NiACWIEHHS cTpyMy, WO susHauenmii y § 5.
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3a60aKHA ONA CAMOKOHRMPONIO

flm 000B’A3K0BI CTPYKTYPHI €/IEMEHTH BXOARTH 10 CKIIA/ly ABTOTEHEPATOPA | B oMy Monsrae
iX mpuHUMN B3aemMonii?

SIki yMOBH CAMO30yIKEHHS TPE6a 3aA0BOJIBHHTH AN ONEPIKAHHS HEATYXAIOUHX KOTHBAHD?
STk MOXKHa 3MIHIOBATH aMILNITYly | (pa3y KONMBAHE Y KOJT 3BOPOTHOIO 3B’ A3KY
aBToreHeparopa?

Y vomy ocobinBocti camosbymxenns RC-exem aBTOreHepaTopis?

HuM 3yMOBIICHE BUKOpUCTaHHA B RC-reHepaTopax IBOX. KACKAAIB MiACHICHIIN?

Unm 3yMOBJICHI CTIOTBOPEHH CUrHANlY B aBTOTeHepaTopax? SIKHM UHHOM MOXKHA YCYHYTH
MPHIHHA CIIOTBOPEHL?

v ixch TPAH3NCTOPHOTO Ktoua Mant. 3.18 BumkHeni enementi Ry ma — By, 3akpurTst Kintoua
3AIACHIOETLCA NPH Uw=0. Jlo sikux HejoNiKiB MPU3BEAE TAKE CIPOLIEHHS CXEMNT

}}K 3MIHIOETBCS KOS(ILLIEHT HACHUEHHA TPAH3UCTOPHOTO KNIONA 3 HAIPIBAHHAM Tpansucropa ?
Cknactu cxemy MyswTubiGpatopa 3 £,= 1 kI, Q = 4, Uge max = 10 B, amnnityna HAMpPYru Ha
kouzercaropi 3 B. TIpu pospaxyHkax 3anatuck Ri = Rz =30 kOm (qme. man. 3.12)

10. Sk sminaTben napamerpn Buxinnoi nanpyru I'JI3H (man. 3.16), akumo 36116y Ry Ry; g ?
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I'naBa yerBepTa

4. ManonoTykHi BHIPSAMIAYi 3MIHHOT0 -CTPYMY
[1,2,3,4,5,6] _
§ 4.1Cxema 0THOHAMIBIIEPIOAHOT0 BUNPAMIEHHSA oano¢azHOTO 3MIHHOTO
CTpyMy

Cxema BMIPAMIIEHHS BMIlye OXWH BeHTHNs (Mand.1).Bxiz cxemu YBIMKHCHMIA
BTOPHHHOT 06BUTKH TpaHchopMaTopa. Jlo BUXIIHUX KieM CXCMHU YBIMKHEIIE HABAHTANCHHA,

VD1’ ,
Tp N 1y
o— A
—
U, Uznp U// = R,
o o ;
2)
Uzrp ﬂ\ Uzipma
/?( /\ 4 >t
I
N/ \ /'
< T N ) ',
i 1 ! '
§ i !
} ] 1 |
: l i :
| | ’ !
(™ Un |r Unmax
i" : iu
|
»t
I
| I : '
Uy 4 H 1 1 :
i : l : » ¢
f
! ! \/
i
| i '. '
U;/.max

6)

Man.4.1. Cxema 0rH0(a3HOTO BUTIPAMIICHHS-; 1acoBl Aiarpamu Hanpyr 1a cTpymis -6.
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0

ATEETTSaN

Moskha BBakatTu, WO pobOTa CXEMH  BHIPAMIICHHA 1l€ BIUIMBAE ha TpancdopmaTop, Bin
sabesnevye  nanpyry  Uzrn(t)=Usipmaxsinet.  TIpy  10AATHHX . 3HAYCHUAX . L€l wanpyrn  Ha
BTOPHUHHOMY JIaHWo31 Tpancopmatopa By/ie NPOXOAUTH CTPYM, AKMH € UL BENTHISA MPAMHM,
Horo suavennst iy (0= Uap()'\Ry

Y ueit iwrepsan vacy U (1)=Uapp(t); a Uyt)=0.(npsiMa nanpyra, ia sky BMHKacTLCs Ai0/L).

Ipu B eMHKX 3HAUEHHAX HANPYru TpaHcHOpMATOPa B HOr0 BTOPUNHOMY NaHLIO3i CTPYMY
He Oyjle, ¥ 38" 3Ky 3 HECKIHUCHHO BETTHKEM OMOPOM BEHTIIIA NPH 3BOPOTHIE naripysi. Tomy y uei
BUIPI30K Hacy Up(t)=0, a Uy(t)=Uzp(1).

[lepioanune  NOBTOPEHHS UMX  NPOUECIB  QOPMYE 1A naBalTaXEHHI  HECHHYCOIAHE
BUHpsMIteHHs nanpyru Uy(r),

. 1
U ] ('I’:]\vl‘ [ Uu(l)dl:uu-lnn\\ ﬂ

0

bepyuu 1o ysaru e, o Ut max™ (215, max NG {273, OACPIKYCMO CHIBBIIOWEHIS, SKe JAC
3MOTY BHOPATH BTOPHIHY HANPYTY TPAHCPOPMATOPA JUls 0JIepIKatits 3aalol nocriiiol ckianoBoi
BUIPSAMJICHOT HANpy Iy

Unier=2 Uzsh TU =045 Uty

Crpym nasanTaxenns € crpymom sentHis. Tlocrifina cknanosa nhoro crpymy Busiiavac
BHOIP BEITTHIIS 110 HOMINAILHOMY CTPYMY

Tions 2 lncr

[0 3BOPOTHIH HANPY3T BCHTKIIL BHOMPAECTLCA, BUXOJUIUH I3 MAKCHMAILIO IPHKIAACHOT 0 Hel

HaUpyru, sy 100pe BHPAZHTU Yepes BHIPSMIICHY, TOOTO,
{»/‘m max > L//, mex "'{/.7'171 max n l/ll.('l‘

Bracmusocni cxemu:
1. Nocriiina cioiaiosa Bunpamicnot saupyru aopisiioe 0,45 Uy,
2. Bunpamsiena Hanpyra Mac suaueni nysncatii.
3. Bewnruip BHONpACILCS 1o BCLOMY

3 BCJIMKMM  3HAUCHHSAM 3BOPOTHOT  HAlIPYIU.
4. Torani ymosn poGotu Tpancopmaropa, B 353Ky 3 NPOXOLKEHIAM Uepes HOIO BIopHINY

OOBHTKY HHOCTIAHOT CKIAIOBOT CTPYMY HABAH TS,

Oonodhasna mocmoga exema gunpasnennn. Cxema 306pancena na mai. 4.2 Jlo ojwiei i3
iaronajiel MOCTOBOT CXEMH HIABOMTI, 3MiTITY HAlpyr'y Uztp(=Uztp, max sinet. Jlo apyrof
BMUKACTLCS napatrroketius Ryy.

[lpn pojarnnx 3navennsx nanpyru tpanchopMaropa B JaHwosi: TpancopMaTop, BeHTHIL
VD1, nasantaxenns, sewrcnis VD4, npotikac ctpym. 3natcuus Horo susnavac Ry, Tomy B neil
inTepsast yacy

3HAUCHHIO CIpymy HABAUTHKEHHSA i

Untt) = Uzrp(t),
a a0 serrunis VD2 ta VD3 nanpyra Usry(¢) Gye npukiaaena sik 380poria.

TIpn BLA €MIMX 3HAUERHAX HANPYIY TPAHCHOPMATOPA B HANILO3E — TpancdopMaTop, BEHTHIL
VD3, unasantaxcenud, sentnin VD2 Gyae NPOXOaMTH CIPYM, 3nauenus Koo rakox Gyje
suznavaty Ry, ane 118 Tpancopmaropa ueii crpym Gyae Bix’ emium,

Y iwomy inreprani wacy s36epivaethes pisnicts Unf(f)= -Usp(1), a 2o senmunin VD1 ta VD4
us nanpyra 6yAe npuKkiaaiciia sk 3B0poTHa:

Upa(t)=Ups(1)=0
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Tlepionuune NOBTOPEHHS LWX TPOUECiB  BU3HAuae Hecunycoindy Hanpyry Ugp(?), wo

10piBHIOIOTE | Uzip ()], 4 4 » 4
[ocrilina cknanosa uiei Hanpyrd B ABA pask. Oinbiia, HiK 3 OAHOHANIBNEPIOAHHM

BUNPAMIICHHAM!

Uncr = — Utimar.
T

UZ‘m

'l’p
! ) il‘(p
i Ut g

v

2

a)

Uzep

U2ip

nap,max
4

i Irp

Man. 4.2. Cxema 0/HO()A3HOTO MOCTOBOrO BHUMPAMIICHHS -, YaCOBi AiarpamH HANpyr Ta
cTpyMmiB -6
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.
BpaxoByroun cnisBiiHOWICHHSA HANPYTK Ta CTPYMy, OTPUMaeMo Bupas ans suGopy Uzmp Ta
BEHTWIIB Yy CXEMY BUIPABICHHS:

U =£U :_%U =—2—J—5U =0,9 U
H.ep T H.nay T 21p.max = 2p~ Y, 21p
171‘(_11
Liom = 2

T
= Ul'rp‘mnx:_z— Unop=137 Uy cp

Um nm.\>U//: ax
Bracmusocmi cxemu:

1. [Tocrifina cknasosa BUnpaMnenof Hanpyru AopisHioc 0,9 Uyy,

2. MeHwn#i - crynide  Mynscauii  BUGPAMNEHOT  HANPY'M NP MOpiBHAHHI 3
O[lH()HZlﬂiBlleiOLlIIHM BUIPAMICHHSM,

3. BenTwii y cxemi BMGHPAIOTLCA HA MCHILI 3BOPOTHI HANPYIW i 110 NONOBHHI CTPyMY
HABAHTKCHHS.

4. Jlo6pi ymoBu poGotu Tpancdopmaropa.

Cxema 34CTOCOBYETRCS ANS BUIIDAMJEHHA OAHOPA3HOIO 3MIHHOIO CTpyMY y npuaaiax
HEBEJIMKOT MOTYMHHOCTI (Bil OIMHULLL 10 JECATKIB Ta COTEHL BAT).

Tputhasna  mocmosa  cxema sunpamiacuns. Cxema 3006paxena na man4.3, BoHa
3anpononosana y 1923 poui J1.H.Jlapionopum | yacTo HA3UBAETLCA IMEHEM aBTOpA.

Y cxemi tpudastni rpancdopmarop 300paxeHHit CUCTEMOIO TPLOX €.p.C., KOWHA 3 AKUX
3MIHIOETbCA 3 CHHYCOT/HUM 3AKOMOM i3 B3acMuuM 3cyBom na 120° Mowaia seiwkary, 1o 1py
norenuiani aransHoi Touxkn (touxa 0 na mand.3), nopisuioe 0 rpadiku e.p.c, ¢ rpadikamu
NoTeHUianiB BiAMOBIHUX TOUOK ,6,¢.

Crpym y rpyni senrunis VDI, VD3, VD3 Moike NpoXoJuTh TifbKK UEPE3 OMH i3 HUX, AKHIt
€ BBIMKHEHHM JI0 TOUKH 3 HalGiNb BUCOKHM NOTEHUIAIOM. TIpu LbOoMy 10 ABOX (HUIMX BeHTHNIB
Liei rpynu mpUknazeHa IBOPOTHA HANPyra, TOGTO BEHTUIL SIKKI NPONYycKae CTpyM, 3aGeaieuyc
notenuian Toukn K. o nopiBHIOE HaHGiNbIL BUCOKOMY 13 HOTEHIIANIB TOUOK 4. 6, 460 ¢.

Y rpyni entunis VD2, VD4, VD6 cTpym Modke MPOXOAMTH TiIbKH Uepea oAnH i3 11X, SKHI
YBIMKHEHUN [0 TOYKKW i3 HalGINbW HU3bKUM noTeHwianoM. TloTeHian roukn m Oyue no uepsi
JOPIBHIOBATH HARGINBLII HU3LKOMY NOTEHUIANY TOHOK 4, 6, 460 ¢.

Bunpsmiena nanpyra na nasantaxeHHi € pisHULEIO NOTCHLaNiB Touok k Ta m. Lis uanpyra
Mac HE3HauHMi piBCHL Mynbealii, a nocrifba cknajosa ii Malo dum BIAPIBHACTLCA  Bij
MAaKCHMAJILHOTO 3HAYCHHA

Uu p = ;; Un max

Bropunra niuifina nanpyra tpancopmaropa Ua(t)= i(1)- @ o(t). [lpu UsOMy JliHiiina

Hanpyra  Uzspma=v2 Uzy=Usnmee.  ChiBBizsowenns  noctiiinoi CKIAJ0BOT  Hanpyru  Ha
HABAHTAXKEHHI TA JIL0YOIO 3HAUEHHSA NiNiiHOT Hanpyru Tpancopmatopa Gyae:
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4 Cxema 1 HOr0 0 § CHHA -2, i A PYMIB Hanpy -6
: P SIMJIEHHA -, 1acoB) Aial pamMu Py
Man. 3 M l/l(b?B MOC 89 0 BUIIP | ¢t Ta I
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32
Usep= —”— Uzp=1,35 Uagp

CtpyMm y cxemi npoXoAuTh Hepe3 ABa BEHTWI, | KOXKHHIA i3 HUX MPOMycKae CTPyM OJIHY
TpeTURY nepiony. ToMy BUGIp BEHTIIA 30ICHIOETHCA 1O OAHIH TPETIH CTPYMY HABAHTAKEHHS:

B > Ly cr
HoM =
3

Hanpyra na 3aKpuTHX BEHTHJIAX BM3HA4A€ThCA PIi3HMLEIO MOTEHLUIaNiB TOYOK a, B Ta € i
nocsirae MakCUMaboro 3HaueHHs Ugmax=Uzpmax. BHOIp BEHTHIIB 31IHCHIOETHCA 1O 3BOPOTHIM
Hanpysi, BUXOA4H i3 BUpaA3Y:

V1
Uss pmax™ U/,lnnx= UZTp.mnx=? Us cp=1,05 UH.Cp

B/lacmueocmi cxemMu ‘

L. [Toctifina cknajnosa BUNPAMACHOT HANPyrk A0piBHIOE 1,35U2rp.

2. Mai nynbcanii BUNpAMIEHOT HANPYTy.

3. Bentuni B cxemy BHOHMPAIOTHLCA [0 AOCHTL HU3bKif o6epHenidl Hanpysi i Mo oaHiH Tperid
CTPYMY HABAHTHKEHHSL. :

4. 3abesneuycrbes piBHOMIpHE HaBAHTAXKEHHS LIS TPHQA3HOIO Kosla.

CXeMa 3aCTtOcoBYETLCA AK Y BUIPAMHMX NPUianax A0 ACCATKIB KUIOBAT, TaK i B npuUnagax
Manoi NoTy;cHoC T (i3-3a MAJIOro piBHs NMysbcaui).

3osnimna  xapaxmepucmuxa  sunpamiauie.  3oHius  XapakTepUCTRKA U ep=t{ln.cp)
XapaKTepH3y€e 3HAYCHHs BHIPAMIEHOT HanNpyrd B PexHUMi XONOCTOrO XOAy Ta ClyniHb #oro
SHWKEHHS 1114 Al€10 HaBaHTaxeHHa. Le 3HMKEHH BU3HAYAETLCA NafiHITAM HANpYrK na 06BHUTKax
TpancopmMarTopa i na BEHTMAAX, WO NPOBOAATH CTPYM. Y BHMPAMHUX ApWJIaiax cepeHboi
NOTYXHOCTI Wi NadiHHs HANPYr¥ MPH3BOAMTL IO 3HIDKEHHS BUNPAMICHOT HAmMpyrd npu
HOMiHANLHOMY cTpyMi 10 — 15% BiR peskuMy XOJIOCTOro X0ay.

Ipu ananizi poGoTu cxem BUIpAMIEHHA cNiBBiAHOWENNA MK Uy gy Ta Uzrp Oy OTpuUMani
0e3 Bpaxysaniis pealbHux ONopis Beuthiis. Tomy BoHM iHCH] TMILE ATS peKUMY XOJIOCTOrO XOny
BUNIPAMIIAYA.

Qinvmpu eunpamaenoi nanpy2u. IMenNeHHs NYNLCANT BANPAMACHOT HANDYTH MOMKHA
A0GMTHCA 3 BUKOPUCTAHHAM BiJNOBIHOI cXeMH Bunpsmielus. [Tonansini yaockonaneHns axocri
BUIIpABJIEHNA TNPOBOAATLCA 13 3acTocyBanHam  Ginvrpis. TIpoctiwi i3 HUX — emuicunit Ta
IHIYKTHBHUWH.

Emuicnum  Ginempom € KOHASHCATOP, YBIMKHEHMIT 10 BMXiZAHMX 3aTHCKAdiB CXEMH
BUNPAMIICHHA. [IpK LIbOMY BMUKAETHCS NApalieNibHO A0 HABAHTRKeHHA (Man.4.4),

Y upoMy BUMaKy HANPyra Ha HABAHTAKEHHI € HAMPYrol0 HA KOHIEHCATOPI TA BU3HAYAETHLCA
fnpouecamu Horo 3apsy i po3pady, Aki MAIOTh 3TNAKYBaNLHUN XapakTep.

Slkwo nanpyra [Uaty(2)], Ay MOXHA BBAXATH 3a €.p.C, 110 3aBe3redyc cxema BUDIPAMJIEHES,
3pOCTaE, TO B ASAKNUH MOMEHT uacy BOHA 40csTae Hanpyru Ha kongencaropi Uc(t): Hactae moment
uacy nposianocti euruais VDI ta VD4, na nporasi Axoro nopainsmic MiaBULIEHHs HANPYrd
[Uatp(n)] npwssene 40 3apsly Kowaencatopa, To0To 10 NBUILEHHA HANPYTY Ha nboMy. HexTyloun..

OMOPOM Yy NAHLIOTAX CTPYMy 3apsjay. ofepxkumo nocTiiiny wacy T ;=CR=0. Tlpu - ubomy
Ue(D)= lUZTpU)l-

I3 mowwxennam  wanpyru . [Uxrp(£) KOHAEHCATOP 1OUMHAE  PO3PALKATHCS HA . OTp
HaBaHTKEHH Ry Uo(t)=Ucnone™ *» ne T p =CRy, a Bennni VDI ra VD4 népexoadts B 3aKpuTe
nonoxeis, ockinok |[Uzmp(£)|< |Uc(t)| )

Hiasumenus vanpyru [Usry(f)l y Apyrift nonouii nepiopy npkiisene 140 NOBTOpEHHS
npouecis, ane 3apsi kouaeHcatopa Oyae BinfyBatuch uepes sentuni VD3 'ta VD2,

137



D1 VD3
e N 11
K«
VD2 E‘i
S

U2 N

in Un Rn

Lop ; Rop o=
a)

Y
-~

May. 4. 5 Cxema 011H0(l)’13HOF0 Bnnpmnenuﬂ i3 3rnamxyBaannM L-(bisTpom -a; uacosi

aiarpamu —6

3asddnnn O1a CAMOKOHMPOITIO
HaﬂB]Tb Ta NOKAXKIThH Ha BOﬂbl-dMﬂLleH XapakT CpHCTl/lLll l'lal'llBIlp()BlIlHl/lKOBOFO BeHTl/lJlﬂ
OCHOBIHI MOFO ndpame’rpu

*TloscHith NPUHLMN AT KOSKHOT PO3TINHYTOT CXEMH BHIIPAMAEHHS Ta (inbTpa.
‘TlopiBHATE BIACTHBOCTI PO3IASHYTUX CXEM BUPAMACHHA Ta PinbTpa.

3a'3azanny - TpadikoM HanpyrM JKMBRCHHA CXCMU BHIIPAMICHHS HaKpeciTs de(blKIA

' C’[‘p)/M]B Yy BITKAX CXEMH Ta HANpyT Ha OKpeMUX 1 CHeMCHTdX MokakKiTe HA HUX (f/m(,x

Us. e I/Ll)y ]mp

BkaxiTs p0361)I(HOCTi B NO3HAUCHHAX (1), Tnax, 1, Tep, (), Upax. U, Uep.

Sliuit kKinbKiCHWIA 38’830k MK Ulep T Uimax NI POITASAHYTHX Bl/ll'ldIlKIB 3 onupmammm
BUNPAMAEHOT HaNpyru 3 inkTpamu Ta 6e3 (inbrpi?

[ToAcHiTh, B AKUX BUNAAKAX 3HAYEHHR onopy HaBAHTDKCHHA BINUBAE Ha' xapakiep Ta
dMﬂmTyuy nyJibcaiiil BUOPAMIEHOT Hanpyru.’

Sk i vomy 3MIH}0€TLC${ (bopma CTPYMiB y CXEMaX BUTIPAM/ICHHS. 3 BMHKAHHSM C, L, LC-

hinyTpin 7
“BU3HaTHTA MAKCHMANbHY 3B0POTIly MAMPYTY HAa 3aKPHTUX MIOAAX NpPH Pi3nux cxemax

BUNPAMIEHHS, AKIIO HANPYra Ha BTOpWHHIH 06BuTUI Ropistioc 100 B.

.Ha sixy Hanpyry Ta cTpym BuOGpaTH MiOA y MOCTOBiii cxemi sunpamienns 3 RC -

dinerpom, axwo Uy=100 B, Iy=1 A?

140°

I'nmasa ’sira
S.Jloriuni ocHoBM yHKHIOHAIBHUX CUCTEM

§ 5.1 OcHoBHI NOHATTS Ta BU3HAYEHHS
|10, 14, 17, 18, 25]

Dyicuionuibia cHeTeMa  (YCrarkyBaing), AKa peanizyc JUi Hall JIOMMHHMM 3MIHHUMN
(IBHIKOBAMI uHCHAMM), MOKE OYTH NPCACTABICHA Y BULIISAL IEPCTBOPIOBANA 3 1 BXOAAMI T4 m
BUXOJIAMH, Ha BXOJU SKOTO MOJAIOTLCH JIOTTHHL 3MINKE, & Ha BHXO/IAX OACPIKYIOTH pesylibTary
ICPCTBOPCHIS TAKOIK Y BATISAL AOITUHNX 3MIlTHUX.

BinbuicTh IDKCHEPHUX 38 MOXKITA NO/UIMTH Ha BT KaTeropit: 3ajlaui ananizy. cyrh skux
noasrae y 1epeabaucHil (oBOPKEINIL  KOHKPCTHOT 3aaiol CHCTeMH 1 3atadi cuiresy, 1o
HOJSIAIOTE Y NOOYI0BI CHCTEMH (10 3a/IAHOMY 3aKOIY i1 OBORKEHIIN Ta SaJLATHMK 3MITITTHMH.

Taki yerarkyBanns ¢ ckiaumi QYyHKIGOHANLIE CHCTEMH, 110 CKIMAAIOTLCA T3 BEIMKOT
KUILKOCTT KOMUOHCHTIB, TOMY PO3BA30K BKA3AHNX 3284 PONOMHIACTLen 3 nobyaosn moaei. Tlijx
MOJEIINO OYACMO POIYMITH CHPOLLCHE HPCACTABACIHA (PYIKUIONYBANRNA JIOCHHOT CHCTEMH, ke
3adesnetyc JICTAaTHLO TOHIC BYWOOPDKEHIN BAKIMBUX BIACTHBOCTCH CHCTEME | ¢ JIOCTATHBO
HPOCTUM YIS HOTO BHBUEIIS,

Y reopii gynikiionaniux cnetem HaliGiiblll uacto 3acTOCOBYIOTHCS TPH Pisti Mose: GIoK-
CXEMA,  MaTeMaTHIHa MoJesb Ta rpad. Mojesi Tuiy  OHOK-CXCMIT BUKOPHCTOBYIOTHCA /LIS
3ArANBIONO OIUCY CHCTCMU | BUWIOBIAHNX 1T (DYHKIGONANLHNX 38 513KIB M oKpeMUMK (llOKaMH
yerarkysaiss, HaiGinnmr 3aranpioo MoJesmo iy G1oK-cxeMu ¢ SararononiocHa  «Hopya
CKpHIbKa»  (pue S.1), 3a AKOIO  JICFKO  1IPOCIIJIKYBATH  B3aCMO3B 830K OCHOBHNX  GJIOKIB
YCTarTKyBatHsl. C

e ¢ > 4
X Yopua > 7
"_7777] cKkpuHBKA’’ [TTTT"
Xll ’ _.’ _____‘__’ _’ ZII\

Man.5.1 bararonomocua «Hopua ckpunskay

3 acyemo ractusocti wiei mojeni. Yes idopManis KOAyerses Cykymictio uudp. Y csorw
uepry, HIQpy BinoOpaKAIOTLCS KBAHTOBAHMMY N0 AEKIIBKOX PIBIAX  €ICKTPUUHUMK CUTHAAAMH.
3aznauumo BXiJIHi curiag aMiHHUMK x, (i=1,2,....11), a BUXiani z,(j=1.2,....m). MHOXHN1IA 3HAYCHD,

AKI MOMCYTb NPUAMATH X, Ta z,, HA3UBAIOTL AN(ABITOM 3MINHKX X, ‘T2 z;. Y dynkuionanshnx

cHcTeMax BCi 3MiHHI MalOTh andasit i3 ABOX JiTep, Aki npemcrasieni uudpamu 0 ado | i
sarmeytorses (0,1} Ckindeni ynopsiaKkoBaHi NocinoBHOCTI JIiTCp HAa3WBAKOTB CUMBOJIAMM Y
nanomy anasiri. OCKinnkn 4MCIO BXOAIB N i BUXOAIB M YHKUIOHANEHOT CXEMH, @ TAKOIK UHCHO
sitep y andasiri BCIX 3MIHHUX CKIHYEHI, TO BXUUINI | BUXinnuit andasiT Takok ckinvenyil.
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Byne-sikuit ¢iznunmit kaHan 38’ s3ky i Gyap-Aka peanbHa (QyHKUIOHAIBHA CHCTEMA BHOCHTD
3aTpuMKy y nomupenni curuatis. lle osHauae, mo cTpMBKONORIGHA 3MiHA BXiAHMX CHIHANiB
3yMOBNEHA TWM, IO andaBiT CKiHYEHUH, MOXE BMKIMKATH 3MiHY BHXiJHHX CHUTHAIB Juwe 3
AESKUM 3arni3HeHHAM. TOMy BXIJHI CHTHAallM HE MOXYTh 3MIHIOBATUCH JOCHMTH YacTo, OCKINIbKH
efeMeHTH cxemy GYAyTh MiA OAHOYACHHUM BILTMBOM HEProBOrO BXiAHOTO CHTHANY Ta MEpPexiqHoro
TpoUECy, BUKIMKAHOTO MOMNEPEHIM BXIAHUM CHTHANOM, LIO MOMKE MPU3BECTH JO HEMPABHIIBHOTO
¢ynkuionyBaHns cuctemu. Jns  3ano6iraHHa usoro sABMma nepenbaueHi - reHeparopu
CUHXPOHI3ylOUNX CUrHastiB. [lepiox CNiAyBaHHs CHHXPOHI3ylOMMX CHTHANiB BUOHUPAETHCA TaKWM,
o6 BCi fepeXiAHI NPOLECH Y CXeMi BCTUTA(W 3aKiHuMTHCh. TOMy, y MOAambIUMX BUKIaaax
martepialny 3po0naeHO AONYIIEHHA, IO BXiJAHI Ta BHXiJAHI 3MIHHI BH3HAYEHI JIMIUE Y AMCKPETHI
MOMEHTH 4acy (TaKTH). ,

VY MareMaTHYHHX MOZENAX BiROOPaKAIOTBCA 3AIEKHOCTI MK BXIAHMMHM Ta BHXIZHMMH
IMIHHUMM  QYRKLIOHANBPHO! CXEMM 3aBIAKM JesKMM cHcTeMaMm piBHsHb. Hampuxian, ans
6araTonoNtocHoi cxemu Mail.5.1 BoHM OyAyTh HACTYMHI:

Z, = X, Xy Xy, @08, 0a ), (JF12,m). 5.1)
Y cuctemi (5.1) 3minHI g,,4a,,...,4, BiI0GpaOKalOTs BHYTPilUHil CTaH cXeMu.  SIKuIO 3MiHHI
Z, HE 3anekaTh Bif 3MiHHMX a, (t=1,2,...,k), TO 3HAYEHHS BUXINHMX 3MIHHHX Y P-MY TaKTi 3aexarh

NMile BiJ 3Ha4Y€Hb BXIJHHX 3MIHHMX Y TOMY K TakTi. Lle o3Hauae, 10 ABOM OZHAKOBUM Habopam
BXiZIHMX 3MIHHUX 3aBXAW BiAMOBigac OoouH i Ueit ke HaGip BuXiAHWX 3MiHHUX. Taka omHO3HAUHA
NOCAIGOBHICTb 3yMOBJICHA NOCTIHHICTIO BHYTPIWIHBOrO CTAHY CXEMM 1 HE3ANEXKHICTIO UBOFO CTaHy
Bijl 30BHIILHIX BrAMBIB. Taki CXeMU AiCTaNM HA3BY CXEMH 3 HY/BOBOIO MaM ATT0 260 koMGinauiiHi
cxemu. Taka cuctemMa Moxe OyTH 3anucana y HacTyNHOMY BUTAAL
Zi=fi(x,, %5, %), (=1.2,...m). 5.2)

Dynkuii (5.2) MOXCyTh NPUAMATH JIMIIE CKiHYEHE YHCNO 3HAYCHB | 3ANEKaTh BiJ ApryMEHTIB,
AKi TAakoK MNpUAMAIOTL CkiHueHe uMCNO 3HaueHb. OYHKUIT Takoro TUMY AicTank Ha3By
nepemMuKanbHUX abo KoMyTauiiHuX.

Konu Buxiaui 3minHi z; 3anexarh He NMWIE BI BXiIHUX 3MIHHKX, ¢ | BLL CTaHY CXEMH B p-
My TaKTi, AKWH XapaKTepu3yeTbCs 3MIHHMMM- g,, TOAl NPU NOBHOMY OMMCI CXEMH, OXEPIKMMO
CHCTEMY PIBHAHD THITY:

Zt=(Pt(x,,xz,..,,x,,,a,,az,...,a,,), (t=1,2,...,k). (5.3)
Cuctema (5.3) BinoOpaxae 3aexHiCTs BHYTPILUHBOrO CTaHY CUCTEMH Y (p+1)-oMy TaxTi Bin
ii cTaHy Ta BiI BXiIHMX CUrHaNiB y p-oMy Takti. Byae-fka ¢izuuno 3pilicHena ungpposa cxema
_ MOXCE 3HAXO/IMTHCH THILE B CKIHHEHOMY HHCI Pi3HHX CTaHiB. TOMY CXeMH, AKi ONHUCAHi CHCTEMAMH
piBHaHb (5.1) Ta (5.3), ofepikany Ha3By aBTOMATIB 3 HY/IbOBOIO Nam ATTIO, a00 MPOCTO CKilUEHHUX
aBTOMATIB.
OAHUM i3 BATOMHX METOAIB NOOYNOBU MaTeMATHYHNX MOJENEH Ans JOCHIKEHHA aHaNi3y Ta
CHHTE3Y (yHKUIOHANTEHUX CHCTEM € Tpadu. '

§5.2 HNousaTTs Ta BH3HAYEHHS Teopii rpadis
[11,12,13,18]
ToHaTrs rpadis TICHO NOB'A3aHe 3 MOHATTAM TeOpil MHOMHH. Byms-akuit rpad moxHa
YABUTH Y BUIIALI reoMeTPUuHOi Girypy, WO CKNARAECTHCA i3.BOX MHOXKUH — MHOXHHW BEPUIHH i
MHOXMHU peGep (1yr), axi cnonydaioTs aeaki sepumay. To6ro, € ynopaakosana napa G={X,U},

4
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ne X € MHOXKMHA BEpLIMH, a U-MHOXKHHA YMOPSAKOBAHUX Nap, WO HAa3MBAOTLCA pebpamu. 3anuc
u, €U o3nauae, Wo peGpo rpada CTBOPEHO NApOI0 BeplWwHH x, Ta x,: 4, =( x,,x,), x, eX, x,eX.

Muoxuna X mosie 6yTn HeckinueHa. OfHauYe PO3TIAHEMO NMIE CKiHYEH] rpadu, KoM YHCIo
BEPILYH N T2 pebep r BU3BaYeRi.

Harnaauo rpad 300paxaloTh reoMeTpuqHO (irypoio, Ha sKili BeplIMHM 3a3HAYAOTh
Kpankamm, a pebpa — NiHisAMH, 1O CIONYYAIOTh L KPamKH.

Ha man.5.2 nokasannii nominemuit rpap G={X,U}, ana sxoro X={x,,x,,x,,x,,%s}.
U={(X| .«\'z),(xl,x\ ),(x‘,x4),(x, >x5):(xz ,x5)>(xz ,xA),(x3 ;X5 )}

X2

Xy X5

X3
X4

Man.5.2. JloBineHu# reometpuuHuii rpag

Hns pauoro rpada MoXHA BUKOPMCTATH iHWIMIL . METOA 300paCHHA. SIKWO 3a]acTbes
MHOXKHHA BepwrH X={x,,x,,X,,x,,%;} | BiAoBianicTe T, cknanosi koxniif epiwnni xe X rpada
MHOXWHa Bepiunk Ty w10 38’53aH1 3 Heto peGpamu, To Bu3HaueHuil rpad G={X,T} 1o610: X={x,,
X2, X3, X4, X3},

a Tu={xy,x,x,,%5 1 T, 0,05 L T x5 L Tas{x xg ), Tee={ XXy, Xy )

JBi BEpIIMHK X, TA X, HA3WBAETBCA CYMDKHMMHU, AKWO iCHYE pe6po u; €U, wo 3 eanye ui

BepiuntK. To6TO pebpo u, iHUMABHTHE BEPLIAHAM X,, X ,, OCKiIbKW BOHO 3B'A3Y€ Wi BEPIIMHM. Y

CBOIO  4epry,  BEpWMHM XX,

X, iHunaeuTHi pebpy u,. [Ba pebpa

Ha3UBAIOTLCA CYMDKHMMM, AKWIO iCHYE

X, BEPLIMHA IHUMAEHTHA 4BOM pebpam.

Icuytots  Tpu Buam  rpadis:

X HEOPIEHTOBAHI,  OPIEHTOBaHI  Ta

smiwani. Fpadp G={X,U} naznsaiots

HeOpieHTOBaHUM (Heoprpadom), AKLIO

s koxHoro  pebpa nopamgok

KiHUEBUX BEPLIMH HECYTTEBUM, TOGTO

Ha pebpax BIACYTHI HANPAMKKH y

BUFIALI crpinok.  ['pad G,

300pakeHUit Ha Man.5.2 ABnseThes
HeorpadoM.

Skwo y -rpada Oyme-aki  Asi

BEPWMHN  CRONydeHi Oinbiie, Hik

X4

Man.5.3. loBinbuuii rpad 3 netnamu
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OJIHUM PeOpOM; TO TaKuii rpad. HasuBarTh MyabTUIPadoM, a pebpa, IO CIONYYAOTH 1fi BEpUIHMHY —
kpatHumy pebpamy. HaliGinsime uncno kparunx pebep, (O cnonyyaloTs aky-Hefyap napy BepluH
Ha3UBaIOTs MynbTHuMCIOM. Mynsturpad G={X,U}, mymstuicno skoro m=4, 3o00paxeHuii Ha
man.53. Ha npaktuui icuytors rpadm, skio MaloTs peGpa, y AKWX JBi. CKiHueHi BepuinHu
chigriaaalTs (Man.5.3), 10610 u, €U, u,~(x,,x,), i=. Taxi pe6pa Ha3npaioTs NeTIAMM.

Slkmo Ha Beix pebpax 3ajaeTbesl HanpAMOK, BKA3aHMH CTPLMKOIO, TO rpad) Ha3WBaIOTH

5
opicnroBanuM (oprpad). Ha man.5.4 nasenennii oprpad G={X,U }, axuil Ha3uBaIOTh JEPEBOM,
OCKIILKM B KOMKHY BEpIUMHY BXOAMTH JIMWIC OAfie peOpo, 33 BHMATKOM OAHIET BEplIMMM, AKY
Ha3KUBAIOTL KOPEHEM JAepeBa. TaxuM 4HUHOM, Y JiepeBi KOXHa BEpINNHA, 332 BUHATKOM KOPCHS, €
CKIHYEHOK) 1 NOUYATKOM OAHOr0 al0 MEKiTRKOX (X pedep, a KOpiHb — e [I04aTKOM ofniel abo
Aexkinpkox pebep. Yci pebpa, 110 BUXOAATE 3 OAHIET BEPLIMHI, HA3HBAIOTH BITKAMM LI€T REpUIMHY.
SAKkmo x — Axa-HeByb BEPIUMHA AePeBa i BepwHHu X, (=1,...n), ABNAIOTLCA KiHLAMM pebep, o
BUXOAATH 13 BEPWHMHH X , TO BBKAIOTSH, 1110 BEPIIMHM X,
Xy IOPOPKYIOTECA BEPIBHROIO X a0 BEPLIMHA X HOPOJLKYE
Bepwunn x,. Jlexonn BepwMay X (N0 BUIHOWIEHHIO /1O
BEPUINH X,) HA3UBAIOTH POAMHHOIO, a BEPLWMHM X, (1O
BIZAHOWIEHHIO 10 BEplIMHM X ) — npuimavamu  abo
X4 - AOHIPHIMA.

pad G{X, U}, B AKOro y KOXHY BEPUIKHY BXOUHTDL
nuwe oiHe pebpo, AKE € [OYaTKOM NUIIE ABOX [(HLIKX
peGep HazBauuii HaMK rpag-CTHKOK.

Yacto acpeBo-rpad) pO3MOALIAOTE 1O PiBHSX.
I]p1117|i\1alo'rb, 110 KOPiHE 3HAXOAUTBCA Ha HYJIBOBOMY PIBHI;
BepIiliY, lapomKeni KopeHem, — Ha MEpIIOMY PiBHi;
BEPUIMHM, HAPOKEHI K-TUM pisreM, — ta (k+1)-omy piBii
® (B Man.5.29).

X5 X6 X5 Xs X

Cpad G=(X,U,Z/} HA3ZUBAIOTH 3MIIUAHUM, AKIO BiN
MICTHTL 1K OpicHTOBAli, TaK 1 HeopieHToBaii pebpa (nyru).
Jipyrun criocoGom 3ananks rpada € Horo Marpuus
i g cymbrrocTi R=|[lij||yxe, A€ n- uucno Bepwun rpada G, a

€JleMeHT MaTpHL ru Ui CTOITH Ha MEPeTHHI X, pAaKa 3 X CTOBIIMKOM BU3HAUAE YUCHO pebep,

~Man.5.4. Jlosinbuuii rpad-aepeso.

IHHWACHTHEX BCPIUMHAM . X; Ta X i Axiwo I=|, TO. /IEMCHT T Manl/l[ll R anaqac YUCHO MCTCib

npw Bepumm X; rpa(ba ‘G.'Hanpuxnag, mna rpa([)a 300paNceHoro Ha wans.3 MaTPHILA CYMDKHOCTI
Mae BHOIAL ‘

- e : 3a3na'mmo,u1‘0 MATPHUA CYMBKHOCTI
YL % | X X X | X cUMETpHUHA  BIAHOCHO,  rONIOBHOI
x4l { 2 010 1 miaronani. . Tomy = jpouinbno

X, T 1 0 0 4 L BUKOPHCTOBYBATH TPUKYTHY MATPHLIO.
R= x; 2 0 0 : 3 0 0 OcKinbky -~ MHOXWHU X,A,Z HE
10 0 3 0 1 2 ‘ XapaKTepH3YIOTh ([)yl‘(lfllll()l(yl?al’“lﬂ
- cxemy Mman.5.l, sukopuctaemo rpadm
x| 0 40414 3‘ 0‘ 'zum nofy10B1  MOACAI  BHYTPILIHLOTO
X, 1 1 0 4 0 i ctany y (p+1)-oMy TakTi Bin ii HasmHoro

.CFAHy Ta BIA BXIAHMX CHIHAJIB Y P-OMY
TakTi, JIAg usoro ckmaaeMo Tabyuui

144

TaxTi. JUist uporo cknagemo Tabinni Nepexodil Ta BUXOAIB, M OCHOBI SIKMX MOOYAYEMO
1HdopMarLiituil rpag.

VY oraGuil nepexodis 5.1 MONGUIMBL CTaHM Yy BUIMIAL YNOPSAKOBANMX [IOC/TIOBHOCTEI,
3AMMCART Y HEPIIOMY PSLAKY, BXIAHT CHTHANN B YITOPSAKOBANOMY BUFIBL — B LIEPIIOMY CTOBHUHUKY.
Ha neperTuiii ps/ikiB i CTOBIMRUKIB OASPIYEMO KOMIPKY, B sIKiii satiicannil Hosuil ctai. Tabauus
epexo/iiB Moxke OyTH BU3HAYMEHA HE B NMOBHOMY 06’ €Mi (OKpeMI KOMIPKH MYCTL), OCKIUIBKW JACSKI
CUUHAMM Ha BXOAT HC BHXIUKAIOTH 3MiHR crtanis. Tax nij A€o BXLIHOIO CHIHAgY X, cXema

30epirae cran ¢, . MHOKHHA BUXOLIB, NOMAIOHNM YHHOM, 3a0a€Thest JUIS KOXHOT napufa,. x,}; ua

v
if
nepeTHnt BI'III()BI}[HH\ pﬂ}ll\IB Ta CTOBNYMKIR QIEPIKYEMO BUXTLHMI CHp HQT CXEMN ()ll/ll} Tadu. 5.2).

Tabuous 5.1, Tabaust nepexo;iin Tabmmust 5.2, Tadanun mm)/mx
HoBLBLNOT pynkyionannuol

JOBLILHOT PYHRITOHANLHOT CHCTEMY

(K"‘W"“ e : rrersnm )

ay a3 A

Ha oenoni it radimis 0oGyyemo inopmaniitimii (pad). suli CRIAI@CTLCS 3 ReprIki, 1o
YIOTOAIIOOT, CHI CXCMH, @ PedPd BUUSHAYAOTLEH  BXIUMMH CHITAIAMH, AKI BHIGIKQIOTD
NEPEXIL ABTOMATA Y HOBHH CTAIT 1 BHXUMUME CHIHAIAMEL 11O CAPHSTIOTL TaKOMY nepexojy. Ha
Man.3. 3. warcieuuit rpad. sapanuii . gparmerrravi Tadbn S Lo 320 Mo aBscines MoACuIo
cucremu (5.3) npu joriibinix X,AZ.

Xiy 25

ANy 74
Mai. 5.5 pad-moesib PyikiionuinHoT CHETEMH

N2y 72 X7y

(op.5.3.)

-§ 5.3 Ocnosai nonaTTA TA 3aKONM ANTedPH NOriKH
; 10,14, 16, 18, 25} ’ ‘

S B 37 Mt 5. L, SHANCHUS BHXIAHOT 3MINGOT BUBHANAETHCH KODKPCTIIM HoECAIAM
3HAUCHL YCIX N POIPAIIB - BXIANOE SMIHIOT] KA. Ba3HBACTLC JBilKosM 1HaBopom. KowHoMy
nafoponl Ha BXoj yerarkypanya Oyae siatosigam 0 ado L na pianosiinomy suxoji. Jiss onucy
POBOTH TAKOTO YCTATKYBAII BHKOPUCTAEMO - MareMaruiipil anapar anvelpu sociku (Gynesoi
anrchpn).

OcHoBHUM TOIITIIM aHPCOPH IONTKI SBISETLCH BHCIiB.
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Bucnig — neske TBEPIKEHHS, PO SKE MOMKHA CYAMTH, WO BOHO icTHHHE a00 xubHe. Byne-
SIKMIL BUCJIIB MOYKHA MO3HAYUTH CUMBONOM (J1iTepoto) X i BBAKATH 110 X =1, KoKW BUCAiB AificHUl,
a x =0 — xonu BUcniB XMOHUIL.

Joziuna (Qsiiikosa) 3MiHHA XApPaKTEPUIYETHCH BUCNOBOM, AKWH MIiCTUTb ONHY 3akKiHweHy
nymky. BoHa Moxxe Matu mume nga 3HadeHHs (0 abo 1):

x={0,1}.

Joziuna dhynkuia — ue cKIAAHUM BUCIIB, IO MICTHTH NEKiIBKA MPOCTUX, K 3 €AHaHI MK

co0010 CHONYYHHKAMU. BOHA 3anuCyeThed -aHAIiTUHHO Y BUIIAML Z=f(xl,xz,...,x,,), ne x, -
NBifiKOBa 3MiHHa — apryMeHT Gyukuii Z, x, € {0,1}; Ze{0,1}.

Bxidnud nabip - ue nesHa xoMGiHaUiA 3HAaUEHDb ABIMKOBHMX 3MIHHUX y JOriuHiH QyHxuii.
MakcumanbHe YUCIO BXIJHMX HabOpiB BU3HAuaeThCH BUpasoM m=2", J€ N — YMCIO 3MiHHUX.

. "
MakcuMasibHe YUCNo AOrigHUX PYHKUIA N 3MIHHUX BU3HAYAETHCS BUpasom N= 22 .

Tadauua icmunHocmi — 1ie NPEACTABNEHHS NOMYHOT (GyHKUIT y BUCAsAi TabauLi, B niBii
YacTHHI AKOI 3anuCYIOThes BXimHi HaGopu, a B npasiit — BiAMOBIAHI 1M 3HA4YEeHHA QYHKLUIL
[MoBHicTiO BM3HAaueHa (YHKLin — Le NoriyHa ¢yHKUil, MO MicTUTH BU3HAYEHI 3HayeHHa O abo |
AN BCIX BXigHUX HaGopiB. YactkoBo BU3HaueHa (YHKLIA — ue JoriuHa QyHKIliA, 3HAYEHHs AKOT
BU3HAUEHI HE Ha BCIX BXIAHHX HaGopax. YacTkoBo BM3HauYeHY (QyHKLIK MOKHA 3pOOMTH MOBHICTIO
BU3HAUYEHOI (0BH3HAYMTH), AONUCABIUM iHAM(EPEHTHHII Habip AKUX-HEOYAb 3HAUYCHD (YHKLUT.

Dynxuii ooHici aminnol Ockinbku n=1 i m=2, To MakcumansHe uncno QyHKUIH oaniel

3miHHOi N=4, a came: fo=0 — nynoosa dyskuis; fi=x, — ¢pyHkUis nosTopeHHs x,; f2=x, - PyHKuin
3anepeueHHs, abo inBepcia x| (untaerbes «f2 € He x,»); 5 = onuHMuHa QyHKLs.

Tabaunga 5.3 Tabanus pyHKIil oaHiel 3MinHol
X 0 1 Hasga Aarebpaiunuii Bupa3
fy 0 0 HYJBOBA fy =
f 0 1 NOBTOPEHHN X fi =x
f, 1 0 3anepeyeHHs X f,=x
f3 1 1 OAHHNYHA f;=1

Y BianosiaHocti 0 Bu3HaueHp QyHKUisa f3(x ) ABNAETHCA aGCOMOTHO ICTHHHOIO (KOHCTaHTa
oaunul), a pynkuisn fo(x ) — abcontoTHo XMGHOW (yHKUIEK (koHcTaHTa Hyna). Oyukuia fi(x ),
1O MOBTOPIOE 3HAYEHHA JIOTIYHOTO apryMEHTY, — ToToxkHa dyHxuia (fi{ x )=x ), a dynkuia £2(x ) -
noriyne 3anepeuenss, abo ¢ynkuis HE (f2(x )= x), nosHayeHHs Ha ENEKTPUYHUX CXeMax Uiei
¢yukuii noxazaue Ha man.5.11,a.

[TpomonemoeMo GyHKILIIO ofiHi€T 3MiHHOT y BUrIAA Heorpada. PosrnsiHemo rpady 6e3 netens
G={F,X}, koxHe pebpo Axoro x; mnpuiMae 3HaueHHa 0 abo . Takud rpad moxcHa BBaXKATH
MATEMATHYHOIO MOJEIUTIO MHOXXHHM B3aEMO3B' A3aHMX (i3HHHMX YCTAaTKyBaHb, HANPUKNIAL, KIOYiB,
KOXHHI i3 kux MOKe OYTH B ONHOMY i3 JIBOX CTaHiB: BBIMKHeHOMY (x,;=1) a60 pO3iMKHEHOMY

* (x,;=0). Hexait F={fo(x ), fi(x ),f2(x ),f3(x )} dixcopani Bepuynnu rpada G. Takuii rpad pasom i3
3MiHHHMH { X, } Ha3UBAIOTH MEPEMUKANBHOIO CXeMOL0. SKIIO B cXeMi icHye n pebep (To6TO KkouiB
)i X=(x,.x,...x,) € neaxa kOMGiHALiA 3HAYEHBb 3MIHHHMX, TO PO3INAHYTa cxema Oyne 3aMkHeHa
BiIHOCHO X TOZi i JMWIE TOMI, KOMM MHOXHHA pedep, 1A AkUX x =1, CTBOPIOE €NeKTPHUHHMIA
nauugor, akuit 3 eaHye sepmunn G 3 fo. G 3 f1, G 3 f2 Ta G 3 f3 lHwumMK cnoBamu, cxema 3aMKHEHA
Biasocuo X tomi i nuwe Toai, ko G i fj (j=0,1,2,3) nexars B oaHill i Tl Ke KOMNOHEHTI

I4
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aiarpada, (o BU3HAYACTECA pebpamu, A1 akux x;=1. Bpaxysasuin ocTaHHe, rpady ais 1OriHHO¥
(byHKUIT OAHIET 3MIHHOT HaBeneHuH Ha MaJ. 5.6.
3 ananisy rpada BUAHO, 110 BiH HAMMAAHO XapaKIEPH3ye 3aNEIKHICTh NOMYHNX PyHKUii Bia

oaHiei  3miHnoi  x,. Tak,
HaNpUKNag, byHkuUin fo
ONUCYETHCA ABOMa

apryMeHTamu x =0 (peGpa rpada
1 ta 2), ¢yuxuis fi onucyerses

aprymenTamu x Ta x (pebpa 1 ta
it

IMpoananisyemo rpad man.5.6
Ha ¢isnubiit moxeni man5.7.
Hexait aprymentamu  GyayTs
CTAHU ENEKTPUYHMX KOHTAKTIB
Ki ta K2. Onun i3 iioro craHis
NO3HAYMMO X, TOJi MPOTUIEKHE

6yne x (HE-IKC). Tlpuuomy
x =] AnA 3aMKHEHOr0 KOHTAaKTy

Man.5.6. I'pad noriuHnx dyHKUIH HIHOrO apryMeHTy

K1, anst poiMkreHoro — x =0.

Un DyHKLI€O UBOIO apryMeHTy BBAXKAEMO
.~ & cTan enekTpuyHoi samnu  EJL. [lna
kontakty K2, mo  BBiMKkHenuit

napajienbHo A0 CAEKTPUYHOI  Jlamnu,
apryMeHTH BUOUPAKOTBCA  HACTYNHUM
YMHOM: AKLIO KOHTAKT PO3iMKHEHWA, TO

X, AKINO 3aMKHEHMH - x . JlomycTumo,
IO 3aCBIMYBAHHIO Namnu  BiANOBijac
a=1, NpOTHNEXHWHA  craH a=0.
MosxnuBi  4OTHpM  BHUIOM  NOFIUHMX
3B'3KIB MK CTAHOM  KOHTAaKTiB |
CBiYEHHAM namnu: =0, namma. He
FOPUTL HE3ANEKHO BiJl CTAHY KOHTaKTy
K2 (nyneoBa ¢ymkuis). lleit cran
(YHKLIOHAJIBHOT  CXEMH  BM3HAYacThCA
pebpamu rpada | Ta 2 (auB. Man.5.6).
Jns Bunaakie, konm xontaktv K1 ta K2 posimkheni, Ta konn konrtaktd K1 ta K2 3amkueni, cran
(yHKUIOHANBHOI cXxeMu (Man.5.7) BU3HAYAETLCS BiANOBIAHO pebpamu rpada | ta 3, 4 Ta 5, namna
He roputk. | mmme ana oavHudHol QyHkuil, konu koHtakT Kl 3amkxenuid, a K2 posiMkHeuuit
(pebpa rpada 4 Ta 6) namna roputh (a=1). JIns 3anoGiraHHs KOPOTKOrO 3aMHKaHHA Y
(dYHKLIOHAJIBHIN cXeMi niepeabaueHo BMUKaHHs pe3ucTopa R.

JloriuHi dyHkuil onHiel 3MiHHOT npeAcTaBnsioTH HAiarpamolo Benna. [loBHa MHOMmHA
3Ha4YEHb apryMeHTy, 300pakacThCs NPAMOKYTHUKOM (Man.5.8). YactMHa Li€] MHOMHHM —

Man.5.7. ®izuuna moaens rpada

NiAMHOXKHHN X={ x } — 0GMeKeHa Kpyrom, 30BHIlIHICTE LLOrO KPY)KKa Aa€ NiAMHOMKMAY X={ x },
10 AONOBHIOE MHOKHHY 10 noBHOTH. DyHKuUis a=f(x ) Moxe npuiiMaTi 3HaueHHs 1 HA OFHOMY
abo 060X piBHAX, a00 3aNMINAETLCSA PIBHOKO HYINIO.
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KinbkicTs HaboOpiB apryMEHTIB s OJIHIET 3MIHHOT JIOPIBHIOE UOTHPBOM: X X, X X, X X, X X .°

Man.5.8./liarpama Benna
Anst GyHKUIT ONHIET 3MIHHOT.

Dynkyii 060X IMIHHUX € OCHOBHUMM (PYHKUIAMN anreGpn NOTIKK, OCKIILKK JI0NOMaratoTh
nepeitn 0 Qynkuill Gyab-nkoro uncna aprymentis. Hexaii maemo aBa aprymentu x, Ta x,. Lle
MOYKYTH BYTH 11 K KOHTAKTH af0 Oy/ab-aki aBa 08 €KTH, KOKHHI i3 SIKUX 3HAXOAWTHLCA B OLHOMY i3
ABOX  CTaHiB. OUIMNMO, CKINbKM Pi3HuxX (yHKUIA JBOX apryMeHTiB MOKHA CKIACTH. 3 ACyeMo

Mas.5.9a,  jic 300pakeni piarpamn BeHua JUist apryMmeHTiB X)X, X,,%, . Koxila Touxa nosnoi
MHOKUAN (MPAMOKYTHHKA ) 3HAXOAWTBCA y BH3HAUEHOMY CTaHl JI0 LMX NIIMHOKMH. NOBHHHA

HANCKATH NIAMAOMKKHI X, 200 x, . NOBHHHA HANEKATH NIAMHOKHHI X, 460 X, .
YBEACMO NOHSITTS MePeTHHY NIAMHOKHHN (AnB.Mai.5.9 6). Lle ToUKKn MHOKHHK, 1110 HANCHKATHL

OJIHOYACHO obom l'lil]MHO)Kl/ll'laM. Moskna Bl/llliﬂVlTl/l HoTupn IlﬂGOpH
Xz . xZ
7 77
¥ Xy
a) 0)

Man.5.9. [liarpama Benna:
NePETHH MHOMKKH — A, 00'€AHAHHS MHOXKHH — 6.

APIYMENTIB: X,X,, XX, , X;X,; X X, , A1 N 3MIHHUX YKCIo HaBopin cknamae 2" .OueBruHO, Na
KOKHOMY NEPETHHI BCiX BUXLAHMX MiAMHOKMH QYHKLIA Moxke npuiAMaTy 3navetna 0 aGo 1. Taxum

B 2 . [
UMHOM, Ha Mai.5.9,6.3 HOTHPMA Pi31HMHM DEPETHHAMN MOKHA cknacth 27 =16 pisHux QyHKuii.
DynxLii 4BOX apryMeHTiB nokasaui y tabauui 5.4, )
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Tabanus 5.4. @yukuii 1BOX aprymenTis

x |0 (011 TqHU
| Hassa Anrebpaiynuii

x| 0 011 BHpa3

o1 010101]0 Hynsora : 10=0

Ko#n'onkuis (1) n=xx,=x&x,

10010 3abopona x, h=x, ¢ X, =x,%,

- U NV IR ¢ ITosTopeHnst x, ‘ B=x,
41011010 3aGopoHa x, fo=x, X =X x,

s 0 J1 {01 TTosTOpeHHR X, I, =x;

fs b O L] 1[0 Bumukatoue (ABO) T =% ®x, =%, X, X, X,

Ju3 10ukuis (ABO) Iy =x VX,

s 1 10]010[. Crpinkallipca (ABO-HE)

PiBHO31AUHICTD

ne t o1 ol11]o0 3anepeuenus x,

mfl 1011 IMnnikauis Big x, g0 x,

2| 1 {110]0 3anepeyeHns x|

IMnnixauis Bij x, 40 x,

na|l 11|10 1LTpux leddepa (I-HE)

ns {1 1111 Ojunuyna

3naueuHs cranis GyHkuiii

Y nepiunx ABoX palkax Tabnauui nepepaxosani Bei Moxinsi HaGopy x, ta x, [flonyctumo,

wo- x =1, x=0, Toni HaGopu 3anuiuyThea y Barasai jsifikosux wmcen: 00, 01, 10, 11. V
nocnigyiouux 16 paakax TaGnuwi 3anucani 16 pisnux Qynkuiéi aprymentis Xy oTa x,. Jdia
3PYYHOCTI BOHUM PO3MIlEH] Y NOPSIKY 3pOCTaHHS ABiFKOBMX 4ucen Big 0000 no 1111, Posrnauemo
6inbiu AeTasbHo Pynkuii ABox aprymentip Ha neoprpadi G={F,A} man.3.10, ac F={f; fi..., fis fis}
— 3paueHns QYHKLIA HA BUXOAI cXemH, a /1={a,,az,la_,,apa.,az,a;,(;a} — pebpa rpada, wo
BU3HAYAIOTb CTaH (PYHKLIN TpU pi3x—|‘ux*3|“|‘eit‘|emvmx aprymentis x, Ta x,. Hanpuknan, @,=0, akuwo -
%= %=0; @=0, axwo X,=0, xp=1;  @5=0, skwo x=1, %=0 i &;=1, skwo x;=x,=1. Iz rpaa

BUJHO: '
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fo={ @, @, @, as}
fi={ a1, @, a3, as}
............... : (5.4)
fu={ @, &, &, as)
fis={ai, a, a3, a4}

G

fo fi f, f; f, fs £ - 15 fs £ fio fiy fip fi3 iy
Man. 5.10 Fpad-monens QpyHKLUiH ABOX apryMeHTIB
BpaxyBaBium Te, 100 @;= a;= a;= a;~1,a @)= a;= &= Uy =0, cUCTeMAa PiBHAHL 5.4 3amMuleThes
y TAKOMY BUITISI:
. f,={0, 0, 0, 0}
f={0, 0,0, 1}

f14={l, 1, 1, 0}
fis={1, 1,1, 1}

Takum uuHom, rpadi-moaens Ha Man. 5.10 NOBHICTIO XapaKTepU3ye 3HAYECHHA (PYHKLIH ABOX
apryMEHTIB, sIKi- HaBe/ieHi B Tabn. 5.4.

Ockinvkn & ={ @, ‘a3, @, a3, W, as}, ie D=t &, @, Gy, @), a ;={ a3, o,

Qs as}, T0 d), € o6’€AHAHHAM a3 Ta 4y, T00T0 a4y ={ @, as,}, abo '5.=Uai . Ananorivno a,
. iel
={ @, a,}, T06TO0 a;=Ua,. , e a) ={ a3, @, @, .43, da, &} ], sk nacninok, G ={ @, a},
iel
10610 G =Ua, , Ae I = KinbkicTs pebep, Wo BU3HAYAIOTh PYHKLIIO ABOX apryMEHTIB,
iel :

I'pady, HaBeneHnit Ha MamoHky 5.10, HasBaHuit HaMu rpadoM-CTIKKOM, OCKibKU Mae HopMy
crixkka (auB. § 5.2) i Ha BiAMiHY Bix TabnuuHOro MeToay, Giflely HAMMAAHO ONKCYE (YHKUIIO ABOX
aprymenTis. Tlokaxemo ue Ha npaktuui. Slkwo-x,={0, 0, 1, 1}, a x,={0, 1, 0, 1} (aus. Tabn. 5.4),
TO HYNbOBA TA OAMHMYHI QyHKuii BimnosinHo fo={ @ a @; a;} 1@ fis={ a; a; as; a;}
‘TpuBianbHi. PyHkuii f5, s, fg, f2 He 3anexars BiL 0AHOTO i3 apryMeHTis:

4
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f={ @) @ a3, a}=x, 65={ @ a5 @ ai=x,, Tw={a, @ as a}= 7
fo={ a; as s Zﬂ}=;,. Jlnwre necath QyHKUIMN, 1O 3ATMMININCE, ABIIOTECA PYHKUIAMM ABOX
aprymeHTiB. T'pad-CTiKOK, 10 MICTUTD NEBHY KiNeKicTh pebep, BU3HAYAETHCA XAPAKTEPHOIO
CHMETpieio: QyHKLII, WO Po3MillleHi Bif HOro CepesnHH, B3aEMHO iHBEpPCHI (nopisHaemo fr={ &;
ax az ai} i §={ a1 @& @ &Y, 6={ 4@ &, a5 ai} i fi={a, a; T A}, ToMy iX nouinsHo
BMBUYAaTH NONAPHO.

®ynkuin fj  (n0oriuHe MHOMEHHS, KOH'IOHKUis, (yHkuis | ) npuitmae 3HaueHHa 1, konu
obunBa apryMeHTH NOPiBHIOIOTH 1, ockinbku fi={ a; & a3 a,}. TTOHATTA NOTiYHOrO MHONKEHHS
MOJHa MOWHKPUTH Ha OY/b-AKY KilbKicTh aprymentin: fi=1, komu x,=x,=..=x,=1. 3a3nauchHus
JIOMUHOrO MHOMEHHSA: f=x, X, =x &X,=X AX, Ha EICKTPUYHUX CXEMAX HABEEHO Ha Mal.5.11,B.
Ha miarpami Bensa (auB.Man.5.9,a) niamuoxuua, na sxifi fi=1, 3awrtpuxosana. ®yHkuia fis
(wrpnx LWeddepa, Ppynkuis I-HE) inepcHa Pynxuii f;, To6To fi= T,(aus. man. 5.11,1).

X X x Vv X X X1 X
— > x |1 2™ x |& 0
a) 0) B)
RS XV X X X X I & 1
x, |1 @REX | & pXux X2
X3 ————
l‘) ﬂ) C) X4 &

Man. 5.11 3a3HaueHHs Ha cxeMax JoriuHuX PyHKuii

®yukuis ;={ & ay as a,} (noriune pomasaHHs, au3’ionkuis, QyHkuia ABO) npuitmae
3HaueHHa 1, konu xoua 6 OAMH i3 apryMeHTiB aopisHioe 1. TIOHATTA NOFiuHOT CyMH MOXKHA TAKOK
nownpitk na GyAb-aKy KinbKiCTb apryMeHTiB. 3a3HaueHHs NOTi4HOrO AonaBaHHA (f7=x,vx,) Ha
€NEKTPUYHAX CXEMaX HaBeAEHO Ha Man. 5.11,6 Pymkuiwo fy= F; HasuBaloTh crpinkoto ITipca (aus.
mai. 5.11,r).

Ha piarpami man.5.9,6 au3’ioHkuin npencrapniena 00°€AHAHHAM NiAMHOXHH (HAa MAaTOHKY
3aMasboBaHo).

Oynkuii £;={ &, @ a5 ay} 1a fy={ @ a &, a;} ABAROTL COBOIO NIOFIUHE MHOXEHHS, y
AKMX OAHA 3MiHHA 3aMineHa 1T iHBepcHiM 3hauenuam. Lli yHkuil HasMBaioTh 3a6OPOHOI0 x, Ta
x,. Oyukuwii 11,={ a; a3 a3 a;}, 15={ a; ay @ a;) (immsikauii) IHBEPCHI BIANOBIAHO M0
(pyHkwid f; ra f.

Dyuxuia f={ @ az as d;} (CyMa 0 MORYMO 2, HEPIBHOZHAMMICTH, BUMUKAIONE ABO)
npuiimMae 3uaueHns 1, KON 3HAYEHHA X, Ta x, HE CMiBNajatoTh, TOOTO MAIOTH MPOTHIENKIE
3HaueHHA. Bukopucranua QyHkuii f; nos'ssaxe 3 opMyBaHHAM CyMH ABilikoBMX uucen. DyHkLin

7 :7b npuiimMae 3Hauenns 1, konM 3HauewHs x, Ta x, cninajaots. Ll dyHkuis dikcye
NIOpO3pASHY PIBHICTB JBIAKOBMX uucen.

Metoamnka noGynosu rpada-crivkka npuaaria ans QyHkuil BENMKol KiNbKOCTI 3MiHHUX | He
BUMara€ 3ac1OCyBaHHs METOAY CYNeprio3uii, To6TO NiACTaHOBKH B AKOCTI OHOrO 3 apryMeHTiB
GYHKLIT iHW KX 3MIHHNX.

Ak Gyno nokazano, GyHKUIT K3 IOHKUIT Ta KOH IOHKLIT MOXKYTE GyTH He nuue yHKUisMH

151



JIBOX apTyMEHTiB. BoHH MOKYTs GyTH QyHKUiAMYU GaraTb0X apryMEHTIB.

JTu3 toHKYiEI0 N ap2YMeNmie HA3UBAEMbCs A02INHA QYHKYIA muny KOHCHUMYEHMU Hys
(Maxcmepm), AKA NePemBOPIOEMbCA |y HYAb Juuwie 6 MOMY 6URAOKY, KOMU 6Ci apzymeHmu
Oopisrioiome Hymo, mobmo'y Habopax 00...0, i 8 0dunuyio Ha ecix imuux Habopax, xoau xoua 6
00uH apzymenm 0opiBHIOE OOUNUYI.

Jlu3 10HKLIs s 11 €MEMEHTIB Ha rpa)oBi~CTIHKKY ONMHCYETHCA HACTYRHHMH BUPA3aMK!

t(x,, %550, %, )={ @1, &3,..., Ga}, KODM X,=x,=..=x,=0, Ta
f(x,, X, 0%, )= Ay, G2y G}, KOMM X, 2%, % 2%,#20,2 x,={0,1}, a00 x,=x,=..=x,=1.

Kon 1oHKyicio n apzymenmie HA3UBAEMbCA NOZIYHA (PYHKYIA MUNY KOHCIUMYEHMU OOUHUYI
(minmepm), AKA nepemeopioEmsCs 8 OOUHUYIO Iuwe 6 MOMYy 6URAOKY, KOMU 6Ci apeymenmu
dopierioomy oduruyl, mobmo y nabopi 11...1, 1 6 Hynb 6 yCix iHuwux 6unadkax, Koy xoua & 0OuH
i3 apzyMeHmis OOPIGHIOE HYIO.

KoM 10HK1LiS s N €MEMEHTIB Ha rpadoBi-CTIHKKY OMHUCYETHCA HACTYIMHUMU BUPA3amMH:
f0x,,%,,0%, Y={ @ Gz, Gn}, kOMM X, #X,#.2x,%1,2 x,={0,1}, abo
{xl,.xz,...,x”}—{ a; as,...,.dm}, KOAK X,=x,=.=x,=1.

3a3HaueHHs Ha ENEKTPHYHMX CXEMaX, U0 Peali3yloTh JM3’10HKLIT Ta KOW'IOMKUIT Bix n-
apryMeHTiB, HaBeaeHe Ha man. 5.11.e.

JIns yHKUA KOH'tOHKUii Ta AU3'TOHKIi CNPABEANUBI PAIM BAACTWBOCTEH, siki HACTKOBO
aHasoriuHi BﬂaCTnBocmM onepauiit MHOKEHHA Ta nojasanHa. 1li BJaCTHBOCTI HA3MBAIOTHCA
33aKOHAMH.

1.3aK0H cOoJIydeHns (3AKOH acouiaTHBHOCTI) s PpyHxuiii I ta ABO.
x31(x,0 2, )= XX, )Xy, X VX,V X )= XV X,V X,
2.3aK0H nepeMileHHA (3aKOH KOMYTaTHBHOCTI) Ans ynxuiii I Ta ABO.
XX, =X UK, XY X, TX, VX,
3.3ax0i po3noaisy (3aKoH AuCTpUGYTHBHOCTI) Aas Ppynxuii I Ta ABO.
XX,V X)) X, X,V X Xy,

X Vxyx )= x v o) X voxg).

Po3noainsHuil 3aK0H MHOYKEHHS 1O Biimomenmo 710 A0JABAHHA MAE TaKMM K¢ BUMIIAL, 9K 1
s anreOpaidHOro; MHOXKEHHS T4 JIOAaBaHHA, a MUlA J0/ABAHHA MO BiAHOWECHHIO 10 MHOXKGHHs
ABNAETHEA -CiEUMiUHUM A1 ARTeOPM NOTIKHM | He MICTHTB aHanora y 3BU4aiHiIN anreOpi.
) TMoi6HO 3aKOHY NMepeMillieHHs, 3aKOH PO3NONINY CTIpaBe/MBUi A8 A0BINBHOT KinbkocTi
apTyMEeHTIB:
(v xv X v )= XL, vi(xgvxg v...)]%xJ<[xzv x,(x,v x,v.0))
XV X, X XS XY Xy (X x, )= v )y xg ) (g x, L))
13 3aKOHY PO3NOAITY MOXKHA OICPKATH HACTYIIHI popMYIIH:
X0 x, v X, x x,,
X,V { X, X,)= X,V X,, 10BEgHHS

%06 vV E X, ) X XY X VX =X, (X YV XDV X TX VLR,

CnpaBe/uiiBi TAKOX HACTYNHI TOTOKHOCT:
r
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F (VXX TN, MOBEACHHS. XV X, X =X (X, v XV X, X, Tx, X,V X, Xy
X, XX (X VX VxR T, x v g R (v R X x (X v )= X, JIOBERCHHS
X X\ VX)X, =X VX, X, (Ianblie, aHATOTIMHO K Y NepIoMy BHMAAKY).

Hna nosenenns BUKopucTani HACTYITHI aKCIOMM [U1st 3" IOHKLLIT, KOH TOHKLIT Ta iHBepCIT:

xv0=x, I x - 0=0.

x v 1=1, x I=x

XV X=X, X x=x,

xv x=l, x - X=0, N

o 0CHOBIMX  34KOHIB 4nre6pu JIOTIKM  BIAHOCATECS SAKOMM INBCpCii s AOTIMHOrO
A0JABaHS T MHONKEHHS (Tcopema ae Mopraua ):

X, VX, =X X2,

X, VX, =X,-X3,

TOOTO iHBEPCIN CyMH IMIHHUX ¢ 106yTKOM TX iHBEpCiil;
XX, =X, vxz,

X, X, =X v X2,
TOOTO IHBEPCIN MHONKENIS 3MIHHUX € CyMa TX IHBEPCiH.
Teopema e Mopraiia cripasesulkBa Ui JOBIABHOT KilbKoCTi APryMeHTIB:
X, VX, VX, =X XX,

Xy Xy X, =X VX2V VX,
Hast dytikuiit nopasatiis 110 MOJLYINO JIBA CNIPABEAIMBI 3aKOHM TIEPEMiLLEHT Ta po3MmoAiny:
0 x,=x,® x,

X @ (x,®x,=( x,® x,)® x,,

A TAKONK 3AKOH POIMOAUTY BIAHOCHO KON IONKLLIT:
X(x, @ x5 )=( x,;x,) D (x,0x,).

Hna poBe/cHs UMX PIBHOCTCH BUKOPUCTAHI aKCIOMM JUIS (PYNKIT A0NABANNA TIO MOAYIIO
JIBa:
x @ x =0, x ®0=x
x®%=1, x®I=x
Jloriuni gynkuit, axi SBAAOTH COGOI0 AM3 IOHKILIIO OKPEMUX YNICHIB, KOKEH 13 AKX, Y CBOIO
Yepry, € JeAKa QyHKUIs, WO MIiCTMTL JIMIIE KOH'IOHKLIT Ta iHBEpCii, HAIMBAIOTLCA JOTIMHMMH
dynxuiamn s onkrnsnol Gopmu. dopma npeacrabaenus A3 IOMKTHBHOT Gynkuit, s axii
HHBEPCIS 32CTOCOBYETHLCA THLIC (’emocepuuu,o 70 apryMeHTy, ane ne 10 Oinbw cknapnux Gynkuii

BIZL MUX aPryMCHTIB, HA3HBAECTLCH AM3 IOHKTHBHOIO HOPMALIOIO (JOPMOIO NPEACTABICHHS dynxuji
(AH®D):

Fpeo) =22, v X1 X0, vxx,x, v,
ﬂmo KOXCHUIA "iet AN3"I0NKTHBHOT HOPMATEHOT QYHKILT Bi) D aprymeHTiB MicTUTS Bei L n
@PTyMCHTIB, MaCcTHHA AKNX BXOAATH B HLOTO 3 iHBEPCICIO, @ YacTHHa — 6e3 Hel, To Taka Qopma

npeacTaBNCHHA (l)yHKlllI HAa3UBAETHCA yIlOLKOIlaﬂCI{Ol’O }1I/I3 IOHKTHBHOIO HOpMdJ]bHOIO (l)OpMOIO
(YAHD):



Foyanay™ x, X2 X,V Xp X2 X,V X, X2 X3, (5.5) AW oKL,

V 3aransHomy Bunaaky Y JH® mokna npeacrasutu y gopmi: Ocki :
: JIBKH onepauii Hajx JIOriYHMMKH BH
. a3aMH  BUMal i
Zexinbka NpHKIaziB, P TAIOTh JICAKUX HABWKIB, PO3rASHEMO
_ al a2 an Hpuknao 5.1,
Fomey=y/ X, Xp .. X, (5.6) HP _
1 peacTaBuT dyukuilo 3anany Taba. 5.5. 8 VJIH® ta YKHO.
Ag 0Lp,0,...,0, — ABIAKOBUIE HaGip Tabanusa 5.5, Tabauusg icrunuocti noriunnx dyHxuiit
Xy X, X, f x
; x
X, Konu o =1 0 n 0 I 1' 01 ’;‘ f
x,*=< X, konu o;=0, 0 0 1 0 1 0 1 (])
\/ - 3HAK Y3aranbHeHOi 43 IOHKLLT ) 3 : ? 0 1 1 0 0
1 1 1 1
Pose’a3ok. 1 1
Jloriyni QyHxLii, SKi ABAMOTE COBOI0 KON IOHKLIT OKPEMHX IACHIB, KOKHUI i3 sKnX € QyHKLLA, ¥ Bianosianocti 1o aropurmy
10 MICTUTE JIMIIE AW3 IOHKILT Ta iHBEPCil, HA3MBAIOTHCSA JNOriMHUMM QYHKLISMU KOH HOHKTHBHOT E - T = = - —
o 3 . N . s . . YAHO™ Xy X3 X3V X X, X,vX, X, X VX, X, X,.
pMH. 32 AHANOTIEI0 3 A3 FOHKTHBHUMH (POPMaMH MOMUIMBI KOH FOHKTHBHI HOpManbHI (hopmu 1 Xy X VXXX,
KH®) ta yrockonaneni KoH WHKTEBHI HopmanbHi Gopmu (YKHD): F =( X, V¥x (5 - = —
RS puarutt dop (VIEH®) YHE=C X,V VXY BV BV Y 5D 5 5V,
Hpurnag 5.2. ’
Fano™ x,(x,v x,)( x,v x,)( X,V v x, ). Jloriuny dyukuiio, ska sanana JIH®D
Fane=x, %, v X, x, X, vx, x.:
. - o VA 12V Xy Xy X VX Xy VX X, XX,
Foyiney=( x,v x,v X)) x,v v x ) Xiv v ), 5.7). nepeTBopiTH B Y JIH®. AT TR
Po3s’a3ok.

Y 3aransHoMy Bunaaky YKH® MoHa NpeacTaBUTH HACTYNHUM UHHOM: Bukopuctaemo metonnky NEPETBOPEHHA NOYEProBo 10 Mi i
MIHTEPMIB.

. ol —al —an T =y oy T = = -
Fokneoy= & X170 v “vav X, (5-8). P 2 (v )= o xv T Xs
. 0 .
O6unsa unenu omepmanor : X,
) 0 BH
P p pasy NoMHOKHMO Ha (x, v x, ). Onepkumo HacTyne:
0 Fi= r X, X, x, X, 5 x, :
=C oy Xy oxx e )X X VX )= X X X X,V X X, XX,V XX X, X,V

3’acyeMo  anroputMd nepexody Bia TabaMuHoro. onmcy oriunmx  yHkuii o ix

aHANITHHUHOTO ONKCY. X, Xy Xy X, .
AnropuTt™ mepexofly Bij Tabauii ictuumnocti moriuol ¢ynkuil no ii sanucy y surnau AHANOTIYHO
YIHO. Py 5 5 — . -
L . =y x =
1. Bubpaty y tabnuui Taki BXigHi HaGOPH, HA AKMX QYHKUIA NEPETBOPIOETHCS B OAMHULIIO, TR X X (X V) xx, X3 X VX)X, X, X,
2. 3anucary KOHCTHTYEHTH OAMHNL (MiHTepMu) Anst BUOpaHUX BXIHUX Habopis. =% ¥ T — —_— —
roreriTy A ¢ pui) pan P F3= x, %, x,(x,vx, )=x, x, x, X VXX X X,
3. Onepskadi MiHTEPMK CHONYYUTH MiDK CODOIO 3HAKAMH (13’ sOHKLIT. i . T 1t
! col ! i3 101 ) Cst IPUBEJCHHS NOAIOHNX YNEHIB BU3HAYUMO YHO:
AnroputM nepexofly Bi Tabnuui icTMHHOCTI noriunoi dynkiii ao ii sanucy y surmsm N :
YKH®. Fypueo=x, %, x,0,v x, %, x, x . x. - = R —
172 70 12 X3 XV X X xJx4vxlx1xlx4\/x|xzx3x4vx1 Xy Xy X4V

1. Bubpaty' y Tabnuui icTaHHOCTI TaKi BXiAHI HabopH, Ha AKHX QYHKUIA MAE HYNBOBI THAYEHAA. - - =
2. 3anucaTv KOHCTHTYEHTH HyA (MRKCTEPMH) A/ BUGPANUX BXiaHuX HabopiB. VE Xy Xy X,V X X XX,
3. Opeporani MaKCTEPMH CHOAYHHTH Mik COBOI0 3HAKaMU KOH HOHKLLT. Mpuxnao 5.3.

Boxutudi TépMin “ynockoHaneHa” BKasye Ha Te, IO AM3’IOHKTUBHI, a00 KOH'IOHKTHBHI UNEHH AHUIT Bl X (X1 VE X VEx .
(GOPMYIOTBCS i3 yCIX apryMeHTiB Xx,,X,,.,X,. TEPMiH “KOH'IOHKTUBHA” BKalye Ha Te, LI A P H(X2 VXXV HeoGxinmo TICPETBOPUTH y HOPMRNBHY (opMy.
30BHIIHBOIO (yHKUI€I0 PO3KNAAY SBNAETHCA KOH FOHKUIA, 8 BHYTPIBHBOI — AM3’IOHKLIA, A
TEpMIHY “an3’ioHKuia” — Hasnaku. TepMiH “HopMmanbHa” BKasye Ha Te, (O ¢opMa.€ ABOPIBHEBA, —
TO6TO N3 IOHKLA — KOH IOHKLLA, 260 KOH tOHKLIA ~ AN3 FOHKLLA, X (X2VX,x, VZ-Z) - ;c" vy (X, X,V v;-)=x— vr —

3a [0MoMOro0 BUBEAEHHX CMIBBIAHOWICHD MOXKHA NPOBOAMTY Pi3Hi TOTOMXHI NEPETBOPEHHS ot - Vel e PV T2 T XV E Xy VI
NOTisHUX  (ByHKuii. TIopsanok BMKOHAHHS Jiii HAaCTYMHMH: NMpu BIACYTHOCTI y BMpasi myXKok
NEPLIMMU NOBUHHI BUKXOHYBATHCH - ONEpaLii 3anepeHeHts, ToAi — KOH'IOHKOii i OCTaHHiMM —

TlocninosHo ogepixumo:

X, =

=X, vx =x, X, )=x, X, )=y, X,
1 VX X X VX, X =X, v (X x, v, =, VX (X v, =X v X v, X,
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AiHIHO10, TO N0 BH3HAYCHHIO LISl ABOX apryMEHTIB BOHA NPEJCTABAAETLCS HACTYMHUM BUMTISLAOM:
f(x,,x,)=ao @arxDayx,.
[Tpy ubOMy 718 PI3HUX HAbOPIB 3HAUYEHHS. PYHKIIT Oy ayTh:
f(0,0)=a0, f(O, 1 ):a(@az, f(] ,O)=a0®a|, f(] N 1 )=a<)@ a|@ ay
[Tepiui TpW BUPA3K JAIOTH 3MOTY BUSHAUUTH KOCDILIEHTH ag, |, a7
a¢=1(0,0); a,=1(0,0)®1(1,0); a,=f(0,0)®f(0,1).
SIKIO Npy 3Hai AeHUX, TAKMM YHHOM, 3HAUEHHAX KOE(PIUIEHTIB BUKOHYETLCS lxéTBepTa PIBHICTE!
f(1,1)=uy® a,® ay,
TO TaKa (PYHKLUS SBASETHCS AIHIAHOO.
BnacTupocTi enemeHTapHuX (pYHKIIH 3BeaeHi B Tabn. 5.7., je 3Hakom "1" nokasano, Aki
BJAACTHBOCT] MAIOTh eiemeHTapHi (PYHKLLT.

Tabauun 5.7. Tabnuust, 110 0UUCYE BAACTUBOCTI ejtieMEHTAPHHX QYHKILi

BaacrusocTi Enementapni ¢ynkuii
€/IEMEHTAPHHX fol fil &) G 6| f5] fo| &2 fs| folfio |1 |fiz |fi5 |f1a [fis
dynxuii

30epeke st Hyst iyt grgl
36cperkeHHs OAHHKLI 1 1 1 1 1 1 1 1
CamouBoicTicTb 1 1 1 1
MounoToHRiCTL 11 1 1 )| 1
JliniiinicTn 1 1 i 111 1 1

Ipn BijoMux BracTHBOCTAX (YHKUIA MOXKHA BM3HAYWTH TIOBHOTY CHCTEMHM 3aJIAHWX
Qymkuii. oS cucrema dynkuiit Gyna noBHolo, HeobXijHO 1 AOCTAaTHLO, WOG BoHA MICTHIA
HacTynni GpyHKLIi; WO He 30epiraloTs. Hy/is, Ta He 30epiraloTh OAMHULI, Ke Gyna caMoaBOICTOI0, He
Gysia niniitnoio i ve Gyna MonoToHHow. TakuM uMHOM, KoM © nosHa cuctema Gyna ckjajeHa i3
dynKiifi, KokNa i3 AKMX He MicTUA G BAACTMBOCTI Xo4a G OAHiel i3 1’rn, nokasanux B Tabanui
5.7, To cucrema mana 6 B cobi m’ate (yHkuifl. OaHaue QyHKIIT, 13 SKUX CKIAJAETLCA NOBHA
CHCTEMA, MOXCYTh HE MATH OIHOYACHO JIEKINBKOX BIACTHBOCTEM, i, AK HACTIAO0K, KiNbKICTL (yHKUiH
B [OBHIM CHCTEMT MOXKE GYTH MEHILOIO.

I3 Tabn.5.7 suano, wo Qyukuis [lipca ta eddepa ne mictnts Hi onuiel 13 10°aTu
snactusoctell. ToMy KoKHa i3 THX (QYHKUIH CKNaAae noBHY CHCTEMY i ABASE COBOI0 MiHIManbHKiA
Bazuc.

BuGip MixiMansioro Gasucy r1oB’s3aHuit 3 BMOOPOM CTanAApTHOrO Habopy JIOFiHMHKX
eneMeHTiB, i3 akux Oyae GyayBatuch uudposhii asromar. QUEBMIHO, IO 3MEHUICHHS KiNLKOCT
dyHKUi#, Wo BX0AATs ¥ Ga3uc, BLANOBIAAE 3MEHUICHHIO KiNBKOCTI Pi3HUX NOTIUHMX CNEMEHTIB, siKi
npuituati 3a crauaaptHi. OjHawe, Clin BpaxosyBaTM i Te, WO fpu peanizauii aBTomartis,
BAKIMBOIO € HE JUILE KiNLKICTh TUMIB CTAHAAPTHUX eneMedTiB, ane i 3arasibhe ix uncno. Ilpu
UBOMY CKNAJHICTh YCTATKYBAHHA, 3 TOMKYM 30PY KiNBKOCTI BHKOPUCTAHMX €JEMEHTIB, iCTOTHO
3a0eKUTL BiA BUAY (YHKLIT, 110 peanizyeThes i sika BuOpaHa B AkocTi 0a30B0i .

§'5.5 dopmu npeacTABIEHHS JOTIUHHX QyHKLIH
[ 10,14, 17,20 |
Icnye Garato cnocoGiB npeacraneHHn norivynmx - Gyskuiit. Ha pisiux: etanax noByiosu
eNEKTPOHHUX ABTOMATIB = BUKOPUCTOBYIOTb HACTYMHI TPEACTAB/CHHA: CIOBECHE, UMCIOBE,
TabauyHe, AHANITHMHE Ta y BUINAL FCOMETPUUHOTO rpada.
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Byus-ska goriuHa (yHxuis’ MO)KC_6yTH NpEACTABIIENA Y BHIMAAI CAOBECHOIO OlUCY.
Hanpuknan, gynkuia Uleddepa f,, =x,x, crosecuo moxe GyTu onucaHa Tak: S =0 Toni, i
ML TOAL, KOJIH 00KIBA APIYMEHTH X(Ta X; AOPIBHIOIOTL OAWHMLEL YacTo Ata cripotteHHs 3anucy
QyHKUWIH  anreGpu  NOrikM  3aMiCTb  NOBHOTO
NEPENIKY ApPryMEHTIB BUKOPUCTOBYIOTH HOMEpH

X2 Xz .
\ A HabopiB, Ana AKX PyHKuis NpuAMAEC OHHMUIe
0 1 0 1 snavenns. Hanpuknag, ¢ynxuis YH® 3auana
o [ Tabn. 5.5, moxe Oyru sanucana y BUDTISL
X, 1 X, 0 Fx,x,,0,) =\ F0347);, uc ospauac, wo
i
1 1 1 0 dyukuia - npuiiMac  3nHavenHs  OAMHMUI  Ha
) o) Hadopax, HOMEpH sikuX JiopisHiolors 03.4.7.

Taky (opMy 3arucy Ha3HBAIOTH UHCTOBOIC.

s neBeinKkoT KINLKOCTT MINHHX 3pyqnnii
TAONMMHAE  MeTOL npejcTaBicHbs  PyuKiiit y
suras kapt Kapno aGo Beiiua.

Kapra KapHo ssase coGoio nesiy dopmy tabauui icruHnoct s asox, TPBOX, HOTHPLOX |
w’sti aprymentis. Tafnuus icTMHHOCTI, sk i Kapra Kapuo, MiCIHTh BCi 27 MOIIMBHX BXIJIHUX
HaboPIB (N-UMCNO aprymerrris) i 3naduent Qyukiii, ski BiUIMOBILAKOTH KOXKHOMY 13 HaGopIB.

_ Jurs nsox sminnux kapra Kapio aBise cofol0 kBajpar, Akuii posiincuuit Ha HOTHPH
KOMIPKH, 110 0iH va kot BXUMIKIA HaBip. Pajku KapTh 38°a3aH1 i3 3MIIHOIO X, CTOBIMHKY — 13

Mas. 512, Tlokas gyuxuii 1., na
kapti Kapno

3MIHHOIO v, . Toai posmiluena NiBopyy 4BEPXY. KOMIpPKa BIANOBIAac BXiMHOMY Haboposi (00) aGo
MIHTepMY (X7, X5). @ posmilieHa NpaBopyd Biusy komipka - BXianomy naGoposi (11) aGo
Makerepmy X, v xo. lpeacrasnents qorivnoi gyukuii wa kapri Kapno  npoomtrbes y

BIAMNOBIHOCTT 10 Tabnuui icruunocti. Konu Qynruis ;= xx, =1 wa sxijgomy nagopi (00), o
ueit akt BinoGpaacrses na kapti Kapuo 3aiucom y nisy Bepxiio KOMIPKY O/tMHULLL.
AHAJIOTIYHO 3AMUCYETHES OAMHUUS © B i1 KOMIPKH, ¢

X2X3 D —
—_——— Gyukuis x; xo=x; xr+1. Komipka npapopyd sHusy npu
00 01 11 10 BXijomy Habopi x,x, =0 ue sanopmoetses  (Man.5.12.a).
Kapra Kapno moke 3anoBHioBatuch  Hyasmu Tk
0 {000{001{011{010 ! \ y Y
X, KOMIPKW, Ha BXIAHUX Habopax sIKWX (yHKIIs JOpiBIIOE
1 |100|101(111]|110 uymo. Ha Man5.12.0 uasenennii npuknag 3anosenus

. kaprn KapHo ans uworo sunajiky. Ha upaxraui 6iime
Masn.5.13. Kapra Kapiio juis  3acrocoByiors nepuuii cnocié npejcragneniis Gpynxuii.

GyHKILT TPHOX 3MiHHKMX Y Bunaaky Tphox sminnux Kapra Kapno (Man.5.13)

X3X4 MICTHTL BiCiM KOMIPOK, N0 0AHili Ui KONCHOTO BXijHOIO

——— naGopy, skuil Nokasauuit Beepeanii KoMipku. 3minma x,

00 o1 11 10 387A3aH4 3 ABOMA PAAKAMM KAPTW, A 3MIHHI X; Ta X3 ~ 3

ol|lol1]3]2 qotupma ctoBitukamu. Takum uunom, Gyae-ski nops

: PO3MILIEH] KOMIPKU ABAAIOTLCA CyCinHiMK i X KoopaunaTy

0114151716 BUIPISHAIOTBCS  JHUIE  OHIEIO  3MIHIOI0. KpimM  Toro,

XXz CYCUIHIMM € KOMIpKHM, sKi posMilteni y. nepuomy Tta

1I12(13715|14 OCTAHHBOMY CTOBIIYHKY KapTH.

w0l 819 1110 chiﬂbku IS 4OTUPLOX 3Milmmx icnye 16 Bxi}pmx

nabopis, kapra KapHo posgineHa na 16 KOMIPOK

(aus.man5.14).  Koxua xoMipka  mponymepoBaHa y

Mais.5.14. Kapra Kapuo s
GyHKUIT 4OTUPLOX 3MiHNINX
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BIIMOBIAHOCTi 0 MOPAAKOBOrO HOMEpPA BXiHOrO HaGOpY y AECATKOBIN CHCTEMi YMCIIEHHS.
Kapra KapHo ans OyHKUil n'STH 3MIiHHHX,
X3X4Xs AKa MiCTHTB 32 KOMipKkM NMOKa3ana Ha Man.5.15.
— . —~ —~ VY BHDaAKy WIECTH 3MIHHUX BHHHUKAE notpeba
000 001 011 010 110 111 101 100  y 64-ox komipkax.
JIAs HEBENMKOTO UMCTa 3MIHHUX (NOPAAKY 4-
eofojt1|312]6[7|5][4 6) BMKODHMCTOBYIOTH TaKOXK, TaK 3BaHi, KapTH
0118119 11110)14)1513 |12

Beiiua. Ha Man.5.16 nokazasi kapti Beitua ans
dyHKUif ZBOX, TpBOX, HOTHPLOX, I ATH Ta

XiX2 wectn aprymentis. KoxHomy i3 2" HaGopis
11124)25/27126]30)31)29)28 3HaueHb apryMEHTIiB BiANOBIAA€ OfHA KOM]‘pKa?
10l16117(19]|18]22(23(21]20 na kapri Beiiva. KoaM na paHoMmy Habopi

apryMeHTie QyHKuis JOPiBHIOE onlfIHuui, T0 Y
Man.5.15.Kapra Kapro mna dynkuii n'stn BIiANOBiAHY naHOMy HaGopi KOMipkH KapTH
3MIHHUX 3anuCyoTh OAMHALIO. Komipku, wo
BIAMOBIJaOTE HaGopaM, Ha sAKuX Qynkuis
HOPiBHIOE HYN10, a60 3ANOBHIOETHCS HYNAMH, 200 3ATMINAITLCA MYCTHMH. KoxHa 3MiHHa po3GuBae
kapTy Beiiua Ha Bi 1010BHHK — NONOBUHY X Ta MONOBUHY “X. MonoBuHa KapTH, WO BiANOBiRa€ He
iHBEPTOBAHNM APryMEHTaM, Bi/l3HAUEHA TOBCTOIO NIIHIEH0, 6ifta AKOT NPOCTABIAIOTE APTYMEHTH.
Ycim HabopaM 3HaMEHb apTyMEHTIB, AKI IOYHHAIOTHCS 3 1, i, K HACHINOK, BCIM MiHTEPMaM 3
X1
o X 10 11 01 00
1 0 . 10 11 01 00 wliz]14]6 [ 4
X2 2 X2
113(1 1161732 11131575“
01210 045110 otlo 11131
X3 00| 8 |10{ 2|0
X1
X
101 100 100 111 010 011 001 000 xi 3
X2 [10]25]2428(2912]|13|9 | 8
11(27126]|30{31]14]15| 1110 xs X2
01[19]18(22(23(6 | 732
00|17(16{20|21{4|5]|1]0 41 x,
X3 31
Xs Xs : 2(0
Man.5.16. Kaptu Beitua ans 2, 3, 4, 5 1a 6 3MiHHUX .
: 3
X5 . X5
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X6

X6

HEIHBEPCHHM X  BIANOBIAAE [0/I0BUHA KapTH, WO BiA3HAYCHA X, a BCIM HabopaM, .o
NOHMHAIOTLEA 3 0. 1, AK HACIII0K, BCIM MiHTEPMAM 3 IHBEPCHUM x BIAMOBI/AE NONOBMHA KAPTH, He
BlI3HadeHa x. Te caMme MOXKHA CKa3aTH i.CTOCOBHO A0 i mumx ap[‘yMCIITlB Takum unrOM, HaBopam
(0,0), (0,0,0),..., (0,0,0,0,0,0) i minTepMaM %] X3, X; X3 X3, ..., X 5 X3 T X5 ¥s sianosigac
KOMIpKa 3 HOMchM 0, naGopom (0,1), (0,0,1),..., (0,0,0,0,0,1) i mintepmam X; x5, ¥ X5 x3,
. )v, )ﬁ X3 x,, X /\(, - KOMIpKa 3 Homepom 1, Ha6opaM (1,0, (0,1,0),..., (0,0,0,0,1,0) i mintepmam
X X5 X1X2 %5 .. X1 T X; X7 X5 X5 — KOMIpKa 3 HOMEPOM 2 i T.A.

Ocxinvky onepauii mpu 3anoshenni kapr Kapno Ta Beitua suMaraioTs AesKux HaBHKIB,
PO3LASHEMO JEKiNbKA NPUKIIANIB.

Hpuriao 5.4.

[MoGynysarn kaptu Kapho ta Beitua ans YHID i3 npuknany 5.1

X2X3
A
e N
00 01 11 10 X2X3
0 -X.l ;; ; ;Xz X3 1 1
Xq - X1
1| x X X% X X2 X3 1 1
a) 6)

Ma.5.17 Kapra Kapuo ans npuknany 5.1, § 5.3.

Bpaxysasiun npaguna CKJIa}ldHHH (yukwii y}_lH(D (ans. (])opmyny 5.6) Ta pami tabuuui 5.5,
JAMHEMO Fypo™ X7 %2 N3V X7 X0 X3v X, X v ¥ X x5 Poain MIITTEPM T2 3a10BHEHHA

BIANOBIANMM qnHOM Kapty KapHo ta Beiiua ana uiel (yHKuii Bianosiaso nokasaui na man.s. 17a, 6
Taman.5.18 a, 6.

X1
0 11 01 00 X

1 X( X2 X3 ;: X2 X3 X; 1 1
X3 —

RS X| X2 X3 1 1

X3 a) X3 6)
Man.5.18. Kapra Beitua uist npuknany 5.1, § 5.3.

Hpurnad 5.5.

[loGynysatu kapru Kapho Ta Beitua i dynkuii F= =V(3,4,5,6,7,10). Oyuxuis YHD y
CBOEMY cxna;u MlCI‘M'lh Hac lymu MmTcpMu

F=x1x22x,x, vxmzmn V)¢|x2)¢1)¢4 V XIX,X, x1 \/)cuczx,x4 VX xzx X, Posnopin  mintepmis  Ta
3aMnOBHEHNA BIANOBIAIMM YMHOM KapTy KapHo (JmB.Man.5.19 ,a,6) Ta Beiiva  (Man.5.19,8,r) s
WET PyHKUiT NOKA3YIOTH, MO Y BUNAAKY 301TBLUICHHS 3MIHHUX N>6 | xaptu KapHo Ta Beitua craioms,
TPOMI3AKI Ta HE3PYUHI AT NPAKTUUHOTO BUKOPHCTANHS,

161



X3X4 i X3X4
o
00 01 11 10 00 01 11 10
00 ;1 "‘_2 X3X4 00 1 .
01| T 57 | Tixe G x| Mixe xa xs | Xie X X4 or|{1|1|1]1
XXz : X1X2
11 11
10 L xRuk 10 L 1
a) 6)
X3 Xy
10 11 01 00 10 1t 01 ‘00
. 10 Xxa x5 X | % Xk ¥ X 10 r 111
11 X; XaX3Xy XXy X3 Xy 11 - 1 1 X
4
— X
01 X1 XaX3 Xy ‘ 01 1
00 X; X7 X3 Xq 00 1
L-v 2 A3 A4 L
) — 0%

X3
Man.5.19. Kapra Kapno — a, 6 Ta Beit4a — B, I 10 npuknajy 5.5.

IcHYIOTb | aHaniTHHi GOpPMH TIPEACTABICHHA dyukuiit anreGpu A0TIKH. AHanituunmi cnocid
nepenbauae sanmc Gynxuii y (popmi NOTIYHOrO BAPA3y, KM NOKasye, AKi NOTiuHi orepallii 1 B
SKOMY NOPALKY HAJl APryMEHTaMH (yHKLIT NOTPIGHO BUKOHATH.

Slk Oyno nokasaHo g § 3.3, icnye aBi dopmu ANANITHYHOTO MPeACTaBiiedn QyHKILT:
YAOCKOHANEHA M3 IOHKTHBHA HOPMANEHA dopma (YJIHD) Ta. yirockOHancHa KOH' FOHKTHBHA
nopmansua gopma (YKH®D).

TlpescTABJICHAS JOMUHUX dyHkwiil y dopmi rpadis

Barato 1epeTBOpPEHb, AKi  BMKOPUCTOBYIOTBCA  Hal JOTIMHUMH  QYHKUIAMH,  3PYMHO
{iTeprperyBaTH 3 BMKOPHCTAHHAM X FEOMCTPHUHOMO NpecTasiekHA. Y reoMeTpHUHOMY cenci
, ay) MOXMCHA pO3rNALATH AK Ti- MipHU{ BEKTOp, WI0 BU3HAUAE
Gip MHOXKHH, Ha AKKX BU3HAUCHA ¢yHkis

KOXKHMii ABilikoBuii Halip (a1, az,...
TO4KY R- MipHoro npoctopy. Buxoasu i3 11bOT0, BECH Ha
1 AMiHHMX, TIPSACTABNAETHCR Y BUMNALL N- Mipioro rpaa. BiasHaqaloun kpankaM BCpLIHLN, B
SKUX  (PYHKLLA MA€ . OIMHHYHE 3HAUCHHSA. onepikytoTh H reOMETPUYHE NPEACTABNCHHA. Tak,
(PYHKLIIO [BOX 3MIHHHX fi4 (Qynxuin LLledibepa) MOMHA NPEACTABUTH Ha JESKIA TUIOWHHI, 1o

sanana B cMcTeMi KOOpaMHaT x,, X, (Man.5.20).
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X7 Xy Xy X2
ar=x; X; a5 ox; 1
X X2 X7 X2
ai=xX; Xz 0
Man. 5.20. 'eomeTpuyHe Man. 5.21. Heorpady pytikuii
npeacrasicHHs PyHKLLT [leddepa
Lleddepa

"eometpuune npeacrasacHus Gpynkuii Hlediepa mosxkHa inrepriperysarn y (hopmi neorpadpa,

G={X,A}, (5.9).

ne A - ABIHKOBMIA HAOIP BUXIAHWMX 3HA4CHb (DYHKUI NPY MEBHMX KOMGIHAILAX apryMEHTIB 1a
BXOJLi JIOTIUHOT CXEMH; X — MHOXKHHA 3MIHHUX Ha BXOAI NOTIHHOI CXEMH.
l‘leorp:f(])‘q)yukui‘i LWeddepa nokazannii va man. 5.24, ne A= {1,1,1,0} — epwuHn rpaga;
X={x;,. %2 X;, X2} — KOMOiHAULIT 3MIHHUX X Ha BXOAI NOTIMHOI CXEMH (pere; rpadpa) P
. Buxoasuy 3 1boro, MoXxcia CTBEPIRKYBATH, IO KOKHWHA Hallp MHOXKuUH X= .{x Xy, X0, )
MOXHA PO3IIIANATH sK - MIpHHH BEKTOp, AKUA BKNIOYAE BEPIIMHY N- MipHOro npolczrop ]‘To“ i
MHOJ 1A 1abopis, ha AKMX BU3NAMEHA QYHKINA N SMIHBUX, IIPCACTABISIETLCS Y BUEAN uep{l} 1 -,
miptioro rpada. Koopaunarn sepuinn rpada nosuHHi Oyth Bkasaui y nopsaxy., sikuii lliJFHO:S:j :(-
NOPAAKY IICPCUNCICHI 3MIHHUX Y 3anucy Gyukuil. Koxry sepunuy, na mﬁﬁ ~q)ynmxiu ;lpmﬁn:'\(‘
ommwmuc 3nauens npuitiaTo Hasupatu 0-kybom (1ynbosum kyGom). MHoxmuHa 0-ky0is CTBO| : ¢
nynsosui kyGiunmii xommnexe K°. Hanpuknan, s QyHkuii lf=V(3 4,5,6,7) upcacras E’lOE
rpadom Ha mMail.5.22, HynbOBUH KyOitHMWii KOMILIEKC Ma€ B K"={0,lf,f0,(),IOlllf10 llll”)"li{or;
ig:ﬁ?;,g:si};;zLKnaﬂaﬂbCﬂ 13 Aty 0-ky0iB, KOXIMIA i3 AKMX BIANOBIAAC NEBHUM BEpLIMHAM

011 , 111
0014 101

010

000 100
Man.5.22 Tipepctasnenns ynkuii F=V(3,4,5,6,7) y Burnagi rpada

110

Sxuwo asa 0-kyba i . 0 o ‘ .
craoproons. ot | y : 3 MHOKMHH KT BLADISHAIOTSCA NMIE N0 OANIH KOOPAWHATI, TO BOIMK
anH 1-ky6 (oaunnunuit ky6). Bin npeacransersca zaraibuuMn  enementamu 0-
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KyGiB, a Ha MiClli KOOPAMHATH, MO AKiH BiAPi3HAOTLCA 0-kKyOM, BKAZyETHCA CHMBOSOM «*», wo
3a3Haua€ HesaekHy koopausaty. Hanpuknan, nsa 0-ky6u: 100, 101 po3pisusioTses- jiMwe 3a
TPETHOIO KOOPAMHATON i, K HACNIZOK, CTBOPIOIOTS OauHHHHHUE Ky 10%, axoMy Bianosinae peGpo
Tpl/lMlpHOFO ky6a, Y¢i MHOKHHM OJMHUYHUX KyOiB (byHKun CTBOPIOKOTh OMHUMHUI KyOiHHMiA
rpad K Jlna ¢ynxkuii F=V(3,4,5,6,7) Bin cknapaerbea i3 n'ath kyGis: K! ={*11, 10%, 1*0, 1*1,
11*) i BusHAuae BCi MHOMMHM pebep, Ha AkuX QyHkuwin F rpuimac OMMHMYHE 3HAUCHIA
(awB.mMan.5.23).

101 011

0% *11

100 111
1*0 11*

110

Man.5.23 OauHuuHui KyOGiuHui
rpad K! gymkuii F=V(3, 4, 5,6, 7)

Skwo asa- oaMnu4Hi kyGu i3 rpada K' MaloTh 3aranbHy ie3anekHy KOOPAMHATY |
PO3PI3LRIOTLEA ANLIE 11O 0l KOOPAMHATL, TO BOHM CTBOPIOIOTL 0aut 2- KyG (asiiikoBuil Kky0).
Moro sannc cinanaerscst i3 komioHedt |- ky6is rpaa, a KoOpavHaTa, WO LpuAMAc pisie
3HaveHHa y 1- ky0ax, 3asHauaeTbed 'y 2- kyDi sk He3aiexHa KoopauHarta (’f)‘ Hanpnk{lan, JBa
oauHuuHi KyOU 1*0 Ta 1¥1, cTBopro1oTh 0auH aBiiikonit Ky 1**. Jina Qynkuii, 1o aHanlizyerhed,
G rpad) Mae BUTNAN K'={l**} | CKNafaeTses i3 OMHOr0 ﬂBiﬁquorg Ky6a, wo BiANO8IAAE TpaHi
TpuMipHoro ky6a (Man.5.24). PosamipHicTh ky0a BU3HAYAETBCA KIABKICTIO HE3ANEKHUX KOOPANMHAT
(CHMBONIB «*»).

011

Man.5.24 JpilikoBuii KyGiunui rpad
K2 $yukuii F=V(3, 4, 5,6, 7)

O6 eananna kyGianux kommekcie K, K',..., K ¢ynkuii F(x,,x,,...,x,) crsopioe ky6iutini
rpad gynxnii G={X,K}. Ina posrnanytoro npuknany tpad G={X,K} BiAMOBia€ 06’ €AHANIIA
komnnekcis K, K' ra K2 » _

Ha siaminy Bin ananitnunoi QGopmH 3anucy JIOFMHEX (yHKUIH, WO BRKOPHCTOBYIOTEL
Benukiii HaGip i1AEKCOBAHUX NIITEP Ta MATEMATHHHHX 3HaKiB, KyGiuHe MPEACTABNEHHS 1a€ 3MOTY
3apasaty noridni QyHxUil y Burasai rpada 3 MHOKHHOWO Ky6iB, KOMITOHCHTAMU AKUX € IUILE TPU
cimBony: 0, 1, *. OBMekeHe YHCIO CHMBOINIB Y 3amucy (yHKuifl ae 3MOI'Y BUKOPUCTOBYBATH
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rpa JUIg CKNajalHs AITOPUTMIB Ta [IPOTPAM IPH NPOEKTYBAHHI €CKTPOIIUMX ABTOMATIB i3
BUKOPHCTAIIHAM ()ﬁ‘ll(lCJIIOBﬂJII)IH/l‘( KOMITJIEKCIB,

®opmu npeacrasnenns norivunx  Gynkuiii y s reomerpuanux  rpadis  Gyayrs
BUKOpUCTaHi y § 5.6 s pijO(Kl/l METO/LIB MiHIMi3aLLT.

§ 5.6 Minimizauis nepemukanbHuX GyHKuiii
110, 12,1 4, 15, 16, 17,1 8, 25}

¥ § 5.4 6yno nokazano, 1o oaNa i Ta kK nepemMuKkaibia GpyHkiis 8 oH0MY i TOMY K 6azuc
MOe DyTH npescTaBiIcta pisiumi gopmami. Li popmMu € MaTeMaTHuauMil MOAEISAMH, 30 SAKMMMN
GyayioTbes enexrpolini asromari. Tomy BUHHKAC NOTPEGA NOLIYKY TAKOIO MPEACTABNCHIIA 3a4aH0T
QynKkii y purnaai Gazucnoi CHCTEMM, KA € ONMTUMAILHOIO Y CCHCI MIHIMYMY BMKOPUCTAIIOTO
obaawmang. Kinnkicn, obnajianis, ske BHKOPHCTOBYCTLEA Y CXCMAX. CTAHOBHTL H0ro- winy
[lpouec noulyky NpEACTaBACHIS MCPEMHUKAILIOT PYHKUIT 3 MIHIMANLHOK 1IHOIO Ha3UBAIOTH
MIHIMI3aLICI0.

Memoo Keadina. Tlpu MiniMizawii 30 1M mMetogom HEOOXiumo, o6 noyarkosa ¢ynkuis
Oyna 3agana s Y/IH®D. 3asanng MiHIMI3aLii, ke pealizyeThes MCTOAOM MOHAPHOTO 1IEPETBOPECHIIA
BCIX MIHEpMIB, O BXOAATE B Y /[H®, 3 METOIO BUABICHHS MONCIMBOCTI HOTAHIIANNSA AKOT-NEGY b
3MIHHOT, NIOJSIFAE Y BAKOPUCTAHIN 3AJIEKHOCTI:

FX, VX, = F, (5.10)

TakuM  YHOOM, BUACTLES 3MCHUIMTH  KUILKICTD 3MIHHUX, 110 BXOASTH y mitrrepm.  Lls
IPOUCAYPR NPOBOAMTLER JIO THX NP, NOKN NE 3ATMUMTLCA i O/IHOMO HWICHA, 1O JI0NyCKaC
norMHalg 3 AKUM-uEOYab  THIIMM  wienoM.  MINICpMU, WO  HiUAIOTHES  NOMIMHANIIG,
3a3HAYANOTHCS.

Oaepxaii noriuni  Bupasu, BHACNIAOK NPOBEACHHA  MilliMizanii, He amic OyayTn
MILIMABLHUMM,  TOMY  JOCHUDKYETLEA  MONUIMBICTL  HOAQBIIONO  cupowenis.  Jis  1horo
CKNAAIOTHE TaGNNLLL, Y PAAKAX SKUX 3ALUCYIOTLCS 3HAHACHT uepsuini iMilikairty, a y
CTOBIIMWKAX NOKA3YIOTh MIlITEPMU BUXIAHOTO pistg. KoMipku Takoi TaGauui nosyauaiorses y TOMY
BUNAJIKY, KO . CPBAHHL  iMuiikaity  uiytaiorses  nornnuanmo. licns uporo  3aaanis
CNpoEHIA 3BOAMTLCS 10 TOFO, 106 3HANTH TaKy MiliMaNbHY KibKICTL MEPBUBHUX iMIIKANIT, %Ki
NOKPHBAIOTh BCI CTOBIYHKH.

Takum uniiom, Meron Keaiina BUKOLYeTECS Y JICKinbka cranis, Posrisnemo el Meron 1
KOHKPETHOMY DIPHKIANI.

Hpukiaa 5.6.
Hexaii nieo6ximno miniMisysatu noriuny gynkitito, 1wo sapacrses y BHIIISJ

Foue = \/(3~4.5,7,9,l LI213) = 31000, V XX, X3 X4 V X1, XaX, V X1X,X,%, v

VX, X21X3X, vxx1xx VX X, )C\X/l\/xx 2 X3X,.

3aBjans peanizyeThes y Jekinbka eranis.
Eman |, 3naxomkenis HCPBUHHMX iMImtixami. [l uboro ckiapaerses Tabn.5.8, 3 gxof
3HAXO/IATHCA IMIJIKAHTH YETBEPTOTO TA TPETHOTO PaHry, To6TO HOHMIKYETHCA PAHT UWIEHIB, 10
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pxomste B YJH®. Toai ckaagaerses Apyra TAaONMUS iMILIIKAHTIB (Taﬁn.5.9), siKa BK/IIOYaE BCl
MIHTEpMH, WO HE NPONULTM NOMIMHAHKS, A TAKOXK MNEPBUHHI IMIUNKTAHTH TPETHOTO panry.
Cxnaganss TabnaMib NPOBOAKRTHCS 10 THX 111D, TIOKK HEMOXKIMBO 3aCTOCYBATH NPABAIIO (5.10). ¥
NPHIIAAL, 1O MIHIMI3YETHCS, MOYKHA AIATH A0 [EpBUHHOL iMIUTIKAHTH apyroro paHry (1a6i.5.9) —
¥,%3. 3nailaeHi NepBUHHI IMIUTKAHTH HARMEHLLIOTO PAHTY 3a3HAUAIOTHCS Y KBAAPATHUX LYIKKaX.

Y Tat.5.10 iCTOTHOW IMIUIIKAHTOI) € MIHTEPM xz}x. CTOBMUIKHK, 1O BiANOBIAAIOTH
icTOTHUM IMIIIKaHTaM, 13 TabIULI BUKPECTIOIOTHCS.

Tabanug 5.8. Ta6nnus iMIUIIKAHT TPETHOTO TA HETBEPTOro paury .

Bxiani 1 2 3 | 4 5 6 7 [ 8
MIHTEPME | T T x| T o x| x| Xy (XX ox |6 S |[Xix %5 By
ETRTE Y 1 | xixsxl Rk

C )
Tmnx Xix % il
Xt X2 X3 Xy 1 | xixz x4 b
= -
—— -— - N {x2 X3 X4}
Xt X2 X3 X4 Xp Xz X3 1 [ *ix2 x4
P M !
.\-,.\_v X5 Xy X X3 Xy X1 Xy X3 1
- T—A — —
r—\xl %% 1 [x1 x2 x4 Ixi X3 x4
- — . -.-' v
X1 X2 X3 X4 X2 X3 Xy XNz N 1
== —= oI
X1 X2 X3 X3 X2 X3 X3 1 |xi Xz xs]

X2 X3 X4 Xj X3 X4 Xy X2 X3

Tabanust iMIUTIKAHT TPETLOTO PaHT

7 | 3 | 4 | s [ 6 | 1 | 8

— -] - - — - -
Toexsl L Texex] | Xexe x| % % x|l xixaxi | % "JXJI"' et L M

—

iMIlRaTH
3'ro paury |

N X5 X 1

X3 X3 X4 1

— . 1
Xy X3 X3

halhey 1

Xl
Xz X;
Xz X3 Xu lz 3

X3 X4 1.

-
i Xy

z X4 . [x2 ):l . 1 J

| =% !

Eman 2. Po3TalyBaHHs 3a3HaueHb
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Cknanaerscs TaOMMIA, KibKICTh PAAKIB SKOT ROPIBHIOE KiNBKOCTI OfEpHKAHHX MEPBHHHUX
IMMIIIKAHT, a KiAbKICTh CTOBNYMKIB CliBNagac 3 Kinbkicrio mintepMis YJIH®, Skio y aeskuii
mintepm YJIH® Bxoants sika-seGyab i3 NEpBUHHMX IMILIIKAHT, TO HA MEPETHHI BLAMOBIAHOrO
CTOBITYIKA TA PAAKA CTaBuThea 3Hak * (tabn.5.10).

Tabannus 5.10. Tabnuus nepsutHuX iMnAiKauT

Mepsuni Buxijpui minrepmu
inmaikanT -\-l ;—XJ X4 ;Xz “ﬁ-s -‘: ; X2 ;;XJ ;Xz X3 Xg Xy ; -\: X% ‘Tz X3 NN Xz -\-.v X4 [ X1 %2 : X4
;(—1 X3 Xy * *
;x; Xy * . *
| “\‘l X1 X, * *
X1 X x4 * *
X4 \3 X4 * *
o * %* * % |

Eman 3. 3HaX0JDKCHHS ICTOTHIX IMIIIKAHT

Slkino BoskoMy-1eOyab i3 crosiunkis rabauui 5.10 ¢ ndwe oann 3nak *. 1o NepBHHHA
IMIKANTA ¥ BETOBLUIOMY PSUIKY © iCTOTOI0, 0CKibkn Ges Hel e Moske Gy oAcpicana MUK
3AUEHHX MITTCPMIB,

Y orabn. 510 icToTHOIO IMRIKaNTOI0 € MITCpM X, x, . CTOBIMHKN, O BiANOBIA&I0T)
ICTOTHWM IMIITKAHTAM, 13 TaCAKIIE BUKPECIOIOTHCS,

Eman 4. Bukpecinosatns 3ailBUX CTOBNYUKIB.

Ticns TpeTboro erany BHACHIAOK BMKpCCHOBanHs croBnuukis 2. 3, 7 71a 8 OLEPHCYEMO
TaGuno 5. 11 Konn y Tabnmigi € Aa CTOBMMKKH, B AKHX € 3HAK * y OJH1AKOBHX PSAKAX, TO OJMH i3
HUX BUKpecmoerhest. TIokpurrs croBnyunka, Mo 3anuwuses, Gyje 3ailicinosary BUKWHYTHi
MIITCPM. Y NPakTHIL TaKOro BUIAKY HC iCHYE,

Eman 5. Buxpecmosanns 3aiBux nepBHulmX iMIUTIKANT.

SIKILO 1HENA BUKHAAHEN [ICBHIX CTOBNUKKIB Ha eTani 4 y Tabi. 5.9 3 apusrbes PAAKK, Y SKHX
HE ICHYE 3HAKQ *, TO (ICPBHHLL IMINIIKAHTH, AKI BiANOBiAAIOTE UMM PSIKAM, BHIJIONMAIOTHLCS 13
TONAIBILKX  PO3MIAIIB, OCKIILKH BOHM 1€ MOKPUBAIOTL THX MIHTEPMIB, 10 PORIIISAMOTHCS y
npuKIaL.

Tagnunn 5.11. Ta0auns nepsununx imnikanr

' , 1 | 2 L3 L 4
MHepsutmi Buxiani mintepmu
IMHJIIKaHTRN — - - — —
X| X3 X3 Xy X| X3 X3 X4 Xy X2 X3 X4 X1 X2 X3 X4
P X) X3 X4 * * J
X2 X3 Xy * ) *
—
Xj X2 Xy *
’ X X2 Xy * * J
X X3 X4 *

Eman 6. Bubip MiHiManeHoro nokpurs
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Bubupaetecs y Ta621.5.11 Taka cykynuicTs NepBUHHMX IMIUIIKART, KA BUKTOUAE 3HAKM * B
YCIX CTOBNUMKAX (MO KpailHii Mipi MO OZHOMY 3HaKy * Y KOXKHOMY CTOBIIUHKY). [lpu npekinsxox
MOMUIMBHX BapiaHTaX TaKoro BUOOPY BifIAE€THCS repeBara BapiaHTy MOKPUTTA 3 MiHIMANBHUM
CYMapHHM 4YMCNIOM OyKB B IMOUIK&HTI, 1O CTBOPIOE TOKPUTTA. 1[I0 BMMOIY 3a0BONBHSIOTH
MEPBUHHI IMITLKAHTY X, X2X,, ;lx}xd.

Taknm unnom, MiHiManeHa (opMa 3ajanoi (yukuii Gyae cknagatvca i3 CYMU ICTOTHHMX
iMnnikauT (etanm 3) i NEPBUHHUX IMIUIKAHT, WO 3ANAUIMINCH (etam 6). Tomy ocraTouHo
MIHIMaNbHA y0CKOHANeHA N3 IOHKTUBHA HopMaisHa Gpopma MJIHD mae Burnan;:

Fygne =X, X0 V X X2X, V X1X,%, .

Memoo Keatina i Mak-Knacki

Henonikom metony Keaitua € HeoOXiAHICTS MOBHOIO MOPIBHAIHS YCiX MilTepMmiB Ha cTaHax
3HAXOUKEHHSA NEPBUHIMX IMIUTIKAHT. )

OcxoBui eTanu Midimizauii noriunix gyHkuii metoaom Keaiina i Mak-Knacki:

1. 3HaxomKeHHs MPOCTMX  iMntikanT. CriowaTky Bei BUXiAHI MiHTepMu, 0- KyGu,
(anB.1adn.5.12)  po3AINRIOTBCA Ha [PYNH 3 OAHAKOBOIO KUTHKICTIO OauHMub. [loadibiie
nonapHo MOPIBHICIOTLCA  Min co6010 Bei 0-kybu cyciamix rpyn.. Slkmo asa 0-kyGu
PO3PI3LAIOTHLES . JINILE 32 OJHICI0O KOOPAHHATOID, TO BOHM CTBOPIOIOTH 1-kyG (0-xy6m, wo
CTBOPIOIOTH | -KyGu,3a3nauaiorbes). [licaa nobynosu 1-kyGiB, o cTBOPIOIOTE MHONMHY K|
npoBORHTLCH M0GyR0Ba 2-Ky6iB 1 1.4. 3 106y 108010 1-KYGiB BCI (r-1) — KYOM, 1O CTBOPIOBAI
r-KyOH, TAKOXK 3a3HA4AIOTECS. ETann 3akindyloTees, Ko Hi oann (r+1) - ky0 He moxe Byru
noGyaosannm. Yci Hesasnaveni KyGn muoscunn K(F) € npoctumu imnsikatamu i creopioiors
nokpuTrst [I(F) dymcutii F.

PO3risinemo 3acTocyBanHs LUBOrO METOAY Ha npuknani 5.6.

Mpuknan 5.7.
PDyHKLUIs 3a8aHa y BUTIALI:

Fune =\ GAS5TINLI213) = x1x50,%, V X102, X3 X4 V X0, XX, V XX, XX, V
1

VX X2X3X, VX XXX, VX X, XaXa VX X, XX,
3riHO 3 NEpWHM €TANOM anroputMy Mivimizauii ¢ynkuii, 3uaxoaumo npocti iMnnikanti
(ane.Tabn.5.12)

Tadanns 5.12. Tabanus upocrux imnaikanr

MHOXKHHK 0~ I —rpyna { 2-rpyna 3- 4-
KyBiB rpyna rpyna rpyna
0-kybn | Bincyras 0011(3) 0111(7) | Bimcyrns
0011 0100(4) 0101(5) 10L1(1T)
0100 1001(9) [~1101(13)
0101 1100(12)
0111
1001
1011
1100
1101
1- kybu - 010*(4,5) 0*113,7) - -
*100(4-12) | *O11(3,11)
01*1(5,7)
*101(5,13)
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MHO)KKHH 0- I —rpyna | 2-rpyna 3- 4-

KyGiB rpyna rpyna rpyna
10*1(9,11)
1*01(9,13)
110*(12,13)
2- kyOu - S *10* *10*

451213 | (4,12,5,13)

Moaansa peatizauis anropuT™My o3’ A3KY 30IHCHIOETHCA HACTYTTHUM YHHOM! )
a) Po3i6 emo Bci | — KyGu Ha 4OTHPH TPYNMH Yy B&ICHKHOCTI Bl NOJOMCHHA HE3ANEKHO!

KOOp/MHaTH *

010*(4,5) , 01*1(5.7)
K= . Ky'=

110%(12,13) 10%1(9,11)
0*11(3,7) *O11(3,11)
K= : K/ = < *100(4,12)
1%01(9,13) *101(5,13)

3
&) Buacninok nopisustHs Gyiayemo 2-kyon K|12=*10*(4,5,12,13); K|15=*IO*(4,12,5,13); Ky
ta K,* ne nopismototues. Tlepsuna imniikarrra panry 2 (2-ky6u) saumcanay Tabn.5.12.
Yei ky6u, Bimsnaukui 3uakom * muoxunn K(F), € iMistikanrami i CTBOPIONOTE MOKPUTEA.
*011
01*1
TI(F)= < 10*1
1*01
0*11
*10*
Imnnikawtn 1-kyGa K2, K)°, (kpim minmepma *011(3,11)) y MHOXHHY IOKDWTTS HE BXOAATH,
OCKiILKH BOHH BXO/UUIN Y CTBOPEHHA 2-Kyba. .
B) [loByayemo rtabanino nokpurrs dyuxuii F(tabn.5.13). Pmufn Tabnnid nokgwrm
BI/IIOBLAAIOTDL NPOCTHM IMILUIIKAHTAM, @ CTOBMYHKN — 0-kyGam (Buximium Mintepmam) dyuxii, mo
MiHIMI3y€eThCS.

Tabsuna S.13. Tabanus nepsuinux iMuaikanT panry 2

. . ‘7 Buxiani minrepmu
ikl W= T 0160 | 0101 | 0111 | 1001 | To11 | 1100 | 1101
011 1
01+1 1 1
101 1 1
101 1 1
0*11 1 1
10 1 1 1] 1
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Ha neperuni j psaka Ta p.CTOBMUMKA CTABMTHCA OJMHMLSA, SKIIO iMITIKAHTA j NOKPHBAE
MiHTepM p. ImmnikaHTa NOKpUBAaE MIHTEPM, KONM BOHA BifPISHAETHCA B HbLOTO JHILE
He3aNeXKHUMK KOOPAHHATAMMU.

r) [lowyk miniManbHOro MOKpUTTA (yHKUHD. JINs 3HAXOMWKEHHA MiHIMANBHOrO MOKPUTTS
HeOOXIZIHO BHILyUHTH i3 TaGNNLI NOKPUTTA Aeski 3alBi NPOCTI iMANikaKTH. 3 Li€io METOI0 y MeToal
Kaaita | Mak-Knacki peanisyerbcs HacTyMHu anroput™ po3s’ 3Ky 3aadi NOKpHTTA.

1. Buginenns aapa KsaktHa. SIKILO B AKOMY-HeOY/b CTOBIUMKY Tabiuili MOKPUTIA HAsBHA
JWIUE O/HA OAMHKUA, TO IMIUIIKAHTA, WO CTOITh Y PAAKY, € iICTHHHOK (OG0B A3KOBOIO) i MOBUHHA
BXoAnTH B aapo KsafiHa, i AK HACAiIOK, TAaKOK B MiHIMalbHE MOKPUTTA, OCKibKM He
BUKOPHCTABIIN 17, HEMOMUIHBO MOKPHTH BCI MIHTEPMH.

2. BuxopucTanus paaKis Ta CTOBMUHKIB, IO NOKPUBAIOTHCS IMIAIKAHTAMU § BXOAATE B s1APO
Ksaiha. SIkuo B ofepxaniit TaGnuLi MOKPUTTS HASBHI CTOBNYMKH, AKi MICTATH N0 ORHI OAMHAL,
TO ONEPALLIO, WO onucaHa y n.1 cnia nosTopuTy.

3. Tornunanns 3a#BUX CTOBMYMKIB (CTUCKAHHS MO CTOBNYMKAX). I3 TabnuuUi BUKPECTIOETLCS
TOM CTOBNUMK, B AKWI MOBHICTIO BXOANTH Gyab-sikuil iHWmi cToBnuuk. Ilo-iHmwomy, Ko y
Tabnuui NOKPUTIS HaABHA Taka napa cTOBNuMKiB d; Ta di, wo d; ¢ dj, To cropnumk d;
BUKPECIIOETHCA, OCKINIBKM NOKPUTTS CTOBMYMKA, WO BUKPECHEHUI, MOXKE MPOBOAUTHUCH WIISAXOM
NOKPUTTA CTOBNYHKIB, IO 3A/IHLIHINCh.

4. [lornunakns 3aiiBUX PANKIB (CTHCKAHHS No psakax). Ko B TabauuUi NOKPUTTA HasgBHA
TaKa Mapa paaxis q; Ta gj, WO qi 2, TO PALOK (j BUKPECIIOETECS (PAIOK ; NOMHHAE PAAOK ().

5. TlocninoBHe 3acTOCOBYBaHHS ABOX NMEPETBOPEHD (CTUCKAHHSA N0 CTOBNUMKAX Ta paakax). Y
pe3ynbTaTi Buxinua Tabnuus NOKPUTTA 5.13 NPUBOANTLCA 10 Tak 3BAHOT, «UMKII4HOD, IMINIKAHTH
AKOT NOBUHHI BXOANTH B MiHiMaNbHe MOKPUTTA (yHKuLi,

» 1) OaepakanHs MiHiManbHoT gopmu noriunoi ¢ynkuii. [Tpocti iMaikaHTy, Wo BiANOBIAAIOTH
psakam, sKi BXOAATL B MIHIMajIbHE MOKPHUTTA, CHOMY4AIOTbCA 3HAKAMM W3 IOHKUIT | CTBOPIOIOTE
M/JAH® nepemitkanbHoi yHKLIT.

Y npuknagi, wo posriaspactbes (AuB.1aGa.5.13), icToTHO0O iMmiikanTol paHry 2 Gyae
*10*=x; x;. Bubupaemo MiHiManbHE NOKPUTTA, a came IMmikauTy, WO 3anvmunace 10*1
(1abn.5.14).

Tabnuus 5.14. Tabauusa nepBUHHHUX iMIIKAHT

TPYHOMICTKHIt, OCKINBKM HeOOXiAHO NOPIBHIOBATH BCi NApy 4NEHIB BHXiAHOI ¢dyHkuii. MiHTepMu
BHXiAHOT (YHKUIT CKNEIOIOTECA Y TNOPSA PO3MIUIEHMX KOMIpKax 1 BMAINAIOTBCA Y MOKPHTTA
dynkuii. ¥V 6yap-skiit kapti KapHo CyCiaHIMK KOMIPKaMH, JI0 AKHX MOXHA 3aCTOCYBATH [PABUIO
CKACIOBAHHA, € HE Mulie Ti, AKI DO3MitleHi NMOPSA, ane | Ti KOMIpKH, AKi 3HAXOAATHCS HA
TPOTHAEKHUX KiHLAX (Mouatkax) 6yAb-AKoro psaka afo cToBMuMKa (Ui KOMIpKM € CyMiKHUMU,
AKILO KAPTY 38EPHYTH N0 rOpU30HTANi a00 BEPTHKAL Y LMNiHAp).

TakuMm 4HHOM, NPOUEC MiHIMI3aLLi 3BOAMTBCS [0 3HAXOKEHHS HAHGINBI KPYNHUX NOKPHTE
i3 2 cycimnix komipok. Heo6XifHO NparHyTy 10 TOro, o6 KoXKHa 3aMoBHEHa KOMIpKa BXOANNA B
“ake-HeOyab noxpuTra. BimosigHa iMnnikaHra, WO BIAMOBIAAE NEBHOMY TNOKPHITIO 3aN0BHEHHMX
KOMIpOK, MICTHTh CHUMBOJM LHMX 3MIHHMX, 3HAUEHHA AKMX CRIBNANAIOTB B YCIX 00 €AHAHUX
KOMipKax

Posrnanemo 3acrocyBanHs MeToly kaptin KapHo ans GyHKUIT, 10 3aa€Thes y NpHKai 5.6.

Fopa =VBASTONLIZI3) = x1X2X,X, V X1X; X3 Xa V XIXX0X, V020X, V

v x,;z;3x4 v xl;zx,xq VX X, X3 X4 VX Xy X3X,.
Ockibky BMXiaHa (QyHKUIS 33jaHa AMs YOTHPBOX 3MIHHUX Y 4MCNOBil (opmi, ana
MiHimizawii BuGupaemo kapry KapHo Ha 4oTHPH 3MiHHI | Ha BKa3aHKX y BUXIAHIA GyHKiT HaBopax
3AMUCYEMO Y BIANOBIAHT KOMIpKH oanHuULL (Man.5.25)

MepBunni Buxiani Mintepmu
iMILTiKANTH 0011 0111 1001 1011
01*1 1 :
L10*1] 1 1
Lo*11] 1 1
1*01 1
*011 1 1

Pesynurar DOpiBHIOC: £, 0, = X, X3 VX, XX, VX1X;X,. .

3 BukopucTannam metoly Keaitna ans YKH® HeobxiaHo posrnssati 3nauends dyukuii F=0
i MiHTEpMHM, 1D, BIANOBIAAIOTL LIMM 3HAYEHHAM. Y DPE3YILTATI OAEPHKUMO £ =\ (X, X;,... ,.Xx,).
1

Jlani HeoBXiAHO BUKOPUCTATH 3akoH ae-Mopraxa, 3 Tum, wo6 npusecty QyHkuito ao YHAD. Yci
roanbiii NOAIT aHANOrYHI BULIEBUKIAACHUM.
MeToa MiniMizyouux kapT (Tabanus) KapHo

Kapra Kapho sasnse co6o0 TabmiLro, B Akii 3ana0Tbca noriddi GyHkuil y popmi YIH® ao

VKH®. Po3miluerHs KOMIPOK y TabRULL Aa€ 3MOTy BUSHAYUTH WIEHH, AKI CKNEIOIOTBCA MbK 06010
(amB. § 5.5). B iHWHX METOAAX MiHIMi3awii NPoUEC NOWYKY UNEHIB, WO CKACIOIOTECA, HaltGinsm
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X3Xy
AL —
“o0 011110
e -
00 P Man.5.25 MiniMizauis ~ Qynxuii
)
— F=V(3,4,5,7.9,11,12,13).
[ A B 1! 1
X1X2 0t ;l ! E Lo 3 BHKODHCTAHHAM xapr Kapuo'
' !
(RN T I I
tm~=q=--"
10 | 1,
JUin socumir suxigiiix nabopis kapra KapHo nosuina Micrurn giciv oavtnus. Ticns

3aNOBHeHHA Kapth KapHo NpoBOAMMO CKICIOBAHHA MIHTEPMIB CYCI/IHIX KOMIPOK, JUI 4Oro
BUOMPAEMO ABA CYCIAHIX NOKPUTTA. Y nepuue NoKpUTTs BXOMATH HOTHPH KOMIpKM. Ll koMipku
MOKPUBAIOTHCS 3MIHHUMU xz)—m (T06TO CKACHOIOTHCA 1O 3MIHHNX X; Ta X,) | CTBOPIOIOTH JBIKOBMI
Ky6 *10*, a came:
0100 1100 010*
0101, 1101, 110%*
010* 110* *10*
Y apyromy nokpurri (komipku 1001 1a 1011) ckieloBaHHa NpoxoanTs o X3, Y TPEThOMY ~
(xoMipku 0111 Ta 0011) ckneioBaHHA NPOXOAHTH 1O Xz, TOOTO:
1001 0011
1011, 011l
10*1 0*11
Y pesynbTati 0IepIKYEMO MIHIMANbHE NOKPUTTA, L0 CKIAAAETHCA i3 TPHOX MIHTEPMIB!
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* IO *
[(Fy=< 10%] )
o 0*11
Toni MIHD sanmwerses Y BURISLI:
. Flguie =%, X3 v X, X2x, v;|x1x44
QCKIIII:KI/I Kkapra Belua € pisnosuanicnio kapr Kapro, nie npouec minimis
AHANONTHHO, PO3CIAKATH HOIO HA MPUKIA/] HEAOULIBIO.
MeTon minimizanii 3 BHKOpUCTAHHAM KyOiunuX rpadis
3_§ua\m MiHjMi3auiT norivHuX  (PYHKUIA BHKOHYeThes 3 BUKOPMCTAHHAM
dyrkuii y BUmIsA rpaga ¢opmu kyda. Koskna noriuna (ynxuia F(x;, x,..., x,) posrnsinaen
MH’03l(ﬂtia I}llcy6m, o nanexats rpady K(F), takux, mwo koxkia Bepmnyr'l‘; r];a(l?a K* Bl:(oi::'?: ::'0(
ﬁgzg:ﬁﬂ:l?;aq?a (:(;:ng; r%/g rnl/mo;@ml I1. QﬂCP?KElH'd, 'r__agnM YHHOM, MHOXHBHa [T rla'snéaC'rbc;l
S , @ OKp@.iﬂM noriunoi dyukuii TI(F). Koskiomy BUGPaHOMY HOKPUHTTIO
Aae csost JAH® dynkuii F.
Posrignemo sacrocysanis METOAY Ha ipuknazi 5.7.
Fume =\ (34,5791 112,13) = 51 x2x

!

anii 3piicHIoEThCS

NPpEACTABIEHHSA

Xy VX)X, X3 X4 V XIX, X3X, VXX, XX, Vv
- -

-

L - . -
FpVRNN VX X2 VXX, X Xy VX X XK,

1011
*
o an e 0]
3) %))ll 1001
®
0101 0100 1 1100
1
0(2? @ ® @ (13) (12)
Man.5.27. JiBiitkosuii kyGiumuii rpad K,
dyrxuiy F=Y(3, 4,5,7,9, 11,12, 13)
*101
’ NoGyayemo kyGiunuit tpady nna uiei dysxii
- (auB.mMan.5.26)
Ui Qynkuii  sinnosizac  kvGirumit
. ~ yOluHuii  rpag
13) 1011 l;]—(()(;(;ll 0100, 0101, G111, 1001, 1011, 1100,
(11) )
v VOKPUTTS  MaHOT  (iyHkuii  MoxyTs  Gyru
i (15) ‘ BKJIOYCH CYKYIHOCTI Pi3HHX KyGiB, 10 Hanexars
US) . i!ﬁl;) 1 OXOMIIOIOTE BT BEPILMIIN N-MipHOTO Ky6a, Ac
1100
(12) (10)
(14)
Man.5.26. KySiuuuit rpady $yrxuii
F=v (3.4.5,7,9,11,12,13)
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06 eananis  ckIafaoBux. kybiunoro rpada
CTBOPIOC  MHOMHHY  fokputs  Gyuxuii  F
T(F)=(010*, 110*, 01*1, *011, 0*11, 10*1,
1*¥01, *101).

Mopansme 06" eiHaHHs CKIAIOBUX
KyGiutioro rpada pae 3MOry CTBOPUTH /Ba
kyOiuui rpapm K 1a K2 dynsxuii, o
posrsaacthes (Man.5.27 1a Man.5.28), 3 skux
BH3HAuaeThest MiHiMizoBana QyHkiia F.

0101 0100 1101 1100
) @ a3 a2

Man.5.28. /Isiiikosnii kyGinumii rpad Ky* B okpeMux BuItaaKax Juis OUIHKH CKIaaHocTi
Py F:Y(3~ 4,5,7,9, 11,12, 13)  poriunux Qynxiliii 3aCT0COBYIOTH IOHATTA 111
MOKpUTH, AKa JOPIBHIOE CyMi MiH YCiX kyOis,
CKARIOBUX NOKpUTTs. 1lina r-xy6a, 110 BIANOBIAE MIMTEPMY N 3MIHHKX, BU3HAYACTLCA AK PisHHIA
n-r i BIANOBIAAE KiAbKOCT JliTep y minTepmi. Hanpuknan, uina ipyroro HOKPUTTA AOPIBHIOC TPLOM,
TIEPILOTO ~ HOTHPLOM, TPETHOIO — IHECTH, YETBEPTOro — WECTH i 't i1 Tokpurra, ske Mac HakliMensly
uiny, cranosurs MJIH® yns dyuki.
Meroa minimizasii dyHKHiii 3 BUKOPHCTANNAM CXinYeHnx ypadin THiy CTisKka
3a5pONOHOBaHNI HaMK METO/, MilIMIZaLL OrIUHUX PYHKILA 3 BUKOpUCTAHUAM IpadiB Tuay
cThKKa ¢ HARGUILIL ePEKTHBUMM, OCKIILKH MA€ HACTYIHI [1EPEBArH:

1. He BuMarae 11onapHoro sopisusiiis BCIX MiHTEPMIB, 1110 BXOAATH Y JIOFiUHY (GynKiio (Meroa
Knaiita).

2. 3unkac norpeba y Qopmypanni MITEPMIB JUls TIOPIBHSHHS CYCIAHIX PYR | CTBOpCHHA
MHOMHIM KYOIB, IMILIiKaTH sskux POpMYIOThL MiHiMaiLHi noxpurts (Mertoa Ksaiina i Mak-
Kanacki).

3. He sumarac noGynosn tabnuun (KapT) s CKICIOBAHHS TPYIl MIMTCPMIB 3 METOIO CTBOPEHIIS
MilliMasibuX KyGiB (MeTo/m Kapio, Beitua).

4. OcnoBHa nEpeBara HA3BAHOFO MCTOJlYy — HAOUHICTB, A4 BUKOPHCTalNsA  rpadiunoro
(ananitnaHoro) npexcrasncuua  goriviol  gynkuii  gae  sMory  peanizaunii - anropurmy
miimizawii npu cknapanni nporpam na INEOM i npakmmuna siacyriicrs obMekeub na
KUILKICTL 3MIHHKX y MiliTepMax. CyTh MCTOJLY ONArac B HACTYIIHOMY.

Byab-sika joriuna Qynkuis Moke Oyt tpeacrapaena y surnaai rpada-crixka G={M,X},
HeopicHTOBANOO TPada 3 MHOKUBOIO KIIEBUX BEpiinit M, 110 YOCOOOIOTH KiILKICTL MiHTEPMIB
y dyniti, Ta Muokuny pedep X (KiabKkicth 3MIHHUX, 1m0 creopiotoTs Milrepm). Leh rpady (aus.
man.5.29.) 6yayeThes Tak.

Flio = X2 X3V X X2X, VX1,
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I3 novarkosoi Bepumnm (kopens rpadia) npoBogATs RoONY B Lyru: JTiBa Apyra Bianosigae
3HAYEHHIO 3MIBHOT X; (& j=1,2,...n), a mpaBa — 3HAYEHHIO 3MiHHOT x,. I3 xoxuoi Bepwmnu

NEPLIOro PIBHA 3HOBY MMPOBOAATE ABI AyrH, TOGTO KOMKHa BeplUMHA Aa€ ABi JOYIPHI BEPIIMHN
(rakuit rpad mwe HasHBaoTL GiHAPHUM NEpEBOM).

0 PIBHI G
O

X3 X3 X3 X3 X3 X3 X3 X3

3 3 3 Gs

3

QW hmg A ms  hSmy AMs  SM2 Am hmy
Xy Xy Xy Xy Xy Xy Xy Xy X4 Xq Xyq Xy X4 Xy Xy4 Xy
4 G
4

OO0 @ __.8__8_ _O0 O 8 O 0.8 oJe e

4 R 4 4 4 44 4 4 4 4 4 3
mys” My, M3 my; my; Mgy My Mg My, Mg Ms = m, M3 mz4 ml4 mo4

Man. 5. 29. Tpad-cTikok dyHKUii 3 4oTHPMA 3MIHHUMN

Takum caMum YMHOM, i3 KOXIOT BEPIIMKK i-TOMO PIBHA NPOBOAATH MO ABI Nyru; niBt ayru
BIANOBIAAIOTE 1IPAMOMY 3HAYEHHIO 3MiHHOI. a IpaBi — iHBepTOBaHOMY. KiflbKiCTh TAKMX NPOBEICHD
LOPIBRIOE. KUILKOCTI 3MIHHHX, IO BXOASTH y CTBOPCHHWI MIHTEPM (a OTHKE i KiNbKOCTI piBHIB
rpadya-cTkKa).

3 mMan.5.29 ne BAKKO aniTuTu, 110 KOMHUH WAsX B UbOMY rpadi BiA KiHLEBOT BeplwHnK (y
AaHomy BHfaaKy BiA 4-ro piBHA) 1o kopeHs rpadha (ao 0- piBHs), yocoGmIoe AKUIICH MitTepM, a
CAME, M, = X1X2X3X4, M, = X(X2XaX,,.. M5 = XX, X,

To61o, B 3aranbHOMY BUNA/IKY, KOXCHA JOTi9HA GYHKLLs MOXKE BYTH NpejcTaBReHA rpadom-
CTDKKOM BHITIANY .

. «
G={M,X} (5.11)
ae M={my, mz,... mi}, a X={x,%0,%,,X2,...,%,,%a }.

Jaa 3uificHenna npouecy MiHiMizauii BAKOPUCTaEMO ABi onepallii, xapakTepHi Ans NOriuHuX
(Qynkuili: kBaHTOp CNINGHOTH V Ta KBaHTOp icwysanns 3. Bupas V x F(x ) o3nauae, wo BUChis
AlficHud, ko F(x ) piticHa, npu Beix x €X, | xubuuid Y npoTHNEKHOMY BHNAIKY. Bupaz 3 x

F(x) o3nauae, Bucnis nilicHuii, konu icHye enement x €X, ang akoro F(x) miitcHa i xubna —vy

NPOTUACKHOMY BUNAAKY. Skuio F(x ) y AificHocTi He 3anexuTs BiA x , TO Bupasn ¥V x F(x )Ta
3 x F(x ) o3rauaiors Te came, o dyukuis Fx ). ‘

Posrasnemo upas VxF(x), 1o6To 3ancpeuenns Bupasy ¥ x F(x). Lleil Bupas osnauae
BUCNiB «Vx F(x ) xuOHWEAY, PIBHO3HAYHO BUCAOBY «IiCHYE eNEMeHT x, Ana akoro F(x ) xubHay,
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200 Te came, 11O «ICHYE eNeMeHT x, s Axoro F(x ) AificHa». Tozi supas VX F(x) piBHOCHNbHUA
supasy 3 x F(x ), Tobro:

VxF(x)=3x F(x), (5.12)
abo _
IxF(x) =Vx F(x) (5.13)

Pacyemo  3apnanin pozainenns rpaga G={M, X} ua xomuonenth G={M;, X}, ne
McM; XicX:iel={1.2,...n}; N — 9ucio KOMHOHEHT, Ha AKI posjtingerhes rpad.
Cyivinticers, komnonuerr PIGY nasusaernes poyiineHnam rpada G=!M., X} Tozi. i nnme Toai,
KoM
v G; e PG G=D), i1 €l;
VG, VGeP(G)GieG=MNM=B&(Xin X =@vXinX=X,)].
{JG=G (5.14).

My cnoBamu, cyxynicts komnonent P(G)={G1,Gy,....Ga} ABISETLCH  POBAIIEHHAM
rpada G={M,X} roji, konu Oyab-aka KOMUOUEHTA i3 wiel CykylHOCTI He nycra, Ko s 6yae-
AKUX ABOX KOMITOHGHT (Apyra Takow ABINeThCs posjincsusm rpada () e pinHi Mbi cobolo,
HEPETHI MHOAKHH TX BEPIIHN ¢ 1yCToM, | TepeTii pedep Takoik 1ycruM, abo o6’ canaums pebep
AOPIBHIC NiAMIONHHT pebep, a 06’ cananis BCiX koMionenT aopisiioc rpady G.

13 supasy (5.14) Buano, mo muokHHa pebep Xjj BU3HAYACTBCA NAMHOXHIIOI0 pebep XX,
(WO NONaNK y ciucHns Mix KoMionenramu G; ta G rpaa G. SIxiuo 3a3uauuy fX.J [= K. e K -
KinbkicTs pefep, wo 3" cauytors komnotiertu G ta Gy rpada G, 10

n o
K=LS3K, iz
2 i=l gl

Posainumo rpad-crikox G (man.5.29) Ha Gy, Gy, G3, G4 KOMIIOHCHTH. 3 METOIO BUSBACHHS

MOMKIIMBOCTI MOFAKHAHHS SKOT-HEOY L 3MIHHOT, WO NOJATAC Y BHKOPHCTAHHI 3aNeKHOCTI
Gx vGxi=0,, (5.135),
posiisietns rpada-crikka G POBCACMO BIA KiHLCBUX BEPUIMH 110 Kopenist Ipada.
Jst woTnphox pisHiB Mai.5.29 0acpikMO HACTynHE:
G={My (x;v x-)}, ME{m{;J, m’, ...,”I[j-/il‘
Gty sy X)) Myl my ,/11;-3};
G={M;, (xpv .\.';)}, MgZ{uz{;Z, 111/3,/11;2,11133};
G={My, (v ) M={my' my'y.

Jlist n-0i 3MinnQi (n-10 PiBHA) OAECPKUMO
G, ={M,, (x,v X)), M={m)", m/", ..., m"},

AHAUIIYIONH CUCTCMY PIBHSIHG, (IO OACPIKAHA 3 PO3ALACHHAM rpada-CTihKKa HA KOMIOHEHTH,
MOKHA 3po0HTH BUCHOBOK, 110 nipotcee MitiMizauii ¥ JIH®D 3soantbes 10 11POXOMKEHHS LLIAXY Bill
KIHUEBOT BEPUIMHK UYETBCPTOIO pisHA A0 kopeHs rpada 3 METOl0 NOMMHAHHA 3MIHHMX 1A
BIATOBUANMX PiBLSX.

Postisiemo 3anpononosanuit MeToi Ha npukiasi 5.6. Flobyaosa rpada-cixkka QyHkii

Fymo=V(3,4,5,7,9, 11,12, 13)= % Xzx3xv %1 X3 X3 %av X1 X2 X33V
VX XXXV Xy X3 X4VX) X X3 X4V X X2 X3 XgV XL X7 K3 Xy
spificHena Ha Mast.5.29 (KiHUEBI BEpUIMHU ANS MIHTEPMIB, WO BXOAATH Y (PYHKUIIO HA MAIOHKY
3aTEMHCHI).
Slk Buano 3 Man.5.29, Buacnigok posainy rpada G Ha 4-omy piBHI, Npouec IOCNMHAHHA
11poliJe MK 3MIHHUMH MIHTEPMIB m, —ms™ Ta m/;ﬁ-m,f (nuB. ¢op. 5.15). BHacniiok nornuHanis
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Ha TPeThOMY DiBHI OJICPIKHMO HACTYIIHI MIiHTEpMU my” = X; x; ¥; Ta mg= X X3 %3 [Tpouec
TOTHALI JUIR 3MIHHUX X MIRTEPMIB Mpoiize 11a nepuoMy pisni i Ak pesynbTar OAEPIKUMO —
X2 X3

‘ Ha tpeTsoMy piBHI HOTIMAANHS 3MIHIIMX npoiae y MiHTepMiB mf Ta m_;j (3MiHHA Xy 8 HUX
COUIBHA), TOM IPH NPOXOIDKEHHI IITAXY /10 KOPEHA rpada OAEPIKUMO MIHTCPM X; X5 X,

Ha upyromy PIBHI MOTJIMHAHHS 3MiH£HX npoiije y Mintepmin my’ ta m” (3mini X4 T4 X3 JUIS
HAX CINABHI), AK PE3yABRTAT OACPKUMO — X, X3 Xy

Toni MJAH® mae surnau

FMuHo:xz ;C:VX/ EC;XJ \4 ).C-/.X3 X4

Sk BMAIIO 3 HaBe/eHOro LpHKNaMy, HpoLeC MiHiMi3awii noriuuoi QynKuii He BuMarac
MPOBEACHHSA CKIANHAX NPOLERYP. sIKi HEOBXIAHO BUKOHYBATH y NONEPEAHIX METONAX.

Hamu ug poismsmy'rv? CBPICTUYHIN METON MITIIMI3ALIT, JUIS SIKOPO BIACTHBA BHCOKA TOUHICTL
3aBISAKH nomnimow amnanizy MOXKIMBOCTI BiielsA paay Kpaitna Ta Bukinouenus is nozmm,mon;
POSISIALY A/IKA 3 MIHIMAIBHOIO BATOI0 13 11eAKOT KiNbKOCTI PAAKIB, 110 HOKPUBAIOTL CTOBNYMKH 3
Eﬁ;ﬁ)xoumo MIHIMAJIBHOIO BArolo Ta MeTo/ PoTa, o Aonyckae MiHiMi3yBati (yuKili y qoBinbIiH

3aBaanna ANt CAMOKONTPOJIIO:

1. Bukopucraswu meron Ksaitna i Mak-Knacki, 3nait iniMans
v L4 T) 124 1 Ktacki, suaiitu miltimansny gopmy 3amucy Qynkuii
2. Cxaacnit jorisnty Gyusidio YOmphox aMilHMX | MitiMizyBati ix, BUKOpHCTABLIM Kapmu
Kapho Ta Beiiva:
a) F=1 na nabopax 3,6,7,11,14,15; F=0 ~ Ha Bcix ocraimix;
6) F=1 na nadopax 0,2,4,5.8,10,12;13, F=0 — 1a Bcix ocramuix.
3. Miuimizysartd 3 JOMOMOrow0 BHKOpUCTAHHS KYGiunux rpadis dyHkuio F=V(1 .2,3.5,7).

4. s Qynkuiit Fy, Fp, F;, 10 3a1a10Thes TaGIMLEIO, 3anHcaTy supasu y surisai YJIH® ta
YKH®

0 0 0 0 1 1 1 1
0 0 1 1 0 0 1 1
0 1 0 1 0 1 0 1
I 1 0 1 1 0 1 0
0 0 0 1 1 1 1 1
1 [ o 0 1 1 0 0 1

5. BukopucTasuin rpad-cTixok, Minimisysaru dytikuio F=V(0,1,3,5,7,9,11,13).
6. 3naiitu Minimansui JIH® juis hyskuiit, o 3agami y n.4.
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I'naBa mocra

6. AHaJti3 Ta cMHTe3 eJIEKTPOHHMX HU(POBUX ABTOMATIB

§ 6.1. ®opmMu ABTOMATHOIrO ONHUCY CHCTEM
(10, 11, 12, 17, 18, 20, 25|

Martemarauiuit anapat anreGpn JIOrIKH 3aCTOCOBYIOT 10 KOMGIHALIHAKX CHCTEM. B HKMX
By THi enementu nam'sri. ToMy Juist anantizy LHPoBHX aBTOMATIB. sKi MICTSIT JIOTTHHT €NEMENTH

T CHCMEHTI TIAM'SITE (TPUrepH), CHCIHANICTY HEUMOCTATHBO 3HATH Jinile OCHOBN anrebpu Jloriku,

FoMy HEOBXEANO TOCKOHANEHO BUBSHTH OCHOBH TOPiT UMDPOBUX aBTOMATIB.

[ludponnii_asromar_ — 11¢ KHac (PynKuiolajibHuX CHCTEM, KW npusiiaucuil Juis
riepeTBOpE s ckpeTiol indopmallii, pn nepexoai i3 ojuoro crany B inmui, 111 BINIMBOM
BXIAHMX CHCIATIB TA 36EPeXKEllls CTally 1pH BIACYTHOCTI ocTaHHiX. Enekrponimmu nudpoBUMH
ABTOMATAMM ¢ OJIOKH, BY3JIM, CICMENTH OGUUCHIOBANLHOL TEXIKH, 3aC00K CHCTEM KCpyBarils,
FOM, soKaiibii SJICKIPOHHI CHCTEMH, BEANKI (ITTCrpailbii CXCMK Ta iy, Y 3araisiloMmy BHIIAAKY
MATCMATHHIOIO MOS0 LMBPOBOTO & sToMara ¢ ckindenit apromar (CA).

CA= M\, M,, My, @, F}, (6.1.),
1€ Ma, M, M, - MUOIKMHI BXINX, BUXIAINX 1 BUYTPIIIIX crainis; ¢ — dbyinxtiis 1CPEXOJTB,
F — Qyukiis BAXOMIB.

I3 susucnioig CA BREOPHCTOBYIOTE aDCTPAKTILY TA CIPYKTYPILY TCOPIK) aBTOMATIB.

ADCTPAICTHHIL ABTOMAT — 11¢ CKIHUEIHI aBToMar, cieMenTH akoro X, 7. A € cumpoamu
BXLUIMX. BUXUUIMX Ta BHYTPImHIX 3Mimux susnauenoi posmipnocti. 13 abcrpakmiiii veopii
ABTOMATIE  BUBYAIOTL HAHOUILLL 3araiibii 3aKOHM iX [OBC/INKK O3 BPAXYBAHHS  CKiHMCHOI
CTPYKTYpH abToMata 1a-disHuIiot npupoau ingopmarii.

[HOPMAILIO, 1O XAPAKTEPHIYE ABTOMAT, HPEACTABISIOT: aidaBiTiinM criocofoM, a came:

X={x/, X2 X5 .., Xa} — BXinunit andapir;

=4z = ., 2z} — BUXinHMIT andasiT;

A={ay as as .., ap} — A1ABIT BHYIPILIIX CTAHIB.

Oyiikltia tepexonis ¢ peanisye sioopanein AxX->A, QyHkuin Buxois F —Bsilobpaxac
AxX>Z 1a A7

[3 BpaxyBaitsam 3Ha4eHb (pyHKUIT BAXOAIB aBTOMATH JUASTL 1A ABA THITH,
Apromar Mijti - 11¢ ckitiienyii aBromar, pofoTa skoro onucyCThes PIBHANISMK!
A= {A-1), X(n-1)},
Z(n-1)= F{A(n-1), X(n-1)}, e n — TaKT B vaci t. (6.2)
ABTOMaT Mypa — 1€ CKiluenmii aBToMar, poGoTa sIKOro ONMCYETHCA PIBHANHAMN:
A(n=p{A(n-1), X(n-1}},
Z(n-1)=F{A(n-1}}. ' (6.3)

KomGinamiifimii aRToMaT — Ne CKillueHnit apromar, 1o onucyetbes pistsinmam Fea= {X, Z,
I}, B $XOMy BUXIAIHH BEKTOp Z 3QICKHTE JIILE Bij BXIAIONO BEKTOpa X. Taki apToMarn

HAZUBAIOT, aBTOMaTaMu 6e3 nam'sTi abo Ges 3poporinx  38's3kie. JIo nux nanexarsh pisni
KOMBinauifiti pyHKiionaibii By3in: wudpatopn Ta Aemndparopu, CyMaTOPK Ta HANiBCYMATOpH,
MYSIBTHIBICKCOPH Ta JeMyJbTHIIeKcopu Ta i, Ociiosni Gopmu mpencrasieiins Jgoritimx
(YKL, 10 OMHEYI0TE poBoTy KoMOIHALIHAIIMX aBTOMATIB, BUKIaeNi B § 5.5.

Takum unHOM, KOMOiHALIHNI aBTOMAT € LNPPOoBa cxema, PYHKLIONYBaIlis SKOT MOMKE OYTH
OMUCAIO CHETEMOIO  nepeMuKanbiX  Qynkuill. Lle MOXKIMBO TOAI, KO/ cXemMa Mac oaun
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HE3MIHHMIT BHYTPILUNIF CTAH, @ BUXiHI CUIHATM CXEMH NOBHICTIO BH3HRYAIOTHCA CYKYIHICTIO
BXIQHWX CUTHANIB y JAHHI MOMEHT Yacy | He 3aeKHTb BiJl CUrHANiB, WO HAAiiWK B nonepesHii
MOMeHT yacy. KomBinauiini aBToMaTH HA3HBAIOTH IE NPUMITHBHHMHY.

HocninosuicHuii ABTOMAT — ue CKIHYEHNH ABTOMAT, alropuTt™ (YHKUIOHYBAHHA SKOIO
OLMCYETLCA PIBHSIHHAMH BUMIAAY (6.2) abo (6.3). Taki aBToMaTH Ha3MBAIOTH LIE ABTOMATAMH 3
nam'atrio. Jo Hux Hanexarh pisni QYRKUWOHANBHI BY3NH: PericTpi, NiMHILHUKHM, ONEPATHBHO-
3anam'aToBYIOHi IPUCTPOI, FEHEPATOPK YUCEN Ta IHLUL.

Ochosni opMu TpEACTaBiEHHA NOMMHAX (YHKUIH, WO OMMCYIOTh PoBOTY asTOMATIB,
SABAROTHCA: ananitiina (6.2) Ta (6.3), Talnuuna — Tabnuus Nepexonis T2 BUXOAIB, rpad apToMaTa,
MiKpomnporpama.

Ipad asromara — ue, sk npaeuno, opicHrosaunii rpad, B AKOMY MHOMMHI BepLiny
BIANOBIAAEC. MHOXMHA BHYTPIWHIX CraHiB, a MuOXuUHI pebep (Ayr) — MHOKUHA MOXKITHBMX
HEPEXO/UB i3 ONHOrO CTAaHY B iHIWIMI (uB. Man.s.5).

Tabdauus nepexodiB (CXeMu CTaHiB) — Le MaTPHLS, KOKHOMY BHYTPILLIHBOMY CTaHy KO}
BIABOAMTECS OAMH PAIOK, & KOMKHOMY BXiltiomy HaGopy (cTamy) — oauH CToBMuMK. EneMent aj
MATpULI € BHYTPIlLHifi CTaH, B KM NEPEXOAMTL aBTOMAT CTaHy @ [IpH BXIAHOMY BekTopi X;.
[Tprian rabanui nepexoais nokasanui y § 5.1 (aue. Tabn. 5.1).

Tabuuus BUXOAIB — ue MaTpWus, aHanoriuHa Tabnuli Nepexoais, eneMent Zj SKoi €
BUXIAHKK cTaH  (Hyns ab0 OAMHMUS) MPU NMEPexoil i3 BHYTPIlUIHLOMO CTAHY & NiJ BIUIMBOM
sxianoro sextopa X;. puknagom taGnuui Buxosis ¢ Tabn. 52y § 5.1.

CyMiuiena 1a6auusl  1€pexoaiB Ta BUXORIB — e MATPULIA, TAKOK aHanoriuHa taénuig
NEPexoMis. EnemeHT a; MATPULI € BHYTPIlUHIA CTaH, B KM NepexoadTh aBTOMAT CTaHy & f1il
BILIMBOM BXiIHOrO BeKTOpa X; 13 BU3HAUCHHAM CTaHy BUXoAy (Hyns abo OMHHUIIA).

§ 6.2. Anaui3 Ta cuHTe3 KOMOIHAUIAHHUX ABTOMATIB
3 OAHHUM BHXOJOM
[10, 11, 16, 17, 18, 23, 25]

Y npouiect NPoeKTyBaHN Gyab-AKOTO YETATKYBAHHR AOBOAMTLCA BUKOHYBATH pan N, AKi
MOXKYTh OyTu BilHECEHI 10 3aBNaHb aHaili3y Ta cuHTe3y. [1pyu ananisi aTomara nepeabauacThes,
WO BiH 331a€Thes Y BHMIAAIL 3aKIHUEHOT CTPYKTYpU Ha JOridnuX enemenTax. Y npoleci ananisy
OLIHIOIOTBCS  AEsIKD XAPAKTEPUCTHKN  HasiBHOI CTPYKTYpH asTomata. Hanpuiiag, MoXkHa ckacTy
noriyHuii  BUPA3, AKMHA BH3HAYAC MepeTBOpeHHs iHdopmanii B aBTomati, OLHMTHM  anapathi
3aTPATH HA Pealizauiio CTPYKTYPH, WBHAKOAII0, CIOKHBAHY MOTYKHICTb, PO3ISHYTH CTBOPEHHS
Y CTPYKTYPI IMITYJILCHHX 3aBaJl, 3ATPUMOK Ta iHILI XapaKTEPUCTHKH.

s ripuknany po3rnsaHemMo AETANBHO OJHY 3a[a4y aHanidy aBTOMATIB: OUIHMMO MONJIMBOCT
ARUILLIOTO CHPOMIEHHs CXEMHU aBTOMATA, TMOKA3AHOTO Ha Mall. 6.1, KM} ONUCYETBCA PIBHAHHAM:!

Z=x/(%, vX,x, vXx,x,) (6.4)

3a3HAUMMO CKJIANO0BI piBHﬂHHﬂ HacTYyNHUM YAHOM:

Xy Xy =A5XX =y XX, VXX, =X, VXX, VXX, =da,
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X) X2 X3 Xy DDI

& a DD4

ay DD6

C &
>~
N

—

May. 6.1 CtpykrypHa cxema uudposoro
aBTOMATA 34 PIBHAHHAM (6.4)

Hicnst cnpoueHHs Bupazsy (6.4) 0A¢pRUMO:

Z =X (X2 VX0, VXX, = XV X, (XX, VX2 VX)) =XV XXX, VY, X VX, X =
=X VXXX, VXX, =XV X (XX, vXa).
OCKINLKH X3X, Vv Xa = XX, V(v = X0, VX VX, Xe = X, V X2, OCTATOUHO

Z =X v, (v = v, a, v, v, Cpotena CrpyKTypHa CXeMa Ha THX CAMKUX chemenrax (B

TOMY K Ba3uci) nokazaHa Ha Ma.0.2.

Mio%r X3oNy DDI

Mai: 6.2. Cripowena crpykrypHa cxema apromara

CnpotcHa ¢XeMa MICTHTh MCHIY KUILKICTS JOFIUHUX €ACMCHTIB T4 MCHIIC CyMapHE 4UCio
BXO/UB ILUX CIEMCHTIB.

[Ipy cunresi apromarie nepeadauaeTses no6ya0Ba iX CTPYKTYPHOT CXEMH, TOOTO BU3HAYEHHA
CKNIAAY NOFIYHMX ENEMENTIB Ta CRIONYUEHb MK HHMH, NP KHX 3a6e3redyeThCs NEpeTBOPEHHA
BXIAHMX LU()POBUX CHTHANIB Yy BUXIAHI 3riAno 3 TEXHIYHUM 3aBAAHHSAM Ha po3pobky. Y npoueci
CHHTE3Y aBTOMATA, Yy NEpuly HEPry CTaBAATh NUTAHHS NPO HEOOXIAHICTL MiHIMI3auii anapariux
BHUTPAT Ha aBTOMaT.

Po3inaHemMo crouarky 3aBJaHHs CHHTE3y —aBToMara 3 OAHMM BHX0AOM. [TocninoBHicTb
CHHTE3Y JAOUILHO po30MTH Ha psilL eTanis.
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1. 3anucyBanns ymoB QyHKUiOHYBaHHA aBToMara. SIk BKE 3a3Hauanoch padiule, Ui yMOBH
MOKYTb OYyTH 3aaHi Ha CIOBAX, MPH A0TIOMO31 TabnMupk ICTHHHOCTI a60 NOriYHUMK BUpa3aMHU.

: 2. CxknafianHa CTPYKTYPHOI CXeMM, TOBTO 300padkenHs nepemukansHoi Qyukaii y surasa
KOMOIHALIAHOT CXEMU HA JIOriYHHX enemMeHTax 3afaHoro 6asucy.

3. BanucyBanxs Ta MiHiMi3awis noriuHoro Bupasy. Sk npaBuno, poOUTLCS  HA OCHOBI
Tadami, ictnuHocTi. SIkmo ymoBn Ha etami 1 3amadi y BMrAsjl Chis, TO 3 BpaxyBaHHAM iX
cxnasaerbea Tabnuus iCTHHHOCTI. SIKILO noridHHA BUpa3 MPUCYTHiH Ha eTani 1, TO BUKOHYETLCA
floro MiHiMizauwis. Y mpoueci MiniMizalii BHKOPHCTOBYETbCA TMEPETBOPEHHS 3a JIONOMOFOI0
cripBioweHL aarebpu Jioriky, a Takok aareGpaiyni Ta rpadiuni MeToan.

4. 3anucyBaHHs MIiHIMi30BaHOT CTPYKTYpHOi (dopmynu y 3azaHomy Oasuci. Ockisibki
peasizailis aBTOMATIB Ha IHTErpalbHUX cXeMmax mnepeadauac WHPOKE BUKOPUCTAHHS eneMeHTIB I-
HE, ABO-HE, I-ABO-HE (auB. § 5.4), T0 wacto BuHUkae noTpefa BIANOBIAHHX MEPETBOPEHD
CTPYKTYPHUX (POPMYJ i3 BpaXyBaHHAM €1E€MEHTHOI 0a3u, Aka 3aa€Thes.

5. Cxpaganus CTPYKTYpHOT CXeMH, TOOTO 300paenHs HEOOX1IHUX JIOFIYHUX €JEMEHTIB Ta
CnoJyueHb MIK HUMU.

[Toka)keMO erany CHNTE3y aBTOMATIB Ha npuknal 6.1,

Hpuknad 6.1.

CUHTe3VRATH YOTHPHBXOJIOBUIT aToMaT Ha eneMenTax 1-HE, Buxinxnil curnan sxoro, npu
BHCOKUMY JIOUHHOMY PIBHL BMHKAE CIEKTPHUHUE ABHrYH. LleH airopuim sagannil na cnosax.
Homy sianorinae Tabnuus ictunnocti (Tabn.6.1).

Ta6ausa 6.1. Tabnuus icTHHHOCTI ABTOMATA

Homepn Xr X X3 Xy F(l)

nabopin
0 0 0 0 0 I
1 0 0 0 1 1
2 0 0 1 0 |
3 0 0 1 1 1
4 0 | 0 0 0
5 0 t 0 1 0
6 0 1 )i 0 1
7 0 | 1 I 0
8 ) 0 0 0 0
9 1 0 0 ) 1
10 1 0 1 0 1
11 1 0 1 ) i
12 1 1 0 0 0
13 1 ) ) 1 I
14 1 [ { « 0 [
15 1 1 ) 1 1

Bucokomy ~ piBHEBI -Ha BMXOAI aBTOMAaTa BiAMOBiAAE noriyHa ouuHuus, Tobro FF(1)=1.
3ACHAMO MOCTANHUI CHHTE3 ABTOMATA.
1.Buxopucrosytoun tabanui icTMHHOCTI apromarta, cknalemo YH® i3 tux Habopis na
BXO/Ii, TIPK AKMX aBTOMAT Ha BUXOMI Mac BUCOKHIt piseHsb, ToOTO s wabopis 0, 1,2, 3, 6,9, 10, 11,
13, 14 Ta 15. )
F(I)=x1x2X302 VX1 X2 X300 V X1 X2X,04 V XIX2X5X; V X1X, X3 X4 VX X2 X3, V
VX XXy X4 VX X2X3X, VX X, X3X, VX XX, X4 VX XXX,
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Buxopucraemo Teopemy e Moprana juis nepexony gpynkuii F(1) y 3agannii 6asuc.

X1X2X3Xq X X2X3X, - X1X2X3X4 - X1 X2X,X, - X1X, X, X4 - X X2X3X, +

F()=

X XXy X4 X X2X X, XXy X3 Ky X Xy Xy X X)X, XX,

2. Cknajnemo CTpYKTypHy cXeMy aBTomara 1o MiniMiszauii. s cxema neoGxinna s ananisy
poboTi aBTOMaTa, a TaKOX JUIl OWIHKH EKOHOMIYHMX NOKAa3HHUKIB — CHHTE3y METOAOM
CMIBCTABNCHHS KiNBKOCTI JIONYHHUX €JIEMEHTIB O MiHIMI3aLiT 3 iIX KiJbKICTIO 1icns MiHiMizauii,

OckinbKE aBTOMAaT peaiisyerecs Ha enementax {-HE, o Bukopucraemo inrerpanbHi cxemu
cepil K555, juis sikux ueit enement € GazopuM. BukoprcroByioud ymosue rpadiune sobpakeiis

uTerpansiux cxem cepit K555, cknagaemo cxemy apromara (aue. Man.0.3). Cxema cknaaeHa 3

HACTYIIHUX irrerpanbHux cxem (1C): DDI — KS555IHT, DD2-DD7 — KSS5JIAL, DDS8 — JIS55J1A2.
Hu@pn na Bxosax 1 BuxoAax [C 03Ha4a10Ts HOMEPY iX IIDKOK.
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Maji.6.3. CTpykTypHa cxema aBTOMATa A0 MiHimi3auii
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3. Minimizyemo dynkuiro F(1), 10 3MEHIIUTB KifbKiCTh NOMiUHUX eneMeHTiB, AKi HeOOXiaHi
ana nobynosu astomara: [na MiHiMisauii sukopuctoByemo Tabnnusuii Metoa kapT Kapho Ta

rpadiyHuit MeTon rpada-criskka.
3.1. Tabnuunnii Metox kapt Kapuo.

Ana ckaanaHs xapT KapHo Bukopucraemo pai Tabn. 6.1. Kapra Kapuo ana dyukuii F(1)

NnoKa3aHa Ha Man

.64

F(1)=x1x2X300 V X1 X2X3X, V X1 X2X, X4 V X1X2X,X, V X1X, X, X4V X X2 X3, V

VXXX X4 VX X2XX, VX X X3X, VX X, X X4V X X, XX,

X1X2

X3X4

00

01

11

10

00

1)@

01

@

11

N

© © ©

10

Ll @)

S

Man. 6.4. Kapra Kapho ana dynxuii F(1)

ITicna ckneoBaHHA KOMIPOK CYCIHIX KOMIIOHEHTIB OAEPKUMO:
o2 = X1X2X3X4 V X1 X2X, X4 = X1 X2Xa.

Sy = XXX, V XXX X, = XXX,

To13 = X X2X3X, V XX, X1X, = X, X3X,.

15 = X X2X3X, V XXX, X, = XXX,

Tlorg = X X2X, X4 V XX, X, X4 = XX, Xa.

Toaiz = X1X2X4 V X1X2X, = X1X2.

Tyiaisin = X X3X, V XXX, = XX,

TpoMiskri QYHKWIT 1o, Torsens Toyyysy; ONEPHAHI B PE3YNLTATI CKiEIOBAHHA MiHTEpMiB (0 3

2),(133),....(9313)-(11315).

BpaxysaBumu Te, WO WOCTHH MIHTEPM HE CKACIOETHCA OCTAaTOMHO, MiHiMi3oBaHa dyHkLs

3anuumeThCA TakK:

FoinM = LoV forsius V i VI = X1 X2 VXX,V X Xy X4 VXI1Xy X3 X4,

3.2. T'pachiunnii METON 3 BAKOPHCTAHHAM rpada-cTixka.
I'pad-criskox ana dynkuii F(1) nasenenwit na man. 6.5.
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0 - piBenn
1 - piBenn
2 ~ piBeHn
3 - piBenn

Mas. 6.5. Ppad-crikox ans dynkuii F(1)

Sk noxazao B § 5.6, Bepwmuy rpada yocoGumoKTs 3MiHKI i pH TIPOXOKEHHI LUIAXY Bijt
KIHUEBUX BEPLIMH HYETBEPTOIO piBHA (BOHK 3aTeMHeHi) 10 Kopeus rpad)a ONEPKAMO YAHD F().
MiHTEPMM, Ki CKIEIOIOTHCA, BIATI B IPAMOKYTHHKA | 3°€RHAHI JUHIAMY 13 CTPINKAMH.

BHKOPUCTABLIN 3ANEKHICTL 5.9 Ta POIMNMBLIK rPad-CTIKOK HA KOMAOHEHTH, NOUMHAIONM 3
HETBEPTOrO PiBHA, METONOM CiBCTABNEHHA BEPIUIMH (3MIHHUX) {HWHX piBHiB, 0ASPKUMO YHKUL:

Son = X1 X2— Pe3yabTaT cniBcTaBNeHNsA Bepunn 0, 1,2, 3.
Sorsis = XX, — cnisctasnenns sepumn 9, 11,13, 15.

Sow = xlxj;ﬁcnisﬂaanenux BepwuH 10, 14,
BpaxysaBwi# Te, 10 WOCTa KiNLERA BEPIUHA 3 IHUIAM BEPUIMBAMU HE NOUINMHAETHCR,
OEPKMMO AHANOTIUHY, AK Y NEPUIOMY BUNAAKY, dynxuito BurAAYy:
F (D)= Xx3 v XX, v X%, X4 VX 1X,X, Xa.

4. Tepeiiwoswy no Gasncy I-HE, OCTaTOLlHo OePKUMO;

F. ()= Xix XX, X)X, X4 XXX, X

min

5. CTpykTypHa cxema MiHiMisosaunoi gynkuii F(1) nokasana Ha man. 6.6. Jlns cknafaHHa
BUKOpUCTaHi HacTyni IC:

DDI1-K55571H1, DD2-K555J1A3, DD3-K555J1A4, DD4-K555J1A1.
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X1 X2 X TJ
DDLI
DD2.1
1 2
R !
2
DD12
DD2.2
3 l 4 N
L 1
. DD4.2
DD3.1
) 0.
2 KSL 12
PDT.3 s
5 o
!
DD4I
1 & .
5

Mai. 6.6. Hpunmnosa cxema s MiniMisoBanoi
Gynknii F(1)

§ 6.3.Bnns 3aTPHMOK B caemenTax TA CHIONYHENnsIX A poboTy unppoBux
ABTOMATIB

[10, 14,16, 17, 18, 23,25 |

B&DKJIHBH!YM.IIOKtl’EHI/IKilMH VIt aBTOMATIB € OliMKA BILMBY 3ATPUMOK B €ACMCITAX Ta
CHOUMY'ICHILIX. Taxi satpuMicn 0GMEKYIOTH WBHAKOAIIO CXCMH | MOIKYTSH Gyru IPUHHIIOIO THOSBH 11a
BHXOMI aBTOMAT& KOPOTKOHACIMX CIOTBOPEHUX CHPIANIB, AKI HAIMBAIOTL pH3MKaMB 36008,
Pos3pisnsnors cravuini Ta naMidii puskke 360is. ‘

Cratuini I?Il'lllICII 30018 BMITMKAIOTE, KOJIW CTan BUXOJLY 14 JIOFIUHIN cXeMi 1oBRIEH
SANUHATHCR NCIMIIHM, e 1PoXouth Horo koporkouacna ssmita (ams. man. 6.7 1a 6.8).
Koporkouacna smiga crany .Buxony tuny 1-0—! Hasusacrtnes cratvuumm |- -PHBHKOM ;(mo a
KOPOTKOUACHA 3MITlA Craity BHxoay THiy 0—1-0 - crarnunum 0-piesnkom 36010.

'_\’I"‘A—TT T=X VX NN

| J
:

A\ 2=

| .

!
a) T 5)
Mas. 6.7. Crarnuunii 1 — pusuxk 36010
Ha enementi ABO ~— a; na enementi I-HE —
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X

—n & I= XX, * 5 ” 1 Z=X, VX,
‘s >
X —_p

X1 | |\ t

Y -~

7 ] —

S48 N S S IS

7 N Z S
a) 6)

Man. 6.8. Cratuanmii 0 — pusnk 36010
Ha enementi | — a; Ha enementi ABO-HE - 6

MONCIHBICTE MOABH y CHHTE3( JIOTi9IHX CXEM HECTIPaBIKIiX nepexoain Turty ]—_()"—l abo 0-1-
0 modke GyTH BusBIeHa Na erani Mikimisauil norianoi yHkuii. Jlnd peanizauii wef |lp(;u;11yp6n
N T o a )

nokakemo pusukn 36010 ana Qyrkuii ABO, I-HE, Ira ABO-HE Ha neorpadax (aus. man. 0.9 a,

B.T).

B) 1 0

Man. 6.9. Heorpadu QyHkuii:
ABO —a; I-HE — 6; I — 8; ABO-HE -1
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Metoamka noGyaosu Heorpais noriunux GyHKuii BucsiTacHa y § 5.5.

I3 amanizy neorpadis  wna noriunux Qynkuifi (ame. man. 6.7 ta 6.8 ) BHIHO, LLUO MosABa
HECNPaBKHIX nepexomis wi QyHkuii ABO 3yMOBRIOETBCS MEPEXOAOM BXigHOrO CHIHAIlY X7 BiJl
BHCOKOFO PiBHS 110 HH3BKOTO TA CHLHANY X2~ Bi/l HU3LKOIO PIBHA JI0 BUCOKOTO, JUIS Qynkuii [-HE
HABIaKH, WO MPH3BOAMTH 10 MOABM HA BUXOAAX CXEM CTATHHHOTO 1-pu3uky 36010. Jlna noriunoi
cxemu | cTatnatnii 0-pusuk 36010 BUHUKAE NPH NEPEXOAI BXIJHOTO CHIHANy x; Bifl HU3BKOTO
piBHA 10 BUCOKOrO Ta — X» BiJ BUCOKOFO piBHst 10 Hu3bkoro, s ¢yHkuii' ABO-HE uaBnaky.
TTepexoau BXinnMX cHrHasis Ha pisui piBHi HA MAMOHKAX Mokaszani cTpinkamu. Sk 3ano6irTu nossi
pH3UKIB 30010 NOKA32HO HA NPMKNAIAX,

[Tpuxiad 6.2.

Dyukuia Z = f(x,,x,,x,) 3ananda Tabnuueto icTHHHOCTI  (Tabn. 6.2). CunrezyBatu cxemy,
mo peanisye GyHkitio Z .

Po3é’asox.

Jna minimizanii gymkuil Bukopuctaemo meton rpada-crixkka. I'pad ans Qynkuii Z
noKazaHmnii Ha Mat. 6.10.
Tabunus 6.2

Ne za/n X7 X2 X3 zZ
1 0 0 1 1
2 0 ] 1 1
3 1 ] 1 1
4 1 1 0 1

Man. 6.10. I'pad-crixok dynkuii Z

[icns npoBenenHs NPoUe/ypH MiHiMI3aLi oepKHMO:

Z in = XX, VXIX,, abo
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(6.5)
Z=x T Bupm x%

Zin = (1 v X2} {3, v X3).

X = = ™
I3 ananisy Bupasy  (6.5) BHAHO, WO KOAM X; =X, 0, To o
. - .
BISETHCA YMOBOIO MOABH Y CXEMi 0-pi3mky 300i0, WO MATBEPLKYETHCA  HaC B( 0 M 1p1) o0
ﬂon‘n)(\aan 6.8.a). weorpacom - (Man. 6.9,8) Ta CHHTEZ0BAHOKO NOTTHHOK cxemolo (mai. 6.11),
p man. 6.8.a). ue
peanizye Pynxuuo (6.5).
o6 cunTesyBaTH 1y CXCMY.
: e00X1HO fTpH MiHIMi3alii
pH3uKy 36050, H .
pepitnH (3, 7) 110 Kopena rpada, AK 1€ TTOKa3aHo Ha MaJL. 6.10 i oyl Zos, TOGTO:
Y pesy/bTaTi fOABATECA JOMATKOBH MHOMKHHK Y PAHILIE ONCPK '

bb1

H Lo T 0-
foriuny cxemy, aka 6 rapauTysana BIACYTHICTb Y HIH CTATHHHOIO
ymruii Z 30iHCHATH NPOXODKEHHA NLIAXY BLA KIHUCBHX

DD4

Man. 6.11. CrpykrypHa cxema QyHKLIT Zain

Z = XX, VXX VXX,
7 =(x V) (5 v x) (5 vV x,) 3
i -PM: 36010. JliicHo,
Lle He npuBEE 10 3MIHH 3HAHCHHSA (YHKILLT, a1¢ rapaHTye BiZl NOABM 0-pusHka Ji
npu }T:Z:O ONEPIKIMO o _
2= (3 v (VxS (x, V) = X 0=0.

fIpuknao 6.3.

Dynkuis Z = f(x,,x,,x,) 3anaHa rabauueio

AKA peanizye
Po3g’as

I3 nonepennsoro npukiagy Bigomo. Z

3HaUCHHA X, = X, =1, opepxkumo Z =x, vx,. Leit

dyukuio Z.
0K,

ictunmocti (taGn. 6.2.). Cripoextyratu cxemy,

=x,x, vxix, TlincraBumm y ue pisusuus

min

BUPA3 ABRAETHCH YMOBOIO 1T0ABH CTATUYHOCO |-

pusnky 36010. Man. 6.13 a, 6 imocTpyiots 3Haiigennii Y cutnTesosauiit cxemi cratuunmii 1-pnsnk
36oto. Jlna Horo niksinauii neoBxinno nposect Minimizauiio (bynkuii Z, sk nokasano Ha man.
6.10. Y pesynvTari onepkumo:

Z=xx, vV Xx, Vx,x,

Man.6.13. laoctpauis cratianoro 1-pusnky
36010 Ans GyuKUii L

(6.6)
DD4 —1 et
1 Z Xt t
DDI= X; I t
DD2 t
6 i i
) o3 ¢
— ) >
2z~ s

Jloriuna cxema, wo peanisye piBHAHHS (6.6), Ta uacopa miarpama ii po6oTH nokasaHa na
Man.6.14, a, 6. Awnanis poGOTH 3aHOBO CHHTE30BaHOI CXEMH Ta BHpasy (6.6) niareepkyloTs
nixsinanio 1-pusnky 36or0. Mdiiicko, npu x, = x, =1 oxepxnmMo

stlxzvmx_‘vxzxj =x vxivi=l,

WO CBIAUMTH PO BIACYTHICTE 1-pusnky 360i0.

: o , . o DD2
TakiM quHOM, HaBeneHa Ha Man. 6.12. a CHHTE30BAHA NOTIMHA cxema i vacosa jarpaMa ii % n = T
poBoTi (Man.6.12..6) intocTpye BiacyTHICTs 0-pusnKy 36010. X Xi ;
p DD1 -
oo X3yl ) DDS bDS DDI= ¥, ' t
) 2 Xi ! ¢ & —>1 |
& ; > DD2 I ¢
X3 >
t Lan DD4
DD2=xi., —> F&—' DD3 | t
DDt 1 2) L] DD4 t
o 6) —
Man. 6.14. CrpykrypHa cxema, wo nikBiaye
DD4 DD3 I t cTatuyHuit 1-pusnk 36ow0 z k]
{ 1
" s DD4 !
t
Man. 6.12. CTpyKTypHa cxema, o z —

nikpigosye cTatunui 0-pusnk 360i0
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HEN
Juuamiuni pusnku 360iB BUHMKAIOTE Y THX BHIAJKAX, KOJIHM CTaH BUXOLY cpfer:“r;oinﬂpllum
SMIHEOBATHCH HA IIPOTHACHCHNIL, OIHAYE 3aMICTh 0@HOKpa¥;iox*z)lrlgpf>2)0ﬂy 3 OILHT S)P‘%am crryanii
i 0-1-0-1 3amicts 0-1); (1-0-1-0 3amicte 1-0). A
[IpoxoaATs Garatokparhi nepexond ( 2 cmyaut
MI(D»KyTb 3ABMTHCSH Y. CXEMaX, AC ONMH AKMHA-HCOYAb CUTHam MPOXOAUTL NO TPeOX I 6
13HI i
LIXax | KOKHH WIAX MA€E PisHi 3aTpumMkH Yacy. JIokakeMo ue Ha npukna

Tpuxnao 6.4. ' '
ngel;ipmn y ¢XeMi, 110 300paKeHa Ha Mal. 6.15, HassBHICTbL JUMHAMIMHOIO PU3UKY.

DD1

. X2
>
X3

Ma. 6.15. CTpyxTypHa cxema dyHkuii Z

Po36’s30K. o . ‘ o -
OCKiNbKH CUrHAM X3 MOMAETLCA HA TPH Pi3HI BXOAN JIOTIHHUX CXEM, TO y CXEMI MOXKII

i i i . 0 x/=0
AnHamiusni pusuk. Tlposenemo ananis poGOTH CXEMI TIPH PISHHX BXIIHNX g{;n|an§xmflkgl ) X1~
(neputi yotupy xomGinawi curHanis y tabn. 6.3), To Ha BHXOAI ‘cNieMenTa D : Blg;u ”ﬁa,\pﬂi.,mm
oguauui, Ha Buxodi DD2 curnan JopiBHIOE HYMO 1, AK H&CJ'[IIXOqK, Ha anom6 Aﬂ”HaMquom
: e moe OyTH
=1. To na Buxomax DDI Ta DDJ5 ne

wsnk Oyth He mMoxke. Sxwo xz=1, N 0 KON

I;wsvmy TakiM 4MHOM, NEpesipka Ha wWwecTH Habopax, KO X 0 abo x;=1, nokazana,

JMHAMiuHKE pH3NK 36010 BLACYTHIH.

Tabnuus 2.3 Tabauua icTHHHOCT] A8 cxemn Man.6.15
a6 .

Ne X; X2 X3 3mina x; JuuamidHuli pu3HK HASBHUI
331/" 0 0 0 01 HI
2 0 0 1 120 Hi
3 0 1 0 021 H
4 0 1 1 190 il HI o
5 | 0 0 01 Tak, K0u by DD1> tyyr
6 I 0 I 190 H
7 ] 1 0| 0>1 Hi
% 8 1 1 11 190 | ‘ HI
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Man. 6.16. inoctpanist BUIMBY ABHAMIYTONO
PUSKKY Y CXCeMI vall. 6.13

Atz pofoTH CXeMH 3a yMOBH X,=1, X2=0 i npu smini CHIHALY X3 BLL HYJS 10 OAKIHLULI
CIOHYKAE IO MOMUIMBOTO IMHAMIYHOIO PU3KKY 36010 Ha etementi DDS (man. 6.15). Lle moxkineo,
KOJIM Hac SarpuMKn (L) Ha suxodl DD Sinbumil vacy sarpumkit na suxoni DD2. [a hiowmx
HaBOPAX BXIAHHMX CUPHANIB AMHAMIYHHI PU3HK BIACYTHI.

OCKIfILKH JIOTiMHI CleMenTy, 1o BXOANTS Y cKian UN(PPOBUX ABTOMATIB, HEPEMUKAIOTLCS 13
3ATPHMKOK), TO NpU 3Mili Yy JESKOMY  uaci BXIAHMX CHIHANiB, BUXIAHI CHrHATH (koJiu BOHK
3MIHIOIOTBCA BIAL TOIO) NpHiMYTh YCTANCHE 3HAMENHs JIawme e ULOTO, KOJK 3aKinvarses
EPEXIIHT BPOLECH Y BIANOBIANAX norivnuX etemenTax. Ha WXy BIA BXOJIY aBTOMATA 11O 010
BUXOLY OKPCMi JIONIMNI  CICMEHTH BMHKAIOTHCS  FOCIIIOBHO. Tomy rpusanicrs nepexianux
npouecis Gy/ie 3alCKaTu BIL KLILKOCT JOTIMHUX CHIMetTiB, Akl BMUKAIOTLCS y TaKy Janky.
MeTo/mKa, KA 3aCTOCOBYCTBCH JUIA  BUSHAMCIHS Ly, Y JIOFMHUX  enemenrrax,  nepeabavac
BUKOPHCTANNA B TAKHX JIANKaX OMHOTHIIHUX CHCMEHTIB. L{e Jac 3MOry, HpH ouwini saraibhoi
3ATPUMKH Y ‘TaKiii JIAnLL, J101aBATH 3aTPUMKKM OKPEMKX CIICMEHTIB.

Tpu ouinui msuakonii asTomara HeoBxinno suaitru TY JIAHKY JIONIMHUX  €JIEMCHTIB MiK
BXOJAMII | BUXO/lAMH YCTATKYBAlb, AKa 6Yyi€ MiCTHTH HARGINLLY 3aTPUMKY, | ZO/ETH SaTPUMKH
NOMUHUX eNeMenTiB y uilt namui. Sk [paBHIIO, BOHA MICTHTb HAlGLILWY KiNbKICTH JOCitHHX
CNEMCHTIB, IO BMUKAIOTLCH OZIMH 33 O/IHNM 110CHI10BHO. OHave MOXKYTh OYTH | BUHATKH, KOJIM Y

KODOTKiii AL 1A9BIMI CACMCIT 3 BENMKOIO by, Tomy, B JAraILHOMY BUNAJAKY Heo6Ximio

AHATI3YBATH BCL JAHKH JOFIMHUX CICMCHTIB BLL BXOMLB N0 BRAXOMB | BUSBHTH Taky, sika jac
naitbisury sarpusky. Hokaxemo e na fpuKIIaL.

Hpuirao 6.5

Birsuadnmi uac 3arpumkin undpororo aBromara, skuii 3aiaimii CTPYKTYPHOIO (JOPMYNOI0

2= XX, x) Xy
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Po3eé’sn3ok.

JlonycTumo, WO BX

JIOFIYHOMY ENEMEHTI 0JIHAKOBA i JIOPIiBHIOE tyar,
JUIA JAHOTO NPUKIAAY HABEEH] Ha MaJl. 6.17.

inuumit curxan amimoctses 3 koxy 100 Ha t11. 3arpumkxa y K(?xcnomy
CTpyKTYpHa CXEMa aBTOMaTa Ta 4acoBl Alarpamu

1 % t
—>
toa t
x P >
X2 - 4}‘
X3 —>
1
|
i
DD1 lI
— _ tur.
_— —-r—-——?f— >
\
& DD2
tar - K
& DD3
L, ‘g
| |
& DD4 :
—— + | $ 2[ A’
' |3t
— ]
| !

1. VIOCKOHANWTH CXeMy aBTOMATa, WO 3a/1anHi byHKUi€o BUMIALY: Z = X, X2 V XaX,.

Man. 6.17. CTpyKTypHa CXeMa i 4acoBi Aiarpamu
ynxuii Z

3aBaanHs 1A CAMOKOHTPONIO

7=y(0, 1,2,
2. CunresyBaru Ha enemenTax 1-HE agromar, wo onucyeTLes YIAHO surnsny Z Y(

3,4.5,6,10, 12,13, 14). Jlns minimizaw bynxuii BHKOpHCT
3. CunTe3yBaTy aBTOMAT, WO 3ajaHui byHkuieo Z=

[-ABO-HE.

4. CHHTe3yBaTi aBTOMAT, W10 3afaKnit pynkuieto  Z = f(x1x, VX X2 VX)X,

¢

Gasnci ABO-I-HE y Wi@ftHE.

craTHuHi pU3HKH 360K).
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5. BusHaunTH, M MIiCTATE QYHKUIl Z, = X X2 VXX,

Z, =X X3 VXX, Zy = XX, VXX,

aTh MeToA rpada-cTixka.
vi0, 1,571, 15) y Gasuci
]

X, VXXX, Y

6. BusnauuTy, un HasisHi y cxemi, AKa 3anaeteca PyHkuiclo Z = (xox, vx, x1)-(Xix, VX, X,)
AMHAMIYHI pu3nKK 36010

7. BU3HAa4UTH 4acOBY 3aTPUMKY CXEMH, SKa 3a/1aHa (YHKLIEI Z = X, X, X, X, X,.

§ 6.4. Auaniz Ta cMHTE3 THNOBUX K0M6inauiﬁﬂﬁx aBTOMATIB
[10, 11, 12, 16, 18, 19]

LindpoBi aBTOMATH MICTATE BENMKY KilILKICTb BY3/1iB, SIKI BAKOHYIOTh Pi3Hi noriudi onepauil.
PasoM 3 TMM € pAA By3niB, WO HaHGinbUIE 3yCTPIMAOTHCA HA MPAKTMUI, CEPEfl MMX i By3nu
xoMGiHauiliHnX aBTOMariB. SIK BiKE TOBOPHNOCA, 10 HUX Hanexkare QYHKIOHANbHI BY3/H Taki siK:
nepeTBOpIOBaul  Kodis, wudparopn, ACWHU(PATOPH, MYNBTHINIEKCOPH, AEMYIBTUILICKLOPH,
CyMaTopH, Haniscymaropu Ta in. ToMy BaXCIMBE 3HAYCHHA MAE€ BUBYCHHS METOIIB CHHTE3Y TAKHX
BY3JiB.

Crin BIA3HAYNTH, MO HA BXOAM TAKUX BY3MB MOXYTh MOAABATHCHL indopMauiitni noriumi
CHIHAUTH Ta CUrHAIM yrpasliHHa. OcTanHi MOKYTb BU3HAYATH, HANPHKNAN, TOPAACK NepelaBaHHs
IHOpMALIAHMX BXIAHMX CUTHAIB Ha BUXIiJ 460 BiairpaBaTH POtb CUrHANIB CHHXpPOHI3aLLii.

Y GarathoX BHNagKax, OCOONMBO NMPH BMKOPUCTAHHI B YCTATKYBaHHAX BHUXIMHUX Kin 3
TPbOMA CTaHaMK, B SAKOCTI CHFHAAY CHHXPOHI3allii BUCTYNaloTe cHrHany «BuGip Mikpocxemu»
(CS). HasBHICTb aKTHBHOIO 3HAYEHHS TAaKOro CHrHAly KepyBauHs (N8 OAHMX BY3MIiB e MOXE
GyTd NIOTIMHA OAMHULIA, A8l (HWKX — NOriYHK HyNb) JA€ 3MOTY YCTATKYBAHHIO BUKOHYBATH 3ajaHi
QyHKIT, BIACYTHICTL HOFO NEPeBOANTL CXCMY Y HepoOouuii cran, TOGTO KON BUXOAM CXCMH
BHMHKAIOTHCS BiJi HABAHTAXKENHS.

§ 6.4.1. Ananis Ta cunres nemudparopie Ta wuPpaTopin
[10, 11, 12, 16, 18, 19, 20]

Heunparopn ta wndpatopu (POIIMPEHHA HAHMX TA 3BOPOTHE  NEPETBOPEHHA) €
OCHOBHMMH BY3/1aMH NepeTBOPIOBaYiB iH(OpMALLii,

Hewucppamopom nazeemo yugposuii asmomam, axuit micmume n éxodie i 2" euxodie i
peanizye 2" hyniyiti, mobmo:

1l npn X =,
Z,(x)=
Onpu X # 4,
e j=01,.2" X =2x,‘2i_],xe{0’1}

ix]

Kosna 3 gyHkuiin Zj (X) More GyTi 3anncana y HacTyIHOMY BUCALI:
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Z,(X) =X X1 X1X2 X1,
Zj(\) = ;,. .\’u-»\...;w\’z/\‘].

Zy (XY= KnXnmr XX, X1, 6.7)

7, (X)) =x,x, X %,%0,
Zy (X)) =x,%, .. X%,
Tob10, cucrema (yHKLIM Zj(/X) ABAs€e cob0I0 CYKYIMHICTH BCIX MOKIMBHX MIHTEPMIB, ki
MO)KHA CTBOPUTH BiJl Nl 3MIHHKX.
Po3pi3HAlOT TOBHI i HenoBHI Aewnparopu. KinekicTs BuXoAiB NOBHOrO Aewmdparopa
Nonx = 2", HenmoBHOTO Ngix < 2", A¢'n — uMcno ABilikoBUX po3paais (uucno sxoais). Tabnuus

{CTHHHOCTI TPUBXOAOBOTO TMOBHOTO AewindparTopa 3 OJMHUYHHUM AKTHBHMM 3HAYEHHAM BHUXIAHWX
curHanis Z HaseaeHa B Tabauui 6.4.

Tabauus 6.4, Tabauus icTHHHOCTI TPHBX0A0BOTO AeindpaTopa
Ne Bxoau Buxoau
3am| C X7 X2 | X3 20 2 22 3 24 5 26 27
11 1o lololrtTolTotolololoTlo
2 1 0. 0 1 0 1 0 0 0 0 0 0
3 1 0 1 0 0 0 1 0 01 0 0 0
4 1 0 1 1 0 0 0 1 0 0 0 0
s 0 0 0 0 0 0 1 0 0 0
6 | 1 ol vl oJolololol1r]olo
7o 110 0 0 0 0 0 0 1 0
L8 |0 1 F ToJovjolololTolol
(9 To*T*xT*ToltoJololTolTolToTlTol

Tabnuua iCTHHHOCTI HanexuTs cTpoByiouomy aewnppartoposi (Mictuts BXia C) Ha Tpu
BXOAN | HA BiCiM BMXOJIB, YMOBHE 1103HAUCHHs AKOro waseagHe Ha man. 6.18. Ha wman. 6.19 a, 6
BIANOBIAHO TpeAcTapiedi Asa cnocoGu  crpobyBaHHA ACWH(PATOPIB. WAAXOM BBEICHHA
J0JATKOBOIO BXOAY Y KOMKHWH eneMeHT (CTpoSysaHHs. N0 Buxody) abo wnsxoM GIOKYBaHHs BCIX
eIEMEHTIB Uepe3 OAMH i3 BXiAHMX NaHuforis (cTpoByBaHHs mo Bxoay). Takum “HHOM, MOBHKH
CTpOOYIOUHii NO BUXMLY OAHOCTYNEHEBHIT AewnpaTop peanizye 3anexHicTs:

Zi=mC, i=0,1,.,7,
A€ m; — i~ MiHTEpM TpbOX BXiAHuX 3MiHHKX; C — curnan ao3sony (crpob).
Ha  mpakTdiii 4acTd BHKOPHCTOBYHOTBCS HEMOBHI nexﬁnd)pampn, mo nependavaroTh
JEKOJYBaHHs ML OKpeMUX KOMOiHaLil BXILHUX CHTHAIB.
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Bxoau - P
X1 DC |0 —= DD1
— — z Bxoau
I e . {
1 Z2 &
X2 2 —e 1 l——s
-2 1 73 -
3 o st |
— 1 2a cTpod
X3 4 e :
— 4 — zs a)
: 5 b—s Man. 6.19. Crpykrypui cxemu cTpoGysanna
— 1z
¢Tpo6 - 6 aewndparopa
C — z7
7 —e
Man. 6.18. YM0BHE NO3HaueHHS
neundparopa
Jlia wenosunx  acinudparopis  HasBHI  iHAMEPeHTHI  BXiAT  HaGopu. siKi  MOMHA

BUKOPUCTOBYBATH  UpW  MiHIMi3auii BXiZHUX  (yHKuifd. Haupuknan, npu  npoektysanini
Aemupatopa, AKHIA NEPETBOPIOE ABIAKOBY CHCTEMY HUCICHHS B JICCATKOBY, ilaepenTHumn
MIFTEPMaMK € Mo, M|, M2, M3, M4, M5 (HA FPadoBi-CTDKKY Mai, 6.20 BOHM Ne 3aTEMHEHI).
Micaa cymicnoi Minimizauii Ha poBounx Ta cyciaHix a0 HuX iHAUGepenTHIX HaGopax OAEpPKMMO
HACTynHI NOrivHI PiBHAHHA (auB. Tabn. 6.5).

He
b

Man. 6.20. T'padp-cTixkok Ans miHiMi3awii GyHkuii HerlosHOro aewndparopa,
IO 1IEPETBOPIOE ABIIKOBY CHCTEMY YMCIICHHS B ACCSTKOBY
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Tabmiug 6.5. Tabauus midimisopanux dbyHkuiii HenoBHOro AewHgparTopa
Ne3a/n | Homepu MinTepMmiB, siki ckieoBatucs Buraaa ¢pyHkuii

1 Z, = X1 X2 X0 X4

2 T Z = ;1 }z ;1x4

3 Mo Mo Z, = ;z.\',;4

4 m3, My Z, = X1x,x,

5 my, mj2 Z,=x, ;3 ;64

6 ms, M3 Z= v2;1x4

7 Mg, My Z, = XX, X4

8 mz, mys Z, = X,X,X,

9 Mg, my; Mg, Mg Z,=x, X4

10 my, My my3, mys Z,=x,X,

I3 ckacioBaHHAM MIHTEPM, AKI B3ATI B LIPAMOKYTHUKHN (Ha Mait. 6.20 BOHM 3°€/tHAHI JiHIAMM i3
CTPIJIKAMU), CNIiA BPAXOBYBATH 3HAYECHHA DyHKUIH Y cucTemi piBHsnb (6.7).

Binomo Tpu cnocobu peanizauii cucremu pyHkuid Zi(X): matpudnuil (ninikdnuit), kackanHuit
Ta NipamifanbHui.

3 marpuunum cnocobom noSynosu aeutdppatopa kokHa i3 QyHKWH Zi(X) peanizyersca
OKPEMO Ha N-BXiZHOMY e€semeHTi Tuny 1. Ha BXoan eneMenTiB nojaiThes HEOOXiaHI MOMIUBI
KoMGiHaUil NpAMMX Ta IHBEPTOBAHHMX 3HAUEHb PO3PAAIB CIOBA, WO ACIIH(PYIOTECA.

Hna npuknaay noGyayeMo marpunmit aewmndparop 1 Gpyuxuii tadn. 6.5 (aus, man. 6.21).

[3 ananisy ctpykTypHOi cxemu man. 6.21 BUAHO, WO 3 NPUXOLOM KOXKHOIO CTPOGYIOUOro
IMIYIILCY 3MIHHI Y BXIAHNX HaOOpax NOBHHKI 3MiHIOBATH ¢BOI pisni. s newudparopa mai. 6.21
BOHW HaBejeHi B Tabs. 6.6.

Tadanus 6.6. Tabauus icTHHHOCTI MATPHUYHOTO e dpaTopa
Homep
cTpobyiouoro | x, X X, X, x, . x, x,
iMnyancy
0 %* * * * * * * *
‘1 0 1 0 | 0 1 0 1
2 0 1 0 1 0 1 1 0
3 — — 0 1 1 1.0 0 |
4 — — 0 1 1 0 1 0
5 — — 1 0 0 1 0 1
6 — — i 0 0 1 1 0
7 — — 1 0 1 0 0 1
8 — — 1 0 1 0 I 0
9 1 0 — — — — 0 1
10 1 0 — — — — i 0

. 3HaK * 03Hauae OyAb-AKe 3HAUEHHA BXiIHOT 3MiHHOT 3 MHOKHHM {0, 1}.
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Man. 6.21. CtpykrypHa cxema MarpudHoro jeiudgparopa, uio
1EPETBOPIOE ABIKOBY CHCTEMY MUCICHHS Y JCCATKOBY

Shane KUmKICTs  pospsais sxijnoro  Hadopy Sulbia Bijl KUILKOCTE BXOMIB  JIOIHHX
CHEMEHTIB, TO eieMenTH |y marpuuHomy acwudparopi 110BuHHI SBAsTH ¢00010 3 €AHAHHS

“@NCMEHTIB | 3 MCHUIOD KiNGKICTIO BXOAIB. Y TAKOMY BUNAIKY PALIOHANLHO 34CTOCYRATH Ml

criocobu nodyA0BH e paropis.

lpu kackanniii noby/1081 acwingparopa Bxianui Habip po3dHBACTLCS Ha AeKiibka rpyn, sk
ABJAIOTLCH HACTHHAMH BXIHOTO cioBa. KinbKicTb TaKUX 1Py MOXE 3HAXOAUTHCH B Aiaia3oni Bi
2 po [n/2]. Jlus koxHOT rpynu OpMYIOTLCS BCi i1 MINTEpMH WUISXOM 1106YJI0BH OKpEMHX
matpuanux  aewndparopis(MJ1). Vel pewndparopu  rpyn  ckIanaiot, | nepuinii - kackaa
aewudparopa. Y KOKHOMY HACTY(IHOMY KacKali YTBOPIOIOTHCH KOH'IOHKIT MiHTepmis i3
NONEPeNHbOro Kackajly.

Hexafi, nanpuknan, n=8 i nna nobyaosn Acwudparopa NMOBUHHI BUKOPUCTOBYBATUCA JIHLIC
TpUBXOAOBI enementu. Toui cTpykrypra cxema Aewudparopa Mac BUMIsA, WO NOKasaHuil Ha
Man.6.22. ‘
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Xy Xy X7 X7 X6 X¢ Xs X5 X4 X4 X3 Xy Xz X3 Xi Xa

L1 LI

MJK(8) . MAE) M(4)

Xy X3 Xq X X
- - ] BT - I
SR [ l X1 &y

256 enemenrtin |

Zyss Zos Z, Za
Man. 6.22. Kackaanuit aewmdparop Ha
TPHBXOROBUX €AEMEHTaX fpH n=38.

[lipamizanenuil pewndparop BiApI3HAETBCH BiJ KACKAAHOTO THM, WO B HBHOTO KOMKHMA
MinTEpM (DOPMYETLES sk KOHIOHKUIS OAHOTO i3 MitrrepMma Nonepesiboro Kackamy i OAHOIo i3
pO3psAIB BXIAHOTO CNOBA, siKe He OYNo BUKOpHCTaHe APM (OpMYBaHHI MIHTEPMIB.

Po3rnsHemo aeski cdepu 3actocyBanis sewmdparopa y Lu(ppoBIX aBToMATAaX.

I, dewugpamop e saxocmi nepemsoprosaua  06iliK0GO-0CCAMK0OB020 KOOy Y
CEMUCErMEHTHUN KOJI B YCTATKYBAHHAX Bi3yanpHOI iHAMKAUIT ACCATKOBUX YMCEN Ha CBITIOBOMY
1abno (Man. 6.23). Tabnuua iICTUHHOCTI Takoro yCTaTkyBaHHA Moka3aHa B Tabn. 6.7, Ha ocHOBI
AKOT 3HCHIOETECA cuHTe3 newndparopa.

7 z,
X N a
il .‘_l nC (1) . 7
[
X 3 Zs
NN ==l
- 74
,‘l_‘ 4 Ll N P B a
SEERE =N {1 % —
Xy 6 b— Z N\
8 —7— 27\ r
crpod [ ] }_8~ ki = e d
SAEREN §
x
D
A B

Zy
P ZER K
o]

Man. 6.23. Hemudparop-nepersoptoBay ABiiKkoBO-
HECATKOBOIO KOAY B CEMMCErMEHTHMIT KO
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Tabimun 6.7 Tabanust icrunnocri neperpopioBaya

JAecarxose Bxous Buxoan ¢dpaTopa Bxoau ingnkatopa
e Xi X2 | xs|xvl 20|z jzo|zzlzilzs|ze|zz|zg |lzw|a | B | B | A ¢ |xk

0 1000 j0l1l0lO0j0]lO0]lOofOolOolOlOl YL ]0O

1‘ 1 V101011101 ]010]0(0[010[0[0]0jL]1]0]0]01]0
» oo titotetorToTotoTo ol e ool ol
3 ojojrirjojfojojtrjojojojolojojr{rirf{rtololl
4 011101010 000110 ]JOojofOojJOojlolLyL]ojoOof1]1
5 ojtjol1[ojofojoioj1jojoflofoftriof1][1]of1]1
6 Oj1j1rjojojotojojofoj1]JojojojtL|lojrjrirl1]l
7 oj1|1rjtrijo0y1o0jojojojojoytr|lojolrf1l1]oloflo]oO

| 8 11]0J010;010J0J0]J0]JO0JOJO L jOJL 1]t iT]1}1

L9 JrjofofrfojofJotoloJojoJolofjt it lolT1]1

Cucremy pisusHb, 3a1eXHOCTEN BXIIHUX CUTHATIB AA IHANKATOPY Bi/ BUXIZAHKUX CUrHANIB
ACTIQPATOPE. CRIDBONO 28 BUIAAKIB, KONK 1A BXOAN THAMKATOPIB HAUUXOMITL HYNLOBI piBHi
(JwB. Tabn. 6.7), To6TO:

A=z VI 052 VI 6872, 8= VI,V 0=, VI VI, VI VI, VI,

e=I, VI, VI, VI, K =2,V VI,
2 Ina peanizauii nozivnux (hynxuiii
Hexait 3 nonomorolo acundparopa HcoOXiAHO oaepaTH JOriuHY GYHKIULIIO BUrNsLY:
Z=xx v.\‘z;; VXXX,
s pynkuis 3anana y dopmi JIH®, Tomy nepersopumo it y dpopmy VJIHO.
Z=x x2(x, v,\_‘w)\/xl;;(xl V;|)V;|;2A'] = A'I;z;x \/,\'lzzx‘ v
LT VR v R
Quepkannii BUpa3 peanizycrscsa CXEMOLO, 110 MPEACTaBICHa na Man. 6.24.

DbI
pe 10 DD2
I z Man. 6.24. Cxema noriunol
I o (dyHKuii Ba ociosi aewnparopa

crpod

<[] «]+] ]

3. Aas nepemgopenin Kodie. Sk npuknap, Haseacua Tabnuus iCTMHHOCTI (Tabn. 6.8)
NepETBOPIOBaYa ABINKOBO-AECATKOBOTO KOJY B KOA «TPU OMMNMUI i3 1 STH» 3MIHHUX (Man. 6.25),
kUil peanizye piBHAHHA BUXIHKX. QyHKLLIH:
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Tab.nusn 6.8

Qy=z,vz, v vz,
QO =2,vz, VI, V2,
O,=2z,vz, vz, Vg,
Q.=z,vz,vzsvz,,

Q,=z,Vz,VZyVaz,.

Tabamus iCTHHHOCTI NEPETBOPIOBAYA KOAIB

',Alcmu\'uuc L Bxou Biuxoiaun Buxoau nepersopiopaua
aneao | vy | x| xs | oy pC Q | Q| Q] 0] Qq
0 0 0 0 0 Z 1 0 0 1 1
) 0 0 0 1 Z | 0 1 0 |
2 0 0 1 0 7 1 1 0 0 )
3 0 0 1 1 73 0 0 1 1 1
4 0 1 0 0 74 0 1 0 1 )
5 0 1 0 | 75 0 1 1 0 1
6 0 1 1 0 Z6 0 1 1 | 0
7 0 1 1 1 z7 1 0 | 1 0
N L L0 0 0 2y 1 1 0 1 0
9 [T JTolo 1 ) 1 1 1 0 [ o
. Zy Z3
“l1|pc -%T.\ Z Q
X3 T T—\zz ::'
*—q —3— 3
X; T TE\
*— e 2
I N ECH e N
x| 6
*~— 7 z-
crpod T_z“_\ Zy
9 zy /——F 1 Q2
/___/Z: G—e
L L]
Z
o R
;: e
A
Zg
[ — RP Y
/T:‘ G—-e
L

Man. 6.25. CtpyKTypHa cXeMa NepeTBOPIOBaYa Koy
“ TpU OJMHMULL i3 1'ATH ~ 3MIHHUX
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4. JlewnppaToprn MokKHA TAKOK BUKOPUCTOBYBATH JUIS (POPMYBANHA CHHXPOIMIY/LCIB, SKi
BHKOPHCTOBYIOTBCA Y CHCTEMAX YIpaBiiliia By3iis uM(ppoBux apromaris. Taki ycraTrkyBaHHs

Hludpamopu suxopucmosyioms 0n8 po3e s3Ky 3a0ay 38opomuux 00 Oewugpayii, mobmo
nepemeopioloms k00 «1.i3 N» y Ositicoguii koo. Tlosumnit wnparop mac 2" BXOAiB i n BUXOAIB.
Tabauus iCTHHHOCTI OAHOrO i3 BapiaHTiB BOCLMHBXOZOBOIO MOBHOIO IU(QPATOPA 3 HYJILOBUMU
AKTHBHHUMH 3HAUCHHAMU BXIJIHIUX CUTHANIB 1ojlaeTbest B Tabn. 6.9.

Tabauns 6.9. Tabuus ieTniHocTi noBHOrO mudparopa
Ne I Bxijni curuanm Buxijni cMruajiu
u/n X7 X5 Xs Xy X3 X2 X Xo Z3 22 zj

1 0 1 1 | 1 1 1 1 1 1 |

2 i 0 | 1 1 1 1 1 1 1 0

3 1 1 0 | 1 1 1 1 | 0 1

4 1 | | 0 1 1 1 1 1 0 0

5 1 1 1 1 0 1 | 1 0 1 1

6 1 1 1 I 1 0 1 1 0 1 0

7 1 | 1 1 | 1 0 1 0 0 |

8 1 I 1 1 | 1 1 0 0 0 0

Ha oc1ioBi Tabnuui Moxiia 3anucaTy BiANOBIAHI CTPYKTYpii GOPMYIM s 23, 22, Z;, & NOTIM
BUKOHATH HEoOXi Onepanii 1o 1X CHpOILEHIO. AN B JIalOMY BHITAJIKY MOXHA BHKOPUCTATH
0COONUBICTL BXIMX 3MIHHKX, AKi Y KOMGiNalifax, WO HAC 1KABIATH, NNLIC B OAHOMY pO3psii
MAIOTh HYJILOBE -3laueiis. Lle no3BoNfe He MPUXOAMTH JI0 JOCTATHBO IPOMIBAKHX, Y BUIIAAKY
BOCLMH BXIJUIMX 3MIHHMX, 3aTTUCIB Ta IICPETBOPCHB CTPYKTYPHUX OPMYJL, & y 3araibHOMY BHITIANI,
1OAATH 3HAYCHHSA BUXIANX 3MIHIIUX HACTYMHUM YHHOM!

L= XX XXy, Ly = XX XXy, Z) = XXX X,

Ouuie i3 ocuosuux 3actocysaus WM@patopa — BBLL JAHMX 3 KIABIATYPH, NpH AKOMY
HATHCKANHS A KNaBillly 3 JCCATKOBUMHU 1tM(PamMu 1OBHHHO NHEMOBHUM WH(PATOPOM TIPUBOANTH
N0 nepenavi B yCTarkyBanHa i€ undpu y aBifikoBomy Ko (aecats y uortupu). I3 Tabaumi
ictnnocti (Tabn. 6.10) onepxkyeMo noriubi piBNANNA Ui NOBYAOBH CTPYKTYPHOI CXeMM
uindparopa. Jlana Qyukitin peanizyerbes mudpatopoM Ha Npunuunosii cxemi. (Man. 626, a).
YMoaue nosuauetus wudparopa (man. 6.26,6)

Tabsmus 6.10. Tabauus icrunnocti wndparopa
JleestrkoBe Bxoan Buxoau
"neiio Xo X1 X2 X3 X4 X5 X6 X7 X3 X9 73 22 7 29
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 1 0 0 0 0 0 0 0 0 0 0 0 1
2 0 0 | 0 0 Q 0 0 0 0 0 0 I 0
3 010 0 1 0 0 0 0 0 0 0 0 | 1
4 0 0 0 0 1 0 0 0 0 0 0 1 0fo
5 0 0 0 0 0 1 0 0 0 0 0 1 0 1
6 010 0 0 0 0 i 010410 0 1 1 0
7 0 010140 0 0 0 1 0 0 0 1 1 1
8 0 0 0 0 0 0 0 0 1 0 1 0 0 0
-9 0 00 0 0 010 0 0 1 1 0 0 1
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Xo X)1:'Xz X3 Xy Xs X5 X7 X3 Xg

3 *— 0% cp
—e o—I T 1] o
—2
— 3 2 o
_.Zz — 4
—5
EX
—6
| %t 7
o— 8 8| o
—9
Zo 6)
—
“Man. 6.26. CrpyxTypHa cxema windparopa, 1o
NEPETBOPIOE ABIKOBY CUCTEMY YMCIEHHS Y

- a)

NECATKOBY — &, YMOBHE No3HaueHHs wndpatopis — 6

Ha npaktuui. Moxe BUHMKHyTH nortpeba rofynoBu i iHMX Bapiantis wugparopis,
HaNpUKNA/, TaKWX, AKi BAKOPUCTOBYIOTE BEMMKY KiNBKICTh PO3PAAIB BXiZHOTO CHTHANY.

" § 6.4.2 Auaui3 Ta CHHTE3 MYJbLTHILIEKCOPIB Ta AeMY/IbLTHILIEKCOPIB

MS

o[-

Xs VA
ra— —e
X6

-

X7

1"

[ ! a0

*— a

*—1 .

—9E

Man: 6.27. YMOBHE
3a3HaueHHa MyIbTHIIIEKCOPa
Ha Bi¢iM BXONiB

10, 11, 12, 16, 17, 18, 19]

Mynremunnexcop — ye ycmamxysawhs, wo 3abesnewye
KOMymayilo Ha 6uxoQi 00HO20 i3 Oekinbkox iHgpopmayilinux
BXIOHUX CUZHANIB BIONOBIOHO 00 3a0aH020 KOOy HA 6X00aX
xepyeanns. YMOBHE 3a3Hau€HHs OJHOTO i3 BapiaHTis
MYILTUMIEKCOPA HaBeeHo Ha Mai. 6.27.

Y 3anexHocTi Bia koMGiHaLIi CUrHANIB YRpaBniHHS aya a2
Bin 3a0e3neuye KOMYTaLIO OAHOrO i3 BOCbMY iH(OpMaLifiHNX
pxoai curnanis X Ha suxill Z. Curnan cunxpoxisauii E 8
JAHOMY BMAAAKY Ma€ HynbOBE AKTMBHE 3HAYCHHA, L0
103BONAE nepefauy ingopmalil 3 OfHOTO i3 BXOAIB Ha BUXiA.
CrpykrypHa -popMyna, U0 - BH3HA4a€ . QyHKLIOHYBaHHS
JIaHOTO MYAbTUNNEKCODA, MAE BUINALL

Z = E(a:avavx, v araa,x, v a:a,aox, v
Vazaa,x, vVa,aidoXx, Vd,hd,x; v

vV a,a,a0X, V dyddyX, ).

I3 upOro BMpa’y MOKHA 3aMIiTHTH, WO JNA KOXKHOTO
Buxofy Xi KOMOiHalii curnanis KepysaHHi apaiaz Y
MYJIBTHIINEKCOPI TaKi K Cai, Ak y Aeundpartopa Ha BiciM
pxomiB. TOMY CKNa#OBOK HYacTUHOIO MYABTUIIIEKCOpa €
aewudpatop. BUKOpHCTOBYOUW AemudpaTop HA HOTHPH

202

BXOAM, MOKaxeMmo Ue Ha mpuknani. Ha ocrosi Tabnuui ictuunocti (Man. 6.28, a) 04EPIKUMO
YJAH® Buxiauoi ¢pyHkuii: ‘ ‘

Z=x,aianE v x,aaEv x,a,a0Ev x.a,a,E

610 Z =\ x@FE, i=01, ., 2", ne a- MIHTEDM, IO BIATOBiZAc i-OMy AmpecHOMy
Habopy.
CrpyKTypHa CXema MynTHIIEKCOPA, 1110 peanizye OyHkuio, HaBeaeHa Ha man. 6.28, 6.
E=1 e— . DDI1
Xo o
E a ag Z *— &
110]0|x
0 DD2
1 0 1 X X| o &
| | 0| x -— DDs
1|11 |« L !
o | o 3 DD3 _7.
0|0 -
X2 &
0 (0170 ) A
0 1 0|0
o | DD4
1 0 X3
2 DD6 (| &
a
M1 | oc %
a [ | 2] 6
2] )

Man. 6.28. CtpykrypHa cxema MYJbTHILIEKCOpa
Ha YOTUPH BXOAU — O, TaBGnUUA ICTHHHOCTI — a

Mynbrunnekcopn  MoxcHa  posrnspatd sk NEPETBOpPIOBaYi  Mapanenbhol indopmaii y
NOCITI0BHY. Mynf,mnnexcopu Ha BEJIMKY KiNBKICTb BXOLIB MOXHA ByaysaTH i3 MYJBTUINIEKCOPIB
3 MEHWOIO KinbKicTIo BXoAiB. Ha man. 6.29 uasegenuit npuinan no0ynosu 16-TH BX010BOIO
MYJIbTHINEKCOPA NOGYAOBAHOIO Ha OCHOBI 4-0X BXOLOBHX.
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DD1
E | MS
Xo
X0
X1
— .
X2
X2 Bxoan Buxin
5 .
X —J DD E a3 | a; | a A VA
s E | ms 1 joejofo]o X0
1 0 0 0 1 Xy
ag
Xo 1 0 0 1 0 X2
— a 1 1 0 0 1 1 X3
X1
z . . . . .
T 1)1 100 ﬁ
DD4 X2 1110 X1
E : 1 1 1 1 0 X14
X3
E | MS 1 1 1 1 1 Xis
X12
ap .
s %o - 0 jolololo 0
K 0 0 0 0 1 0
X
Xi4 . . . . . .
- 0 [t 111 0
xis a) 6)
X3 .
b . Man. 6.29: MynbTunnekcop Ha 16-Bxolis:
Ay Y R .
a _— CTPYKTYpHaA cXeMa — a, Tabnuus icTHHHOCTI — 6
a :
a
az

Po3risHeMo Aeski 0CoGAHBOCTI 32¢TOCYBAHHA MYRBTUIREKCOPIB Y UW(POBUX aBTOMATaX.

1 E

—1 xo

+— x

Xz

X3

X4

—

X6

X7

o

ay

A

MS

01
Man. 6.30. MyneTrniekcop, sk
BUKOPUCTAHUI A5 reHepepatii

1. [an zenepayit odsiiikosoi nocnidosnocmi  yup.
Hanpuknaza, ABifikoBa MOCNIAOBHICTb, WO CKIAAAECTBCS i3
BOCHMH ungp 11001100, MOHcE peanizyBaruch
MYJIbTUIINEKCOPOM Ha Bicim Bxoais (Man. 6.30). Indopmauiiini
BXOAW MYJBTUMNEKCOpA Yy  BIATMOBIAHOCTI i3 3a1aHo0
NOCAIAOBHICTIO 3'€AHYETbCA 3 UIHHAMM JOTIUHOTO Hynd Ta
OJMHULI.

2. Ana peanizayil nociunux QPynkuii. 3’aCyeMo, sKuM
YUHOM 3 JONOMOIOK YOTHPUBXOJOBOrO  MYNbLTMMIEKCOPA
peanizyernca Gynkuia TpboX 3MiHHUX Z = f(a,b,c). Cnovarky
BuGupacMo Byab-aKki kKoMGiHaUiT i3 ABOX 3MIHHHUX, HAMPUKIAA,
ab, ac, bc, Aki NpuiimMaloTbea 33 KepyloHi i NOJAIOTLEA HA
anpecni Bxoan mynstunaekcopa. Ha indopmauifini Bxoam, y
uULOMy BUNAAKY, MOXYTh OyT! nojani yotvpu dynxkuii oauici
(tpetboi) 3miHuol. Hanpuknaa, konu B SIKOCTI Kepyiounx
curHanie BUOpaHi 3MiHHI a 1 b, TO Ha HOTUpH BXOAM

MY/IBTHILIEKCOPA MOXKYTh HAAXOANTH 3MiHHI ¢, ¢, OTal.
Ha man. 6.31 noxasaHuii rpad-CTiKOK, siKuii intocTpye
BIANOBIAHICTL  iHOPMALLIAHWX  BXOAIB X, X, X;, X,

204

HEBHUM AJAPECHAM (KEPYIOUNM) BXOJ1aM MYJILTUILIEKCOPA Ha HOTUPH BXOIM.
SKo upuAnaT cUrHann a. b sk kepyioui, To Bxoay x, Oyayth Bianosizarn asa pebpa

pada a=b=0. c=x,, abo c=x Bxoay x,—ab, ¢=x,, abo ¢=x, iT.A

X7 X¢ - X5 Xy X3 Xz Xy Xg

Man. 631, 1 pa-crikok, 1o uocpye poGory HOTHPHBXOJOBOIO
MY b IRIICKCOpa

Taknm untoM, 1pad-crikok Po3GUBACTLCS HA MOTUPK HAMPAPH 3 ABoMA 3Mintini, Toi,
MIBIMI3YBaBlI BAGIp i3 YOTHPLOX (GYHKIUH JIBOX 3MIHIUX, O/CPIYCMO  HEOBXILI 3HaueHs
cHrHANiB Ha ingopmaiinux BXoax s peanizauii soriunoi gynkuii, wo sapacrben. Posrmsinemo
U Ha NPHKIL.

Hexait neoGximio peanizyBat Ha MyAbTHILUICKCOPI HA YOTHPH BXOMM Jioriuny (ynKuio
HOTHPLOX 3MIHHKX a, b, ¢, d

Z=xy(0.1,6,7,9,10, 11,12, 13)
|

3a Kepyl0Ui CHIHANM NPURHATH. ¢ Ta b,
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___________________ . o 0 - piseun

sl

0
Xi X9 Xs

Man. 6.32. ['pad-cTixnok anst Midimizauii Gyskuii Z = v (0,1,6,7,9,10,11,12,13)
i

[ToxaxeMo Ha rpadhi-CTiXKy Ana HOTUPBOX 3MIHHNX (a, b, ¢, d) byHxuio Z, sixa posmiwena
Ha MamoHKy 6.32 (kiHuesi Bepiuhu ans Hei 3ateMueHi). ITicma MiHiMi3aUii  BIANOBIAHNX
MIHTEPMiB Ha UYETBEPTOMY PpIBHIi (BOHW B3ATI B NPAMOKYTHUKH) | JOTMYCTHBWIM, 110

Xy =X,=X,=X,=d, X =x,=x,=x,=x,=d i ponycrusum, wo dvd =1, ogepxnmo

E=1 AHATITHYHNA BUPa3, WO XapaKTepuye
E [ MS poboTy  mymeTHONEKCOpa, AKME  peanisye
dyuxiie  Z=abcvabe vab(cvd)vabe.
®dopMyna onepxcana HactynHum uuHom. [lpu

(g

[ —
— Xy
<

*—]

X1 Z KON Ha  Kepylouux BXonax ab ua

iHopmauiiini BXOAKH €A noaatv curan ¢

X2

.
|

C
o ||
d

OCKinbkH X, VX, =1.

Co— X3 AHANOrivHO, PN KepPYUUX BXojax ab Ta
b ab cnig nopatn Ha indopmauiiini  Bxoau
—— A . . g T

BI/IIOBIAHO cHrHan ¢ Ta c. [lpu koui b —
a b curHan ¢ abo d, OcKinbkW npu MiHiMizauil

OJIEPXKHMMO BHPA3:
X, Vx, =1, abcvaEZ‘d:aE(chd)

Mast. 6.33. CTpykTypHa cxema
MYNBLTHIIEKCOPa, 1O peanizye (yHKLito = .
Z=(016,7.9,0,1112,13). To6TO ab(cvd), OCKINbKY x,=d.
I CTpykTypHa cXeMma MYJBTHUIIEKCOpa, (0

peanizye Taky poGoTy, nokasaHa Ha mai. 6.33.
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1 - pisensn

JleMyapnunieKcopu - ye  yemamkygdanisi, wo npuziayene 018 KOMYMAYLL inghopmayiinozo
GXIOHO20 CUSHANY 8 OOHOMY i3 OeKiNbKOX 6UX00I6 6i0N08ION0 00 3a0aH020 KOOy HU KEpYIOHUX
gxodax.  luMMn  COBAMM,  AEMYSILTHIUIEKCODH  pO3B a3yloTh  3asianps,  oGepliedi
MYJIBTHIVICKCOPAM. YMOBHC 3a3HauenHa JICMYJBLTHIIEKCOPa HA 4OTHPh iHpOpMaLifing BXOAN
nokaszano na man, 6.34. ;

DMS .
Z, Masn. 6.34. YmoBhe 3a3nayeniis
JEMYSILTHILICKCOPA Ha YOTHPH
b | X 7 . BHXOJM
; —*
-~ Ay
Z4 —e
e a, 4 .

(l)()pMyJ][L L0 BHIHAUAOTL (l)()pMyI}ﬂHH?l I}I’IXiJUIMX CHIIIALB  TAKOT'O JICMYIILTHINICKCOpA
HACTY1

z, = anax, = Uy00\X, Iy T A X, I, = AuaX.

“2

TakUMKM  BHPASAMH  BUSHAUQIOTLCH  BUXUIHE  curbany aciundparopa, 15 SKoMy
BUKOPHCTOBYCILGH  KEpyBaniis 1o sxojly  x. TOMy B acocvi JIMYJILTHIICKCOPA MO
pHROPHCTOBY AT Cempdparop. B oskomy  indopMatiinonii sxignnit cnrnan nojanuit na BXin
kepyBatis, [pukinaiom € peadlizanis 2-0X po3psaHOro JASMyIbTHILIEKCOPA 3 HYJILOBUME AKTHBITHM
CHIPHASIAMM 112 0CHOBE $ABOCHOTO petdparopa (Mair 6.35). Slkio nepmnii pozpsaa O, nosaru na
BXIJL X,, & APYTHIF pospsl (J, — Ha BXiJL X,, TO B 3a0€XKHOCTI BiJL KOMOIBALIT 3Ha4enb a,q, MOXKHA
3afe3neunTi KOMYTaLio HBOro 2-0X po3pauioro koly Q,Q, na Oyab-skuil i 4oTHPLOX BHXOLIB
Z. Ha ocrami BXoam KepyBails x, Ta X, MOKIA NMOJATH [OCTIANE 3HAUCINIL CHUITIANiB
(x, =L x, =0), abo suxopucrary ix ais Opranizanil kepysanus nepesasanng ipopmanii na
BUXOJM (Jmn. mai. 6.35).

DMS

N H X1 DC ‘ 7y G—e

1._ “ 7, G—oe
a0 2 g— Mas. 6.35. CrpykrypHa cxema
— 74 G—e JICMYJIbTHILIEKCOPA
."l_._ a; 7y P—e
09-1—0 s 72 G—e

0 73 G—e

-0 * 73 b——‘
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- § 6.4.3. Anani3 ra cunres komGiuaniiinux cymartopis
(10, 11, 12, 17, 18, 19, 20, 23, 25]

Cymamopu~ye xombinayiiini gynryionanvmi GY3U. NPUBHAYEHI ONS BUKOHAHHA Onepayit
Oodasanis O6IIKOGUX YUCEN, & MARONC 0N GIOHIMANHS, MHONCEHHS, OinenHs. nepemeopeHna uucel
6 0odamkoGuil K0O ma inuti donominchi onepayii,

Krmacudikauin cvmaropis Moske 6yTH HareaeHa 3a TPHOMA OCHOBHUMH O3HAKAMA:

1. 3a KinbKICTIO BXOAIB (HauiBcyMmaropw, OIHOPO3PsIAHI Ta OAraTopo3psaHi CyMaTopu);
GaraTopospsaaHi CyMATOPH, B CBOIO Hepry, AUIATHCA HA NOCHiZ0BRI T2 Napajeb HO-IOCIHUOBHI,
OCTAaHHI 32 cnocofoM opraHizauii MiKpO3PAIHNX NEPEHECCHB, AUITLCH HA CXEMH 3 MOCIHAOBHMM
Ta (13PANEILHIM NEPEHECEHHSIMHU TA 3 TPYITOBOIO CTPYKTYPOIO.

2. 33 METO/IOM NOJABAHHA KEPYIOUMX IMOYIBCIB: CHHXPOMHI T aCHHXPOHH.

3. 3a CHCTEMOKO YHCICHHA! NBiHKOBI, NBIAKOBO-IECATKOBI Ta iHUI,

Po3rnanemo nojaBaHHA NBOX LiNMX MBIiKOBHX uvcel Ge3 3HakiB A Ta B 3 hopmyBaHHAM iX
cymn S:

A=01101
+B=0011]1
S=10100 :

I3 UpUKIALY BHIIMBAE, WO 1pH QOPMYBAHHI pesynbTary y Gyib-ikoMy i-oMy  pospsui
HEOGXUIHO BPANOBYBATH 3HAUCHHS YHCC B LILOMY POIPAII & Ta by, @ TAKOK 3HAMICHHS NCPEHECEHH
B LHOMY PO3PALI 13 NOBEPEAHBOIO. PO3PALY pr. DOPMYETHCS 3HAUCHHS NOAABAHHS. B LBEOMY pO3psijli
Si i 3HAUCHHA MEPeHEceHHs B NOCAiAYIOUHit po3pan p;. ;. Cymatop moxe GyTh 1moGyaoBainii y
BUUJIAAL KOMOIHAUIHHOTO yCTAaTKYBaHHs, WO MICTTh CXEMM JUIA A0AABAHHS OKpPEMHX po3psitiB
(onnopo3paaHi - ABiiikoBi cymatopu). YMoBH (GYHKUIOHYBAHHA  ORHOPO3PAAHOTO  JIBiifKOBOrO
CyMaTopa BU3HAYAIOTLCA B Tabn.6.11.

Tabauus 6.11.  Tabauns icrunnocti ABiiikoBoro OJRHOPO3IPAANOro cyMaTopa

Bxoau Buxoau

aj bi pi S; Di+1

0 0 0 0 0

0 0 1 I 0

0 | 0 I 0

0 I 1 0 1

1 0 0 | 0

1 0 1 0 1

1 1 0 0 1

1 1 -1 1 1
) Awnanizyioun Tabn. 6.11, MoxHa 3pOOHTH BHCHOBOK, WO
Pi SM S, " OJHOPO3PsAHKI LM(pOBRIE CymMaTOp Mae Tpu BXOAW aj, by, Ta p; i
‘ " asa BUXOMM Si, P, JE MO POPAAMMX 3HAUEHHAX a; Ta bi,
A cknagoBax A Ta B, i no 3HauenHO nepeHecemns p; i3
‘ P MOIOAUIOrO PO3PsAY. (POPMYCTHES SHAUCHHS PO3PAAHOT CyMu S

bi — " Ta nepeHecenHa Pivy B craplunii pospsi,

R “TosHui N-pO3PALZMI CYMATOp.  MOHKE OyayBarucs i3

OHOPO3PSAHNX CYMATOPIB. pisHUME crocobamu. Po3pizusiors

MapanesibHi, NoC/i0BHI Ta NapaneIbo-Noc/Hi10BHI CyMaTopH.
TTo6ynoBa napanesbHOr0 CyMaTopad iHOCTPYETHES CXEMOFO Ha

man. 6.37,a. KinbKicTh 01HOPO3PAAHUX CyMATOPIB Y. Takiil cxemi
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Mar. 6.36. 3a3rauenns
OJIHOPO3PAAHOTO CyMaTOpa Ha
(hyHKUIOHANLHUX CXEMaX

JIOPIBHIOC KINBKOCTI PO3PALIB “KMCEN, WO AOAAIOTLCS. Ha sxiz P; npu 3suuaiiHomy ﬂOJla‘Bar)lHl
NOAAETHES HYTIb, @ IPH AOAABAHHI 3 IMKNIMUNMI TEPEHECCHHAM 0 BXONY Pi BMHKAETLCA BUXIA Pi+y

UbLOro JK CyMaTopa. )
MocaigosHuit cymaTop Gyayerses 3a 610K-CXeMOI0 Ha Man.6.37,6, A¢ T — 3aTpHMKa Ha O/WH

rakr. Ha BiMiHy Bif napaneisHOro cymaropa TYr HasBHuil OfMH ORHOpO3pAnHnit cymarop. Tlo
biai P

Puia Dot an1 bz,
|

bl\all __________________
l_ P |SM; S L SM :

=

SM

l)i+| l |
bi+12ir1
P2
Majt. 6.37. Cxema napaiensHoro — a, MoCijloBHOIO — 0,
Ta napaneNbHO-110CIA0BHOMO — B CyMaTOPiB

6) bisz Riv2

POBPAHE 3HAUENNA NOAANKIB MOCTYNAE Ha BXOAM & Ta b, no l|cp’3i: crnovarky M'c?J‘lozuu'!..po"?_px)m,
ToAl HACTYNHI N Basi i T4 3HaueHHA nepexecchs P o 3ABAREILCA B i~TOMY TaKTi 11py
JIOTIOMO31 3TPHMKN T, 3aram’ STOBYCTHCS HA HaC OAHOTO TAKTY i Ha NOUaTKy i+] TAKTY NoJacTbCH
Ha BXia Py 0AHOUACHO 3 MOJAUEIO ¢4 TA bj 1.

[Mo6ya0Ba napaneasHO-NOCIIIOBHUX CYMATOPIB imocrpyerbc_ﬂ GHOK-cx_eMOfo Ha Mwl,§437,!3.
VY upoMy BHAAIKy N-po3psHi cnosa A 1a B poxﬁnlsalqr(,cx Ha AEKITBKA HAIBCAIB 1O M POIPALIB
xoxHe. Ha man.6.37.8 m=3. Ha cxemi cymaropa HanmiBciosa NOJAIOTECA 1IOC/IAO0BIO, OAHAYC
N0/1aBaHHs HaMiBCIIiB POXOANTL NApaseNbHO, . . . .

PO3FISHEMO CHITE3 CXEM OMIOPO3PAAHONO CyMaTopa y BI/INOBIUUIOCTI 3 HABCACHOIO paHilie
Ta6a.6.11. YJIH® nBox Buxianux ¢yHxuii MalOTh BHIIAL

S, =a; Bip,vaibp,vabip,vabp, | (6.8)
P, =abp vabip,vabp vanbp,.

BHKOPHCTOBYIONH Pi3Hi BApiaHTH NepeTBOPEHHd LuX yHKWi, MOXHa peaizyBaru BENTKY
KifibKICTs CTPYKTYP OMHOPO3PAAHMX JBiliKOBHX cymaropis. SIk MpuKjIaz, posriaHeMo OAnH 13
papianTis noBy/0By cymaropa Ha 0a3oBuX clieMeHTax 1-HE. Bukonaemo 1iepeTBopeHHs dyHKLi
PH‘I,

P.=abp, vabp, vab p,vabp, =a,bp, va,p,(Evb,)va,b,E:

=abp,vap, vafb,;,_:a—ibipi va,(bp, v p),

ocKinskH b, p, v p, =b,p, v pi(b, vly=bp,vbp,vp =bvp,T0
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Ra=abp valbpvp)=abp vabyp)=abp vabvap,=
=bla,p, valvap =b(p va)vap =abvap vbp,.
Sk Buano, PyHKLiA Piv cIpoILyeThCs | CKiHUEHE 3HAYCHHS

Pa=abvap vbp,, ‘ (6.9)
Moske OyTH peanizoBane cXeMoo Man.6.38.
a; by p; DD1 i b
P % bip ppy
& |1 & ) DD2
| &
& Piut «— ¢ G—e
Pi+l
&
& DD2 *—
Pi+| X
1 ®—e  Man 6.39. Cxema peanisauii ¢yrxwii

Man. 6.38. Cxema peanizauii (6.9) na 6a303nx‘enememax I-HE

dyukuii (6.9)

IMepeitmonuin na Gazosi enemeritn I-HE, Bapas (6.9) upuiime Burnsx;
P, =ab -ap, ﬁ AKWIi peanizyeThes CXeMolo Majn.6.39.
Cnipoctumo BUpa3 g)yuKEi'l'_S. Y dopmyni (6.8). Jlaa usoro monamo 1o YJIH® dynxuii Si

KO WOUKWIT BATARY @, a:bi, a,a: p,, aib,bi, aip, p,, bbip,, bip, p,, O MAIOTH HYNLOBE 3HAYCHIIA.
Ounepiumo:

S, :afz,p, vE,b,;,. va,Bf;, vabp, va,;iz, va,z;,;‘ v;;b,zf v;,p,;f Vb,z;;, v
vbip, p,=abp, va,(B,E, vabi \/;A;,)vb,.(;;;, vab vE,;,)\/p,(;,-B v;,;, VZI.;,)=
=abp,v(a,vb v p)-(aib vap vbip,).

Bupas B ocrannix ayxkax € sanepeuchuaM QyHkuii P (aub.}pop.6.9). Takum umiiom, moxkHa
3AMKRCaTH, 110

S,=abp,v{a,vb v p)p,. (6.10)
a BIAMOBiAHA CXeMa cymaropa npejcTasnena ha main.6.40.

ai aib; by pi P

&1

& P
*— ] Man. 6.40. CtpykTypHa cxema

7 8 1 ¢e Py -~ OJHOpPO3PAAHOTO CyMaTopa,
*— 1100y A0BaHOTO 32 (OPMYNOI0
i (6.10)
&
! 1
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VY xoMmOGiHauifiiuX (QYHKUIOHAJNIBHUX By3NaX “BUKOPUCTOBYIOTL CXEMH HAHIBCYyMATOpPIB 3
JIBOMA BXOJaMH (a, b) Ta 1BoMa Buxozamu (S, P), jic BUPOONAECTHCH CHIHAN CYMU Ta 11EPEHCCeHRA.
3 Tabauui ictunHocti (Ma.6.41,6) BUANO HACTYHE:

S=abvab={(avb)avbh), p=ab, (6.11).
BukopucToByoun Teopemy Ae Moprana ans Bupasy (2.11), onepxumo:
S=avbvab, p=ab, 6.12)
1O peanizyeTbes CTPYKTYPHOIO CXEMOI0 Man.6.41.
a
a psmi 1S a b |SP ]y ! q»—]
] 0o loloTlo {18
1] 0|1 [t o L& | ¢
b r P 1[0 10 I P
— — 1 1 0 1
6) B)

a) ' : . .
Man. 6.41. CtpykrypHa cXema Harliscymaropa — B, Tabnuts icruinocti — 0,
yA-OBHE 3a3HauCHHs — .

Cuitmes 0ecaimKosux 00HOPOIPAOHUX KOMOIHAIAHUX cyMamopis

B iKCHEPHUX PO3paXyHKaX HICTOCOBYIOTLES KOMOIHALING cymaroph, B sKux obuncicnus
3AIHCHIOIOTHCS Y JICCATKOBI cucTemi unciaeHHs. TlepeBarn Taknx ofuucscilb HACTYIIHI: POCTOTA
NporpaMyBaHis, MONUIMEICTb THJANKALIT IPOMDKHWX Ta KIHUCBUX pesysbTaTiB Oc3 NEPCTBOPCHD 3
OJIHI€T CUCTEMH YHCICHHA y iHmy. Ha npakTuii BUKOPHCTOBYCTHCS JIBIHKOBO-IIECATKOBA CHCTCMA
YUCTIEHHA, KOAW AKOT Mawors Bary 8 4 2 | (noBTopeHHS OMMHMUL Yy MMIOALIOMY PO3psi
3AIHCHIOETLCS Uepes pas, y APYroMy po3psii, nopsit i3 MOJAOLINM Hepes asa i T.A.).

Tpyaiowi y 1no6yaoBi TakMX cyMaIopis, 3a aHaaorielo 3 nody/10Boi0 JIBIHKOBMX, OUCBMHI.
slkio y ABilikosoMy cymaropi ueoOXiumwo peanizysaru JBl (yHkuil BiA TPLOX JIBO3HAUHMX
3MIHHHX, TO Y BUNMAJIKY €CATKOBOTO cyMaTopa HeoOXiIaNo peanizysary 0°sth Gynkuili Bij e st
JIBO3HAUHUX 3MIHHUX — MO YOTMPU 3MIHHMX JUIS KOXKHOMO JIECATKOBOrO UMCha i Ofia 3MiHHa —
[ICPEHECEHHS 13 MOJIOULONO Po3psiay. BUHNKAIOTH YCKNAHEHHS P MiHIMI3aWT TakoT QyHkuil,
ockinbkn YJIHD mictnia 6 necarkn ans tOHKTUBHKX WICHIB.

3anauy no0yn0BH JICCATKOBUX O/(HOPO3PAAHNUX CyMaTOpiB po3B’s3yioTh y jBa eraun. Ha
LIEPUIOMY €Talll 10Jal0Th ABIAKOBI KO/ JECATKOBHUX UMCEN 3a NPABUNAMU JABIHKOBOT apuMCTHKY.
Ha apyromy erani 1npoBOANTLCA KOPEKLLA PE3YABLTATY WISXOM Jojapattst abo BiAnIMaHHA JesKol
TMOIpaBKK, BENNYMHA SAKOT fOB's3aHa 3 BEIMYMHOIO HEKOPEKTOBaltoro pesynbrary. [lpn usomy
MOXYTh BHHHKHYTH HACTYHi TPH BUNALKH:

1. Pesynurar, ofepkanuil Ha NEpUIOMY cTanti, MCHIIWIA IecaTH. Y 1BOMY BHIALKY KOPCKLLs
He norpibia. Pe3yapTar 10JA€THC HOTUPMA ABIKOBUMH PO3PAAAMH, @ 1ICPEHECCHHA Y cTapumit
pO3pPsL BIACYTHE.

2. Pesynbrar Mepuioro erainy 3HaXOAMTLCA Y Mekax By gecarn o nistnamusta. Tyr
HEOBXIAHO 1ICPEAATH OZIMHUUHKE CHTHAII MEPEHECCHHSA Y CTAPHIMH ACCATKOBUIN PO3PAL, Y JAHOMY
JIECATKOBOMY PO3PSAI i3 0epKatOl CYMH CHIJL BIAHSTH MOMPABKY, KA JAOPIBHIOE JECATD.

3. PesyiibTaT nepuoro erany 3HaXoAUThCsl Yy MeKax BiJl WICTHAIUATH JIO0 JCB ATHARUATH. Y
LLOMY BMIIAJIKY HEOOXIAHO MEpeaaTH OANHKLIO NIEPeHocy Y CTapilnii JecatkoBiii po3pan. Oanaue
TIPH LHOMY CyMa Y JAHOMY JICCATKOBOMY PO3pPAI 3MCHUIMTLCA 3pa3y Ha WHCTHAMIATD, Y TOH uac Ak
BOHA MOBMHHA BYTH 3MeHIIeHa TWLIE HA AecaTb. ToMmy HeoOXi/iHa KOpeKLis — 10/1aBaHHS WECTH.
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Cnig 3ayBauTy, 10 y APYroMy BUIMANKY KOPEKLs Moke 6YTH yBeleHa TaKk camo, sK i y

TPETHOMY, OCKiJIbKK BIHIMAHHA 4KCna JACCATL MOXe OyTH 3aMiHEHO HOJaBaHHAM 3 HOro
AOTIOBHSILHUM KOLOM, AKUM i ABMACTBCA KOJ uMCHa wicTs. JOMOBHAMLHHUI KOA YUCAa AecATh €
agiiikose uucno 0110, To6to kox ymena wicts (auB. § 6.4.4). Y ToMy BMMAAKY, KOJMH ACCATKOBI
uncna GyAyTh NOJAHI y KOAI 3 HALTMUIKOM TPH, | TAKHM CaMHM KOJOM TMOBMHeH GyTH mopaHuii
PE3YALTAT, MEPEHECEHHA Y CTapkii PO3pal oPMYEThCA 32 MPaBMNAMH [O/ABAHIS JBIAKOBUX
HMCE], @ KOPEKIUiA CyMU TONArae a0o y BianimManHi uKCaa TPU, KON MIEPEHECEHHS BiacyTHe, abo y
AON@BaHHI - YMC/IA TPH [IPH  HAABHOCTI TEPEHECEHHA Yy CTaplnii AecATKOBMA pospaa. 13
BPAXyBaHHAM BHIUCBUKNAACHOrO OyAYIOThH CXeMH OJHOPO3PAAHMX JACCATKOBUX cymatopis. Jlns
xoay, skufi Mae pary 8, 4, 2, 1, AecaTKOBUI CymMaTop nokazanuii Ha Man.6.42,a.
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Man. 6.42. CTpykTypHa cxema AeCATKOBOTO CyMaTopa:
TR KoAy, Wwo mae Bary 8,4, 2, 1 — a; st kojy 3
HaUTHIOKOM TPH — §

Tyt nisuii- pan chmaropis 3aificHioe  nepwni eran joaasannA. HasBHICTL curHamy
MEpEHECEHHs Ha BUXOAI CTapUIOro NBIfIKOBOTO PO3PARY O3HA4AE, WO Pe3y/IbTAT NEPILOro eTamy
Ginbiuit aGo pieHuil wictnanustu. Kpim Toro, nepeHeceHHs y cTapminii ecsTKOBMH po3psi
ToBHHEH (GOpMYBATUCH Y TUX BHIIAAKAX, KOJIM cyma Ginblua abo piBHa necsTH, TOGTO TOMI, KoM B
ii ABiiikoBomy npezacTasnenni OyayTe onpepakani koan 1010, 1011, 1100, 1101, 1110, 1111, o
BUABJICHHA TAKHX KOAIB HeoOXi/iHa cxema i3 1Box enemeHTis 1. Jpyruii paa cymaropis 3aidicHioe
JI0J1aBaHHs KOPEKTYIOUHX MOIPABOK.

ﬂ{m KOy 3 HA/LIHIOKOM TPU CXCMA [ECATKOBOTO CyMaropa Mokasana Ha Man6.42,6.
AHanOrivHo, fK i y NeploMy BHMaKy, KiBuil pia Cymaropis 3AiNCHIOE NepiIMii eTan AecATKOBOrO
nozasanxs. Ilepwuit pan nposoanTe ab0: 10/ABaHHS NPIMOTO KOAY TPH (KOJHM HAasABHE
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HEPEHECEITHA 13 AAHOID ACCATKOBOIO PO3psLy), ab0 jHoaaBaiis il AONOBHANBIOMY KOAY, piBHOIO
TPHHAAITE (KON CHPNAR HepeHcceliHa piBuuil Hymo). Haseaeny cxemy Mal.6.42.a MoxMcHA
CIIPOCTUTH, 3AMIHMBII B APYIOMY PSAKY TPH OJIIOPO3PAANI CyMATOPH, HanliBeymaropamyt. Butie
OUICAHT RO CyMaTopin Haseeni s Tadi. 6.12.

Tabsnuust 6.12. Znauenny BXiAHMX KOJIB ACCHTKOBHX CyMAaTOPiBn
i ) Bxianuii xon
Hﬁcmmm Kon 3 Baroio 8, 4,2, 1 Koa 3 napaMukom Tpu

fHeso Xs | X% | X | X [ X [ X | X | X
0 0 - 0 0 0 0 0 1 |
| 0 0 0 1 0 ] 0 0
2 0 0 I 0 0 | 0 1
3 0 0 I | 0 1 1 0
4 0 1 0 0 0 ] | 1
s 0 ] 0 ) ! 0 0 0
6 0 | 1 0 1 0 0 1
7 0 ! 1 \ | 0 ] 0
8 1 0 0 0 1 0 | 1
9 1 0 0 1 | | i) 0

Cyuacna inTerpansiia TEXHONCTiA Mae 3MOry OGyayBaTi Matpueiii CXCMH JICCATKOBHX
cymaropis. Taki cXxemn MOKYTh GyT# 100YA0BaAHi 3 AOHOMOIOK Teopii rpais yuta SaraTozHAUIKX
NEPEMUKANBIMX QYIKIIH.

Hapaienvni_cymantopy GyaylomLes i3 0JUIOPO3PARHHY CYMATOPIB, 3’ €/LHANUX MOCIIAOBHO
BiJl MOJIOAIIOIO POIPSAY IO CTAPUIONO PAOM 3 NAIIUOFAMM TICpeHeceHts. Ojnate Taka CXeMa
CYMATOPa XAPAKTCPISYETHCS 1IH3BKOIO UIBKH/IKOMIEI0, OCKUIBKY (hopmyBaiiis curnanis S; ta Py y
KOIKIOMY 1=TOMY POBPHAT 1IPOBOAMTHCH JIMIIC HICIS TOFO, KOJIM HAJLIIC CHTHAN NepeHeceiis 3 i-1-
ro pospsiay. TakiM 4iiloM, DIBHAKO/IA CYMATOPA BUZHAMACTLCSA HACOM IIPOXOIDICHIS CHITATY 110
mantwory nepeneceitin. Tomy 1pr 100YI0BI LApajIebHOrO CyMatopa ciijt ocolunsy ysary
JBEPTATH 1A PEalZaALUIO JAHIEOTA EPCHECCHHS.

Onuil i3 TaknxX MCTOiB nepeaGadae Taky noGyjlOBY BAHIUOIA HEPEHECCHIIA, NPH SIKIH M
axog0oM Pi 1a BUX0AOM Piy OMI0pO3pSINIOIO CyMaTopa GyAe HARMEHUIC 4HCO JOTIMHHX
enemenrin. Jtn cymartopa, wo noly/10Baui Ha JAMCKPETHUX clemerrrax I, ABO, HE, rakiit Bumosi
HARGINBI HOBIO BiANOBiAAE cXeMa Ha man.6.41,8, noGyaosata na ociosi opmyiun (6.12). Tyr
S=avbvab, P=ab. Y TakoMy CyMaTOpi CUTBAN HEPECHCCCHNS HPOXO/UTL HEPES ABOCICMCITILY:
exemy 1-ABO. Ha inuii Bxo/m cymaropa HoAAIOTHEH CHITUIN i Ta bi L. BUITOBIANO, MOKYTH BytH
OGUMCIIEH] 110 BEIX POBPAAAX-TIAPAICILIOrO CYMATOPa OAIOPA3OBO (ANB.MaL.6.43).

DD3 DDS

Pin

1

. DD7
" Mai. 6.43. Cxema 011|10p03pﬂ,[1lnofo
NAPAICILHOTO CyMATOPA 3 JIAHLIOTOM
HACKPIZHOTO NEPEHCCEHHS
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Ha ocHoBi wuiei cxeMn MokHa OydyBaTH NaHIIOrK TFPYNOBOr0 MEPEHECEHHA A
6aratopo3paAHUX NapajielbEHIUX CyMaTopiB.

Apudmemuro-102iuni yCmanikyeanua

CyyacHa TEXHOJIONit BUTOTOBCHHA IHTErPABHAX MIKPOCXEM Ja€ 3MOTY BMKOHYBATH AYXKE
cknaaHi uudpoBi aBTOMaTH y BUrNALI OAHIET a00 ekinbka MikpocxeM. Take TexHIiuHE BUPIIIECHHS

6yle €KOHOMIYHO BMIiRHMM, RKIO JAHE YCTaTKyBaHHA Gyle BUrOTOBAATHCH MAacoBO, ane, AK

NpaBuilo, CKNAiHI CNeuiani3oBaHi aBTOMaTH. He MNOTPIGHO BUPOOIATH y BeNuKii KilbKOCTI
ex3seMnnapi: L{i npoTupiuds Mik. MOXIMBOCTAMHM TEXHONOrIT Ta BY3bKOW Crieutianizauicio
CKAAAHMX UM(POBUX aBTOMATIB MOHMXKYETLCA TNMPU CTBOPEHHI MPOrpamMoBaHux UM(POBHX Ta
JIOTIYHMX aBTOMATiB, AKi PO3TIAIAIOTECA Y YETBEPTOMY PO3JiI.

[Toni6Hi aBTOMaTH OCHOBaHi Ha poboTi apuMeTHKO-NOriuHUX ycrarkyBaub (AJ1Y), sxi
BMKOHYIOTbCS Y BHIIIAI CaMOCTiitHOT BenuKol iHTerpanbHol cXeMH, a0 BXOAATH y CKiad iHIMX,
Ginbw cknannux undposux asromaris. AJIY (man. 6.44) no3Bonse NpoBOAMTH apH(MeETHUHI Ta
NoridHi onepauii Haa N-po3pAAHUMH BXIAHMMH KOJAAMM 3a3HAYCHUMH MHOXHHaMU X={x; X2, X3,
x4} 1a Y={y;, y2 y3 ys}. CurHany, wo nodaioTbcs Ha kepyrodi sxoau M, So. Si, Sz, Sa,
BM3HA4AIOTh, sIka 6€3r10cepeiHbo ornepauis Moxke OYTH BUKOHAHA Haa BXiHHUMHK BennunHamu. Sk y
$araTopo3psAHOMY CyMaTopi, NpH BHKOHaHHI apudMeTHYHHX onepauiii Ha AJIY moxe 6ytu
MOJAHHUI CHTHAN IEPEHECeHHS i3 30BHIHLOI. mam’saTi (Po=1), sxuit nobaBnseTbes A0 MONOALLIOTO
pospagy AJIY, Ha Buxoai AJIY dopMyeTscs curHan P), mepeHeceHHs i3 CTaplioro pospsaay
(curnan neperoBHeHHs). CurHan nepeHeceHHs Pog=1 36inswiye pe3ynsrar (4ucao Q) Ha OAMHMLLO.
AJIY saBnsie cobolo JIOTiUHY CXeMY, fIKa MICTHUTL MeBHY Kinbkicts BxogiB (Xi, Yi, M, S;, Po) Ta
suxonis (Q;, Py), ae Qi — pesynbrar onepallii y kokHoMy po3psani, P, — curHan nepeHecenus i3
crapworo pospagy. CyKynmHICTb CHTHAB Ha BCIX BXOJAaX OJHO3ZHAYHO BHM3HAYAE CYKYMHICTb
BUXIZHUX curHanis, Tomy AJIY € unpoBum koMGiHaUiflHUM aBTOMATOM, MpUHUMNK No6ynosu
SIKOTO PO3MTIAHYTI BULLE.

I3 kepytounm curnanom M=0 AJIY Buxonye

Po apudmeruuHi  onepauii- Hax  n-pO3PRAHHMH
r X1 ALU Q BXiHHMM aABilikoBuMM umcnamu X Ta Y
noaasaHHs X Tta Y, nonasavHa X Tta Y 3
X2 N00AaBICHHAM ONMHULI B MONOMIMI po3pan i3
X < X 309H_iumboro naHwora _(curHan .P0=1),
BigHiMaHHs X i3 Y, Biadimanua Y i3 X 3
T X4 (L BpaxyBaHHAM MO3HYEHOI OJMHHULI i3 CTapIIOro
- po3psay, 36insleHHR a0 3MEHIeHHs uncna X
i Ha OJMHULIO, nepecunaHHs ducen X 1a Y. 3
—_—1 Y2 ) sxoay AJIY Ha BHXiJ, 3CYBaHHS YHCEN Ha OAMH
Y < Qs po3psAa HaniBo (U €KBIBANEHTHE MHOMKEHHIO Ha
R A [ nBa) aGo HanpaBo (I EKBIBATEHTHE AINCHHIO HA
vs 21Ba).
~ KomGinauis curnanis Sy, ...,S3 BU3HaYae, aka
M MaTeMaTH4Ha ONepawlia NpoBoaAlTeCH AJTY.
So Qe | [Tpu M=1 AJIY BuxoHye noriuni onepauii
Haj BXiZHMMM HaGopamu X Ta Y (B ycix
Si po3paaax BHUKOHYETBCA OHA i Ta K JOriyHa
S, onepattis). ) _ )
Pi VY Ttabnuui 6.13 nepepaxoBadi 16 noriunux
S3 onepauiii, Aki BukoHye AJIY y sanexHocti Bia

. KEPYIOUMX CHTHanB Sp, ..., S3.
Man. 6.44. YmosHe 3a3HaucHHA cxemu AJ1Y Py So, ..., 83
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Tabanus 6.13. Jloriuni onepauii, o Bukonye AJY

3:;'," S; Cm;:a.rm Kepyn;lmm S JloriuHi onepauii

1 0 0 0 0=X

2 0 0 1 Q=X+Y

3 0 0 0 0=Xr

4 0 0 1 1 0=0

5 0 1 0 0 O=X+Y

6 0 ] 0 1 o=Y

7 0 1 1 0 Q=XY+XY

8 0 1 1 1 Q=XY

9 | 0 0 0 O=X+Y

10 | 0 0 1 O=XY+XY
1 1 0 1 0 Q=Y

12 1 0 1 1 Q=Xr

13 1 1 0 0 Q=

14 1 1 0 1 Q=X+Y

15 1 1 1 0 QO=X+Y

16 1 1 1 1 0=

He auBasuuce Ha pi3HOBMAHICTH omepauiil, o BHKOHYe AJIY, HE MOXHA HC. MOMITHTH
obmexeHicTb #ioro QyHKuill: ycraTkyBaHHA BHKOHMYE NHUIC onepauii nal JBOMA 3MiHHUMH,
BIACYTHI onepauii MHOXEHHA Ta JineHHs i T.A. ITojonaHus umx obMexenb AOCArHYTO B Ginbiu
CKNagHuX LMppoBUx aBToMaTax (auB. § 8).

§ 6.4.4. AHAT3 TA CHHTE3 NepeTBOPIOBAYIB KOAIB TA LU PPOBHX
KomMnapaTopis
10,11, 12, 16, 17, 19, 23|

Bimomo, wo xoa - ue yHiBepcanbHuil cnoci6 BigoGpakewua iudopmauii nip uac i
30epiraHus, nepeaBania 1a oOpoONEHHA y BUMIALI CUCTEMK BIANOBIAHOCTEH MDK enemenTamu
TOBiOMNEHD | CHIHANAMH, 11O 32 IXHBOIO IOTIOMOT0IO Lii ENEMEHTH MOXKHA 3adikcyBaTh.

HaiinownpenimnmMn y cuctemax oOpoGneHHsa Ta nepenaeaHis iHgopMauii € piBHOMIpHI
komu. OcHOBa KoAy JAOpiBHIOE N1BOM (aBiikoBi komu). BuGip Takoi oCHOBM 3anexuTh Bij
ocobauBocTeit no6yn0BM cucTeMH 06POBIEHHS Ta MepeTBopeHHs iHdOopMaLLi, ki BHKOPHCTOBYIOTE
AUCKPETHI  €NEMEHTH, 3 JBOMAa CTillkuMM cTaHamn. PisHoMipHi jBiiikoBi koam wmMpoko
BHKOPUCTOBYIOTh Uil BiIOOpaKEeHHA BXiAHOI iHQopMawil uUMQpPOBHX aBTOMATiB  CUCTEM
nepenaBaHHs Ta 06polGncHHA nauux. 3 yBENEHHAM NBIHKOBO-KO0BOI iHQOpMauii y undposuit
aBTOMaT A KOMMAKTHIWORO 3amicyBaHHA 4YacTO BUKOPHCTOBYIOTH KOIM, OCHOBH AKMX € Uini
CTYNMeHi Yucna aBa (BICIMKOBMH, LICTHAALATKOBUI),

Jins BinoGpaxenna uucnosoi indopmauii y UMPPOBHX aBTOMATax BEJMKOTO NOWIMPEHHS
Habynu ABIHKOBI MO3MWIitHI KON 3 MPUPOAHiM posnominoM sar pospsiais 2™ 2 . 2" (me n -
KinbkicTe  pospanis). o6 CKOPOTUTH aNroOpuTM BMKOHAHHA apuUPMETUYHUX onepauiil 3
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BPAXYBAHHAM 3HaKa 1 CKIHYEHHOCTI PO3PAAHOI CITKM ONEPAHIIB, 3aCTOCOBYIOTb CriellianbHi KOAH
ISt BiAOOPaKEHHs! BIAHOCHNX YNCES: NPAMMEA, .00epHeHUl, JONOBHANBHUEA. B yCix 1MX KoAaX ans
BiIOGpaKCHHSA 3HAKA BHKOPHUCTOBYIOTb CITIELialIbHUIM 3HAKOBHIA po3psL.

V. ppamomy KoOi 3HaK KOJLYIOTS 3HaueHHAM «0» 1 J0AaTHUX Hucen | «1» — anst Bia eMHHX
uncen, a abConOTHY BENMUMHY MuCna BIOOpaKaIOThL ABIAKOBUM no3HUIREUM KojoM. TobTo y
NBIHKOBIH 1 ABITIKOBO-KOIIOBAHMX CHCTEMAaX YNCIEHHA MPUIHHATO paxysary, wo X¢=0 Biirnosinae
3Haky «+», a X¢=| — 3naky «-». Toni nmpencraBneins uucna X y npsaMoMy KOAi BU3HAYAETLCS
BAPA3OM

X, komu X 20
Xup= (6.13)
[+X, ko X <0,

TO6TO fpsiMi koau uwcen  +X Tta -X BIAPIZHAIOTRCA JHILNE 3HAKOBMMH  PO3PSAAMH.
Hanpukaan, xonn X=-0,101011. o Xp=1.101011. loaathe uncno y npsiMoMy KO He 3MiHIOE
cBoro Bigobpanenns. Hanpuknan, komu X=0,101011, 1o X,,=0,10101 1.

[TpsaMuil KOJ 3a40BOMBHAE BUMOIM ABTOMATMYHOIO OACPIKAaHHs 3Haka A00YTKY i 4acTKH,
Or0 3pydilo BUKOPHCTOBYBATH IPH BMKOHAHHI Onepauii MHOKeHHS i AileHns. JIpote Biii He
3a0e3neuye 3aMiHi BIAHIMAHHA YHCEN N0aBAHHAM IXHIX KOAIB, 1 (e YTPY/AHIOE BUKOPHCTAHHA HOro
1L 4ac BUKOHAHHA onepauiil AonaBanus Ta BinniManpsa. Lliel Baam ne maioTh obepHenui 1a
JONOBHANILHNH KO, 10 BIAPIZHAETLCS BiA NPSAMOro Koay Auuie  cnocofoM BiaoOpakeHHs
BiZU€MITHX HHCel.

Odeprienuii k09 BIUCMHOTO 4MCHA YTBOPIOETBCS, AKIO 3aMIHUTH KOXKHY JBIHKOBY UHppy
JOAXTHOFQ HHCHA TOT0 camMoro abeonornoro siauenig. a came «0» na «l», a «1» na «O»

JOAL HPABHAO HEPCTBOPCHHSL HHCCl & 0DCPHEHHI KO/ MOKHA HPCACTABUTE HACTYNHIHM
YUHHOM:

X, konn X >0
Xn(’)cp = (() 14)
k-k™"+X, konn X <0, :

e K — OCHOBA CHCTEMM “MCIEHHs, N — KinbKicTb po3paiie mnicas komu. Tlopisioioun
hopmy:n (6.13) i (6.14), nerko nomitury, o o6epHEHNIt KOA A0AATHOIO YHCIA CTiBIIaAac 3 Horo
[PAMHM KOJOM.

Hanpukiag, - xomt  X=0,101011, 10" X5 =0,101011, a konu X=-0,101011, To
Xogep.=1,010100.

Jonoeuanpnuii_kod 10 BifodpaxeHHs Bia’emuoro qncna moxke Oyri 3uiiicHeruil 3a
HACTYNBHM - TIPABIIOM: L(PH BCIX POIPSIB, KPIM 3HAKOBOrO, HBEPTYIOTHCA, 1 B MOJOALMI
O3PS JOLACTHCH OAMHMLSA. JIOHOBHANLHII KO MOYKE GYTH OaepaKauii i3 0GEPHENOro UINAXOM
NOMABAHIISL OMHULIE 10 MOJIOALIONO PO3PsY 0OEPHEHOro KOaY.

OckislbKy JOJATHI YHC/IZ HE MAIOTH CBOIG 300paieis Y JOMOBHAILIOMY KOAIL, TO MPaBuia
MePETBOPEHHSA Y JOMOBHANBHMIA KO MOMKHA 3aNMUCAaTH HACTYTHAM YHHOM.

X, konn Xz0
X aon= (6.15)
K+ X, koin X <0.

Hanpukaan, uucno X=-0,101011 3anutuetscst y 10N0BHATLHOMY KO TaK
X= -0,101011 ‘ ’
Xosep = 1.01100
Xaon = 1,01101.
Ornuneani cnocotn KOAYBAHHA HHCEN JIEMKO Y3araibHUTH | T1a BUNAAOK KOAYBaHHS 3 OCHOBOIO,
BIAMIHHOIO Bifl ABOX. .
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Hopan i3 ABIHKOBUMM MOZMUIRHMMH KOLYBAHHAMM Y UM(POBMX aBTOMATaX MIMPOKO
3aCTOCOBYIOTh 1 IBIKOBO-ACCATKOBI KOAW. Y LUX KOJAX KOWHY AECATKOBY LH(PY BiAOOpaXaoTs y
AKOMYCh JIBilikoBOMY Koni. Ha#nowwpeHimum € KodyBauus [ecaTkoBOi uudpu voTHpMa
ZBIHKOBUMH (TETPAAOIO). 3aCTOCOBYIOTH Kijbka CHCTEM KOJYBAHHS JACCATKOBUX Lp ABiiiKoBMMM
TeTpadamu: koA 8, 4, 2, 1, ko 3 HaMIMLIKOM TPH (PO HUX roBopwiock B § 6.4.3), xon 2, 4, 2, 1,
xon 7,4, 2, 1 rain. Kou 8 4,2, | ¢ npuposHnm BiloOpakeHHAM ACCATKOBUX LMQp Y ABifikoBiil
CHCTeMi, 60 came TakoIO € NPUPOIHA Bara JBIHKOBUX PO3PALIB Y MO3HLLIAHOMY JIBIHKOBOMY KO, |
peluTa KOAIB € 3BAIECHHMH, ane BIIPi3HAIOTHCA OAMH Bil OJHOTO Barol0 po3paais, i uepe3 ue
BUHUKAIOTh esiki HOBI BnacTuBocTi. Tak, kox 2, 4, 2, | ma¢ BIacTHBICTh J0ONOBHIOBAHHS /10 9, 10
COPOIYE BHUKOHAHHA Yy UBOMY KOAI apuPMETUUHMX Ofepaliii Hajl BiLHOCHUMM UMCTAMHU.
Ananoriuny BIaCTUBICTb MAIOTh | KOJM 3 HATHUIKOM TPH, B SKOMY 3HAYEHHA UHCE] 3CYHYTO Ha
Tpy 1010 (akrnuHoro koay 8, 4,2, 1. A koa 7, 4, 2, 1 wikaBHit THM, 110 TETPALH B HHOMY MAIOTh
He Ginbe sk A8l oauHuLL. Y KOZI ABA i3 1°ATH BCi KOAOBI KOMOIHALLI MICTATH 2Bl OAWMHMLI i TpH
Hyni. L1 BNAacTUBICTL j103BONSE BUABIATI (araTo XapaKTePHHUX TIOMAIIOK [IPH BiJloGpaXkeH i uucna.

OkpiM NO3MUIAHNX CHCTEM BiNOGpaxkeHHs uKcen, € H Hernosuuiiini (CHMBOUHI cuctemn).
OaHie10 3 HalOUIbIL JOCIIPKEHHX HENO3KUIAHNX cHCTEM BI0OpaKEHHS Yhcen € peaICKCHI KOJK,
3 HUX XapakTepHum € kol I'pes. Y koni ['pes komGinalii, wo Biao6paxaioTh Cycijiiti 3a BENTMUHHOIO
4ycna, BUAPI3HAOTLCA JIMIIE B OAHIH koaoBil nosuuii. Taki koan aoGpe 3a/0BOLHAIOTS BUMOIH
ananoro-uudposoro nepetsopentn. Keau, mwo Maiors sary 8, 4,2, 1 1a 3 HAUIRIIKOM TpY nokasani
B Tabn. 6.12, a koxu obepueHi, 1onoBusbHI koay 8, 4, 2, 1, koa, o mae Bary 7, 4, 2, 1, kon aBa i3
1’1 Ta KoA ['pest B Tabn. 6.14.

Tabsmus 6.14. Tabanns icTHHHOCTI MePeTBOPIOBAYIB KOAiB
Koan
) Konn, mo Kouau, mo
}lclcl:l;lcgnc MAIOThb Bary Oo6cpuennit | Jlonosnsibunit| maiors sary Kon I'pest
8421 7421

Ny | X3 | X2 [ Xy [ Xy (X3 | X2 (X7 [ Xy | X3 | X2 | X7 | Xy [ X3 | X2 [ X7 | Xg | Xz ]X2]|Xs
0 Ojojojoj1t1rjt]jtrjojojojlojojojolojojo]o]o
1 Ojojojrjrjrjrjoftrjryryrjojoiojtrjojofofji
2 oOjJojtjojrjrjofyrfrjrrrjoflojojrjojojolfr1]1
3 ojojrjrjrjrjojojrjtrioltrjojojrfirjojojtrjo
4 ojrjojojtrtojtritrjrjrfolojoftrjofojojtjt]o
5 Ojrtjojrjrtortrjojtryoftrjtrjojurjoftrfofjrjriji
6 ojtjrjojtrojojtrgrjoqfytrjojojurfriojrjtrfrli
7 oltjrjrjrjyotojoji1fojojtjrjojofoltjrjrlo
8 1iojojojojtrjrjrjrjojojojrjojotyritrjojrio
9 Liojojtrjojtrjrjojojnjirjrjrjoftrj{olnrjogjoljo

[epersoperna npamoro xoay B obephenuii 3milicmioc  ycratKyBaHHs, WO peanisyc
3aNencHicTs (6.14). YV Bunaiky Xo=1 (3naK Bij’eMHOro uucna) oaepianns ofepHeHoro Koy
3BOUMTBHCA JI0 BMKOHAHHA N M0 PO3PSAHWX onepaii inBeprysanua. ToMy MOxHa 3anvcaTi
3HaueHHs BUXiLHoi (yHKLIT nepeTBoproBaya, Ak

F(x)=xX,vx X

02
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1O BiAMOBiJAE cxeMi man. 6.45.

%% .. x % Xo Xo
*—
&1 F(x1) ‘
] —e . Man. 6.45. Cxema
& nepeTBoprOBaya
APAMOTO KORY B
o obepHeHuU#
*—
&1 F(xs)
—e
&

flepeTROpEHHA NpAMOro Koy B JONOBHANLHWA peanilye cxeMa 3 n+l Bxoaamu i 3 n
BMXOJIaMU, fika BUKOHYe omepalito (6.15). JAna oaepikaHHs JONOBHANBHOTO kOoAy X y BUNAaaKy
X¢=1 B i-TOMy po3paai, AONYCTHUMO INO KOAW X;, X2, X3, x4 (hyHKUiT Baroio 8, 4, 2, I asndAoThCA
aprymenTamn GyHkuii Zi, Z2, Z3, Z4 (QONMOBHANbHI KOM X1, X2, X3, X4), ToOTO YAH® nna nux mae
BUIJIA

Z, =\ (X X203 X4 VXX, X3 X4 VX X2X, X4 VX X, X X4 VX X2 X3X, )
1

Z, =\ (X X2 X3 X4 VX412, X3X0 VX X2X, X4 V X1XX, X4 V X X2 X3X,).
1

Zy =\ (X, X2X3 X0 VX1X, X3X4 VX X, X3 X4V X1 X2X; X4 VX, X2X3X,).
t

Z, = /(X X2X3X4 VXX, X3 X4 VX X, X3 X4V X1X2X X4 V X X2X; X9V
1

v;xx2x3;4 VX)X, X3 X4V X1X2X3X,).

MiHiMi3yeMo (yHKuii 3 BUKOpMCTAaHHAM Tpada-cTiskka. s BU3HAUEHHS HALIHMUIKOBHMX
MinTepM, siki-MoTpiGHI ans MiHiMi3auii, nobynyemo rpad dyHkuii, wo OMCYETHCA KOZAMMU BAroio
8, 4,2, 1 (am8. Man. 6.46 ). 3 MamMOHKa BUIHO, WO HAMNMILIKOBUMK MIHTEPMAMH, AKI He_o6me0
BUKOPHCTOBYBATH Npu MiHiMizauii Qynkuiit Z1, Za, Zy Ta Z4 € 10, 11,12, 13, 14 1a 15 (MIHTepMM,

. AKi BXOAATH y CTBOpeHHA rpada QyHKLUii, WO ONHCyoTLHCA Koaamu Baroto 8, 4, 2, | — 3atemueni).
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Man. 6.46. | 'pa-crizok anmst hynuii, wo onucyernes kosamu garoio 8. 4, 2, |
st npukiany miniMisyemo dynkuito Zy, jns usoro noSyyemo rpad-crinok G (Man.6.47).
MiINTCPMUL SIKi SRIAIOTLCS KiNUEBUMI BEpuiniamn rpada, 3aTeMuet, a BEPWHIN 3 RAUIIIKOBHM
mitrrepyamy 1113, 15, mo saisini B nponecet minimisanii, sauerpuxosani.
MeTOUOM CHBCTABIENHS BEPUIHH PI3HUX PIBHIB OACPHKIMO KOMIIOHEIITH Oynxuii 71, Tofro

Gy

15 1413 12 11 10 9 8 7 6 5 4 3 21 0
Man. 6.47. 'pad-crixox s pyuxigi 7
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Sosion = xI;:’ Sidvviais = XX, 800 Z. =X X, VXX, OCTATONHO  Z,, =X,. Ocranne
BUHO i3 Tabnulli iCTHHHOCTI (auB. Tabn. 6.14). BUKOPUCTOBYIOUH rpad)-CTIHKOK, uu iHmi MeTozu
MiHIMI3aLiT, BKAFOUMBIIY HAARKIIKOBI MinTepmu ans dynkuii Z> -5, 7, 11, ang dynkuit 7323, 5, 13
Ta A Qynkuii Z+-3, 5, 7, 13, 15, oaepKUMO HACTYNHI BUXiAHI QGYHKLIT nepeTBoproBaqa:

Zymin = X X2 V00X _
Zamin =X1X2X VX5 X3 VX X2 X3 = X1X2X, VX X3 VX, X3
Z i = X1X2Xg VX, X4 V Xy Xa V Xy X4,

CrpykTypHa cXema NepeTBOPIOBAYA IPAMOTO KOLY B JOTIOBHAJLHUH NMOKa3ana Ha Man. 6.48.

- — — -
Xy Xy X3 Xz X2 X2 X 'l DDI (Zimin)
& | (Zain)
“ Man. 6.48. Ctpyxrypua
cXxema nepeTsoploBaya
DD2 ApAMOTO KOAY B
&1 o
OMOBHANBHUI
. [ A
—la& -
&
DD3
&1
1« (Zamin)
a
&

Jlna peanizawii CTpyKTYpHOI CXxeMH BUKOPHCTaHI Joriuni enemenTy 6asucy 1-ABO.
PO3rAHEMO, K NPUKIA, NPOEKTYBAHHA NIEPETBOPIOBAYA ABINKOBO-ACCATKOBOTO K_O).xy_& 4
2. 1 B wikniuauii kox I'pes, yMOBHE 3a3HaueHHA AKOrO NoKasano Ha Mani.6.49,a. [;Jm MiHiMi3aLli
BUKOPUCTAHUIi NOTICPEAHIl METOX 70 BU3HAYEHHA 3HAaueHb BUXIAHAX QYHKUIH Ha Jesxux
HAUTMIIKOBUX BXiAHMX HaOopax. ITicns minimizauii Buxiani @yHkuii moxyts 6ytu 3armcaHi y
BUIIALAI CUCTEMH PiBHSAHB! _ o
Z, = X1Xy VX X1X4,
Z, =X, VX VXX, (6.16)
Z,=x,,
Z, =X, VXX, .
Onepxana cucteMa piBHAHL (6.16) peanisyersca B Gasuci noriunux enementis [-ABO Ha
Man.6.49,6.
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- — — -
Xy Xy X3 X3 X2 X2 X; X Z}

DDI
—x Z, &1z,
X/Z ] |
&
—_— X2 Z, |
DDh2
—1 X Z; &l
i & z
X4 Z4 g &
r-—..
&
a)
Maj. 6.49. Ymosue 3aznauenns  6) DD3
NEPETBOPIOBAYA — 4, CTPYKTYpHA ——1&| 1 Zs
cxema— 6 "= I
&

Uudposuis_rkomnapanop (cxema nopisusuua Koxy) — Mac Aekinpka PIZHOBHIHOCTEH
TPU3HAYCHHIT U1t nopiBHtibA 180X uncel (A, B) 3a pisunmn omakamn: A=B, A>B. A<B. A #B,
Az BUA LB Bixini gyusuii komnaparopa Bsnauaiyroes HACTYRUIIMEI BHPA3AMIL:

I, npn A=13

Zi(A, By=
0, npu A#B, ‘ ;
I, pun A>B

Zy(A, B)= 6.17)
0, npu A<B, ’
1. npu A<B

Z3(A, B)=
0, npu A=B.

YMoBHe  rpadivHe  3a3HAMEHHA  HOTHPHPOIPARHOrO xomnaparopa s (yukuiit

PIBHOSHAUHOCT Za=3 Ta  HEPIBIOIHAMNOCTT Za.p NOKasane na man. 6.50,a, Cunresyemo
HOTHPUPO3PATHUIA KommapaTop Ans QyHKLil Za-p T8 Za.p. Pibnicts uncen A=B mac micue npu
piBHO3HauHoCTE UMPP ycix pospamis. 3nauenns QyHkuiii Za-p Ta Za.s HaBENCH] y Tabnuui
icTuHHOCTI (Man.6.50,6), i3 sikoi cniaye: - -
Zia=8= a; biv ai bi, Zi a.p= ai biv a; b (6.18)
®YHKUIIO PIBHOZHATHOCTI ZA-g ANA HOTHPUPOIPAAHUX HUHCE MOIKHA JATUCATH Y BUTNIAAIL:

- - - - - - - L
Za-p=(avbo v ab,Yaib v a b Na2by va,b,Yasby va,b,) = &laibivab,), 6.19)
i=d)
AHANOTTYHO PYHKILN HEPIBHOSHAMROCTI (£A,B) MAE BUIISIL

- -— —_— - — -_— —_ — 3 —- -
Zasg=(a,bo v avb, ey by vanb))(a,br v arb,)a,bs varb,) = Kla,bivab), 6.20)

i=0
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OcKinbkht Za=g Ta Zasp B3AEMOIOMOBHIOWOUT (hYHKLIT, TO UTA cXeMHOT peanisanii Mose _6y'ru
BHRGpIIC e Gy -awe 13 plsisnin (6.19) un (6.20). [ng cuntesy komiapatopa (AnB. M. 6.50.8)
BUKOPUCTAHI PIBHAHHA (6. 18).

DD1 DD3
— ao
K ai 1 & |1
~— b Za-s
2 Zia-s
— a 3
— b DD2
—1 a | b; 1
— b2 Zpsn
m DD4
—1 bs & |1
a) Ziacn
&
B"‘”"L 7 B“""”Zf' 15 1413 12 1t 109 8§ 7 65 4 3 21 0
‘(‘]‘ 0' ';‘=B '3‘“ » Man. 6.51. Cpad-crivkok s QyHKIIR Zasp T4 Za<p
0 1. 0 1 5)
: (lj (1) (1) Man. 6.50. C DHA CXEMA KOMOBPATOpE ~ B Tabmus 6.15. ‘TaGunus icTHRUOCTI ABOPOIPAANOTO KOMIAPATOPA
an. 6.50. CTpyKTypHa akK B,
) YMOBHE 3a3sa4eHis — a, Tabnuud ictunnocti — 6 Ne Bxoau Buxonu
3a/n ay ay b; by Zasp Zp<n
, . O I ) 0 0 N
Po3rnsHemo NPOLE/lPH CHHTE3Y NBOPOSPSAAHOTO komnaparopa ans QyHKuiA Zasp Ta Za<s. ;2 v} O v o Y N
Jlnst uboro neoBXiaHO NMOpIBHATY ABa ABOPO3PsAH IBifikosi uuena: A=aap Ta B=bbo. 3anniemo L 3 0 0 | 0 0 1
Q)yHKmOHyBaHH;l TAKOTO KOMNaparopa y BUIAAl Tabauui (CTHHHOCTI (Taba. 6.15). Sk BuaHO 13 4 0 0 1 ] 0 1
Tabnuui, A>B, konu ap>by abo npu ap=bo, a;= b, Y cBoto uepry, A<B, xonn anp<bo abo a;<b; npu 35 0 1 0 0 1 0
ap=bg. 6 0 ] 0 1 0 0
[posenemo  MiHiMi3aWil0 PyHKUIA Za>p Ta ZA<B CKNafgHNX Ha 0CHOBI TaGn. 6.15. bt 0 1 1 0 0 1
LVB—V(aua“hbuva aubibo v a,avbib, vaa,bibo v aa, bib, v aa,b bo) 8 0 1 1 1 0 1
— - - - 9 | 0 0 0 1 0
Z‘1\<B=V(a|a(»b1b(, va;aob, bo vamub,b(, vandyb bo vanagb b, va,aubb,) 10 | 0 0 1 | 0
L . : 11 1 0 | 0 0 0
Jlna miniMizauii Bukopuctaemo rpad-ctixok mai. 6.51. 2 1 0 ] ] 0 1
13 1 1 0 0 | 0
14 1 1 () | [ 0
15 | 1 1 0 1 0
16 | 1 | 1 0 0

Buacnifok criscraneHns BEpIIHH rpadya Ta CKICIOBAHHA Ha HETBEPTOMY piBHi 8,9 Ta 12, 13
(BOHM 3aTEMIEHI) Ta HA APYTOMY piBHI, A TAKOK 1A TIEPWIOMY PiBHI Bepny 4, 12 Ta 12, 14 (BoHU
3aTeMHeH), ocTarouHO QYHKLIS Zasp NpuiiMe BUMIAL;

Zasn=(a,b1 v a,a,bo va,biby), : (6.21)
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BUKOPHCTOBYIOHH [1ONEPERHIO METOANKY MiHimMizanii g GyHKiil Zacs, KIHUCBI BEpIMHU
AKOi Ha rpadi 3aWTPUXOBAHI, OAEPIKUMO! _ B ’
ZA<B"'Z]b, VZxaub‘, vaobb,, (6.22)
CTpykTypHa cXeMa ABOPO3PAJHOrO KOMITaparopa nobyaosaHa 3a piBHsaHHAMH (6.21) Ta
(6.22) naBeaeHa Ha Man.6.52.

m W oa W™ b b b o pD1
& 1
& ZA>B
& Mau. 6.52.
CrpykTypHa cxema
JIBOPO3PALHOTO
DD2 KOMIaparopa
& |1
& i Zp<s
&

JInst NOpiBHAHMA N ABOPO3PAAHUX ABIHKOBHX 4MCEN PIiBHAHHA (6.21) 3anuuieMoO B TAKOMY
BUTASAL o _ _ _
Zass=a,bi va,a bo v a,bibo = aby va,bo(a, vb)=

=a,_ b va, baa{a,, VBV vab va,_lz._.(a, vB,)v...va,Ex vaghu(a, vb),

n~d -
ZA<B:;|b‘ \/;laobu \/t_loblbu =ab, vaoby(avh)= _ o
L@t vb,,_,)v.‘.vc—nb,. &(ain v b, Yaivb)v. .. vasb(a V).

u-

= E”’]b".l A\ Em:b
a 6.23
...([lo\/bu), . - ( )
Jloviuni supasu jna GyHKUif Zazxs, Zas, Y BIWNOBIAHOCTL 3 AKUMU MOXKYTH oyTH
MoGya0BaHi N-pO3PAAHI KOMIIAPATOPH, TOAaHI Y BUIIALL PIBHSHD. _
Zasn= Zaspv Za<p=a,  but V@, ybu2 8(a, v ba) Vi v ab (@, v bin)..
Aa,, Vb))V v al,Bo(a, vb)..(a, Vb))V (a, biva, b, Xa, bV

anﬁzbu—z)“-(ang*’ vayb,), o
Tach=TABNVLAE= Anib, v an-ab, o (aur v b, YV vab (@ v b, ).
@ Vb, Vv awby (@ v b)) (@ v b, )V (@ baa va, b, ) &

& (Gnabuz v, b, ). (@vbo v aby), (6.24)

" Peanizauin pisnans (6.23) ta (6.24) y 6asuci I-ABO He BuKknukae CK/IAJIHOCTI.
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§ 6.4.5 Ananis Ta cHHTe3 koMGiHARIAHKX 3cyBayvis
110, 11, 12, 16, 17, 20, 25)

Asmomam, wo nepedac 8xione 6azamopospadHe o8O HA 8uXOOU Ge3nocepednso, abo i3
3cy60M Ha [, 2, [ m.O. po3padie y 3anexcrocmi Gi0 Kepylowozo CuzHany, HASUEAEMbCA
KOMBIHayitiHUM 3Cy8auem.

SIKINo, y HAMOMY BUNIAAKY, BXIAHE COBO X=(Xy....., X;...., Xu) AOBKHHOIO N, NIPEACTABICHE AK

"
N-poO3pAAHE HMCIO y CHCTEMI WYHCIICHHS 3 OCHOBOIO JBa, TOGTO X:Zx,.Z"', a BHXijaHe
i=l
”

Zziz:,l”', TO 3CYBAa4 BHKOHYE OMNEpauilo 3CYBY Ha Z po3panis nisopyd alo npasopyy B

i=1
JANENHOCTI Bif 3HAKY Z. 3BiAKH BHAHO, IO MaKCHMAbHC 3HaueHHs 7. piBHE Nn-1, OCKiNbKK Ha
NpaKTULLi HE BMHHKAE NOTpeOM 3CyBy koay Ginblie, Hix Ha n-1 pospsais, TOMY, 110 3CyBaloYe
HUCIO BUXOMMTH 32 FPAHMLLL PO3PAIIHOT CITKH,

SIKINO 3a3HAUHTH BUXO/IM 3CYBaUa HACTYITHUM HHIIOM:

Z; - Bux0/, Ha AKi nonajae BxigHe cnoso npu Yo=0; Z; (i=1, 2,..., n);

Z.n4j ~ BUXOAM, HA AKI NONAAAC Xoua 61 ofun pospsa npu Yy=0; Zo =1, 2,...,n-1);

7 .. BAXOM, Ma AKi nonagac Xoua OM OAMH PO3PsA npn Yy=1, 10 po6oTy 3cyBaua MoxHa
onucary GyRKuisMH:

x; ipu Y=0
Zi= 4 x..npu Yo=0
Xz ipu Yo=1

0y pewta sunakis,

Z =% Xz mpH Yo=1, Y>j
0y pewra sunankis,

Zn+j= Xnijiz NPH Y0=O’ YEJ
0  ypewra Bunaaxis. (6.25)

Peanisysatn wi 3a1€XHOCTI MOXKHA 33 AONOMOTGIO Aewudipatopa Ha N BUXOAIB | ROFIYHKX
enemenrie [ [okaemo ue Ha npuknani. Hexait n=4. 3asnauumo suxoam Jewrndipatopa, Ha BXOAH
KOO HAXOAUTL CnoBo Yo, Oyksamn Dj, ge j Gyae Binnosizaty HUCIOBOMY 3HaueHnio Y. Ton
(yHxuit cuctemu pisnans (6.25) sanuwyrsea ¥ TAKOMY BUTAsAL:

225



Z =xDyvx,DY;vx,D,Y, vx,DY,,
Z,=x,Dyvx,D)Y vx,D,Y, \/x,D,Yo,
Z,=x,D,vx,D,\¥,vx,D,Yovx,D, Yy,
Z,=x,Dyvx,D, Yov xZDZ?o vxiD,—fo,
Z,=x,DY,vx,D,Y, vx,D)Y,,
Z_,=x,D,Y,vx,DY,,

Zy=xDiY,,

Zs =x4D,70 Vx3D2?0 vxzDg?o,

Z,= x4Dz)—’n v x3D370,

Z7 =X, D] 70.
-
DDy D2 Dyxyxs X2 %1 Yu Yo DD1
[ &1y
& z,
& —
1 0 —
71°C &
Y ]
_J_ﬁ 2 DD2
—3 [3] &1
& z
& S
&
Man. 6.53. CtpykrypHa
cxema 3cysaya npu n=4 DD3
&1 1 7.,
& S
&
DD4
& ] 1 Z
&
DD5S Z
& |
— "]

YacTina cxeMH 3cyBaya, o peanizye QyHKUIl Zi, Zs, Z.1, Z¢ T2 Z7 HaseaeHa Ha Man.6.53.
© Konn 3cyBay MpOeKTYEThCA 3. BEIMKHM YHCIOM PO3PAAIB, TO €KOHOMIYHO BHKOPHUCTOBYBATH
CXEMH i3 3aCTOCYBAHHAM MYIILTHILIEKCOPIB. ‘

3anuTaHHA A CAMOKOHTPOAIO

1.Cuntesysaty aewndparop-nepeTBopiosay ABilkOBO-AECATKOBOTO KOAY y CEMUCErMEHTHHU
KOA QYHKUiI, WO 3aKacThca y AECATKOBOMY KOAi  BUIIAdY

F=(3,5,7,10, 11).

2 Peanizypatn noriuni Gyukuii 3a nonomorowo newudparopa BurARRYy

Z =X, X3 VXX, VXX, Zy =X X1V XX VXX
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3.Po3pobuTi CIpYKTYpHY CXEMy, Ha OCHOBI AewudpaTopa, Mis TMEpPEeTBOPEHHS ABIAKOBOro
KOy Y KOO, WO Onucyersea QyHkwiaMn: @, =z, vz, Vz vz, QO =2,VZ,VZ vz,

Q,=z,vz, vz, OQy=z,vz,vz, Ta Q,=2,VZ,VZ,Vz,.
4.CunTe3yBaTi NoBHUIf BOCEMUBXOJO0BRIA IN(PATOP 3 ONUHUYHUMN AKTHBHUMH 3HAYEHHAMH
BXiZIHHX CHTHAIIB.

5.CKnacTi CTPYKTYpHY CXEMY MYJBTHIIEKCOPA, MO reHepye ABifiKoBy nociiaosHicts 1100,

6.Peanizysati Ha MYNLTHINIEKCOPI HA HYOTHPH BXOW NOritHi PyHKUIT 4OTUPBOX 3MIHHUX a,
b, ¢, d: '

Z1=\(3,5,7,9, 11,12, 13),
1

Z=\(1,7,9, 11,13, 15).
1

7.CuHTe3yBaTH AEMYNbTUIIEKCOP Ha BiCiM BUXOLIB Ha OCHOBI AeWwMdpaTopa.

8.CKknacTi CTPYKTYpHY CXEMY CyMaTopa, (O 3AIHCHIOE IOAaBaHHA IBOX HOTUPHPOIPALHHX
koais: 1111 ta 1100.

9.CuHTE3yBaTU CTPYKTYPHY CXEMY TMEpCTBOpIOBaYa 3 NPAMOro koday B 0GepHeHuil Ta
RonoBHANbHUA uncen X,;=-0,1101 ta X=-1,1101.
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§ 6.5. ®opmu nipencTaBiaeHHS CKiHYEHHX ABTOMATIB
[10, 11, 12, 16, 17, 18, 19]

SKio B aBTOMATI He JIOCNIDKYBanacs BHYTpilllHA CTPYKTYpa, TO HOro BiIHOCATB 110 KaTeropii
aberpakThux. 1106 3anard aGCTpakTHU ABTOMAT, YBOAATH TPH MHOXMHHM: BXiauuil angasit X,
BUXiAHKI — Z T2 MHOKMHY BHYTPIILHIX CTaHiB A.

AsTOMatr QYHKUIOHYE Yy AMCKPETHI NMPOMDKKH 4acy, AKMil 3a/1a€TbCs HATYpANbHUMH YHC/IaMH
t=0, 1, 2, ... Y KOKHMIIi MOMEHT 4acy t aBTOMAT 3HAXOAMTECA B ICAKOMY BH3HAUEHOMY CTaHi a = a(t)
i3 MHO>KHMHH CTaHiB A.

Cran y moMenT 4acy t=0 Ha3uBaeThes NOYaTkoBuM: g, = a(0). Y KOXeH MOMEHT JIMCKPCTHOTO

uacy, MOYHHAKYM 3 t=1, y aBTOMAT HAJXOAMTh BXiJIHMI CHrHAN y BUrNAi 0aHOTO HAGOpY BXiAHOTO
andasity X, T06T0 X=x(t). ' _

CkiHyeHa NOCHiZOBHICT BXiJHMUX curHania: x(1), »(2), ..., x(n) CTBOPIOE BXiaHe CIOBO
aBroMara. BuxigHe cnoso astomara Z(1), Z(2), ..., Z(m) — ckiHdeHa TNOCIIJAOBHICTb BHXIIHHX
curHanis i3 andasity Z. ABTOMAT CTaBMTh Y BiANOBIZHICTb KOXHOMY BXiAHOMY CIOBY A€AKHMH
BUXiAHMii, TOOTO peanisyeTbcs nesHe BinoGpakeHHs. Lle BioGpaKeHHs OHO3HAYHO BM3HAYAETHCA
3aJaHNM 3HAUEHHAM QyHKUIT nepexoliB Ta QyHKUIT BUXOAIB, SKi MOXYTh OyTH MpeAcTaBieiHi 3a
Jlonomororo rpadis, a6o aHamTHUHNX BUPa3iB.

Bxoau Buxig Bxoau Cran
Xi X2 z X7 X2 a, a,
0 0 7 0 0 a, a
0 ! ! 0 1 a, a,
! 0 0 1 0 a, a,
a) ! ! — 6) 1 | = | —
Bxoan Ctan Bxoau Cran
X X2 a | a X X2 a, a,
0 | 0 [0 |1 o o | o | &
0 1 1 1 u !
0 1 L 1
1 0 0 0 “:) “:j
B) 1 1 — _ r) 1 0 4y )
1 1 = —
xx7=01 =1
=00
xx7=00 et
7=0 x/xz=10

i)

Mau. 6.54. OpMH NpeCTaBACHHS aBTOMATA: TAOHLA iCTUHHOCTI — &,
Tab1uus nepexoiis — §; TabnuLs BUXOAIB — B; CyMillieHa Tabnuua — 1,
aBToMaTHuit rpad— a *
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Hexait apromar dynxuionye 3a rabnuuero ictuunocti (Mant. 6.54, a), toxi Bin yne aBTOMATOM
Minni, 3apanum y Qopmi Tabnuup nepexojiis Ta BUXOLB (Man. 6.54, 6, B). Y tabauui man. 6.54, a
snaucuna 2" xapakrepulye ctan aBTomata y waci t), Z° - B uaci ty.

Cronunky TaOnuub NMpPU3HAYCHI JUIA OKPEeMHMX CTaHIB asTomara. Sk BuaHO 3 Tabnuui
icTHHOCTi, MOKAUBI /1Ba CTaNH aBTOMaTa Z°'=0, a6o Z™'=1, To6T0 BiANOBiAHO a,=0raag=1Y
pAakax posmitichni pxiani nabopu asromara. Ha nepeTHHi cTOBMUMKiB Ta pAakiB y Tabnuui
nepexonis (man. 6.54, 6) noxasanuit HOBKI CTal aBTOMATa, B AKMI NEPEXO/UTD aBTOMAT, y Tabanui
BUXO/IR (Man. 6.54, B) — Buximnnii curnan. Ipad aBTomara (Man. 6.54, 1) cknajaeTbes i3 BY3Nis,
IIOCTABJICHMX Y BIATOBIAHICTL OKPCMHM CTAlIAM aBTOMATA: g, ab0 «,.

Jlyry Mk Bysnamu [10Ka3yloTh [ICPEXOAN aBTOMAaTa i3 OJHIOre CTally B iHUIM M BHAMBOM
BXiftinx curnanis. Hanpuknay, npu sximnomy HaGoposi x.x;=00 cran astomara 3fepiracthes a,,,
BUXiAHHME curban npu usomy z=0. Tlpu sxianomy nabopi x/xz=01, cran asromara 3Minocties i3 a,
Ha «;, BUXINIT curuan smimoctsen i3 z=0 ua z=1. Hpu BxigHomy naGopi x;x;=10, aBTomar smitioc
cBiif cHruan i3 @) na g, BUXIUKI CUHAN MPH OMY 3MiHKTbeA Na z=0. 3a anasoricio vouaia
ONHCaTH (PYHKILIOHYBAHIA ABTOMATA JUTA CTAHY a,.

Ha man. 6.54, r napesena cyminiena tabiiniig nNepexois Ta BUXONIB, e KOKHMI cnement g, ¢
BHYTPUNUIN Cran, B AKHIE ICPEXOJMTL aBTOMAT i3 CTaHy «, 1ijl BWIMBOM BXIAHOrO Haopy, a y

CTyneui Brazano cran Buxody (3==0, aGo j=I). s rabmuus ¢ npuknaiom onmey asromara Mypa, 1a
AKOI0 HE cKaaae Tpynoutis nobyaysaru rpad apromaia.

Bukopucrasuin rpadgu abo TaGnuil, MOKHA ONMCATH ABTOMAT Y BUIIISL AHANIITHIHOIO 341IMCY.
Jlis asromara Minni Bite Mae BUENAJL
1

Wl nel pel el T T e
a, =a, Xy va, x,zT =x )
el el et el 1 wl el el

a =ay'xM va xS =X ey v a v X e (6.20)
Ananitusnnii 3anuc aBromara Mypa (Jms. Man. 6.54, )

Wl nel e wel _onel
dy =dy Xy Vay X, I =4,

W el el P e} ol _net 627
ap =dy X vy Xy, 5 =4y . (6.27)

Y umux Qopmynax epxHili injieke nokazyc mMomeHTH uacy t B (n-1)-rakri, ta t+1 B n-Takvi.
Jlitepu s @ ta a oumcyors dynkuii nepexoais cranis, nivepn s 7 Ta 2)7 — dymkuii
BIXOJLY, @ NiTEpH X, X, - BUXiAHi naGopu, s nanoro Bunaaky x, =00, x, =01 it.a.

Tabnmiti nepexogtis ra Buxouis (rpad abo aHaniTUYHMI 3a0MC) NAIOTH NOBHUI OMUC 3AKOHY
dynxiionysans anromara. [Monasanus JOBINBHUX HAGOPIB BUXIHMX CHIHAINIB Ta KOPHCTYBAIINA
TabanIAMI NEPEXOLIB TA BUXOJUR, JAIOTH 3MOI'Y BH3HAUNTH Bi/INOBIAHNI BUXiMil curiian.,

STk yake TOBOPHIIOCH, OCHOBHIMM 3aa4aMK Teopii aBTOMaTiB ABAAIOTLCA 3ajaui amanisy 1a
cuirresy. Ilpu poss’a3ky IMX 321049 BUADIAIOTE JCKUIbKA €Tanis, ccpe AKNX Halibiibu BOKIUBUMU ¢
abcTpaKTHUil Ta CTPYKTYpHMIL. ,

Ha aGctpaxtHomy crani aBromar 3ajaetbes TaGnuismu abo rpadom, abo inmum cnocobom.
Tipu tbomy 1e BepyTbea 10 ysark Gisuuii NpUHLUNK NPEACTABICHIA 3MIHENX BXiAHOTO andasity, a
TaKOJK KOMITOHEHTIB CXCMM peanbHoro apromata. Ha CrpykTypHOMY eTai aBToMaT I1ipe/CTaBAsIOTh
CTPYKTYPHOIO CXEMOK0, KA CKIIAJA€TbeA 13 €NEMEHTIB CTaHAAPTHOrO HaGopy, B SKHUil BXOAATD
eleMeHTapli - apToMaTh Ta  GyuKIiOHAILIO NOBHA CHCTEMa Jioriunux  enemeniis. Tomy, i3
{IDKEHEPHOT TOUKN 30py. HANGINBUINA THTCPCC CTAHOBHTL 3/1a4a CIPYKTYPHOTO CHIITE3Y aBTOMATIB.

Jna posp’sasky uici 3agaui HeoGXiHO onucatH yMoBH (YHKLUIOHYBAUHA aBTOMaTa, TOGTO
yBecTH cranjapriy (opMy 3ajasaiis aBTOMATiB. Y LBOMY PO3AiNI PO3CNANYTI TpH Qopmu
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3a1aBaHHS aBTOMaTa: 1pn 10MoMo3i (yHKuiit nepexoais Ta BHXOAiB, rpadis Ta aHaniTMHYHOrO
3armcy. '

§ 6.6. Onuc aAropuTMiB CKiHYCHHX ABTOMATIB
' (10,11, 12, 18, 19, 25]

OcHOBOW 114 NMoOyA0BH agroMara € HOro anroput™ (yHKuUiOHysaHHs. Bukopucraemo ans
CKIAAAHHA TAKUX aTopuTMis rpadu asromartis Mt ta Mypa.

Jiia nobynosu rpaga Minni BHKopHcTaeMo (parMeHTapHi Tabauui MepexoiiB Ta BUXOAIB
(rabn. 5.1.71aTabn. 5.2). 3 Tabnnup BHAHO, O PYHKLIOHYBAHHA aBTOMATA 30IHCHIOETLCS NIPH TPLOX
Cravax a, d,, a, (BepwuHu rpada). 3MiHa cTaHy g, y ¢TaH @, NPOXOAMTH NMPH BXiAHOMY CHTHAI
X7, BUXIAHUIT CHFHAN NpH ULOMY HalyBae 3HaueHls zz (MB. Man. 6.55). ABTOMAT MpH BXIAHOMY
curnani xz 3bepirac CBO€ 3HAYEHHA @, Ta BUXIAHMA cUrban zy. I3 BXIAHMM CHIHAIOM XN APOXOANTL
3MIMa CTAHY 3 &, Ha CTaH «,, BUXIAHUN CHrHAA NPH LbOMY JOPIBHIOE 23,

CraH asTomata a, (apyruit crosnuuk Tabn. 5.1) 3MIHIOETLCA HA CTAH ¢, NPU BXIAHOMY
CUIHaA X1, BUXIZAHUA CHIHAN JOPIBHIOE — 2. '

X

2

Man.6.55. I'pady
agToMara Minti

B asromara Mypa rafnuua BUXOAIB 5.2 NEpesoANTECA Y OUMH PAJIOK, AKNE MOKHA JONHCATH
[0 riepiioro psaxa Tabnuui nepexoxis. OuepkuMo BiBHAMEHY TabilMLEO MCPEXO/LIB, AKA MOBHOIO
MIpOto XapakTepusyc astomar Mypa (auB. mai. 6.56, a). Jlna asTomata Mypa BUXOAH 0AHO3HAUHO
BU3HAYAIOTE HOrO CTaH, TOMY BOHM MOXKYTh 6yTH Haseseni Oing BepiuuH rpada (aiB. man. 6.56, 6).

z| 5 Z z,
x N a, a, a,
X, a, a, : a,
X, - a, . : -
Xy a - : a,
a) 6)

Man. 6.56. TaGnuus nepexonie asTomara Mypa — a; rpad asromara— 6

" Jlns  nobyaosu rpadis amroputmis atomarie Miwti ta Mypa BBEAEMO MHOXMHY
Y = {)/U,yl, s, J» AKA ABJAC COBOKO MiKPOKOMAIIH, LIO 3XIHCHIOIOTH TIEPEXOAH ABTOMATIB 3 OAHOTO

cray B itunii. Onuc apromata rpa-cXeMol0 anropuT™y haseaeHui Ha man. 6.57.
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yi

X2 - v4

1 Mai. 6.57. I'pap anropuimy
ABTOMATA

Ys

Meroauka noGyaosn rpada iropurmy nacvyiia. [touarkoa BEplinia, WO Mae O BHXIA,
XapAKTEPH3YC HOYATKOBHI CFa) agToMaTa, YMOBIA BEPIIMHA NepeBipse BUKOHAHHS JIONMHOT YMORN.
HANPHKAAL, Y1 BUKOHYCTHCA 11EPEXiL aBTOMATa B IHWMIT CTan npy jui BXiAHOIO curHay x;. SKino
BHKOHYCTBEA (x/=1), TO 3/ilcHIOeTLCA Al MIKpokoMatLan yi. Lleii cran npojoskye icHyBaTh J10 THX
uip, noxn ue Oyac Buxonana ymosa x;=0. Ilicns 4oro sUKOHyeThes Mikpokomanja yz 1a
FICPCBIPACTHLCA YMOBA X2 1°T. L.

Jins noGynosn 3 rpada atropurMy rpada asromara Miun 103HAUMMO CTaHW aBTOMara
sepuinaMi rpada ¢, Po3rIsHEMO Ba THIIM NUIAXIB NICPEXOLY Bil OAHOIO CTaly A0 ioro: nx,
L0 MICTUTB JICsIKY KUIBKICTh YMOBHUX BEpUIMH (MOXJIMBO HYNL) 1 CANHY ONCPATOPHY BEPUIHNY,
UIAX, IO MICTHTH Jniie yMoBHi Bepiini, SIkimo nepexin Oesymosiuit, (yHKUIS nepexosy
JIOPIBHIOC O,

['pah asromMara Miwni Micrurs Tpi cranu (man, 6.58). Jlyrn rpada Binaueni @yuxiismn

Maii. 6.58. [lepersopeniis rpada
anropurMy y rpat asTomara Minni Man. 6.59. lleperBopenns rpada anropurmy
apromara y rpady asromara Mypa
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nepexoay rta GyHKUIAMH BUXOAY. JInA IWAAXY JApYroro Tty (YHKiis BUXORY He BU3HAYEHA.

I3 noGynosoro aBToMaTa Mypa CHMBOAMH @ BIA3HAYAIOTE JIMILE ONEPATOPHI BEpUIMHY rpad-
cxemyt anroputmy. CHMBONIOM i Bii3HAYAIOTh [OYATKOBY Ta KiHLEBY BEPINUHM, & BCi iHWi —
pisnumu cumponamu:. OCKinekHM B JaHOMy MNpUKIAJi BCi OllepaTOpHi BEpUIMHN PisHi, Oyznemo
BBAKATH, WO @1=Y5=Yp, M1 iHIINX ONEPATOPHUX BEPIIMH @is1=y;. BXigHi curHamm, wo sabe3neuyioTs
3MiHU CTaHiB ABTOMATa, BU3HAHAIOTECA AK (YHKLII MEpexomy MK OMEPATOPHUMH BEPUIKHAMM.
Takum uuHoMm, Ayra rpada Bim3HAaueHi CHrHanaMp Ha BXO4AX, a BWUXOAM  aBToMarta Mypa
(MIKPOKOMAaH/M) OJIHO3HAYHO NOB’A3aHi 3i cTaHOM aBToMara (man. 6.59).

Hna 6yne-akoro aBromata Mimni moxna noOyayBaTH - €KBiBAJIEHTHUI aBTOMAT Mypa i
Hasnaku. Posrnsanemo meToauky nepexofy. Hexail aBtomar Mypa Sa 3amaHuii HaGOpOM BXOAIB,
BUXOAIB, BHYTPilIHiX CTaHiB, (ByHKUIH nepexoais Ta ¢yHKuiii Buxoais: S, :{x,,,:l,a,,,f_“(p,,}.
AHanoriuxo asTomMat Minmi: S, :{x”,z”,a,,,f,,,(p,,} 3 nepexofoM Bid S, mo S, AonyckaioTh:
ay,=a, X,=x. 2;=2,, fy=/f a QyHKUi BUXOMIB @, BH3HAYAETHCA HACTYMHUM HHHOM:
Ko B apromati Mypa f,(a,. x,)=as i ¢ (ay)=z,, T0 B asTOoMaTi Minni @, (a,, x,)=z,.

I3 3BOpOTHHM riepexoaom Bix aBromata Mimni o asromara Mypa BB@XAOTL, 110
X, =Xy, z,=2Z2,, IS BU3HAYCHHA @, KONHOMY CTAHY @, CTaBlIATh y BiAMOBIAHICTH NapH 3HaueHs
(ay, zy), 1€ z, — BUXIIHI CHTHAJIM, WO BiXNOBiAAIOTE cTany . MyHKLIT BUXOAIB @, Ta Nepexoais
/; BU3HAUAIOTH HACTYNMHHUM 4nHOM. KoKHOMY ctany aBToMara Mypa S, o sBnse coboio mapy
BUAY (@, z,), CTaBNATh y BiANOBiAHiCTH BMXiAHWI curHan z,. Slkuo B asromari Mingi S,
nepexin f(a,, X,;)=ay i npn upoMy GopMyBaBcs BUXiAHNI curHan @, = (a,,. X, )=z, T0OB S

Oyae nepexin i3 MHOXKHHM CTAHIB a, Yy cTan (0, X;) 1A J1i€I0 TO50 X BXiAHOrO cHrHaly x,. 3

o
nepexo/iom Bia asromara Mypa o aBToMara Mijti KileKicTh CTaHiB aBTOMAaTa HE 3MIHIOETHCS, TOJL
SIK NPH 3BOPOTHOMY NIEPEXO/i KiNBKICTh CTAHIB 361/1BLUYETHCS.

Ockinskn npyu nepexoii BiA aroMara Minmi o asromara Mypa BHHHKAIOTH YCKIAJHEHHS,
pOo3riAHEMO METOANKY nepexoay Oinbu AeTansHo. Hexait arromar Minai 3anaernea rabaunsamu a, 6,
B, Masi. 6.60 ta rpadom aBTomara Masi. 6.61, nobyaoBaHoro 3a Tabn. 8B, mait. 6.60.

TocTaBumo Y BIANOBIAHICTE kOMHIM Napi (a,,, x,) aBTomata Mimni cTan a,, asTomara Mypa.

s
KpiM Toro, y MHOXMHY cTaHiB apToMaTa Mypa BBe/IeMO NouaTkoBuii cTaH ¢, asromarta Mimni. Jlns
PO3CAAHYTOro MPUKIANY TaKy BiAMOBIAHICTL MOKHA nojaaty Tabn. 6.16, AC y KOXHOMY CTOBMUUKY
BIAMIOBIZAHOI KOMIPKM 3aHeceHi cTaHW aBromara Mimni  (niBopyy), Ta craHd astomata Mypa
(npaBopy4), a KOKHHII PAJOK BIAMOBIJAAE BXIAHUM CHIHANAM NP LNX CTAHAX.

xNg | a a, a, a, wNd | a 4 a, a,
x, a, a, a, a, x, z, z z, z
X, a; a, a4 dy X, 24 5 24 Z
a | x, a, a, a, a, 6) | x, z, z, 2, zy
a .
NG| 4 4 : Man. 6.60. Ta6nuui asTomara
s lelaelala Miai
i . . N Z NepexoAiB — a
3 “2 “1 1 B
BUXOIB — 0,
X, a a4 4q Ly cyMilmeHa — B
Z4 Z3 Z4 2
el a e la
B 3
) z, z, z z, | 232

SAxuto aproMar Minni Mae k CTaHIB i n BXiAHMX CHIHANiB, TO eKBiBaNeHTHUH aBToMaT Mypa
Oyae matu kn+1 craHis.

Ta6auus 6.16. Cymiuena Tabnaus agromaris Mimti ta Mypa

xN¢ | 4 /l Dy a a4 a,
x| &, ay a i a, a, § ay a; E dy,
X, a, Ay a, | a, a, ay a, i sy
x, a §oan | a fay | a4 ay | q g ay

I3 QopmyBaHHAM cTaHiB @, aBToMata Mypa cnil BHKOPUCTOBYBATH 3B’S3KH MiX

BIANOBIAHUMHK CTaHamMW aBTOMara Minni, siki HaBeleHi BiAnOBiAHO y Tabn. man. 6.60, b, Ta
3a3Ha4eHi Ha rpadoBi Man. 6.61.

X, 2,

Mayt. 6.61.
I'pad aBTomara Minni 3a

¥ 53 nanumn taa. B, Man. 6.60

Xyy Z4

13 Tabn. 6.16 BUAHO, WO CTaH @, aBToMaTa Minni cniBnajace 3i CTaHaMK dy,, d,,, Ay, dy,

asromara Mypa, To6To
a, =(ay, dy, dyy, dy),
a, = (g, ap), a4y =y, a1, a5 Ay,
ay=(ay,, ay, dy).

Tomy nepexia asromata Mifli 3i cTaHy @, y CTaH @, NOBMHEH BiJINOBIAATH BCiM nepexo/am
asTomata Mypa 3i CTaHiB @y, dy, 4y, @y, Y CTAH @, Ta 4a,, NEPeXiA i3 da, B @, MOBMHEH
Bi/INOBIZATH BCIM NMEPEXOMAM i3 dy, TA d);y B dy,, Uy, &y, 1 TN

3BiaKN BHAHO, 1O AKILO CTAH 4,, BXOAMTb y MHOMHHY CTaHIB, AKi CNiBNajaloTh 3 CTaHOM

a,, TO CTOBMYMK TAOMMUi NEpexoiis ans cravy a,, Oyie cniBnajati 3i ctoBnumkoM Tabnuui

I
nepexoniB ana CraHy a,. 3HaueHHA (YHKUIi BAXOAiB ANA ekBiBanecHTHOro asTomMata Mypa
BM3HA4a€Thes CITiBBIJHOIWEHHAM:

(p(angf) =g(a,, X ) npu a,, #dy,.
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Jlsia nouatkoBoro cTaHy a,, 3HaueHH® BUXIAHOrO CHMIHaly BUOMPAIOTh JOBiBHO. 3HAYCHHA
Nepexo/is Ta BUXIHUX CUrHaJiB €KBIBANCHTHOTO aBTOMaTa Mypa HaBesieHi v Tabn. 6.17.

Ta6auus 6.17. Tabnuus nepexonis Ta BUX0AiB A5 €KBiBaJEHTHOr0 aBTOMaTa Mypa

S B2 W BTN E7RN 20 JENNR (YN D0 E7UN JEA 1N DN Y

X ol ay | @ | ay | ag | an ay, aj, | ay a4 | an | aw (28 a;,
X) Ao | Gy | Gy | Gy | Gy | Gy | Gy | Qo | Gy | 9n | Qs | Gy | ay
R oy | Gig | Gag| Gy | Qu | Gp | G| 8un | Qu | 8y | Gy | 4y | 4y
Xy ay | a, | ay Ay f Gy | G| A | Gy | o | Uy | Qay | oy | s

3’sacyemo Ginblu AeTansHO GOPMYBaHHSA CKNajoBUX Tabi. 6.17. Y nepuiomy psaxy uucenbHUKa

(bopMYIOTECA BUXiAHI curHany aBTomara Mypa, a B 3HAMEHHHKY — CTaHW aBTomara. Hanpuknaj, -

-CTaH a,, (auB. rpac man. 6.61) apTomara Mypa cTBOpEHUIt 3 IepeXoNoM CTaHy a, asromara Mini
B CTal g, BUXiAHUH curnan npu ubomy 6ys z,, CTaH a,, CTBOPEHUIi NpU NEpexoli CTaHy aBToMara
a, Yy CTaH a,, BUXIAHWH curnan npu usomy 6y z, i T. A Bianosiano mo Bxiamux curuanis
X, Xy, Xy, Y OPYIOMY, TPEThOMY Ta 4ETBEPTOMY pAAKax (IOPMYIOTECA CTaHH agromara Mypa.
Hanpuknan, crany astomara Mypa a, (auB. Tabn. 6.16) i CTOBNUMKY 3HAueHb Mif «,,, OyiayTsh
BiANOBiAATH CTaHyu apTomMaTa Mypa Ili/l CTOBNMYMKOM @, CTaHaMm aBToMara Mimii, a crany aBTomara
Mypa a,, Bianosijae cran asromara Minai a,, To0TO y CTOBMUMKY 3HA4CHL CTaHIB aBTomMara Mypa

ay, OyAyTb BIANOBIAATH 3HAYEHHA ., dy,, dy, | T. A. Kopucryiouncs Tabn. 6.16 ta 6.17, cnix
nam’ATarTy, Wo:

o _ . _ _ _ .
Ay Sy, oy =dy), Ay =dyy, Qyy =gy, Ay =0y, Uy =0y, O3y =y,

§ 6.7. Ananil uHQPOBHX ABTOMATIB i3 3BOPOTHHMH 3B’ I3KAMH
[10, 11, 12, 16, 17, 18, 25]

VY Takux aBTOMATaxX BUXiJHI CHTHAIW. 3AIEKATH HE JMIIC Bifl BXIAHMX 3MIHHUX, ane | Big
3Ha4eHb CUTHANiB, siki Oy/n nojani y nmonepemHi npomixku 4acy. PO3pisHAIOTE CHHXPOHHI Ta
ACMHXPOHHI aBTOMAaTH. ¥ CHHXPOHHHX aBTOMATAX NEPEXOAM 3 OJIHOTO CTaHY B iHIIWH 3MIHCHIOIOTECA
uepe3 piBHI NMPOMDKKM 4acy, sKi BUPOONAIOTECA TEHEPATOPOM CHHXPOHI3YIOUUX curHanie. B
aCHMHXPOHHHX ABTOMATax, A0 SAKMX Hanexare 0araro CXeM 3i 3BOPOTHHUMH 3B’A3KAMM, NEPEXoau
3AIHCHIOIOTLCA  HEpe3 IHTEPBAMM 4acy MK JBOMA& CYCIOHIMH 3MiHAMW BXIOHMX CHIHAIB,
BaxcimBumu napaMeTpamMp U TAKWX aBTOMATiB € NapameTpH, IO BU3HAYUAIOTH iX CTIHKICTb.
BBakaioTh, 1110-aBTOMAT 3i 3BOPOTHUMM 3B’A3KAMM 3HAXOAMTBCA Y CTIAKOMY CTaHi TOAI, KOMM CTaKK
fioro BuxoaiB 36epiraloThca HeoOME#keHO A0Bro. HecTitikuit ctan cxemu Byne Toni, KoM iCHYIOTH
nepexiani npouecu. HadBHicTh y cXemi ABOX i Ginbilie CTIAKMX CTaHIB rOBOPUTH MPO TE, WO BOHA
Moke OYTH BMKOPHCTAHA JUIA 3anaM sSTOBYBAHHA AEAKMX CUTHANB, WO HAAXOAATH Hepe3 30BHilIHI
NaHUIOMY. .

Jns npyknany posrnaHeMo cxemy, nobyaosaHy Ha noriuHux enemeHtax ABO-HE, [-HE (man.
6.62). : :
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BuxiaHi 3MiHHI s Ui€l CXeMH BU3HAYAIOTHCA HACTYNHUMU PiBHAHHAMH:

z =X, v(;c—,;:), Z, = 2,(X, vV X,). (6.28)
DD1 DD3
Xy —_—
& X1 Zy
& ] Zy
DD4
DD2
] Zy
1 X;VX;
X2 [1:2

Man. 6.62. CTpyKkTypHa cXemMa aBTOMATa i3 3BOPOTHUMHU
CONYYEHHAMM.

Jins po3B’a3Ky UMX piBHSHL CKnajaemo Tabiumwo icTunHocTi poGoTe astomara (aue. Tabn.
6.18). ‘ :

TpoananizycMo poGoTy CXeMH Ma. 6.62 Ha NPUKIAjL BUXIIHOTO CHIHany 2. Sk BuiHo 3 Tabn.
6.18, y Bunaggy x;=!, ans cxemu, cknagenoi i3 norivnunx enementis, DD, DD3, He 3aiexHO Bis
Bximioro uaBopy x; 1a za, 3aBin 30epiracThea Crifiknit ctan (z1=1). ITpn sxianomy HaGopi xsz
cXeMa TIEpeXonTh Y HCCTiHKni pexum pobOTH, OCKiIbKM BHXIAHMI CHIHAL z) 3&ICKHTL BLY
BUXIIHOTO cHruany za. llpn Bxismomy Hatopi x;=0, un x/=1, z1 MOXKE JOPIBHIOBATH AK HYNO, FAK i
OAMHHULI, TOGTO CHIHAN HA BUXOJLi 2| 3AIEXUTh Bl CTaHy cXeMH, ¢ popmyeTbes z;. Hanpuknan, npu

z7=1 Ta x;=| na BuxoAi noriuxoro enemeira DD3 z1=0 (ockinsku x7=0).
Tabauus 6.18. Tabauus icrunocrti aBTOMaTa Sk Buawo 3 amanisy, noriuna cxema ;i
L. Buxiani 3BOPOTHUMM  3B’S3KaMM Y  3a1exXHocTi  Bijt
Bxiaui curnanu CUrHAIH komOiHauii BXiaMX CHIHaniB Moxke OyTu
X1 X2 7 72 7 Z2 ckiHuenum  aBTOmMatoM abo  nepelitn y
0 0 0 0 1 0 (akynbTaTUBHUIT pexxum  podoTH, BUaABATH
0 0 0 1 1 1 HECTaHJapTHI BUXI/IHI CHTHANN, abo
0 0 1 0 1 0 TEHCPYBATH KOJIMBAHHS. ] ]
0 0 1 1 i 1 PO3InsHEMO METOAMKY aHaiisy cxeMn 3
0 i 0 0 1 0 3BOPOTHHMH 3B’ A3KaAMH Ha: npukna rpaga-
0 1 0 1 1 0 crikka. Cknanemo rpa(])'-cmkox' AN asTOMATa
0 1 1 0 1 0 Ma. 6.63, ne monuiMBi kKomOiHawii BXIAHMX
0 1 1 1 1 0 3MIHHUX X/ Ta X7 3a3HAUMMO pebpamu neporo
Ta Apyroro pisHa, a peGpamu TpeTbOro Ta
! 0 0 0 1 1.0 YETBEPTOro PpiBHA — KOMOIHALIi 3aNEKHUX
I 0 0 I 0 0 3MiHHMX 21 Ta z3. KiHuesi BepwnHu GyayTh
] 0 l 0 ] 0 XapaKTepU3yBaTH BUXiAHI CHTHATH QyHKIH z)
: (l) (l) (I) (1) g Ta 22, TOOTO BUXIAHI CTaHU piBUAHL (6.28).
1 i 0 1 1 0
1 i 1 0 1 0
1 i 1 1 1 0
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Man. 6.63. I'pad-cTixok Ta inocTpauis nepexonis astomara man. 6.62

Binomo. 1o cTaH aBToMaTa € CTiMKHM, KOJIM 3HAYEHHS BXiAHWX CUrHaIB 2| Ta z; CHiBNAAE 3i
3HAYEHHAMM BUXIAHWUX CHTHATIB (MIHTEPHOM KIHUCBOI BEPUWIMHK), TOOTO Z,.»:z =10, z,z, =11,
z,22=10, Zl_;z =10, z, z2 =10 (wa man. 6.63 Taxi MinTepmu posmiuteHni y kpaaparax). 3’ €lHaBILN
KiHueBl BepuwiMHy rpadya 3 RONOMOrol0 BIANOBIAHUX RNiHIN Ta CTPINOK, MOKHA [OKA3ATH HANPAMOK

nepexonis y crTiiikuil- ctan asromara. Ha man. 6.63 niakpecieHi MIHTEPMU XapakTepusyioTh
HECTIHKMIi CTaH aBTOMAaTa, a JIIHIAMH Ta CTPINKaMH NOKA3aHO HANPAMOK NEPEXOIB y CTIMKMI cTan,

Hanpukna, npu BxigHomy Habopi x,x,z,z, BLANOBIAe HecTiHkWil cTan apTomara 10. Oanave, npu
rnoaadi BXiHoro Habopy x,xzle ABTOMAT NEPEXOAUTL Y CTIAKMHA cTan. Y upomy % BXiaHOMYy
Habopi x,x, ;Zz aBTOMAT MOKE TEpeiTH y CTiIlikui cTaH dyepe3 npomikHuil Habip x[x2;|;z, npu
sikoMy aTomat 30epirae HecTifiknii cran, ane mpu nochiaylouomy HaGopi x,xzz,_z_z apTomar
HEPEXOUUTB y CHIHKHI Ccran.

Y peajibHUX CXEMaX 3 [IEPEX0I0M ABTOMATA 3 HECTIHKOro CTaHy Y CTiiiKKMi i HABIIAKK, MOXYTh

IABATMCH NPOMDKHI Ha0OpU Ta 3aTPUMKK, BHACHIAOK YOTO BHHMKAIOTH pusnku 3007B CTaniB (Aus.
§ 6.3). :

§ 6.8. CuHTe3 TpUrepHUX aBTOMATIB
[10, 11, 12,17, 18, 19, 20}

ITicas Toro, Ak (opmanbHuii onuc aBToMaTa 3MIACHEHUI i3 BpaXyBaHHAM 3BOPOTHHMX 3B’ A3KiB,
HOro MOsKHa peanizyBaTi 3 BUKOPUCTAHHAM €JIEMEHTIB MikpoeneKTpoHiku. KoxkHuii asToMar, uucno
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CTaiB AKOrO NEPEBUILYE OMHULLO, TIOBUHEH MICTHTH €fleMEHT nam’ati. [ins npuknany po3risHeMo
po6oTy LMdpoBOro aBTOMATA, HABEAEHOTO Ha Mal. 6.64.

——

11

g" DDI DD2 e
— 11 1 DD3 DD4

q 1 1 Q"

RP[

Mau. 6.64. CTpyKTypHa cX€Ma aBTOMATA 3i 3BOPOTHUMH CTIONYUEHHAMU

PosrnsHemo (yHKUIOHYBAHHSI CXEMH IPH 3MiHI HE3ANEKHHX 3MIHHMX. 3a3HAYNMO, BXOAM
aTomara y n-rakti 8" ta R”, a cran BUXiaHOro curHany y nonepemHsomy Ttakti n-1, Q"' ta Q™'
Jle OCTaHHiM BUXi MM CTaH IHBEPTOBAHMI NO BiAHOWEHHIO 10 Q™', T06T0 axwo Q™'=0, To Q™'=1.
Hexaii cxema 3HAXOMTHCA B cTaHi, konu Q™'=0, a Ha BXOAM HAAXOAATH IHAUCHHS R"=8"=0, Toni
cTas aBToMara He 3MIHUTECH Q"=0, TOOTO MiATBEP/LKYETHCS MOMEPEaHii craH. CXxeMa 3MiHUTh CBIl
craH Ha Q"=1, AKIWO NP LUX CAaMUX BXiAHMX curHanax S=R=0 nonepeaniii cran Q™'=1. Hexaii

TeTep Ha BXiA CXEMU, AKA 3Haxoawnack y crani QV'=0, Q™'=1 waniftwm exinwi curnanm §'=1,

R"=0. 13 anani3y BHIHO, 1O CXEMa HA BUXOJi BCTAHOBHTHCA Yy CTilkuii ctan Q"=1, Q"=0. B Tabn.
6.18 nokazaui BCi MOXUIMBI CTafu aBTOMara fnpu pisHUX koMmGiHauiax Bxiauux curnaiie S", R" ta
CHTHARIB, WO MOAABAIMCH HEPE3 AAHUIOT 3B0POTHOTO 387 3Ky Q™.

Tabanus 6.18. Tabsuus nepexosis asromara

Ne | 3nauenns BXigHux craunis | Buxianuii curnan
sa/n S R" Q"" o Onwuc crany aBromMarta
1 0 0 0 0 36epiraniis "nyns"
2 0 0 1 | 36epiranns "oaHuui”
3 0 1 0 0 TiareepokeHHs "Hyna"
4 0 1 I 0 BeTaHoBieHHS ¥ "Hynb"
5 1 [{] 4} 1 Beranossienns B "oavnngo"
6 1 0 1 1 [Minrsepkenns "oannuui”
7 1 1 0 [ Hesuznauenictn
8 1 1 1 [} HesusHaueHicTs
237 .



13 ananisy poGoTi CxeMM BHAHO, 1110 3 NOJABaHHAM Ha BXiA pisHuX curuanis S™=0, R"=1, a6o
$"=1, R"=0, Buxia cTiiiko 36epirac nesHe 3Hauenns. | iuuwe npu HaGopi BXigHuX 3HaueHb S"=R"=1,
(yHKUIOHYBaHHA CXEMM AK YCTAaTKyBaHHs 31 3BOPOTHUM 3B’A3KOM MOpPYIIYETHCA: CHIHAT Ha 060X
BUXOJaX AO0piBHIOE Hymo. Takuii cTaH HeBM3HAueHOCTi Hassaumii (axynsratusHum (D). Lo
OCOGNMBICTL CXeMM HEOOXINHO BPaxoBYBATH, HANPHUKIAZ, TPU MiHiMizauil. [lokakemo ue Ha
NPHKAAJI 3 BUKOPHCTAHHAM rpada-cTixka (AuB. man. 6.65). Jins Horo no6ynosu 3asHauumo pe6pa
nepLioro pisna uepe3 S°, apyroro pisus — R"; Tpetboro pisus uepes Q"' a kinuesi BEpLIMHY rpada
yepes Q", To6TO BoHM OyAyTh XapakTepusyBarTd BMXiAMi cTamn aBToMata. Kinuesi Bepuwuum, ne
Q"=1, 3aTemHeHi.

G

Man. 6.65. ['pad-crixxok aBTomara man. 6.64

BukopucTtaiuy METOMMKY MiHIMI3aLi, onucaHy y § 5.6, oxepixumo:
0"=8"R"vS'R'Q0" (6.29)
Sk BuaHO 3 piBHAHHA (6.29), ana Toro, wo® YHHKHYTH HeBH3HaueHocTi ((akynbTaTuBy) y

po6oTi cxemu, To6TO crany, konn S = R" = 0, HeobxiaHo, web S =R =1.
Toni kiHueBe PiBHAHHA 3ANMUIIETHCA:

0" =85 VvRO", (6.30)

ﬂe?:ﬁ':l,TOG’rO S"-R"=0

I3 ananizy dopmynu (6.30) BUIAHO, WO BOHA SBJIAETHCA AHATITHYHUM NPEACTABICHHAM
agromara man. 6.64, ockinbku onucye iforo tabnuuto nepexonis (aus. taGn. 6.18). Lla dopma
OPSACTABNEHHA aBTOMATA L ABOX CTaHiB gy, a, (0, 1 aGo 1, 0) nosuicmio cnisnagae 3

Npe/CTaB/IeHHsM aBTomara Mypa (auB. ma. 6.54).

Asmomam, sxuii Modice 3HAXO00UMUCs 8 OOHOMY I3 060X CHMlIKUX CHaHig | nepexodumu i3
001020 cmaHy 8 IHwull ni0 6nausOM 8XiOHO20 cuzany, Hasusaiome mpuzepom. CTaH Tpurepa
BU3HAYAEThCA 3@ BUXIAHMM CHUTHANOM,; TOOTO TPUrep SBJIAETHCA €IeMEHTApHUM aBTOMaToM Mypa,
ML IKOTO XapaKTepHi MHOXHAM (X, A, Z, F, ¢). Pi3Hi BUAK TpUrepis MaloTs pisHy KUIbKICTh BXOAIB
Ta BHYTDIlIHIX CTaHIB. .

3a cnocobom npuiiMaHHs iHQOpMAaLi, TPUrepH NMOAINAIOTECA HA ACHHXPOHHI TA CHMHXPOHHI.
ACHHXPOHHI TpUrepu 3MiHIOIOTL CBifl CTaH MiA Yac mojaBaHHsA iHpopMauii. CHHXPOHHI Tpurepn
pearyloTh Ha iH(OpPMAUIfiHi CHTHATH 3 HAABHICTIO  CHrHaNy JO3BOJAHHA Ha CTICUiabHOMY
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kepytodomy Bxoai C, Akui Ha3MBAIOTH BXOAOM CHHXPOHi3aLii. CHHXPOHHI TPUrepH MOAINSAI0 Ha
TPUrepu 3i CTATHYUHNM Ta AMHAMIUYHHUM KepyBaHHsM 1o Bxoay C. Tpurepu 3i CTATHHHUM KEPYBAHHSAM
cnpuiMaloTh iHQopMaLiiHi curiany 3 nogasanssm Ha Bxig C pisHs oaunuui (npamuii C-xia) a6o
Hyna (inBepcHuit C-Bxin). Tpurepy 3 IMHaMIUHUM KEpYBaHHSM CpUAMaloTs iH(GopMauiitHi curianu
31 3MiHOtO curnamy Ha C-BXOAI Bijl HYJIsl 10 OAMHULI (NPAMAMIA AMHaMiuHuii 8Xia) abo BiA opuHUUI 10
Hyna (iHBepchuit AMHaMiuHKi C-BXin).

3a npuHUMNOM. NOOYAOBH TPUrepH 31 CTATUMHUM KEPYBAHHAM MOXKHA pO3ALIMTH Ha
0JHOCTYNEHEB] Ta ABOXCTYNeHeBi. OAHOCTYNEHEBI TPUrepH XapaKTePH3yIOThCA HaABHICTIO OAHOrO
CTyfleHs 3anam’siTOBYBaHHS iHdopMalil. Y JBOXCTYlNEHEBUX TpUrepax HasiBHI JBa CTyleHi
sanam’sirosysands  indopmaiii. Ha nouarky indopmauis 3anucyetrbcs y nepidil cTymids, 3
NOAANBILNM 3311UCOM Y APYTUI CTYITiHb | 1I0ABOIO HOI'O HAa BUXOMI.

3a GyHKUIOHANLHOIO 03HAKOIO TPUTEPH NOIINAIOTE HA HACTYIHI THITN:

1. Tpurep 3 po3auibHAM ycTaHOBNCHHAM cTaHy 1 ab6o 0 (RS-rpurep acuuxpouHmit
ab0 CUHXPOHHMIA).

2. Tpurep 3 npuiimannam ingopmauii no ounomy sxoay D (D-tpurep abo Tpurep
3ATPUMKH).

3. Tpurep 3 niunnsium Bxoaom T (T-rpurep).

4. VYuisepcansnuii tpurep 3 indopmauifintnmu Bxoxamu J ta K (JK-tpurep).

Tpurepu XapakTepu3ylOTbCS TAKMUMH NapaMerpaMi sK: LUBMKOLIA, YYIIHBICTS, CrOXHBaHa
NOTY)XHICTb,  3aBaOCTIHKICT  Ta  (ynkiionansii  Moxausocti. lllBuukoiis  BU3HavaeThes
MaKCHMaJLHOIO MACTOTOIO TEPEMHKAHHS CTaniB TPUICPa i JOCArac cotenl Merarepil. Hyrnmsicts
TpUrepa BU3HA4a€ThCA HANMEHLIOIO HanNpyrolo na BxoAi (rpaHUuHa Hampyra), MPY AKiii TPOXOANTD
HEPCMHKaHHs. 3aBaJIOCTIHKICTh XapaKTepu3ye 3AarHICTh Tpurepa (yHKILIOHYBATH B YMOBAX 3aBaj.
OYHKUIOHAILHI  MOMUIMBOCTI  TPUTEpa XapakTepU3YIOThCA KiNbKICTIO BXiMMX curHaiis. Jas
3aznavens  QyHKUIOHAIBHUX — MOMAMBOCTEH  Tpurepa B IHTErpalbHOMY  BUKOHAHHI
BUKOPHCTOBYIOTHCA HACTYNHI MapkyBaHHs: TR — RS-rpurep; TB — JK-tpurep; T™M — D-tpurep.

Jins noBHoro onucy Tpurepa AOCTaTHBO 3aMaBaHHs HOTO CTPYKTYpHOi cXemy Ha 0a3oBuX
JIONIYHUX e1eMEHTaX Ta 3akoHy (ynkuionysalits. [{ns noby/ioBu Tpurepis BUKOPUCTOBYIOTH 6a30Bi
noriuni enementd ABO-HE, I-HE. Ockinbku; sk Byo ckasano, TpUrep sBISETLER €NEMCHTAPHUM
agromatoM Mypa, 3akoH Horo (yHKILOHYBAaHHS MOXE 3a/aBaTUCh TaGJIMLCIO 1ICPEXOAIB, B AKIH
BXiJHi CUrHANM Y MOMEHTH 1X 3MIIIM Ta CTaH TPUTEpa 3a3HaucHi ingekcom n-1, a iicns nepemukanis
— IHJAEKCOM N.

Po3rnsHeMo 0CHOBHI THIH TPHIEPIB.

Acunxpounuti RS-mpuzep 3 npamunsu exodamu

HalinpocTiwnkii Tpurep, na aKoMy 3pyuyHO BHUBUMTH ITPUHLIKN Aii Ta cnocobu oruey, ~ RS-
Tpurep (BiJl aHr1. €t — BCTAHOBNEHHS, resct — cknaannn). Lieit tpurep mac asa indopMaLtiiiHi BXoau
S ta R, sKi BUKOPHCTOBYIOTLCS /IS BCTAHOBJIEHHS BiANOBiAHO 1 12 0, a TaKo /Ba BUXOH: 11PAMHUIL
Q Ta tuepcHuit Q. RS-rpurep nobynosanuit Ha aBox noriunux enementax ABO-HE, ski crionyueni
B KOHTYp (Man. 6.66, a). ['padiuHe 3a3pauenHs RS-tpurepa HasencHe na man. 6.66, 6.

Jits RS-tpurepa tabnnua nepexoanis (tabn. 6.18) ananitnunnit onuce (gpop. 6.30), rpad-crizkok
DDI .

1 Q"

Rll

—{ S| T I—Q
| Man. 6.66. Ilpuyumnosa
a) 6) cxema RS-tpurepa — a,
—Rr ¢—Q rpadiuHe 3a3HaueHHsA — 6
Sl)
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noGyzosanuil ans MiniMisauii (yHKUiOHANEHOT cXeMu (Ma. 6.65) NOBHICTIO chiBMagatoTh i3
apToMatoM Mypa, [OKa3aHOMy Ha Marn. 6.64, TOMY, /Ui BUBUEHHS (PYHKLIOHAIBHMX MOMKIUBOCTEH
UBOTO THITY TPUIEPA, HEOOXIIHO O3HAROMUTHCH i3 BUKIAACHHM BHLIE MATEPiaiom.

Acunxponnuii RS-mpuzep 3 ineepcuumu exodamu

Takuii TpHrep 6ynyerbes Ha GazoBux enementax I-HE. V upoMy Bunaaky piseus 0 ssiserscs
AKTUBHUM BXI/IHUM CHTHAJIOM, piBeHb 1 — macuBHUM, InopMauiliHi BXiaRi CHTHANK 3a3HAYAIOTH AK
irfBepcui ('S, R). ¥ oMY BUMAJKY TpUrep 3 iHBEPCHUMHU BXIAHMMHU CHTHATAMMU 6y ONUCYBATHCE
LI€10 3K TabNMuUEI0 NEPExXoniBs, WO i TpUrep 3 npamumu Bxogamu. Cxema RS-tpurepa 3 iHBepcHUMM

BXOJaMW  HaBeAcHA Ha Man. 6.67,a, a .rpadiuHe 3a3HAYEHHS TAKOrO TPUrepa HABEACHO
Ha Man. 6.67, 6.

g0 DDI
—& Q'
—OS| T FMH—Q
| Man. 6.67. [Ipunuunosa
cxema RS-tpurepa — a,
DD2 H 207 u—
2 ) —&r ¢—Q rpaiune 3a3HaueHHs — 6
R" q Q
a) 6)

3akonu  (yHkuioHyBauHs  RS-Tpurepa  Ha
Tabanus 6.19.Ta6muus nepexofip RS- STEMEHTaX [-HE onucytoTecs Tabnuueto mepexoxis

TpUrepa . (Tabn. 6.19). o
Ne | Bxigmi curnanu | Buxin I3 Tabmuui BuaHo, mo koMOGiHauis S=R=0 ¢
a/n | on R | o™ 0" ($aKyNBTaTHBHOI, TOOTO HEBHU3HAUEHOIO, OCKITBKM HA
1 o 0 0 ) 000X BHX0JAX BCTAHOBMONTHECA oavHuii. CraH
2 0 0 1 ) O"™=0"=1 mpn § =R =1  nueiirparshui,
3 0 1 0 1 OCKINBKM Bifl 3MIHH HE3ANEKHUX BXIAHWX 3HAUEHD Bin
4 0 1 1 1 §'=0 taR =0 g0 3mauens S =1T1a R" =1 cxema
2 : 8 (]) 8 Moxe mepeith y cran Q"'=0, Q"=1, abo
5 1 1 0 0 Q"' =1, Q" =0, To nepexin Gyzne HeBU3HAUCHMI (JMB.
8 1 - 1 1 § 6.7). 3anoGirrd LULOMY CTaHy MOXHA METOAOM

HaKNanaHHs OOMCXKEHb HAa AOMyCTUMi KomGinawuji

BXiZIHKX CHrHafiB, a came S” v R" = |. Bukopuctaemo
rpad-CTizOK 1St 3HAXOKEHHS MiHIManbHOi GopMuU 3anucy dyHKLi. 38 METOANKOIO, aHAIOTIUHOIO
Anis cxemu Tparepa Ha Gasosux enementax ABO-HE, ta 3 BukopucTanHsy Tabanui 6.19 oaepskimo
rpad-cTixkok dyuKuii (xuB. Man, 6.68), 3 akoro 3HaiiaeMo:

0" =R vS"R'O™.
Bpaxysasiuy, mwo S” v R” =1, 0CTaTO4HO OAEPKUMO:
Q" =S vR'Q" 631)
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Qn-l "Qn-l Q"-l an-l Q"-l n-1

1 0 0 0 1 1 (] <

Man. 6.68. I'pad-cTikok RS-rpurepa 3 iHBepciMMH BXO/1aMK
Lito dynxuiio HazupaioTs GyHKuieo nepexois GicTabinpHoi cxemu (TpUrepa) Ha eneMenrax -
HE, pasom 3 ymoBolo S” v R" =1- xapakrepucTuuuuM pishsHHAM RS-tpurepa 3 isBepcHumu
sxonamu. 11IBMAKONIA aCHHXPOHHOro RS-TpUrcpa BHU3HAYACTECA 3ATPUMKOIO BCTAHOBJIEHHA HOrO
CTaHiB, AKka JOPiBHIOE CyMi 3aTPMMOK TIEPCAABAHHA CHIHANIB UEPEs3 NAHLIOTH JIOMIYHKX EAEMEHTIB.

Cunxpounuii RS-mpuzep i3 cmamuium KepysanHim
Takuit TpUrep BIAPI3HACTBCA BiXl ACMHXPOHHOrO HasBHICTIO C-BXOAY, HA AKWH HAJXOLATH
cHIIXponisyioui (TakTosi) curnani. CHHXPOHHUIE TPUTEp CKNALACTBCA i3 ACHHXPOHHOIO RS-Tpurepa

Sl) DD] DD3

& L%

¢ & Q
ﬁ —_— _E_J T —q

C _;, C

DD2 — R CP—-G

& l{“
RI\ (\

a) 6)

Maji. 6.69. ITpuHuKnoBa cxeMa aCHHXPOHHOIO
RS-rpurepa 3i CTaTHUHUM KEPYBAHHAM — a,
yMmoBHe rpadivne 3a3nauenns Tpurepa — 6

Ta koMOiHauifiHoi uudposoi cxemu (uus. Man. 6.69, a). Cxema MicTHTL TPH BXOAU $" R", C ta npa
Buxoaum S"ta R"icknanaerses i3 ABox noriukux cxem 1-HE.

I3 curnaioMm na Bxomi C=0, Bxiani noriuni enementd DDI1, DD2 Grokosaui, ockibki ix
BUX0aM & =R =1 i He 3anexars Bia BXimnx curnanis S"ta R". Bpaxosyiouu Te, 1O AN JaHOTO
THRY TpUrepa HaGip OAMHUMHNX CUTHANIB 1A BXOAI ABNACTHCA HEHTPAnbHUM, Tpurep Oyac 36epiratu
nonepesniit cran, Q'=Q"".
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I3 BXILIHUM, CUTHATIOM C=1 Bxiani sioriuni enement DDI 1a DD2 BIAKPUBAIOTHCA ANA
nepesayi indopmauii yepes sxoan S" ta R". V Tomy crami CUHXPOHHUH TpUrep, NpH HagBHOCTI
CurHaty A03BOJIAHHA, Oyne (yHKLIOHYBATM AK aCMHXPOHHMH Tpurep. Tabmuus nepexomis s
Ta}iOI‘O Tpurepa nokasasa B Taon. 6.20. Tpad-ctikok, wo nobynosanuii 3a tagn. 6.20 i Onucye
poboTy CHHXPOHHOTO Tpurepa Ha enementax [-HE, npencrasnenuii na man. 6.70.

BuKopMCTOBypHH rpad)-CTOKOK, MOXKHA ONEPIKATH MIHIMAIBHY YIOCKOHANEHY M3 IOKTHBHY
HOopManbHy QyHKUIO, aka omucye poGory RS-Tpurepa. Minrepmu, ana akux Q=1 (kiHuesi
BEpUIMHU rpafba, Ha man. 6.70 B34Ti y NpAMOKYTHHKK), 3rPYNOBaHi ANA MPOBEAEHHA MiHiMi3auiT.

Binnosiuro, y neputy, apyry Ta TpeTio rpynu yBifum HaCTyRHi MiHTEpMM:

1. CS” —énén'-l, cs” k"”Qn—l, CSURnQu-I’ CS"R”?”“I
(ocTanHi aBa MinTepma daKyIbTaTHBHI).

2 E‘-?EHQ“""5§”R”Q”", Cs"R'o", CS" RO

3. CS"R'Q™, cS"R'Q™', CS"R'Q", TSR0

Tabanus 6.20. TaGnuus nepes.,ais cunxpounoro RS-rpurepa
Bxiani curnaim Buxiani
Ne 3a/u CHTHAIN

C Sn Ru Qn-] Qn

1 0 0 0 0 0

2 0 0 0 1 1

3 0 0 1 0 0

4 0 0 1 1 1

5 0 1 0 0 0

6 0 1 0 1 1

7 0 1 1 0 0

8 0 1 1 1 1

9 1 0 0 0 0

10 1 0 0 1 |

11 1 0 1 0 0

12 1 0 1 1 0

13 1 1 0 0 |

14 1 1 0 1 1

15 1 1 | 0 [}

16 1 1 1 1 [

242

R" "[‘{u R" —En R" ‘ﬁu R" R"

Q‘M 'Qn-]Qn-] 6.\-1 le an—lQn-l '(‘)ml Qn-l “Qn-IQn-l 'C_gn-] Q"'] 6n-lQ11-1 'Qn-l

Man.6.70. lpad-crivkok (yHKIOHYBAHHA ACHHXPOHHONO TPUrepa i3 CTATHYHHM KEepyBaHHAM

Bracninok miniMizauii 3 ukopucranusm rpada, Bij nepinoi rpynu ojiepxkumo cxiagosy CS”,
BiJL APYTOT TPYIH OJCPKUMO CKIIA/IOBY CO™. i pig Tpetboi rpyim — R'Q™.

OCTAaTOMHO XapaKTEPHCTHUHE PIBHSHHA CHHXPOHHOrO RS-Tpurepa Mae suima:

Q" =CS"vTo" vR'O"! (6.32)

13 opMySIN BH/IHO, 1O CHHXPOHHKI RS-Tpurep npuitmac cran na suxofti §, ko a sxouu C
ta S" HAAXOAATH BHCOKI piBHi, aGo 30epirac oguHuunni cran Q' MM BijcyTHOCTI OAMHMYHMX
curnanis na sxopax C aGo R™.

YMOBHE 3a3HauEeHHs aCMHXPOHHOIO TPHrepa HaseIeHe Ha mai. 6.69, 6.

3aransHuUil Yac BCTAHOBJEHIS CTAHY TPUIEPA JIOPIBHIOC CyMi 3aTPHMOK Nepejiavi curiany
uepe3 NAHWOMM 3 TPHOX JIONIUINX ENSMEHTIB — 3aTPUMKOIO Ha piBiui uac y koxknomy. TpHsaticTs
CHTHANY CHHXPOHHOTO IMITYJIHCY NOBUIHA NCPEBHLLYBATH HaC NEPEMUKARHSL.
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D-’"QMZEQ (mpuzep 3anpumKu 2

Ileit Tpurep peanizye GyHKUiIO NOrigHOj 3aTpUMKH (BiZ aHry. delay - 3aTpuMKa) i Mac onuH
inQopmauiiinuii sxin (D-Bxin) Ta BXia a1 cumxpodizauii C. Ilpunumnosa . cxema D-Tpurepa,
noGyaosaHoro Ha noriuHux enemenrtax I-HE, naBesena na man. 6.71,a, a Ha eneMeHTax ABO-HE —
Ha Mai. 6.71,6.

Dl ZDl g DD3 - '_B_n_ Il)Dl g DD3
— ¢ & Q g 1 Q’
DD2 ZD4 61] o
e |% X g = LR
a) : 6)

Man. 6.71. Cxema D-purepa na eaementax I-HE —
Ha enementax AGO-ii — 6

Sk BMAHO 3 MaMOHKIB, KiIBKICTh CTaHiB aBTOMaTta AOPIBHIOE KiTLKOCTI cTaniB GictabinnbHoi
CXEeMHM, BMKOHaHOi Ha Joriunux enementax DD3, DD4, Tomy 1no6yzoBa Tpurepa 3BeicTbCs 0
nowyxy ynkuiit 36yKeHHs aCHHXPOHHOIO RS-Tpurepa i3 iHBEpCHHMH BXOIAMMU.

Ha npaktiui mwmpoko 3acTOCOBYIOThCS D-Tpurepu i3 CHHXPOHI3awielo (OAHOTaKTHI Ta
ABOTAKTHI). [X 0COONUBICTE 3yMOB/IEHA 36EPEKEHRAM JIONUHOT ORMHHALI TCHA 3HATTA CUIHANY Ha
BXOAI /10 HAAXO/UKEHHA YEPrOBON0 CHHXPOHI3YI0HOro iMmynsey. Lo ocobnuicTs GyHkLioHyBaHHs
TpUrepa BHAHO i3 TabnuLl nepexois (um; Tabn. 6.21) Ta ioro yacoBoi aiarpamu (man. 6.72).

I3 wacoBoi aiarpamn BHAHO, O N0 uacy HAAXOMKCHHS BXiaHOro curnany D-tpurep
3HAXOMMTLCA y CTani aoridoro Hyia (Q"=0, Q"=1). B iutepsani uacy t;-ty, KoM Nogauuit curuan

D"=1, crau _TPHIEpa He 3MIHIOETBCH, OCKINbKH npu uporty C=0 i curuanu Ha BXOAax JOriuHMX
enementis 8'= R'=1. Jist curnany C=1 y moment HACY 17 3YMOBIIIOE Ha BXOJi JIOTIHHOTO eCMEeHTa
DD3 §'=0, a Ha BUXOJi JOriuHoro enemenita DD2 R"=I. Lle#t cTaH NpH3BOANTE A0 NEPEMUKAHHA
Tpurepa y craH joriuHoi oamnuui (Q"=I1, Q" =0). OpuHHYHUI CTaH TPpUrepa He 3MIHWTHLCH 1O

Tadnuya 6.21. Taoauys nepexodis D-mpuzepa
C

j:i Bxiaui curnanu B:lf:ﬁ:ﬁ" |_| r—‘ l__.l ‘l
n C D Qn-1 Qn N 1 '3 ‘ 5
1100 o 0 D | T | o t
2 [0 [0 1 >
3 0 1 0 0 S® ot ot ity :
410111 1 P t
5 1101 0 0 " T >
6 [ 1o 1 0 R ; ¢
7111 1] 0 i : >
8 [ 1 [ L] 1 1 Q| ' '
I I t
Mau. 6.72. Yacosi niarpamu D-tpurepa
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MOMEHTY Yacy 14, Ockifibku npu C=0 curHanu na Bxozax DD3 ta DD4 S"= R"=]. [ToaBa y MOMEHT
yacy t4 curHany C=1 3MIHIOE CTaHH BHXIIHHX CHTHaliB JOFIMHHX eneMentis DDI ta DD2

(R"=0, "T'=1), a e crionykac 3Minu ctany D-tpurepa (0= 0, Q" =1)

YMoBu  (yHKUIOHYyBaHHs D-rpurepa niateepiokye Horo Tabauus nepexolis  6.21,
BHKOPHCTAHHS aKoi s nobynosu rpada-crikka (ans. man. 6.73) nae 3mory oflepatH aHATITUYHE
npeacTasiieHus (pyHKILIO nepexouis) D-Tpurepa.

G

May. 6.73. ['pad-crivkok (pyHkuionysanus D-rpurepa

BHacninok nposeacHHA  MidiMizalii 3 BukopucranhaM rpada-crikka (MiwrepMmu, siki
MiHiMi3y10TBCS, OOBEAEH] NPAMOKYTHHKAMH | CIIOJIYUEHI JiHIAMN), ONCPIHMO PYHKLIO NEPEeXoiiB
BHITISLY:

Q" =CD" VT (6.33)

[Mpuaunn aif asoraktuoro D-mpurepa noiiGHKIl 10 oAHOTAKTHOrO. PisHuig B TOMY, (1O
3aimcyBains indopMatii y HUX MPOBOAMTLES 3 OAHIEI0 NOCHIAOBHICTIO CHHXPOHIZYIOUNX CHIHAIB, 2

BUAABAHHS  ~— 3 YYacTio  IHWOI  MOCHI/I0BHOCTI
cunxponizytionux  curnanis.  OGuasi  noC/MIOBHOCTI
TAKTOBHX IMNYNBCIB MaloTh (a3oBnii 3cyB Ha 180°. D T Q

Ananizylouun popmysy (6.33) Ta yacosy jaiarpamy
(Man. 6.72), MoxHa 3pOOUTH BUCHOBOK, 11O M Aiclo -~
cuHxponizylonoro  cursaty  C  inopmauis,  wo C &— Q
HAAXOAATH Ha BXia D", NpuiiMaEThCs TPHIEPOM, alle 11a
Buxoi Q" 3'ABNTBHCA' i3 3ATPMMKOI0 MA OAUH TaKT.
I'padiune 3a3naucHHa D-Tpurepa nokazame Ha Man.
6.74.

Mayi. 6.74. I'padiune
saznayeHns D-Tpurepa

T-mpuzep (Rivuapnud mpuzep). XapakrepHa BIacTHUBICTh TPUrepa Ta, 1O BIH NEPEMUKACTHCA
y NPOTHAEKHMI CTAH 3 [OJABAHHAM KOKHOIO YEProBOrO BXiHOTO Curtany i, sk i D-rpurep, €
eNEMEHTAPHHM aBTOMATOM 3 04HUM BX0A0M. Tpurepu T-Tuny OyayioThes Ha norivaux cxemax I-HE
(nmB. man. 6.75,a), a6o ABO-HE (aus. man. 6.75,6).
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DD1 -
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DD4
DD2 &
& &
a) 0)

Man. 6.75. Cxema T-tpurepa na enemenrax I-HE - a,
na enemenrax ABO-HE - 6

TIprHLMn Afi TpUrepa NosSCIioNTh 4acoBsi Aiarpamu, naseaeni ua mai. 6.76.

o
11 1 11,
it Pt : C ¢

Q" i ]—— CT Q

AN S T i

Y ]

| - - > Man. 6.77. 'padiune

Man. 6.76. Yacosi aiarpamu T-Tpurepa 3a3Hauennst T-tpurepa

J10 MOMEHTY uacy t; Tpurep Ha BUXoAi Map oantmdimis cran (Q"=1, Q"=0). Y moment yacy .l'
Ha BXiJl TPUIrepa NoAacTLes CHrHan Bucokoro pisus C=1, ase, 3aBAsky TOMy, IO Ha JAPYruii BXiA
noriyHoi exemu DDI1 nogaerbess noriunmii Hyib, cran i Ha- BUXOAI HE lell}O(‘lbLﬂ Ounnaue na
BHXOAI JOriuHOt cxemu DD2 cTan 3MitoeThes Ha sorinuii nyns (C'=1 Q" =1), uio npu3BOANTL 10
BCTAHOB/ICHHS TPHIrepa Ha 1HBCPCHOMY BUXOJU B OAMHWUHUIA CTaH Q' ~1 BIAMOBIAHO Ha TPAMOMY
BHXO/li TPHIEp BCTAHOBIIOETbCA Yy CTan Jjoriusoro Hyns Q"=0. Ilen cran 30epiracrbecs 210
HAAXO/HKEHHS  NIEPEIHbOro  (GPOHTY  BXIAHONO  IMIyNbCy, TOOTO, . KON Cfl. [Topanbiie
QyHKLLIOHYBaHHS TPUrepa 3AIHCHIOETbCA Y TAKOMY K NMOPAAKY. QYHKILOHYBAHHA TAKOTO PEKUMY
POBOTH TpUTepa NOACHIOE TAGNUIA 1epeXois Tpurepa (Aus. Tabn. 6.22). .
BHKOPUCTOBYIOUM Ipad-CTKOK AnA MiHimisauii cxemm, AK L€ poOMIOCH ANs HONEpepHiX
rpurepis (rpad ABOpIBHEBUIT), MOJKHA 3HAHTH

Tadnuya 6.22. Tadauyn nepexodis T-nipuzepa. ~ spauenns (ynkuii nepexonis ana T-Tpurepa, -

Ne | Bxiani curnanan | Buxiaunii curnan KA MAE€ BUTIAL

safm | C° Q- Q" 0 =T0"' vC'D"” (6.34)
! 0 0 0 Ananizyioun  dopmyny  (6.34), nerko
Z 0 1 L NOMITHTH, o, SKILO OTOTOXHWTH BXiAHRIL
i } (1) (1) curnan Q" © 3 OMHIEI0  NEPEMUKAIBHOIO
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3MIHHOIO, @ CTaK Tpurepa y N-1 takti — 3 4pyroio aminnoio, To Gpynxuis Q" Gyne GpyHKLico cymu 110
MO/IYO 2 KINBKOCTI BXI/MUX CHrHAMIB, LIMM | NOSICHIOETbCA Apyra HA3BaA 1LOFO TPUIEpa — TpHrep i3
JHYHALHUM BXO/IOM. ['paditne 3a3nauenna Tpurepa nokaszane Ha Man. 6.77.

Yuigepcanonuii JK-mpuzep

JK-Tpurep € enemeHTapHMM aBTOMATOM 3 IBOMA BXOAAMH, ane Ha Biaminy Bin RS-rpurepis Taki
TPHIEPH HABUBAIOTLCA YHIBEPCAIbHAMN, OCKISIbKN 103BOIAIOTL Ha iX OCHOBI OY/LyBaTH BCI iHII THITH
TpUrEpis.

[Tpunuunosa cxema Tpurepa naseacHa na man. 6.78, a; Bona sBase coGoio }usoxcrynencsml
CHNXPOHHUIT TpHIEp.

DDS
- DD § »
L & 5 DD3 — & < DD7 )
J | T & % g 0
7 & ot & T T =
C —=C _
- 5
DD2 2‘)4 - DDY 51K 4
K’ & Y'R'n P & N & &
® & 5
[ . )
a)

Mau. 6.78. TpannunoBa cxema ABOCTYIEHEBOIO acuuxpoutoro JK-tpurepa - a,
rpadiune 3asnauens - 6

Sk BuAnO i3 Mamonka, JK-Tpurep CKIAAacThes i3 ABOX acHHXpoHHMX RS-Tpurepis 3
iHBCPCHUMH BXOJAMH | JIBOX [U(YPOBMX CXCM KEPYBANHSA, KOMKIA 3 AKHX MicTHTL 8] cxemu 1-HE 3
TphoMa BXOlaMi koskha (DD1, DD2, DDS, DID6). 3akon (ynkuionysanns JK-rpurepa sapanmii y
Tabn. 6.23.

3axonu QYHKILOHYBAHHA TPUIEpa BIAPI3HAIOTLC BiJ cunxpoHnoro RS-rpurepa muime 1um,
1O HE MICTATS 3aboponenux koMBinanifinux curnanis Ha Buxoaax 1 ta K. Kpim 1oro, npu I=1 1a
K=1 rpurep sminmoe crilt cran na npotuaeKHuni, 1610 GyHKUIoNye SK TPUIEp 3 NMUALHUM BXOJIOM
(]"-Tpmup) Ipu C=0 sxoin J ta K 3a6:10K0BaHI, | 8K HACHIAOK, ABANIOTLCH 3aBN0KOBAHUMH BXO/M
S R nepworo rpurepa. [pu C=1 y sipnosijHocri 3 IH(])UpM.lIlIlIHHMM CHrHamamu na sxonax J
Ta K BCTaHOBMOCTBCA CTan nepuloro tpurepa. lpu w,oMmy va BxoM SR APYroro tpHrepa
HAZIXOJATh CUTHATIM. TIPH SKKX s0epiracToen nonepeaniii cram. [Tpu C=0, konu Bxom rpurepa |
BAKPHTE Ui BXIMOT indOpMANiT, BXOAM TpUrepa 2 BIAKPUMBAIOTBCA  § CTaH 1ICPUIOIO TpHIEpa
CHpuitMaeTLest Apyrum Tpurepom. [padivne sasnadenns asoxcrynenesoro JK-rpurepa nokasano ta
mai. 6.78, 6.

BrkopucToByioun rpad-cTikok uu inui METo/M MiniMiBallii, MOXHA BUZHAUATH 3HAYCHHS
QyHKuii nepexotis juis JK-rpurepa, ska Mag BUTIISL

Q" =CO" vCTKO" 'veug" (6.35)
JUIs BMII‘d}'le jE = 1, OCTATOUHO OTpl/lMilCMO'
Qu u|v(“/0"|
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Jlns no6ynoBy CKIIaJHHX ABTOMATIB YACTO BHKOPHUCTOBYIOTH JK-TPHUTEPY 3 JIOFIKOIO Ha BXOJIL

(auB. Man. 6.79, a). [padiune 300p@KeHHa Takoro Tpurepa Ha man. 6.79, 6.

3 uasBHICTIO  cuixpoimniyascy  C=1
JpyTHii  CTyMiHe Tpurepa OmokopaHul, a
iH(OPMALLIHHL CUrHaJM BCTAHOBIIOIOTE CTaH
nepuwioro crynens. 13 cunxpoiMnyascom C=0
ApYrMii CTYIIHbL CnpHiiMae CTaH nepuoro.
HeofxigHuit  nouarkoBuit  crad  Tpurepa
BCTAHOBJIOETECA 33 JOMOMOTO0 CATHANIB, [0
[OJ@ATECA 114 BXOANW RS-Tpurepis nepuoro
Ta [APYroTo CTyneHiB. Y CxeMmy Tpurepa
BMONTOBAILL JIOTIYHI CAEMCHTH, 1O JIAE 3MOTY

Oynpysarv  CKIQAHi  aBTOMATH. YmoBHe
383HAHCHHA ABOXCTYNEHEBOTO Thurepa

nokasane na man. 6.79, 0.

Cunxponni _mpuzepu 3 _OunaMiynim
KepysaH AN

Taknid  peXuM  NPOBOAWTHECS 3
suxopucratniam sxoay C, KOmM HaAXOAHTbH
indopmatis AT 3MIA CTaHy JunLe TOR, K
na Bxoai C 3ailicHIOeTbCs nepexin 3 pidna 0

S

Tabauus 6.23. Tabauun nepexodie JK-mpuzepa
Ne - Buxiani
3a/ Bxiani curnaan CHrHAIN
n C l J" ‘[ K" Qn-l_l' Qn
1] 0 {0 0 0 j 0
21 0 ] 0 0 1 1
3 0 0 i 0 0
4] 0] o 1 1 1 i
5 0 1 Q - 0 Q
6 0 1 | 0 1 I
71 0 11 I 0 0
81 0 1 I 1 1|
9 1 ] 0o ] 0] 0 0
10 1 0 0 1 1 B
TR 0 I 0 | 0
12| 1 0 1 1] o
1B 1 0 | o [ U
0 1 1
R T A T
16 0

DDI
& &1 DD3 ZDS
1 & El S &
] I
i
—

g 3

DD2 Z

&1 L |
& %] q DD4 _ gbﬁ N

4

b ! L >t
R

a)

Man. 6.79. IIpuHuunosa cxema JK-tpurepa ~ a,
YMOBHE 3a3HaUEHHS Tpurepa —0
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g

na pisens 1, abo nasnakn. Jlim ogcpwauns RS-tpurepa 3 Juuamiunim BXOHOM AOCTATHRO
NoOYayBaTH CXeMy, 10 HaBeleHa a M. 6.80, a

DD1 DD3
5
[ J DD —os) ¢ |9
[ 1o
> S| T p— -3
A -
, on Q ] Q
L DD2 DDA R —@R P
& &
R & ¢ _
RS . 0)
C ;

Mt 6.80. FIpmiynnosa cxema CHIXPOHIOIO Tpurepa 3
JEHAM T HEM KCPYBAIM =+ 8, YMOBIC 3E311a4CHib -~

Akino 1py vxiaomy curiani C=0 na ingopmaniiing sxoa S va R naaxourts, 6y6-ki piBII
CHITICGB. 7O 3Mina pistst ta Bxoal C 3 0w L wa suxon eiemerrra DD BEranosmnoc Josiaiinii nyJ,
SKHE HUIXONATL e BXIL cesenta DD3 1 sabesncuye na fioro sixo PIBCHE JIOCTH0T O,
HERANCHKNO BUL HACTYNINX 30a4CHL PIBIB CHPEUB 1 sxoal S, By S noriuie sumiukactbes |
HISIKUN 3MIDE PIBHIB 11 BXOAX S Ta R 1phrep ne cupiiivac, noki ne npoiine nepexi na wxoni C 1
pisi O 1 piscis 1. YMOBHC 3astageiuis 1akoro rpHrepa naneacue na man. 6.80. 0.

Cxema D-1prrepa s uuaMittiusm kepysatisy Base/iena wa Man, 6.81, a, yMoBIE 3asmuciiis
noano na ma. 6.81. 0. Npuiimanus y tpuep idgopsarti i3 Bojty 1D nposourts iy tac ssinn 1a

sxom C pimist O wa pisens 1. ojanibine Gyixuionysatiis rpuirepa nomione o cuxponoro RS-
rpurepa.

[2l0] D3
— & L = & -
4 — ¢ DD o
r IS L}l _Q D -
D w 1 2
L DD2 DDA RA JP““ ¢
& &
D P— q 2\) 6)
C

Mat. 6.81. Hpnnmmosa cxema cunxpoimoro D-tpurepa — a,
YMOBHE 3a3iayenis — O

Cxema JK-tpurepa 3 jUfiamiviing KepyBaisM pasesena na man. 6.82. a, a #oro YMOBIE
sazadenns na man. 6.82, 6. Tlepemuxanns tpurepa si crany Q"' s cran QP=( HpoxoANTs tipy K=1
1a Q“"=I,To6’ro K-Q"'=1. YCIX IIILNX  BHpg/ikax  30CPICactses pauime BoranoBictil crak
Q"=Q"". Jlus oaepxaniin cxemu JK-rpurepa 3i cxemu RS-tpurepa neobxiano na sxou TR
acuuxpontoro RS-tpurepa sadesncuirtu pishi S= 7@71 Ta R=KQ"' 3amimowouy saznaueniis
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Bxoais S Ta R sianosiauo Ha J ta K ra nepeadaunsuin 380poTHI 3B753KH 3 BUX0AiB RS-Tpurepa Ha

Bxoan eaemenTis DD3 ta DDA, oaepikumo cxemy JK-tpurepa 3 anHamivHiM BXOA0M.

DD3
T DDI = &
— & | I d
DD3 —9
05| 1 Q T
- - N
dr| oo TTC
L DD2 D4 1
& & D K g
K ¢ d
¢ = a) 0)

Tei

Man. 6.82. [pununsiona cxema cuxpotiiioro JK-tpurepa — a,
YMOBHE 3a3Ha4YCHHs — O

Kombinauinni _mpuzepu RST ma
DV munis

[Tpuknanom eJIEMEHTAPHOTO
ABTOMATA 3 TPHOMA BXOJIAMH ABJISLETHCS]
RST-tpurep  (tpurep i3 BXOJIOM
BCTAHOBNECHHS Ta JIUHIBHAM BXOJIOM),
(PYHKILIOHYBAHIA SKOIO ONUCYETLCs Tab.
6.24. Curuan C=1 nepesoaurs RST-
Tpurep Y nporuaenchuii- cran. Curian
R"™=] peranos:moe TpHrep y HysibOBMi

cran Q"=0, a cnrwan S"=1 - y crau
norivioi oaunni,  TMojganws  s1oriunoi
oiMHMIL  Ha  asa  abo  TpH , BXOAM

saboponene, ockinibku cran Q" tpurepa y
UEOMY  BHINAAKY ne BH3HAQYCHNIE.
BUKOpHCTOBYIOUN 3HAYCHHS 3MINHHUX Y
Tabn. 6.24 Ta OJMH 13 METOIB MIHIMIZALLT
YIAHD, wmowna pusiaunti  QyHKILIO
TIEPEXO/LIB, AKA JUIS JIAHOIO TPHIEepa Mae
BHITISI
O =5"vC"0 T VE RO (6.36)
L bynkiii BIJUIOBIJAIOTH
IIPHHILUTIOBI cxemu RST-rtpurepa na
man. 6.83, ara6.

Tavauun 6,24, Taoanua nepexodie RST-mpuzepa

N

Bxiaui curnanm

Buxinuuii

"dl
v TR ]S o7
1 {wo oloj o[ o0
2l ojolol 1
30710 1J 0 1
4T o]0 1 1
s ol 1T ol o p)
6 o1 1ol 0
72 I I B T o
§ 16 1 1 @
s i1 Tolol o ]
W1 oo 0
il 1ol 0 ®
211 o] @
Bl 1T 114100 ®
41t o O
NN O
1 T &
P
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Man. 6.83. Hpunuanosa exema RST=rpurepa na enemenrax 1-11:
ua chemenrax AbO-HE -6
DV-rpurep Takmk ¢ YHIBCPCAUILHUM CIICGMEHTAPHIM aBTOMATOM 3 1B0Ma BXoaMin. Konu Va1,
rpurep npaoc gk D-vpurep, ko' V=0, 1o tpurep 3depirae cuiit nonepeuiii cran. TaGanus
HEPEXOUB Y TAKOTO TpHIepa Haseieta y radi. 6.25.
Ia ocHoBI Tabiniii HEPEXOALB T4, 3aCTOCYBABUIH METO MINIMIBAILT, OCPIHMO:

D DDI
& D3
v -+ &

— ﬂ

, I: D4
D2 %

&

> i

TPUTEPIB HA OCIHOBT

a)

-y

0" = DT
Bukopucroryioun gopmyity .37 moxkna nodyaysars DV-rpurepu, sxi naseiacui na man. 6.84, a
- ya cnemenrax - 6 - na cnesmcurax ABO-HEE

1

Q" v

a,

(6.37)

DDI
1 1ND3
q | ﬂ Q"
L B2 D14 -
2 1 5
b {

6)

Man. 6.84. Tlpunipnosi cxemn DV-rpurepin
Posrustnemo Merojut nodyoss

YHIBCPCILHNX,

Y ojaranslioMy BHIQJKY 1C MOl
IPOOWTH THM CaMHM  MCTOJIOM, siK
OyyBanuch pisti THINL TPHICPIB Na

OCHOBI

Bicrabuibunx. cxem,

100670

IWMAHTH PO3BAB0K CHCTCMH PiBHAD,
SIKD ojieprkati 13 Qynkuiil nepexouis

CHHTE30BaNOIO

Ta 3aJ1aHo1'0

TPUTEPIB, a HICHA LLOIO, BIIOBINHO

3 OJICPIKAINUM

PE3YNILTATOM,

DCiUlifi)’Bﬂ'l'l'l Ha JIOrIMHIX CIICMENTax

Tadauyn 6.25. Taonuus nepexodis DV-mpucepa

r‘N‘" Bxizui curnanm Bu‘.\'uuu
3a/ CUTIJTH
ST NV OB A O
| 0 0 0 0

2 0 0 | 1

3 0 | 0 0

4 0 1 1 0

5 1 0 0 0

6 1 0 1 1

7 1 11 9 i
e 1 1] 1
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cXemy KepyBanHs 6icTadiNbHOT CXEMH €IEMEHTAPHOrO ABTOMATA.

JUist NpaKTHYHOTO KOPUCTYBaHHS HABEAEMO NPHKIIAAH TAKHX 10OY108.

D-Tpurep MOkHa T1100YJyBaTH  HUIAXOM KaCKaJHOrO0 BMHKAHHA [BOX CHHXPOHHHX RS-
purepis. Ilpoxomienns iHopmanii 3 0JHOrO Tpurepa y iHWHIA 3iHCHIOCTBCA MICHA 3aKiHueHHs
3anucy B riepiunii purep (Aus. man. 6.85).

DD3 DD4
D ) . Q
S| o st
c NS <
DI -7 TC -
— q
oy o R G- :‘ <>—)—-
D2
Uod

Man. 6.85. Cxema D-tpurepa, 106y10Baoro Ha ocHoBi RS-rpurepis

Sk BuaHo 31 cxemy, indopmauiiiuui cirian D=1, wo 3anmucannit y tpurep DD3 curuanom
cuxpoiMaynsey C=1, y tpurep DD4 ne nepennineTbesa, OCKINBKH TNepenHcyBaiin dnoKycThes
insepropom DD2. Jluwe nicns 3akinyenns tboro raxry, konmu C=0, indopmaiis moxe OyTH
feperiicanla 3 BUXOAY NEPLIOro Tpurepa.

JK-rpurep Gyne npawosatu sk D-tpurep, kony ya ioro sXia J nogaru curnan D, a na sxix K
~ CUTHAN B(Luw. man. 6.86, a). Tpu o6’ cananni sxouis I ta K, 3 noxaveio noriunoi ounnuui, JK-
Tpurep npawoe sk T-tpurep (man. 6.86, 6). RS-tpurep onepxxyernes i3 JK-tpurepa naknajauisnm
oOMEKeHb Ha KOMBIHALUT BXIANNX CHrHanis, 010 BHKMOYAIOTH OAHOMACHY MOABY JIBOX CHIHAIB
BHCOKOTO piBsst, 10610 JK-Tpurep Gyic npatnosary sk RS-rpurep, Koin BUKOHYEThCA ymosa JK=0,
RST-1purep, nobynosanuii na ocnosi JK-rpurepa, napeacnuii na mai. 6.86, b.

Mertoau suxkopucranns DV-rpurepa Juis noGyaosn wimnx tanis tpurepis (D, T, RS ta RST)
HapeneHi Ha man. 6.87, a, 6 Tas.

DD2 DD1
D e
| |
C
T ¢ - =C -
] Q Q
S el e
a) 0)
S DDI DD3
. ! 3 L2
— Mau. 6.86. Buxopucranns
C > IK-rpurepa ans nodyosn
DD2 T — . Ttpurepis tHny D —a, T—61a
1 ()t—Q— RST -8
L K
B)
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DDI1 DDI DDI
b | S
——_D_TT——Q— D|p -2 D|rp L2
. c | ] c c 4
C J N o N
—=cC - 1 3 YT )
T . Q 7 q —11 m
: L Q b { b—=
LA Y v R v
) ) g
s DDI D3 '
1 (
4 D pp J
C N
>
P L DD2 — L 6 Maut. 6.87. lloGynosa D - a,
I v ® T-6,RS~B1aRST~r
R TPHUICPIB Ha ocHosl DV-Tpurepa
)

Buwe posrnsuyTi 3akonn GyHKIUOHYBaHHs Ta NPHINMNN HOGYI0BK EICMEHTAPHIX ABTOMATiB-
Tpurepip D, T, RS, -RST, IK 1a DV THnis 31ifcHioBAIMCL HA OCHOBI GiCTaBinbHMX cXeM [1a
enementax I-HE ta ABO-HE. Tlpit Bukopucranni GicraGinenux cxem, 1oSyjloBavux Ha NN
noriunnx ejementax, nanpuknan [-ABO-HE, ABO-I-HE, cxemia peanisauis tpurepis  6yuc
BLAPI3HATHCA Bin BHineorucannx. Hapeacuuil sine nepenik Tpurepiux cxeM te oxXommoc Beix ix
pI3HOBHAIB.

3aBaaHHR 11 CAMOKOHTDOIO

l. Buxopucrosyioun sananuil rpad asromara Minii, 3anucatu TabnuLL: Nepexosis, BUXois Ta
cyMmilcHy.

2. Buxopucrosytoun jani n.1, sjificnimy nepexin sin asromara Mimni 10 asromara Mypa.
3. Tlobyaysatn CcTpyKTypHy CXeMmy -aBTOoMarta 31 3BOPOTIIMM  3B’S3KOM, 1O  3a/acrhos
HACTYIIHUMHE PIBHAHNSAMY:
2 =5, v(x222), =z v(x vz,
4. Cknacty TabJULWIO ICTHHHOCTI JUIS aBToMara 11, 3. '

Cunte3syBati cXeMy TpHrepa 3 JUnIBIHM BXO/IOM, BUKOPHCTABILK §a30Bi enementh ABO-
HE.
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BukopucToByouu cxemy D-Tpurepa, noGyyBaTi MPHHUMIIOBY cXeMy THRY “GiKyui BOrHI”.
7. BukopuCTOBYIOUM piBHAHHA GyHKUIE 0" =5 v R"Q™", nofyaysat NPUHUMNOBY CXeMY Ha

6azosux enemenrtax [-HE.
8. 'BuxopucToByrum yrisepcanbHuii JK-tpurep, nobyaysaru RS-, D- ta T~tpurepu.

Buxopuctosytoun GyHKuiio nepexoais purnany Q" = §* v Q" vE"R'Q™ | nobyaysarn

NPUHLMITOBY CXEMY TpHreEpa. :
10. ToByayBaty npunuuiioBy cxemy D-rpurepa Ha ocHOBi RS-Tpurepa.
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§ 6.9. CTpyKTypHHii cHHTE3 NH(POBUX ABTOMATIB
[10, 11, 12, 16, 17, 18, 20]
Taxuit cunTe3 380ANTHCA 10 NOCYAOBH CXeMM aBTOMATA, AKA (YHKLIOHYE 3riHO 3 JaHUMH
Tabnuui nepexoniB Ta BUXOAIB. OJMH i3 BapiaHTIB CTPYKTYpHOI CXeMH aBTOMara HaBeAeHMii Ha
man. 6.88. )

X x;" > i
H q
I — KJIC1 ?
H : n " ||" g qp
X1 X2 |... Xn X an-f ‘an-l . ‘Qpn—l I
ZII y y y an.l Ql"[QZ"{ ‘qu
Q m-T
KJIC2 :
EA <
Qpn-l

Man. 6.88. Ctpykrypna cxema HOCHIAOBHICHNX YCTATKYBAHb 3
eJcMeHTaMH nam’siTi

Cxema mpawioe HacTynuuM auHoM. MHOKHHA BXiuX cirnanisa X Bin BHMIPIOBATLHMX
NCPETBOPIOBAUIB  (AABABHMKIB), 4M  KOMAlUMMX NYHKTIB  NPUBOANTECS 3 JIOTIOMOIOIO
nepetsoptosaua I g0 ABIHKOBOIO BXiAHOTO C€0BA, B SKWX PIBHI JIOMIMHOTO HYAS TA OAMHHKLI
BianosinaoTs  BUOpaniit  enementhit Gasi. Buxiani curwand x/ x)',., x - Buxomm
nepeTsopiobaya, Oyaemo nasusaru nopmosanumy. KomGinauiiina noriuna cxema KJICI, xyamn
HaIXOAATh Ti CHPHANM PA3oM i3 BuXiamumu curnanamy y n-1 takti Q" Q... Q" '
esemenTapioro asromara EA Q) Qs,.... Qp,BUPOGNSE KepyIOUi BIUIMBH ¢, ¢5,.., ¢p M EA,
BUXIJIHI CHNaK AKKUX Q/”"‘ Q_v"'/,“.,Q,," T nican nepersopentst y KJIC2 naaxoasts sa keposaiti
00 ek abo y By3an intwux nndposux yeratkysaun, J118 noGyioBy TakKHX CXEM HEOBXIHO:

L. Ha nepomy craii nposectd KoAyBaHHA BXiUIMX, BHXLWHUX Ta BHYTPiHIX CTaHis
aBTOMATIB, TOOTO HEOOXIAHO MOCTABUTH y BiANOBiMCTL KOKIOMY HaGOPY X, z, CYKYIHOCH
3uaueHs suxiannx curnanis 11 ta KJIC2, a Takoxk ¢; — crand 3a/@1010 aBToMara cykynocti
crauie Qr, Qs,.... ) €REMEHTapHOTO aBTOMAaTa.

2. Bu3nauuTH KiNLKIiCTL Ta THIK eNeMENTapiiX asroMaris. Ll onepauis jus nopisusio
IIPOCTHX  YCTATKYBalL BUKOHYETLCA Hedopmanbunm twisxoM. JUis ojepkatua Posuyrpiinmix
CTaHiB aBTOMaTa HeoOXiAHO MaT y CKRaJi aBTOMATA YMCNO TPUTCPIB, AKE BU3HAUACTLCS SIK
Gaumsbke 1o Ginbuioro winoro Biag norapudmy P npu ocnosi asa, to61o k > logaP. Toai suxoan

. TPUrepiB aayTh 3MOTY BHOpaTH 2> p pizHux Habopis ciiis.

3. 3uaitty nepemukanbti OYHKWE g 2., ¢p Ta 24, Dz Zes dC 2z & Z. Ui Qynxuii
BM3HAYAKOTH CTPYKTYPY ABTOMATa Y LiNoMy.

DyHKUis KepytOYIX BILTMBIB enemeriTaprmx aTomaris ¢, (/=1,2,.... p) Busnauac snauenns
BXIAHUMX CHUHAIB aBTOMATa B N-OMY TakTi Ta cranu Qi Oz,..., Op eneMerrapHux apromaris y n-1
TaKTi, T067T0:
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qi” =g, (an-ly ;_7””,.,., Qpn-l, JC/”(N), xg”("),..., xnu(n))' .

Taky (opMmyny MOMKHA Ha3BaTH NCPEMUKANBHOIO '(YHKLiEW KepylOUMX BIUIMBIB U
asromara. [l1s eneMCHTAPHONO aBTOMATA, WO MICTHT [EKiNbKa BXOAis, HA CTANl CTPYKTYpHOTQ
CHHTE3y Clia MaTh QYHKLIIO KepylOUWX BIUMBIB KOXHOTO HOTO BXOAy. Bu3HaueHHs ¢yHxuii
KEPYIOUNX BAIUBIB CNCMCHTAPHKX aBTOMaTlB MOJe GYTH NpoBeACHE LISAXOM [ICTABNEHHS ¥ HOro
XApaKTEPUCTHYHE PIBHAHHA 3HAYEHL o 1a Q" aki GepyThes i3 xonoBanoi Tabnuui nepexoms
ABTOMATA, (O 3a7aHMi, TA NOCiAYIONOro PO3B’A3KY OJIEPIKAHOTO PIBHAHHS BIXHOCHO g

DOyHKUis Z”(") (=1, 2,..., m) uazuBacrbcst GyHKIUIEI0 KOJYBAHHSA BUXOAIB | BH3HAUAE 3HAYCHHS
CUFHANY Y N-OMY TaKTi Ha j-My BUXO/li aBTOMATA Y 3AMCKHOCTI Bijl CTAHIB €NEMEHTAPHUX aBTOMATIB
O/"! ra pxinunx curnanis, ‘

ByaeMo BBAXATH, 1O BApiaHTH KOAYBAHHS BXIAHMX, BMXIHMX CUCHaniB, a TaKOK CTaHu
apTomaris 3anani. KifbkicTs (isMuHMX BXOAIB Ta BHUXOjIB aBTOMATa BU3HAYAETHCH BiAMOBIAHO:
ki > logan, k2> logam, A€ 1 Ta m — BIANOBIAHO KiNbKiCTL 3MiHHMX Y HaBopi BXiIlHOF"O T4 BUXiHOrO
cnosa. Hexaii pxignuil HaGip 3a1a€ThCA UOTHPMA 3MIHHUMU X, X2, X3, X4, WicThMa CTAHAMY
aBTOMATIB, Ta wlicTbMa BUXoAamMu. Hexail BapianTh KOJyBaHHS BXiAHMX Ta BHXUIHWX CHrHajiB
ABTOMATA, 4 TAKOK [OrO CTAaHiB, 3aAaHi BIANOBIAHO y Tabn. 6.26 — 6.28.

VY rabn. 6.26. x;= X/ X, x= E“xz”, xfx/”xz”, i xrx/” X2,y tabn. 6.27. zj=z;

jpne - - -
= z/“ 7”23”_23: Z/“Z_?l 73”,-4*4 = ..2 73 ,Za*’/ 77 43 ~._( Z/ Z7 zZ3.

| .-y
"z z

Taboauys 6.27. Koodosani suauenns
suxionux nabopie

Tadauus 6.26. Kodosani snauenns
gxionux Haéopie

X" x7" " 2" 25"
X1 0 0 Z I 0 0
X2 0 1 72 0 1 1
X3 1 1 z3 0 1 0
X4 1 0 74 0 1 1
75 l 1 0
Z6 1 0 0

Y tabn. 6.28. 3Ha‘iCHHH crama y KO,HOBOMX.BH[IUHH BMSHa‘JaHMCb i3 JaJ]C)KHDLTCM'

ar=Q10:03, a,=Qs QzQs. a;=Q; Q2 Qs ai= Q1 Q2 0s,a5= 0203, ag= Q107Q3

Tabnuys 6.28. Tabauysn cmanie eneMeHmapiix aemomantis

Q| O Qs
ay 1 I 1
a; 1 0 1
a3 1 0 0
ay 0 0 0
5 0 0 . 1
s 0 1 1

Ha oMy nepimif eTan CTpyKTYpHOTO CHHTE3Y UM(POBOTO ABTOMATA 3aKIHUYETHCA.

Ha apyromy etani, y 3anexuocTi Bil ymoBM 3anaui, BuOMpaecmo TpH CNEMCHTApHUX
aBTOMATH, Ky BXOAATH Tpu RS-Tpurepu. Qynkuis nepexofis Takoro TPHIEpa OMHCYETHCA
tdopmynoio $6430)A Tonani HeoOXinHo BusHauuTH GYHKLIT KEpyOuMX BIUIMBIB €/ICMEHTAPHUX
aBTOMaTiB ¢, AKi 3a0€3MeuyIOTh BUKOHAHHA TAaCNIKLL TIEPEXO/B aBTOMATa. 3 UIEK) METOIO 3pY4HO
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KOPHCTYBATHCH KOZOBAHOIO TabHICIO NepexoiB (AuB. Tabn. 6.29). Jns ii cknapanna no6ynyemo
rpac) aproMara, wo 3ananuii radi. 6.26 — 6.28 i 1okasannii na mai. 6.89.

Mat.6.89. I'pagy anromara, siuii 3axanmii
Tab1.6.26 - 6.28

Tadnuys 6.29. Kodosana madauys nepexodie 0is agmosama 3adanoeo spados man. 6,89

X A Qllg'}Qi Q’(fiQ" RS RS, R;S; z" z" Z"
111 1 01 0 P 10 [ ) | 0 0
X 00 J1LO0LOOO] 10 (0] [ 0] 0 | |
001|011 D (O 01 0 ® 0 | ()
o 01 1 01 0 01 10 ® 0 0 d 0 1 1
01 1 0 0 @ [ I 1 0
. . 1 01 1 00 (X)) D 0 10 1 0 0
i 0001001 o0 ® 0 01 | 0 0
Xy 10 0 01 1.0 1 01 D 0 0 O | 0 1

Kososany Tabnuwio nepexoais juts 1phox RS-Ipurcpis  ckiIaiacMo HACTYIHUM iHoM.
Ulepuii jusa CTOBIYMKH XapakIepuIyIoTh BXIIHI CHIHAIM X7 — Xy Ta iX kojut. KoayBanus curiais
11POBE/ICHO JIOBIILHO ncpulﬁaqulo uLo i3 qompl,O\ unuajma mnm OJIUH MOXKC LIpHiiMaTH
OAMHKUKE 3HauCHER, TO0T0: X

3R xo X% X o xex) ALY ‘TPETHOMY CTOBIMUKY
NOKA3AHO CTAl TPHICPIB Y N-1 TakTi (10610 NONEPCIN Cranm), y YETREPTOMY CTOBIIMHKY CTAHN
TPUEPIB y N = TaKTi. 374CyCMO JCTAILHO 112 NPOLEAYPE CIBOPCHIS 1U4X 3HANCHD,

”plllIMtMO 34 NOuaTKOBHIT Cran asromara ko L11 (. man. 6.89). I3 npuxo/ioM BXiHoro
enrnagy xp= X %3 amromar aMimoc egiii cran na ko 101, O C, Y TAKTE N-1 aBroMaT Mas Craim
Ha BUXOJAX TpHrepis Qp=/, Q=1. Q=] (111), a B rakri 11 3minmp csiii cran va Q=1 ()2 -0,

=/ (101). Bxiunnii curian x; 3Minioe e cran asromara 3 100 na — 000, 3 001 wa— 011, sxignmi
cmmm,\g—; 101 na—- 000,301 ma— 11111

Y IUATOMY, WOCTOMY 1 CHOMOMY CTOBITUMKAX JIOKA3aHi 3HAYCHIA BXiAHHX CHFHANIB Ha

BXOAAX TPHrepiB Rita S, 11pH SKHX MOMUIMBI IEPEXOIM aBTOMATA Y BiANOBLI CTAIM 3 n- TaKTYy ¥
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n-takT. Hanpuxsian, nepiuit Tpurep MOXE 3aTHIIMTUCL Y LBOMY CaMoOMy CTalii (Q/”":Q,”r[),
KOJIM HA BXiA R| 10JaTh CUIrHAN HU3BKOTO PiBHS, a Ha BXIA Sy Clij| N0AaTH BUCOKHH ab0 -HU3LKMIA
pisens (y tabiuui 6.89 Bimsuaueno nivepoto @). Jpyruii Tpurep Moxe 3MiHUTH CBili cTaH 13
BMCOKOTO PiBHA Ha HU3bKMIi (Qz”'/:—'l, Q,"=0), xom1 Ry=1, a $3=0, i T.a. 1nst popMyBaHHA 3Ha4EHD
Ri Ta Si 2OUINBHO KOPUCTYBATHCH TaBIHLAMHK nepexoniB: ans RS-tpurepa tabn. 6.18 a6o 6.19, wis
cuHxpoHoro RS—rpurepa tabn. 6.20, aa D-tpurepa tabu. 6.21, ans T-tpurepa Tadn. 6.22, nng
JK-tpurepa Tabs. 6.23 i ans RST-tpurepa 1abn. 6.24 abo QynKuismu Nepexonis Ans BilnoBiaHX
TpUrepis.

3 auanidy CTPYKTYPHOI CXEMM MOCHIZOBHICHMX YCTATKYBaHb 3 €leMeHTaMK 1am’sti
(ma1.6.88) BUAHO, O 3HAYEHHA BXIAHWX cUrHaniB R Ta Si € KEPyIOuUUMM BIUTMBAMH aBTOMATA (¢,
ki popmye komGinauifina cxema (KJICT).

,[[onvcmmun mo ¢ (2 omice Ri1a Si), HENOBHICTIO BU3HAUYEH] (DYHKLIT apryMENTIB X/, X2, X3,
x,1a Q" ! O?" ’ Q5" ta Q4" ! , anaiinemo MJIH® unx dyHKuiin QUis crpoieHHs 3amnmcis, 3aMicTs
o/, 0 ! L0 a0 3AnMILeMo 01, 02, 03, 09).

Ry= X" \2”0/ 0> Osv x/'%:"0) 0703

Ockimbkn X' = T, 10 %" &= %"a Q1=0s=1, ocraroyro

P ati -
Ri= x," Usv X'y 07
Ry= X " 3010205 F'01.
R; s ,xz O/ 02034 ue MO)KJJMBD _Konu Ry ~x,"x5"Qy, OCKINBKY Qv—-- LaQr=05=1.
8= x/ "x;" Q/Q2Q3 v O/ 02 Qs
Si= i])(? 6/ VY/“ X" O/ [0l -
So= x;" .\7 O/ 07 Qs = J\/ xf 01 Qs
Sy=x/'x Q1 0> Ov=x/" Or.

3natiacHi Bupasn Ri, Si paors 3mory noGyaysaru npudiwnosy cxemy KJCL (mus. man.
6.90).

Buxoau anToMaTa peanisytoTbes komGinauifinowo cxemoro KJIC2. i noriuui sanexnocti

BH3HAYAIOTECA NOAIGHO A0 pamme 3aCTOCOBAHON npoueﬂypu a came: leﬂy(JlHBUJI/I o /, He

MOBHICTIO BU3HAYEHT (PYHKLIT apryMeHTIB X/, X2, X3, Xy Ta 0, Qz"' 05" ()4 , 3naiizemo MJIH®
uix pyskuid. [ng minimizauii moxkna sacrocysaru 6y;1i>-smnn BHUIEOTTHCAHNIT METO.
7= X/”QQV)L/ 07 x/ '@ >,

ZJ”‘ x/"O Qz v M Q/Qs,

Z}":X/” ;2 Q3V JC/ Ql @

3natifeni BUpasH naloTh 3MOTy NOOYAYBATH LIUTICHY CTPYKTYPHY CXEMY aBTOMATA.

TpuHummnosa cxema asromara GyayeThes Ha OCHOBI TPBOX Tpurepis norivnnx cxem I, ABO,
pukmovaione AGQ Ta 3anepedcHus, Ha BXOAM HAAXOMTH curHanu x; Ta x2' (/' ta X3")
(I)OpMleTbC}I BHYTpIlHIMU  iHBEpTOpamMu asToMata) Bxiana rpyna noriutmx cxem dopmye
Kepytoui BIUTHBA TPLOX TPUrepis, a BUXiAHa — Buxiapi curnann. OCKinbKW aBTOMAT NOBUHEH
3HAXOANTHCL B OAHOMY i3 IECTH CTaHiB, a 3aranbHa KiNbKiCTh CTaHiB JUis TPHOX TPUrepiB
JOPIBHIOE BiciM, TO MPUCYTHI ABa HewrTatHUX CTaHu. Jifag 3anofiranus BOIMBY 3aTPUMOK B
eneMenTax asToMara, 0COGIMBO MPH. BMUKAMHI, y HEWTATHUX CraHax, HEOOXiAHO BHKOPHCTATH
METOIMKY, BUCBITIIEHY ¥ § 6.3.
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Mai, 6.90. 1Tpunnmnosa cxema
CHHTC30BANOTO aBTOMaTa
Tposesemo cumres undposoro asromara 1a KOHKPETIOMY NpHKIan.
fpurras 6.6.
llobyayearn  asromar: o ([)opmy( IMIYZILCH  KepyBauis THPUCTOPAMH
|\|/|:Tp\x/opéa HANPYTH, AKHI BUKOHANKIT 33 MOCTOBOIO CXEMOIO | CIIANACTLCA i3 IecTH TUPHCTOPIB
86 ta wecrn pionis VDI-VD6 (qus.ma. 6. 91), siki npusnaveni jum NpoOIycKalns crpymy

ag Ly OrO HABAHTAKCHIIN HA 11T pB ) p 3 YOTHHI JU
KTUBHO- l KTHBHOTO 1nas HKC a epBaii Hacy, Ko ¢ M Ma¢ nanpsam
" e Py ¢ BO| HHIE juis

Tpudazioro

-PSZ VS(y ZSVD(’

VS; VD,

Z(,'

i 0
Man. 6.91. Ipunimnosa cxema Tpudasnoro insepropa HaNpyru
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Yacosa giarpama, IO MOKa3ye NPHHUKI (HOPMYBAHHS KEPYIOUHX IMIYJIbCIB TUPHCTOPIB, HaBeACHA
Ha mai. 6.92.

60° 180° 300° 420° 540° 600°

VS1

VS2

V83

VS4

VSs o

VS6

X| X3 i X4 | Xs X6 X7 i X3 X9 § Xpo
Man. 6.92. Yacosi aiarpamil poGoTH aBTOHOMHOIO
iHBEpTOpa HADPYTH

JlaHomy cnocoBy (opMyBaniis KpuBol BHXIAHOT HATPYrH IHBEPTOPA BIAMOBIAAC AINOPHTM
rlepEMHMKAHHS TIPUCTOPIB, NOKasauuil na man. 692, Ae KOMHI THPUCTOP NIPOBOJMTE CIPYM Ha
npotasi 180°. TToCAIAOBHICTE BMIIKAHHS TUPHCTOPIB Y poGOTY BIANOBIAAE NOPALKY CHILYBaHHS X
HOMEpIB TIpH BiatocHomy (asosomy 3cysy Ha 60°. THpucTopH, 1O BIAMOCHTBCA /10 OHieT (a3n
(vianpuknas, Tapucropn VS1 Ta VS4 dasm A), HE MOXKYThb BIAKPHBATHCH OAHOYACHO. Y
3ANpONOHOBAHOMY ANTOPHTMI. (IEPEMUKAHHA BUKMNOUAC TAKOK OAHOUACHC 3AKPHTIA . CTANIB
Tupnctopis oauiei dasn. Y Gyap-AKuii NPOMIKOK Hacy OAHOMACHO NMPOBOMATL CTPYM TPH
TUPUCTOPHU, ABA i3 AKUX BIAHOCATHCA 10 AKOT-HeOy b oxHiei (kaToaHoi ab0 aHoAHOT) rpyIH, @ OAUH
— 110 1Hw0oT (BiMoBiAR0 asoanoi abo KaTomol) Tpyny, TobTO 123, 234, 345,456 i T.0.

ZanyckaHus Ta 3yrUHEHHS (HBEpTOpa 3AIHCHIOCTRCA CTIELIANbHUM  CHTHAJIOM, SKME Ha
yacosiit giarpami He noxazanui.

. Yacosi giarpamm. BXiLHHMX T4 BAXIZHHX CHIHANIB ABAAIOTECS OIHIM i3 cnocobiB 3ajlaHua
agToMara. BOMYM NOBHHHI OMHCYBaTH BCI MOMKIMBI komGinawii curHanis, Koau sxiaHux Ta
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BHXIHUX CHIHANB, WO Hasenewi y Tabn. 6.30 ra 6.31, nokasani va Man. 6.92, A¢ HaABHICTH
CHTHAY IPCACTABAAETLCA JOTTHHOIO OAMHHUUEID, & HOro BIACYTHICTE — NOTIMHUM HyJleM,

Tubauyn 6.30. Kodysanns snauens éxionux nadopie

7 7 Qg "

X7 X2 X3 Xy
X | 0 i 0
X2 1 0 0 1

X3 1 0 0 0

XJ 0 ! | 1
X5 0 | I 0
X4 0 1 0 1
X7 0 1 0 0
X 0 0 1 1

Xy 0 0 | 0
X1y 0 0 0 |

Tabanus 6.31. Kodyeanus suauens suxionux nasopie

2" | @' L] ] i
21 | I 0 0 0 |
22 [ [ 1 0 0 0
4] 0 1 1 1 0 0
4 0 0 1 1 1 0
75 0 0 0 1 | 1
1 1 0 0 0 ! 1

3rio 3 IPUHIMIIOM POGOTH THBCPTOPA MOKHA BRALITH WicT, Cranis asroMmara (Jws. ma.
6.92): nepuinii g - TPU CTAHW, PN AKX BMUKAIOTHCS ‘puetopn VS1,VSS ta VSO, npyrait oy —
TPH CTanin npn iKHX BMUKAIOTbes Tpuctopn VS1,VS2 1a VS6 1t 1, yei cranu agroMata nokasani
y 1abn. 6.32. I'pady aBromara cucTcMu KepyBanus, o BVIK()II‘dlell”I'y BHEIAL aBroMara Mini
HABCACHII Ha Main. 6.93.

Tadauuys 6.32. Tadanus cmanise asmomania

Q| @1 Ol O] Q051 O
ay | 0 0 0 1 1
a; 1 1 0 0 0 I
ay | 1 | 0 0 0
a; 0 1 1 I 0 0
ay 0 0 ) | 1 0
d; 0 0 0 1 | |
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Man. 6.93. I'pad) aBTOMAaTa CUCTEMH KEPYBaHHA

BUKOPHCTOBYIOUM BUILEONUCAHY METOJMKY ;, BU3HAYAEMO ~ KiNbKICTh " EMEHTIB  NaM AT
aBTOMATA, KA JOPIBHIOE WecTy. EfemMenTh nam’siTi peanizyemo Ha octosi RS-tpurepis. Konopany
TabaMWo NepexouiB Ana wectH RS~Tpurepis cKNALaEMO HA OCHOBI KOJOBAHUX 3HAYEHDL BXIJHUX,
BHXIARHX CHIHANIB Ta rpada aBToMaTa Kepysashs (aMB.1abn. 6.33).

Taonuys 6.33. Kooosana mabauya nepexo0ic a8moMmma Kepyeannn

X/ xS 0, 0 &’é:IQ, O 10.0, ng-l 0:0s RiS; [RS1 | RsSs | RSy [ RsSs [ RaSs |2 2" 2" 2/ 26" 26"
X 1010 100011 11000 1{0¢p |01 1hp0O[dO]IJO]JOHY1I 1 0 0 0 1
7 1 001 110001 11 1000/04d|0¢ (01T [pOjpOJ1IO[! I I O 0 O
4 1000 I 11000 01 1 1 00]/10[{0hp(0d[0O1 0 o6 1t 1 0 0
Xy 01 11 011100 0011 10{¢0j10(0plOHjOL}HO[O O 1 1 1 O
s 0110 001 11090 000 L 1 tldO0]jpoflolod|oplotllto 0 0 1 1 1
Xg 0101 0001 1.1 1ooo0 1ol fjdbO|pOjltOjOp[(OD[I O O O | i
x; [ 01 00 100011 11000 1[0d]01 O[O T1O]OH)L 1 0 0 0 1
g | 0011 110001 111 000[0¢|l0¢|O1]|pO[pO]TO]L 1 1 0 0 O
Xy 0010 111000 01 1 100j10|0djOblOT]IpO]lHOJO 1 1L 1 0O
cip | 00 01 011100 1000 1L 101 ]10]1Oj1O[O1]O0I I 0 0 0 1 1

Jlna noGynosn komGinauiitnoi cxemn KJICI BMKOPHCTOBYEMO BHUICONMCAHY METOANKY
3HAXOMKEHHA 3uaueHp R; Ta S; i RS-Tpurepa i, JONYCTHBIIM, 10 BOHH HCMOBHICTIO BU3HAYEHI
QyHxuii aprymentis x;  xpp va Q1 ~ Q4. swaiinemo MJIH® unx dyukuifi. Pisusnis
komGiHauiiinoi noriunoi cxemn KJICI, Ha ocHOBI sKMX OyAyeTbCs NPUHUMIIOBA CXEMa, MalOTh
BHIAAL

RI:: ;2” f\?J”QI é’;

“nomae_on A
Si=x" xi'x)" Qn
] .
Ro=x"x/" Q1 Qs

o/

S=x/Qr _
Rs= x/" x/' Qiv x2"Qu
e

Si=x/'0: Qu

Ri= xi'xJ" Q104

Sy= ;\zqulk 0

Rs= x;" Oy
Ss=x/'0s;
Re= _%;",WLQ/;
Se= %" Qui;
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[IpHunnosa cxema aBToMaTa, aka Oyayerbea Ha OCHOBI 1necTn RS-Tpurepis Ta cxem I, ABQO,
HE, nasenena na man. 6.94. Ockinbky CTaHW TPUTEPIiB Y N-OMY TaKTi CMIBNAAAIOTS i3 BUXIAHUMU
curnanamu asromara, o KJIC2 siacyns. Jnst kepysaHus tupncropis VS1+VS6 aBTOHOMHOrO
TPH(pa3HOro iHBEPTOPA, BUXIAHI CHIHANH GE3MOCEPEIBO HANXOMIATh 3 APAMUX BUXOAIB TPUIEpiB
DD13+DD18.
3astauumo, W0 NpK NoGyA0Bi aBTOMATA HEOOXIAHO BPaxoByBATH 3CYB (ba3 Mix OJCpKaHUMH
HaNpyraMmu y CUI0BOMY KORi (AMB. Man. 6.92). KpuBa opepkaHoi Hanpyru CKIaaacrbea i3
IMNYALCIB 3 amnnityaolo E, wo ueprytotbes nojapuictoy tpusaticno B 120° Ta posainennx
nay3ol0 y 60°. Tomy 3 BUKOPHCTAlHAM JaHOIO METOLY KepyBaHHs THPHCTOpPaMU, HeoOXifHO y
X]” qu X?‘u X4” DDI

R DD13 .
! ‘ Z
Q P& 1
Qs D2 Ry T .
e S
& ! - S ﬂb_—
e DD3
Qi R VD13 .
Q'.——e& - .- RIT _ZZ
[ DD4 A
s S
Q, & : - S S o
DD5 DDIS
&1 VA "
a— R - RIT (=2
P © &
‘ b
DG S p——
& S
Qs - \
A DD7 DD16
3 R.; Z u
Qi——%§ & g R T __4
Q DD3 : B
S
Q & - L 4 S P
« DDY DDTY
Rs I
& . R[T | &
DDI) 1"
Ss
Qy—] & : @ S —
DDT . DDI% Z
D 6 .
] & - RiT |2
T
DDTY JI
d & S
N — ® —

Man. 6.94. lpunumnosa cxema aBTOMATA JUTA KEPYBAHHs aBTOHOMHUM iHBEPTOPOM HAMpPyry
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Toukax A, b, B, I' Ta Jl BMMKATH €/leMEHTH KOPOTKOUACHOT 3aTPHMKH iMIYIBCIB, O 3AMYCKAIOTH
Tpurepu (AuB.Man.6.94).

§ 6.10. Curres nocaigoBuicHUX PyHKNIOHATLHEX BY3JIHB BeTMKHX
iHTEerpasIbHUX cXem
[10, 11, 12, 18, 20, 25]

TMocniposricui pyuxuionanshi Bysm (MOB) mictats koMGiauiiHy JACTHUHY CXCMH Ta
enemMeHTI Nam’aTi. Ha BinMiny Bif koMGiHAUIHAX cXeM 3 ABISETECS HOBUH €NEMCHT ~ [1aM’STh,
0 BHMArae BBEACHHA JI01aTKOBOI 3MilHOI — 4acy, AKa. M0BUHA BPAXOBYBATHCH 3 PO3B’AIKOM
6ararthox 3a/1a4 NoriuHoro cuntesy. Cran BUxoais B ITOB 3anekinTh He TUme Bij 3Hauens BXiAHUX
SMIHHUIX Y JAHIH MOMENT uacy, ajie i BiJ 3HaYeHb BHYTPILUHIX 3MIHHMX Y el K¢ MOMEHT Yacy.
[urauns maremaruunoro onncy podotu [IOB posrisnyTi y § 6.1. I3 cuaresom [dB, raknx sk
PericTpis, NIMUIBHHKIB Ta IH. BHPLNYIOTHCH 3aiaqi Ha PiBHi aBCTPAKTHOrO CHHTE3Y: CKIAMaHHs
ABTOMATHOrO ONMCY, MiNIMI3auis KiibKOCTI CTAHIB Ta CTPYKTYPHOTO CHIITE3Y: KOLYBAHHA Crailis,
MIHIMIBALS QYHKLLI KEPYIOUMX BIUTMBIB Ta BIUXOAIS, CIROPEHIS IPHULHIIOBOT CXCMI (B, § 6.9).

3YNHHUMOCH HA  OAHOMY i3 OCHOBHHX TOKa3HIKIB CTPYKTYPHOIO CHHTE3Y, SIKWii te
PO3IAIAABCH paHilie, @ came,Ha CKOHOMINHOMY KOAyBaHHI CTaHiB apToMara. [IpH cKOHOMItHOMY
KOJlyBanHi BUOHPAIOTh Taki 31HAUCHHA 3MITHNX, 1O XAaPAKTEPH3YIOTH CTaH, o6 cXeMHE BUPILICHIT
[I®B Gysio npocriwe Bin po3s’a3kis, onepiannx mpu 10BiNbHOMY KOAyBaHHi. Kpurepiem skocti
EKOHOMIUHOTO KOLYBAHHS CTAaHiB € NPOCTOTA CXemuoi peanizauii, To61o MidiMaibHa Kinbkicr,
JIOTIYHHX CTEMCHTIB.

3 EKOHOMIMIIMM KOMYBAHHAM YCI I0TiIUHI CYCLIHT CTANM aBTOMATA NOBMII KOAYBATHCb TAKUM
YHHOM, MOS TX KOACBI KOMOiHALii BIAPIZHSIMCL OpHa BiA oanol Jme oanicio wadpoio. [
BH3HAUEHHSA OITUHUX CYCIHIX CTaHIB MOYKHA BUKOPHCTATH JBA NPOCTHX NPABHNA EKOHOMIYHOTO
KOAYBAHHA: JBA CTAHY, i3 KHX MOXKNUBI MEPEXOMM B OAMH | TOH Ke TPETilt CraM, HAMBAIOTH
AOTIHHUMU CYCIAHIMM; al0 ABa cTauW, Y AKi 3UHCHIOIOTLCS MEPEXO/AH i3 OAHOO AKOTO-HEBYL
CTaHy, TaKOXK HAMBAIOTHCA NOTIMHAMM “CYCIAMIMK. SIKILO [PH  BHKOPUCTANHI UMX NpaBuil
HEMOIITHBO 32/10BONLHITTI BCIX YMOB CYCIACTBA, TO IIPIOPUTETHUM MOBHHHO OYTH MEPLIE NIPABLIIO.

13 kojyBatinam cranis acnuxponnnx [IOB cnin suxown ne i3 npocroi peanizanti, a i
YMOBH BIICYTHOCTI y CXEM, WO HPOCKTYCTBCA, 3Maraniis curnantis. ‘lepes 3aTpuMKy. curanis s
acunxponiuux [1MB cnocTepiractbes IX 44COBE 3MAratis, AKe MOXKC GYTH KPHTHUHHM, OCKLIbKH
BUHMKAE MONKMBICTh lIGpEBEJEHHA HOr0 Y crany, ski HC  repeadaueniii  ajiropurMonm
(ynkuionysanus. Tomy npu npoekrysaiti [IOB kpurnyni crany (neperoun curnanis) nosummi
Oy Jiikpigopani na erani koaysans cranis. OAnKM i3 BAPIANTIB MPOTHACPETOHHOrO KOAYBaHus ¢
CYCIJUIE KONYBAIIIA, CYTb AKOrO MOJSraE B TOMY, 1o npu nepexoni [MB 3 oxoro crany B iHuui
kofoBani komGinawii nosuHI siapisnaTucs nMwe opnicio widpoio. Lle ozmavae, WO npu pisHux
3MilaX CTaniB MEPEMUKATHCEL NOBUHEH JIMIIE OAHN ENCMENT tiam st (tpurep). B inwmomy BHmaxKy
MOMKYTb BHHUKATH KPUTHUHI 3MAraius CHIaniB, ski MOXKYTh NOPYILHTH HopManeiy poSory [TOB.
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§ 6.10.1. AHani3 JiynabLHHEKIB
10,11, 12, 16, 17, 18, 19, 20] . .

[Moni6Ho, sk y komGinauinHux cxemax (aus. § 6.4), WO BUNYCKAIOTHCA Y BULAALI MOLYNIB
CEPEAHBOTO CTYNENS IHTErpaLLii, y KIIaci aBTOMATIB 3 NaM’ATTIO HasBHi HE JiHLIE TaKi MOAY, alle H
MOJYNI 3 BENKKIM CTYTIEHEM iHTerpauii. R ‘

TTocnidosnicni yu@posi yemamxysanns, aKi 3a6e3neyyiome 30epicanns inJopM_az/mHux cnig
Ma BUKOHAHHA A0 HUMH MIKpoonepayiil paxynky, HA3ueaiomsca nivunsnuxom. Mikpoonepatuis
paxyBailHg 3BOAHTHCS O TOIO, L0 3HAYEHHA UHCIIA X 3MIHIOEThCA Ha 1. o

OCHOBHMM [1APAMETPOM JIIMWIABHUKA € MOAYJb JIYMIBHMKA, AKUil BHU3HAYAE KIMBKICTH
OJAMHHUYHHMX CHIHANIB, AKI MOXKYTH GYTH NOpaXoBaHi NiMHILHUKOM.

JHUMABHHK, 110 MICTHTD N ABIHKOBMX PO3PSALIB, MOXKE 3HAXOAMTHCEL Y CTAHAX 0,1,2,...,2"-1." I3
HAZXOLKCHHAM Ha BXiJ MiACYMOBYIOHOrO JliMibHyKa 2 -01 OAHHNLI BiK TepeX0oiHTh i3 crany 2'-1
B cTal JoriuHoro Hyan. TakuM 4HHOM N-pO3PS/HUH MiACYMOBYIOUHH JIUMNLHHK MAE MOJYb
paxyuky k, < 2" ®yukuionysanis n-po3psaHOro RiuHILIMKa MOXKHA 1tojaTH rpadom man.6.95.

Maun. 6.95. Kinbuesnii rpady poboTn mijicyMoByIouoro JHUnILHUKA

ABTOMAT, AKWA OIHCYETHCS KiNBUCBHM TpadoM Man.6.95 nasnpacrecs NiacymoBYIOUUM, a
KIILKICTb CTaHiB, AKa JOPIBHIOE KiLKOCTI Bepuinh rpada, — MOJysIeM paxyHky. uadcinig x, 1o
JOPIBHIOC. BUCOKOMY PIiBHIO CHrHany, H X — HH3bKOMY PIBHIO CHIHAjly, XapaKTepH3YIOTh CTaH
BUXiHOTO curiany. Mikpoonepaliiss BUKOHYETbCS T1IPH HAABHOCTI CHIHANY X, TOOTO JNUHILHHK
nepexoAnTh i3 cTany x B crat x+1i, konn x=1 i 30epirae notoutie 3HaYeHIR, KO x=0.

JHUMNLHKK  XapaKTepu3yeThCsl TAKOK  WIBWJAKOAICIO, SKA  BU3HAYAETBCH  JIOMYCTHUMOLO
YACTOTOIO BXIJIHOPO CHIHANY T4 YACOM BCTAHOBJIEHHS CTaHy AIYUIIBHHKA.

JHUnNBLHAKK peanizoByloTh, sk npasuio, Ha T-tpurepax, oauade Juist iX 1o0yl0BH MOXYTb
BHKOPUCTOBYBATH HE JIMLIC TPUIEepH 3 NiUHILHHM BXOAOM, ane i D- Ta .lK-'rpurepu.. _ )

JHumneHHKK MOJKIA KBATI(iKYBATH 32 JAEKiNbKOMa O3HAKAMH. Y 3aIEKHOCTI Bill HANPAMKY
paxynky (pyxy no rpajy) po3pi3HAIOTb MiACyMOBYIOHi (NPAMUH paxyHOk), BigHimMaioui
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(3BOpOTHIMIA paxyHOK) Ta peBepcHBHE (NpAMuil Ta 3B0POTIMET paxyuku). 3a crocoBbom peanizauii
CXEMI NICPEHCCERIISL POIPIZHAIOTH JIUMIBIHKH 3 NOCHIOBHUM, [apajieNbHUM Ta MapaneihbHo-
MOCNI/IOBHUM | MEPEHECEIHSIM.  3a  MOMYJIEM = paxyllKy pO3pislsiOTh JHUMIBIMKY  IBIiKOBI,
JECATKOBI, ABIHKOBO-ACCATKOBI 3 AOBIIBHHM MOCTIHHAM MOAYJEM Ta 3MIHHUM MOAyNeMm. ¥
3a]ICKHOCTI Bijl HAABHOCTI CMHXPOHI3aUiT, PO3PI3HAIOTL CHHXPOHHI Ta ACMHXPOHAI.

Ha wman. 6.96,a napeacHa cXxeMa TPUPO3PANHOTO JIMMIBHMKA AKKI  TIPAWIOE  SIK
nicymoByiouni. Bin sailichioe paxyHok iMoymscis Bin 0 jio 7. Uucno paxynky moxe Gyt
30UILIEHE Y BUIIAZKY MiAKTIOYCHHA 00 BUXOAY MMMIbHHKA AONATKOBMX po3panin. Ilepiumii
TPUrep TIUUIBHNKA CTBOPIOE MOMOJNIMI po3psa curhan Oy, AKMIl HAAXO/MTL Ha BXiA APYroro
pO3pa/Ly, BUXi/llIa HANPYTra AKOro NOAAETHCA Ha BXiA TPETEOrO i T L.

Posrnanemo QyHKUIOHYBaiIHA TMMAbHUKA HA OCHOBI Alarpam man. 6.96,6.

TT QII T|TT b TTT__T
gl pH] pH oo

T(‘) inEntinlintinlalint

T

T
R

t;
Q__ [ 1 [ 1 [ 1 [ 1] -
Q. | | > ®
Qs I 1 >
T It TT QIT T| TT QZT T TT—Q}j :
-— —-— _— B
BI>R o I»R & l-»R &—

Man. 6.96. IpuuumioBa cxeMa JHuHIbHHKA THACYMOBYIOYOIO —
a, fioro uacosi aiarpamu — 6 Ta NPHALMIOBA CXCMA BIAIIMAIOHOTO
NUUABIMKA — B

Y exeMi nofanuii curian na sxia R=1 npusojurs BCi TPHICPH Y NOMATKOBHI cran, To6To
Takui, konn Qr=: Q= 05=0. 3pizoM nepwioro BXIAHOrO cHritamy (3afinit PpoHT IMNYyiLCY)
HICPCMHKACTBCA TPHICP MOJNIOAWOro po3psty Aivwibiivka: (aiarpama. Q). 3pizom Hanpyru Q;
NCPEMHUKAETLCA TPHIEP APYroro poapsiny JiiuuabHuka, (aiarpama (). 3pi3 curnany Q; BuKIIMKae
llepeMHKaHIA TPUTEpa TPeThoro pospsay (niarpama’ (Qs). Pobota niunwibinka BinoGpakena y
Tabn.6.34.
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Tadauyn 6.34. Tadauya cmanie mpupo3paornozo aivuibnuxa

Ne 2’ 2! 2
imnyaney | Qs 0 (o]
1 0 0 0
2 0 0 !
3 0 1 0
4 0 1 1
5 1 0 0
6 1 0 1
7 1 1 0
8 1 1 1

Yactora noBTOPEIHS BHXIHOTO cHrHany na BUXoi Q; uepes oje dauenns, tooro 2°, na
BHXO/L 2 - tlepes ipa 3naueima. o610 2" i 71, To6To 4acToTa HOBTOPEHIA BHXWIONO CHITIANY B
i-My po3psi B 2' pasi MCHIIA BIL 4acTOTH NOBTOPCHHS iMITynineis T.

ANIOrivHO JIO NIACYMOBYIOHOIO JHUMIbINKA SY/lYCTHC IHYHILIMK HA BUHIMAIIS, CXeMa
AKOIO HABC/ICHA Ha Mant. 6.96,8. Ha BXij TpUrepa i-1o pospsjly 1HOAGETLEN CHINIAN 3 IITBCPCHONO
BUXOLY TOHCPEUILOIO po3psidy, ToGT0  Ory. JMmwibiuit Tpurep 1epeMiKacTLes HpH 3pisi
IMIYJILCY Ha BXOJL, 1C O3HA4AE, WO TICPEMUKAHIIA TPHICPA i-1'0 puspasy Gy/lC HPOXOJHTH 1iph
Ipisi iMITyNbCy a/ o010 npit Gponri Qi (Moment napocranns Qry sij 0 no 1), Pobora
NIUHIBHMKA 1A BUNIIMaHEA, SKy HOTPIGIHO 4nTarh 3Mu3y J10 Bepxy, naseacna s oradn. 6.34. Ha
NOMATKY poOOTH TPHICPH BCTanosicHl y crail Q= Qo= Q3=1. Cran pospsis jivuiblinka ssise
¢o0010 ABIKOBC SAIMCYBANIA JiHIiHO cnajgiounx yneen. Buneonncana poSora aiMunsHHKiB
XAPAKTEPIA IS aCHHXPOHTHX JHUMIILITHKIB, KOJIM IMIY)ILCH PAXYHKY HAAXOANTL 1A TaK OB
BXIJL JIHINE HEPHIOTo TPUTEPa, 4 KOKHUI i3 HACTYNINX TPHICPIB KEPYCTLEA BUXIIHM CHIHAIOM
HONEPEILOTO. LIC NPHIBOAMTD 10 TOIO, 1O CHITIAN HA BXIJL OCTAILOIO TPUIEPA HPHXOAMTD JIHTIC
TOMI, KOJIK BCL 1ONepeii TPHICPH HEPEMKHYHCE. 3Milla KOXHOIO i3 BUXLUIMX cHrnanin Bij Q;
20 Qn  HPOXOAHTL 13 3aTPUMKOIO, AKA JIOPIBHIOE  uacoBi Cnpawosaiis  tpurepa. Y
GaraTopospsUIIX HOCIHAOBIHX NiMHILHUKAX BHCOKA MACTOTa CHLYBAHIA iMIYJILCIB paxyliKy,
MOJKE HPH3BECTH JIO TOrO, WO N-ii TpHIEp HE BCTHIHE MEPEMKRYTHCH JIO HPUXOLY HACTYIIHONO
iMIYAbCy paxynky. ToMy Hepioj CHijlyBaliHs iMUYILCIB PAXYHKY HPH BHKOPHCTAHI BHXIZINX
KOZLIB Y 1Iponeci ofuncicb, noBuHen Gyt Ginbuiuii BijL Hacy nowupenis Curnany y Jamgorosi.

Onucani niunbnnky noGyposani Ha nocitigosrnomy cnonyucti T-rpurepin.  Koskiuii
HACTYIHNE PO3Psil TUMALHHKA NEPEMUKAETBC MACTYIIIM CHIHUIOM, AKHE MOMKIA 1Ha3BaTh
curnanom iepenccetina. CHruan jins paxyHky [0oJacTbes HA BXiA TpHrepa saiimonoamioro
pospsty. JIGUILHUKY, 1106Y/I0BAI TAKUM UHIIOM, HQ3HBAOTLCS NIMGUILIHKY 3 HOCHAOBHNM
1IEPCHECCHIAM.
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Cunxpouni_napanenpui aiuiionuxy. Taki NUNIBHAKK, HA BiAMIHY BiJL MOCTIJIOBHUX,
MatOTh BXOM, Ha K noaawoTscs BXiasi curHanu C Ha Bei pospsaau. Jns toro, wob y KokHOMY
TAKT HE 1IePEMUKAINICH BCI TPHIEPH, ANA KEPYBAHHA NPOLECOM NEPEMHKAHHA BUKOPUCTOBYIOTHCA
NOrivHi cXemn [, Ha AKI HAAXOAATE CUrHANKM 3 BUXO/IB MONEPE/IHIX po3psaai (JMe.Man.6.97). Has
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Man. 6.97.. CHRXPOHHH JIYUNBHAUK 13 NOTIKOIO T 2 —2_1—- Q,
(hOpMyBaHHS NEPEHECEHHIS — a; YMOBIIE — L Q
3a3naueHHs — 0 R i 3
6) 8 Q4
i€l cXemil ClipaBeAniuBi HAaCTYMI ClIiBBIIHOLIEHHS:
0= 0iC; Q5= Or Q2C; Q4= Qr QO 0sC.
Jlnst 3aranbHOrO BUMANKY NPH N PO3PAAIB BUKOHYETBCA yMOBA
Qn:’Ql' Q2 Qn.lC. (638)

TyT 3aTPHMAHHR BH3HAMACTHCA JIMINE OAHIEID NOrIMHOIO CXeMOI0 | Ta He 3aneXuTh Bill
KiZILKOCTI po3psiis y NisunsHuky. Cnij BiiHauWm®y, o Takuil niaxin noBynoBl RiMnIbHAKIB
NPU3BOAKTH A0 YCKNA/HEHHS CXEMHU, OCKINbKK BHIIMKAE NoTpe6a y BUKOpHCTaHHi (aratoBxoi0BHx
enementis L. Kpim Toro, neo0xizno, Bia pospasy A0 po3pady 30UIbLUIYBATH KiJIbKICTE BXOQIB, WO
nopylye perynapuicts fioro ctpyktypu. Tomy npu noGynosi GararopospaaHux JiuiisHAKIB
BUKOPUCTOBYIOTE CXEMH 3 NApaNleNsHO-MOCIAOBHAM NEPEHECCHHAM.

Taki Ni4MIBHUKK CKNAAAIOTECS i3 TPYIH TPUrepiB, BCEPEAHHI KOKHOT i3 AKUX OpraHizoBaHe
napanesbHe NepeHecen s, a MbK rpynamMu — nocnigoshe. Ha BXoAi KOXHOr0 Takoro NiunnsHHKa
CTOTTH eneMeHT | 3 NEBHOIO KiNbKICTIO BXOJLIB (U1 MOTUPHPO3PAAHOTO JiUMIBHIKA 3 HOTHPMA). Y
HLOMY OPMYETHCA CHTHATI NEPEHECEHHS Y HACTYMHY IPYNy NpH 3arOBHEHI NONEPEAHLOI rPyu
TpHUrepis OAMHWIAMH. 3aTpUMaHHs Yy GaratopospsiaHoMmy Jiuunkhuky Oyne nponopuiiive
KINBKOCTI IPy1l TPUTEPIB Y JIUMABHUKY.
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Maut. 6.98. JIBITKOBHIT 1MHILHIK F3 3MINOI0 HAHPAMKY PAXYHKY

JiuwbHUK i3 3MIHOI0_HARPAMKY _PAxXyHKY (PCBCPCUBLIIT MUMALINK) 1aBeaActmii 1
ML G698, Y aianiiKy T - ra K« BXOUH 8BMHKAIOTLEH 9EPes SO elicMeHTH | Kk 10 IpsaMix
BHXOMIB () MOUCPCARIX TMIICPIB, T | 10 iNBepeHnx Z)- OCKUIbKIL TICPEMUKAIIST CTOCYCTLES
e Bxois Jora K,oa ne C-BXOAIB, CTall JiHMIBINKD 1E SMIOETLCS PR 3MITIE HAIPAMKY
paxyuky. [le BeImKa nepesara nepei acHHXponiMi aidbinicamis. Tomy B iKocti pesepenBing
JIUMILLHUKIE BHKOPHCTOBYIOTH TOJIOBHIM YHBOM CHIXPOHHT YCraUTKyBasis.

3 OPOCKTYBANIAM FAKHX JHMHIALHIKIB BIKOPHCTORYIOTE TPHICPIL, & SIKIX HOBIHT cran Ha
BHXOEIN (BOPMYETHES TIPH HICPEXOAT TAKTOBOIO CHIHANY 13 0ITUHOT O 10 JOITHHOTO 1Y,

JLO THX 1P, THOKH 11 KEPOBAHOMY HEPCMITKUILIOMY BXOM S 30Cpiractnes noritnma o,
mokHl - enemetrtn DDG6, DD7. DD8 ra DDY sakpuri. COxema Apamoe sk CHUXPONHINE
HICYMOBYIOUHTT ABITKOBIT NI INK, HOAGHO, SK HPAUUOE JTHHABINK, HaBCACHNIT 11a Man. 6.97.
Hpie S=0 pepxni enementn DDTO, DD DDI2 ra DDI3 sapuri, i JK-napuy sMuKaioThes J10
BUXOMB Q. Y 1LOMY BHIKVIKY CXCMA Mpalioe Ak BLutMuounit siamibingg, Ockinbku 3mita
NANPAMKY PAXYBAINIA BHKJIHKAC 3MiTLY nepeinoucins J - ra K - BUXOMIB, TO ¢XCMA CHPALLOBY(
JIMINC TO/L. KOJM FAKTOBII CHIHAN JIOPIBHIOC JONTHIIOMY HYIIO,

CHriajt nepenceeiis y nacryny crapuy rpyny moxke GopMyBarics y JIBOX BHIIAJIKAX,
KON Y siuibhnky 30epiractues ko 111 ta S=1 (B pexnmi jonasatiig), a6o koau y JiMHILIUKY
sanucanuii ko 0000 ra S=0 (peacnm Bijwivanns). o curnaory nepenceenns T guis.dop. 6.38)
modxcHa sanncath F=(0,0:0:045v Q1 Q2 Q3 Oy Sy L. Lleii cnrnan najpxoants na BXij po3sony
£ nactynnoi rpyt pospaais nivwibinka, Tlepenecennst 3amicut iHICPIPEryeTses UpaBiuibiio,
OCKIMILKH HALIPAMOK PAXYHKY 3MIHIOETLCH OIHOUACHO JUlsl BCIX rpyIi.

SIkio ve runMKac noTpeby y BUCOKIH LIBKAKOI, OKPeMI rpyIit AiuiuibHEKa 06 €ty I0TheA
HOCTLAOBHO, 1 TIPH 1LOMY CHTHAIOM [ICPEHECEIIHS € TAKTOBMIT CHIHa JUIS HACTYNIOT cTaploi
rpytin. TIpu hoMy icnye 3arposa, uo uepes pizHui uac 3arpuManiis Ha KOPOTKHIl Yac BHINIKAC
xuGe snadens [1=1. et iMnysine 3aBajit HaAXoauTs Ha crapuwy rpyny. Bin moxe 6nokyBarucs
apit seeseni Jiorivnoi - exemu DDIS, 10610 TMe=I1-C. Ockinskun  suGpani JK-tpurepu
CHPAULOBYIOTH MIPH . BIZ'CMIOMY  ¢hPOHTI TAKTOBOTO IMNYABCY, TO CTiHKMI cran miunmbHIKa
Hagifno 3a6e3neuyerses, Koau Takromi curnan C=1.
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Jiuunpnux 3 6x00aMu #PAMO20 1 360POMHO20 PAXYHKY

Yacto BuHMKae moTpeda y JiuMNBHUKAX, SKi MalOTh ABa BXOAM, TOOTO Taki, B AKMX
00" eHani cxeMy NMiJCYMOBYIOHOrO Ta BIAHIMAIOUOro Ni4MAbHMKIB. IMITyNbe, 110 HAAXOMTH HA
BXiZ +1, NOBMHEH 36GINbIIYBATH PE3YNBTAT PAXYHKY, @ IMIYJILC, 10 HaAXO}IHTb Ha Bxia —1.
NOBHHEH {0ro 3MEHIYBaTH.
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Cxema, 110 BHKONYE Taki (yHkuii HaBeAeHa Ha mai, 6.99. PosrisiHemo crouarky po®oty
CXEMM, KOJM iMIYJBC HALXOAMTL Ha BXiA +1. OueBWAHO, WO 3aBAAKH HAABHOCTI 110NEPEHIX
JOFMHUX enieMentiB |, TAakTOBMH IMDYNbC HAAXOAWTL JHMINE HA Ti TPHTEPHM, IS SKMX BCI
nonepe/Int PO3PAAH 3HAXOAATLCS Y cTani sioriunoi opununui. Lle Bianosiiae GyHKUIOHYBAHHIO
JiumMsibHIKa, ke Hasejene B tabn. 6.34 1is nigcymMoBytouoro aluminsinka. Y uiit cxemi iMoynben
PaxyHKy HE HAAXOASTH HA BLWNOBI/IHI TPUIEpH 3aBASKM TOMY, WO JIOTiuli enementn 1 6110Kky10Th
iX TAKTOBI BXOIM (Ha BXiA -1 NOAAETLCA JIOTTYHUE HyAL).

Tenep po3rnsueMo BMOAAOK, KOMM IMOYALCH HaAXxoasTe Ha BXiA -1. Koj ua Buxonax
Tpurepis Zj, BU3HAUAC W NOTiYHI CXeMM |, Ki NponyckatoTh IMNYABCH PAXYHKY. TakuM YMHOM,
IMINYNbCH HAAXOANTH 1A TAKTOBI BXOAM JIMILE THX TPUICPIB, AKI 3HAXOMATLCA Y CTaHi JIOriYHOro
Hyas. L i € yMOBa 3B0pOTHOTO paxyHKy.

Ha tpurepu, ski NOBHHHI NEpeMHKATHCA, TAKTOBI IMOYJIbCH HAAXOMATHL HPAKTHYHO
0/iHO4ACHO. TPUTEpH y CTapIIHX PO3PALAX NEPEMUKAIOTHCH OAHOUACHO 3 TPUTEPAMH Y MOJIOAIMNX
po3pszaax. ToMy cxema npauioe sk CHHXPOHHUE NUUNbLKK.

Jloriuni enementu | DDI11, DDI12 Ha BKXOAl BH3HA4AIOTh MEPCHECEHUs Y. NPAMOMY Ta
3BOPOTHOMY . HanpsmkaxX. MoxkHa Rif’€AHATH IACHTUYHUN NIYUNBHUK, AKUH € CHHXPOHHUM, ajie
MOpiBHAHO 3 MEPIIMM NMPALIOE i3 3ATPUMAHHAM, To6To acunxponHo. Lleit croci6 opranizauii, sk
Y¥Ke FOBOPHIIOCH, HA3MBAIOTH TTAPATENbHO-TIOC/IIOBHHM.,

ilikogo-0ecsimKkosuii aivuabHuK Y K00i 8421

I3 Tabn. 6.34 Bumno, WO 3 JONOMOFOI0 TPHPO3PAAHOrO ABIMKOBOrO NiMHIBHHKA MOXKHA
paxyBaTH 710 CEMMU, a 3 IOIOMOTOI0 YOTHPHPO3PSAHOr0 — A0 M’ ATHAATH, ToMy, AnA NiYWNbHUKA
HATYpAABHWUX JCCATKOBUX 4MCesl Y JBIKOBOMY KOAI, [UIS KOXKHOIO AECATKOBOFO pO3psRY
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HEOOXIAHNH  YOTUPUPO3PARLMIT NBIKOBHI NIMWIBHUK, 110 BHPOONAE NBIAKOBUN eKBiBaneHT
SHYHABHOT ackay, TOGTO MOAYNb PaXyNKy BHOMPACTHCS 13 YMOBH!
2nS Kp < 2n+l.

JliuunsHa piekapa  ABIMKOBO-JECATKOBOTO JHYMILHMKA BiJPI3HAECTLCS  Bill  3BMMANHMX
YOTHPUPO3PALHHX ABIMKOBUX JIYMNLHUKIB THM, IO Ha KOXKHUN AecATkoBHiA (a He |6-Buii)
IMOYJIGC PaXyHKY BOHA CKWIAETLCS Y 1IYJb TA MOSABISETBCS CUTHAI NEPEHECEHHS JUA 3anyu<amm
THUMABHOT JICKaiH HACTYTIHOI'O, Gifibll CTAPIIOrO ACCATKOBOIO PO3PALY.

Ockinbky JICCATKOBA LK(pa NPe/ICTaBNAETbCA Y HaTypalibHiii }lBIHKOBO /lcc;m«)mn (dopwmi
HOTHPHPOZPAIHUM JIBIHKOBUM YHCIIOM, PO3PAIM AKOIO MAIOTh 3HAYCHIS 2822212 ' Lle nsifikoso-
JICCATKOBE TPE/ICTABRCHHS 3a3HavaeTbesa Ak koA 8421, Craw niuwnbHOi jekayn y koui 8421
Haseaennil y raGn. 6.35, a yacosi miarpamu na ma. 6.100. Lls tabnuia cranis nosropioe tabn.
6.34 10 wndpn 9 BRAOUBO, TOjH AK Yne0 10 310BY NPE/ICTABISICIHCA KOJOM ()()0() Bianosijio
TaKi Cranu nokaszari Ha acoBux jiarpamax man. 6.100.

Tadnuua 6.35. Taduun cmanie

0 Kooy 8421 234 56 789 10

T Q4 | Qs {1 Q| Q 0 t
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s o 1 0 i Qs g f———_l t
6 | 0 | 1 1o ’ >
7101 1 |
8 {10100 Qi g It >
9 ! 0 0 1 Man. 6.100. Yacosi giarpamu BUXiunx cranis
wlolololo

niunnbLHKKa Y Koai 8421

Slkito aus JK~rpurepa, m mac apa Bxoau I, sukonatu ymosy Ji=l,=1, BiH npaigoc sk
Jumbnuil vpurep, ockinbku K=const=1. Skmo 1=0, to ua sxigna komGivauis i3-3a J= K 3
HAAXODKCHEAM  NACTYIIHOTO  TAKTOBOIO MIYABCY lIEpefacTbes na  sxiA, abo cran Q=0
s0epiractbest. Takuil poxuM pobory peanizoBanuil y AYWILHIN aekani tuny 8421 (s, man.
6.101). )
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Man. 6.101. ITpHUMNIOBA CXeMa ACHHXPOHHOIO JBilKOBO-ECATKOBOTO NIYMILHUKA
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HopigHauo 3 iMIMMH. JHUMILHHKAMI BIH Ma€ Aestki ocobausocti. [To-nepme, Tpurep DD2
HE MOIKE IIEPEMKHYTHCE 3 HAIXOILKEHMAM AECATOTO IMIYABCY PAXyHKY, Xoua (; 3MIHIOC cran 3
JOTiuHOT OAMHELI Ba noriunnii Hynb. NS NMOSCHEHHs LILOTO BHUMNAIKY BHKOPHCTACMO [POCTHIL
Kputepiil, 1o BuxoauTs i3 Tabn. 6.35: O; 36epirae cran NOFIUHOrO HyJIs TOMI, KOMH Mg yac Hif
Takroporo curnany Q~1. Ins toro, mod uporo pobUTHCH, BMHKa0TH J-BXia DD2 npocto Ao :O-,:
Yuosa, wo Qs rpH HaJXOGKEHHT JECATOrO IMIYNLCY 3GepeiKe CTAH JIOMYHOrO HYIS, BHKOHYCTHCS
ABTOMATHHHO. )

Jpyra ocoOnHBicTb, NOPIBHAHO 3 ABIHKOBUM Ji4IbHHKOM BIAPIZHAETHC THM, HIO JeCATHIt
IMUYJILC BHKNHKQE niepemukanda Oy 13 JIOriuHOT oamuuWi Y soriuxnii Hyns. HeoOximo
BLHAMHTH | HACTYUHT ofctasuuu: sikOM raktosuft sxixn DD4 Gys 3'eanammii 3 Qs sk y
ABHAKOBOMY JHHHIEHNKY, 3MiHHA Oy 1ie MOIa 6 3MINIOBATHCH Oinblne 1IC/s BOCLMOrO IMIyALCY
paxyhixy, ockithki tpurep DD2 uepes 3sopotHuit 38 530k Oys 01 Sinokosanmii. Tomy TakToBHii
Bxin DD4 nosuien Syru ysiMkiennit 0 BOXOAY Tpurepa, siknii ne GI0KYCTRCA 3BOPOTHHM
3B’#3KOM, TOOTO Y AAHOMY BHRAAKY 1O (J).

Teuep, BukopucTasiiin J-BXO/AH, ¢l 3a00pOINTH flepeauactie nepeMukanis rpurepa DDA
I3 tabn. 0.35 Buino, Mo (y NEPEMIIKACTLC Y CTad J0ruHoi ominid e Toal, koim Q2 ra O
MEPEL HEPIOBHM TAKTOBHM IMTIYIILCOM JOPIBIOTE JIOFTMNil osunugi. [ roro, mod sukonarn
wo ymoBy, oouasa J-sxoum DD4 Bvuxatorees 10 O 260 Oz Toji 1Py HAACHIANHT BOCEMOTO
iMnysbey paxynky @u=1. Ockiibkn ojiouactio mae micue nepemuxants 0=03=0, to Qs 3
HAAXOZKEHISIM HACTYINIONO TaKTOBOIO CHIHATY 3HOBY Tiepexoints B cran O=0. Lle npoxojus 3
HOJABAIIHSM JIECATOTO IMITYIBCY PAXYHKY, OCKIABKH TOI (07 NCPEXOANTE 13 JOTIMHOT OutiHI B
aorigupii nynn.

VY zaranbHoMy BHIAAKY At nOOYJ0BH JNIMHIBIMKIB 3 JOBIIBIM MOLYJICM paxynky K, y
CXCMY BIZFIOBIMHOTO JBIAKOBOIO JIMMIBHUKA BBOAMTLCS 3BOPOTHHI 38 30K JUIS BHKIIOUCHHS
3aiiBux craniB. JIBiiKOBHIE HiACYMOBYIOUMIT aB0 BIAMIMAIOUMH JIIMMILHHK 1EPEMHKACTHEH 10
BCTaHOBNeHHA Aeskoro znavenus K. LleH ctan BU3HAUaeThes CHEUiaILHOK CXCMOI0, Ha BHXOM
SKOT (POPMYETHCA CHPHAN BCTAHOBIEHHS JUUMMIBHHKA Y HYMLOBHI cran. CXemi JtibHHKA 32
moayaeM K naiibinsi npocti npH BUKOPUCTAHHD ABIHKOBHX TIMMILHUKIB 3 1HOCIHAOBHIM
nepetieceHnam.  Posrasiemo 1oOyioBany TakHM  HUIOM CXCMY JIBIHKOBOIO JIHYWIbIIMKA 1
Man.6.102.
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Man. 6.102. [IpuHunnosa cxema ABIIKOBO-RECATKOBOTO JitHIBHHKA

PoGoTa MunAbHAKA NOIAFae y HacTynioMmy. FlounHaioun: 3 1104aTKoBOro 1yJI50BOTO CTany,
AMWILHHK TIPHIMAE MOCHIAOBHICTL CHrHaniB paxyHky. Tpurep DD6 3suaxoamrses y crami
aoriudoro - wysst. Jloriynuit enement I (DD7) dikcye MOMEHT NPHXOAY IECATOro curnany
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(komBinanis pisuiB 1a suxonax tpurepis Q.Q0:0; 1010) i nepesoars tpurep DD6 y cran
Joriuniol  oantmu. - /o HaAXORKEHHA  ONIHAMBITOrO IMIYILCY BCI  PO3PAAN  JHMIUILRHKA
FIEPEBOMATHCS Y HYILOBMH CTAIl CHITIUIOM BCTAHOBACHHA 3 BUxOMy Oy [lichs HauxovKeHis
JACCATH  CHUHANB  AUMILHHK  1HOBEPTAETLCT Y  MOYATKOBHI  crad,  Oaunagusaruii  iMnyise
HOBHTHBLIMM  1IcpeliaZioMm  roseprae  tpurep DDO y 1ouarkoBuit  ¢Tan  JOFUHOTO  Hy/Is.
Bukopucratiin RS-rpurepa DD6 3ymoBieHe . HAsABHICTIO Ha BXOJi noriuioro ciementa DD7
HeBe3neuHuX 3Maranb depes nopyierts y poboti jnitntiisuvka, Tpuirep DD6, nepemknysiimch,
30epirae Ha BUXOJ OANHNUUHNLE PIBEHD IO HAXO/DKeHHs HACTYIIHOTO CHIHANTY PAXYHKY.

HooLtorukn wacmonue. Y 1HX cxeMax, nody/l0BaHUX Ha OCHOBI ABIHKOBUX JIYMIILHWKIB,
HACTOTA HCPIOAMYLION HOCILNOBHOCTI 112 BUHIOBIIMX BUXO/1aX Melua Bij Bxijuoi 8 k pas, jie k=2,
4, 8. 16. Llc Buano 3 uaconux jarpam Man.6.96.6 ra Man.6.100. ToOT0 nithIbNHK-NOUNBIIK 3
N=2" moxe Oyrd peani3oBaimii 3a  CXCMOIO  JBHIKOBOIO JHYIUILHHKL 3 HOCHAOBIHM
nepeHeceHsgM. TIpu N pospssax y SHUMmILHEKY 4actoTa BRXIANOT HOCHLWRIOCT cuinagis y 2"
PAZH MEHIIA HOPIBHSING 3 BXLHOIO HOCALI0BHICTIO.

Sy iak-noaising 3 K73 mome 8y ri 1mooyjwosainii na JK-rpirepax. Mojylih paxyiiky
Kp=3 Monce Oyru npeicrasieiingi y surasyu Kp=2+1. JList 1o0y10BH NiMHIn K JOCTaTHRO JABOX
J-rpurepis. Cxema umimiika-nojubimia 3 Kp=3 nanejiena na Mt 6,103 (suxiye(Q)).

Kackaut b MKH-N0AUILHOKH - OJICPIKYIOTH  BIACHLIOK  NOCHLIOBHOIO  CHOAYYUCHIs
SHOUILHIKIB-HOATILINKIB 3 KoeditdenTom aiaetnn K, Koo, Ky Juist sMenmenis vacroru
caiiysatns curnadin y  Kp=Kpr KK pas. Hexall neodximo  godyaysary aidnnniig-
noainkink Kp=27 (vyr Kp=27=3-3-3), Jlust o0y o Aiunastmxa-noaiisinka 3 K,=27 neodxiuo
3 AT TOCAOBNO TPH KACKAIH AMHIBIAKA-H0DIb K 3 K3 (Mag, 6.103).
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[Tpit rakomy crionyueni na suxoii @ Moaylb paxynky Km=3, na suxoni 0>Kp=9 i ua
suxo Q3-Kpz=27.

Posnodinenur_irxtnyiuncie. JIMDIBHAKH WHPOKO 3aCTOCOBYIOTLEH Y 00UHCIHIOBAILHUX Ta
KEPYIOHKN  YCTATRYBAHIEN, BUBHAMIMO, O JIMIUIBHUK ABASCTLCS  LHPPOBHM  I'eHEPATOPOM
JHHIAIG 3MIBHEX HAUPYY, OCKUTLKH Ha {1010 suxoai Moxe Oyt copsonanuil niniiino sminnii
KO/t

Ha ocuosi niamwisHukis OyAyIoTs PO3NIOAUILHHKN IMIYILCIB, SIKI 1104CProBo (popmylons
iMiysisen Ha N Buxo/ax. N-kanalib it po3snofisibImK iMIyIbeis CIACTLE 13 Jumwibinka na N
HOJIOXKCHD Td KOMBIHAILINOIO NPUCTPOoI. B SKOCTI OCTAHHLOIO 1IPH WHPHHI BUXLHNX IMITYILCIB
t=2n/N sukopuctopytors Jcwudparop. Tabiuist iCTHHHOCTT HA WHCTH KaHANB HaBejcia B
Ta611.6.36.
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Taonuua 6.36. Tavonuua icmunnocmi po3nodinsnuxa

'Mi ;?:;Ilii(;m Q| Q2| Qi |Fo| Fr|F2 | Fs | Fu | Fs
1 0101|071 01010 0 0
2 Olo|1 1011010 0 0
3 0 1 00011 0 0 0
4 0 1 1 00|01 0 0
5 1 ojojoflojoflo 1 0
6 17011 10]0]07]0 0 1

IpuBumnoBa cxema IWECTHKAHANLHOIO PO3NO/AINEHIKA HaBeaeHa Ha Majl. 6.104,a, a uacoBi
niarpamu Ha mMan. 6.104.6.
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a) 6) t:

Man. 6.104. UlectnkanansHui t

PO3NOAINBHHK IMIYTIBCIB — & Ta >

4acoBi Aiarpamu itoro podori - 6 !

§ 6.10.2. CuHTe3 CHHXPOMHHX JIIYHALHUKIB
{10, 11, 12, 16, 17, 18,20}

JInsi CHHXPOHHMX MOCHINOBHICHUX CXeM HEeOOXIAHO B3ATH [0 YBarn JA0JATKOBY YMOBY, (1O
nepexia 30iACHIOETLCA HE Y Lielt MTPOMIKOK Hacy, KOJIM BIUKOHYETBCA YMOBA 11epexo/ly, a Jitine npu
HaJIcHNaHHl GMKHLOrO Kepyrodoro (poHTy TaktoBoro iMnynscy. OCKINbKM Le OOGMEeKeHHS
AliftcHE 1A BCIX MEPEXONIB Y CHCTEMI, BOHO, SIK NPABHIIO, HE BHOCHTH HisKWX JOAATKOBAX 3MiH Y
niarpamy craHis. OGMEKMMOCH PO3TMHAOM CHHXPOHHHX [IOCJHAOBHICHHX CXEM, OCKINLKH iX
CUHTE3 NMPOCTIILINIA.

JHuMNBHI IMIYNLCH HAAXOAATH HA CMHXPOHHI BXOAW TPHIEPIB JNIUWIBHUKIB B YCi po3psain
0HOMACHO (NAPANENBHO), WO [PU3BOAUTE 10 OJHOUACHOTO NMEPEMHUKAHHS YCix Tpurepin. Tomy B
TaKKUX JIYMIBHHKAX MOXYTh OyTHM 4acoBi 3varaHHs (neperoHn) curuaiis. [lng ix zanoGiraHHs
BHKOPUCTOBYIOTH ABOCTYyreneBl JK- Ta D-Tpurepn. JloriuHi cxeMl NIUUALHHKIB MOXKHA OJEPIKATH
€BPECTHYHMM 1IAXOM ab0 32 METORMKOIW (POPMANBHOrO CHHTE3Y, BHKsaaeHoo y § 6.9.
Po3rnsaHemMo MeToanKy GOpMaiHOrO CHHTE3Y Ha NPUKNAAaX CHHTE3Y CHHXPOHHUX JTUUIIBHUKIB.

ITpuknad 6.7.

Po3pobuTth nOriyHy CcXeMy MapalenbHOTO JiUMIBHUKA TIPAMOIO PAaXYHKY 3 MOAYJIeM
paxyHky K,=4 na 6azosux enementax ABO, HE Ta D-tpurepax.

Pose’azox.

Cknanemo rpag 3mitu CTaHiB fiunnbiuka (Man, 6.103, a).
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Cranu R
noTounuii | Gaxkaumii Bi()lil
Qn-l Qn
0 0 0
0 1 1
1 0 0
1 1 1
6)
Crann Kepyioui
HOTOUHHIL Oaxannii BILJINBH
0.7 0"’ 0.0/ q2 q1
0 0 0 1 0 1
0 1 1 0 1 0
1 0 1 1 1
1 | 0 0 0 0
B)

Man. 6.105. I"pady sMiuts cranis jiunanhnka - a,
rabnnus ictmintocti D-rpurepa - 6, Ta raénnus
NEPCXOJUB JIMIILHHKA — B

3riuio 3 yMOBOIO . 3a7@4i, Ha APYroMy crani BUBGHPAEMO  clieMet Ha a1 14
D-1purepy, talianus icTHHNOCTI SKMX, HaseJeHa 1A Mail. 6.]05,6..}‘3 BPAXYBAHHSIM  YMOBH
KIIBKICHOrO BUGOpY iX 1eodxinio Asa.

Busnawaemo dyukuii kepytouux snmsis D-tpurepis, ¢, ¢z, ski 3abe3neuyloTh BUKOHaHii

Tabauui 1IepeXoiB NiuuIbHIKA (A8, Man, 6105, B),

MiHIMI3yeMO QYNKIT KEPYIOUNX BILHBIB ¢/, ¢2 Jlis OO 3aIHILEMO st HUX YIIH®.
g Q‘In»/ @"'lv é/szn./r 5/»/
g2 an—l éznvlv @In-/QJ/r—/:QIu—I sznrl v(‘:)‘lurvl VQ_Z".I

Ockinbku Q"' v0,"" v, vO," =0/ v Q)¢ O v i)

-

n-1 1-1 -1 ol S-S -1 X n- N s . -
"Ql QI/ VQI" QJH VQ.’" an VQ]" ! an 1, an ! an IV '(}’n IQZ” /.

byayemo sioriuny exemy siuninnuka Mai. 6.106.
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Man. 6.106. ITpurHunnosa cxema napaieabHOro JiuiibHIKA
npsMoro paxynky 3 Ky=4

PoGota stiunmbHiKa 3MHCHIOETHCS HACTYNHUMH €TAraMu: BCTaHOBICHHS HOTo B HYILOBHI
cran (Bxia R) ta najcusnantst Ha CHHXPOBXOAN TPUTEPIB HOTHPHOX iMnynbeis. Pozpobnena cxema
He 1030aBNeHa TEPerotiB CHIHANIB Ta PH3HKIB 300'™ NIEBHOI  TPUBANIOCTI, TOMY CHIA BPaxyBsati
MeToar BopoTkbR, AKE pekoMenaosani y § 6.3.

[3 ananisy BUILEONHCANIOrO MATepially BHAHO, IO NPOCKTYBAHHS NAPANEILHUX NHUUILHUKIB
HPSIMOTO PAXYHKY 3 MOAYICM paxyHKy 2" 3ailiCHIOIOTLEA TAKMM CAMIM YHHOM, AK i MPOCKTYBaHHA
N{UUNLHKAKIB 32’ MOJYyNeM K},:4:22. Hanpuknai, NPOEKTYBAHHA JABOX LEPIWIMX  PO3PsLIB
CHHXPOHIIOTO SHYMILHHKA NPAMOrD PAXyHKY 3a MOJAYJIEM PaXyHKy 2% spiitcmooThes anaoriuno,
AK U [BOX MEPUIMX  PO3PsAIB 33 MOAy/eM paxyHky 4. JlonosHemus TpETeoro po3psiy
3aificHiocTbest Tak, WOG He  3MINIOBANMCH CXEMH JBOX nepumux  pospauis.  Pesynsram
npoekTysanins na JK-Tpurepax CHIXPOHHOrO NYMABINKA NPAMOTO Paxyuky 3a Moayjiem 27
OEPIKYEMO Y BUIJIAN CHIBBIAHOUICHL!

Ji=Ki=1, J2=K=Qy, J3=Ki=0102=/:02.
[poananizysasiwm Ui BupasH, poGUMO BHCHOROK, UI0 PiBHAHHS po3psiais 4, 5., n
CHHXPOHHOTO AIMMIBHMKA 32 MOAYJIEM paxyHKy 2" MAlOTs BUIIAL
J1=010205=J503,
J5=K5=010:0:04=J40;....,
I :QIQ2Q3- Oy =Jn-1On-1.
Lli cnissinnomenus Oynv BuseneHi Anst CHBXPOHHMUX MNApajfelbHUX JHUHIBHUKIE  (AWB.
$0p.6.38).

IIpurnad 6.8.
Po3po6HTH JIOrivHY CXEMY Tapale/ibHOro Ni4HAbHIKA 3BOPOTHOIO PaxylKy 3a Moaysiem 7 Ha
JK-Tprrepax.

Po3e’a30K.
Cknanemo rpad 3MinK cTakip Aiviisnuka (Mai. 6.107, a).
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a)
Cran Bxoau
\ o’ [74 J K
0 0 0 [
0 1 1 [0
1 0 b 1 0)
1 1 ¢ 0
Cranu Kepyioui Bnsiupu
o o, 05"0."0" g ¢z las las lgs lgs
000 110 1 [ |1 0 |p
110 101 ¢ (0 (¢ [T (1 b
101 100 ¢ {010 | {9 {1
100 0l1 G Al (1 |d 11 b | 8
011 010 0 [ [d {0 [p |1
010 001 0 1d (¢ [1 {1 P
001 000 0 {4 {0 b 1 |1
111 000 ¢ 1l (o {1 |o |1

Man. 6.107. I'pady 3Miun cranis JymibHHKa — a,
tabnuugt icriunnocti JK-tpurepa — 6 ta Tabauus
NepexoniB JuMIbHHKA —~ B :

Ha ochosi Tabnuui ictuhocti Ta rpada 3minm cramnis (man. 6.107,6 ta a), Gyayemo
TabaMio NEPEXONIB NUNALHIKE, B AKifi BU3HAYACMO 311aYEHHS KepyIoumx BIHBiB (Man..6.107,8).

Minimizycmo dyHKuii kepylounX BINUBIB ¢y, 2, §3, G4, ¢5, TA g6, VT ULOPO CKAAAEMO KAPTH
Kap#o (man. 6.108).
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N oy el 0ol oy - nT,
= Q"0 v OO =0

qwftﬁi\/(p O/” IVO ol

3 ! - o

g5 --:Q 07,; 1 O - I Q o 7n-l JH'IVQ/”-/QZWIQ,?'HV QIIP/QJH-/Q}H-I_::
Oﬁ -1 0311 IVO n- IQ 1= I"O - I
g5=¢s vgs =07"v 05";
q(,=l.

Bukopuctagin  3Hau€HHA  MiHIMizosanux  Qynxuifi  Kepyrounx  BiutHBiB,  Oyiyemo
NPHHLIINOBY CXeMY NiYniIbHHKA (M. 6.109).

I3 nobynoBoio cxeMi1, AK BHJHO i3 TabauUi NEPEXO/UB, CiJi BPAXOBYBATH TC, IO 3HAUCHILI
KCPYIOUHX BIUIMBIB ¢/, ¢2 HYIXOMATH Ha Bxin Tpethoro JK-tpurepa (J; ta K3) — g3, g4 va Bxin
apyroro JK-tpurepa 1a — ¢s, ¢s Ha Bxij nepworo JK-tpurepa.
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Man. 6.109. Ipunimiona cxema JiMnibiNKa 380pOTHOIO PaxyiKy
3a moaysiem Ky=7 na JK-rpnrepax

Ha cxemi ;Ulil“lcucni naclyuui NCPETBOPCHHS 3HAYCHL KCPYIOUHX BIUIMBIB!

g9 =0y" O =0, 0,

ul

4, =00 v = (5‘ -.
=07
=00, voror =@, 0 ) @
380 o

§ 6.10.3. Ananis pericrpis
|10, 11, 12, 16, 18, 19, 20} ]

Pecicmp cknadacmocs i3 CYRYRHOCINE exeMeNmapHix agmonamie ma OOROMINCIUX CXEM, 10O
npuinaeni Onsd npuiivanns,  3bepicanns,  nepemgopenns ma  nepedasanis - inghopmayii. 3a
CHOCOGOM IPHIHMAHHS Ta BHAABANIA iHOPMALLIT POSALILIOTS HACTYNHI TPYIH PEriCTPiB;

4) 3 NOCNIAOBHIM BXOJIOM Ta BUXO/OM; NPH LILOMY is(JopMaLlist K Ha BXiJL Tak i3 BHXOALY
HAJXO/MTL NOCAIA0BHO, GiT 3a GiToM. Takuii perictp HazuBaloTs 3cyBHIUM ab0 NOCIHIOBIHM;

6) 3 NOCNIAOBHHM BXOJIOM [ MAPAICILHUM BHXOJIOM; PEricTp BABAHTAKYCTHCA nouuuonuo
Gim 3a OiToMm, ane 3Ai4yBanNs NPOBOANTLCS OJHOMACHO 3 YCIX HOr0 po3paiB;

B) 3 NAPAICIBHAM BXOAOM i 1IOCHIZOBHUM BHXOOM; [PH LBOMY OpuiimManust indopmanii
JHCHIOETLCS O/MOMACHO 3pasy B YCi pO3pAJM PEricTpa, 4 BUBIA — nocninosuo, Git 3a Givom, npu
KEpyBaHili TAKTOBHUMH IMIIYJILCAMM;

) 3 NApANCIBINM  BXOJAOM |  HAPANCHBHUM  BHXOAOM; HPH  LULOMY  indopmartis
3ABAHTAKYETHCA OMIOMACHO, 3PA3Y B YCI TPHICPH, @ KOU BiHKac notpeGa y BuBoai indopmaii,
TO BOHA 371i4YCTLCA 3 YCIX PO3PAAIB pericTpa Takox oanouacho, Takuil THi pericTpis naznsaeTses
HAPANENIbHAM Pericrpom ( perictpom nam’sTi);

/1) KoMBinaniiini 3 pisnumu ciiocoGamn npuiimanns Ta sujasanns ingopmaiii.

DynKuionyBanna perictpis nepmoi rpylu, mwmo BHKONYIOTH OHEpalliio 3CyBy i (3CyBHHX
PETICTPiB), MOXKIIA ONUCATH, KOPHCTYIOUHCH AITAPATOM TCOPIT UPPOBHX ABTOMATIB.
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Ha man. 6.110 HaBepcHuis rpady TPUPOIPAAHOTO 3CYBHOrO MpaBopyd perictpa. TyT KOKHMil
Byson rpada BimsHauenuil cramamum perictpa, a pebpa (I13) — curnanm 11paBoro 3cyBy. 3i
3CYBAHHAM CIOBA y PericTpi pp3psau CHoBa, WO BMANLTM 32 MCKi PO3PAAHOI CITKM PETICTpa,
ry6AsTHCS, A 3BUIBHEHI DO3PAAM  3AMOBHIOOTECA Hymami. BuGpaswn MOBHI  CHCTEMH
e/leMEHTapHUX ABTOMATIB- FA JIOTI4HMX CIICMCHTIB BIINOBIAHO A0 HABCACHOO rpada, HEBANKKO
ROOYayBaTH NPUHLMIIOBY CXEMY pericTpa.

Man.6.110. [pad TpMpO3psAAHOro 3CYBHOTO NpaBopyH pericTpa

Jinsi. Tpurepis 3 BHYTPilHBOIO 3aTPUMKOIO BXiaHA IH(OPMAUin HAIXOAMTE {10 nesHoMy
(POHTY TAKTOBOTO IMIYNIbCY B OydhepHy 3amam’ATOBYIOUY KOMIPKY, a TOAI NIEPEIAETbCA HA BUXIA,

TIPHHLMIOBA CXEMA YOTHPHPO3PALHOTO PEricTpa, 3MOHTOBaHOro Ha JK-Tpurepax, Hapcsena
na man. 6.111,a, a Tabnuua QpynxuionyBanns na mar 6.111,6. Skiwo Hagicnary Ha TakToBuii BXIA
C noriuny oguuuwo, a ka BXia J=D1 i K= DI i sxmo aminuTu cTan noriyxoi opunuui na
NOTiMHKIE HyJIb, TO HA BUXOAAX [IEPUIOr0 TPUrepa 3'SBNsThCA Bianosiano ctawn Oy ta Q1. Sk
Hacninok micas mepworo iMnynrcy Q;=D1. Tenep noaamo #a Bxin apyry indopmauio D2. icns
HACTYNHOTO TAKTOBOTO iMITyN5Cy Tpurep DD2 cripuiiMae MonepeaHiit BUXiaHui ko DD}, a DDI
— uoBy BXiany ingopmauito, Toro 0:=D1 i Q/=D2. Iicns 4eTepTOro TaKTOBOrO IMIYJLCY
0~Dl, 07=D2, 0~D3 i Q/=D4. 3po3ymino, WO KOXKHUI TaKroBWli CHrHan indopmarii
APHM3BOAUTS 10 3CYBY PETICTPa Ha OAMH PO3PAA Ta BBOJY HOBOI iH(opMallii. _

Ockifbki pericTp 3cyBy, WO npeictasnenuit Ha man. 6.111a, ckianaerscs i3 HOTHPLOX
Tpurepis, BiH Moxe 36epirati indopmaniio aume yoTupy Gitu. Icnye  asi MOXJ/IMBOCTI BUBOARY
iHdopmatii i3 perictpa 3cyBy. [licns uersepToro TakTOBOro CHrHaty Ha BHXOAAX Qi+ Oy
36epiraerecs kop D1 + D4, TakuM uuHOM MOKHA 3ailCHUTH napaneibiui BUBIA ngcniuonn_o
Bibe/igHoi iHQopmauii. Ane MOXKINBUIA i 1nocninoBHKA BUBIA indopmalti. [UiA TAKTOBHX TMIYNBCIB
3 YETBEPTOrO MO CLOMHME iHGOPMALS NOCNIAOBHO HAXXOAMTE Ha BHXIA Q. ONHOMACHO MOXKHA
BBOAMTH y perictp 3cyBy koa D3 + D7. MocninoBricts poGoti oKpeMux Tpurepis Binobpaxeta y
tabn. man. 6.111,6.
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41 b4
15 gi g% g; Mas. 6.111. Iprrnmnosa cxema
E DE D3 I‘;l 3CYBHOIO pericrpa — a, Tabinms
D ) 24 1 D3 Qyukiionysanns perictpa -- 6
71 DT DO DS | D4

' Kinsyeeuit pecicmp. Jlckoim Gakano sficioBay nOCHOBINH RHBIL indopmantit i3
perictpa seyBy Oces srpard indopmauii. JUis 1horo HeoBXIIHO BBCCTH AT 3 OMOMOIOIO
3BOPOTHOTO 38753KY. CXCMAa, #Ki MAC TAKY MOACIMBICTL, naBeacna na ma, 6.112.

Mo thx 1ip, HokK na Kepytouomy BXojd S MATPUMYETLCH pischs norivnol o, D=0,

[N

D,, DD2
& D4
D
212] SRR ! Perictp | Qi
3cyBy

Mayi. 6.112. TloByioBa kinbiesoro pericrpa
HOCHIIOBHROTO Ty

'l‘:ncnr\f HHITOM, 3BOPOTIHIT 3B™430K Ta PEFiCTP 3CYBY HPAOE Tak, 5K GYRO BHINE opucaio. 3a
MEPUIL 1 TAKTIR 33HAM ATOBYETLES N-PO3PAANHIT KA. 11106 3 HAAXOMKCHHAM NACTYHHUX TAKTOBIX
IMHY;IbCIB |§Mi§'l' HAMSITE 1IC BIPAUABCS, Na KEPYIOUOMY BXOJH BCTALOBIOCTHCA PiBein S=0. Ipu
tkomy D=0, | Bupesenuii KO HOPO3P/INO HAJIXOANTLIA BXiL [lichs n TaKrosux iMIyJIsciB
PErICTP 3CYBY 3HOBY 3HAXOJMTBCS Y Howatkosomy crani. ToG1o floriunmil cran na sxou
KCPYBANHA BUINANAE, N BBO/UTHES 110BA indOpMattis, Ui y perictpi scysy wmpkysoe crapa.
Pezicmp scyey 3 napanensium ¢60dom. Y pericrpi scysy na man. 6.111 ingopmarlis Mouce
BUBOJIITHCH 400 NOCIHIIOBHO, aB0 napancibHO, a4e HAAXOANTH THIE NOCHIAOBHO. Hacro nei
PO3PSLIA UKMCIA HEOOXIAHO BBCCTH Y PCrictp 0anOuacHo. Take 3aBlanis Crasiibes, HANpHKa/L,
{IPH 110CILA0BHOMY JIOAABAII TA HOCHIIOBHOMY MHOMNCHH], '
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‘

Ilna Toro, 106 3AIHCHMTH napajenbHUIl BBiJ, JAOUWINBHO BUKOpHUCTOBYBAaTH D-Tpurepmu,
BXO/M AKHMX 3’ €ANYIOTHCA Tak, AK 1Mokazano Ha Man.6.113, uepes noriuni 3acysxu. Ilepemukanus
NPOBOJIMTECA 33 JONOMOroK kepylouoro curuany S. Kosn S=0, To npn naaxopkenHi HacTynHoro

iMnynbCy npoxoauTs 3Cye Hampaso. Ipu S=1 y HacTynHOMY TakTi 3MIHCHIOETBCS MapasnesbHui -

BB
C pp1 & pp2_ & pp3 & pps ¥
L»_@ T L»_c_ T c]rr I—»g T
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D, B
S
, P, P, s Py

Mau. 6.113. Perictp 3cyBy 3 napajie/ibHim yBoaom indopmanii

Perictp 3cysy, HaBemenuii na man. 6.113, peanizye ¢yHKUilO 3CyBy Hanpaso Ta
napanensHoro Beoay. OUEBHAHO, WO KOKHNH i3 TapanenbiuX BBOAIB MOXKHA 3’ €AHATH 3 BHXOA0M
cyciatboro Tpurepa cripasa. TakiM uuHOM 3AIHCHIOETLCA 3CYB Aannx Haniso. Ilpn jonomosi
CUTHANy KepyBaliHA S MOKHA 3MiHIOBaTH Hanpsm 3cyBy. Takuit PericTp Ha3UBAIOTL PEBEPCHBHUM
(Mas.6.114). I3 HAIXOLKEHHAM [03BOJIAIONOTO CUIHANY HA KEPYIOUMit BXiJ S| BMHKAETBCA CXEMa
3CYBY HANpaBo. PeBepCHBHUI PEricTp NpH UBOMY MEPETBOPIOETBCA Y PENiCTp 3CyBY Hanpaso. 3
HAAXOMKEHHAM J03BOJISIONOr0 CHIHANY HA KepYIOUnH BXill Sz BMHKAETBCA CXEMa 3CYBY HaliBO.
PeBepCHBHUIL PEricTp NEPETBOPIOETHCS Y PETICTP 3CYBY HANIBO.

Q: Q. Qs Qi
S, Bux.2 . P DD
pp1 DD3 Lm’s L
Lrg D4 1 DD6 ' pps
Bxl ] 1| pp2 1 — _j D[] ] o
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°
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Man.6.114. [Ipunumnosa cxema peBepcHBHOIO perictpa

Y perictpa 3cyBY HaniBo Ta Hanpabo poO3PAAM ABIHKOBOrO KOAY BHXOJATH 3a MEKi
poO3pAAHOi CiTKW, aHAIONMHO, K Yy 3CyBHOMY perictpi Man. 6.111.a. Skino 3’eaHatu BHXiR
Kpaiisboro NPaBoro po3psiy pericIpa, To 0AEPHKUMO CXEMY KiBLEBOro perictpa (LUMKIiYHOTO ~ i3
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3CYBOM 11pasopyd abo JUBOpYY). PeBepcuBHi PEricTPU MOXHA BUKOPHCTOBYBATH Il TOBYIOBH
CTEKOBHX -PETIiCTPIB, AKi MICTATb OAMH 3aranbuuil BXia Ta Buxid. Taki perictpn npauioloTs 3a
MPUHUNNOM “TNIEPIIUM NPUALIOB — OCTaHHIM BHHIOB”. CTEKOBI PericTpd HaA3UMBAIOTH TAKOXK
pericTpami MarazsiHHOro Tury.

ByBatoTe BUNaAKH KONIM Y PEBEPCHBHNX PEricTax MepaseslbHi BXOAM He noTpibui. Ane sKuLo
BOHM NOTPIOHI, TONI HEoOXiAHO NOriuHi KMo, AKi BMHKATECA A0 D-BXOAIB TPUrepis, 3amilnTH
MYJIBTHIUIEKCOPAMH Ha Tpu BXoau. [Ipy 11soMy HOro BXoan 3’€HYIOTHCA 3 BUXOAAMM NIIBOrO Ta
IPaBOro CYCIHIX TPUrepiB | 3I0BHILIHIM ITapanelibHUM BXOI0M.

SIK BUIHO 13 HABEIGHHX TUITIB PEriCTPiB, X MOXKHA NOMINTH ILE A JABI IPYIIN:
onHo(asii (CurHanu nepeilaloTbes No O4HOMY kanany) Ta napadasiti (nepeiada curnatis no aBox
kananax). Oauogasii perictpu Oyiyioteca Ha D-rpurepax, a napadasii — wa RS-Tpurepax.
Perictpu XapakTepn3yloTbes YMCIIOM PO3PSIIB Ta [IBUAKOIEI), 110 BUZHAMACTHLCH BEIMUUHOIO

< . .
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Mast. 6.115. Cxema perictpa 3 Buaaucio indopmauii y npamMomy Ta 380poTHoMy
KOJaX — a, CXeMa pericrpa 3 napadasinM BUBoAOM indopmantii - 6
TAKTOBOT HaCTOTH NPUHMAHNA, NEpesaBantis Ta 3cyBaiin iHdopmaii.

Buaasauus indopmauii 3 pericipa MOXKC I11POBOAMTHCL Y MIPIMOMY, 3BOPOTHOMY Ta
napaasiomy koax. Cxema Bumadi indopmallii y ipaMoMy Ta 3B0POTHOMY KOJaX Mokazana Ha
man. 6.115,a. Tyr curnan C 3pifictioe BumaBanns npamoro xoay, C-curnan BHaBaHHA
3BOPOTHOTO  kody. O4EBWIHO, HI0 OAHOYACHC HAJACWIAHHA ABOX CHIHANIIB NOBUHHO OyTH

3abopoHene, ToOTO noBuiHa BUKOpHCTOBYBATHCL yMoBa C'C =0, Cxema perictpa 3 napadassum
BHMBOJOM iHopMaLil Haseaena Ha mant. 6.1135,6.

Pezicmpu nam’ami. Pezicmp i3 napanenehum npuiimannsm ma guoaeaniam iNgopmayii
Hazugaroms pezicmpom nam 'smji. EieMeHTamMn nam’ATi Y HUX BHKOPUCTOBYIOTH CHHXpOHHI D-
TpUrepn Npu. OXHOQA3HNX BXIAHMX curnanax (Man. 6.116, a) abo RS-tpurepu npu napadaznux
BXiAHUX curHanax (Mas. 6.116, 6). 3mina ctanis indopmanii y pericrpi npoxoauTs michs 3Minu
curHanis Ha sxoaax D Ta npu Haaxo/ukenHi curuany na Bxia cuuxponizauii C. Ha man. 6.116 8
HaBeJeHe yMoBHe rpadivie 3a3HauCHHA CXEMU pericTpa nam’aTi Ta 3cysy.
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Maui. 6.116. Perictpu nam’stri 3 020(hasiimu BXIHUMY CHIHANIAMY — 4,
napaQasHumi — 5, yMoBHE rpaditue 3a3HaucHns — s

Crpinka, o cToiTe DOPsJL i3 CHMBOOM peric ipa RG, BXasye HanpsaMok 3CYBY.

Y CKIAAHAX WH(POBUX yCTATKYBAHHAX, O CKIAAAIOTLCA 3 BEJMKOT KiAbkOCTI Pericrpis,
BUHUKAE 10Tpeba HajacuiaHus CJIiB 3 oaHoro perictpa B inmwil. lie Moxna 3aificHT™ 3
IIOTIOMOTOI0 crienianshoi MiKkpoonepewii nepeaasanna ciis. Jsa pericTpn, Mo 3’eananui Mik
000K 3 10MOMOr0I0  UM(PORMX  YCTATKYBAHb, CYMICHO CTBOPIOIOTH CXCMY nepesaBaHiis.
ggllcwll)all)lgu ciiosa i3 pericrpa DD1 y perierp DD3 Moxiia 3anucati y BUImsai Mikpooneparii

r 'T)T)T": { DD27! T D3 : ; VTR
] 1 1
—strrlifs [iafs 1"r?+: E—s T LTl
1] 1o Il Q' ] | | [T
—+—R Tl & 1 |R p— ! 1 —R B— ) N ' O,
| e Lo I
1 o 1 Q : 1 1 | :
o - b L -~ -1 ) o 1 Q..
-—:——; FTI+& l,ilw_é_; :—s TT :‘@_S -
i ' -1 1 m "—,,_
s L T ot B B o R ST X
1 T It [ ' . i ,
N P | '
! o 1t Py . i i :
ST et T e
e Ll O e R T Y N e e 1 B e o P L M py e 0
1 T":_‘ = I N R B-I. 1 :‘6
1
LR A & 'R ;-_: : ! R B
N R TN I D P SR
a) ' ’ 6) '

Man. 6.117. [Ipunuunosa cxema 3a6e3nedeting HaAXOMKEHHs
inopmallii 3 perictpa B perictp

Hauxomxenns indopmauii moske 3aiiiciosatnes y napadazuosmy ta oaHopasioMy kopax. 3

napagasHiM HaixoieHuaM Mixpoonepauis nepepasanus DD1:=DD3 BUKOHYEThCA 3@ CUTHATIOM
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kepysantst S, 13 uum curnanom tpurepu pericrpa DD3 scranoBiootses y craHu,  sKi
BLANOBIAAOTE cTanam Tpurepis perictpa DDI. Tlpun usomy cran perictpa DD1 ne 3mintoetses
(qwms. man. 6.117.a). Tlepepapanns ciiB MK pericrpamy MOXKHA BWKOHYBard 3 JI0MOMOIOKO
oaHodasHoro- kody. Y -UBOMY BHNALKY HAJXOUKCHHA cioBa 3AiHCHIOETBCA Y aBa Takru. Ha
nepmoMy Takti  perictp DD3  pcranoBmoerses Yy MyNbOBMiE craH, T00TO  BHKOHYETLCH
Mikpoorniepauis “Beranopictiis Hyas” (R:=0). 3 uum curnanom sei rpurepu pericrpa DD3
MEPEBOATHCA Y CTAN JOFIMHOrO NyJis, Y JAPYroMy TaKTi BHKONYETLCA ONEpallis neperaBatis
DD3:=DD1 (s, man. 6.117.6).

B ocranniii cxemi ICTOTHO €KOHOMWTLCs 00JaHaiA JUI peaiizailii CXeMu nepe/iaBaiis,
OIHAUC 1PU 11bOMY 30UILILYETHCA Hac 0OMIHy iH(opMalii.

§ 6.10.4. Cunres JiUHJILHHKIBR HA OCHOBI 3CYBHHX pericTpis
10,11, 12, 16, 17, 19, 20|

I1poekTyBating ABO-, TPUPOIPHAHHX JiuMALHUKIB HA OCHOBI 3CYBHUX PEricTpiB 3i1ificHocThLes
nnsxoM peaizaii rpais cranis, 1o - HaseaeHi Ha man. 6,118, a ta man 6.110. Ilpn wwomy
ynkiionanLua cxema NiuibHAKa MICTHTh N-POIPSANUI 3cyBHME pericip Ta xomGinawgdiny
Joriuny cxemy Juis (DOPMYBaHHS KCPYIOUMX BIUIMBIB, 110 TOAAIOTLCA HA ‘TPHLEP MOJIOHOTO
pospsty perictpa man. 6.118, 6.

=1 1 J
D| RG » KJIC2
>
113=0 ‘ :

3
a)
Mast. 6.118. TpockryBanHs NiuMIBHUKIB HA OCHOBI 3CYBHHMX perictpin

[ipuriao 6.9.

Po3poGuy Ha OCHOBI 3CYBHOPO PErictpa NPHITIMINOBY CXEMY HAPAICILHOIO JIMHILHHKE
1PAMOro paxyuky 3a Mojysem Ky=4 na D-tpurepax.

Po3e’s30k.

JUit  onepacaHbs  MOTHPBOX  PI3HUX  CTaHiB  HeoOXiAHO  jBa  TpUrcpu.  ANTOpHT™M
(yHKUiOHYRAHIS  CHMHTCI0BAHOIO JHYMILHUKA [OBMHCH BIAMOBIAATH yHiBepcasbiomy rpady
JBOPO3PAIIOIO perictpa (aus. Man. 6.118, a). o nanpsamky o6xosy BuGupacmo Ha rpadi Koityp,
o 3iHcnoe 3Miny uotuphox cranis: 00-01-11-10-00. Cxnanemo Tabaniuo ictuinocTi Ta QyHkiii
Kepytounx srnusis D-rpurepis (ms. man. 6.119, a). lposenemo minimizanito QyHKIIi Kepyiounx
BIUIMBIB ¢, TA ¢2, JUIS 115010 3anuiemo Y [IIH® unx dynkuii.
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Man. 6.119. Tabnuus icTHHHOCTI Ta QYKL KEPYIOUNX BIUIMBIB — a,
napajesbHU JIYNABHIK 38 MOAYJIeM Niapaxyliky 4 Ha D-tpurepax,
noGyzl0BaHiii Ha OCHOBI 3CYBHOTO perictpa — 0

I

-1 -/ - !
q_?:_Q/n _7" VQI” IQZ” [ an :
g1= an-l égﬂ-lvgln-l Q n-1

1

_ Q7}7»I

Buacnizok miHimizalil ogepkuMo: ¢, = 53"", q2=Q,”'1, Mpuimnoea cxema CHHTE30BaHOTO
niMuneHUKa Ha D-Tpurepax HaBeaeHa Ha man. 6.119, 6.

SIKiuo HeoGXiAHO PO3POOGUTH HA OCIIOBI 3CYBHOTO perictpa NPUHLNIOBY CXEMY fiapaneibHoro
NiYWbHKMKA 33 MOAYNEM TIAPAXYIKY ciM, TO C/liJ BHKOpPHCTAaTW ydiBepcaibuub rpad
TPUPO3psAAHOTO pericTpa 3cysy (aus. Mai. 6.110). ns uboro HeoBXinno BuOparH 3a HanpsAMKOM
00XOMly KOHTYp, IO 3MIHIOE CTalll Y Takomy nopsaky: 000-001-010-101-011-110-100-000. [lani
CKNANAETLCA TabAHUA ICTHHHOCTI Ta (PYHKUIA KEPYWOUMX BIUIMBIB JUIS TPHOX TPHTEPiB 3aAAHOTO
TUIY, TIPOBOANTLCA MiHIMIZauil QYIKUIl KepyiOUNX BNAKBIB Ta OyAyeThCA NPHHIMNOBA CXEMa
JAHUNIBHAKA.

ITpn nporpamyBatHi reuweparopis ABIMKOBOI NOCHLAOBHOCTL, WO MictaTe a0 16- 6ir,
BHKOPHCTOBYIOTE BiJNOBIAHI YHIBEpCATbHI rpadu ABO-, TPH- TAa HOTHUPUPOIPAAMHX 3CYBHHX
pericTpis. JloBxnHa ABIMKOBOI INOCHIAOBHOCTI / 3aneKWTh Bl PO3PAAHOCTI NiumnpHUka. Y
3arajibHOMY BHITAAKY [l N-pO3PSAHOro pericrpa scysy [ < 2". @dylkuionanslia cxeMa TaKoro
TeHEPATOpA NOBMHHA MICTUTH N-PO3PAAHNH NUYHNBHUK Ha 3CYBHOMY PEricTpi Ta JIOriuHy CXemy,
1O NCPETBOPIOE CHIHANK 3 BUXOJLIB TPUrepiB y 11€00XiAny JABIfIKOBY NOC/IIOBHICTS.

Hpurnao 6.10.

Po3po6utn Ha 3cyBHOMY pericTpi noriuny cxemy reHeparopa Aifikosoi nociigosiocti 1-1-
0-1-0-1.

Poszsasox.

Ockinskn HeoBXiAHA NMOCINOBHICTL MICTUTE 6 OiT, TO I CXEMH reHepatopa HeoOXiaHni
TPHPO3PAAHHIT 3cyBHHI pericTp. EnemenTom nam'sati perictpa Bubnpaemo D-tpurep. Busnavaemo
HOCNIAOBHICTE 13 IECTH CTaHiB s TPHPO3PSAHOLO 3CYBIIOTO PEricTpa, OaepiaHy i3
yHisepcansiioro rpada (qws, man. 6.110). s nocaigosiicre Mae surasa; 000-001-011-111-110-
100-000. Mani cxnagaemo Tabnuwio iCYMHHOCTI CTaniB, (HyHKLIIO KepylouuX BIAUBIB Tpbox D-
TPUTEPiB Ta PYHKILIIO BUXOAY Z, IO BU3HAUAE 1IEo0Ximy ABiiikoBY nocninosicts (Tadn.6.37).
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Tabnuus 6.37. Tadnuys icmunnocmi cmanis 0113 mpbox mpuzepie

Crann Kepyioui Buxiauna

IToToumnnii baxanuii BILIMBIL Ppynknis
0710 1o 0 1 Q" 1 Q" | s | g2 | @ 4
0 0 0 0 0 | 0 0 1 |
0 0 1 0 1 1 0 1 | 1
0 1 1 1 1 1 | 1 1 0
1 1 1 1 1 0 1 1 0 |
| 1 0 1 0 0 | 0 0 0
1 0 0 0 0 0 0 0 0 1

MiniMizyemo Gpynxiti kepyiouux g_lmlunin q,l. g2, 73,‘).1{11511 11[,0_[0”3/;11m/:l;cr\&)”}xlml X HACTYHHC!
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7l minivizauii suXianoT (yHKiGi Ta 110GYAOBH IPHHLMIOBOT CXCMH KJIC2 noOynycmo

rpag-crixok (man.6.120).

n-1
3

o

Man.6.120. I'pag-crizkok (ynkuiii Buxoay reneparopa

[icna NpoXo/UKeHHs IIAXY BiAl KIHUCBAX BCPHINIL /IO KOpeitA rpaya (MiNTCPMH 3AKTIOMCHL Y
NPAMOKYTHHKH) OACPIHMO BHPA3IL: - -
-~ =y = n- - - -1 -1 -1 n-1
e O/M-IQJH-I ()jli-lv Oln-l 0_7"-/ an IVQI" 1 2/1 ! an VQI” J” QJ v

n-l

v (:)’ln»IQZM-Ian-I - 5}»1-/ v 5/”"(,)2”-1 :Q‘u—l (':)'lr:~|Q2 )
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BinmoBiano mo oaepkalux piBHsHL MOGYAYEMO NPHHLMNORY CXEMY renepatopa apiiikosoi
nocnigoshocTi (Man. 6.121).

Q Q. S
G _
L DD2 DD3 DDA pD5
pp1 LT s DI TT 3 plrr]ly)
C - 2 — 3 -
- DIC, —C, —iC, pD6
c] C; C| & ”
IR a R q R q
R

Mast. 6.121. TIpuHuKnosa cxema regeparopa

§ 6.11. AnaJjii3 Ta CHHTe3 3aNaM'ATOBYBANLHUX YCTATKYBAHD
[10, 11,12, 17,18, 19, 20, 25]

3anam'amosysanvni  ycmamkysarina (3Y) npuskaueni Ona 3anucy8amus, 30epizanus ma
eubupanns. inhopmayii, neoOxionol Ona pose’asky 3adau Ha Huppogux oﬁt_mc.rnosa_nbuu_x ma
xepyiowux mauwunax. Taka inopMatia MICTHTL NPOrpaMi PO3BA3KY 3a/au, BXIAHUX, NPOMDKIHX
Ta ckinuennx aannx. To6To Wi yeTaTkyBaHia BINOCATLCS 10 IHUIOIO KJIACY JIONIMHUX BY3IIB, B

AKX KOMKHMIT HAGIp BXIAHMX 3MIHIAX ABASC COOOIO aapecy, WO Jlae 3MOTY MPOMHTATH pamie
sanucannii BMicT A0BiNbHOT koMipiu. [ToibHi BnacTHBOCTI MOME MATH MYJILTHILIEKCOP: KO Ha
azpeci BXo nojath Kolctanti 0 a6o 1, To. KOJKHOMY KCPYIOHOMY ClIOBY Gyae BianoBigard na
Buxo/i 3agana - kouctanta, Cyuacui manisnposisnukosi 3Y NOBHUHHL ONEPYBATH BEAMKOIO
KiJIbKICTIO KOMIpPOK MaM'sTi, TOMy BOHH Gy/yl0Tbcs Ha iHwux upuuuunax. Onnave, BCli THIIN 3y
XapakTepiyloThes HaGOPOM aapec Ta BMICTiB kKOMipok. KUIbKICTs aapec nosuiiHa NOPIBHIOBATH
KIIBKOCTI KOMIPOK fam'aTi. _

V peskux. tunax 3Y nepeaGaueno psA AOAATKOBUX onepauifi (HanpuKnaj, oncpauisi
”HOLWYKY” —~ nowyk inopMaLti, aka MiCTHTb NEBILY 03HAKY). lll(l)OpMal,lliﬂ, o 36cpi|_‘a("1'bc;| y 3V,
32a€ThCA MALIMHHMMK CAOBAMM, IO CKAJMAIOTHCA 3 AcKinbka cknauis. Cknall Micturh rpyny
HATMEHILIMX OAUHKLS iudopmalti ~ Asifikosux pospanis (6iT).

Pospisusiors noctifini 3anam'stosysansui yerarkysaina (I13Y, ROM- nam'sth anuie Juis
NPOUMTYBAIS BMICTY) Ta OnepaTHsio 3anam'stosysanshe ycrarkysamis (O3Y, RAM — nam'ste 3
LOBINLIUM BHOOpOM BMiCTY).

Mocrilini sanam'atosysansii yerarkysanis (I3Y) po3pisisiorscs 3a cnocoGom 3anuey
nepspnnoi indopmauii. Y T13Y macosoro THny, WO NPOrpaMytoThes BHMOTOBMAMCM ML Mac
BUPOOHHUTBA,  KOPHCTYBaY OASMKYE 3anucany indopmaltiio noaibuo ao KHACH, Aka He nijyiirae
amini.. Taki [13Y BHUKOPUCTOBYIOTHCS st 3GEpexeHHs CTAILIAPTHUX Tal)lnilb, CHMBOJIB LIS
BinoGpaKeHHs Ha ekpani, CTaHAapTHUX nporpam i T.A. Y NporpamMoBannx 'nomiﬁ)m.x
3anam'AToRyBanbiux ycratkysainax (IT13Y), w0 nporpamyrothes KophcTyBates, ln(bopmaulg
NOAAETHCA Yy BHIAAL “uMCTOT CTOPIHKM”, 1 Yy KOMHIH Komipui 3anncami mnwe Hyui.
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Kopucrysauesi Hanaerbest MoscmBicts sanporpamysaty [13Y, 06MEKHBIINCH 3aMHCOM JIOFYIHX
O/IMHHUD Y 1ICBHI KOMIPKH,

lenye knac T13Y, aki 103B0NAIOTE HEOAHOPA30BY 3Milly BMiCTy inopmaLtii (penporpamonani
[13Y - PI3Y). 3mina indgopmawii nos'ssana 3 surtarkennaM Moxyss PIT3Y i3 [PHCTPOIO,
PO3MILICHHAM fIOr0 Y CHEWALHNI MPUaL AN BWCHPARKA patitie 3anucavol inopmanii ra
3anncoMm noBoi indopmauii. Butupanus spificnioersca abo  ynbrpadioneToBuM npomeneM, abo
BILIHBOM  CJICKTPHUHOrO - cirnany. [lepenporpamyBanis MoXe NPOBOAMTHCH Bij  JCKiNLKOX
ACCHTKIB JI0 THCAY Pa3is, a 3anuc inopmaiii — 36epiraTiuch JOBro 3 BUMHKAHHAM SKHBICHIS (y
nesikux PII3Y 1o jecatka pokis).

Cxemotrexiiuna peanizanis [13Y nasejcna na man. 6.122,2, a yMOBHe 3a3Hauchus — Ha
Mau.6.122,6.8, Tabn. icrunuocti na man. 6.122,r.

>~ -

o 7
ey | w [ JROM[Q
Rib IR IRSE TR, — A L 17,
Yo Tyt Y2 Y3 Q 74 6)
X1 b " T '(53-1__
DD — A 3 12
-
X2 x
DD2
Ry 7. ROM
_d Xy, Xz A b, 147
R¢ 7 - - B)
P a) 2 A Dol oy
R .
7 ) /d
d . e T T
Ry 7 oan F Buxiani
P 3a/n | appeca naopu

R EY RN R
0 0 0 1 1
0 1 | 0 I

4 -

tloTojijol
HEEREEENR

Mai.6.122. Tlpuuuunosa cxema
HOCTIHOIO 3auaM'a TOBYBANILHOTO
YCTATKYBaHHS — 2, YMOBHE 3a3Ha-

YeHHs - 0, 8, Tabnuus icruiocTi — 1.

al N =

Cxema MicTUTL aApecHi BXO/W X7, X2, BUXOAM BMICTY KOMIpPOK UAM'STI z;-z,, BMBOJM ins
BMHKaHHS JDKEpena Jusnenns I ta saratsinil Busia. Bepxna yactiua apisc co6o1o JetHgpaTop.
SIKIO po3psNIcT WIPECH AOPIBIIOC N, TO Y JACIIMGPATOPI BOHA CTAHOBHTL 2011 LOPHIOHTANLIHX
BXVUIHX JIHIH, Ha SKHX JHIOTh BXUUIL 3MIHHI Ta T inBepeit. Bximi ropusonransii niuii 38'sani 3
BCPTHKAILHUMH 4ePE3 U0/, PO3MILICHHA AKHX Y MICUSX neperuny noxazaui kpankamu. Jlionu
BMHKQAIOTBCA * TAK, SIK IOKA3aHO Ha BHHCCEHOMY KPYMKCUKY Y npasiii wactuni mamonka. Yncio
BEPTHKAILHKX Ainii y aewndparopi n=2". Ha seprukaneniit ninii y, yasurhes  no3wrnsimii
HOTCHILAN Y TOMY BANAAKY, KOIN 06HABA AOMH AAPCCHUX ML 3AKPUTI TIOZNTHBHHM CHIHAJIOM
J0riulol oI 11a X KaTtoaax. Takum YHHOM yo=1, KoM \f/=l Ta x;—l, TOOTO yop== .A/ \;
AHANIBYIONM  po3MiltCHUA  3BM3KIB, 3a3HAYMMO, IO . CHIHANN PEWTH  BEPTHKANLHUX  Hiniil
OTHUCYIOTLCA PIBHAINIAMU JIOTTYHOIO MHOMKCHHA ((pylmui» Dyi= %ox2, yrex) 5, , V37X %2 Koknomy
Habopy - BXijiHHX 3MIHHUX, TOOTO aupccx H3Y, sinnosigae pivens snorivnoi ofunuui ta oiuii
BEPTUKANGHIA Ainil i noriunux wynis — wa neix inmmux. Y wmpkiil vactinii cxemn ¢ nepeTutu
BEPTHKAJILHUX NI p 3 TOPH3OHTANBHUMM - BUXIHUMU JiHIAMU 2. Y MiclaxX. HepeThiy, o
BI/3HAYCH] KPYIKEUKAMH, POIMILICH] ZIO/H, 3 ANAJIOTTUHHM BMUKAHHSAM, AK Y Jewmdpatopic Asne y
HIOKHIA - yacTHHE exeMu ui Aloan peanisyrots. pyukiiio ABO: ko ua anoui, nioja 3ABHTLEA
TMO3NTHBHHA NOTCHUIAN . Bill MTEPEAACTLC * HA - FOPU3OITAIIBIY BUXIANY. Hinio, Y Bapiauri, wWo
Hapezeiit na man. -6.122,a; na BUXOAI z; 3'IBUTECA OQUHULE, KORW' Y; TA P35 MAIOTE . NOIXTHBLMI
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1 iHii BMXO/IB HAa3MBAIOThH
noTeHtian, To6To npy 3BepTanni no. 13V 3a anpecoto x; X2 _a60 xy x3. Jlinii gim‘nz Ao
NiHISIMK 6,iTiB y HaBeZCHOMY MPHKIAMl KOKHA KOMIPKA MICTHTB lzozmpu L Zy, 22, 23,

: i r.
O o 1135 wics opran HaB_ellZHinTO?gJ:)- r:llofl‘(}liﬁ,B 4OTHPHOX AAPEC MOMHA
i ranizaio 4x4,
Hasepena cxema I13Y mictuts opr | 4, T Apec MOta
pO‘{l/lT;Tl/l yorupuGiTose cioso. Tpn neobxiaHoCTI 36inbKTU ,uos)KnHy6cnosa Mo;x:lp“ pnan
) i i i b A00ABNSE HO
i iB i ecallicto, TOAI KOMHHII MORY. € 1O |
1bKa MOAYJIB i3 3aransHOK ajp : Mo bims 10
llel;'ij KW narv):';m (man. 6.123,a). [lpn HeOOXIAHOCTI 361111;111141‘14 }Fm[l’)ll:(’,l'f/T::a,geﬂeH:Ha 7
:slxo%ncToey}om sxiz subopy cxemu CS, Ui TpUPO3pAANOL apecH oprangaumﬂynb oy
i inauiii C BCA BEPXHiA MO s
Ginawiit agpecH BUKOPUCTOBYET! 1y
man, 6.123,6. [ina BCiX KOM ) c e, PR Mooy
HIDKHIH HE ’aapecycrbcn, ockinpku CS=0 (x;=1). [ns aﬂp?cn x;=0, Hals)(l‘::;iirl zﬁsMe}'/mB R
| i iif : iy BH !
5 k oto (yukuili ABO: 3'eanan : u
N6, Buxoau 3B'A3aHl 33 CXEM © n 2 pIAX
Nigi;/'nia Wwo BkoHaHi sianosiano mo man. 6.123.6, onepiaumo of'cHaHHA BUXONIB,
M >

peanizauito Pynxuii ABO 6e3 JI0J1ATKOBHX €1IEMEHTIB.

Xi X DD1 Xi xz]‘s DD1 .
R/ Z
A1 "Rom 1z A Z:
AZ e Z3 AZ rLl
2 CS Zs
pD2 . pD2
b L. 5
AsRom 278 ol
Ay | o717 6
_—_—.ZB
a
) DD3

i i 361 HHA
Mau.6.123. CxeMH BUKOPHCTAHHA JEKIILKOX MORYTIB T3Y s 361’1:‘1:(1:1:{(:~ ;
PO3PAAHOCTI AAHUX — &, A 30UIBLICHHSA UMCNA KOMIPOK, 10 anpecytoThes, - 6.

i i 3Y) nopisHsio 3 [13Y maioTs
i i a ‘sToByBanbHi yerarkysanHs ([111
OrpaMoBaHi MOCTIAHO 3anam ST ysal 113 o
6i ncpmfliuy CTPYKTYpY, NO-Nepue, Y 3B'A3KY 3 HEOOXIANICTIO BBEACHHS TIABKUX E)mpm ;u();
o ' ’ c i eneMEHTH
KOHHMIT  3anaM'ATOBYBANbHUE  CIGMEHT, MNO-APYre, "{epe.sl JI0JATKOBI o np(;rpaMyBamm’
MKOHYETBCS NPOrpaMyBaHHs JlonatkoBi BUTPATH NOB'A3ani 13 CAMUM Mol o
; . i OrpaMartopis.
AKWi SAACHIOETLCA Y NEBHUX PENMMAX, 3 JIOTIOMOTOHO CRICLAbHUX NP Ei‘g T
13 Merolo CKOpoueHHs HeoOXiaHoi KiNbKOCTL BHBOAIB KOpIlY o i ¥
BHIKOPHCTOBYIOTHCA Ti XK BMBOAM, MO AKUX 3niyyerbes inopmatus 13 H‘ a& T e
" : ¢3 AKi 3 8
i Mi EMEHTH TIPOrpamMyBakHts, uep .
{i MiKpOCXEMM BMHKAIOTHCA €1l o ATV
cepesinH .@mi naaskux nepemuyok. Ha man. 6.124.a naseieha cnpouieta c;cfnm ﬁ)aMaTop
apianis : BHilLHiR PO
sa iaHT?B BMVKAHHA CCMEHTIB NMpOrpamyBanHa (EH) y cknan TII3Y. 3(:"”1 iMnyn:;iB N
p actbes mo suxoais DO mikpocxemu THI3Y i 3abe3neuye HaXOIKe e et
g 1BHI i: HHA.
:pHBz;nochi 3 aMIAITYA010, AKA iCTOTHO NEPEBHILYE PIBHL )/(Ep;[))l(HMI 3?;:;:;1:{“;[ Bignommmx
i Ta p
i eMEHTIB. TporpamMysania i
NeYyeTbCs BIAKPUBAHHA €1 pixnosi
3a6ae1;3|<wxynepeMx»ltlox (auB. Man. 6.124,6). Jins noGysoBH HAKOMuHYBadIB nzye;:m CXCN{a ~
“ﬂ : i Sk npMKIAZ, HaB a
i CTOI0 CTPYKTYPOIO. , :
3anmaM'ATOBYBANEHI eNeMeHTH 3. Gibl npo T'py o0, K e oo
MOBHE - 3a3HAUYEHHS ONHOTPAH3WUCTOPHOrO 3anaMm sTOBYB o ey e
)I/HBY VY eMiTEpHOMY NaHLIO3i €NEeMEHTA nepenfauena MIABKA NEPEMH X

i i 10 enemeHTa Mo
BHMaZKAX MOdXe DYitHYBaTHCH MpH mporpamysamii 3Y. Tomy npu 3BEpTaMti A

iAHi# i Gyne
appecHiit muni (Alll) 'y Bunaaky HepyitHyBaHHA TIEPEMUUKM Y BHXLAHIM -LIHHI (BL) Gya
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TIPOXOINTH EMITEPHII CTPYM TPAH3UCTOPA, Y BUNAAKY PYHHYBAHHSA NEPEMUHKN CTPYM IPOXOAMTH

He 6yae. 3 noGynoBolo HakomuuyBayis inpopmantii (HI) oxpemi EN 00'eHy10TBCA Y Binnosinwmi
WHHM.

Cs1 E—
—» YK Ell EI
f— .
CS2

DO, 2) DOy

‘ BIII
Mayi. 6.124. Crpykrypua cxema EIl
nporpamaropa — a, cxXema ejieMedTa naM'siti Ha 5)
Oinonsphomy ‘TpaH3ucTOpi — 6, yMOBHE
3a3HAUEHHS — B hl—_
A

Bxina mnua A BUKOPHCTOBYCTHCH [1DH nporpamyBaHHi Juis subopy 3asanux LT Y
HaBCaCHiH cxeMi NokasaHo aBa kepyiouux curbam CS1 ta CS2. BuGip mikpocxemu 1anacries
OAHONACHO 3 II0AABAHHAM JO3BONSIOUHX 3HAUCHL HA ACMD
(YK). Bukopucranus aekinbkox curi
32214101 EMIOCTI 13 PO3PAAHOCTI.

Penporpamosani - 113V 3actocosyiorees  y UEPHY  HMEpry ram, ¢ BIACIWBICTH
TICpenporpamyBarnts € BuzHauaiabHoo. Y seix PI3Y  sauecenns indopmauii  BHKOHYETBCA
KOPHCTYBAUEM MOJABAHHAM iMITYILCIB 3 aMILIITY/1010 nopsiky 20-30 B i rpusanicrio Bin ogunmi
M0 pecATKiB Minicekyna. B oanomy i3 pisnoBnaie (3a3nauaiotses Taki MiKpoCXeMH nitepamu PP)
BHTHPANHS IHPOPMALLIT TAKOK NPOBOITHCA ENCKTPHUHUM MITXOM, |
MOXIIMBICTb 11E HLIC 3araILHOIC BITHPALNS, 1O pyltiyc indopmaniio y sciii mikpocxemi, anc i
BuGipnoro (6aliroBoro) srrupanns 3 HACTYMIMM BUKOHANHAM GaiftoBoro sanncy. Y Apyromy
Pi3HOBHAI  (BiH  3a3HAuACTLCH nirepamu P®)  puripanns indopmanii  nposouiTLeA
YNLTPAPIOHETOBHM BUNPOMIIHOBAHHSAM MIKPOCXEMH Ha 1IPOTA3i EKINbKOX ACCATKIB XBuTHH. Y
ULOMY  BHNALKY iH(OPMAILA PYRHYCTLCS NOBHICTIO y Beilf mikpocxemi. Y Ginblnocti Tunis
Mikpocxem penporpamosannx [13Y OprauizoByeTses 36epiranns GaraTopospAIHNX Uucen.

Hns xonxpernnx sanaaq BHKOPHCTOBYIOTE oani i3 pisnosuais V13Y, axuii ofcpan HA3BY
nporpamMoBalnx yoriunax Marpus (I1JIM). Ocnosoio [1JIM ssnsierbes ualip JCKinbkox pisiis
JOFiMHNX elleMenTiB 3amanoro Gaucy. Ha KOWHOMY piBHI HEe BHKOPUCTOBYIOTBCS OJWHOTHIIII
ENIEMCHTH 3 OJHAKOBOIO KiNILKICTIO BXOAIB, TOMY CTBOPIOETHCS CTPYKTYpa ¢nemeHtis 3 Gararbma
O3HaKaMM. MK DiBHAMM  €NCMENTIB  YBOANTLCS  CHCTEMM (MaTpui)  ropusoHTANLINX Ta
BEPTHKANLHUX JiNiH, Ma neperuui sknx npu NporpamyBabti y TNEBHHX MICUAX BIKOHYCTHCS
enektpudte s'cananns. Lle mokna suiiicmosatn abo na erani surorosncia (s y I13Y), ao
BBCACRHSM 11ABKHX nepemuyiok (ak y T13Y). Ha man. 6.125 nasencna CTPYKTYpHA ¢Xema, 110
NOACHIOE ocHOBHI Npuunnk noGynosu TTJIM. Bxiani cnemerta, IO BIAHOCATLEA A0 piBHA A,
BUKOPHCTOBYIOTBCA 1A OZIpIKANHA IBOX PI3HHX 3HAYEHB BXiAHNX CHruanis Ta sadesn
HEOOXiAHY HaBAHTAKYBAMLHY 3RATHICTH. Jloriuni enementn 1-HE
HEO0Xillile NEPETBOPeHHA KOIB Y BijNOBIANICTS
A-B Tta B-B. Moxua noxasafru,

arop DC Ta yerarkysauus Kepysanms
anis cnpomye o6'caHanng MiKpoCxeMu 3 1106108010 11aM'ATI

leit piznoBit vacto gonyckae

€UyIoTh
Ha piBuax B va B 3aGesneuyiorn
3 KOHKPETHOIO peallizauielo s'eanans y Matpuusx
WO A9 KOMHOTO BUXiAnOro curhany Z  3abesnedyernes
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A
X1 1
DDI(A
X2
DD2(A)
A-b
Xn
DOn(A)
| &ﬁ, | (& & |5B
DD1(B) DD2(B) DDm(E) DDI z
1
b-B ' &
D2 B
Man. 6.125. &4 22
CrpykTypHa cxema
rlpprpgyos'&um , ooy
NOTIUHOT MATPULLL - o
&

NEpPeTBOPEHHs BXiAHMX curhaiip X y sianopiauicts 3 YJIH®. Slkuo Ha koxHomy 13 pislis
BHKOPHCTOBYETHCA AOCTATHS KilBKICTh HOFIMHUX ENCMENTIB 3 BIANOBIIHOIO KLALKICTIO BXOMIB, TO
Ha BUXOAI MOXYTH OyTv peanizosaui Gyab-ski komGinauii kosis. [porpasosani JIM wupoko
BUKOPHCTOBYIOTECA JUIA MOOYAOBH Pi3iX yCTaTKkysamb kepyBanns. Ha ix ociosi cymico 3
Tpurepamu, pericTpaMi Ta AiumAbNMKAMH MOXYThL Oyt noGyposaii pisoro Budy undposi
aBTOMATH.

[3 nobyaosoio  omeparmshioi  nam'aTi - Mikponpouecoprux  crcrem  (Mfl-cucrem)
3aCTOCOBYIOTHCA MikpocxeMn 3Y Be/Mkoi eMHOCTI (nopssika aecsTkis KOiT i Ginbwe). [Tpu usomy
BUKOPHMCTOBYIOTH JitnaMisiitit ¢rioci6 36epiranns iHdopmauii, 10 JA€ 3MOTY 3aCTOCOBYBATH Ginb
NPOCTi 3anam'ATOBYBANbHI enemenTr. OCKiNbKH Mph LLOMY BHHUKAIOTH OOMEKCHHS HA KUIBKICTS
BMBO/1IB, TO BHKOPUCTOBYIOTh nepeiasaitts aapechol indopmalii no yactunax (K npasuio, 1a
MOUATKY A/APecH PSAKIB, & MOTIM — aJAPECH CTOBRYMKIB). 3 i€l npuuunu MIKPOCXEMH 4ACTO
IIPH3HAUAIOTH A0S 30epirakts OAIOr0 po3paly BCiX uucen, skuil BUAINAETECA Y NPOLEC] 3BEPHEHHS
[0 BCHOrO pajka Hakonuuysaua. Ha man. 6.126 wnasejena THROBA CTPYKrypa MIKpOCXEMH
Ausamiunoro oneparusiioro 3Y (O3V), aka npuinadena ana 36epiranis MN 0anopospanux
ancen. ApecH MMCEN 3aRAOTECA (MFN)-POIPAAHUM KOLOM, TIPH HOMY OAlA HaCTHHA aipecyc
PALKH, iHII@ — CTOBITYUKY HAKONUYYBA4a.

AJIpecH CTOBMUMKIB TA PAAIKIB NOAAIOTBCS N0 TUX CAMMX BUBOJAX MIKPOCXEMH Y 1Ba lpuiomn.
Peskuni poGoTn  3ajaiothes  komOinawiero - curanis  CAS, RAS, WR/RD. [lepwi i3 Hux
BH3HAUAIOTL  3BEPHEMHA 0 MIKPOCXeMH. 3 METOIO 3anucyBaHus, 3iiuyBauis Ta perenepauii
indopmanii. Haacunasss no wuni A m-po3paaiioro kojy pauka Qikcyerscs y perictpi anpecu RA,

4OMy CTpHAE 103BOJiRIOuE 3naueHws cHrnany RAS  (noriunwit nyne). [lpu  Bizcyrnocti

fossonaonoro curnany CAS  (noriunuil Hynb) 3a JOCTATHLO KOPOTKMil Hac npoBOAMTECH
perenepauia pska. Ls onepauis nepeafavac nancunanns indopmauii i3 yeix ETl psnka, mo
anpecyethea y N asonanpasaennx niacumonadis (IT) 3 HACTYNHUM 3aNMCYBAHHAM indopmanii y i
* EIM. Taxuim HHHOM, dopMyeTbes Ha aapecHiil LKA NOCAiIOBHICTb anpec PAKIB T, HaACKAAIONN Y
3Y Wi agpeck, 3. JOMOMOFOI0 curnany RAS=0, moxua 3a M ."l"aKTiB _3a6e3neduT MOBHY
perenepauito. Lieit uac lie NOBUHEH NEPEBHILYBATH 2 MC. )
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RA |m |DCX |m, | HK
A _my, 771 MxN
n
A
— y
CAS _ | VK " pcy n
RAS_> >
y4
S VARd
_ N
WR/RD
i L NDO
- l/

Man. 6.126. dynknioHaisha cxema ollepaTtHpHo-
3a11aM'STOBYBANLHOIO YCTATKYBaAlINS
Z:IJUI spepiienns o nesworo Ell 3 meroio sanucysains abo nivysanns iu(])opMaui'f
neobxinBo niens aapecauii pajkn chopMysati ta wuni A n-pospaany aapecy crosiikis. Lei

kon, 3a curnanom CAS=0. 3 jonomoroio acumdparopa crosmunkis JICY 3abeanevye subip
ojiioro 13 N asonanpasiennx niacumosauis (1),

Hpn_m)omy pekiM poboTH (3anucyBanHs aGo sutiuysaina) Gyae BU3HAYATHCL 3HAYCHHAM
cHruany WR{RD, m<.uﬁ npuCyTHiil 1o yacy gopmysanns suauenns CAS =0, Slkuwo WR/RD =1, 10
Oyite matu micue 3nigysanns ikdopMauii i3 aupecosanoro ElT 3 nepe/laBalHiAM yepes Bl’lXi}.ll,llll:‘l
'6y(bcpum“1' nigcuwmosau na saxix DO. Koan W/RD=O, Oyse DpoBe/icHE 3anycyBaHis
inopmanii, sxa npucyrns Ha sxoai DL Yac wmkny 3ivyBanua Ta 3anHCYBAHIA 381ACTHCA
curnanom RAS.

Cnpomcm MOJCHL Man. 6.125 sae 3mory sacBoity Bawcwusi piacrtusocri T13Y, a came
ABNACTBCA YHIBCPCAIBIHM €ieMEHTOM Juis OPMYBAHHA  NPAKTHUHO  Gyab-AKHX  JIOT{UHHX
saenHoctCei. Ockinpkm I13Y ¢ asokackajuma cXema, B akiii nepuinii kackajy — actndparop —

) 2 ~ ~ N 1] I
PLANBYE Bel MONCINE] KOH'WOHKIU, A Apyruid j03Boase dopmyBarn Gyab-aki naGopu ausionkuii
31044 3BOMHTLCH 110 NPOTPpaMyBalig  AWIOHKTHBIONO KacKafy. Bapiawr I13Y, naseucunii va
Mail. 6.122.a peanizyc nacrysii ynuxui:
-
TpEXPX2V XX X0, I3 X XV X XpV X Xo= X2V XIX=X1v ;‘5;
- - — )

I3= X} X0V X1 XV X[ X35 XXX~ ‘\‘-/V.l‘v' I XX

2 2 2% 2 4T X)X
Hpuknad 6.11.

Heo0xi : catl aue i
. Ex“uu_o sammcarn y T3 3nadcuus - 180X dyukuift  vorHphOX
Fi=abva b dva b ¢ Fa=a bv a bdvab ¢

Pose’nzox.

3MIHIMX:

HAns noBynosu NIM3Y neolxiano wicTHanuats komipok uam'sati 3 HOTHPHPOIPAAHUM U
ajpecaMn. Y Koskiilt KOMIpLI laM'sTi noBURKHO 30¢piraties He Binple aBox Git. 7

Slkuto 3a<:'rocy3m‘q Mozyne 3 00'emom 16x1, To 11COGXIAHO OBA TAKNX MOJLYJH.

3aCTOCYEMO  AUANITUMHMA LAINX  NICPETROPEHNA JIOFIMHUX PiBIAND,

: 1pn
dbyuxuio sanucyiors y kanoniuniii gopmi (¥ [IHD): PH oy wowity
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vibedvabidvabcdvabedvabedvalbcdvabcad
v a b cdva bedvabcdvab cdvabedvabedvab cdvabTd
Jlns NporpaMysaHHs  BUKOpHCTaeMo rpa-crbkok ans QyHkuii F‘/.“ Ta £ (_Maﬂ, 6.127).
Kinuesi Bepuiunn rpada ana Qynxuil 77 3axmoueni y kpaapary, 118 QyHKUIT F2 — y Kinsus.

=
1
ind
EE |
PO

i

dg dy d¢g d d
s v@® @ © O 30 BE HE O [

Man. 6.127. Tpad-crizkok st Gynkuiit Frra Fz.

Sk Buano i3 rpada-crixka, Kinuesi epumin QyHxuii £ MaoTh OJutIMYILL 3HAMCHHS JUIs
mintepmin: 0,2, 4,5, 6,7, 8 1a 9, uist dynkuii 21,3, 8,9, 10, 11, 12 rta 13. BukOpHCTOBYIOMH
1O BIIACTHBICTH, CKNALEMO Tabuwo nporpamysanus [13Y (rabn. 6.38).

Tadnuua 6.38. Tadauys npozpamysanin yrxuii Fyma F;

N a b ¢ d Fi F;

3a/n
1 0 0 0 0 1 0
2 0 0 0 1 0 1
3 0 0 1 0 1 0
4 0 0 1 1 0 1
5 0 1 0 0 1 0
610 ol 0 1 | 0
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Bukopucrosyroun snauenist Qyskuiit /7 1a £ tabiuud, 1o6yayeMo 1PHIILMIOBY CXEMY
nporpamosanoi soriuHoi Marpui (man. 6.128).

Yo [y1 [¥z2 |y3s |y4 [¥ys

¢
D3
d
DD4 bDs
Fy
i 1
bD6
F
p—& 1 2

Mat. 6.128. [pHinminosa cxeMa 11porpaMoBasoro
FAAM ITOBYBANLIOTO YCTATKYBAIIS

§ 6.12. Cunres nocaigosnicuux asromaris ua ocuosi M3y
|10, 12, 16, 17, 18, 19, 20, 25]

Ckinuenuii agromar, mo Micrurh CYKYUHICTL JIONGHHX €NCMCITTIB HaM Tl Ta KoMGinaliifnmux
CXCM. MOXCHA HODYJLYBATH HU JIKILE 30 CLPYKTYPOIO CXEMO10 Mat. 6.88. OCKibkH Kowell Tpurep
ABJIAEC COOOIO CYKYNHICTL KOMOTIAWHHMX NOFTYHNX CHCMCHTIB 3 3BOPOTHHMI 3B'SIKAMH, MOIKIA
HOJABATH Y3arajibHCHY CIPYKTYPY agToMara sk komOinautidiny jioriumy cxemy, B sikiii € suyrpiwnii
3BOPOTHI 3B'W3KM, A0 Peni, iX  KUIBKICTD, L0 OXOIUNOE JOTIYHI CHCMEITH, MOKE Oy pisna.
3B'A3y10U K BUXIA KOMBIHAILTTNOT cXeMH z; 3 1T BXOIOM X}, PO3PISHSIOTE HACTY I BHITAKY:

I.3soporiuit 3p's30K HEHIPpAULINIL, AKIW JIO HOro 3aMHKaHHS X 2, TaKWil 3B'S30K 1iC
3MILHTE YHCHA CTaiB CXEMI.

2.3BOPOTHRIT 3B'H30K NPOTHUPIMMBHITL, KOIM JO 3AIHCHENNS 3B'T3IKY BHKOHYCTHCH yMOBR X% Z;
(oaibna curyaitis BUIKKAE P 3aMBKaNHT 3BOPOTHIM 3B'#3K0M cxemit [, sika Y ULOMY BHIAJIKY
SABIACTHCH HECTHIKOIO).

3.13 3aMuKaHIAM 3BOPOTHONO 3B'A3KY CXCMA MOXKE 3HAXOANTHCDH Y OJIHOMY 13 JIBOX Cranis,
QU BIOBIAAC X;2:0, APYIuil x;=2;=1 3 0JIAKOBHME BXLAHHMH BILIHBAMH 1Ha aBTOMAT,

KULILKICTL TakuX 3BOPOTHIN 3B'33KiB P BH3IAYACTLCH MUCIOM MOAUIMBHX CLanip aproMara K:
K=2" SIKIO 1A aBTOMAT, 10 3HAXOMMTLCS Y CTani «; (/=1.2,...,K), jie ot i3 MOASIMBUNX BXIHINX
CHIHAJIB, TO BHHHKAC OJMIL i3 MONIIHBIX BHIAIKIB a) HCPENL y HOBMIT cran He HPOXOJHTI,
NOVIMHI CHITIANN Y ICTIAX 3BOPOTIONO 3B'A3KY 30CPIa0OTL CROT . 3HAUCHIHA; 6) sniiicnocTies
HEPEXiL Y HOBHE ¢Tan, 1y LEOMY crani asroMat crifikiit; B) Buimkac necriiikuii cran, 1odto
KOMCHMI [ICPEXIA, 1O HPOXOJMTE L AIEI0 JIAHOTO CHIHANY, HE IIPI3BOUMTE 10 CTIfKOIO crany.
OcKillbKi 4HENO CTAHiB CKiveHe, aBTOMAT LHKIIMHO CPEXOMTTS 13 QIIQr0, CTay. B_iHuii, tomy
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ABASETHCS JPKCPENOM KONMBAHG 3 NEPIOAOM, sikMii 3alCKMTh BiAl 3araibHoi 3aTPUMKH Yy NETIL
3BOPOTHOTO 3B'A3KY. :

HaitGisnbw npocTuii aBToMar 3 nam'atio Ha ocHosi I13Y — tpurep RS-tuny. Cxema asromara
(mozyns) Man.6.129.a MiCTHTb aapecHi BXOAM A, PO3PARHICTH AKMX AOPIBHIOE TPLOM. onm/!
NpH3HAYCHI JUTA NAJCHNAHHA CHIHANiB R, S Ta 3BOPOTHOrO' 3B'A3KY, KUILKICTB KOMIPOK, B AKI
afpecyroTs indopmatiio — iciM. Y koxkitiii xoMipui 36epiraoTbea AaHi D, PO3PAAHICTIO Y 1 6iT, sAKi
onepakyioTh ha Buxoni Q (Buxia Fy). Jonarkosnii Apyru_ﬁ_ 6iT nam'sTi — BuXia Fo> — mMoxe OyTH
BUKOPWCTAaNNH A Omepskants iusepcHoro curhany . Ilporpamysanua T3V (rabn. 6.39)
NPOBOAMTHLCA 3riAHO 3 Tabnulero icTuHHOCTI RS-Tpurepa.

R__| [ Op—— ROM :
S _é'_ROM Q Fi A D F
v—ii PN F; Xi _1}2_ ™ F2
X Az Q2 Xz I__- A3 2
l a) 6)

Man. 6.129. 3actocysannsa T13Y ans noGyaosu: RS-tpurepa — a; T-tpurepa — 6

Tabauys 6.39.Tadruya npozpamyeanna
RS-mpuzepa, nodyodosaiozo na ocnosi 113y

el iRk s | A
3a/n
1 0 0 0 0
2 0 0 1 1
3 0 1 0 0
4 0 1 1 [
5 1 0 0 1
6 1 0 1 1
7 1 1 0 0
, 8 1 1 1 [07)

Taoauys 6.40. Tabauya npozpamyeanns
T-mpuzepa, nodydosaiozo na ocriosi [13Y

Ne C X1 X2 F Fz

3a/n
1 0 0 0 0 0
2 1 0 0 1 0
3 1 1 0 1 0
4 0 1 0 1 |
5 0 1 1 1 1
6 1 1 1 0 i
7 1 0 1 0 )
8 0 0 1 0 | 0

Tlepwuit pAnok Tabnuui BiANOBinaE 3BEPHEHHIO 38 AAPECOI0 000 (x=0, R=0, S=0), BMicTUME
nanoro -6iTy komipku nam'aTi F=0. Lgii cTan He npoTnpesuTh, TOMY, IO x=F;. 3 nonaBaHHAM
curnany S=1 aapeca 3minioetbes va 001, -0xHave, AKIKO 33 yi€lo aapeeolo 3anucano £ =1, To cran
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HECTIfiKNEH, OCKI/lbKM HEraiHO NPH3BOANTL [0 3MIHM X MO JAHIIOTY 3BOPOTHOTO 3B'A3KY. 3a
anpecoto 101 (pasok 6) Takok rnosunna 30cpiraTvch OAMHMIA, TOAI NEH cTaH € cTifikum.
[Nopanbwiuit posrisy TabiuuiL e BUMarae nosceHs.

Tpurep T-tuny, nobyaosanmit na ocosi I13Y, 3miHioe cBiii cran na npotanexnuii 3
HAJCHITANNAM KOXKHOIO 4Cprosoro curnany C=1, BUMarae YOTHPW CTauu, a, K Haclii0K, JABOX
3BOPOTHUX 3Bsi3KiB (Mau. 6.129,6). Tabnuua nporpamysanus I13Y (tabn. 6.40) noGynosana Tak,
o6 BCI NOCIIAOBHI ajpecn Gyau 3aK0AO0BANI CYCI/IHIMH KOZAMM, OCKIJIbKK TyT Takoy MOMNUIHBI
neGeaneuni cranu Ta xubni nepenanu. Paaxn 2, 4,6,.8 TaGinuui NpoTupiuni, ockinuku y HUX 1
BHKOHYETHCS yMOBA x;= Fy Ta x2= I3 ToMy aBToMat y uMx cranax Hecriikuit. Psaaxu 1, 3,5, 7
XapaKTePU3YIOTh JHUIILHHE PEKUM TPUTEpa.

Buknancna meroanxa noSynosn rpurepis na octiosi 113Y aae 3mory Oyiysarn aproMar
NOCIAOBHICHHX THMiB. PO3rIAKEMO Ti 3aCTOCYBANIA HA IPUKNAL NOBYA0BH aBTOMATA, 10 (OPMYE
IMIYAIbCH KCPYBaHHA TUPHCTOpamMK TpudazHoro insepropa nmanpyru (npuknal 6.6). Busnauumo
PO3PAAHICTE AAPECH, EMHICTL KOMIPKH nam'sTi, CIPyKTYPY 3BOPOTHUX 38'S3KiB. BXimmit curnan
3akopoBanuit vOTHpUpO3pAMiM cnoBoM x;”, x2, x3" ta x/', ToMy uoTHpH pospaum ajpecu
pe3epBYIOTHCA JUIs KCPYIOUMX BOUIMBIB. Uncio ctanis apromata JOpiBHIOE AT, TOMI 4KCIO
3BOPOTHUX 3B'A3KIB 0BUHIO GyTH TAKOM HE MEHINE YOTHPBLOX, & POBPAHICTE AAPECH — HE MEHILIE
BOCHhMH, TOOTO A=Ax+A;, =4+4=8 (TyT A, — anpecu jis BXIAHUX CHIHANIB; A,, — aapec Ui
3BOPOTHHX 38'13KkiB). Kodxkna i3 256 koMipok nam'sTi, B sky HaaxoauTe inopMatiis, mosuiia
36epiraTh CIOBO AQHUX, POIPAVICTD AKOTO BUINAUAETRCH AK CyMA: Ap=dy, 1 A:=4+6=10 (TyF Az
uncio GiTis, OPIBHIOC KiNBKOCTI BUXIAHWX KAHaIis, MAIA HAWLOro BuRauKy 4,=6). Konosany
TABIIIO 1IEPEXOAIB Ta BUXOJIB JUIs ABTOMATA CHCTCMM KCPYBAHHA iHBCPTOPOM MOKHA CKIACTH
BINOBIO 10 Tadi, 6.30, 6.31 Ta man.6.92.

3aBaauun aan CAMOKOHTPOJ110

1.Bukopucrosyioun cnemenrtu nam'ari D-tpurepn, noGyaysaru widpposuil 1ocitiosnicimii
aBTOMAT, 1O 331CTHCA rPAdOM.

2 [ToGyaysaru HOTUPHPOIPAAHHA JHUMIBHMK 32 MOAYSIEM PaxyHKy HEKpaTHOMY CTyIeHi jisa
Xy
a \

3.Bukopucrosyioun 3ananui kinbuesnii rpady cutTe3yBaTH NiACYMOBYIOH NI TIUMILHHK.

(K,=5).
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4.T1oOy/iyBaTu YOTHPHPOIPALIUE TIACYMOBYIOUMI AiunnbHuK 11a JK-Tpurepax.
5. ToOyayBaTH HOTHPUPO3PAAHKIA peBEPCUBIIMIA Ti9UNbHIK 1A D-TpHrepax.
6. BukopuCTOBYIOUM 3afaliuii rpad, mo olUcye 3MiHy crain AiuuibHAKa, 1106yyBaTH HOro

NPUIILIKTIOBY CXCMY.

7. TloByayBaTi HoTHPHPO3PAIKH KiNLUEBUI perictp Ha JK-tpurepax.

8. ToGyysaru IpHHLMIOBY CXeMy pericTpa nam'sti o6'emom indopmauii y 14 6it.

9.Po3poburi Ha 3cyBHOMY PEricTpi AOTiUIY CXCMY IeHepaTopa ABIRKOBOI nocaijosnocti 1-0-
1-0-1-1.

'10.3anucarn 'y TIN3Y suauenms japox yHkuiit TPLOX 3MIHHKX: Fj= T2y x T,
Fo= X %5 vy Xavao

11. BukopucroByioun rpad .1, cuirresysaru 110cnifosniciinil aBTOMAT na OCHOBI ciCMENTIB
nam'ari [13VY. .
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7. AHaJIi3 Ta CHHTE3 NEPETBOPIOBAYIB CHIHAIB

TlepeTBOPIOBaYi CHIHAIIB HANCKATE JI0 CHSLIANLHUX [IPUCTPOIB, 110 NPU3HAYCH] JUIS 3B 33KY
Ta 00miny indopmanielo Mk o6 extamu 3 pizlolo  (POPMOK  HAUXOLKCINA  CHIHANIB, Ta
LrgposuMK aproMatami. Taki nepeTBoploBayi, KPIM OCHOBHAX ONEPALid atajoro-Lugposoro ta
UHGPO-aHANOBOIO  1IEPCTBOPEINA,  BUKONYIOTH 1 Jiestki  orepalii 3 nepsuinioi  o6pobku
HEPCTBOPIOBAHHX BEIMUNIL MaclITalyBars, 31IIaDKYBAls, 3ar1am’iToBYBAHHA, AlPOKCHMALLILO,
cruckanysl it inwi, Ta B3AEMOKCpyloui  orepalii oo pkepest Ta  upuiiMauis  inopmartii.
[Tepersoprosaui npamoiots B peansHoMy maciurabi yacy, KO TOro sumarae 06’ckr, T1o6TO
JAICKHO BIJL XAPAKTCPY PO3B'AYBAHMX 3ajia4, — abo B peasibHoMy, abo B TpancdopMoBaIIOMY.

§ 7.1. Ananis Ta cuniTe3 UN(PPO-AHATOTOBHX NEPCTBOPIOBAYIB

I nppo-ananorosi  nepersoprosaui  (LIAIT)  3aifickioons  asromaruyie  nepersopenis
(nekotyBanis BXIAHAX 31a4CHB, 110 TIPCACTABACHT YHCAOBAMH KOJIAMH) B CKBIBAICITIL M
3Hauchs AKOI-neOy b (hisuHIoT BEIHUHIM.

Jlo ocuosrux napamerpis LIAITis nanexath Aianazon 3MiHKH BXIAHOT Ta BUXIOT BEAHYMHM
(namitimii lanason), Bill BU3HAYACTBC BIIIOWCHHAM MAKCHMAIBLIIOIO 3HaUCHHA BXijnol abo
BUXIHOT BEIMYHIH 1ICPCTBOPCHHS 10 MITIIMAJIBIIONO:

AD=Xnax/Xmin=Nmas/Nein.

JC Xmin, Xmay — QHANOTOBI BXU ¢KBIBANSHTH, Nuin, Ninax ~ BXUUHT qHCOB 3iadctns (ko).
Ipu miuifinoMy HeperBOPCHI BXIC Ta BUXUIIC 31AYCHHSA MAUOTL OAMIAKOBHIT Jiiami it
JUANA301L, SIKHI BH3HAMACTLCA MHCIOM PO3PAAIB LHpposoro koay. YV BHNAAKY, KOJIH MiHIMaaLIC
SHAUCHHS JIOPIBHIOC YO, AAA3OH 3MITIH JOPIBHIOE

AD:xl11ux/5\:N1m|\/6N,

J16 8y T SN — JIoNycTumMi abeonorii noxnbxu uepeTBopenis,

Hacosi 11apaMCTPH  NEPCTBOPIOBAYA BH3HAUAOTL WBHAKOLIO 1ICPETBOPCHIA | HAICKATH
TAKON JIO OCHOBHUX napametpin. PoipisHsions Tpu OCHOBHUX [apaMerpu: xpok  (nepioj)
KBATYBANHA A, uac 1CPCrBOPCHHS  (MAC BCTAHOBICHHA) Ly, TOGTO 3arpUMKa  BXLI-BHXIL,
TPUBANICTDL LMKIY 1ICPCTBOPCHTIS Ly,

Kpok (nepioj) nepersopenns At —  iHTepBay  vacy MK BoMa  TIOCHIIOBIHMIS
HCPETBOPCHHAMI.  31Ia4eiHs, 3BOPOTHE HEPIOAY KBauTyBanns /AU, HasMBaloTs Mac1onow
KBAHTYBAHHS.

Yac ricpersopeniig ty, BUXIAHOT Hanpyru abo crpymy - (ImepBan vacy Biji MOMCHTY 3Miny
xojty Ha Bxojti LIATIa, 110 3a/1a€Thest, 10 MOMCHTY BCTAHOBICIINS BHXIUION0 aHANOTOBOTO CHITIAINY.

Tpusanicrs UNKIY HEPETBOPENHIS Ly — HAC MK MOMCITTOM H10JaM1 BXiJLIOIO KOAY T2 BHAUCIO
BUXI/IHOTO AIIANIOroBoro curuany (fytap). BU3HAYaeTLes B 0OCHOBHOMY LHKJIOrPAMAME Ta MaCcOBHMHU
Jiarpamamu, 10 OIHCYIOTL PoSOTY LtPOBIX ABTOMATIB, JIC IPUCYTII NEPCTBOPIOBAM,

[Moxubka neperpopenns  (crariyuna  noxuka) Xapakrepuycrhes NOXHOKOIO  (1nymom)
KBAHTYBAHIS TA IICTPYMENTAILIOIO IOXHOKOI0. Y 3arajslioMy BHIIKY NOXMOKY KBaHTyBanus
MOMCHA NPEACTABHTH K Oy X(D-NAX=X(1)-Xc(t), AC x(t) — n0TOUHE 3HAUCHNSA CHILARY, A Xye(l) —
JMCKPCTIC NPCACTABICHIA CHITIANY; Ax — KPOK KBAITYBalHs 3a piBICM,

lherpymetraisia  noxubka BuzNavacthes HECTabUILIICTIO pkepena ouoOpHOl Nanpyru,
NOXHOKOIO KINOHIB, PCINCTHBIHX MATPIilh Ta BUXIANUX oncpawilinnx nigcimosauis, OcHoBHIMI
dakropamit, L0 BHKIMKAIOTE 1OXUGKH, € TeXHOJOrIMIMI PO3KHL LAPAMCTPIB, BIIHB 3MiH
HABKOJIHLWELOLO CCPCOBHILA, 3MiHA 1HAPAMCTPIB Y vaci, BHHHKHCHHA BHYTPILINIX Ta 30BHiLIIX
LIYMiB 1 3aBaJ1.
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VYV umpo-aHaNIOrOBMX TIEPETBOPIOBAYaxX 3abe3neuyeTbea  BIMOBIAHICTE MDK  BXIAHMM
YHCIOBHM 3Ha4eHHaM N, i Horo aHajoroBumM expisanedtom x(t;). KinekicHuif 38’130k s 6yap-

AKOTO NPOMDKKY 4acy ti BU3HAYAETBCA CIBBiAHOWeEHHAM X, =N, Ax = &x, ae Ax ~ ananorosuii

eKBIRANEHT OAMHKLI MONOAIIOTO PO3PAAY KOy, 8x; — MoXHOKa NepeTBOPEHHS.
JIBilikoBuit KOll N, Wo cKIanaeTses i3 n-ABIMKOBUX PO3PAAiB i HaaxoauTs Ha sXin LIAlla,
JIOPIBHIOE:

n-1

N=K,_ 2" +K 2"+ +K2'+K,2° =Y K 2", (7.1)

n-1
1=0
ae Ki=Ku.1, K2, ..., Ki, Ko — cTaHn KomyTyiounx kinouis, mo GopMyots BXiHui Habip.
Leii koa ans_uotupupospantoro LIAlla moxe Gytu npeacrasnermii rpadom-ctikkom G
(Man.7.1), me Ko, Ko, Ki, Ki, K3, Ko, Ks, K3 — sepwnnn rpada, imo yocoGnolors crainu
KOMYTYIOUMX KIIIO4iB, BIAMOBIZAHO 1O HYJIBOBOrO — TPEThOro pospsanis: K — zamkuennii, K —
po3iMkHeHniE; No-Nis — MiHTepMu (BXifHi HabopH), aHaNOTy eKBiBancHTaM x(t).

Nis N Ni3 Niz Nip Nig No Ny Ns Nse Ns Ny N3 N Ny Ng
Man. 7.1. [pad-cTixkox ans 4orupupospsiasoro L{ATla

3naveHts KOKHOrO BXiAHOTO HabOpy 3aMeNTh Bijl N0NI0KEHE KITIOUIB | € BU3HAYANBHUM NPH
repeTBOPEHHI ABIIIKOBOTO “uMCHa y nponopuiiivy fomy Hanpyry (xpim Ko=K =K; =Ky = 0.V
TOMY BHNAAKY KOXHE NONOXCHHA KIOYIB NMOBMHHE 3MIHIOBATH enekTpuuHi napametpu LIAlla,
HAMPHKIA/L, CTPYM NPONOPUIHO [0 Bark po3psay. Y CBOIO 4epry KIIOU 3aMHKACThCs TOMI, KOAN Yy
BIANOBIAHMI PO3PAA HALXOAMTE JORiuHA oMK, To6To Ni= K K> K]K“, No=K: KzK Ko,
Ni5=K3KaK Ko

Bpaxosytoun octanue, poGory LIAIT, Moxkua .onucatd, BUKOPUCTABIIM. anapar Teopii
uudposux astomaris. Fla man. 7.2 naseeunit rpad wornpupospaanoro [IAlla. Tlpu sxianomy
naGopi, Ng LIATl npuilmae ctau ag, Takuii, Konu Ha BUX0/i Hanpyra jgopisHioe 0 aGo Gausbka j0
voro. Lleit cran Gyze 30epiratich nuie npu BxigoMy Hadopi Ny (Ha Man. 1e noKasaHo ans ctauy
ay netnero No). Tlpy iHwmx HaGopax 11AH npuiiMae craum gy, az, .., a5, i BIINOBIAHO HA BUXOAi
6yayte curHany 2y, Z, ..., Zis.
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A Ny N; Nis
m Z\ o Z1is

Mau. 7.2. I'pad-moaens wotnpupospaaHoro LIAITa

Hns npuknany posrasuemo undposuit asiitkoBrit kon Nis=K:K:K Ko, akuit neobxinio
IIEPETBOPHTH B AHAJIOIOBY BJIMUMHY, 3BUUHO, HApyra Us.. Koxaiuil po3pan ABiHKOBOro KoLy
Ma€ NeBHY Bary: Bara i-TOTO po3psiy yaBoe Oinpiia, Hix sara (i-1)-ro. Toai poGory LIAITa moxcaa
OMNKCATH HACTYIHOIO (JOPMYIION:

n-l

U (K2'+K,27 +K,2' +K, 2= U, Y K2,

GBS uu
i=|

se Uon ~ Hanpyra, o BiANOBIAAE Ba3i MONOMLIONO po3psy.
”danKlldﬂ, komy No=1001, ana AKOro: cTaHm KOMYTYIOMMX KIIOMIB  HACTYIHI:

N, =K, K: K;KO (uuB majn. 7.1), Biinosinae Buximya nanpyra:

e = UL (K, 8+ K24+K 124K, 1)=U,, (1-8+0-440:2+1-1)=9U

Kony Ni3=1101 Bimlonizlae BuxigHa Hanpyra Uwo=Uon(1-8+1:4+0-2+1-1)=13U,,
Ha man. 7.1 s Buxinuoro nadopy No pebpa tpada napeacti ToBCTAMY niHisMu, juid N3
pebpa rpada HaBeACHI LITPUXOBUMU NiHIAMMY.

ot ol

Ro Ry Ry R
Uon 8 4 2 0
R,
Ks K> Ky Ko -

2'3 2'2 2'1 2})
Upux

Man. 7.3. Ipunuunosa cxema [{Alla 3 " l
NBIiKOBO-3BAKEHUMH ONOpPAMH

lenytoTh iBa nowmpeni cnocoby peanisauii rpada Man. 7.2; pe3UCTUBHI MaTpULi 3 BaroBAMM
ABIHKOBO-3BAKCHUMHU ONOPAMH TA MATPULI 3 ABOMA HOMIHANAMMU OTIOPIB, AKI HAMBAIOTL MATPHLEIO
R-2R. Mepumit Tun LiATla HaBeaenuii na man, 7.3.

Komuuit i-uit pospsa susnauae nonoxkenns kmoin K, Ki, 3aBasku 4oMy BMUKaeThCA 10
Jpkepena onopHoi Hanpyrn Ues, konn Ki=l, abo no saransuoi wuumn, xonu  Ki=0. Onopu
Pe3UCTOPIB, 1110 CMOMAYHEHI 3 KIIOUaMH, Taki, 10 3a6e31euyioTh NponopLiliHiCTs CIpyMy uepes HUX
JBIHKOBIN Ba3i BiAMOBIAHOrO po3paAny BXiLHOTO Kozy. Onip pe3ucTopa y MONOOMY po3paji Mae
3nauenns Ry, onip HACTYTIHOTO Pe3NCTopa Ro/2 i 1.1 no onopy pesucTopa y cTaplioMy pospaai,
3nauenns skoro Ro/2™'. Toni CTPYM, 110 NIPOXOAMTL Ha BXOJI onepauifioro nigcnmonaya OIT,
JOPIBHIOE:
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—)n-—l n-2 I 2( n=|
R e ) &
R R i
BiANOBIHO. BUXigHa Hanpyra LIAT] uopimnoc'
U, =-—% Z K2, (12)

IE n- ]
2 i=t

ne Ko, Ko, ..., Ko ~ BiANOBIAHI cTann kinowis npu BXiAHNX Habopax. SIk BHHO 3 (7.2), Buxiana
Hanpyra nponopuiiHa 3BaXKeIOMY KOALY, -y SIKOMY NPUAMAIOTb OJMHMUHE 3HAUCHHA PO3PAAM,
BiJUIOBIANHO A0 NOJIOMKEHDL KIIOUIB, skl 3" eanani 3 jukepesioM Ugn. {06 36iibuut yucno pospsaiis
ABIFIKOBOIO YHCIA, CNijl YBIMKIYTH napanesisio BIANIOBiAMY KibKicTh pesnctopis Ro/16, Ro/32 i
1.4 HalGinslw npuHUMIOBOI0 BUMOrOI0 € NiaGip BENMUMHM PE3UCTOPIB CTapIIMX PO3PSINB,
OCKIILKM POBKYA CTPYMIB y HUX € NOBHHEH [ICPEBHULYBATH CTPYM MONOMLONO po3psay. Tomy
PO3KUA BENMHEMIM oNopy B 2" PO3PALIB NOBUHEH OYTH MEHILKM, Hix
AR¢/Rg=1/2""

I3 UBOro BUIIIMBAE, IO - PO3KWI BEIHYUIM PE3UCTOPA B 2' pospsmi me noBuieH
nepesuliyBatu 3%, a'y 2! po3psti 0.05%. Jlnst ABIHKOBO-/ICCATKOBOrO MiAPaXyHKy HapouLyBaHis
PO3PAAHOCTI MOKHA TNPOBECTH, JOMOBHIOIOUM Ha KOKHY Aexaay, 4 Pe3HCTOpH, onip sKHX
Bianosio 8 10 pa3 MeHIIUi, HDK y 4-X NOAEPEAHIX.

Sk BMAHO 3 MONEPEAHBOrO Ananizy, npu po3pobui interpansunx cxem AUa waitbinpiuy
CKIIAJIHICTL ABNISE peatizauis BUCOKOTOMHMX pesnctopis. TOMY AouUinBHO Baroai kocdiuientn
CTYNCHIB 321aBaTH METO/OM [10CHIIOBHOIO AiNIeHis HANPYTH 3 JONOMOTOI0 PE3HCTUBIOI MATPHLL
(man. 7.4).

R R R,=R

Ry=2R

L.

Man. 7.4. Tlpunuunosa cxema LIATIa 3 Usnnx
matpuueto R-2R _T_

OcHoBHUIt -elieMenT Takoi martpuui sBise co0ow NoAibHAK Hanpyr (Man. 7.5), skui
NOBHIICH 3AA0BOJILHATH HACTYIIHI YMOBY: AKIIO Bil HABAHTHKEHWI Ha onip Ry, To onip na sxou
Rex TaKkOK siopistiioe R, (npu y3romkenomy pexumi). Koedinienr nocnabienna nanpyr a=Uz/U;

l

o | -
N
'Ul l RBV:RH

Man. 7:5. Eksipanenrda cxema matpuui R-2R
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Ry

Ry iUz }

TNpH UBOMY NOBHHEH 32/1aBATHC.

I3 BUKOHAINISAM X YMOB OJEPIKYEMO HACTYIHUI BUPa3 JUIst ONIOPIB:

Ri=((Y-ay/ )Ry

Y Bunaaky ABiikoBoro KoayBaHns o=(0.5 i, AKWO A0NYycTUTH, 1O R,=2R, 10 y Bianosigocri
a0 ma. 7.5, R,=2R. Jlkepeno onopuoi Hanpyryn HaBalraxede Ha NocTiinmil onip Ry=R.

Buxiaia sanpyra rijcumonaua s qo'mpupoxp;uu(oro HATIa BU31@uaeThest BUPA3OM:

U, =—U,, 16R —2. (8K, +4K, +2K, + K ).
Jlst n-pospsanoro LIAlla snxinna naipyra gopisinoe:

Uy =-U,, RSy
[E1Y on 16]{ s it

Y nasantamenii exemi (Man. 7.4) BUKOPUCTOBYE B CTPYMOBIH peakum poGorn, konn Ol
BUKOHYC QYHKUIIO joaasadns CIPYMiB T4 LCPETROPIOC TX Y Buxijuly naupyry. Bianosizno
(GopMyBAHHA POIPALHUX CIPYMIB 3AIHCHIOCTLES 3 JIONOMOIOIO KINOUIB, 110 KOMYTYIOTL CTPYMH,
CrpyM KOPOTKOTO 3aMHUKaAHHSL HPH RLOMY JLOPIBHIOC

U, &
b = ]()R;l\' '

lenytors exemn LAl TiB, e BUKOPHCTOBYCTHCH peakciM pOBOTH GIH3LKNIT /10 XONOCTOTO X011y,
Koau ponalorsest nanpyry. Iopisisio 3 Man. 7.4 1y1 BUKOPHCTOBYCILCH 3BOPOTHE BMUKaHHs
BXx0Ay Ta Buxoiay marpuui R-2R. Haupyra xosocroro ‘(ozly 1pH ULOMY JIOPIBITIOC:

VU
I 1()R Z‘K

Y huwenase/cnnx  exemax  LATIax upuuimn  poGoth poimaancs 3 BHKOPUCTAHIIAM
PINOTCTHUHHX MCXQHTMANX KINOUIB, OJIHAUC Y PCAILIIX CXCMAX 3ACTOCOBYIOTH CIEKTPHYHT KIHOUI.
B inrerpanpinx exemax BHKOpUCTOBYIOTH MOH-KII04], OCKINBKH Y 11LOMY BHIAAKY 1a KIOHAX
CUAJL HANPYTH IPAKTUYHO AOPIBHIOE 1y (Man. 7.6).

Uon 2R 2R

L . 1 Ry
v j— — VT, | uaaam |

Y
-
o | } Ui

Ko _I_

Maui. 7.6. lpunumnosa cxema opioro pospasy LIATTa na MOH kinouax

YMUKalHA By3)ia J0MABAHHS 10 HYJALOBOT LWNIH MOMKIHA 3AIHCHUTH, SIK TOKA3AHO Ha man. 7.6,
3 AOTIOMOTO10 1IOPMRIILIIO 3AKPHTHX 11-KANATLHAIX NONILOBHX TPAHSHCTOPIB, OMH {3 AKUX KEPYETHCS
“epes - iBepTop. I3 naaxo/okeniaM Bucoxore pisHs Hanpyrs Ha xepyiounii sxia Ko, Tpamsucrop
VT2 siskpusaerses, a tpansucrop VT sakpusacrbes, [lorenuian criky gopisimoe nyiio. Tomy ans
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OJEPKAHHA HOCTOBIPHOrO PE3yNBTATY LNKOM AOCTATHBO HM3bKOBONBTIOLO JIOTIYHOTO CHTHAMY,
HE3ANEKHO BiJl BENUYMHYM ONOPHOT Hanpyru. SIKLIO Ha BXiA KepyBaHHs NOJATH HU3LKHI PiBEHb
VT: 3axpusaetecs. MoTeHnian cTiKy y LBOMY BHNAAKY TAKOXK 3aIMMIAETHCS pIBHMM HYIIHO,
OCKIIbKH Tenep NpoBOANTb CIPYM TpaH3ucTop VT,

HAIT 3 pesuctuBHOIO maTpuLelo R-2R He BHMarae MmMUPOKOTO JHanNasoHy HOMiHaniB
PE3UCTOPIB i TOMY JIETKO PEani3yeTsCsi HariBMNPOBIAHUKOBOIO TexHonoriero. Marpuusa R-2R 3aiimae
MEHLIY MIIOIMAAKY Ha TIOBEPXHI KPHCTANA TA JO3BOMISIE NOHU3NUTH A0 MiHIMYMY Napa3uTHi 3aBaan Ta
iHIYKTHBHOCTI PE3UCTOpIB i 3’eAHyBanbHUX npoBianukis. Onuaue Taki nepeTBOPIOBaUui MAKOTh
CYTTEBHIA 1ENONK: CHNBHUI BIUIMB HA TOUHICTH MEPETBOPEHHA HECTablILHOCTI ONOPIB KMOUiB Yy
3aMKHEHOMY CTaHi, 10 NOHUIKYE 4acoBY Ta TEMNEPATYPHY CTabiNbHICTS iX XapaKTEPHUCTHK.

BkasaHuil HejoMlik y 3Haubiii Mipi BAACTBCA YCYHYTH B CXeMax, A€ PO3psAHi CTpyMu
GOpMYIOTBCA 33 JONOMOrOI0 AKTUBHMX eJleMeHTIB (renepatopis ¢tpymy). OfHa i3 Taknx cxem
HaBeleHa Ha Man. 7:7.

Y uiit cxemi marpuus R-2R BHKOPHCTOBYETBCS Jnst (JOPMYBaHHS “ABIfKOBO 3BAIKEHHMX
ctpymis. Jlkepena cTpymy, BUKOHaHI Ha TpaH3uctopax Vi, VTaz, ..., VT, pa3oM 3 eTanonnumu
pesucropamn Re, BpoGAIOTE 0AMHAKOBI CTPYMH [, O HAAXOAATE HA BMXIA 3 AONIOMOTOIO KIIOUiB
K1, Kna, ..., Ko, kepoBani BxigHum koftom N. Li cTpymMn BMUKAIOTHCA 0 ABIHKOBOrO MOLIbHHKE,
AKWIA peanizoanuit Ha pe3ncTHBHIA Matpuui R-2R, mo ix nocnabnioc Ha BUXOAI BianoBiamo 3
Barosumi koediuicHramu. Buximnuit ctpym L{Aﬂa ZOPiBHIOE:

n-l

uu\ :2" 1 ZK 2‘

HAIT i3 cTpyMOBHMH KTIOHAMH MAKOTh HACTYIHI NEPEBArM: BUCOKA LIBWAKOAIS, 3yMOBEHA
MAIMMK 1epenagamu  Hanpyr, MajuMu MOCTIHHUMK uacy Ta DPUCKOPEHHMH  NEPC3IapSAKamMu
NapasuTHUX EMHOCTEH; TEXHOMOTIYHICTh BUTOTOBICHHS, 3yMOB/ICHA OAHOPIAHICTIO CTPYKTYpH.

>

'/v
? n-1

EK‘ &

uonf

Ry,

1
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Man. 7.7. Ilpnaumnosa cxema LAlTa i3 kepenamu cTpymy Ha akTHBHKX ENIEMEHTAX

V. puniesrananux cxemax LIAITiB BXiana iHpOpMaLlis NPEACTABNANACH Y BUITISAI UKCEN, L0
He Manu 3Haka. O0po6ka uucen i3 3HakoM Mae neBHi ocoGnuBocti. [na npeacrasnens uudpoBux
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KOAIB, AKi npm‘z’leoTb MO3UTMBHI Ta HEraTuBHi 3HAUECHHA, BUKOPUCTOBYIOTH JAEKijlbka
pi3HOBUAHOCTEH KOAiB (1MB. § 6.4.4).

TaKkuM UMHOM, 3a ZONOMOrOIO BOCAMH PO3PSLIB MOIKHA NPEACTABMTH YUCIA Y Aianasoni Bif —
128 110 +127. 3 ysonom uncen y HHATT wnsaxom fofasains 128 3cyBaioTe il alanasox 4ucen Ao
0+255. UYucna, Oinswi 3a 128 npu upoMy paxyloThcs NONATHMMHM, a uucna, meHmi {28 —
i’ emunmn. Cepeane suaueHns 128 sinnosinae 0. Take npeacTaBieHHA YMCEN, IO MAKOTE 3HAK,
yepe3 JOJATHI uMCAa HA3MBAIOTH 3CYBOM ABIFKOBOrO NpeACTaBieHus. JlonapanHs 128 moxkna
3B A34ATH 13 3anepeveHHAM 3HAKOBOTO pO3psaiy.

) Ru;\
Ry | -
l oIt l

) A d |

UO[I R'_?
—L +—

R'All
Y s, T

255 K max
H All e o
*~ %I{juux
DDI -

Man. 7.8. [lpmnwmnosa cxema L{ATTa fns
Ky K7 Ko Ks Ky K3 Kz Ki yuceny jsiiikoBomy J0aTKOBOMY KO
{06 oxepiaTh BUXiAly HANpyry 3 BIpHHM 3HAKOM, HeoOXiaHO 3aificuuT 3BOPOTHHI 3CYB
winaxoM signiManis [128A1. Sk nokasaito na man. 7.8, et komnencanifinnii ctpym gopmyersea 3a
nonomoroto migcumosaua Ofl; ta pesuctopa Ry i3 onopuol naupyru. Tomy cymapuuii ctpym
JIOpIBHIOE:
15=1k-128A1=1k-128/255Ikmax
11106 nigssumuTi crabiibIicTl y cXeMi, Moxia nepeabauntn gopvysaniis KoMnelcauifinoro
crpymy Gesnocepeanso y LIATTL Jina uiei metn 3pyunnii LAIT 3 TPHIO3ULIAHIUMH KIOHAMH, KOJIH
JaralibHa TOMKA KITI0MA BMHKAETHES J10 IPYTOTO BUXOAY.

§ 7.2. Auastiz Ta cunTes aHanoro-undporux nepeTsopioBayis

Ananoro-ungposi nepersopiobai (AL 3aiiiciooTs aBToMarildile NeperBopeHta (BUMip
Ta XOAyBaHHs) GE3NCPCPBHO 3MIHHUX Y 4aci aHAIOTOBMX 3HAUCHH Y CKBIBAJNEHTHE 3HAMCHH
yucnosux KoaiB. KinbkicHMit 38’830k 1A OyAb-sKOTO NPOMDKKY uacy ti BH3IA4a€rbes
COiBBIAHOMEBHAM :

N, =x(t;)/Ax£ 8N,

fe x(t) - amckpernmit sinik; N, — 3Haqcnas koay, 8N "~ noxubKa NepeTBopeting Ha
JIAHOMY KPOKOBI.

Jlns undpposux asTomatis BXianoio indopmaieio € widposnii kog, skuii popmye ALIT Bix

AHAJIOTOBUX YCTATKYBAlh. ‘ o .
I3 nepeTBOPEHHAM aHANOFOBOI BEMIMYMHM Y UNPPOBUH koA N KiHUEBOIO KiNBKICTIO PO3PALIB,
BUIMKAE CUCTEMATHUHA NOXKHOKa, IKa HA3MBAETLCS NOXMOKOIO KBAHTYBAHHSL.
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3riano 3 Teopemoto KotensHukopa, HeMae 110TpeSn nepeaasat HGCKIH‘{CHHy MHOMCHHY BCIX
3HANCHb OC3MEPEPBHOrO CUrHANY X(t), JOCTATHBO NCPCAABATH JMWE Ti HOFO 3HAYEHHA, AKi
po3miineni uepes intepsamy At=1/(2F), e F - BCPXHA UACTOTA CUIHANY.

- Y THX BUMAAKAX, KOJH NPHCYTHS AOCTOBIPHA IHGOPMALIA PO 3aK0H 3MiHK curnany, Budip
YACTOTH JIACKPCTH3ALIT MOXKHA 3AiHCHUTH, 'BHXOJIAMH 13 JOMYCTUMOI NOXMOKH anpoKCUMOBAHOT
Qyrkuii x(t) Ha KOKHOMY IHTEpBAi AUCKPETH3AILT:

fon = IO A

max
v 88
Ae Sumax — J0/IAHA JONYCTHMA MOXNOKa anpoKcuMaLii.
Binminnoio OCOGIHBICTIO JMCKPETH3ANIT 3a PIBHEM € 3aMina Ge3NCPEPBHOI WKaTM piBHA
ANAIOrOBOIo CHrHAny x(t) CKPETHOIO INKANOK N, (i=1,2, ..., m), B akiii pi3ui 3nauenns curnany

BIAPI3UAIOTECA MK cOG0I0 MeHille, HiK Ha (])1Kconam, (d60 subpane y npoueci KpauTysanis)
BHAUCHHA AX, U0 HA3MBACTLCA KPOKOM KBaHTYBaHHs. HeoOXIAHICTh KBaHTYBANKS BHKAMKANA THM,
wo unppoBi ABTOMATH MOKYTE (YIKLIOHYBATH JIMUIE 3 MHCHAMH, AKI MICTSTh CKIHUCHC YHCAO
PO3PAAIB. TAKHM UKHHOM, KBAIITYBAHHS ABJNAE cOGOI0 OKPYIIICHHS 3HAYEHD, (IO NEPEUAIOTLES 13
32aH010 TounicTIO. TIpH PiBHOMIPHOMY KBAHTYBAHII (AY=CONSE) UMCAO AO3BONCHHX AHCKPETHHX
PIBHIB Xi CKIAAAE 11=(Xmax-Xmin)/AX, 1€ Xinax TA Xemin — BUUTOBLAHO BCPXHS Ta HIDKHA MEKa Juanasony
3MIHK CHPHATY. UMM MeHLie 3nanelns Ax, THM MEHIIA OACPIKAHA NOXMGKa, AKY HA3UBAIOTH LYMOM
KBANTYBAIHS | BU3HAUACTHCA SK PISHULA MK NOTOUHMM 3HAUEHHAM AHANOIOBOID CHI nany x(t) Ta
HOT0 ANCKPETHHM nipeAcTaBicHHAM, TO6TO. £(x)-= X ~N,. SIkwo - BHACHiIOK KBaHTYBanNA Gy)ib-

AKI i3 3HaUCHE cHrnany x(t), o nonan B inrepran (N, —Ax/2; N, +Ax/2) 3aokpyrinoiothes 10

N, .- 10 ButHKae 1pn uLOMY Moxubka £(x), WO HE NEPCBHILYE TONOBMIM KPOKY KBAHTYBaHHS,

TGO Ak —0 S A
106710 max[E(x)]=0:5Ax. Ha npakrnui kpox ksanTysaiis Ax BHOHPAIOTE, BUXO/LYM i3 piBls 3aBan,
y Tiit abo inmiit dopmi, wo npucyTHi npn BuMipax, lepeaBaINAX Ta obpobueHni peanbinx
CHIHAIB.

Ha man. 7.9, a nasesena xapakiepucrika 1epetBopeHus, a ina man. 7.9, 6 — rpacdix 110xuGKkn
KBAHTYBaHIsL Tpupospsinoro ALlTa juis HopmMoBaHOro BXiAHOro cHrHany.

111
110 A’
101
100 e
o1l LT
010 "l‘
001 -
000 k= a)

+0.5 OMP [l d- e s -

“0S5OMP [~ Y R R

— = g)

Man. 7.9. Xapakrepucthia kBauTysaiis — a
Ta rpadik Noxubky KBauTyBalus ~ 6

Ha ropusonranshiii oci man. 7.9, a noxasaHo HOPMOBAMMI  AHANIOTOBMI  BXia, Ha
BEPTHKANLHIM — ABIHKOBI uncna Ha BllXO}ll AlllTa.
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Jucnepcis IoXMOKH KBAHTYBAHHL HPW PIBHOMIPHOMY 3aKOHOBI PO3IOJLIY A0PiBHIOE:

Avi2

DIEl= [E1/,8)dE = (Axy' /12 (73)

-2

ne 11(&) — rycruiia iIMOBIPHOCTI JUISt BUIAAKOBOT BEJIMUNHN &,
~ MakcHmanblie 3saucHus  noxuOKn  KBanTysanus craHosits +0.5 0jHHWI MOJOAILIOrO
pospsiay (£0.5 OMP). Lle nokasano na mai. 7.9, 6.
lncrpymenansha noxutka ALl Ta 3yMoBIcHa HEJOCKONANICTIO OKPEMUX EACMCHTIB CXEMH Ta
BINIMBOM Na NHX pisnnx siecrabinisytounx Qakropis. lHeTpyMenTanbiia Moxnoka NPH3BOANTE )10

TOI'0, 1O XAPAKTEPHCTHKA KBalTyBants peansinx ALITiB siapisHsierses i ijieansiiol, naseienoi

va MaL7.9, a. SIKUO CePeAMHE CTYICHIB LACAIBHOT JAMAHOT JIiHIT XapaKkICPUCTHKH KBAHTYBaHHs
3'€IHATH, TO O/ICPKHTLCA IIPAMA 3 OJIHHHMINM HAXIIIOM, 110 BUXOJMTL 3 N04aTKY KOOpAHNAT (11a
MANIOHKY — WrpHxoBa Jiitis). Y peanpiiomy ALITI 1 npsiMa e npoxomTs vepes Hyib (HOXHOKd
SMICHEA HyJR) | 0T Haxul BLUPISHACTLES BIJL OAHHHYHOTO (1OXHOKA KoedilieHTa nepeasaniis).
IToxubka KocdilicHra nepepaBanns y JUANA30HI EPCTBOPCHIB CHIHANY BHKIMKAC NOCTiHHE
BULNOCHE BIIXMIICHHS BUXIZANONO 3HAUCHNHS BijL JUHCHOTO, @ NOXHOKA 3MitEHHs HyJs 3yMOBIIOC
nocTifiny abcomoTity oxndky. KpiM 1010, y peaibHIX XapakTEPUCTHKAN MAC MiCHE BiXHICHIg
YCEPEANCHOT XAPAKTCPHETHRI KBAMTYBAHNA BIL ACUILHOT FPAMOT 1 YCLOMY JUANXI0M Minm
BXIAHOrO cHriiany (noxubka Heniniiinocti). Taxum uMHOM, 3 TOUKH S0Py CTATHYION TOUHOCTI
POGOTH, BRUCPIHOIO XapaktepreTurows AL Ta ¢ Horo peasisiia Xapakiepie inka KBAHTyBaliis,

13 1EpeTBOPCHHAM CHIHAIB, 111D 3MIHIOIOTHCH Y Haci, BHHHKAIOTH jiunamivii noxubku, ski
XapAKTCPHBYIOTL. 1ICPIOJOM (HACTOTVIO) KBAHTYBAINS, YACOM HEPETBOPEHHS Ta HCBANOBIWICTIO
BXIUIONO CHITIANY NCPETBOPCHOMY UHGPOBOMY 3HAucHIN0. QcTatiis BHIHKAC TOJ, KON BXLUIHI
CHIHAIL HA TIPOTA3I Hacy NEPCTBOPCHISL 3MIHIOETLE OUILINe, HIK 114 OJARIHLIO MOJIONIOTO
po3pasy. TakinM 9HIOM, TIPK 3MIHHOMY Y 4aci BXIAIOMY CHIHANT CTBOPIOCTBCS HEBHINAUCHICT Y
ToMY, SKHM Y JUicHOCTE GyJIo MUTTEBE 3HAUCHN BXIUIONO curiiany nij vac sudupainis. tac mix
MOMEHTOM (pikcallii MHTTEBOIO 3NAUEHHA BXIJIHOIO CHIBAy (MOMEHT BIJUIIKY) Ta MOMEIITOM
oiepKANNS  HOPO  IHhPOBOTO  CKBIBAICHTA HAZMBACILCA AUCPTYPHHM  HaCOM, a noxubka —
AnepTypHOIO.

Jls amerinenst Junamivnot (anepryphoi) noxudkn Alllla BHKOPUCTOBYIOTL yCTATKYBARHS
Bubuparis ra 30¢pirants, 10 -BMHKAETLC MK BXOAOM ALITT 12 BUXOJI0M JDKCPCIA A1IAI0I0BONO
curnaity. Poora LMK YCTATKYBallL IPYITYETHes na upuigni Qikcatdi MUTTEBoro snauenis
SMIHHOPO Y dach BXIHONO CHIHaNY na vac, AKHH HCOOXUINI JUIM HACTYIHOTO 1EPCTBOPCHIS B
AL romy TX e nasusaioTs GikcaropaMu.

Jlst nodynosn npunisnosux cxem ALTIB BHKOPHCTOBYIOTH, B OCHOBHOMY, TPH MCTO/IH
NEPCTROPEHIIS: NAPAICHBHII, WO PYHTYETBCS HA BHKOpHeTaHni (2"-1) cralonis 3 Baramy, sk
BIAAPIZHAIOTHCA MK COBOIO 114 OJAHI KBAHT, 1 JIC IPOXOJINTL NOPIBHAINS  BXIJUIOTO  aHANOTOBOIO
SHAUCHHA 3 KOXKHHM  CrajoHoMm npu  jonomosi 2"-1  cxeM  [OPIBHSHHS  (KOMITAPATOPiB):
HOCHIAOBHKE: Q) HOCHIROBHKIT 3 OJMHHMIKEM HAGIIBKCHIIM, 110 TPYHTYETHCH Na 3PIBHOBAKEHH
BXUUIONO QHANOIOBOFO 3HAUCHHSA CYMOIO MAKCHMAIBHHX (JUIS KOHKPETIOIO 1ICPETBOPIOBAYA) 110
Ba3i eTanoHis (ksairis), 6) 3 ABIHKOBO-3BAKCHUM HAGIIHDKCHIAM, B AKHX 3PIBHOBAXCHIS BXII0I0
AHAJIOFOBOTO 3HAUCHHS HIHCHIOETHCH CYMOIO -cTalionin (n-uucno pospsais Alllla), 3sakennx 3a
ABIIKOBHM  3aKOHOM; B) 3 HPOMDKHHM HCPCTBOPCHHAM  BXIJIHOTO  aHAIOrOBOIO 3HAYCINA B
irrepsasm vacy abo HacToTy, 3 HACTYNHHM HICPEIBOPCHIBIM Y IGPOBHIT KO 1) €3 NPOMIKHOTo
HEPCTBOPCHIA, JIO AKHX MOXIHA BIJIHECTH NCPCTBOPIOBaYi. Hanpyra—vacrora, 10010 4actora
nosropenis BaXiaux iMiynseis raknx ALTiB nponopuiiiia sXUUHIOMY aHAIOIOBOMY 3HAUCHHIO;
) inrerpyioui AL jic BHKOPHCTOBYCTBCS Y NPOLECT [ICPETBOPEHHSL ONEPAILS tHTErpyBaHis
BXLAHONO  QIANIOrOBOr0  CHUrhiaily  3a  (hiKCOBAHMI  MOMCEHT Hacy;  NOCHIAOBHO-NAPANCIbII
POBAUBIOTLES Ha GAraTocTyNeHesi, B AKX 3aCTOCOBYIOTL JicKuibka Hapanensuux LIATTB, wo
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MPALIOIOTH NOCTIA0BHO Y Uaci, Ta 6araToTakTHi, B AKMX OJMH i ToM ke napanensinii ALIT npaioe
TMOCITIAOBHO ACKiNbKa pa3is 3 BLAMOBIAHUM KEPYBAHHAM NMOPOrOBUMH Hanpyramu.

I3 Benukoi pisHoMaHITHOCTI cxem ~ALIITiB posrnsneMo fmuie HACTYNHI: mapasensHi,
MOC/MAOBHE 3 OAUHWUMHMUM HaOMKEHHAM, 3 TPOMIDKHMM TIEPETBOPCHHAM B IHTEpBaili wacy Ta
JBOTAKTHOIO iHTErpyBaHHA.

Hapanenvni AL 13 XapaKTepHUCTHKH KBAaHTYBaHHSA Mand. 7.9. Bu/HO, W10 NpM peanizauii
napajiesbHOro ¢roco0y NepeTBOPEHH HEOOXIAHO 3M1HCHIOBATH OJHOUACHE KBAHTYBAHHA CHUrHANY
npu J0MoMo3i HaBopy KOMITapaTopiB, AKi MOBMHHI BMHKATHChL NApajeNbHO J0 JDKEPEa BXiAHOro
CurHainy, a noporoBi piBHI KOMMApaTopiB MOBMHHI OyTH MOCTIHHI | 3anexaru Bijl KpOKy
KBAHTYBAHHS, 1O MOKHA 3JIHCHUTH NPH JIOTIOMO”I PE3NCTHBHOIO MOAIUTLHHMKA, AKHA BMUKAEThCS
210 Jokepena oi1opHoi Hanpyrd Ugn, BIAMOBIAHO 3 WKANOK KBAHTYBAHHS, U0 BUKOPHCTOBYETHCA.
Yucno piBHIB KBAITYBAHHA, A BIAMOBIAHO 1 4MCnO Kommaparopie Ans n-pospsaHoro AlllTa,
JIOPIBHIOE 2™ roni ana TPUPO3PSAJIHOIO MEPETBOPIOBAYA UNCIIO KOMItApaTopiB AopiBHIOE ciM. T1pn
Takiii 3anexHocti Buxigni cramn koMnapatopiB KiKeKsK4K3KaKy ssnsioTeca pesynbratamup
IOPIBHSIHHSA aHAIOTOBUX BENMMMH i3 JDKEpE/laMH OMOPHUX CHIHATIB i MOKYTh OyTH onucaHi
rpaom man. 7.10.

K() AU] Kl AUz KZ
0000000 - 0000001 0000011

Ky
0001111

K
Ol1itli

Man. 7.10. I'pad 3MiHY CTaHiB KOMMAPATOPIB Y NApaMeTPHUHOMY
ALITi y 3anexHOCTI BiA BXiAIOl Hapyru
Ha manroriky cranu komnaparopis K7KgKsKaK3KoK (, AU — kpok kBaHTyBaHHA Hanpyru. Sk
BHAHO 3 rpada man. 7.10, Ha BuxoAax KomnapatopiB (hOPMYeTbCA YHITApHHI Koj, Ana #ioro
MepeTBOPEHHA y JBIMKOBUI HEOOXiZHO BHKOpMCTATH KoAylode ycratkyBaunsa. CTanu JaHoro
KO/LtOHOr0 YCTaTKyBaHHsi MOBHHHI 3a6e3neqmu BUXijHi aBifikosi kom ALlla zg, zy .., z7
nokasaHi Ha rpapi G={a, z} man.7.11.

G

=7 ~6 =5 : “4 -3 2 ! “0

Man. 7.11. Crany BUXiaHHX KOMLIB nsa(%menmoro TpupospanHoro ALllla

Ha mamonky z, =avaia: =000, z; =avena, =001-it.a

Ha man. 7.12. nasenena cxema napanesnsioro Alllla, ae y axocri koiyiouoro yraTkysanis
BHKOPHCTOBYIOTLCS Jjiorivni exemu (JIC), a xoryiouuit npuctpiit smontoBanuii na 113Y. Y cxemi
Bukopucrani komnapatopu K1, Knz, ..., Ko 3 nam’stiio. 3 nojaueio Ha KepoBasi  BXOAM
KOMITapaTopiB CHrHafy, WO AopiBiioe noriuHid oauuuui (C=1), BONM 1pawoiors y pexumi
TOPIBIAIKA Ta MACKIEHHS, @ NpH curiani noritHoro uys (C=0) — y pexumi 3anam’sTosyBatiis.
Bubupanng BXifHOro aHANOrOBOrO CHrHANY NPOXOJMTHL MCAS NOABH (DPOHTY CTpoGyIOUOro
imnysibey C. KojtyBatus npoXoAnTh 3 MOMCHTY HaJXOKEHHS 11a KEPYIouuil BXiJ KOJ1yioHOro
YCTATKYBAHHsA 3pi3y CTPOOYIOUOTO iMIyabCy. PesynbTard sanncyiotues y BuxigHuit Oydepuuil
pericip 3 nosBoio (ponTy HACTYNHOro crpobyiouoro iMnynscy. Y mauiii cxemi komnapaTopi
MPALEOIOTL Y POUKHMI CHIJKYBAIIHA Ta 3anam’sTOBYBaHHs, T00T0, KpiM (YHKUiH ropisHsiilis
BUKOHYIOTh (pYHKIIT yeTarkysalll BuGupanus 1a 36¢piranns. TakuM UWHOM, 11pOLIEC KBAHTYBAIIIS,
NOCAHYCTHCS 3 IPOLIECOM JINCKPEeTH3altil, a Juis 3auam’stoBysanus sunOpanux sHauenb Us(l)
BHKOPUCTOBYIOTLCA LM(POBI YCTATKYBAHHS.
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Man. 7.12. Ilpunumnosa cxema napanensnoro AlllTa

Sl o i3 rpada Ma. 7.10, KOMIaparopH BCTAHOBINOIOTLCA Y CTAHH JIOMYHOT OJMHHULI 1O
uep3i — 313y A0BEPXY. OIHaue Taka UCProOBICTh HE FAPAITYETHCS TIPH KPYTHX (pottax (y JaloMy
BHITAAKY — 3pi3ax) ¢TpoOylovoro iMilynbey, OCKiIbKM MEPE3 PI3HHIIO y uaci 3aTpUMKH,
KOMITAPATOPH MOXKYTh HICPMHKATHCE Y Oyib-iKOMY 1Opsijiky. 1leil nepexiaimit cran 3a nesHux
HECTIPHATAHBHX YMOB, (KoM 3pi3 crpoSylonoro iMity:scy Ta ponT curitany Uu(l) criBragaiors)
moxe OyTn sarcannii y nam’sre komnaparopis. oG usoro yuukiyra, y napaiensuunx Al{lTax
BHKOPHCTOBYIOTL Jioriuni cxemu (JIC), siki 3uificiioloTh BUAIICHHS BEPXHBOIO KOMIAPATOpA, 1O
CIpaoBas, a B AKOCTI Koaytouoro yerarkysauist [13Y, ake BUKOHAHE 11a jiofax (JLIIB §6.11) 10
TPAILOE JIHILE JUIs 11UbH. .

Y uiit exemi JIC nepetsopioe npsimi Ta iHBEPCIN CHIHANH KOMITAPATOPIB 3 NaM sS(TTIO TaKHM
YUIOM, WO JIOTYHA OAMHMIUA 3ANMILACTLCE NMILE Ha OMMII miMii, a ue BiANOBIAAC BUIIOMY
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HOMEPOBI KOMNapaTropa,” W0 crpawioBas (npu niapaxyHky 3uu3y). Llefl curnan jpae 3mory
niapaxosysatn MoTpibunii pesynstar i3 TI13VY, sixe mae Bci mownuBi g Alllla konosani
KomGinanif.

Y posrassyTiii cxemi ansa po6otn ALITiB 6e3 360iB HeoOXiano, WOG 3a vac 3nivyBaHHs t,
pe3ynbTaTiB 3 BMXOAIB xommnapatopis BXiaHuil curHan Ue(t) 3MiHiOBaBCA He Oisnbule, HbK 32
3naueHHs Kpoky KsaHTysanus AU, 10610 AU> U(tt,.

3aBsky napanensHiit pobotr: kackaiis onucaunii ALl mae Bucoky mBmrikoaio. Ilpu
BUKOpUcTaHHi Mikpocxem cepii ECJ1 — moxHa 06pobnatu curnanom ao wacrtoth 50 MINi sume.

Hocnidoeni AL 3 odunuunum nabaugcennam. Ctpykrypna cxema takoro ALl i3
CTYNIHYATO MIIKOMOAIGHOIO HAMIPYIOl0 HA BUXOAI HaBeAeHa Ha Mait. 7. 13. a, a yacosa aiarpama
poboru na man. 7.13. 6. Imnynec 3anyckanus (ITOYaTOK WAKIY NMEpeTBOpeHH) BMHKAC JIUHABHHK
DD4 no Buxomy reHepartopa imnynscis DD1. Ockinbku Buxoan niuumnsnuka DD4 cnonyuei
Beanocepeanso 3 Bxonamu LIATTa DD5, To nanpyra na BUXOAI octannsoro Uyan 36inbmyerses 3a
CTYNIHYATHM MUIKONOAIGHUM 3akoHOM (Man. 7.13. 6), mpuuoMy 3HAueHHA CTyIEHs BiANOBinac
OJMHMIL MOJIOZLIOIO PO3PAAY.

N
DDI1 T
r DD4 [ DD5
2 Al e
+1 2
\ : LATT
DD2 __'—— — ]
sanyckanis| o .. Q __‘ :
—t bed 2“
R Qd Uigan
Uﬂ\

a) : _>’j_ U

Man. 7.13. CtpyxrypHa cxema 1ociigoBHOro
ALllTa 3 0AMHHYHHM HaOMDKEHHAM — a,
yacosa aiarpama pobotu — §

[Ipouec nepersopenia 3aKiHuyeTbes TOAI, konu Hanpyra Uyan 3piBHACTBCH 3 BXIUHOWO
Hanpyroio Ug. [1pn upomy komnaparop K 6nokye nocunanns Jigumbiux iMAYabCiB Ha TUUIBHUK
DD4, a suxianunii kon N € nM(pOBAM CKBIBANEHTOM BXiAHOI HANPYrH, y 4ac 3akiHueHHS
nepersopents.  Crarmuia -noxubka NepeTBOPEHHs BH3IHAYAETLCS B OCHOBHOMY CYMapHOIO
craruuHolo noxuokoio LIAlla Ta kxomnapatopa, 10 BukopucToBYIOTbCS. LlIBMakomia, ska
XapaKTepU3yCTbesl YACOM  [IEPETBOPEHHS, BU3HAYAETLCA YMCAOM PO3PAAIB N Ta 4acTOTOlO
TUAALHUX IMIYALCIB 1, Yac nepetsoperis Alllla sBnserbes 3MiHHUM 1 BH3HAuaETLCS piBHCM
BXiAHOI Hanpyry. -MaxkcuManpamii uac nepeTBOpeHHs, MO BiANOBIAAE MaKCHMATBHIA BXiaHili
HANPY3i, AOPIBHIOE to ,,,(,xv=(2"']»l)At_q, :

Je Aty — NEpiojL CIHAYBAHHS TUHABHUX IMIYECIB.

AT 3. npomiycnum_nepemeopeniam g inmepsai uacy. Y takux Allllax sjuilichioeTncs
NPOMDKHE TIepeTBOPEHHs BXiAHOro ~curiany (nanpyru) Us y nponopuifinuii oMy uacosuii
intepsan Ty AKUI 3aMOBHIOETLCS JUMIBHUMM ~IMIYJIBCAMH  €TAIOHHOT -4aCTOTH /. Yucno

X
>
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IMIy/1bCIB, 110 3HANOAATECA Yy BHMipHOMY iHTepBani Ty, NiApaxoByeTLCs NiMMILHUKOM Ta
BIJIAETLCA SIK UMPOBIIT EKBIBANEHT CHIHANY, 1UO NepeTBopHBea (Man. 7.14. a, 6).

DD4
l R [
& T2 -
IMIysisc 10 | N
:xariicxamm — _c .
q;- 2”__.
3aryckanus
AN &

Y-

Man. 7.14. CrpykrypHa cxema
AL 3 npoMBbKHKM 11EPETBOPEHHAM
B irepsani vacy — a,

NacoBi Jarpamit — 0

N
>

[py LbOMY CHIBBUIHOINEHHS MIDK KOJLOM Ta BXIZUHM CHITIAIOM MAE HACTYITHNI BUINSL;
N=T A= o/ (Atetr)
i€ o — WBUAKICTL 3MilIM HANIPYIK reHeparopa nunxkonoaiGuoi nanpyrn (1°1)
oa=dU/dt

Crarnuna noxnbrxa  Allila Bu3zHauacrhes  HecTaGiALHICTIO  waCTOTU . BIAXIIEHHAM
XapaKTEPHCTUKH ICHEPATOPA IUNKONOAIGI0T HANPYrH B LACAILHOT, NOXHOKOIO KOMNApaTOpiB,

AUl dgomaxmuiozo inmezpysann. Bume onncani ALUTI Maioms  BijHOCHO HH3LKY
3aBALOCTIHKICTD, TOMY JIO3BONSIONA 304THICTL CTiiKa Ha piBni § — 10 pospaais. Bix tnx nenoniis
nosGasneni AL irrerpyiouoro THuy, Jie BUKOPICTOBYCTLCS Y NPOLECT NMEPETROPCHHA Oncpaltis
IHTErpyBaKis BXiAIOIO CUIHAJY 3a 3aJlaHnil iHTCpBa Hacy.

OminM i3 NOWHPCHUX MCTO/LIB TAKOFO MEPETBOPCIIHS ¢ CXCMaA JUBOTAKIHOIO ilrrerpyBaiis
(man. 7.15, a).

Honunii wnxn i poborn CKIAJAETLCA i3 JBOX TakTiB, Y nepmomy iMnynse sanyckauns,
Aitoun na Tpurep DD, Bmukae kniou Ky, nicna 9oro nepersopiopanbhnit curnan Uy, 10A€Thes Ha
BX{J1 inTerpatopa. Ha oaun Bxin komnaparopa nojactses Buxiana nanpyra inrerparopa Ui, a Ha
Apyraii — nynpoBa Hanpyra. OCKiIbKH y nouartkoBui MOMeHT uacy t) (Man. 7.15, 6) uanpyra
INTErpaTopa JIOpIBHIOBANIA HYIO, KOMfapatop cnpaunoBye i nepekujac tpurep DD3 y cran
JIOVIUHOT OMIKIL, K PE3yNKTAT BiAKPHBaeThCA Joriuna cxema DDS, i imnynsen reneparopa DD4
NOYKHAIOTH  HAAXOAMTH HA  Aiguieduk  DDG6. Inrerpysanns wanpyrn Uwe nposoautbest 3a
hikcosannii inrepsai yacy

T=t-tiI=MAt,=2"AL, 7.4
ne M=2" — koehiuicHT nepepaxynky niunaLHuKa, ‘
Buxinna Hanpyra interpatopa 1na intepsani yacy ({1; t2) 3MiHIO€ThCA 32 3aKOHOM:
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Man. 7.15. Tlpunupnosa cxema Al{lla ABOTAKTHOTO iHTErpyBaHHs — a,
yacosi giarpamu — 6

Kineus intepsany T ¢iikcyersest niumnsHukom DD6, skuit y MOMEHT uacy tr BUAac iMnynse
NeperioBHERHS, Lo HAIXOANTS Ha Tpurepu DD ta DD2. Tpu ubomy kmou Ki BAMUKAETCA, KIOU
K> BMHUKAEThCA, i PO3MOUMHAETECA JPyrHil TaxT poboTu nepersopiobaua. Ha exia interpatopa
renep noctynae onopHa Hanpyra Uon, WO Mae 3BOPOTHY MOJSPHICTE MO BiAHOWEHHIO A0 Us.
[TOUMHAIOUN 3 MOMENTY Uacy 1y NiMMIIBINAK 3HOBY 3AMOBHIOETLCA iMNyabcami 3 renepatopa DD4, a
Harpyra na BUX0/li iHTerpatopa {aue. Mai. 7.15, 6) 3MEHIYETHCH 33 3aKOHOM:

Ly
Uy = U ()= o [Vt (76)
(5

i B 'Moment uacy t; Uiy cTac piBHOIO Hymo. KomMnapatop NOBEPTacTbes y MOUATKOBUI CTau i 1o
iHBEpCHOMY BUXOJLy lepeknac Tpureph DD3 ta DD2 y uynbosuit ctan. pu usomy Hanpyra Uon
BUMUKAETBCA Bijl BXOLY iMTerparopa, a curHan 3 Buxoay DD3 3a6opous€ nosaBaHHs iMnysnbciB
renepatopa DD4 Ha niunnsHUK. 5K pe3ynprar, JiMnBHUK QIiKCYE YHCTIOBUIE KO

N=T\/At; , a0
ne T=ty-ty, ‘ ‘
I3 BpaxysaHusm (7.5) Ta (7.6) onepkuUMO:

UBXT=UOI’ITX B

ji¢ Ugx - CEpE/IHE 3HAUEHHA BXiAHOTO CUTHATY Unx(t) Ha intepsani vacy (t; t2). [liacraBusmu
y ueii supas (7.4) ra (7.7), suaitiemo:
L v 2
At UgAt, U, ™

TO6TO BuximiuH Ko ALITT mponopuiiinmii sxiuiii Hanpy3i (fo cepeAHBOMY 3HAUSHHIO).

(7.8)
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lirrerpyBanna BXinHOTO curtany y posrassytomy AL npussouts 1o #oro yCepeHEHHS
T2 3ITA/DKYBAHHSA (nocnabnenna) ycix WBMAKHX TOPIBHAHO 3 4acom inrerpysanns T 3asag,
HaBOJ/IOK Ta [IYMiB.

Kpim ‘Toro, #oro BUKOpHCTAHHA Ja€ 3MOTYy KOMIIEHCYBaTH pAj CKIaAOBMX CTATHYHOI
poxu6xu; AKY BHKJIHKAE HECTAOLILHICTL MOPOry CMpALiOBAHHA KOMIIAPATOpa Ta MOCTIAHOI vacy
IHTErpyBaHHs.

. Lenakonis Alllla nesenuka, npu 3ajanomy uuciy PO3pAZIB BOHA BU3HAYAETLCH HACTOTOIO
JUNIBRUX IMOYILCIB ;= /At BuGip 0cTaHHBOT 06MEXKYETBCA HACOM BMUKAHIIR KOMIaparopa.

>

3aBaanus A CAMOKOHTPOJII0

. BusHaunwty Buxinny manpyry LlAlTa, akmo Ha foro BXij HaaXOMMTh undposmit kop 1011, a
oropa naipyra Ugy=5B.

2. Bunauntn pisni Buxiuioi nanpyru matpuui R-2R (s, man. 7.4) 1pu Bxigunomy xoni 8 (1000,)

a5 (01012), axwo U=5B (noriuna opminus), U=0 (noriunmit wyis).

3. BusHaudTH 3HAYEHIA BUXIAHOTO CTpYMy juis 8-pospaatioro LIATIa 3 jukepetom CTpyMy Ha
AKTHBHUX QICMCNTAX NPH BXLoMY kol [111. CTpymn, o npoxoasts uepes TpaH3ncToph,
AOpiBIOIOTE =10 MA (ume. man. 7.7)

4. Y CcKUbKH pa3s MOMHA TBHMWATH WBKAKOAIIO mocnigosnoro Alllla 3 opunuunum
HabGimKeHHAM (AuB. Man. 7.13, a) ta 3 MPOMIKHHM TICPETBOPCHHAM B H1ITEPBAi vacy (B, Ma.
7.14, a) npy 3MeHLIEHHI Yncaa pozpsais 3 12 1o 8.

- Busnauntu noxubky ksanTyBanus 12-pospamoro ALllTa.

6. BusnaunTn ancnepcilo noxubki KBAHTYBAHHS, AKILIO KPOK KBAaHTyBaHHs jopisHioe 0,1 (yMoBHa

OJIUHULIA).
7. Homy ALITT napanessHoOi Aif MAIOTL NOPIBHANO HEBEIHMKE HUCIIO po3psiB?

wn
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T's1aBa BocbMa

8. AHaJjiiz TA CHHTE3 cHCTeM KePYBaHH# 3 HMPPOBHMH aBTOMATAMH
(peryasiTopamu)
[20, 21, 22, 23, 24]

Taki apromaru llpH'}Hd‘iCHl A NEpEeTBOPEHHA CJICKFPII‘{IIOI LlleFll I'IPOMHCIIOBOI ML];)C)I\I B

GIILDIIIO KepyBaltts ENCKTPUYIHUMH - BHKOHABYHMH ycralxynammmn Ta MexaHizmamH,

HOpMYBatHA 11 3a BEMYHHOIO Ta YHOPAAKYBaHAM Yy ‘lel BUAITOBI/IHO JIO 3aJ1aBAIBLHOIO PEKUMY
pOOOIH BHKOH(IB‘IHMH MexalizmMamu MOXYTh 6yrn LIILKTpM‘lHI JABHI'YHW HOCTIHIHOTO Ta 3MIHHOM

1CITH, oCBITINOBANLHI fipujIaan,
KOBI BUTYHH LJICKI HUHI IlchplBaﬂblll CJIEM
s i i b CHCKTPOHHO-

i i ' k ABTOMATH,
cexTpoayroBi  Ta  hykuiitni Harpipaneii  CHCTEMM, 3BapiOBAnbHi

; At Treda T Bcenell:
III)OMCHLBI YCTAaTKyBaHHs Ta i, Ha ocHosi Takux .aproMaris OyiytOTbes TaKoXK JOKCpCid

T TeXIiKHY,
€JIEK] I'pO)l\l/IBﬂCIlHﬂ pdAlOLIILKTpOHHOl anaparypu ta 3ac00iB OOUHCIIOBAILIO

Crcrema astoMatuunolo kepysanis (CAK) Takoro thily y CHpPOLIEHOMY BapianTi Hapenen

na man. 8.1,

T oK
EIP = { yyn —— msn

jajaBaHHH U3(t)

Mar.8.1. Cnipoiuena crpyKTypHa cXeMa CUCTEMH KepyBaniis

Ha MamoHKy HaseeHi HACTYIT OCHOBHI YCTATKYBaHIA CHCTEMH ABTOMATHYHOTO KepyBallbs:
PErYIUOIOUT TA NEPSTBOPIOBANLHI ENEMEHTH (PYIE), o6 exy xepysanna (OK), niepsuimi BUMipui

nepersoprosayi (MBI, yualkyualum y3ropkennst Ta nopmysaitas (YYH) a wdposnit asromar-
; D>
Pu)lli;l‘s\li (L,Etllghlll KepyBalis 3AHCHIOOTL: BRIPAMICHHS 3MULIOT Hanpyry y 110CTiiny, 1'|
peryniosatts Ta crabinizaiiio, nepeTsopenis eneprii JpKepesia MoCTiiinoro ¢Tpymy y 3minnuii 3
BIAAUEI0 Y MEPEKY 3MILIHOTO CTPYMY (aBTOHOMHI ilLBEPTOpH), TOGTO BUHCHIOETBCS NEPe rnopenm;
3BOPOTHE BHIPAMIEHIIO, 1ICPETBOPEHIIS YACTOTH MCPEXKi 3MIHHOTO CTPYMY B CHEPrilO CTPYMY
4ACTOTOIO, IO BLAPI3HACTHCH BN HACTOTH MEPEKi HKHMBIEHNS, 1IEPETBOPEHIN IMIHOT HANPYIH, W10
HAZXOAHTD 0 HABANTDKENHS, TOGTO 3MIHIOETLCS TOTYKHICTD, AKOIO JKHBHTLCS HABAHTAKCHIA BiJL
ro CTpym
Mepc}ll(’le:‘h;}:ll:::)m rldy I):CpLI'BOplOBaﬂbHI enemenry  (PIIE), oprann -1LAP, SlBIISllOTI: i:o(o:ol
CTIOAYYEHHS OAHOTO 200 ACKIMBKOX TUPHCTOPHUX UM TPAHZUCTOPHHX CHCKTPOUHUX Kilouis I:
Y3ropKyBansiux Tpanchopmaropis abo Ges nux. EuxepretHyni XapakTepHCTHKN. LIHX yCTa' I'Kdel);
BU3IIAUAIOT, CIJIOBI €JIEKTPOHHI KIIOUi, HAa OCHOBI Akux OyAyeTees CHCTEMA KCPYBAHA ;
3aKPUTOMY CTalll KIIKOM e CIIOKHBAC EHEPFil, a Y Bprm‘o'vxy BHACHI/IOK HacKHueHHs, Cliaj udnpyl‘u
na KIOYI MiniManbii | Ckaatae JoNi BONLTA, MOTY)KHICTE PO3CIIOBaINS HA BIAKPHTOMY KJ119||
Takox Minimansua. Ocolnupe sHauenns ans no6yaosm uu(bpom_lx dﬂBl‘OMdI‘IB‘ pcxynmopu? 1:<l
NEPETBOPIOBAUIB MAIOTD - KJIOU] 1A “THPUCTOpax. Perynaropi 3MIHHOT HAIPYIH BHKOHYIOTHCH
314

BHIBITKOBO JIAIIE HA TUDHCTOPHHMX KINOYAX 3MIHHOT 1anpyrH. TUPHCTOPH HE 3aMiluMi y cxemax
KCPOBAIMX BHIPAMIAYIB, NEPETBOPIOBAUIB HACTOTH Ge3 BUIPAMICHHA HAlPYTM, Y (OTY’KHHX
iHBEPTOPAX, OCKIILKK MAIOTH BHCOKI EIEPIeTHUHI NOKAZIHKH.

CHII0BI TPal3NCTOPHI KIOUI 3aCTOCOBYIOTH Y NEPETBOPIOBAYAX NOCTIHHOT HAIPYTH Y 3Miluty
Maoi Ta CePeNHBOT NOTYIKHOCTI (A0 ASCHTKIB KINOBAT), IMMYJILCHHX PEryNATOpax Ta craﬁmuampax
NOCTIRIOT HAIPYTH, WO BI3HAYAECTLCA BIAHOCHOIO NMPOCTOTOIO KEPYBAINNA HHMU Ia noctiliHomy
CTPYMOBI.

Pazom 3 tim, kinowosi pexumn poSor PITE ¢rin ppaxosysaru UpH KOMYyTaIll BHCOKOI
HANPYTH TA BEIMKAX CTPYMIB, NIPH MAIOMY YACOBI IICPEMHKANYA B elIEKTPHUIIi Mepec Ta paztio-
Tenekataiax, J\e CTBOPIOIOTHES 1I0TY)KHI BHCOKOMACTOTHI kOMYTaLiHIi 3aBam, SKi Npu Bincyriocti
BIOBIANINX 3AC00IB 110/1aBJEHHS  HIKLUTMBO BILIMBAIOTL HA POBOTY caabocTpymIioi anaparypu,
0coBIHBO 1HUPPOBOT.

Y sanenocti Big kinbkocti (az mepenci sxusienus PITE /xlmll,(,x Ha OfHO- ‘T4 'lpmpaun
Tpudasur mosxy s BHKOIYBATHCL 30 CXEMOIO “HpKa”, CTPUKYTHIKT abo “3iPKA-TPHKYTHHK,
UPHUOMY 32 CXEMOIO “3ipKa”™ MOICYTH GYTH 3 1YJIBOBHM 1IPOBOAOM a60 Ge3 HBOI.

Y LIAP sMiunol uaipyrt 3 npupoaiin BMUKAniaM THPHCTOPIB BHKOPHCTOBYIOTHCS ABA
MCTOH (POPMYBAHIEIS KCPYIOUHMX CHITIANIB: TOPHIONTAIBHNIT Ta BEPTHKAILINIL Y TOPHIOHTAIBHOMY
METOAT MAC TIOABH SATYCKRIOMHX IMIYIIBCIB BIBIAYACTLCA (AIOBHM KYTOM 3CYBY 3MillIO HaNpyrH,
QUCPIKANOT 3 HANPYIH Mepeni SKHBJACHIA, BIWOCHO nanpyru niei x wmepexi. Haii6iibuoro
HOWMPCHHS FOPHIONTAIBHNE METO/L KEnyBaHNs 3uaiiios’y LIAP pisnnx noGyrosux 1puiatis: s
PCIYNOBAILL WBHAKOCTI OGCPTANNS €SIEKTPOMBHIYHIB, ACKPABOCTI OCBIHIOBAILIOL anapaTypy T
i

Beprukanstuiit Merojr kepysanus jac IMOIY 3MItHOBaTH KyT BMHKanus PIIE nimmsxom sMinn
BaU@BALHOT HIPYLH 400 CTPYMY, TOMY HE Uy TINBHIT 10 3aBa MEPEXi AHBACHILL Y 1hoMy METOAL
Kkepysarii, vac sMuganust PHLE pusiauacines sk pesyinstar 10pisnsins Haupyrs onophoro
CHIHANY MHIKONONIBHOT, CHHYCOTHOT a0 clCIiaLHOT (JOPMK i3 3ABAILIIMM CHIHAIOM X,. Y roii
HAC, KOAM AMILITYAM LMX CHINANIB CTAIOTH DIBIMMY, TPOXOANTH (OPMYBAliiis IMTTYSIbCin
sanyckanus PIHE. Skwo nowarok ra kinews onopnoro cirnaiy CHIXPOHIBOBAHT 3 HACOM NEPEXOJLY
HEPE3 1YL Halpyru Mepexi skuBichis, a aianason sMinn X, Bignosigac nosnomy PO3IMaxy
OrOPHOrO CArtaNY, To kYT BMHKaHuA PITL Gyae sMitiosarics y Mekax yciel nanisxswi nanpyru
MEPCIKI IKHBICHHS .

Ouin i3 sapiairis opMyBanis CHrHaNiB QU ofnOPasnx Mepexc kepysanust PIE na
MICYMOBYIOHOMY JINHIBIHKY HABEACHHIT 1A Maul, 8.2, a, 4acoBi ATArpasu, WO HOACHIOTL (1010
poﬁmy namai. 8.2, 6. '

(|)0pMdel|l CHrHANB  3ajasanLinii curnan X, NOmACTLCS B IBEpTOBAIOMY KO,
Beranongenns y nyms sidnibinka 30HCHI0ETLEA 3 KOKIMM HAAXODICHTHS cHuxpoimiysbey Ty, a
110 3AKIHUCHIIO CHIXPOIMIYJILCY NIMHIIBINK TAPAXOBYE iMITYIILCH reneparopa o1opiot vacrorn I,
Yac sanycky PIIIE Birsnasac uugposa cxema nopmusunm LICTL, T0610 KOt BUKOMYETREH yMOBA!

X, =
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Man. 8.2. CtpyxTypha cxema (OpMmysaHis cirHanis kepysanns PIIE — a,
: yacosi aiarpamu podotn — 0

' ®opmysau iMnyiscis @ dopmye imnynbew 3anycky PIIE. Tousicrs poGoty ([)opmy!aalla
BU3HAMACTLCA PO3PANHICTIO NIMMIBHUKA, SKA Y CBOIO Uepry, BUSHAMAETLCA POIPAAHICTIO
1a/1ABATBHORO KORY Xymay. UUM Ginblia pospaaHicts Xymay, TUM TOUHitlE GynKuionye hopmysad, 33
YMOBH BICOKOI ¢TaBinbHocTi reneparopa I'. _ L ' o

Bpaxosyiotu Te, 10 y cuiosnx uactunax PIIE Mae micue neninifina 3aexHICTh BUXILHOL
senuuunn PTIE 8ia kyTa BMUKaHHS THPUCTOPIB, aBTOMATH-PErYJIATOPH 3 ummono;u(im'm OnOpHHM
CHIHATIOM, 1110 PO3BEPTACTHLCA, ABAAIOTHCH ICTOTHUME HENMIHIAHIMY YCTATKYBAHHAMY 13 3MUIIKMH
xoehitieHTaMH fiepeaBatA, TOMY BUKOPHCTOBYBaTH X MOXHA JMWIE Y CUCTEMAaX KepyBaHis
BiAHOCHO HEBHCOKOT TOYHOCTI. )

Jlineaph3auis  CTATHYHOI  XapAKTEPUCTUKH  1afibLNbI  3pYHHO  3AUHCHIOETBCH . HLIAXOM
NEPETBOPSHHA LM(POBOrO KOAY 3aMABANBHOIO CHrHARY Xy ¥ Take 3HauCHHS KOAY Kepysauiia
dopmysaua cuctemu kepysars (PCK), npu saxomy BHX1AHA u.cnutm1|a“alrroAxa'l‘a-;)t?rynnTopa Oyne
BIAMOBIIATH KOJLy 3a1aBAIHOIO CHIHAY. Busnaienns @wxutonanmzox SaneakocTi ncpmvopcnm'l
KORIB MPOBOAHTLCS HA OCHOBI CTATHMHOT 3aiiCAHOCTI, AKa 3B'A3YE 3ajaBANLIKHI Curian Xy 3
BUXiZIHOIO BCJIMUHHOIO aBTOMATA-PETYNAATOPA.

Peanizauis TaKoro. rnepeTBopIoBada KoliB 3MiliCHIOETLCA HA OCHOBI NpOrPaMOBAHHX M3y, y
AKMX KO 3aJaBILHOIO CHITIANY SIBAAETLCA ANPecOlo, 3a KOO po3Milelie NoTpIGHE 3HaueHHA KOAY
xepysanus GCK. Jlineapu3auis CTaTH4HOT XapakTePUCTHKH 2BTOMATA-PETYIIATODA, TAKUM WIBXOM,
He 3abesneuye cTabimizauil koedilieHTa nepeiaBaHHa 31 3MIHOIO HATPYTH MEpEXI. ll‘lo 3a;1'al|}/
MOCHA PO3B'S3ATH IIAAXOM 3MIHM UYACTOTM TEHEPATOpPA OMOPHOT YACTOTH Y BIUIOBIAHOCTI i3
IMIHHOIO MAKCUMAJISHOFO 3HAYEHHS PETYNLOBAHOT BENNYHHU. ) e

DYHKUIOHATBHA CXeMa, 1HO 3a0esneuye NiHeapu3aliio CTATHUHO! XapaKTePHCTHKK apTOMATa-
peryasropa Ta crabinizauiio #oro KoediuieHTa NepenaBarHs, HABEACHA HA MaJL. 8.3.
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Y uiil cxemi NiHCAPH3ALLIA CTATHYHOT XAPAKTEPHCTHKH 3AIHCHIOETI,Csl NEPETROPIOBAUEM KOMIB
(1K), a crabinizauis koedinicnta nepeiapaHs i3 3MiHOIO HAIPYTH MEPEKI — NANLIOroM, 110
CKIIAJIa€Thes 13 KEPOBAHOIO nojinsiinka xoais (KITK), regeparopa onopnoi uactorty 1” ta ATl

te
r / 3¢ |cn
P - Z
TS KHK —l:" Qu ) HCH_..
I _
X
KU s \ X/Y
ALl 1K

Puc. 8.3. dyniuionansia cXema aBroMara-peryusropa
1anpyru, SKa 1IPOHOPLIHIG MAKCUMATILHOMY 3HAUCIEIO PEryiboBanOl BejIUY CePLHLOT 0U0T
Haupyru abo HOTYKHOCTI.

Cuctemu kepysamist 3 LIAP yukiionylors npi j0BUILHEX BXIZHMX BINHBAX, JUIS SIKHX
HEOOXIAHO 3aBC3UCUNTIE 3aaBanbiy AKICTh CHCTCMU KepyBatnist. SIKICIL CHCTCMU BISHAYACTLES
1OXHOKOI0 BIIXKEHIS

e(1)=Uy(1)-7(1), (8.1
TOOTO PI3HHICIO MDK 3a10BAUILHAM BIDIMBOM A BHXIAIEM CHIHATOM (B, mast. 8.1). OniHka sikocri
CHCTCMH '3 BPAXYBAHHAM UicT HOXHOKH HAZMBACTLCA ANAIIIZOM TOUHOCTI .

X, Xk
Z
OCK L
2 HKY i
Ul ye |a | Ts
X'i.'l.
(o) X/Y
I1BI1 D
1 (wt) X, {wt) . x,.(t) AL

Mayt. 8.4, Cxema GopMyBalng KEpyIouHX IMIYALCIB i3 BpaxyBaHism
3HAYCHHA TIOXUOKM BIAXHIICHHS
Outamansni 3a KpUTEPIEM MIHIMYMY Macy NEpexigHoro npouccy cucteMu man. 8.1 3
NOJABAHHAM  BXI/UIHX  THIIOBHX BINIMBIB  (CTYNIHUACTO, inifino-3Minmoo  abo  ninikino-
KBA/PATHUHOIO (PYHKUICIO) BUABNAIOTHCS JIAICKO HE OITHMANEHI 3 iHUIMMI KPUTEDIAMU Ta e
3a0e3neuyloTh 106pOT AKOCTI NPH JOBLILHUX BXIAHMX BMMBax 3 GOKy mepexi. Onuaue, 3
BHKOPHCTAHHSA NMCBHUX C110CO0IB NOBYAOBY CTPYKTYPHUX CXEM, MOAKHA 3a0C31IEUNTH ANA CHCTEMH

KEPYBAHIA, ONTHMMIbHI 38 KPHICPIEM IMBUAKOCT  BHCOKY SKICTh 3 HAAXOMKCHHAM TUTTOBHX
BXiZHHX BIUBIB.
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OauH i3 BapianTiB TAKOT CXEMU KEPYBAHHS MOKa3aHuii Ha Man. 8.4.

YV uiil cxeMi CHTHal 3BOPOTHOTO 3B'3KY X, (wt) GOpMYeTbCS BUMIPHMM NEPETBOPIOBAUEM,
KYAW HAamxoauTsh BUMipHuit napamerp i(wt), abo wx(wt) Ta Qinbtpom OJI, micna woro siH
neperBoprocthes ¥y uudposy dopmy AL (Buxiasnii curman X..). llndpose xopextyioue
yerarkysania LIKY BH3Hauae BeiMUnHY BiIXWICHHS (pO3y3rojukeHHs) Ta QOpMye KEpyloumni Ko
Xy y BifnoBiaHocTi 10 3aKouis perymosanns. Cunxpouizauis poGoTH ycTaTkyBaHb 3AIHCHIOETbCS
vanpyroto Mepexi Uy, 3 sKkoi (opMmyerbes imnynsc cuexpoHizauwii Ts ycrarkyBanusm YC.
Buxianuii curnan gopmysaua curHany kepysatus ®CK, octatouHo (opmyeTbes (popmyBauem @
Ta HaaxoauTs Ha PITE.

Cxemu kepyeanna mpudasuux [[AP

Taki cxeMyu KXEpyBaHHS MOXYTh BHKOHYBATHCb Yy OJIHO-, 1BO- Ta WICCTHKAHANBHOMY
BapiaHTax. 3aCTOCYBAHHS TOTO M iHUIOTO BapiaHTy CHCTEMH KEPYBaHHS 3QICHMUTL BIJ CXeMu
TpNasHoro BUKOHABMOrO OpraHy Ta HEOOXiJHOrO AiamasoHy PerysnoBaHHs BUXiAHOT BEAMUMH.
Cxema kepysatHs Tpudaszuoro LLAP i3 Hyn1b0BUM NpoBo/OM RANEKHT A0 TPHKAHANLHOIO BapiaHTy
KepyBanHs 1 Cknazaerbes (AKTHYHO 3 TPLOX CcHCTEM KepyBaHHs oaHogazHux LIAP. Cxema
kepysartst Tpuazioro LIAP 3 BkonastuuM opraom 6e3 HyNLOBOTO NMPoBOAY (Man. 8.5, a) TakoK
BUKOMYETLCH 3@ TPUKAHANBHUM BapiaHToOM, ale i npaBWIbHOI POGOTH BMKOMABHOrO opraiy

A B C
* VS§2 &— VS4 VS6
/ Zk / l Man. 85.C {
- - = an. 8.5. Cxema tpudazHux
VSl Lo Vvs3 * VS3 PIE 6e3 nynsoBoro
NpoBOAY — 4, CXeMa
Za Zg Zc KepysatHa — 6
L o
Pl
“Ux T Yol & & o |vs2
.__
5] ve e v st
B T LN
U — 9 & ® | vse
- [ oav: 4] vss.
T: O3Y .
0 52 ¢ 2 L1 & (o) VSs_
4
’ L—]

X, 6)

HeoOXiano rnepeadaunTH po3noAiNBHUK iMNyN6Cy kepyBaHHa. Ha man. 8.5, 6 HaBenena cxema Takoi
CHCTEMY KEPYBAHNS.

V uiii cxemi Gopmysay curtanis cunxpotizauii YC dopmye imnyaseu Tsi... Tsz y npomikky
nepexony. ‘kokHoi asu uepes Hyns Ta iMnyascni curnanu Ucy..Ucs, U0 XapakTepH3yloTb
HONAPHICTL Hanpyrk koxkHoi dazu. [ToTpiOHUIA nopaiok poGOTH THPUCTOPIB BUKOHABYUX OpraHis
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3a0e3neuyeTbes PO3NOAINLINKOM IMIyibCiB kepyBaHHa P, sxnil 3pilickioe nepenasanns curnanis 3
BUXOAIB (pa303CcyBHUX ycTaTKyBaHb D3Y Ha Bianosiani Gopmysaui curnaiis PIIE.

LAP 3 nognicmio kepoganumu PITE

Taki PIIE naioTe 3MOry MOKDAIHTH CHEPreTHYHi MOKA3HMKK BMKOPHUCTAHHA Mepexi Ta
ojiepKaTH Ha Hasautakenni Oyab-sky (opmy Hanpyru. Taki MOXIHBOCTI 3abe3neuyioThest 3a
PaxyHOK BMHKalHA Ta BUMUKaHHA 3a koMauaamu 3 LIAP, o nae smory nuie 3MiHOIO anropuimy
poBOTH CHCTEMH KEPYBAHHS OAEPIKYBATH pidni sapianty PI1E.

TloBuicTio keposani PIIE 3MiHHOrO CTpymy MOKYTe OyT peanizoBaHi Ha OCHOBI CHJIOBHX
TPAH3UCTOPIB, NOBHICTIO KEPOBAHMX THPUCTOPIB TA 3BUMAHHUX CHIOBMX THPUCTOPIB 3 NAHUIOFAMH
NPUMYCOBOTO BUMUKAHHSL.

OcHoBHUMK  0COGAMBOCTAMN TOBHICTIO KepoBanux PIIE sBiserses HasBHicTs y iioro
CTPYKTYpi JOAATKOBUX KIIOMIB NS WYHTYBAHHs HaBawTtaxeHHs. BoHu Heo6Xiani s Toro, o6
3a0e3neMMTH BilibHE NEPETIKAHHA CHEPrii Y HaBaHTaXKCHH] MiCN8 BUMMKAHHA OCHOBHMX CHJIOBHX
KJOMIB. .

Posraanemo poBoTy cXeMu OHOTO i3 MOMIMBUX BAPIaHTIB TPH(PA3HHX NOBHICTIO KEPOBAHHX
PTIE (man. 8.6).

VDI | VD3 VD7 VD9 [VDI11
N
~Ua
~Ua
~Uy
~Usp
e Ve
U [ /
C 111 | L1.2 vpg VD10 [vD12
S 30 S
vD21 VD4 L VD6 : .

Maut. 8.6. lpunuunosa cxema tpudastux PIE

Cxema MICTHTe ABa MIOJMHMX MOCTH, L0 HABAHTAWKEHHI Thpuctopamu VSI, VS2 Ta
BIAMNOBI/UHMK KOMYTYIOUHMH BY3namH. 3 HOAABAIMAM HAnpyru Big 1pudasioi Mepexi y cxeMi
komytytoui  kotinencaropu C 1a Cy 3apsmKaloThCs Bl BTOPHHHMX OOBWTOK TpH{pA3NOro
tpancdopmaropa Tp) uepes AI0AHI MOCTH MONAPHICTIO, WO BiA3HA YEHA HA MAOHKY. 3 BIAKPUTTAM
puctopa VS1 0 11aBanTaiens NPUKIAJAETbC HANPyra BTOPHHHOT 0GBUTKM Tpancopmaropa
Tpi. Konnencarop Ci nepesapajkacthes uepe3 BIAKPHTHH THPUCTOP Ta o0BUTKY apocens L,
ONIEPIKYIOHM  MPOTHICHHY NONAPHICTE.  Jlia 3akpurts tupuctopa VS neobxinHo  Bigkputy
Tnpuctop VS2, Kounpencarop Cz 3 BiakpuTTamM THpHCTOpa VS2 11epe3apaiokacrscs uepes apyry
obsuTKy spocens Ly Ha nepiuifi o6Birui apocenst L HAaBOAUTBCA €.p.C., NI AiCO AKOT TUPHCTOP
VS1 3akpuBacthes. 3 BIAKPUTTAM TUpHCTOpa VS2 HABANTAKCHHA 3aKOPOMYCTLCS uepes AiOMHUi
mictok VD7..VDI2 i, tum camum, 3RIHCHIOETCA eperikanHs CHeprii. wo HaKOMHYUiach Ha
napantakeui. na sakpurrs Tupucropa V82 HeoOXimio Biakput tupuctop VSI1, npouect npu
uBOMY 110BTOPIOIOTLES. Ha man. 8.7 waBeaeui uacosi niarpamun poGoru PIE. Henonikom cxemu €
HAABHICTL 3afBOrO MEpe3apaly A KOKHOTO i3 KOMYTYIOMHX KOHJACHCATOPIB, 10 Horipwyc
eHEepreTHYHI Ta PeryioBalibti Xapakrepuctinkn LAP.
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Man, 8.7. Yacosi miarpasmit podoti PHE

s kepysanvs takumut PTIE BUKOPUCTOBYETHCS BCpTHKANLIMIA MCTOJI, siKnil moxce OyTn
peanizoBaHuii cxemowo man. 8.2, a, AMINE 3 LI€I0 PI3HMICIO, IO Y AKOCTI 38JABAILHOIO KOJY
BUKOPHCTOBYETLCA 1IPAME 3HAYCHHS Xy,
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§ 8.1. Lingposi aToMaTH-peryasiTopH 3 HU3bKOYACTOTHHUM iIMNYJ1bCHHM
KEePyBAHHAM
[20, 21, 22, 23, 24]

Ocuosioio piractuBictio Takux LIAP € nosna BiCyTHICTh BICOKOUACTOTIHX CKIJI0BHX
CIOTBOPEHDL T4 3aBaj 1, AK HACHKOK, MiHIMagbnuil BUANB IX polortd na ciadoctpymMoBy
mopmariiiiny anaparypy. Huspkouactornuit iMnynscnmil cnocié KepyBatits peaiizycibes 3MIHoI0
YHCHA MITIMAILHIX 32 TPHBATICTIO TA BEIMUNHOIO IMIAYJILCIB 1HOTYKHOCTI Na TIPOTH3I 33/1aBabHOIO
nepioay perymosanus 1y, aGo MO0 HacTOTH UNX IMITYILCIB. )

MiniMaibHO MONCIMBA TPHBAICTE LHX IMITYJILCIB BH3HAYAETLCS TPHUBAIIICTIO HAMBIIEPIO/A
Mepeki Ty/2, ale B OKPEMHX BHIAAKAX MOXKE MICTHTH JCKiALKA HAIIBICPIONB.

Posrnstiemo poGory LIAP 1o3uiiiiHoro THiy ja reneparopax. BArOBHX MOCHI0BHOCTCH, 8
OCHOBY poBOTH SKWX MOKMAACHWH NPHHIMI  PO3KIQAAHHA  CHITIANY KepyBanns Xy, 1a psijt
cknaioBux. Kokha ckiaqoBa 3UIHCHIOC KCPYBAaHIA NOJAYCIO CHEPIil na HaBaHTHKCHHA 3
MIHIMALIIMK 3HaueHiAMIT KpUTepiis e(1) uij vac perymosains (yuis. gop. 8.1.).

Curnan kepysanns Xy, o UPEACTABACHNIG Yy ABIHKOBOMY KOAI PO3psjioM n, st
nosmianx AP 5 ocnosoio 2" sanmeyernes gop. 7.1, 3riino 3 s piBHAIIAM, CHITIAN KEPYBATIHA
X¢ MICTHTB  psijt CKIAZOBHX. siKl BUIPI3HSIOTECS OAHA BUL OJIHOT 1Ha  BaroBii
koedittienr 2",

LIAP, noGyaoBani 3a M IPHHILITIOM, CKIALAIOTLER i3 reneparopa sarosux uacror (I'BY),
100 100YJIOBAHE 118 OCHORI NOCHLIOBHO 3'¢/IHAHNX OJUWILINKIB HACTOTH HA JIBA, KOKINH po3psjL
SKUX 3'CHHANHI 3 BIANOBIANOIO CXCMOIO CHIBHARANNS, 1A BXIJL SKOT NaJAX0NTH HEOOXiNNii pospsjy
curnaity Xy, Ha sxin I'BY najxopsts iMnynsen takry TS, a BUXO/N BCIX -CXCM CHIBHAAQIIS
senani exemoio ABO, BUXIUSKOT ABIACTLES BUXOOM [[ADP.

Maresmaritano pobora Taknx LIAP onmeycrues MaTprieio surisjy:

Z=[T M2 [ X,], (82),

Jie [T} = MarpHis-paaoK, BU3NAHACTLCA ABIHKOBHM KOJOM HHCa TakTOBUX iMuynscin Ts, 1o
yaaxouTs 11a X i Y 3 nowarky intepsany Ty
'”:l fiats Lne2ens 1(});

[M]2 1a [Xy] - marpius sifikoBux saroBix kocillicntis Ta BeKTOp-CToBIMIK koay Xy axi
BiJUIOBIIMIO PiBIIL:

. Xy
X,
[M ]1 = X:

Zu—z 2n--3 21\—-1 21) 1

Yueno suxiinnx imnynscis Z nosuuifinoro LIAP Bu3nauaernes sk cyma Beix spaucib
marpuui [M]z, oaepacanux sa neperini OMMHUHIEX 3Nauens t; Ta x;.

Hanpuxnag, ans socomupospsanoro LIAP (n=8) 3 uncnamut sextopa-croBiunka X,=106 ta
GHCNIOM IMILYIILCis ha Bxoal LIAP T=205, nncno imnyascis na BuXoii 1opisinoe:
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Brkopicrosyioun BAacTHBOCTI MORIGHUX M&IPHLL, BUIHAMUMO CyMY €lICMEHTIR ps/IkiB
NOMHHAIOUH 3BEPXY, WO 3HAXOAATHCS 1A NEPETHHI 31 CTOBITMMMKAMI (1Ll PSLAKM T4 CTOBNYHKH, siki
MIIOW@TBCS HA HYJIb, 3A3HAMUMO 3HAKOM *), y PE3YALTATI OAEPIKHMO:

¥ 0 % 0 kx g * 0 1
LA L )
* 20 % 0 * 0 * 0 1
; * Iox * *
z=forovovorly & 5 1 0 9 L Y mosiez21a3 68,
Aok &k ox x4 x|
1% 24 * 22 * 2() * 0 1
¥ 25 % 2% % A 1 1

I3 naefcHoi meroamku poss'asky marpuui (8.2) Bwwo, wo LIAP noswuiiinoro THIY,
no0yA0BaHKA Ha relepaTopax BaroBMX OOCHIZOBHOCTEH, ABAAE COBOI KEPOBAHMH OOALTLINK
HACTOTH | JUIA CHIHINY KEPYBaHHA MPEACTABICHOIO Y ABIHKOBOMY KOAI MAC MPHHIMIOBY CXEMY,
HasejeHy ta man. 8.8, LIAP BuxoHanuii Ha oCHOBI AiuvAbHMKA, w10 Kepyerbes imnynscamy T,
KOAM cnruany X, HaIxoAaTe Na Bxoau D. Bxia R npusnauenuit ans BCTaHOBeHNs LIAP y crau
HH3LKOTO PiBHSL.

v 2
DR | CH2 | Qo |2
T ~ L
TR 2! 1 | z
Xy w1 Do QI
X | — D X2
Q2

x: | ——— b,
R¥) R IR ) 1 03

Man. 8.8. Tlpunumunosa cxema LIAP

Y THX BHNAaKax, KOMM CHIHAJI KepyBaHHA X, MPeACTABISCTLCR Y }lBllrlKOBO-}lLUlTKOBOMy
KO, BHKOPHCTOBYIOTHCSI nosmuum IlAP 3 ochosoto 10%, i cxemu GyayloTs Ha ocHoBi aBiiikoBo-
JRECHTROBHX AIYRIBHUKIB. '

Tabyinua ictinaocti Taknx LIAP; ago noi<'13y€ c1<im,|<u IMIIYJBCIB OPMYETbEs Ha folo BUXOA
Ha BIANOBIAHOMY TakTi Ts, Momc (ylu CKNAZEHA 32 JIOTIOMOTOK0 Matpuui, noaiéuoi xo gop. (8.2),
ToGTO :
Z=[Tlio[MT10{Xv]10,
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e
1 o o0 0 0 0 Yo
2 1 0 0 -1 0 X
31 1 0 -1 -1 X,
4 2 1 0 -2 4 X,
4 2 1 1 -2 -l
s o2 1 1 -2 -l
6 3 I 1 =3 -1
Ml,={7 3 2 1 =3 -2 X, =
8§ 4 2 1 -4 =2 X,
81 4.1 2.0 b1 -4 =21 N
82 4.2 2.2 12 -42 =22 o
o2
8n 4n 2n ln -4-n -2-n
) - LV 10

Bexrop-crosiuuk  cariuly  kepysanus [Xy|io  HabyBac 3nauciis  BUCOKOIO piBisl 114
BIZIMOBLIIX HOMEPAX JCCATKOBUX KO/LIB, Hanpiiial, npi Xy=27 oJWHu pisti X7 1a X0 2. Uneno
BUXIAHUX IMITYJILCIB Z 19 BU3IAYACTLCS JIOJIABANHAM YCIX 3Hauen, matpui [M|o, ojepaannx na
HEpe i OQMHHYHIX 3HAUEHD 4 Ta X;.

Sl yace rosopiioch, HaliGuibi yjaockonanennumiyr LIAP ¢ exemn. noGynosani Ha octosi
BEPTUKAILIOIO GPUELMIY, JC HTPOXOLITH 0GPOGACHIA CUTHANIB, 1O 3@OTLC Tle Y B
HANPYIH UH CTPYMY, & Y BHIIAJL KOJIIB.

Ha man. 89, a uasejiena cxema LIAP npu n=4.Kepyounii ko npu usomy npuiimac 16
snavens sy 0000 10 1L i nojaerses nopospsano va udppoy cxemy nopisusians LICHL y Burusi
napanebhioro xkojy Xy OUOpHMil curian  TakoK  NAAXOAMTL Y BHRBUL Koy, Y T[AP
BUKOPHCTOBYETLES JTiHifNA hopma onopuoro curwaty. Tl Bianosizac 3mina onopioro koay Koe(t)
sizsnaucing 1111 g0 snaucnns 0000, Onopumii kox npuiimae Takosx 2" ssadenn, Jliniino nojanuii
onophnit kot Koy 1a koj1 kepysanisi Xy nasejieni 1ta Ml 8.9, 6y BUIBUL BAIOBOIO CKBIBAICHTA
Koy (TOGTO MHCila, 3AIHCAHOTO JIBIIKOBMM KOAOM) Ta, BJache, ABIHKOBOIO KOy, 3a3HaUCHOI0
BHHZY ddarpami. Onopiuit koA GopMycthest BLIMaO M aiuiapincom DDS, o sxoay 17 skoro
BMHKACTBC My TBioparop M (maut, 8.9, a). psmoky i imityisen, mo dopmye myabrusidparop,
BHIJIMKAIOTH 3MCHTIICHHS KOJLY JHUDIBIHKA 11 oo (Man 8.9, 6). 3Mina 0nopHoro kojly Bijt
MAKCUMAILHOIO JI0 MIHIMATLIONO SHANCHII HPOXOAHTL 32 HON0BUIY HEPIOLA HACTOTH MEPCKI /v,
TOMY MacloTy IMIYILEIB MyJIbTHBIGpatTopa Heobxiuo suOpatn Tak, mod 3a HoKoBHNY HePiony
npoxouno 2" innynbeis, 10610

=22 2" iy 8.3

Fouarok  gopmysaniist  oHOPHOIO  KONY  BIANOBIIAC  MOMCIHTY  HPHPOMILOT  KOMYTaIL{
THPHCTOPIB CHIOBOT vacTHUW nepersoprosada. Lleii Moment dikeyernes Bysiom cuuxponizauii C,
1 BXIJU SIKOTO  LEUIXOJUITE  NATIpYra  MCpexi. I3 3MIHOW  3laKa  HALPYTH OKHBJICHHS  BY300
cunxponizanii C BHaac Ha BXI BETaHOBACHHS JtivnibHuKa DDS ojmHuanmil curna, i 8 aiamiLnnk
MUTICBO BAMHCYCTHESL . MAKCHMaIbHUE onopHuit ko (1111). Moment pisHocti onopuoro -ra
KEPYIOHOro KOjly BHUIOBIZAE Kyty. KepysaHus o (Man 8.9, 0), mo dikeyernes DD7 y surnsui
BHCOKOrO PiBHA 112 BUXOJE Z. Lle# curnan Haaxoaums na GopMysat CHCTEMN KepyBanHs I Micis
HIICHISHHS HOJACTLES 112 KEPYIOUIHT ¢IICKTPO THPHCTOPA.
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Man. 8.9. lpunumnosa cxema LIAP — a, yacosi aiarpamu po6otu — 6

Po3rnatiemo poGoTy cuCTeMM opHOKaHanbHOTO LIAP, o BUKOPHCTOBYETHCA IS KEPYBAHHS
MOCTOBOrO Tpuasioro sunpamnsua (man. 8.10, a). B asromati BUKOpUCTAHMI NPUHUMIL, AKMii
3actocoBaHuil y nonepeaHiil cxemi-(aus. man. 8.9). OnopHuit curuan opMyeTsea Y BUIIALI KOLY
niunnsHuka CTy, BXia “-17 AKOro 3'€iHaHMit i3 BUXOA0M MYIBTHBIGpaTopa M.

MakcumaneHe uncno, wo sanucyervcs y miuunshuk CTy Ky=6-2". 3a nepion manpyru
KUBJICHHA  MEPOXKi  MYNBTHBIGpPATOp reHepye = Takox 62"  iMnynecis, To6TO wHacToTa
MYyJIBTUBIGpaTOpa BUGUPAETLCS PIBHOW IMp=6-2"fm (anB. op. 8.3). Takum uuHoM, niunnsHuk CT,
MiCTUTE (2+11) po3psanis. Jlo Buxoy crapiworo pospaay niuuashnka CTi BMukaeTbes T-Tpurep.

Bixo/11 n MONO/UNKMX PO3PANIB 38’ A3aHI 3 nepiuoto LHpposoto cxemoto nopisuanna LICT, na
iR BXOAM SKOI NOAAKOTECA MOMOAWI po3pamu kepyiouoro koiay Xy. Hacrynui asa pospaam
AianneHKka nos's3ani 3 apyroto LICTT, Ha iHIni BX0aM AKOT MOAAIOTECS CTApILi PO3PSAN KEPYIOUOrO
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Koty Xy. Kepytounii kon npuiimace, Takum wunom, 3-2" snauens. Buxin LICIT) BMukaeTses 10 Bxody
“+1” po3noaIbHUKA Ha WiCTh KAHAJIB, AKNI cknagaetbes i3 niunnshuka CT, Ta aewudparopa DC.

Cxema npawoe nactynuum uuHom. flia wac komyrauii nepuworo TupucTtopa (Hanpukiaj,
man.8.5, a) cnpauboBye By30J cuHxpouizauii C, npu uhoMmy Ha BXiJl BCTanosieHHs ivnnbHinka CT)
MOAAETLCA iMNYNbe Ts, PU AKOMY 3aMUCYETHCA MAKCUMATBHE YHCIO Koy max Y NiMmeHMK. Byson
cuHXpoHizauil BeraHosmoe Tpurep y cran Q=1. Tlicns woro xoxHnit iMnyasc Mynbtusibpatopa
amenmye ko Koy, sxnii 3anucanuii y nivisiuk CT), na oaunuwo (man. 8.10, 6). Yepes nonosuity
11EPi0j1a MCPEXKI KOJU MORWKYETHCA A0 HYJILOBOTO 3HaucHHsA. Y APYTy NnojioBuHy nepiofa onopHHii
KOJU NOBTOPIOE Ti kK 3navens (Bifl Kog max 20 0), ane 3minioe cran T-rpurepa 3 oguHuui Ha HyJib
(ams. man. 8.10, B).

Onopumii xon Ken ta koa kepysanns X, nopospsaano nojaersest na LICITy ta LICIT,. Y uac
inrepsany i cnpausosylots obnasi cxemu LICII, ockinbkn nactynae pisnicrs Koo ta Xy Ipu
nsomy Q=1 i ognnnuni curnanu 3 suxonis LICTT ta LICI nanxoasts na sxin enementa 1 DDI,
IO BHKIHKAE T0ABY 11a HOro BMXOJU JIOTIUHOT OMMHMIL, AKa HAUXOMNTL Ha BXiJ BCTAIOBJICHHS
nivmbHuka CTa, 1o BXOANTS Y CXEMY PO3IIOLIUILHUKA. PO3NOAIEINK TPH 1ILOMY BCTAHOBJIOCTLCS
y MOJIOMKEIHA, TPH SKOMY 112 {010 1CPIIOMY BHXOAI 3'ABIACTLCS OAMHIUIHIT IMIYJILC, 3a PAXYHOK
Horo BUXLHWI Gopmysau B,y puaac kepytounit iMIyasc Ha NEpUIMH THPHCTOP BANPSAMISYA (JIHB.
mai. 8.10.1).

Toni onopuuil  koi OyAc nposoBKYBATHCh 3McHinyBaTHCh. 3a  1/6 nepioga  mepei
MYJILTHBIOPATOp praae 2" IMIYALCIB, Y PE3YILTATI 3 4ACOM L) Y MOJIOUINIX PO3PSAAN JiuMIbHIKA
CT, 310By Oyae 3anHcano e X 3HaUeHNS, 10 i Y MOMEHT ty. Lle 3navenns cniBnajac i3 spaucunsm
MOJIOAIIHX pO3psidiB koja kepyBanns, mo Qikcyerses LICTT. 3i cnpawosamism LCIT, naaxoauts
MO3MTHBHUIL iMIyJIbC A BXiJL “+17 pO3NOAINBHHKA | BiH MEPEMHKACILES Y CTaH, NpH AKOMY
IMITYJIbe KepyBaHHa Bds HaixoanTs Jutst BMAKAIUS APYroro THPHCTOpa BUNpaMiA4a. 3 nocriinmm
3nauenisM Xy MoCHiyloue NEpeMUKanna posnoiibhuka i3 cupawosanusm LICITy npoiine we
uepes 1/6 nepivia mepexi. Takum unrnom, GynyTs chopMOBaNi NOCHIAOBHO iMIYIILCH KepyBaHHs 1A
BCI BICTh THPHCTOPIB CHIIOBOT CXEMH BHNPAMIAUA,

Jutst cxeMit pjlacTiBa MaKCHMAILHA WBKAKOMIS. Tak, MpH 3MeHIIeHHi Koy KepyBauus X,
36LILBINTLC 3HadeHa Horo montoaworo pospaxy, i LICIT) sadikeyc pisnicty pamine, To6To Kyt
KepyBalHs o YeproBoro THPUCTOPa 3MEHMTLEA. OCKIMLKN ONOPHHI KO CHUXPOHI3YCTLCS AHuIC
Bia omnici ash Mepexi, To cxema man. 8.10, a mae nepesarn npu poGOTi Bijl HecHMETpUUIIOT
MCPEKI. ANAparHj 3aTPaTH Na CTBOPEHHA OMIOKAHANBHMX CHCTEM KEpyBallis MpaKTHUHO li¢
3MIHIOIOTHES i3 30{NIBIICITAM Hucia (a3 neperBopiosata, mo pobHTs iX BUKOPHCTAHNA 0COBINBO
BUFIUTHME JUIS KEPYBaitls GararokananbHidMi NCpeTBOPIOBaYaMHU. ‘
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§ 8.2. CrpykTypHE MOe/IIOBAHHA CHCTEM KEPYBAHHS HA

ot LA 2’ M 4leTl1H1pe mikpo-EOM
M SN A P 2 PV nEnEEES 120, 21, 22, 23, 24}
=~ ] 1 212 1>
— — -2—“ —C 7_ 4 _: N 3 onucanux LIAP BH/IHO, MO BOHN CKIAAIOTHCA I3 yerarkyBanb UWH(PPOBOTO PEryioBaHis,
Ts L n X0 AKi - BHPOOISIOTL  KCPYIOUT  BHIHBY BIACIIJIOK - TIEpETBOpCIIIA NOXHOKH KepyBats  3a
C r—=>c¢ n+1|— B, CHEMEHTAPHIMIL  3aKOHAMU:  HIPOHOPIIHHO-TITEIPAIBLIOMY,  AlEPIOJMUHOMY,  [POHOPILITiHO-
;'2-— | JpepeintiaiL oMy,  HTerpauibHOMY,  GOpeylouoMy  Ta  (HUIMX, A TakoK  CKnajni  CHCTCMH
T ] wHdposoro 0dpodICHI i3 POIB'AIKOM 3a1a4 IneHTHGIKAILT, OnTHMBBaLLT, cratitdioro obpodicHs
— DD1 indopmarti i ..
& JUst nizsmnentst siwoeri Ta irrencndikauii NpoeKTYBats (K CKOPOMCHHS TCPpMiltB Ta
; COOIBAPTOCTL. €L BHKOPHCTOBYBATH . 3ac00H  OBUNCHMOBAILIOT  TCXUIKI,  PO3poOHSTH  HOBI
- L opictirosari na EOM merou ra anropursin npoektysanist cywactiux CAK.
2"”§M2 Cepest merosis mojemoBanng CAK BHKOPHCTOBYIOTL  MATCMATHUYHI MO Y BHIIsL
2?3 - MOZEJICH CTaliB Ta CrpykTypii Mojeii. 1lepnii Mojaci BUMaraiors stautx od'emin nam'sri Ta
BHCOKOT HIBIVWIKOAIT 0OUHCIHIOBUILIIX MAMIH, 1O HE JWO3BOIBIC X peallisyBari 1a Mikpo-1OM.
] HaiGuimsur omannuMn ¢ CrpyKTYPHO-TOHONONTHIIT MCTOJH, SIKD JEIOTL  3MOPY - MAKCHMALIO
BHKOPHCTOBYBATH  iHGOPMALLIO 1IPO CTPYKTYPY AOCHLIOT CHETeMI, JI¢ KO tuinosiit sanng
BUUIORIAC HEBITA NOJICIL. ‘
B ocnosy wiropiimMy  CIpykTypHoro  Mojaemosantist tunosux ganok CAK nowkiajiennii

HPHHIUIT BHKOPHETANISE GJUIHOT MOJCH yHIBCPCAILHOT AnnaMivnol daikn. 3ajaioun Konkpenii
AAUCHES HAPAMCTPIB MOACHCH YHIBEPCAILIOT ANAMIMIOT JAIKIL MOKIEY OJCPAKATH Pisti THHOBI
sanki, OCKUILKIE 1pH - 1LOMY  3MITEOIOTHLEL IS BHXIUN JQHEL 10 JIOCSTAeThes  BHCOKA
yHIBEpCWILINCTL MeToy. Tpi oMy snstiie 3ataii Crpykrypi JOCHJIIOT CHETEMIT SBISIOTLO!
necrairaprinmn. Koaara nanka Micriny, sxipiit Xi ta sBuxpuindi Z; curnanm, e NN -
KUILKICT THHOBHX JIAOK Y CHETCMI.

Y cknajl MOJACNCH yHIBCPCANLHOT JIHAMIMIOL JAHKH  HOBHIHI BXOMIM MOJCHi  FHIOBHX
Kon ‘ JHINAX A neninifmx unaMianux sanok. Konkperinii naGip mocnci siniatsacries y

[ | 3ANCHCNOCTI BUL THRY 3ajlad, sKi PO3BAsyIloThes. 11pn MOACIoBantii Juiamisu (‘AK 1HeoOXIINo
BPAXOBYBATH PIZHOCO POy HCHHHTRHOCTI,
Ha maur 8. 11 naseiena exema niiporpamin MojCIOBARIS YHIBEPCUILIOT JUTHAMISHIOT Sk,
6)
K"I
Xy
\ {1 2 t#
y=1

B) L'

Beranosctins ; .
") CQ=t 1 Q=t T Q1 [ Qst | t

Mau. 8.10. Flpununnosa cxema LIAP Bepixanbiioro tuiy — a,
uacosi miarpamn — 6, B, T
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AnpOrpam: o Mignporpama
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aiasory
Hianporpama 8116 MHixnporpana
“interpyouoi” >4 s porp s
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JIAHKH
flianporpama 9117 Hiauporpama
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Hianporpama 10 |18 .
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KOMBHO] « o
,, T
JAHKH
Iianporpama 11119
“xolcepBaTHBHOI i
nankn”
HMianporpasma 1212
“topceytouoi -1
Aavkn”
/ Busia Z, /
g
.
A
KIHELb

Man. 8.11. [Tianporpama moae noBatiis YHiBEpCanpHOi AMHAMIUIOT NAHKIK

BXiiHUMH 11apaMeTpaMi NIANPOrpaMu SIBJIAIOTBCA: N — HOMEP €JieMeHTa y cuctemi; X, —
BXi/HA BennuWHA n-ro enementa; h — kpox iwrerpysamus, T ~ norounnii uac; Z, — Buxinua
BCNUYNHA N-rO CNEMENTa.

[lignporpamMy MicTaTs y coGi MIAMPOrpaMH HIHKKYOTO PIBHS MIAUPOrpaMH NOUATKOBOIO
nianory Ta riANporpami  MOAGMIOBAHHA THMNOBHX ~AMHAMIYNMX ~Nadok.  XapakTeprCTHKM
neniniiiHocTi nianporpam “namana”, “ricrepesuc”, “pene 3 ricrepesncom” T1a “modr’ HaBeAeHi
BijUT0BIANO Ha' Man. 8.12,a, 6, BTar.
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X N x AT s

et — o
a) 6) B} 7 r)

Mayi. 8.12. XapakrepucTuku HeninifinocTedt nianporpam: “namana” —a,
“ricrepesnc” - 6, “pene 3 ricrepesucom” — B, “nopT ~ 1

[Tipnporpama riouarkoBoro gianory (koan n=0) 3xilcHIOC BBIA KiNBKOCTI MOAENBLOBAHMX
JWHAMINIIAX JIAHOK Y CHCTEMI, iX THMIB Ta NMapaMeTpis y peXnMi JHanory 3 KOPHCTYBAucM.
YBeaeHnit THO eneMenTy Ta Horo napameTpu  HaAXOAATb A TEPMIHAN JUis  KOHTPOIO 3a
HpaBWILHICTIO BBOAY. Y Wit HUAGPOrpaMi THN cneMenTa 3B'A3YEThCA 3 HOMEPOM Y CHCTEMI I
BUKOHYETHCH O0HYIICHHS TTOUATKOBUX YMOB. YBeACH! €10 NiANPOrpamorn Aatii CrBoproioTh podoui
MACHBH, 3 AKHMH OHEPYIOTH THLUI NINPOTPaMH MOJCIIOBAHIA THIOBUX JANHAMI4HIX JIAHOK.

13 3BepHeHiaAM JIO 1IPOTPAMH MOJIEIIOBAIHS YIIBEPCANbHOT IMHAMINHOT JIAHKK i3 BXiIHUM
napamerpom niz0 BUOHPAETLCA KOIKPETHA 1110pOrpaMa MOICIIOBAHHSA THIIOBOT IMHAMIYHOT HaHKH,
B kit Ky — bienmudikarop tiny n-ro eaeMenTa 3alaeThes 111IPOIPaMoI0 1I0YaTKOBOrO AIasiory.
Slkino ixenrudikarop Ky te HANCKHTL O YHCHA JONYCTUMUHNX 3HAUYEHD, TO BUBOJANTLCH BiIOBLLHC
NOBIOMIICHHS | BHKOHAHIIA NiJHIPOrpamMis MOAEIHOBAIINS IPUITHIACTHCH.

Ulpy  peadizaitii alroprMy MOACIHOBARLN  YHIBEPCANLHOT Annamivnoi manki neoldxijaio
BPAXOBYBATH OCOONHBOCTI ANTOPUTMINHOT MOBH, OPICHTOBANOT A% BUKOPHCTANHA HA KOHKPETHII
Mikpo-EOM.

Cyuacha enemenrta 6asa LH(QPOBOT TEXHIKH BIAKPHBAC IIHPOKI MOXIMBOCTI 1106yn08u LHAP 3
NpOrpaMHoOIO  peanizailiclo  onepatliii y peanbHomy 4aci Ha ocHOBI Mikponpouccopa (MI).
Mikponpouecop — aBTonOMIHI GyHKLIOHANBHRO 3aKINUCHIH TPUCTPIN, AKNIT CKNANACTHES 3 0/uticT
abo JCKIIBKOX [1pOrpaMHO-KEPOBaHHX BEJIMKHX inTerpanphnx  cxem (BIC), wo Micrars Bei
neoOximui 3acobu, wis o6pobdieniia indopmanii Ta KepyBanus JaHUMK, i pO3PAXOBAHKA Ha cyMicHy
poBoTy 3 YCTATKYBAHHSAMM nam'syi Ta Bsoly-BuBoiy indopmauii. Tlpu usomy crpykrypa MIil
nosuna Oyt riyukolo, 3abesiieuyBatii HeoOXiaHy WBMAKOMIO T4 MaTH HU3LKY COGIBAPTICTD.
3aspanns nporpamuoil peanizauii L[AP, y nepwy uepry nependauae BuGip Mikponpouecopioro
nadopy (MH). s ouinku Moxnusux Bapiawtis rporpamiiof peanizauii LIAP ans piznux MH
CKANAIOTL NPOTPaMK, AKi peaniylots anroputMu obpobnerns indopmauii, i po3paxoByioTh Hac
BHKOHAIHS ANrOpHTMY.

Y pexcumi poborn y peanbraomy vaci (6e3 Hakonuuenis BXiAHHX BiIKIB) nepiox ciifyBains
BHXIZAHNX BIAVIIKIB OPIBHIOE nepiody Auckperusawii Bxiamoro curnany. Tak sk MIT nocniaosuo
BUKOHYE oncpauii npufimanns, obpobnieinia ta BuaaBanHs indopMauii, nepiod AnckpetHsaunii
Bxigporo curnany posuied 3a/10BinbusTH YMOBY Ta<(Tny+TostTy), € Ty — uac npuitmannsa, Tos -
o6pobinenns ta Ty — BunaBanna inopmarii. Skuo xoueH i3 nis MH ue 3abesneuye neobxiaHoro
fiepiojy cniyBanus BHXiguux Biagikis, LIAP Bukonyiors na 6asi mixponpouecopnux cncrem, y
SKHX POLIECOPH BMUKAIOTHCS [10CNI/I0BHO, apanesibiio abo komGiHoBaHo.
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Tuiosa cTpyKTYpa 0AHOKOHTYPHOT cicTemMu kepyBanns 3 MIT Hapeaena na man. 8.13.

OAP o Uwm(t)
' — =~
-U3_(t)>Auﬂ:> MIT —J> PME |, OK | | BN
A
Z() | yyH |4

Man. 8.13. CTpykTypHa cxema 0OIHOKOHTYPHOI CUCTEMH KEPYBaHHs

AP y cucremi cxnanacthes 3 AL ta MIT, imni yeratkysanis cucTemu asanoriaui sk y
CHCTEMI KepyBarHs, HaBeaeHill Ha man. 8.1, Cnia Martu na yeasi, o cucrema man. 8.13 mae apa
JIONATKOBMX OOMEIKEHHSA, NOB'A3aHMX 13 3acTocyBaHHsM  MIT: ckiHuena (BHAKICTE BHUKOHAHHS
apudmernunnx onepanifi 'y MIT 3a paxyHok 4acOBHX 3aTPHMOK CHIHAY Y KOHTYPI KepyBauus,
KBAHTYBaHIiA CUFHAY 110 piBH}lX BHOCHUTb NOXHOKH Yy NEpCTBOPEHHA. ﬂO}lﬂ'l‘KOBi 06MC)KCHI|}] TAKMK
nos'asai i3 sacrocyBanuam AL L{i ofmexenns ciin BpaxoByBaTH 3 AOCHIDKEHHAM AKOCT
poGoti Ta crifikocti ‘cucremn. [Ta MIT moxkna ne Avie peanisyBatu MianporpamMu, HasejeHi na
mast. 8.11, ane it peanizysat ctpyktypy LIAP 3 piBHOMIpHUM T2 HEPIBHOMIPHHM, NOCTIHHUM Ta
3MIHHHM KPOKOM KBAHTYBAHHA, 3 NOCTIHHAMN Ta 3QIEKHUMH Bill WBHAKOCT BXIAHUX BIUIMBIB, Ha
MI1 moxHa noxnacTh N0AaTKOBI (yHKUIl, HANPHKNAL, eleMeHta MOopiBHAIHA, TNepemMukada
POKUMIB pOOOTH Ta in.

3’acyemo nobyuosy undposoro perynasropa na MIT cepeansoi msmakonii cepii K580.

Yerarcysanusam cripsokenis MIT 3 aHanorosoio uacriioio cueremu kepysaims ¢ AL, saxwii
PO3B'A3Y€-3aBAAHNA TIOIYKY ORHO3HAYHOL BiANOBIAHOCT] aHANOrOBOMY CHIHATY 1H(POBOMY KoY.
Kpim Toro 3alesneuye cyMiCHICTh NOTiuHuX piBHiB 1idpoBuX curnanip i wunu aauux MIT ta
3abe3neyye CriBNajanHs BUAIB LudPOBUX KOAIB 3 POpPMaramis NaHUX, NpOrpamMHy CyMICHICTD.

Hnsa cupsikenus MIT cepii 580 3 Ge3nepepBHOIO 4ACTHHOIO CHCTEMU KEPYBAHHS MOMHE 3
YCIIXOM 3acTocysaTi nepetsoprosau cepii- K572, Hasasuicrs y wiii cepii 12-pospaarnx AL nae
3MOLY MpH HeoOXiJHOCTI HAPOULYBATIt POPSAHICTL BXIAHUX Ta BUXIAHMX AQHWX 3 MiHIMATLHUMU
LBOPOOKAMH YCTaTKYBAHHA CTIPSHIKEHHSL.

[Tpunumnosa cxema -ycratkyBaHna cnpsokena (YC) MIT cepii 580 3 Gesnepepsnoio
YACTHHOIO CUCTEMN KepyBaHHa HaBeaeHa na man. 8.14. Lle ycrarkysanus 3abesneuye oOmin
nannMu Mk MIT Ta BXiIHHMH nepeTBOpioBavamu 0€3 PO3pHUBY NMporpamMu. YCTaTkyBanHs mac
HACTYTIHI XAPAKTEPHCTHKK. MIaNason BXiAHHX aHanorogux curnanis 0-4 B; uac nepersopcHus
(npuitmantis) indopmanii B ALUT Ty,=120 mkc; kpox ksantysanns AU A=10"B,

OcHoBHUMU BY3N1aMK yCTaTKyBamHst sBiseThCA |2-po3psannii AL, peanizosanuii na Oasi
mikpocxemut K372I1AL. Oxpis mikpocxemn ALUT, ycrarkyBanHs MiCTUTL ICHEPATOP- TAKTOBHX
imnyiscis  (mikpocxema DD1 - tuny KI55JIA3), skull  QopMye nociifoBHicTs iMnynscip 3
makcumansholo wactororo 250 ki ta winsricrio 50% s 3abesnéuenna podotn nmdposai
yactiHn Mikpocxemu KS72I1BI, renepatop imuynbcis cuuxpouizauii (mikpocxema DD2 tuny
K155HES), akuit € noainsuukom vactoth Ha 32, 3abesneuye cunxponizauito AL, npeuesiiinuii
xomnapatop (Mikpocxema DA3 turny K521CA3) ana gopmysanns noriunoro curnany (aMmnniryaoio
ve menwe 10 B), skum synuaserses npouec nepersopenns B AL B ycraTkysanus Takox
BNOWTL JOKEpeno skusicHHA (Ha Mikpocxemi DAT tuny K140V ]17), ske 3alesneuye HeoOXigHuit
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piserb onoproi nanpyru ans AU cymarop (mikpocxema DA2 tuny 544V]I2) mns popasadns
BUXIAHUX CTpyMiB BHyTpiliHboro LIAIT MIT y naHity3i 380poTHOrO 38'A3KY.

Buxinuumii kon AL naaxoants Ha BXix cuctemHoro kourponepa CK  (Mikpocxema
KP580BK28), npusHaueHoro ana ¢ikcauii cnosa craHy MI, dopmyBanHs curHamy kepyBaHHs
NaM'ATTIO Ta 30BHIIHIMK yCTaTKyBaHHAMM (mMHa kepysauHs LK) Ta Gydepusauii wmHu ganmx
(.

MiKponpouecopHUil aBTOMAT-PEryNATOp UacToTH OGEPTaHHs ABHUIyHA 3MIHHOTO CTPyMY
HapeneHuii na man. 8.15. LIAP cknanaetbes i3 MII, nocrifiHux 3anam'aToByBaibHUX YCTaTKyBaHb
[13Y komaHa Ta KOHCTAHT, reHEPaTOpa TakKTOBUX curiaii I Ta ycTarkyBaHHs KepyBaHHs aipecolo
xomaun (KAK), mo 3ailictioe yMOBHi Ta 6e3yMOBHI NIEPEX0OAK Bij) YEPIOBOT KOMAHAM A0 HACTYIIHOT,

+5B
>
+15B "
.
Ll
Kinenn
nepersopenus
A |Q
Aul]_ISIJ 15\
f—
a2
3] 12
19 CK 10
5 8 }lll}l
18 19
20 21
7 5
24 \
% |
x — MUK
1 —
2 —
/
m Kepysans
Auanorosuii

Man. 8.14. [Tpunuuiosa cxema ycrarkyBans cupsenns MIT 3 AL

3B'A30K MK By3jlaMi peryisaTopa, AaBajibHUKaMH 12 npHiiMadamy indopmarii saificiioerses ucpes
wuny panux (L), anpecny muny (ALLD) naunx ra wuiny kepysanns, QOOMiH indopmaicio
3ARCHIOETLCS Hepes inTepdeiic (In).

Hsuryn JI ta nepersoprosansHi  enemenru PITE  cknagaiors  of'ekt perynosanns.
[lepeTBOpIOBAY YKOMIICKTOBAHUIA LM(POBOIO- CUCTEMOIO KEPYBaHIs, WO TIEPETBOPIOE ABIHKOBHIl
koA Ko Y NOCTIZOBHICTD KEPYIOUNX iIMITYNILCIB 3 KYTOM KepyBaHHs o. [TepBHinuMu naBanbHIKaMH
curianis  380poTHOrO 3B'A3Kky € - Tpancdopmatopu cipymis TC Ta aBajibHHK-TIEPETBOPIOBAY
obepru-uacrora ([IOY). Nasansuuku ctpymy Ta wsnaxocti JIC ta I dopmytoTh asifikosi ko
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uHPpoBUX cHrHasis 3popoTHOro 38'a3ky Ke, Tta, Kw, Iw, nponopuiiini sigiosiano amnniryanomy
3HAYCIIHIO CTPyMy sKOpA 1 13 BpaxysauusiM 3aBaj, Oe3cTpYMOBiii lay3i y pexxdMi nepepuBaHus
CTPYMY Ty (TPHBATICTh BOAIMHH), BIAXMAEHHIO AW 4aCTOTH OOEPTAHHA ABUIYHA Bil 3A1aBasILIOIO
3HauCHHS Ta inTerpany Bia uboro BigxunenHa. Liudposuii sazasansik wenakoaii 3L dopmye
ABIAKOBUI KoM K3 MWUTTEBOrO 3HAYEHHA 3a0aBaibHO! MIBHUAKOCTI 1s OJCPIKAHHSA LUBHJKICHOT
niarpamu. [Tpuiimauem BuxiaHoi indopmauii € kinbuesuit perictp RG, y akuil naaxomuth
nBiiikoBuit ko) Kq kyTa perymosanus PIIE.

Kinbuesuit perictp sactocoBanuii ans 3abe3neveHHs pyxy ABUryHa “Bnepen” abo “Hazan’.
Buxin RG naaxomuts y cxemy immynscno-pasosoro xepysanus (CIDK), axa 3s'azana 3 PIIE.

ac
s TC I[— 1 Ke Bonsi Mil
1 6 —V# : > nxin
- i i T K K]
o e Ll ‘,
== 13y
PIIE v KOHC|S)| a0 CIOK
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Man. 8.15. dyHkuionansia exema MIT-cucremu

TocninosHicTs onepaliiit, wo BukoHyeThest MIT, Ta ueproBicTh BMHKAHHS 30BHILHIX ukepe,
npuitmMauis indopmauii 10 WHHU AAHHX BH3HAUACTLCH MPOTPAMOIO, sKa 306epiracTbes y KOMIpL
[13Y komana y BUITIIAT MACHBY ClliB KepyBaHHA (komaHn). Benuunna cnosa kepysanus — 28 6ir,
MaKCHUMAsbHa KUIBKICTh PI3HUX KoMaHza — 256. Komanau cknanaroThest 13 HoTHpeoX nianporpam: K
(11 &it) — nianporpama onepauiit MIT; ninnporpama A (7 6iT) — aapeca jvkepena aGo npuiimaua
nauux; ATT (7 6iT) — cemn crapiiux po3psajiis agpec HacrynHux komanm;, KIT (3 Gitn) — kony
nepexody (0€3yMOBHOrO Ta yMOBHOIO), WO BH3HAUAE MOJOAWMH PO3PSA AAPCCH HACTYNHOL
KOMaHJM.

KoHa komaHna peanizyerbest 3a 0AMH TakT poboth MIT, 0670 110 cyTi HeMae pistuLi Mixk
KOMaHA0t0 Ta Mikpoxomanjioto. Tpu Gita nianporpamu KIT BU3Hauae BiciM MOAUIMBMX BapiaHTis
11EPEXOAIB 10 HACTYMHOI KOMaHAW. [|sa BapiaHTH BiUIOBIJAKOTE 0E3YMOBHUM MEPEX0JaM, KOJIM KO
KTT opno3sadto BU3HAYAE MOJNOAWHI PO3PAA aapeck HactTynHoi komaiu. [icte inwnx sapianris
BIHKOPHCTOBYIOTECS JUIs  BHOOPY O0311aKH YMOBHOrO nepexoly. Mosoamuii pospan  aapecu
HACTYIHOI KOMar/I1 3aeXHTh BiA PIBHOCTI HYMO 200 0AWHULI BHOPAHOT 03HAKH, TOOTO pesysibTary
BUKOHAIIHsi HACTYITHOT Komalan. O3HaKol0 YMOBHOTO NMEPeXoAy Moke OYTH CcTapliMii (3HaKOBHT)
abo MomojwMit po3psa oncpanny Ha suxoai MIT, piBHICTL HYJO BCIX PO3PSAAIB BHXIAHOTO
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onepallLy, HePIBHOZHAYIICT ABOX CTAPLIMX PO3PAAIB, AKA CBIAMHTDL PO NEPENOBHEHHS PO3PSUIOT
MEPEIK Ta THIE.

[Tiuiporpama A srzsadac jprEpeso abo npuiiMay 30BHIWHLO! dOPMALIT, 10 BMHKACTLCH O
IHHK JaHUX (TPH BHKOHANNT ToTO4HOT oncpaitit. Jhrepenamu indopmauii asnsaiorses JaBaisHUKH
crpymy ra msujakoeri. Jo unena jprepen indopmaitii Hanexkars Takoxk komipku [13Y korcrant, B
kX 36epiraloTLes KoeIienTH ACHICHHS  PeryasTopa, Mexi oOMexenns cTpyMy Ta Kyra
PEYINOBAHII TA 1IN KOHCTAIITH.

Peanizalis - anropuimy  nporpamu (e, M. 8.16)  po3iounyacTLes 3 nepeaaBanism
smicrumoro y 113V koncranr suauchis Kopay AKE BLANOBIIAC IPANNYHOMY KYTOBI KepyBanus PIIH.
Flossa 30BHIMIBOIO CHIHANY TOTOBHOCT THIIIIOE Hepexi 4o ocHoBHOT nporpamu. Crouarky
BCTAHOBIIOIOTL HIYAL HITCIPATOPA — PErylisiTopa Crpymy, Tojl 3AIHCHIOCTLEeS 1KAIUIa podoTa
LIAP. PO31I0MHHACTBLE LHKI 3 TIOABOKY 4epProBolo Kepyiovoro imnysbey CIOK 1 sakinuyernes
ofuuenenM ra nepeaasatiam y perictp RGokony Ky, 110 BU3BAMac ko perynosanis juis
HACTYIIOro Kepytouoro imnyibey. Ty wac sukolianysg nporpamu v MIL spojgties jlam Bijg
napaIpnuka usuakocTi K, ta ly,, u Nponopniiini BIAXWICHHIO vacTtoTH  ofepranis  Bij
3aj1aBaibHOT Ta lirrerpaxy Uporo Byxmnenis. MIT obuicoe 11- Ta I-cxoialosi BHXLUIOTO curiany
perynsropa NIBMAKOCTI Ta nijcymonye ix (s, man. 8.15). Tliznime proanrsest koneranta Ke on.,
O BU3IAYAC JOTYCTHME 3HAUCHHS MOLYIS 3j1aHus CrpyMy, i MU niposots oSunicrctnist uncia
K3.¢. sIKe NPONOPILHHE 31aBaNLHOMY CTPYMY.

Y posrasny it exemi 3BOPOTHHIT 3B'M30K BUHICHIOCTBES 30 aMIDIITY M 3HAYCHIAM CTPYMY
HasanTOKeHAs Beepemni deproporo raxty podorn PIE. Sk npoueaypa obuncnenns K
SAKIHMIUIACH PANTINE, DK CTPYM JIOCHT aMmIuiTyinoro siavenus, 10 LAP nepexors y cran
NEKANHS IO HAAXO/UKCIIA BiL JABAIBHIKG CTPYMY CHIHANY 1IPO TC, 10 H(POBE 3Hauenis
3BOPOTIHOT 3B'3KY Ko, nponopuiiine amnuiryi crpymy, ojepaane i Moske Oyru nepenaie y MIL
Hicns voro obunciocrnest pistins Kye-Ke ta Buxinnmii cirnan peryssiiopa crpymy Kee
[ngposuii pasanbink crpymy kpim uneta Ko, pOpMyc Takoa CHITAL TIPO HASBIICTL OC3CTPYMOBOT
ay3n 1 urcdo 1T, nporopiiine i TPUBAKOCTT Ty (TPUBAINCTL BITaAHI). Y pekiMi Oesriepepruoro
crpyMy GC3CTpYMOBE 11ay3a BIACYTHA 1 1IporpamMuo peanisyernes pynkis Il-perynsropa cipymy 3
nocridimmi koedinienwrramu niacnens - ra l-coranonnx.

Y poxkumi Ge3cpepBHOrO  CIpyMy  OGHHCIIOCTBEH  anine  [-Cknajiosa 3 Koeduiierom
nigcunentst, WO 3aeknTL Bij oo TOOTO  1IPOIPAMIIY  PCaiBYEThCT  AITOPHIM  AJIAITTHBIONO
peryisrropa crpymy. Kpim 1oro, y perumi, nebesnepepsiioro crpymy sificHocrnes oomeeris
BUIEMHOIO TIPUPOCTY KYTA (L Y 3a0GOKHOCTE BUL T, TaK, 100 11PH HO3UTHBIOMY ¢TPHOKY 3ajlapainis
nepexin iy HeGesnepeprnoro o GE3NepEPRIOIO CTPYMY NPOXOAHB UCPEs. NPOMIAINI cra
JAONYCTHMOTO — C1pymMy.  3aBjiiki MoMy  BHKJHOUACTLCH  [ICPCPEIYMOBAHIS,  HKC  BJIACTHBC
ANANTHBHOMY PCIYJISCtOpY CTPYMY 1PH 3HAYHOMY CTPHOKY 3ajaBalius.

Obuuciiere 3HANCHHS BUXOLY PCryjsiTopa CTPYMy HEpEpaxoByerThes Yy uHeno Ky, sxe
OOMEKYETBCS 3BEPXY T2 3HWU3Y KOHCTAHTAMW, NPOTOPILAHUMH IPAHUYHUM KyTaM PCryJloBaHHs
Olmin TA Ouynax. Jlicast nepenecenus Ko y pericrp RG LIAP nepexopute y pexkusm HMckanHs 1o 1ossn
HACTYIHOTO IMNYJILCY KCPYBaHIIS. ‘

BaIMBUMIL BY3JIaMi CHCTEMB € yeTatkyBaHiis 3s'asky 3 o6'ckrom: CIOK, AC, JILLL T
JAARATBHUKA CTPYMY BHKOPHCTOBYETHCS TPH TPAHCHOPMATOPH CTPYMY, BTOPMHHI 11ANPYFH AKUX
BUIPAMIBIOTHCS 110 CXEMI, KA BUKJIOUHAC BTPATH HANPYry Ha Aiojax. CyMa BUIPAMIEHHX HAIDPYT
CTBOPIOE AUANOTOBHI CHLNAIL, 1O NPONOPLIAHKI MUTTEROMY 3HAUCHHIO CTPYMY HaBAHTANENNS,
Lleit curnan nepersopioethes y dpony popmy 3a aonomoroio ALUT, ax nokasano na man. 8.14.
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§ 8.3. Cxemn HAP npu cTryniHyacTux BXigHUX BOUINBAX
—-— [20, 21, 22, 23, 24, 25}

YV 3aranbHOMy BHIAZKY KOHTYP CHCTEMH ABTOMATMYHOIO KEPYBailHs 3 OAMM BXOJOM i
OJIHUM BHXOJ0M MOKHA NPCACTABHTN K HOCHiRoBHE crionyychiin LIAP ta ob'exta xepysains.
Texniuna peanizawin AP npu cryningactnx BXyMMX BIUIHBAX 114 OCHOBL CTPYKTYPHMX CXCM
aan.8.1 ta 8.13 Byac BIAPIsHATHCD Y 3AnCHHOCTI BijL TOro, sknif obickT kepyBanua (craruunuit yu
acTatHuuMi) Haasivil y cuctemi. Haiibinuin npoctim 3asjanusm e nobynosa AP ans cnerem 3
actarHuiMi o' ckTaMi perymoBating. Buxmiuil cHrvan Takux peryistopis 1pu Cryningactix
BXUIHX BIUIMBAX 114 BXOJLE CHCTCMM NICAs 3akiHdeiins nepexiumx upolecis 3a yac T=Nh roroxno
PIBHUI YO,

Hepecunanusn
K. ¥y RG

HI Iporpama TAK
: BBeacHA?

TAK

Jasansnnuk erpymy
yBiMKkuenuii?

dynkuionansha exema LJAP, npu cryninuactus BXijUIHX BiuiMBax nasenena ia man. 8.17.
CXeMa CKNAJAETBLA 13 HOTHPLOX OCHOBHUX OHOKIB: YCTaTKYBaHHs BUOUpatiis Ta 30epirants

Ob6uucaenss:
Ksc-Ke; Kps T

7~'< g(t) ! Um,x] Unux
| VB3 ~ Ky e
TAK HI H1 Crpym TAK
Gesnepepunii? 1YB3 ]
t Iic
| |
O6Guncienns O6uucnenns C1
e /| T = 1=
Oduncaeuns Man. 8.17. dyuknionansia cxema LIAP.

I-PC-H .
Oﬁ'nlcucu]mi (¥YB3), mo of’¢uiye KBairrysarens (MUTTresHit Kkiod) Ta thikcarop 1ynLoBOTO  NOPS/KY,
cknagosnx I1-PIIT y * yerarkysatig cunxponizanii (YC), yerarkysanng 3i aminnum koedinicirrom uepefasanis (Ks), ra

QopmyBaua imnynneis kepysanis (OIK).

Obuncaenun
exaagosux 1-PII

Oduncenns £(t) VTI
Ko ] c
R1

Beeaeuns
Kc.os

O6uncienis 3anmucyganus
Kz ¢ K.y RG

R

SVI)]
1YB3

<

Man. 8. l§. Cxema anropurmy LIAP HACTOTH Ta CTPYMY Man. 8.18. [Npununnosa cxema YB3
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[lpocra cxema VB3 Hasenena wa man. 8.18. Knmiouw VTI wua MOALOBOMY  TPAH3HCTOPI
PO3IMHUKAETLCS Ta 3AMHKAETHCH KOMAHIHMM CUTHATOM — iMAyibcamu kepyBanas YB3 (IYB3).

4 Konu kmou 3aMkHeHuM, BuXigHuit curnan YB3 3MIiHIOETECS 3MAHO 3 BXIHAM CHIHAIOM
BiaxunenHa e(t). Komm xniou posimMkHeHul, BHXiZHMIl CHTHAN BM3MAYACTLCH HANPYIOKD HA
KOH,I(eHcaTOpii Cy, KA NONACTECA ha Gydeprult nincumosas A 3 BenHKHM BXIZHHM OIOPOM, (10
3MOHTOBAHHH HA MIKPOCXEMI.

v Ockinbkn yac BUOMpPanHs (HacoBUit iTEpBAN, HA NPOTA3L HKOrO KAOY 3aMKHENNIT), 3HAUHO
menuimit nepiogy T=Nh, 1o curaan na suxoai YB3 Uguxi=e(nt)= &(t) npn t=nT, N=Nh, n=0, 1,2, ...

' Hpyruit 6nok YC ctpubkononibuiii 3mini BXiHoro curnany e(t) s3aGesneuye mHeraiime
BianpawoBanis i€l 3minn. YC CKnagaetsen i3 inpepropa 1, nsox komnaparopis K1, K2 ta
(popmysaua cuxponizyionoro iminynscy Cl (ms. man. 8.19).

&(t) o I = K1

Cl

| I e l e

R

Man. 8.19. Biiok-cXxema yeTarkyBalitist CHHXPORizaiii

l|{nep’rop Ta JBA KOMITAPATOPH MONTYIOThCS Ha onepauiiiuux nijicniobauax, dopmysay
CHIIXPOIMAYJIBCIB —~ Ha ROMMHUX  eeMeHTaX. YCTATKYBAHHH CHUXPOHi3awii Mae penefiny
xapakTepucTuky (B, man. 8.20) 3 peryanosanow 3onoto Hewytmmsocri: Uy, Uka — suxiui
HAMPYru KOMNaparopa Ha ONCpawiiiuux MiacwnoBayax i3 BXOIpKEHHM curhany €(t) 3a sony
HeuyTIMBOCTI 2Ae. BeanyyHa 30HU HEUYTTHBOCTI BCTAHOBIIIOCTLCS 3MIHHUM PE3HCTOpoM R.

Ui
Ui Uiz

Man. 8.20. Xapaktepucruka
> YCTATKYBAHHS CHHXPOHI3alLii

-Ag 0 +Ag

o

Skiwo senuuuna curnany () nepesuitye 3uwauennsn Ae, toxi va Buxoai YC (opmyerbes
CHHXPOHI3YIOUHI IMIYARC MO3NTHBHOT MOAAPHOCTI aMNAiTY 1010 U=const Ta TprBanictio T=const.
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Tperiit Gnok K3 3abesneuye nepersopenns curnany Upux) y nociigosHicts N imnynbcis
tpuBanictio h 3 amnaityaamu m(0), m(h),... IlpuHunnosa cxema ycTaTkysasus 3i 3miHlIMMU
xoe(iuienTamu  nepeaasauns, Wo 3abesneuye (PopMyBaHHA KEPYIOUMX BRAMBIB i 00'eKTiB
PETYMIOBAHHS, KT OMUCYIOTBCS AM(epenuianbHIEMK PIBHAINAMH JI0 4ETBEPTOrO NOPAIKY BKIIIOUHO,
nasejena na man. 8.21. Yerarkysatis CKIaZacThCA 13 (HBEpPTOpa HA onepauifHoMy nijcumoBsaui,
NOAILHKKA NPAMOro chritaty (3Minni pesncropt R6, R7), rnoaiasHuKiB iBEPTOBANOCO CHIHANY
(3minni pesucropu R4, RS) ra komyTatopa ananorosux curnanins MX.

VY UbOMY YCTATKYBAHIT KEPYIOUUii BILMB (POPMYETHCH HISIXOM [TOCHIJAOBHOIO BMHKAHIA Na
imreppanax  dacy  (O:h), (h;2h), (2h:3h), (Bhidh) no sxomy of'exkva perylnoaus uanpyr

Une=Uixt¥on, e Kon=Kp/Kpay —  Xoeiient nepenaBaHHs yerarkyBaHls 1a N-OMy  Kpoili
peryiosanis, Ky = po3paxyikose  3uauchus  KoediieHTa nepeasainis n-oMy  Kpoui

perymosanis; Ky — MAKCHMAIbHKIT koeditlieHT nepejapanns iz unena koedinienris Ky,
Yersepruii  Giok  OIK  3abesucuye  GopMyBanis  IMIYJILCIB  KCPYBANts  KOMYTaropoM
ananorosux curiianis 1K y Buristi napaneinioro ABIHKOBOTo KoLy —HOMEpa KPOKY peryioBaliiis

€
+E —R8_ R9
| S
-E R10 R11
I 1
| I
—&
R2 R6
| I R7
U, RI o
= D2| MX
Al s U
- Q
D4
R4 RS o
2
B
2 2 —
5 .y
‘ M ge
; . —A3
May. 8.21. lTprinmnosa cxema yerarkysanin 3i ——
MIHHIAY KoediLticiramMy riepeaasanis — A4

(10 10 xpoxis y rpannusx irrepsasty perymosaiiis T=Nh) Ta iMnyincis xepyBaliia yeratkysaHiam
pubupaniis Ta 36epiranus 1YB3 noctiiinoo rpusanicrio Ta poskuaom Bin +b o -E (B), wo
zabesneuyc BUGHpaHIs cCHrHANY MOXHOKH, i 3MIHIOETLCH Y TieBHOMY Alanmasoni. ynkuionainua
cxema (opMyBaUa iMIyJInciB KepyBanhs nokasana Ha maj. 8.22. Cxema CKNAJAETLCS i3 IEHEPATOPY
rakrosux iaayancis (I'TI), nisunsunka-noginehnka vacrorn (1Y) 3 nocrifinum koedinicirron
ainennst Ky, gopmysada taktoBux imnynbeis (1) 3 nepiojom h, niunibiuka noTouHoroe Homepa
kpoky perymosatins n (JITIHn), aeumdparopa norounoro nomepa (JAIH) kpoky perymosaniist n,
cxemu kepysanns fiunnbiukom (CK), ¢opmysaua iMinyancis  Kepysanus yCTAaTKyBaiHsM
Bubupanis Ta 30cpirania (MIKB3).
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Man. 8 22, ®dynkiioHansia cxema Gopmysana iMmybeis KepyBaRiis

Jhiunaskuk-noginphnk vactotn (JINY) nepersoproe raxtosi imnyascu Tlp y nocnijosuicts
TaKTOBMX iMNynbeiB Tly, ki uepes cxemy criBnajan: « Ta iMBEPTOpP HAIXOAATH HA BXiA NUNIbINKA
NOTOYHOrO HOMEpa KPOKY perysiosains. [lapanes suult ABIAKOBUIA KO ITOTOYHOrO HOMEPa KPOKY
Pery/oBaHHs 3 BUXOAY Ji4HIbHUKA HAIXOAHTL Ha KEPYBAHHA KOMYTATOPOM aHANOFOBMX CHIHAIIB
YCTATKYBAHHA i3 3MIHHUM KOE(ILliCHTOM TNMEPEeAaBaHHA | OJHOMACHO 11d BXOAHM IelmMdparopa
norounoro Homepa n. Onun i3 BUX0AIB AewM(parTopa, HOMep AKOMO BIANOBIAAE MOPKJKY
AnepeHLianbiloro piBHAHKA, 10 onucye 00’€KT PerymoBaHHs, Yycpe3 NepeMuKay HaAXopuTh J10
CXEMM  KEDYBAHHA, 3aBAAKM UYOMY 1Mk (QOPMYBAHHA CHrHANIB  KCpyBaHHsi GesnepeprHo
MOBTOPIOETLCA.  SIKWO  1OTOUHKE  Homep KpoKy - peryioBanns n<N-1, ae N - popajiok
AHdepeHUianbHOro PiBHAHHA 00°€KTa PerynioBaiHs, TO Hailpyra Joriudoro “0” 3 BUGPaHOTO
BAXOAY ACIIKH(PATOPA HAAXOANTH HA {HBCPTOP, @ 3 BUXOMY IHBEPTOpA, Haupyra Joriunmx “1”
HAAXOANTH HA APYTHil BXIZ CXEMH CMBajiaHksl, JOIBOMSIOUN THM CAMUM HAIXODKEHHIO YEProBoro
TakTosoro iMnynscy Ty na Bxin niunmbunka. Skuo n=N-1 Ha BHX0AI AemwmdpaTOpa 3’ABHTHCA
HANpyra NOrivYHoi OAMHKLI i ueprosuil imnyasc Tz HaAXCANTD yepes CXEMN CniBNafaHuA Ha BXij
BCTAHOBACHHS NiYMALHIKA MOTOYHOTO 1HOMEPa KPOKY peryioBanus y HyJIbOBUI CTaH | OAI0MACHO
nojaeThen Ha cxemy  opmysanns GIK. Jlani Bech umkn (OpMyBaHHA iMIYNbCIB KepyBaHHs
NOBTOPIOETHCS.

I3 HagxookeHuaM IMNYJILCIB CUHXpPOHIZALIT NIYMILHUK-NOMIALHKEK HaCTOTH Ta NiMMALHHK
MOTOYHOPO HOMEPA KPOKY PEry/HOBAHHA BCTAHOBIIOETHCA Y HYJIBOBUIH CTAH, a TAKOK (POPMYETHCH
iMnynse kepysanns IKB3, Tum camim cxema opmyBada. iMIYaLCiB KEpyBanIsl NEPexoauTs Y
pexcum neraifioro o6pobnenns crpnbKonoaiGHOro BXianoro BIuiuBy.
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Mast. 8.23. @yuxuionansia cxeMma HAP juis cratninux o0 ckris peryioBans.

Binpw ckpaanum 3asianusam € noGyjosa LIAP npu cryninvacinx BXIAHHX BIIWBAX JUIs
CHCTEM i3 cTarnuiumu o6 ckramu perynosanns. L[AP npu cryninuaciomy srumei Ha BXoOj
CHCTEMH KEPYBaHHA, KPIM OCHOBHUX IMHYILCIB Y NEPEXiMIOMY PEKUMI, HOBHHEH 3a1aBatd B
yCTICHOMY PEXKHMI “NIACTAHOBKY" — MOCTHNNE curnan Ha BXia 00’¢kra peryaioBanss.
Hanpukian, skino o6’ ekt peryJnoBaHHa ormicyeThes nepeaarsoio Pynkiicio

W(p) = o,
(p+a)p+b)
TO PECYASTOP 1IPH CTYNIHUACTOMY BIUIMBI Ha BXOJU CHCTCMU BeiMunuo U NOBHHCH 3abe3neuuTH
#a BXOJI 00°€KTa peryloBaHs ABa iMNyJbel AOBKUION h 3 amriTynamu aip=Kol/ Ta my=Ko(l-4-
BiU, ne K,;:1ab/a(/-A)(l-B)j"; A=e® B=e™ aw YCTANEHOMY PEOKHMI ~ HOCTIIIRY BeaHunIly
my=ma=abll/a ) .

DyHKUIONANLIIA CXEMA PCTYASTOPA JUIs CHCTEM KepyBanHs i3 crarnuuumn o6’ ckramu
perymosanis tasefena na man, 8.23. LIAP cikiianaernes i3 THX CaMBX YOTHPLOX YCTATKYBalb, WO |
na cxemi man. 8.17 (Boun 0GBEACHT NITPHXOBOIO JINICI0). OCHOBHOIO yCTarKyBauHs BuOnpais ra
sfepiranns (YB3), yerarkysanus cunxponizaii (YC), dopmysaua imnynseis kepysanus (PIK), ta
xoc(hitienra 3i sminnumu koediniciramis nepenasanns Ky, uio 3adesneuyc Gopmynanns Kepyiounx
smmsis Uy, n=1, 2, ..., N-1; na nporssi inrepsany perymosanns T=Nh. Kpim toro, y peryasrop
JOIATKOBO yBeACHT macwTabuuii nijcumonau 3 kocindentom K, jBa nocninosHo BMukaiodi
yerarkysatis BuGupanns ta s€epiranns (YB31 ta YB32), mo 3auam’stosytoTh 3uauenns u'(t) na
nouarky iWtepeany perymosanns. Lli ycrarkysanns mnepeialoTh ue 3nadenns Ao o6’ekra
perymosands y Buriisai cnrdany Un y Kinui KOXKHOTO iHTepBaly peryioBanis, cymaTop X, Ha
BXO/ SKOI'0 BUALNAIOTLCS BCI cpopMOBaHi BIUIMBH HA 00’ €KT peryosaiis.
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Hpurxnao 8.1.

Po3poGuti LIAP Tpuda3Horo MocTOBOro iHBEpPTOpa HAMpYryl [U1A BUKOHABYOTO MeXaHi3My
(Man.6.91).Y pospoGui BHkOpHCTaTH MikpocxeMH 355 cepii. Yacosa niarpama poGoTu iHBepTOpa
noxasaqa Ha Masi.6.92.

LIAP nosuHeH 3a6e3I1euyBaTH:

1.V 3anexxuocTi Bia BxigHoro HaGopy curantis x;...x; (1MB.Tad.8.1) BMUKAHHA, 3yNMHEHHA T
peBepCyBaHHs BUKOHABYOTO MEXAHI3MY.

2.V 3anexHOCTi Bl BXIAHOrO HABOPY CHTHANMIB Xs...x7 (1MB.7a6.8.2) 3MIHIOBAHHA LIBHAKOCTI
06epTaHHA BUKOHABYOrO MeXaHi3My (Habip CHrHaIiB BUKOPUCTATH AK aAPECH] KOIR).

3.@opMyBants - (a3oBOro 3CyBy, MIACHICHHA Ta CHHXPOHI3ALi0 KepYyIOHHX iMMyAhCiB
MOCTOBOTO iHBEPTOpA HaTIPYTH.

Tabauya 8.1. 3nauenna exionux cuznanie xl...x4.
Ne x1 x2 x3 x4 Pyx (nanpamok) F(1) F(2)
3a/n
1 0 0 0 0 3BOPOTHHI 1 0
2 0 0 0 1 TipsAMuid 1 1
3 0 0 1 0 3BOPOTHHH 1 0
4 0 0 1 1 npsmMuid 1 1
5 0 1 0 0 3yNHAKA 0 -
6 0 1 0 1 npsmuit 1 1
7 0 1 1 0 3BOPOTHHIH I 0
8 0 1 1 1 3yNHHKA 0 -
9 1 0 0 0 npamuit 1 1
10 1 0 0 1 3YMUHKA 0 -
11 1 0 1 0 npaMuii 1 1
12 1 0 1 | 3BOPOTHHII 1 0
13 1 ] 0 0 3YIMHKA 0 -
14 1 1 0 1 npAMHit 1 1
15 1 1 1 0 3yTIMHKA 0 —
16 1 [ 1 1 TipsMuil 1 1

Taonuyn 8.2.  3navenna exiouux cuzHanie x5...x7 ma mepedica yacmom

Nesa/n X5 x6 x7 llI;:(?/l;chb '{a;'lrr:;ma Saznauennn
1 0 0 0 72 12 (13) fi
2 0 0 1 48 8 f;
3 0 1 0 24 4 f3
4 0 1 i 336 56 (52) in
5 1 0 0 624 104 fs
6 1 4] 1 240 40 (39) e
7 1 1 0 S 192 32 f;
8 1 1 1 48 8 fy

3HaueHHs YaCTOTH KepyouHX IMITy IbCiB 00YHCTIOIOTBCS 3a GopMynoo:
n=60-f/p, 10610 f=n"p/60,
Je N - WBNJKICTh 00epTaHHs ABUryHa (06/XB);
f - yactora kepytounx immysnscis ('),
p - KifBKicTs nap nomocis (Hexai p=10).

340

Po3g'azox. :

OyHkuionansHa cxema LIAP npencrasnena Ha man. 8.24. BoHa CKIARacThea 3 HACTYIHUX
Gnokis. Broky, mo 3abeaneuye pyx asuryHa (Bp) Ta 6noky, o 3a6esneuye pesepc (bps). Mg ix
CHHTE3Y A0NYCKAEMO, WO OpH 3abe3neycHni pyxy Ha Buxodi (bp) NOBuHEH GyTH BUCOKMil DIBEHD
curtany - “17, a npu symuuui - “0” (ams.1a6.8.1 dynkuito F(1)), sianosinHo ana (Bps) npu
HanpsAMKy pyxy “npsmo” - “17, a npu pyxosi “3BOpoTHO” - “0” (amB.Tabn.8.1 dyuxuiro F(2)). Ha
ocHOBI 1uX yHkuiit cknagaemo Y JIHO ans F(1) ta F(2).

Xi+Xq
il
bPe r
A Tp: a
B b
C c

i
i
Co (3] f .
4 ] :‘ E Man. 8.24. dyukuioHanbHa cxema
5| f: D, |_] LLAP asToHOMHOrO iHBEpTOpa
C 6 |+—D:
17 ] r7 D
8 |——{D, Q,
S | T
s
S
X5+X7

FI=X 0 nmTve B o S Sv i Ty

vEix Txyv Xxox Yvx B 5 Xvx Foxs Yivx Bxsxv

VX) X2 X3 X4V X] X2 X3 X4

FQR)= X %3 X5xuv T T3x3x4v X1 X2 X3xevns X3 %3 Fov

vxr Xax3 Xavxrx2 T5x vx; x2x3 x4

T1poBiBuy MiHIMI3aLit0, HA OCHOBI MATEPIialy BUKIIAACHOTO Y § 5.6, ONEPKHMO HACTYMHE:
Fuil1)=x2 %3 Tovxs x2 Bivaer B Sxv T xzxsxs
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Fan(2)= X7 X2 x4vx) X2X0v X1 X5 X3V X1 X2 X354,
Mepeiiwosun y Gasuc soriunnx Gynkuiit [-HE, ocrarouHo ofepxuMo:

Fumin(1)= X, X3Xa - XX, X4 X, X2 03X, - X1X, X, X,

Fain(2)= X1 X2X, - X,X,X, - X, X2 X4 X1, X3X,.

o6ymoBaHi MPUHLMNOBI CXEMM HA OCHOBI 3HaueHb MiHiMizosanux dyHkuii llgneuelli Ha
man. 8.24. Jlnst noBynoBU NPUNLATOBOI cXeMu OJI0KIB pyXy Ta peBepey BUKOPMCTaHI HACTYMHI
mikpocexemu DDI - KS55JIHI, DD2 - K555J1A4, DD3 - K555J1A6 DD4 - K555J1A4, DD5.DD6 -
K55571A6, DD7 - K555J1M6 Ta DDS8 - K555J1A3 .

Ha man. 825 wHamenena cxema ONoky kepybaHHa Kinbuesoro perictpa (BKKP), ska
3aGesneuye foro yHKuionysaiia 3a rabnuueo icthunocTi 8.3,
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Man. 8.25. ITpununnosa cxema Gnokis pyxy, pesepcy Ta 610Ky
KEPYBAHHA KilbLEBUM PETiCTPOM
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Tadnuys 8.3.  Tadauya icmunnocmi 610Ky Kepysanns Kiavieeum pezicmpom K555HP1 A

. Bxoau
Ne za/u Cran pericrpa
C R SR SL
1 Beranosnenns 8 “1ynp” g 0 * *
2 3cyBauns npasopyt no DR JU 1 1 0
3 3cyBanus niBopyd 1o DL g 1 0 i
4 [Tapanenbie sanucysanns indopmarii JU 1 1 I
S 36epiranus iHdopmauii 1 1 0 0

Haseneni cranm y Tabnuui 8.3 dyHkitionyiorh 3a J0noMOToI0 BUXIJUMX KOAIB B110KiB pyXy Ta
pesepcy i Joriunoi cxemu, 3monToBaloi Ha Mikpocxemax DD8.1+DD8.3. Jlna 3abesncuciing
sanucysanns indopmautii is sxonis DI-+D4 pericrpa D13 ta sxoxis Di+D2 pericrpa DDI4 (aus.
mait. 8.27). uBupaemo vac 1=40 uc, roni, npuitnssmu Ry={KOm, o6uncinmo

O=t =200 o
R 10

ITpunumnosa cxema 040Ky (opMmyBasHs Mepexi wacror (DMUY), o cknapacties i3 JBOX
redeparopis (Mikpocxemu DDY, pesucropis Rz, Ri ta konencaropis Ca, Ci), BOX NiuunLHKMKIB
(mikpocxema DD10 va norikn DD ra myniytuisiekcopa (mikpocxema DI12), nasesncHa na
main.8.26.
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Man. 8.26. Mpunnwunosa ckema Gnoky GopmyBanns Mepexi uacToT

3nauenns wactor, wo 3abesneuylots WBHAKICTL obepranns asuryna, (aus. Tabn. 8.2)
pO3MICTHMO y HacTynHomy nopsiaky: 4, 8, 32ta 13, 52, 104 (I'n).
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MeHLLi HacTOTH LHX TPYH OAEPKUMO AOCTIAOBHUM AiNEHHAM OLIbIINX 4acToOT, a vactoTy 39-
(40) I'u orpumaemo onepatiicto noriuHoro Muoxkerns (DD11.1) uacrot f4=52"1y ta fi=13 I'n (aus..
Tabn. 8.2), Aki oxepkuMo npu AinerHi wactot f5=104 I'n Ta f7=32 I'n BianosiaHo Ha 1Ba Ta 4OTHpH,
a vacrory ;=52 ['u BHacnipox AineHus uactotd fs=104 I'u takoxx Ha nBa. 3 BpaxyBaHHAM
OCTaHHBOTO, BHOUPAEMO 1BA reHEPATOPH, 1O reHepyroTh Yactoty f5=104 'y ta =32 I'n.
JInst po3paxyHKy pe3HCTOpiB Ta KOH/IEHCATOPiB reHepaToOpPiB BUKOPHCTOBYEMO 3A/IEXKHICTE
i 1

! 2,2RC’

ne R>1 Kom.

Yacrotu 56(52) Iy, 12(13) ' 0TpuMyeMO UISXOM NOCIIAO0BHOTO AineHHs vactotn 104 T'u
Ha J1Ba, a yacToTh 8 I'u Ta 411 — IWAAXOM NOCNIAOBHOIO AiNEHHs yacToTH 32 'u TakoxK Ha asa. Jlnsa
(opMyBatiHs MOCHIJIOBHOCTEH 4acTOT BMKOPHCTaEMo MikpocxeMy K555ME20, a ans xomyrawii
yactor - Mymbtumekcop K555KI17, QyHkUiOHYBaHHA SKOTO 3ai€HHTb BiJ PIBHA BUXiIHOTO
curHany 6noky pyxy (Mikpocxema DDI1.5). 3uauenns pesuctopa R4 Ta konaexcatopa Ci
O0UMCIOETECS 33  paHillle BMKNAACHOK METOIMKOIO, MAOMYCTUBIIM NpH 1LBOMY, IO 4ac
BCTAHOBJICHHA Y HY/b NiunnbHuka KS55ME20 nopieuioe 30 He.

MpuHuunosa cxema Gioky po3noginy iMAYNECIB KEPYBAHHA, INO MICTHTL 1BAa KijbLEBHX
perictpu DDI3  rta DDI14 (mikpocxemu KS555UP11A), wicte niacumosauis [11+16 Ta
ycTaTkyBaHb y3rojokeHHs Tp+Tps, HapeseHa Ha man. 8.27.

Mo BKKP_| -

| | b— L% > ua Vs3
R

l_ p 7 S > navs4
) I—4r W > Ha VS5

Ha VS6

Bia Bp.

DDi5.1 PD15.2

il
o [o]-
y

n Man. 8.27. [puHuunoBa cxema Gnoky
DD14 po3noainy iMNynbCiB KepyBaHHA

Bix Q MX

I Rs T Cs
+5B

Jnst crabineHoi po6oTiH CXEMU KepyBaHHs NpH 3CyBaHHi indopmautii y KinbLEBHX pericTpax
NpaBopyY Ta NBOpYY, TPETii Ta YETBEPTUH BUXOAM APYTOTO. KijIbLEBOTO PEriCTPa BMUKAIOTHCA
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uepes noriuHe MHOXKEHHR (Mikpocxema DD15.1), a ii Buxiz, wepe3 norivme MuomeHHs (Mikpocxema
DDI15.2) 3 apyrum BuXoZOM KimbueBoro perictpa (Mikpocxema DDI14). Kimbuesi pericipu
BCTAHOB/IOIOTECA Y “HYNB” 3 BPaxyBaHHAM PIBHA BUXIZHOTO CHrHamy ONOKy pyxy Ta 3HaueHb
naHku Rs, Cs, 3a yac 1=30 uc. YV Gnoui posnofiny iMnynbcis BUKOPUCTaHI HACTYIIHI MIKpOCXEMM:
DD11.2, DD15.1, DD15.2 - K555J1A4. ‘

[Mpunuunosa cxema (OpMYyBAHHA Kyra BIJKPUBAHHA THPHCTOPIB, IO CKNAZAETHCA i3
Tpudazroro tpaHchopmaropa Tp (aus. man. 8.24), azoscyerux natok ©3,+O33, Ta Gopmysayis
imnynecie OL+Dl;, HaBenesa Ha wman. 8.28. YV GaraTokaHanbHUX CHCTEMAxX KepyBaHHA
pery/loBaHHS KYTa BIAKPHUBAHHA THPUCTOPIB o 3AIMCHIOCTBCA Bifl 3arallbHOI KEPYIOHOT HaNPyry, Ak
noxazano Ha mai. 8.24. KinbkicTb KaHanis IOPiBHIOE YHCITY TUPUCTODPIB Y CXeMi MEPETBOpIOBaYA
(ana cxemu Man.6.91 — wicTs). 3 BIANOBIAHOW CHHXPOHI3ali€l0 (a3o3CyBHUX YCTaTKyBaHb Bifl
MEpEkKi 3MIHHOrO cTpyMy cuctema dopmye IS TUpHCTOpiB y (asax A, B, C (auB. man. 6.91)
KEPYIOYi iMIyibCH, 3cYHYTI Ha kyT 60° (aus. man. 6.92).

1le 3abe3neuyerbcsa HACTYNTHHM YHHOM.

3 BukopucTaHHAM TpudazHoro TpaHcdopMatopa Tp Ha BTOPHHHMX OGMOTKAX OAEPHHMO
dasni nanpyru U, Up, U, 3cyHyTi oxHa siaocHo imwoi Ha kyT 120°. Ha sxia DI kinsuesoro
perictpa DD13  (aus. man. 8.26) wmanpyra U, nicna (opMmyBauns npsMOKYTHOTO iMOynsCy
mikpocxemoro DD16.1, nonactses 6e3nocepennso. Ha sxij D2 kinsuesoro perictpa Hanpypa U,
NOAAETHCA Nicaa 3cyBy i HAa KyT 60°. /I 1uboro BUKOpUCTOBYETHCA (pa303cyBHa naHka RoCo, fKa
po3paxoByeTbea 3a opmynoro: :

a= -2arctgReoC,

ne Rz1 Kom; o=60°.

AHanoriuuo ozepxkumo 3cysu (a3 mns sxonis D4, D6, BukopHcTaBin NpH uboMmy (asHi
nanpyru Uy, Uc Ta dazoscysri nauku sianosimio RyCyta RioCs. Ha Bxoau D3, D5 dasui nanpyru
Up, U, monaloTecs Ge3nocepeanbo, Nichs (hopMyBanns NpIMOKYTHHX iMIyJLCiB MiKpocxemamu
DD16.2 ta DD16.3.
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Man. 8.28. [Ipunumnnosa cxema
(hopmyBaiins $Ha3oBoro 3cyBaHHs
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I'maBsa nes’sita

9. ABTOMATH3ALIK IIPOEKTYBAHHS BUPOGHHUTBA eJIEKTPOHHMX
YCTATKYBaHb 3 BUKOPHCTAHHAM nporpam PCAD

B ocsitHbo-npodecifiniit nporpami BMwOi OCBiTM 3a npodecifiHUM  CnpAMyBaHHAM
“ABTOMATH3ALIA Ta -KOMITIOTEPHO-IHTErPOBAHI TEXHONOMT” i CNOpiAHEHNX crieuianbHOCTeR
“ MependadeHo BUKOHAHHs CTYACHTAMU KypCOBOTO NpoekTy. Kypcopuit npoext nepeabavenuii 3
METOIO -3aKPirIeHHs, NMOrAMGNEHHs Ta' y3aradbHEHHS 3HAHb, OIEPKAHUX CTYJACHTAMU 3a 4ac
HaBYaHHA Ta IX 3aCTOCYBAHHA 10 KOMIUIEKCHOTO BHPIlLCHHA 3aBAaHb, OPICHTOBAHMX Ha
po3polKy 3akiHueHnx 3aco6iB AAs KepyBaHHa 00’ €KTaMU Ta NPOLIECAMH, IO BiAOBPaKAIOTH iX
CTaH. 3 I0MOMOrol0 TAakUX EAEKTPOHHMX 3ac0o0iB 3RIHCHIOETECS KOHTPONb, KEPyBAaHHA TA
peryioBaHHs PI3HAMM . TEXHONOTIYHUMH TNPOLECaMH Ta YCTaTkyBaHiamu, Po3poBka Takux
C/ICKTPOHHUX 3aCO0IB TONATAE B NMPOCKTYBAHHI CNEKTPOHHUX CXEM TA BUIOTORNCHHI Ha ix
OCHOBI APYKOBAHHX TUIAT.

luterposana cucrema aBTomMaTu3oBaHoro npoektysanns (CAMP) PCAD 3apas € omuicio 3
HaUMONYJIAPHIIMX Yy CBITI CHCTEM ABTOMATH3AWIT MPOEKTYBAHHA Ta MiArOTOBKU BUPOBHULTBEA
APYKOBAHUX MAAT, NOMUHAIONH Bijl CTBOPEHHS CXEMH €NIEKTPUUHOI MPUHLUMNOBOI | 3aKiHuyioun

BUBOJIOM  KOHCTPYKTOPCBKOI i TEXHONOriuHOT JokymenTauii Ha Apykosamy naary Ta
opmysanuam - ynpasnsiouux nporpam ais seperaris 3 UITY i (orokoopaunatorpadis.
[onynsapHicTs CUCTEMH MojArac B OCAHAHHI  KibKoX 1i  0coBianBocTell: NOCTYIMHOCTI,

"npyxuboro”. intepdeiicy 3 KOpHCTyBauem, BUCOKOTO piBHS iHTErPOBAHOCTI Ta AErKOro
HANArO/UKEHHS Ha pishi piBHi ABTOMATH3ALUT NPOEKTYBAHHS Bi/l MPAKTHYHO TIOBHOI ABTOMATHKH
0 py4HOro po3BeacHHs TONOJOrT, BuKOpucToByloun aucrieit [1K sk "enekrponnuii
xyJlbmaH". Y ¢BiTi icuye nocuts 6araro CAIP noai6uux PCAD, asne cepen enextponnnx CAIIP
ta nepconanbunx EOM knacy IBM PC cucrema PCAD — Gesnepeunmii niznep.

Ha choropni € n'ate Bepeiit PCAD. Tlepwi 3 Hux  6ynu pospoGneni dipmoto Personal
CAD Systems (z10 Bepcii 3.0 Bkmouno), a B ocranni poku CAITP PCAD npeacrasnse ¢ipma
CADAM Company, po3pobku Akol Bxe MaioTh iHWi nassu: Master Designer, Associate
Disigner Ta in. OnHak, kopuctyBaui PCAD nposioBkyloTs X HasuBaTH HOBMMH BEPCisMH
PCAD, 3oxpema Master Disigner 4acto HasusaioTh NPOCTO ueTBEpTOIO Bepcicio PCAD.

Y nanilt poGoti naeThea onmc nakety Master Disigner, Bisomoro sx sepcis 4.5 CAIP
PCAD. Maxet creopenuit B kinui 1988 p. i jae 3Mory mpoexTyparn ApykoBani miarw, o
mictats 10 1300 komrouenTiB, 2500 enekTpuynux nanuoris, 100 noriunux wapis Ha 3200
BuBoAiB. Kpim Toro, rependaueHa aBToMaTuyHa  MEPECTAHOBKA  JIONMHO €KBIBATCHTHUX
BHBOJIB, BEHTHIiB | 'KOMNOHEHTIB, MOBOPOT KOMNOHEHTIB Ha JOBiNLHHUI KYT, 3alaHHA po3mipin
KOHTAKTHUX  MJIOWAAOK i TOBWMH NPOBIAHWKIB 3 TOUHICTIO 20 1 MKM, 3a3aHusi Kpoky
KOOpIMHATHOT Mepexi. N ninBuuienHs AKOCTI po3MilLeHHs i NOKpalWeHs PO3BENCHHs MIATY
pO3poOHUK MOMKE BHKODMCTOBYBATM rictorpamu i "cunosi sekropu”, ski GymyioTbes
ABTOMAaTH4HO.

9.1. Cxnaa nporpam PCAD Ta crpyktypa poGounx daiinis npoexry
[laker npuknamuux nporpam PCAD mictutb y cBoemy —cknaii  Tpu rpadgiuimx
peaakropu: PC-CAPS, PC-PLACE i PC-CARDS, rnporpamy aBTOMaTHYHOIO pO3BEACHHS

3'¢AHAHb APYKOBAHOT NNaTH 3 uucnoM twapis ig 1 10 32 PC-ROUTE - Ta nporpamu — yruiity,
O BHKOHYIOTH CIy:k60Bi (DYHKILIT.
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9.2. Eranu peasizauii npoexty

OcHoBHHUIT MeTOA peanizalii NpoekTy nondrae B HacTynHoMy. CrouartKy CTBOPIOEThCA
rpadiununii onMc enekTpuuHoi cxemm 3acobammu rpadiynoro pepakropa PC-CAPS. VYV
npoueci MPOEKTyBaHHs po3polNACTLCA CXEMa eNeKTPUUHA NpUHLMIOBa. LieH nokyment cTae
OCHOBOIO JUIS MPOEKTY i BCi HACTYNHI €Tanu NPOXOLKEHHA NPOEKTY, BKIIOUAIOUH TOMONOTI0
NPYKOBAHOT TNaTH, MOXyTb GYTM ABTOMATHMHO NEPEBIPEHI i3 CXEMOIO 3 AIarHOCTHKOIO
MOXIMBUX nomunok. Ha man. 9.1 npezacrasiedi OCHOBHI €Taru NMPOXOUKEHHS MPOEKTY MpH
NPOEKTYBaHHI.

CxemHa
*-CAPS . .
PO-CARS Gibniorexa
*SYM
*SCH
PC-NODES
*NLT
TekcToBuit * FIL Texuosioriuna
aKT |  POPACK 6i6iioTeka
peiaKTop o
*PKG

PC-PLACE / PC-CARDS

*PLC

PC-ROUTE

*PCB

PC-CARDS

Mau. 9.1. OcnoBni eranu Npoxo/pkeHHs NPOEKTY MPH MPOCKTYBAHH]

9.3. Anroputm po6otn 3 nakerom PCAD

Slk Gyno ckazaHo Buule, PpyHkuioHansHo riaker PCAD sBase cofoio naker nporpawm,
KOXHA 3 IKHX BHKOIYE OKpeMmy Jjoriuno 3asepiucHy Qyukuiio. Pobora 3 PCAD-oM 3rinso 3
TpeTiM  €NocoBOM NPOEKTYBaHHA MOAArae B r0CHiJOBIOMY BUKINKY NMporpam, AKHA MOiKHa
ONUCATH Y BUITIANI alFOPHUTMY.

I. Crsopennsi rpadiunoro o6pasy panioenckrponnnx komnonentis (PEK) cxemu s
NOAQIBLIOTO CHHTE3Y 3. HUX CXEMH €JEKTPUYHOT NPHHUMIOBOI. BHKONYEThCS 3 A0MOMOTOI0
nporpamu PC-CAPS, pexum SYMB. Pesynbtar poGotu — (aiin 3 poswupenssm .SYM,

2. CrBopenns dopmu xopnycy Hosoi PEK. Bukouyerscst 3 gonomoroio PC-CARDS, pexcim
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SYMB. Pe3ysnptar poGoru — ¢aitn 3 posmupennsm .PRT.

3. Kpecnenns cxemn enektpuyHol npuHumnosoi B PC-CAPS, pexxum DETL. Pesynetar

poGoTk — daitn 3 posummpenHam .SCH.
© 4. Bumineuds CRNMCKY E€NEKTPUYHKMX JAHLOMIB 1 BY3NiB 31  CXEMH ENEKTPHYHOT
NPUHLMNOBOT. BUKkOHY€e nporpamMa PC-NODES.

5. CTBOpEHHSs BiGnioTEKU ONUCIB €NeMEHTIB, HEOOXIAHMX JUIA JAAHOT ENEKTPUYHOT CXEMH:

— ByaB-KHM TEKCTOBUM PENAKTOPOM roTyeThes (aiin 3 pownpentam .FIL;

— nporpama PREPACK nepetsopiwoe Tekcrosuii daiin .FIL y nsiitkosuii daitn .LIB.

6. T1iAroTOBKAa KOHCTPYKTHBY APYKOBAHOI ILIATH, PYUHE po3TalyBaHHA koprnycis PEK —
sukonye nporpama PC-CARDS, pesxxum DETL. PesynbTar poGoTu — (daiin 3 posimpeHHaM
.PCB.

7. YriakyBaHHA JaHMX CXEMH €NEKTPUUHOT | KOHCTPYKTHBY APYKOBAHOI NaTH — BHUKOHYE
nporpama PC-PACK. Pesynstar po6otu — (aiin 3 posiwnpettam .PKG, a Takox npu HasBHOCTI
nomunox — ¢aiin PCPACK.ERR.

8. Heo60B'A3Kk0BUi1 KpOK — ONTUMI3auis posrauysanHs PEK no mnomi apyxosanoi nnatu —
sukonye nmporpama PC-PLACE.

9. Po3BeseHHA APYKOBAHOI INATH, GOPMYBAHHA MAMOHKA AOPLKOK — BHKOHYE Mporpama
PC-ROUTE. Pe3ynsrat poGoTH:

- moaudikoaHuit daiin .PCB (xoHCTpyKTHB npyxosauoi‘ nnarn + kopnycu PEK +
JpYKOBaHa JOpixKa);

— (haiin .REP — BizoMocTi npo Hepo3Be/ieHi 3B'A13KH Ta MOMUIKH.

10. HepCTBOpCHHﬂ ¢aiiny .PCB y daiin PLT, npupatunit ans kpecnenHs ﬂpyKOBaHOI
nnary ua nnoTrepi abo npunTepi, — BukoHye nporpama PC-CARDS, pexum DETL.

11. Kpecnentisi cpopmoBaHOro 300paxeHHs apykosaHoi maatu .PLT — BHKOHY€E Mporpama
_PC-PRINT (ana npunrepa) abo PC-PLOT (ana nnorrepa).

OTKe, 3TiAHO 3 HABEIECHUM AITOPUTMOM, PO3FIIAHEMO TIOPAA0K podoTH 3 naketom PCAD.

9.4, Ilopsaox po6otu 3 nakerom PCAD

Jins po3po6ku ApyKOBaHOI FNATh HEOGXIAHO NPOBECTH HACTYNHY NiArOTOBKY:

a) CTBOPUTH KaTanor kopucrysaua PP51-1 (3riaHo i3 JOMEHOM rpyliu Ta HOMEpOM 3a
xkypuanoM) B katanosi PCAD  3acofamm  MS-DOS. Lleit xaranor Gyae poGouum 3
POEKTYBAHHAM;

6) ckonirosaty 3acobamMu MS-DOS onmcn  HeoGxixnux ana  nawoi cxemu PEK (To6ro
daiinu 3 poswupennam *.SYM ta *.PRT 3 Gioniorexu enemecutis D:\SYM\..). Onucn PEK,
SKUX HEMae B CHUMBOJIBHIH i TexHOMOriuHilt 6ibnioTekax, CTBOPIOOTLCA B  IOAAIBLIOMY
nporpamamu PC-CAPS i PC-CARDS sianosiaHo,

B) ckonitoBath 3acoGamu MS-DOS  cranjaptHuii  daitn  crTparerii possencHHs
PCADIL.CTL 3 nigkatanory PCAD\EXE y poGounii karanor PCAD\PPSI1-1 mia imMenem
PP51-1.CTL;

3aypakenHsa: Bci nporpamu PCAD foBuHHiI 3anyckatics 3 po6o4oro " niakaranory
PCAD\PP5I1-1.

Tenep nepexoAMMO A0 ONUCY NPAKTHYHUX Ail, NounHalouM Bia cTBOpeHHa onucis PEK
(CUMBONBHOMO TA TEXHOJIOTHHOTO), 10 OTPUMAHHA TONONOrii PO3BEACHHS APYKOBAHOT MJ1aTH.

9.5. CtBopenns cuMBoJILHOTO oniicy PEK

1. 1z onepauis npoBoauThes 3 jgonomoroto rpadiunoro pepakropa PC-CAPS. Penakrop
PC-CAPS npawoe B CHMBOTBHOMY Ta CXEMHOMY. PEKMMAX.
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CumBonbHUIE peXxcM 103BONSE KOPUCTYBauy rpadiuHO CTBOPIOBATH GYAb-sIKi eleMEHTH
CXeMM Y BUAI ONOKIB, WO NPEACTABNAOTL COBOI0 GIGNIOTEUHI eeMEHTH.
CxeMHUI pexcuM 103BOJIAE TPadiuHO CTBOPIOBATH CXCMM 3 HAABHUX GiONIOTEUHMX
ENEMEHTIB.
Omxe, Heobxinmo Bukmukath rnporpamy PC-CAPS, BCTaHOBMBLIM aKTHBHUI pexKnM
SYMB winsxoM BUGOPY LpOro NMyHKTY B 30Hi MEHIO pefaKTopa.
2. Tlicna uboro Heo6XiHO BCTAHOBHTH poGodi WIADM  ANS CTBOPEHHS CHMBONBHORO
306paxenHa PEK BuGopom komatau VLYR B MeHI0 penakropa.
3o6paxetHa B PCAD i cknamaeTscs 3 IeKinbKOX WIAPIB, B KOXKHOMY 3 AKWX 3a4aloThCA
CBOi uacTHHu 306paxetna. KopuCTyBay MOxKe BMHKATH Ta BUMHMKATH 11ApH, AETAi3yIouu abo
CHpOLLyrOYH 300p@KCHHA, WO BHBOAMTECA Ha ekpaH. [104a€M0O CIMCOK WwapiB 306paenHs:
GATE - 306pakeHHs efleMenTa;
PINNUM - noMepu BUBOAIB;
PINCON - suBonu;
PINFUN - ¢yHkuUist BUBOLY eneMeHTa,
PINNAM - iM'st BuBOAY;
REFDES — KOHCTPYKTOPChKi 1MO3HA4EHHS;
DEVICE — tun enemenTa;
WIRES ~ enextpuunuii 38's30k (NpoBigHuK);
BUS - enckrpuuna wuna;
ATTR — atpubyru;
SDOT - 3’eananus,
NETNAM - iM¢Ha naHuioris;
CMPNAM - imenia KOMIOHEHTIB;
BORDIER - rpanuui cxemu.

Kosxunii map mac csiit koutip, akuii Moxe npuitMatyt one 3 1 6-TH MOXIMBUX 3HaueHb, TA
cTaTyc, AKuil Mo)Ke NpUitMaTh Taki 3HAUSHHS:

OFF ~ wap nesuanmuii;

ON - map suuMuit, ane HeAOCTYNHUI IS peaaryBanns;

ABL - wap BuauMuii i MOXke CTaBaTH aKTUBHUM;

ABL A — wap BUAHMUIT | aKTHBHUIA.

Has ctBopenns cumsonbHoro onucy PEK nHeoGxinno Hanat cratyc ABL wapam GATE,
PINNUM, PINNAM, PINCON, REFDES Ta DEVICE; npu usomy wap GATE nosunen 6yt
axtuBiuM ABL A. Pewrra wapis nosuuti 6yru OFF.

3. Nobynosa rpadiunoro sobpaxenist PEK — komaria DRAW  memio peaakropa. 3

Jlonomoroio komana RECT — nobynosa npamokyruuka, LINE — noGynosa ninii; ARCP —
noGyaosa ayru 3a Tpboma Toukamu; ARC — no6Gymosa ayru; TEXT — wanucauns rtekcty;
CIRC -~ nobynosa kosta; FREC — noGyaoBa 3alrrpuXOBaHORO HPAMOKYTHUKA, HEOOXifHO

Hamamosath Gaxaiie 306panenns PEK. Tpu Bxoi B 6yab-siKy 3 uux NifKoMaHA y HxHil
YACTHHI eKpaHa 3'ABNACTBCA PAJOK CTATYCy, WO  BKadye MOTOYHI 3HAYCHHS napameTpin
CTBOPEHHA 300paKCHHA:

GATE — axrusuuii wap 306paxeuns PEK;

SOLID — npoBeaenns cyuinbHUx iHiii;

ORTH — nposeackHst neprnesjMKysSpumnx niniii (ans miakomanan LINE);

W:0 — ToBmuua iniit B oanunuax 6asm gannx (DBU — Data Base Unit),

3ayeaxncenns: ¢ pedaxmopi PC-CAPS 1 DBU = 0,01 dwima; 1 Owitnt = 25,4 mm.

10:10 — macwrta6 306pakenHs B oaunnuAx 6asu aannx (DBU);

niTepa S - 3eneHoro konbopy (BiLoGpaxeHHs KOOPAMHATHOI Mepesi),

aitepa G — 3eneioro konbopy (BCTANOBNCHHA JMCKPETHOTO NEPEMIMEHHSA Kypcopa io
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nono rpadivHoro ekpana).

Yei napameTpu psaka CcTaTycy MOXKHA 3MIHUTY Ha [HII 3HA4eHHs. st ubOro HeodXiZHO
aKTMBI3yBaTH MoOje MJAHOrQ  MapaMeTpa, MiABisuiM 0 HbOro rpadiuHuil kypcop, Ta 3podutu
HEOOXiARI 3MIHA. ]

TIOMMITIKOBO BBEJIEHT €NEMEHTH 300p@KEHHA MOMHA BUTCPTH 3 oNOMOTOK0 komarau DEL
OCHOBHOTO MeHI0, ab0 BiapelaryBaTi 3a JOTIOMOTOIO komakam EDIT,

4, - CYMBONbHE NO3HAYEHHS CTBOPIOBAHOTO Gi6AiOTEUHOrO €EMEHTa BUKOHYETHCA
komangoro. DRAW/TEXT (man. 9.2, wman: 9.3). Hanpukian, cymatopy MarOTh CHMBOJIBHE
sazHauenns SM, O3[1 — ROM i T. in, Ilpu upOMy B psjaKky craTrycy HEOOXiTHO BCTAHOBHTH
noTpiGHi 3HaueHHst HacTYNHMX rmapameTtpiB: SIZE:nn, Ie AN ~ po3Mip TEKCTY, IO BBOAMTLCA, B
oavuuusix DBU; F — opienTallis TeKeTy (TEKCT MOKE BBOAMTUCE A PiSHUMH KYTaMH KPATHUMH
90"); CC - napametp NpuB'S3KM TEKCTYy BIAHOCHO Kypcopa MO TOPM3OHTAli Ta BepTHKa
BiANOBIAHO. MOKuBI i IHIIT BapiaHTV NPHB'A3KY TEKCTY:

- 110 rOpPU3OHTAN: - 110 BepTHKATi:
L —niBopyy; T — BBepx;

C — no uenTpy; C— no ueHrpy,
R — npasopyu; B - BHu3.

5. Tloznauenns tuny PEK npoBOANThCH Ti€ko 3K KOMAHZOIO0, NONEPEAHEO 3MIHHBIIN Ha
aktushuit map DEVICE. 3 BuxoHas#aM komadad wa sanut cucremu SELECT TEXT
LOCATION ... BkazatH KypcopoM GaaHe Micle 3HaXOUKEHHs TeKcTy i Ha 3anur TYPE IN
TEXT Bmectvt Tekcer (Hanpuknaa, 555IM6), niATBepAMBIIM BBEAEHE JIIBOKO KHOMKOIO
“MULI".

6. BBecT no3HaueHHs KOHTAKTis  koMaHaoio - ENTR/PIN, BCTAaHOBMBLIM aKTUBHUM
wap PINCON. 3 BUKOHaHHAM Li€i KOMaHaW B [iaflorOBOMY pexcumi HeoOXiAHO BBECTH
NoCIiR0BHO Aani npo:

— Micue 3Haxo/pkenHs kouTaktie  PEK  (Touka MiclUs 3HAXOMKCHHA BKA3YEThCH
MO3MLIIOBAHHAM rpadiuHoro Kypcopa Ha BianoBiaHoMy koHtakTi PEK rta nigreepuxennam
JBOIO KHONKOIO “MUIII™); KOHTAKT Oyle Bif3HaueHunif XpecTukom;

. — Micue ang nosnaueHHs iMeHi konTakty PEK — na sanut cuctemn SELECT PIN NAME
LOCATION (ATTRB OK?) ...;

" —'im'n xontakty PEK (manpuwnam, AQ, Al i T. 1) — wa 3anut cucremu ENTER PIN
NAME. :

7. 3agaTi ynakosansHy indopmauiio xomannoro SCMD/PNLC. Ll xoMaHaa a038onse
BKA3ATH, CKINBKN ENEMEHTIB 3HAXOAUTBCA B OIHOMY kopnyci mikpocxemu. Hanpuknan, ans
3afanns - rpadiunoro | o6pasy Mikpocxemu 155J1A3, sxa mictute 4 enementd 21-HI,
JOCTATHLO HamanioBaty 300paxeHns auwe oaHoro enemeHta 2I-HI i Ha s3anur ENTER
GATES PER PACKAGE BBecty 4ncio 4; nani va 3anur ENTER NUMBER PINS PER
GATES yBeniTh 3 KNaBiaTyp 4YUCHO KOHTAKTIB B OAHOMY €JE€MEHTI (B HAILOMY BHNAAKY
3); ma 3anut SELECT LOG FOR REF DESIGNATOR BuGepith Micuc Ans po3MitieHna
KOHCTPYKTOPCBKOTO no3nauennst (Hanpuknaa, DD1, DD2 i 1. a); na-3anut SELECT LOC
FOR PIN NUMBER Bubepits micue A HoMepy KOHTAaKTY; L ONepaLis MOBTOPIOETLCA JUiA
KOXHOro koHTakry, Ha 3anuT ENTER PACKAGE PIN NUMBER <im's kontakty >
YBENiTh HOMEP KOHTAKTY -3 BKA3aHUM IMEHEM. ; :

8. 3anatu kmouoBy TOuKy komaHpolo ENTR/ORG. Tlo xmouosiit Touui nane
rpadiune 306pakents PEK 6yae Buknukaruch B rpadidane BikHO ekpaHa 3 GopMyBaHHAM
cxeMu  enekTpuuHoi - npuuuunosoi.  Ha-zanut SELECT THE ORIGIN BuGpary 8 sxocTi
_ KJIIO4OBOI TOYKM NEPLINH KOHTAKT ¢eMenTa, MiaTBepAuBLIM BuGip fiBOIO KHONKOIO “Mumi”,

9. BCTAHOBUTH THMH 'KOHTAaKTis Kkomanaoxo SCMD/SPAT. KoxkHHil KOHTAaKT Ma€ CBIil
THI, AKUA MO3HAYAETHCA "WinumMu vucaamu. Tun 0 03HavaE, WO AaHUH KOHTAKT € BXIAHKM,
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REFDES
1S DBU

/SCMD-QRG DD1.1 eaTE

DEVICE
P INNAM 17 DBU

1S DBU 23] -
P INNur/

12 DBU

|3@ 66 6@ 60 3q|

Mai.9.2. Tunosi po3mipu Ta npuKIan Crzopenns
CHMBOJILHOI'O OITUCY MiKPOCXEMH.

(€,8)

(100, -5

(8, -108)

Maj1.9.3. Turtosi poamipu Ta nipuksian creopenHs
CHUMBOJILHOTO OITHCY Ofepallifinoro 1ijcuniosaua.

DIP 14
ZENTR/PIN (0;@)
VENTRORG 10, @) /DRAW/CIRC (108;58)
PIN
. O
[i
! L] L ]
/DRAN/RECT
SLKSCR ® [ ] 3
L} [ ] §
L ] ®
L L ]
7
36@. DBU

Man.9.4. Tunosi posMipn Ta npuknaz cTBopenHs
KOHCTPYKTOPCHKO-TEXHONOTIYHOIO ONUCY
MiKpoCcXeMH.
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THN | — BUXiAHKM, € 0@ iHIi TMIM KOHTakTiB. KpiM TOro, KOHTaKTH XapaKTepu3yroThCA
JIOTIYHOK  €KBIBANEHTHICTIO, $iKa BKA3y€ Ha B3a€EMO3AMIHHICT  JaHOro KOHTAKTY 3
KOHTAKTOM, WI0 MaE€ Taky 3K JIOTIYHY CKBiBaleHTHiCTh. JIoridHa CKBIBANEHTHICTH
[103Ha4ACTECA UUTMMH vucAamy, nowuHaroun Big 0, npayoMy 3uaueHHs O o3Havae, 10
Jlaunit KOHTaKT € yHikansHuMm. Omie, Ha 3anut cuctemu ENTER PIN TYPE ta ENTER
LEQ Heo6XiaH0 BBECTH THIT KOHTAKTY Ta HOTO JIOTIUHY €KBIBAJIEHTHICTE BiANOBiAHO.

10. 3anucarn Ha nuck creopennii onue PEK xomanaowo FILE/SAVE. Ha sanut ENTER
FILE NAME sBeniTs iM's (Qaiina, B sAkuit  Oyac 3anucanmii crBopenuii onuc. Ilo
3amoBuyBanHi Qaiin 6yne matu poswmpenHs .SYM. '

9.6. CTBOpeHH# KOHCTPYKTOPCbKO-TexHOMoriuioro onucy PEK

1. Buxmikaru nporpamy PC-CARDS, BctanoButh pexxum SYMB.

3ayBaxeHns: B peaakropi PC-CARDS oaunuui 6a3H 1aHUX MaloTk TaKy pO3MiPHICTb:

1 DBU = 0,001 moiima.

2. Komanaowo VLYR BCTaHOBHTH HACTYNHiI NapaMeTpH Wapis:

PIN ABL A

SLKSCR ABL

DEVICE ABL

Pewira wapis BctaHoBUTH B cTaH OFF.

3. Creopenns nocamoutoro Micus PEK Bukonyetscs xomanaoio ENTR/PIN. Tlpu
{pOMY B PAAKY cTarycy 6yae MicTHTHCH 1nopmania;

PIN — iM’ aKTHBHOTO LWapy;

TYPE 1 — THN KOHTAKTHOI NNOWIA/IKH,

EQUIV:0 ~ nozHaueHHs eKBiBAICHTHOT KOHTAKTHOT NIOWIAAKY,

R — 4epBOHOTO KONbOPY (BHKMIOHCHHH DEXKHM BHCBIUYBAHHS Ha CKpaHi EIEKTPUYHUX
38’ 33KiB).

3uavenns TYPE BHKOPHCTOBYETBCA i3 321aHHAM KOHTAKTIB i MA€ HACTYIIHHH 3MICT:

TYPE = 0 - nepexianuit oTBip;

TYPE = 1 — nepuimii KOHTaKT,

TYPE = 2 — Bci cranpapthi THIH, Kpim 1, 3, 4 -ro;
. TYPE =3 — cninkna 1wmHa;

TYPE = 4 — m11Ha ’KUBNEHHSA,

TYPE = 5..24 — vecranaapTHUil TUN KOHTAKTY.

3uauenns EQUIV Busnauac (yHKUiOHanbHY —CKBIBAJIEHTHICTh KOHTAaKTIB B MeXax
JIAHOTO €JIEMEHTA | Ma€ Takhi ke ceH, K B penaxropi PC-CAPS.

Ha 3anut cucremn ENTER PIN LOCATION  BuGepith Micue ANS KOHTaKTY.

Ha sanut SELECT PIN NAME LOCATION BuGepith Micue Ansi po3milLeHHs
HOMepa KOHTAKTY.

Ha 3anut ENTER PIN NAME [PIN NUMBER]: BBeiith HOMEp KOHTaKTY.

TakuMm sKe YUHOM HeoOXiaHo BBecTH .BCi koHTakTw PEK B nopsaaky 3pocranss ix
MOPANKOBMX HOMEPIB, PH LBOMY HEPEA: YBOAOM KOKHOIO KOHTAaKTy ciin ne 3abyBaru
BCTAHOBMTH Binnosiine 3HaucHHa TYPE i EQUIV B paaky crarycy (aus. man. 9.4).

4. VYsig rpadivuHoro 3o06paxeHHs PEK s cknaganeHoro KpeciaeHHs BUKOHYEThCA
koMana0r0 DRAW 3 BiiNOBiAHMMHU TiIKOMaHAaMH, onucaiumy Buuie. [Tpy HBbOMy aKTHBHUM
mae Gyt wap SLKSCR. V¥ pesynbrari nosuHeHn GyTh HamasnboBanuit kopnyc PEK 3
KJIIOUEM, 1O BKA3y€e HA MEPILKil KOHTAKT MiKpOCXeMH.

5. ¥BecTy Hasy mikpocxemu — koManga DRAW/TEXT. 3miHMTH Ha akTHBHMEH wwap
DEVICE, BCTaHOBHTH y BifNOBiHE MONOAKEHHS napameTp opientauil texcty F. Ha 3amur
SELECT TEXT LOCATION su6paTu Micle /i TEKCTY Ta BBECTH 3 KIABiaTypu Hassy
PEK (sanpuknan, 555IM6, 155JIA3 i 1. 1).
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6. 3ananus kmouoBoi Toukn — komanga ENTR/CRG. Ha sanur SELECT THE ORIGIN
BUOPATH KYPCOpOM MEPLUNii KOHTAKT MiKPOCXEMH.

7. Yein tuny kopnycy — komanaa SCMD/SCAT. Ha 3anuT HoMepa KOMMOHEHTH BBEAITD
BiZINOBiAHE 3HAYEHHA 3riiHO Tabnuui B.4 nonatka. ’

Ha 3anut IS PART TYPE SMD? YES NO BBeaite Y, akwo enement nnanaphuii, NO
— B MPOTHJICKHOMY BHMAAKY.

3 jpomomorowo - koManmu SCMD/SPAT mokna nepeBiputn a0 3MiHHTH Thnu i
€KBiBAJICHTHOCTI KOHTAKTHUX BUBOJB.

8. VcraHoBka ynakoBouHoi indopmauii enementis B kopryc. Ha 3anur ENTER
NUMBER OF GATES yBeaiTs 4ucno eneMeHTiB B KOpMyCi MiKpocxeMH (Hanpukiaa 4 mis
155JIA3). Ha 3anur ENTER NUMBER OF PINS PER GATE BBefith 4uCNO KOHTAKTIB B
OJIHOMY eNleMeHTI (Hanpuknan, 3 ans noriunoro enemenra 2I-HI). Ha 3anut ENTER NAME
OF PIN 1 BBefiiTe iM’8 MEpUIOTO KOHTAKTy. AHanoriso BBeCTH iMeHa BCiX kowTtaxTis. Ha
sanur SELECT GATE 1 PIN <iM’3 KoHTaKTy > ... BKaXITh KYPCODOM TOJOXEHHS
KOHTaKTY B MEPUIOMY €1EMEHTI. AHANOrIYHO BKA3aTH BCi KOHTAKTH BCIiX CIEMEHTIB.

9. 36epertu Ha aucky cteopennit onuc PEK, Bubpaswu komanzy FILE/SAVE. Ha zanut
ENTER FILE NAME BaejiTe iM’a taitna. Tlo 3amoBuyBaHHi il Gyne MaTH po3inpeHHs
* PRT.

Ilna Buxony 3 peaaktopa PC-CARDS Bubpatu komanay SYS/QUIT.

9.7. CTBOpEHHA CXEMH eJICKTPHYII0T TPHANKHIIOBOY

TpeTiit kpok peanizallii NPOEKTY — CTBOPEHHA CXEMH ENEKTPUUHOT NPUHUMIIOBOI B
o6onoHui penaktopa PC-CAPS, pexum DETL. Pesynstatom po6otu Ha usoMy erami 6yae
daiin 3 poswupennam SCH. Orxe, nepexoanmo Jio ONUCy NPakTHYHUX [l Ha LbOMY €Tarli.

1. CrBopeHHs koHdirypauii rpadiuHoro penaktopa: komaHaoio VLYR Bcrasosuty B
pexcum ABL wapu GATE, PINNUM, PINNAM, PINCON, REFDEF, DEVICE, WIRES,
BUS, SDOT, NETNAM, CMPNAM; scranoButH pexknm DETL.

2. Poscranoka 300panens PEK no nomo xpecnenus — komauna ENTR/COMP. Ha
3anuT iMeni Gaiina Moxkna Gesnocepentbo BkasaTh iM's SYM — daiina, aGo natucHyth Fl
JIS TIOWYKY NMOTPiGHOTO eneMeHTa B CNHCKy. ENeMEHT po3MittyeTbes B HCOOXIANOMY Miclli
KpecneHHs 1 (iKCYeTbCsA MiBOIO KHONKOIO MUILI. BiGnioTeuHi enemMenTn nph BBOJi B cXeMy
MOsHA MaciiTabysaTH, BKa3ylonM nicas imeni (aiina eneMenTa Jsa 4HCHa, NEpuIc 3 AKNX
o3Hayae Maciutab no oci X B npoueHrax, aApyre — no oci Y. Hanpuknag, ssisun 155LA3
50 50, enemeHT Gyne 3MeHILEHUIT B ABa pa3H NOPiBHAHO 3 6iGNiOTEUHUMY pO3MipamMy.

3. 3apanus 38'a3kiB — komaHaa ENTR/WIRE. Tlpu axtsizauii koMalan akTUBHUM CTa€
wap WIRES. Tyr Heob6xiznHo Bka3zatd BCi 3’€AHAHHA MiX €NIEMEHTAMUM CXEMU, KpiM
3’epHaHb WHHOIO Ta iMeHoBanuX 3B'A3kiB. Knasiweio F2 MoxHa nepemukari  pexuM
npoBecHHs NiHiii: nia kyTamu, kpatiumu 90' - pexum ORTH; kpatuumu 45" — pexxum 45D,
JIOBiNBHUMHK KyTamu — peskum ANGL.

4. 3aganHs iMEHOBAHUX 3B'A3KIB. 3 NMPOBEACHHAM iIMEHOBAHOIO 3B'A3KY ANA 3aiaHHA iMeHi
JaHLIOTa MOXKHA aKTUBI3yBATH B CTATYC-PAAKY JaHc iM's, a6o BBECTH HOro 6e3nocepeanso 3
KNaBiaTypu, HaTUCHyBiuM Kknasimy F3, wanpuknan, BBIBWK Ha 3amut imeni OV, MoXHa
BBECTH NAHWIOI HYIBOBOrO NOTEHUiaNy. 3 MOBTOPHUM BBOJOM Nayiiiora 3 LUM iMEHEM
sunukHe 3anut . NET OV exists. Merge? YES NO (Jlauwor 0V ichye. O6’canysarn? Tak.
Hi.). BeiBww y Bignoiae YES, ui nanuiory 6yayTs 06’cHani B OHY KOMNOHEHTY 3B'A3KY.
[Mo3naueHHsa enemenTa "3emus” Mamoetbes 3a aonomoroio komaHar DRAW/LINE B wapi
BUS tosuwmHoto niHii 5 DBU. Komanna NAME/NET no3sonse npuceoitd iM's BBeacHOMY
NAHLOrYy. :

5. 3anauns wuHU npoBoauThes komanaoo ENTR/BUSB. Slkwo Ha 3anuT cHeTeMH BBECTH
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3 knasiatypu: A<0:11>, To ue Gyae 0O3HauaTH, WO 33JAI0THECA CAEMEHTH WK 3 IMEHAMH
A0, Al, ..., All. Jaii HeoOXIAHO 3a44aTH eNeMEHTH B3IPUSA IUMHM MPOBEICHHAM JNiHii
TPOBi/KKIB ToBUMHOW W0 B api WIRES Bifi KOHTAKTIB €NEMEHTIB CXEMH 0 MIMHM.
Hazanms iMeHi KOKHOMY €N1EMEHTY WMHHA (TIPOBIHMKY) NPOBOAMTLCS B wapi NETNAM 3
BCTAaHOBNIEHOW  BUCOTOO  Haanucis 15 DBU. Kpecnenus, BnacHe, 306pakeHHa MMM,
NpoBOANTECA 3 JonoMoroto komanau DRAW/LINE B mapi BUS rosuwmHoro ninii 10 DBU.

6. Hymepauis eneMeHTiB CXeMH . MpoOBOAUTECA koManaow SCMD/PNUM. Hepmuit
enemMent B kKopnyci D1 mae nomep DDI/A, apyruit — D1/B, ..., apaauats woctnii — D1/Z,
ABAAUATH CboMiit — DI/AA i T.4.

7. 3anuc cxemMm eneKTpMYHO! MpuHLMMOBOT y  alin  HPOBOAHTHECH KOMAHAOIO
FILE/SAVE.

8. Buxin 3 nporpami PC-CAPS — xomanga SYS/QUIT.

9.8. MopMyBAHH CIHUCKY JAHIIOTIB 3 E1EKTPHYHOT TPHHLMIOBOT CXEMU

Hporpama PC-NODES npusHauera ans reHepawii Crivicky naHLioris yllmm(osomy
Buii B (opmari, ueofxinHomy s mHactynHoi 0o6poGku nporpamamu-ytinitamu CATIP
PCAD. Bxiamoro indopmauicto- mis nporpamu PC-NODES € cxemMa enekTpuuHa
npunnmnosa  (¢aitn 3 poswnpennav SCH). Buxinuuit daitn mictute indopmaniio npo
ChUCKM Nanworis i mae posummpenHa NLT. VYV nomansluomy ueit  daiin Oyne
BHKOPUCTOBYBaTUCH nporpamoio’ PC-PACK ans aBToMatMuHOT . ynakoBk¥  JIOriuHHX
CNEMeHTIB  y MIKDOCXEMM Ta {HWMMHM NpPOrpaMamy-yTinitamMu Ui 38'A3Ky 3 iHWMMH
cucremamu CATIP.-

Omxe, nHeoOxinno' BukAWkaTh ' nporpamy PC-NODES iy sianosigs Ha sanur
DATABASE FILENAME <filename>SCH yBectu 3 knasiaTypu im's (aiina cxemu
€NEKTPHHUHOT npnnunnoso'f Tlpu-* yeniwkHoMy 3asepuwiendi poSoTH nporpama BHae
nosigomnents: .. COMPLETED & SAVED AS <filename>NLT. [lna Buxony 3 nporpavu
HatvcHiTe ESC.

9.9. CTBOpemm GibnioTexku ONMCiB eIEMEHTIB

Ha upoMy Kpowi' OyIb-AKMM TEKCTOBMM PEIAKTOPOM. HEOBXiAHO CTBOPHTH (aiin 3
poswnpennam FIL, B sxoMy Bkasylotbest iMeHa scix PEK, mo BHKOPUCTOBYIOTHCA Y CXEMI.

Jns  xoxHoro . PEK weobxino Bkasatw ioro  rpadiummit  ofpas (*SYM) ra.. .

KOHCTPYKTOPCHKO-TEXHONOMUHUI ~ onue  (*. PRT). ¥  tekcti .FilL-daiina moxua
BHKOPUCTOBYBATW CIICLIATBHI CUMBOAM, HanpHKTall, CHMBON "%" nossonse crBopioBaTH
KOMEHTapi; cumeon "$" BKazye mo Aani ine cneuiansHa KomaHua axwo B TekcTi FIL-¢aiina
Oyne zamuc Bymy A

$ PREFIX: i

[10000=DD],
TO TErep BCi ' ereMeHTH, W0 MaKTh - ineHTHdikaTop, 1o Hopisnioe 10000, OynyTb MaTn
No3uLiitHi riozHauenus DD, DD2 DD3 iT A

TIpuxnan FIL-Q aiay:
$ PREFIX ‘
“{10000:10500=D
11400=VT) :
Kinbkicts | TurnenemenTa: |- IM"8 TexHoN. CHUCOK IOAATKOBOrO Cxemuuii
BEHTHINB G . eneMeHTa ynaKyBaHHs CNIEMEHT
4 155LA3 7400.PRT . | {7=GND,14=+5V) J55LA3.SYM.
2 555TB6 555TB6.PRT (7=GND,14=+5V) 555TB6.SYM
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Leit daiin y nouanmuomy Gyae anopncmsysamcx, llpOFpaMOIO PC-PACK ns
3aMiHK CXeMHUX 06PA3iB NPOEKTY HA TEXHONOriuHI. ‘ : ;

9.10. IlizroToBKa KOHCTPYKTHBY upyxonauon nJaTu
Ta po3cTanoBka Kopnycis PEK

TTiz KOHCTPYKTHBOM APYKOBaHOi TUIaTh pO3YMiloTb AinsHky nestoi koudirypanii i
poamipis, x¢ GyayTs posrawosani kopnycu PEK, W0 BXOAATE 10 CKNagy —eNEKTPHUHOT
npuimnoBoi  cxemu. [lpn LUBOMY B KOHCTPYKTMBI PO3DPI3HAIOTH MEX LNaTH Ta  Mexi
AIIAHKA PO3BCACHS 3’ CAHAHB CXEMU.

JIns NiArOTOBKM KOMCTpYKTUBY nnard neobxinHo suknukary nporpamy PC-CARDS,
BeraHosuTH pexicim DETL. Komangoo VLYR BeTanosuTy napamerpy wapis:

SLKSCR ABL A — urap Mexii KOHCTPYKTUBY (U1aTi;

BRDOUT ABL  — wiap MeXi JUnsHKH PO3BE/ICHHS. .

Tenep B aktusiomy mwapi SLKSCR 1cobXiHO HamManoBarH MOk KOHCTPYKTHBY
APYKOBANOI TUIATH HEOOXiAHOT (JOPMM Ta rcOMETPUHIIMX po3mMipis, a B lapi BRDOUT -
MesKi PO3BOAIKH 3’ €NHAI MK €JICMCHTaMN CXEMH.

[Ticns uboro 3 nonomoroio komanam ENTR/COMP  neoGxiano ssectu kopiiyen PEK.
YV Bimnomip Ha 3anuTaHHs " BBeAiTh iM's nHeobxinHoro PRT-daiina. Bubpasim micue
14 posramysaiis PEK B mexax nosnaueHoi Ainsuky  possesenns, 3adikcyitre fioro
figoto - kiaBimcto “mumuni”. Jlna penparypanns pozramysans PEK  BHKOPHCTOBYIOTLCS
KOMaHAH OCHOBHOrO Mehio: MOV ~ nepecynytu so6paxenus PEK; ROT — nosephyru,
SWAP - nonapHo nepecTaBuTH.

Komanaa NAME/COMP jo3Bonse npoctasuti HoMepu kopnycis PEK (D1, D2, VTS5
i 7. 1). Homepu Kopnycis NMOBMHIN BiAMOBIJATH HOMEPAM EJIEMCHTIB, BKA3AHHX 1IpH BBOJII
cxemd  enextpHunoi npunuunoBoi (nporpama PC-CAPS, pewum DETL, niskomaiia
SCMD/PNUM).

9.11. Yuakysanus inndopmaitii npo BMIicT €JICKTPHUNOTN CXCMU |
KONCTPYKTHBY APYKOBAHOT IJIATH

Tporpama PC-PACK Mac Hactynny sXiany indopmariio:

~ CMMCOK NAHILONIB CXEMH ENICKTPHYHOT NPMHLWMNOBOI B JiBifikoBoMy Burnsi (hain 3
poswupentam NLT);

— 6ibnioreky ynakopoutoi indopmauii (dain 3 posmmpenuam F1L);

— BibnioTeKy nocanoutnx Micus (aitn 3 poswmpennam PRT);

— KOHCTPYKTHB APYKOBaHOI rutath ((aiin 3 posuupennam PCB).

Buxintoto indopmauicio nporpamu PC-PACK e ¢aiin 3 posumperiam PKG, skuit
MICTHTH aHi NPO BMIiCT y MiKpocxeMi NOTiMHMX enemenTin cxemu. Biu sinpizuserses B
daitna 3 poswupernam NLT thM, wo 3aMicts ofpasy cxemu €ncKTpHHHOT  MPUHLMTOROT
micTith 06pas Apykosanoi naaty. Leit 06pa3s MicTuTs inopMautiio npo Ti nocanoumi Micus,
siKi NOBMHHI GyTH po3milueni Ha ApykoBaHiit nati. Obke, HeoOXiaHo BUKIMKATH Nporpamy
PC-PACK i ua psag 3anutie HaGpatu iM's Binosianoro ¢aiina abo natvcHyTH Knasiwy
ENTER, BKa3ylouu Ha 3rofly 3 [1AKA3KOIO, 1O BMAAE CHCTEMA. 3 HOPMAILHUM 3aBEPLICHHSM
nporpamMa suaac nopigomaenns: ..PCB NETLIST ~ DATABASE  SAVED  AS
<filename>.PNL. TIpu #aaBHOCTI NOMUIOK CTBOPIOCTLCA TEKCTOBMI (aiin 3 poswmpeHnsM
* ERR. Jna suxony 3 nporpamu HartucHite ESC.



9.12. OnTumisauis. posmimenns kopnycis PEK

I'padiunmit penakrop PC-PLACE npusHaueHuit Ans PO3MIlIEHHS pafiOeNeMeHTiB Ha
ApyxoBauiit nnati. Ilicna 3anyckawms nporpamu komauaoo FILE/LOAD seenite  iM's
Baworo PKG-gaiina. Ha expani noBuHHO 3'SBMTHCA 306pakeHHs KOHCTPYKTUBY
JPYKOBAHOI I1aTH 3 po3cTaBieHuMy kopriycamu PEK, sixe 6yno Bamu BBeaeHe B nporpami
PC-CARDS (pexum DETL). flkmio BCcTaHOBHTM B PAAKY cTatycy nitepy R 3eneHoro
KOJIBOPY, TO Ha €KpaHi GinuMu TiHiaMKu GYAyTh NMOKa3aHi eNCKTPULHI 3B'A3KH BCIX EIEMEHTIB
3riJIHO 3 ENEKTPUHHOIO MPUHLIMIIOBOIO CXEMOIO.

Komanna MOVE/COMP no3Bonse nepecyHytd oauH  aGo  ackineka PEK. Y
BiJINIOBI/b Ha 3aNUT NOTPiGHO BCTaHOBMTH rpadiunmii kypcop Ha Gaxanuii kopnyc PEK ta
3adikcysaru BuGip niBoro knasiweio “mumi”. 3 nepemiimenusm PEK no nomo peraxTopa Ha
ekpani Gynyte BinoGpakaTuck enekrpuuHi 38'A3kK 3 iHwMMu PEK, wo nonerwye nomyk
ONTHMATLHOIO MONIOKENHHS.

Komanna SWAP/COMP nae 3mory nonapHo MiHaTH Micuamu PEK, npu ubomy Takox
BiJIOOP@KAIOTECSA X ENEKTPUUHI 3B'S3KM.

Komanaa ROT nossonse nosepratu PEK. ITporpama Takok aa€ 3MOry po3TautyBaTh
PEK B aBToMaTHuHOMY peskumi. Jlna wusoro BuGepits koMangy PLCE ronosHoro meio
penaktopa i Ha 3anut READY TO PLACE? YES NO puGepite. YES. Ilicns usoro 6yne
BMKOHAHO aBTOMATHYHE PO3MILEHHA pafioe)ieMeHTiB.

Komanporo FILE/SAVE 3anumite momubikosane 306paxenHs y dain, npu usomy
CHCTeMa HafacTh oMy po3wunpeHHs * PLC.

9.13. Po3senennn ApyKOBAHO! 11aTH

Iporpama PC-ROUTE npusHayeHa A1A aBTOMATH3ALIl pO3BEACHHA ABOCTOPOHHIX TA
6araToWapoBkX ApyKOBaHWX Mat. [1pu 3amycKy NporpaMu cHcTEMa 3anponoHye BUGpaTy 3
MEHIO OJIHY 3 Omepatiii:

OPTIONS:

EDIT ROUTING STRATEGY - 3mina cTpaterii po3seneHns;

ROUTE — PO3BEJEHHS;

EXIT PC-ROUTE ~suxia 3 PC-ROUTE.

3 BuGupannam onepauii ROUTE BukoHyeThes nporpama posseeHss skasatoro PLC-
daiiny. [poxnaneni nopixkku ApykoBaHMxX NpPOBIAHMKIB nporpama 3anucye B wapu COMP,
SOLDER, INTI, INT2, .. moaubikosaHoro daiina kouctpyktusy <filename>.PCB.
[ToBinOMAEHHA NPO NOMUAKH i HEPO3BEEH] 3B'A3KH 3ANUCYIOTECS ¥ -Qailn 3 pO3LWHPEHHAM
* REP.

Y dooamxax B.1, B.2, B.3, B.4, B.5, B.6 ma B.7 nasedena neodxiona inpopmayis,
wo xapaxmepu3sye ckaad npozpami PCAD.
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JOJATOK A.1
AKTHBHI EJIEMEHTH EJJEKTPOHHUX IIPUCTPOIB

B sKOCTI aKTHBHMX €NEMEHTIB B €JICKTPOHHUX MPUCTPOSX 3ACTOCOBYIOTH HAMiBNPOBIAHKKOBI
nioaw, GIMONApHi Ta MONLOBI TPAH3WCTOPH, THPHCTOPY, a B paHille pospobreHiit anmaparypi - i
€NICKTPOBAKYYMHI JIJaMOu.

[lapamMeTpH HamMiBMpPOBIAHMKOBUX MIOAIB: BHUNPAMHUX ARioaiB, crabiniTpouis, Bapukanis,
TYHenbHUX 1 00EpHEHNX 1i0iB — HaBeAeHi B Tabn. Al.1 - Al 4.

Tabauus Al.1. Bunpsimui gioau
Ipamnit | 3BopoTHKit | Makcumansua
. - CTpyM CTpyM 3BOPOTHA Maca
Hassa Tun Loy, L. Hanpyra M. 1
A MKA Usp max, B
Jlion kpeMuieBuit
nNaHapHO- KJ1407 0,05 0,5 24 0,3
eniTakciaibHuit
Mlion kpemniexuit J102A 0,03 10 50 1,3
TOYKOBHH
Jlion kpeicahi KJ1209B 0,5 100 800 0,5
nudy3ifinuit
Hion xpemtiicsii K203 11 10 1500 1000 10
CriaBHHuMK
Jlion repmaniesuii | Loy | g o5 100 5 02
BHUCOKOYACTOTHNUH
Mlion repmariesuit | ysaaa | 001 60 8 02
MIKPOCILIaBHUN
Jlioa xpemticanii B-320 | 320 20 1400 1000
ClulaBHHHU
Miox kpemnienuit Kr20ir | 0,5 100 8000 90
(cToBm)
357



Tabnuus Al.2.

Crabinitponu

Hanpyra Temneparypunii | HudepeH- | Makcuma-
Hassa Tun crabinizatii KoedirtieHT WiHHKH TbHui
U B Hanpyru TE(YCT, onip CTPYM
o rpan” R; Om Luax, MA
CrabinitpoH kpeMHieBHit JI814A 785 0,07 6 40
CIUIABHHI
CTabinitpon kpemHienuit | yogea | gy s +0,005 18 20
npeLU3ifiHuii
CrabiniTpon KPEMHIEBUI | o pay 33 0.1 25 191
HU3bKOBONBTHU#
Cradinitpon kpemuiesuti | o0 p 180 02 330 28
BHCOKOBOJILTHHIA ‘

[Totyxni kpemtiesi Niogn B-320 MOXXYTh BUTPMMYBATH KOPOTKOHAcHO CIpyMu Ao 6000 A.
3BOPOTHA EMHICTD Ai0AIB KONMBaeThed Bial 1 nd (ans Toukosux aioais) o 10 000 n® (uns noTyxHAX
niois). LlIBMAkoAis KpamkosBrX Ta MIiKPOCIUIABHMX JIOAIB Benuka. BOHM MOXYTh NpalioBaTH Ha
yactorax a0 100-400 MI'w.

3BOPOTHA EMHICTD KpemHieBUX cTabiniTpoHiB nocarae 100-2000 nd nipu 3BopotHiii wanpysi 0,5-
1 B i 3nmxyetses B 5-10 pa3is npy niaBuiLeHHI 3B0POTHOT HATpyrit 10 Uy,

Tabnuus A 1.3. Bapikann
- MakcumanbHa
HominanbHa Koegiuient 3BOpOTHA
Hazga Tun €MHICTB flepekpuTa Hanpyra
o €MHOCTI Py
Cy nq) K U(Xl! MAXs B
c
Bapixan KpeMHieBuil KB107B 40 30 30
cniasHuii
Bapikan kpewwiesuil | yg450 600 3,8 90
andy3ifiHo-cnnaBHuii
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Tabnuua Al.4. Tynenbhi 1a 0bepHeni gioan
. E€MHicTh
CTpyM niky CTpy™ BnaiiHu ioxa
Hasga Tun 1y, lo, él D
MA MA e
Jliox TyHenHuii i3 AU101A 1 0.2 4
apcenify ranio
Aion Tynenbhuii iz AM2011 100 10 15
apceHiny raniio
Aion rynensuui i3 AU4025 0.1 0,05 04
apcenifly ranio
Jlion oGepuichnii 1401 A 03 0,1 2,5
repmadieBHii
Tabnysa A1.S. binonapHi rpausuctopu
. Koedi- . Maxcu- | Maxcu- Maxeu-
Bxin- . Buxigna main- | I'pannu-
i 1euT llpOBiLl' Majﬂblm MalbHa wmii na
Hassa Tuni (;::IIP [:a[:f:::_ H li(;;rh ":;2::’(' :(:;::; ::;::ﬁ -na?n'm
’ ! Pyass .
Om CTII:Z)’:IY MkCM b 'l‘j‘:::?z': Ic'(p)./»:\ Mryg
Tpan3ucropu MAJIONOTYKIT
HuspkouacroTii I'TI08A 300 20-50 33 0,075 18 0,05 0,1
Cepeansoi yactotu | KT203L | 300 20-30 0,2 0,15 15 0,01 5
Bucokoi uactoru KT315E 200 |50-350f 0,2 0,15 15 0,1 100
Hansucoxoi 100-
4ACTOTH KT342A | 300 250 0,3 0,25 30 0,05 300
TpansucTopH cepeannbol HOTYRHOCTI
HusbkouactotHi | I"'T40310 100 30-60 100 1,0 45 1,25 0,08
Cepennsoi uactotu | 16021 75 40-100 80 0,5 30 1,5 10
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Bucokof uactotu | KT604A | 100 10-40 10 0,8 250 0,2 40
Haasrcokof
HacToTH KT606A - 10-30 - 2,5 60 0,4 200
Tpanzucropu norymui
Huzexouactotui | ['T70300 20 50-100 | 200 15 40 35 0,02
Cepeanboi yactoru | KT808A 20 10-50 20 20 250 10 7.0
Bucoxoi uacrotn | KT9036 30 40-180 10 30 80 3 100
Tabanua Al.6. Fonbosi Tpan3ucTopw
Kpyricts MaKeHMATbHA Maxkcumansna
Xapakrepuc- : Hanpyra
TIOTYXCHICTh . : Maca
Haspa Tun THKU P MDK CTIKOM T |
S, é‘fr‘ BUTOKOM >
MA/B Ucu Max, B
Tpausucropu kpemuicsi noaLosi:
3 KaHanoM p-Tuny KIH201K 1,4 0,12 15 1
3 KaHaIoM N-Tuny * KI203B 15 0,3 10 1,5
Tabanus Al.7. Tupucropu
- Makcumansta
Cepenniit
. 3BOPOTHA
npaMui Maca
Haspa Tun Hanpyra
CTpyM U M, r
3B MaX>
Ip, A B
Tupuctop ipentieani KYIOIE | 0,075 50 1,5
MAaJIONOTYXHUI
Tupucrop Kpemuienuii cepeaHboi KY210B 8 600 75
NOTYXHOCTI
Tupuctop kpeMHieBnit NOTYXHUi T-320 320 1400 314
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O6epHeHi JAioan MOXYTh NPALOBATH  AK BHUAPSMHI Jioau 3i sMinnumu nanpyramu 0,005-

0,05 B. .
TlapameTpy GinonapHux TPaH3UCTOPIR Majiof, CepedHbol 1 BETHKOT MOTYKHOCTEH HaBeCH! B

Tabn. Al.5. Maca Ginongpunx tpansnctopis cknaaae 0,5-50 r, iMrnynbennii crpym moxe 5 10-50 pasis
MepeBulyBaTH  linax ]

flapamcTpy MoaLOBUX TPAH3UCTOPIB HABEACH! B Tabn. A1.6.

[lapamMeTpH TUPHCTOPIB HaBeacHi B Tabn. AL.7 . .

Manonory;Hi THPHCTOPH MOXYTh NPaLIoBaTH Ma yactorax a0 10 kU, noTyxui ~ Ha yactorax

50 ta 400 '
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JOJATOK A. 2
ITACHBHI EJJEMEHTH EJEKTPOHHHX IMTPUCTPOIB

Cyqacni  eneKTpOHHI  NPUCTPOi  MICTATH  KpiM~ OCHOBHHX  AKTHBHUX ~€JeMENTIB. —
HANIBNPOBIAHMKOBNX - 400 €NCKTPOBAKYYMHHUX NPHNANiB — BCIMKY KiILKICT NACHBHHX CEMCHTIB
(pC31CTOpiB TA KOHACHCATOPIB).

Pesncropu.  Pesuctopu — HalibiNblll MOWHPEH] NACHBHI €1EMEHTH TPHCTPOIB NPOMUCIOBOT
enexTponiku. BoHM MoxyTh ckiazatu 40-50% Bijx 3aranbHoi KiTbKOCTI BCiX enlemenTiB. Pesncropu
OyBalOTh NOCTiliHi Ta 3MIHHI. .

Oc1ioBiiMU NapamMeTpamMi PE3UCTOPIB € HOMiHALHIE Onip (HOMiNan), ZOMYCTHME BiZxuielHs
Bi/l HOMIHAIlY, HOMIHANIbHA MOTYXKHICTH TA TEM nepaTP/pnnﬁ Koe(iLieHT onopy.

Hominansni onopu pesuctopie cknanalots 107 — 107" Om. J1is pe3ncTopiB. yCTAHOBJIEHO WIICTh
PARIB HOMIHANLHUX OMOPIB:

E6, E12, E24, E48, E96, E192. Yucno, uto croite nicis cumBony E. Bu3Hauae KinbKicTh
HOMINANBHIUX Be/iruin'y pany. Komnuil paa 3a1a€Thest UHCAOBUMH KOE(ILLiENTAMI, NOMHONCHIMH
Ha 10", ne n — uine pojarve a6o sim'emie uucno. Pe3UCTOPU BUTOTOBASIOTH i3 HOMIHAABHMMH
ONOPaMHK, IO BIANOBIAAIOTE OAHOMY 3 4ucnoBux koediuicHris, Haiibinew nowmnpenumu € psau E6,
El12, E24, wo noaani B taén. A 2.1,

Honycmume gioxunenns 6id. nominary HopManiosane i Bianosinac pamy:
+0,01; £0,02; £0,05; £0,1; £0,2; 0,5, £1,0; £2,0; £ 5,0; £10; £20; +£30.

Hominanona nomyscuicnts Proy — MaKCHManNbHa TIOTYKHICTb, HA AKY PO3PAXOBaHHil pe3ucTOp

Npu TpUBARiH HOro poGoTi 6e3 3MiHK NapaMeTPiB MPOTArOM FapaHTIHHOIO TEPMINY ClyKOH .
SIkuto pe3ucTop npawioe MpH TeMNeparypax, 110 [ePeBHILYIOTh TPAHWUHE 3HA4YeHHA /i JAHOTo
PE3MCTOPA, TO HOMiHANbHA MOTYXKHICTb PO3CIIOBAHHSA 3HIDKYEThCA.  Homianelly noryxuicTs
_posciioBatiks y Batax BUOMpaioTh 3riado 3 [epiketanaaprom paay: 0,01; 0,025; 0,05; 0,125; 0,25; 0,5;
1.2,5. 8,10, 16, 25, 50, 75, 100, 150, 250, 500.

Tesnepamypnuii koedpiyyienm onopy (TKP) — Benuuuua, 10 XapakTepusye BiHOCHY 3Miny
OMopY Pe3NCTOpa NpHu 3mitti Temnepatypu na 1° C. 3iavenna TKR Moxe GyTH 10AATHAM | BILEMHIM,
3a THNOM NPOBIAHOIO “eNIEMENTA PE3MCTOPH MiAPO3AINAIOTL HA HENPOBIAIMKOBI Ta NPOBiAHUKOBI;
00nzBa BUAN PE3NCTOPIB MOKYTH OYTH NOCTIHUMY Ta 3MIHHUMMU.

Tabnung A 2.1.

Psn Yncnosi koeditlientu Jonycrumi Binxuneus, %

E6 L0 1,5122133(47|68 +20%
1,01 1,5]122(33(4,7|6,8

Elz B ) > > 3 ) 0,
12118127(3956]|82 +10%
1,011,5122(3314768

. L1 1,6(24(3,6(51]|75

F 12(1.8(27]3.9]5682 3%
1,312,013,0[43162]9,1

ITocriiini HenpoBiaHnkoBi pesucTopn GyBaloTh NMNiBKOBI il 06'emii. IIniskoBuit pe3ucTop
ABNAE o000 CTEpKEHb 3 i30JALIMHOIO Martepiany, HOKPUTHIl TIPOIAPKOM PEYOBMHH 3 MAamolo
NHTOMOK) €NICKTPUUHOIO MPOBIAHICTIO. JInA CTBOpEHHS BHCOKOOMHUX PE3MCTOPIB: MPOIUAPOK, 110
NPOBO/MTL CTPYM, poOiATs y . BHIMAAI cmipani. YV 3anexnocti Big marepiany npowapky, 110
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MPOBOANTL CTPYM, PO3PI3HAIOTH METANOTUIIBKOBI, BYFJIElEBI MUIiBKOBi, GOPOBYrienesi niBKOBI,
METaNOOKCHAHI Ta KOMTIO3MILIIiHI pe3ncTopH.

) Y memanonniexosux pesucmopax TIPOLIAPKOM, 1O TNPOBOAMTbL CTPYM, € [UliBKA 31 CnyiaBiB
BHCOKOTO OMOpY, 10 HAOCAThL Ha OCHOBY 3 KepaMmiku abo curany. - JlIo MeTanoniiBKoBux pe3ncTopis
BiaHOCATL pesuctopn Tunis: MIT (Meranizosani nakosaui tennocrifiki); OMJIT (oco6nusi MIIT),
1110 BOJIOAIIOTH MiABHILEHOIO HAAiHICTIO; MT (METanonniskoBi TENOCTIMKI), 10 MOXYTh NPaLOBATH
npu temneparypax o +200°C; MVYH (MeranonsiBkosi repMeTH3oBali npeunsiiini), wo €
BUCOKOCTa0IILHMMH B 4aci, maloTh Manuit TKR i MOKyTbh mpaigoBati npu niBULIEHIH BONOrOCTI;
MVYIT (MeranonniBkoBi y/ALTPaBUCOKOUACTOTHI Mpelu3iiiti), 1o Mawte HoMminann 24-200 Om i3
jaonmyctumMuM  BiaxuaensaM £1%.  Jlo MCTANOMIIBKOBHX BIZHOCATh TaKOXK THIM PC3HCTOPIB,
pospoGacni B ocrauni poku: C2-6, mo npaluoioth npn rtemneparypax. ao +300 C; (C2-8, wpo
npaioIoTs NpH niasmieniit Bosorocri; C2-13; C2-14; C2-15, 1mo ¢ BUCOKOAKICHUMH 1PCLI3IAHNUMH
pesucropamu.  Haitbinsu cTabinennMi € pesucropn thny C2-13, mo BHIYCKAIOTBCS 3 JOMYCKaMH
+0.1;

+0,2; 20,5 £1;22,5%.

Byeneyesi niiexosi pesucinopt Ma1h BMCOKY craGinbHicTs. [lpowiapkom, o npoBoAdTEL
CTPYM, Y HUX € fuliBKa syrneio Tosunnoio 0,1-0,2 MkM, Ky HaNOCHTbL Ha 1IOBCPXHIO KEPaMiuHOro
crepxist. Jlo Byrneuesux pesncropin BijHocsTh pesucroph tunis: BC (Bucokoctalinelii onopu), 110
sosiositors Mamim Bilemnam TKP; YIIM (Byraenesi nakoBaui Manorafapimhi), 110 BiAPisHAIOTLCS
Bist pezucropis iy BC manumu posmipamn; YJIJL (ByrielieBi J1akoBali 3 TPUBAIKUM TEPMilIoM
cnyx6n), Wo MaoTh TepMin cnyuOn Jio 20 pokis i npuinaveni juis po0oTH B repMeTH30BaHikH
anaparypi; YJIU (Byrnicuesi JakoBani. ki BCTAHOBIOIOTH B CICKTPOBHMIPHUX NPHAAAX), MO MAOTH
JIONYCTHMI  Biaxmnenust  Bin  Hominany £, 27 £3%; YHY  (Byrsicuesi  HesaxwinecHi
YABTPABHCOKOYACTOTHI), BUFOTOBICHT y BUFAAAL CrepakiiB, TpyOoK, maiid abo rmactun .

Bopogyeneyesi naigkogi pezucmopu BIAPI3HSIOTRCS BiJL BYIIICUEBUX PE3NCTOPIB YBEACHHAM J10
CKJIaLy BYIJICICBOT MiBk AoMilnkK Gopy, mo Ao3sonsc 3uu3nth TKR i crBopioBatit pe3HcTopH 3
HCBCIIMUKUMH  BiAXWICHHAMK Big HOMminany.  Pesuctopn tuny BJIT (Goposyrieuesi nakosani
npeuu3iitng) € NoKM o exuinMi. Bonn BunyckaloTses 3 jlonyckami £:0.5; £:1%.

Memanooxcudni pesucmopu BIAPI3HAIOTHCA OUILIIOIK B TOPIBHABHI 3 MCTAIOMIIIBKOBUMHE
PE3UCTOpaMK CTAGiNLHICTIO 3i 3MIHOIO TEMIICPATYPH HABKOIMUIHEOTO CEPEAOBHINA i iHUIMX uMHHMK(B, *
TpouiapkoMm, IO NPOBOJIMTL, Y HUX € TUTIBKA OKCHAIB MCTaNiB, 4acTille BChOIO JIBOOKCHAY onosa. [lo
MCTAJIOOKCHANMX. PE3UCTOPIB BijtiocaTs pesncropy Thiis: MO (MeranookcHani HU3LKOOMHI), 0
MaloTe Hominann 1-100 OM i3 sominanshoto norywdicno o 20 Br, MOY (Meranookcuai
YJbTPABHCOKOUYACTOTHI), 1O BHIYCKAIOTLCS HA HOMIHANLHY NOTYKHICTb 10 200 Brr.

Komnosuyiini pezucmopu B pannit wac yce Oinblie 3acrocoByiorhes.  [Ipowapkom, mo
POBOAMTL, Y HUX € IliBka caxi abo rpadirty 3 wanosmosaycem. Lli pesuctopu npocti y
BUIOTOBJIENIH, MAIOTL, BUCOKY HaJiiiNiCTh | HCBENMKY BapTiCTh, ajie MAIOTh HHU3bKY CTabiNbHICTD i
3ANSKHICTE ONOPY B NPUKIIAACHOT HANPYIH. {0 KOMIO3UILHNNX PC3UCTOPIB BIZHOCHTD PCIUCTOPH
Tunig: KJIM (xomuiosuuiiing naxosani meraOmui) i KBM (komnosnuiiini Bakyymiti meraOMmni), 1mo
BHITYCKAIOTLCS HA HOMIHANN 11O 10" Om: KIM (KoMMo3MILIiiNI i307B0BAKT MAOTA0APHTHI), WO MAIOTL
noMinaneny noryxnicrs 0,05 i 0,125 Bt; KDB (komnosuuiiini eMansoBani  BUCOKOBOALTHI),
npusnaveii ais poboTH B ENCKTPHUHHX KOJIAX BUCOKOT HANPYTH.

Ob'emnuii pesucmop sBnsic cofolo cnpecoBanuii npu BUCOKIM Temnepatypi crepikenn abo
napanenenine i3 cymilli caxi, KOPYHIOBOFO TMOPOIWIKY i CKIOCMaii, IO € 3B'S3YBAILHO
peuosunoo, 1l pesncropn MaloTL BUCOKY HaMifiHICTs NpU HOMinalbHil notyxiocti Bin 0,125 no
60 Br.

MocTiiiHi  TPOBIANNKOBI PE3UCTOPH  BHIOTOBJIAIOTH I3 MAHTaHIOBOrO, HiIXpoMOBOIo abo
KOHCTAHTAHOBOTO JIPOTY, AKHMA HAMOTYIOTH Ha TpyOKy 3 Kepamiku afo npecnopowky. 3sepxy, B
SKOCT] 3aXHCHOIO NMOKPUTTS, 3aCTOCOBYIOTH CHITIKATHY €Mah, L0 (ikCye BUTKH i 13010€ 1X OfHH Bijl
OJIHOIO, & TAKOXK 3AXMILAC PE3UCTOP BiZ OKMCIOBAHHA | MEXaHIuHUX YUIKO/DKElb. PO3pi3HAIOTE .
pe3ncTopH 3 ojHOINapoBoIO Ta Oaratowapopoio obBuTkamu. [locTifiHi npoBifHukoBi pesucropn
MaioTb HoMilankn 3 OM — 51 kOM i Homitianbiy noTyxuicts 10 150 Br. ITpomucnoBicTs BUNyckae
TaKi THITH MPOBIIHUKOBUX PEINCTOPIB: 3 0JIHOIIAPOBOIO 00BUTKOI0 — I13 (nposianukosi emanbosani);
3B (nposiannkosi emanboBaHi Bonoroctiiiki); FI3BT (nposinHikosi emansoBaui i Bojoro- Ta
TepmocTidiki); TIOBP (nposianvkosi eMajlboBati BONOrOCTIHKI perynboBani), o MaloTh AaTYHHUN
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PYXJMBUIT i3 3aTHCKHUM TBUHTOM XOMYTHK, IKHII MOXKHa NEPEMIILIATH Y3HOBK KOPITYCa PE3nCcTopa 1o
BUTKaxX APOTY, BIJILHOTO Bif i30mALiT; perynsosani 3 GaratowapoBoi o6surkoto ~[1T (npoBiaHMKOBI
touni); TITH, TITM, IITK (npoBiaHMKOBI TO4HI, BIANOBIAHO 3 HIXPOMOBOrO, MArHaHiHOBOTO i
KOHCTAHTaHOBOro  Apoty); Manoradaputhi IITMH, ITTMM, [ITMK (nposianukosi toui
ManoraGapuTHi, BiAMOBIAHO 3 HIXPOMY, MaHraHiHy i KOHCTauTauy). Pe3sucTopd 3 OQHOWIAPOBOIO
OGBUTKOIO MAIOTh AOMYCTHMI BiIXWIEHHS Bil HOMiHay +5; +10%, a pesucrtopu 3 Garatomaposoi
obBUTKON0 —£0,25; £0,5; £1%.

ITpoBiAHUKOBI  PE3UCTOPU BIAPI3HAIOTHCH BiX TUIIBKOBMX BHMCOKOIO CTABGIMBHICTIO, TOYHICTIO 1
HaziiHicTio y poboTi. [lo HHUX BapTO BIAHECTH iX ACIIO BENUKY NApasvTHY iHAYKTHBHICTh, @ TAKOXK
BHCOKY BapTIiCTh i BeIMKI raGapuTy.

OcTaHHiM 4acOM CTanu BUIYCKATH MiKpOMPOBiJHAKOBI PE3UCTOPH, O BOJIOIOTE MiABHLIEHOI)
crabineHicTio.  Jlo Hux Biasocath pesuctopu THMiB: MBC (MikponpoBiZHWKOBI BHCOKOOMHI 3i
CKJIAHOK. i3071AUI€10) | repMeTn3oBaHy pisHoBuadicts MBCT; pesuctopu 3 noninueHumn
BrnactusocTamu C5-5; C5-716 1a in. (serepmernsosati), C5-726 Ta in. (repmeTH30Bani).

JIng  BMrOTOBNEHHA  MIKPOMPOBIAHMKOBMX  PE3UCTOPIB  3aCTOCOBYIOTH  MaHraHiHOBi
MiKpOnpoBiAHWKHK diameTpoM 3-10 mxm. JonmycTume BiaxineHHs Bia HoMinany cknajae sin 0,05 1o
+5%.

Y 3aieKHOCTI BiA MPU3HAYCHHS MOCTiHHI PE3NCTOPY PO3AIISIOTH HA PE3NCTOPHU!

1) 3arasbHOro 3acTOCyBaHHs (OMYCTIMI BIAXWICHHS BIA HOMiHaNy £5%, £10%, 20%);

2) npeunsiiini (i3 nonyckamu £0,01: £0,02; +0,05; £0,1; +£0,2; +0,5%);

3) BucoxomeraOmHi (nonaa 10-mOm);

4) BucokoBonbTHI (noHan 2 kB);

‘5) BUCOKOQUACTOTHI I IMMYJIBCHI.

3minni pezucropn Taxok GyBalOTh HENPOBIAKMKOBI Ta NpoBiAHUKOBI, HenposigHnkosi 3minni
pesncTopu GyBalOT TUTIBKOBIMHU M 00'eMHHUMMU.

{Iniexosi 3minni pe3ucmopu CKNAAAIOTHCA 3 IPOWAPKY, 10 MPOBOANWTH CTPYM, SKMH HAHOCATH HA
MiJAKOBONOAIOHY NAacTHHY (OCHOBA) i3 TETHHAKCY Ta PYXOMOI CHCTEMH 3i cTpymo3HiMaueM. Kinui
MPOBIAHOTO MPOLIAPKY 1 PyXOMa CHCTEMA MAIOTh BUBOAW. - 13 NEPEMIILIEHHAM PYXJAUBOTO KOHTAKTY {10
POLIAPKY, 1O MPOBOAHTE CTPYM, 3MIHIOETHCA 3HAYEHHA ONIOPY MDK PYXOMHUM i OAHMM i3 HEPYXOMHX
KOHTAKTIB.. Y 3aleXKHOCTI Bill KyTa 0BepTaHHs OCi PpyXJHBOro CTPYyMO3'€MHOrO KOHTAKTY 3Ha4CHHA
oropy Moxke 3MiHIoBaTHCA 3a NiniiitHuM (A), norapudmiunnm (B) abo obepHenonorapudmivnum (B)
3AKOHOM. )

O6'emni 3minni * peucmopu  Mal0Th' OINBIL TOBCTHI CTPYMONPOBIAHMWIT NpOWAPOK, SKMil
3aMpecoBYIOTh Y CMEUiaNBHY KepamidHy KaHaBKY OCHOBH. 3anexHICTb OMopy BiJ Kyra o0epTaHHs oci
— ninifiva. BoHM BiApi3HAIOTLCA BiA NNIBKOBUX 3MIHHUX PE3NUCTOPIB Oinblll BUCOKOIO HAMIHHICTIO |
MeHWwKUMU rabaputamMu. [TpoMUCIOBICTD BMITyCKAE TaKi THIH HENPOBIXHUKOBMX 3MIHHWX PE3UCTOPIB:
CIT (onopu 3minni)-onnnapui (CIT-1, CI1-2, CI1-5) i 3aBoeni (CI1-3, CI1-4); CITO-(onopu 3miHni
00'eMHi), BUTOTOBNICHI Ha HOMiHaMBHI noTyxHocti 0,15;0,5; 1; 2 Br.

[TpoBinHNKOBHI 3MiHHWIT PE3UCTOP BUFOTOBISKIOTH Y BHIJSIAL- OJQHOWAPOBOI OOBWTKU 3
BHCOKOOMHOrO (MaHraHiHOBOrO, KOHCTAHTAHOBOrO a0 HiXpOMOBOIo) NMpOBIAHMKA, HAMOTAHOIO Ha
po3pi3aHuil KinbUEBHIi CEPACYHUK (3 Kepamiku abo mnactmack. [lo BUTKax 0OBHTKH nepeMillyeThes
pyxnuBuii koHTakT. [IpoOMMCNOBICTh BUIyCKae MpOBIAHMKOBI 3MiHHI pe3ucTopu Takux Tumnis: TIP
(nposinunkosi perynbosani); 1115 (nposiauukosi 3minni Geskapkacui); [T (npoBigHUKOBI 3MitiHi).

ITpoBiAHMKOBI PE3UCTOPH MOXKYTh NPALOBATH. B JIAHWIOTaX NMOCTIHOrO i 3MIHHOFO CTPYMiB
HU3BKOT 4aCTOTH. [X 3aCTOCOBYIOTH /s PETyIIOBAHHA HATIPYTH 3 BUCOKOK TOMHICTIO,

Cucmema nosnauens pesucmopis gionogioae [epaccmanoapmy.

Tlepwnii enemenT no3navueHus — 6ykpa (a6o aBi GYKBU), 1110 03HAYAIOTH THN PE3NCTOPA;

C — nocriiini;

CTI — 3MiHHI.

Hpyruii eneMeNT No3HaYeHHS —~ LM(pa, o 03HAYAE PI3HOBU NPOBIAHOIO €NEMEHTA: |

1 - HeNpOBIAHKMKOBI TOHKOWIAPOBI BYrneLeBi i GOPOBYINCUEBI;

2 — HENPOBIAHUKOBI TOHKOLIAPOBI METANOMNNIBKOBI,. METATOOKCH/IHI;

3 — HenpOoBIHUKOBI KOMMIO3ULMHI NTIBKOBI; '

4 — HenpoBiAHKUKOBI 06'eMH;

5 — NpoBiAHAKOBI;
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6 — HEMPOBIAHMKOBI TOHKOWAPOBI METAII30BaHi.

Tperift eneMeHT no3naueHHs — LQpa, 1O BKa3y€e Ha KOHCTPYKTHBHUH Pi3HOBM PE3UCTOPIB.

Ifo3HaueBHs HOMiHaNY, HOMIHAJIBHOT MOTYXKHOCTI | RONYCTHMOro BIAXMAEHHS BiA HOMiHANY
3BUYAITHUX PE3UCTOPiB HAHOCATH HA KOPIYC pe3ncTopa.

[Tprknany no3saueHp pe3nCTopiB:

C2-13 — pe3ucTop NOCTifHUA, HEMPOBIAHNKOBUIA, METANONIBKOBHIA, HOMEP KOHCTPYKTHBHOTO
pisnoBuay (Moaudikauii) — 13.

C5-5 — pe3uctop noctifiHuii, APOTOBUIH, HOMEP KOHCTPYKTUBHOMO PI3HOBMAY — 5.

JlonycTiMi BiAXHICHHS Bijl HOMiHay HaBeAeHi B Tabn. A 2.2.

Tabnnua A 2.2 JlonycTuMi BiaXuieHHs Bifl HOMIHANY pe3UCTOpiB
JonycTume
Binxunenns sin | 0,1 +0,2 +0,5 +] 2 +5 +10 +20 +30
HoMmiHany, %
YMoBHE
N03HAYEHHS x \Y% Il P J U C B ¢

Hominanu Ta nomycku ManoraGapurTHux i MIHIATIOPHHX PE3UCTOPIB [03HAYAIOTH 3riAHO 3
JTEPHOIO CHCTEMOIO KOAyBaHH:: E — Omu, K — kinoOmu, M — meraOmu, I" ~ riraOwmn, T ~ tepaOmu.
Manorabapuii 1 MiHiaTIOpHI Pe3UCTOPH MAIOTh CKOPOUEHE Mo3HaueHna. Slkmo omip pesuctopa
BHPAKAETHCA UMMM YMCNOM, TO TMO3ZHAYCHHA ONMHMIG Ui€i BENUYMHH [MWYTH TICAS HBOTO.
Hanpuknan, 47E — 47 Om, 51 K- 51 xOm, 47M- 47 MOm.

SIKIWO 3HAYEHHA ONOPY MIHIATIOPHOrO pe3ucTopa ApobOBE, TO JTEPHE MO3HAYCHHA CTABJIATE
3amicTe komu. Hampuknazn, pesnctop onopom 2,2 kOM Nnpu JONYCTHMOMY BiAXKMICHRI Bil HOMinay
+5% mapkyioTs ak 2K2H.

SIKiwo onip pe3ucTopa BUPAKAETLCA AECATKOBUM ApoGOM 3 HylIeM NOMEpely, TO 3amieTs HyA
UiANX | KOMU TiEpest UMPOIO CTaBNATh NiTEPHE NO3HAYCHHA OAWHKWI uici Benuunny, Hanpuxnan,
K33-0,33 kOm, M51 - 0,51 MOwm.

Y TexHiuHilt JOKYMEHTAILi PE3UCTOPH MO3HAYAIOTH TAKUM cnocoGoM. SIKILO OMip pe3ucTopis
Mae 3Ha4eHHA BiA 1 10 1000 OM i € LinuM HHCIOM, TO PE3HCTOPH 3amucyloTh 6e3 BKa3iBkH OAMHHMLL
onopy. Hanpuknan, RS510 - pe3uctop 3 onopom 510 OM. Slkuwo onip pesnctopa cknazae noni Om
a0o uine umcno 3 nonamu OmM, To BKasyioTh oannutio Om. Hanpuknan, 0,51 aGo 5,1 Om. Pesucropu (>
onopom Bix 1 po 910 kOm 3anucytoTs uncnom kinoOwm i3 poaarkom Gyken K. nanpuknan, R680 K.
Pesuctopm onopowm Bin 1 MOM i Bue nozuauaiots y MeraOmax 6e3 Bkasisku oaunuui. [Tpore, akuio
OMip JOPIBHIOE WINOMY YMCAY, TO MNiCAs HOMO WMCNOBOIO 3HAUEHHS CTABNATL KOMY | HYJb.
Hanpuknan, R6,8 i R2,0.

Hanisnpogianukosi pesnctopu. V AkoCTi NACHBHUX ENEMEHTIB B CIEKTPOHHUX TIPHCTPOAX
3aCTOCOBYIOTh TAKOX HaMiBNPOBIAHMKOBI pe3ncTopy. [TapaMerpn IeAKMX TUIIB TEPMOPEIHCTOPIB,
BapHcTOpiB i PoTope3ncTopiB naBeaeHi B Tabn. A 2.3 — A2.35.
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Tabnuus A 2.5. DoTope3ucTopu
Po6oua TemHoBuii Mo:sznga- Inrerpanshia | [MoTyxHicTs C‘:;;O-
Tun Hzirjlpgra . Or[]\:[% ——— qunn:l/crb S, po;cuosgﬂun cTpym
’ m VOM 4 g1 MA/(TMB) MKAIM wovs BT I, MA
Cd2-1 15 15 10 400 10 1
Ce2-8 | 100 100 - - 125 1
OCK-1 50 3,3 7 2,8 125 2

Kouaencaropn. KoHnaeHcaTopH, sKi 3aCTOCOBYIOTh Y NPHCTPOAX MPOMUCIOBOI €NEKTPOHIKH,
pO3AiNAIOTH HA KOHAEHCATOPH [TOCTIAHOT EMHOCTI, HANAroJUKYBaNbHI ¥ 3MIHHOT EMHOCTI.

KonzeHcaropu wiacuikyioTs 3a JIeKinbKkoMa 03HaKaMM:

a) 3a BUI/IA00M BUKOPHCTOBYBAHOTO NIENEKTPHKA — KOHACHCATOPH 3 ra3onoiGHuUM (NOBiTpAHi),
piAkMM (MacnsHi), TBEPAMM HEOPraHiuHUM (CMIOAAHI, KEpaMiuHi, CKAOKepaMmidHi W iH.), TBopauM
OpraHiuHuM (naneposi, niBKoOBi # iH.), OKCUAHI (OKCHIHO-HamMiBNPOBIAHWKOBI PiAWHHI, Cyxi Ta
TBEPJ) Ai€NEKTPHKH;

6) 3a npu3HaUEHHAM — KOHAEHCATOPH 3araibHOrO 3aCTOCYBAHHA | CRELiaibHI;

B) 332 HOMiHa/IbHOIO (POGOU0I0) HaMPyrolo — Hu3bKOBONbLTHI (Upos<1600 B) i BUCOKOBOMBLTHI
(Upos>1600 B) xoHaeHcaTopH.

OCHOBHHMM NapaMeTpamMu KOHAEHCATOPIB €

HOMIHQIbHA €MHICTh (HOMIHAN); KONYCTUME BIAXMNEHHS Bill HOMIHANY; CJIEKTPHYHA MILHICTD,
TeMnepaTypHuit koediLieHT eMHOCTI.

Hominami emnocmedi, Tak camo, sK i HOMiHaJIK PE3NCTOPIB, BCTAHOBIIIOIOTH 3MIAHO 3i WIKAN00
JlepaxcraHpapty. BiaxuieHHs Bin HoMiHaly CTaHIapTU30BaHi i BCTaHOBNIOKTLCA BIAMOBIAHO 3
pPAAOM, HABEACHWM 1A pe3UCTOPiB.  ENeKTpHYHA MILHICTL XapakTepu3ycThCa: HOMIHAILHOIO
(po6ouoio) Hanpyroto Upos., NPY AKilk KOHAEHCATOP MOXE MPALUOBATH MPOTArOM 333HAUEHOTO TEPMiHY
cnyx6u i Binbil KOBrOCTPOKOBO 3 AOTPUMAHHAM YMOB €KCRAyaTauil; BUNPOGHOIO Hanpyroio Usump
BU3HAuaNbHa 3aTHICTh KOHAEHCATOpa BHTPHMYBATH KOPOTKOYACHI MEPEBAHTANEHHS N0 Hanpysi;
npoGUBHOIO HaNpyrolo, ToGTO HanNpyroto, Npu AKii HacTynae npoGiit AienekTpuka .

Jna KOHAEHCATOPiB YCTAHOBNEHO TPY PAAN HOMIHANBHUX eMHoOCTel: E6, E12 i E24. Yucro, uio
cToiTh nicna 6yksu E, BU3HAUAE KiNbKICTh HOMIHAIBHUX BenuuWH y paay. Koxuuit pan 3anactses
uucnoBuMu koedinientamu.  KoHaeHcatopy BMrOTOBNSIOTH i3 HOMIHALHMMM €MHOCTAMM, ILO
Bi/INOBiRAIOTE OIHOMY 3 4MCNOBUX KoediLlieHTiB, axui TpeGa nomuouTH Ha 10" (aus. Tabn. A 2.6),
ne ansa pagy E6 n=0, 1,2, 3, 4; nas paay E12 n=0, 2, 3, 4, ana pany E24 n=2, 3, 4.

Tabnuus A 2.6

Pan Yncnosi koeditieHTy

Tabmuus A 2.3. Bapucropu
. . Koedi-
H(::;:_::;T;Ha HON:;::;I:;HHﬁ HominansHa Li€HT
Hassa Tun (knacudika- (xnmacudikawifHuif) NOTYXKHICTS | HEMHI
N Puow, BT HHOCTI
uiinui) Uy, B Txn, MA i N
c . CH 1-1-1 560-1500 10 1 3,5-4,5
TEPHHEBHI | .6 33 20 2,5 40
BAPHCTOP 1 CHI-8-20 20000 0,05 6 6-10
Jluckosuii CHI-2-1 56-270 8 1 35
BapUCTOP CH1-10 15-47 10 3 32
Tabnuus A24. Tepmope3sncTopu
Homina-
TemnepatypHuit NbHa,
H o T Hominansuii onip | kKoediuienT onopy | poryx-
wpa - n Ri, kOM a %,°C HiCTb
Phoy, MBT
Tepi - CT1-17 0,3-22 4-7 500
epuicTop KMT-1 22-1000 4284 8
a CT6-IA | . 0,04-04 0 . 1100
o3MCTOp CTe-3b -0 A5 200
366

E6 0,015 0,015; 0,022; 0,033; 0,047,0,068

El2 0,01, 0,015; 0,022, 0,033; 0,047,0,068; 0,012; 0,018; 0,027, 0,039; 0,056; 0,082

1,5 2,233 47 68
1,6 24 33 51 1715
1.8 27 3,6 56 .82
20 30 39 62 91

E24

——— —
W N —
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Temnepamypnuii koeiyienm emnocmi TKC — Benuunna, wo XapaKTepU3ye BIIHOCHY 3MiHY
€MHOCTI KOHJEHCaTopa MpH 3Midi Temmepatypu ua 1°C. 3nauenns TKC mowke OyTH. 10JaTHUM,
BiA'€MHHM | GIM3BKHM 10 HYJIA.

Y KoHjencaropax nOCTIHHOI €MHOCTI 3aCTOCOBYIOTECS B OCHOBHOMY TBEPAI ¥ OKCHAHI
AienekTpukH.  JI0 KOHACHCATOPIB i3 TBEPAUM HeOpraHiuRKM NIENEKTPHUKOM BiJIHOCAThCA CMIO/AHI,
KepaMidHi, CKIIOeManeBi Ta iH:

Konoencamopu munie KCO (kongexcatopu cmogauni crnpecosani), KCT (KoHAeHcaTopu
cmozaHi repmetusosani), CI'M (cloasHi repMeTn3oBaHi ManoraGapHTHi), mo BONOMIOTs HARGITBII
BHCOKHMHM TOKA3HUKAMH, IMPOKO BHKOPHCTOBYIOTE Y PE3OHAHCHUX KOHTYpaxX, y Koyiax GNoKyBaHHs,
3B'A3KY.

Kepaniuni xondencamopu po3pinaioms na TpyGuacti (KT), AHCKORi (KI) mononithi (KM),
nnactunyacti (KI) i in.

KepamiuHi KOHNEHCATOPH MAalOThb BHMCOKI €NEKTPUYHI MOKA3HUKW, Mani rabaputy, macy i
BAPTICTh. [X 3aCTOCOBYIOTH Y THX K€ BUMAAKAX, 1O i CMOAAH.

Jlo MazoraGapuTHiX KepamiuHux KOHAEHcaTopiB BiaHocaTs auti (KJIT, KJIC) i MoHoniTHi (KM)
KOH[IEHCATOPH, 1O BONOAIIOT HAROIBII0I0 NUTOMOK eMuicTIo. Ckroemanesi xondencamopu (KC) e
HalGinbur neweBumu. [TpoTe iXHi erekmpuyni xapaKTEPUETHKH FipIli; HOK y CIKOASHUX | KepamMiuHHX
KOHAEHCATOPiB. KOHCTPYKTUBHO LU KOHAEHCATOPH BUTOTOBNSIOTECS MAiiKe TAK CaMo, AK | MOHOMITHI.

Jlo . KkoupeHcaTOpiB i3 TBEPAMM  OpraHiuHUM  JUENEKTPUKOM  BiAIOCATH naneposi,

. METAnonaneposi, niBKoBi it iH.

[I1aneposi xondencamopi BATOTOBNAIOTS Y BALIIAI PYNOHY NanepoBol CTPIYKH, IO 3HAXOAUTLCA
MDXK CTpiukami antominiesol ombru. HaiiGinb nowwpeni xounencaropu tuny KBI (koHaeHCcaTOpU
nanepoBi  repMETH30BaHI). Memanonaneposi  cepmemuzosani  kondencamopu (MBI'-U B
LHIHAPUUHOMY Kopriyci 3 kepamikn; MBITI - y npaMOKyTHOMY MeTaneBoMy KOpnyci;

MBM — manoraGaputhi) MaloTe MeHiui raGapHTh, Hi% NManepoBi, i MalOTh 3ATHICTH Camo
BIIHOBJIOBATHCS 3 NPOBHBAHHAM JieNeKTPHKA.

O6uaBa i BUAM 3aCTOCOBYIOTH y JIAHIIOraX i3 YacToTol0 He Bwow | My y AKOCTI
(hinsTpyrounx, 6MoKyBaNbHHX Ta HLIMX KOHAEHCATOPIB.

Y. naierosux kowdencamopax MCTEKTPHKOM € CUHTETHYHA [UTIBKA, HANPHKIAL MOMICTHPONBNA
(I'M = nniBkosi nonicTuponsHi manoraGapurtai a6o ITOB — maiskosi BIIKPHTI BUCOKOBOJIBTHI).
[IniBKOBI "KOHIEHCATOPH MAIOTh BHCOKI CNEKTPHUH]  IOKAZHUKH, 30kpeMa Bin'emuunii TKC, wo
Z03BOJISIC BUKOPHCTOBYBATH 1X AUl NapaMeTpuyHOi cTabinizanii.

Enexmponimuuni  konOeHcamopu BUFOTOBISIOTh 3 OKCMAHMM JENCKTPMKOM.  OKCHAHMI
NIENEKTPUK Yy BUCHAN - MUTiBKH HAHOCHTL HA OOHY 3 MJIACTHH KOHIGHCATOPA. Y AKOCTI AKOI
BHKOPHCTOBYETBCA TOHKA a/lloMikicBa a60 TanTanosa (obra. - [HIWOIO MIACTHHOI KOHEHCATOPA €
CNEKTPOAIT, y 3ANEKHOCTI Bil BUAY SKOrO PO3PI3HAIOTS PimubHi, cyXi i TBepi ENEKTPOTITUYHI
KOH/ICHCATOPH.  ENeKTPONTHUH] KOHASHCATOPH € nonspHumu.  ToMy B iX YMOBHMX rpadiunmx
MO3HAYEHHSX BIANOBiAHY OOKAANKY NO3HAYAIOTE SHAKOM “+7.

I3 BMHKAHHSM KOMAEHCATOpA IO OOKNAAKY NPUEAHYIOTH [0 BY3fa €NEKTPHUHOTO JIAHIIOrE 3
BEJIMKUM TNOTEHLANOM, a iHmy oOK/IAJKY — 70 By3Na 3 MeHWMM noTeHuianoM. [lopyuieHss
IOAAPHOCTI NPU3BOANTD 10 BUXOJLY 3 1afy KOHAEHCATOPA.

Y «ondencamopax muny KE (konpmeHcatop enexTponiTHuni) y sakocTi omHiel 3 o6knajiok
BUKODHCTOBYETHCA (DONLrOBaHNil amoMiniil. Ix Bunyckalots na nominami 5-5000 Mr®d i poboyof
nanpyru 3-500 B.

3HaYHO Kpauli XapaKTEPHCTUKN MAIOTh manmanosi Kowdewcamopu, wanpuknag, tuny ITO
(enexrponitnuni Tautanosi o6'emui), y AKMX .y AKOCTI €JIEKTPONITY BHKOPHCTOBYIOTH po3uKHK
cipuanoi i conanoi.-kuenor. L{i KOHIAEHCATOPM BHMYCKAIOTH HA HOMIHATH 2-1000 mx® i poGouoi’
Hanpyri 6-600 B. . TaHTANOBI €NeKTPORITHYHI KOHAEHCATOPH BHIOTOBMNAIOTE TAKOK i3 CYXHM
€/IEKTPOIITOM; KOHAEHcatopy Tuny ET (enektponitiuni Tantainosi), y skMX rabapuTi MeHLL, Hik y
PIAMHHKX, 32 PAXYHOK NPONUTAHHS B’3KUM ElICKTPONITOM Nanepy abo TKaHUHN,

Teepoi  oxcudHo-Hanienposionuxkosi Kkondencamopu HaiGiNbW  NEPCNEKTHBHI. Y Hux
JUEEKTPUKOM € ABOOKCHIL Mapradwo MnO; a6o Jisookcun TaHtany - Ta;Os - Lli konpewcartopu
BUMYCKalOTh HA HOMiHam 0,033-300 Mkd i poGouoi Hanpyru 6-30 B. OcHoBHa iXHA mepesara —
31aTHICTb NPALIOBATH MPH HU3bKUX Temneparypax (-80 °C). ‘
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Jlns poBOTH 3 NaHiyoraMM 3MIHHOTO CTPYMY BHITYCKAIOTB  HETONSPHi ENeKTPONITHYAL
KoHeHcaTopy, Hanpuknaz, Tiny EIT (enekrponiTHuHuil nyckoBui). ‘ .

Hanaro/ukyBansHi  KOHAEHCATOPH | KOHIGHCATOPH TEPeMiHHOl €MHOCTI  Clyxarh  jid
HACTPOKOBAHHA PE3OHAHCHHMX KOHTYDIB, (pa3omoBepTalovux MOCTIB i T.A4. JlieneKTpUkOM y HHMX €
Kepamika i MoBiTpsl. . o .

HanazooxcyeansHi (Hanie3minui) kondencamopu TIPU3HAYCH] Ul HEBEJIMYKOI 3MIHKM €MHOCTL.
Haii6inbiu nowupeHi aMcKoBi HanaropkyBansHi konaencaropu Tanis KIIK i KHII. O6Kna£1KaMH B
HHX € BA MPOUIAPKHU CPiGNa y BHII CEKTOPIB, HAHECEHUX HA KEpamiuHi pyXOMHi i HepyXomuit JUICKH.
[Ip4 rOROPOTI PYXOMOrO AHCK2 3MIHIOETbCS  €MRICTh  kongencaropa. HamarospkysanbHuit
KOHIEHCATOP XapaKTePH3yeThCs eMHOCTAMM Cmin, Caax

Konoercamopu 3miniol emHocmi ABIAKOTE COGOIO CHCTEMY HEPYXOMHX FUIACTHH (crarop),
BIIHOCHO AKMX OGEPTAETHCA CHCTEMA PYXOMuX Onactud (poTop). Boun siiHocaTbeA 10 pospaay
KOHACHCATOPIB i3 MEXaHIUHUM KEPyBAHHAM HA BiAMilly Bi1 KOHAEHCATODIB 3 ENEKTPUUHUM
KepyBaHHsM (BapikariB i BapiKOHAIB). ‘

Jins 3a3naueHHs KOHJEHCATOPIB, po3pobieHux 1o l964 p., MpUitHATA JiTepHA CHCTEMA, KA
BHKOPHCTOBYBANACK paHie. KoHaeHcatopw, 1Mo po3pobneui nicns 1964 p., 3a31a4a10Th BIUNOBIZHO 3
AITEPHO-YHCAOBHM KOJIOM.

Mepurmit enemMent 3a3uauens — Gyksa (aG0 asi OykBH), WO O3HAva€ THI KoHaeiicatopa: K -
konaercarop noctiiisol emuocti; KT — koHAcHCaTOP HANAroKyBaIbHUA. ‘

Jlpyruii eNeMeHT 3a3HaueHHs — ABO3HAWHE MMCNO, WO BKA3yC HA TN NCJICKTpUka (le
KepaMiuHuit Ha HOMiHanbIy Hanpyry Hkye 16008, 15- kepamivuuid na HOMIHANGHY HanpyTy 169013 i
pUiIE, 22-ckaoemManesuii, 24-Ca0IaHNH, Manoi MOTY)KHOCTI, 32-CIHOAATMI BEIMKOT nOTy>1<uoc|7|,“4()-
nanepoBuii Ha HOMIHAILHY HANpPYry HIDKYE [6008 i3 (l)OHbl‘OBI/IMH‘06KJ12UU‘<?IMH, 41-naneposuit Ha
HoMinansHy Hanpyry Buity 1600B i3 onbrosimu ofraakamin, 42- i3 METHIOBANNMA ()6KJ]£I)lK1]MM,
50-cnekTponiTHUKKit amominiesuit, 52 — eNeKTPOIIITHYHNI TaHTanoBHi 00 emilo-nopucTuii, 53 ~
OKCHHO-HAITIBIPOBIIHUKOBKIL , 60 — noBiTPANMI, 70 — NONCTHPONB KL 13 (honbroBuMH 0OKNAKAMM,
7 1-HONICTHPONBLUHIT 13 MeTAllI30BAHHMU 0OKIAKAMN). )

Tperiii epeMentT 3asnaueHHs — OyKsa, WO B#3IAYAC NPHIHAYCIHA KOHJCHCATOPA (IT — s
POGOTH B NAHLIOraX MOCTINIOND CTPYMy; Y — juist poGOTH & JIAHLIOrAX NOCTIHIONO, SMIHOTO CTPYMY
ii B iMIyIbcHOMY pexxumi, M- ana poGoru B iMnynscHOMy pexkumi; H-ins pobortu B JlaHigorax
3MIHHOTO CTPYMY). 5

YeTepTHIA CIEMCHT 3a3HAUEHIIA — NOPAJKOBHI HOMED PO3POOKH. — 0

HoMiHaibHY €MHICTL KOHAEHCATOpa BKA3YIOTh Y Joax dapag; Mkd (107 &), ud (107 ) Ta
nd (10"2). Jinst ManoraGapMTHHX KOHJICHCATOPIB NpHiiHATE fitepHO-unppose mapkysaiha: M —
mikpodapan, H — Hano®apan i [T - nikodapan, 4 .

MapkyBaHHA MAIOraGapUTHIX Ta MIHIATIOPHUX KOHJICHCATOPIB 3/UHCHIOIONE TakiM cnoco§0M.
Slkio eMuicts konaencaropa meHia 100 nd, To wa kopnyci crapnsto Syksy I, AKUIO €MHICTB
nexuTs y Mexkax 10 3100 nd, To ua kopnyci ii nosHavaioTs Y J1onsx naHod?apaﬂ,' AKILO BIAL 0,01 o
0,091 mk® — y naHo®apanax i crapisats Oyksy H. Ha kopnycel KOHAEHCATOPIB eMHICTIO. Bijl 0,1 MxdD 1
6inbiute Crapisth GykBY M. SIKILO €MHICTh KOHACHCATOPA MAC LLIJIE YHCIIO, TO O/UIHILO LIET BETHHHMHM
IuwyTs nicna uuena.  Hanpukaaa, 3371 — 33 nd, 47H ~ 47‘ nd. | SIKUo €MHICTh KOHJICHCATOPA
BUPAIKAETHCH AECATKOBUM APODOM MEHLINM Bi OAMHMLI, TO JTEPHE MO3NAYCHHA CTABIATH 3aMicTh
uysis i komu nepea uncnom. Hanpuknan, H33-0,33 nd, M5 - 0,5 mxd. ' '

Ha kopnyci KomJEHCATOPIB, EMHICTb AKMX BMP@KAECTBCS JIECATKOBHM ApoGoM GinbinnM Biit
OAMHMULL, NiTEPHE MO3HAUEHHA OMMHALL LIET BENMUMHH CT4BJIATH 3aMicTs koM. Hanpuknaz, 6118-6,8
n®, 1H5-1,51d, 1MS5-1,5 mxd. '

Bixunenns Big HOMiHany JUIA UMX KOHIACHCATOPIB TakKox MapkyloTe jitepamu. [lpnxnaam
3A3HAUCHHA KOHAEHCATOPIB: ‘

K10I1-1 — KonjeHCaTOp MOCTiiiHOI EMHOCTI, KepaMiYHHIA, 13 HOMIHAIBHOIO HANPYTOIO HINKUOKO
1600 B, npusHauenni ans poGoTH B JIAHLIOTAX 3MiHHOTO Ta nopﬂﬁnoro CTpyMY;

KT4-1 — KOHAEHCATOP HANArO/UKYBATBHUM i3 TBEPAUM MIENEKTPHKOM;

K42Y-2-koujeHcarop NOCTiiiHOT €MHOCYH, MeTajonaneposnid, ais pobotn B Jauiporax
NOCTIAHOIO T4 3MIHHOFO CTPYMY §i B IMITySIBCHOMY PEXKHMMI.
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Hoaarox B.1

Knacndikauis Ta jiTepHi 3a3Ha4ueHns mixpocxem

DyHKUIOHANBHE TPU3HAYEHHS MIKPOCXEMH

JliTepHi 3a3HaueHHs

- 3a Jlepx- Crape
CTAHIAPTOM
18682-73

Iiocwnosavi: :

Brcokoi 4acToTu (Hanpyru uu 1oTykHOCTi) VB —
TTpOMIKHOT 4aCTOTH (HANPYTH YU NOTYKHOCTI) YP ---
Hu3bKoi 4acTOTH (Hampyru Ui NOTYXXHOCT) YH -
IMIY6CHUX CHrHANIB (HANIPYTH M MOTYXHOCTI) YU YU
TocTidiHoro cTpymy YT YT
Onepauiiiui i audepenuiansHi (Hanpyru uu v -
MOTYXKHOCTi)

ITosTOpiosaui YE v3
[Haukanii YM -
34UTYBaHHS i BIATBOPEHHA CUHYCOIAHUX CH HANIB ) yC
Bigeoniacuniosavi - VB
THuwi V11 -
lenepamopu cuznanis:

"apMOHIiitHIX rc Ic
FlpaMokyTHUX (THTTY MynibTHBIOpaTOpa, GNOKIHF- T -—-
TeHeparopa Ta iH.)

JliHiliHO-3MiHHHX )l -
CneuiansHoi gopmu r'o o
ymy ™
[Hmi I -
Komymamopu ma kmowi;

Cipymy KT -
Hanpyru KH o
Jioasi - K
TpausucropHi s=n KT
[Hii KIl ---
Dopmysaui:

IMnyseciB MpAMOKYTHOT opMn Al ---
Imnynscis cneuianshof GopMH aapecHUX CTPYMIB A -

. : ~AA

Po3paaHux crpymis AP -
[Hwi All -
Dinompu:
BepxHix uacror OB OB
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HuxkHix yacror ¢H OH
Cmyrosi OE OI1
PexexTopHi P ®C
[Hwmi oIl e
Cxemu sampumxu.

TacuBHi EM -
AKTHBHI BP -
IHuii BI1 —
Jlemexmopu:

AMruiTy iHi JA OA
IMrynbCHI an U
HacToTHi AcC AC
daszosi i) pilo]
THwi an -
Moodynrsmopu:

Amn)J;iTymli MA MA
YactoTHi MC MC
Dazosi Mo Mo
IMnyJibeHi MU MH
[Hwi MII ---
[lepemsopiogaui:

‘-laf:’Tom £ Ic 1C
azu Iio [P
Tpueanocti 1A M
Hanpyru INMH ITH
[oryxHocTi M ---
PiBHs Iy ny
dopmu curHany = M
Koa-ananor I na
AHanor-koa B MK
Koa-kon TP o
Hui I111 ==
Cxemuy cenexyii i RODiGHAHNA.

AMniTyaHi (piBHA curuany) CA CA
Yacosi CB CB
YactoTHi CC CcC
“Dazosi Co Co
THwi cn e
Bmopuni 0xcepena Jcuenenns:

Bunpsamasui 1[5551 -
MeperpoploBayi -
Crgﬁini:{:mpu Hanpyru EH i AH, 11
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Bazamohyuxyionanohi (GUKOHYIONb OOHOYACHO
OeKinbka (yHKyiiL):

Ananorosi XA KA
Lludposi XJI bl
KombiHoBaHi XK -
T XII -
Habopu enemenmis:

Hlionie HJ HJl
Tpau3uctopis HT HT
Pesucropis HP HC
Kow,ieHcaropis HE HE
KombinosaHi HK HK
[Hi HI1 ---

Crabinizatopu crpymy ET ET
THmi EIl -
Joziuni enemermu:
I JIK JIU
ABO J1 JUT
HE JIH JIH
1-ABO JIC JIC
I-HE, ABO-HE JIb JIb
[-ABO-HE JIP JIp
[-ABO-HE/I-ABO JIK JIK
ABO-HE/ABO JIK JIK
PoswupioBavi J J1
[Hini JII1 JID
Tpuzepu:
JK-tuny TB ---
DS-tuny TP TP
D-tuny ™ o
T-tuny TT TC
JHuHamiuni T T
[ImitTa TJI TII
Kom6inosaHi TK TK
[Hmi TI1 -
Enemenmu 3anam ‘amogysanvnux npucmpois (3Y):
Matpuus-HaKomuuyBay. onepaTusHux 3Y PM -
Marpuug-Hakonuuysay noctiiinux 3Y PB -
MaTpuus-HakonuuyBad. onepatusHux 3V i3 PY -
CXEMaMH YIpaBJiHHS )
Marpuus-Hakonuuysad rocTiianx 3V i3 cxemamu PE -
yrpaBniHHs o
EnemenTn nam’sri --- Al
Martpunii pi3HOro NpU3HAYEHHs SAM
[Hmi ] PI1 -
Enemermu apugmemuunux i Quckpemmux
npucmpois: )
Perictpu HpP Hp
Cymaropu UM HC
Haniscymaropu i Ui
JliunnpHuku HE UE
Hlugpatopu WB Wi
| HemmmdpaTtopu na 5914
Kowm6irosani UK UK
[Hmi U1 HI1
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JAOJATOK b.2

OYHKIIIOHAJIBHE TIPU3HAYEHHS MIKPOCXEM

I'pyna Bun Jlitepue nmoznavenns
rpyny Ta BUay
I'enepartopu ["apMoRIiliHNX curnania rc
' [IPAMOKYTHHX CUTHaNIB 1T
JTiHIfiHO3MiHIOBAHHX CHTHANIB ri
Curxanis creuiansHoi Gopmu e
Ulymy '™M
[Huni [Tl
Doroaytnusi cxemu|Marpuaui M
i3 3apsanaoBum | JIiHiHHI LJ1
3B A3KOM i LI
Jetekropu AMIUITY JIHI JA
IMIynbcHi Iy
YacrorHi JIC
dazosi pa (o)
Inun JIT
Komytaropu Ta|CTpymMy KT
KIoui, Hanpyru KH
THu KI1
Jloriuni enementu  |Enement «I» JIN
Enemenrt «HE» JIH
Enement «ABO» JU1
Enement «I — [IE» JIA
Enement «ABO — HE» JNE
Enemenr «I — ABO» J¢
Enemenrt «l— HE/ABO — HE» cnement «l— Jb
ABO — HE» np
Enement «l—ABO — HE/I —ALO» JIK
Enement «ABO — HE/ABO» JIM
PozwnptoBaui JJ
I Jrl B
Bararodynxiiio- AHanorosi XA
HalbHi cxemit * Lludposi X1
Kom6inoBanui XK
Llupposi  marpuui  (y  TomMy  umneni
NporpamMoBani MaTpHui) XM
AHANOroBsi MaTpuui XH
Kom6iHoBaHi (atanorosi ta un(posi) marpmui XT
[Himt X1
Moaynaropu AMILNTYAHI MA
YacrotHi MC
dazosi M®
IMNynbCHi MH
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I MIT
Habopu enemenriz  |ioais HA
TpaHzucTopts HT
Pesuctopis HP
Kownaencatopis HE
Kom6inopani HK
@OynxuioHansii  (y TOMY uMcii marpuui
pesuctopis THity R-2R) Hd
THi 111
I'epeTBopioBaui Yactor (y TOMY uMCI  nepeMHOXYBauiB
CHrHaiB AHAJIONOBUX CHIHAMNIB) Nc
Tpupanocri 1)1
Harnpyru (ctpymy) I1H
[ToryxhocTi M
PiBus (y3romxysaut) Iy
AHanoro- uidpposi B
Llnpo — ananorosi ITA
Ko — kox fp
CHHTE3aTOPH HacToTn 111
lloaintoBaui yacTorTy aHaNoroBi HK
[Toaimosaut yacroty undpposi 418
[TomMHOKYBaui 4acTOTH QHANOrOBI [1E
THi [11
Cxemu mxepen Bunpaminaui B
BTOPHHHOIO [lepeTnoptopaui EM
CHCKTpOKMBAEHH | CTabinizaTopu HaNpyru HerepepsHi EIT
Cradinizatopu Hanpyru iMnynbscHi K
CrabiuszaTopy cTpymy ET
CxeMu KepyBaHHS IMITYJIbCHUMU
crabinizatopamMmu Hanpyry EY
Cuctemu JpKepen BTOPHHHOIO
CIIEKTPONCHBIIEH S ¢
linni Ell
CxemMH 3aTPUMKH [Tacugni bEM
AKTHBHI LP
[Hwi bl
CxeMu NOPIBHAKHS  |AMIUTITY M (PIBHS CHIHANIB) CK
{Yacy CB
Yacrotu cC
®dazn Co
Komraparopu narnpyri CA
[hui CIl
Tpurepn YuisepcalsHi (Tuny [-K) B
13 po3ainsHnM 3anyckaHHsm (Thiy R-S) TP
[3 3arpumkoto (tuny ) ™
Jlivunpui (tuny T) T
Jnuamiyni ) T
UmirTra ™
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Kombinosani (tunis JI-T, R-S-T 101110) TK
i ) TI dopmysai IMnynbciB npsamokyTHOI dopmu (y ToMy uuchi
[ligcumosaui Bucoxoi Yactory ** VB OWiKyBaIbHI  MYMBTHBIOpATOpH,  OMOKiHr-
‘ HpomixHoi wactoty ** Y TEHEPATOPH TOWO) Al
Hi3bKOi 4acTOTH ** VH Imnynecis cneniansHOT Gopyu AD
InpokocMyrosi (y TOMY yucni YK AZIpECHUX CTPYMIB 4 Harpyr AA
BiZeomiacHnoBaui) Po3p;umux CTpYMIB HM Harpyr AP
IMnynecHUX cHrHanis YU i - > - All
HosTopiosaui VE QxeM11 Marpuwi 3anam ;rr,osysaqm TIPAMOTO J0CTY Iy PM
34UTyBaHHS T8 BLATBOPEHHS VIl 3anam’SToBYyBalb- Marpui  3anam’aToByBa¥iB  TINbKM A
T——— M HHX TNPHCTPOIB 3UMTYBAHHS _ PB
Moctifioro cipymy ** VT 3anaM:ﬂToayBau! NpAMOTo AOCTYNy (3I1)1)
o 3anam’sToByBaui TINBKWM I8 3UMTYBAHHS PY
Onepaumm * . v (3T3) 0aHOpa30BOro MporpaMyBaHHa
llnd)»epcuunmmm * : ye 3T3 mackosi PT
- L] - yil 3anam’ATOBYBaIbHI npucTpoi Ha PE
OinbTpu BepxHix wactor OB LWATIHAPUMHAX MarHiTHUX ajoMeHax (L{M/T) PU
Hyoxnix vactor OH 3T3 3 MOMCIHBICTIO Garatopazosoro
Cwmyrosi OE ENEKTPUUHOTO NepenporpaMyBaHHs PP
PexxekTopHi op 3T3 3 ynbrpadioneToBUM  CTMpaHHAM i PD
[Huri &I €JIEKTPHHHIM 3annucoM indopmauii
Cxemu Mikpo-EOM  (enekTpouna oGuMCIIOBANbLHA BE Acouiarusui 3anam’aTosyBadi (A3) PA
OBUHCOBAILHUX  |MaIDHHA) ‘ Tnmi : P11
3acobiB Mikponpouecopu BM Cxemn  undpomux{Perictpu up
Mikponpouecophi cekuii BC npucTpoiB CYM?TOP” UM
CXeMM MIKpONpPOrpaMHOro KepyBaHHs BY Haniecymaropu ui
OyHKUIOHANBHI PO3WKMPIOBaH] BP JiunseHAKm e
(y ToMy umcai poswmpiosadi Uugpatopu 1B
PO3PSAAHOCTI JaHNX) Heundparopu 1l
CxeMu CHHXpOHi3alLii BB Kowmbirosai o 3 MK
CXEMW KEpyBaHHA NEpepHBaHHAM BH ApMQ)MeTano - JIOTIMHI MPHUCTPOI gﬁ
CxeMH KepyBaHHA BBEACHHAM-— BB ” L - — - — -
BUBEZCHHAM (cXeMM inTepdeiicy) Cxewl. WO BMKOHYIOTb OJIHOMACHO JleKinbka GyHKUIA T2 cXeMu NijaBUiLeHOl
CXeMH KEpYBaHHA NaM ATTIO BT <pzm<'ulouanbuog CKAAMOCTI. . . .
DyHKUiOHATBHI NEpeTBOpIORaYi Bb ** [ligcuntoBayi Harpyru i NOTYKHOCTI (y TOMY HHCi MaOWyMHI).
indopmauii (apupmeTnuni,
TPUTOHOMETPHYHI, JlorapudMiuHi
TOLIO)
CX€eMK CIIPsKEHHA 3 MaricTpanio BA
YHacozanaBanbHi cxeMu BH
MikpoxanekynsTopu BX
Kontponepu Bl
Kom6iroBaHI cxemu BK
Creuiani3oBaHi cxemu BX
Inmi BIl

376
377



FLPCON [Tocunanua Ha anepTypy (Homep AiadparmH) mna 3acBiueHHA doTowrabioHis
KOHTAKTHOI NJIOINA/IKKY B BHYTPILLIHBOMY LIapi APyKOBaHOI 1IaTH, NPHU3HAYEHOT
ang 3'eqHadb Tuny XXUBJIEHHS -

SLDMSK | I'pacika, npusHaveHa JUIss MACKYBAHHSA KOHTAKTHOI TUIOMIAAKH

FLSMSK ITocunanng Ha aneptypy (HoMep Hiadparmu) mns 3aciueHHs doTowrabnoHiB
JUIA MaCKyBaHHS KOHTAKTHOI TTIOMIANKH

DRILL I"padpika KOHTAKTHOI MIOIAAKY AIA KPECNEHHS CBEP/LTYBAHHSA

FLDRLL AnepTypa Juisl KpeCJIEHHs CBEPUTYBAHb

PIN 'padiyHe no3Ha4eHHA KOHTAKTHOI NIOWAaNKH

BRDOUT | Mexi posseaeHus; He mexiie 100 DBU Bin eneMenTa

SLKSCR padiuHuii 06pa3 Kopnycy eneMeHTa

-{ DEVICE Texcrosi no3HaueHHs B *.PRT abo tun enemeHTa

ATTR ATpubyTH e1leMeHTa

REFDES [Mo3uuiiitie Mo3HAuEHHs e1eMEHTa

COMP 1 IpoBiaHuKu 3 60Ky MOHTDKY

SOLDER [TpoBiaHHKH 3 6OKY, 3BOPOTHLOTO IO MOHTaXKY

INTI-INTO | poBizHUKM BHYTpilLiX WApPIB

BARXXX | Mexi posseaeHHs no wiapax (aHanoriuHo BROUT)

XXX = ALL, COMP, SOLD, VIA, TOP, BOT, PLC

JOJATOK B.3

Hlapu, wo 3'seasiomoca nicia posomu PC-PLACE, PC-ROUTE ma inui

[lap

[Ipu3HayYyeHHHA

$FORC

Indpopmaliisi Npo BEKTOp pO3CTaBJIEHHS

LAT410-LAT4n0

Mepeixi po3MILICHHSA ENEMEHTIB

JOJATOK B.1
Ilapu pedaxmopa PC-CAPS
[Hap IpusHaueHHs Komanga
GATE [padiynmii 06pa3s enementa /DRAW/RECT &...
DEVICE TexcTosi mo3HaueHHs B *.SYM aGo tun /DRAW/TEXT & LINE & ...
e1eMeHTa
REFDES [Mo3nuitini no3naueHxi 8 * SCH /SCMD/PNUM
PINCON KoHTtakTn B *.SYM /ENTR/PIN
PINNAM | ImeHa BUBOLIB /ENTR/PIN
PINNUM | Homepu BuBOAiB /ENTR/PIN
PINFUN ynxuii BuBoais (no IEEE)
IEEE "pacdiunnii 06pas enemenra B IEEE
WIRES JlaHutory 3'€IHaHHs Mi3 KOHTAKTaMu
NETNAM | IMeHa eJIeKTPUYHHUX 3B'A3Ki8
BUS LHuHu
CMPNAM 1 ImeHa koMnoHextis 8 * SCH /NAME/COMP
ATTR Buanmi arpubyrr /ATTR/ACOM
SDOT Touku Mik3'€nHanb
OUTLIN | 'panuus cxemu
ATTR2 HesuanMi atpubytu
NOTES TekcToBi 3amiTku
BORDER | Bopatop Ha cxeMi (rpaHuus JIMCTa)
JOJATOK B.2
Liapu pedaxmopa PC-CARDS
Llap [IpuzHaveHHst
PADCOM | I'padixa koHTakTHOI miowanku 3 GOKY BCTAHOBJEHHA DafiOKOMIIOHEHTIS (3
6oky wapy COMP) ) . :
FLCOMP | [Tocunanns Ha aneprypy (Homep fiadparmu) ans 3aciuenns qoToumabnoHis
KOHTAKTHOI NIOIWAAKN. 3 GOKY YCTAHOBKY paJliOKOMITOHEHTIB
‘PADSLD I'padika koHTakTHOT Nowaaky 3 6oky npoBiaHukis (3 6oky mapy SOLDER)
FLSOLD [Tocunauua na aneprypy (Homep miadparmmn) anst 3acBiyenHs ¢oTomabNoOHIB
KOHTAKTHO! nuiowmanky 3 60Ky nposiAHUKIB
PADINT 'padika KOHTAKTHOI MUIOWAAKH B BHYTPiLIHBOMY ILIapi MNATH
FLINT Hocknanna na aneptypy (Homep niadparmu) ans 3acsiueHHs (oTowabnoHis
KOHTaKTHOT TIOWAAKH B BHYTPILIHBOMY wapi
GNDCON | I'padika KOHTaKTHOI NJIOIAJKH B BHYTPIlIHBOMY Wapi APYKOBAHOI miaT,
npusHadeHoi ana 3'eaHanHsa Ty 3EMJIS
FLGCON | TocunanHa Ha aneptypy (domep aiadparmn) juia 3acsiueHHs ¢oromabnoHis
‘ KOHTAKTHOT MNOWANKY B BHYTPIlIHBOMY WIapi APYKOBAHOT MNaTH, NpU3Ha4YeHOT
ans 3'eaHanb tuny 3EMJIS
CLEAR I'padixa KOHTAKTHO! MIOWLAAKH B BHYTPILIHBOMY APi APYKOBAHOI NnaTh,
npusHaueHol a1 3'enHadia tuny EKPAH
FLCLER | ITocunanus Ha anepTypy (Homep miadparmu) ans 3acBivends (oromabnoHis
KOHTAKTHOT NJIOINAAKK B BHYTPILIHbOMY LIAPI APYKOBAHOT MIATH, NPU3HAYEHOT
a0 3'enHanb TMny EKPAH .
PWRCON | I'padika KOHTAKTHOI NIOWAAKH B BHYTPIWIHBOMY ILApi APYKOBAHOI Niaty,

npu3HaueHi ana 3'eaHanna Tuny XXUBJIEHHS
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CUTPLC Jliuii 3pi3y po3MilllEHHA ENCMEHTIB
$CONT Pesynbraru enexrpontoi nepesipku B PC-DRC
$DRC Pe3ynbsTaTi KOHCTpyKTOpChKOi nepeBipku B DRC
$ECO 3minn B npoexti PC-ECO
JOJATOK B4
Tunu enemenmis (Component ID) 3zidno
3 nosuyisinum nosnaseniusm.(PC-CAPS,PC-CARDS /SCMD/SCAT)
Enement IItupkosi [1naHapni [To3Hauenta
Mikpocxemu 10000 10500 D
Peaucrop 11100 11600 R
KonpeHcarop 11200 11700 C
[HYKTUBHICTD 11300 11800 L
Tpaun3uctop 11400 11900 VT
[HIi AMCKPETHI €IEMEHTH 11000 11500 \
[epemukaui 12000 12500 S
Po3kputTs 13000 13500 X
He o6pobnsieTses B PCAD 0 0 -
lepapxiunnit 256 256 -
He obpobasersest B PC-PACK -1 -1 -
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JTOAATOK B.S
Tunu gueodis 014 modentosannun (PC-CAPS /ENTR/PIN)

IN 0 Bxix

OouT ] 1 | Buxig

j1e] 2 JIBoHanpasJeHH il BUBLI

oC 3 BuBiz i3 BIAKPUTUM KOJIEKTOPOM

OE 4 BHBiA i3 BIAKPHTUM EMiTEPOM

TRI 5 Buxia i3 TppoMa cTaHamMu

AN 6 AHAnoroBuit BuBiZL

7-15 [Hmi BUBOAM
JOJJATOK B.6
Tunu eusodie 018 nodydosu KOHCMpyKmuey niamiu
- (PC-CARDS /ENTR/PIN)
Tun [Tpu3HAYEHHA
0 HackpisHuii repexinnuii oTsip
1 Tinsku BuBia 1 DIP-xopnycis (kBafpaTHa N10MA/IKA)
2 Bci iHwi BuBoau enemenra 8 DIP-kopriyci, kpiM nepuipro, 3emii Ta )KUBJIEHHA
3 3emuist enemenTa B DIP-kopnyci
4 JKusneHus enementa B DIP-kopnyci
5-24 B#BOAM iHIMX €NCMEHTIB 3 WITHPLOBUMH KOHTAKTaAMH
25-50 BHBOIM €NEMEHTIB 3 MIIaHAPHUMH KOHTAKTaM#
51-64 [TepexiaHi OTBOPH MIDK OKPEMHMH IIAPAMH
65-255 | IHIi KOHTAKTHI BUBOH
JAOJATOK B.7
Hpozpamu CAITP PCAD ma ix npusnaienus

PCCAPS - rpad)iyHuii peaakTop NPHHUHMIOBHUX NO3HA4YCHE EEMENTIB Ta CXEM

€NEKTPHUHUX MPHHLMIOBHX;
PCCARDS - rpadiuHuii penakrop TeXxHONOrYHHX NO3Ha4eHb E1EMEHTIB KOHCTPYKTHBIB
nar,
PCPLACE - rpadiunuii penaktop onTUMi3aLlii i po3cTaBieHHs €IEMEHTIB Ha IUIATI;
PCROUTE - nporpama aBTOMaTHHHOTO PO3BEACHHA TONONOTIT NaTH;
PCPRINT - nporpama BuBOAY Ha MaTpHUHUIi APYKYIOUHil IPUCTPIii;
PCPLOTS - nporpama BHBOAY Ha BeKTOpHUH rpaonoGyLoByBay;
PCNODES - nporpama s BUZNIEHHS CAIMCKY BY3J1iB 3i CXEMH €1EKTPHYHOI NPHHLUMNOBOI;
PCPACK - ynakypanus iHhopMalii nipo NPOEKT A1 MOAANLIIOT0 06pOONEHHS,
PREPACK - ctBopenns asiiikosoro ¢aitny ans PCPACK; ’
PCNLT - aHani3zaTop TEKCTOBOTO OMUCY CHCTEMH;
PCPHOTO — nporpama snsoay Ha toTorujorep;
PCERC - enekTputitusii KOHTPONb MPOEKTY;
PCBACK - dopmysau komaHaHoro ¢aitny PCCAPS npo 3MiHu B npoexTi;
PCECO  — BHeceHHSA 3MiH B roToBuit npoekT (royioBHuit (aiin),
PCCPR - aHanizaTop 3MiH B MPOEKTI;
PCCOMP - pepaktop indopmauii npo ynakyBaHHs B Gi6mioTeLli eneMeHTis;
PCLINK - nporpaMa s 3B’3KYy Pi3HUX JIACTIB CXEMHU B OJIMH TMPOCKT;
PCDRC  — TexHONMOTiuHuUiT KOHTPOJIb MPOEKTY;
PCNLC = — nopiBHSIHHA Pi3HUX TIPOEKTIB;
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PCDRILL - ¢opmysanns KEPYIOUHX 11
PCFORM - ¢opmyBatns TekcToBOf j
PCUPD — BHECGHHA 3MiH Yy npoekr;
ll:g:;‘loUT = EKCnopT rpaq)lquf)'!' ichopma!li'l' i3 cepenosnma PCAD y dopmar * DIF;

N — IMNopT rpadiutoi indopmauii 3 gopmary * DIF g PCAD: ’
PCGPLOT - Busigua mnotep popmary GERBER; ' ‘
PCGERBER - rpagiutinii penaktop y gopmari GEI’IBER;

POST HOTO - nOClnpOuCCOp ng nepe y
KJlaay 3 MOBU (;ERBER B MOBU ARIST (0] 1
MA s

POSDRILL - TIOCTNPOLECOp A5 NepeKnay
mosy KJI-6, CM-600 T1a iy.

POTPaM ANA CBEpANHIBHUX BepcTaTia 3 YITK;
HbopmaLii: 3BiT npo npoexr;

Yy kepytouoi nporpavu 3 mosu EXELLON na
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