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TexHiuRy NiArOTOBKY CMeLiaNicTa 3 CHCTEM YNPaBNiHHA | aBTOMATRKH B
HaByanbHOMY [UIaHi BHM3HAYac pAA CHELiaNbHAX TEXHIYHHX JAMCLMILIH.
MaiiGyTHi crienia1icT NOBUHHI OTPHMATH ITy6OKi 3HaHHS He TUIBKM B 06.1aCTi
Teopii aBTOMaTHYHOro YNpaBIiHHS, BMITH MPOBOJMTH aHANI3 | CHHTE3 CHCTEM
yipaBiiHHs, ane i 6yTn fobpe 3HaHOMUMM 3 €EMEHTaM# i NPHCTPOSMH, Ha
6asi AKHX OyLYIOTBCHA CHCTCMH YIIPaBIiHHS | aBTOMATHKH.

Tomy kypc “ENeMeHTH Ta PUCTPOI CHCTEM YNPaBNiHHA | aBTOMATHKH™ —
_ONHH 3 OCHOBOTIOJNOXHUX KYpCiB B MIAFOTOBLI CrELianicTiB 3a CHELiaNbHICTIO
“CucTeMH yIpaBliHHi i aBromariku”. BiH NO€AHye NekiibKa Kypeis, IO
paHilie icHysamH B HaBYAIbHMX NNaHaX: BUMIDIOBATbHI MepeTBOPIOBAYi,
nmepeTBopoBadi  inQopManii, eIEKTPOMArHiTHi ~ NPHCTPOi  ABTOMATHKH,
eJIeKTPOMAILIMHA] TIPUCTpOi aBTOMATHKM. BiAmnoBigHO, mporpama Kypcy, fka
3atBep/KeHa MinicrepcTBOM oCBiTH YKpaiHu, NOEAHYE B c0bi KinbKa 00’ eMHHX
pPO3/iNiB, WO YBIAILIM B OKPEMi KHHUIH.

B ocHOBY moCi6HMKa TNOKIAAeHO Kypec JeKuii, IO YMTAcThCH B
BiHHUUEKOMY AEPXABHOMY TEXHIYHOMY YHIBEDCHTETI Ha bakynererTi
ABTOMATHKY T4 KOMIT FOTEPHHUX CUCTEM YIIPABIiHHS.

Tlpy BMKTafeHHi MaTepiany Kypcy BpaxoByBalocs, WO crewiamicty 3
CHCTeM yNpaB/liHHs | aBTOMATHKH, 3a3BHYaH, HeMa HEOOXIAHOCTI IPOEKTYBATH i
pO3paxoByBaTH eNEMEHTH, TOMY OCHOBHA YBara, FOIOBHHM YHHOM, TIpHIINSTIACH
dismuumM 3acajaM TpHHUMIY Aif, noOynoBi, mapameTpam, CTaTHYHAM i
JWHAMIiYHMM XapaKTEpUCTHKAM DISHOMAHITHUX €JleMEHTIB Ta PUCTPOIB,
TepPCIIEKTHBaM IX BHKOPHCTAHHS | BAOCKOHAJICHHSL.

3Jajaya LpOr0 Kypcy mondArae B TOMy, W06 MiAroTysaTtu CTYACHTIB 1O
PO3YMiHHS [POLECIB, 1O CYNPOBOAXKYIOTH poBOTy OKpeMHMX eNeMEeHTIB I
NPUCTPOTB ICHYIOMMX CHMCTEM YMpaBiiHHA | aBTOMATHKH, i camocriiHOTO
RACBOCHHS HOBHX €/eMEHTIB i NPHUCTPOiB, Aki OyAYTh 3’ABIATUCA 3 MOCTYNIOM
HAYKOBO-TEXHI4HOTO fIPOTPECY.

Kuury, 9K nepmui aqc_sih CTBOpeHHS ITOCiOHMKA 3 BKa3zaHOro Kypcy,
NpHpoAHbO, He Be3 Henonikiﬁ; i aBTOop Oyne Bnmm&ﬁ 3a KPUTHYHi BIATYKH i

n06a)KaHHs MO0 3MiCTy NocibHuKa.
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BCTYII

CyuacHuii HayKOBO-TEXHiYHMH nporpec HEBiAPHBHO NOB’A3aHHH 3
6ypXJIHBHM PO3BHTKOM CHCTEM ynpapiiHHs i apromaTku (CYA). AToMarnka
— e raiy3b HAayKd i TEXHIKH, K2 OXOILIOE TEOPilo Ta NMPHHIMIH no6ynoBH
CHCTEM YTIpaBJliHHs NPOLECaMH, Lo AitoTh Ge3 Ge3nocepeiHbOT Y4acTi IO AHHH.
Y BiANOBIAHOCTI O 3aTalbHUX TPUHLMIIB YNPaBIiHHA Di3HUMH IIPOLECAMH,
ABTOMATHYHE YNpABliHHA  30iCHIOETECA HA OCHOBI  iHdopmauii 3
BUKOPHCTaHHAM KOMILICKCY TEeXHIIHHX 3ac0BiB.

Texniuni 3acobn CYA 3a iX KOHCTPYKTHBHMMH Ta (QYHKIiOHaIbHHMH
O3HAKAMHU MOKINAIOTE Ha eEMEHTH Ta HNpucTpol (By3nu). EneMenTn, 3a3suvai,
BHKOHYIOTb OAHY IIPOCTY OIepalilo 3 CMrHaNaMu (BHUMipIOBaHHS, [IACHICHH,
3aaM’ATOBYBAHHS i T. iH.), @ JUif OiNBII CKIaJHHX IEPETBODEHDb CHMI'HAJIB
(BUKOHAHHA  OCHOBHMX  MATEMATHYHMX  Omepauidl,  JewHpyBaHHS,
3araM’ATOByBaHHA 0araTopospsAHHX KoiiB 1 T.I.) CHyXaTh npUCTPOI
(CYKYNHOCTI 3’€HaHHX NE¢BHUM YHHOM clieMeHTiB). O0’€AHAHHA eIEMEHTIB Ta
npucTpois fls BupiuleHHs BCiel MacmrabHol 3ajadi ABiSE COOOIO CHCTEMY
{cucrema crexenus, EOM, ACY TEXHONOTiYHHM ITPOLECOM Ta iH.).

TakuM 9HHOM, Cy4acHi TeXHi4Hi 3acofH, HIO OXOIUIIOKTH PiSHOMAaHITHI
eNeMeHTH Ta NPUCTPOL, CAYXaTh AN OTPHMaHHA, NepefaBaHHs, NepeTBOPEHHS
Ta 36epexkeHHs KOHTPONbHOI iHGopmaiii, NOpIBHAHHA KOHTPONBHOI Ta
niporpamuoi iHdopMallii, BAKOHAHHSA PHAHATOrO PilIEHHA.

AkicTs (QYHKUiOHYBaHHS CHCTeM YIpPABNiHHA i aBTOMATHKM B 3HA4HIH
Mipi 3aJIeXUTh BiJi eleMeHTHOT 6a3H, AKa B HHX BHKOPHCTOBYETBCS.

IIpeaMeToM BMBYCHHA MaTepiany KHUTH € aHATI3 iCHYIOUHX HaHGLmsI
posnoBciopkenux enemeHtiB | npuctpois  CYA, knacupikauis ix 3a
dyHKUiOHANBHUM LpH3HAYEHHAM, OUIHKAa TOBCAIHKH B CTaTHYHOMY i
AMHAMIYHOMY PEXHMMAaX Ta XapaKTepUCTHK HaJiHHOCTI.

Okpemuit  pO3MIT  KHHI'M  [PHCBAYEHHH  PO3IIAZY  CYYACHHX
BUMIDIOBANBHO-IEPETBOPIOBANBHEX ENEMEHTIB | NPHCTPOIB Ta MepCHEeKTHBAM
PO3BUTKY i BIOCKCHaNeHHA Uiei eneMenTHOi 6asit cucreM ynpaBniHHA i

aBTOMATHKH.



Pospin 1. 3arainsHi BAaCTHBOCTI, NapaMeTpH
i MeTOaH JOCTIIKEHHS eJIEMEHTIB
CHCTEM YNIPABJIiHHA | ABTOMATHKH

1.1. [HoHATTH PO eIeMEHT CHCTEM
yOpaBJ/IiHHA | aBTOMaTHKH

Y BiANOBIAHOCTI [0 3arajpHHX NPHHLMNIB YNPaBIiHHA DI3HHEMM
npollecaMy aBTCMATH30BaHE YNIPABNiHHA 3MiCHIOETHCA Ha OCHOBI iHhOpMauii 3
BUKOPHCTaHHAM KOMIUIEKCY TeXHIYHHX 3acobiB aBToMaTHkH. TexHiuni 3acobu
cucteM ympapiiHi i aproMatukdl (CYA), o OXOIUIOIOTh pi3HOMaHiTHI
€1EMEHTH i IIPHCTPOT, CIYXKaTh JUIS OTPUMAHHSA, [IepeAaBaHHs, [IePETBOPEHHS Ta
36epexeHHs KOHTPONbHOI iH(opMaii; HOPIBHAHHI KOHTPOTEHO! 1 porpamHol
inpopmanii; GopMyBaHHA Ta [epefaBaHHs KoMaHAHOI indopmauii i
BHKOPHCTAHHS 11 ISl BITUBY Ha TIPOLIEC YIIPaBIiHHSI.

Hociem indopmaiii € curnan. Cursaig - Le MartepiaieHe BTiNCHHS
MOBiJOMIIEHHS, SIKe MOXe OYTH BHKOPHCTaHO B iHQopMalifinux cucteMax. [Tin
yac nepejapaHHs i nepepobky iHGopMalii curHan gBige coboro mpouec 3MiHK
B uaci Ta mpocropi heskol ¢i3uuHOl BeIMYMHM, sSKa BigoGpaxkae craH
inpopmaniitnoi cucremu. Ipu 36epexenni indopmanil cursan rnepeTBOPIOIOTH
B CTaH MEBHOrO MaTepialbHOTO HOCIs (3amic Ha KiHO— BiJIGOMArHiTHy CTPIUKY,
JHCK 1 T.H.). 3a BHJIOM CHUTHAIH MOXYyTb OyTH NOAileHi Ha HemepepBHI Ta
JuckpeTHi. HenepepBHi curHain BiITBOPIOIOTH YCi MHTTEB] 3Ha4eHHA (isnuHol
penuuMEA. JIACKpeTHI CHIHANK CTBODIOIOTBCS 3 HENEPepBHHX CHIHANIB
LIIXOM KBAHTYBAHHS 3 4acOM, 3a piBHeM af0 0ZHOYACHO 33 YacOM Ta PiBHEM.

B cucTemMax aBTOMAaTU30OBAHOIO YMpPAaBiHHS B AKOCTI CHI'HAIB 3a3BU4aH
BUKOPHCTOBYIOTDb €NEKTPHYHL T2 MEXaHiuHi BENHUMHA (CTPYM, HAaNpyTy, THCK,
[WBHAKICTB i T.IL.) TOMY, 10 BOHH JO3BOJIMIOTH JIETKO 3AiACHIOBaTM Tiepeaady Ha
Bi[ICTani, NepeTBOPEHHs, MOPIBHAHHA Ta 36epekeHns iHpopmauii. B oaxux
BUNAJKaX CMTHANH BHHMKAIOTh sK OesmocepelHill Haclmifjok ympasiiHHA
NEBHHMM [poecaMy, B IHIIMX - BOHR 3a0€3MedylOThCH  YYTIMBHMH
eleMEeHTaMK abo 1aBauaMH, 44 CEHCOPaMH.

BinmosigHo /10 omepauiil, iKi OPOBOIATLCS i3 CHTHaiamn iHpopmauil 2
ABTOMATH30BAHHMX TIPUCTPOSX, BUALIIOTE QYHKIIOHATBHI KOMIDKH - e1eMenmu.

Enement - Halinpocrima B (QYHKUIOHATPHOMY BIIHOMEHHI KOMipKa
(upucTpilt, cxema), fika BUKOHye OfHy 3 6araTboX OCHOBHHMX ONepanifi 3
CHUTHAJIOM!

- epeTBOPEHHS BENMYHMHH, fKa KOHTPOMOEThCH, B CHIHAN, IIO
OJIHO3HAYHO IIOB’ A3aHUM 3 IHQOPMALIEIO IIPO 1FO BENHYHHY (JYT/IMBI EIEMEHTH,
CEHCOpH);
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- TIEepeTBOPEHHA CUTHAKY OXHOrO POLY €HEPTii B CUIHAN iHIIOIO pofy
€Heprii: HeeNeKTPUYHHUI B eNCKTPHYHHH, €JCKTPHYHHH B HEeNEKTPHUHH,
HeeneKTPUYHUH B HECIeKTPHIHMH;

- epEeTBOPEHH s CHTHANY 33 BEMTHYMHOKO eHEpTil (migcunoBaui);

- MIepeTBOPEHHS CHTHANY 3a BUOM, TOOTO HEMEPEPBHOTO B JHUCKPETHUH
Ta HABNAKH (aHAI0ro-UUpPOBi, NH(PO-aHAIOTOBI Ta iHLIi NepeTBOpiOBayYi),

- nNepeTBOpeHHS CHrHamy 32 (opMo, TOOTO CHMrHa’a [OCTiHHOTO
CTPYMY B CHTHAN 3MIHHOIO CTPYMY YH HaBIAKy (MOIYJATOPH, AEMOIYNIATOPH);

- GYHKIOHATBHE IepPeTBOPEHHS CHIHANIB (GyHKIIOHANEHI eJIeMEeHTH);

- TIOpIiBHSHHA KOHTPOJIBHHX Ta IpPOTPaMHMX CHTHaMiB, (HOpPMyBaHHs
KOMAH/THOT'O CUTHATY YTPABNiHHA (eleMeHTH MOPiBHAHESA, Hy/Th-OpraHH);

- BUKOHAHHS JIOT1YHUX ONepanii 3 CHTHANaMy (JIOTiYHI eJIeMEHTH);

- PO3IOALN CHrHANIB 10 PI3HHX KOJax (PO3NOALTBHAKHY, KOMYTaTOPH);

- hOpMYBaHHs IPOrPAMHUX CHIHANIB (MPOTpaMHi eIEMEHTH);

- 36epexenHs CUTHANIB (eJIeMEHTH NaM’ATi, HaKOTIHYyBayi);

- BUKODHCTaHHS CTHANIB JU1sl BILIUBY Ha 06 €KT ynpaBiliHHs (BUKOHABYI
€NeMEHTH).

B  JesKMX BHIAJKaX CTBOPIOKOThCH KOMOIHOBaHI e€NEMEHTH, fAKi
BUKOHYIOThL OJJHOYACHO KilbKa ONlepalliif 3 CHrHaTaMH.

Cxemue aB0 CXEMHO-KOHCTPYKTHBHE 00 €IHAHHS KINBKOX eNEMEHTIB
JO3BOJIAE OTPUMATH OCHOBHI (yHKUIOHANBHI ABTOMATHYHI npucmpoi, Axi B
TeBHHX CTIOTYYEHHAX CTBOPIOIOTH Cucmemy aBTOMAaTHHOrO yNpPaBIIiHHA.

1.2. Knacuikanisi eJieMeHTiB CHCTeM yNpaBJliHHA i
ABTOMATHKH

Sk 323HAYAIOCh, CHCTEMH ABTOMATHKM IIpH3HA4YeHi ANA OTPHMAaHHA
ingopManii npo Xix mpouecy, mo ynpaBiseThes, ii 06pOOKH 1 BUKOPHCTAHHS
1pu GopMyBaHHI BILIMBIB yNpaBliHHA Ha npouec. Haranaemo, o B 3ANEKHOCTI
BiJl IPH3HAYEHHS PO3PI3HAIOTH TaKi ABTOMATHYHi CHCTEMH.

Cucmemu asmoMmamusHoi cuznanizayii TIpU3HadeHi JIs TOBiIOMIIEHHH
06CIyTOBYIONOTO TIEPCOHATY IIPO CTaH TOTO YH iHIIOTO TEXH{YHOrO MPHCTPOIO,
Ipo IPOTIKAaHHA TOro YM IHIIOIC IPOLECy.

Cucmemu aemoMamMusHOz0 KOKMpo10 3ATACHIOTE 6e3 yJacTi IOAHHA
KOHTPO/Ib Pi3HMX MAapaMeTPiB | BENWUMH, SKi XapakTepusylors poGoty fkoro-
He6y b TEXHITHOTO arperaty abo NpoTikaHHs sixoro-xeGy b IPoLecy.

Cucmemu asmoMamuynozo ONOKYeawHa [ 3axucmy CIyXats s
TONepefKEeHAA BHHMKHEHHs aBapifiHoi CHTyalii B TeXHIYHMX arperarax i
HPUCTPOSIX.

Cucmemu aemoMamuyHo20 nycky i aynurku 3abe3nedyioTh BKIIOUEHHS,
3ymaHky (a iHomi 1 pesepc) pisHMX ABMIYHIB i NpUBOIB 32 3aLaHOI0
[POrpamMor.



Cucmemu asmomamuunozo ynpaeninna UpPU3HAYEH] 1A YHPAaBITiHHSA
POBOTOKO THX YHM iHIIKX TEXHIYHHX arperaris 260 THMH ¢ iHLIKMH IPOLECAMH.

BaxuBuMu 1 HaBbLibll CKIAJHUMH € CHCTEMHM aBTOMAaTHYHOrO
YOPABIiHHA. YNDAGNIHHAM 8 WUPOKOMY DO3YMIHHI HA3UBLEMbCA opzanizayis
6ydb-k020 npoyecy, wo 3a6e3neuye BUKOHAHHA NOCMABREROT Memu. 3arajbHi
3aKOHM OTpUMaHHs, 30epiranHs, nepeiaBaHHA i nepepobku indopmauii B
CHCTeMaxX ynpaBliHHA BUB4Yae KibepHeTHka. Tak¥M YHHOM, BHBUCHHS CHCTEM
aBTOMATHUKY TAKOX € OJHIEI0 3 337124 KiOEpHETHKH.

Orxe, Oynp-sika aBTOMAaTd4YHAa CHCTEMa YIPABIIHHSA CKIAZAETHCH 3
OKpeMHMX eNeMeHTiB, sKki nos’s3aHi Mix coGoro. BararorpamnicTs
aBTOMATMYHUX CHCTEM YNpaBliHHA, [IO0 MpU3HAYEHI ANS KOHTPOMO Ta
YUpPaBNiHHS Di3HHMH 3a CBO€I0 (i3HYHOI NpPUPOLOI0 00’€KTaMu, TATHE 3a
cobow0 6araTOrpaHHICTh €NEMEHTiB SK y BIJHOIIEHHI iX KOHCTPYKTHBHOTO
BUKOHAHHA (i3sWUHMX MPOIECiB, MO MOKMaAeHI B OCHOBY mOOY/OBH; POLY
€HEPTii, 1Ky BUKOPHCTOBYIOTH LIPH pOBOTI), Tak i B MIaHi BUKOHYBAHUX HUMHU
¢yskuiit. Ile npusBoauts [0 HeobXximHOCTI  3AiMCHMTH Knacudikauiro
eleMeHTiB, sfKka oO0’emHana 6 X B OKpemi IpymH 3 OJHAKOBHUMH
KIacHiKalifHUMHY O3HAKaM¥, 1 L0 JO3BOJHKTH IPOBOJUTH JOCIIIKEHHA HE
KOXKHOTO OKpPEMOT'0 €JIEMEHTA, a LIJIoro Kiacy.

3asBuyall, 3a IpH3HAYEHHSAM ENEMEHTH pO3PI3HMIOTh AK: Yymauei
(8umiproganeni), npomisci i guxonaeui eneMeHTd. CTPOro KaXyuu, ¥ymaueum
€JEMEHTOM € CIpUHMAIBHHIH €JeMEHT (TepMoomip, MeMOpaHa, i1’€30KBapLoBa
NNacTHHA 1 iH.) NEPBHHHOrO MEePeTBOpIOBaya (ZaBaya), IO pearye Ha 3MiHy
BENUYMHY, 3a (QYHKLi€0 sKoi Mpalloe aBTOMaTuyHa cuHcTeMma. Alle npd
Kracupikauii 3a NpPH3HAYEHHAM [HJ YYTIUBAM €IEMEHTOM pPO3YMIETBCS
NEpBUHHAN IepeTBOpIOBAY B LUTOMY. JIpomidicni eneMeHTH CHAYXaThb Ans
NepeTBOPEHHS 3HaueHHs a60 (i3sHYHOI NPUPONHM CHrHANY, KOTPHH HAIXOLHUTh
Bil 4YyTAMBOTO eJleMeHTa, 1 SKWH, B CBOIO uepry, 3abesnedye pobory
BUKOHABY020 eNIeMEHTa, HIO 3/iMCHIOE BIUIMB YIPABIiHHA Ha 00 €KT.

KnacuikaniitHi o3Haku MOXyTh OyTH ronosHi i Apyropsaxi. Tomy npu
ix BUOOpI MOTPIOHO PO3MIAHYTH pPOJNB OKPEMOTO €NeMEHTa B CHCTeMi, Horo
XapakTepHi OCOONHBOCTI, NMOTIM BCTaHOBKTH MOXXIMBi 3araiblli O3HAaKH i
3rPyNyBaTH 3a HHMH KJacW eJIeMeHTIB, Ta, BHXOAAYH 3 TOJOBHOI MeETH -
po3pobku CHCTeMH YHpaBIiHHS, BHJUINTH TONOBHI 1 J0#aTKOBi O3HaKW i
po3TaiuyBati iX B IOPALKY BaXIHBOCTI.

B saranpHOMYy BHIAnKy 3ajada KOXHOTO €NIeMEeHTa CKJIaJacThCsi B
AKICHOMY Ta KUIbKiCHOMY IepeTBOpeHHi IiHdopMallii, 1o OTpUMaHa BiR
NONEPENHEOro elneMeHTa, i nepemadi T B dopmi, sxa npuaatHa s
BUKODUCTHHS, HACTYIHOMY efeMeHTy. Takum duHOM, Oyab-AKdHH esneMeBT
aBTOMAaTHKH MOXHA PO3ITIAATH B [IepLIy 4epry sK MepeTBCpIoBat eHeprii, Ha
BXi{ IKOTO HAAXOAUTEH AEAKa BeJMUHMHa X, a 3 BUXOAY 3HIMAEThCA BeIHYHAHA Y.
B opuux eneMeHTax eHEpris BHXIHONO CHIHANY YepnacTbCs [OBHICTIO 3
eHeprii BXigHOro CHrHaiy. BiAmoBigHo, NOTYXHICTh BUXIAHOTO CUrHANY
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3aBKIM MeHIla (Ha BEJMMHHY BHYTPIUIHIX BTPaT) NOTYXHOCTI BXIAHOTO
curHany. Taki efieMeHTH HasUBalOThCH IACMBHUMY. B iHIIMX eeMeHTax HasBHe
JojatkoBe Jokepeno eHeprii. TyT BxigHa BenuM4uHA TLIBKE YIIpaBnde
flepesiadeto eHeprii JOJaTKOBOTO JDKepena Ha BUXiJ enemeHTa. [Ipu HasBHOCTI
JOJATKOBOTO JKepena SHeprii MOMJIMBE MEPETBOPEHHS BXiHHOTO CHrHamy
Manol MOTYXHOCTI B BHXIOHHH CHrHal BeJMKOI MHOTY»HoOcTi, TOOTO —
MiZICHNEHHS TTOTY)XHOCTI. Takl eleMeHTH HAa3MBalOThCAd AKTHBHUMH. TakuMm
YHHOM, 32 HasBHICTIO JOJATKOBOIO IKEpena eHepril BCi eIEeMEHTH CHCTeM
aBTOMATHYHOIO YIpasiiHHA | KOHTPOIIO MOXXHA INOMITMTH Ha JBAa KJIACHU:
nacuski 1 akmueHi.

EneMeHnTH nOAUIOTE Ha zenepamopwi Ta napamempuuni. B
reHEepaTopHUX efleMeHTax BinOyBaeThcs OeslocepeiHe NMEpeTBOPEHHS ORHiel
dopMu eHeprii B iHuly (HampHKIaA TepMomapa, I €30€NeMEHT), a B
napaMeTPUIHHUX €EeMEHTaX - EHepris BXiAHOI BENIMYMHM BHTPAyYacThCA Ha
3MIHY BEJMYHHH OJHOrO 3 mapamerpiB eremenrta (R, L, C, i T.I., HampHKiaz,
TepMOOITip, TeH301aBayY).

IcHy1oul eneMeHTH BHKOPHUCTOBYIOTH DI3HHM BHZI eHeprii H0OJaTKOBOI'O
JoKepena, pisHUH NPHHIKL A1, OKPiM TOro, XapakTep 3MiHH BHXiJHHX CHIHAIIB
eNleMeHTIB Moxe OyTH pisaMM. BHxoasdud 3 UBOTO MOXHA IIPOBECTH
knacudikanilo 3a Bu3HaYeHMMH o3Haxamu. Ormxe, 3a BHAOM  eHepril
OONATKOBOTO JDKEpena eleMEeHTH MOXYTh OyTH mnoainesi Ha enexmpuuni,
2idpaeniuni, nneemamuuui, Mexaniyni [ xombinosani. Cnin BiA3HaYMTH, LIO
enemeHTapHi GOpMH eHeprii HIKOIHN He ICHYIOTb i30/1bOBaHO, i, 3a3BUYal, OJHA
(bopMa CYnpoBOIKYETECS TOABOIO iHIoi. TIpoTe B KOXKHOMY (isHIHOMY ABUULI
MOXHa BUminuTH ronosHi dopmu eseprii. IIpH LboMy AnS eneMeHTa Mae
3Ha4YeHHs GopMa eHeprii, sKa Jli€ Ha BXOJi Ta BUXOAi.

3a QisuyHMM TPHHLMIIOM Jii €JIEMEHTH MONINAIOTL Ha: Mexauiumi,
mennoei, enekmpuuni, MAZKIMHI,  eNeKMPOMAZHIMHI,  HANIENPOBIOHUKOBI,
onmoerexmponni, axycrmuyni Ta i0. OMH 1 Tof Xe npuHNUn Iii Moxe GyTH
3aKTaJcHHI B OCHOBY €€MEHTIB, SKi BUKOHYIOTH pi3Hi GyHKUii, Ta HaBIaKH,
eNeMEHTH, fKi BUKOHYIOTh OZHAKOBI (QYHKINI, MOXYTb MaTH Di3Hi NPUHIUIH
Aii. Disuunuil mpuaIUn Kii eleMeHTiB 00yMOBIIOE IX KOHCTPYKTHBNI GOPMH Ta
OCHOBHi METOJIH PO3PaxXyHKY.

3a BEIMYMHOI BMXiAHO! IOTYXKHOCTI HINATH HAa CJIEMEHTH: HM3LKOI
noryxHsocti (no 10 Bt); cepeampoi motyxwocti (10 + 100 Brt); sennxoi
notyxrocti (300 + 1000 Bt ta 6insiue).

3a xapakTepoM 3MiHH BYXiAHO! BEJMYMHH MOXHA BWALIUTH Taki KIacH
ETIEMENTIR: Henepeperutl, nYyabCylouut, yudposut, peretHui.

BaxIBOK BNACTHBICTIO eleMeHTa € HOro 3JarTHicTh PO3PI3HATH 3MiBH
3BaKy abo Gasu BXiMHOTe cUTrHaTy. 3a ii€:0 O3HAKOIO CNEMEHTH MOALTAIOTHCH
Ha peeepcHi (NBOTAaKTHi), y AKHX 3Hak (abo (asa) BHXiJHOro CHrHaiy
3MIHIOEThCA NIPH 3MiHI 3HaKy BXITHOTO CHTHANY, 1 HepesepcHi (OMHOTAKTHI), ¥
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fKuX 3HaK (abo ¢a3a) BUXiJHOTO CHIHATYy He 3&ieXKUTL BN IOJAPHOCTI
BXIiJTHOTO.

Ognniero 3 pracTupocrel eneMentis CYA e crpsmosanicts ix Aif, To6T0
nepejaya CUTHANTY THTHKH B OJTHOMY HAIIPSMKY 3 BXOAy Ha BHXI.

SKmo BXiZHHHA CHrHam He 3alleXHUTh BiJl BHXIAHOTO, TO TakuM eneMcHT
HA3UBAIOTh POIIMKHYMUM. BUXIIHUN CHI'HaN MoOXe 3IiHCHIOBATH BIUIMB Ha
BXiJJHMI NPY YacTKOBI} Iepesaui eHeprii CHIHATy B 3BOPOTHOMY HANpAMKY - 3
BUXOJly Ha BXiH, TOOTO IIPH HasBHOCTI 3BOPOTHOTO 3B’3KY MiX BUXIZHHMH Ta
BXiZHUMH KoJamu. EneMeHTH 31 3BOPOTHHUM 3B’S3KOM HA3UBAXOTH 3AMKHEHUMIU.
3BopoTHHUit 3B’A30K MOXe OYTH MOSUTHBHUM ab0 HeraTWBHUM. Pisni BHaM
3BOPOTHUX 3B’S3KIB IIMPOKO BHKOPHUCTOBYIOTb I 3MiHH BIaCTHBOCTEH
Pi3HOMaHITHHX eJIeMEHTIB y OaXkaHOMY HalpsIMKY [0 HeoOXiZAHOTO PiBHSL.

Habenena wiacudikaris € gyxe KOPUCHOIO 3 TOYKH 30pY YIOPAAKYBAHHS
€JIEMEHTIB 32 Pi3HHMH 03HaKaMH, IIPOTe 3aYiNae By3bKi IIMTaHHA, 9Ki [1OB’A3aHi
3 BUpiLIEHHSM 3a%a4i BUOOpY 4x po3poOKH BH3HaUeHOTO eieMeHTta abo 3amaui
100yI0BH KOHKPETHOI CUCTEMH aBTOMATHUYHOIO YIIPaBIiHHA. 3aranbHi DHTaHHS
peanizauil npuHUMIIB NOCYIOBH CHCTEM Ta iX HOCHLIKEHHS He MOXyTh GyTH
BUBYEHi IOBHOIO MipOIO B MeXax LIMX BUIiB Kiacuikawii.

Binpu 3pyyHoro ais Takol MeTH € Kiacudikainis eneMeHTtiB 3a ix
bYHKIIOHANEHUM [IPH3HAYEHHSM T2 338 BUIOM DiBHSHb, iKi ONMCYIOTH MIpoLecH
B €jleMeHTi, 0 BUXOAUTH GesrocepefiHbo 3 CaMmoro Mmpouecy IPOEKTYBaHHA
CHUCTEMH, KOTpMil MOXINsEThCA HA jBa eTand. Ha nmepuioMy eTari Ha mifcTasi
BiZoMol 3anadi i NPUIHATOrO NPUELMILY YIPABIiHHA BUOUDAIOTHCS OCHOBHI
KOHCTPYKTHBHI €JeMEHTH, 11J0 BUKOHYIOTh Ty 4 iHITYy yHKUiOHaNBHY JHifo.
Tyr BUKOPHCTOBYEThCA KiracH(Bikallii ejeMeHTIB 33  (yHKLIOHATbHAM
NpH3HAYEeHHsIM i HaMiuaeThcs 3arajbHa MNoNepeRH (YHKUiOHaipHA CXeMa
cHcTeMu yrpaBninas. Jpyruit eran ssmse co6oio JOCIDKEHHS IHHAMIYHHX
BIACTHBOCTEH CHCTEMH, Ha IACTaBi SKOTO YTOYHKEThCA ofpaHa cxema
CHCTEMH, TOMY B [bOMY BHIIAJIKy BaXITHBO ONEPYBaTH He KOHCTPYKTHBHHMH
eNeMeHTaMH, a iX eKBIBUICHTHUMH MAaTeMaTHYHUMH MOJENsaMH, ToOTO
DIBHAHHAME, SKi ONUCYIOTH MPOLECH, INO NPOXOIsTh B eilemenTi. Ha upomy
eTarni 3py4Ho BHKOPHCTAaTH KracH(iKalliio eeMeHTiB 32 BUIOM PiBHAHL.

3peiTo1o, 32 BUAOM PiBHSHB, IO ONUCYITH NPONECH, SKi IPOTIKAIOTh B
eneMedTax CUCTeM, BUAINAIOTE Taki eNEMERTH: AiMilHi, JNiHedpu308ani,
HeniHitHI.

Bonopiroun pisnumu sBusamu kiacudixanii eneMeHTiB, MOXHA
nobynysatu 3Benedy kiacubikauiiny cxemy (puc. 1.1). Cnia sayBaxurH, WO
noni6Ha 36ineineHa knacudikaris 3a GaraTeMa PO3MIAHYTHMH O3HAKAMU HE €
BUYEPIIHOIO | TPH BHMBYCHHI OKpeMHX (GYHKUIOHANbHHMX eNeMeHTiB Oyxe
YTOUYH!OBaTHCE.

TexHiYAMH uporpec nocrasus BUMOrY 40 po3poOkn yHigikosanol
CHCTEMHM eleMEHTIB aBTOMAaTuKM. YHi(ikauis efeMEHTiB nonsrae B po3pobui
yHIBepCalbHUX THTIB eNEMEHTIB, sKi NpPHUAAaTHI JUIS BHKODHCTAHHA B
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Eaemeurn CYA
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Puc.1.1. 3Benena knacudikanis enementis CYA
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ABTOMATHYHHX CHCTEMAX YNpaBmiHHA ©O’ekTamy abCOMOTHO pizHOI diznunol
nipupon. YHidikosasi eeMEHTH NOBHHHI JIETKO CIOMYYaTHCh MiX coGolo,
3a0e3redyloun ONepaTHBHY i eKOHOMidHy HOOYJIOBY CHCTEMM YIPAaB/iHHS 3
BHKOPHCTaHHAM arperaTHoO-MOAYNBHOrO HiAXOXy, SKHH TI014ra€ B TOMY, LIO B
foro ocHoBi 3aknajeHa He ¢i3udHa MpHpoJa BINMHMBY Ha BXOAI cucTeMH abo
BCepeleHi KaHaLy yHOpaBlliHHA, a

indopmallis, U0 nepeacThCs MUMH BIMBaMu. Takud Hinxij Ao3BOJseE
CTBOPIOBATH CHCTEMH a0 MPHCTPOI YTIPaBIiHHA Pi3HHX CHCTEM aBTOMATHYHOTO
YIpPaBNiHHA Ta PeryNMIOBaHHS 31 CTAHAAPTHHX CIIELiaNi3oBaHMX E€NEMEHTIB 4H
6110KiIB.

1.3. XapakrepucTHKH ynpasainHg ejemenTis CYA

Enemeutn CYA, 10 BHKOHYIOTH onepauil 3 CHI'HaJlaMH, 31iHCHIOIOTH
GyHKIiOHANBHUI 3B’ 130K MX (i3ndHHMu BennurHamMu. OTXKe, CTaH ejleMeHTa

MOXHa XaPAKTePU3yBaTH OZHi€to 260 KinbkoMa Qi3HYHHMHU BeTYHHAMH,
sKi HA3WBAIOTHCA 3MiHHHMH, IO YIPABNAOTECS abo perymorThes. Taki
€JIEMEHTH MOXKHA HA3HBATH 06 €EKMAamMu ynpasninHs.

3a3Buyail, 40 00’ckTa YNpABNiHHA NPUKIANAETHCA ABa BUAM. (THIH)
BIUMBY: KepyBanbHMi — X(#), Ta 30yproBambuuit — Z(1); cran 00’exra
XapaKTepu3yeThes 3MiHHOIO — V(1). SMiHa BelMYuHEHM Y(1), WO peryIrO€ThCs,
06YMOBIIOETECS SIK KepYBaIbHHM BINMBOM X(1), Tak i 30yproBajbHUM a6o
3aBajioro Z(1).

36ypennam Ha3WBAIOTH TaKwi BIUTMB, AKHH NOpYIlye NOTPIGHMH
dyHKIioHANBHMMA 3B’ 30K MiX 3MiHHMMH, 1O PETYJIOIOTECS YU YIIPaBIStOThCS,
i KepyBanbHMM BIUIMBOM. SIKINO BIUIMB XapakKTepH3ye [il0 30BHILIHBOIO
cepenoBuIa Ha OG’€KT, TO BiH HA3MBA€TbCA 306WiwHim. SIKINO ueil BIUIMB
BHHHKac B cepeiuni o6’ekTa 3a paxyHOK TnpoTikanus HeOaxanux, ane
HEMHUHYYMX TIPOLECIB NpH HOr0 HOpManbHOMY (YHKLiOHYBaHHi, TO Taki
30ypeHHs HA3HBAIOTHCA GHYMPIUHIMU.

B, mo npukiageHuii 10 06’€KTa YNpPaBliHHA 3 METOK 3MiHH
BEIMYKHH, SKOKO YHPAaBISIOTH ¥ BIAMOBIAHOCTI IO 6aXaHOro 3aKOHY, a TAKOK
IS KOMNeEHcanii BrIMBY 30ypeHb Ha XapakTep 3MiHH BEJIHUMHM, IO
YIPaBASEThCS, HARUBAIOTD KEPYBANLHUM.

TonosHa MeTa aBTOMATHYHOTO YIPABNiHHA pi3HEUMH 00’ckTtamu abo
mpoliecaM#  MonAra€ B ToMy, o6 GesnepepBHO HiATPUMYBaTH 3 3aJaHOIO
TOUHICTIO BIANOBIAHY (YHKUIOHANGHY 3AJEKHICTE MDK 3MIHHUMH, IO
YNpaBNsMIOTBCA 1 SKi XapakTepusyloTh CTaH 00’ekta, Ta KepyBallbHHMH
BIUIMBAMH B YMOBAaX B3a€MOZii 06’€KTa 3 30BHINHIM cepeoBuineM, TO6TO npy
HAafBHOCTi SK BHYTPIIUHBOIO, TaK 1 3ORBIMIHBOTO 30YPHOBAIBHOIC BIUIMBY.
Marematiunuii  BHpas 1€l  (YHKUIOHAJIBHOI  3&NEKHOCTI  HA3MBAIOTH
AnZOpUMMOM YRPABNIHHAL.



3MiHa BXiZHOI Ta BUXIJHOL BETUUHH, %Ki XapaKTepH3ylOTh CTaH eJIeMEHTa
cHCTeMH, K BIIOMO, HeMoXuBa Oe3 3MiHH 3amacy eHeprii abo peuoBdHH, IO
MICTHTECS B [QHOMY €IEMEHTI, 1 3[IHCHIOETECA HE MHTTIEBO, a TNpPOTATOM
BH3HAYEHOro MpOMDXKY 4dacy. ToMy mpouecy, mo BiaOyBalOThCA B cHCTEMAX
aBTOMaTHYHOIO YIpaBmiHHA 1 B Ix elemeHTax, B OINbUIOCTI BHIAIKiB
ONHUCYIOTHCA OU(EepeHUiAIbHUMY DIBHAHHSME, sKi IOB’A3yI0Th MiX c06010
3a/le)XHi BeNMYMHH 1 iX mnoximui 3a vacoM. [udepenuianbHi piBHAHHS
MaTeMaTHYHO BHP&XaloTh GisHyHi npouecu GopMyBaHHS BHXITHOTO CHIHATY
efiemMewTa npyu 30ypeHH] HOro BX1HHM CUTHAIOM.
IpoliecH, 1O MPOTIKAIOTh B eJIEMEHTI (CHCTEMI), B 3arallbHOMY BUNAKY
OMNUCYIOTHCA HENIHIMHUM AKdepeHIialbHUM PIBHAHHAM:
ny m k
plo® dx & A7y Nl 4zl
dt ar" at’ o gm dt’ a4
Je x 1 y - BLANOBIIHO BXiJHA i BHXifHA BENMYHHH; Z - 30YyPIOBANbLHAN
BIIUB; ¢— 4ac.
B enemMeHTI MOXJTHBA HasABHICTh AEKIIBKOX BXiHHX i BUXiTHUX BeJUYHH;
Moxe GyTH i nexinbka 36yplOBaNIbHUX BIUTHBIB.
Sxkmo 36ypioBasbHMA BIUIMB  BiOCYTHiH abo Joro MoXHa He

BpaxoByBaTH, To piBHsHHA (1.1) Mae BUTIAA:

n m. )
d)g dxA@ d tJO

ey, 1.2
g g (2

Jns ycraneHoro (CraTHYHOTO) PEXKEMY Mae Micue CIIBBIAHOWICHAS :
de_d’x_ _d"x_, dy _d*y _ _d"y o,
dr g dat" dt g at™

i piBasns (1.2) HabyBae BHMIAMY F(x,y)= 0, pilleHHs KOO BIIHOCHO y

niae
y=fx). (1.3)

Orpumana 3aNexXHiCTh y = f (X) HasHBAETLCS XAPAKMEPUCMUKOIO
ynpasninna enementa (1HOi CTATHUHOK XapaKTEPUCTHKOIO).

PeannHHM eleMEHTaM aBTOMATHKM BIACTHBi, TONOBHHM YHHOM,
HeNMHifHI  XapaKTepHCTMKM  ymnpasniHHi. Enementn 3 ninidiHumu
XapaKTEpPHCTMKAMKM  YNDABNiHHS  MPAKTMYHO  3YCTpiYaloThes  piiKo.
HeninifiHicTs xapaktepucTHKH o0ymoBieHa (i3d4HHMM  BIACTHBOCTAMH
eneMenTis, TOGTO HASBHICTIO B HHX HACHYEHHS, 30HH HEYYTIMBOCTI, 3330DiB,
TepTH i T.0L.

B 3aranpHOMY BHNAjKy XapakTepHCTHKa yNpaBiiHas y = f (x) gBise
co6o10 HemepepBHy KpUBY a00 KPHUBY, Ka Mae PO3PHBH HETIEPEPBHOCTI.

Ha puc. 1.3. npuseneni Jeski munosi HeNiHiWHi XapaKTePHCTHKH
YTIPaBNiHHS €J1EeMEeHTIB.
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XapakTepucTaka, IO NoJaHa Ha pHcC. 1.3, a, 300paxye Henepepeuuit
QyHKnioHaNEHME 3B’A30K, KONH HENepepBHIH 3MiHi BXimHOT BeNWYMHM X
BIANIOBINa€ HeEMcpepBHa TUIAaBHA 3MiHA BUXIAHOI BETHYMHH y; NPH 1BOMY
KpyTH3Ha XapakTepUCTMKM 3MEHIIyeThcst 31 30imbwendsM x.  Taka
XapaKTepUCTHKA BIacTHBa 6araTbOM e1eKTPHIHUM eJIEMEHTaM 3 HACHYCHHAM.

Ha puc. 1.3, 6 npuBesieHa ineai3oBaHa XapaKTEPHCTHKA YIIPABIIHHA 3
obmedicenoio 30How0 niniHocmi (B Jiana3oHi Big - X, 10 x;). O6macts | x | >x,
Ha3WBAIOTL 30HOK HacuyeHHa (y =t y,.. ). Llg xapakrepucruka BracTuBa
pi3HHM eleMEHTaM 3 HaCHYEHHSM, HAMNpPHKIa/, MArHITHAM, €NEKTPOHHHM i
e/eKTPOMAlIMHHUM [TJCHIIOBaYaM, a TaKoX EJIeKTPOIBHUIYHAM, SKi MaroTh
0OMexeHHS Ha UBHIKICTh 0bepTaHHS.

Ha puc. 1.3, 6 306paxena ineanizoBaHa XapaKTepUCTHKA YNIPaBIiHHS 3
30HOIO HEYYTJIHBOCTI, TOOTO 3 30HOIO, B MeXax sIKOI HernepepsHa 3MiHa BXiqHOT
BEIMYHHE He BHKIWKAE NOSBY BHXigHOI BemnuuHM. B enemenrtax 3 Takow
XapaKTepHCTHKOIO BiACYTHilM CHrHan Ha BHXOAL mpH | x |[< x;. MiHiMaibHa
abcomorHa 3MiHa BXi{HO! BenWYMHH (X, ), HEOOXiAHA AN TMOABH BHXiIHOI
BEIMYMHH, HA3UBAIOTh NOPOCOM HYymaugocmi, a IHTEPBaN 3MIHH BXiJHOL
BEIMYMHH Bifl -x| 10 Xx|- 30HOI Heuymaueocmi. TaKy XapaKTEpHUCTHKY 3
HEYYTIMBICTIO RO MaJNX CUTHANIB MAIOTh JeAKi CXeMH 3 HalliBIIPOBiAHUKOBUMH
liojamy, eeKTPOZBUIYHAMH 3 Halpyrol 3pyUIyBaHHS, HIO 3aieXHTh BijJ
MOMEHTY OIIOpY, 1 iH.

dyHKioHANbHA 3aIEXHICTh ¥ = f (X ), B KOTpifl TUIbKM NIpH AEAKMX
BU3HAYEHHX 3HAYEHHAX BXiAHOI BENMYMHH, UIO HEMNEPepBHO 3MiHIOETbCH,
BHXiHA 3MIHIOEThCS CTPUOKOM, HA3MBACTECH peaeliHOi0 XapaKkmepucmuxoo.
PeneiiHa xapakTepucTHKa 3 30HOI0 HEUYTIHMBOCTI 300paxena Ha puc.1.3, 2. Ilpu
BXingHiit Benmumui x =X ( abo x = -x;) BiuOyBaerbcad cTpuOOK BUXiAHOI
BEIMYMHH JO MOCTIHHOTO 3HAYEHHS Vpg. (300 -V,..). XapakrepucTuky
TAaKOI'0 BUAY MAaKOTh, HATIPHKIIAJ, TEPEMHKaIIbHI eleKTPOHHI IPUCTPOi.

SIKIIO 30HA HEYYTAMBOCTI Maja, To, mpH x;= 0, OTpHMAEMo 1xeanbHy
peneiHy XapaKTepUCTHKY, 306paxeHy Ha puc. 1.3, 0, koTpa iHoxi
BHKOPHCTOBYCTBCSA Ul HaOJMOKEHOTO aHamily T[IPOLECiB B pelledHux
APUCTPOSX.

XapakrepucTHKa  YNOpaBiliHHA ~ €IeMEHTa  4acTo  BUABJSAETHCH
HEOJHO3HAYHOIO, TOOTO BHMXi[HA BENMYUHA 3alleXWTh He TUIBKHM BiX 3MiHH
BXiZHOI BeNMYHHM, ane i Bif Hampaenenns 1 3MiHum (puc. 1.3, e o, 3).
Heonno3Ha4HicTs, AKa 06YMOBIIOE HASBHICTE B XaPaKTEPUCTHLI ABOX TijOK, i3
KOTpUX OJHAa BiATOBiae 30LIbIIEHHIO BXifAHOI BEIMYMHH, a iHIIA - i
3MEHIEHHIO, MOXHA TNOSCHUTH, HANpHMKIAN, BIpaTaMy cHeprii B CepeauHi
eneMEHTa Ha IepeMarHiuyBaHHs, Teprs, Harpisanas 1 1. 4. HeoxHosHawHicTL
MOXE MaTH Micle SK B HEEPepBHUX, TaK 1 B penelHUX XapakTepHCTHKaX
yIIpaBNiHHA.
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Ha purc. 1.3, o 300paxeda  penciHa  XapakTepucTHKa 3
HEOJHO3HAYHICTIO, a Ha pHc. 1.3, e - 3 30HOK HEUYTIMBOCTI |
HEOLHO3HaYHICTIO. Ilepiia XapaKTepHCTHKa BNacTHBA JBONOZUIUIMHEM perne,
ApyTa - TPHIIO3KIIIHKM eJEeKTPOMArHiTHMM MOAPH30BaHUM perie.

Heonno3HauHICTh  XapaKTEepUCTHKM  yNpaBliHHA, 300paxeHol Ha
puc. 1.3, 3, BlacTuBa e1eMEHTaM 3 HasBHICTIO JodTa i CyXOro TepTs B PyXOMHX
YacTHHAX, HalPUKJIak, OBLIKOBUM My(TaM, peLyKTOpaM i iHLIIMM MeXaHIYHUM
nepenayam. [lopibHa XapaKkTepuCTHKa, sKa AOMOBHEHA 30HOK) HACHYEHH,
3yCTpi4a€eThCs B HPHCTPOSIX 3 NIETIIEI0 TiCTEpe3HCy MarHiTHOTO KoJa.

Cnig Bi[3HaYMTH, [0 XapaKTEPUCTUKM YNPaBNiHHA ¥ = f (x) MOXYTb
[IPOXOMTH 1 He IPOXOAMTH Yepe3 MNOYaTOK KOOpAWHAT, IO, BiJTOBIAHO,
BIIACTHBO PEBEPCHUM i HEPEBEPCHUM eJIeMEHTaM.

baratboM eneMeHTaM  aBTOMaTHKM  HeoOxinmHa  HeliHilina
XapaKTepUCTHKa ynpaBiinag. Hanpuxiaz, HeniHifHy XapakTepHCTHKY OBHHHI
MaTH cTabini3zatopd, eneMeHTH TaM’aTi, Jeski JiYHIbHO-pO3B’A3yBalbHi
eneMenty 1 iHmi. CyTTeBO HeniHiffHa peneiiHa XapaKTepUCTHKA YIpaBIiHHA
NoBUHHA OyTH y pene, TpUrepis, iIMIYJIBCHUX MiJCHIIFOBAYiB Ha OCHOBI peJe i
iH. Kpim Toro, HaBMHCHE BBEJICHHS €IEMEHTIB 3 HeJIHIHHOI0 XapaKTepUCTHKO
YNpaBniHHA B CUCTEMY aBTOMATHKH YacTO € OCHOBHUM [UISXOM OTPHMAaHHS
NOTPiOHMX XapaKTepUCTHK cUCTeMH (30inbLIeHHS IIBHAKOAI, TOYHOCTI B
ycraneHoMmy pexxuMi i1 T.1.). Hanpukiaj, BBeNeHHA B CHCTEMY YIpPaBIiHHS
eIIeKTPOABUIYHAMH €JIEMEHTIB 3 peleifiHOI0 XapaKTepPUCTUKONO YIpaBiiHHS
JO3BOJIAE€ AOCSITH 30INBINEHHS IIBHAKOMII, 4 TaKOX 3MEHINEeHHs BarM |
rabapuTis IpUCTPOIO.

[IpoTte iHOAi HENiHIHHICTE XapaKTEPUCTUKH YNPaBIiHHA € HeOaKaHOI i
HaBiTh WIKIAMMBOK BI&CTUBICTIO eneMeHTa. Tak, HaNlpWKIal, B NPHCTPOLX
aBTOMATHYHUX BHUMIPIOBaHbL €IEKTPHYHHUX 1 HEeNeKTpHuHHMX BenuuuH, B AL
norpibHa BHCOKA NiHIHHICTh XapaKTEPHCTHK YIIPaBNiHHA pAJy eleMeHTiB. B
TaKUX BAMagkax abo BHOMpaIOTh pexxuM poOOTH eleMeHTiB B oOMexeHilt 30Hi
XapaKTEepUCTHKH, KOTpa MoXe OyTH NpuiHATa NiHiHHOI0, 860 BHKOPHCTOBYIOTH
crieniansHi NiHeapu3yrOBaIbHI NPUCTpOi, CIIilbHA poboTa SKUX 3 HENiHIMHUMH
eJEMEHTAMH JO03BOJSIE OTpUMATVy JNiHiHY, 4u Oau3bKy A0  JiHidHOL
XapaKTepUCTHKY yNpaBIiHHSL.

B Teopii HeninifHUX cHCTeM po3pobiieHa BeIHKa KilbKiCTh METO/IB, SKi
NO3BONAIOTh BPAaxXOBYBATH pisHi HeNiHINHI 3anexHocri. Pig Mertoxis, ski
ONEPYIOTh 3 PeabHUME HENHIAHUMA XapaKTepHCTAKAMH, JAlOTh MOAUIHBICTE
OTPHMATH SK KiTbKiCHE CHIBBIHOLUIEHHS, TaK 1 AKICHI IIOKa3HMKH, ILIO
XapakTepu3yloTh pobOTY NPUCTPOIB i cMCTeM 3 HENHIHHHMM eleMEHTaMH.
OnHak B TeOpeTHYHMX J0CHiJax NPHCTPOIB i CHCTEM aBTOMAaTHKH HE 3aBXAH
3PY4HO BUKOPHCTOBYBATH DeaibHi HeliHIMHI XapaKTepHCTHKM YTIpPaBliHHS,
TOMY HEPIAKO MPUITYCKAIOTBCS OO JiHeapu3alii, To6To 3aMiHH (QakTHHHHX
HeNMHIMHMX 3a’exHocTed MK BXiJHMMW 1 BHUXIJHUMHU BeIMYUHAMH
HabIKEHHMY JTIHIFHIMA 3aeKHOCTAMH. BUKOPHUCTOBYIOTHCS Pi3Hi MeTOAH
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RSZ N

JiHeapu3auii: METOA MajiuX BIAXMIEHb (PO3KNajalHa HellHiHOT GyHKuUil B psaj
Teiinopa), meTon rapMOHi4HOI JliHeapHu3allii, MeTOJ CTaTUCTUYHOI JTiHeapu3auii
1 T.A. Bci i muTanHs po3risaaoTh B Kypcax Teopil aBTOMaTH4HOIrO YIpaBTiHHS
1 perysmoBaHHS.

1.4. OcHOBHI MapaMeTpH ejieMEeHTIB

EneMeHTH aBTOMATUKH B YCTACHOMY PEXHMI XapaKTepH3YIOThCS PALOM
napaMeTpiB, YacTHHA fAKMX BH3HAYAETHCA 33 XapaKTePUCTUKOK YIpPaBliHHS
€NEMENTA 5K TOJIOBHOI0 XapaKTEPUCTHKOIO YCTATIEHOTO PEXHMY.

1.EfeMeHTH 3 HeNepepBHOI) XapaKTePHCTHKOIO ynpaBdiHHA (faBaul,
YYTIIMBI €JIEMEHTH, TIACHIIOBaYi) XapaKTepU3ylOThCA TAKUMU flapaMeTpamH, sK
koedillienT nepeTBOpeHHs (Hepejiadi), rpaHHYH] 3HAaYEHHs BXiAHOI i BHXinHOI
BenuuWH, KoedillieHT mepenaui IOTYXHOCTI, BEJIMYHHH BXITHOTO i BHXiJHOTO
ONOPIB.

HenepepBHa xapakTepuUCTHKa ympapniHHS y = f (x) enemeHra, sxa
npoxoguts (puc. 1.3, a) abo He npoxoauTs (puc.1.4) depes 104aTOK
KOOpIHMHAT, MOXe 6yTn BupaxeHa sk y = Ky x, ne Kpy - 3MinHMA KoedillieHT,
IO HA3UBAETLCS KOCDIYiCHMOM nepemeopeHHs.

3a3Buyai KOPHCTYIOThCS nudepeHiianbHUM KoeQilieHTOM
TepeTBOPEHHS €NEMEHTa, if SAKMM PO3YMIIOTh MEXY BiTHOUIEHHS NPHPOCTIB
BHXiHOT Ay 1 BXiHOI 4X BEJUYHH :

K = lim 4y _ & (1.4)
Ax—)OAx dx

Nubeperuiansuuil KoedillieHT NEepeTBOPEHHS B 3aralbHOMY BHTTafKy
3MiHIOETBCA Bif TOUKH [0 TOYKH | BH3HAYa€ThCA KYTOM Haxunly JOTHYHOI RO
XapaKTepucTHKH. JIis eleMeHTa 3 JiHIHHOK XapaKTEpPHCTHKOI YHpPasmiHHS
K = K = const.

SIKIO BENTMYKHM X i Y MAOTh Pi3Hy PO3MIpHICTB, To i kKoedinieHT K Gyne
TAKOX MaTH PO3MipHICTB.

Cnix BiI3HAYUTH, IO B 3AJIEXHOCTI Bill GYHKIIOHATBHOIO MPU3IHAYCHHS
eneMeHTa KoeQillicHT [epeTBOPeHHS Mae 1 iHuIl WaWMeHYBaHHs, HalpHKIaf,
RIS THLACHITIOBAiB - KoedillieHT MiACHIeHH, A JaBayiB - YYTIUBICTb.

Sximo Ha XapakTepuUCTULi YyHpaBliHHA BUALIMTH JUISHKY, 8Ky
HaGIMKeHO MOXKHA BBAKATH JHHIMHOWIO, TO B MeXaX I€l AUIAHKM BiIHOIIEHHS
HaRGiTEIIOT BUXIIHOT BEIMYUHA JO HalMEHIoi, TOOTO Yys / vy ( puc. 1.4, a ),
byne sBIATH cO0O0 Oumamiunuti dianazon. B mumamivHOMY Jianazoni
nudepeHuiiEmi KoedilieHT nepeTBOPeHHs MoXe OyTH NpUAHATHI HabImKeHO
MOCTIHHMM, a pexuM pobOTH eneMeHTa, TpH KOTpoMy poboua Touka 4 He
BHXOJHTB 338 MEXIi LbOT0 Aiana3ony, - JIiHIAHHM.




XapakTepucTUKa YIPABTIHHA OOMEXYETHCA HMXKHIMH (Xpmp , Voun) 1
BEPXHIMH (Xpax , Vimax) SPDAHUHUMYU IHAYEHHAMY 6XIOHOT X [ 8UXIOHOT Y 6enuyun,
KoxHoMy 3 rpaHHYHHX 3Ha4€Hb BENMYHHE X 1 y BIANOBIAAIOTH HEBHI 3HAYEHHA
BXiTHOT (P min, P max) | BEXITHOL (Py min, Py max) IOTYXKHOCTEH.

Y y y
Ymoz ! ?
yﬂﬁ “““““““ | /,
| | /,
A | | /,
oo Y 3 ()
2 /E L MEw/ LU_,___
Pl | ! ’ sTTw
P : l[ / ! SRR 4
9“"__' 54;3} { : f’, { ‘
- |
g bl e } 0 !
Lom Ty Tmg L b &y T
Q) f) )

Puc. 1.4. HenepepBHi XapaKTEpHCTHKH YIpaBNiHHSA eJeMeHTa:
a- OTHO3HAYHA, 6- HCO/IHO3HAYHA; B —~ 3MiHa XapaKTepUCTHKK YEpe3
36YIDKYBaIbHI BIUTHBH

BaxtiBAM MapaMeTpoM eJIEMEHTa € Koeiyicum nepedaui nomyxcHocmi,
piBHH# BIZHOMIEHHIO 3MiHM MOTY)XXHOCTEH BHUXIAHOT 1 BXiJHOI BEIUYHH:
Kp= 3;1.

X

Pobota eneMenTa noB’A3aHa 3 HENEPEPBHVIM BHUKOPHUCTaBHSAM eHeprii 3
BXiJHOrO KoNa, TOMy HEOOXiJHO 3HATH BENHYMHY 6xi0H0o20 onopy Zpx.
BenuunHa euxionozo onopy Zgyxy  HeoOximHa 1ns BubOpy napamerpis
BHXiJJHOrO KOJa.

3a XapaKTEpUCTMKOIO YNPAaBJIiHHH €JIEMEHTd MOXYTh OyTH BH3HAMeHI
HeNiHi#HICTh, LIMPHHA 30HH HEYYTIMBOCTI Axy =2x (mus. puc. 13,8 2),
UIMpHHA METIi HEONHO3HAYHOCTI AxI"=2x, (muB. puc. 1.3, ¢, 3), ofnacts
HACHYEHHs, OPir YyTIUBOCTI (PO3AiNbHA 3aTHICTS) 1 T

Ilpu HasiBHOCTI HEONHO3HAYHOCTI Pi3HHULSA OpAHMHAT mMpsAMoi i 3BOPOTHOL
TiJIOK XapaKTePUCTHKH HelliHiliHoro emeMenra (aus. puc.1.3,3,11.4,6) mu
KOXXHOTO 3Ha4YeHHs X [1a€ BU3HAYCH] BENMYUHU TOMUIIOK AyIT = y, - y,'.

Heo0xinHo BpaxoByBaTH, IO B pealbHUX YMOBax poOOTH, KPiM rO0BHOT
Jii 3 60Ky BXiZJHOI BeJIMYHHH X, HA CICMEHT BIUIHBAIOTH Pi3Hi 30yproBaiIbHi A,
ToOTO (aKTOpH 3OBHINIHBOrO CepefoBMIIA 1 (aKTOpH, sKi MOB’SA3aHi 3
BHYTpIIIHIMU IpoliecaMH B JETallSIX €NeMEeHTa, KOTpi MOXYTh 3MIHIOBATH B
JEAKHX MeXaxX XapaKTepUCTHKY YHpaBiiHHA i MapameTpu elleMeHTa.
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Jlo 30yproBasbHUX Ail MOXKHA BIEHECTH, HAlIPHKIa/l, 3MIHY TEMIepaTypH
6, THCKy p, BONOTOCTI Zp 30BHIIIHBOrO CEepPeROBHLIA, KONUBAHHA Hampyru U
JoKepeJia KUBIEHHS eleMeHTa, Hilo Bibpauii F' i npuckopeHHs g, crapiHHA Ta
3HOC MaTepiany.
B sarancHOMy BHMNAnKy BHXifAHa BeNMYHMHA eleMeHTa € (YHKUi€o
nepenideHux 30yploBaIbHUX Jii:
y = f(x,H,p,ZB ,U,F,a,l..).
3MiHa BUXIJHOI BETHYHHH MOXe OYTH BUpaXKeHa TaK:
Ay = @Ax+ 44 40+ .. +@Aa+...
& o8 122
BBoisuM mo3HaueHHd NapuianbHUX KoedillieHTIB NEPETBOPEHHS IO
KOXHOMY i3 (aKTOpiB :

& & &
Ky=", K, =2, ., K,=2,
Y PT T &
OTpHMaCMO
Ky Kp
=K [Ax+—A9+——— +.. +———Aa
Yy "L K, KXAD K, {15

1e K, - koeiuieHT nepeTBOPEHHS 110 FOJOBHOMY NapaMeTpy.
Uum Menme 3mauenns Kg,K,.....K, Tum wmenwe snnus

30yproBanbHUX IiH.

Ha puc. 1.4, ¢ B KOoCTi MpyKIaga HaBeCHI XapaKTEPUCTHKH YIPaBIIiHHA
eleMeHTa HenepepBHoi Iii Ge3 Bpaxysamss (xpusa 1) i 3 BpaxyBaHHIM
(xpuBa 2) 30yproBaNbHHX BIUIMBiB. SIK BUJHO 3 DHCYHK3, NpPH HE3MiHHIHA
BXinuiif BemmumHEi (x; = const) 3HAYEHHS BHXIJAHOI BeTWYMHHA y Pi3Hi (y,,,y,)
UpM UBOMY 3MiHH BHXiAHO! BeMHYMHM Ay, SABIMOTE CcOGOK noxubru
nepemeopeHHa.

IToxu6KXH nepeTBOpeHHs AiIATh Ha ABi TOTOBHI IPYMH: CHCTEMATH4Hi i
BunagkoBi. CucTeMaTH4Hi MOXWUOKM BUHHUKAIOTh 3aKOHOMIpHO Tij Hi€ro
BU3HAYEHHX BilOMUX (BaKTOpPiB, BUNAAKOBI MOXHOKH - HE3AKOHOMIPHO Tz Ai€to
PI3HOMaHITHMX HENOCTiHHMX DPWYMH, LIO0 He TMOB’§3aHi 3aKOHOMiIPHUM
3B’I3KOM 3 TIPONECOM TepeTBOpeHHs. BurankoBi NMoxubku BU3IHAYAIOTHCH
METOHaMM MaTeMaTHYHOI CTATACTHKHM i Teopii AMOBIPHOCTI (UIIAXOM BUBYEHIIS
PSLiB IOBTOPHUX BUMIPIOBaHb).

2.EneMentH 3 peiieliHOI0 XapaKTepHCTHKOIO ympaBainmsg (pene,
TpUrepH) XapaKTepU3ylOThCS NapaMeTPaMH CIIPal(bOBYBaHHS 1 BilIyCKaHHS,
koedilieHTOM TOBEPHEHHA, KO(il[IEHTOM YNpaBliHHA.

Peneiina XapakTepucTHka YIpaBmiaas y = f ( x ) eneMedTa upH AesKoMy
3Ha4eHHI BXiJHOI BEAMUMHM Ma€ po3puB (K — ), TOMYy BHXiOHa BeJHYMHA
3MiHIoeThes cTpubkomonibHo (AuB. puc. 1.3, 2-orc i puc. 1.5).



3HayeHHs BXigHol BenW4uHH (pHc. 1.5, @), IpH HOCATHEHHI KOTPOro
BUXiHa BeNHYMHA 3MIHIOETBCA CTPHOKOM BiA yy HO Yk, Ha3HBAETHCA
napamempom Cnpaybo8ySaHHs X, SHAUEHHSA BXiZHOI BenuuHuM (puc. 1.5, 6),
Ipy AOCSTHEHHI KOTPOro B NPOLEC] HACTYNHOrO 3MEHILEHHS X BiOyBaeThCA
CTpHOOK BHXIAHOI BEIMYHHH, TOOTO MOBEPHEHHS €NEMEHTA, HA3MBAETHCH
napamempom  GiONYCKAHHA Xgo 1lapaMeTp X, MCHIIE NapaMeTpa X, iX
BiJHOLUEHHS HAa3UBAETECS KOSQIYIEHMOM nodepHeHHs eleMeRTa peneiHol aii :

K,= Zei0 1.
Xenp
Y Y, Yy

4 A

Xoig Xap  Xoaxe X XKaia Xemp

Puc. 1.5. Penteiiri XapakTepHCTHIH YIIpaRITHHS eJIeMEHTa.
) 1K 30UBLIEHAT BXiJHO! BTIMYMIM; ©) TP 30LMBIIEHH] | 3MEHLLIHHI
BXIJTHOI B/IMYHHY; B) 3MIHA XapaKTEPHCTUKY Yepes 30y/DKyBabHUA BIUIMB

KoedillieHT noBepHeHHsA  BW3HAaya€ IUMPHHY IeDIi  pesielHOl
XapaKTepHCTHKH.

BinHOIMEHHS Xpe / Xepp = K3 Ha3HBAETBCA KoeiyieHmom 3anacy npu
CrpalboBYBaHHi efleMeHTa peleiHol Ail, a BIHOWEHHS Yyay / Ymin - KPAMHICTIO
peneiHol XapaKkTepUCTHKH (IHB. pHC. 1.5, a).

BajxuiuBiiM napameTpoM eneMmeHTa penedHoi Al €  koegiyicnm
YNpasninKHA:

Ky = Ymas ! Xenp » (1.6)

J€ Vmax - MAKCHMAJIBHO JIO3BOJIEHE 3HAUEHHS BUXiZHOT BEIMYHHU .

Ha BennuuHy napaMeTpa CHpallbOBYBaHHS i BiANycKaHHs 3MiHCHIOIOTH
BrnuB 30ypeHHA, Hanpuknaj, 3MiHa Temmepatypu 6 1 Bonorocti Zg
30BHILIHBOrC CEpefOBHIA, KONMBaHHA Hanpyr U [kepena JKMBIEHHS
enementa, Aii npuckopeHHs a i BiGpauii F. Omke, x.,, = /,(0.Zg,U.a,F...)i

X4 = f2(6.Z5,U,a,F,...). 3MiHn napaMeTpiB CripaLboByBaHHs i BiNyCKaHHS
MOXYTb 6yTH BHp2)XEH] TAKHM YHHOM:

Ax iy = %AB + %—AZB + .. +0;LAa+
B a

)
<



afy . Cf ars;

Axg‘:() = —’[LAIj o ”‘AZR + ...+ ]L

a6 Ly ’ Oa

JnauenHs koedilieHra 3anacy IOBHHHO OyTH BuOpano Takum, w00
3aJOBOJILHUTH YMORBY

Aa + .. (1.7

__ *max >
Xepp + Axcnp
[loxuOku enemeHTiB penednol Aii  ABAAIOTE  cOOOK  PO3KHA
Ax,,, OX,, napamerpiB CrIpauBOBYBARHS X, | BUINYCKAHHA X
(puc. 1.5, 8).

1.5. inuamivHi BA1aCTHBOCTI ejieMeHTIB

XapaKTepUCTHKY  YOPABMIHHA  JO3BOJAIOTH  OLHHTH  BIACTHBOCTI
eleMeHTIB BUXOISAYM 3 1X poOOTH B YCTaleHHX pexuMax. AJse MpaKTHYHO
CHeMEHTH ABTOMATHKW IpalloioTh B JWHAMIYHOMY, TOOTO HeycraneHoMy
peXKMi, OCKIIBKM Ha BXil] €NeMEHTa 3BHYAiHO HaiXOATh CUTHAIH, IO
HEMEepEPRHO 3MIHIOIThCS 32 HacoM. ToMy Ui OyIb-SKOTO eleMeHTa BaXIHBO
OLHMTH HOoro ZUHaMiuni BnactuBocti. LI oninka 3MiHCHIOETECA 3a JOTIOMOTGIO
aAQepeHIianbHUX PIBHSAHSB, K 3B’ A3yI0Tb BXi/JHi | BHXIJHI BEIUUKHH.

PiBHsIHHS, 110 BM3HAvYa€e 3MiHY B 4Yaci BUXIAHOI KOOPAHHATH eICMEHTA 33
3a/JAaHOI0 3MIHOK B Yaci HOro BXiJJHOI KOODAMHATH, HA3HBAETLCH PIGHAHHAM
pyXy enemenma.

Pexxum poGotu eneMeHTa, MpH AKOMY BXIJHA Ta BHXIZIHA BEAMYMHH €
GyHKUiAMH Yacy, HA3UBAIOTE OuHGMIYHUM, 4 DIBHIHHA PYXY CGIEMEHTa B ILOMY
PEXHMI — PIGHAHHAM OUHAMIKU.

38’730k  MiX BXIJHOKY 1 BHXIZHOKW BENHYHHAMH eleMeHIa B
JMHAMIYHOMY PEXHMi, K BiJMIJanoCh, OMHMCYETHCA B 3aralpHOMY BHTANKY
HeniHiiHuM audepenniansuuM pisHsEHaM Buay (1.1)1 (1.2).

BoHu (10BHOW MipoK0 BH3HAYAIOTH IOBENIHKY eNeMeHTa Inpu il
36YPIOBATBHKX | KEPyBANLHMX BIIYBIB a60 WicHs IPUNUHEHHS 1X Rif 1 ABNAIOTH
c00010 MaTeMaTHUHMi OMxc GI3HIHUX NPOLECIB, AKi IPOTIKAIOTE B eNIEMEHTI.

B neaxux Bumagkax HemiHifini fudepenUianbHl PIBHAHAS 3aMIHIOIOTH
Gizsin mpocTuME NiHiHREMH udepeHuianbHUME piBBanHAMu. [Ipu upomy
XapaKTep 3MiHY BAXIHUX BEMKH [IPAKTHYHO 30epiracThes.

3anexHicTh MK MUTTEBMMH 3HAYEHHSAMHM BXIHOL x () 1 BUXIRHOI ¥ (1)
BENVYMH B MepexifiPX PexuMax and JTiHIHWX 1 JiHeapu30BaHHX eeMeHTi3
(cucTeM) B 3araneHOMY BHIZAKYy Moxe OVIH  omucada  Jipidpum
JUPEpeHIiATEHUM DIBHAHEAM A-r0 TOPSAKY 3 NMOCTIHHMME KOediUeHTAMA B
oneparopxii (opmi:
an' +a,_ p'+.rap +ao)Y(p): b o™+, P +...+b;p+b5)X{p), {1.8)
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ne X(p)i Y (p) - Bianosiins 300paKeyna RXIGHOI X (1) 1 BAXIAROT Y (¢
BENTMYMH; 7, m - UL IOATHI Yncna (3a3Buuait n<m); ag dy, ..., d, ; by, b, ...,y
~ IIOCTiiHI KOeQillieHTH, Ki BU3HAYAIOTHCS [APAMETPAMH CXEMH.

Tlpu BimoMoMy 3aKkOHi 3MiIHM BXiJHOI BEJNUYHHH DO3B’A3YBaHHSIM
JuQepeHIianbHOTO PiBHAHHS MOXHA BU3HAYMTH 3MiHY BHXiJHOI BeTHYMHU B
npoueci poGoTH eIeMeHTa.

Jdnsa cxnagaHHs nudepeHIianbHOTO pIBHSHHA eNneMeHTa HeoGXigHO
BCTAHOBHTH (I3HYHMHA 3aKoH, sxuii BU3Hayae #Horo moeedinky. Takumu
3aKOHaMH MOXYTh OyTH: 3aKOH 30epexkeHHS eHeprii, 3aKoH 36epeKeHHs
pedoBuHM, Apyrui 3akoH HeloTona, 3axoHu Oma i Kipxroda i inmi ocHoBHi
3aKOHHM (I3UKH.

MarematHuHAR BHpa3 BIAMOBIHOTO 3aKOHY, O BH3HAYAE NPOLEC, AKHM
NPOXOJUTH B ENEMEHTI, i ABlIse co6or0 movarkoBe AudepenuiajibHe piBHAHHA
PYXy eleMeHTa.

HactynnuM eranoM € BH3HaueHHS (akTOpIB, Bij SKUX 3aleXaTh 3MiHHI
MOYaTKOBOTO DpiBHSHHA pyXy, | BCTaHOBJIEHHS piBHSHb 3B’S13Ky, IO
XapaKTepu3yloTh L0 3aNeXHICTh. PiBHAHHS 3B’#3Ky B GinbIIOCTI BAMAfKiB €
HENHiHHAMY i MOXyTh OyTH 3anaHi rpadiuno abo amamiruyno. B pesynsrarti
IiJCTAHOBKM IX aHAITHYHOIO BUpa3y B IIOYATKOBE PIiBHAHHSA OTPUMYIOTH
HeniHiliHe PIBHAHHA eleMEHTa.

OcTaHHIM €TanoM Np¥ CKIaJaHHI PiBHAHHA AMHAMIKM € JiHeapH3allis,
Aka 3MificHIoeThCH 32 golioMoroio Gopmynm Teiinopa. YmoBamu, sxi
JIOMyCKAlOTE  3aCTOCYBaHHS  JIIHeapH3aWlil, €  BIACYTHICTH  pO3PHBIB,
HEOJHO3HAUHOCTeH, Di3KUX MEPeTMHIB B XapakTepPUCTHUI i CIpaBelMBICTH
PiBHSIHHA Ha NPOTA3i BCbOrO IHTEPBaNy DETyIIOBaHHS.

BHKOpDHCTOBY1I04M METOLMKY CKianaHHs gudiepeHIialbHHX piBHSHE,
MOXHa CKIaCTH DIBHSHHA JUiA OyIb-SKOTO elleMEeHTa aBTOMAaTHYHOI CHCTEMH
ynpapiiHHA. Po3s’s3yloud 0 piBHSHHS, MOXHA JOCHIDKYBATH AMHAMIMHI 1
CTaTHYHi BIIACTHBOCTI CIEMEHTIB.

Jlinifini AudepennianbHi PiBHAHEA, AKi BHKOPUCTOBYIOTHCHA VIS OIHUCY
TIOBEAiHKH €TeMEHTIB CHCTEMH, MOXXHA BUDIIIMTH KIaCHYHUM METOAOM abo 3
BUKOPUCTaNHAM nepersopenHa Jlamnaca.

PozguBuMocs KiacHYHHH MeTOJ pPO3B’S3yBaHHS PIBHSHHM, SKHH
JIOTyCKa€ NMPOBeJCeHHS po3s’A3yBaHHSA B o6Gnacti QiHcHOT 3MIHHOI L.

Hexait  pmesxn#t  ejeMeHT  CHCTEMH  OIMCYEThCS  JIHIAHEM
IudepeHiaTbHIM PIBHSHHSM A-r0 IOPAAKY 3 NOCTIHHMMU KoedilieHTaMmu i
IIPaBOKO YaCTHHOIO
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KoepigieHTd o, 1 b, AKi ABWIOTL CODOKY  (OCTHIHG  BeHHYMAH
BU3HAUAIOTHCA Di3UuHMMH TTapaMeTpamMM CIEeMEHTa, HANPHKIAX, EMHICTIO,
IHIYKTHBHICTIO, Macow, koediuieHToM nemnpysanHs. TakiM YUHOM, 32KOH
3MIHH BHXIZHOIO CUCHANy y(!) BH3HAYAE€ThCA MK BXIJBMM CHIHAJNOM, Tax i
HapaMeTpamy elIeMEHTa.

3rigHo 3 KJIACMYHMM  METOJOM  PpO3B’M30K  HEOJHOPIAHOrO
AudepeHLiaibHOTO PIBHSHHA € CYMOKO 3arajJbHOrO PO3B’SI3KY OZHOPIAHOIO
piBusHHA 0e3 IpaBoi YAaCTHHM 1 YAaCTKOBOIO DO3B’S3KY HEOTHOPIIHOTO
PIBHSHHS

YO = Ysze () + Yuacm (1) (1.10)
3arajibHUH PO3B’A30K BH3HAYAETHCSH BUPA3OM

u (k-
Vo (1) = Z(Z Ck_,t*}e"’, (1.11)
i=1 \ k=0

e A (i =1, 2, ..., w- KopeHi OTHOpiAHOIO PiBHAHHS 6e3 IpaBoi HacTHHY;
ki(i=1 2, .., w-1X XpaTHICTS ; Ck‘ - TOBIJTbHI TOCTIMHI.

B Bunaaky, Konu KopeHi A; € HEHYJIbOBHMHM i HEKPAaTHHMH, PO3B 30K
(1.9) naGygae 6inbiL IPOCTOrO BUTTISAAY

(0=fcei's fc
y = N e
= D= R

Ie 7 - YHCIO IIHCHMX KOPEHIB o XapaKTePHCTHYHOTO piBHSHHS,
BiAMOBIIHOTO O OJHOPIAHOTO piBHSHHSA; [ - YHCIO Tap KOMIUIEKCHO
CHpPSDKEHNX KOPEHIB (O, * j®, ) XapaKTepHCTHYHOTO PiBHAHHS.

OcKiNbKY OQHOpiAHE PIBHAHHA ONMHUCYE BUILHMH PYX €MEMEHTA CUCTEMH,
TO6TO #oro pyX NPH BIICYTHOCTI BIUTMBY, TO CKIA[0BA Y;u(l) PO3IB’S3KY
HA3MBAETHCS 6IABHOI0 CKAAO0B0I0 1 ONMCYE TIePEXIAHMIA IPOLEC eNeMeHTIB.

YacTKOBHH poO3B’A30K, SKHH BH3HAa4Yac BMMYLICHHH pYX €leMeHTa,
3HaXO/ATh 3 ypaxyBaHHAM npasol uacTHHu piBHsAHHA (1.9). Omxe, yrecpena
CKJAMIOBA Yyaem(t) OyJl€ 3aTCKATH AK BiJ MapaMeTpiB €1eMEeHTa, TaK I Bifl 38KOHY
3MiHHK BXiIHOTO CUTHAY X (1).

KoxHOMY HOBOMY 3aKOHY 3MIHH BXifHOI Benmumuu Oyje BianopijarTu
HOBHiT po3B’S30K, TOOTO AMQepeHnianbHe DPIBHAHHS HECOXiAHO BUPillyBaTH
3HOBY NpY KOXKHOMY HOBOMY BXiJHOMY BOINWRI,

Po3p’s3aHHA DIBHSHb KIACHYHMM METONIOM #BISE COOOK  JA0CHTH
TPYHOMICTKHIT TpoLec, TOMy 4acro Ini pPO3R’S3aHHI BUKOPHCTOBYIOTH
neperropenns Jlannaca. Pos’s3aHHs 3a UMM METONOM 31ilicHIOETsCs B ofiacti
KOMILIEKCHOI 3MiHHOT p=a +jff 3B’%30K MiX (ynKuiero micuol sminnoi f (1) i
dyHKieo koMruiekCHoi 3MiEHOT F (p) BCTaHOBIIOETHCA 32 MONOMOIOK
HepPETBOPEHH

a,t

sin(a)qupk), (1.12)

ﬁ‘(p):?f(r)c’”’dz, (1.13)

0
sSIKE Ha3HMBaETLCH TIepeTRopeHHsM Jlannaca.




@yuaxuis f (1) RasuBucises opucinaion. (lepetsopenns flannacs nis uiei
Oynkuii Ha3uBaethes 306pasicennsm. CHIBBIHOIIEHHA MiX OpPHTIHANOM i
3o6paxeHHsM 3anucyeTses y BUr L (1) } = F (p); f(t) -F (p).

Posrnsnemo B sKocTi NpHKNaza pos3B’s3yBaHHS AHQEPEHIIATEHOrO
piBHanHa Burasgy (1.9) 3a meromoM nepersopenns Jlannaca. 3naitzemo
nepetsopeHHs Jlanmaca A4 KOXHOTO CKIQJHUKA, AKHH BXOIHUTbL B PIBHAHHS.
3rizHo 3 TeopeMoro nudepeHiIOBaHHA OpUriHana MpH HYJhOBHX HOYaTKOBHX
YMOBaxX MOXHa 3a[HCATH :

a" d"x
L{ao _:} =app"Y(p); L{bo ;;} =bop" X(p);

n-1 m—1
L{ a 4 _Z} =a1p" ¥ (p); L{bl {l-—f} =bp" X (p);
dt d

| n—1 tm—]
.................................... ; et e esnanseere) (1.14)
L{an—l %} = an—le(P); L{bm~1 %} = bm——le(p);
L{any(t)}=anY(p); L{bmx(t)}:me(P)-

Ha migcrasi Bnactupocti npo aiHiiHicTs (1.9) B QopMi meperBopenus
Jlannaca 6yne MaTH BUIIIAA

agp"Y(p)+a1p" Y (p)+ ... + a, 1 p¥(p) + a,¥ (p)=

-1
=bop" X(p)+01p" " X(p)+ ..+ by 1 X (p) + b X (p)
Po3B’sxeMo Lie piBHSIHHS BIJHOCHO BHXIZHOI BeNMHUHY Y (p):

(1.15)

bop™ + by p™ b 4 by 1p+b
¥p)=202F m=12 1 0m y(p). (1.16)
agp” +ayp +..+a,_1p+ay,
BBC}.ICMO NO3HA4YCHHA

bop™ +b m"1+.,.+b -1p+b
w(p)=0E_"1F m=1P % Om (1.17)

agp" +aip" V4 ta,_ip+a,

tozi (1.16) 3anumierses Tak
Y(p) = W (0)X(p). (1.18)

TakuM YHMHOM, OTPHMAHO 3HAYEHHH BHUXIJHOI BENMYUHH Yy QopMi
neperBopenHs Jlamnaca, T06T0 y BUrIAAl GyHKIIT KOMIREKCHO! 3MIHHOT p.

®yrxuis W(p) - ue ApibHo-panionanbHa (YHKIS, y AKOI CTEriHb
noniHOMa HHCellbHUK2 MeHINa a0 0PiBHYOE CTENEHS MONIHOMA 3HAMEHHUKA.

BifgctaBaHHA YH BUNEPEDKCHHS 32 (a300, 10 MalOTh MICHE B PEAIbHMX
€NiEMEHTaX, 1 BU3HaYaroTh ApiGHO-patioHansHui xapaktep QyHkuii W (p).

fxme Bigomi nepersopends Jlammaca ms BXigHore BIuMBy X(p) i
BHXiJHOTO CHTHana Y(p), TO MOXHa BH3HawntH dyrkuio W (p) 2
CliBBiHOMICHHS



W(p)= (i.19)

X( p

UpH HyNbOBUX MovaTKoBUX ymopax. Orxe, dyukiito W (p) moxnua
HAa3BaTH NepedamoyHol0 QYHKYIEI elemMenma cucmemu.

[Tepenatoyna QyHKIiS HOBHOIO Mipoi0 BH3HAYa€ AWHAMIYH] BIACTHUBOCTI
eJIeMeHTa.

Ins mepexoay mo ¢dyHxuil naificwoi 3mingol HeoGxim#o go (1.18)
3aCTOCYBATH 3BOPOTHE NepeTBOpeHH Jlamnaca, 3rijiHo 3 IKuM

0 | otj®
)= {(pl=5= | Y(plPdp, (1.20)
27j :

o— jo

abo anopucmm bopmyITy po3KiIafaHHs

ki-1

1 dki o
=% am Ao i r(p)er !

:«1" ~Lp->pjd pki

ze k; - KpaTHICTE KOpess p;

Jlns OKpeMOro BUNAAKy, KOM OJWH 3 KOPEHIB 3HaMeHHMKa HyIbOBHH, a
iHi TIpOCTi, MOXHa OTPMMATH (QYHKLIIO y (7), BUKOPHCTOBYIOHM (hopmyny
posknafanys Xesicaina :

H(O)Jrg H(P,')epit
Q0) ;1P O(p;)
ge H (p) i Q (p) - BLANOBIOHO MONIHOM YHCENbHHKA 1 3HAMEHHHMKA
¢yuxuil W(p); p; - KopeHi piBHAHHS
Q( 49(p)

Q) =0, Q'(pi)=

)= (1.21)

= (122)

1.5.1. TunoBi CHrHAMH , AKi BHKOPHCTOBYIOTbHCH AJIA BU3HAYEHHH
AMHAMIMHHX BJIACTHBOCTE# eNeMeHTIB

Jl1s OuiHKM JMHAMIYHHX BIACTUBOCTeH eeMEHTa CHCTeMM HeoOXiJHO
MaT pose’i30K AudepennianbHoro pipHaHES (1.9), mWo 6yne MOKIMBUM, KONH
BinoMHuil BXinHMit BIUWMB x (7). IIpoTe B peansHHX yMmoBax pobOTH BXiaHa
BENIHUHHA KOXHOI'O &IEMEHTa MOXe OyTH [HOBINLsHOK (yHKuiew yacy. Binel
TOI'0, BOHA MO 3MIHIOBATH CBIH Xapaxrep 1IpY NCPEXOJl BiX OAHOIO pEXUMY
poGoTu cucremu no ixuoro. 1106 He Bapirynaty KOXeH pas OKpeMy 3ajaqy
NOCHIDKEHHS JIMHAMIKM EEMEHTa TPH KOHKPETHOMY BXITHOMY CHTHafi, a
OTPHMATH NOCWThH HOBHE YSBACHHS MpO INMHAMIYHI BNACTHBOCTI eleMeHTa
BHACNINOK GIHOTO PO3B’S3aHHA PIBHSHHS (UHIMIKH, TOMINBHO RBECTU HeAKHH
THIOBAE EBRMMR x(t), wWo BimoOpaxye wHalbitemr Tokkumil abo He#GITbW
Biporijsui pexuM poboTH eeMeHTIE.

Tunosi 36ypoBafLHi BINMBY, WG OONAOTH HA BXiA  ENEMEHTIB,
HA3UBAIOTLCA CHIUMPTIOBANBHUMY CUZHAAGMY, 3 BHXIARY BEIWIMHY, #KY



OTP¥MYIOTE BHACHIMOK Ji] 30ypeHHS Ba BXOAl, Ka3MBAIGTh pedryicio Ha
cmuMymo8anvry 0.

B AKOCTi CTUMYMOBAIBHMX CHTHANIB BHKODMCTOBYIOTH TaKi THIIOBi
BIVIMBH: ONMHMYHY OYHKIiIO; XeapTa-QYHKU{IO; ONMHMYHME rapMOHiYHHH
curHai; creneHesi GyHKLii yacy.

Opunnuna Qynxuia 1(t) - dyskuis, He3MiHHa 3a BENMYMHOKW i
IOPiBHIOE OJMHMIII NS BCIX MOMEHTIB Yacy > 0, a Js 3Ha4eHb {<( TOTOXHO
nopisHioe Hymo ( puc. 1.6, a ).

AHaliTHYHO ORMHMYHA QYHKUiA MoXe OYTH TIIpeACTaBIEHAa TaKUM

YHHOM:
0 opm 1 <0,
1@=4 P (1.23)
1 npu t20.
1lro dyHxLiro MOXHA OTPUMATH 3 HemepepBHOi QYHKIiT
f(t.8)= :lz—+—1—arctg pt (1.24)
P2

BHACJIIOK PAHUYHOTO MEPEXORy NpH P—>00, 0OMEXYIOUHCh PO3TILIOM

. . w T
TOJTOBHUX 3Ha4YE€Hb B IHTCPBaJll — —2- < arctg ﬂt < —i- N

lim f(t,b’)= lim (1—+~]~arctg ﬂt)=l(t). (1.25)
pom» ﬁ—-)oo\z n

Ha mnpakrdni BHHMKHEHHS OOMHMYHOIO BXiAHOIO CHTHAaLY, IO
onHcyeTses (QYHKHIE /(¢), € BENBMH THIIOBUMM, HAIPHKIAf, IiJKIOYEHHS
HOCTIKHOI HANIPYTH [0 BXOLY €JIEMEHTa.

HeabTa-pynknis 5(t) (bynkuis [lipaka) sBige cobow iMIylbe
HECKIHUEHHO BEJHKOI aMIUIITYIH 3 HECKIHUEHHO Mok TpuBalicTio (puc. 1.6,
6). AHaniTuyna ¢popma npencrasieHEs 5 -GyHKuil Oyae Taka :

f(t,w) 1(t) 1(t) (1)

2

0 t
a) 6)

Puc. 1.6, Tunosi Brumed. a) oJuHEIHA GYHKUIA 1 1i ampokcnMalis;
6) menpra-Ppywkuid i ii aAmpoKcHManig



o e npu =0, e
() i\O npu t 0, (1.26)
(<]
[6(t)r =1. (i.27)
—o0

Mix 0fHHHYHOIO PYHKUIEIO 1 S-PYHKUIE iCHYE 3B 430K Y BHIVISAL
d
olt)=—1(t). 1.28
()= (1) (1.28)

Oynknito Jlipaka MOXHa OTpUMarTH TaKoX 3 HerepepBroi Qyuxuil
(puc. 1.6, 6):

5(.8)= df(’ . __F (1.29)

)

IISIXOM MPAHAYHOTO Hepexony Ipu ff — o, T06T0

0 npu t#0,
= 30
B> oo B—)oon(Bz 2+1) %=<° npu t=0." )

InTerpan B MeXkax Bifl -o 10 ® Bij § -QyHKIII JOPiBHIOE OTHHUILI.

KopoTko4acHi IMIyibCHI BIUIMBH, WO aHajoriuni ¢ywkuii Jlipaxa,
NMPAKTHYHO 3yCTPIMAKTHCA AOCHTE YacTo. Hampukian, elexTpHanui iMmysise i
1 Mc st 3BHYAHAX CHCTEM PEryIOBAHHS HANPYTH MOXHA BBaXATH NOAIOHMM
1o menpTa-QyHKUil 6(f)

Oapuuunuii rapMOHiYHMH CHI'HAJ e/ - TapMOHIYH1 KOJHBAHHA 3
[OCTIHHOIO aMIULTYAO0, #Ka JopiBHIoe omuHuui. LleH cTuMysosansHuil
CUTHAJI MOXKE 3a[aBaTHCh AK B KOMILIEKCHiH opmi
e/ =coswt + jsinat, (1.21)

Tak 1 B AiMcHi# dopmi, y Bumaai  cuHycoizanbHoro  abo
KOCHHYCOIAATbHOTO KO/IMBaHHA

x(t) A sin(wt + o)
x(t)= A cos(mwt + @)

Tyr A - aMmniTysa KONHBatb, SKa AOPIBHIOC OJMHHUII : © - KPyrosa

o P

(1.32)

4T
4acToTa , AKa BU3HAYACTHCH AK

. ne T - mepion : © - nosaTkoBa (asza.

Bxianuii rapMOHIMHRE CHI'HAT IINPOKO BUKOPHCTOBYETHCA B MACTOTHHX
MeTO/IaX AOCTiKeHHs eneMenTiB Ta mpucTpois CYA.

CreneHeBMii CTHMYIOBAILHI BILTHBH ABISIOTH COOOIO PisHi cTeneHesi
dyHKIiT yacy. Ha mpakTuii BAKOPHCTOBYIOTECS JiHilHA, KBaapaTuHa, Ky0iuns
crerienesa (yHKIIT, aHaITHIRNH BHPa3 KOTPUX BULTOBIHO Mae BUL

x =kit;:  x() =kt x(t) = kst (1.33)

Po3rnsHyTi BHAM CTHMYJIIOBAILHKX BITNHBIR MAXTh PIIHE IpU3HATCITAS.

B Bumanxy BHKOPHCTAHHS OJMHMMHOIO CUS[IEHCROTS BILIMMY SBIL iaieped



OKpeMe DO3B’A3aHHS HEONHOpiZHOro mHQepenuiitoro pisusiuag (1.9) npu
x()=1(t), To610 Nepexinxuit mpoltec, AKUM BHHUKAE B €JIEMEHTI IPH NEPEXOIi
HOro 3 omHOro CTaHy piBHOBary AC IHLIOrO. BMKOpHMCTaHHS TapMOHIYHOrO
BILIMBY JI03BONAE€ OTPHMATH pO3B’A30K HEOJHOPIAHOTO piBHAHHS, IO
BiJoOpaxye BUMyLICHHH pyX eneMeHTa.

TaxuMm 4HHOM, B 3aNeXHOCTI Bil BHKOPHCTAHHA II€BHHUX THIOBHX
CTMMYIOBRIPHHX BIUIMBIB MOXHa ITOIUIMTH [JHHAMIYHI XapaKTepHCTHKH
€/IEMEHTIB Ha J1Ba THIH: ¥acoel, AKi XapaKTepu3yloTh BIACTUBOCTI EIEMEHTIE B
nepexigHOMY PeXuMi, i uacmomni, K BiA0OpaxaroTh BIACTHBOCTI €1EMEHTIB Y
BHMYILIEHOMY pyCi.

CreneneBi CTHMYIOBaNBHI BIUIMBH BUKOPHCTOBYIOTBCH Ajis AOCHIKEHE
JMHaMiYHUX BJIaCTHBOCTEH €NEMEHTIB CHCTeM, AKI MpAilloioTh B PEXUMI
CITiIKyBaHHA.

1.5.2. Yacosi aunamivsi XapakTepHCTHKH €1€MEHTIB
YacoBl OUHAMIYHI XapaKTEPUCTHKH SBIMIOTH co0O0K dyHkuii vacy i

CILy>XaTh I OUIHKH AUHAMIYHUX BI1aCTHBOCTEH €TEMEHTIB IPH TX JOCITLIKEHH]
B 0bacTi AifcHOT 3MiHHOI 1.

h(t) T 6)

N\

2A

a)
hyer B

T

Puc. 1.7. Tlepeximui ¢yHkuii enemenra:
a) eKCIIOHEHUianbHOTO THITY; 6) KOMBATBEHOIC THITY
Po3pisHMIOTs RBa BHAW HYaCOBHX XAPaKTEPUCTHK: nepexiowi - h (1) i
iMnynvcHi — w(t).
IlepexinHol XapaKTepHCTHKOW eNeMeHTa HazHBAETHCH PEaklis LLOro
€JIEMEHTa Ha CAMHUYHY QVHKILIO.

3 HaBENEHOrO BH3HAYEHHS BUIUIMBAE, 1IN0 IS 3HAXOKEHHS NIEPEXiAHOL
XapaKTepUCTUKK JiHifHOro elxemenTa HeoGXinHO pO3B’I34TH HEOLHOPiHE
PIBHSHHSA PyXY IBOTO eTEMEHTa 33 YMOBH, 11O BXiHMH BIUIMB x(t)=1(?).

3a BUIIAJI0M NEPEXiHOT XaPAaKTEPHCTHKH poBIATH BHCHOBKH PO SKICTh
€1eMEHTa, OLiHKA SKOTC IIPOBOAMTBECHS 34 TaK 3BAHAMM  [OKA3HHKAMM

I8

et



nepexiaHoro npouecy. POSTisiHeMO 1T HOKS3HE KK ANK JBOX BHIB NePeXiinore
npouecy: anepioduunozo (puc.1.7, a) i konusarsrozo (puc. 1.7, 6).

Jnsi  anepioduunozo NpoLECy, SKUH BHHUKAE B CHCTEMi [repiooro
TIOPSJIKY, XApaKTEPHUMH IIOKa3HHKaMH Oy Ty Th:

1. Iocriiina yacy enementa 7, sika BU3HAYA€THCs BENHUMHOIO BiApizKa,
IO Bifcikae Ha JiHII YCTANEHOrO PeXXHMY JOTHYHA, KA [IPOBEAeHa 10 KPHBOI
h(t) ua no4aTKy KOOpAMHAT. '

2. TpuBanicts nepexigHoro mpouecy T, ska HabGIMXEHO JOPIBRIOE
NOTpifHOMY 3HaYeHHIO nocTifinoi yacy 7, = 37.

3. CraTHYHA NOMHJKA A, SKa fABIA€ COOOK BiIXUAEHHS BHUXIAHOL
BENWYHBM Y(2)=h(t) Bil ycTaleHOre 3HAYEHHA IO 3aKiHYEHHIO Hacy, MO
LOPIBHIOE TPYBATOCTI MEPEXiTHOIO IPOLECY .

JIns konueansHo20 TPOLIECY MOXKHA Ha3BAaTH TaKi [IOKA3HHKY:

1. TpusanicTs nepexiguoro mupomecy 7T, - 4ac, 32 AKui BHXilH2
BENHYMHA TpPH IOAANBLIA CBOIH 3MiHi Oyle BiAXHIATHCH Bifl YCTANEHOTO
pexuMy He Ginbiy, HiXK Ha BEIMYMHY CTATHYHOI IOMUJIKM A .

2. KoamBanpHicTh, TOOTO YMCIO KOJNMBAaHb 32 4ac HEPEXiZHOrO
npouecy
v =L (1.34)
Ty

ne Tp - yMOBHUA Nepio]] KONUBAHE.

3. MepeperynoBaHus, SKe ABIAE COOO BiJHOLIEHHA MAKCHMANBHOTO
BIAXWICHHS BUXiAHOI BEIHYMEM BiJi YCTAJCHOTO 3HAYEHHA OO YCTANeHOIO
3HaYeHHA

h h
o= YR 100 % . (1.35)
yem
4. KoegiuicHT 3racanus - Bi/(HOMEHAS CYMDKHHX [IEpeperyJitoBaib
=22 (1.36)
a1

5. CraTn4Ha noMujIKa A < 3..5% ycTajneHoro 3HauyeHHs.

TakuM 4YMHOM, BH3HAYMBIIH MEPEXiTHy XapaKTepUCTUKY CIEMCHTa
UIISXOM PO3R’A3aHHS HEOJHODIZHOrO IH(EpeHIiamLbHOTe PiBHAHNS  (pH
OJMHMYHOMY BXiJHOMY BIUIMBOBI i HYIHOBHX [OYaTKOBUX YMOB3X, MOXHA
0XapaKTepu3yBaTH  AWHAMIYHI  BJIACTHBOCTI  €NEMEHTA,  KODPHUCTYHOHHUCH
HaBeJeHHMH NIGKa3HUKaMY SKOCTI.

IMNYILCHOIO XapaKTePHCTHKOI0 HA3HBACTBCA PEAKiis eNeMeHTa Ha
CTAMYIIOBATLHHM BILIUB, O ABIfE co6010 & -QyHKILiIO.

IMIYABCHA XApaKTEPUCTHKA € MOXiTHOIO BiJl MEPEXiAHOT XapaKTCPUCTHKM

w(t)= dh(” (.27



Le Burikae 3 pismsmHs 38°s3Ky (1.28) mbx oguHuunOW QyHKUiew 1 6-
OyHkniero. 3 iHmoro §oxy IMIIyIbCHA XapaKTEPUCTHKA w(!) IOB’s3aHa 3
epeaTOYHOI0 ByHKIlieko enemMenTa W(p) 3B0pOTHAM nepeTBopernam Jlamnaca

1 o+ Jo
w(t)=— [W(p)eP dp . (1.38)
2nf .

o — jo

Orxe, w(?) € BUIEPITHOIO XapaKTEPHCTHUKOKO JHHAMIYHUX BJIACTHBOCTEH
eJIEeMEeHTA.

1.5.3. YUacToTHi XapaKTePHCTHKH eJIeMEHTIB

Peakuia eneMeHTa Ha BXIJHWH TrapMOHIMHME CHPHaJ MOB’fA3aHAa 3
MOHATTAM YaCTOTHUX GYHKIIM.

SAxwo Ha BXiZ NiHIRHOIO eneMeHTa MOJATH T'apMOHIYHMA BIUIMB -
CUHYCOiflalbHi KOMMBaHHA 3 LMKJIIYHOK YacTOTOW &, aMmmumtyaow X i
[I04aTKOBOKO a0 ¢;(a) :

x(t) = Xsin [axt + ¢,(w)],

TO MWiCNS 3aKiHYEHHS MEBHOTO dYacy Ha BUXOJAI OYyAyTh TakoX
CMHYCOiflaNlbHi KOJIMBAHHA, aJie 3 iHWIOM0 aMILIiTYyno Y i nogaTkosoto azoro
92 (0):

y(©) = Ysin [ox + o))

IIpu pisHux 3HaYeHHAX © BigHomIeHHA ammiitynq K(w) Buximsoro Y i
BXiJHOTO X KONHBAaHb a TAKOXK Pi3HULA Qa3 ¢(@) = @A @) - ¢,(«) Ma10Th pi3Hi
3Ha4yeHHs. 3B’A30K MDK IapaMeTpaMH BXiZHOTO i BHXiJHOTO KOJHBAaHb IpH
PI3HHX YacTOTax ONUCYETCA AMMIIMYOHO-(PA306010 HACMOMHOK (PYHKYIED
(ADUX) abo xoMIUIeKCHHM KOoeQilliEHTOM nepenadi:

Wiw) = K(w)e’* ™. (1.35)
s dyukuis Moxe OyTH npeicTaBieHa y BUrISIi
Wiaw)= A(w) + jB(w), (1.40)

ne A(w)i B(w)- sinnoinHo nificHa i ysBHa 4acTOTHI QyHKUil:
A(w) = K(w) cosp(w);

B(w) = K(w) sin p(w). (1.41)
jBlw)
Aw;)
< >
i Alw)
(@) ©=0
-jB(on}
K(ay)

Puc. 1.8. Habnmxeuu#t BHrasL aMnmiTyano-hasosoi
XAPBKTEPUCTHKY

A
JuU



[pu rpadiunii nobynosi QyHxwil W({w) 8 KOMILIEKCHIR 1UI0LUMHI B
3aTeXKHOCTI Bil 3MiHM @ (Hanpuknazg, Bif 0 1o ) kiHeup Bektopa W(jw)onucye
Ha KOMIUIEKCHIH IUTOMMHI AesAKy xpuBy (romorpad), sixa € aMIUITYyIHO-
da3oBoo xapakTepucTkow. Jlnsg npuknany Ha puc. 1.8. HaBeNeHO oIuH 3
BUJIB XapaKTepUCTHKH W(jw) BexTop, sKHH IPOBENHU 3 [10YATKY KOOPANHAT B
Oyab-SKy TOYKY XapaKTepUCTHUKH (@= @), BH3Ha4ae aMnnityny i ¢asy npu
BiiOBIAHi# vacroti, Hanpuxian K(w;) 1 @(@y). 31 36iABIICHHAM YacTOTH @
JAOThCS B3HAKM IHEPIiMHI BIACTHBOCTI eNleMEHTa 1 aMILITyda BHXIABAX
CUI'HaNiB 3MEHINYETHCH 0OpH HEe3MiHHIA aMnniTyal BXIZHUX KONMUBaHb, &
BificTaBanus no ¢a3i BAXIQHAX CHUrHaliB BIAHOCHO BXiZHHX 30iMBHIYCTBCH.
Haiibinsuie 3pavYeHHS aMIUIITY/IM BUXITHAX CUT'HAJIB Bi/UIOBia€ 4acTOT @ = 0.

AMILTITYAHO-(a30Ba XapaKTepHCTHKa O0’€Hye IBI XapaKTepUCTHKH -
amIriTynHo-4actotiy (AYX) i daso-uacroray (PUX).

Oyukuis K(@)=|W({w) e anamituuanM BupazoM AYX eremenma. Y
BiAnogigxocTi 3 (1.40)

K(©)=(jo)=\A%(@)+ B2(0) (1.42)

AYX nokasye 3MiHY BiJHOLUGHHS aMIUTITYA BMXifHOro i sXigHoro
CHTHAJIIB B 3aJ€XKHOCTI BiJl YaCTOTH BXiJIHUX FAPMOHIMHHUX CUTHAB.
OyHkLig @(w), Ka gBnse cobow0 pisHUI (a3 BXIAHOro i BUXiAHOTO
KOJIMBaHb, € aHATITHYHUM BUpazoM QUX:
B{o) ,

o{w)=arct @) (1.43)

I'padivny nobynosy ¢yHkuill K(@)i @(w) 9acTo 3py4HO BUKOHYBATH Y
BHIJIS] IOrapUdMiTHUX HACTOTHHX XapaKTepUCTHK. SIKINO npoiorapadMyBaty
Bupa3 (1.39), To OTpUMAEMO 3ANCKHICTh

InW(w)=InK(w) +jo(a),

AKa CKIaJaEThcd 3 AIMCHOI 1 yABHOI YaCTHH, KOXHY 3 AKMX MOXHA
306pasuty rpadivHo B Gynkuil sorapudma vacrot. 3amicts [nK(w) 3azButiai
posrnsgaoTe Gyuxkuilo L(w)=20 lg K(w), rpadiuse 306paxenns sxoi B
norapupMivHOMy MacitiTabi 4acTOT HA3UBAETBCS A02APUPMILKOIO AMNTIMYOHO-
wacmomuoro  xapakmepucmukore  (JIAYX); onunMucic i BUMIpIOBAHME €
neuuben. OyHkuis @(w), sxa ncdymoBaHa B JiorapudminHomy Macurrali
YACTOT, HABUBAECTHCA JO2APUPMINHOIO GAB0-YACMONMKOIO XADGKMEPUCHIKOK
(TPUX).

Ilpu BIUTHBI Ha eJeMeHT CUrHally BilbHOT GOpME HOr0 MOXHA PO3KIECTH
3a gomomorol psgy Pyp’e Ha UPOCTI TapMOHIYEI CKnagosi 1 oTpHMaTH
PE3YIILTAT 3aralbHOrO BIMUBY SIK CYMY BIUIMBIB Bil OKDEMHX CKIEACBUX.

Hepexiany, iMIynbcHy i 4acTOTHI (aMIMITYAHO-(A30BY. aMILTITYAHO-
4aCTOTHY, (Pa30-YACTOTHY) XapaKTCPUCTHKH €NSMEHTa MOXHA BH3HAYWTH 33
nudepeHIiabHIM PIBHSAHHAM €JIEMETs TPH BAMOBIUIHOMY BXiNHOMY BURHEL.

)



Ilepeniveni Biile XapaxiepHCTHKH MOKHA 3HAHTH EKCIIEPHMEHTANBHO, SKIIO
PIBHSHHA eJIeMEeHTa HEeBiIOMO.

3a OTPHMaHMMM  XapaKTepUCTHKAMH  MOXHA, BHKOPHCTOBYIOUU
BiAnoBiAHI ¢opMymny, 3HaWTH BHXiZBY BeNMuMHY y (1) enemeHta npu Oyas-
SKOMY BXiJJTHOMY BIUIMBI.

Sxuwo BigoMo mudepeHIiaTbHe PIBHAHHA U1 HEPEXiHOTo MpoLecy, To
Opd  BH3HAYEHHI  [JWHAMIUHMX  BJIAaCTUBOCTEH  ejieMeHTa  JONiNBHO
BUKOPUCTOBYBAaTH MEPeNaTOYHy GyHKIIIO.

SKuio BiIoOMa NiepelaTOYHa (QyHKLIA, TO MOXHA HalWTH IHIUI AMHAMIYHI
xapakrepuctukyu. Ockinsku nepersopeHss Jlaruiaca Bin oamumuHoi QyHKUil

1 . . . - ‘ e
L[(H)]=—, TO OpM BU3HaueHH| mepeximHoOi QyHKUil A(?) po3B’s30K NiHiHOTO
P
PIBHSHHA eJIeMeHTa IIPH x(7)=1(?) Ta HyJbOBHX NOYATKOBMX YMOBAX PiBHOLIHHO

. 1 . . .
BU3HaueH!0 opuriHana no06ytky —W( p). IlepexinHa ¢dyHKUiA B onepaTopHil
P

dbopmi
1
H(p)=W(p)—,
P

OTXKEe

wie)=r| WP

Taxum yuHOM, nepexinHy QyHKI[O MOXHA 3HAUTH 32 11 NepeaaTOuHO
tynkuiero. Ockinpku, neperBopeHHs Jlannaca BiJ OJUHWYHOrO IMIYJNIBCY

L[é‘(t)] = 19
~1 -
w(t)=L"[W(p)],
TOOTO nepeaaToyHa GyHKI € 300pakeHHsM iMnybeHOT byHKIL
AMnitTyaHo-asopa qacToTHa (yHKUWis Moxe OyTH 3Hailena 3
nepeaaroyHol GyHKHI HLIAXOM pocTol 3aMiHK p HA j@).

wijw)= 202

'Y(p ) Ip= j[g
3aKoH 3MiHM BHXiZHO! BENUYVHH P(f) MOXHA BH3HAYUTH 3a JOHOMOIOIQ
onepaii 3B0pOTHHOTO TlepeTBOperHs Jannaca (L),
op+jw

1/W(p)-X(p)]=-2——. [ X(p)-W(p)-eP'dp,

-

y)=LY(p))=1"

oy~ jo

ae op— abcuuca abcomotHoro 30iranHs dyHKUil v(2).

BusnaueHHs AWMHAMIYAMX  BIACTUBOCTEN  OKpeMHMX  JiHIHHUX |
SiHEapH30BaHHX €NEMEHTIB | JOCHiAKEHHS aBTOMATHIHOTC IIPHCTPOK) B I(LIOMY
NIONIETIUYETHCY B pa3i NOJAHHSA eNeMEHTIB THIIOBHMH JIaHKaMH, sKe 0a3yeThes



Ha eITROCTI AiHIAREX JBdepe albHUX PIBHIHb, 110 CHHCYICTH ApOLecH
B Di3HUX eNleMeHTaX.

Tunosa nidiina nauka (i MoXe BiJIOBINATH pealbHHN eleMeHT abo
KkoMOiHaWis KIMBKOX €JIeMEHTIB, a iHOAI YacTHHa eNeMEeHTA) ONUCYETHCA
audepeniiaipHAM PIBHAHHIM He BHLIE APYroro nopsaaky. Taka naHka BoJofie
HaNpaBjIeHOK BJIACTHBICTIO, TOOTO NpONycKae KepyBadbHHH BIUIHB TIILKH B
ONIHOMY HANpAMKY: BiI BXOAYy 1O BHXoay. JubepeHuiansHi piBHAHHA THIOBHX
NiHIMHEX JIAHOK MOXXHA CKIAJATH HE3aleKHO BiA IHIUMX JaHOK, OCKITHhKH
3aBIAKH OJHOHAMpABIEHOCTi Ail MiNKIOYEHHS HACTYNHOI JIaHKH He YHHHUTH
3BOPOTHOT JiiT Ha TTONEPEHIO JAHKY.

Bxasana HampaBneHa i 3abe3meyyeThcs 3a YMOBM, IHO BHXiJIHA
NOTYXHICT, [ONepenHs0] JAaHKM 3HAYHO Oinbla BXIAHOT JIOTYXKHOCTI
HacTynHoi nanku (To0TO MonepejHs NaHKAa [TOBUHHA MPALIOBATH B PEMHMI,
AKkuit Habmxenuit 1o Hepoboyoro xoy). Jladka Takoxk BONOAIE HETEKTOPHUMH
BJIACTHBOCTAMH, SKIIO BIUIMB HABAHTAXKEHHS CKOMIIEHCOBAHO.

Byas-sika nanka Ma€ BXim - Miclie NpPHKIAJSHHS BIUIMBY Ha JIaHKY, a
TaK0X BUXiJ - Miclle, A€ IIPOSBIAETHC BIIMB Li€l JaHKU Ha HacTynHy. KoxHa
TUITOBAa JIAHKAa XapaKTEPH3y€TbCA CBOECIO NepefaTodHolo dyHkuiewo, Sxino
BIIOMi JJAHKM aBTOMATHYHOI CHCTEMH i TX mepenatoqHi GyHkuil, To 6y an-aKy

CHUCTEMY MOXHA NPENCTABUTH SIK CYKYNHICTh NEBHHM MHHOM 3’€JHAHMX
TOMbK co60K0 THUIOBHX JIAaHOK Hanpasienoi Ail, Aki 3aMiHIOIOTH pealibki
eJIeMEHTH, TOBTO Y BUITISIII eKBiBATIEHTHOI CTPYKTYPHOI CXE€MH CHCTEMH.

Iis  mepesaxHol OinblIoCTi CHCTEM AaBTOMATHYHOIC  YIPaBIiHHA
pO3pI3HAIOTE Taki OCHOBHI THHOBI JIaHKHM: arnepiofivdia, KOJHMBalbHa,
iHTerpyBannHa, nAHdepeHUiloOBaNbHA, NiJCHIIOBANPHA | NaHKA 3 TOCTiHHMM
3alTi3HEHHSM.

Tpeba Big3HaymrTH, IO OAMH i ToH Xe enemeHT abo xomOinalis 3
JEKLIBKOX €JIEMEHTIB MOXe BiHOCHTHCH IO pi3HHX THIOBHX JIAaHOK B
3ATIEKHOCTI Bl TOTO, AKI GI3U4HI BETMYUHN NPUHHATI 32 BXiXHHMHA X 1 BHX1AHUH
¥ CHTHAIH.

Anepioduunoro (IHepLifHOIO) HA3WBAETLCA JIAHKA, B FKIH IpH nojaqi Ha
BXif{ OJIMHHYHOIO CTYNIHYACTOrO BIUIMBY BHXIIHWH CUTHAN anmepioauy¥HO 3a
eKCIIOHEHIIATbHAM 3aKOHOM IparHe [0 HOBOrO YCTAaNeHOry 3HAYCHHA.
XapaktepHum ans anepiopnunol maHxku Oyme-akoi ¢isuquol mpupony € 1i
inepuiiinicts. Takii nanui BiAnoBimae NpucTpildf, AKuMi, 3a3ByYal, MiCTHTH
eNIEMERT, 110 MOXKe HaKOIMYYBaTH eHeprilo abo pedoBHHY, a TaKOXK €JIEMEHT,
KUl CTBOPIOE OILIp NOTOKY eHeprii a6o peyoBnH.

HunaMmiufi BacTHBOCTI anepiogAWdHoOl JIAHKH OIHCYIOTHCS
HalinpocTiinuM audepeHIiaTbHIM PIBHAHHAM NEPIIOTO MOPAIKY

r PO ) k), (1.45)
dt

a mepenaTouna GyHKIisS Mae BUIIAN



o

wip)= K

T, P +1

ge K - mepemarounuit xoedilieHT naukd; I — craja dacy, fKka

XapakTepu3ye IMBHUAKICTH NPOTIKAHHS anepiofuYHOro eKCIOHEHUialbHOro

NepexXifHOro IpOHecy; BOHAa 3aleXMUTh BiX QI3MYHMX NapaMeTpiB Kona,
Hanmpuknag, R, L, C.

IMpuxaagaMu eeMeHTIB, SKi MOXHA PO3MIIAAATH SIK ANEPioMYHI JIaHKH,
MOXYTb CIYXUTH enekTpu4Hi xoutypH TMry RC abo RL, pi3Hi HmpHcTpoi, mo
MaloTh IHAYKTHBHICTE 800 MaXxoBy Macy, i iH.

Konusanvnoro HalMBaeThCs JlaHKa, B SAKIH 0OpU  1ojadi Ha BXIiX
OJMHWYHOrO CTYMIHYacTOTO BMIMBY BHUXiIHUA CHTHa3X IparHe OO HOBOIo
YCTANIEHOTO 3HAYEHHS, 3AIACHIOIYM BifHOCHO HBOTO 3racaroui xonmusaHHi. Lle
TaK 3BaHa CTiifka KOIMBadbHA JlaHKa. XapaKTepHHM JUIS  EIEMEHTIB,
BLAMOBIZHUX KOJMBAILHIA NaHI|, € HasBHICTh He MEHIUE JBOX HAaKONMYyBayiB
eHeprii, sAKi MaiOTh BJACTHBICTH OOMIHIOBAaTHChL 3aracamMm eHeprii. SIkimo B
npoueci 0OMiHy 3aranpHui 3amac eHepril B JIaHUI 3MEHIIY€ETbCSA, TO KOMHBaHHS
3racalTh, i JIdHKa € CTilikowo. B crifikiif konuBanpHiH naHUi OKpIM JBOX
HAaKOfIWYyBa4iB eHepril NOBHHeH OyTH INe eNEMEHT, SKHi MOoXe po3CiloBaTH
eHepriio.

Junamivni BIIaCTHBOCTI KONUBAJIBHOI  JIaHKHM OMUCYIOTBCA
nudepeHiUTbHIM PIBHAHHIM JPYTOro NOpSaKy :

(1.46)

2 ,
Tzfi-—y—(t—)+2§Tdy—(t)+y(t):Kx(t), (1.47)
dt2 dt
a nepeatouHa GyHKIlis Mae BUTIST
K
W(p)=—55 (1.48)
T2p% +26Tp+1

ne K- mepepmarousuii Koe®ILieHT NaHKH, SKAH JOPIBHIOC BiJHOMIEHHIO
YCTANleHUX 3HAYeHb BHUXINHO! i BXimHOI BenmwyuH ; & - BiAHOCHUH KoediLieHT
3racaHHsl.

IMpuxnagom KOMMBAXBHOT TAHKY MOXeE ClyryBaTH €NCKTPHYHHH KOHTYp
RLC.

HuHaMmiyHi npoilecu B MeXaHiuHiH KOJIMBANBHIN NAHI | eNeKTPHYHOMY
KOHTYpi  aHamoriyi, OCKIIBKM  BOHY  OIUCYIOTBCS  OJHAKOBHMHA
oudepeHiaTbHIMY piBHAHHAMHU. B MexXaHiYHIH KonuBanbHiM NaHIi Maca ¢
aHANOTOM 1HAYKTHBHOCT, NPYXHICTh - QHAJIOIOM €NeKTPUYHOI E€MHOCTI, a
MeXaHiYHUH OIip - aHATOrOM eJJEKTPHUHOTO OTIOPY.

Inmezpysanvholy Ha3UBa€ThCs JaHKa, B AKif BuUXigHMH  curHan
NIPOTIOPLiMHKA 1HTErpany 3a 9acoM Bif BXiJZHOTO CHIHANY, TOOTO MIBHAKICTH
3MiHH BEX1JHOTO CUTHATY OPOMOPLIifHA BXITHOMY CHIHAIY.

JunaMivHi BIacTUBOCT! IHTErPYBANBHOI JTAHKH OMHUCYEOTHCH PiBHIHHSAM



t . ‘
y(t)=K [x{t)dt abo %:1@(;), {1.49)
0
a nepeziaToyHa (QYHKIIA Ma€ BUTIA

wip)==, (1.50)
14

ae K - xoediuieHT mporopuifiHoCTi, sikvid mo aHamoril 3 momepeaHiMH
JaHKaMH MOXHA Ha3BaTH HepefaTouHiM KoedilieHTOM.

[HTerpyBalibHOIO JIAHKOIO 38MIHIOIOTH, HANpUKAAJ, eNeKTPOABUIYH
MOCTIHHOIO CTPYyMy He3anexHoro 30y[KeHHS, SKIO B AKOCTI BXiAHOT
BEJIMUMHH NPUMHATH HANPYIY, SKy IiABOAATHL A0 SKOpS NBMIYHA, a BHUXIAHOI -
KyT 3cyBy sAxops. HexTyioud MexaHIqHOW iHepLiHHicTIO skops i
iHAYKTUBHICTIO HOro 0GMOTOK, MOXKHa BBRXKATH, [0 iCHYE ITPOIIOPLIHHICTE MixK
HATIPYTOI0 HA AKOpl i WBHAKICTIO 3MiHH BUXiZHOI BENHYHHH, TOGTO KyTOBOKO
IIBUAKICTIO Bajia B Oy Ab-KMH MOMEHT 4acy.

Mugepenyiroeanvroo Ha3sUBaecTbCs Jiahka, B sAKiH BUXigHuH curuan
NPONOPIUiAKMI TOXiAHI# 32 HacoM BiX BXigHOro curaany, To0TO BUXiAHMH
CHIHaj IpONOPUIMHHA MIBUAKOCTI 3MiHM BXiIHOTO curHanmy. 3rigHo 3
BH3HAYEHHAM

W(p) = Kp,

ne K - xoedillieHT neperadi JaHKHU.

Jlanka 3 TaKow IMepeiaToyHO (YHKLIEI € 1JeansHol0, TOMY NIO
IPaKTUYHO peani3yBaTd 00Ai0H] TaHKH B TACHBHHX CXEMaX HE BAAETHCA.

Iepenatouna dyHKuis peanbHoi qu(epeHIIIOBANBHOT IRHKH MAE BUTIISL

W(p)=—@». (L.51)
Tp+1

Tpeba BiazHaunty, WO [Is JUQEepeHIIIOBANbHUX JNIAHOK (Aa3z0uacToTH
XapaKTEPHCTUKK JI03UTHBHI, 4 aMIUTITYJHOYACTOTHI 30i/bILYyIOTECS 3 POCTOM
yactoty. s anepiofMuHMX, KONMBAIBHMX 1 IHTErPYBAIBHHUX JIAHOK
(a3oyacToTHi  XapakTePHCTMKM  HeratWBHi, a  aMIUITYJHO-YacTOTHI
3MEHILYIOTHCS 3 POCTOM  YacTOTH. JIR)epeHLIIOBANBHI  JTAHKM  4acTo
BHKOPHCTOBYIOTHCA B CHCTEMAX aBTOMATHHHOIO YIPABIIHMA ANs KOMNERcauii
3ani3HeHHs, NiABHIICHHS IKOCT PerymoBanHs i 3a6e3neyeHHs CTIHKOCT,

Hidcumosansroro (MPOHOPLIHHOK) HA3MBACTHCS JIaHKa, B AKiA BAXigHUM
curHan B Oyae-aKMil MOMEHT 4acy HponopuiiHuil BxiaHomy curHanmy. Ha
BimMiHy BiZ IHIIEX [iACWTIOBANEHA JIAaHKA ONMCYeTbCs — anrebpaiyHuM
PIBHSHHAM, B SKOMY BIAGCTHBOCTI JAHKH BH3HaYalOThCH KoehilieHTOM
mijgcunents K.

TepeparoyHa QyHKIia NiACHIIOBAIbHA TAHKK MAE BUITISLL

W) =K. (1.52)

TeopernyHO Le 3HA4MTh, WO MIJCKIIOBANBHE JAHKA MOBMHHA
3MACHIOBATH KIACHWICHHSA (NEPeTBOpPEHHA) 1 Tepelady MMTTEBHX 3HavyeHs
BeMYMH €3 BUKPUBIECHHS i 3ani3HeHHS.



Taxi BAacTMBOCTI MAaiOTh E€NEMEHTH AaBTOMATHYHMX CHCTEM MIPH
BIICYTHOCTI HAaKONM4YyBa4iB eHeprii, konu 3alesneuyerbcs OesiHepUiliHiCTh
eIEMEHTIB YW JIaHOK | HEBHKPHBIEHA Ilepejada BIUMBY. Aje HOTpiOHO
naM’sTaTd, L0 peajibHi eneMeHTH B Til abo iHmIHA Mipi € iHepuifteuMy i
"enigitnumu. Tomy, mo6 Bu3HauMTH, 4K € Oe3iHepuidHUM ToH abo iHIMMH
€JIeMeHT aBTOMaTHYHO! CHCTEMH, HeoOXifHO MOpiBHATH Horo cramy 4acy T 3i
CTAIMMH Yacy iHIIMX JaHOK CHCTEMH, IHEepIiHHICTh AKMX MOBHUHHA OyTH
BpaxoBaHa.

[Mpuxiagamu HiACHNIOBANBHUX NAHOK € Oe3iHepuiitHuil eneKTpOHHWH
O1ACHITIORaY, INBHUK HAPYTH, BaXUIb 1 iHIH.

Jlauka 3 nocmiiinum 2anisHennsim ABAsSe coOOKO NaHKy, B AKill BUXiTHMH
CHTHaJI BiATBOpIOE 3MiHY BXiZHOTO CHrHamy €3 BHKPHBIECHHS, alie 3 JEeAKHM
NOCTiHHUM YaCOBMM 3alli3HIOBAaHHAM 7 HO BiJHOIIEHHIO O BXiZHOr0 CHIHANY.

PiBHSIHHS JaHKM 3 NOCTiHHUM 3ani3HeHHAM 1pu K# I Mae BHITIAA

Y1) =Kx(t- 7
abo 3riZIHO 3 TEOPEMOIO 3aNi3HEHHA B ONlepaTopHilt Gopmi
Y(p) = Ke*X(p),
a mepeaTovHa QyHKIis
W(p) = Ke™". (1.53)

IMprkiiagaMu Takoro THIY JIAHOK € pelie B PeXKuMi MiJACATIOBayiB, KOJO 3
MaJIOiHEpLIHHKX eeMEHTIB 1 T.1L..

3’eiHaHHs J1laHOK HampasneHoi nii Moxe OyTH IOCHIJOBHUM,
napanenpHUM, 3YCTPIUHO-NApaNeNbHHM (3BOPOTHI 3B°S3KHM) 1 3MilIaHUM
(xomGinanis Bcix BHAIB 3’emHaHb). OkpeMi eneMeHTH i IX rpymM, a Takox
aBTOMATHYHI CHUCTEMM B UiNOMY MOXHA TNPEICTABMTH Yy BHITARI MNEBHHX
koMGiHaniif 3’€JHAHNX MiX COBOIO IETEKTYBAIBHUX JIAHOK.

[lpuBeneni Buine MMHAMIiYHI BNACTHBOCTI BiJJHOCATHCH [0 €NEMEHTIB i
JIaHOK, AK1 MAIOTh HECYTTEBY HeNHifHICTb. Ane iCHYIOTE Pi3HOMaHITHI CYTTEBO
HeniHi#Hi eTeMeHTH i JIaHKH.

BuBueHHs BIAcTUBOCTEH CYTTEBO HeNliHIMHHUX eIeMEHTIB i NaHOK TIpH
nepexiHuX Tpoliecax € caMOCTIHHOIO 3afiayelo, Ky pO3MffaloTh B Kypcax
Teopi! aBTOMATHHOTO YNpapiiHHS i perymosaHHs. TyT BiAMiTHMO, MO s
HaWOINbII PO3MOBCIO/PKEHUX CYTTEBO HENMIHIUHWX eJeMeHTIR penieinoi nil
MpenCTaBNsIOTh  iHTEpeC  JOJATKOBI  AMHAMIYHI  mapaMeTpu:  dac
crnpanboByBaHHA 1 dac BiamyckaHHa. CrpubxonozmibHa 3MiHa BHXiXHOT
BennuyHU (awB. puc. 1.3 1 1.5) 3amxnaum 3afiMac [esxMil KIHLEBHH DPOMIKOK
Hacy.

Yac cnpayboeyeanis t.,, - 1ie NPOMIXOK 4Yacy Bifi MOMEHTY Tojayi Ha
BXiJl CUTHAY CTPAlbOBYBAHHS, O MOMEHTY BCTAHOBIEHHA HOBOrO 3H4UEHHS
BUXIHOI BEJIAYHLH; YaC GIONYCKANHA I4y ~ TPOMDKOK Yacy Bif MOMEHTY rofaul
H& BXiJI CUTBaNy BIZIyCKaHHs [J0 MOMEHTY BCTAHOBJICHHS IIEPBICHOTO 3HaUEHHs
BUXi/THOT BETHYMHH.



Yac CrpanpoBYBaHHs 1 4ac BLIYCKAHHA 3aieKaik Bid BEIMYUHY
BXi/JHOTO BILIMBY 1 XapaKTepy 3MiHH B 4aci BXiJHOI BETHUHHA.

B  HainpocTilioMy BHOaJKy 3MiHa BXiIHOI  BEJIMYMHH  TIPH
CHpaubOBYBaHHI pelie, AKIIO 3HEXTYBaTH BILUIMBOM DpyXy PYXOMMX HaCTHH,
Moxe 6YTH BUpaXKeHo AudepeHiianbHIM piBHAHAIM

dx
Tz+x=xmax, (1.54)
pO3B’3KOM SIKOro Oyae

)

x=Xp|l-€ T

BBaxarouy 1=t,, i X=X;p~ Xy, 3HANAEMO

=Tin—max__ 4

Xmax ~ Xcnp

ze K; - xoedinient 3anacy ; 7'- mocTiiiHa 4acy NpH CHIPalbOBYBaHH ; Ly -
4acoBHi iHTepBal BiJl MOMEHTY HAIXOKEHHS X,qx O [OYATKY PYXY PYXOMHMX
YacTWH peiie, KOMH X=Xy ; I, - 4YaC PyXy DYXOMHX YaCTHH pefne NpH
CIIpansOBYBaHHI.

3MiHa BeTHYMHH X [IPH BiflIyCKaHHi pelle ONKCYEThCS HACTYTHUM YHHOM

T T +x=0.
dt

Bpaxosyrouy, o npu ¢t =0 X = Xy , OTPHMYEMO
t

Tin K3

t =Tlh—3— )
cnp =lap * pyx K31 P*

X=Xyl
Bsaxarouu, 1o ¢ = tgp' ix=xy % Xgiom, 3HANAEMO
1 ' X ’ K !
tyjon=t +t =TT 4t  =T'p_=+1
p pyx Xgion =~ DYX K pyx

e t'yp - MACOBMH iHTEpBAN Bil MOMEHTY NPUIHHEHHS T BEMHUHAHU X,y
0 MOY4TKY PYXy PYXOMMX 4Y4CTHH pefjie, KO X = x,,,’: Ky - xoedinieHy
NOBEPHEHHS, 14, - Yac PYXy PYXOMHX HacTHH pene WpH Biamyckasui; 77 -
NOCTIHHA Yacy Npy BiANYCKAHHI.

B 3aranbHOMY BHNAIKY lomp # leon. Ale ANS Habruokedol OLIIHKHA
IUHAMIYHMX BIACTHBOCTER peneiHol MaHKy iHOAI NPHAMAIOTL fey = leion K
HA3UBAIOTH 4acoM 3anizHenHa. Jac 3anisHeHHs BiTHOCATH 3BUYAHHO JIO AKOIO-
HeGY/b MEBHOro 30BHIMIHLOTO BIUIMBY i BBAKAKOTD, WO BiH € HE3MIHHHUM. Toni
QMHAMIuHY peieifHy NaHKy MOKHA NPEACTABUTH Yy BHIJIAAL ABOX I10CIiIOBHO
3 €AHAHMX JAHOK - OesiHeplifiHOi penelHol JaHKM 1 JAHKHM 3 MOCTIHHAM
3aITI3HEHHAM.



1.6. TexHiuHi XapaKTePHCTHKM JEMEHTIB Ta IPHCTPCIB
CYA

Texniuni xapaxmepucmuxy eneMeHTiB Ta npucTpoiB CYA moainsiors Ha
I'STh IPYI: CTATHYHI, J{MHAMIYHK{, TOUHICHI, EKCIUTyaTalliiHi i eKOHOMiYHi.

1.Cmamuuni xapaxmepucmuxy: KoepilieHTH MiJCHICHHS i TlepefaToyHi
koedimienTH (4yTnuBicTs); JHHIMHICTE CTATHMHAX XapaKTEPUCTHK (N
AiHIAHAX eneMeHTiB i TpHCTPOIB); MiHIManbHI i MakcHManbHi 3HaYeHHA
BXiJHHX i BHXiJHHX mapaMerTpis (IOpIrT YyTAUBOCTI, 30Ha HeyyT.IMBOCTI a6o
HEOMHO3HAYHOCTI, 3HAUEHHS TTapaMeTpiB HACHUeHHS, poOo4Hil Hiarna3oH 3MiHH
CHTHAJIIB i mapaMeTpin); BXifHA i BUXiAHA MOTYXXHICTh; HOMiHANbHI 3HAYEHHH
napamerpis; koediuierty foGpoTHOCTI 1 iHNIL.

2 Juuamiuni  xapaxmepucmuku.  CTYNiHb  acTaTU3My;  YacTOTHI
XapakTepucTHKM (TiepeaToyHi QYHKIIT); Moj0Ca NPONYCKaHHA; [TOKAa3HUKH
AIKOCTi, SAKi XapaKTepH3yIOTh MepexifHi pexxuMH (MOCTiiiHI Yacy, BEIHYMHH
JeMu(yBaHHs, IlepeperymoBaHHs); 3anac cTifikocTi mo ¢asi i amnaiTyai;
CTATHCTHYHI AWHAMIYHI XapaKTEPUCTHKH 1 IHIII.

3.Tounicui xapaxmepucmuxu: CTaTMMHA To4HicTe (abo no3uuidina,
IUBMAKICHA | IHUI NOMWIKH); TOYHICTH B NepeXifHMX pexuMax (IBHIAKOAIS,
TOYHICT, TpPH THIOBMX BIUIMBaX); TOYHICTH TIPH HafABHOCTL 30ypeHHS,
CTATUCTUYHA TOYHICTS (AMHaMi4Ha abo QIIOKTYaIiiHa TTOMUIKA).

4 Excnayamayiini  xapaxmepucmuxy: €(QeKTUBHICTE BUKOPHCTAHHS
3riHO 3 BAOpaHMMHU KpHTEPisMH; CTablIBHICTE XapaKTepHUCTHK | lapaMeTpiB B
YMOBaX HOpPMaIbHOI eXcIuTyatauii; CTiliKicTe 20 36ypeHb 30BHIUIHBOTO
cepenosuia (TepMmocrifikicTs, BoNOrocTiMkicTb, BibpoMminmicTh, poboTa B
yMOBax BaKyyMy, JIOIYCTHMI MeXaHiuHi NepeBaHTaXeHHS i T.IL); papiauifina
CcTiliicTb,; YaC roToBHOCTI mO poborH; Oesnmeka mig Yac eKcIUTyaTalli;
PEMOHTOCIPOMOXHICTD | B3a€MO3aMiHIOBaHICTh; Maca (Bara), rabapurHi
PO3MipH; eHEeproeMHicTh (MTUTOMa TIOTY)XHICTB); CTiMKiCTL [JO TpHUBAIOro
36epiranHs; BUMOTH [0 JUKEpel XKHBIEHHS | iHmii.

5.Exonomiuni xapakmepucmuku: BagifHiCTb; BapTiCTh, BIATBOPIOBAHICTD
napaMeTpiB i xapakTepucTHK B yMoBax BHpoOHHuTBa, KKJ]I; pecypc poboru;
YyTIUBICTH TEXHIYHHMX NaPAMETPIB O BENUYMH BUPDOOHUYHX MOIMYCKiB 1 iH.

ExepreTHuHi napaMeTpd e€NEeMEHTIB 1 CHCTeM, 3a3BUyall, BXOJATH
HENpSMHEM YHHOM B CTATHYHI, IMHAMIYHI | eKcIUTyaTauifiHi XapakTepHCTHKY.

Texuiwni BUMOTH J0 eneMeHTiB Ta npHCcTpoiB CYA a Takox BUMOTH A0
YMOB iX excruryaTauil $GopMY:IFOIOTH Y BiJNIOBIAHOCT 10 PO3MISHYTHX paHilie
TEXHIYHHX XAPaKTEPHCTHK HA €TajaXx IIpOeKTyBaHH#A, BUpoOHMITBA i
BHNpoOyBaHHA AOCHIAHOTG 3paska. KpiMm Toro, N0 eleMeHTiB Ta NPHCTPOiB
CYA MOXYTh mpel’SBNSTHCH €PrOHCMIYHI 1 IHII coelialbHl BHMOIHW
(HampHKAa[, CTVIiHE >XMBYYOCTI CHCTEMM, IJIABHICTh PYXY MeXaHi4HOro
HaBaHTaXEHHS, NOTPHMaHHS HOpPM CTaHAapTiR Oeslmexw mnpaui i OXOpOHH
30BHIWHBOrO CEPEeANBHLIA Ta iH.).

)
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Tlpu amamisi (Bubopi) abo mpoekTyBaHHi enemeHTis i ApHeTpoiB CYA,
AKi BUKOHYIOTH OKpemi QyHKIiOHaNBHI 3ajayi 300py, nepenavi, nepepodky i
BUKOPHCTaHHs iH(QopMalil, MOXXHAa BHIOUIATH TOJOBHI TeXHi4HI BHUMOIHM, SIKi
Bi/{NOBiAaI0TH PYHKIIIOHATHHOMY NPU3HAYEHHIC Aanoro eneMeHTa. Hanpuxnaz,
FOJIOBHHMHM BUMOTaMH, IO NPea’ IBIAIOTECA JO NePeTBOPIOBATLHMX TPUCTPOLB,
€ CcTaTM4YHa 1 JAMHAaMiyda TOYHICTh mNpH HeoOXimHifi wBMAKoAdil, Ao
NiACUMIOBABHUX I[PUCTPOIB — KOeQillieHTH NifcuneHHs 1 WWBUAKOLII, 1O
KOPHI'YBATBHUX IIPUCTPOIB — HeoOXigHi YacTOTHI XapaXTEepPMCTHKH, [0
BUKOHABYMX [PHCTPOIB — BHXiflHA TOTYXHICTh i MBHAKOAIA. IonoBHMMH
TeXHIYHAMH BHMOTaMH, #Ki Mpel’saBisioTecs a0 KepyBansHHx ITECM
(scTpoenmx Mikpo-EOM) sk 10  JIOTiKO-OGYMCIIOBANBHEX TIICHCTEM, €
IBHAKOIA 1 O6CAT TIaM’ATi, a TAKOX JIOTIYHI 1 TEXHIYHI MOXJIMBOCTI CIPSXIHHS
EOM 3 06’exTamu, 110 YNPaBIAIOTECS.

1.7. HapgiiigicTs ejieMeHTIB

EnemMeHTH 1 MPUCTPOI 8BTOMATHKH, 3 AKHX YTBOPIOIOTECA Pi3HI CHCTEMH
ABTOMATHYHOTO YMpPABIiHHA, MOBMHHI MaTH BHCOKY HaJiffHICTBb, OCKiNbKH
XuOHe BHKOHaHHA (YHKUI] HaBiTH ONXHMM €JIEMEHTOM MOXe NPH3BECTH 10
BUXOAy 3 nagy Bciei cucremd. ToMy MOpH NPOEKTYBaHHI, CTBOpeHHi i
eKCILyaTalii eleMEHTIB aBTOMATHKN HEOOXiZHO MPHIINATH yBary IHTaHHAM
3a0e3neyeHHs iX BUCOKOI HaNiHHOCTI.

Tlin waditinicmio pPO3YMilOTH BIACTHBICTh eneMeHTa 36epiraTh CBOI
napaMeTpu B TIEBHMX MeXax O3HAYeHHX PpexuMiB pofotd 1 ymoBax
eKCIUTyaTamii. 3 WBOro SKICHOrO BH3HAYEHHS BHIUIMBAE, L0 HeHaAiHHHAM
BBAKACTBCH He TIILKH TOM €IeMEHT, y $KOro BHHMKAIOTh MeXaHiuHi abo
ENEKTPHYHI MOMKO/KEHHS, IO TPHU3BOAATh 1O HOro HENpaue3faTHOCTi, a
TaKOX 1 TOM €JEMEHT, Yy #KOr0 BHXiAHI IapaMeTpy | XapaKrepUCTHKH
3MIHIOIOTECS ~ TOHAJ ~ JOMYCTHMMHMX  MeX  (HanpuKiai, — BeNHYdHA
IudepeHiaibHoOTOo koedillieHTa epeTBOPEHHH, BUJ 4acTOTHOI
XapaKTEePUCTHKH ).

HagiitgicTs OLIHIOEThC KpHTepiAMH Hamilinocti. KinbkicHe 3Hauexus
KpuTepis  HafiiHOCTI 1S  KOHKPETHOrO  €IEeMEHTa  HA3UBAETHCH
xapaxmepucmukoro Hadiiinocmi. Ane XKOAHA 3 KiNMBKICHMX XapaKTEPUCTHK B
3arajbHOMy BHNANKY He MOXE CHYXHTH IIOBHOK XapaKTePUCTHUKOIO
HaJIfHOCTI, OCKiNLKM TOHATTA HaiifiHocTi Olmbin rimboke, HiX OyAb-fka
KilbKiCHa XapakTepucTuxa. ToMy 4YacTO BHKOPHCTOBYBaHA [iId BM3HAYEHHH
MOHATTS HafdifiHoCTi HaWGinell HaOMHA KIMBKICHA XapaKTepHCTHKa -
AMOBIpHicTh Ge3BiAMOBHOT poOOTH BIPOJOBXK BH3HAYEHOTO 4acy - HE MOXKE B
noBHi# Mini XapakTepu3ysaTH HaifHICTE.

TpeSa BiMIiTHTH, MO XO04Ya HARIHHICTE €IEMEHTa MOXKHA BBAWKATH
TeXHIYHMM NapameTpoM, 0omibHo o koedillieHTa NiACWISHHSA, RIMPUHU
NOOCKH JIPOIYCKAaHHs, YyTHAHBOCTI, NPOTE KiZBKICHE BUIHAYCHHA ULOTO



napaMeTpa 3ycTpiuae pAl TPYAHOMIB. Lie noscuioeThes THM, IO Ha HaIiiHICTh
BINIMBac 3Ha4yHO Oinplie ¢akropiB, HiX Ha iHuN napamerpu enemenTta. [o
TaKHX (AKTOpiB HajlexaTh: YHCHO i AKICTb OeTanel, 3 SKHX CKIAZAETHCA
€/IEMEeHT, peXHMHU pobOoTH eneMeHTa, YMOBH eKCIUIyaTtallil, SKiCTh TEeXHIYHOro
obcnyrosyBaHHs i 6arato iHIMX, OLTBIIICTD 3 SKHX € BUMAAKOBHMH. B 3B’ 43Ky
3 UMM JOCHTh NMOBHO OXapakTepu3yBaTH HadiffiHICTh eneMeHTiB 1 mpHCTpoiB
CHCTEeM YIPaBIiHHS MOXHA TINBKH JeSIKAMH KiNbKICHMMH XapaKTePUCTHKAMH.

MaTeMaTH4HOI OCHOBOIO Teopii HaAifHOCTI € Teopis WMOBIpPHOCTI i
MaTeMaTH4YHa CTaTHCTHKa, TOMY BCi KPUTEpil XapakTepusyloTh HaiiHicTh
TIEBHOTO KJIaCy €NeMEHTIB, a He KOHKPETHOTO 3pa3Ka.

ITig 6i0mM06010 B 3aTaIBHOMY BHIAJKY PO3YMIIOTh TOXIIO, MICIHS HOSBH
AKOI €eMEHT CTa€ HeHajiiHuM. BianoBifaHo, BiMOBa Mac Micue He TiIbKH Yy
BHIQJKy BUXOAY 3 JIaJy eJeMeHTa, ajle | IpH BiIXUNeHHi #oro mapaMeTpis Big
AONYCTUMHX MEX.

Sk i Oynb-gKi BHIIAAKOBI ITOXi{, BIAMOBH MOXYTh OYTH He3anedcHuMu i
3anescHumu. SIxulo BigMoBa OyHb-SKOTO eJleMEHTa CHCTEMH He 3MIHIOE
HMOBIpHOCTI BiIMOBH IHIIMX €NEMEHTIB, TO TaKa BiIMOBa € HezaiexcHow. B
[POTUNIEXXHOMY BHIIAJIKY BiIMOBA € 3Q/I€XHCHOI0.

3a XapakTepoM HpPOABY PO3PI3HAIOTL panmoei i nocmynoei BiMOBH.
Panmoea BinMoBa Hactae mpy cTpUGKONONiOHIN 3MiHI mapamerpa ejleMeHTa,
KOJM HOro BeMYMHA NEpeBUIIye AONMyCTUMI 3HadeHHsA. B Ginpliocti Bunaakis
BOHa O0OYMOBIIOETBCH CXOBaHMMHM JedexTamMu Matepianis i geranedl abo €
pe3yIbTaTOM BHXORY 3 Najy eNeMeHTa, HANpHUKNAJ, depe3 eleKTphuHe abo
MexaHiuHe ymkomkeHHs. [Jocmynoea BiiMOBa BUHUKAE B Pe3yNbTaTi TPUBAIOL
3MIHH [apaMeTpiB eneMeHTa [0 3HauyeHb, SAKI MEepPEBHLIYIOThH YCTAHOBNEHI
HOpMH, L0 OOGYMOBNIOEThCA CTapiHHaM abo 3HOCOM Jeranel, 3MIiHOW
TeMAEpaTypH, THCKY, BOJIOTOCTI HaBKOJKIIHLOIO CEPENOBUILA, IKHBIAIHX
HaTpyr i T.I.

Xapaxrep BigMOBY B 06araTh0X BHUIAJKax 3aJ€XHUTE BiJl THITY eJleMeHTa i
HOro KOHCTPYKTHMBHHX ocofiuBoctedt. Hanpukiag, s  KOHTaKTHHAX
eNEKTPOMEXAHIYHHX peNieé XapaKTepHi SK panToBi BIAMOBHM (NeperopaHHs
oOMOTKH pente, 0OpHB NPOBOAIB), TaK i MOCTYIOBI BiAMOBH, BUKIHKAHI 3HOCOM
KOHTaKTiB (po3peryoBanHs abo 00ropaHHs KOHTAKTIB).

Binmosu OyBaloTh OCTATOYHHMM Ta IlepeMeXyBajlbHuMU. B nepuomy
BHNAAKYy Ma€ Miclle BrpaTa HalidHOCTI Ha 4ac, HEOOXiHHMH OIS YCYHEHHs
Bi/MOBM B mpoleci peMoHTy. [lepeMexyBaipHa BiZMOBA NPOJOBXYETHCA
KODOTKMH dHac, Micjs HOTO €TE€MEHT CAMOBIAHOBIIOETRCA 1 CTAa€ HaiHHUAM.
3BMyafiHO BMICT MepeMeXyBanbHOI BiIMOBH B GNEMEHTI CBIYWTL MPO
HabIMKeHHS OCTATOYHO! MOCTYOBOT BIAMOBH.

Maroun Ha yBa3i, MO BiMOBa € MONICK® BMN2AKOBOW, KilBKICHI
XapaKTepUCTHKA HaJIHHOCTI HOCATH CTATUCTUYHMIA XapaKTep.

Jins Bu3HAaYeHHX BHIAfKOBMX BeJHWYMH NOTpiGHC MatH HeoOXixHi
CTAaTHCTHYHi JaHi, fKi BU3HA4alOTBCA 3 JOCBiNY ekciuiyarauwii aGo 3
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jabopaTopHAX AOCHLIKEHb, IO 3 JOCTATHHOIO ORU3DLKICTIO IMITYIOTH peansiii
YMOBH eKCIUTyaTauil.

Hait6inem noBHO BHIIJKOBI BeJMUYMHM XapakTEPU3YIOThCA 3aKOHAMHU
posmoAity #MoBipHOCTeH, KOTPi MOXKYTH OyTH MpeaCTaBieH] B pisHiH hopmi.

JUis ouiHKM HaAiffHOCTI eneMeHTIB HaiyacTiile BHKOPUCTOBYIOTH TaKi
KiIBKICHI XapakTepHCTHKH, K HMOBIpHICTH 6e3BiIMOBHOI poGoTn MPOTATOM
BH3HAYEHOTO 4acy, cepefHil yac Ge3BiIMOBHOI poboTH, yacToTa i Hebesmexa
BiIMOBH y BU3HAYeHHX YMOBax eKCIUTyaTallil.

Hmosipricme 6e36i0M0610F pobomu - 11e AMOBIPHICTb TOTO, 1O €1EMEHT
Gyne 30epirati mapaMeTpy B 3aJaHHX MeXaX NPOTATOM BH3HA4YEHOro 4acy i 3a
BU3HAYEHHX YMOB ekcruiyartauii. SIkimio rnosgauutd depe3 P(t) HMOBIpHiCTE
6e3BiAMOBHOT poboTy npoTIroM uacy ¢, a uepes ((t) - AMOBIpHICTE BIAMOBH 32
TOH Xe Jac, TO

P =1-0Q11). (1.55)

Benwuuny P(1) Ha migctaBi  eKCHEPHMEHTanbHUX JaHMX MOKHA

BH3HAYUTH 3 BiJHOWICHHS
P(1) ~ i) (1.56)
Ny

Ie n(t) - 9HCIO eNeMEeHTIB, pONpAaLoBaBIIMX 0e3 BiAMOBH TPOTArOM
Hacy t

Nj - 9uClIO eleMeHTIB Ha [T0YaTKy BUOPOOYBaHb.

VimoBipricTs Ge3pinmoBHoi po6otn Bpaxosye GinbuiicTb (pakTopis, ki
CyTTEBO BIUIMBAIOTH Ha HaJiHHICTb €NEMEHTIB, 1 XapaKTepu3ye 3MiHy
HafifHOCTI B daci. Lig XapaxkTepucTvka BXOJNHTH B SKOCTI MHOXHMKA B iHIOI
KUIBKICHI XapaKTepHUCTHKH eJIeMEHTIB.

HafiiiHicTh MOXHA XapaKTepu3yBaTH HMOBIpHICTIO BiMOBH (1), ToOTO
OW=I1-P().

Cepedniti uac 6e36i0Mmo6HOT pobOmU - 11e MATEMATHUHE OYiKyBaHHA Yacy
cripaBHOT POOOTH.

Cepenniit qac 6e3BiIMOBHOI poboTH 7,

[ee]
tep = [Ple)ar. (1.57)
0

Yac fcp Ha OCHOBI CKCIICPUMECHTAIBHUX JaHUX MOXE 6yTH BU3HAYECHO 32

popmynow
N
2
tep lzzlv (1.58)
2e £; -4ac 6e3BiMOBHOT pPOGOTH i-I'0 eIeMeHTa; N - H4KCNO eIEMEHTIB, 100
BHIIPOOOBYIOTBCH.
3a BENMUYHHOW “acy f,, MOX¥HA poOUTH BHCHOBKM 1TpO HAMHRICTH
eNeMEeHTIB, BU3Ha4YaTH YMCNO 3aracHiX efemeHTiB A poBorH B nepion



KaJleH#apHoro 4acy. Ilpote, Sk MaTeMaTHYHE OYiKyBaHHS BHOAJKOBOI
BeJIMYMHM LS XapaKTepPACTHKa He Ja€ IOoBHOI ouiHk# vacy Ge3BiAMOBHOL
poboTH.

Yacmoma €iomosu - 1ie LiNbHICTh HMOBIPHOCTI yacy po6OTH elleMeHTa 3
MOMeHTa BKJIOYEHHsS 10 Biamosu. MoBipmicTs 6e3simmosmoi poGotn P(t)
OB’ s13aHa 3 YaCTOTOO BiAMOB a(?) CIIiBBIAHOLICHHAM

- P(t) = tj'a(t)dt = Q). (1.59)
0

Jns BU3HAyYeHHA YacTOTH BiIMOB Ha MiACTaBI eKClIepMMEHTANbHHX
JaHHUX CNYXXHUTh BiJHOLIEHHS

al) =

Noar” (1.60)

Je An - 4YHC/IO €NEMEHTIB, sKi BiIMOBMIM 3a iHTepBanm uacyAt; Np -
TIOYaTKOBE YHUCIO BHIIPOOYBaHUX €lE€MEHTIB.

3a BENMYMHOIO YACTOTH BiAIMOB a(?) MOXHa POGUTH BHCHOBKH NPO YHCIO
€NIEMEHTIB, SKi MOXYTb BUHTH 3 Jagy B SKOMYyCh IPOMiXKy wacy. Tak, 3a yac
At 3 (1.60) uucno enemMeHTiB, IO BiAMOBUIH,

An=a(t)NyAt.

He6esneka (iHTEHCHBHICTH) BIAMOB ~ Ll¢ YMOBHA HIINBHICTh HMOBIPHOCTI
yacy 10 BiIMOBH B MOMEHT 4acCy ! 3a YMOBH, LIO €lEMEHT HE BiJMOBHB 0
MOMEHTY 4acy ¢.

He6esnexa BigMoB# A(?) MOB’s133Ha 3 YacTOTOX BiIMOB 1 MMOBIpHICTIO
6e3BiIMOBHOT po6OTH Bi/IHOLIEHHIM

Ar) =20, (1.61)
P(t)

BemwumHa A(f) Ha OCHOBI €KCIEPHMEHTAIBHMX JIAHMX BH3HAYAECTHCS

BiHOIIEHHAM

An
M)~ s 1.62
O=5oa (1.62)
Ae An - 4HCHO €NEMEHTIB, fAKi BIIMOBWIM 3a iHTepBan wuacy Af;
Np+N
N(f)-"*ﬂTK’,

Nn - 4HCIO eneMeHTIB, IO CIIPAaBHO MPALIOBajJH HA NOYATKY iHTepBaly

Nk - UuCNO eneMeHTiB, 110 COPAaRHO NPALIOBAIY B KiHL iHTepBaTy Af.
Ilpu Oynb-AKOMY 3aKOHI PO3IOJUICHHS BIAMOB iCHy€ Taka 3alexHiCTh
MiX KiTbKICHHMH XapaKTepucTHKamn A(2) i P(1):

-}L(t)a't
P()=e ® . (1.63)



3Harouu Hebesmexy BiAMOB A(t), MoXHa 3 piBHsinns (1.63) 3sality P(1, a
noTiM 3 [NpHBEJEHHX BHIIC BINHOIIEHL BH3HAYHTH iHIH  KUIBKICHI
XapaKTePHCTHKY HaJliHHOCTI.

HeGesneka BiAMOB A(f) € TIONOBHOIO KUTBKICHOIO XapaKTEPHCTHKOIO
HaIIHHOCTI eleMeHTiB.

HeGesneka BiaMoBM OiNbLIOCTI €l€MEHTIB 3MIHIOEThCA 3 TUIMHOM 9acy
(puc.1.9, a). 3BMyaiiHO 4iTKO BHpaXeHi TPH XapaKTepHHX ALILAHKY nepiony
poBoru eneMenta: ginsHka 0+f; - nepion NpUNpaIfOBaHHA i PaHHIX BiJIMOB,
KOTpi XapaKTepH3yKlOTbCS THABHILEHHM 4YHCIOM BiJIMOB uepe3 NpHXOBaHi
nebexTh; minsHKa t;<f, - Nepiol HopMameHOi poboTH, 32 9ac AKoi Hebesmexa
BiZIMOB 3HEDKYETBCS 1 CTae Maiike MOCTIHHOIO BENMHUMHOW; AiNsHKa BiA £ 1 nani
- nepiojl cTapiHHs, Ha sKoMy HeGeslleka BiIMOBH 3HOBY 3pocTac. Ha puc. 1.9, 6
NpeACTaBieHa THUIOBA KPUBA 3MiHM 4aCTOTH BiIMOB 3a YacOM, fKa Mac TaKOX
TPH XapaKTepHHX ALISHKHY, 5K i Hebe3meKa BiMOB.

A

t, t t

6)

Puc. 1.9. I'pachixu Hebeaneku BixmoB ()
i wacrotu Bimmos (6)

He6esmexa BiIMOB 3aleXHTh BiJl BUAY i SKOCTI €lIEMEHTIB, PeXUMY IX
pobotn i ymoB ekcrutyarauii. Hasith INf ONHOTHNHHMX eNEMEHTIB, SKi
TIPALOIOTh B OJIHOMY i TOMY X PEXHMi i IPH OIHAKOBHX YMOBax eKcIuTyarauii,
Hebesmeka BifIMOB MOXeE KONMBATHCh B LIMPOKHX MEXKaX, WO TOACHIOETHCA
TepeRyciM Pi3HOIO AKICTIO €IEMEHTIB.

Hebesmeka BiAMOB CYTTEBO 3al€XUTh Bill PeXXHMY POOOTH €NEMEHTIB.
HaitGinpiumii BIUMB 3AikcHIOE koediuienT HaBaHTaxeHHs Ky i TeMneparypH
oTouyio4oro cepenopuuia. Iliff KoedillieHTOM HABAHTAXEHHS €NEMEHTIB
3BUYAHHO PO3YMIIOTh BilHOLWEHHS AiMcHOI i HOMinaneHOi noTyxHOCTeH (abo
BiIHOWeHHS Hampyr, cTpyMis). 3i 36inbuieHssiM koediiienta Ky enementa i
TEMIIEPaTypH OTOUYIOHYOro CepeoBHINa Pi3Ko 36insrIyeThes Hebesneka BIIMOB,
TOGTO 3HAYHO 3HMXKYEThCA HANiMHICTh enemeHTie. B lpoueci excmulyaranil



CIIEMEHTH 3MIHIOITE BEMMYHHY CBOIO I'OJICBHOTO MAPAaMETpa, (10 NPH3IBOAUTH
Ao 3Minu xoedinienta Ky ToMy npu BuGopi pexumis po6oTH enemeHTIB
HeoOXiTHO BpaxoByBaTH 3MiHy NIapaMeTpiB B Yaci.

Y3araneHeHi Aani npo HeGe3neKy BiAMOB JEAKUX €lEMEHTIB aBTOMATHKY
BITYH3HAHOTO BHPOOHHITBA [IpHBeAeHi B Tab. 1.1.

Tabmuus 1.1
Y3araabHeHi aHi npo Hebe3neky BiAMoB neskHx ejaemenTis CYA

HaiimMeHyBaHHA efeMeHTa Hebe3neka iamoB Ha 10°T pobotu
PE3UCTOPH ....ccvvvvrinrrerinenane, (0,00001+0, 015)
KOHREHCATOPH .....c.oveveeenenanne, (0,00001+0,164)
Tpancdhopmatopy ..................... (0,00002+0,064)
Jpoceni, KOTYIUKY iHXYKTHBHOCTL (0,00002+0,044)
Pente oo . (0’0005_1’01)
Cenr?ann, ENEKTPOABHIYHL....... (0,001:0,33)
HanisnpoBinHukoBi npunau:

FiV1071% SO (0,00012+0,5)

TPAH3UCTOPH ..., (0,0001+0,9)

IpuBeneHi BHILE CHiBBIAHONIEHHY JO3BONAOTH BH3HAYMTH OCHOBHI
KimbKiCHI XapaKTepUCTHKM HaJifHOCTI eneMeHTiB. 3BH4aiHO Ha OCHOBI
CTATUCTMYHMX  BHNPOOYBaHE  3HAXOHATH  MOYAaTKOBY  XaPAKTEPHCTHKY
HaAiHHOCTI - HeBe3nexy BiIMOB 260 4acTOTy BiAMOB, & iHIIi XapaKTEPUCTHKH i
NOKa3HMKH BU3HAYAlOTh PO3PaxXyHKOBUM UIIIXOM. ISt 3pYMHOCT BH3HAYCHHS
XapaKTEPUCTHK HAAIAHOCTI 3BHYAHHO BBAXKAIOTS, 10 BOHM HiANIOPAAKOBYIOTHCS
OIHOMY 3 BiOMHX 3aKOHIB PO3NOJiNCHHA. BimmoBimHy TeopeTuyny Mozenb
BUOHpAIOTL JUIS 3aKOHY PpO3IOAINEHHS 4YaCTOTM BiIMOBH a(f). MeTomn
MaTeMaTHYHOI CTATHCTHKH, IO AO3BOJIAIOTH HPOBOAUTH i OLIHIOBATH CTYIiHB
BIINIOBITHOCTI TEOPETHYHMX | EMIIPHYHMX PO3NOALTEHh PO3TIANAIOTHCH B
niteparypi. Ciig BiAMITHTH, O npH A0GPOMY Y3rO/DKEHHI NOYAaTKOBOT
TEOPETHYHOI MOJENi 3aKOHY PO3MOJiNeHHs 3 3aKOHOM DO3MOAiNEHHS BiIMOB
eNeMeHTa 3MEHIIYEThCA O6CAT CTATUCTHYHHX AOCTifKeHb, AKi NoTpibui ams
OL{iHKH NOKa3HHKiB HANIHHOCTI 3 3a4aHOK0 HOCTOBIPRICTIO.

Ipu nocnimkerHi HajiffHOCTI €NEMEHTIB LIMPOKO BUKOPHCTORYETHCH
TOKa3HHKOBUH 3aKkoH posnofinenHs (puc.1.10, @), ockiTekM 3 HEM yacTime
JOBOANTBCA 3YCTpiYaTHCh Ha NpakTuui. Hanpukian, NokasHHKOBHHE 3aKoH
PO3MNOAIIEHHA BiZIMOBH CIIPaBE/UTHBHHA, SAKINO 3aKiHYMBCS Nepiofi NpHpOGKH
€NeMEHTIB, a CTapiHHA MaTepianiB NPOABNAETECA He3HauyHo (A#B. puc.l.9, 6.
inTepBant BiX #; O f;). Liell 3aKkoH posmoAiNeHHS XapaKTEPH3YETLCH OXHHM
YHCIIOBUM NapaMeTpoM - Hebesnexoro BinMosH A = const (auB. puc. 1.9, a), i
dopMynH ISt ONiHKH NOKa3HHKIB HAMIHHOCTI CIIPOLIYIOTHCS :



P(t)=e |
1

tcp =Z,'

(1.64)

a(t)= e~ M

®opmymn (1.64) chpaBeuBi B BHNANKY, AKIIO BiIMOBH €JEMEHTIB
BiOYBaIOTLCA Yepe3 panToBi e1eKTpuyHi ab0 MexaHiYHi BiIMOBH.

Ipy JocHiKkeHH! XapaKTepHCTHK HaIiHHOCTI HaMiBIPOBIIHHUKOBHX
IpUNajiB a TAKOX NPH MPUCKOPEHNX RUNPOOYBAHHAX €J1€MEHTIB B (JOPCOBAHMX
peXHMax 1 OLIHII HagiRHOCTI eleMeHTIB B Nepion NPHpOOKM MIMPOKO
BUKOPHCTOBYIOTH po3nofinesns Be#bymna (puc. 1.10, 2). Yacrora BiaMoB npu
poznoainenni Beiibynna

k
at) = Aght* 10T
ne Ay - mapamerp, skuil 3ajgac Macural xpuBOi mo oci abeumc; k -
napameTp pO3NOAiNeHHS, SKMHA 3ajac TOCTPOTY | aCHMETDII0 PO3NOAINCHHA
(nuB. puc.1.10, 2).
KinbkicHi XapakTepHCTHKH HaIiHOCTI IS posnofineHHs Beibynna
BHPAXAIOTHCH HACTYIHUMH CITiBBITHOICHHIMH:

~A tk
PH=e 0

1.65
Alt)= Ak, (e

3akon Beiifyiia y3arainbHIOE 3aKOH [OKa3HMKOBOIO DOIMOAINECHHS.
Nobuparown Di3Hi 3HaueHHs K, MOXEAa OTPHMATH Kpally BiINOBIAHICTE 3
gocniaaumu  fgammmu. [lpy & = 1 Mae Micme TOKa3HUKOBMH 3aKOH
posnoginenns. [lpu k<1 3aKoH pO3NOJAiNeHHs CIOpaBeUIMBHH, AKIIO Hebe3eKa
BIAMOB 3MpPHXOBAaHUMH JedekTaMH i ManuMm crapiaHam. Ilpum k>1 3akoH
PO3MOJiNeHHs CIpaBeANUBHiH, AKUIO Hebe3neka BiZMOB 30iNBUIYETHCS, IO
XapaKTepHO [UIf eIeMEHTIB, AKi He MatOTh IIPHXOBAHKX NeQEKTiB, ane MIBH/IKO
CTapitoTh.

Jlns ouiHKM HaNiMHOCTI eNeMEHTIB B MOYAaTKOBHII MEpiof eKcrutyarauii
€NeKTPOMEXAHIYHMX 1 ENeKTPOHHHUX MpPUCTPOiB 3 He0E3NeKow BiAMOB, 1O
3HEKYEThC 3 4HacoM, CIYXHTh rama-posnominenss (ams. puc. 1.10, 2).
XapaKTepMCTMKH HAFIHHOCTI NpH LbOMY 3aKOHI PO3NOAINEHHS CXOXI Ha
AHANOTiYHI XapaKTEPUCTHKH po3momjneHHs Beibyama, Tomy i obmacti ix
BHKOPHUCTAHHA 1pubnu3ro 36iratoThes.

Tlpy jJoCHiDKeHHI BLAMOB, SKi BHHMKAIOTH MiJ BIUIHBOM SKOTO-HEGyIb
ONHOrO  JIOMIHYIOWOIO  eKCIUTyaTauiiiHoro  ¢akTopa, BHKODHCTOBYIOTH
HOpPMANbHMM 3aKOH po3nofiteHHs (uus. puc. 1.10, 6). 3Haxonsats
BHKODHCTRHES TAKOX 3aKOHH JIOrapA(MidHOIG HOPMATLHOTO POSHOMiASHHS i
posnoxinexns Penes (puc. 1.10, s, 9).



EneMentn i npuctpoi CYA 32 KOHCTPYKTHBHOK CKJIAIHICTIO AyXe pi3Hi
- Bi HaWNpOCTIIIOro eneMeHTa (TepMonapa, TepMicTOp, TEH3OMETp) 0 AYkKe
CKJIAIHMX TIPHCTPOIB (aHaNoro-uMppOBHH NepeTBOPIOBaY, UMPPOBUH Cymarop).
Sxmo cknanuuit NIPUCTPil CKIANAEThCs 3 ALY NPOCTHX €JEMEHTIB, TO, 3HAIOYH
TOKa3HUKY HANiHHOCTI OCTaHHiX, MOXHA BM3HAYMTH HAAIMHICTE yChOTO
MIPUCTPOIO.

3axoHu YactoTa Hebesneka gﬁ&‘gg;‘g&
posmoziny BinmMoB a(t) | BiAMOB (1)} | poBormpy)
I 2 p
TTokasnrxopu# t a)
PO3MOALN _ .
¢  |° 717 |
0 1A !
Hopmarbuui
po3nozIin A : 6)
{:E h
]
P3| rl R el I
. A 4 _
Jlorapudimiuno : f
-HOpMATLHHH 5}
poznoain
lat
Poznognin K=1
Beiibymna i K 18)
ramma- ' '
PO3MOZILI -
£ 1
a M f;
Posnozin ¥
Penes
0 y a 7 |0 7

Pric. 1.10.-XapaxTep 3a7€XHOCTI NOKA3HAKIB HAAINHOCTI B 4acl IpU PI3HEX 3aKOHAX
PO3MOALLY YaCTOTH BiIMOB



3 ToyxW 30py OLIHKM HaAiHOCTI HAWOpOCTILN €IEMEHTH B NMPHCTPOI
3’¢qHaHi nocnifoBHO abo TapanensHO. BBaXKaeTbCs, WO €IEMEHTH 3’€nHaHi
NOCJIJOBHO, SKWO BiAMOBa OyIb-SKOr0 3 HHX BHKIHKa€ BIIMOBY BCHOTO
IPACTPOIO, | NapaneNbHo, AKIIO BiMOBa BCHOTO NPHCTPOK) HACTA€ JUILE ITicis
BIAMOBH BCiX €JeMEeHTiB. B peanbHHX NPHCTPOAX MicTAThCA OOMIBI BKasaHi
TpyNy 3’€AHAHHSA €JEMEHTIB. SIKIO APUCTpI CKIafaeThes 3 M-IIOCTiJ0BHO
3’€/IHAHAX €JeMEHTIB, MMOBIPHOCTI Ge3BiIMOBHOI POGOTH SKHX HJA Pi3HHX
inTepanip wacy pisHi P(t), Pz(1),..., Pu(t), T0, Ha NiACTaBI TEOPEMM MHOXEHHS
He3aJIeXHUX oI, AMOBIpHiCTH 6e3BiMOBHOI pOBOTH MPUCTPOIO

t
P(t)=P1(t)P2(t)...P,,(t)=[71f’i(t). (1.66)
1=
HeGe3sneka BiIMOBH NIPUCTPOIO
n
AMe) = 2 hi(1), (1.67)
i=1

ne Ai(t) - nebesnexa BiIMOBH i-rO ENeMEHTA.

B okpemoMy BUNaAKy NpPH MOXa3HAKOBOMY 3aKOHI PO3NOALICHHS, KOIHX
Ai(e)=A;=const, AMOBIpHICTE Oe3BiAMOBHOT poboTu HPHCTPOIO
P(t)= em(ﬂ.] +,12+.A.+lj+.4.+ﬂ.,,)z'

SIimo TpHUCTpill CKNajnacThCs 3 1 MapajelbHO 3’€JHAHMX ENEMEHTIB,
HMOBIpHICTS  BiIMOBM sSKMX JIs pi3HEX IHTepBaliB dYacy piBHa
01, O(1),..., OQu(t), TO AMOBIPHICTE BiAMOBH IPUCTPOIO

o) = _1_71Q,-(t). (1.68)

Metonu 36inbimenns HafgiliHocTi enemenrie i mpuctpois CYA pinsatnes
Ha TpH Tpymu: BHUPOSHMUI, CXEMHO-KOHCTPYKTHBHi i eKCIUTyaTallifiHi.
BupoOHHYi METONM BKIIOYAIOTh MOCKOHANEHHA TEXHOJNOTii BUTOTOBNCHHA
BHPOGiB, aHANI3 MPHYMH BIAMOB 3 MOCIJOBHMM iX YCYHEHHSM, MONMIICHHS
KOHTpomo B mpoueci BupoOHHuTBA. CXEMHO-KOHCTPYKTHBHI ~METONM
nmepen6auatoTh po3pobKy CXeM 3 WIHPOKHMM JOMYCKaMK Ha BIIXHICHHSA
napamerpis, BuOIp NOTPIOHMX BENMYHH HABAHTAXKEHHS, pe3epBYBaHHA.
Po3pi3HAIOTE MOENEMEHTHE, IPYNoBe i 3aranbHe pesepByBaHHs. PesepsHuH
enement, By3on, Omox, afo NpHCTPi MOXyTh 3HAXOAMTHCb: B YMOBax
HABAHTAKEHOTO (Irapsyoro) pe3epBy, KOJH OCHOBHI 1 3amacHi eleMeHTH
3HAXONATBCA B ONHOMY 1 TOMy X poBodoMy pexumi; B yMOBax
He3aBAHTAXKEHOrO PE3EPBY, KONM 32IIACHI €JIEMEHTH BKIIOHAXOTHCS 3aMICTh
poBOYOro eleMeHTa [Py BiIMOB] OCTAHHEOTO; B yMOBaX ICJIETILIEHOTO Pe3epBy,
KOJIH 3amacHi eeMeHTH aX [0 BiMOBM OCHOBHHX €I€MEHTIiB HECYTh YaCTKOBE
napanTaxeHas. Exciuyauifiai MeToAn [03BONAZIOTH 30LIbIUKTH KaBiAHICTH
BHPOGIB KODeKII€H PpOGOYMX PEXMMIB €MEMEHTIB 1 NPUCTPOiB, & TaKOK
cucTemolo mpodinakTHuHEX 3axoniB. CIpox ekcnyarauii enemedTiB i
TNPUCTPOIB MOKe GyTH 3HAYHO 361NbIIEHO 33 paxyrok HaraTopazoBux PeMOHTIB.




1.8. ®isuuni ocHoBH poGiorn eaementiB CYA

Po6ota GinbwIOCTi Pi3HOMAHITHHX €/eMEHTIB, 10 3aCTOCOBYIOTHCS
B CYA, 3acHOBaHa Ha eTeKTPHYHHMX Ta MarHiTHMX SBUWAX. Bci i emeMenTH
BMMKAIOTECA B ENEKTPHYHE KONO, TOMy Ui OmMCy ix po6oTd mepexycim
BUKOPHCTOBYIOThCA 3akou OMa Ta 3akoHH Kipxroda.
3axon Oma. Cipym B mposignuky I JOpiBHIOE BifHOLIEHHIO
Hanpyru U Ha QinsHIi TPOBiAHAKA 10 eNeKTPUYHOro ofopy R i€l ainsHKu:
I=U/R (1.69)
Tlepwuii  3axon Kipxeopa. 'V Bysni enekTpuyHOro Koia
anrebpaivna cymMa cTpyMiB JOPIBHIOE HYIIO:
>I1=0. (1.70)
Apyeuii  3axon Kipxzogpa. B KOHTYpi eneKTpuyHOro Kona
anrebpaiysa cyma enextpopywiiHux cun E jopiBHioe anreGpaiumiii cymi
TajiiHb HANIPYT Ha OTOpaX, L0 BXOAATH B liedl KOHTYp:
YE=YIR (L.71)
EnemeHTH Ta BUMIpIOBaNbHi CXEMH B aBTOMATHLI MOXYTh OYTH
BHKODHCTaHI B KOJaX NOCTiIHHOro Ta 3MiHHOro crpymy. 3akonu OMa Ta
Kipxroda cnpaseuBi i 114 enexTpuynux kin 3minuoro ctpymy. Onuak npu
HBOMY BHKOPUCTOBYETHCH CHMBOJUYHHME METOH 3 3aIlMCOM BEJMYMH, IO
BXOJATb B DiBHAHHSA, B KOMIUIEKCHi# opmi. TToBHumit omip AinsHKH Kona B
KOMIUIEKCHIH dopmi
Z=R+j(X;-Xc) (1.72)
Ae R — akTmBHRH onip; X; — iHAYKTHBHHI onip; X- — eMHiCHHUI orip.
InpyxTHBHME omip NponOpLiNHME iHAYKTHBHOCTI L Ta 4acToTi
3MiHHOTO CTpyMY fiX;=27fL. €MHicHHH ONlip 06epHEHO MPOTIOPLiHHMA eMHOCT
C Ta 4acToTi 3MiHHOTO CTPYMY fiXc=1/(2nfC).
bararo enementis CYA 6asyloTbhes Ha BUMIpIOBaHHI aKTMBHOTO,
IHIYKTHBHOTO 4H €MHiCHOTO omopy. Tak, /i BMMIpIOBAaHB TeMIEPATypH
BUKODHCTOBYETHC  edeKT 36inblIeHHA aKTHBHOIO OINOPY METAaleBOro
TNPOBIIHHKA 3 pPOCTOM TEMNEPATypH i 3MEHWIEHHS AKTHBHOMO ONOpY
HaMiBIPOBITHMKOBUX MaTepianiB. B IHOYKTMBHHX JaBavax, MarHiTHHX
MACHTIOBaYaX Ta JeAKMX iHINMX €NeMEHTaX BUKOPHCTOBYEThCS 3ANIeXRICTh
IHIYKTMBHOCTI  BiJl HACHYEHHS MAarHiTONPOBOAY 4YM Bi B3AEMHOIO
TEpeMIleHHs eNeMEeHTIB MarHiTONpoOBORY, B €MHICHHX HaBayax — 3aNexkHiCTh
€MHOCTi KOHJEHCATOpa Bif BIACTAHI MK HOro IUIACTHHAMM YA Bil IO
IUTACTHH.
Y Garatsox enementax CYA BHKOPHCTOBYIOTECS ENEKTPOMATHITHI
i enexTpomexaHiuHi SBMINA, TOB’S3aHi 3 B3AEMHUMM TIEPETBOPCHHAMH
eNIeKTPUYHOI, MardiTHOi Ta MexaHiyHOl eHeprii. B OCHOBi LUX SBHIL NeXaTh
TaKi Qi3uvHI 3aKOHK!



ENeKTpHYHHMI CTPYM, AKHH Tede B3TOBK NPOBIAHMKA, CTBOPIOE B
npocTopi, W0 OTOYYE NPOBIMHHK, OCOONMBHA ¢isMuHME cTaH, AKWH HasH-
BAEThCH MATHITHMM TOJIEM 1 AKHI XapaKTepU3yeThCA THM, LU0 3MiACHIOE CHIIO-
BUii BILIMB Ha PYXOMi Tijia, KOTpi MalOTh eNeKTPHYHHMHA 3apsl, Ha IPOBIHUKH 3}
CTPYMOM i Ha HaMarHi4esi Tina (ro6To Ha Tilla, sKi MarOTh MArHiTHUH MOMEHT,
HaNpuKnaj, TOCTiMHI mardiTd). BennwuuEa HBOTO MiSHHA XapaKTepPH3ye€ThCs
MATHITHOIO iHAYKI€I0 PE4OBHHA B Ta NpPAMO HPONOPILiAHA iHTEHCHBHOCTI
30BHiIIHEOrO MAarHiTHOTO MOJif, SIKa HA3UBAETHCS HANPYXeHicTIo H:

B=p H. (1.73)

Koedimient mponopuifiHocti L, Ha3upawoTe abCONIOTHOO
MATHITHOIO NPOHMKHICTIO, fK& XapaKTepusye HiACWIeHHA abo ocsabseHHs
HaNpyXeHOCTI MArHiTHOrO NOJI B laHiH peyoBuHi:

Mo = Hol,
Je W, — MarHiTHa crana, abo MarHiTHa NPOHMKHICTb BaKyyMy

(hp=4n-107 I / M), XapaKTepusye TakoX i MarHiTHi BAACTHBOCTI MOBIiTPA,
IS IKOTO
Wyog= 400001241107 Tt / m~pg;

/i — BIJHOCHA MarHiTHa NPOHMKHiCTH (Ge3po3MipHa BemMUMHA), sKa
TNOKa3ye B CKibKM Pa3iB MariTHa MPOHHKHICTh JAHOTO cepeNoBHuIa Ginbiia
260 MeHIIIa MarHiTHOI IPOHHKHOCT] BaKyyMy (ITOBiTpA).

OTxe, JjoKepelaMd MarfiTHOro IONs € HaMarHiuesi Tina,
TIPOBiIHMKHM 3 CTPYMOM i EIEKTPUYHO 3aPAKEHI Tia, sKi pyXaloThes.

MarHiTHe 1016 BHHHMKAE TaKOX NpH 3MiHi B Yaci eNeKTpHIHOro
nosis. B CBOO uepry, NpH 3MiHi B 9aci MarHiTHOro Mo BHHHUKAE eJIeKTpHIHE
noie. MargiTHe Tnojie XapaKTepU3yeThesAd B KOXHIM TOUI NPOCTOPY HE TLILKK
BE/IMYMHOIO HANPYXEHOCTI NOMA, & TaKoX HOro HampsMKoM. Bractusicts
cTpyMy 30yKyBaTH MarHiTHe MOJIe H33MBAETBCA MArHiTOPYWIIHHOIO CHIOIO
(M.p.c.). 3anexuicTs HanpyXeHOCTi MarHitHoro mnons H Bia crpymy /
BHU3HAYA€THCS 3aKOHOM IIOBHOIO CTPYMY.

3axon nosrnozo cmpymy. Po3TIISIHEMO KiblieBe OCEPAs 3 OQHAKOBUMH IO
BCidf OBXWHI / MArHiTHMUMM BINACTHBOCTAMH T4 HE3MIHHMM IONEPEYHHM
nepepizoM s Ilo konmy ocepAs piBHOMipHO HaMOTaHa OOMOTKa 3 YHCIOM
BUTKIBW, uepe3 Ky Teue CTpyM /.

Hamarniuypanpha cuna F, 1o fi€ Ha B3I0BXK 3a8MKHYTOI'O KOHTYPY
ocep/if, JOPiBHIOE

F=hw, (1.74)

pe Iw - cyma Bcix CTpyMiB, IO MNPOHM3YIOTH I KOHTYp, TOOTO

TPOBHU3YIOTh BikHO ocepid. HaMarmidypaneha cuna (H.C.), Aika NMpHNajac Ha
OMHHINO TOBXKWHHE OCEP/d, JOPIBHIOE HANPYKEHOCT] MArHiTROTO 110 f1.

Tomy, 3TiHO 3 38KOHOM [OBHOIO CTPYMY LIS BH3HAYEHOTO IPHKJIainy
cepeliHE 3HAYEHHS HANPYKEHOCTI MArHiTHOTO Mojis OCepis AOPIBHIOE H.C., fKa
i€ B3IOBX 3aMKHEHOTO KOHTYPY.




H=F/1=£I"3, (1.75)

Ie ! - cepeHs TOBXKHMHA OCEPAS, a60 cepeaHs MarHiTHa JiHis.

Takum umHOM, H B OIHOPIZHOMY OCepAli OJHO3HAYHO BH3HAYAETHCS
CTpyMaMu B Horo o6MoTkax. Sxuio Binomi BenM4HHA Ta Xapakrep 3Minu H, To
3a BUpa3oM (1.75) MoxHa 0GYHCIUTH CTPYM B OO 06MOTII.

SAxmo ocepast Mae Kinbka 0OMOTOK W), W;,...,W,, 4epe3 fKi BiANOBIIHO
TIPOTiKalOTh CTPYMHU [}, I,...,1,, TO HAIPYXEHICTh MOJIs JOPiBHIOE

H= %(le, + Lywy+. 41w, ). (1.76)

3axon enexmpomaznimuoi indyxyii. Slkmo nix niero Hanpyxenocti H B
ocepli CTBOpeHHH MarHiTHui notik @, To HOro 3HaYEHHS MOXHA BU3HAYHTH 32
dbopmynoro

@=Bs, 1.77)

e B - wmaruiTHa iHOyKHiz B MarHiTHOMy Marepiani ocepas, sKa
BiAMOBiac BU3HaueHil cTpymom I HanpyxeHocti marmitHoro nons H.

Binnosinso 1o 3axory enexmpomaznimuoi indyxyii npu 6yap-akid 3midi
MardiTHoro noroky ® ocepns B #oro oGMoTKax iHAYKY€ETbCA €.p.C.:
—gﬂ=—w@=~wsd—8. (1.78)

dt dt dt

SAxuo kinui 0OMOTKM 3aMKHYTH, TO B Hil Mix Aielo e. p. c. moTeye cIpyM
B TAKOMY HaNpsMKy, IPH SKOMy HOTO BIlacHe MardiTHe noiue Gyge mpOTHAIATH
3MiHi OCHOBHOrO MAarHiTHOrO TOTOKY. SIKINO MarHiTHMH NOTIK B oCephi
3MIHIOETBHCA 33 CHHYCOIAATBHAM 38KOHOM

O =00, sinwt =sB,, sinwt, (1.79)

Ze © - KyToBa uyacrota; @, Ta B, - BiINOBIAHO aMILITYAHI 3HAYEHHS
MArHITHOTO IIOTOKY i MarHiTHO! IHAYKIHL, TO €.p.c., sixa IHAyKy€eThcs B OOMOTI,
TaKox OyJe 3MIHIOBATHCA 32 CHHYCOINATbHHAM 3aKOHOM Ta JIOCATHE MaKCUMyMY
Npx HaHGInbIOiK DIBMAKOCTI 3MiHM MAarHiTHOrO MOTOKY, TOGTO B MOMEHT
nepexofy MOTOKY 4epe3 Hyslb. B MOMEHT MaKCHMAJIbHOTO 3HaYeHHS MOTOKY
WBMAKICTD HOTo 3MiNM JOpiBHIOE HymO i ToMy e=0. XapaxkTep 3minu e.p.c.
ONHUCYETHCS HOPMYIIOH0

e=-E,_ cosal, (1.80)
IeE, =awwsB,.
IlpaxTuyHe 3HaAYeHHSs Ma€ BHNANOK, KOHH OO KIHIIB OOMOTKH

OpHKIaZieHa CHHYCOIaNbHa HaNpyra IKepeia XHBIeHHS

U=U, sinwt .

Jnst Takoro eneKTpHYHOro kona Gy/e cupaBeiNTHBHM PiBHAHHA
U= iR + U;=iR-¢, (1.81)

ae R- axtuBuuii onip 06MoTKH;



U,- MUTTEBE 3HAYEHHA YACTHHU HANpPYrd Ha IHAYKTUBHIA CK1ajoBii
Kona .
B 6isp1n0cTi BUIAAKIB MOXKHA BBaXaTH , o iR << U, i Toai
U=U,=-e; e=-U,sinot (1.82)
TakdM YKHOM, Harpyra, siKa IpHKIafeHa 10 0OMOTKY, BPiBHOBaXYETHCS
JHINE iHAYKTUBHUM MaJIiHHAM Hanpyrd Ha oOMOTI, 1O BllaCHE € MPOTH-€.p.C.,
KA HaBelleHa B 0OMOTLi 3MIHHKM MartdiTHHM ITOTOKOM.
TMopisuiorouw (1.78) i (1.82) 3anumemo

U, sinaxt = ws % , 3B1JIKH
o =°:v~ sinatd, (1.83)
Mpoinrerpysasmy (1.83) orpumaemo
di(t):*ylcosa)ta«@,,, (1.84)
wow
e @, = %w'l — aMIUIITy1a 3MiHHOI CKJIaloBOl [IOTOKY, (1.85)

@, — nmocTiiHAa CKJIa0Ba [TOTOKY,
abo
DO(t)=Dy-D,cos wt (1.86)

TakuMm UMHOM, SKIIO MOXHA 3HEXTYBaTH [aJiHHAM Hampyru Ha
aKTHBHOMY onopi iR B 06MOTLI Ocepls, TO MOXHA BBAXATH, 110 MPUKIIafieHa 10
OOMOTKM CHHyCOifaJbHa Hanpyra OOyMOBMIOE CHHYCOiflanbHy 3MiHY
MAarHITHOTO MOTOKY, aMILTiTyAHe 3Hauenus @, AKOTO He 3ANEKHTb BiA
MAardiTHAX XapakTePUCTHK Ta TCOMETPHYHHX PO3MIpiB 0CEp/s.

Inoni B ocepmi kpiM 3MiHHOI CKJafoBOI INOTOKY MNPUCYTHS TaKOX
rocTifina cknagosa @, AKa 3yMOBIEHa, HANPUKIAA, TIPHCYTHICTIO OCTiHHOrO
cTpyMy B 06MoTHi ocepas. OfHAK, AKINO MOXKHA 3HEXTYBATH MIafliHHSM HANPYIH
Ha aKTHBHOMY OTIOPi, TO IPUCYTHICTh MOCTIHHOI CKNIa0BOI NOTOKY He BILIHBAE
Ha 3aKOH 3MiHH 3MiHHOI CKJIafloBOi OTOKy a6o Ha If aMIiTy[He 3HaYeHHI.
SIkmo B 06MoTIi Ocepas TMOCTIHHMIA CTPYM BiACYTHiH, TO TocTiiHa CKianoBa
fotoky @, HOpiBHIOE HYIIO, i BHpa3 (1.86) mepeTBOprOETHCH B:

D=-P, cosmt . (1.87)
Bukopuctosyrou# (1.85) MoxHa oTprMaTH
U, =ow®, =wwsB, . (1.88)
A SIKINO B3ATH 0O YBATY, MO Ail0Ye 3HAYCHHA HANPYTH
u=Yn, (1.89)
N2
TO MOHA OTPHMATH
U =27 wsB, = 4,44 fusB,, (1.90)
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pi (] f = 57; — 4acTOoTa 3MIHHO1 Halpyru.

llepuwiuii 3axon Kipxeogha ona maznimnux xin. 3akon Oasyernes Ha
NpHHLUNL HenepepBHocn -~ anrebpaiyHa cyma MardiTHUX NHOTOKIiB B Oyb-
AKOMY BY3Jli MarHiTHHX KiI OPIBHIOE HYIO:

n
D +Dy+..+ Py = 3 P, =0 (1.91)
i=0
Apyzuii 3axon Kipxzogha ona maznimuozo xona. IMpunyctumo, wo €
HEOJHODIHE 1O  JOBXWHi 3aMKHEHE HEpO3raly)XeHe ocepas. Ls
HEONHOPITHICT MOXe OyTH o6yMOBneHa AK 3MiHOK IUIOLI ITOHEPEYHOro
nepepisy ocepas 10 AOBXKHMHI, Tak i 3MiHOI MarHiTHHX BracTHBOcTei. Taxe
ocep/id Moxe OYTH mofineHe Ha KinbKa AUTAHOK JOBKHHOWO /), 1, ..., B MeXax
KOXHOI 3 SIKHX 4 Ta s nocTiltni. g Takoro ocepas cymapea HaMarmquanLHa
cuna F [ODiBHIOE CyMi MajiHb MArHiTHMX HAanpyr Ha OKPeMHMX iISHKaX
3aMKHYTOTO KOHTYPY MarHiTHOTO Koja:
F=FR+F)+..+F, (1.92)
B saransHoMy Bumanky Apyruit 3akon Kipxroa ams MareitHoro xona:
anrebpaiyHa cyMa HamarHidyBaNbHUX CHII B 3aMKHYTOMY KOHTYpi MarHiTHoro
Koja fopiBHIoe anrebpaiuHiii CyMi Nagisp MarkiTHHX Hampyr B TOMYy X
KOHTYpI.
3akon Oma 0ns maewimmozo kond. Hdns Oynob-axol  OinsHKM
MArHITHOTO KOJa TOrO X oCepAs (B Mexax AKOi MarHiTHa NPOHHKHICTb €
HOCTIHHOI0) MOXHA 3aITHCATH:

!
A U (1.93)
He S,

nie k — nOopAAKOBUI HOMED JiIAHKH.
MargiTHAH NOTIK BiAPI3HAETHCA BIACTHBICTIO HEnepepBHOCT (robto He
Ma€ Hi MOYaTKy, Hi KiHIf) # Mae TMOCTiiiHe 3HadYeHHS Ha Oynp-axiit gingHLIi
3aMKHEHOT'O HEpO3TaIyKeHOro OCeps:
¢I=¢z=¢3:...=¢k=¢. (194)
Tomy, posp’s3aBum piBHsHEA (1.92) BiZHOCHO MArHITHOrO
NOTOKY 3 BpaxysanusaM (1.93) ta (1.94), orpumaemo
- -
?= IIW ., R _+R ‘+ +R,’ (1.95)
B T N w " T T T Ry
HiSy M8y HiSi
ne R, — mariTHEY onip ocepys,

R, =L (1.96)

®opmyia (1.95) Mac MaTeMaTiunuit Bupa3 3akony OMa A8 MarsiTHOro
KONa: MarHiTHWH TOTIK AOPIBHIOE HAaMaTHivyBaNbHiM CHII, SKa TOIiNeHa Ha
CYMy MartiTHMX OTOpiB HINIXOM MarHiTHOTO MOTOKY.
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SIKio, HANPUKNAZ, PI3KO MiABMIMTH MArHITHHA 011ip AEAKOi MiNIHKHA Ha
LIAXY MATHITHOTO IOTOKY, LIO QOCATAEThCs 3HHKEHHSM il p abo S, To MOXHa
CYTTEBO BIUIMHYTH Ha 3araJbHAM MOTIK UM HANPaBHTH MOTIK i3 uiei DUIAHKA B
iHLIY, apaenbHy .

Jlo po3paxyHKy MarHiTHMX Kil MOXHa 3aCTOCOBYBATH BCi METOAM
PO3PaxyHKiB €NeKTPUYHMX KiJI, OCKINBKM i MarWiTHi, i eJeKTpH4HI Kona
IiAKOPSIOTECA OTHUM i THM Xe 3aKOHaM.

Jlns CIpowieHHs aHatlily eNeKTPOMArHiTHWX MPHCTPOIB, SK IPABHIIO,
3aCTOCOBYIOTE i rpadiusi, i AHANTHYHI METOAM aNpoOKCMMAlii KpuBOi
HaMaruiuysauss abo MeTiI ricrepesucy.

OnHH 3 aHANITHYHAX METO/IB anpoKcumanii i 1l KpuBoi HAMArHiuyBaHHA
€ anpokcHMallis 3a hopmyJioo rinepbosiaHoro cuHyca

H =a sh (B,

ne xoedilieHTH o i B 3HAXOZATH, POIB’A3YHOUM YHCENIBHUM METOLOM
CHCTEMY JIBOX PIBHSAHb, AKi OTPHMaHi MiICTAHOBOIO B alPOKCHMYIOYMH BUpa3
snadens H Ta B mia OBOoX HaWOinbll XapakTepHHX TOYOK PEaTbHOI KPHUBOT
HaMars{iqyBaHHs.

B iHmmMx Bumagkax OyBae 3pydHille anpoKCHMYBaTH  KPHBY
HaMarHidyBaHHA CTENIEHEBHM I10JLIHOMOM, HAIIPHKIAN

B=aH +bH’ + cH’,

260 KycKOBO-JIiHIHHMMH BHIAMM alpOKCHMaLi.

3axon Amnepa. Ha npoBiIHAK JOBXHHOIO [ 3i cTpymMoM I, po3MilieHui B
MarsiTHoMy Mo 3 iHAyKIUi€lo B, Ni€ eNeKTpOMartiTHa cuna:

F=BII. (1.97)

SIKino npAMONiHiHMA MPOBIHMK YTBOPIOE 3 HAMPSAMKOM MarHiTHOro
10715 KYT O, TO B 1(10 OPMYJTy BBOMTECS CIIBMHOXKHHK Sina.

IIpn nepemiuieHHi TaKOTO MPOBIHHKA JOBXHUHOIO ] 31 HIBMAKICTIO V B
noni 3 iHAyKuiero B 3HAYEHHS e.p.c. MOXe GyTH BH3HAUEHE Ha MLICTABI 3aKOHY
e/1eKTPOMArHiTHOT IHAYKLi:

E=Blv. (1.98)

SIKIO MPOBIHKMK PyXa€ThCS MiZ KyTOM & 10 HAaNpPSMKY MareiTHOro nond,
TO B OPMYIY BBOAMTECS CTIBMHOXHHUK Sina.

HasesieHi (i3uuHi 3aK0HH € OCHOBHUMM. [IOpsif 3 HUMK B OKPEMHX enic-
menTax CYA BHKOPHCTOBYIOThCS i iniui disuusi 3akoHOMipHOCT] Ta aBuua. B
MArHITHUX MiICHLIOBAYaX, HAPHKIA/ e SBUILE OJHOYACHOTO HAMArHiuyBaHHs
OCep/is CTaluM Ta 3MIHHMM MarsiTHUMH NoNsMy. B TepMoenekTpuiHuX Hasa-
4ax — eheKT yTBOPEHHs TePMO €.p.C. B KO, 10 CKITAnaeThes 3 PisHAX MeTajlis
(4 HamiBMpoBiAHMKIB), Ty pi3Hilii TemuepaTypi Micub 3’eAHaHHs. B ¢oto-
eNEKTPVYHUX NaBasdxX — 3aNeXHICTh MAarHiTHUX BIACTHBOCTEH depomaruiTia
Bijl MEXaHIYHUX HANpYT, 2 B 11’ €30€IeKTPHTHMX — €(EKT NOABK €.p.C. Ha Tpadax
JESKKX KPHCTATIB 1P IX CTHCHEHHI | T.H.



Iluranuas s CaMOKORTPGIIO

1. Ulo rake enement CYA?

2. SIxi ocHOBHi olepauii BHKOHYIOTH €leMEHTH?

3. 3a sxuMH 03irakaMH KITaCHKYIOTh elleMeHTH?

4. 1o Take xapaxTepHUCTHKA YIIpPaBIiHHA eleMeHTa?

5. Sk onuCYIOTH B 3arajbHOMY BHINAJKY IPOLECH, L0 HNPOTIKAIOTL B
eneMeHTi (cucreMi)?

6. o Take mopir 4yTIHBOCTI?

7. 1o Take 30Ha HACWYEHHA?

8. Slki eneMeHTH MalOTh HellepepBHY XapaKTEPUCTHKY YNpaBiiHHSA?
ITapameTpu Takux e1EeMEHTIB.

9. SIKi eneMeHTHM MalOTb penelHy XapaKTEPHCTHKY YIPaBIiHHA?
[TapaMeTpy Takux eJeMeHTIB.

10./IuHaMiuHi BIACTHBOCTI €IEMEHTIB.

11.5xi BimoMi THnoBiI 30ypeHHS M BH3HAYEHHS JMHAMIYHUX
BJIACTHBOCTEH efeMeHTiB?

12.5Ixi Bigomi 4acoBi AMHaMI4Hi XapaKTEePUCTHKU eNeMeHTiB?

13.BigoMi 4acTOTHI XapaKTEPUCTHUKK €JIEMEHTIB.

14.111o Take HafiiHICTE eNemMenTa?

15.51xi BimoMi moxa3HMKY HafifHOCTI?

16.5Ixi BigOMi 3aKOHHM, IO ONUCYIOTH pODOTY eNeMEHTIB B
eNEeKTPUYHUX Kosax?

17.51xi ¢i3u4ni 3aKOHM XapaKTEepH3YIOTh B3a€EMHE MEPeTBOPEHHA
eNEeKTPUUHOI, MarHiTHOI Ta MEXaHIYHOI eHeprii?

18.5lki OCHOBHI BEIMYMHU XapaKTepH3YIOTh MArHiTHe none Ta cran
peuoBHHH B noNi? Jhxepesa MarHiTHOro moss.

19.5Ixi enexTpuuHi Ta MarHiTHi OJMHULI BHKOPHCTORYIOTh B CHCTEMI
C1?

20.5Iki MeTomyM 3aCTOCOBYIOTh I CIPOIUEHHA aHajisy poboTH
efleMeHTiB Ta nprcTpoiB CYA?



Po3zin 2. Bumiposaibuo-nepeTBOPIOBAILHI
€JIEMECHTH T3 MPHUCTPOI CHCTEM YNPABJIIHHS | ABTOMATHKH

2.1. 3arajabHi BigoMocri

2.1.1. llpu3nayenns ta kiaacupikauis
BHMIpPIOBA/ILHHX NnepeTBopioBayis (BII)

Xonna cucreMa ynpaBniHHA HE MOXe IpamoBaTd 6e3 indopmanii npo
cran 00’exTa ynpaBiiHHS i Horo peaknii Ha BIUIMB ynpaBniHHs. EneMeHTOM
cucteM, 1o 3abe3nmedye OTpUMaHHs Takol iHQopmalii, € BHUMipIOBANEHUA
nepersopioBay. CrenianicTy 3 aBTOMaTHKY YacTillle BHKOPHUCTOBYIOTh T€PMIHH
“niepBuHHUI  TeperBoploBay” abo “maBauy”. B mojamsmoMy TepMiH
“BUMIpIOBalIbHMH TiepeTBOpIOBaY” OyAe BHKODHUCTOBYBATHCS B pasi omucy
HNPHHUHMITY Ail Toro abo iHIOro BEMIpPIOBANLHOIO NPUCTPOIO, a TEpMiH “AaBay”
— Anst #oro KOHCTPYKTHBHOTO BHKOHAHHS.

ABTOMartH3ailii BHPOOHHYMX THPONECIB, HAYKOBHX EKCIICPHMMEHTIB |
nociimie  nmotpedye Bce Oinbmioro o6’eMy BHMIpIOBaHb  Pi3HOMAaHITHHX
¢isnurnx BenuuuH. Ipo iX KiNbKiCTh MOXXHA pOOWTH BHCHOBKH, PO3IVIAJAIOYH
cucremy ojirauLp Cl, sika Mictuth 6inbme 120 GisvyHAX ONUHMLE.

Kinpkicts THIIIB BAMIpIOBaJIbHUX MEPETBOPIOBAYIB 3HAYHO Mepebinpiuye
YUCTO BUMIPIOBAHMX BEIWHMH, OCKUIBKY OFHY i Ty X (i3HuHy BENHUHHY MOXHA
BUMIpIOBaTH Pi3HUMH METOAAMH | NaBayaMH Pi3HUX KOHCTPYKLUH.

Jlns 6inbinocti BuMipioBanmsHUX meperBopioBauis (BII) xapaxrepno
BUMIpIOBAHHS €JIEKTPHYHMMHA METONAMH HE TiNbKH eNeKTPUYHKX | MarHiTHHX,
ane i inmux ¢isndnux BenuuvH. Lli BUMiploBaHHS 3AiACHIOIOTECS MOMEPENHIM
NEepEeTBOPEHHSM HEeJCKTPUYHOI BEMMYMHM B enextpuyny. Takud niaxig
0ByMoBNIEHO MepeBaraMy eNeKTPHYHUX BHMIPIOBaHb, B MEPUIy YEPry THM, LI0
NEKTPUYHi CHHAMH MOXHA JIETKO i INBHJIKO NepeaaBaTH Ha BENHKi Binctai,
TIepeTBOPIOBaTH B M(POBHIA KO, OKPIM TOTO BOHH LO3BONAIOTH 3abe3mequTy
BHCOKY TOYHICTD 1 4y THHBICTb.

Heobxifno BiMITHTH, DIC HE 3aBXI¥ BUMIDIOBANBHUH MEpeTBOPIOBAY
BuKOHYe Ge3nocepennso GyHkuii BumiproBasus. B pani sunaaxis BIT moxusa
BHKOPHCTOBYBATH B KOCTi NepeTBOPIOBada oxfHiet (isuuroi penuunnu B jHILYy,
HaMyacTinle 3 HeeneKTpHuHOi B eneKTpuudy. Hampukian, npu BuMipioBawui
pIBHA DIAWHY TIOMIABOK B €MKOCTI Moxe OyTH PHYDKHO 3B’s3anull 3
PEOCTATHMM TIEpETBOPIOBAYEM, BBIMKHEHHM B €l€KTpHuHe Kono. B mpomy
BHIMAJKy 3MiHAa piBHf, fKa BHMIDIOETBCS MNeEpEMillleHHAM moraska, Oyne
NEePETBOPIOBATHCH B 3MiHY EEKTPHYHOTO CHTHANY (HalpyTH, CTPYMY).

Pa30M 3 UIKPOKMM DO3BMTKOM i NMOIUMPEHHAM eNEKTPHYHEX METOAIB i
3acoGiB BUMIpIOBAHHS Ta YNpPaBIiHHSA PO3POOIAIOTECH i CTBOPIIOTHCA 3aC00K
aBTOMAaTH3allil, AXi BUKOPWCTOBYIOTH IHUN JUKepena eHepril, - MHEBMATHYHI,



rifpaBiivHi. 3acTOCYBaHHS MHEBMaHIYHHX 3aC00iB aBTOMaTW3aLil AOUIILHO B
Hebe3nevyHUX yMmoBax ekciutyaramii (B xiMiumiii, HadTonepepoOHii, xap4oBii
MPOMHCTIOBOCTI Ta iH. ), IPH HEJOCTaHbOMY piBHI KBamidikauii 06¢ci1yroByrogoro
nepcoHay (MTHEBMAaTHXa IIpocTilia B 00CIyroByBaHHi, HiX eJIEKTpOHika), Ui
JOCATHEHHS Manol BapTocTi 3aco6iB aBTOMaTH3aMi].

Js edextuBHoro ¢yukuionysanus BII noeunHi BifnoBimaty psuy
BHMOT, OCHOBHI 3 SIKMX: BUCOKAa CTaTM4Ha i JMHaMiYHa TOYHICTb POGOTH, IO
3abe3nedye (hOpMyBaHHS BHXIAHOTO CHIHAILY 3 MIHIMAILHUMH BUKDHBJICHHSIMH;
BHCOKa BUOGIpHiCTH — JaBa4 MOBHHEH pearyBaTH TLIBKM Ha 3MiHY Ti€l BEJIHYHHH,
ans sAKoi BiH NpU3HAYEHMH; CTalOiNBHICTh XaPAaKTEPUCTHK Y uaci; BIACYTHICTH
BILIMBY HaBaHTAXCHHA Y BHXIJHOMY KOIi Ha PeXHM BXIAHOIO KONa; BHCOKA
HaziiHicTh ApU poBOTI B HECHPHATIHUBHX YMOBaX 30BHIIIHEOIO CepeiOBUILE;
NOBTOPIOBAHICTh ~ XapaKTePHCTHK  (B3aeMo3aMiHHICTB);  nOpocrora |
TEXHONOT{YHICTh KOHCTPYKILil; 3pyYHICTh MOHTaXY Ta 0OCIyroBYBaHHS; HU3bKa
BapTiCTb.

Bypxs1dBHH PO3BUTOK €1€KTPOHHOI IIPOMMCIIOBOCTI IPU3BIB A0 MPOTpecy
1 B obmacti yrBopenHs JaBadiB. Ha 3MiHy enekTpoMexaHiuHUM i
€IEKTPOBAKYYMHHM NPHCTPOSM NMPUHLLUIA HaNiBIPOBIAHUKOBI B JUCKpETHOMY i
iHTerpaibHOMY BUKOHAHHI, ONTOENEKTPOHHI I iHwi mpuctpol. Brockonanenus
HaMiBIPOBITHUKOBOI TEXHOJIOTI] JO3BOJNSE PO3MMPHTH ChEpH BUKOPHCTAHHA
JaBayiB, 30iMBLIATH IX TOYHICTh, UIBHAKOMNIIO, HAMIHHICTb, AOBrOBIYHICTS,
3PYYHICTB B MOEAHAHHI 3 €JIEKTPOHHUMH BHMIPIOBATLHUMHU cxeMaMu. MacoBnit
XapakTep BUpOOHHLITBA HPU3BOAUTE 1O 3HMKEHHS TX I[iHH.

3aranbHi TeHAeHNI] 1o MiHiaTIOpM3anii 1 KoMI'loTepu3allii TOpKHyaHCS 1
i€l obsmacti TexHiku. Pa3oM 3 BHKODHCTaHHSM iHTErpaibHOi TEXHOMOTIT s
BUPOOHHITBA CaMHX JaBadiB CIIOCTEPIracThCs TEHAEHUIA 06’ €AHAHHA NaBaviB 3
IHTEerpansHUMM NEPETBOPIOBAYAMH AHANIOTOBHX CHTHANB UM(POBMI KOX IUIA
Oinbi edeKTUBHOIO MOEAHAHHA 3 3aco00aMH OGUUCIIOBAIBHO! TEXHIKY i HaBiTh
KOHCTPYKTHBHe 06’ €JHaHHS JaBadiB 3 MiKPOIPOLECOPHHMH NIPHCTPOSIMH.

Baxaroui otpuMaru Ginbli rmuboki 3HaHHA B o6aacTi KOHCTPYKHiH i
BHKODHUCTAaHHS BHMIPIOBATBHHX IN€PETBOPIOBAYIB MOXYTh 3BEPHYTHCS IO
MOBIAKOBOT JHTCPATYPH 3 BUMIPIOBAHD €NEKTPUUHUX | HECAECKTPUHHUX BEIUYMH
IIPOMHCIIOBUMH METO/IAMH.

Kunacudikaliis BUMipIOBaNIbHUX NEPETBOPIOBAYIB

B mHam wyac icHye O6arato pi3HOMaHiITHMX 32 INpPHHLMIIOM Xii Ta
npusHadeHHsM BIl. BesnepepBHuii po3BUTOK HayKH i TEXHOIOTII [PU3BOAUTH
10 MOSARH BCe HOBHMX MepeTBOpIoBaviB. Po3pobieni knacudikaiii gomomMaraors
po3ipatuck B LpOMY pizHoMaHiTTi. CTBOpMTH yHiBepcaibHy Knacudikaiiio,
aKa Oynme Biamnosizatu norpe6aM BCiX MOXIMBHX KOPHCTYBAa4iB KOHKPETHOI
npeaMerHoi 001acTi, 3a1a4a MPaKTHYHO HeMoxutnBa. Tak, po3poGHuKa cHcreM
ynpasiiHus, HMoBipHO, Olibii 3a Bce BnawToBye knacuikailis AasayiB 3a



POJIOM BHMIPIOBaHOI (I3MYHOI BEHYMHH, KON B KOBIIHKHKY BiH MOXe 3HaHTH
HeoOxixHuH IpUCTpil | 03HAHOMHUTHCH 3 HOTO OCHOBHMMH XapaKTepHCTHKAMH.
Jins pospobuuka BIT, wo BuBYac KOHCTPYKUIl i TexHONOTIi BUroToBneHHs BlI,
Ginsun monineHa Knacudikauis NepeTBOPIOBAUIB 3a MpuHUMNOM iX ail. Tomy
3a3Buvail Gyb-sika knacuoikauis GararopumipHa, To6To mpenMeT knacuikauii
po3risaaacThea 3a psagoM o3Hak. [lpu upoMy quMm finbluIe O3HAK, THM OLIbII
ruboKe yABICHHSA MOXKHA OTPHUMATH NP0 PEAMET.

B sxocTi raacucixayiiimux osxax BI1 moxHa npuitara GinsmicTs
XapaKTepUCTHK TepeTBOpIOBaYiB: BUA (QYHKuil nepeTBOpeHHs, piA BXifHO! i
BHMXIJHO! BETHYHH, PUHIMN Jii, KOHCTPYKTHBHE BUKOHAHHS i T.J.

3a eudom euepeii, Mo BHKOPHCTOBYeThCA, BIT MmoxHa mnopimnri Ha
eNIEKTPHHHI, MEXaHi4Hi, THEeBMATHYHI i riApaBnivHi.

3a  CHIBBIOHOWEHHAM  MINC  6XIOHOIO | 6UXIOHOIO  BEIUNUHAMU!
HeeNeKTPHYHUX BENMYMH B HEENEKTPHUHI — TepeTBoproBadi posMipy Tiei abo
{HILOT HeeNEXTPHYHOT BENHIMHH (Baxen, penyx*ropn) a60o nepeTBOpIOBadi BHIY
BXigHOT BenuuMHY (MeMOpaHH, HNPYXHHH i T.4.); HEEJNEKTPHYHUX BEIHYIUH B
ejleKTpHuHi — Haiibinem  GaraToumcensHa | PO3NOBCIO/DKEHA  rpyna
nepeTBoprOBayiB, fKiii Oyne npumineHo HaRGilbiie yBarM; €NCKTPHYHHX
BEJIMYMH B eJICKTPHYHI; ENEKTPAYHIX BETHYHH B HEENCKTPHYHI — B OCHOBHOMY
BUMIpIOBAJIFHI MeXaBi3MH elleKTpoMexaHiuHux npunafis. JIpi OCTaHHi TpyIH
[IepeTBOPIOBaYiB Giabilt C)’T’I‘CBO PO3IVISAIOTECA NPH BUBHEHHI JAMCLMIUIIHH
“MeTposnoris i BUMIpIOBaHHS .

B sarexcwocmi 6i0 6udy 6UXiOHOZ0 CuZHANY: AHATIOTOBI, AYCKPETHI,
peneiiri, 3 NPUPOAHMM i YHi()iKOBAHMM BUXIIHHM CHTHAJIOM.

3a sudom qbymcuu nepemeOpeHKA: MacirabHi, Taki, W0 3MIHIOKTE Yy
BM3HAUEHE YMCIO pasiB po3Mip BXiaHoi BenMuuHM Ge3 3MiHM i ¢isudHOl
IpUPOSH; cbymculoﬂanbm WO BHKOHYIOTh OJIHO3HAYHE ¢$yHKUiOHA1bHE
TIepEeTBOPEHHs BXiJHOI BEMHYMHH 3 3MiHowo 1i isuunoi npuponu abo Gex
3MiHM; omepaliifHi, WO BHKOHYKTb Hajl BXIAHOIO BEIHYMHOIO MaTeMaTH4Hi
oNepalii BHIOTO MOPSAKY — AudepeHuiloBanHs a0o iHTerpyBaHHS 32 YACOBHM
HapameTpoM.

3a udom cmpyKmypHOI cxemi nepemeoplo6ata: NPAMOIo OJHOKPATHOTO
NepETBOPEHHA; [IOCTIOBHOIO NPAMOTO TEPETBOPeHHS; AHdepeHIlianbHi; 3i
3BOPOTHHM 3B’S3KOM (KOMIICHCallifiHa CXeMa).

3a  xapaxmepom hepemeopenna  6XiOHOI  eenuuunu 8 BUXIOHY:
NapaMeTpPHHHI, FeHEPATePHI, YaCTOTHI, (asoBi.

3a 6uUOOM GUMIDIOBAHOI (DI3UYHOT BETUNUHU. MHIEERX 1 KYTOBHX
NepeMillieHb, THCKY, TEMIIEPATyPH, KOHLEHTpallii Pe4OBHUH it

3a qbuuwwuu Aguyamu, TIOKTAJCHUMH B OCHOBY NpPHHIMILY Jii, B
JEpXaBHid cucTeMi npvnamB ta 3acchiB apromatusail (ACH) mpuidnaTa raka
KnacHQikallis: MeXaHidHi — 3 UPYKHUM HUyTRHBUM CIEMEHTOM, ApOCEnbHI,
poTaMeTpHuHi, ©06’€MHi, TOIIABKOBI, HIBH/KICHI; crewpomexau.qw -
TEeH30DPE3WCTHBHI, TEePMOEIEKTPHYHI, TepMOMEeXaHiyHl,



TEPMOKOHAYKTOMETPHYHI, MaHOMETPHYHI; @IIeKTPOXIMiuHi -
KOHIYKTOMETPHYHi, MOTEHILIOMETpMYHi, monsporpadiyni; ONTHYHI -
(OTOKOIOMETPHYHI, pedPaKTOMETPHYHI, ONITHKO-AKYCTHYHI, HedenoMeTpH4Hi;
€NEKTPOHH! i ioHizamiini — iHmyKkuiitHi, Xpomarorpadivui, panioizoTonHi,
MarHiTHi.

3a  oumamivnumu xapakmepucmuxamu BI1  posnoginsiotecs y
Bi/ITIOBI/THOCTI 3 BU/IOM TiepeaTOYHOT HYHKILT.

B 3anexHocTi Bixt sudy cmamuunoi xapakmepucmuru Bl noginsors Ha
PEBEPCHBHI (IBOTAaKTHI) | HEpEBEPCUBHI (OAHOTAKTHI).

Hapite HacTineku pO3ropHyTa KiacH(ikalis 3a pSAOM O3HAK He €
BHUYEPNHOIO, OCKIIbKY 32 KOXHHM BH3HAYEHHSM CTOITh IpyTia MepeTBoploBayis
3 Pi3HAMHU TEXHIYHHMH Ta KOHCTPYKTHBHUMH XapaKTEPHCTHKAMH.

2.1.2. ®izuyHi ABHINA, 1110 BUKOPHCTOBYIOTHCA B BII

IIpu ctBopenHi BII MoxHa BukopucTOBYyBaTH Oyan-fiki (i3M4Hi SBHLIA.
3ajaya mondrae B po3poOni Ha iX OCHOBI NPHHUMMIB Ail NEpeTBOPIOBAYIB i
JIOBEEHHA iX A0 KOHKPETHMX METOIIB i KOHCTPYKLi#f, mo 3abe3mevyioTs, B
nepury uepry, HeoOXiJHiI METpONOTiYHi XapaKTepHCTHKHM B 3aJaHHX YMOBax
3acTocyBaHEA. B Haur yac po3pobistorses Ganku Qi3uuHuX ABUIN i eQeKTiB, Ha
MiJICTaBi AKMX MOXHa YTBOPIOBAaTH HOBi i MOZEPHI3yBaTH BXke icHyioui 3aco0H i
METOIH BHMipIOBAHb.

TMpunnun Aii napaMeTpUYHMX NEPETBOPIOBAYiB MONATAE B NEPETBOPEHHI
HEEeNIEKTPHYHUX BXiJHMX BENHYHH B MapaMeTpH €NeKTPUYHOTO Kona: omip R,
ingykTuBHicte L, emHicte C, B3aemoinaykuis M. Jlns >KUBIEHHS UUX
neperBopioBauiB  moTpibHi  30BHilmHI  mxepena. o napaMeTpHUYHHX
NIepEeTBOPIOBAYIB  BiAHOCATH PE3UCTHBHI, IHAYKTHBHI, TpaHchopMaTophi i
EMHICHI TIepeTBOpIOBadi. IX WIMPOKO BHKOPUCTOBYIOTH IS TEPETBOPEHHSA
HEENECKTPUYHHUX BeMMYMH (NepeMillleHHs, 3yCHINd, THCKY, TeMmneparypd i
HINMX) B BENMYHHH, LIO BITHOCATBHCA O €NeKTPHYHOrO Koja (Hanpyry, CTpyM,
4acToTYy 1 iH1mi).

TeHepaTopHi mepeTBOPIOBadYi NEPETBOPIOIOTE BXiJHI BEJHYMHHA B €.p.C.
Boru He morpeOyioTh eHeprii JOAATKOBHX JDKEpeN JXHMBIEHHS, OCKLTBKM
TIEPETBOPIOIOTE E€HEPrilo BXiAHOIO CHUTHaly B BHXiguuy curHan. HaiiGinbuwe
3actocysabHs B CYA  oTpumanm  iHAYKNiHHI,  TepMOENEeKTpHYHI,
11’ €30eNeKTPHUHi, POTOENSKTPHYHI NepeTBOPIOBAYi.

IcHye pan mepeTBOpIOBaviB, AKI MOXYTE OYTH 1 NapaMeTpHYHHMH, i
reHepatopHumu. Jl0 HHMX BigHOCATHCS (a30Bi | YacTOTHI TEPCTBOPIOBAYi.
dasosi mepeTBopioBadi (aszoobepTaui) NepeTBOPIOIOTH BXiNHY BEAHYUHY B
¢ba30BHi 3cYB BUXIAHOrO 3MirEO! HaNpyTH. DascBuil 3cyB BIAPAXOBYETHCA Bij
OIIOPHOI HAMIPYTH, B AKOCT] AKOI HaWdacTiile NPURMAETECS HAPYrd JKHBJICHRS.
Bukopucrosyrotscs  (a30oBi  NMEpeTBOpIOBaYi  IJIS  BUMIPIOBAaHHS  SiK
SJEKTPHYHHX, TaK | HEeeNeKTPUYHHX BEIHYMH.
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YacToTHI MepeTBOPIOBaYi PONOALNMOTECH HA flO3MIiNHI | KONHBaNbHL.
TosumidiHi YacTOTHI IIepeTBOpIOBadi MaloTh 3a3BHYaM YKpinieHHH Ha oci
poTopa 06’ekra npodibOBaHHN AUCK, SKMH IMpU CBOEMY 00epTaHHI MOJyJOe
CHTHaJl B KOJii [apaMeTpUYHOro IepeTBopioBaya abo reHepye curHan y
BHXiQHOMY  Koli. B KONMBAIBHMX  4YacTOTHHMX  [€PETBOPIOBajyax
BHKODHCTOBYIOTECS  BIIACTHBOCTI KONMB&JIBHMX CHCTeM pisHoi dizuiHoi
TIPHPOJIA.

2.1.3. CtpykrypHi cxemu BII

He 3Baxaroun Ha BClo GararorpauHicTs BIL, ix cIpyKTypHI cXxeMH MOXHa
[pUBECTH 0 oOMexeHoro yucina (tabun. 2.1.1).

CTpyKTypHa cXeMa IpAMOTo OJHOPA30BOTO NEPEeTBOPEHHSA Peali3yeThes
B 0araThOoX [epeTBOpIOBaYax 3 IPHPONHHMHM BHXiJHAMHM CHCHAIaMH,
HATPAKJIAJ, B TEPMONApax, AaBayax THCKY i PO3PAIKEHHS, B AKHX BAMIPIOBaHa
BEIMYMHA IIEPETBOPIOETECA  O€3MOCEPEfHBO B €JNEKTPMYHMH  CHTHad,
nepemimenns a6o mincunedHs. CTaTWuHA XapaKTepHCTHKa, noxubka i imuwi
BJACTHBOCTi TOBHOIO MipOI0 BM3HAYAIOTBCA HapaMeTpaMH HafuyTAMBIIOro
elieMeHTa.

B THX BuMNajgKax, KOJH NepBHUHHE NEPETBOPEHHS HE J03BOJISE OTPUMATH
3pyysmit a6o [OTPIOHMA  AdS  MOJANBUIOrO  BHKOPHCTaHHA  CHIHal,
BHKODHCTOBYIOTh ~ CTPYKTYPHi ~CXeMM 3  JHEKUTbKOMAa  TOCITiJOBHHMH
NePeTBOPIOBAYAMH, HANPUKIAX, NMPH HeoOXiJHOCTI OTpuMat# yHipikoBaHMH
BUXIZHHUI CMTHAN, DY NEPETBOPEHH] HEENIEKTPUYHOT BETUYUHN B CJICKTPUYHY,
npu HeoOximHocTi Kopekuii crarmyHoi a6o MMHAMIYHOl XapaKTePHUCTHKH
nepetsopropaya. CyMapHu# koedillieHT MepeTBOpeHHs (3araibHa YYTJIHBICTB),
KMl opiBHIOE J0BYTKy KoedilieHTiB nepeTBopenHs okpemux maHok BII,
MOXKHA OTPMMATH JOCHTH BHCOKHM, ajle NpH LpoMy 30LIbLIYETHCS 3araibHa
MOXHOKa TEPEeTBOPEHHS, TOMY LIO BOHA MOPIBHIOE CyMi NOXMOOK JIAHOK, IO
ckiazatots BIL

B nasauax, fKi NO6GYIOBaHi 33 AnQepeHLiansHOI0 CXeMOI0, BUMipIOBaHa
BeWYHHA MOJAETHCS ONHOYACHO Ha [Ba INEHTHYHMX BHMIDIOBAIBHHX
nepeTBOpIOBati. BUXimHHil cMTHAN [aBaya UPONOPUiHHEH Pi3HALI BHXiAHMX
curhanip BIT koXHOro 3 KaHaniB. SIKIIO BRXifAHI CHIHATH MAkOTh C/IHAKOBi
3HAKH, TO 3aci6 OPIBHSHHA BUKOHYE OTepaLiio BIHIMAHHS, KO 3HAKY PI3H,
TO HOJABaHHS.

Jlo mepesar nudepeHIiabHAX cxeM noGyaosu JapadiB ¢nmig BiHECTH:
3HauHe 3MEHIIEHHs aJUTHBHHX ([OCTIHMX) CKIANOBHX 3aranbHOi MOXMOKH,
ki obymosnesi BramBom 36yplorouyx dakropis; 30LIbLIEHHS 4y TJIHBOCTI
B/BIYi IR NMOJAYI BXIIHOrO CHTHATY Ha COW/(Ba BXOIM; OTPHMAHHS peBepcHOi
CTaTHYHOi  XapaKTepHCTHKH;  3HHKEHHA HeliHiHHOCT CTATUYHO!
XapaKTCPUCTHKH 1 TOCTIAHOL CKJI&,‘IOBOI BI’IXlI[HOl"O cyUrHalny B ﬂOplBHﬁHHl 3
XapaKTepucTHKamu okpeMux BII, ski BXOZATS B audeperiianbhRy CXEMY.
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Ta6n. 2.1.1
TunoBi CTPYKTYpHi cXeMH BUMIPIOBAILHUX [IEPETBOPIOBAYIB
CrpyxrypHa Cratuuna Ioxubka
XapaKTepUCTHKA XapaKTepHCTHKA TICPETBOPEHHS
Cxema nipsMoro
(onHoOpazosoro)
IepeTBOPEHH
x v Y =KX on =4

]

Cxema

TOCIIZIOBHOIO  (IPSMOTO n
NepeTBOPEHHS Y =HK,.X

X Vi 4 =l = Y
529
& &

Hudepenuiansaa
K
N 8, =0, ———+
V=(K -K)X K, +K,
K
+6, —1—
K, +K,
Cxema 31
3BOPOTHUM 3B’ #3KOM
(xoMreHcariiina cxema) PR B
__K "TOTYKK,
1+ KK, ) 1
1+1/KK,
[Mpumitka. B hopMysrax mpuiHATO Taki MO3HAYEHHS:
X — BuMiproBara BelnunHa; ¥ — BUXiHA BeI4uHa;
& — noxubKka JaHKH [epeTBOpIOBaYd; Oy — 3arampHa IoXHOKa

TNIepeTBOpIOBaYa;

K — xoedinieHT nmepeTBOPEHHS JaHKH.

HaitGinbs nockoHana cxema BI1 — ue cxema 3i 3BOpOTHHM 3B’53KOM, a0
KoMmmencaniiHa cxema. B aaBauax, 10OyZOBaHMX 3a L€  CXEMOO,
3abe3nedyeThCs aBTOMATHYHa DiBHOBara KOHTPOJILOBAHO! BEIWYMHH, sKa
KOMIEHCYETHCA BEIMYMHOI TOFO JK pony Oeznmocepexnso abo micnd
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NONepeHBOTO IEPeTBOPEHHA. 10/0BHA nEpeBara TaKOl CXeMH nojsrae B ii
3HaTHOCTI KOMIEHCYBAaTH 3HAYHY 3MiHY IapaMeTpiB BHMIPIOBAILHOIO TPAKTY.
KpiM TOro, OCHOBHa 4YacTWHa eHepril, sika norpibHa mns poGorH JaBaya,
OepeTsCs Bi AOJATKOBHX JXepel, a He BiJl BUMiPIOBAIBHOIO EIEMEHTA,

TeperBoproBayi 3 Bil’€MHHM 3BOPOTHUM 3B’S3KOM HIPHUHIMIIOBO TOYHIMII,
HDK CcXeMa OpsAMOTO IIOCHIOBHOIO nepeTBOpeHHsA. Bia’eMHMH 3BOpOTHMHA
3B’S30K CYTTEBO 3MEHIIYE BIUIHB MOXHOOK JaHOK MPAMOro KONA Ha pe3y.bTar
nepeTBOpeHHA. Dylb-siki NOMHIKM | 30ypeHHs JIaHKH, IO HE OXOIUIeHa
3BOPOTHMM 3B’3KOM, IIOBHOIO MIPOO Iepe/aloThCS Ha BHXiJl EPETBOPIOBAYA,
tomy npu moGymosi BIl mouineso nparnyrs Toro, 1100 OXONMHTH 3BOPOTHHM
3B’93K0M siKoMora Ginbine nanox. Ilpu semmanni KK, = 20+30 (mo HeBaxxo
3a0€3MeYUTH Ha NpaKTHLi) 3aranbHa NOXMOKa NEPEeTBOPIOBaYa NPAKTHYHO
BH3HAYacThCHd TIBKH NOXHOKOIO O, 3BOPOTHOTO 3B’A3Ky, BHACIINOK 4Oro
BUMOrH [0 TOXuWOKM O; mNpAMOro KaHally MOXXHa 3HauyHO 3HH3HUTH
(muB.T26.2.1.1).

BuMiproBajibHuH 11epeTBOpIOBaY

BumiproBana !
Gizuuna ; IlepBuHHHH TIpomixmit Yuidixkosannit
BCIHYUHA | BHMIPIOBATIBHAH BUMIpIOBATBHUHA | | €NEKTPUYHHUK CUTHAT
5 NEPETBOPIOBAY nepeTBopioBad | | >

[Tpuponeuit cHrHaN

Puc. 2.1.1. Cnpomena cxema BII 3 npupossum i yHipikoBaHuM
BUXOJaMH

JlaBaui 3i 3BOPOTHHM 3B’I3KOM MAIOTh BHCOKY YyTJIHBICTh, AO3BOJIIOTE
JNETKO 3MIHIOBATH TIApaMeTp¥ HACTPOMKA UUIAXOM 3MiHH KoedimienTis
IIEpETBOPEHHS 3BOPOTHOTO KOJIa.

Crpykrypsi cxemu peanbHux BIT MoxyTs sBastH coGowo Symp-sky
KOMBIHAILIFO 3 PO3MIAHYTHX BHLIE THIIOBHX CTPYKTYp. B Kkomi mocmifoBrOro
fIEPETBOPEHHS BHMIDIOBAHOTO CHTHANY TPHHHATO DO3PISHSTH IepBUHHHME
BHMIpIOBA/IbHKIA  MepeTBOpIOBaY  (WyTNMBMH  eNeMeHT) i TIPOMIXKHI
nepetsoprosadi (puc. 2.1.1.). BuMipiosana BelHHHHA BILTMBAE Ge3mocepeIHLO
Ha nepBUHHUE nepeTBopoBay. JlyXxe 4acTo MeTO/l MEPBHHHOIO [EPETBOPCHHS
BXiIHOI BeNMYMHM BH3HAuYac HaliMEHyBaHHS BCLOTO  BHMIpIOBAILHOIO
nepersopioaya a6o  npucrpolo.  IlpoMikHi TIEPETBOPIOBAdl  MOXKYTh
BUKOHYBaTH (YHKIL TACHICHHS, JiHeapH3ailii, IEPEeTBOPEHHs POy CUrHaly i
iH. 30kpeMa, Ha puc. 2.1.1. mpe/icTaBicHa clipowena cxema BIT 3 npuposnam i
yHiikOBaHHM BHXOJAMH.

Jlnst Toro mo6 3a ZONOMOTolo iCHYI0UMX 3ac00iB MOXHa 6yn0 cKmazaTH
cknamHi indopMallifini cucTeMu (KepyBaHHA, BUMIDHOBaMIA), HeoBXiiHo, B



nepury 4epry, 3abesneuntu iHdopmauididy cymicaicTe TexHidHHX 3aco6is. 3
Li€I0 METOK0 CriovaTky Oymu yHidikoBaHi, a TOTIM CTAaHJapTH30BaHI BHXiAHI
curdany BIT.

3a BHMIVAOM BHXIJHMX CHTHATIB PO3DI3HAOTE  BHMIpIOBAJBHI
MepeTBOpIOBaYi 3 IPHPOAHMM i yHIDIKOBAHHM BHXIIHMMH curHanamu. [leprui
ABNSIOTH  CODOXO DpPUCTPOI, B AKMX 3HiMCHIOETHCS TiepBMHHE (3a3BMuail
OfIHOPa30Be) INepeTBOPeHHs BuMiproBaHo! (i3ndHOl Benuuunu. [lpuponme
GopmyBanHs  cuTHaly 3a0esneuyeTbCd  METOAOM  [EpEeTBOPEHHS  Ta
xoHctpykuieto BIL. Taxi meperBoproBaui HaifuacTilue BHKOPHCTOBYIOTH B
NPHCTPOSIX NPSAMOrO pEryIIOBaHHA ab0 INpH LEHTPajli30BAHOMY KOHTpPOJi
BiTHOCHO MPOCTHX 06 €KTiB.

[ BumiproBabHi nepeTropiosavi ]
3 yHidikosaHum 3 npupoaHuM 3 AMCKPETHIM
— . : (pestefinum)
BHX1IHMM BHX1AHUM .
BHUX1AHUM
CHIrHaJIOM CHI'danom
CHI'HAIOM
Ipuponui curuany
ITeperBopenHst Kyt noBepranss HMincunexns IHTIZBM
Y
IlocrifiHa Hanpyra 3MiHHa Hanpyra AKTHBHHH omip
Kommnexchuit onip EnexrpuuHa eMHiCTh YacroTa
Hopmysaipni nepeTBoproBaui
N
v
YHipikosaHi eleKTpHdHi CHrHATH
TMocrifnui ctpym 3MIHHHIH CTPYM
0-5MA | 0-20mA | 0-108 0-2B [ 0-10mM[u | 4-8«[w

Puc. 2.1.2. IlapaMeTpy BUXiAHHX CUTHATIB HOPMYBAILHAX
NepETBOPIOBAYIB

Jlnist cTBOpEHHS BiHOCHO CKJIAJHHMX CHCTEM 3 BUKopucTanHaM EOM, npu
zeofvinmocTi mepersyi curwaziz ga  mermyi  eimerari  BHMOPECTORYIOTL
neperBopioBaYi NPUPOAHMX CHUTHalNiB B yHidivxosami. Jlna wuiei metu
po3pobNsIOTECS  CnelianbHi  HOPMYyBalbHI  IIEPETBOPIOBaYi,  IIApAMETDPH

BHXI/IHWX CHIHAJIB AKUX [pUBELeHi Ha puc. 2.1.2.
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OxkpeMy Ipyfy CKIAJalOTh NEepeTBOPIOBAYi 3 HACKPETHHM peneHHuM
BHXIJHHM CHTHANOM, SKi MArOTh Ha BHXOJI KOHTaKkTHy Ipyiy, {0 3MIHIOE CBOE
JI0JIOXKEHHS TIPH JOCATHEHHI BHMIPIOBAHOIO BEIMYAHOIO 33/1aHOrO 3HAYEHHS. 1x
BHKOPHCTORYIOTD IUIsl TIO3HIIAHOrO peryioBaHHs i CUrHami3anii.

2.2. Pe3ncTHBHI BUMIpPIOBAJIbHI NepeTBOpPIOBaYi

2.2.1. Tlorenuiomerpuyuni BII

Homenyiomempuunuti BI1 sBnse coboto 3MiHHME eNexkTpudHUH omip,
BENIMYMHA BHXiJHOI HAMIPYTH SKOI'O 3aJIEXHTh Bifl TONOXKEHHS CTPYMO3HiMHOTO
KOHTaKTY.

Horeduiomerpuuni BIl mpHsHaueHi 1ms NepeTBOpEHHs JHIAHUX Ta
KYTOBHX TepeMilleHb B €NeKTPHYHHH CMIHAN, a TaKoX AN BIATBOPEHHS
HalmpocTiwMX  QYHKUIOHANBHHMX — 3QIEXHOCTEH B  aBTOMATHYHUX Ta
O0YHCIIOBAILHUX PHCTPOAX HETIEPEPBHOTO THITY.

4
mm—4

]

Uo ..4
Usux

%

[
% 1L 2

Pnc.2.2.1. Jlamensauit noresnioMeTpuynsit BI1

3a crnocofoM BHKOHAHHS mnoTedlioMerpwuni BII posmopindtoTecs Ha
namesbHi Ta HellepepBHOi OOMOTKH.

Y namenvHux TIOTEHUIOMETPaX BUKOPHCTOBYIOTBCS NOCTiMHI OnopH, ski
pUnaooTEC A0 Nameni (puc.2.2.1.). Tipu pyci CTPYMO3HIMA4a 110 KOHTAKTHHX
naMensix Ofip 3MiHIoEThCA. Y TAaKMX NOTEHLIOMETpax 3MiHa OMOpy MoXe
BiA6yBaTHCA B IIMPOKUX MEXaX.

Y [OTeHUIOMETPaX HenepepsHoi HAMOMKU 3MIHHWM OIOpOM €
HAMOTaHMil Ha KapKac B ONMH PAJ TOHKHA MpOBiJ, MO 3a4MILEHH NOBepxHi
SKOrO KOB3ac CTpYMO3HiMad. TakAM YHHOM, IOTeHIIOMETp HelepepsHoi
HAMOTKH CKJIAJIa€ThCs 3 KapKacy o6MoTky i cTpyMo3HimMaya (puc.2.2.2.).

Kapkac BupobaseTbes i3 MaTepialy 3 i30NSUiHUMU BJACTMBOCTAMH, i
Mae ¢opmy Kinbis abo 3irHyTOro JAyrow CTEpXKHS, MIACTHUHKH. B axocti
i30NANifiHOr0 MaTepialy BHKOPHCTOBYKOTh T€TMHAKC, TEKCTONIT, KePaMiKy abo
MeTal, BKPWTHMH HemposiasuM wmiapoM oxucy. O6MOTKY BHTOTOBIAIOTR 3
eMIBOBAHOTO ITPOBOJTY, liaMeTp SKOro BH3HAYAE TOHHICTS NOTEHIIOMETPA. BI1




BHCOKOI'0 KJIaCy TOYHOCTI HAMOTYIOThCA NposogoM Aiamerpom 0,03+0,1mm, BIT
HH3bkoro knacy - 0,1+0,4 mm. B axocri ofMoTkoBOro mposoay
BUKOPHCTOBYIOTh KOHCTAaHTaH, MaHraHiH, ¢expail 1 cnjaBE Ha OCHOBI
OnaroponsmMx MetaniB. OGMOTKA BKIAJAEThCS Ha KAapKAC PiBHOMIPHO, OCKiIBKH
I€ TaKOX BINMBAE Ha TovHicTs poGote BIL. Crpymosnimay (miiTka)
BHKOHYETBCA 3 MaTepialy JAemlo M'AKINOro, HiX Matepian o6MoTkoBoro
1poBofly, Uis 3ano6iraHHs nepeTHpaHHSA BHTKIB IIPH MOBriit po6oti. KoB3ynok
Mae $OpMy BHTHYTOI NpY>KHOI MIACTHHH 1/ YTBODEHHS KOHTAKTHOTO THCKY,
AKHit 3MigtoeTsed Bij 0,51, 1o 15r.

Puc.2.2.2. IlorenuioMmerpuunuit BIT Henepepsroi 06MOTKH

B sanexHocti Bil XapakTepy pyXy KOB3yHKa MOTEHLiOMETpH
posnoninsoTh Ha BI1 ninifiHoro i kytoBoro nepeminiedns. Ilitka BIT niniiinux
nepeMilieHb BHKOHYE TNpPAMONiHiHMHA mocTymanbHuii pyx, a miirka BIT
KYTOBOT'0 IIepeMIILEeHHS — PyX II0 KOmy.

Ipunnun mii BIl 3 HemepepBHOW HaMOTKOK TakMi: 10 3aXKHMIB
NOTeHIiOMETpa NPHKIAJAEThC HANpyra HOCTIHHOrO abo 3MIHHOTO CTpYMY
He3MiHHO] Benuuuuu. IIpM nepemimenHi KOB3yHKa HOTEHUIOMETpa BHXiaHa
Harpyra U,,, 3MiHKETbCA NPONOPUiHHO BXinHiH BemmuuHi x. TyT BUKOHYETBCS

NepeTBOPEHHS MIEPEMIILEHHS B ENCKTPUYHY HANPYTY.
Jis pexxuMy XOJOCTOTO XOJY cTaTW4yHa xapakrepuctuka BIT nixiiina,

TOMY IIO BipHe CIIiBBI{HOIEHHS

U 5
l} . e 2.1
S R ( )

Ze U - Hanpyra HBJeHHsS NoTeHLioMerpa; R - omip o6MOTKH; r - Omip
YaCTHHU OOMOTKHM, IHO NPHUXOINTLCA Ha AOBXKHHY TEPEMIlICHHS x JABHIVHXA
noreHuiomerpa (puc. 2.2.3.).

r X

BpaxoBy:ouH, 110 2-1 e [ - 3aranbHa OBXHHA HAMOTKH, OTPHMAEMO

U vi=l ok (2.2.2)
=U-=—x=kx 2.
o T 1

Tyt k - xoedivieHT nepeTBOpeHHs IOTEHNIOMETpA.



Puc.2.2.3. Enextpruna Puc.2.2.4. Cxema Puc. 2.2.5. Cratuuna
CXeMa MOTEHI[iOMEeTpHY-  TOTeHUiOMETpa KyToBO- XapaKTepUCTHKa
Horo BII ro nepeMimeHHs NOTEHIIOMETPa

Jlns  ToTeHLioMeTpa KyTOBOrO  TE€PEMIlIEHHS  TIpH BiicyTHOCTI
HaBaHTAKEHHs BUXi/{Ha HANpyra BU3HAYAETHCH AK

U =ke, (2.2.3)
8ux()

A€ ¢ - KyT [OBOPOTY KOB3YHKA Bi[l HYJIbOBOTO ITOJIOXKEHHS (puc. 2.2.4.).

Otpumani  Bupasu (2.2.2), (2.2.3) mokasywTh, [0 CTaTH4Ha
XapaKTepuCTHKa TiHIfHUX NOTEHI[OMETPiB MPH BiACYTHOCTI HABAHTAXEHHA
ABNSE MPSMy, U0 TPOXOAMTH Hepe3 MOYaTOK KOOPAMHAT, 3 KOehilieHTOM
Haxuy k (puc. 2.2.5).

HaBenieHa CTATHYHA XapaKTEPUCTHKA IMOKa3ye, IO MOTEHLIOMETPHHI
BII, axi po3risfaoThes, He pearyloTh Ha 3HaK BXIJAHOIO CHIHATY, T06TO BOHU
BiHOCATBCS O KIJIACY OJHOTAKTHUX eemenTis. OJiHaK Ha OCHOBI OHOTAKTHHX
noTeHujoMerpis MoxHa 1oGyayBati ABoTakTHi BII, skl pearyioth Ha 3HaK
BXiZHOFO CHTHANy. ICHY€ HEKiNbKa CXEM BKIJIIOYCHHS MOTEHLIOMETPiB, IO
YTBOPIOIOTH ABOTaKTHHH moreHuioMerpunuit BIT (puc. 2.2.6.).

PosrisHEMO CTATHYHI Xapaxrepuctvkd wuwux BII mpu  BiCyTHOCTI

HaBaHTAXCHHA. B
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Puc. 2.2.6. CxeMd JIBOTaKTHHX nioTeHnioMeTpuynux Bl

Jlnsi cxeM a i 6 CTAaTMYHa XapaKTepHCTHKA ABISE NpaMy 1, a Uil CXeM 8 i
2 - npsmy II (puc. 2.2.7.). BiMiHHiCTh XapaKTePHCTHK NONTAE B X KPYTH3HI,




fKa BU3HAYAETHCA THM, IO NPH 3MIHI BXIIHOrO CHIHAIY OCTaHHiH
BiAMpaupoBYETHCA B CXeMaX 6 i 2 HBOMAa KOB3YHKAMH, fKi BLAXHISIOTBCH Bif
HEHTPAILHOTO NONOXEHHs B NIPOTHIEKHI CTOPOHM Ha BENMUMHY x. [Tpy msomy
NOTeHLiaN TOYKM Q 30IMBUIYETECS HA BeJMuMHY U,,a NMOTEHUiaN TOYku
OTPHMY€ NPHPICT, PiBHUA 33 aOCONIOTHOI BEIHYHHOI MPUPOCTY MOTEHILiATy
TOYKH O, ajle HPOTHIEKHHN 3a 3HakoM. B mincymky pisauus norenuianis
U, - U, 36inpumrhcs BABIYI HOPIBHAHO 3i CXeMaMH a i 6, e MoTeHLian ofHiel 3
TOYOK Bech yac 36epirae nocriitHe 3HaueHHd. OTXe MaEMO, 1[0 CXEMH 3 ABOMa
LIiTKaMH MAJOTh PH THX CaMHX Iapamerpax NOTeHIiOMeTpiB BABiYi Gimbummii
xoediLieHT IepeTBOPEHHA CUTHATY MOPIBHAHO 31 CXEMOIO 3 OJIHI€I0 LITKOO.
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Puc. 2.2.7. CratwuKi XapakrepuCTHKH ABOTAKTHHX
norexuioMeTpiukux BI1

PosrisHyTi ineansHi XapakTepHCTHKM MoTeHnioMeTpuynux BIT MoxyTs
3HAaYHO BilpI3HATHCH Bill pealbHHX 3a PAXyHOK HAsBHOCTI PIi3HOro pomy
noxubox, sKki HeoOXimHO BpaxXOBYBaTH 0PH NPOEKTYBaHHi  CHUCTEM
aBTOMATHYHOTO YIPaBNiHHA | KOHTPOJIO.

2.2.2. Iunamiysi BJACTHBOCTI JiHiHHX
norenuiomerpuunux BIT

Jnsg  oIiHKM JMHAMIYHMX BJACTHBOCTEH noteHuioMeTpusuux Bl
BU3HAYUMO JX MEpeflaTouHy OQYHKUil0. BXiJHOI Benw4nHOW0 japauva ¢
mepemilieHHs x. 3a BHXiJHY BeINYHHY MOXKHA INPUHHATH Halpyry Ha
HaBaHTaXeHHi 260 cTpyM depe3 HbOro. 3BUYaHHO, 3pyUHilIe B AKOCTi BUXigHOT
BEJIMYMHKM PO3MIAJATH CTPYM B HAaBaHTAXEHHI, AKMM BH3HAYACTHCH HA OCHOBI

TeOpeMH NPo eKBiBaNeHTHHH reHeparop (puc. 2.2.8.):
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Puc. 2.2.8. TTorenmiomerpuynnit BIl 3 peakTHBHUM HaBAHTAXKEHHIM
Ta ¥Oro €KBiBalEHTHA CXEMa
Po3srasHeMo /Ba BUNAIKH.
1. HaBanTaxeHHs YACTO aKTHBHE, To6TO Z, =R, Toxi
Uosiux0 klx
1 (2.2.5)

Mo Rgy + Ry B Ry + Ry’
OCKiIbKH Usuxo :klx.
JacTocoByloud mepeTBOpeHHs Jlamnaca, OTPUMAEMO TEpe/laTouHy
OyHKLIO
Lo K

Tipn 4Y¥CTO aKTHBHOMY HaBaHT@XEHHi mNoTeHuioMerpuynuid BII e
Be3inepuiliHOIO NiACHIOBATIBHOIO JAHKOIO 3 MepefaTouHolo pynkuiero. OTxe,
BCi YACTOTHI TA 4YacoBi JUHAMIUHI XapaKTEPHCTUKH MiACHIIOBANBHOI JaHKH
TOBHOIK MipOIO OMKMCYIOTh AMHAMI4HI BIACTMBOCTI MoTeHuiomeTpuauux BII 3
AKTHBHMM HaBAHTAXKEHHAM.

2. HapanTaxeHHs iHIYKTHBHE 3 HASBHICTIO aKTHBROi cknajnosoi. [l
eXBiBaleHTHOro KoJa (puc. 2.2.8.) MOXHa 3a0HCaTH

dI
- : H
Ugpoe = Rey 1y # L=+ R (2.2.7)
BHKOpHCTOBYIOYH NepeTBopeHHs Jlannaca, oTppMaeMo
U, (P)=1,(PIRy, +PLI+R I, . (2.2.8)
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Uy ) kX (p)

I (p)= = .
u(P) R +R_+pl I
(R +R Nl+p -
nooeH RH +R3H ]
Tlo3sHauumo L =T, a k =k, Toai
RH +R3H RGH + RH
1,(p) &k
W(p)=-21-—-= . (2.2.9)
X(p) Tp+1

Orxe, mpu IHAYKTHBHOMY XapakTepi HAaBaHTAXEHHs NOTEHLIOMETp
noTtpiéHO po3rNANaTH fK iHepIiHYy NaHKY i MOWIMPIOBAaTH HAa HBLOrO BCi
AMHaMIYHi BIACTHBOCTI Li€l JIaHKH.

Yacto inepuiiinicte BIl, sky yTBOplO€ HaBaHTaXEeHHS, BIAHOCATH HE [0
camoro BIl, a 1o BxigHOre KONa €nEeMEHTA, MiAKIFOYEHOTO HA BMXOJi LLOTO
BIL. Ilpn taxoMy nigxoxi norenuioMerpuynnit BIT 3aBxay po3risgacthea K
Oesinepuiiina naHka.

2.2.3. @ynkuionanbHi noreHuiomerpuyuni BIT

B cucremax ympaBniHHA i aBTOMAaTHKH, KpiM  JiHiAHMX
norexnuioMerpuynnx BIl, 4acTo BHKOPHCTOBYIOTBCS MOTEHUIOMETPH, B SKHUX
3B’430K MiX BXi/ZHOIO i BHXIJIHOIO BEIMYHHAMY OINMCYE HesiKa QyHKUiOHaIbHA
3aJIeXHICTH BUTISARY

U= {laz;klnx;ksinx;k,/x;...}. (2.2.10)

INobynoBy  QyHKUiOHAaNEHMX  NOTEHUiOMeTpHYHHX BIl  MoxHa
BMKOHYBAaTH TaKHM YKHOM: 3MiHOIO AiaMeTpa NPOBOLY BIIPOAOBX HAMOTKH,
3MiHOK0 KPOKY HAMOTKH; BHKODHCTaHHAM KapKacy BH3HAYeHOI KOHQirypauii;
ITYHTYBAaHHAM AUISHOK JTiHIHHUX MIOTEHIlIOMETPiB ONIOpaMHu pi3HOL BEJTHYMHH.

Tlepmi pBa cmoco6u mnOB’A3aHI 3 TPYAHOWIAMH TEXHOJIOTIYHOTO
XapakTepy, TOMY 4acTilleé BHKOPHUCTOBYIOTh TpeTil Ta 4YeTBepTHil cnocobu
BHTOTOBNEHHS QyHKUiOHanbHEX BIL

BusHayumo KoH(QIrypaiilo kapkaca, 3a JONOMOIOK) SKOFO MOXHA
peanizyBaTH AesiKy GyHKUIOHANBHY 3aleXKHICTh 3arANbHOTO BULIIALY

Uy = f(x). (2.2.11)

CxopucTaeMocs I/ BUpileHHs wiel 3agadi puc. 2.2.9., ne x - BenuHuHa
nepeMilllerns LIiTKd, U, - Hampyra, fKy 3HIMalOTh 3 NOTEHLIOMETpa fpH
TOJIOXKEHH] IiITKM B KOOPOMHATI X, h, - BHCOTa KapKaca B Lii#l KOOpAWHaTi, / -
NOBXHHAZ HAMOTKH MOTEHUIOMETPa, b - TOBUIMHA IUIACTHHM KapKaca, w - Y4CI0
BATKIB, R - omip MOTEHNiOMEeTpa, 7,- ONp YaCTHHH NOTEHLIOMETpa, LIO
BIATIOBiNa€ JOBXHHI HAMOTKM X, § - DJOWI@a [ONEPEeYHOro mepepisy
HaMOTKOBOTO IIPOBOAY.



Puc. 2.2.9. OynxuioransErR norenmomerpuannit BII

Tlpn mepemilmieHHi WHTKH 3 KOODAMHATH X Ha BENMYMHY dx
BiIGyBacThCA 3MiHa ONOPY Ha BENUYHHY dr, , 10 BU3HAYAETHCS BUPA3OM
02b+hy )" dx

X 2phyw
= dx.
s Is
Ockinbku b «h,, MOXHa BBaXKaTH, o (b+h)= h . 3i 3MiHOW omOpYy Ha
BENMYHHY dr, BUXiJHA HANPYra 3MiHIOETBCA HA BEIMYHHY

U 2Upw
dUu,, . =-—dry = ~—"—hydx. 2213
R = ( )

dry = (22.12)

BUX

Ha oczosi (2.2.13) BU3HAUUMO 3Ha4YeHHA h,, IO ONMHCYye KoHpirypauio

norenuiomerpuasoro BIL

__Ris dUeux - dUeux ¢
hx - ZUpW dx =k dx s \2214)

.. Ris
e XxoepImtenT K = —.
. i 2Upw

Bupas (2.2.14) na€ MOXNHMBICTh BH3HAYMTH 33aKOH 3MiHM IUKPHMHH
KapKaca 4, TIpH 3aaHOMy BN $yHKIioHambHOTO 38°13Ky (2.2.11). Tak, npn
BTiJIEHH] KBaIPATHYHOI 31eXHOCTI, QyHKid (2.2.11) Gyae MaTu BUrIAN

7 2
Ugx = kox . (2.2.15)
ITincTasusmy Bupas (2.2.15) B (2.2.14), oTpHMaeMo
hy = 2kk0x =Cx. (2.2.16)

TakiM YHHOM, KBA[PATH4HY 3a/IeXHICTh MOXKHA BTIIHTH 3a JOINOMOroi0
TMOTEHUiOMETpa, BHCOTAa Kapkaca skoro Oyne 3MiHIOBaTMCH 3a JIHIHHHM
3akoHoM (2.2.16) (puc.2.2.10.).
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Puc. 2218 Knanpam‘fguﬁ Puc. 2.2.11. CekuionoBanuit

notexnioMerpaunnit BI1 TIOTCHIIOMETD

Jpyruii MeTo yTBOpeHHS (YHKLIOHATBHHX IIOTEHLIOMETPIB MOJNATAC B
1106y 10Bi CEKI[IOHOBAHMX NOTEHIIOMETpHYHHX BII, 10 OTpUMYIOTECH LLTAXOM
IOyHTyBaHHA okpeMHx JimsHok BIT omopamm pisHoi BenuumHu. Cxema
CEKIIIOHOBAHOIO IOTEHNiOMeTpa InpHBexeHa Ha puc. 2.2.11. BusHauumo
aHANITHYHHHA BUpa3, IO ONHUCYE CTATHYHY XapaKTEePUCTHKY Takoro BIT

Ugux = f(x).
CrpyM, 110 NPOXONHTH depe3 CeKLiOHOBaHMI IIOTEHIOMETp
- Rg" (2.2.17)
3ae
ne U - Hanpyra XHBIEHHS NOTEHUiOMeTpa; R, - 3araibHAH OIIip
TIOTeHI[iOMETpa.
3HaYyeHHs L(HOr0 ONOPY BH3HAYAETHCH K
n Ry
Rypo=ry ——F+—. (2.2.18)
i=1 Rmi +r

Tyt R, - omip wyHTa i-i cexuii; r - onip oxHiel cekuil; n- 4ucno cexuii
HOTEHIioMeTpa.
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Puc. 2.2.12. CraTu4Ha XapaKTEpUCTHKA CEKLIOHOBAHOTO
TIOTEHIIOMETp2
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Buxinna sanpyra BII npu nonoxceﬂm INiTKA Ha AUl i-1 cexuil Oyae
Ugux = Z Uk +I,rx, (2.2.19)
k=

ae I - CTPYM, LIO NPOXONMTH qepes onip noreHuiomeTpa r i-1 cexuii; . -
YacTHHA OHOPY -1 CEKIil, N0 Bi/MOBIa€ NOJOXEHHIO IIITKH B KOOPJHHATI X,
JaHoi ceKilii; U, - afiHHs HANpYTH Ha k-# cexuii noTeruiomMeTpa.

3uauenns ctpymy B (2.2.19) € pisnnuero

I;=I- Iwi. (2.2.20)
CtpyM vepe3 MIyHTyBanbHU onip i-i cexitii Moxua 3HalTH i3 BHpasy
U; Ry, .r
PR S .. L S A (2.2.21)
! Rwi Rwi +r Rwi Rwi +r

Mincrasisoun (2.2.21) B (2.2.20), BEpa3sHMo CTpyM [, 4epes HapameTpu
cexuii BITi ctpym /, o BU3Ha4a€eThes CIiBBiIHOMEHHAM (2.2.17),
I, =I1(1- —_*—) (2.2.22)
w +r
Tenep BuxigHy Hanpyry BII (2.2. 19) MO>KHA TIPeICTABUTH Y dopMi

= z U, +1(1- _—T)r};. (2.2.23)
k=1 Ry,
1

r -

[MosHauumo |1———— | uepe3 k, Moxua noGauuty, mo KoedilieHT

Ry +r
i

HAXWITY k 3aN©XHTb Bifi BENUYMHH OTOPY INyHTa i-i ceKuii, OTXxe , 3MiHIOOUH
#oro BeNMYMHY, MOXHAZ JOMOTTHCH Di3HOTO HaXWjly XapaKTepHCTHKH Ha
OKpEeMHX JinsHKaX.

CraTnyHa XapaKTepucTHka QyHKIiOHATEHOTO MOTEHIOMETpa Ha OCHOBI
(2.2.23) Gyae maru Burnag (puc. 2.2. 12 )

U;'ux U +kx; (2.2.24)
k=1

e ki =Tk;.

[oTpi6HO BiAMITHTH, WO iHKONM B TepIIifi CEKUil UIyHTyBanbHM# ONIp
Moxe GyTH BiACYTHIM, OCKiIBKH IpH ampokckmamii Aeskoi QyHxmii Moxke
BHABHTHCH, 10 KOS(Il[iEHT HAXWITY Ha nepuiil AiNgHIi 3a6e3neuyeTses TUIBKH
OTIOPOM # TIEPILIOT CeKIlii TOTEHI[IOMETPA.



2.2.4. llepeBary i He{0NIKA NOTEHUIOMETPHYHHX
BHMIPIOBAJILHHX NEPETBOPIOBAYIB.
HInsxu 10101aHHS HEAOIIKIB

Jlo nepepar pOSINAHYTHX IOTEHLIOMETPHYHHX  BMMipIOBAIBHUX
NEepeTBOPIOBAYiB MOXKHA BiTHECTH:

IPOCTOTY KOHCTPYKLii, Mani rabapuTH i Macy; MOXIHMBICTb OTPHMaHHS
MHIAHAX CTATHYHHX XapaKTEPHCTHK 3 BHCOKOK TOYHICTIO; CTabGlIbHICTH
XapaKTEPHCTHK; MOXJIMBICTE pOGOTH Ha 3MIHHOMY i DOCTIHHOMY CTpyMax;
MM nepexifiHu onip; HU3bKKH TemnepaTypHuil koeditiedT onopy (TKO).

Henonikamu 1ux eneMeHTiB OTPi6HO BBAXaTH:

HASBHICTE KOHTAKTYy KOB3aHHSA, SKHH MOXe CTATH HPHYHHOK BiAMOBH
BHAaC/liIOK OKMC/IEHHS KOHTaKTHOI JOPIXKHM, NEpPETHpPaHHS BMTKIB abo
BIIXMNICHHS KOB3yHKa; moxXubka B poGOTI 33 paXyHOK HaBaHTaKEHHS,
TIOPIiBHAHO HEBENUKHHA KoedillieHT NepeTBOPEHHS | BUCOKHI NOPIr YyT/IHBOCTI;
HasBHICTb UIYMiB; CXMIBHICTR [0 €IEKTPOeposii Mg ARi€lo iMMyIBECHHX
po3psinis; obmexeHicTh MIBMAKOCTI niHiliHOro nepemimenHs abo obepraHHA
(mo 100...200 06/xB) cTpymMO3HiMaJa BHACIifOK #oro Bibpauii npu mepexoi 3
BATKA Ha BMTOK | MiABUINEHHS IIPH LBOMY DiBHA HMHAMI4YHOTO IIyMY;
obMexeHa MOXIMBICT BHKOPHCTaHHS Ha 3MIHHOMY CTPYMi MiJBHILEHOI
yacrotd (zo 1 kl'u), mo o6yMoBneHo 3GiIbIICHHAM IHAYKTUBHOCTI i €EMHOCTI
HaMOTKH; HU3bKA 3HOCOCTIHKICTS.

Ilpartenss noAoaTH BiAMideHi HeJONIKM NOTEHIIOMETPUYHKX JaBaviB,
a TaKoX pO3IIMPEHHA KOna 3aJa4, sKi PO3B’A3yIOTbCA 3 iX JOTIOMOrOIO,
NpU3BENTH [0 CTBOPEHHS HENPOBONOYHMX MpEelM3ifHUX MOTEHLiOMETpiB 3
PE3HCTOPHUMM elleMEHTaMH Ha OCHOBi NpoBinHOi riactmacu. OxHopiaHa 3a
CTPYKTYpOIO PE3MCTHBHa IUTIBKA 3afesneyye BenMKy pPO3AiNbHY 3[aTHICTH,
HU3bKMA piBeHb AMHAMIYHHX WIYMiB i MOXNIHMBICTH POGOTM NP BHUCOKMX
HIBHAKOCTAX MepeMillleHHA CcTpyMosHiMaua (go 1000 o6/xB), a Mana
IHIyKTHBHICT Ta €MHICTh CTBODIOIOTH CIDHATIMBI yMOBH TipH poBoTi
HENMpOBONIOYHUX TIOTEHIIOMETPIB Ha BHCOKMX 4YacTOTax. Aje Ii eNeMeHTH
MaIOTh GLIBLI HH3BKY TOYHICTD i CTABINBHICTD, A TAKOXK MatoTh Bemukui TKO i
BUCOKHH NEpexiJiH1X Onip B TOULI KOHTAKTY.

[lpy nigBHIIEHHX BHMOrax IO 3HOCOCTIMKOCTI MOTEHIIOMETPHYHOrO
BUMIDIOBAILHOTO TNEPETBOPIOBAYA JOUUIBHO BHKOPHCTATH (OTOENEKTPHYHI
NOTEHUIOMETPUYHI Nabadi, a60 MarHiTOPe3UCTHBHI HOTEHL[IOMETPH, B AKHX
BIACYTHIl pyxoMuii cTpymo3HiMau. QOTONOTEHUIOMETP 33 XapaKTEpOM
NEPeTBOPEHHs ~ CHUTHaNy  sBis€  Cco0OK  aHajor  eNEKTPHYHOro
TNOTEHLIOMETPRYHOI O TIEpeTBOPIoBaYa. BiACYTHICTS PyXOMOro KOHTAKTY, AKuil
TPETHCA, HO3BONAE AOCAITH BUCOKOI 3HOCOCTIHKOCTL. KpiM TOro, 6e3KOHTaKTHI
NOTEHLiOMETPH MOPIiBHAHC 3i 3BHYAAHUMH BONOAIIOTb GBI HH3BLKUM PiBHEM
UIyMiB, AKi BMHHKalOTb B INPOLECI PETYNIOBAHHSA, BHCOXOK HAAIMHICTIO i
WBHIKICTIO PEry;IIOBaHHA BUXIiTHOTO curHany. OCTaHHIM 9acoM aKkTHBHO
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BUKOPYUCTOBYIOTHCH PiAMHH] HOTEHUIOMETPH, PO 110 PO3MOBA Mifle B OCTAHHIX
IJ1aBax KHHIH.

Anle ®OfIeH 3 PO3DIAHYTHX BHAIB NOTEHLIOMETPIB HE MOXKE MOBHON
MipO0 BHTICHHTH IHIIMH, OCKITBKH KOXEH 3 HMX Da3OM 3 IepeBaramu Mae
CYTTEBi HEONIKH, a TOMy HaibGineIl pallioHanbHO MOXe OYTH BHKOPHCTAHHA
TifIbKH B KOHKPETHUX yMOBaX.

2.2.5. TenzopesuctusHi BII

TIpMHIHT JIii TEH30PE3UCTOPIB OCHOBaHMIT Ha ABHUINI TEH30€(EKTY - 3MiHI
BEMYMHH aKTHBHOIO ONOpY MPOBIIHUKOBUX | HANIBIPOBIAHMKOBHX MaTepiais
I Ji€ro MpUKJIaJeHuX 10 KX MEXaHIYHMX HanpyT.

Temsoedext pisHMX Marepianis npu Aepopmanii posTarnenHs abo

CTHCKaHHS XapaKTepH3y€ThCs KoeQilieHTOM TEH309y TITHBOCTI
k=% -E%,
ne OR= é}E; o= ol
R I

(AR - npHpicT onopy npy 3MiKi KoRXHHH [ Ha BennuuHy Al) ; E - Momynis
IpyXHOCTI MaTepiany ; ¢ - MeXaHiuHa Hanpyra.

KoediuieHT menzouymaugocmi noKasye, 3 CKiTbKH pa3iB BifHOCHA 3MiHa
oniopy AR 6inblue oro BixHOCHOT Aedopmauii &,

KoediliienT Ten304yTIMBOCTI NOB’s3aHui 3 fedopmariero Matepiany i

HOro NUTOMUM OIIOPOM TAKMMH BHpa3aMHu :

op

Kr=1+2u+—;

T H 5
e _ad
s’ d’

e y -xoediuient Ilyacosa ; Jp - BITHOCHUHA MPUPICT TUTOMOIO OTIOPY £
MaTepialy npu nepopmauii; Ad - BeIWYHHA NONEPEHHOL nepopmanii, d -
nornepedHu# po3mip Matepiany (kpyrnoro abo KBaapaTHOro nepepisy).

KoedilieHT TeH3odyTn#BOCTI Ui MeTaliB, AKi HaiOLIBII 9acTo
BHKODHCTOBYIOTECS B TEH30pesucropax, Habmwkenuii no apox. Tax,
HanpHKIaj, /A KOHCTaHTaHa 2, ang Hixpoma 2,2, nis xpomens 2,5,

BilbIl  BHCOKOK  TEH30UYTIMBICTIO, HDK  MeTand, BOJNOJIIOTH
HANBNPOBIHMKOBI Marepian# (repmanidl, kpemmui). Tak, nanpuknan, ZAns
repmanis Ky=/00. OpHak HaniBIpOBiAHMKOBI MaTepiald XapakTepH3ylOThCs
MAJIOI0 MEXAHIYHOK0 MILHICTIO i Gifbl HH3bKOW CTaGLIBHICTIO IOPIBHAHO 3
MeTanamu.

TeH30pE3KUCTOPY, IO BATOTOBISIOTECS 3 METAiiB, PO3NONIIAOTEC Ha
ApOTAHi T2 PONETOBi. BOHM 3aCTOCOBYIOTRCS AN BUMiPIOBaHHSA Jedpopmanii Ta



HaNpyry B MEXaHiYHHMX KOHCTPYKIISIX, @ TAKOX B SKOCTI UyTIHMBMX €/IEMEHTIB B
MaHOMETpax, AHHAMOMETpPax, BUTPATOMipax i T.IL.

Apotsund TensopesucTop (puc. 2.2.13, a) BHKOHYeThCs 3 OpOTY
aiamerpoM 0,002+0,05 MM 3 BACOKMM IHTOMMM OTIOPOM (KOHCTAHTaH, HiXpoM,
eniHBap, €XBaHC Ta iH.), AKMH YKIaJacThCs y BHIVIAAI YacTHX IIE€Tellb Ha
TOHKOMY Tariepi 9 i30/suiiHil s i npuKIeoeTses fo Hej.

Kini apory MaioTh BHBOAM, 328 JONOMOTOK SKHX TEH30PE3UCTOp
HiIK/TI0YAETHCS O BUMIPIOBAILHOT CXEMH.

TensopesucTop HAKICIOETHCA HA NOBEPXHIO AOCHIAHOI AeTali TAKHM
YHHOM, 9106 WOro mo3foBxHA Bick Oyla po3ramioBaHa B HAIPAMKY

Blos degpopuatt Hit:ss Deop st ii

o > N SRR

Puc. 2.2.13,

BAMIpIOBaHOi nedopmanii Jeram, To6To mo6 Moxmei gedopMauii meraneii
MPOXOAWIA B3JIOBX IleTeNs pesucropa. Lle mosBonse Touwiuie BHMiprOBaTH
niHiiHi feopmauii,

XapakTepuCTHKa YNpaBNiHHS JPOTAHHX TEH30PE3MCTOPIB B  MeXax
npyxHoi nepopmanii 6:1u3bKa 0 NHIHHOT | BU3HAYAETHCS BUPA3OM

K
AR = RK ;31 = Liav Y2
S

Ii ninifinicts nocsrae 0,1%.
UyTIHBICTb APOTAHOIO TEH3OPE3UCTOPA

K. = 9@AR) _ _pf"[,
ST dA) T s

Jns 306iMpIICHRS SYTIHBOCTI APOTAHUX TEH3OPE3UCTOPIB HEOOXiZHO
ofupaTH MaTepianu 3 BHCOKMM KoedilieHTOM TeH3ouyTnuBocTi Ky, BENMKHM
IIUTOMHM OTIOPOM L i MaJIOKO TUTOMIEIO MONEPEUHOTO epepisy s.

T[Moxubky APOTAHMX TEH3OPE3UCTOPIB 3alleXaTh Bil IMIHM TEMIIEpaTypH,
Onopy i30MmALii, BOJOTOCTIHKOCTi, $KOCTI HAKIEIOBAHHA TAa HAABHOCTI
nonepeynoi nedopmanii (N4 HAKICIOBAHMX TEPETBOPIOBAHIB).  3MiHH
TEMIIEpaTypy MOXYTh HecTH ocoGnMBO Benuki moxubku. Lle nos’ssano sk 3i



3MiHOIO NHTOMOrO OHOpY TEH30PE3UCTCPa, TaK 1 3 [OMBOK JOJATKOBHX
MEXaHiYHHX HaNpyr 4epe3 PI3HHUIIO TEMMEepaTypHUX PO3IIHpeHb MaTepialiB
TeH3Ope3ucTOpiB Ta jeram, Aedopmaiis sxoi BEMipoeThed. Tomy dacto
3aCTOCOBYIOTh TEH30PE3UCTOPH 3 JPOTOM i3 KOHCTaHTaHy, IO BOJIOMIE MATUM
TEMIEpaTypHUM KoedillieHTOM Onopy.

MaxcuMaIBbHH# CTpYM depe3 APOTSHHH TeH30pe3UCTOp OOMEXYEThCs
JIOTyCTHMOIO TIOTYXHICTIO, 110 BH3HAYA€ThCA BUPa3oM P < 1y sy, AD, ne pg —
koedillieHT TeroBinali, Br/(cm>Tpan); $,. — IO TIOBEPXHi OXONOKEHHS
0OMOTKH, CMZ; A = 0 — 65 nox — DO3BONICHE IEPEBHUILIECHHS TeMIIEpaTypH
obMoTkM npe mHarpiBi ii cIpyMoM, rpal. B naBoMy BUNAmKy NOBEPXHA
OXOJIO/DKEHHS

Sox =PI,

nie p i [ - BiANOBiAHO EpUMETP i JOBXKHUHA APOTY TEH30PE3UCTOPA.

3a3puuail [ APOTAHUK TEH30PE3MCTOPIB MAaKCHMANbHH CTPYM CKIajae
Be/IMYHHY MOPSAIKA IEKIIbKOX NECATKIB Miiammep.

JlpoTsiHi TeH30PE3UCTOPH BHKORYIOTHCS 3 onopoM [0+1000 Om i maroTs
poaMipu ocuos 2+/00 mm. Hai6inpile NOMOBXKEHHS TEH30pE3UCTOpa B
Tpotieci BUMIpIOBAHHS HE NIOBHHHO IEPEBHIIYBATH MEX NpyxHoi Aedopmauii.
3a3BuMuail BigHOCHE NIOJOBXEHHS CKiIaaae 6au3bko [%.

Jlo mepeBar ApOTSHMX TEH3OPE3UCTOPIB CiJl BiIHECTH HE3HAYHy Bary 1
pO3MipH, Many iHepuio, BiACYTHICTh TiCTepe3nCy, a 0 HeJOJIKiB — BIHOCHO
HEBHCOKY YYTJIMBICTh | MOXJIMBICTh BUKOPMCTAHHS Iyisl BUNPOOYBaHb TiJBKH
OfHie! neraii.

donsrosuit Tensopesncrop (puc. 2.2.13, 6), B NpHHIMII, dAHANOMiYHANA
gpotaHoMy. Jlume rpatka HOro BHMKOHAHA 3 KOHCTAHTaHOBOI QonbIH
TOBIMHOI rnopsaka /0 MkM . MamoHOK rpaTku BHOHMpalOTh TakuM, W00
MOXHa Oylno 3HM3MTH NOXWOKy uepes nomepeyHy Aedopmauilo, KoTpa B
dONBIOBHX ~ TEHIOPE3UCTOpax MPAKTHYHO JOpiBHIOE Hymo. Doibrosi
TEH30PE3UCTOPY MOXYTb MPOIycKaTd Oinblumie CTpyM, HiX APOTAHI; me
06YMOBJIEHO BEMKOH MIOLIEI0 ITONEPeYHOro nepepisy MpoBiAHMKA MPH THX
CaMHX pO3Mipax pesucTopa i BENMKOIO TEeIUIOBiAAauero, OCKINbKM rpaTka
NPHMHKAE O HOCHi/pKyBaHO! AerTani GiNBIIO NMOBEPXHEX, IO NOMINUEye
YMOBH TEMI000MiHY.

HanisnpoBiHMKOBI TEH30PE3UCTOPY MAIOTh Pl CYTTEBHX mepesar: ix
qyTnuBicTs B 50-60 pa3 mepeBHIIYe 4yTAMBICTS APOTAHHX, PO3MIPH CYTTEBO
MeHI, piBeHb BHXIJHOTO CHTHANYy B pANl BUIANKIB AOCTATHIA 1A
BMKODUCTAHHS 03 CK7agH¥X | MAOPOTHX miicHmoBadis. OCHOBHOIO 1X
BigMinmicTiIO Bix JApoTsHHMX € Bemuka (mo  50%) 3MiHa  omopy
TeH30MepeTBOPIOBaYa IpH Aeopmarii.

JIo HeZIOMiKiB HATBIPOBIIHMKOBHX TEH3OPE3UCTOPIB CITiJ BIAHECTH Mai
MeXaHidHy MilHicTh i THyukicTh. DBennmky TeH3O4YTAMBICTB  LMX
TEH30PE3UCTOPIB PEAi3yBaTH BHABIAETHCA AYXKe CKNANHO Hepe3 HemHIiniCTh




XapaKTepPHCTHKH, BUCOKY JyTJHBICTh O BIUIUBIR 30BHIIIHIX YMOB i icToTHOTO
PO3KHJy IapaMeTpiB BiJ 3paska JI0 3pa3ka.

2.3. EnexTpoMarsiTHi BAMIpIOBaJibHI epeTBOpIOBayi

2.3.1. InayxrusHi BI1

Inayxrusni BIl npusnayeHi Ans BUMIpIOBaHHS TMOPIBHAHO MaTHX
KyToBHX ab0 JiHiHHUX TepeMillleHE.

B ocHoBy poGoru inxykrusnoro BIT nokiazena BracTusicTh apocens 3
TNOBITPSHMM  3a30POM  3MiHIOBATH IHAYKTHBHICT TpPH 3MiHI BENTUYHHH
TOBiTpsHOrO 3a30py. Haitnpoctimmit ingykrusnuii BIT cxianaerses i3 spMa 1,
Ha SKOMy po3aMillleHa 00MOTKa 2, Ta AKOps 3, 1O YTPHUMYETbCS MPYKHHAMH
(puc. 2.3.1.).

1

o

Usux 5

Puc. 2.3.1. Enexrpuana cxema ingyxrusroro BIT

SIpMo Ta sIKip BUPOGAMIOTECA 3 LIMXTOBAHOTO MArHiTOM SIKOTO MaTepiany.
O6MOTKa HAMOTYETBCA MiJIHUM POBOJOM 3 MAJIAM aKTHBHUM OTIOPOM.
Ipunuwn xii onHorakTHOrO iHAyKTHBHOTO BII NN0MNsrae B HacTymHOMY.
Ha o6MoTky 2 uepes omip HaBaHTaxeHHs R, mnojaeTscs Hampyra
KHBJIEHHS 3MIHHOTO CTpyMy 3 4actotoro Bij 50 T'y 10 jeKimbkox Kinmorepu.
CtpyM, 1m0 mpoTikae B ko 06MOTKU, BU3HAYAEThCS SK
I= Us

(Rt 40l )?

Ae 1y - aKTMBHHH omip Jpoceis, ® - 4acTOTa HAIpPYrd XWBIEHHA, L -
ingyxTuBHicTs BIT.
OCKiTbKH aKTHBHHI O11ip

2.3.1)

R=R, +r,

€ NOCTiHA BeNHYWHA, TO 3MiHa CTPyMy / MOXe BiByBaTHCs TiTbKM 3a
PaxyHOK 3MiHH iHZYKTHBHOI CKIIaJGBO1 OTIOpY
Xy =wl,

~Y
N



SKa B CBOIO YEPTY 3aIEXKHUTh BiJl BENUIHEH NOBITPIAHOTO 3a30pY O.
Tax¥M 4YMHOM, KOXHOMY 3HAYEHHIO 3a30pa O BiJOBiZac BU3HAYECHE
3HAYEHHS CTPyMy J, sKuil yTBOPIOE IafiHHA HAIPYTH Ha onopi Ry:

Ugux =IRy, (23.2)
WO € BUXiAHKUM curHamom BI1
3B’430K MDK BXiHUM CHTHAJIOM — MEXaHIYHHM MepeMileHHsIM 1

BHXi/IHHM CHIHA/IOM- €IeKTPHYHOIO Hanpyroo Uy, MOXHA XapakTepHU3yBaTH 3a
JOXIOMOTO10 CTATHYHOI XapaKTEPHCTUKH
Ugux = f(6). 2.33)
Ananituunuit Bupas ¢yHkil (2.3.3) MOXHA OTpUMATH, BUKOPHCTOBYIOYH
cmiBBigHomenua (2.3.1) (2.3.2) BCTAHOBMIOIOYM INIDH LIbOMY 3B’A30K MiX
iHgyxTHBHiCTIO L Ta BenuuuHOW0 3a30py O. ByaeMo BBaxaTH NOBITPAHUHA 3230
JIOCTaTHbO ManuM. ToJi MOTOKAMH pO3CIIOBaHHS MOXKHA 3HEXTYBaTH i
BEJIMYHHA IIOTOKOLIEIUIEHHS Y BU3HAYACThCH AK
v =0w, (2.3.4)
ne ® - MarHiTHWH TOTIK, IO YTBOPIOETBCA OOMOTKOK), W- KilIbKiCTh
BHTKiB OOMOTKH.
3 inmoro 6oky

w=LI. (2.3.5)
IMpupisniotoun (2.3.4) 1(2.3.5.) orpumaemo
L= ? . (2.3.6)

Marsiteuit notik @ npsAMo TpONOPLiMHMA HaMarHiuyBambHid cul i
ofepHeHO MPOMOPLiiHHIT MATHITHOMY OTIOPY
D= _F , 2.3.7)
Rys. + Rym.
ze R,,, — MarriTaui omip 3a30py; R,, , — MardiTHu# onip
MarHiTONpoBOJY.
Orxe, HAaMarnivyBainbHa CHia
F=1Iw (2.3.8)
a MarHiteuit omip 3asopy Habararo Ginbiumi HiX OMip 3aiKi3a, TO Bupa3
JUTS iHAYKTHRHOCTI MOXHA IPSACTABUTH Y BHIJISI

2
04mw° . _8
=0 I 239
L 5 10 H, ( )

HoS

. \ . I'n
Ie u, — MarHiTHa IPOHUKHICTE NOBITPS, lt——‘i; 5 — MIOLA HNOIEPeYHore
oM |
nepepizy MarHiTonpoBoIy [cM’] .
BpaxoByioun supas (2.3.9) i mocmigoBso mixcramnsoun B (2.3.1.) i
(2.3.2), orpumaemo



Uy

R, (2.3.10)

Ugux = ‘ >
|

2
04musw e
(Ry +rg P2 | 045770 8
\ 26
¥
B peamphux BIl axruBHuii omip o6MOTKM ry, a TakoX omip
HABaHT&)KEHHA HabaraTo MEHII iHAYKTHBHOI'O ONOPY, TOMY MOXHA 3aNMCaTH

8
2U~R,10
Ueuxs-~—”25=k5. (2.3.11)
0,47upsw”
WeRr, 108 .
Tyt k = ——=—-%—, OCKIIbKM BCi BENMYMHH, WO BXOAATb JO BHPA3y
0,4zugsw”w

(2.3.11), xpiM &, € cTanuMH.

joset s cauy qrme apan min SU
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Puc.2.3.2. CraTHyuHa XapakTPHCTHKa OXHOTAKTHOrO iHAYKTHBHOrO BII

Taxum 4ynHOM, Hanpyra Ha Buxofi BIT npu 3mini 3a30py 3MiHI€eTbCA 32
NiHiAHAM 3aKOHOM, TOOTO CTATHYHA XapPaKTEPHUCTHKA € MPAMOIO, 110 IPOXOAHTH
yepe3 MOYATOK KOOPIMHAT 3 KYTOM Haxuiay a=arcigK 10 oci aGcuuc
(puc. 2.3.1.). e ineansHa cTaTH4YHa XapaKTepUCTHKA.

PeanbHa XxapakTepHCTHKa HaBeleHa Ha puc. 2.3.1. cynineHowo mirieto. It
BiIXHJIEHHS BiJl ifl€allbHOI NPH MANHX 3HAYEHHAX & [OACHIOETHCSA MPHIHATHM
ApunymeHHsM R, ,, << R, 5

SIKWo 8 moCTaTHEO Masle, TO MAarHiTHHH omip 3anisa cTae CiBBUMIpHUM 3
MAarHiTHHM OTIOPOM 3a30py, OTXe, NPHITYLIEHHS JOAAE BiANOBiAHY NOXHOKY.

BinxunenHs peansHoi XapaKTepHCTHKH Bif NiHilHOT GyHKUii mpu
BEJIMKHX 3HAYEHHAX & MOB’A3aHO 3 IHIUHM IPHIYIIEHHAM, STIAHO 3 AKAM onip
HABAaHTAXEHHA R, BBaXacThCHA 3aHAATO MAJMM B IODIBHAHHI 3 iHIYKTHBHHM
OropoM. ANe IIpH BEIMKHX 3HAYEHHAX & BeNMUYMHA iHHYKTMBHOCTI L crae
MaJofo, TOMY iHIYKTHBHA CKIIaNoBa wl CIIBBUMIpHA 3 BEMYHHOIO (R, +7,), IO
i BH3H&YAC PHKPHBIICHA XaparTCPHCTARE.

Anani3 OpuHUMOY Iif | CTATMYHO! XapaKkTEpPHCTHKH OJHOTAKTHOTO
inmykrueHoro BIT nossonse sigMiThTH Taki Begomiky.



e (aza BuXigHOrO CHPHAly He 3WIOKWTh BiJ HANpPAMKY
nepeMilleHHs SKOpA. ‘

e Jlns Bumipy nepeMilieHHS B 000X HaImpaMkax HeoOXiaHuH
TIOYATKOBHIA 3a30p &, IO MPH3BOAUTH O HAABHOCTI MOYATKOBOTO 3HAYEHHS

Harpyru wao (puc. 2.3.1.).

e Ha skip noctifiHO Jie eneKTpOMarsiTHa CHJa, IO [parHe
TPUTATHYTH #oro o spma. IIpy BENHKiH MOTYXHOCTI CHTHATy BMXIJHOTO
KONa BOHA MOXE IpHAMAaTH CyTTeBi 3HadeHHH, IO NOTpebye BBENCHHA
KOMIEHCYBANBHUX CHJI 33 NONOMOTOK NPOTHAIKOYMX TPYxuH. Lle 3HauHo
ycknaaHioe npHcrpiil. bes xommencauii uiei cumu BI1 Moxe HOpManbHO
MpaIOBaTH TiIbKY MPH BENMKiH NOTYXHOCTI BXiIHOrO CHrHally, a ue He
3aBXKIH MOXUTHEO.

Ockineky ofHOTaKTHI iHgykTHBHI BIT MaloTh BKa3zaHi HEMOMKH, TO iX
BHKODHCTOBYIOTb TUIBKH SIK JOTIOMiXKHi €IEMEHTH CHCTEM. B OCHOBHHMX Koniax
CHCTEM YNpaBJiiHHs BUKOPHCTOBYIOTh ABOTaKTHI inaykTuBHI BIL

Jlsomaxmni indyxmusni BII. IcHyioTh 1Bi OCHOBHI CXEMH BKIHOYEHHS
IBOTAKTHMX inaykrusuux BIL: mudepennianbna Ta MocToBa. PO3rIsHEMO KOX-
HY 3 HHX.

Jugpepenyianena cxema. Taka cxeM BKmoueHHs iHgykrusHoro BII
nepenbayac HasBHICTH TpancOpPMaTopa 3 CepelHbOK TOuKoH (pHC. 2.3.2).
O6unsi o6morku BI1 MaloTh ofHaKoBY Kinbkictb BATKIB w. Ocepis 0OMOTOK
inenTHuHi 3a cBOiIMHM XapakrepuctukaMu. Omip HaBaHTaXEHHS BKIIOYAETHCA
MDK CepelHbOK TOYKOK OOMOTKH TpaHcdopMaTopa i CepeqHBOI0 TOHYKOK
obmorox BIL Tlpn TakoMy BKJIOHEHHi CTPyM, IIO IpoTikae depe3 omip
HABAaHTAXEHHS, PiBHUI Pi3HHL] CTPYMiB IpaBoi i TiBOI IONIOBHHY CXEMH

Fgyy =11 - 17, (2.3.12)
a BHXIi/JHa HAIpyTra BU3HAYAEThCA AK
Ugx = Ry (1; = 12). (2.3.13)
B 0YaTKOBOMY TONIOXKEHH 3a30pH MiXK SKOPEM i SIPMOM OZHAKOBI
51 =62 =50. ' (2.3.14)

Tomi imAyKTHBHOCTI KOXHOI mnonopuHkd BII, 1o BH3HAYAIOTHCA
BEIHYHHOO 3830piB, pibHi

&

b Zﬁ

U‘Hl’

U~ ¥
Puc. 2.3.3. [ludeperniauisHa cxeMa Puc. 2.3.4. 3anexdicTs iHYKTHBHOCT!
JBOTAKTHOTO infyKrBHoro BIl EISKTPUYEOro IUieda Bil BEIAMUMBY

APV



L =L =L (2.3.15)

172770

Otxe, crpymn fl i fz piBHI 10 MOTym0, ane MpoTHIexHi no ¢asi, a
CTPyM HaBaHTaXEHHA BiAMoBiAHO no (2.3.12) pisumit Hynmw. Tobro i Buxinna
Hanpyra BI1 gopisHioe Hy0.

Takum unHOM, JBOTaKTHUH iHAyKTHBHEHA BII 3a6esneuye piBHicThL HymO
BuxijHoro curnany (U, =0) HpH Hyas0BOMY CHrHali Ha BXOZi (A = 0).

Ilpu nepeMimenni AKOps Ha BENMYUHY A LIMPHHA 3a30DiB 3MIHIOETHCS:
OfMH 36iNBITYETHCA, A JPYTHH 3MEHIIYETHCA HA OMHY i TY X BENHYMHY

51=50+A,
52=50——A.

Ile nmpussBomwTh 10 3MiHH iHTyKTHBHOCTEH, OCKUIBKM MATHITHMH onip
TepInoro 3a3opy 3poCTa€, a APYroro Majae, IO BiANOBIAAE 3MEHLICHHIO
ingyxtaBHocTi Ly i 36inmpmennio L, Tlpu HeBelMkux mnepeMilleHHIX
IHAYKTHBHICTh 3MIHIOETECA Maibke 3a iHiMHMM 3akoHoM. Ha puc. 2.3.4.
306paxeHo rpadik 3amexHoOcTi L= f(A) A1 060X NOJOBUHOK iHAYKTHBHOIO
BI1. V sianosigrocTi 3 rpadikoM MosiHa 3amUcaTH

L =LO ~AL, L

=L +AL.

270

3MiHa iHAyKTHBHOCTEH L, 1 I, HpHu3Be;e A0 NOpYLIGHHA 6amaHcy
CTpyMiB: cTpyM [ — 3pocTe, a [; — 3MeHummMTHCA. B HaBaHTaxeHHi motede
pesyNbTyBIBHHMH CTPYM, W0 YTBOPXO€ BHXiAHy Hanpyry. Ilpu 3wmini
HATpaB/IEHHs NepeMillieHHs Akops (asa BUXIAHOI HApyry 3cyBaeThca Ha 180°
BIJHOCHO Hampyry XHBIEHH, IO € ONIOPHOO.

IlpomemoHCTpyeMo Le sBHIIE Ha 4acoBMX giarpamax ctpymie BII
(puc. 2.3.5.).

Sxwo & =0, ctpym I, =0, ockinsku |I)|=|I,|,a arg [} =—arg I, .

Ile sBimmosimae rpadiky, 3o6paxeHomy Ha puc.2.3.5, a. [lpu
nepeMimenHi sxops Bupaso (A4>0) crtpym I 3pocrae, a [, - napae
(prc. 2.3.5, 6), pisHuLIO CTPYMIB XapaKTepH3ye CTpyM HaBaHTaxeHHs [, . Masa
CTPyMY HaBaHTaXEHHS PIBHA HYJIO.

30



Axino sKip nepemiutyeTscs B1iB0 (A <0), iHgyKTHBHICT, L, 3poctac, a L,
— cnagae (puc. 2.3.4). lle BUKIHKae 3MEHIUEHHS aMUUTYAH CTPyMy I i
36inblueHHs aMmniTyau cTpyMy /. Pe3ynbTyBansHmit CTpyM HaBaHTaXeHHs

mae ¢asy 180° (puc. 2.3.5, ¢).
Taxum 4HHOM, IIpH 3MiHi HANPAMKY NepeMilUeHHs SKOPS (a3a BHXiZHOTO
CHTHAlly JBOTAaKTHOroO iHAyKTHBHOrO BII 3cyBaethes Ha 180°.

Puc.2.3.5. Yacosi xiarpamu cTpymiB ingyktussoro BIT

Mocmoea cxema. s cxema BrmodeHHs iHgykTusHux BIT mMae Burnsn,
110 306paxenu#t Ha puc. 2.3.6 Sxio B pudepeHniansyiil cxemi posrnsganack
Pi3HHUA CTPYMIB B HABAHTaXEHHI, TO B MOCTOBI} CXeMi PO3MJIAHEMO Pi3HHMITO
DaJliHds HAnpyT Ha Tieyax MOCTa, SKa BU3HAYa€ BUXiHy HATpPYTY ABOTAKTHOIO
ingyxTuBHOTO BIL .

Ugux =U1-U3, (2.3.16)
ne Ul =iIZ', a UZ =j22.

[IpunuMn Aii MOCTOBOI CXeMH BKITIOYEHHS aHAIOTIYHWH OpuHUMNY il
nudepeHNiabHOl cxeMH. BuxifHa Hanpyra MOCTOBOT CXEMM B MaTeMaTHuHiik
(opmi 3ammHCy 3BOIUTECA O 3a1€XHOCTI, MOAI6HOT 1o (2.3.12), mo BigmoBigae
mueperuianbHii cxemi, T06T0 Bpas (2.3.16) MoxHa nokasatu B Gopmi

Ugux = Z(1y - 17). (2.3.17)
—51
i [T =
g w w p
bl )
2 fU~ 4

Puc. 2.3.6. Mocrosa cxeMa innyxrussoro BI1

GO
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BukopucroByioun cniesindomienna (2.3.17), oTpumyeMo aHamiTHYHHHA

OIIMC CTATHYHO! XapaKTEPHCTUKH JBOTAKTHOro ingyKktHBHOro BI1
Ugyx = f(4), (2.3.18)

skuil Oye BipHHM SIK JUI MOCTOBOI, TaK 1 [jid AudepeHLianbHol cXxeMn
BIUTIOYEHHA.

PosrnaHemMo pexuM XONOCTOrO XOAy 3 NPUITYIIEHHSM, HIO ONOpH B
IJIe4ax MOCTa aKTHBHI: Z = F.

Ilpu A4=0 otpumMyemoO !11! =;I'2 , orke Upgy, =0, ockinexku

Ilepemilenns SKOps Ha BENMYMHYy A BIPaBO NPH3BOAMTE N0 3MiHU
3a30piB

5] =6O—A, 52=5O+A,

a Le MPU3BOJUTD 1O 3MiHM iHAYKTHBHOCTI Iiedell eNeKTPHYHOrOo MOCTa
(puc. 2.3.4)

Li=Ly-4L; L2=L0+AL. (2.3.19)
Jins ctpymis 1 i I, MoXHa 3ankcaTyH
U =Y (2.3.20)

=777 12% ; ,
r+ joly r+ joly
OCKUIGKH aKTHBHHH oOmip ApocenmiB 7, Manuif B MOpiBHAHHI 3 iX

iHAYKTHBHHMM OIOPOM.
Pisuuus crpymiB Ha ocHosi (2.3.20) 6yze

jUo(Ly -1y )
r2 + jro( L +L2)—a)2L1L2
I3 Bupasy (2.3.19) BuTikae, mo

h-Ip= (23.21)

_L = - 72 _ 472 272
L, L1 =24L, L+ L2 =2Lgy, LiL, =L -AL ‘LO' (2.3.22)
Kpim toro, npupict AL MOXXHa 10Ka3aTH y BUTISAI NiHIHHOT 3a/1€XHOCTI
L
AL=-094, (2.3.23)
%

OCKiNpKM mpM Maiux 3Minax 3asopy A dysxuis L=f{4) niniiHa
(puc. 2.3.4.).
Toni (2.3.21) npuBOUTHCS A0 BUIIIAAY

h-Iy=-——" 4 (2.3.24)
So(r+joly)
BusHauMMO 3HAYEHHA MOAYJIA PI3HHII CTPYMiB, IEpe] THM NPENCTaBHUMO
CuisBiAHOWCHEA (2.5.24) y surasm



. 2 2
) ) 4UCU2L(2) ZUC()LO( —a)zL )
i1y = A+

A=A+ jB.(2.3.25)

sob?+a?2f T sof2ro2i2f

3Bincu

.. 2UwL

iy - ig|=Va?+B? =20 a, (2.3.26)

S\~ +w Ly
a MOZyJlb BHXiIHOi HalpyTH, Y BiANmoBigHOCTi 3 (2.66), Gyne
. . 2U L
Uanae| =iy = I = —7—-2 3 4. (2.3.27)
0 r2 +@ L()

OckinpKH napaMeTpH, IO BXOJAATH B YHCEJBPHHK Ta 3HAMEHHMK BUpa3sy
(2.3.27), € nocTiiHUMY BeNMYMHAMH, DPEACTABAMO Api6 y BUIIsAdi
2UaLgr

k= , (2.3.28)
60(r2 +a)2L%) ’

Je k — xoedinient neperBopenHs BIl, sxuif xapakTepHsye ioro
Yy TIIHBICTb.
TakuM 9HHOM, CTATHYHA XapaKTEPUCTHKA JBOTAKTHOTO IHAYKTHBHOIO
BIT aBinsge coboro $yHKLiO BULILTY
¥ f
Ugux| = k4, (2.3.29)

o BifmoBigae mpsAMi, sfiKa HPOXONUTH Yepe3 MOYaTOK KOOPAMHAT Ik
KYTOM a = arctg K po oci abcuuc (puc. 2.3.7). Jlerko noGauutu, mo mpu 3Mixi
3HaKa MPUPOCTYy 3a30py A (¢a3a BHXIAHOTO CHrHaNy 3MIHIOEThCS Ha
TIPOTHJIEXKHY.

Puc. 2.3.7. CTaTi4Ha XapaKTepHCTHKa ABOTaKTHOro BIT

Yymaueicte BII, v signmosigmocti 3 (2.3.28). 3amexursr Big Takux
rIapaMeTpiB: HaNpyrd i YacTOTH JKepena >KHUBJICHHA, ONOPY HARaHTAXEHHS,
iHOYKTHBHOCTI JpOCEIIs Ta II0YaTKOBOrO 3a30pY MiX SPMOM i AKOpeM.
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3 migBHIIEHHSM HAmpyrH kusiedns gytnusicts BIT 36imburyerses, ane
1le IPU3BOANTS 10 36inbLieHHs raGapuTis i Baru BIL
3MeHIeHHs TIOYaTKOBOTO 3a30py &, TAKOX IPU3BOAWTH 0 30iNbLICHHS
yytaueocti BIl, opHak 3 MeTOW 3anobiragHs 3aMHKAaHHA SKOPS 3 APMOM
ofMexyroTs MiHiManbHy BeNTHYHHY 3a30py J,, 3TIAHO 3 SKHM OCTaHHIH
nosuHeH OyTy BABiYi 6LIBIINH 32 MAKCHMAaNILHHH Xifl IKOpS:
0o =24 maxe.

Tlpu  iHmMX yMOBax MAaKCHMalbHa YYTJIMBICTH  JABOTAKTHOIO
inpyxrueuoro BIT mae Miciie nmpy piBHOCTI iHAYKTHBHOrO OMOpY ApoceNs i
aKTHBHOTO ONOPY HAaBAaHTAXCHHH.

B upomy Bunaaxy (2.3.28) 6yne MaTi BHIIIAL
U (2.3.30)
%

MMoTpi6ro BigMiTMTH, 10 MOCTOBA CcXeMa B TOpiBHAHHI 3
audepernianpHO0 Mae npubIH3HO B 2,8 pa3s MeRIy BIAHOCHY YYTAMBICTD TIpH
Y3TODKEHOMY HaBaHTaXKEHHI.

Pospinena 3partsicts meskux BIT npu perensHOMYy ekpaHyBaHHI Ta
GanaHCyBaHHI CXEMH B HeHTpajbHOMY IIONOXEHHI SKOps cKiajgac coTi gosni
MIKpOHa.

Buxizua norykHicts iHgmykTuBHux BI1 moxe cAraté mecsTkis BaT.
Opnac i3 36inbmeHHIM BUXiIHOT nOTyXKHOCTI 3pocTaloTs rabaputu BIL

X
Puc. 2.3.8. inayxruruit BIT cepeanix Puc. 2.3.9. Inpykrusuui BII
nepesMileds BENIAKUX [EPEMillIeHb

Sumkernd rabapuris BIT nocsraerscs 361TbMEHHAM YaCTOTH, TPH UBOMY
Bxigne sycwmia BII 3menumiyerscs. Anie HpH BENMKMX 3HAYEHHSX YaCTOTH
NIOYMHAIOTH BILIHBATH MIKBHTKOBI €EMHOCTI, IO yTpyaHIOE OanaHcysanns BI1 B
HEHTPANbHOMY IOOXKEHHI.

I!E.’}TQ}_‘T}!‘ 'J'rvwrtrpur RIT 2 noon VOTIANATETLH U rvm_gv-vvpmgnp pazopoN

BMKOPHCTOBYIOTHCH HIPH BHMIpDIOBAaHHI ManXx
6 3+5 MM.

nepeMuueHb BiZi nojeit MleOHa

[oce)
=



Posmmputi  Jiana3oH BHMIPIOBAHMX TEpeMIilieHb MOXHA ILIAXOM
BHKopucTanHa BII, sxi npuseneni va puc. 2.3.8 12 2.3.9.

Taki BII nomyckators BumiproBaHHs nepeMilens A0 AeKiJIbKOX JeCSTKIB
CaHTHMETpiB. BKITioueHHs iX MOXe BHKOHYBaTHCh K I10 MOCTOBIH, Tak i Mo
nudepeHiaNbHii cxemax.

2.3.2. Tpancdopmaropni inayxrusni BII

Tparchopmatopni  ingyktuBHi BIl mpusuwavaroTeecs 178 3MiHH
PeryJs0BaHOi KOOPAHHATH NIOJIOKEHHS, K3 € MEXaHIYHMM liepeMilueHHsM, SK B
MaJHX, TaK i B BEJIMKHX Aiana3oHax il 3MiHH.

HNpunuun pii TpancdopMaropuux iHaykTuBaMx BI1 ocHoBaHm# Ha
BHKODHCTaHHI 3MIHM B3a€MHOI iHEYKTHMBHOCTI Mik OOMOTKaMH npH
nepemiienHi  Akops (puc.2.3.10). O6MoTkM kona kuBNeHHS wl i

W2 BKIIOYAIOTHCS HA3yCTpid i MaloTh OIHAKOBY KiIbKiCTh BHTKIB, TOGTO
wl=w2=w. Omke, MarHiTHi MOTOKU @, i @, , WO YTBOPIOOTHCH CTPYMOM,

AKHH NpoTikae B uMx obmotkax, GyayTh HampaBlieHi B CepeaHbOMY OCepai
Ha3yCTpiy OJMH OJHOMY, 2 BUXi/JHa HaNpyra BH3HAYMUTHCH AK
Ugux =444 fwy(Dy - Py ), (2.80)
Ae f— 4acToTa HaBaHTAKEHHSA HBICHHS; W) — YHCIO BHTKIB 0OMOTKH
CEPEeJIHBOTO CTEPXKHA.

* F"‘"\ hy L
[ 5%
" | .'j:j':' W
) #_ @,
e L -
- a
"U..L I} P

Puc. 2.3.10. Tpancdopmaropunit
ignvkruBupl BIT

Horoxu @, i @, npomopiiiini IHAYKTHBHOCTAM BIAMOBiZHUX 06MOTOK
(2.3.6).

(Dl =__1.., ¢2 == (2.3.32)
w



OCKiNBKH 3230p 6, TOCTIAHUH, TO HA BENHYHHY iHIYKTABHOCTI BIUIMBAE
TinekH TUIOWAa mepekputts ocepma S (2.3.9), #Aka 3MIHIOETbCS IPH
nepeMilleHHi AKOPS.

TakuM YMHOM, B HEHTPANTLHOMY NONOKEHH] (A = 0) IO NEPeKPHTTH S,
i S, piBHi, O NPU3BOAKTE A0 PIBHOCTI NOTOKIB @, i @,, @ 3HAYUTE U/, =0.

Ipy mepemilleHH] AKOpS HAa BETHYMHY A 3AIHCHIOETBCA 3MiHa IUTOUL
nepexpuTTA Kpaiinix ocepas Ha AS. Toni:

-8
0,47ugwil0
o = 2400

sq +4s);
5 0 +ds)
-8
0,47ugwil0
@) = “‘T—(SO ‘AS):
0
a BXinHa nanpyra BI1 y Bixnosigxocri 3 (2.3.31) 6yze
Ugux =K1 4.

BpaxoByro4d, MO NPHPICT miomi AS NpONOPUiiHMH NepeMilleHHIo

AKOpA A, MOXKHA 3aIIKCATH
Ugux =kA4. (2.3.33)

TakdM 4YHHOM, CTAaTHYHA XapaKTePHUCTHKa TpaHC(OpMAaTOPHOro
inykrusroro BII e niniiiHolo dynkuieio (puc. 2.3.7).

Hunamiuni enacmusocmi indykmugnux BII Bu3HavaroThCA, BAXOAAYH 3
YyMOB 1x pobotn. 3a3pudait MeXaHi4ni nepeMileHHs, sKi € BXiZIHMM CHTHAJIOM
BII, MatoTh 6ib1LI HA3BKY YACTOTY B MOPiBHAHHI 3 YaCTOTOK HAIPYTH XKUBICH-
ns. ToMy 3MiHa aMILIITyA¥ BUXiAHOI HANPYTH 3 AOCTATHHOKO TOYHICTIO BH3H2-
YacThCsl PIBHAHHAM YCTaleHoro pexumy (2.3.33).

Orxe, BI1 Moxna BBaxarT#t Oe3iHEpLiHHO NaHKOW 3 NepeNaTO4YHO
(yHKUiew

wip)=22)

A(p)

i BUKOpHCTaTH IS HOro ONMMCY BCi JMHAMiYHI XapaKTEPHCTHKH JaHKH
TiCHIEHHS, BPAXOBYIOYH NPH LLOMY PeanbHO icHyrouM# poGounii Aiana3oH
yacrot BIL

lilyms ingykTusamx BII. OcHoBHi nepewikoiyu iHAYKTHBHHX BI1
110B’s13aHi 3 BCTAHOBJICHHAM HYJBOBOTO PiBHA Ta HaBoJKaMH. B peanbHux ymo-
Bax eKcrulyaranii Ta supo6uuuTsa uux BIT 3apxu icHYIOTh BiAXUIEHHS TUIeY
BII npu HeHTpalbHOMY HOJNOXEHH] AKOpS Big yMoB ix igentnanocti. Le npu-
3BOJMTH /IO MOABH 3AIHMIIKOBOI HAMpPYIH, SKa € MEPElIKO/00, i B 3arajlbHOMY
BUIAJKY BigpisHsAeTbesa N0 da3i BiJ BHXiAHOI Hanpyry, sKa BUHMKAE MpH Iie-
pemiiesni skops. TaKy nepeikogy MoXHA PO3KIACTH Ha ABi CKNajoBi: CHH-
tasny cknanoBy, fika 36iracTbes 10 (asi 3 OCHOBHHM CHTHAJIOM, i KBaipaTyp-
HOIO — fiKa 3CyHeHa 1o $a3i BIJHOCHO OCHOBHOTO CHTHalTy Ha 90°.
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IIpy HaABHOCTI TiNEKM JIEPINO} CKAGHOBOI HY/Ih BCTAHOBIIOETECA HESKMM
3MILERAAM SKOpA, TO6TO AIMCHHIE Hymh NeXuTh MOGHH3Y FEOMETPUYHOIO.
Axkwo icHyoTs O6MIBI CKIAmOBi, AIACHWI HyTE BCTAHOBHTH He MOXHa,
OCKUTEKM mnIpH  Oyab-KOMY TONOXEHHI fAKOpS Ji€ 3a)MUIKOBa Harmpyra
nepemkoan. ONHaK, iHII €EMEHTH CHCTEMH MOXHA MiAi6paTH TaKUMH, SKi He
OyayTe pearyBaTH Ha KaiparypHy cknazoBy (®UO, acHHXpOHHI BUKOHaBui
JBHTYHH).

Ilpy excrmyatanii BIT B ymoBax gii MarsiTHoro mons 3’sBiserscs
nepewkona Bif HaBomoK. s il ycynenusa BIT expaHyeThcs MertaneBum
€KpaHOM.

Hepesarn Ta nemonixm imaykrmsuux BIL. Jo uucia mnepesar
inayktuBHuX BIT noTpi6HO BilHECTH: BiACYTHICTH KOB3HHX KOHTAKTIB; BHCOKY
YyTIMBiCT (COTHI B/MM); BHCOKY po3;inbHy 3paTHicTs (COTi AOMi MKM);
HalifiHiCTh KOHCTPYKIi; Mally Bary Ta raGapMTH [IPH XHBIEHHI HATIPYTOIO BU-
COKOI YacTOTH.

Heponikamn ingyxrusHux BII e Baxkicts perymosanns, To6TO
BaXKICTb ~OTPUMAHHJ HYNEBOTO 3HAYEHHs BUXIAHOI HANPYrH npH
HEHTPAILHOMY MOJNOXEHHI SKOPA; MOXUIMBICTB POGOTH TilbKM Ha 3MiHHOMY
CTpyMi; OOMeXeHICTb JAianasoHy JIiHIHHOCTI CTAaTMYHOI XAapaKTePUCTHKH;
3a1eXHICTh KOe(illieHTa NEepeTBOPEHHS BiJl YacTOTH Ta HANDYTH KHBJICHHS,
HEOOXiHICTh eKpaHyBaHHS 0OMOTOK JPOCENSL.

2.3.3. Marniroupyxui BII

IlpuauMn Aii MardHiTONPY)XHHX MEepeTBOPIOBadiB OCHOBAHMH Ha 3MiHi
MarsiTHoi nposukHocti 4 (a6o iHxykuil B) depoMarHiTHHX Tin B 3aTeXHOCT
Bi/l MeXaHiYHUX HANpYr o, wo 06yMOBNeH! BILIMBOM Ha (epOMArHiTHI Tina
MeXaHI9HHX CWI P (PO3TATYBallbHi, CTHCKYBAIbHI, BUTHHAHHS, CKPYJyBaHHS).
IcHye i 3BOpOTHE sBHINE — MarHiTOCTPHKILS, KONH 30BHILIHE MarviTHe mnoie
BUKIHKAaE MeXaHi4Hi nNepopmanii ¢epomarditHoro tina. Ilin 4mcensHHUM
3HAYEHHAM MarHiTOCTPHKUIl po3yMiioTh BigHOCHy 3MiHy Al/l=g poBxuHa [
CTEPXKHA, [0 00YMOBIICHO BILIMBOM 30BHIIIHBOTO MAarHiTHOIO MOJIA.

B saranbHoMy Bumagky MarHiTonpyxHud edekT Mae HemiHiHHMIA
XapakTep, IO 3aJIEXHTH Bif 3HAYECHHA HAIPYXEHOCTi IpHKIaaeHoro nons H.
Ane, BHOMpArOYH BINOBiXHI PeXUMHM POBOTH, MOXHA OTPHUMATH JiHiMHI
MinsHKH 3anexHocTi u=f(0) abo u=f(P). OnsouacHy 3MiHy MargiTHOI
NPOHMKHOCTI i JiHiHMX po3MipiB ocepab, o BigbysacThes mix Aieo
MEXaHIYHOr0 HABAHTAKEHHS, MOXHA BUKOPHCTOBYBATH JJIS BHUMipIOBAHHS
THCKY, 3yCHJIb, MOMEHTIB Aetopmatlii. BitHOCHY uyTiaHBicTs MarsiTomnpyXHOro
MaTepialy MOAHA XAPaKTepsyBain (10AI0HU TeH30PESNCLIUPaM) KOEPILIEHTOM
TEH304y TIUBOCTI



K _du/u _fu
T A/l £ ’

Ha puc.2.3.11, a HasemeHo npubnusHui rpadik 3MiHH BiTHOCHOT
MarHiTHOi mporuKHOCTI €, B GYyHKUii 3MiHM MexaHiyHOI Hanpyru o i
BiAnoBiAHOT oMy BiHOcHO! miuiiinoi medopMmanil Al//=¢ . Ha nouatxosiit
JinsHni (o< 50 H/MMZ) koedillieHT TeH304yTINBOCTI csirae 3HaveHHs Kr =300,
a B cepeHBOMY 114 Beiel KpuBoi K7=220.

a) 9 | P 8) * p
Eh = 7—’*

/ 0
) " "

/ i
10 P a )

2) #P
__J
! 4 wid 4w U g
0

5100 130 o,K/uml

a5 01 ALk

Puc. 2.3.11. [padik 3MiHK BiAHOCHOI MArHITHOI IPOHMKHOCTI €, ~ a;
IepeTBOpIOBati APOCENBOBOrO THITY — 6, 8; TPaHC(HOPMATOPHOTO THIY ~ 2, 0

BigHOCHOI MarHiTONPYXXHOIO YYTNHBICTIO Marepiady Ha3HBAIOTh
BiZHOILUEHHS BiJHOCHOI 3MiHM MarHiTHO! MPOHMUKHOCTI O MeXaHi4HOI Hanpyru
Ks,=(Aw/1)/o. ins xpuBoi Ha puc. 2.3.11, a us Benuuuna cknagae 0,11 % Ha |
H/Mm?. MakcuMalibHe 3HAYEHHS BiIHOCHOT 9yTMBOCTI /s IEPMANIOI0 CKIIafae
0,94 % ua 1 H/MM® (mipu HanpyxewocTi MaruitHoro mons H=0,2 A/mM, A
tpancdopmaroproi crani — 0,8% Ha 1 H/mm? (npu H=0,2 A/mwm). TTpu msoMy
3HaueHHs HANPYXKEHOCTI NpMONM3HO BIAMOBiJa€ MAaKCHMyMY MarHiTHOI
NPOHMKHOCTI. B jiiicHocTi 3HaveHHs K 3HaYHO MeHule, OCKinbkH H
BHOMparOTh, BHXOISYH 3  JIHIHHOCTI  CTATMYHO!  XapaKTEPMCTUKH
[EpeTBOPIOBAYA.

Tlpy BCill Pi3HOMaHITHOCTI KOHCTPYKTHMBHHX pillieHb MArHiTONPYXHHX
NepeTBOPIOBAYiB 33 NPMHUMNOM Aii IX MOXHA po3butH Ha ABi rpymu:
nepersoproBadi apocensoBoro (puc. 2.3.11, 6,6) i TpancdopmaTopHOro
(puc. 2.3.11 2,0) TuniB.

B nepeTBOpIOBaYax MEPIOro THILY 3MiHa MarHiTHO! MPOHMKHOCTI OCEPAs
NpU3BOANTE JO IMiHW IIOBHOTO ENEKTPHYHOTO onopy Z apocens. [lns uporo
BHITAJKY TYTIMBICTh IePETBOPIOBAYA MOXKHA BHPAsHTH Y BUTIIAI
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Ks=(42/Z)/c.

JXuBeHHsA NlepeTBOPIOBada NPH BUMIPIOBAHHI CTATHYHMX a0 TakKHX, 1o
TIOBUTBHO 3MIHIOIOTECH, HABaHTAXEHb 3JIHCHIOETBCHA 3a3BHMYAil Bif Mepexi
3MIHHOTO CTPYMy 3 4yactoTolo 50 'y, IHogi, mo6 nigBMINMTH wyTIMBiCTH,
[IEPETBOPIOBAYi XHUBJATE CTPYMOM MiBUIIEHO! YacTotd (10 10 rlm).

B MarHiTONpyXHHX INepeTBOpIOBaYax TPaHCHOPMATOPHOIO THIY B
AKOCTi 3MiHHOI BeNnMYMHM, IO € (QyHKuiclo npukiIageHoi CcHaw,
BHKODHCTOBYETBCS ~ B3a€MHA  iHAYKTHMBHICTB, TOMY  IlepeTBOpIOBaYi
TPaHCYOPMATOPHOrO THIY € HO CyTi TpaHcOpMaropaMd 3i 3MIiHHEM
xoedinieHTOM TpaHchopmarii. YyTtnusictb TPaHCPOPMaTOPHOTO
TepeTBOpIOBaYa, KO0 FPUHHATH, WO BiJHOCHA 3MiHa e.p.C. BTOPHHHOL
0OMOTKM JOpiBHIOE BiXHOCHIH 3MiBi TPOHMKHOCTi, MOXHA BHPa3UTH
BiTHOLICHHAM

Ks=(AU/U)/o.

UyTnupicTh AaBadiB NoAiGHOro Tumy csArae AeKibKOX MiZiBOABT Ha
HeloToH (MB/H).

Ileppunna 06MOTKa MEpETBOPIOBAYIB XKHMBHTBCA BiJl /DKepena 3MiHHOTO
CTPYMy, 4acTOTY AKOTO BMOMpaIOTh i3 YMOB BMKODHCTaHHS MMEpPETBOPHIBAYA:
IpH BEMIPIOBAHHI CTATHYHHUX i NMOBLILHO 3MiHHHUX IPOUECIB BUKOPHCTOBYIOTH
BUPOOHKYY 4acTOTY, PH BUMIpIOBaHHI IMHAMIYHHMX MPOLECIB YacTOTA CTPYMY
XHBJIEHHSA NoBUHHA 6yTH B 5-10 pa3s BHIIA 9aCTOTH BHMIPIOBAHOTO IIPOLIECY.

ToxubKxy MarHiTONpY)XHHX NEpeTBOPIOBAYIB BHHHKAIOTH 3@ PAXyHOK
KOHCTPYKTMBHMX  TOXHOOK,  KONMBaHHA  HANpyrd,  TeMIEpPaTypHOI
HectabinbHocTi, mo mocarae 2% na 10° C. IToxubxa BHHHKAE 33 PaxyHOK
ricrepesucy i, 9k nokasanu gocaijmxenss, nocsra€e 4 % mpu cratHyHux i 1 %
IpY IWHAMIYHUX HaBaHTaXeHHAX. g Toro, mo6 3MEeHIMTH IO TOXHOKY,
HeoOXigHo BHOHpaTH MaTepian Ui BUTOTOBNEHHS OCEPAS 3 BY3BLKOIO NETIEHO
ricTepe3sucy i BUCOKOIO MeXel0 IIPYXKHOCTI.

B nponeci crapiHHg Martepiaqy 3MIiHIOETBCSA MArHITHA IPOHMKHICTH i
BHYTpIIIHA HANpyTa B HHOMY, IO NPHU3BOAMTE O HECTaGUIBHOCTI YyT/IHBOCTI.
Hityyne crapinys (TepMooGpobka i GararopasoBe HABAHTAXEHHS) HO3BONAIOTH
3HH3UTH W0 HecTabumpHicts Jo 0,5 % Ui meperBopioBaviB 3 CydiNbHOIO
Matepiany i 10 2 % 3 nucToBoro. s 3MeHIICHHS NOXUOKH BUKOPUCTOBYIOTHCS
IubepeHUianbEi CXeMH BKIIOUEHHS OJHOTAKTHHUX LaBadiB abo audepeHuiaibHi
KOHCTpYKLii JaBayiB.

Hepesazu mazuimonpyscnux O0aéayie — NPOCTa KOHCTPYKLis, HU3BbKA
BapTIiCTh, MOXUIMBICTH BHMIPIOBAHHS BENMKUX 3YCHIb. [0 Hedonikie MOXHA
BiHeCTH HEOOXiHICTh cTabinisanii HANpPyrH JKUBJICHHS, BUCOKY TEMIEPaTypHY
HecTabiNBHICTh, MUBIEHHS Bl JUKepena 3MiHHOTO CTPYMY.
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2.3.4.Inayxuiiini BIT

Inmyxuiiini BIT BigHOCATBbCA 2O TeHepaTOpHHX HeperBopioBayiB. Jlis
MEPETBOPEHHS MEXAHIYHOTO INEpeMINEeHHs B eICKTPUYHHH CHTHAl B TakHX
NEpETBOPIOBAYAX BHKOPUCTOBYIOTH HBHINA €NEKTPOMATHITHOI iHAYKmii —
HAaBE/ICHHA €.p.C. B EIEKTPUYHOMY KOHTYpi, INO TOB’A3aHO 3i 3MiHOKO
MareiTHOro moroky. HaBeneHus e.p.c. BiIOYBAEThCA HE3ANEKHO BIX HMPHUMH
3MiHH MargiTHOro MOTOKY: 4YM MNepeMiumyerscs oOMOTKa B TOCTiHHOMY
MAaTHITHOMY I10JH, Y4 3MIiHIOETBCS MarHiTHe [0J1€ PY HEPYXOMili 06MOTLI.

B koTywii iHgyKyeTses €.p.C., ka JOPiBHIOE
_ {49

dt ]

Jie € — MUTTEBE 3HAYEHHA €.p.C.; W — YHCIIO BUTKIB KOTYIIKH.

InayKUiiiHi nepeTBOpIOBadi MOXHA PpO3RUMMTH Ha gBi rpynd. B
TepeTBOPIOBaYax Nepiloi IPyNH MarHiTHHH ONip Ha LLIAXY NOCTIHHOrO MArHiTy
3QTHINAETHCA HE3IMIHHMM, a iHZVKUiMHA €.p.C. HABOJAUTHCH 3aBIAKY NiHiHHHM
(puc. 2.3.12, a) abo xyrosuM (puc. 2.3.12, 6) nepeMimeHHsM KOTYIUKH B 3230Pi.
B nepersoproBauax Apyroi rpyny MOCTiMHHMI MarHit i KoTymika Hepyxomi, a
€.p.C. HABOJMThCS MATHITHHUM TTOTOKOM 3a PaXyHOK 3MiHH PO3Mipy MOBITPSHOrO
3a30py.

(2.3.35)

e=

a) 5)
1N N
N aconn % ~
NN~ B
. N 1 s
£~7/////,{3/L\\ T

Puc.2.3.12. Ingyxuiiisi BI1. a - niHiifne; 6 — KyTOBe IepeMilieHHs  KOTYIIKH

SIx BunauBae 3 Bupasy (2.3.35), wmo6 36iIBHIMTH YYTHHBICTH
NepeTBOpIOBaYA, HeoOXiAHO 30INBUIATH YHCIO BATKIB XOTYIIKH, aNe MPH UbOMY
HeoOXiHO BpaxOByBaTH, IO NpH TMOCTIHHOMY 3a30pi 30iNbIIEHHS BMTKiB
KOTYIIKM TpPU3BOAMTH 4O POCTY ii omopy. 3GLNbINEHHS 3a30py BHKIHKaE
NafiHeA 3HaveHHs iHgyKuii B. ToMy npu KOHCTpYIOBaHHI JaBadiB BUOHPAOTH
ONTUMAaNIBHI IApaMETPH MEPETBOPIOBAYIB 3 BpaXyBaHHAM ONOPY HABAHTAXKEHHSL.

Jlinifina 3aNeXHiCTH €.p.C. B IlepeMilleHHs KOTYWIKH B 3a30pi
36epiraeThcs IO TCT MOpH, IOKH BOHA TEPEMIIYEThCA B MEXaX PiBHOMIPHOTO
MarHiTHOTO OTOKY.



IHAyKLifAH] 1epeTBOPIOBadi, O ABIAOTE COGOI0 HEBENUKI reHEPATOPH
TIOCTIHHOTO CTPYMY, BHKODHCTOBYIOTH B WNDHCTPOAX /Uil BHMIpIOBaHHS
wBUAKoCTE 06epTaHHA BaJliB, MHIAHUX i KyroBux Bibpaniit. OcKinbky BuxigHa
Hanpyra iHAYKUiHHHX NepeTBOprOBaYiB MPOMOpLiMHA WBUAKOCTI BiGpanii
PYXOMOI 4aCTHHH, TO [If OTPMMAHHS HANpYXEHHsA, MPONOPUIHHOTO aMILTiTY i
Bifpaui#i a6o NpPHCKOPEHHIO, BUXifAHY HAmpyry HeoOXifHO mimxaTw
iHTerpyBanHio a6o ;[mpepe‘ﬁirosaﬂmo.

2.4. laBaui XoJ1a i Marsitoomnip

2.4.1. ®iznyni ocHoBM edexty Xon1a i epexry
MarsiToonopy

Egexm Xomna — ue oisMune sABHINE, SKe IOJATAE B HACTYTTHOMY.
Posrnauemo miacTuHky (puc 2.4.1) 3 HpOBIZHHKOBOrO Marepiany, B3f0BX SKOT
npoxoauTk CTpyM 1. SIKino nepneHAMKYIAPHO IUIOIMHI INIACTHHH | HANPAMKY
CTpyMy Qi€ MarHiTHe mone HamnpykesicTio H, To B mmactuni punmkae e.p.c.,
TIpONOpIiiHa i CTPYMY, i HAaIpyKEeHOCTI MarHiTHOTO MOJIS:

E=kIH, (24.1)
ae k=k/d — xoedillicHT, sAxui 3aneXuTh BiX Matepiany i TOBIIMHM
wiactuHu d, k, — nocriiina Xomnia

HanpsimMok i€l e.p.c., ska Ha3sUBA€TBCA €.p.c. XONUIa, MepHeHAnKYIAPHHH
CTpyMy 1 momo, T06TO ii MOXHA BUMIPATH MiX OiYHMMH (OB3NOBXHUMH
rpaHsAMH IMAacTHHM (puc.2.4.1) 3a IOHOMOrOK eNeKTPOBHMIPIOBAIBHOIO
npunany. IIpuunna noseu e.p.c. Xoyuia B TOMy, IO Ha PyXoMmi 3apsad B

Puc.2.4.1. Jaau Xonna

margiTHOMy noni aie cuna Jlopenua. Crpym B mnactHHi — ume i €
yIOpSAKOBaHM# pyx 3apafiB (B Merani — enextpoHiB). Ilig gieto MarHiTHoro
NOJs BOHH 3MIlYIOTbCS MEPUEHIUKYIAPHO HAIPsIMKY CBOTO pyXy i mobnusy
OfiHi€1 NOB3JOBXHBOI I'DaHi BUHHKAE HAMNUIIOK 3apsfiB, a NoOIM3Y IHIIOL —
HecTaya. B 3BHYaliHWMX NPOBITHUKOBHX MaTepianiax e.p.c. Xoaa gyxe Maia,



[0 TOACHIOETECA MASION MIBMAKICTIO (TOYHIIE — PYXOMICTIO) HOCIIB CTpYMy
qepe3 Ix BeJIMKY KOHUEHTpalifo. Xo4a egpexm Xonna sinomuil Bxe Ginsine cTa
POKiB, NpaKkTHYHe BHKOPHCTAHHA HOro noYanoch B pe3ynbIaTi PO3BHTKY
TexHoJOrii  BUIOTOBNEHHA  HamiBopoBigaukiB. CamMe B 4HCTHX
HanmiBpOBiJHKKAX 3a0e3nedyeThcs BHCOKA PYXOMICTh HOCIIB CTpyMy, ToMy
nocrifina Xomna Uil YMCTHX HariBApOBigHMKIB HaGarato Ginbwia, HIX s
MeTaliB.

Egexm maznimoonopy — ue iHiue ¢isudHe sBuINe, UIO NONATa€ B 3MiHi
oIy TiM, AKi POBOAATS CTPYM, B MarHiTHOMY nodi. TloscHIOETECS LE THM, IO
B NPHCYTHOCTI MAarHitHoro mois Ha Hocii ctpymy gie cuia Jlopenna, sika
3MIHIOE TPaeKTOpilo 1X pyxy. SIkGu He 6yn0 MardiTHOTO moOJsA, TO TiA Ai€r0
NpEKIaEHHOT O MPOBiAHKUKA HaNpPYTH Hocii cIpyMy mepemilfyBanuch 6u no
HalKOPOTIIOMY HAOpPAMKY. 3MiHa TpaekTopil Nifl Ji€l0 MAarHiTHOro Mo
3aBXIH HOJOBXKYE HUIAX HOCIIB CTpyMy, IO HPOSBIAETBCH 5K 30UIbLICHHS
onopy. B CHIBHHX INONEpeYHHX MATHITHHX MOJNAX JEfAKi PEUOBHHH MOXYThb
MaTH BimHocHe 30inblienHs omopy a=AR/R B necsatku pa3s. Haidacriime
BEIMYMHA ( TOB’43aHa 3 HANPYXEHICTIO MarHiTHoro mons H KBaJpaTHYHOIO
3afEXKHICTIO

a= kpH’, (24.2)

e kr — KoedilieHT, o 3aNeXUTH BiJ MaTepiary i po3Mipib.

Edextu Xomma i MardHitoonopy BHKODHCTOBYXOTh B JaBauaX, 3a
JOTIOMOrOI0 SKMX BHMIPIOIOTHCS Pi3HI eNeKTpuuHi i MarHithi BenuuuHA. Kpim
TOTO, BOHH MOXYTh BHKOPHMCTOBYBATHCh M MaTeMaTHuHOi 06pobxu
eNeKTPYYHMX CHMTHANiB: CKIaJaHHA, MHOXEHHS, AUICHHS, INiAHECEHHS MO
KBafpary i 3HAXOKCHHA KODEHS, I Di3HHX NEPETBOPEHDb ENeKTPHYHHX
CHTHAIB.

2.4.2. Marepianu a5 nasayvis Xoua i jaBavis
Marsiroonopy

Buxopuctanns napavip Xonna /s Uinell aBTOMaTHYHOrO BHMiprOBaHHS
Gyne palioOHaNBHEM JIHLIE B TOMY BHMAiKy, AKIO BOHM MAalOTh ACCTaTHBO
BHCOKY YYTJIMBICTh i Malo MiAMajaloTh Nijl BILIUB TemmepaTypu. UyTiaueicTh
JaBaya 3aJIeXHTH BiJ BHXifHOI e.p.c., ToOTO Big moctiiiHoi Xonia, saka, B CBOKO
4epry, BU3HAYAETBCS PYXOMICTIO HOC{iB cTpymy. B nposignmHkax HOCiAMH
CTpyMY € enexTpoHu. [Ipu 3BUYaiiHUX TeMIepaTypax eJIeKTPOHH 3HAXOAATECS B
X40THYHOMY TeIUIOBOMY PYCi 3 caMMMM Di3HHMM IIBHAKOCTAMH. ANe SKIIO
B3JIOBX Tila CTBODHTH €JieKTpuuHe none E, npuxnasmu wanpyry U, To BCi
ENEKTPOHK TMOYHYTh PYXaTHCh B HANPAMKY IONS 3 JEAKOK CEPEHBOIO
IIBHAKICTIO L (IPH HBOMY OKpEMi eleKTPOHH MOXYTh MaTH Ak Oinbpily, Tak i
MeHmy mBHaKocTi). PyxomicTe HociiB cTpymMy (M) BH3HAYaEThCA  SIK
Bi/(HOIIEHHS HIBHAKOCTL L IO HANPY)XXEHOCT] eIeKTPUUHOTO nos E:
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=5 (243)

PyxoMmicTe 3amexuTk Biil TOro, AK Y4CTO €NEKTPOH NPH CBOEMY pyci
CTHKAEThCA 3 [PATKOKO TBepAoro TiNa. [ToTpibHo OKpeMo BiAMITHTH, 10 BelMKe
3HayeHHs e.p.c. Xo/Wta we He O3Hayae, MO B Wil PeHOBMHI BeNHKMH edexT
Xouna i il MOXHa BMKODHCTOBYBAaTH B TeXHilli. Belluke 3HaueHHS e.p.c. MOXe
OyTM OTPHMaHO 33 paxyHOK Benukoi Hampyr# U, To6TO BeNMKHX BHTpaT
€JIEKTPUYHOI eHeprii. B To# xe uac B inloMy MaTepiani Taka x EPC Xosmna i i
X WBMAKOCTI HOCIiB CTPyMy MOXyTh OYTH OTpMMaHi IpH MeHbIiil Hampysi
TUIBKM 32 paxyHOK Oimbmioi pyxomocti. Takwii martepian surigmimmit mis
BUKOPUCTaHHA B NaBadi Xosuia.

Orxe, OCHOBHOIO BUMOTOIO 10 MaTepially [aBaya € NOE€AHAHHA BEIHKOI
PYXOMOCTi HOCIiB CTpYMY 3 MiHIMaJbHMMH TEMIEPATYPHHMH 3QICKHOCTAMH.

B 3anexkHoOCT Bl TeXHOMOTI] BHIOTOBIIEHHS PO3PI3HAIOTH KPHCTANIYHI (B
¢opmi IaCTHHKH) i MIIiBKOBI AaBayi.

B sxocTi marepiamy KpHCTATYHHX JHaBadiB BHKOPHCTOBYIOTH pi3Hi
3’¢HaHHA iHMig: MU’ AxOBHCTHH iHAiH InAs, docdin inais InP, cypManucTuit
inzii InSb, a Takox repmaniit Ge i kpemniit Si.

Halibinbme 3HavenHs nocriliHoi Xonna y marepiana InSb, ane BoHO
AyXe 3aIeXuTh Bij Temneparypu. Ha puc.2.4.2. mokasasi 3anexHocTi
nocriitgoi Xonna Bi TeMneparypu ;s pisanx marepianis (1 — InSb,2 — InAs, 3
— TBepAud po3umH InAs i InP). Jina repmanis nocriitna Xoia B jecatku pas
MEHIl4, ane BiH BOJNOAC 3HAaYHO OiNMBIIMM NHUTOMMM onopoM. I3 repmanis

ke ¥ Kp
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Puc. 2.4.2. 3anexuocti noctiitroi Xomia i TeMneparypu

MOXHa poOMTH JaBayi 3 ONOpOM B JeKirbka KijlooM. Ille GigpliuM NMUTOMUM
OIIOPOM BOJIOAIE KPEMHIH, ajie HOro Baye OYMCTUTH Bif XoMimok. BHCoKuUi
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CTyNeHbs OYMCTKH HAMiBIPOBIAHWKOBHUX MaTepianis OTPHMYIOTH MPH IUIaBIeHHI
B KOCMi4HHX naGopaTopisx.

Jins po3MiuleHHs B BY3bKMX 3a30pax IyXe 3pYy4Hi MIBKOBi AaBaui
Xonna. Jina iX BHrOTOBIEHHS BHUKOPHCTOBYIOTH METOX BHUIAPOBYBAHHA B
BaKyyMi IT0YaTKOBOI PEYOBHMHH 3 HACTYITHHM ONaJOM Ha HiJIOKKY 3i CIIOAH.
ToBmuHa iBKoBMX AaBaviB cxknagac 10 — 30 MM, 110 B COTHI pa3 MeHLIe, HiX
y KpHCTANYHAX JaBadiB. Ik MaTepian Ans MIiBKOBUX JaBadiB BUKOPHUCTOBYIOTH
Yennanns pryri: cenewin pryri HgSe i tenypin pryri HgTe. Yum ToHwa
AJiBKa, THM MeHIna rnocTtiitna Xomnna. 3a cBOIMH MOX/IMBOCTSAMH BUKOPHCTaHHS
B CHCTEMax ABTOMATHKM IUIBKOBI JaBaui npuOIM3HO pIBHONIHALI 3
repMaHi€BMMH | HaBiTh Kpalli 3a TeMIepaTypHoo cTabinpHicTIO. Ane BOHM
myxe nopori. Ha corogni npoBOoasTECS AOCHIDKEHHS HOBHMX MaTepiallis, 1o
MO>XyTh 6yTH BAKOpUCTaHi B faBayax XoJuia i MarHiToonopi.

2.4.3. Buxopucrannus aaBad4iB Xosu1a i naBavin
Marsiroonopy

B ocnoBHOMYy jiaBadi XoJta i JaBadi MarHiToOnopy BHKOPHCTOBYIOTHCS
I7A BUMIDIOBaHHA MAarHiTHHX TIIONiB. BOHH BHUKOPHCTOBYIOThCA B JyXe
UIMPOKOMY Jiama3oHi HaNpyXeHOCTi MarHiTHoro mons: Big 1 ao 10°A/m. 3 ix
JIOTIOMOTOI0 MOJXKHA BM3HAyaTH KpHMBI HaMarHiuyBaHHS MarHiTHMX Marepiais,
PO3NOJIINIEHHS MATHITHHUX IIONIB B €EKTPHYHMX MAIIMHAX i eNEKTPOMArHITHAX
npucrposx. IIpi BEMIPIOBaHHAX B CHIBHMX MarHiTHMX monsx (H> 107 A/m)
e.p.c. Xoiia ckagae aecsri Jomi BONbT i Moxe 6yTH BUMIpSHA BOJILTMETPOM 3
BENHKMM BHYTPIIUHIM OmOpoM afo 3a JOMOMOTOK KOMIIEHCALiHHOI cXeMH.
PerymoBaHHs 4yTIMBOCTI JOCAIAEThCA 3MIiHOK HAMpPYTH, IO XHBUTH AaBad.
Jls 36inblIeHHs BUXiIHOTO CUrHaIy BHKOPUCTOBYIOTH NMOCHINOBHI 3’€IHaHHS
JeKinpkox nasauiB Xoiuia. [Ipy BUMIpIOBaHHAX B CepeiHiX MarHiTHMX MOJSX
(10° A/M<H<10’A/m) noTpi6Ho mincuseHHs BUXiHoi Hanpyrs pasaua. [Tpn
BUMIpIOBaHHSAX B cl1abKkux MarHiTHMX mojsax (H< 10° A/M) BHKOPHCTOBYIOTH
TaK 3BaHi KOHIEHTPATOPH MArHITHOTO MOJS. B AKOCTI TaKMX KOHIEHTPATOpiB
BUKOPHCTOBYIOTh KPYIULi JOBri CTEPXHI 3 By3bKHM IIPOMIKKOM MiX HHMH, KyIH
i noMimaerscst gapau. CTepXKHI BUTOTOBAMIOTH 3 MaTepianiB 3 BHCOKOIS
MAryiTHOIO IPOHMKHICTIO, HaltyacTile 3 nepMaiow. Ilpu noBxuHI cTepXHs B 1
MeTp, JiaMetpi 5 MM i 3asopy B 0,3 MM MOXHA OTPHMaTH Koe(ilieHT
migcwieHHs MarHiTHoro nois B 1500 pa3. JlaBaui Xonna 3 KOHLHEHTpaTOpamMu
MarHiTHOTO IIOMS 3ATHI Bil4yBAaTH HANpPyXeHICTh MariTHoro moas B 0,1 A/m.
3 iX JOMOMOro MOXHA JOCIIDKYBATH HABITh AyXe cnabke MarHiTHe mone
3emni. Ane NoTpiGHO BIAMITHTH, IO BHUMIpIOBaHHS cepeAHix i cnabxux
MATHIiTHHX TOJNiB 3a JONOMOrOK naBadiB XomIa NMOKH IO JOUUIBHO JHMille B
nabopatopisix, a He B TPOMUCIOBUX yMOBaX.

B cepennix i cnabkux MarniTHUX monsx JaBadi Xola Ayxke YyTNHBi 10
KONMBaHL TEMIEPATYph 1 NOTpefyIoTh CTabUILHMX JKepen JKMBIEHHA i
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CKNaIHHX BHUMIpIOBaNbHuX cxeM. Hanpukmaz, Tepmo-e.p.c. Mix Matepiasom
JaBaya i Horo BMBOJAMH CIiBBHMIPHA 3 BHXiHMM CHTHagoM. Ta i npH
BHMIDIOBAHHAX B CHIbHHX MArHITHAX [ONAX BHKODHCTOBYKOTh CXEMH
TEPMOKOMIIEHCAIlil TOXHOOK 32 IONOMOTOK TEPMOPE3UCTOPIB, a AEKOIN HaBITh
| TepMOCTaTyBaHHs, TO6TO BUMIPIOBAHHS IPOBOASTE B KaMepi, € aBTOMATHYHO
MiATPHMYEThCA TIOCTifiHA TeMIleparypa.

o cyri, naBau Xomwta e eneMeHTApHUM MHOXYBANTLHUM TPHCTPOEM,
OCKIIBKM HOrO BHXiIHHA CHTHanN TpONOpUifHME AOGYTKY HanpyxeHOCTI Ha
ctpyM. Ha upomy, no cyti, i ocHoBaHI Bci MOXKIIMBI BHKODHCTaHHS AaBadiB
Xouna. Ilpu nocrifiHoMy cTpyMi Yepe3 JlaBad BUXIAHUI CHTHAN NPONOpPUiHHMI
HalpyKeHOCTI MATHITHOrO MOMA. A AKIIO MOMICTHTH xaBad B TOCTiiiHe
MarHiTHe MoJe, MOXHA BHMIpIOBATH CTPYM, KA NPOXOAUTH Yepe3 HBOro, 3a
3Ha4eHHAM e.p.c. Xonna. Lle eunui cnoci6 Bu3HAYCHHS PO3NOAINEHHS CTPYMY
B €JICKTPOMArHITHHX BaHHaX.

[aBaui MaruiToOmopy TaKOX CIOYAaTKy BHKOPHCTOBYBANHMCH IS
BMMIPIOBaHHs MarHiTHHX NOMIB, ane NOTiM Oy/1M BUTHCHYTI 6iNblI CyYaCHUMH
HaBayam# XONIa Ha HOBMX HamiBHIPOBIIHHKOBHX Matepianax. Ane jaBadi
MarHiToonopy 3a CIPyKTypolo npoctimii HDX ZAasaui Xoana. Haiikpainomwo
$OpMOIO A5 1aBaya MarHiTOONopy € JIMCK 3 OJHMM BHBOJOM B LEHTPI i IHIIHM
— Ha OkoJIi. 3aNeXHOCTi BIIHOCHOT 3MiHM OIIOPY [aBa4iB MarHiToOnopy pisHoi
¢opmu Big MarHiTHOT iHAYKLiT Moka3saui Ha puc. 2.4.3.
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Puc. 2.4.3. XapaxrepucTuky fapayis

OCHOBHOIO  [epeBarold  [asaya Marditoonopy €  MOXJIMBICTE
6e3KOHTaKTHO! 3MiHH aKTHBHOTO OTODY.

OnHHM 3 MOMUTMBHX 3aCTOCYBaHB JaBaviB MarkiToOONOPY € CTBOPEHHS
6C3KOHTAKTHHX KIIABIIUHMX BUMHKa4iB. IIpH HATHCHEHHI Ha KHOMKY TaKoIo
BHMMKa4a NEePeMilly€eThCd MarHiT i 3MiHIOETHCA MATHITHMH MOTiK, WIQ BMJIABAE
Ha JIaBa4 MarHitToonopy.

Bisomi TakoX BUKOPMCTaBHS aBadiB XO0JLIa i MarHITCOIOPY B CHCTEMaX
aBTOMAarTHKM B SAKOCTI BHMIpIOBAYiB CTPyMy B CTPYMOBEIYYKX WUiHHAX,
6€e3KOHTaKTHUX IMOTEHIIOMETPIB IS TEPETBOPEHHSA MEXIHIYHOr0 MepeMileHHS
(ninitroro aGo KyTOBOro) B NPOMOPHiNHUE eNeKTpUYHME curman. 3pydsHe
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BHKODHCTOBYBaTH JaBaui Xo/ta B aBTOMATHYHUX [PHCTPOAK, IO
KOHTPOJIIOIOTE CTAH CTANbHHX KaHaTiB.

[Moku mwo pasaui Xonna i AaBayi MAarHiTOONOpy TOPIBHSAHO MAalo
BHKODHCTOBYIOTBCA B CHCTEMax NPOMHMCIOBOI ABTOMATUKU. AJie ILIBUAKKIH
PO3BHTOK HAMiBIIPOBIAHUKOBOI TEXHONOTi] NPH3BOJNTE O PO3IIMPEHHS iX
BHKODHCTaHHS.

TToTpiGHO BiAMITHTH, 1O B OCTaHHIH 4ac 10 TakuX AaBadiB JOAANHChH LIE
1 6sim3Ki 32 IpUHUKNOM Aii MarHiTOXIONHI i rajbBaHOMArHiTHO-pexoMOiHalifH
HEPEeTBOPIOBAi.

2.5. €mHicHi BUMipIOBa/IbHI IEPETBOPIOBaYi

2.5.1. llpuznauenns i knacuPikauis

Cmuicunit BIl BHKOpPUCTOBYIOTH U1 BHMMIipIOBAHHS perybOBAHOI
KOOpIMHATH, fAKa fABNSc CO0OI0 MexaHiyHi nepemillieHHs, piBeHb pPiIVHH,
KOHIEHTPALLi10, 3yCHILIA 1 BONOTICTb.

E€muicHull BUMIPIOBATIbHUH TIEPETBOPIOBAY ABJISIE CODOI0 KOHAEHCATOD, B
AKOMY 3MiHa MPOMDKKY MDK IUIaCTHHAMH, ILIOU[l NMepeKpHTTs IUIacTHH abo
HieNneKTpHYHO! MPOHUKHOCTI JieNeKTPHKa, AKWH NOMICTMNHY MIX NJIaCTHHaMH,
epPETBOPIOETHCS B 3MiHEHHS €EMHOCTI.

€MHicH] BUMIpIOBAIbHI IIEPETBOPIOBati MOXKHA PO3/INUTH Ha TaKi rpymnu
B 3QJIeXHOCTI Bift BMOpaHoi knacudikauifinoi o3naxu:

1) 32 mp¥3HaveHHSAM €MHICHOIO fapada: Japadvi JiHifHOro i KyToBOTO
nepemimenns; napaui piBHS 1 JMIHIAHMX po3Mipie; naBadi KoHUeHTpawii i
BOJIOTOCTI; IaBayi TEMIIPaTypy; AaBavi 3yCHIlb;

2)3a KOHCTPYKTHBHHM BUKOHAHHAM Ha [JaBadi: 3
IIOCKONapanie bHUMK [IACTHHAMH KOHAEHCATOpa; 3 MIIHAPHYHOW (HOPMOIO
KOHJIEHCATOpa; 3 HAABHICTIO Jie/leKTpHKa MiX ITaCTHHaMK; 6e3 Nie1eKTprKa;

3)3a BHAOM 3MIHIOBAaHOrO NapaMeTpa KOHIEHcAaTopa Ha Japadi: 3i
3MIiHIOBAHOIC IUIOLIEI0 TEPEKPUTTS TMIACTHH; 31 3MIHIOBAHMM 3330pOM MK
00KN2MHKAMH KOHIEHCATOPA; 31 3MiHIOBAHOIO AieTEeKTPHYHOK IPOHHKHICTIO.

2.5.2. Hpadumn Aii i XapaKTepHCTAKH EMHICHHX
BHMIPIOBA/JIbHHUX NEPETBOPIOBAYIB

€MHICHI BUMIpIOBaIbHI [IEPETBOPIOBAY] TPALOIOTH HA 3MIHHOMY CTPYMi.
TMpuuuun 1X Aii 3acHoBaHKi Ha 3MiHI €MHOCTI KOHREHCATOPA, IO BU3HAYAETHCS
CHiBBiIHOIIEHHAM
EE(S
)

c

: (2.5.1)
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Ze ¢ - BiIHOCHA /lie/IeKTPHYHA NPOBUKHICTE ie/IeKTPHKa; S — IUIOMIA TNACTHHM,

J TOBIUMHA JienexTpuKa abo BifCTalb MiX MEACTHHAMEY;, £y = . UM, mig

6710°
BILTHBOM KOHTPOJILOBaHOi KOOPAHHATH KEPOBaHOro o6’ exTa. SIk Buano 3 (2.5.1)
Ha €MHICT KOHJICHCATOPA MOXHA BIUIMBATH 3MiHEHHSM 3a30py J Mix
mwiactuiaMu (puc. 2.5.1,2), mWiomi MepekpHTTs § IacTuuu (puc. 2.5.1, 6),
Ni€NEeXTPUIHOT TPOHMKHOCTI € PEYOBHMHM, IIO 3HAXOMMTLCA B 3a30pi Mix
obknagnHKaMu KoHaeHcaropa (puc. 2.5.1, B).
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Puc. 2.5.1. I'pachikn 3MiHK €eMHOCTI IIpH 3MiHi Pi3HHX NapaMeTpiB EMHICHOIC
BHMIpIOBAJIHOTO [IEPETBOPIOBAYA

Bu6ip Toro abo iHmoro mapaMeTpa KOHAEHCATOPA B AKOCTI 3MIHFOBAHOTO
3QMEXMTh BiJl XapaKTepy BHMipioBaHOi BenuuMHH. Tak, mpu BUMIpIOBaHHI
KYTOBHX MeXaHiuuuX IepeMileHb HaiGinbll 3py4HO BHKOPHCTOBYBATH B
AKOCTi 3MiHIOBAHOI'O TIapaMerpa IOy NepeKpuTTa IwacTuH (puc. 2.5.2). B
IOMY BHIIAJKy €EMHICTb BUMIPIOBAJIBHOIO [IepeTBOPIOBada 6y ie

eep( r22 —rl2 )
Clop)=———""—(p-po) (25.2)
26y
abo, BpaxoBywous, mo Bei Benuuuy B (2.5.2) mocTidHi, oxpiM BHMIpIOBAHOT
3MiHHOI @:
C=kep.

BixnosigHo, cTaTHYHAa XapaKTEPHCTHKA TAKOTO €MHICHOTO Aasaua Oyne
JIHIAHOK0.

Ilpz BuMiptoBaHHI JIHIHHOrO NEPeMIiUIEHHS B SKOCTI 3MiHIOBAHOroO
IIapaMerpa KOHICHCaTopa MOXXHa BUOpaTH Benuuuny § (aus. puc. 2.5.1, a), Toai
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C= —0—, a CTaTHYHA XapaKTePUCTHKA BHMIPIOBATIBHOTO NepeTBopoBaya Oyne

X
HeniHifHOK0. B 383Ky 3 MM Taki JaBa4i NoTpiGHO BHKOPHCTOBYBATH B THX
BUNa/IKaX, KOJNM [iana3oH 3MiHEHHS KOHTPOJBOBAHOI BENMYWHH BiJITOBifac
NOpiBHAHO HEBENHKIN HiNgHII XapaKTepUCTHKH, Ha AKiM il MOXHa BBaXaTu
niifHOO. SIK NpaBHIIO, BEMWYHHA HEePeMillICHHS He NIOBHHHA [IepeBHIINYBaTH |
MM. [Ipu BHMIipIOBaHHI HOPIBHAHO BEJHKHUX NiHIHHUX mepeMilueHb JOUUILHO
BHKODHCTOBYBAaTH B SKOCTi 3MiHIOBAHOTO MapaMeTpa KOHIEHCATOpa ILIOLIY
NEPEKPUTTS IIaCTHH.

IMoTpibHO BiAMITHTH, IO PO3INAHYTI €MHICHI OaBadi He BOJMOIIIOTH
BJIACTHBICTIO peBepcuBHOCTI. [lojoNaHHs LBOro HENOMKY 3MiHCHIOETHCA
LUIIXOM BHKOPHCTAHHS MOCTOBHX CXE€M BKJIIOYEHHS [ABOTAKTHHX €MHICHHX
BHMIpIOBaJIbHUX NIEPETBOpIOBadiB (pHc. 2.5.2, a).
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Puc. 2.5.2. Enckrpuuna cxema emsicroro BIT

€MHICTh KOXHOro [eYa Takoro eMHICTHOTO JaBaja Yy BiANIOBIIHOCTI 3
(2.5.1):

&€\ S £EQGS
C ==, ==
5 Iy
ne 8, 1 8, - BenWuMHA 3a30py INM HHXKHBO! 1 BEpXHBOI 4HACTHH CXeMH
BiATOBIAKO.
pn nepemimenni A=0 emuocti C; i C, pisni C;=C;=C,. Sxumo
. . . . C C
3nageHHs A= 0, To BinOysaerbcs 3MiHa eMHocTed Cy = »JZ ; Co = ———OZ
1+ 1-
o o
BuxigHa Hampyra MOCTOBOI CXEMH:
. C,-CGU U
Ugpe = —2—L === A=kaA (2.5.3)
C2 +C1 2 450

O
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Orxe, CTaTHYHA XapaKTePUCTHKA ABOTAKTHOIO €MHICTHOIO [JaBaya AB/Ise
coboro nimifiny Qysxuito (puc. 2.5.3). Tlpu 3Mini HanpaMmky nepemimeHHS
cepelHbOi IUIACTHHH (asa BHUXIHOTO CHTHANTY 3Mmimyerscs Ha 180° mo
BiIHOLIEHHIO O ()a3H HAIpPYTH XHBJICHHS JaBaya, L0 € OMOPHOK HANPYIO.

UBHX ‘k
e

UBMX

v

UBKX O

Puc. 2.5.3. Crarrrdna XapaxkTepucThKa eMHicHoro BIT

Cnip 3ayBaKMTH, IO MiAKIIOYEHHS HABaHTaXEHHS IPH3BOAUTH JIO
BUMKPHBJIEHHS JiHIAHOCTI, OQHAK NpPY MaJMX 3HAUEHHAX A XapakTEepHCTHKY 3
AOCTaTHIM CTyTeHeM TOYHOCTI MOXHA BBAXKAaTH JIiHiHHOLO.

3acTocyBaHHA  €MHICHHX  BHMIpIOBAIBHUX  HEPETBOPIOBAYIB A
BUMIDIOBaHHA TAKHX bi3WIHMX MapaMeTpiB, K NiHifHI po3Mipy, KOHLEHTpaLis
PEUOBHHH, BOJIOTICTh, TeMIlEpaTypa, 3YCWUIA OCHOBaHO Ha BHKODHMCTaHHi
BJIaCTHBOCTEH 3MiHM MieNeKTpUYHOI NPOHHUKHOCTI B 3ae)XHOCTI Bix 3MiHH
BHMIpIOBaHOro napamerpa. Tak, HapUKIaf, MPH 3MiHI BONOTrOCTI MPOHUKHICTER
NOBITPFHOTO 3a30py MiX oOKIagMHKaMM 3MiHloeTses. IlozniOHe sBuine mae
MicIie i B BUNAJKY 3MiHM KOHLIEHTpalil, TO6TO CKiagy peyOBMHH HETPOBITHOTO
cepeoBMIa (Ta3, HempoBifHa piuHa) B 3a30pi. [ieneTpHuHa NPOHUKHICTH
GinboCTi Ai€NEKTPHKIB He 3aMINAETBCA CTANOK 1 IPH 3MiHI TeMIepaTypH,
IpH LUBOMY TeMrepaTypHHH xoedilieHT iX MOXXHA BBaXaTH [OCT2THBO
BucokuM. IlpoHuxHicTe npm Temmeparypi @, &, =&(l+ad@), ne & -
JieNeKTpU4Ha [OPOHHKHICTE MpU TeMmeparypi @; o -TeMIeparypHHK
xoedinient; A@ =0, -@. [yxe 3pydHHM JNd BHKOPHCTaHHA B SKOCTi
AieneKTPHYHOI DPOKIAAKY KOHACHCATOPa, AKa € CIPHAMAIOYUM OPraHoM, TIpH
amini TemnepaTypu B giamasomi +100° BBaxaerscs TIpyma AieNeKTpHKIB 3

THTAHOBHUX 3’€XHaHb, y axux €=15...90,a a =—(15..10)- 1074/%¢. s paxy
MatepianiB iCHy€ 3aeXHiCTh BiJHOCHOT 3MIHHU [ieNeKTPUYHOI IPOHUKHOCTI BiJ
BEIMYHHM MeXaHIMHUX Hanpyr. Lig BIacTUBicTL BHKOPUCTOBYETHCS K OCHOBHA
npu moOyaoBi €MHICHHX BHMIpIOBAJIBHUX TI€PETBOPIOBAdiB, HIO pearvioTh Ha



BEAHMYMHY 3ycunb. IIpy oMy JiesieXTpHYHa FPOHHKHICTL B 3AIEKHOCT: BiA
BEIMYMHU THCKY AP Busnauaerscs sk &, =&(1+SAP), ne S — YyTnIuBicTH

MarepiaTy JO BiIHOCHOI 3MiHK AieNleKTPUYHOI IPOHHKHOCTI S = éj;)f .

Ilix’exnanns €MHiCHMX  JaBayiB 31 3MIHHOK  Ji€JEKTPUIHOW
NPOHHUKHICTIO 3RIACHIOETBCH 32 MOCTOBOIO a60 IudepeHLialbROI0 CXEMaMH.
Jnis  36inpluenHs dyINMHMBOCTI  JaBada BHKODHCTOBYETBCS  TapanesibHe
mix’eHaHHA OGKIAJMHOK KOHIEHCATOpiB, AIS SKHX CTBODIOIOTH OJ(HAKOBi
YMOBH, HAIIPUKIIA]], Y BANAAKY BAMIPIOBAHHS 3YCHIb HA CTOBII 3 psly AaBadiB
i€ o7IHa i Ta X cMna P, npy BUMIpIOBaHHI KOHUEHTpaLi AaBadi PO3MILIYIOTHCA
B OZiHE | TEX CEpeiOBHIIe i T.1II.

2.5.3. [lepeBarn i HeIOIiKH EMHICHUX BHMIPIOBAJIbLHHX
NepeTBOpIOBaYiB

TlepesaraMn €MHICHHX BHUMIpDIOBAJIbHHX IEPETBOPIOBAYiB €: BMCOKa
9yTIMBICTh; BENMKA PO3JIIbHA 3JATHICTS [IPH MAIMX 3HAYEHHAX BXiJHOTO
CHTHAINy; NPOCTOTa KOHCTPYKUii, Mani rabaputy i Maca, He3BayHa BelHYMHA
CHIM TPHTATaHHA MK [NaCTHHAMK KOHOEHCATOpa, Ky HeoOXifHO NononaT
TIpH NepeMiMEHH] PyXOMHX I1aCTHH, L0 BU3HAYAETHCA CIiBB1JHOILEHHM

U?dc
=2,
2 dx
me x - BUMIpIOBaHMii TapaMeTp  [aBaya;  BIACYTHICTR  PYXOMHX

CTPYMO3HIMANbHHX KOHTAaKTiB; BHCOKa IUBHAKOZIS, TOMYy IIO €MHICHI
BUMIpDIOBabHI HepeTBopioBadi € NMpakTHYHO GesiHEpUiHHMMH €NeMeHTaMu 3
nepenatoyrnow ¢yHkuicw W(p)=k, OCKinpkH 4acTOTa HANPyrd MHBJICHHA

[aBada Ha [Ba MOPAKY [EPEBHLIYE YaCTOTY BXiJHOTO BUMipPIOBAHOIO CHIHAIY.

Jo Henonikip €MHICHMX BHUMIpIOBaNbHHX IEpPETBOPIOBaYiE NOTPiGHO
BIHECTH IIOPIBHSHO HM3BKHH piBEHb INOTYXHOCTI BHXiJHOrO CMrHaiy;
HeCTaiNBHICTh  XapaKTepWCTHK 0OpH 3MiHI [apaMeTpiB  30BHIIIHBEOTO
CepeOBHINg; BIUTHB LIKiATHBAX EMHOCTEH.

JIng 3MeHIEHHs BTPAT [OTYXHOCTI BUXIZIHOTO CHIHATy BUKOPHCTOBYIOTH
Y3TOJDKEHHS HABAHTAXEHHS 3 BHYTPIlIHIM OoflopoM cxeMH. PeaktuBHmi omip
HaBaHTAXEHHHs BUOUpAIOTH PIBHMM 33 BEJIMYMHOIO i 3BOPOTHHM 33 3HAKOM
BHYTPIIIHEOMY OTOPY faBava, TOOTO HAMAIUTOBYIOTE CXEMY B PE3OHAHC.

JIns yHuKHEeHHs MOXWGOK, 110 BHKIMKAOTLCA 3MIHOW HapameTpiB
30BHIIIHBOTO CepefoBHIa (TeMIEPaTypH, BOJOTOCTI), eNEMEHTH €MHICHOTO
JaBaya BUTOTOBNAIOTH 3i CIUIABIB 3 MAjiuM TeMIEpaTypHHM KoedillieHTOM
POSLIKPEHHS i 3aCTOCOBYIOTh MepMETH3ALI0 aBaya, 110, B CBOIO Yepry, 3HULIye
BIIMB MKiAJHBUX €MHOCTEH, SKIIO TePMETHYHUH KOPIYC BHKCHYETBCK Y
BUITIAAL eKpaHy.

!



2.6. I’e30enexTpHuHi nepeTBopioBadyi

lpuaumn  Aii 1°€30€eKTPHYHHMK IICPETBOPIOBAYiB 3aCHOBAHHA Ha
BUKODHCTAHHI IPAMOTO ab0 3BOPOTHOIO II'€30€NeKTPHYHEX eexrin. [Tpsamuii
n’e3oepexT aABAAE COOOIO 3MATHICTH JEAKMX MarepialiB  yTBOPIOBATH
IeKTPUYHI 3apsid Ha MOBEPXHi NPH NPHUKIANCHHI MEXaHi4HOl HanpyTH,
3BOPOTHMH — B 3MiHi MEXaHi9HOT HANpPYrH a6o reOMETPHYHMX PO3MIpIB 3pa3ka
MaTepiaty HiJl BIUIMBOM €IEKTPHIHOTO MOJIA.

B sxocTi n’e30eneKTpHYHMX MarepianiB BHKOPHCTOBYIOTH 3a3BHYail
IPHPOAHME MaTepian — KBapll, TypMalliH, a TaKOX LITYYHO MOJAPU3OBAHY
KepamiKy Ha ocHOBi TwraHaty Gapilo (BaTiO;), Tutanary ceunio (PbTiQ;) i
uipkoraty cBuHIIO (PbZ10;). Moxna BUKOpHCTOBYBaTH i iHuII MaTepiaiy.

KinexicHo m’e3oedexT ouiHwerses 1n’esoMonyneM K, 10 BCTaHOBIOE
3AMTeXKHICTh MK BUHMKaI0UHM 3apsnoM Q i npuknageHoro cuowo F,

O=K,F. (2.6.1)

Is I’ e30Martepiainis HaGiTBI PO3MOBCIOMKEHUH KBAPL, LIO TIOACHIOETHCS
HOro 3a0BUIBHMMH I1'€30BIACTMBOCTSAMH, IyXX€ BHCOKHM OTMOPOM, CTiMKicTiO
A0 BILIMBY TEMIIEPATYPH | BOJIOTH, BUCOKOK MeXaHiuHOIO MiuHicTio. KBapi Mae
HE3Ha4YHMH KoedillieHT NiHIAHOrO pO3MIMpeHHA, Horo m’e€30MOAYJb, IO
nopisrioe 2,3-10™"% Ki/H, NpakTHYHO He 3a1eXHTh Bia Temneparypu 10 200° C,
B AiamasoHi Bix 200-500° C aminroeTses HEe3HA4YHO, NpH 573% C crae piBHuM 0;
IATOMHUHA eneKTpuuHMi omip — mopsaxky 10'® Om/m, momyme mpyxmocri
E=7,7-10" Ia.

IP’e30Kkepamika gBige co60K MPOAYKT BiANALy ClipecoBaHOl cyMinn, sSKa
MIiCTHTh MiNKO PO3ZPOGNEHI CErHeTOeNEKTPUYHI KpHCTANH. XapakTepHO
BiIMIHHICTIO CETHETOENEKTPHMKIB € iX [OMEHHA CTIPYKTypa 3 XaOTHYHO
30pi€HTOBaHUMM IMOJAPHUMHK HAlpAMKaMM JIOMeHIB. I1’€30enexTpudHHX
BIIACTHUBOCTEH CErHeTOeNeKTPUYHA 1T €30KepaMika HabyBae micis nonspusauii B
eNEKTPUYHOMY MO

MexaniyHa MilIHICTh I'€30KepaMikH Ay>Ke BHCOKA, ajle 3aleXHTh BiJ
TexHonorii i sKocTi oOpoOkM mNnomWMH, IO TOpKalThbes. I1'€30MORyIb,
JieNeKTpUYHa NPOHUKHICTH Ta IX cTabiNbHICTD 3a1eXaTth B BUGOPY HAIPIMKY
nonApu3auii, HanpsaMKy Ail cunu F i 3HATTA 3apssy Q.

IT’e30Kepamika Ha ocHosi HioOaTy ceunwio (HBC) i HupKoHaTy-THTaHATY
ceuHio (UTC) Oimpni crabinpHa, HiX Ha OCHOBI THTaHaTy Oapiro, OOHAK
nocrynaerbcs iM B 4yTimuBocTi. Tak, n’e30KkepaMika Ha OCHOBI THTaHary 6apiro
mae rtouky Kiopi 120°C mpu m’esomomyni mopsaxy 100-10" KwH, a
m’e3okepamika 1ITC-19 touxy Kiopi 290° C i B jsa pasu Ginbur BrcoKe
3HAYEHHS N’ €30MOJYJIA.

Bei npupomHi 1’e3oMarepiand MalOTh KpPHUCTANIMHY CTPyKTYpY, fKa
BH3HA4a€ BIACTMBOCTI II'€30MepeTBOproBadiB. Tak, KBaprl Mae KpHUCTamiuHy
CTPYKTYPY, B fAKi# MOXHa BUIIMTH [IeCTHIpaHHy dpusmy. [To BinHomewHi 10
Hei B KpucTani BUALISIOTH TPYM THIM OCeH: IIOB3NOBXHY, ab0 onTr:ygy Rick Z,



IO OPOXOAMTE Yepes LEHTP NPH3MH; €IeKTpHuHl oci X 1 Z, 10 NpPOXOsATh
4epe3 pebpa IPH3MH KpUCTATYy HOPMAJIBHO 0 ONTHYHOL oci (Tpu) | Mexaniumi,
abo, HeifTpanbHi, oci Y, HOpManbHi O rpaHeidt kpuctany (iX Takox TpH).
[T’e30uyTnuBuii eneMeHT 3a3BHYail BHPI3afOTh 3 KPHCTALY KBaply y BHITIsAi
IUIACTHHU (Dlapanenemninesa), CTOPOHH SKOI mapajiesibHi ocAM KpHCTany (puc.
2.6.1, a).

B HeHanpyxeHOMy CTaHi B IIaCTHHI BCi 3apaad CKOMIIEHCOBaH} i BoHa €
eJIEKTPUYHO HeHTpalbHOW0. SIKIO JIo MTacTMHYU KBapuy npHinageHa cuia F
B3JOBXK oci X, TO Ha Il rpaHsx, IO NepHeHAUKYIspHi 00 oci X, BUHHKAIOThH
pi3HOMONAPHI eNeKTpH4Hi 3apsany Q. 3HaUeHHA IMX 3apsA/iB B MEXax MPYXHHUX
JebopMaliil 3HAXONATHCE B JIHIHHIA 3a/I€KHOCTI Bifl NPHKNAAEHO] CHIIM Y
BignosigHocti 3 BHpasoM (2.6.1.). Taxmii n’e30edexT Ha3zMBAETHCA
TOB3AOBXHIM. 3HAYECHHS 3apsly He 3aIeWHTh Bil T€OMETPHYHHX pO3MipiB
TUIACTHHM, 8 BU3HAYA€ThCA Jiuure cuitowo F.

s,

Puc.2.6.1. [T'e3ouyrnuBuii enemenr

SIKImo mnacTHHY NiJaTH CTUCHEHHIO N0 o¢i Y, TO Ha THX CaMHX IpaHsX
3HOBY 3’SBJATHCA 3apA/M, ajle Telep BXKe IPOTUIEKHOIO 3HaKy (monepedHuit
’e30edekt). 3HaueHHA 3apsARy IpH TOHepedHOMY I'€30eMEKTI BHSABJIAETHCH
PiBHHM

0 x,(D)F
d a2
Je aib — po3mipd 11’€30eieMeHTa B HanpsMky oceit X i Y. B sanexuocti Bix
HanpasieHHA Aii cund F (ctuckaHHA abo POSTATHEHHs) 3HAKH 3apsiliB Ha
rpaHsX IUIaCTHHH Oy Ny Th 3MiHIOBaTHCh.



[Tpn npuknanangi cunn F B3gowsx oci Z 1’ e30edeKT He CNOCTEPITacTHCA.
InacTuHa Ksaply 3amMIIAETECA TAKOO XK ENEKTPHYHO HEHTPanbHOI IIpH
piBHOMIpHOMY BILTHBI Ha Hei 31 Bcix GOKIB (HAaIPUKJAA, PH TiPOCTATHYHOMY
CTHCKaHHi).

Typmanin (Ha siaMiHy Bifl KBapily) Mac He ABi, a OfHY II'€30YYTIHBY
IUIOIMHY — NepeHAUKYIApHY A0 onTH4HOL oci Z. 3aBAsku Uil ocobauBocTi
TypMaNiH MOXHA BHKODHCTOBYBATH IS BUMIpIOBaHHS BCeGiUHOrO THCKY, IO
pobuts Horo He3aMiHHUM [IPH BUMIpPIOBaHHI THCKY B PiJHMHAX.

KOHCTPYKTHBHO 1I'€30€NIEKTPHYHHN NEPETBOPIOBAaY THUCKY sBjs€ coGoro
IIaCTHHY 3 N’e3oMatepiamy. Ha nBi ii rpaHi HaHeceHi enexTpoian, 3 SKuX
3HiMaeTbcs 3apsn abo Hampyra. Hanpyra Ha ofxiaguHKax npu BiCyTHOCTI
HaBaHTaXKeHHS

Uy =2, (2.62)

Cr
Ji€ €MHICTb II’€30€NEKTPHYHOro efleMeHTa neperBopioBada Cp=eSx/a. TyT € —
HienexTpuyHa crama Marepiany macTuHM; S,=hb - nsomwa rpani,

NepreHauKyIApHOl 10 oci X; a ~ TOBUHHA MJaCTHHH.

Jns 30iNbIeHHS CHTHaNy, SIKHH HaAXOAWTh 3 TEPETBOPIOBAYA HacTo
IUTaCTUHU-ITAH6H 3 11'30KepaMikM KOMIIOHYIOTDb B CTOBITYHK (puc. 2.6.1,6).

PazoM 3 nepeTBOpIOBaYaMH, B SIKMX IT’€30€/IEMEHT HPALIOE Ha CTUCKAHHSA-
PO3TATHEHHS, BUKOPHCTOBYIOTBCS KOHCTPYKUil, B AKMX €JEMEHT Opaiyioe Ha
BUI'HMH i 3¢yB (puc. 2.6.2, a-6). IlepeTBoproBay, K1 Opallfoe Ha BUTHH, SBIAE
co6oto ABi ONHAKOB} IIACTHHH, CKJIeEH! MK cob010. MiX HUMH pO3MiLLy€eThCs
MeTaneBa ¢onbra. Ilpy BUrMHaHHI Takoro eneMeHTa OJHa IUIACTUHA
BHJIOBXYETHCSA, @ iHIA CKOPOYYETBCS. B 3ajiexxHOCT Bl cxemM nijf’eiHaHHS
obxapgHOK MoxkHa oTpuMaty abo cymy Hampyr (puc. 2.6.2, a), abo cymy
sapsaniB (puc. 2.6.2, 6). IleperBoproBadui, sKi MpalfO0Th HA BHCHH, OLTBLI
YYTIHBi B MOPIBHSHHI 3 IepeTBOPIOBAaYaMy, LIO MpALIOOTh Ha CTHCKaHHA. B

) i Fo9 F

Ll
[ENNANN

pd

Pric.2.6.2. T c30uyiini geneseopiona




TOMH XKe 4ac BOHHM NOCTYIIAIOTECS OCTaHHIM 33 MIiIHICTK) Ta Jiana30HOM 4acToT.

IeperBoproBal, AKHi NpaLoe Ha 3CYB, ABIAE OGO Kinblie 3 Kepamiku |
(puc. 2.6.2, 8), B sAKe BKIECHUH BHYTPIIIHIN eNeKTPOA 3 i AKe CaMo BKIEEHe B
3oBHimHIA enektpoxn 2. Ilin giewo cunu F BigbyBaerses gedopmauisi 3cyBy
NIOMMH, fAKi ¢apanelbHi HanpsaMKy nonspusauii. IlepeBarm Taxoro
NepeTBOpIOBaya, SKUH MNpalloe Ha 3CYB, ONATAIOTh Y BiJICYTHOCTI 3apsiiB B
eJleKTpo/iax pu OOKOBMX BILIMBaX Ha JlaBad.

HaBanTaxeHHs, fKe MINWIFOYa€TbCA O BHXOLY IepeTOproBaua,
Xapakrepusyetscs onopoM Ry 1 emuictio Cp, fika 3a1eXdTh BijJ €MHOCTI
3’€AHYBAJILHUX [IPOBO/IiB, BXiZIHOI EMHOCTI MiICKIIOBaYa 1 T.11.

Puc.2.6.3. ExpiBanieHTHa CXEMa [ICPETBOPEHHS 3 HABAHTAXCHHAM

Y BHIAAKY BHKODHCT2HHS KBapHeBMX nepersBoptoBauiB Cp<<Cy, a mpu
BHKODHCTaHHI II’€30KEpaMiKM €MHICTh I1'€30€]eMeHTa 4acTo OJM3bka J0
€MHOCTI HaBaHTaXEHHS 1 HaBiTh nepeBuiuye 1. EksiBaneHTHa cxeMa
NepeTBOpIOBaYa 3 HABAHTAXXEHHSAM NpejcTapneHa Ha puc. 2.6.3. Jlna Hei MoxHa
3ampcaTH BHpa3 /18 BHXiAHOI HANPYTH

R.Crr
Uppe =U Pl , (2.6.3)
w0 pRe(Crr+Ch)
ae Re=RyRp/( Ry + Rp); R, Crp — onip i €éMHICTE 11’ €30€1€KTPUYHOTO eleMenTa
[IEpeTBOPIOBAYA.
3 ypaxyBanHam Bupasis (2.6.1) 1 (2.6.2)

= PR,
Usux "KdFHPRe(CHJrCH) '

Tlpu t = 0 (abo p = ) Hanpyra Ha HaBaHTaXXeHH]

Skmo cuna F noctidina, To BUXigHA Hanpyra Naga€ 3a eKCIOHEHUiHHUM
3aKOHCM A0 HyJs (TIpH t = ), To6TO0 TIpY p=0
Una=Usaro e/ ReCe | (2.6.4)
ne Upux o — Hampyra Ha nodartky pospsuy; C. — exBiBaJIeHTHA €EMHICTh
NepeTBOPIOBaYa.
Yum 6Gimsia noctifina yacy R.C., THM nOBLABHIIIE 3HIKYETHCHE HANPYTA,
110 0CO0IMBO BaX/IHBO ITPH BUMIPIOBaHHI IIPOLECIB, L0 MOBILHO 3MIHIOIOTHCA.



HyTnHBICTb It €30€1eKTPHYHOTO HEpeTBOPIOBaYa

Kg = dU g _ Ky .

7/ (Cyg+Cry)
Jnst nigBAINEHHS YyTIMBOCTI [EpeTBOPIOBAY BMKOHYIOTE 3 N IUIACTHH,
pO3TalIOByOYM X CTOBIYMKAMM 1 3’€AHYIOUM mapanensHo (puc. 2.6.1, 6). B

LBOMY BUIIAJKY OYyIeMO MaTh

(2.6.5)

nQ _ K4F
(nCrr+Cr) (Cpp+Cyx/n)

Ugux =

abo

Ky S
(C I+ CH /n)

Hanpyra Ha BHXOJi nepeTBOpIOBaYa IOPIBHAHO Maya, TOMY 3a3BMYail
NOTPiGHO ii miACHIUTH.

INoxu6ku 1’€30€NeKTPHIHUX NEPETBOPIOBAYIB CKIIANIAIOTLCA NEPIL 3a BCe
3 moxubok Big 3MiHM mHapaMeTpiB BuMiproBaibHOro koma (emuocti Cyy),
TeMIepaTypHOi NOXHOKH, IO BHKIHMKAETHCH 3MIHOK II'€30€JIEKTPHYHOrO
MOAyns, NOXHOKH BHACHIZOK HEMPaBHILHOTO pO3TALYBAaHHS ILIACTHH,
noxubku depes YyTNIMBICTH N0 CHI, AKI JOIIOTH NEPNeHANKYJSPHO [0
BHMIpIOIOYOi Oci mepeTBopioBada, i 4yacToTHI moxubku. B pianazoni Hu3bKMX
49acTOT YaCTOTHY NOXMOKY BU3HAYal0Th 32 (popMynoo

Re ( C o+ C H ) ~ )
=
J1+0?R2(Crr+ Cy)? 20°RZ(Cp+Cpy)?

BepxHs MeXa AONYCTHMOrO YaCTOTHOTO Jdiana3oHy BH3HAYAETLCH, B
OCHOBHOMY, ME€XaHI4HMMM HapaMeTpaMH neperBopioBaya. IT1’e3oenextpudni
NepeTBOPIOBAti MOXKYTh OYTH BUKOHAHI 3 JaCTOTOIO BIACHMX KonuBaub fy =100
kM, mo A03BONAEC BHUMIPIOBATH MEXAHiMHI BEJIHYHHM, SKi 3MIHIOKOTECE 3
yacToTor0 10 7—10 K[, npu oMY BOHH € Ge3iHepLUiHHOI JTAHKOIO.

Jlo mepesar n’€30€NeKTPHYHMX NEPETBOPIOBadiB HOTPIOHO BigHecTH
NpOCTOTY KOHCTPYKHii, Mami po3Mipd i BapTicTh, BHCOKY HafiliHiCTB,
MOXIIMBICTh BHMIDIOBAaHHS IIBUAKO3MiHHMX BennuuH. Hemoniku — ueBmcoxa
YYTJIMBICTh, HE3NATHICTH HO BUMIpPIOBAHHKS CTATHYHMX BEJHYMH, BHUCOKHUH
BXiJHMI ONip BUMIPIOBANILHOIO KONA, BiTHOCHO HEBHECOKHI piBEHb BHXIIHOIO
CHrHany, mo notpebye NPOMiKHUAX NiACHITIOBEUIB.

Ugux =KsF, ne Kg = Ks.

y=I1-w

2.7. Tensori nepevBoproBayi

TennoBAMA HA3UBAIOTHCS NEPETBOPIOBAYI, IIPUHIMIT JIiT IKHX OCHOBAHUH
Ha BHKODHCTaHHI TEWIOBHX [IpcleciB  (HATpiBaHHE,  OXOIOMKCHHS,
TerlooOMiHy) | BXiZHOIO BENUHMMHOIO AKHX € TeMmepaTypa. eruiosi
MEepeTBOPIOBaYi UIMPOKO BUKOPHUCTOBYIOTECS SK NEPeTBOPIOBAYl He TiAbKH
TeMITepaTypH, ajle 1 TaKHX BeNHHMH, SK TEIUVICBHEH MOTIK, IBUIKICTh TOTOKY



rasy abo piiMHu, BATPauaKHA, XIMIUHKHA CKNaj i TMCK rasis, BOROTiCTS, piBeHs
pituan i T.u. Ilpw mobymoBi Temmosmx HEPETBOPIOBAYiB  HaMuacrime
BHKODHUCTOBYIOTbCA Taki SBHINA, SK BHHMKHEHHS TEpMO-C.D.C., 3AIEXHICTH
OTIOPY PEYOBUEH BiJl TEMIIEPATYPH.

2.7.1. TepMope3HCTHBHI nepeTBoOpIOBaYi

IlpuHupn  gii  TepMopesnHcTHBHHX mepeTBOPIOBAYiB OCHOBaHHMH Ha
BIaCTMBOCTI TPOBIJHHKIB i HamiBOpPOBiAHHKIB 3MiHIOBaTH CRilt CNEKTPHYHUI
OMip NpH 3MiHI TeMIepaTypH.

JUst TepPMOpE3HCTHBHUX MepeTBOPIOBaYiB BUKOPHCTORYIOTH MaTepiain,
IO XapaKTepusyroThca BHCOKOIO crabinsricTio TKO, BHCOKMM BiaTBOpeHHAM
ENEKTPUYHOIO ONOpY NpH JaHil TeMnepaTypi, S3HAYHMM  IIATOMMM
eneKTpyuHuM omopoM, BHCokuM TKO, ctabinsricTio XiMiubmx i dismuaux
BIaCTHBOCTEH NMPH HArpiBaHHi, iHEPTHICTIO 4O AOCHIZKYBAHOTO CepefoOBHILa.
Mlo Takux Marepianip B MmepLly Hepry BIXHOCATBCA IIATHHA, Mifb, HiKelb,
BONb(PaMm i iH. Aste HalGimbLI IMMPOKO BUKOPHCTOBYIOTHCS TLIATMHOBI i MifHi
TEPMOPE3UCTOPH.

Onip miaTMHOBUX TEPMOPE3UCTOPIB B AianasoHi Temneparyp Bix 0 mo
650°C OITUCYETHCSH PIBHAHHAM

Ro =Ry (1+4G+B&°),
ne Rg, Ry — onip nepetsoprosaya
npu poGouiil i HynboBil Temnepatypi; A i B - nocriiii koedinieHTn.

Jns nnatHHOBOT NMPOBONIOKM, 1O BMKOPHCTOBYETHCS B IPOMHCIIOBHX
TepMopesuctopax, A= 3,96847-10° K'; B= -5.847.107 K2 B ixrepsaxi
Temnepatyp Big 0 10 -200° C 3anexuicts OMopy MIATHHU BIf TEMIIEPATYPH Mae
BUINIAL

Ro = Ro[1+AG+BE&+C(6-100)’],
ne C=—4,356-10"2 K.

Jlo HenONKiB MUIATHHOBMX NEPETBOPIOBAYIR TEMNEPaTypH BiNHOCHTHCA
ROCHTb BUCOKA 3a0pyAHEHICTb NIATHHM MapaMH MeTaliB (0co6/MBO 3ami3a) npu
BUCOKMX ~ TeMIEpaTypaX, NOpIBHAHO HeBelMKa XimiuHa crilfkicts y
BiIHOB/IOBR/ILHOMY CEpENIOBMIL], BHACTIOK YOro MaTepian CTac KpUXKHM,
BTpayae cTabiIbHICTH XapaKTepHCTHK.

Mizni TepMoOpesucCTHBHI NMepeTBOPIOBAYi MMPOKO BHKOPHCTOBYIOTHCS B
nianasoni Temneparyp Bin S0 g0 180° C sappsxe HM3BKil BapTOCTi, JOCHTH
BHCOKi#l CTIHKOCTI 10 kKopos3ii. 3aexHicTh onopy Bix TeMIeparypu OIIUCYETHCA
NiHIAHAM PIBHAHHIM

Reo = Ry(1+ @),
ze a=4,26-10" K,

Jlo HeNONiKIB MIIHHX IIePETBOPIOBAYiB TeMIEPAaTYpH BiZHOCATHCH

BUCOKa OKHMCHICTb Mi/li PN HArpiBaHHi, BHACIIAOK YOro IX BUKOPHCTOBYIOTH y



BH3HAYCHOMY TIOPIBHAHO HEBENMKOMY Aianasoui TEMIEPATYp B CEPSAOBHIIAX 3
HA3BKOIO BOJIOTICTIO i IIPH BIACYTHOCTI arpecHBHMX rasis.

Hikean, ximivno crifixuii Matepian Hapits TIpH BHCOKHX TeMileparypax,
Mae  CKIagHy 3QIeXRBICTH ONOpY  Bif TEMOEPATYPH 1 HEBHCOKY 1
BifTBOptoBaHicTs. Tyronnaski meramm — BONBGpaM, monibuex, TaHTaj, HiobiH —
BHKOPHCTOBYIOTE Mao 4epe3 BIUIMB TEMNEPATYDH Ha CTPYKTYpy MeTaty, [o
poGuTh Horo kpuxkum. CrutaBu, ski XapaKTePHU3YIOThCS OiNbII BHCOKHM
MIUTOMHMM OTIOPOM, HX YMCTi METalIH, B AKOCTI METaIiB s HepeTBOPIOBAYIB He
BHKOPHCTOBYIOTh 4epe3s IopiBHAHO HeBucokuit TKO, 3mauenns sxoro s
3HAYHiH Mipi 3aneXHUTE Bij KiIBKiCHOTO i AKiCHOTO CKIIaly JOMILIOK.

Tepmopesucropu  3a3Buuaii BHKODHCTOBYIOTb [l  BHMipIOBaHHS
Temneparyp. Ilpy uboMy cTpyM HasaHTaxenHs, wo NPOXOAUTH HYepes
TNepersopioBad, MOBHHeH Gyt ManuM. Skwo uepes TEPMOPE3UCTOPH
TPOMyCKAaTH BEJMKHA (IKCOBAHMH CIPYM, TO meperpis TEPMOPE3UCTOPa 110
BIHOLUEHHIO 10 HABKONHLIHEOTO CEPENOBHILA MOXKE CTATH 3HAYRMM. Ycranene
3HAYEHHs NeperpiBy i, BiANOBiAHO, omopy npy UboMy Oyxe BHM3HAYATHCH
YMOBaMM  TeIUIOBiffadi MOBEPXHi TepMopesucTopa. SIKINO Harpituii
TEPMOPE3UCTOP NOMICTHTH B CEPEJOBMILE 31 3MIHHMMH TemIohiZHYHUME
XapaxTePUCTHKAMH, TO 3'SBIAETHCS MOXKIUBICTh BUMIPIOBAHHS Py Giznunx
BEIIHYMH, HANPUKJIa/, IBUAKOCTI HOTOKY PIAMH i rasiB, IIBHOCT] Ta3is i T.0.

HUyrnuBicTh MinHMX TEpMOpe3UCTOpiB

Koy = iRiQ =aRy,
de
[JATHHOBUX —
Ksgp =Ry (A+2B®)

YyrauBicTe  MiHMX TepmopesucTopiB  mocTiiiHa, a YYTIHBICTH
ILIATMHOBUX 3MIHIOETBCA 3i 3MIHOIO TeMiiepaTypH. [IpH OIHAKOBHX 3HAYEHHSX
Ro uyTsmBicTs MinHuX TepMopesucTopiB BHILe.

OCHOBHMM IXepeoM NOXMGOK TEepPMOPE3HCTHBHUX HepeTBOPIOBaYiB
TEMIEPAaTYpU € HETOMHICTH MiAroHKM onopy R, mpu temmepatypi 0° C i
BiIXWIIEHHS BiaHOWeHHs W o omopy Ry mpu 100° C 1o onopy Ry,
HecTaGiIbHICTh LMX MapameTpiB B waci, K0JaTKOBMIL HarpiB BiJl OPOXOMKEHHS
pobo4oro crpymy, HectabilbHICTS ONMOpY 3HIMANBHHX JpOTiB, MO MHAXOAITE
Bi/l BAMIpIOBANBHOI CXEMH 10 NEPETBOPIOBAYA Ta 1HILII,

Bigdocui moxubxu Smuar i Spipy (v Biacorkax), 3YMOBJIEHI HETOYHICTIO
niAroHKH Ry i Bimxunenss Wg Bi HOMiHATBHOrO 3HAYEHHA, BH3HAYalOTh 3a
BHPa30M (1 MTATHHOBHX TEPMOPE3UCTOPIB):

5 .. =8 }Mi.mo-
nidz ~ "Ry (4+2BO)O '

5= B8A 02 Y00
610~ A+2e0 A+2B6°

=)



ne 5R0— BIIHOCHe BiIxXHIedHs Ry Bij HOMIHANLHOro 3HaueHHs, AA —

BiAXWIEHHS Koe(dilieHTa A BiJf HOMIHATEHOTO 3HAYEHHS.

HecrabinpHiCTE TEPMOPE3UCTHBHHX IIEPETBOPIOBAHIB  NOACHIOETHCA
3MiHOKWO 3HadeHb Ry i Wigo, BHACHiIOK 3a0pyaHeHHS YYTIMBOrO eJeMEHTY
KOHCTPYKIifiHuMH MaTepianaMu. Iloxubku, 10 BHHUKAIOTE 33 PaXyHOK 3MiHH
Ry 1 Wigg, MAIOTB pi3Hi 3HaKH, TOMY HacTKOBO KOMIIEHCYIOTHCA.

3a QUHaMIYHHMH BIaCTHBOCTAMH TEPMODPE3MCTHBHI IEpeTBOPIOBaYi
iACHTHYHI TEPMOENEKTPUIHUM MIEPETBOPIOBAYAM.

TepMonepeTBopioBayi TeMIepaTypHy, AKi BUNYCKAIOTHCS BHPOOHHLUTBOM,
3 matuHoBuMH (TOII) i Mizaumu (TOM) 4yTIRBUMH efleMeHTaMH pU3HAYeH]
JU1S BUMIDIOBAHHS TEMIEpaTyp B Aianasori six -200 o +1100° C (Tabn. 2.7.1).

Tabmuug 2.7.1.
OcHoBHI XapaKTepHCTHKH TePMOPE3HCTHBHHUX IUIATHHOBHX i
MIAHHX NepeTBOpIOBAYiB

Tun HOMiHaII(};HHﬁ onip VMoBH ﬂir;asgsa};ggoggx
nepetsopiopasa | PH O C, Om NO3HAYeHHs ’
1 11 -50...+1100
5 5TI -100...+1100
10 1011 -200...+1100
TOM (46) (p. 21) -260...+1000
50 5011 -260...+1000
100 100 11T -260...+1000
500 50011 -260...+300
10 10M -50...+200
50 S0 M -50...+200
TOM (53) (rp.23) -50...+180
100 100 M -200...+200

[IpoMHCIOBI TEPMOTIEpETBOPIOBaYl BHIYCKAIOTh B BUIMIAAI YYTJIMBUX
€NIEMEHTIB B 3aXUCHUX KOpiycax. UyT/HBi €JeMEHTH CY4acHoro ILIaTHHOBOrO
TEPMOPE3UCTOPa MAIOTL BHIVISJ CHipali, sKy po3MilylOTh B KaHai ABO- a6o
YOTHPH KaHANMBHOIO KePaMiyHOro KapKacy i YIUiNBHEHOro MOpOLIKONOAiOHIM
OKCHAOM amoMiHilo. OKcull alOMIHIIO € SKICHUM eJIEKTPUYHHMM 130J5TOPOM,
1[0 XapaKTepU3y€eThCs BETHKOIO TEIMOCTIMKICTIO 1 BHCOKOIO TEMLIONPORIAHICTIO
YyTnueuil eneMeHT MiJIHHX TEPMOPE3HCTHBHHX NEPETBOPIOBAYiB ONOPY SBISE
coboro Ge3kapkacHy OOMOTKY 3 MIZHOTO i301bOBAHOTO IPOBOAY, TOKPUTOIO
$TOPOILIACTOROO ILTIBKOIO i IIOMINIGHOTO B MCTaJIEBHI 3aXUCHKI KOPITYC.

TepMope3nucTopy 3 HAIIBIPOBIAHMKOBUX MaTepianis, sIKi HA3MBAIOTHCH
TEPMICTOPaMH, 3HaXOAATh HIMPOKE BHKOPHCTAHHS B CHCTEMAX aBTOMAaTHYHOrO
KOHTPOJNIO i YIPaBITiHHS.




B sKoCTi MaTepiany Ans TEPMICTOPIB BUKOPHCTOBYIGTE OKMCH METANIB -
Maprauio, Mixi, 3anisa, HiKeIro, K0OaNbTy i iHIIHX, SKi CTIIKAIOTH HPH BHCOKIH
Temnepatypi. Okcuan, kap6imw, cynedigd MeTaiis, M0 YTBOPIOKOTHCS,
XapaKTepH3YIOThCA HEraTMBHUMH TEMIIEPATYPHUMH KoedillieHTaMu onopy, 1o
XapaKTepHO 1A HaniBIIPOBITHHUKIB.

Omip TepMmicTopa 3MEHIIYETbCS 3 [ABMINEHHSM TEMIIEPATYPH 3a
€KCIIOHEHI[i HHUM 3aKOHOM:

2,2
Rp =Rye™® =R, 1-06 +9‘—20———‘.. :

Ze R, - omip TepMicropa npH mouaTkoBiH TeMmnepaTypi; @ - TeMIepaTypHHI
koedinienT onopy Tepmicropa; 3a3suuait @ = (0,03+0,06) rpax” ; @ - meperpis
TepMiCTOpa BiJHOCHO 110YaTKOBOI TEMIIEpaTypH.

XapaKTepUCTHKH TEPMICTOpPa MalOTh ACKPaBO BUPaXKEHY HEMHIAHICTB
(puc. 2.7.1). OcHOBHMMH 3 HHX € 3aICKHICTH OINOpY TepMmicTopa Bix
TemrneparypH, To6To TemneparypHa xapakTepuctuka (puc. 2.7.1, a) i BOnbT-
aMIlepHi XapakTepucTHKH (puc. 2.7.1, 6), Ki BCTAHOBIIOIOThH 3ANIEKHICTE MiXK
Hanpyroio Ha tepMmictopi Ur i crpymom Ir, 10 HpOTiKae 4epe3 HLOTO NpH
3afaniif Temmeparypi @, BonbT-aMrepHa XapaKTepUCTHK4 Mae MakCUMyM,
OCKIIBKH 3 POCTOM CTpPyMy TEpMICTOp HarpiBaeTbcs i #oro omip magae. Ha
puc. 2.7.1, 6 HaBeJieH] BONbT-aMIEPHI XapaKTePUCTUKH TEPMICTOpa NPH Pi3HHX
3HAYeHHAX TEMIEPaTypH 30BHIMIHBOTO cepenoBuma 63> 6> 6, Buaciigok
3MEHIUEHHA ONOpY TepMICTOPa 3 MIABMIIEHHAM TEMIEPaTypH BONbT-aMIlepHA
XapaKTEepHCTHKA NP OiNbIl BHCOKIH TeMmepaTypi 30BHIIIHBOIO CepeloBUINa
)3 Gynie po3TaloBaHa HIXYE XapaKTEPUCTHK NMPH Gz 1 6.
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Puc. 2.7.1. XapakTepucTHKH TepMIiCTODA: 4 -- TeMIIEpaTypHa; § ~ BONpT-aMIepHa

KOHCTPYKTHBHO TEPMICTOPH ABRAIOTH COBOIO TiNO AXCKOBOI, KYIBOBOI YK
iHuX QopM 3 MeTaneBMMH BHBOLaMH. [lns zaxucty Bin BojiorM pobode Tino
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MOKPUBAIOTE HIAPOM JIaky a0o CKIIa, @ 1HOAl NOMINIYIOTE HOTo B repMeTHdHuil
CKNsHHH OanoH abo mertaneBuit Kopmyc. Alle ue 3Ha4HO 30UIBIIYE TEILIOBY
iHepuio TepMicTopa.

Ilpu meBHi# 3MiHi TeMIepaTypH Ol TEPMICTOPIB MOXE 3MiHIOBaTHCh B
JeKifbka pasiB (auB. puc. 2.7.1, ¢), MO N03BOJNSIE CTBOPIOBATH MPUCTPOL IS
BHMIPIOBaHHS TEMIIEPATypH 3 BUCOKOIO My TiMBicTiO. Uy TAMBICTE TepMicTOpiB B
5+30 pazis Ginbmma, HIX TyTIHBICTH TEPMOPE3UCTOPIB.

3MiHa omopy TepMicTopiB B 3HaYHHX Mexax OOYMOBIEHa BHCOKMM
TeMrepaTypHUM koedillieHTOM Onopy HaniBIpOBIAHUKIB, w0 cArae 3% i Bue
Ha 1°C npu ximHaTHIN TemnepaTypi (a 115 MeTaneBkx nposignukis 0,35+0,65%
Ha 1°C). Kpim Toro, nepeparoio TepMiCTOPIB € MOXK/IHBICT BUTOTOBNIEHHS iX 3
BENTMKHM ONOpoM i MaiiuMu rabaputaMu. Hesjoniku tepMicTopiB - HeNliHIAHICTD
i 3HaYHMIH PO3KUI XaPAaKTEPHCTHUK.

HenigifiHicTh XapakTepucTuk OOYMOBIOE BHKOPHUCTaHHS TEpMiCTODiB
IIpH BHMIipIOBaHHI TEMIIEpaTYpH B BY3bKHX MeXax abo npH chinbHi# poborti 3
TIPUCTPOSIMY TiHeapHu3anii.

BinMiHHICTP XapakTepHUCTHMK TepMICTOpiB BiX 3pa3ka [0 3pa3ka,
Hampuwiaj, poskuJ no onopy +20% Big HOMiHaNIBHOTO 3Ha4eHHs, poOUTDH
BaXKOIO X B3a€MHY 3aMIHHICTb.

BiTuuM3HSHOIO NPOMHCIIOBICTIO BHIYCKAaKOTHCA PpI3HI  KOHCTPYKIIi
TepMicTopis: MinHo-mapraHieBi (tun MMT), kobansro-mapranuesi (tin KMT)
3 3aXUCHHUM KopiycoM i 6e3 Hboro, HenpsMoro niairpipy (THII) i inii. Bouu
BHKOHYIOTECS Ha HOMiHaNbHI omop# Bij Aecatkis OM nxo corensr Trcsy OM.
Po6ounit fianma3oH BUMIPIOBaHUX TeMmeparyp cknanae -100++180°C. B sikocri
TepPMICTOpiB BUKOPHCTOBYIOTHCSA TAKOXK I'eépMaHI€Bi Nioay 1 Tpioau, 3BOPOTHUI
omip SKMX 3MIHIOEThCS B 3alNexHocTi Bix Temneparypu. Tak, Hanpukian,
YyTJIUBICTh IEPETBOPIOBAda Ha AioJaxX cknajae nexinbka OM Ha rpanyc.

TepMicTOpH 3HAXOAATh BUKOPHCTAHHS HE TUIbKM AT KOHTPOO 1 3aMipy
TEMIIepaTyp, ane i g oOMeXEHHS MyCKOBOro CTPyMy eNEeKTPOJBUIYHIB,
6apeTepiB, HOTYXKHHMX JlaMNl HakallOBaHHA, AIA TeMIepaTypHol KoMmneHcauii, a
TaKOX B SKOCTI KEPOBAaHOTO CTPYMOM 3MIiHHOTO pe3HCTOpa 3 3OBHIIIHIM
nigirpisoM 6e3 KOB3HOTO KOHTAKTY.

2.7.2. TepmoesiekTpu4Ki nepeTBoproBayi (TepMonapu)

TepMOeEneKTPHUKMM  NEPETBOPIOBaUYeM (TEPMOMAPOK))  HA3HBAEThCA
YYTHHBAHE eNeMeHT, AKill CKnagaeTscs 3 [BOX ENEKTPUYHO 3’€/HAHMX
PI3HOPITHHX MeTalleBUX NpOBiAHMKIB (ab0 RamiBMPOBIMHMKIB) | NMEpeTBOPIOE
3HAYEHHS KOHTPOIbOBAHOT TEMIIEPATYPH B €.p.C.

Mpunumn Aii TEpMOEJIEKTPUYHHX NEPETBOPIOBaYiB reHEPaTOPHOrO THUITY
OCHOBaHWY HA BAKOPHUCTAHHI TEPMOEIEKTPOPYILIHHOL CHA (TepMo-€.p.c.), SKa
BHHHUKAE€ B KOHTYpl 3 [OBOX PI3HOPIAHHX HPOBIOHHKIB, MicHs 3’enHaup (cmai)
AKUX PO3IrpiTi A0 PI3HAX TeMnepaTyp. 3Hax | BelMYWHA TepMo-e.p.c. B cral
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JIBOX Pi3HOPLIHMX METaliB 3aJIeXaTh Bif IIPUPOJM MarepialiB 1 TeMmeparyp B
MiclsiX criaiB.

Jns ABOX pisHOpiAHUX npoBimHUKIB A i B (puc. 2.7.2, a), aKi CKIagaoTh
3aMKHEHE KOJIO | MaloTh B MiclisiX 3’€[lHaHHA KiHUiB Temuepatypu & 1 @,
HiZICYMKOBa TEpPMO-€.p.C. IIPH MOCTIHHOCTI TeMIlepaTypyu OJHOrO 3i 3'€qHAHbL

A A Epa
O
O ©, Eap K l Ry
o .
) 6) Egp

Puc. 2.7.2. Tepmonapu: a — 10 NpHHIMAY Aii;
6 — mig'eqHaHHA HABAHTAXKCHHS [0 BUIPHHX KiHIIB
(nanpuxinazn, @, = const)
Ew (6, ©) =f(6)-C=¢( O),
ne C =f(6,) - nocriiina Benu4uHa.

3asBuuail  TepMo-e.p.c. He pO3PaxoBYlOTh, a BH3HA4alOTh 34
eKCIIepUMEHTATBHIMY IpagyHoBaHuMH KpuBEMH Ey = f (@) npu &, = (), Ha
OCHOBI SIKMX CKJIafIal0Th Tabnuuli [UIs NPaKTHYHOTO KOPHCTYBaHHS.

B sxocri MaTepiany Juis TepMonap BHKOPHUCTOBYIOTH Pi3Hi JOPOroLiHHI
meTanu (IUIaTHHY, ipifif, pomiH, 30J0TO i iX CHNaBM) a TakoX HebnaropojHi
Metanu i ix cnpaBd (CTanb, MiAb, HiKeNb, HIXPOM, KOHCTAHTAHT, XPOMEb,
anioMenb, Konenb). ITOpiBHSHO piKO BHKOPHCTOBYIOTH HarliBIipPOBIAHMKH:
celnleH, KpemHii, tenyp i iH. Tepmonaps 3 HamiBOPOBIAHMKIB 3abe3MeuyrOTH
BENIUKY TEPMO-€.p.C., alle MAlOTh BEJMKUH BHYTPIIIHIN omip i Maiy MexaHiuHy
MiLb.

B TepMomapax MetaneBi HPOBIAHUKH NPEACTaBISsOTH co6OI0 ABI
pi3HOpiAHI MPOBONOKH ab0 IUTACTUHM, SKi HA3HBAIOTHCS TEPMOENIEKTPOJAMH,
OfIHI KiHI SKUX crasHi abo 3Bapei, a iHOi (BiNbHI) Hix’exHaHi B 30BHILLHE
KOJIO.

Crai 3 OJHOPIAHMX MeTaliB He reHepyworb TepMo-e.p.c. Tepmo-e.p.c.
BUHHKACE JIVIIE B CI1adX ABOX Pi3HOPIAHMX METANIB, IPH LIOMY 3HAK i BETHYHHA
TEpPMO-€.p.C. [T JJAHOT TEpMOTIapH 3alleKaTh JIMWIE BiJf IPHPONK MaTepiais.

SIxmo  Bimomi  Tepmo-e.p.c.,  fAKi  PO3BHBAIOTLCY  Pi3HAMH
TepmoenekTpofaMu b, B, I" 3 SKMMOCH TepMOENeKTPoioM A, MeTanl AKHH
TIPHHHAIA 32 €TAIOHHH, TO MOXHA 3HaUTH TepMo-e.p.c. Oyap-aKoi xom6iHauiil
LMX TEPMOENEKTPOLIB !

fse(@1‘@2):[’13,4(@1:@2)"fe,4(9!»@2)‘} 1.1
I',9(61,02)=1; 4(6{.02)-14(6,6;).
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3a eTwIOHHWH Meran (IPHUEATA XiMIMHO u¥CTa INIATHHA. 3HAYEHHH
TEpMO-€.p.c. JeAKHX MeTaliB MO BiJHOWIEHHIO 1O (UIATMHW HaBeJIeHI B
Tab1.2.7.2.
Tabnung 2.7.2
3HaueHHs TEpMO-€.p.c. IeAKHX MeTalB N0 BiTHOMEHHIO 10 IVIATHHH

TepMO-€.p.C., TEPMO-€.p.C.,
Meran Ifch/"c Meran I:»{KB/"?D
Amomernb -10,2 Mizs 7,6
Bonsdpam 7,9 Monibaen 1,3
3onoto 8,0 Ilratuda 0,00
Koucranran -35 [TratuHo-ipiaii 13
Konens -40 Inarugo-poaii 6,46
Manranin 8 Xpomens 31,3

B sKoCTI mpWKiaga BH3HAYMMO 32 JaHuMu Tabn. 2.7.2 tepmo-e.p.c.
TepMonapu xpomens-amomens (Exy). 3 Tabiuni 3HaXOAMMO, HIO BiJHOCHO
IJIATHHU TEpMO-e.p.c. XxpoMmens ckiagae Ey; = +31.3 mkB/C, a tepMo-e.p.c.
amomens E ;= -10,2 mxB/°C. Ha ocnosi (2.7.1) 3Hax0quMo:

EXA = EXI] - EA/] = 31,3 +10,2 = +41,5MKB/OC

[lpy BuKOpHCTaHHI B AKOCTI BUMIPIOBAHOrO €IEMEHTa TEPMOIIapH,
CKJIafieHoT 3 ABOX pi3HOpigHUX MeTanis, Heo6XiaHo, Wo6 crai TepMonapy Majiu
pisny Temneparypy. Craif, sxuii NOMICTHIM B CEpEJIOBHILE 3 BUMipIOBAHOIO
TEMIEPaTypolo, 3a3BH4Yali HAa3WBAIOTh rapsuuM abo podouuM craem, a cnai,
AKHMH 3HAXOJUTHCA 11032 POOOYNM CepeNoBHILEM, ~ HepobouuM abo XOIoAHMM
cnaeM. IIpH HasBHOCTI [eKINBKOX XONOJHMX cHaiB 3anexkicrts Oysae
O/AHO3HAYHOIO TiJIbKK B TOMY BHIIAJIKY, AKIIO BCi XONOAHI cnai MaloTh OAHY i Ty
K TeMIepaTypy. B 1bOMy BHIIaZIKy BHXiZHa HaNpyra TEPMONAPH He 3AICKUTH
Bil MaTepialy HaBaHTaXyBalbHOTO onopy. IToSCHMMO He Ha NMPHHIMMOBIH
cxeMi Tepmonapy, fika HaBeJeHa Ha puc. 2.7.2, 6. Hexail, naBaHTaxCyBalbHUH
onip Ry BuKOHanMil 3 Matepiany B i cnait 45 3HaXONUThCA NPH TeMIIEpPaTypi
©),, cnaii 5B - npu Temnepatypi @, cnait BA - npu temnepatypi &;. 3riano 3
3akoHom OmMa Harpyra Ha BEXOJi TepMonapu

Ugy = E:_’/.U:'_;LZB_:E@A Ry,
H+R;
me R; - BiacHuii omip TepMonapu.
3azsuyail R; <<Rj. Toni

Upy ~Eqp +Epp+ Epy.
Skio TeMmeparypa craw 5B HOpisHIoE Temnepatypi cnaiwo B4, To Ha
nigcraei (2.7.1) Maemo
URH =EAB b EAI)" (272)



3 (2.7.2) BunHo, 10 s cTabUIBHUX 1TOKA3aHb TepMoriapu HeoOXigHo,
mo6 TemnepaTypa XOJOOHUX chaiB Oyma moctifiHow. SKWIO Ui YMOBH He
BUKOHYIOTECS, TO HEOOXIIHO BBOJMTH TONPaBKM HA TEMIIEPATYPY XOJOJHHX
craiB.

Sxumo TteMnepatypa pofodoro cmaro nopiBHIOE (), a TeMmeparypa
XOJIOHUX craiB &, npu 3HATTI eKCliepUMeHTallbHOI (rpafyiioBanol) KpuBoi Eg
= £ (@) nopieaiopana 0°C i B mpoueci BuMiproBanHs 36insmunacs ao @, =0, T0
BHMIpIOBaHa TepMO-€.p.cC.

Eg, =Eg, -~ Lo, = [(01)~ [(87). (2.7.3)

Ha puc.2.7.3. nHaBemena xpuBa Ep = f{€) i mnoxazaHo rpadidne
BusHavenHs Eg npu 6,70. Bigknanaiouu no oci opmumar Eg, =Eg ,

OTPHMAEMO 3aMicTb TeMnepatyps @ Temmneparypy &, 3HaueHHs ©-6,=40
cKnajgae MOXHOKy B MMOKa3aHHAX TepMonapH. TakHM YHHOM, U1 BH3HAYEHHS
BUMIpIOBaHO! TeMIepatypn HeoOXifHo, 3Hawud &, BUsHaunTH Eg P micns

yoro 3HaltH Eg ;3 dopmynoro (2.7.3) i mo xpusiit Eg=f{¢)) orpumatu
BeNIMYUHY ).
Es
Egs

Puc. 2.7.3. 3anexHicTs TEPMO-€.D.C. BiJi TEMIIEPATYPH

o6 mompaska 3a 4ac BuMipioBaHHA Oyma nocTiftHOIO 1 He
IIEpEBUILYBAa BH3HAYEHOTC 3HAYEHHS, BHKOPHCTOBYIOTE TEPMOCTATYBAHHS
xonopuux cmais, IIpm upboMy xonofHi cnal 3a3Bu¥ail  pozMilyioTe B
TEPMOCTAaTi, SAKMM aBTOMaTHYHO MiANPHMYE TOCTiHY TeMmmepatypy.
BHKOPHCTOBYIOTh TAKOX aBTOMATHYHY KOPEKLIIO TEMIEPaTypHHX HOXHOOK.

Ha puc. 2.7.4. naBefeHa ofHa 3 cxeM Kopekuii moxuOki uepes 3MiHH
TEMMNEPATYPH XONOJHOr0 CHAMKD, SiKa CIUIAA€ThCs 3 APOTIHUX pe3ucTopiB R, Ry
R; i Ro BKMOYEHHMX MiX TepMOMNapoio i BHXIZHHM KoioM. Pesuctop Re
BHKOHaHWH 3 MaTepialy 3 BEAMKMM TeMIepaTypHMM KoebillieHToM omnopy
(uanpuknam, Hikens), a pesucropun K, R, R; - 3 Marepiamy 3 MaluMm
TeMmneparypHuM koedinieHToM onopy. MicT 36anancosauuit TakHM YHHOM, IO



npu Temneparypi ¢h=U°C (Temiieparypa rpaiyloBaHHA TEPMOIIAPH) Haupyra
Upr B niarowani BI” [opiBHIOE HYJIIO. '

Puc. 2.7.4. Cxema Kopekiil TeMnepaTypHoi moxuOku

Ipu 3Mini TemmepaTypd 30BHIIIHBEOrO CEpENOBHINA, A BiANOBIAHO,
TeMIIepaTypH XONO0HUX criaiB 1 peaucTopa Re, BiAOyBaeThcsa po3basaHCyBaHHs
Mocta. Ha piaromani BI' Mocta 3’sBnsfietbes pizHulld norteHuianis Upr, fka i
KOMIIEHCYE 3MiHy TepMo-e.p.C. IPH 3MiHI TeMNepaTypH XONOJHHMX Crais.
BuxinHa Hanpyra cxeMu

Uewe =Eap -Eap +Upr,
ne E 45 i E4p - TepMO-g.p.C. TAPAYOro0 1 XONOJHOTO CHIaiB TEPMOIIApHU.

KoMnercalis qocsractbes B TOMY pasi, Ko E A 5 = Ugr. s piBHiCTb B
MeXax  MOXJIMBMX  3MiH  TeMIepaTypH  30BHIIMIHROTO  Cepel]OBHINa
3abesneuyerbes nigbopoM napamerpis Mocrta. KpiM mworo, HeobxigHo, mo6
XONonHMi cmail i pesucTop Rp 3HAXOAMIUCH B ONHAKOBUX TEMOEPATYPHHUX
YMOBax.

Jins i3omAwii B TepMonapax BUKOPHCTOBYIOTH r'yMy (10 60+80°C), woBk i
emans (o 100+120°C), cxno i asbect (a0 500+700°C), dapdop, mamor,
creatut (g0 1000+1800°C). 330BHi TepMomapy 3axHLIAIOTh KOXYXOM, SKMH
BHKOHYeThCs 3 Mimi abo marydi (mo 400°C), crani (zo 800°C), crani 3
HikenroBaHMM nokputTam (a0 1000°C).

B saxocti Tepmomap 3  OnaropoaHux — MeTamiB  Haifyactile
BHKOPHCTOBYEThCS TepMmonapa [uiatuHoposiii-iiaruna (S = 12 mxB/°C), axa
BHUKOHYEThCA ETAJIOHHOIO | TeXHIYHO (A% BUMipioBaHHS TeMrepaTyp Big 300
no 1600°C). B sxocti TepMomap 3 HeOIaropoiHMX MeTaniB Haiibinblie
TIOUIMPEHKE OTPHUMANIH TEPMONAPU: XpoMenb-koneis (S = 65 MkB/°C, rpagnyna
BUMipIoBaHa Temniepatypa @,,= 800°C), xpomess-amomens (S = 41,5 mxB/°C,
6,,~1300°C). e cTannapTHi TepMonapu, sKi CepiiHO BUIYCKAIOTHCS
BITYH3HAHUMH 33BOJAMH.



Ha puc. 2.7.5. moxazawm#l 30BHimHIll Burmsn TepMonapu, B AKi#
TEPMOENEKTPOM TIOMillieHi B cTaleBy abo KepamidHy 3axucHy TpyOky 1, sika
MATPUMYEThCS ITYNepoM 2. PoGounii kiseus TepMonmapd posTamioBaHuii B
3aKpUTIH YacTHHI KOXyxa. BifbHi KiHI[ TepMOENeKTpoMliB 3’eqHaHi 3 JBOMA
3aTHCKayaMH, SKi 3aKpiruieHi B ronisni 3.

XapakTepMCTHKH YNpaBAiHHS TepMoInap, AKi IPeCTABIAIOTE 3aeXHICTh
TEpMO-e.p.C. BiJf BUMIPIOBAHOI TEMIIEPaTypPH, B 3aTrajbHOMY BUNAAKY HENiHiHHI.

/I 2
1< Sp———— ' EE’*

Puc. 2.7.5. 3oBHimHI# BHIIAN TepMOIapH

Tloxubxu Bifl HeMiHIAHOCTI XapaKTepPUCTHK TepMmomnap gocaraiote 5%. Kpim
TOrO, JUKEpenaMH NOXHO0K TepMonap € HecTabiNbHICTE TeMIepaTyp XOMOAHuX
cnaiB, 3MiHa ONOPY HABAHTAXKEHHA, AKIIO BOHA CIIBPO3MIpHA 3 ONOPOM
TEpMOIIApH, BIAXWIEHHA napaMeTpiB MNMOAOBXKYBANbHMX [pPOBOJIB  BiJ
PO3paxyHKOBHUX.

TepMmonapy 3BH4aifHOTO BHKOPHCTAHHS XApaKTEPU3YIOTHCA BEIHKOIO
iHepuifHicTIo. IHepuifiHICTP 3HaYHO MeHmIa B TepMomapax ClelliaJbHUX
KOHCTPYKHi#, HalpHKIaL, Y XPOMENb-KOMENeBUX | XpOMENb-aIOMENIEBUX, fKI
NOMilIeHi B i3y 3i CTall, IO He pXaBi€, 3 MaNOiHEPUIMHUM HAKOHEUHUKOM.
IHepuifiHiCTh TAaKOX 3MEHINYEThCSA, SKUIO rapsymii cmaii GesnocepegHBO
HIOTHKAEThCs 10 pob0oUYOro cepeoBHULiIA, AIS YOTO B KOXYCI (rib3i) BiapizatoTh
nnuie. B 3anexHocti Big KOHCTpyKuii moctiiiHa yacy TepMmorap ckiajae Bif
JIEKITBKOX CEKYH[ O ACKITBKOX XBHIIHH.

TepMonapy 3HAWLUTM IUMPOKe BUKOPUCTAHHS B TexHili. Ix mepesary -
MOXIIMBICTh BHMIDIOBAHHS TEMIIEPATYp y BeJMKUX Aiana3oHaX (BKIIOHAIOYn
BHCOKi TeMIepaTypd), HPOCTOTa NpPUCTPOIO i HaAiliHicTe B eKcIUTyaTarii.
Heponikn TepMoriap - HeBeNIMKa Yy TIURICTh, AKa B Pl BUNAAKIB NPH3BOAUTH
[0 YCKJafHEHHS BHUMIDIOBANTLHHX CXEM, a TAKOK HEOOXiJIHICTH MiATPHMKU
HOCTi#HOT TEMIIEPaTYPH XONOAHUX CTIAiB.

2.7.3. llipomeTpu

PosrnsHyTi paHillle nepeTBOploBadi IUis BUMIDIOBaHHA TeMIEpaTypH
nepentayaioTh Ge3nocepefHid KOHTAKT MiX YyTIMBUMH eleMeHTaMM i
BHMipIoBaHUM 00’exToM abo cepenoBuileM. BepxHs Mexka BHKOPUCTAHHA
TAKHX METOAIB OOMEXYETbCS TEPMIYHOKW CTIMKICTIO BHKOPMCTOBYBaHHX
YYTIHBUX eleMeHTIB i nexwuTs B Mexax o 2500° C. Ane imomi weoGximmo



BUMIPATH OLIbIL BUCOK] TCMIICPATYPH UM HEMOXUIHBHIH Gestiocepe/iHili KOHTaKT
JlaBaya 3 cepeloBMIeM. B HUX BHIIAAKAX BUKOPHCTOBYIOTH OE3KOHTAKTHI
3acobu BUMIpIOBaHHs — NIPOMETPH, SKi BUMIPIOIOTbL TEMIIEPATYPY 32 TEeINIOBUM
BHIIPOMiHIOBaHHAM. IlipoMeTpH, IO BHIIyCKalOThCsA cepiliHo, 3abe3nedyioTs
BHMipIOBaHHS TeMnepaTyp B Aiama3oni Bix 20 1o 6000° C.

B ocHOoBi 0e3KOHTAKTHHX METOJIB BHMIpIOBAHHS TeMIIEPaTyp JIEXKHTh
TEMIIepaTypHa 3alleXHICTh BUNPOMiHIOBaHHA abcomoTHo YopHoro Tina (AYT),
T00TO Tija, AKe 3/1aTHE MOBHICTIO MOrNMHHATH BUIIPOMIHIOBAHHS, IO TaJa€ Ha
Hporo, Oynn-saKoi AOBXHMHHM XBUJI. Ajle peaibHi TUIa HOBHOKW MIpOIO He
HOTNHHAIOTH Tajiaioye BHUIPOMIHIOBAHHSA | XapaKTepH3YIOThCa KoediLieHTOM
IO[IMHAHHA ), IO BH3HAYaE CNPOMOXHICTh IOIIMHATH BHIPOMIHIOBAHHS
HOCTI/PKYBaHUM TinoM B nopiBHsaHHI 3 AYT.

3a ¢opmynoro [Inanka cBiTHicTH abCcoOMOTHO dYOpHOro TiIA R,
OJHO3HAYHO BH3HAYAEThCA HOoro abComoTHOIO TeMIiepatypoto 6

R:l = Cll—s[_d(ngtﬁ‘),
e
ne C;=2zhc’; Cy=hc/K; h — nocriftua Inanka; K — nocriitna Boasumana; A —
JOBXKMHA XBHJII.

CsiTHicTb OyAb-AiKoro Tina R;, yepes cBiTHICTH R," abcomoTHo 4OpPHOTIO

Tilla, MOXHA BUPA3UTH Y BUTTIAAL
Ri=a; R},
Ie o — KoedilieHT TOrIHHAHHS JOC[DKYBAHOTO Tina.

Ha puc.2.7.6. HaBejeHi KpuBi CHOEKTPalnbHOI CBIiTHOCTI abCOMIOTHO
vopHoro Tina. [Tpu gauiit reMrepaTypi 6 MakCUMalibHe 3HAYEHHS CNEKTPaTbHOL
ceitHocTi AUT cxnagae Rf,,,afl,BOI-IO'5 0 i npHnanae Ha JOBXHHY XBHII
Anax=2886/6 MKkM, a HOro iHTErpasbHa CBITHICTB, 3TiAHO 3 3aKOHOM Credana—
Bonsumana, R° =5,67-10° @' Lii ¢ynnamenranbii 3akoHH 103BONAIOTH
BUKODHCTOBYBaTH ONTHYHI O€3KOHTAKTHI MeTOAM AN  BUMIpIOBaHHA
TEMIEpPaTypH peanbHUX Tl

[MipoMeTpu HinsTeCS Ha padiayitini, apxicui | konvoposi. Paniauiini
MpOMETPH BHKOPHCTOBYIOTH JIIS BUMIPIOBAHHA TeMIepaTyp Big 20 fo 2500° C.
Temneparypa, 1m0 BAMIpIOETbCS papialiiianM nipomeTpoM 0, 3aBXIM MeHIIa
icTHHHOI TeMnepaTypH Tina 6. 3aNexHICTh MK HMMH BH3HA4AE€ThCS BHPA3OM

0= 8{¢, e £ — xoedilieHT HENOBHOTH (JOPHOTH) BUIPOMIHIOBAHHS, IO Ma€e
pi3Hi 3HaYeHHs A pisHMX Marepianis. B 38’3Ky 3 UMM papiauiiui nipoMeTpy
0oTpeSyrOTh IPafYyIOBaHHsA KOHKPETHO JNS THX Till, TeMIIepaTypy AKHMX BOHH
BHMipIOIOTb.

Cxema pazianiiisoro nipomeTpa npejacTasieHa Ha puc. 2.7.7. Bis gBnse
co6050 TENECKOIT, B CepeAnH] AKOT0 po3rauioBani o6’ekTus 1, Tepmobarapes 3
NOCTiAOBHO BBIMKHEHHX TepMmonap 2, cBiTnodinsTp 3, okynsp 4. Poboui kinmi
TepMONap pO3TAlIOBAHI Ha IUIAaTHHOBIM MENHOCTHi, MOKPHTIH NNaTHHOBOIO
yepHio. [Ipy BUMIpIOBAaHHI TeNeckOn HaBOAWTHCY Ha 00’e¢xkT 5 Tak, 1wod



TIEMOCTKa NOBHOO MiPOI0 NEPeKpHBAIAch 300paXeHHIM 00 €KTa | BCS €Hepris
cnpuiimanack TepMobatapeeto. Jns 3axuCTy OKa nipd HaBeAeHHI TeNecKoma
BHKOPHCTOBY€ETbCs CBiTNOGLILTD. Tepmo-e.p.c. Tepmobatapei ¢ dyHKuico
MOTYXHOCTi BUIIPOMIHIOBAaHHA 1 TOMY BHMIpDIOBaNbHHE [IPUCTPId MOXHA
BiArpanyioBaTH B Mrpagycax Llenbcis.

SlpxicHi nipoMeTpy 3acHOBaHI Ha NOPIBHAHHI B By3bKifl AinsHLI crektpa
SPKOCTL JOCHiAXKyBaHOTo 00’€KTa 3 APKICTIO 3pa3kOBOr0 BHNIPOMiHIOBaua. 3a
CNEKTPANTBHOIO IHUTBHICTIO BHIPOMIHIOBaHb MOXHA BU3HAYMTH MOTPiGHY Ham
TeMIlepaTypy. SIpKicHi NipOMETPH TaKOX MaloTh MOXMOKY BiJl HENOBHOTH
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Puc. 2.7.6. Kpum cnextpansuoro Puc. 2.7.7. Cxema pamam tHoro
CBITi HES 26 OMIOTHO YOPHOTO T lIa. I poMETpa.
BUNPOMIHIOBaHHS — BMMIpIOBaHa HHMH TeMIleparypa BiJIpi3HAETHCS BiN

ictuHHOI. AJle Hf noxulKka 3anullacTbCs NPUONM3HO MOCTIHHOIO B IIMPOKMX
Mexax 3MiHd KoeditienTa € 1 Moxxe OyTH BpaXxOBaHa IpaaytOBaHHIM IPHCTPOIO
B po60oYMX yMOBAX.

B  spkicuomy mipomerpi (puc.2.7.8.) NOpPIiBHIOETBCH  APKICTEH
ZOCAKYBAaHOTO Tina i GOTOMETPHUYHOI JaMImM 3 IMNOCKOI0 BONB(PaMOBOIO
nutkoro. OxpiM QoToMETPHYHOT JIAMITH 4 B TeJIECKOTI po3TauIoRaHi 06’ €KTHR 1,
HEHUTpaneHUA CBLIOQUIBTP 2 OAs 3MiHEHHs BABIYi IPaHHIL BUMIDIOBaHHS,
ONTHYHMM KIMH 3 /18 OTPMMAaHHs JiHIHHOI 3aJI€XHOCTI MIX KyTOM IOBOPOTY
KIMHA | ApKiCTIO (ApKiCTe HHTKHM MPOMOpLiHHA II'ATOMY CTEIEHIO CIPyMYy
PO3XKAPIOBaHHA), OKYNSp 6 i cBiTodinsTp S, mo 3abesnedye MOpiBHSHHA
IHTEHCHBHOCTi BUIOPOMIHIOBaHHS B BY3bKOMY AiamaszoHi criexktpa. SIpkocri
HOPIBHIOIOTh, CHOCTEPIralodM HWTKY 3paskOBOTC BUIIPOMiHIOBaYz Ha QoHi
JOCHIZXKyBaHOro Tina. SAKIMo ApKicTh Tijfa OinbIIe SPKOCTI HWTKW, TO HHUTKY
BHAHO y BHIVIAAI YopHOi NiHil Ha ApkoMy GOHI, B NPOTUNEKHOMY BRIAAKY
NOMITHO CBIiTIHHS HUTKM Ha Oinbwn 6nizomy dori. Ipw pisHoCTI sApxocTelt



HATKY HE BMIHO, TOMY Taki HipOMETPH Ha3HWBAIOThCA IIPOMETPaMU 3
3HUKAI40l HuTKOw. CyTITEBOW TIepeBarol0  SpKiCHMX TMipOMeTpiB ¢
HE3aNeXHICTh 1X NOKA3aHb BiJl BiACTaHI N0 BHIPOMIHIOIOHOI moBepxHi i ii
po3MipiB.

Konsoposi nmipomerpst OCHOBaHi Ha BHMIPIOBAaHHI  BifHOLIEHHS
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Puc. 2.7.8. SpxicHuit mipomerp

iHTEHCHBHOCTEH BHIIPOMIHIOBaHHS Ha BOX JAOBXHHAX XBHJIb, IO BHOUPAIOThHCH
3a3BUYail B uepBOHiH i cuHil obmacTax cnexrpa. Skimo koediLieHTH HETOBHOTH
BUIPOMIHIOBaHHS 711 000X 06paHuX JOBXKUH XBHJIb OXHAKOBI, TO TEMnepaTypa
, 8Ka BHMIPIOETbCA KONLOPOBHMM [ipOMETpaMH, HOpPIBHIOE ICTHHHIH
Temneparypi Tiia. Lle oziHa 3 BHpilIaBEHUX NEPEBAr KONBOPOBUX IIPOMETPIB.
Kpim Toro, noxasasss KojbOPOBUX NiPOMETPiB NPHHIMIIOBO HE 3al€XaTh Bijl
BiZcTaHi 0 06’€KkTa BHMIpIOBAaHHS 1 BiJl IMOTNMHAHHA pajiallii B cepeioBHILI,
IO 3aMOBHIOE L0 BiACTaHb, AKIMOC Koe(ilieHTH TOTIMHAHHS OHaKoBi 11 060X
JOBXUH XBHIb.

2.8. Yabrpa3BykoBi 1aBaui

2.8.1. Ilpunuwn Aii | npU3HAYeHHs

Po6oTa y/IbTpa3sByKOBHX AapauiB OCHOBAaHA HA B32EMOJI! yJIbTPa3ByKOBHX
KONMBAaHb 3 BUMIpIOBaHMM cepefoBuuieM. [lo VRETPa3BYKOBHX BiIHOCATE
MEXaHiuHi KoNWBaHHs, Ski BixlyBsaioTecs 3 yactorowo Ginsie 20 000 I'y, TodTo
BMILE BEPXHH0T MeXi 3BYKOBHX KOJMBaHb, JIO CHPHHMAIOTECA BYXOM JHOIANHH,
[TowmpenHs yIbTPasBYKOBUX KONMBAHb B TBEPUHX, PLAMHHMX i rasonoiiGHux
CepellOBUIIIAX  3QJeWUTs BiX BAACTUBOCTEH cepeyosunia. Hanpukiag,
[BH/KICT PO3NOBCIO/PKEHHS HX KOJNHBaHb I PI3HHX ra3iB 3HAXOAMTHCA B
Mexax Big 200 no 1300 m/c, nns pigun — Big 1100 no 2000 m/c, pns TRepAHX
maTepiaiis — Big 1500 1o 8000 m/c. [lyke CH/IBHO BUpa)CHA 3aNeXHICTh
IEBUMAKOCTI KONABAHE B ra3ax BiJf TUCKY.

Ha mexi noaity pisHMUX cepeoBHUl MarOTh Micle pisHi koedilieHTH
BINOMTTS YNSTPA3sBYKOBHMX XBilb, BIANOBITHO pi3HAa i 3BYKONOIJIMHAIBHA

ot
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3atHicTe.  TOMy B yMbTpa3sBykoBMX 1aBayax iHQoOpMamis  mpo pizni
HECNISKTPHYHI BEJHYMHH OTPHMYETBCS 3aBKH BHMIDIOBRHHIO [1apaMeTpiB
YABTPa3BYyKOBHX KOJMBaHb: 4acCy iX PO3MOBCIOUKEHHS, 3racaHHs aMILNTYIH
KX KONMBaHb, (ra30BOTO 3CYBY LMX KOJIMBAHA.

YIIbTpasBykoBi MeETOAM BHMIPIOBAHHS BIHOCATECS /O EJNEKTPUYHHX
METOLIB, OCKiNbKM 30y/DKEHHS YNBTPasBYKOBMX KONHMBAHB i NpPUMMAHHS LAX
KO/IMBaHP BHKOHYIOTHCA €JIEKTPHUHMM cnocoboM. 3a3BHuail [  LbOro
BHKODHCTOBYIOTh II’€30€I€MEHTH 1 MAareiTOCTPHKUiiHI nepeTBOpIOBaYi.
IT'e30enexTpudni fapaui NEpeTBOPIOIOTH THCK B ENEKTPMYHMI curHair. Lle
npamuii 'e30edekT. Bin BUKOPHCTOBYeThCS B mpuiiMayax yTbTPa3ByKOBOTO
BHIIPOMiHIOBaHHA. 3BOPOTHHIA I’ €30€NIEKTPHUHMI KT NONATae B CTUCKAHHI i
PO3TATHEHHI I’€30KPHCTaNa, JO SKOTO MNpHKIafeHa 3MinHa Hanpyra. Jlus
30y DKeHHS Y/IbTPa3BYKOBHX KONHBaHb i BAKODPHCTOBYETECA LieH edekt. Takum
YMHOM,  IT'€30€JIEMEHT  MOXXE  BHKODWCTOBYBATHCh  TO3MIHHO  TO
BUIIPOMiHIOBaYeM, TO IPUHMAaYeM yI-TPa3ByKOBUX KONMBAHb.

MarnitocTpukuifiHi BUNpOMiHIOBadi YIBTPasBYKy BUKOPHCTOBYIOTh
Asue nedopmauii GpepoMartiTiB B 3MiHHOMY MarHITHOMY MO,

Hosicaumo po6oTy ymeTPa3BYKOBOrO JaBaya Ha MPUKIAdi €X0noTa —
npunagy Ay BUMIpIOBaHHS MTHOMHK Mops (puc. 2.8.1). Ilpu mopaui 3MinHOl
Hanpyrd Ha n’esoeneMeHT 1 30yJKYIOThCA YbTPa3BYKOBI KONMBAHHSA, IO
HalnpasieHi BEPTHKANBHO BHM3. BigbuTuit yaprpasBykoBni  iMmyisc
CTIpHAMAcThCA I’ €30eeMeRTOM 2. EnexTpHunmil npunaz 3 BAMIpIoe Yac ¢ Mixk
iMIynbCaMH, IO MOCHIA€Thes, i oTpuManuM. [mbuna Mopa mponopuiiisa
UBOMY 4Yacy i IUBHAKOCTI PO3MOBCIOMKEHHA 3BYKY L Y BOLI:

vt
h=—. 2.8.1
p (28.1)

Puc. 2.8.1. EX0noT 3 VIIkTHARRVKORUM TARAUEM

Ilikana npunany rpagyroeTses 0esnocepeaHbo B METpax. AHAIONYHO Aie
YNBTPa3BYKOBUI JIOKATOp, L0 BU3HA4Yae RifICTAHB N0 NEPEerOHM Ha ILISXY



KopaOlis B FOPUSOHTARBHOMY HAfIPAMKY. JiesKi TsapuHH (HAmpUKiaj, neTioul
MHUIT i gens(ink) MAOTh OpraH¥ Opi€HTalii, AKi AIIOTH caMe 3a NPHHLMIOM
YJIBTPa3ByKOBOTO I0KaTOpa.

VYiabTpa3ByKOBi KOJMBAaHHA MalOTh €HEPrilo 3HaYHO OLIbIIY, HIX 3BYKOBI,
OCKITBKM eHepris mponopuiiHa kBaxpary 4actotd. KpiM Toro, nopiBesIHO
IPOCTO 34iCHIOETHCS HallpaB/icHe BUIIPOMiHIOBAHHS YIbTPa3ByKy.

3a [OMOMOTOK YJABLTPa3BYKOBHX JaBadiB 3HaxXo[ATh HeQEKTd B
METajeBHX NETATAX: TPULMHM B BHpobax; IMOPOXHHUHM B BiInMBKax 1 T.IL
VieTpasBykoBi AaBadi BiirparOTh BaXJIMBY pOIb B nedexTockomii B
HEepYHHIBHMX MeTofax KouTpomo. KpiM TOro, ymbTpasBykoBi —JaBadi
BHKOPHCTOBYIOTECA B IIPHIaJiax IS BUMIPIOBAHHS BUTPadaHHs, PiBHA, THCKY.

2.8.2. BunpoMiHioBadi yJbTPa3ByKOBHX KOJIHBaHb

B ynpTpa3sByKOBHX eNeKTPUYHMK AaBadyax HaiOinblle po3NnOBCIONKEHHS
OTpPMMANH MArHiTOCTPUKUIHHI 1 N'€30eNeKTpHYHi BHOPOMIHIOBAdl, IO
30YIKYIOTBCS 3@  JOMOMOIrOK0  HAniBHPOBIAHMKOBHX 1  €JEKTPOHHHX
reHepaTopis, AKi BHPOONSIOTE 3MiHHY Hampyry 3 yactororo Oineme 10 xl'u.
Yacto BHKOPHCTOBYETbCS 1  iMIylbcHe 30YIDKeHHS  YJbTPa3ByKOBHX
BHIPOMIHIOBaH1B.

MarHiTOCTpHKLiNHI BUNPOMIHIOBadl cTepxKHeBoro THMy (puc. 2.8.2, a)
NpeACTaBNAOTh CO60K0 Habip TOHKHX JHCTIB 3 (ePOMarHiTHOro Matepiaiy, Ha
AKAH# HamoTaHa oOMoTka 30ymxenHs. HaifuacTimue B MarHiTOCTpUKIIHHHX
BHIIPOMiHIOBauaX BHKOPHCTOBYETHCS HiKeNb i Horo cnmasm (iHBap i MOHeINb) a
TakoX eputn. PopMa IIaCTUHH N0Ka3aHa Ha puc. 2.8.2, 6.

Puc. 2.8.2. MargiTocTpikuifiHiH BRNPOMIiHIOBAY
SIKIIIO cTepXeHb 3 (PEPOMArdiTHOro marepiany 3HaXOAMTBCH B 3MIHHOMY

MArgiTHOMY TOMi, TO BiH Oyje MO3MiHHO CTHCKaIHCh i POITHCKATHCH, TOGTO
AehopMyBaTHCh. 3aEXKHICTE BITHOCHOT 3MIHM JIOBXHHEHN Al// cTep)KHS 3 HiKemO



BiJi HaNIPYXKEHOCTI MarHiTHOTO nos H nokasana Ha puc. 2.8.3. OcKiabkH 36aK
HedopMaliii He 3WIEKHTH BiJ HANPAMKY HONA, TO YAaCTOTAa KOJIMBaHb
nedopmauii 6yne B 1Ba pa3u Ginbla 4aCTOTH 3MIHHOTO 36YKYBAILHOTO [0S,
Jlnst oTpUMaHHS BEIHKHX MEXaHIYHHX HeopMauill BEKOPHCTOBYIOTh NOCTiHHE
MiIMardivyBaHHs CTEPXHdA, W00 MNpALIOBATH Ha HAWGIMBII KpyTiit mingnui
kpuBoi (puc. 2.8.3).

MarnitocTpukuiiini BANPOMiHIOBadi NPALOKOT B YMOBAaX pe3OHaHCY,
KOJIM 4aCToTa 30y/XyBatbHOrO MOJ 30iracThcs (HATAIITOBaHA B PE3OHAHC) 3
YaCTOTOI0 BJIACHMX HPYXHHX KOJIMBaHb CTEPXKHH, SKa BM3HAYAETHCA 3a
dopmynoio

1 [E
=— |=, 2.8.2
=3 5 (282)

ne | — nomxwHa cTepxHs; E — MONYJIb IPYXXHOCTI; 0~ IINBHICTS MaTepiay.
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Puc. 2.8.3. 3anexHicTh BIHTHOCHOT 3MIHH AOBXHHH BiJ|
Hanpy>KeHOCTi MArHiTHOTO MOJIs

Jlnsg HikeneBOoro cTepxHs HOBXHHOW /= 100 MM uacTOoTa BRacHMX
xonuBaHb ckiagae 24,3 xl'n, ammityna pocsrae npubnusuo | mxM. HaiiBHina
4acToTa, Ha AKil e BAAETHCA 30y IUTH OCHTH IHTEHCUBHI KONHMBAHHA, CKIANAE
60 kI'n, wo Bigmosizae noBxuHi 40 MM. OKpiM OCHOBHOI 4acTOTH B CTepXHi
MOXHa 36YyQMTH | KOJIMBaHHS Ha BHIIMX TrapMoOHiKax (np BiAMOBiAHOMY
KPIIUICHHI CTePKHA), aJie 3 MEHIIOK aMIUIITY 10K,
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Puc. 2.8.4. TI'er0emekThHYHINT RETMOMINKIRAY VIETNARAVKORWX KONURANHE
B n’c3oenekIpyyHOMY BHIPDOMIHIOBAYl YNBTPa3BYKOBHX KONMBaHb
BHKOPHCTOBYEThCA IacTHHA KBapLy (puc. 2.8.4.), o skoi npuknaneHa 3MiHHA



Hanpyra U,, 10 cTBOpROE eleKTpHYHE NOJIe B HANPSMKY eiexTpadnct oci X .
IoB3noBxHIH 3BOpOTHMIL 11 €30eeKT nosArac B AeopMallii NIacTHHM 1O oci
X. Ilpyu npoMy BiHOCHA 3MiHa TOBLUIMHH INACTHHH
Aa _ kU X
a a
[Monepeunnit 3B0poTHUH 1I1'€30e¢eKT Nonsrac B aepopmanii MiacTHHY B
HalpsiMKy MexaHiuHof oci Y. IIpy upoMy BifHOCHA 3MiHa JOBXHHM IUIACTHHH
T
A__KUx (2.8.4)
/ a
Sx Buano 3 (2.8.3), nop3posxHaA JedopMallis He 3a1€XHTE Bil po3mipis
IUIACTHHHY, a ronepedHa Nedopmaiiis, sk Buiusae 3 (2.8.4), 30iabuyerses 3
pocToM BifHOuleHHs [a. Tlpu Hanmpyrax no 2,5 kB 36epiractecs npsama
NIpOTIOPUINHICT, MiX BenuyuHOK aedopmauii i nHanpyrow. [Ipu Benmkmx
Hampyrax fgedopmallis 30inbiIveThes He Tak mBuako i npu Ux=25 kB
BHusB/AeThC Ha 30 % MeHuiolo, HIX Ta, IO po3paxoBana 3a (2.8.3) 1 (2.8.4).
AMIUTITy1a KONMBaHb HOCATae MaKCHMYMY MpPH PiBHOCTI YaCTOTH IPHKIAAEHOT
HANpYyTHU 1 9aCTOTH BJIACHUX KONHBAHb IUJACTHHM.
YacToTa BlacCHUX MOB3AOBXKHMX KOIMBaHb BH3HAYAETHCA 32 GOPMYINONO,
sika aHanorivHa (2.8.4), re MOZyNb NpyXHOCTI OepeThes B HANPAMKY oci X:

(2.83)

1 |Ey
= =5 2.8.5
fo= e\ (2.8.5)
Yacrota BNacHHX MOIEPEYHUX KOJNHBAaHb 3aj€XMUTh Big MOAYIs
IPY>XKHOCT] B HaNpAMKY oci Y:
1 [E
7= L 1By (2.8.6)
2L\ p

Jlna xBapuoBux maactud f,=285/a [Tu] i £=272.6/l [xI'u], ne po3mipu
IUTACTHHY BUPXEHI B CAHTUMETpAX.

B nopiBxsinHi 3 MarHiTOCTPUKLIHHEMY I’ €30€IEKTPUYNI BUNPOMiHIOBaYi
3a0e3neqyroTh 3HayHO Oinbmy (Ha 1-2 TOpsAKH) YacTOTY YAbTPa3BYKOBHX
KOTHBAHSE.

2.8.3. BukopucraHHs VIbTPa3RYKOBHX NaBa4iB

B ynbrpasBykoBHx pisHeMipax 1 JedexTocKomaX BHKOPHCTOBYHIOTb
BJIACTHMBICTh Y/bTPa3sBYKy BigOMBaTHCh BiJ TpPaHMili /BOX CepeioBALL.
BinnoweHHs MK eHeprismu BiIOMTHX i IafalOuMX KONWBAHL HA3HBAETHCS
xoegiyienmom sidbumms. Uelh koediyieHT JOCUTH BENUKUH AJS CepeOBRMILL,
IO CYTTEBO BiAPI3HAIOTHCA 33 WIUTBHICTIO 1 LIBMAKICTIO PO3MOBCIOMKEHHS
3ByKy. Hanpuknaa, xoediuiedT BIAOUTTA Ha Mexi Boja — cTajb ckiajac 88, a
Ha MeXi BoJa — TpaHc(pOpMATOPHE Macno BiH aopisHice 0,6. AJle HaBiTh i npu
Manux koediuieHrax BiIOUTTS OTpHMaHui BigOUTHI cHTHAN UIAKOM JACCTATHIM

-
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Ans BUMIPIOBAHHA TONOXEHHA PIBHA PO3ALTY ABOX CepellORuiL, Mipoio PiBHA €
4ac PO3MOBCH/DKEHHS KOJMBAHb BiJl [DKEpeNia BUIIPOMIHIOBAHHA A0 MeEXi
posainy i Hazag no npuitmava. Lli Benuuunu piBHs i yacy mos’s3ani MiX coGo0
cnissianomennam (2.8.1). JAKyIOMH BIIACTHBOCTI YNABTPa3BYKOBUX KONHBaHb
PO3NOBCIOMKYBATHCE B OyAp-fIKHX  HPYXHHX  CEpeloBHILUEX, MK
BHIIPOMiHIOBaYeM i BUMIPIOBAHHM CepeAOBHILEM MOXE 3HAXOAMTHUCH METAjIeBa
CTiHKa, IO A03BOJIAE MPOBOJNTH BUMIPIOBAHHA (€3 KOHTAKTY BHMipIOBaNbHHX
€NEMEHTIB 3 KOHTPONBOBAHUM CEPEIOBHILEM i (€3 eNeKTpUYHHX BBOJIB B
pesepByap.

T N2 kil lldd

¢
’

Puc. 2.8.5. YnpTpassykosuii fapay piBHs

B  ynsTpasBykoBEX piBHEMipaX BMKODHCTOBYIOTb B  OCHOBHOMY
iMITyTbCHMH peXum nepefadi KOJNMBaHb B CepeloBMIUE. IIpM  Lhomy
I’€30€JIEMEHT MOXe I03MIHHO TMpAIfOBATH TO BUMNPOMIHIOBAYEM, TO
npuiiMageM yneTpasByky. CxeMa yneTpa3BYKOBOrO piBHeMipa MOXa3aHa Ha
puc. 2.8.5. Enextpuni BUCOKOYACTOTHI IMITYJILCH BiJl TeHepaTopa 2 NMOJAIOTHCS
xabeneM R0 N’e30eneMeHTa AaBaya 1, AKMH BHIIPOMIHIOE YIBTPa3BYKOBI
KOJIMBaHHS B BUMipioBaHe cepenosuLie. Lli konMBaHHA BiAOUBAIOTLCH Bia Mexi
pO3iny cepenoBHIL i MOBEPTAIOTHCS A0 I1'€30eJleMEHTa, IKU TIEPETBOPIOE iX B
eNexTpuyHUil curHat. CHrHaI MMiACHIIOEThCA MIACHIIOBaYeM 3 i TOJAETHCH Ha
BHMIPIOBIBHMI OPHCTPiH 4, 1O BH3HAYAE Yac MiX TOCHIAHHAM IMDYILCY
reHepaTopoM 2 1 MNOBEpHEHHSM iMIyabcy B migcwioBad 3. B pesynwrarti
Oaratopa3oBoro BiIOMBaHHS IMITYJIECY, 11O MOCHIAETBCH, MOXYTh TOBEPHYTHCE
TPH-4OTHPH CHTHAIH, IO CRAAAIOTE 33 aMIUTITYJOI 1 3aMi3HIOIOTECA OJIVH
BIIHOCKHO IHIIOrO Ha OAHAaKOBHE uac. YacToTa iMNyIbCiB, INO MOCANAKYTHCY,
NoBUHHA OyTH He iyXe BelHKow, [MoO yci BigOUTI CcHrHady BCTHINH
TIOBEPHYTHCH [0 NOCHIAHHA HACTYITHOTO IMIYJibCY. YIIBTPa3sBYKOBI piBHEMIpH
3abe3reuyroTh TOYHICTE B 1% 1ipu BUMIpIOBaHHAX piBHdA B 5-10 M B ymoBax
BHCOKOI TEMNEPATypH, BHMCOKOTO THCKY, BeNHKOI XiMIMHOI aKTUBHOCTI
KOHTPONBOBAHOI'O CepeoBHILA. B NOBITPI y/sTPasBYKOBI KCIMBAHHS 3racaioTh
gabarato mBuaWe, HOXK B piauHHEX (i zaragoM B Gineo  giineHax)



CepeNOBMIIAX. TOMy DepeBaxHO Tpea pO3TALIOBYBATH BULPOMitOBad |
IpuiiMaY Tif pe3epByapoM, a He 3Bepxy (puc. 2.8.5).

B yneTpa3sByKoBOMY BHTPAaTOMipi BMKOPHCTOBYIOTH €(eKT CKiafaHHs
WIBHAKOCTi PO3MOBCIOMKEHHS YIBTPasByKy B INPYXHOMY CepesioBulli 3
WIBHAKICTIC PyXy lboro cepexopuia. CXema yIbTpa3ByKOBOrO BHTpaToMmipa
noKa3aHa Ha pHc. 2.8.6.

Puc. 2.8.6. YpTpa3BykoBuii 1aBau

[Me30enemMeHTH | i 2 po3TAIOBYIOTBCS B3IOBX TpyGonposomy i

36yIKyIOThCA Bial reHeparopa 3 Ha 4acToTi B iekiibka coTeHb Kinorepu. Koxen
3 M’€30€MeMEHTiB NO3MIHHO, 3a JONOMOTOI0 INepemuKkada 4, Mpaifoe TO
BHIIPOMiHIOBaYeM, TO NpuiiMayeM. TakuM YMHOM, yNBTPA3BYKOBI KONHMBAHHS
[OCHJIAIOTECA TO 33 NOTOKOM CEPEROBHILA, TO Ha3ycTpiy iomy. B mepiomy
BHNaJKy IIBH/JAKOCTI KOJIMBAHb i MOTOKIB CKIAAI0THCS, B APYrOMY BHNAAKY —
pigniMaroThest. Tlicas NPOXOMKEHHS CEpefOBHUIEM CHIHAJM, MO MpHAHATI
1’ €30€IeMEHTaMH, TLACHIIOITECS MIACKIIOBaYeM 5 1 HaIXoJATh MO3MIHHO HA
BHMIpIOBaNBHEY npucTpilt 6. Pissuua ¢a3s npuituatux KkonmsaHb Oyne
TporopliiiiHa MBUAKOCTI cepenoBuila. ['pajyloBaHHs IPHCTPOIO BUKOHYEThHCS
S TIEBHOrO CcepesoBulia. IIpH BHKOPHCTAHHI DPHCTPOIO JUIL BUMIpHOBAkb
BHTPAaT CEpeNOBMUIA 3 IHUIMM 3HA4YEHHAM UIBMAKOCTI PO3NOBCIOMKEHHS
YABTPa3BYKY 3MIHIOETBCS 1 TPa/IyrOBaHHS.

Tpe6a BiIMITHTH, WO BUMIPIOBATLHI CXEMH AN YJIbTPa3BYKOBHX [aBayiB
IyXe CKIazHI.



2.9. OnToeieKTpoHH IEpeTBOPIOBA ]

2.9.1. ®iznyHi OCHOBH 32CTOCYBAHHSH €J1E€MEHTIB
B ONITHYHOMY Jiana3oHi

OCHOBY CYy4aCHHX CHCTEM YIpPAaBINiHHS 1 @BTOMAaTHKM CKJIAJaloTh
enextpondi upunand. Ilpore BOHHM MalOTh CepHO3HI HEAOMIKH: HHIBKY
3aBafi03aXMINEHICTh, HEOBXiAHICTh HANIHHOro eKpaHyBaHHA arlapaTypy 1 JiHi#
38'A3Ky, BHCOKY BApTiCTs i BeNMKy Macy kabeniB ynpaBiiHHA i Hepeaadi
curHanis, Tpyauoud 3 3abesnedyeHHAM ENEKTPUYHOI i307Alii, CKNanHicTh
MiKpOMiHiaTIOpH3allii Tak¥X TpaiuLiMHMX eNeMEHTIB, K TpaHc(opmaTopH,
peinie, KOHTaKTH, IepeMiHHI Pe3HCTOPH.

Jlis edeXTHBHOrO BHKOPHUCTaHHA OOYHCHIOBUILHOI TEXHIKM B Ipoleci
yNpaBiHHS CbOro/iHI HeoOXiaHo 3abe3neynTH WBKAKICTE Nepefayi indopmanii
10 JIiHISX 3B'A3KY 10%— 10" Gir/c, y EOM — 10"°—10" Gir/c i obcar mam'sTi,
L0 IepeBHINyE €MKIiCTh MO3Ky momumu (npubmmsmo 10 6ir), a cysacwa
eNeKTpOHiKa O/M3bka [JO TEOpeTHYHOI Mexi Mo IIBHAKOCTI Hepeaadi
indopmanii # obcary ram'aTi 3anmamM’ ATOBYBalbHUX NpucTpoiB EOM.

Bineilia 4acTWHa 3a3HaueHHX HeAONikiB oOyMoOBIE€Ha THM, MG A
nepexayi iHbopMaLlil B eIeKTPOHHAX OPAIAJaxX BUKOPHUCTOBYIOTLCA HETaTHBHO
3apsDKeHi YaCTHHKH - eNeKTPOHH. ToMy JUIs yCHilIHOrO BHpIIIEHHA NpobieM
MIOJANIBIIOr0 PO3BUTKY iHGOpMaUifHOI TEXHIKH HEOOXiHO 3aCTOCOBYBATH
MPUCTpOL, pofoTa AKMX OCHOBaHA HA IHIIMX QI3UYHMX ABMLIAX. SIK NOKa3yiOTh
JOCTI/KEHHS, WIMPOKI MOMNUIMBOCTI PO3KPHBAE CHiTbHE BHKOPHCTaHHS
eNEKTPOHHUX Ta ONTHYHHX METONIB i 3aco6iB, TOOTO Tepexif| Biji €NeKTPOHiKH
1O ONTOENEKTPOHIKH.

OrnroenekTporika— ye po30in Hayku | mexHiKu, Wo 6UEHAc AK ONmuYKL,
maK i enexmpoHHi A6UWA 6 PEYOBUHAX, IXHI 63AEMHI 36 'A3KU | NEPEMEOPERHS, A
MAaKOiC NPUAAOY, CXEMU | CUCIEMY, CMEOPEHT HA OCHO8I YUX AGULY.

B onToeneKTpOHHMX NPHUCTPOSX Nepefaua iHbopmauil 3xifcCHIOETHCS
eneKMPUYHO HEUMPATLHUMU POmoHamuy, 1ie HaJa€ OPUHLMNOB] NIepeBar:

1) BHCOKY iH(pOpMaLiliHy €EMHICTb OIITUHMHOrO KaHally, OOYMOBICHY THM,
o uactoTa citioBux Komusars (107 10" I'm) y 10°-10° pasis Buma, Hix B
ONaHOBAHOMY PAMiOTEXHIYHOMY AianasoHi;

2) BeIMKY IEiABHICTH 3anUcy iHdopmanii (10 10° Git/mMm’), Tomy o Mase
3HAYCHHS JIOBKMHM XBHII CRITJIOBHX KONMBaHp 3abe3neuye MOMTHBICTL
(OKyCYBaHHA IIPOMeHS ia3epa Ha wiowi B 1 Mam’s

3) MOXIMBICTh napaienbHoi o6pobxu iHdopMauii Ta 6e3nocepeNHEOrO
onepysaHHst ofpasaMy, MO0 CAPUNAMAIOTECH 32 JOHOMOTOK 30pY, TOMY LIO
MiHIMAlibHA €NEMEHTAapHA NNOWAAKa B IUIOWMHI, MO NEPIEHANKYIAPHE JO
HanpAMKY NOMMpeHHs i Moxe OyTH BHAUIEHA Ui He3anexHoi Momysstiy
YaCTHHM TIpoMeHs, 6nu3bka 1o 107 Mm%

[N



4) BHCOKY 3aBaJ03dXAINEHICTS KaHAMB 3B 83Ky 1 BIACYTHICTh B32EMEKX
HABOJOK, TOMY L0 ONTHYHE BEOPOMIHIOBaHMHS He CHPHEHATIMBE MO BIUIMBY
eNEeKTPOMArHiTHHX Ti01iB;

5) UpaKTHYHO ifealbHy TajbBaHIUHY PO3B’SM3Ky KiJl Ta, BiJNOBIAHO, i
MOXUTHBICTh CTBODEHHA CHJIBHO PO3TANYKEHHX KOMYHIKallii, IO BKIFOYAIOThH
HEY3TOUKeH] pI3HOPiHI CrIoXUBaYl eHepril;

6) OQHOHANpaBJIeHiCTh Nepefadi CHTHaNY 1 BiJICYTHICTb 3BOPOTHOIO
BIUIMBY [pHiMada Ha [Kepedo indopmanii, mo icToTHO crnpomlye aHani3 i
TIPOEKTYBaHHES ONTOCIEKTPOHHIX CUCTEM;

7) MOXKIMBICTh NOJANBLIOI MIKpOMiHIATIOpU3aLii KOMIIOHEHTIB i Tepexin
JC CepeloBUI] i3 pO3NOAIIEHHMH IapaMeTpaMy, IO BiJKpUBAaE pealibHi
NEpCIEKTHBH CTBOPEHHA NPUCTPOiB (YHKIIOHATEHOI MIKpPOENEKTPOHikH i
iHTerpanpHOi ONTHKH.

EnemenTHy 6a3y ONTOCNEKTPOHIKM CKIAJaiOTb  ONMOENEKMPOHHI
npunadu, ski BUKOPHCTOBYXTB JUI cBoel poOOTH  €JIeKTpOMarsiTHe
BHIIPOMIHIOBAHHA OITHYHOTO Jiana3oHy.

Onmuunuii  dignason CUEKTpa CKIANAIOTh €IEKTPOMArHiTHI  XBUJi
JOBXHHOIO A Bim 1 MM 1o 1 uM. Beepeauni ontiyHoro Aiana3oHy BUAINAIOTL
indpauepsone 19 (A = 0,78 mMxm + | mm), sunume (A = 0,38 + 0,78 mkm) i
yiastpadionerose Y@ (A = 1 uM + 0,38 MxM) BHOpoMiHtoBanHs (puc. 2.9.1.). Y
paai BAMAAKIR B TeXHill ONTMYHE BHIPOMIHIOBAHHS XapaKTEPH3YEThCH He
JOBXHHOIO XBHJli, @ YACTOTOK CBITJIOBHX KOJMBaHb v abo eHepricio (poToHiB
Wy, TIpH IBOMY CTIpaBeIHBI CHiBBIAHCIIEHHS: V = 310"/ i Wy = 1,23/, ne
Wy [eB], v{Tu} i A [mMxM].

ITnockonapanenbuuil  mMonOXpoMamuunuii TPOMiHL  cBiTHA, TO6TO
[POMiHB, €EKTPOMArHiTHI KOTHUBAHHA B AKOMY BiOYBalOTbCS 3 OJHIEI0 CTPOTO
NOCTIRHO YaCTOTOK), MOXKe OYTH OMUCAHMH PIBHAHHAM

E=¢E,cos[2nvt —(2m/c)x], (2.9.1)
ne E - BEeKTOp HanpyXeHOCTi eNeKTPUYHOTO MONS XBHII; € - OJHHHYHMHA
BEKTOP, 10 XapaKTepu3ye HanpsMoK nomspusanii; Eg — amnnityna; t - vac; n -
NOKA3HUK 3QJTOMIEHHA CEPEIOBHMINA; C - UIBMAKICTH CBiTNIA y BaKyyMi; X -
KOOPAMHATA HANpPAMKY NOIIMPEHHS TIPOMEHS.

Bignosinwo g0 (2.9.1)  ang  wacoroi  Momymsuii  ONTHYHOrO
BUTIPOMIHIOBAHHS ~ MOXYTb ~ OyTH  BHKOPHCTaHI  Taki  llapamerpu
€JIEKTPOMArHITHOT XBRAI, AX HANPAMOK NOJIMPH3aLii, aMILTiTY 12, YacToTa i $asa
[o=2nvi - (2mn/c)x].

Hanpamox nonspusayii BW3Ha4ae IUTOUIMHA, B sKiH BiAGyBaecThCA
KONMBaHHA BekTopa E, i sKnIo Nnpu NOWMpEHHi NPOMeEHs CBITNAa BOHa
3aTMINAcThCH He3MIHHOIO, TO Take BUNPOMIHIOBAHHS HA3UBaEThCS Mmilocko- (abo
NiHiHO-) monspu3oBaHuM. BixsHaunmo, 1o Gyap-sKe BUNPOMiHIOBAHH MOXE
6yTH NoJaHe SK HAKIAJGHHS NBOX NPOMEHIB, NONAPH3OBAHMX y B3AEMEO
NepneHIMKY ISAPHUX IIOMLMHAX.



V- sunpominwsanns Onmuunuii dianazon Paoio
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Puc. 2.9.1. Ournynnii Jiana3on e1eKTPOMAarHiTHUX XBHITE

Pisusuns (2.9.1) onucye ijjeaibHe MOHOXpOMaTU4HE BMIIPOMiHIOBAHHS,
AK€ Ha JIPaKTHLl HeIoCshkKHEe. BUIPOMIHIOBaHHA peanbHHMX JpKepen 3ajiMae
BH3HAYeHNH 1HTEpBall OIITHYHOTO AianasoHy, IO XapaKTePU3YETHCH HIMPHHOIO
CMIEKTpa BUIIPOMiHIOBAHHS.

SIxmo reHepanis €1E€KTPOMATHITHMX KONMBAHb BinOyBaeTbCs B aToMax
PEUYOBHHHU HE3aJIeXHO OJHA BiJf OAHOI, TO mapamerpu €, E; v 1 @ y piBHAHHI
XBUNI pi3HI ANA BCiX ocuuuATOpiB. Take BUNMPOMIHIOBAHHS HA3MBAETbCH
HpAPONHEM af0 HeKOrepeHTHHM. Y TUX BHIAAKaX, KONH CIIOCTepiracTses
Y3TOIKEHICTh MK (pasaMu KOJMBaHb Y Pi3HHX TOYKaX NPOCTOPY B OAMH i TOMH
e MOMEHT 4acy abo B OfHi#t i Tilf ke TOYL{ IIpoCTOpY B Pi3HI MOMEHTH 4acy,
BiJINOBIAHO IOBOPSTH PO Hpocmoposy abo 4dcosy KozepeHmHicme.

AOGCONIOTHO KOIepeHTHHM € JHLIC MOHOXPOMAaTHYHE TOYKOBE [DKEPEao
BUNPOMIHIOBaHHS, NpOTe 3a JONOMOrOl0 Ja3epiB BAAETHCA  OJEPKATH
BHI'POMIHIOBaHHs 3 BICOKHMM CTyNeHeM KkorepeHTHocTi. Came Ui BNACTUBICTR
BHUIPOMiHIOBAaHHS BU3Hawyae  HaibimBW BpaXxaroui NEePCNEKTHRI
ONTOENEKTPOHIKM 1 BHAINAE 1BAa HAaNpAMKH 11 PO3BUTKY: KOCEPEHMIHY
onmoenexmponixy, wo Ga3yeTbcsi Ha BUKOPUCTAHHI j1a3epiB, | Hexozepenmuy
ONMOENeKMpoHiKy, B TPHCTPOSX AKOI  BUKOPHCTOBYIOTHCH — JKepena
TIPYPORHOrO BUIIPOMIHFOBAHHS.

EnementHa 6aza cydacHo! ONTOENEKTPOHIKKM MICTUTH B cOOI Taki rpyiu
npunanis: 1) DKepena BHIpOMiHIOBaHHA (na3sepu, cCBiTioaionm);, 2)
¢oronpuiiMayi BHITPOMiHIOBAHHSA (oropesucropu, doromiony,
$OTOTpaH3UCTOPH, (OTOTHPHCTOPH, (OTOYYTIMBI NPUIAAHM 3  3aPANOBHM
3g's3xoM (I133); 3) onTpoHK | ONTOCNEKTPGHHI MIKPOCXEMH; 4) (IpHIaLy AT
BimoOpaxenHs indopmauii; 5) ONTHYHI KaHaH 3B'A3KY.



2.8.2. Jimepests SHNPOMIHICBAHNS

Jina reHepauil ONTHYHOTO BUIPOMIHIOBAHHA BHUKCPUCTOBYIOTbCH JBA
MEXaHi3MM: TEIUIOBE RUNIPOMIHIOBAHHA HAIPITHX JO BMCOKOI TeMMEpaTypu
(6inpm 2000 K) Tin, abo omuH 3 pissoBHmiB momidecueruii. Ilin
JOMiHecyenyicl0  3BUYAHHO  PO3YMIIOTL  HETEMNOBe  ENEKTPOMarHiTHe
BHNIPOMiHIOBAHHS, 1O 36epiracThcst MPOTATOM JEAKOTO 4acy HiCis 3aKiHYeHHS
30yIKeHHS .

Tlpunanu, OCHOBaHI HAa NEPETBOPEHHI TEIUIOBOl eHeprii B eHeprio
BHNPOMIHFOBaHHS (HANPUKIAJ, MiHIaTIOPHI NaMIOYKH PO3KAPIOBAHHS), MalOTh
JyXe IIPOKHH CHeKTp, TOBHY BiACYTHICTh CHIPSAMOBAHOCTI BMIIPOMIHIOBAHHS,
nsskuit KK/, BHCOKY inepuiiiHicTs, HU3bKY CTIMKICTh 10 MEXaH{4HMX BILTHBIB
i HeBenuukuit TepMin cnyx6u. KpiM TOro, BOHH HE CYMICHI 3 {HTETDAlbHOHO
TEXHOJIOTI€10, TOMY 3aCTOCOBYIOTECA B ONTOCIEKTPOHILI 0OMeKEHO.

@izuuHi npouecH, WO ieKaTh B OCHOBI JTIOMIHECLEHH]], BU3HAYA0TH nBi
BAXJIMBI OCOGNHBOCTI: BY3bKHH CHEKTp BHIPOMIHIOBaHHA i MOXIHMRICTH
BUKOPHCTaHHS ~ BelMMKoro umcna  cmocoGiB  30ymkenns.  HaiGuibue
3aCTOCYBaHHS B OINTOCNEKTPOHili 3HAHULIM enexmponiominecyenyii, a TaKkox
gomo- i xamodomominecyenyin.  Cnpoleso — MexaHisM  rexepauii
eNEeKTPOMATHITHHX ~XBWIh MOXe OyT [ONaHMi TakuM 4HHOM. Y
MOMiHiCIiepyBaJibHil PEHOBHHI 3a DaXyHOK eHeprii 3O0BHIUHBOIO BIUTHBY
YaCTHHA eNEKTPOHIB i3 HIDKHIX PIBHOBaXHHKX PiBHIB W| Nepexoa1Th Ha PiBHI 3
Gimblioo eHepricro Wi, a HOTIM, y pesyabTaTi WIBMAKHX nepexomis 6e3
BHTPOMiHIOBAHHS ONUHACTHCA HA MeTacTabinbHOMYy piBHi 30y mkenns Wa. Ipu
TMOBEPHEHHI LMX eneKTpoHie i3 piBHA W, Ha pisenr W; BinOyBaerbcs
BUINPOMiHIOBAHHS (OTOHIB i3 JOBKMHOK0  XBWII, sKa BM3HAYAETHCS
CTIiBBiITHOMIEHHAM

A= 1,23(W2 - Wl)' (2.9.2)

SIKul0 mepexii eneKTpoHiB i3 30Y/KEHOTO pIiBHS Ha PiBHOBXHUMA
BIIGYBAETHCA CIIOHTAHHO, TOOTO LOBUIBHO YIS KOXHOTO aToMa, TO JIKeperno
TeHepyC NPHPONHE BHAPOMIHICBAEHA. AJle, KOMH BIUIHB Ba 30y/keHi aToMi
CBITI0BOI XBHJI Mae 44acTOTY, WO BIANOBiAAE pe3oHAHCHiH yacToTl nepexony
AW = W, — W,, MOXe BUHUKHYTU Takuit npouec, pu sKoMy Bci 30y/xeHi
ATOMH NPaKTHYHO OZHOYACHC BUIIPOMIHIOIOTE (OTOHM. Y UbOMY BHIIAAKY
BHIIPOMiHIOBAHHS BCIX OCLMJIATOPIB Y3TOMKEHO IO 4acToTi, $asi i HaNpAMKY
uonspmsarii. [lopiGHe JDKepeno Ha3MBatOTh  KOTEPeHTHWM, a Horo
BUIIPOMIHIOBAHHS - BEMYDIesuM abo ingyuifiosannm.

TlommpesyMy  JOKepeNaMi  BHIPOMIHIOBAHHA B  ONTOENEKTPOHIUI €
Hanienposionuxosi ceimrodiodu. Tlepesary mx npunamis - sexvkeid KK/,
BIRHOCHO By3bKMH  CAEKTp BHIIPOMIHIOBaHHS 1 Xopolia  jiarpama
CHOPAMOBZHOCTI, BUCOK# LIBUAKOAIA 1 HEBENMKA HaNpyra KHBNCHHA, Le
3abeanedye 3py4HICTh Y3IOMKCHHS 3 iHTErpaipHHMH MIKPOCXEMAMM, BUCOKY
HANHHICTD, IOBrOBISHICTS | TCXHOIOTIHHICTS.

§e



Sl eneMEHTH ONTOCNEKTPOHIKH CBITJIOMIOAH OBHLYIOTBCS  JABOMA
rpynaMu IapaMeTpiB: ONTHYHHMU H eeKTPUYHUMH,

Jlo onmuynux BIAHOCATBCSA: XapakTEPUCTHKA BUMPOMIHIOBAHES -
3aJIeXHICTh BiIHOCHOTO 3HAYEHHs ITOTOKY BHIPOMIHIOBAaHHS B1J IIPSIMOIO TOKY
O/Dyo= f{I); cnexTpansHa XapakTepHCTHKA, IO NOKa3ye 3MiHY BiJIHOCHOrO
3HaYEHHA MOTOKY 3 NOBXHHOIO xBuai D/D,,, = f(A); miarpama cnpsMoBaHoCTi
BUIIPOMIHIOBAHHS (3ajIeXHICTh BIZTHOCHOTO 3HayeHHs MOTOKY abo cuiu ceitna
Bif HanpaMky nowmpenns O/@y, = f{¢) a6o I /Iinw = {Q); nosxuna xBumi
BHIIPOMIHIOBAHHS Apy (TOOTO JOBXHHA XBUIL, HA SKIK 3HAYEHHA [OTOKY
MaKCUMAIEBHE); TOTYXHICTh BUNpoMiHioBauus P.,, (ans ceitnogmionis 14 -
giamazony); cuna cBimia I, aGo sAckpasicts (A mpHNafiB  BHIHMOTO
Ziana3oHy).

Jo enexmpuunux napameTpiB CBITJIOMIOAIB BiIHOCATH BOIBT-aMIIEPHY
xapaxtepuctiky | =f(U); yac BMHKaHHS | BUMUKAaHHA abo rpaHUyiy HacToTy;
MaKCHMalIbHO TpHIYCTHMI IpsiMy # 3BODOTHY Hampyrd; MaKCHUMalbHO
ApHITYCTUMHHR TIPAMUHA CTPYM.

OcHoBHI HapaMeTpH Cy4acHUX CBITJIONi0/iB HaBeneHi B Tabn. 2.9.1.

Tabnuug 2.9.1
OcHoBHi napameTpH cBiTJIOBOAIB
Tun npunany | Apax, MKM P;"B“z, S::al\x; Inp, MA | Unp, B | t,, MkC
AJI107A 0,9-1,2 6 - 100 2 -
AJI115A 0,95 10 - 50 2 0,3
31196 [0,93-0,96| 40 - 300 3 0,35
AJ02r 0,7 - 0,2 10 2,8 -
AJI301b 0,7 - 0,1 10 2,8 -
AJI307T 0,56 - 1,5 20 2,8 -

Sk 3a3uHavyanocs, AN OAEPXKAHHS KOTEPEHTHOTO BUIIPOMIHIOBAHHS B
ONTOENIEKTPOHILI 3aCTOCOBYIOTH J1a3epu. 3aleXXHO BiJl THIY CEpelOBHINY, B
AKOMY BiZIOYBAa€TbCA reHepallis ONTHYHHX KOJIHMBaHb, Ja3epH MiApo3aimsoThes
Ha ra30Bi, TBEPAOTLNbHI | HaIli BNPOBIAHHKOBI.

V 2azoeux nazepax misn 30YIDKEHHS aTOMIB BUKOPHCTOBYETHCH PO3PAL Y
rasi, WO NOB'A3aHO 3 BENUKUMHU rabapUTaMy, BHCOKOBONLTHUM JHBIIEHHSM,
HusekaMu KK i crifikictio no wMexawiynoi ail. Ilpore uni npuuagu
3a0e3MeYyIoTh HaMKpally KOTEPEHTHICTh 1 CHpPSIMOBAHICTh BHUIIPOMIHIOBAHHS,
INO AY’Xe BaX(TUBO B ONITHYHUX 3anaM’ STOBYBANILHUX MPUCTPOsIX.

HaifGinsi noliMpeHAM THIIOM ra3oBOro jasepa € renifi~-HeOHOBHH, Y
AKOMY BAANOcH 3a0e3nCuMTH XOpCili ONTHYHI MapaMeTpH TpH  BiJIHOCHO
Hepemikux rabapurax. Po3pan y rasi Buxnukae 30y KeHHs aTOMiB renio, aki
npu  criBygapi NMepefaloTh EHEprilo aToMaM HeoHy, e 3a0e3redyors



reHepaililo BUIpeMitIosadEa 3 A = 0,033 MxM. Y DARl BUMGAKIR 3H4XOAATE
3aCTOCYBaHHS 10HHI ra3omi nasepu 3 aprodHosuM (A = 0,488 mxm i A = 0,515
MKM), KpHOTOHOBUM (A = 0,568 Mxm), CO; (A =10,6 Mxm) 1 CO (A = 5,06 Mxm)
HATIOBHEHHSAM.

Y  meepdominbrux  Ta3epax  AaKTHBHOK  PEYOBHHOKW  CIYXHTE
KpUCTaNigHui a60 aMOpOHH#t JieNeKTPHUK, 1O MICTUTh LEHTPH MTFOMIHECHIEHIIIT.
B onroenexTponinl Hai6inbur nonmpexi Opuiaid Ha iTTpieBo-amoMiHiEBOMY
rpanarti (Y3Als0yy), ckopogero JAT: Nd-nasep.

Oczosy IAI: Nd-nazepa cknafae CTepKeHb AKTHBHOI DEYOBHMHHM 3i
CTApaHHO BIANMONIPOBAHMMH A3€PKATBHYMH TOPLSMH, M 30YIUKCHHS SKOCO
BUKODHUCTOBYETBCH CHCTEMa OINTMYHOTO HaKauyBaHHA (KCCHOWOBI JIaMITH,
BimGuBaui, QiNBTPH, BOJNOKOHHO-ONMTHYHI  CBITAOBOAM,  CBiTIOAIOAN)
(puc. 2.9.2).
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Puc. 2.9.2. [IpucTpiit TBEPROTLILHOTO jla3epa 3 ONTHYHUM HaKadyBalHIAM:
1 - cetrogion; 1AL 2 - Nd-crepxens,; 3 -dikcifisa onpasa: 4 - TEeIIOBiABIA.

HesanepeynuMy [epeBaraMu TBEPAOTIMBHMX JIa3epiB €  BENUKa
NOTYXXHICTh, TeMrieparypHa i pagiauiina cTifikics, MexaHiuHa MilHiCTb, 5ibl
BHCOKHMH, Hix y ra3osux nasepis, KIJI; osxusa xBuii BUnpoMiHioBanHs (A =
1,06 MxM) BIano HOETHYETHCH 31 CMYIOKO NPO30POCTI BONOKOHHO-ONTHYHUX
ninii 38's3ky. IHupuea cnextpa JAI: Nd-nasepiB BiAHOCHO HEBENMKa, LIO
mopsjA i3 He3HayHOW po36iKHICTIO Npomens 3abe3neuyc MOMJIMBICTBL iX
3aCTOCYBaHHs B rojiorpagiuyHux 3alaM’ iTOBY BaJIbHUX NPUCTPOAX.

IeHepallis  KOTEPEHTHOTO ONTUYHOIO BHIPOMIHIOBAHHA MOXe OyTH
JOCATHYTA # Y HANiENPoSiORUKOEUX CHpYKMYpax 3a YMOBY, WO €IeKTpOHH, HKi
iHKeKTYIOTbCs  (30Y/KYIOTECS), OfepKaTs AOCTaTHI mopiy eueprii, mo
BU3HAYAKOTHCS ClIiBBiZHOWLEHHAM:!

Upy >4W /q, (2.9.3)
ne Upy - npuxnagena o PN - nepexony npaMa Hanpyra; q - 3apsij e/1eKTpoHa.

JIo OCHOBHEX Iepesar HaniBNPOBIAHUKOBYX Nazepis, 0cODNMBO Na3epis 3
reTepoCTPYKTYporo, Moxna BijHecty sucokuit KKJI (ro 50%); wenaxoaiio (1o
10" ¢); 3pyunicTs 36ymKeHHS; MOXIMBICTh TeHepanii BHNPOMIHIOBAHHS 3
HeoOXinHOO JOBXKHOK XBMII 3a paxyHOK nig0bopy HaniBIPOBiAHMKZ 3
zagaHoo AW (Bin 0,2 1o 20 MxM); Mani rabaputy (2o 10 MKM); TEXHONCTIYHY
CYMICHICTD 3 €/leMEHTAMH ONTUYHHX IHTEIPaNbHUX CXEM.




Ane 7Taki CYTTeBi HENOMIEH, $K FEBHCOKMUH CTYMiHL KOrepeHTHOCTI
BHIIPOMIHIOBAHHA 110 JOBXHMHI XBuUJli i KyTOBIHl pO3GDKHOCTI NPOMEHS a TAKOXK
HU3bK3 [JOBIOBIYHICTE Yy 3HauHIA Mipi OOMEXYyIOTh  3aCTOCYBaHHA
HAMIBIPOBIHMKOBHX Ja3epiB, OCOGNMBO B ONTUYHHMX 3aNaM’STCBYBANbHHX
NPHCTPOSIX.

Tunosi xapakTepucTukM ManorabapuTHHX Jiasepis HaBeleHi B
Tabn. 2.9.2.

Tabnung 2.9.2
THnoBi xapaKTepHCTHKH MaJjoradapuTHHX Jiazepis

Tun nazepa Fabapatai | Pounp, | KK, | Apy, Qsunps | Usus. | B 30y~
posmips, | MBT % mkm | rpan| B JUKEHHS
oM
T'asosuii He-Ne- 107 0,03- | 10°- | Tasopwmii
nazep 10 011101 192 10831515 | 10f po3psia
Teepnpotinsauii 4 10%- .
IAT': Nd-nasep 1 10-10" | 1-2 11,06 1 10° OcBiTsieHHs
HanisnposinHuk 0.8- 15- Trokexuis
oBuit GaAlAs- 0,1 10-100 ! 10-20 0 9 >10 ’3 PN-
nazep ? ‘ TIEPEX0AOM
2.9.3. [lpuiimayi BHNPOMiHIOBaHHS
Pomoenexmpuynuii  npuuimay  (CKopodeHo ¢oTompuiimMayd) -  ue

ONIMOENeKMPOHHUL ~ NpUNad  ONA  NepemBOPeHHA  eHepzil  ONMUYHO20
sunpominioganna @  enexmpuuny  enepeziio. Ilig  jgie  onTHYHOTO
BUTIPOMIHIOBaHHA  BiJOyBaeThcd  3MiHA  enexTpO(Qi3sHYHHX  IlapameTpis
doronpuiimaya, 06yMOBJIEHa YTBOPEHHSM JJONATKOBUX BiUIBHHX HOCIIB 3apsay B
HamiBnpoBigHuky. Lleil npouec Ha3UBAETHCA SHYMPIUKIM homoenexmpuynum
eghexmom abo homoeghexmonm.

Jis toro, o6 NorMHy THi HaniBIPOBITHKKOM (GOTOH BUNIPOMIHIOBAHHA
CTBOPIOBaB HoCil eneKTpHuHOro 3apsaay abo ¢homowocii, foro edeprizs Wi
IIOBUHHa OYTH LOCTATHLONO IJIA IEPEXOLY €IeKTPOHA 3 BAJEHTHOI 3CGHHM B 30KY
OPOBIAHOCTI, TOOTO HeoOXijHe BUKOHAHHS CiBBILHOLEHHS

Wi = hv > AW, (2.9.4)
Je h- nocrifina [lnauka.

3 supazy (2.9.4) Bunnusae, Mo GoToedekT BUHUKAE V HATBPOBIAKAKY
TINBKH 3aBASKK BIIMBY HAa HHOTO BUIPOMIHIOBAHHS 3 JOBXKMHOIO XBHII,
BinbUIOIO 32 AesKe IpayKyHe 3HAYEHHS

A p =1234W . (2.9.5)



I8 MOIUHPEHAX #AMIBIPOBIAHMKOBUX MAICDIANE, TAKAX SK KpeMinl,
repMaHifi, apceHii rauilo, CipdMCTHH 1 ceneHMCTHR Kanmifl, 3pagepnd A
cknanae 1,1; 1,8;0,9; 0,71 0,8 Mxm.

PoGora icHyrouux nOpHiiMadiB BUIPOMIHIOBAaHHS OCHOB2HA Ha [BOX
dopmax BHyTpimmboro Qortoedexry: QororansBaHiuHOMY Ta  edekTi
toTomposigHOCT.

Domozanssaniunui eghexm BUHUKAE B HAUIBIPOBIAHNKAX i3 BHYTPIlIHIM
noteHnidEuM  Gap'epom  (raxmx sk PN-mepexim, nepexim metan-
HANIBNPOBIAHKMK, TeTepomepexin). VY 3a3Ha¥eHHX CIPYKTYpax BHYTpIlIHE
eNleKTpHYHE [Oje Nepexody PpO3LIde BUHMKIL A  Ai€I0  ONTHYHOTO
BUNPOMiHIOBaHHSA HOTOHOCHE, IO CTBOPIOOTH (oTO-€.p.C.. Lle SBuLLE NEKUTH B
ocHoBi  poGoru  ocHoBHOI  Mack  doTonpHiMadiB: goromionis,
$OTOTPaH3KCTOPIB, PCTOTHPHUCTOPIE Ta IHIUKX HAMIBIPOBIAHAKOBHX CTPYKTYP.

SBuime gomonposionocmi BLIPI3HAETECA Bil (oTOrabBaHigHOrO edexTy
THM, WO NOZKiNY (OTOHOCIIB He BinOyBacThed, a 3MiHa iXHBOT KOHIEHTpaLil
BIUIMBac Ha nNpoBiawicTs HamiBnoposimnuka. Ha upoMy edexrti npamorTs
doropesucropu.

UyTnusuM eIeMeHTOM @omopesucmopa, YCTpil fKOTO TOKa3aHo Ha
puc.2.93, a € TOHKMH YIpOmIApOK HAMIBIPORIAHWKOBOTO Marepiany,
PO3TAIOBAaHMH Ha JieNeKTpHunid rixxnaguumi. Ilpy pMuKkanni oropesncropa
B enekTpuyHe Kkono (puc. 2.9.3,6) mpH BiICYTHOCTI CBITIAa MO Koy Teue
TEMHOBHI CTPYM

I~ =by,U, (2.9.6)
ne b - noctiinuil koediuieHT; y,- TEMHOBa TPOBIAHICTH HAIIBIPOBIAHUKA,
ToTOXHa 1/Ro0.
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Puc. 2.9.3. TlpucTpiti (2), cxema BMuxanus (0), eHepreTudsa (B) 1 BOJIBT-aMIepHa (r)
XapaKTepuc inky GoTopesncTopa:
1- HAMiBIPOBLIHUKOBKH NPOMAPOK; 2 - CKIAHA MAXIAAMHKA; 3 - EIEKTPORH

g BIJTUBOM ONMTUYHOTO BUIIPOMiHIOBAHHS MIPOBI/IHICTh
CBITJIOYYTIIMBOIO NPOLMIAPKY 3pOCTAcC, i CTPYM Yepes npunaf 30iIbIIyeThes 10
3HAYeHHS

I =h(y, +yyU. (2.6.7)

e Yy— (GOTONpPOBIAHICTS HaMi BIIPOBIAHKKA.



3anexHOCTi CTPYMY BiA CBITAOBOrO noToky Iy, = K@) 1 mpuwnajeriol
nanpyry ly = f{U) npn pisunx 3Hadennax, HaBenexi Ha puc. 2.9.3, B, 1, ABINIOTH
€000 EHEpreTHUHY 1 BONBbT-aMIIEPHY XapaKTEPUCTHKH (POTOpE3nCTOPA.

Hespaxarouy Ha BETHKUH KOeQIl€HT [TepeTBOPEHHS ONTHYHOTO CHIHAILY
B ENeKTPHYHMH CTpyM, TNpoCcTOTY, Mani rabapurHi pos3Mipu i Macy,
oropesucTopy 3HaXOAATh OOMeXeHe 3aCTOCYBAHHS BHACHIIJOK HHU3LKOI
HIBHAKO/IT 1 3HAYHOT TeMIepaTypHOi HecTablnbHOCTI apaMeTpiB.

OcHoBolo  Oinswiocti  GoTonpuiMaviB, fAKi BUKOPHCTOBYIOTBCH Y
CY4acHMX ONTOENEKTPOHHEX NpHNajax, € AioAHI CTPyKTypud. BoHm mpocti,
TEXHOJOTiYHI, MAFOTh BHUCOKi ITOKAa3HUKM YYTIHBOCTI i IBUAKOAIL, JiHiHHICTH
XapaKTepUCTUK, MaJli 3HAYCHHS [NApasUTHUX MapaMerpiB (CTPyMIB BHTOKY,
€MHOCTI ), BUCOKi 3BOPOTHI HaNpyTH, BHCOKY TeMIepaTypHy cTabinbhicts. Kpim
TOro, caMe Ji0fHa CTPYKTYpa € €IEMEHTapHOIO NaHKOIO OLIbLIOCTI CKIaAHUX
npuitMauiB: GOTOTpaH3IUCTOPIB, baraToeneMeHTHUX MaTPHLb i T.iH.

HaiinpocTiumii ¢omodioo ABJISIE coboro 3BUYANHUH
HamiBIpPOBIAHMKOBUA JioA, y sKOMY 3a0e3MedyeThcss MOXUIMBICTD BILIUBY
ONTHYHOrO BUMPOMiHIOBaHHA Ha PN-nepexin. ¥ crari piBHOBaru, KoM IOTIK
BHIPOMIHIOBAaHHS LijKkoM BincyTHiH (®=0), kOHuUeHTpauis HOCIiB, po3MOAin
NoTeHNiany @ eHepreTHYHa 30HHA Aiarpama ¢oToAioAa LITKOM BiJANOBINAIOTH
3Buvaiiniil PN-ctpyxTypi.

Ilix BOIMBOM BHOPOMIHIOBAaHHA B HANPAMKY, NEpPIEHIUKYIAPHOMY HO
oy PN-nepexofy, y pe3ynbTari IoriuHaHHs ¢(OTOHIB 3 eHeprieio
Oinpioro, HiX IHpuHa 3a00poHeHol 30HM, B N-o0Gnacti BHHHKAIOTh
eNeKTpOHHO-IipKoBi mapu. Ilix dac nubysii ¢oronociie Brimub N-obGnacri
OCHOBHA YacTKa eJIEKTPOHIB i AIPOK He BCTHTae pexomOiHyBaTH i ocsrae Mexi
PN-nepexony. Tyt ¢oToHocii po3ginsioTbes enexTpHyHuM noneM PN-
Tepexony, pH YoMy, HipKH NepexonsTs y P-o6macTs, a e1exTpoHyu He MOXYThb
nepebopoTH mone Mepexoay i Hakonu4yyloTecs Ha Mexi PN-nepexony B N-
obnacti. TakuM yuHOM, CTpYM (oToHoCiiB yepes PN-nepexin oGyMmosaeruii
IpeiidoM HeoCHOBHHX Hociie - gipok. Jpe#idoBuit crpym ¢oToHociis
HasuBaeThes otocTpyMoMm Iy PotoHocii-nipxku 3apsmxaiots P-obnacts

NO3UTHBHO CTOCOBHO N-obnacti, a doToHocii-enekTponr - N-obnacts
HeTaTUBHO CTOCOBHO P-obnacti. Taka pi3sHMUS NOTEHUiaNiB HA3UBAETLCS QOTG-
e.p.c. Ey.

Jisia 3a6esneveH s BHCOKOT Uy TIMBOCTI 10 BUMPOMIHIOBAHHS HEOOXIRHO,
mo6 y dorogioni zudysilina cknagora cTpymy Oyna MiHimansHoto. Tomy
doTtoion mpaitoe abo 3osciM Ge3 30BHIUIHBOI Hampyru (QororanpBaHIuHHH
pexxcuM), abo 3aBAAKM 3BOPOTHIH 30BHIIIHIH Hanpy3i (poTomiogHmit pexum).

Ilpu suxopuctanui dotomiona y Gomozarveaninnomy pexcumi
(puc. 2.9.4, 3a) Ixepeso 30BHININBOT HAIPYry RIJICYTHE 1 AioA npamoec gk
reHepatop ¢oTo-e.p.c.

BonbsT-amMnepHi  XapakTepuctHkd Qortoxiona y dororamspaHivHOMY
pexxumi naseseni Ha puc. 2.9.4, 6.




Y romociconcay  pexcumi  poGeti  TochinioBRoc 3 Dorcmionow

i1’ €NHYEThCS IpKepeno 3BopoTHOI Hampyry (puc. 2.9.5, a). [lpu 36ibuicusi
CBITIIOBOTO TIOTOKY 30UIBLIYETHCA CTPYM, HIO NPOTIKAE [0 KOy, BIANOBIAKO /0
BHpasy

qUu
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Puc. 2.9.4. Cxema BMUKaHHS (a) 1 BOSBT-aMICPHI XapakTepicTrkH (6) doToniona y
¢oToraabBaniTHOMY PEXHMI

PoBoyoro obmactio Qoromiona Ha CiMEKCTBI  BONBT-aMMEPHUX
xapaktepucTuK (puc.2.9.5, 6) € ninssky, wo nexars y III xsagpanti. Ak
BHIUIMBAE 3 puc.2.9.5, 6, y $OTOmOAHOMY pexuMi npu 3ajaHoMmy NOTOLi
BMIIPOMIHIOBAHHS, QOTOIION € JUKEPEoM CTPYMY, BEIMYMHA SKOTO IPAKTHUHO
He 3aJIeXHUTh Bifl MapaMeTpis 30BHiLIHBOTO Kona (E,,, R).

CrexTpanisHa XapakTepucTHKa (OTOAIOAIB AHANOTIMHA CTEKTPaNbHIlA
xapakTepucTuwi cimiogionis. IlBuakonis GoToaiOAlB BH3HAuaeThCH, B
OCHOBHOMY, eMHicTIO PN-Ilepexoay i MeHuIe npouecamMy nonity GoroHociis.

OpnHUM i3 UIIAXiB CTBOPEHHS MBUAKOAI04KX hoToNpUHMadiB 3 BUCOKOK
YYTAMBICTIO € BMKOPHCTAHHS JaBHHHOTO mpoboto. Y saeunnux omoodiodax
fMoNe B aKkTUBHiM 30HI BejiMKe, 1 eHepris, fka OJEPXKYyeThCA (HOTOHOCIAMY,
MEpPEBHLLYE EHEPTiI0 YTBOPEHHA €1eKTPORHO-AIPKOBHX Map, IO NPU3BOANTE 10O
NaBUHOTIOAIOHOTO POUECY POSMHOXEHHS HOCIIB.
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Puc. 2.9.5. CxeMa pMuKaHHs (a) i BOJILT-aMIIEPH] XapakTepHCTHKH (0)
doroniona B GoTCIIOHOMY pexuMI

o OCHOBHMX (GOTOJIOMHHX KOHCTPYKIiM, NEpCreKTHBHHX —JUI%
BMKOPHCTAHHS B ONTOEJEKTPOHHUX (IPHIaAaX, BapTo BigHecTH kpemuiesy PIN-
CTPYKTYpY, KOHTAaKT MeTan-HamiBnpesinuk (6ap'ep Llotki) i reteponepexoiu.
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VY kpeunienux PIN-gomodiodax (pac. 2.9.6) Ginniia nactuaa (1o 95%)
NOTY)XHOCTi, MOIIMHEHO] B KPEeMHIEBOMY KpHCTanl, IPUIAfac Ha vacTky -
obnacti. CunbHe efeKTpH4HE [10Je, IO BHHMKae B [-06nacti HaBith TpH
HEBENHKUX 3BOPOTHHX 3CYBaX, CIHpHAE [IBHAKOMY pPO3CMOKTYBAHHIO
ENEKTPOHIB 1 JipoK, W0 TeHepyioThcs cBiTIOM, 3alesmeuye Mari
pekoM6iHauiiiui BTpard, BHcoky ¢oTouyTimsicTh i Mamy (10°-107C ¢)
IHEepIMHICTS.

Lli nepeparm obymoBmolOTs 3actocyBanus PIN-doroniozis y
IIBMAKOLIIOUHMX TPUCTPOSIX.

B tofi xe 4ac PIN-Qoronionu xapakTepu3ylOThCA MANHM 3HAYECHHAM
doro-e.p.c. (1o 0,45 B), BeNUKUMH CTpYyMaMH BHTOKY, HU3BKOW CTIHKICTIO [0
pajialifHAX BIUIMBIB 1 TEXHOJOTIYHON HECYMICHICTIO 3 IHTerpalbHUMHM
MiKpocxeMaMH.

Pyc. 2.9.6. TIpuctpiit kpemuiesoro PIN — Puc. 2.9.7. Tipuctpiit poroaiona 3
doroniosa 3 GPoHTANLHKM OCBITICHHAM 6ap’epom LloTki

Y @omaooicdax na ocnosi bap’epa Lllomxi (puc. 2.9.7) y NpuKOHTAK CHIH
YaCTHHI HaNiBIPOBIAHMKA YyTBOPHOEThCA 00NacTh 00'€MHOTO 3apspy, 30iaHeHa
PYXJIHBUMH HOCISMHM 3apsfy. 30BHiliHS 3BOPOTHA HANpyra, Hi0 TPaKTHYHO
TMOBHICTIO HANEXHTL 0 Ni€l 00MacTi, CTBOPIOE HOCUTH 3HAUYHY HAMpYXeHiCTh
CHEKTPUYHOTO 104, K& IIBHIKO «BUTArac» eNeKTpoHu i aipku. Oxoponue
Kinblle ycyBae mapasWTHi KpaloBi eheKTH, L0 COpHAE PIi3KOMY 3HIKEHHIO
CTPYMY BUTOKY i iABMLIEHHIO POGUBHOT Hanpyry. Jljis 3MEHILICHHSA BTPET Ha
BiZOMTTS BUIIPOMIHIOBAHHS Ha [OBEPXHIO HAMIBIPO30pol 30A0TOI ILTIBKM
HaHOCUTHCS TPOCBITIIOBANBHE TIOKPHTTS i3 CIPYUCTOrO LIKHKY.

®otoaiogn 3 Gap'epom HIoTki MarOTE psii mepesar: BUCOKY YYT/MBICTH
(0 0,5 A/Br), Manmy imepuiiimicts (mo 107° c¢), mmpokmit Ba6ip
BMKODKCTOBYBaHMX MarepialliB, NpPOCTOTY BHUIOTOBJEHHS 1 TEeXHOJIOTIUHY
CYMICHICTS 3 IHTETPaNbHUMU CXEMaMH.

bynmosa i mpuHIMN Oii cemepngomodiodie MOXHa MOKA3aTH Ha HPHKIai
GaAs-GaAlAs-ctpykTypy, HaBefieHol Ha puc. 2.9.8. ¥ taxomy doTonpuiimaui
ONTHYHE BUMPOMiHIOBaHHS, NPOXOAAYHM Yepe3 rnepmuil npomapok P CaAlAs,
NOTJIMHAETEC B cepenHboMy fporapky N'GaAs. Bucokuit crymink 4HCTOTH
CepeiHbOrD MpomapKy 3adesiieuye Mali BTPaTH Ha pexoMOIHaLIK eNeKTPOoHIB i
IIPOK, L0 TeHEePYIOTHCH CBITIIOM, @ BEJIHKA HAMPYXEHICThL efeKTPUYHOro 11ong -
IIBHIKE IXHE PO3CMOKTYBAHHS.



N-GaAs
N*-GaAs

Puc. 2.9.8. lpuctpiii rerepodotoniona Ha OCHOBI
GaAs-GaAlAs -cTpykTypH

TeTepodoTOMIOAN  XapaxTepU3YIOTBCA  BUCOKOK  (QOTOHMYTIHBICTIO,
Mayolo iHepuifHiCTIO, MOXNHUBICTIO pobOTH MPH MaNHX 3BOPOTHHX HANpyrax,
BEITMKMM 3HadeHHsM doTo-e.p.c. (1o 0,8-1,1 B). Boxu TexHonori4Ho cyMicHl 3
eNeMEHTaMH IHTerPATBHIX ONTHYHMX CXEM, ane CKJIadHi Y BUTOTOBJEHHI.

OCHOBHUI HEONIK JIOAHUX CTPYKTYP - HU3bKa Yy TJIMBICTh - YCYBAEThCS
y GoronpuiimMayax i3 BHYTPIlIHIM TiACHNEHHAM: (OTOTPAH3HCTIOPAX,
doToTHpucTopax, iHTErpanpbHuX GoronpuiiMayax.

Qomompar3zucmopy BUTOTCBISIOTECS 3@ CTAHIAPTHOIO [L1AHAPHO
TEXHOJIOTIEX) KPEMHIEBUX iHTErPAJIbHUX CXEM I BiAPI3HSIOTBCH Bij 3BHYATHUX
TPaH3UCTOPIB HasBHICTIO (OTONpHAMANBHOTO BiKHa, uepe3 sKe CBITIO,
NPOMIIOBIIY TOHKUH eMiTepHKH npoiuapok, norparise Ha 6asy (puc. 2.9.9, a).
Tpu BMuKanHi $OTOTPAK3NCTOPA 3a CXEMOIO 3 3aralbHUM emiTepoM OaszoBui
dotocTpym nigcwioerses B B pasis (f = 50 + 200), unm camum 3abesnedye

BUCOKY GOTOUYTIIHBICT NpUNay.
I
d AN 3
N ¢
&0 v
a) s) P v

Puc. 2.9.9. I1pucrpiii (a), ymoBHe no3HaueHus (0), eKBIBUICHTHA CXeMa (B) 1 BONBT-
amrepui xapakrepucTaky dororparsucropa (1)

DOTOTPAaH3UCTOPH  BIPI3HAOTHCS  CXEMOTEXHIYHOIO  3pYyuYHicTIO |
FHYYKICTIO, LIJIKOM eJIeKTPUYHOK 1 TEeXHONOTIYHOIO CYMICHICTIO 3
iHTerpasipHUMKM CXEMaMH, IIPOTC XapaxTepH3yHOTbCS BENUKOW iHepHilHicTio
(107 + 10 ¢) i Mesmoro cTaGiTbHICTIO MapaMerpiB.

Jns  Oe3KOHT2KTHHX  NPUCTPOIB  YIPaBTiHHA — BUNPSIMIAYAMH |
NIepeTBOPIOBaYaMy, Yy  CHCTEMaX  KOHTPONK  BMCOKOBOJIBTHHX  JiHIH
eNeKTpoIiepeay, Y CcXeMax YIpaBliHHA BHMKOHABYMMH MEXaHI3MaMu B
ABTOMATHUI 3 IHIIMX MPUCTPOSX NOTYXKHOI ONTOENeRTPOHIKA LIRPOKD
3aCTOCOBYICTBCA dhomomupucmopu (puc. 2.9.10.).

OcHopHa nepesara GOTOTUPUCTOPIB GOJNArAE B 3[ATHOCTI NMEPEKTIOYaTH
BeNMKi cTpymM# 1 maopyrd.  Ylpw  3aceivysammi  Gazorol  ofacTi



BUNPOMIHIOBAHHAM, NOTYXKHICTE AKOFO INEPCBHLIYE IOpIn BIAMMKAHHS, 32
PaxyHOK reHepailii HOCIiB 3apsiAiB YOTHPUIIAPOBA CTPYKTYpa MEPEXOUHUTH 13
3aMKHEHOro cTaHy y Biaxputui (puc. 2.9.10, r). Kpim toro, dorotupucropu
MalTs BMOHTOBaHY NTaM'dTh, TOMY ILO IiCJls TPHIIMHEHHS CBITJIOBOTO BIUIMBY
NpIIAJ 3JTHIIAETECS BBIMKHEHUM.

3Ha4yHO TiABMILUTH OCHOBHI IOKAa3HUKH (OTONPHAMAUIB NO3BONSE
BHKOPHCTaHHS JOCSATHEHB MiKpOEeNneXTPOHIKH. B inmezpanonux
homonpuiimayax y eAMHOMY TE€XHOJIOTI4HOMY IpoLeci Ha OfHIM miAKIaguHIi
BUTOTOBJIAIOTECA GoTomion 1 TpaH3HCTOp (ckiameHuit Qororpansucrop) abo
dotogion i inTerpanbHuii niAcuNOBay. Y Takux Npunafax 3abe3nedyeThes He
TINBKH BHCOKA YyTIMBICTh i IUBHAKOXis, ane # miABUILYeThCS TeMIeparypHa
CTabUIBHICTD i MHIHHICTH XapaKTEPHCTHUK.

B sxocti ¢oronpHiiMaldiB 3aCTOCOBYIOTh TAKOX AORbOSI MPAH3UCTROPU 3
PN- a6o MOH - 3atrBOpoM, OmHONEpeXifHi TPAH3UCTOPH, CTPYKTYPHU MeTal-
JieNeKTPUK- HAIiBNPOBIJHHK- nienektpuk- Metan (M/IHIM - crpykrtyphn),
totoBapixary, ae IHXPOKOr0O NOIIMPEHHS BOHH HE 3HANLIITH.
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Puc. 2.9.10. Ipucrpiii (a), ymoBHe no3nasenns (6), exkBiBanedTna cxema (B) i BOIbT-
amnephi xapakrepuctuki (r) poroTupucropa

Iopiusti icHyto4i doTtonpuiiMayi MoxHa 3a Tabn. 2.9.3, je HaBexeui
NOPiBHAIbHI XapaKTEPHCTUKN LMX IPUAALiB.

Jlo yucia ONTOENeKTPOHHUX ENEeMEeHTIB iHpOpMauiiiHuX cucmem, WO
Hai0inbuwl  IUBMAKO  PO3BHBAIOTHECHA,  GIOHOCAMbCA — DazamoeheMenmHui
gomonputimaui. 1li npunany pearyloth He TUIBKH Ha SPKICHO-42COBI
XapaKTepPUCTHKH, ajle i 34aTHi CIpHMMaTH NpOCTOpoBi mapamerpu 00'€KTiE,
T00TO OrepyBaTH 3 300paXKEHHSMH, IO BAXIMBO B CHCTEMax fepenadi,
npuiiomy # o6poOxu indopmanii.

Icayroui  OararoeneMenTHi  QoronpuitMauwi  pobnste  aHani3
JOCHKYBAHOTO 00'€KTa LUTAXOM TIOENEMEHTHOTO MOCIIZOBHOTO TEperisny,
TOMY MOPSA i3 BEIHKOK KiNBKICTIO €1eMEHTapHHX (OTOYYTIHBMX KOMIpOK
TpHIa/i ICBUHHI MICTHTH i IPHCTPOT UL 34HTYRAHHS iH(opmanii.
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Tabnmus 2.93

Ocuossi napaverpn doTonpuitmavis

Poboua .

Tuarm Bryrpimue | Isunxo- | Hampyra ii?rl;?lﬁ)aéi?l(::: CrabinpHicT
NpWIaNiB | MACHACHHA]| Kif tep: © | Uniny | Unino Bux(r)yncroa k’CT} - fapaMeTpis
PIN- 1 10%10"F 0 {500 JIyxe ucoxa Bucoxa
dotopion

CDOTO)IK')A 1 10°-10"| o 100 Hesuncoxa "
1HoTki

reTeP.O(bm 1 105107 0 | 100 Bucoka "
omion

PN- 1 10%-10° | 3 1100 Hesucoxa "
doroxion

Tamanunit |0 106 o*107 | 30 | 100 " Husbka
dorogion

@orotpan-\ 2 gSgee | 1 | 50 Huseka Hesucoka
3HCTOp

Cxnape-

uuit poro- | 10°-10* 10* 1 | 100 " "
TPaH3UCTOP

Interpans-

uuii poro- | 10%-10° | 10%-10% | 5 | 30 " Bucoka
npuiMay

Qototwpu-| g5 |5 | 0] ’ Hesucoxa
cTOp
Doropesncy 10°-10° 1-10? 3 |300| Hyxe Bucoka Myxe
TOp HU3bKA

Npurnun  gif  ckaxysanerux  HacamoeneMenmuyx  pomonpuimaie
NoJATaE B HACTYIHOMY. ONTHYHE BUIPOMIHIOBAHHA BIL 00'exta Qorycyerses
Ha (OTOYYTIMBY NOBEPXHIO, IE CBITJOBZ €HEPTIS MEPEXOMUTh B ENEKTPUYHY.
Peakiiisi KOXHOTO eneMeHTa (3MiHA CTPyMY, 3apajy, HArpyru) mporopliiina
HOTO OCBITIEHOCT], TOMY ApKICHa KapTHHA SCKPABOCTI NEPETBOPIOETECS B
enexTpuvHui penped. IIpd CKaHYBaHEL IIPOBOIMTHCS NOCHIIOBHE ONHTYBAHHS
KOYKHOTO €NIEMEHTA i 3UMTYBaHaA iHGopMauii, o 3HAX0AUTLCS B Hifl, Taxum
YHHOM, Ha BHUXOLI IPHCTPOIO YTBODPIOETHCA NOCHINOBHICTE CHEKTPHYHMX
CHIHAIB, B SKIA 38KOJ0BaHUM 00paz, 10 CIpUIMAacThes.

T'oloBMI yCIXM B PO3BUTKY OaraTOCNEMCEHTHHX  QOTONpHAMayiB
OB'A3aHi 3 CTBOpEHHSM mpunadie i3 sapsioeum 36’askom ([133). ®oroll33
apisge coboK MaTpHiKO (AiHilHy a0 JBOMIPHY) CTPYKTYD MeTasl-AleNeKTpHK-
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wanisnposiguuk (MAH-cTpyKTYp), pO3TAlOBaHKX Ha KPUCTaii Tak OJM3BKO
OZHH [0 OIHOTO, L0 MIX CYCiAHIMH efneMeHTaM1 BUHHKAE 3B'930K.

bararoenementni  I133-doronpuiiMadi  BINPI3HAOTECE  BUCOKCIO
qytmeicTio (1o 107 nx-c), posmineHO0 3matHicTIO (10 40 nin/MM), Manow
CMOXUBAHOK TTOTYXKHICTK), BUCOKCIO HaCTOTOIO CKAaHYBaHHA (0 10" T'). Bonu
NpOCTi Y BUTOTOBJEHHI, TEXHONOTiYHi, 3[aTHI NpPalllOBaTd B DPI3HOMaHITHHX
CIieKTpa/bHHX Jiala3oHax.

Buiiesraziasi nepesard poOasTs ¢portonpuiiMadi Ha ocHosi [133-cTpykryp
HE3aMIHHMMHM U CHCTEM aBTOMAaTUYHOIO YIPaBiiHHA | KOHTPOMIO B pi3HUX
raty3sx [POMHCHOBOCTI (KOHTPONL PpO3MIpiB, TNOJOKEHHS IpPeIMETIB,
HasABHOCTI 1eQeKTiB, AKicTE 06poOKH), B MPHCTpPOsX BBeleHHA indopmaliil B
EOM, mns aBromaTmsauii 3acobiB 3B'S3ky # y cHcTeMax ONTHYHOI oOpobGku
indopmatii.

2.9.4. OnrpoHn Ta ONITOCJIEKTPOHHI MIKPOCXEeMHM

Onmoenexmporni  npucmpoi, 8 AKUX € O0ocepelo ma npuimay
BUNPOMIHIOBAHHA 3 MUM ab0 [HUUM BUOOM ONMUYHO20 Md ELEKMPUYRHO0
36 53Ky MIJNC HUMU, KOHCMPYKMUEHO MO8 A3aHI OOUH 3 OOHUM, HA3UBAIONILCA
ONMPOHAMU,

[Mpuuuun Aii ONTPOHIB OCHOBaHMH Ha TOABIHHOMY IepeTBOpEHHi
eHeprii. Y BUIpoMiHIOBayl €Hepris eICKTPUYHOIO CHIHajly NepETBOPIOETLCE B
CBITIOBY, a B (oronpuiiMadi ONTHYHHN CHIHAJl BHKIHKac 3MiHY CTpyMY,
Harpyru abo onopy.

HassuicTs ONTUYHOrO 3B’s3Ky MK JUKepenoM Ta npuiMayeM
BAIIPOMIHIOBAHHS 3a0e3nedye paj NPUHLMIOBHX Iepesar ONTPOHIB: jyxe
BUCOKY €IEKTPUUHY 130MISL{I0 BXOAY T4 BUXOAY; OAHOCTIPAMOBAHICTH Iepeiaui
inpopmauii; BiACyTHICTD 3BOPOTHOI peakuii doronpuimaya Ha BUIIPOMiHIOBAY
Ta B3a€MHHX [iff; IUMPOKY IOJOCY IPONYCKAHHS, HECIPUHHATTA OITUYHOIO
KaHany [0 BIUIMBY eNeKTPOMarHiTHuX none#t. Kpim toro, ui mnpuianu
JO3BONAIOTH PeaiizyBaTy Oe3KOHTAKTHE YIIPABNiHHA eICKTPOHHUMH 00 CKTaMH,
po3pobuTH PYHKLIOHANLHI MIKPOENeKTPOHHI NpucTpoi 3 dotonpuitmayamy,
XapaKTEePUCTHKU AKMX [ Ai€H0 ONTHYHOTO BMIPOMiHIOBAHHA 3MiHIOIOTbCS 3a
SK3aBTOJ[HO CKIAJHHM 3aJaHAM 3aKOHOM, CTBOPHTH DI3HOMAHITHI MaBayi Ta
IpHCTPOi Ans Nepenaui inbopmauil HUIAXOM BIUIHBY Ha Matepian ONTHYHOrO
K2HAIy.

B Toif Xe uvac icHyBaHKA MOABIHOrO NEpeTBOPEHHS CHIHALY €
npuumnolo  Husbkoro KKJI; 3HauHOi CIOXMBMOI TIOTYXKHOCTI; CHIIBHOI
3aNeXHOCTI IapaMeTpiB Bifl TEMIICPATypH; BHCOKOTO DIiBHS ENacHUX IHYMiB;
KORCTPYKTRBHO-TEXHONOITYHO! HEOCKOHAMOCTI, OB 432101 3 BHKCPRCTARHAM
ri6punsol Texyuonoril.

[Ipu3snayenHs OKPEMUX €NEMEHTIB ONTPOHA i BHIM NEPETBOpCHHA eueprii

JI0Ka3aHi Ha y3arafbredii cTpyKTypHift cxemi onrpora {prc. 2.8.11). BrGanul
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HPUCTPHT 3a6€2IIEUYC YITGIKCHES [UACPCAR BHITPOMIRICBAHHA 3 HOMSpeAHIMY
SNIEKTPOHHHMY €NEMEHTaMU 33 CTPYMOM T2 HaMpyrow Ta onTHMIBauniio doro
pobouoro pexumy.

ITprcTpi
YIIpABIIH -
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B ixHMi i Ixepen OnrTuye I Bux imHMit
. Poro- .
ApUCTP ikt ! BuIpOMi- P " . —#4 mpuoTpiv
seuna CepeROBUINE npuitmad

Puc. 2.9.11. ¥Y3arajibuena CTPYKTypHA CXeMa ONTpOHa

Sk BXKe 3a3HAYANOCH, JDKEPENO  BUIPOMIHIOBAaHHSN  (EPETBOPIOE
eJIEKTPUYHUN CHMIrHal y CBITJIOBHH, TOMY A0 HbOTO 3aCTOCOBYIOTBCS BHCOKI
BuMory 3a KK]I, mmuakogmieto, CIpSMOBARHICTIO BMUIPOMIHIOBaHHA Ta
HOCTIHHICTIO eJIEKTPHYHUX 1 ONTHYHUX 11apaMeTpi..

3B’430K MK BUIIPOMIHICBaYeM Ta (GoToIpHiiMadeM 37iHCHIOETbCS Yepes
ONTHYHE CepenoBulle, sKe B 0araThoX BHNAAKax 3abesnevye H MexaHI4HY
LUICHICTh KOHCTPYKUil. [jis MakCMManbHO NOBHOT nepestayi eHeprii onTuyHui
KaHall IOBMHEH MaTH BUCOKE NpONycKaHHsi 0e3 CoTBOpeHHs (GOPMH CHTHany i
MiHIMaibHEe PO3CIIOBAHHA BHUIIPOMIHIOBAHHA B CTOPOHH, 2 TaKOX 3aXMINATH
€JIEMEHTH OTITPOHA Bi/l 30BHILIHIX CRITIOBHX BIUTHBIB.

3HaYHO PO3NUIMPHTH (PYHKLIOHANEHI MOXIMBOCTI ONTPOHIB AO3BOJNSE
BHKODHUCTAHHS KeposaHozo onmuyHozo Kanaida. 1Iig  Ai€0  IPHCTPOO
ynpaBmides  (auB. puc. 2.9.11)  3MIHIOWTBCS  [ApaMeIpU  ONTUYHOIO
cepestoBrma a6o YyTIHBICTS GOTONMpHiiMata, IO 3MiHI0e KoedillieHT nepeaayi
OTITPOHA.

Tax, onTpoHM 3 BIAKPUTUM ONTHYMHHAM KaHANOM, B SKMX 3B’A30K MiX
IKepenoM Ta NpuiiMayeM BUIPOMIHIOBaHHS 31iHCHIOETBCSA Hepes MOBIiTPSHUIA
3a30p, 3aCTOCOBYIOThCH JUIS 3uMTyBaHHA iHdopmalii 3 nepgoHociiB, 1o
[epecyBalOTbcd B LBbOMY 3a30pi. BHKOPHUCTOBYIOHH B SKOCTI ONTHYHOIO
CepefoBHLIA €NeKTPOONTHYHI 2ab0 MardiTOONTMYHI Marepiaiy, MOXHa
VOPaBISTd HapaMeTPAMM ONTPOHIB 32 JIOLOMOFOI  ENEKTPHYHOTO 4y
MarHiTHOro moaf. SIKIMO % BJACTHBOCTI ONTHYHOTC KaHATy 3MIHIOKOTHCS NpH
30BHIIUHIX MEX4HIUFMX BIIMBAX, TO Taki NPHUIAAH MOXYThb YCHILIHO
3aCTOCOBYBATHCH B AKOCTI PI3HOMAHITHMX NaBRYIB [TOJMMKEHHS, TCPECyBaEHs,
BIOpauil, npucKopesns, piRHS | BUILY piIMHU.

B dotonpuiiMaui ONTHYHE BUNPOMIHIOBAHHSA MEPETBOPIOETHCH B
eNeKTPAYHMI CdAlHan | IS 3MEBIUEHHA BIpaT HOro iHGOpMaTHUBHOCTI
HeoOXinHO MiMBHILYBATH YyTAMBICTH, WBKHAKOAIIO 1 CTabLILHICTL NapaMeTpis
npuiMayis,

Motyxkuicts | ammaiTyga curHany 3 doTompuiiMaua 4bacto OyBae
HEJIOCTATHs JUIS YIPEBRIHHA HACTYDHHME €IeKTPOHHHMER CXEMAMH, TOMY B
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CKIaZ ONTPOHIB BKIIOYAIOTBCA BHXIAHI upHcTpol. Bonum 3abesneuyioTs
NiACHIIEHHS CUTHAILY | IEPeTBOPEHHS HOTO B CTAHJAPTHY, 3pYUYHY IS Nepeaadi
¢opmy.

Inst edexruBHOl poboTH ONTPOHA BCi HOro €NeMEHTH MOBHHHI GyTH
Y3TOIKEHI 32 CIEeKTPAILHUMH, eNeKTPUYHHMHM Ta eKCIulyaTalliHHUMH
XapaKTepUCTHKaMH.

3a crymeHeM CKJIAEHOCTI M THIOM OIITMUHOIO KaHaly BHIUIAIOTH TpH
TPYHd [OpWIALIB: ONTONApH, ONTOENEKTPOHHI IHTErpanbHi MIKpOCXeMH i
ChielianbHi ONTPOHH, Kacudikalis KX HaseleHa Ha puc. 2.9.12.

Onmonapa (260 eNeMeHTapHUH ONTPOH) ABJIse COOO0I0 ONTOENeKTPOHHUH
HaNiBIpPOBIJHAKOBUH TpuNaj, [0 CKIAJA€ThCS 3 BUIPOMIHIOBANBHOIO Ta
GoTonpuAMATBEHOro eJeMeHTiB, MiX SKHMHM € ONTHYHHH 3B’530K, IO
3abesmeuye eNeKTPHYHY i30JIAUF0 MK BXOZIOM Ta BMXOJOM. B sanexsocTi Bin
THIOY (oTompuiiMaia, IO BHKOPHCTOBYETHCA, BOHH NMOAINAIOTECA Ha JIOAHI,
TPAH3UCTOPHI, TAPHCTOPHI Ta PE3UCTOPHI ONTOMAPH.

Onmoenexmponna  inmeepaneia mikpocxema (OIMC) cxnapaerscs 3
onxiel abo KiNBKOX ONTONMAp Ta €NeKTPUYHO 3’ €AHaHMX 3 HUMH OfHOro abo
KUTBKOX y3rOMDKYBaIbHUX 260 NMiZCHIIOBATFHUX NPUCTPOiB. B 3anexHoCTi Bif
obnacti 3actocyBanHs OIMC mnopinaioTes Ha uuposi, npusHadeHi 1A
BHCOKOIIBMAKICHOI mMepefiayi Iu¢ppoBoi iHpopManii MO  eJeKTPHYHO
i30/Ib0BaHHX KOJNAX, 1 AHAJOTOBI, fKi BHKOPUCTOBYIOTBCA [l 0Opodkm
HelepepBHUX CHTHAIIB.

l Onmponnt '
/ \\"‘w.__

i Omronspu . QIC | Cremamsui onTpoxu

| Diopsi Hudposi || 3 rEywao CBIDBOMON

_I Tpamsucropss Ananorosi || 3 BimXpurion o T eI
AHATTON

Tupueropm : |__| 3 refoBaKe ONTHYXHM

KaHANIOM

LI PesucTopsi ]

Puc. 2.9.12. Knacudixanis onTpoHis

Creyianvni onmponu BIAPI3HAIOTBCS BiJ IHWIMX npuiafiB nobynoBoro
ONTHYHOrO KaHajiy. B ONTpPOHaX 3 THYMKHM CBIT;IOBOAOM BHIIPOMIHIOBAHHSA




NepeiacTbCA ONTHYHUM KabeneM, B pe3ysnbTaTi 4oro JuKepeno Ta poTonpuiimay
CTAIOTh BiAJANCHUMH OJMH BiJ OJAHOrO Ha 3HA4Hy BinctaHsb. ONTPOHU 3
BIIKDMTUM | KEPOBAHHM ONTHYHUM KaHAJIOM BUKODHCTOBYIOTHCH SIK OCHOBA IS
nobynoBY pi3HOMaHITHHX [aBayiB 1 CXeM, IO TEPEMMKAIOTLCH, HANPHKIAZ,
ONTOENEKTPOHHHX HE3KOHTaKTHHX KHOTIOK,

B TemepimHiii 4ac MPOMUCIOBICTIO OCBOEHHH BUIyCK Pi3HMX ONTONAp:
PEe3UCTOPHMX, [IOJHMX, TPAH3UCTOPHMX, THPHCTODHHX, i3 CKJIaf€HHM
GOTOTpaH3HCTOPOM, AiOJHO-TPAH3HCTOPHUX (pHuc. 2.9.13.).

SIK eneMeHT eNISKTPMYHOTO KOJa eJICMEHTApHUH ONTPOH OIUCYETHCS
YOTHpMA IpyaMH IlapaMeTpiB: BXiTHUMH (HOMiHaNBHUH CTPYM Iy uou , HANPYTA
U,y, emaicts C,,); Buxiguumu (MakcpMaiibao npunycTuMa mpaMt Upy max » 1
380pOTHA Upyx an max HATIPYTH, CTPYM lpyx max, 3aUIHIIKOBA HANPYTa Uy, EMHICTR
Cun); mepenatounumu (koedinieHt nepemadi 3a crpymoM K=l /I, Hac
3POCTAaHHA BHXITHOTO CTIPYMY b, 3aTPHUMKM li, BMHUKaHHA t, =ttty
BUMMKAHHA ty,, | LIBAIKO/IS ONTPOHA B PEXHMi MEPEMUKAHHS tnep “taut tym) 1
NapaMeTpamy, U0 XapakTepU3yloTh i30JALII0 (MaKCHManbHO NPHIYCTHMa
Hanpyra Mix Bxozom Ta BuxoaoMm Uy, omip i3oasauii Ry, i npoxiana emuicts

§0 83 &
S =z )

Puc. 2.9.13. Cxemu pesuctopHoi (a), Jioanol (6), TpaH3UCTOPHOT (B), THPHCTOPHOI (),
i3 CKIaIeHUM TPaH3UuCTOPOM (1) | AiOHO-TPAH3UCTOPHOI (€) onTonap

Crp)-

Amnani3 napaMeTpiB OCHOBHUX THILIB BITHH3HAHUX OIITONApP, HABCACHWUH B
Tabn. 2.9.4, nokasye: HaWGIIBIY WBKAKOMIIOYUMA € TIOJHI ONTPOHH; AiOAHO-
TPaH3HCTOPHI J03BONAIOTH 3a0e3nednTH HabiibIy Hanpyry i omip izonsuii;
ONTONapH i3 CKNAACHHM TPAH3HCTOPOM XapaKTEPU3YIOThCH MaKCHMATLHUM
xoedinieHTOM mepeAadi 3a CTPyMOM, alle 3Ha4YHO MOCTYNaloTheA AIOAHHM 3a
IUBUAKOAIEK; TPaH3UCTOPHI 3aiMAlOTh NPOMIXHE MONOXEHHs MK JiofaHo-
TPaH3MCTOPHUMH Ta i3 CKIAIeHHM TPaH3UCTOPOM; THPUCTOPHI HesaMiHHI NpH
KOMYyTallii CHABHOCTPYMHHMX CHJIOBHX KUJI; Pe3UCTOpHI € Ayxe iHepuiinumu,
TOMY 3aCTOCOBYKOTBCS JIHIIE Uil KOMYTALii c1aboCTPyMHMX Kill B IPUCTPOSAX 3
HU3BKOIO IBHAKOAIEIO.

Onmoenexmponna inmezpanera mikpocxema (OIMC) - ne oaun 3
HalBiTbUI MEpCHeKTMBHMX THNIR eNeMeHTiB indopmauiiiaux cucrem. Ix

N
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HepeBark BU3HAYalOTECS [OBHOIC ENIEKTPHYHOO | KOHCTPYKTHBHOK) CYMICHICTIO
3 TpaJuIIHHAME MikpocxeMaMH i OGinbul IMMPOKUMH  (YHKIIOHATEHHMHE
moxuimBoctaMi. Ilepmi yemixu B possutky OIMC Oynu nos’sisami 31
CTBOPEHHAM IEPEMHKAIOUUX CXeM, AKi 3a0e3MeuyroTh raipBaHiuHy pPO3B’S3KY
eNneKTPHYHMX Kin. B THMOBIH Mikpocxemi HBOro Kiacy B OAHOMY XOpIHyci
06’enani JiofHa onTonapa i CTAaHAAPTHA KIIOY0Ba €NeKTPOHHA CXEMa, B SIKii
3aMiCTh BXiJHOro 6araTtoeMiTOpHOro TpaH3IUCTOpa B 6a30Be KOO TPaH3IUCTOPa
T, nig’exnannit Goromion.

Tabnuus 2.9.4
OcHoBHi napamMeTpH onTonap
OHTOHaP“ taps | tneps Taxs | Usxs | T Usio| Ugers | Uias | Riss Cupa
Tunn Hosuaven | K |mxc|mxc|A| B |[MA| B B B | Om| o®
Hs
Hioasa AOHI01 01 jO1 | - |10 LS5} - - - |200]|10° 2
AOM02A10.015( 0.1 | - (101171 - | - | - [200110"| 1
Tpamsncropna [AOT123A| 05 | - |8.0{20[20] 10| - |03 |100]10° -
3i cioranenum {AOT110A] 8 - 150125 20(200] - [t5]100]10°| -
TPaH3UCTOPOM
JionHo-
TpaH3ucTopHa [KOA201A| 0.1 | - |20 [10]15(50{ - | - |10°{10"] -
Tupucropra | AQV103 - - | 45 {5012.03] 100|200 1.8 { 500 {5*10] 3
TO2320] . | - {28020 320*|1300/1.85{ 10°} * |
0 10° .
Pesucropwa | ODII3 - - 1,5‘: 15138 |35{250| - - - -
10

BuxigHa Hampyra Takoi CXeMHM BiINOBiZa€ THIOBAM I HU(POBUX
NpUiafiB 3HaueHHAM, o 3abesneuye NOBHY cyMicHicts OIMC 3 iHmmMu
MiKpOEIeKTPOHHUMH TIPHIGIaMH.

OnroenekTpoHHI MIKpOCXeMH MOXYyTb OyTM BHKOpHCTaHi 1 jang
xomymayii ananozosux cuenanie. B OIMC cepii K249KH1, cxema sxoi
HaBelieHa Ha puc. 2.9.14, onronapu O i O/l npauoroTs B GOTOBEHTHIBHOMY
peXuMi i BUKOHYIOTb (DyHKUil iMIynscHOro Tpancdopmaropa. JIBi onromapw,
mix’eqHaHi MOCHIZOBHO, MPH [10Ja¥i BXIJHOrO CHrHANY TeHEepylTh €.p.C.,
JOCTaTHIO JUIA BiJIMHKAHHA BUXiAHMX TpaH3ucTopiB T, T,.

Ha ocHOBI ONTPOHIB JIETKO peali3yloTbcs OCHOBHI so2iuni onepayii:
KOHToHKi%, w3 tonkuis, wrpux [eddepa, crpinka IMipea i in.

B onroenexrposHiif cxeMi, 10 BUKOHYE (PYHKINIO JIOTIIHOTO MHOXEHHS
(puc.2.9.15, a), 00uHuuHUY BUXIJHUI CHTHAN BCTRHOBNIOETHCH B TOMY BHIIAJKY,
AKIO Ha OOMABI ONTONAPH HAAXOAATH OOuHUYHI BXifAHI CHTHAMH, SKi
BUKJIMKAIOTE H&CHYCHHS 060X GOTOTpaHZHCTOPIB.
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Puc. 2.9.14. OnroenckTpoHHHAH KOMYTaTOp aHATIOTOBAX
curHanis cepii K249KH1

Puc. 2.9.15. OnToenekTponHi eXeMEHTH, IO peanizyioTs Horiyti dyHKuii
KOHIOHKUIT () 1 au3’roukuii (6), mrpux Uleddepa (B) i cTpinky Ilipca (1)

Jus peanisaiii JOTIYHOrO JoJaBaHHA IBI ONTONApH IIiJ €AHYIOTHCH
napanensHo (puc. 2.9.15, 6). B uift cxemi Buxigsa Hampyra, Gausbka 1o
XUBMIAYOi (IO BiAMOBinae Jior. 1), BCTAaHOBJIOETHCSA NPH 3acBiueHHi xoya 6
OIHOTO 3 GOTOTPAH3UCTOPIB.

OrnToenekTpoHHa cxeMa, HaBeZieHa Ha puc. 2.9.15, B, peanisye omepaliiio
I-HE (wrrpux leddepa). 3 ananisy il pobotu oyeBuaHO, o G1u3bka 10 HyIs
Hanpyra Ha BUXozi, To6To sor. 0, MOXKIHBA JHIIE IPX OAHOYACHOMY HAaCHYEHHi
dororpansucropis OT; i OT.

Joriuny ¢ysxuito ABO-HE (ctpinka Ilipca) Bukonye onmroenexTpoHHa
cxema (puc. 2.9.15, r), mo MICTHTE ABi mapanessHO NMiA’€HAHI onTONApH i omip
HaBaHTaXeHHA R,. 3a HagBHOCTI Xo4a 6 OJHOTO 0OUHUYHOZ20 BXIHOTO CUTHATY
HacuueHu# ¢ortorpanzucrop (OT, abo OT,) 3HH3UTH HANPYTy Ha BUXOAi 10
3HAYEeHHs, BIIOBiAHOro 10T, .

BHKOpHCTaHHSA ONTPOHIB J03BOJISE 3AINCHIOBATH OMMUYHE YNPAGNIHHA
pobomorio imnynecuux npucmpois, TakuX AK OJIOKIHT-reHepaTrop, OYiKyBasibHi
MYJIBTHBIOpATOpH, TPHUTEPH.

BBefeHHS ONTHYHHX 3B'I3KIB  J03BOJAE  BUpiwmMTH  npobraemMu
ENEKMPULHO20 CIMUKY6AHHA PISHOTUITHAX EJIeXTPOHHUX NPHIAiB 1 IIPHCTPOIB.
Tak, ana y3rojKeHHS UMQPOBUX ENEMEHTIB Ha OCHOBI TPaH3HUCTOPHO-
tpansuctopHoi noriku (TTJI) 3 iHTerpassHUMH MikpocxeMamu Ha Gaszi MJJI-
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TPaH3UCTOPIB MOXKHA BUKOPHCTATH TPaH3UCTOpHY omnronapy. Sk BUAHO 3i
cxemu (puc. 2.9.16), ontpoH 3abe3nedye HajiliHe NepexaBaHHA CHIHALY, X04a
Hanpyra XKMBICHHA KacKalliB BIAPI3HACTBCA #K 3a 3HAYEHHSM, TAK | 32 3HAKOM
(E1:E2=+5B, E3= -158)

BpaxypaHus mepeBar i HEHOJIKIB ONTPOHIB | ONTOEXEKTPOHHHUX
MIKpocxeM JO03BONSIE BH3HAYHTH TaKi OCHOBHI 06NacTi 3aCTOCYBaHHA HMX
eleMEeHTIB: NepejaBaHHA iHpopMauil MiX IPHUCTPOSMH, IO HE MAalOThb
€NEeKTPHYHUX 3B'A3KiB; OTpUMaHHA i BijoOpaxeHHs iHQopMauii; 36epiranss,
TIepEeTBOPEHHS i IepeJaBaHHs iHGOpMalii; KOHTPOIb TEXHOJNOITYHHX HPOLECIB;
3aMiHy €JIeKTpPOMEXaHI4HMX BHpOOiB (TpaHchopMaTopiB, MOTEHUIOMETPIB,
pelie); CTBOPEHHs rajbBaBiuHO PO3B'A3aHMX Kill XKHUBICHHA.

Puc. 2.9.16. Cxema ysropxenus TTJI-enemenTa 3 inTerpaisHo0
M/I1-mikpocxemoro

2.9.5. Inaukaropu Ag NpuaniB Binodpaxenus indopmauii

B 3anexsocti Bix po3MipiB i NpH3HAYEHHS CHCTEMH BifOOpaXkeHHs
30poBoi iHGOpMalil MOAIIMIOTECS Ha kosexmueHi (Tabno CTafioHy, PyXIUBHR
CBITNIOBHH DANOK), 2pynoei (eKpaH TeneBi3opy, AiciuIe#) 1 inougidyanvhi
(undepbnaT eneKTPOHHOrO TOAMHHMKA, IHAHKATOP MIKPOKaIkKYyasTOpa).
Ipunimny noGyxosu i ¢isuyHi mponecH, O nexaTh B OCHOBI po6GOTH TaKux
NpUNajiB, pisHOMaHITHI 1 JOKIAJHO BUKIAJAI0ThCS B CrIeliabHil nitepatypi. B
JaBiil rnasi posrngHYTI NMwle ManoraGapMTHI | MiHIaTIOpHI iHAMKATOpH st
{HAWBIAyaNbHOTO 1 MOYAcTH IPYNOBOr0 KOPHCTYBaHHS, NMOTOMKEHI 33 CBOIMU
MapaMeTpaMy 3 iHIIHMH ONTOSIEKTPOHHUMH eIEMEHTaMH.

OcHOBY Cy4YacHWX ManorabapuTHUX NpUIagiB Jiasd BiZoOpaxeHHS
30opoBoi iH(opMarii CKIagaioTh TPH IPYNM NPWIafiB: HamiBIpPOBIXHUKOBI,
PiIMHHOKPHCTANIYHI | ra3opa3psaHi iHIUMKATOPH.

Hanienposionuxoei inouxamopu SBISIIOTD coboro Habip
CBITJIOBHIIPOMIHIOBAJIBHHX JIOHHX CTPYKTYp cUewiansHoi kondirypauil. Boan
IIepeKpUBAOTh BeCh BHIMMHUM [iama3oH cHekTpy (Haibinbiuy ckianHicTh
BUKITHKA€E OTPHMAHHA CHHBOTO KOJBOPY), JAIOTh SCKpaBe 1 4UCTe CBITIIO, 3pYUE]
B YNpaBliHHI, €KOHOMiYHi, JOBrOBiYHi, TEXHONOri4HO CYMICHI 3 IHIINMH
ONTOCNEKTPOHHUMHM  efleMeHTaMu. JUIs  PO3LIMpeHHS KONIbOpoBOi ramu

——



3aCTOCOBYETHCS NEPETBODEHHS BHIPOMIHIOBAHHS B OUIBIN JOBrOXBHILOBE 32
ZIOTIOMOroI0 PoTONOMIHODOPIB.

BucsiuyBauns sitepHo-1idpoBoi iHGopMauii 3MHCHIOETBCA TPHOMA
criocobamMi: a) HabOpoM OIMHHYHHX CBiTIOAioAiB; ©) 3 BHKOPHCTAHHAM
CerMeHTiB criemiaNbHO! KOHMIrypauii; B) MaTpWYHMM 3 [€BHUM YHCIOM
TOYKOBHMX €JIEMEHTIB, AKi CBITATECA. (OCTaHHi JBa 3aco0M oTpUMany Haibinbiie
PO3NOBCIOKEHHS.

B cermentHoMy uubpoBoMy iHmmkaropi (puc.2.9.17, a) cim
NPAMOKYTHHX CBIiTTIOBHIIPOMiHIOBANIBHUX MaliJaH9¥KiB  /J03BOJAIOTH
BinTBOpIOBaTH BCi HecaTe uubp i Jekinmpka Jitep. Cxema ympaBliHHA
3a0e3nedyye BBIMKHEHHS HeoOXiZHMX CErMEHTIB, LIO CBIiTATHCH, B 3aJI€KHOCTI
Bi/f KOJOBaHOTO CUTHATY.

Haiinpocrimmii yHiBepcansHMH MaTpH4HM# iHgukatop (puc.2.9.17, 6)
mictuts 36 Kpanok (7#5+1). Llsoro mocrarHs0 AIA BiATBOpEeHHS Bcix Ludp,
aiTep i 3HaKIB CTAHZAPTHOTO KOAY IUIs 0OMiHy iHpopmalieo.

3 0006e
83800
L

Q0000
U l Q0000
o)
/3
a)

Puc. 2.9.17. CemucermentHuit undpouii (a) i MaTpu4nuil yHiBepcanbuui (6)
HaNiBIPOBIIHHKOBI iHAMKATOPH

B HeBenukux 3a po3MipoM iHAHMKATOpaX BHKOPHCTOBYETHCH MOHOJITHA
KOHCTPYKL(isA, TOOTO BCi €lEMEHTH, IIO CBITATHCS, BHUPOONAIOTHCA B OLHOMY
kpuctan. [lpu 36inpiuenHi rabGapuTHHX PpO3MipiB NpUIafiB 3aCTOCOBYIOTH
ribpunHy TEXHOMOTIO, Habip MPUCTPOIO 3 OKPEMHX KPHUCTAIIB.

Jlnst 3pyqHOCT] 3acToCyBaHHS B OXHOMY KOpITyCi BUpOOIAIOTH HE OJHH, a
notpibHe yucno pos3pamiB (TpH, YOTHPH, INICTh, HEB’SATH i T. 1) CHIBHO 3i
CXEMOI0 YNpaBIIiHHA, 1o MicTuTb Jemndparop i GopMyBad CHIHaiB.

B ocTaHHi# 4ac 3pocna HiKaBiCTh K0 PIOUHHOKPUCMANIYHUX IHOUKAMOPIS.
Ix pofora ocHOBaHa Ha BMKOPHCTAHHi MaTepiaiiB, IO XapAKTCPH3YIOTHCS
ONHOYaCHMM TIOEHAHHAM BIACTHBOCTEN piavHM (PyXIMBICTB) i KpucTamy
(omrtmuna asizorpenisn). B sxocri pinunHux xpucramis (PK) MoxyTsb
3aCTOCOBYBATHCS PI3HOMaHITHI OpraHiv4Hi CIOMYKR i X cyminii.

PK-iHauMKaTOpH XapaKTepH3yIOTbCs HaWMEHUWIMM EHeprocioXUBaHHAM
(10 0.001 B1/3HaK), BACOKOI KOHTPACTHICTIO, HU3BKOIO HANPYTOI0 YIPaBIiHHS
(o 3 B), senuxum Tepminom cayx6u (no 30 000 r). LIi mpunajiu € nacHBHUMH,
OCKUIBKM caMi HE TEeHEepYIOTh ONTHYHE BUIPOMIHIOBaHHS, TOMY Ai€3aTHi
TIIBKM B OCBITJEHOMY NpuMileHHi (B TeMpART BUMATAETECH CHELialbHe
T ICBITIEHHS ).

CepitosuuM Heponmikom PK-iHaukaTopiB € Mana IBHAKOAIS (10 10 c),
1o o6Mexye 061acTh IXHBOTO 3aCTOCYBAHHA.
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B ocrosi pobory eazopospadnux induxamopis 1exurb CBITIHHA a3y NpH
TIPOTiKaHHI CTPyMy MiX ellexTpoiaMu. IIpH nojadi BMCOKOI HanpyrH (MOPSAKY
80-400 B) B razoBoMy 06’€Mi MOYHHAETECSA PO3PAL (CTPYM PO3psLY IPUGIH3HO
1 MA). 3a paxyHOK 3aIIOBHEHHS IIPOMDKKY MDX eleKTpojiaMHi pi3HOMaHITHAMH
iHepTHAMH rasamM JOCATaeThesA 3alaHMH xonip iHguKatopa (HEoH Jae
OpaH)XeBe CBITiHHf, aproH — ¢ionerose, reniif — »xosre). Jlns poswMpenHs
KOJIbOPOBOI raMH BUKOPHCTOBYETBCS PO3psiy B KceHOHi (Y D-BHIIpOMiHIOBaHHS)
3 HACTYITHMM IIEPETBOPEHHAM JOBXXHHH XBHUIIi BHIIPOMIHIOBAHHS 3a HOMOMOFOIO
doromominodopis.

T'a3opo3psaHi iHAMKAaTOPH BHKODUCTOBYIOTBCS Ha TMOCTIHHOMY i
3MiHHOMY CTpyMax. B meprmoMy BUMafKy enekTpoay B3a€MOAIKOTH 3 Ia30M, 110
NPU3BOAMTH JO IHTEHCHBHOTO KaTOAHOIO pO3MNAIEHHS METAly, TOMY
000B'13K0BO 3aCTOCOBYIOTh GaNacTHHi pe3ucrop s OOMEXEHHS CTpyMy i
eJIEMEHT raciHHA pospsfy. 11 poGorH Ha 3MIHHOMY CTpyMi xapakTepHa
BIACYTHICTB 0e3MocepeJHEOr0 KOHTAKTY 3AEKTPOAIB 3 ra3oM i caMooOMexeHHs
PO3pALy.

B zanexsocti Big cmocoOy monaHHs iHQopMamii  ra3opo3psanHi
IHAMKATOPU TMOMINAIOTBECS HA 3HAKOBi, IUKATbHI i YHiBepcanbHi (IazmeHHi
naHeni). B 3wakoeéux iHpUKaTopax JUisl BUCBiYyBaHHS CHMBOJIIB HANpyra
YOpaBIiHHA INOJa€Thcd Ha HeoOXigHi KaTogHi cerMeHTH (@HAIOTIYHO
CETMEHTHMM HAILBIPOBINHUKOBUM  iHAMKAaropaM). Y wikaneHux — BHBIA
iHpopMmanii 34iHCHIOETbCA HIMAXOM 3MiHM CBITJIOBOI YacTHHM IIKAmy, IO
3pYYHO [UIS TIPUIIAiB 3 aHATOIOBHM XapaKTepoM CHIHAJLY.

Hailbinbu nepcnexTHBHEM € yHigepcanbHul IHANKATOP, IO ABIsE c0000
JIBOKOOP/MHATHY MATPHIO, fKA MICTHTh Beiuke (mopaaxy 10°) wucio
eNIeMEHTapHUX Ta3opo3pAIHUX KoMipok. I 1osiBM po3psiay Ha BiANOBiAEi
KOOpJMHATHI WIMHM TIONAIOTBCH KOPOTKI NPSAMOKYTHI immysibcH. CBiTiOBHI
CTaH KOMIPOK WIATPUMYETHCS 33 pPaxyHOK IpPHKJIaJaHHI  ONOPHOL
CHHYCOTAaJIbHOI HANpyry 3 YacTOTO B AEKiNbKa Kinorepl, Mo HaaXO4HUTh Bif
reseparopa 3MiHHOTO CTpyMy.

Heponik rasopo3psfHux iHAWKATOPiB — CKJIAMHI BHCOKOBOJBTHI Kosa
ynpasniuns. Opnak cyuvacHa Texsosoris 6inomspuux i MOH-rpan3uctopis
no3Bossie BHpoGNATH HeoOXigi cxeMu 6esmocepemss0 Ha 3aaHiH CTOPOHI
Ia3MeHHOM naHeni, 3a0e3meuyiouM 3aBJsIKH UBOMY IUIOCKICTHICTb BCiel
KOHCTPYKILil.

B rasopospALHHX IHAMKATOpax CXeMW YIPaBiHHS [JO3BCHASIOThH
3MiHIOBATH SCKPABICTH BiATBOPIOBAHMX CUMBOINIB, 3abe3nedylodn nepepauy
JIEKIIbKOX NEeCATKIB HamiBTOHIB. 11 OTpHMaHHS KONBOPOBOIrO 300paKEHHS
BHKODHCTOBYETECS 0araTomiacToBa CIPYKTYpa, B fKifl OKpeMi eneMeHTH
FeHEPYIOTh BUTPOMIHIOBaHHS DEBHOT OBXHMHA XBUL.

HesBaxaionu Ha psit nepesar (BHCOKA SCKPaBiCTh, KOHTPACTHICTh, rapHe
CTIpUHAMAHHS X Ha CBIT/I, TaK 1 B TeMp#Bi, 6araToKOALOPOBICTD), 3aCTOCYBAHHSA
Ta30po3PAJHUX IHJIMKATOPIB CTPUMYEThCS HeoOXiZHICTIO BUKOPHCTaHHS



BHCOKOBOJIPTHOTO JKHBJCHHS | MEHILIUM Yy TOPIBHAHHI 3 HAIBIIPOBIAHMKOBHMH
IIpUiaaMH TePMiHOM CY¥Ou.

2.9.6. BosiokoHHO-ONTHYHI JIiHil 3B A3KY

OmHAM 3 UUIAXiB pi3koro 3GLMIBIIEHHA MPOIYCKHOI CIIPOMOXHOCTI
iHQopManifHuX KaHanip i NiABMINEHHs X 3aBafiOCTIHKOCTI € Tepexil Ao
ONTHYHOIO [iana3oHy eNeKTPOMArHiTHHX XBHITb.

3 nosBOIO Na3epiB movyanucs iHTEHCHBHI PO3POOKH CHUCTEM ONTHYHOTO
3g's3ky. Ommak Bimkpuri JiHil, B AKMX 3aKOJOBaHa B MpOMEH CBITIa
indopmanis nepenasaiacy Yepe3 MOBITPAHKUH OPOCTIP, BUSBUITACS HENOCTATHEO
Hagifiaumu. JIuie 3 NOSBOK BOJOKOHHHX CBITJIOBOZIB, IIO CTaIX aHAIOTaMH
eNEeKTPUYHUX KabenliB, ONTHYH] KaHAH 3B'93Ky CTaNH PEABHICTIO.

B saranbHOMY BHIVIAAI 6010KOHHO-onmudHa ninia 36'asky (BOJI3)
MIiCTHTh BXiZHMIT KomyBanbHMil npucTpiit K77, nepenasay, onTHIHMi Kabe:rb,
petpancisitop P, npuiimau i pexosypaneuuit npuctpiii JKIT (puc. 2.9.18).
3akoposana B KJT indopmauis HaaxoQuTh Ha MEpeaasad, 110 CKIaJa€ThCa 3
Jokepena BHrpominiosanHs JB i mopynstopa M. B sxocti /B B cucTemax
ONTHYHOrO  3B'A3KY  BHUKODUCTOByIOThcs  tBepmotini  (TAI:  Nd) i
HAMiBIPOBIHMKOBI JIasepH a TakoX CeimioZionu. Moaynstop ynpasise
{HTEHCHBHICTIO BHIIPOMIHIOBAHHS, IO HaiXOAWTs BiA JB. Takum 4YMHOM,
OIITHYHKM KabelleM PO3NOBCIOKYETHCS 3MIHHMH ONTHYHHN CHIHAIN, IO HEce
3akofoBany inopmauito. Ilpu Bemukiii aomwmui BOJI3 crocrepira€Tbes
cuibHe OCHabIeHH CBITIOBOTO IIPOMEHs, TOMY [/ BiJHOBIEHHA HOTO
{HTGHCHBHOCTI BHKODMCTOBYETHCS DeTpaHCIATOp. B  mpuiimadi  onTHdHE
BUNIPOMIiHIOBAHHS 3HOBY MEPETBOPIOETBCS B  €NEKTPUYHMA cHurHan i
NOCHIIOETHCS 33 MOTYXKHICTIO 3 JONOMOTor0 iacumopaya /1. JlekoayBalbHui
TIPUCTPiii I03BOMsSIE Po3LMGpyBaTH nepeaaHy indopMmauiio.

I‘lepe.:tasaq.mI Onrmunuii xabens r fipwitvau

! !
1 !
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Puc. 2.9.18. CTpykTypHa cXema BOJOKOHHO-ONTHYHOT JIiHIT 3B'A3KY

Peanpua cxema BOJI3 igkonu MICTHTL He BCi Has3BaHi eneMeHTH. Ilpm
HeBENWKiA JomkMHI NiHIE Bignmagae HeoBxigHicTs B 3acToCyBaHmi
petpancisTopa. [Ipu BUKOpHCTaHHI B AKOCTI /B HANIiBIPOBIIHUKOBHX Ja3epis i
CBITJIONIOMIB yIPaBIiHHS IHTEHCHBHICTIO BUTIPOMIHEHHS 3A1HCHIOETECA B CaMUX
TIpUAanax, TOMy AOJaTKOBKit 30BHIIIHIH# MOTYIATOp HE NOTPiOHMH.

Ocuosni nepesarn BOJI3: wupokuil piana3oH poboudx 4acToT (a0 1
ITLY), mo K03B0/I5€ OJHMM ONTHIHHM KabeneM OZHOYACKO nepe;1aBaTy 10 10"
TeslehOHHAX po3MoB abo 10° Tememporpam; BMCOKa 3aBafOCTIMKICTB Bif

E__
!
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Puc. 2.9.19. Byzosa ontu4H#X KaleniB pi3HOMaHITHOTO IPU3HAYCHHA!
1-BOJIOKHO, 2-3MillHIOBAJIbHHI €IEMEHT, 3-BHYTPIlIHA 00010HKa; 4-30BHIlIHS 000IOHKA

Buympiwmneomicexi niHii 3a0e3meuyloTh 3B'S30K BHCOKOIPOMYKTHBHHX
nentpalbiux EOM 2 Binnanenumu mpunagamu 36opy i nepsusHoi o6poGxu
naEuX 1 TepMiHanamu, mepefady iH¢opMmauil Mix pi3SHOMaHITHHMH
obYMCIOBANLHHMY  LiEHTpaMH, TeteGOHHMH 3B'I30K MiX aboHeHTaMH |1
xabenpHi cucteMu Tenebadenns i pagiomonnerss. 1i BOJI3 xapaxTepusyrorses
CepeAHBOI0 JOBKUHOIO (1-10 KM), MEHIIOK MIBHAKICTIO nepenadi inpopmauii
(no 107 6it/c), GimplraM gomycTMuM 3racansM (mo 20 xB/km). B sxocti
ONTUYHMX JiHIH BMKOPHCTOBYIOTbCA KBaplieBi ABOLIAPOBiI BOJIOKHA, JKepel
BUNPOMIHIOBAHHA — HaniBOpoBiAHMKOBI Jasepd, ¢ortonpuiiMauia — PIN-
¢doronionn.

Buympiwnooob 'exmui BOJI3 cnyxars 1is opraizanii 3s'a3ky Mix
OKpEMHMH  TPOLECOpaMH  OOYHCIIOBATBHMX  KOMIUIEKCiB,  3OBHilIHIMH
upuiagaMa i EOM, okpemuMu GNOKAMH €NEKTPOHHOI anapatypd i T. I
IoniGui ninii noTpi6HI AnA MOHTaXy KOHTPONbHO-BUMIPIOBAbHUX NPHIaAiB,
CHCTEM NIPOMMCIOBOro TenebGaveHHs, MicueBoro TenedoHHOro i paaioss'ssky,
NpuiafiB  aBTOMAaTMYHOrO  yNpaBliHHA — pi3sHOMaHiTHEHMHM  00'ekTamm i
TeXHONOTiYHMMH TipoLecamy. HeBelnnKa J0BXUHA (0 COTEHb METPiB) NO3BONIAE
BHKOPHCTATH MpPOCTi CKAHI BONOKKa 3 Oinpumm sracanaaM (50-100 xb/xm),
GaAlAs-  csitnosog, PIN-doromionu 1 iHmi  HaniBipoBiAHMKOBI
ONTOENEeKTPOHHI eNEMEHTH.

[lepeBara CBITIOBOAHHUX NiHill 3B’43Ky i OCTaHHI OCATHEHHsA B obnacti
TEXHOJIOrTi ONTHYHMX MATepiajiB i ONTOENeKTPOHHUX NPHCTPOIB JO3BONAIOTH
NpOrHo3yBaTH LIMpoke 3acrocyBaHHs BOJI3 B cucTeMax ympaBliHHSA,
nepepobku i nepezpaui indopmarii.
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[lurasHns a1 CaMOKOHTPOITEO

. Bu3sHayTe npy3HauYeHHS BUMIPIOBAIBHUX IIEPETBOPIOBAYIB,

. Sk xnacudixyrorscs BI1?

. SIxi ¢i3utHi ABUINA BUKOPUCTOBYIOThCS B BIT?

. HaBegitb cTpyxtypHi cxemu BIL

. SIxi BIT BiTHOCATBCA 1O KJIACY PE3UCTHBHHUX?

. Tlpusnun aii noreniomerpuuaux BIT?

. HaBenits AuHamiuni BracTHBOCTi noTeHuioMeTpuynnx BIT.

. Teperaru Ta Hexosnixy noTeHuioMeTpuaHUX BIT, musxu 1x mojgonanHs.

9. Ipunnun aii rerzomerpuynux BIT. Buau TM BIL

10. TTpurnun aii enexrpomardiTHux BIL Buau EM BII. Cratuusi i auHamiysi
XapaKTePHCTUKH.

11. IlepeBaru ta Henomixu ingyxrusHux BIT,

12. Mpuanun aii Marditonpysxuux BIT.

13. Npunuun aif ingykuidaux BIT.

14. Ipusnavenns emuicuux BIL

15. HaBenith craTH4Hy XapakTepucTuky €BIL

16. [lepeBaru Ta negoniku €BII

17. B uomy nonsrae i1’ esoenexTpudnui edexr? Ski Bizomi n’ezomatepianu?

18. INpuBeits exsiBaneHTHY cxemy n'e3cenexTpudnux BIT.

19. TlpuHuun aii i npu3HaueHHs yIbTPa3ByKOBHX NEePeTBOPIOBAYIB, IX
3aCTOCYBaHHSL.

20. Sxi izuuni niarpyHTs MaroTs edext Xonna ta edpext Mardiroonopy?

21. Hasegnitb npuiJiagy 3acTocyBaHHs Aasa4iB Xonia Ta MarHiToomnopy.

22. Ha3BiTh THIIH TEPMOPE3UCTOPIB.

23. HasexiTh 3ajieXHICTL ONOPY Bill TEMIIEPATYPH Pi3HAX TEPMOPE3UCTOPIB.

24. 1o Take BnacHuit HarpiB TepMictopin? Sk gocsaraeTscs peneiina
XapaKTepucTHKa?

25. HaBexiTh IpuKIaqy 3aCTOCYBaHHS.

26. B uoMy nonsrae CyTHiCTb TEpMOENEKTPHYHMX faBauis? Ski matepianu
33CTOCOBYIOTBCS JJisl IX BUTOTOBJIEHH:A?

27. IpuHupn JIif ONTOENEKTPOHHUX [IEPETBOPIOBAYIB.

28. SIxi ocHOBHI napaMerpu ¢doTonpriimMauin?

29. HaBenith npuiiagu cxeM $HOTOENEKTPAYHUX NIEPETBOPIOBAYIB,

30. Hagenith kitacugixaliito onTpoHiB?

31. HaBepiTes npHKIa M ONITONAD.

32. IMepcrieKTUBH PO3BUTKY BOJIOKOHHO-ONTUYHUX JTiHIH 3B’ S3KY.
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BUCHOBKH

CucTeMu yOpaBniHHS 1 aBTOMAaTHKH — le HepedHili xpall HaykoBo-
TEXHIYHOTO mporpecy. B wil ramysi 3MiHM BifOyBaroThCR OyXe LIBHAKO.
Enementn CYA Oe3ynHHHO YIOCKOHANIOIOTHCH IPHUCKOPEHHMH TeMnamu. Y
KHM3i, mwo BwW mnpoumranm, pO3MIAHYTI MOHATTA OpPO €IEeMEHT CHCTEM
yOpaBiiHHA 1 @aBTOMATHKM, KIacHdikallif eJeMEeHTIB, XapaKTepHCTHKH
yOpaBiiHHS, OCHOBHI NapaMeTpH i METOAM JOCHIIXKEHHS BIaCTUBOCTEH
eTeMeHTiB; (i3H4yHi OCHOBH POOOTH, TEXHIYHI XapaKTEPUCTHKH Ta IMTaHHA
HANIMHOCTI; OKpEMO DO3IISHYTI Cy4acHi BHMIipIOBAILHO-NEPETBOPIOBANBHI
€IEMEHTH, TEHJEHLUI] | NEepPCHeKTUBH PO3BUTKY TaKMX ejieMeHTiB. 3BH4aliHO,
iCHYIOTh ejleMeHTH, fAKi NpalloloTh Ha IHIIMX HPUHIMUIAX, MAOTh iHIOY
no6ynoBy (HampHKiaj, TiApaBiiuHi BHKOHaBYi TPUCTPOi, IHEBMATHYHI
JaTYAKA | TEPeTBOPIOBadi i T.1.). BaXUIMBO BMITH NMpaBHIBHO BHOpaTH THI
eJIeMeHTa JUI KOHKPETHOro 3actocyBaHus. Hemae 4iTkux mocTiHMX npaBun i
YCTAHOBOK — KOJIM BAapTO 3aCTOCOBYBATH €IE€MEHTH OJHOrO TUIY, 4 KON —
{HIIIOTO, OCKIJIbKH NOCTIRHO 3'ABISIIOTHCA HOBi efleMeHTH. MOXKHA CKa3aty, Lo
€JIEMEHTH Pi3HHX THIIB KOHKYDPYIOTh MiXk co6or0.

JiofyHa TOCTIMHO OCBOIOE ISl TEXHIYHOTO BHKOPUMCTAHHA HOBI chepH
JUSTBHOCTI: i3 Ky)Ke HHU3BKUMM i Dy)Ke BUCOKMMH TEMIIEpaTypaMH; 3 BUCOKHMH
THCKAMH 1 KOCMIYHHM BaKyyMOM; 3 HaJABHUCOKMMH IIBHAKOCTAMHM 1 T.I.
Tpaguuiiini 3acobu BUMiproBaHHs i JaBadi TYT He 3aBk Ay npuaarHi. KpiM roro,
BUKODHACTOBYIOTbCS HOBI (i3dyHI sBMlNA, 010 paHille Ha MPakTHHi He
BUKOPHCTOBYBAJIACH, 3aCTOCOBYIOTBCS HOBITHI MaTepiany i TexHonorii.

BianosigHo GyxyTh 3’SBIATUCS HOBI NaBadi, NEPETBOPIOBAYi, €J1EMEHTH
ta npuctpoi CYA, w0 JO3BONAIOTH ABTOMATHYHO OTPHMYBATH HEOOXimHY
indopmauito, nepenasary il Ha BigcraHp, o6po6IATH, BUAaBaTH iH(pOpMALIiO
IUISE OPUMHATTA PillleHHS.
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