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NEPEJMOBA

HaBuanpHuii MOCIOHMK CKJIagaeTbcs 3 TPHOX YAcTHUH. Y Iepuiiid
YaCcTHHI PO3IIISHYTO (yHAaMEHTaNIbHI TOJIOKEHHS Teopii iHdopmaii 3a
lennonom: cmocobu BUMIpIOBaHHS Ta mepenadi iHpopMmarii, MOHATTSI
KUTBKOCTI iHpOpMaIii Ta eHTpoIii BUIaAKOBUX MOJIiif, OCHOBHI BIACTHBOCTI
KUTBKOCTI iH(OpMAIii i eHTporii, XapaKTepUCTUKHA IUCKPETHOTO KaHAIy
3B’s3Ky. Y JpyTii YacTHHI IIOJaHO OCHOBH EKOHOMHOTO KOJYBaHHS
iHpopMamii, pO3TNIATAIOTECS CTAaTHCTHUYHI Ta CIIOBHUKOBI alTOPUTMH
CTHCHEHHS [aHMX; KIacHdikaiis 1 3arampHa XapaKTEPUCTHKA CHCTEM
cTucHeHHs iHpopManii. TpeTs yacThHa NMPUCBSYEHa OCHOBHUM ITPUHIIMIIAM
Ta METOAaM 3aBaJOCTIMKOro KOJIyBaHHs iH(poOpMallii, HABOJIATHCS 3aralibHi
BJIACTHBOCTI 3aBaJOCTIHKUX (KOPUTYBAJIBbHUX) KOJIB, MIPHHIMIIU MOOYAO0BH
i crmocoOu 3aaHHs JIIHIHHUX OJIOKOBHUX KOJIIB, III0 BUITPABISAIOTH TOMHUIIKH,
Ta OCHOBHI TUIIM LIUX KOJIB.

OmnanyBaHHs 0a30BMX 3HaHb Ta HAOYTTS NPAKTUYHUX HABUYOK

NpU BHUBYCHHI Kypcy ,,Cucmemu 6e3npogiOHux mexHonozill nepeoaui

OaHux” CTBOPATH 3acaad Ui HOAANBLIOTO 3aCBOEHHS CIICHIANi30BaHUX

TUCTIHILTIH y cdepi iHGOpMaTHKH, KOMIT IOTEPHUX CHCTEM, aBTOMAaTHKH Ta

KepyBaHHS, TEIEKOMYHIKAIiil i T.1H. 1 Oyae CYTTEBHUM MiAIPYHTSAM JUISA

MOJJANTBIIIOTO BIOCKOHAJICHHS MpogeciitHol MalCTepHOCTI CHEUialicTiB y

LUX TaTy3sX.

OcHosna mema OUCYUNLIHU NOJIS2AE.

- Ha 0a3si 3HaHb 1 yMiHb, 110 OTPUMaHI B HOIEPEIHIX Kypcax, 030poiTu
Mai0yTHBOTO MaricTpa Cy4aCHUMH METOJIaMU CTaTHCTHYHOTO aHali3a
1 CHHTE3y ONTHMAJIbHUX 1 KBa3ionTUMainbHUX npuctpois PTC;

- HAaBYMTH 3a 33JaHUMU TaKTHKO-TEXHIYHUMH XapaKTepPHUCTHKAMHU
CHUCTEMH pAaIliOHAThbHO BUOpATH MPHHIMII 1 CTPYKTYpYy MTOOYIOBH
CHUCTEMH, TEXHIYHI TapaMeTpH 1 CTPYKTYPY BXIOHHX Y CHCTEMY
MIPUCTPOIB, IPOBECTH OLIHKY BHOPAHUX TEXHIYHUX PIlICHb.

YV pesynomami susuennsi ducyuniinu cmyoenmu noSuUHHi.

- 3HaTH OCHOBHI MOHSATTS NPO CHUTHAJM, XapaKTEPUCTUKH 1 Mopedi
CUTHAJIIB 1 IyMiB,

- 3HATH KPHUTEPil ONTHUMAIBHOCTI MMONIYKY, IPUHIUIINA POOOTH IH(PPOBUX
MONTYKOBUX MPHUCTPOIB 1 PI3HWX CHTHAJIB; PI3HHX [IETEPMiHOBAHUX
cUTHaMIB Ha (QoHi OiJI0T0 TayCOBCKOTO IIyMY;,

- BMITH OI[iHUTH HEBiOMI MapaMeTpH CHTHATy 3 JOIOMOTOI0 Pi3HHX
METOJ[iB; MaTH YSBJICHHS IPO aHOMAJbHI IIOMIUIKHA BIMIpIOBAaHHS i TIPO
¢inpTpanito 3MiHHIX ITapaMeTPiB CUTHATIB,

- MarTu YSBJIEHHA NPO OCHOBHM NOOYIOBH pamiONIOKALIHHUX CHCTEM;
METOJM 1 TPWIAAH BUMIPIOBAHHS NAIBHOCTI; METOAW 1 MpHiaau
BUMIPIOBaHHS KYTOBUX KOOp/AWHAT;
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3HaTH OCHOBHI Teopii mepenaui iHdopmanii; OCHOBHI 3ajadi Teopii
iHpopMarlii; MpPOIyCKHY 3MATHICTh JUCKPETHHX 1 HENEepepBHUX
KaHaJliB.

besnposionum  mexuonoziam — nepedaui  danux — xapakmepHe

Hacmynue:

IIUpOKAa CMyra IpPONMYCKaHHS. 3aCTOCOBYBaHI B CYINyTHHKOBHX
CHCTEMax CHUTHAJHM i YaCTOTH HO3BOJIAIOTH 3a0€3ICUUTH Hepenavy He
JIUIIe MOBHOI iHpOpMAILIii, aje i makeTHy nepeaady AaHUX 3 BITHOCHO
BHCOKOIO MIBUIKICTIO;
MOJKJIMBICTh BU3HAYCHHS MiCIICTIOIOKEHHS (KOOPIMHAT) CIIOKUBAYIB;
MaJia iIMOBIpHICTb IIOMUJIKH Tlepeaadi qanux. I1pu nndposiii nepenayi
JIaHUX, 3aCTOCOBYBaHOI B 0€3MPOBITHUX CUCTEMAX, BUKOPUCTOBYIOTHCS
e(eKTUBHI QJITOPUTMH BHSIBJICHHS 1 KOPEKLiT TOMUIIOK;
CTIiKi BUTpartu. Bapricte mepenaul JaHuX 3a OJHUM 3’€THAHHIM
3a3BMYail He 3aJeKHUTh BIiI BIACTaHI MDK MepelaBalbHOIO 1
npuiiMaodoro 3eMHUMH craHuisMu. KpiMm Toro, 6e3mpoBinHi cucremu
3a3BHYail MUPOKOMOBHI 1 BapTiCTh Iiepeadi 3aUIIAETHCS HE3MiHHOIO
ipu 301IBIICHH] YnCIIa IpUHMaroYuX aOOHEHTIB.

Pazom 3 1M, HEOOXiTHO BiA3HAYUTH PsIl 0OMEKEHb, XapaKTePHUX

JUTs OE3TPOBITHIX TEXHOJIOTIN Iepenavi JaHuX

TNioBincsKa MoniTexHika TlyusKnil HayjoHansHIi TexHidHIi yHiBepCHTET
8yn. HagBucTwinyea 4A, kaGiker 1001 ayn.lesiecska, 75, Kabiner 12,
20501 Tliobniw, Monswa TMywsK 43018, Vipaina

HEOOXIOHICTP 3aXHUCTy BiI HECAHKI[IOHOBAHOTO OOCTYIy [0
iHpopmarii. IIupokomMoBHHMI XapakTep mnepenadi IaHUX JO3BOJISE
Oynp-sKiii 3eMHOI CTaHIii, HAJAIITOBAaHOI Ha BIJMOBIIHY YacTOTy,
OTpUMYBaTH TpaHCiboBaHy iHpopMmarioo. UludpysanHs curnamis
HalJacTille JOCUTh CKJIAgHE, 10 JO03BOJISE 3a0€3MeUnT X HaMiiHui
3aXHCT Bijl HECAHKI[IOHOBAHOTO JAOCTYITY;

BKpail cmabkuil CcWrHam, IO JOXOAWTH A0 3eMHOI craHmii (Io
0OYMOBJICHO BEIIMKUMH BIACTAHAMH Ta OOMEXKCHICTIO IOTYKHOCTI
mepeaaBaya) 4YacTO BHMAara€ 3acTOCYBaHHS CKJIQIHHX METOMIB
KOAyBaHHS Ta 00pOOKH;

PpO3MipH 3eMHUX CTaHIIN 3a3BUYail OiIBIIE, HIXK PO3MIPH aHAJOTIYHUX
CTaHLill B iHIIMX cUcTeMaxX 3B’s3Ky (HamNpHKIAA, CYNYTHUKOBHH
TeneoH 1 3BuYaliHMI cTinbHEKOBUE Tenedon). Ile oOymoBieHO
CKIIQJHICTIO amapaTypyd Ta HEOOXiTHICTIO 3aCTOCOBYBAaTH BiTHOCHO
BEJIMKI aHTEHU 3€MHUX CTaHI[IH;

3HayHa 3aTpuUMKa. Benmuki BifcTaHi Bij 3eMHOi CTaHINi 10 CyIyTHHKA
NPU3BOJATh JI0 3aTPUMOK TIOIIMPEHHS CHUTHANy, SIKI JIOCATaoTh
BEJIMYMHH B YBEPTh CEKYH/IH.
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P i el |
TEMA 1. OCHOBHI IIOHSTI IIPO CUTHAJIA

1. 3aranbHi NOHATTA Npo nepegavy indopmanii

Cuctemu 3B’A3KY, TEJIEKOMYHIKaIi{ Ta
iHpopmamiiiHa Oe3neka TEICKOMYHIKAiHHUX CHCTEM € B
MAaHWKH dYac OMHI€I0 3 Taimy3eldl HAyKH 1 TEXHIKH, sKa
HaWOIMBII ~ JOCHTH IIBHAKO PO3BUBAETHCA Ta  BIOCKOHAIIOETHCS.
BesnepepBHO 3pocTae motpeda B mepenadi pi3HIX NOTOKIB iH(popMartii, mpu
IFOMY TOBHHHa 3a0e3MeYyBaTHCh IUTCHICTh NepenaHoi iHdopmamii i
HEepiaKo KOHQIAEHIIHICTh Iepenadi.

Iepenaua indopmarlii € HaWBaXJIUBIIIMM 3aBJaHHSIM B CHCTEMax
3B’SI3Ky,  TEJEKOMYHIKallili, —KOMIT'FOTEpHHX  Mepexax, TenedoHii,
HaBITalifHUX Ta BUMIPIOBAJIbHUX CUCTEMAX 1 T.JI.

Cepen cucteMm mnepemadi iHdopmarlii ocoOMUBe MicIe 3alMaroTh
CYNYTHHKOBI CHUCTEMH, $Ki 3a0€3Me4ylOTh OXOIUICHHS MAYKE BEIHMKUX
TepuTopiil (ax 10 riobaspHOro 3abesneyeHHs 1HOOPMALIHUM 3B’SI3KOM
abo HaBiramiiiHuMm), ane BiJPI3HSIIOTHCS JOCHTh BHCOKOK CKJIAHICTIO
KOH(piryparii Ta GyHKIIOHYBaHHS.

VY Teopil iHpopMmamii Ta mepenadi CHUTHANIB WX IHpopmauicto
PO3YMIIOTh — CYKYITHICTh BIIOMOCTEH Mpo SKi-HEOyAb TMOmii, MpoIlecH,
SIBUIIA, IO PO3IIIINAIOThCA B aCMEKTi iX mepemadi B MPOCTOpi 1 B daci.
[ndopmarnito nepeaaroTh y BUTIISII TOBIIOMIICHD.

Iudopmariss Moxke OyTH IBOX BHIIB: Ouckpemua (uyugposa) i
Henepepena (ananozosa).

Henepepena ingoopmayis — 1ue paHi, 10 OJEpKaHi IpH
HEMEPEepBHOMY 3a YacoM TpoIleci 3MIHIOBaHHA JI€SKOi BHIIAJKOBOI
BEJIMYMHH 1 OIIMCYIOThCS HETIEPEPBHUMH (2HAJIOTOBUMH) (DYHKIISIMH.

Juckpemna inghopmayis — e nupoBi daHi, OJlepKaHi Y pe3yIbTaTi
KBaHTYBaHHS (JMCKpeTH3allii) HemepepBHOI BEIMYMHHU 3a 4acoM, PiBHEM
a0o TuM 1 iHmMM omgHOYacHO (puc.l.l). luckpetHy iHpOpMaIito 30epiraTu
i 00poOmsT; HabaraTo TMPOCTIIE, OCKUIBKA BOHA SBISIE COOOIO
MOCTITOBHICTh YHWceN. Y [BIMKOBI CHCTEMi YHCICHHS TUCKPETHA
iH(pOpMaIis sBiIsLe co00r0 mocminoBHicTh 0 Ta 1.

3a HaliMeHIy OJUHHMIII0 €MHOCTI nudpoBoi iHpopmarlii 6epyTs bim
(bit, binary digit) — omny mosumito s aBilikoBoi Udpu. CkiaaeHi
omununi: 1 K6 =210=1024 6; 1 M6 =2%=10°6; 1 I'6 =2%=10%6;1 T6 =
290= 10" 6; 1 116 = 2°°= 10% 6.

Jnis mepeBeieHHS HeTIlepepBHOi iH(OpMaIlii B JUCKPETHY 1 HABIAKH
BHKOPHUCTOBYIOTBCS ~ CIIEI[iallbHI MPHCTPOi  MOAYJIALIT/AEMOIyIAmil —
modemu. lIBunxicte mepemadi iHpopMmauii BUMIpIOETbCS B KITBKOCTI
Nepe/laHnX 3a OAHY CEKYHIy OiTiB — #odax (baud): 1 600 =1 6im/c (bps).

[Mpuctpiid, mo peani3oBye Npolec AUCKpETH3alii HenepepBHOTO
CUTHAJTY, HAa3UBAETLCS AHAI02060-Yudposum nepemeoprosauem (AL[I).
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Yacrora, 3 sikoro ALl mpoBoaUTh BUMIpH aHAJIOTOBOI'O CHTHAJTY 1 BHIA€E
foro nMGpPOBI 3HAYCHHS, HA3HBAETHCS UYACHOMONW OUCKPemu3auii.
[lpuctpiid, 1m0 IHTEPHONIOE JUCKPETHUH CHI'HAl Yy HENepepBHUM
HA3UBAETLCA YUPPO-AHAN0208UM NEPEMEOPIOSATEM.

1 AHarnoeosull cueHarn

S(t)

—

ﬂuéerb?uscgteaf-éuﬂ

Puc 1.1. Buaun indopmanii

UuMm BHINA YacTOTa JUCKpETH3allii, TMM TOYHIIE TepeBeAeHHs
HemepepBHOi iH(opMaIii B TUCKpeTHHH curHai. [Ipore i3 3pocTaHHAM
YaCTOTH 3POCTA€ 1 PO3Mip JUCKPETHHUX IAHUX i, OTXKE, CKIAIHICTh IXHBOTO
00po0OIeHHS, TIepenadi i 30epiranHs.

[pu Bcix AKICHUX BIIMIHHOCTSIX MiX HETEPEPBHOIO 1 JUCKPETHOIO
BEJIMYNHAMHU ICHYE WITKHH 3B’S30K, BCTAHOBIIIOBAHWH Mmeopemoro
ouckpemuszauyii Lllennona-Komenvnuukosa.

Hx 6i00M0 3 8iON0GIOH020 PO30INYy MAMEMATNUYHO20 AHANIZY, 6)0b-
aka Henepepena @yuxyis S(t) mooce Gymu po3knadenoio Ha CKiHUeHHOMY
npomisxcky 6 pao @yp’e. Cymb yb0o2o po3KiIA0aAHHL NONAAE 8 MOMY, U0
Qynxyis nooacmvcs Yy uenadi cymu  psady CUHycoio 3 pisHUMU
amnaimyoamu i ¢pazamu, i 3 kpamuumu uacmomamu. Koegiyicumu
(amnaimyou) npu cunycoioax Ha3ueamMvcsi CREKmMpom Gynxyii. V enadkux
@yHryil cnekmp weuoko cnadae (i3 3pOCMAHHAM HOMeEpa Koe@iyieHmu
WBUOKO NpsAMYIOmyb 00 Hyns). [na weuoko 3MiHIGaHUX QYHKYIU cnekmp
cnaoae nogoui, OCKIIbKU 6 CYyMI 2APMOHIYHO20 psidy MAaKux QYHKYil
nepesascaioms CUHYCoiou 3 6UCOKUMU HACTNOMAMU.

Bsascaemovca, wo cuenan mac odmexncenuii cnekmp, AKuwo nicis
neeHo20 Homepa 6Ci Koeiyicnmu chekmpy npamyloms 00 HyaA. IHwumu
cno8amu, HAa 3a0aHOMY NPOMINCKY YACY CUSHAL NOOAEMbCA Y 6Unaoi
cKinuennoi cymu psaoy @yp’e. B yvomy eunaoxy eosopsimv, wo cnexkmp
CUSHATLY 3HAXOOUMbCS HUJICHE 3a ZPAHUYHY yacmomy fu, Oe Tu - vacmoma
CUHYCOIOU NPU OCIAHHLOMY HEHYIbOBOMY KoediyicHmi.

Mpoexr IPBU.03.01.00-06-386/11-00 MI-HTY TpaHckopaoHHuii 0mik aocaiaom Mporpanit o n Binop paina 20072013
33 KowTH € i Coloay & panax Eaponei Cyciactea a MNaptHepcTea

Kepienuk npoekty: Napep npoexty:

TNioBincsKa MoniTexHika Tlyyorai Haujonaneii Texwiviti yhisepcier < ke
8yn. HagBucTwinyea 4A, kaGiker 1001 eyn.lssiscera, 75, Kabiner 12, g #
20501 Tliobniw, Monswa Ty 43018, Yipaia & e\ 0

uy lyu ¢ 7
Ten. +48 81538 4112, +48 81538 4579; dhakc +48 81 538 4220 Ten. +380 332 746 118; caxc +380 332 746 103 >
e-mail: PLLNTU@pollub.pl e-mail: pintu.cbc@gmail.com

5



PL-BY-UA ChiachiHaHCOBAHO 32 PaXYHOK KOWTiB
507-2013 €aponeiicsoro Coloay

Teopema ouckpemusauii GOPMYITIOETECS TaK:

Henepepsna ingpopmayia S(t) 3 oomescenum cnexkmpom, moomo maxa,
WO MA€ 8 CBOEMY CHeKmMPI CKAA008I 3 4ACMOMAMU, WO He Nepesutyioms
0esiky MakcumanvHy yacmomy cnekmpy fu,, nosmicmio eiomeoproemocs
nocrioosuicmio eionikie S(ti), yszsamux 6 Ouckpemmui momewmu uacy 3

inmepeaiom T < ——.
2fm

Cnonyuennam Ha3WBAIOThH iH(pOpMAIIiIO, BUPaKEHY B IEBHIH (opmi
Ta TpH3HAYEHY U Tepedadi Bix mxepena 1o azapecata. llpuxmamamwu
MOBIIOMJICHb CIIy’)KaTh MOBa, TEJCBi3ifiHE 300pa)keHHs, MaHI HAa BUXOII
0o0YHCITIOBAILHOT ~ CHCTEMH, KOMaHAM B CHUCTEMI aBTOMAaTHYHOTO
YIPaBJIiHHA 1 T.1.

[oBimoMIIeHHS TIEpEAAlOTh KaHajamMu (JIiHIAMH) 3B’s3KY 3a
JIOTIOMOTOI0 CUTHAJIB, sIKi € HocissMu iHpopmanii. OCHOBHMM BHAOM
CUTHAJIB € EJIEKTPUYHUN CUTHAI, MPOTEe, IIHUPOKOTO IMOLIMPEHHS HaOyIH
TaK caMo ONTHYHI CUrHaIH. ONTHYHI CHTHAIN HE MOXKYTh 3aCTOCOBYBATHUCS
B CYNyTHUKOBUX CHCTEMax I IepeAaBaHHs iHpopmalii B riaodansHOMY
MacmTabi (Tak sSK BHMAararoTh HASBHOCTI BOJIOKOHHO-ONTHYHOI JIiHIi
3B’5I3Ky), ajJ€ MOXYTh BHKOPHCTOBYBATHCS Ul 3B’SI3KIB OKPEMHX BY3IIB
a0o OJoKiB cucTeMH (HampuKIam, I [IHPOKOCMYTOBOi Iepenadi
iHpopMallii B HA3eMHOMY CEIMEHTI CYIIyTHUKOBHX HaBIralliiHUX CUCTEM) .

Ilig 36 ’s3K0M y HaW3araibHIIIOMY BHIAJKY PO3YMIETHCS mMepeaada
indopmariii Bij BignpaBHHKa (pKepesia) m0 onaepkyBauya. Hamam Oymemo
pO3MIISIaTH TUIBKK €JEKTPO3B’SI30K, MpH sIKOMY INepenada iHpopmarii
3MIACHIOETBCS €JIeKTPUYHUMH curHasamMu. CTOCOBHO 0 3B S3KYy IIij
iHpOpMalli€l0 PO3yMilOTH Ti BiIOMOCTI, sIKI € 00’€KTOM mepenaui,
nepepoOku 1 30epiranHsa. Came MOHATTSA iHpOpMamii HEBIIIIICHO Bif
TIOHATTS! CUCTEMHU, HAIIPUKIIAZ, YIPaBIiHHA a00 3B’A3Ky. 3aCTOCYBaHHS /10
TaKAX CHCTEM iH(popMamii € He IO iHIIe, SK MaTH BiJOMOCTi PO 00’ €KT
yHpaBiIiHHA a00 3B’SI3KY, SIKi YKIaJIeH] B IIepeJaHOMY TIOBiTOMJICHHI.

Cnonyyennam Ha3UBaIOTh CYKYITHICTh BIZIOMOCTEH PO CTaH JIESIKOTO
MaTepiabHOro 00’ekTa. 1100 HamicnaTH NOBIMOMJICHHS Ha BiJCTaHb
HEOOXiTHO 3acTOCyBaTH SKWH-HEOyAb (i3WUHMil mpomec, B 3MiHi
mapameTpiB skoro Oymo 0 ykiageHo moBigoMieHHS. I[IpucBsueHwW 10
Takoro BUIY (i3MYHUN TPOIEC 1 HA3WUBAETHC cucHaiom. TakKuM YUHOM,
mepenada TMOBiOMJIEHb Bil BiANpaBHHKA (JpKepena) N0 OjepxyBada
3MIHCHIOETHCS 332 JIOMOMOTOI0 CHUTHANIB, SIKIi € MaTepiaIbHUIMH HOCISIMU
iH(popMarii B cucTemi 3B’ 53Ky .

Kananom 36’a3xky (xaHajoMm nepejadi) Ha3WBA€TbCS CYKYITHICTh
TEXHIYHMX 3ac00iB Ta cepepoBHIa PO3NOBCIOKEHHS, 3a0e3neuyBaTH Npu
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IIKJIFOYeHHI a0OHEHTCHKUX KiHIIEBUX INPHUCTPOIB Mepeaady MOBiIOMIICHb
BiJl JoKepena 10 ojepkyBaua. KaHan 3B’S3Ky B 3aJIe)KHOCTI BiJ BHIY
NepelaHuX TIOBIIOMJIIEHb MOXE Ha3uBaTuCs Tele(OHHHUM, TelerpadHuM,
TEJICBI3IHHUM Ta iH. Y HOro CKiaj BXOJWTH JIiHIS 3B 3Ky, SIKA 1 SIBISIE
coboro0 cepenoBuie NomupeHHs curaaiiB. Lle moxxe Oyru abo mpoBigHA
miHiA (mapa TpoBOAIB, Kabenb, XBHIEBiA), abo pamiomiHiA. PamiomiHis
BKITIOYa€ B cebe 3aco0u pamiosB’s3Ky, a TaKOK 00J71aCTh IPOCTOPY, B IKOMY
TTOMIMPIOIOTECS PaIiOXBUIIL BiJl IIepeaBaya 10 mpuiMava.

Cucmemoro 36’s3Ky (CHCTEMOIO Tiepenadi) Ha3MBA€THCSH CYKYIHICTH
TeXHIYHHX 3ac0o0iB 1 cepemoBWINEG TOMMPEHHA, IO 3a0e3medye
(hopMyBaHHs KaHAJIIB 3B’SI3Ky 1 epeiauyy HUMHU Pi3HOTO BULY ITOBiZIOMJICHb
Mik aDOHEHTaMH.

VY camoMy 3araibHOMY BHUINAJIKy clucmema 36’a3ky — Ii€ 4acTHUHA
CHUCTEMH VIIPABIIHHA, LIO MPEACTaBIsAE COOOK OpraHi3aIliifHO-TeXHIUuHE
o0’emHaHHs cwi1 1 3aco0iB  3B’A3Ky, IIpuU3HayeHa Ui OOMiHY
MOBIMIOMJICHHSAMH MiX aboHeHTamMu. AOOHCHTOM MOKe OyTH JIFOIWHA,
aBTOMAaT,  C€JIEKTPOHHO-OOYHMCIIOBaJbHA  MamMHAa 1 T.OL, IO
BHKOPHCTOBYIOTh B KiHIIEBOMY a0OHEHTCHKI MPUCTPOi THITY Tele)OHHHX i
Tesierpa)HUX anaparis, TUCIUIEIB, TepeaBAIbHIX KaMep B TeJieOaueHHi.

Haii0inpm 1oporor0 YacTHHOKO CHCTEMH 3B’SI3Ky 9acTO € JIiHIA
3B’sI3Ky (32 BHHATKOM BHITAJKiB, KOJHU JiHiS 3B’S3Ky — BUIBHHHA MPOCTIp),
TOMy Il HaMararOTbCsi BHMKOPUCTOBYBaTWM HaWkpamuMm 4uHOM. lle
JocsiraeThess abo 30UIBIIEHHSM MIBUAKOCTI Iepeiadi, abo THMYacOBOO
nepenayero 1o JiHii JeKiIbKOX He3aleXHHUX MOBiIOMIIEHb. B ocTaHHBOMY
BUIIaJIKy CHCTeMa 3B’SI3Ky Ha3MBa€ThCsl OararokaHanbHOwo. Taka cucrema
BUMarae CreuiajibHOT KaHaJOCTBOPIOKOUOI amaparypu [uisi (opMyBaHHS, a
MOTIM PO3JUICHHS CUTHAJIB IOBIOMJIEHb Ha HPUIMANBHIA CTOPOHI 3a
JEeIKAMH O3HakaMu (YacTOTHMM, 4YacoBMM Ta iH.). Byzap-sika cucrema
3B 513Ky XapaKTEpU3YETHCS KUIBKOMA IOKa3HUKAMH, TOJOBHUMH 3 SKHX €
MIPOIYCKHA 3/IaTHICTh, JOCTOBIPHICTH ITepeaadi i 3aBaIOCTiHKICTh.

Ilponyckna 30amuicmy XapaKTepU3ye MaKCUMaJbHY IIBHIKICTH
nepenadi iH(opMarii, sska Moxe OyTH ITOCATHYTa 32 YMOBH, IO KaHAI
3B’513Ky HE BHOCHTB CIIOTBOPEHD i IIOMUIIOK.

Jlocmosipricms nepedaui BU3HAYAETHCS CTYNEHEM CIIOTBOPEHHS
CHUTHaly, TOOTO THM, HACKUIBKM TPHUHHATHA CHUTHAl BiANOBimae
nepesaHoMy Homy.

3asadocmivikicmy ~ XapakTepu3ye 3IaTHICTh CHCTEMH 3B SI3KY
MIPOTUCTOATH IIKIJUIMBIN /il MEPEIKOo] PpH Mepeaadi MoBiJOMIECHb.

[loBimomieHHsA, MO0 MUIATAIOTh TEepefadl 10 KaHaly 3B S3KY
MOXYTb OyTH Oe3nepepBHHMH (aHAJIOTOBIMH) a00 JUCKpeTHUMU. B sikocTi
Oe3repepBHOTO TOBIIOMJIEHHSI MOXXE BHUCTYNAaTH MOBA, 3BYKOBHH THCK,
SICKPaBICTh CBITIHHA 1 T.J., SKi 3MIHIOIOTH CBOi 3HAYCHHS B MEBHOMY
Jiana3oHi Ha TeBHOMY iHTepBaii uacy. IlOBiIOMIIEHHS Takoro THILY
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PL-BY-UA ChiachiHaHCOBAHO 32 PaXYHOK KOWTiB
507-2013 €aponeiicsoro Coloay

NIepETBOPIOIOTHECSL B KIHIEBUX a0OHEHTCHKMX HPUCTPOSIX B €IEKTPUYHUIM
NEepBUHHUIM curHan. Ha HeBenuwki BifcTaHi TakuWil CHTHaJI MOXe
nepeaBaTucs Oe3rmocepeaHbo JiHisIMH TenedoHHOoro 3B°s13Ky. [IpoTe, sKIo
BiZICTaHb 3HAYHA, 110 XapaKTepHO Ul CYIMYTHUKOBUX CHCTEM, TO CHI'HAI
HEOOXiTHO NEepPEeTBOPHUTH B BHCOKOYACTOTHHH CHTHaN (paIiOCHUTHAIN).
[eperBopenns OesmepepBHOTO moBimomieHHs A (t) y Bimeocurnan U (t), a
MOTIM B BHCOKOYACTOTHWI curHanm S (t), imrocTpyeTbes Ha puc. 1.2.
HeoOxigHO Bim3HAUWTH, IO HE 3aBXKIOW JAWCKPETHI IIOBiTOMIICHHS
TIEPETBOPIOIOTHCS B AUCKPETHI CHTHANH, a Oe3lepepBHi MOBIIOMIICHHS — B
HeTlepepBaHi CHUTHaJIH. B 3aleXHOCTI Bi KOHKPETHHX YMOB MOXYTb
3aCTOCOBYIOCS Oy/b-5IKi BapiaHTH NEPETBOPEHHS MTOBIJOMJICHb y CUTHAJIH.

TloEimonIIeHHSA Bineocuraan PamiocHrHAT
ult) 206
At - - -
( :I t t
ult) 4 S0

|
1
|

Al

Puc. 1.2. TlepeTBOpeHHs CUTHAIB

[lepenane moOBiMOMIICHHA IUIIE TOAI Hece iH(OpPMAILO, KOIH
BimoOpakae BHIAAKOBY Tmomifo. ToMmy 1 curHam, mo BigoOpaxkae
MTOBITOMJICHHS, HOCUTh BUTIIAJIKOBUI XapakTep. 3poOiicHe 3ayBaKeHHS Ma€e
BeJIMKE 3HAYCHHS B Teopil mepenadi mopimomieHb. CrpaBa B TOMY, IO B
npoleci nepeaayi Ha CHrHal JIOTh PI3HOTO POJY MEPEIIKOIH, SIKi TaKOX
HOCATh BHIIQJAKOBHUH XapakTep. A pa3 Tak, TO NPUIHATHH CUTHAJI HE B
noBHiit Mipi Oyne Bimnosizati mnepeaaHomy. CTymiHb BiJIOBIAHOCTI
MPUMHATOTO TIOBIJIOMJICHHS TE€PEIaHOMY XapaKTepU3ye TOCTOBIPHICTH
nepemadi. 3po3ymisio, mo a8 il MiABHIICHHA HEOOXiTHO TPHHMaTH
CrieliaibHi 3aX0JH, 3a MOJMKJIMBICTIO BHUKJIIOYAIOTH Aif0 mMepemkoAd. Jlms
LBOTO MOTPIOHO YITKO 3HATH, SIKi MApPaMETPU CHTHAITY € OCHOBHHMH i SIKOIO
¢dyHKIi€l0 MOXHA omucatd iH(QOpMamiiHWH CHUTrHAN, SKUH caM HOCHTh
BHIIAIKOBUH XapakTep.

Bynp-sikuii  curHam, mo TpeacTaBisie coOOK MIHIMBY B 9aci
BEJIMYUHY, MOXE OYTH OIMMCAHHUU JIESTKO (YHKINE Jacy. [lyxe BaXIUBO
IIPH OTIKCI CUTHAITY BUIUIATH Ti HOTO IMOKA3HUKH, SKi € TOJOBHUMH 3 TOYKU
30py YMOB HOTO mepeaayi.
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PL-BY-UA ChiBchiHaHCOBaHO 32 PaXYHOK KOLITIB
Go7-2013 €aponeiicskoro Colozy

VY teopii 3B’A3Ky TaKUMHU 2OJNOBHUMU NOKASHUKAMU CUSHATLY
NIPUIHATI HACTYIHI HOTO TTapaMeTpH:

- TPUBAJIICTH CUTHAIY;

- TUHAMIYHHH iala30H CUTHAIY;

- INPYHA CIEKTPY CUTHAIY.

Tpusanicme cuenany BU3HAYa€ IHTEPBAN 4acy iCHYBaHHS CHUTHAIY, a
3HAYHTB, 1 4ac 3alHATOCTI KaHAJY Iepenadi CHCTEMH 3B S3Ky.

Junamiunuti Oianazon BU3HAYAETHCSA BIJHOIICHHSIM HaWOUIBIIOT
MOTY>KHOCTI CHTHAITy MO HaliMeHINOi. BiH BUMIpIOETBCS JOTapUPMITHOIO
Mipofo i BupakaeTbes B nermbenax (nb). HaiimeHma moTyxHiCTh curHaIy
BUOUPAETHCS TaKolO, 0O BOHA HE MEPEBUIYBAJA MOTYKHICTh MEPEIIKO/.
Ha npakrtuiii mmpoKo BUKOPUCTOBYETHCSI TAKHH MMOKA3HUK, SIK BIHOLICHHS
MOTYXHOCTEH CUrHajy i nepemikoau. TakuM YHHOM, AMHAMIYHU Jiarna3oH
XapaKTepu3ye MaKCHUMajbHY MOTY)XXHICTh CHI'Hally, ajle He aOCONIOTHY, a
BiJIHECEHY 0 MOTYXKHOCTI TIEPELIKON.

Ulupuna cnexmpa cuenany XapakTepu3ye NIBUIKICTh 3MiHH CUTHAILY
Ha iHTepBami #oro icHyBaHHs. IllupmHa CcHeKTpy pi3HEX CHTHAIIB
BIIPI3HSETBCS JOCUTH CYTTEBO. JIesAKi CHTHAIM MAarOTh HECKIHUCHHUH
cnextp. Ha mpakTuni mmpuHy criekTpa OyIb-sIKOTO CHTHAIY OOMEXYIOTh
CMYTOIO0 9acToOT, B SKiii 30cepemkeHa Horo ocHoBHa eHepris. Lleit ¢akt €
Iy’K€ BaXXJIMBHM, OCKIUIBKM CMYTa IPOMYCKaHHSA YacTOT PI3HUX KaHANIB
3B’SI3KYy ICTOTHO 3aJISKUTh BiJl TUIy BUKOPHUCTOBYBAHOI anapaTrypH Ta JIiHii
3B’s3ky. Tomy He Oynb-fKH CHUTHAl MOXHA MepenaBaTd Oyab-sSKAM
KaHaJioM 3B’s3Ky. OTxe, 0OMEKEeHHS CIIEKTpa CUTHAIY TEXHIYHO BHTiJHO.
Ilpn UBOMY TOJOBHMM KPHUTEPIEM NPH OOMEKEHHI IIUPUHU CIHEKTPY
3a3BHUYal € IOMyCTHMI CIIOTBOPEHHS CUTHAITY.

[ToniGHO curHamy, KaHaj 3B’SI3Ky TaK caMO MOXKHA OIUCATH TPphOMa
rapaMeTpamu:

- TPHBAJICTb Nepenadi;

- IWHAMIYHUH Iialla3oH,;

- HIMpUHA CHEKTPYy (EMHICTH KaHay).

OmHak, A7 KaHally 3B’SI3Ky Il MapamMeTpu MOXYTh OyTH He
MOCTIHHNMHA. PO3pI3HAIOTh KaHamW 3B’s3Ky 3 TOCTIHHAMH 1 3MiHHUMH
rapameTpamH.

Jlo xaHaliB 3B’S3KYy 3 ROCMIlHUMU NnApaMempamu BiTHOCATHCS
MpOBiAHI ~ KaHamM  mepemadi 1 JeAKi  KaHauMm  Pagio3B’sBKy
YIIBTPAKOPOTKOXBHIILOBOTO JiaMa3oHy.

Jlo kaHamiB 3B’S3KY 13 SMIHHUMU napamempamu BiTHOCATHCS
MIPAKTUYHO BCi KaHANMM pajio3B’si3Ky (y TOMY YHCIi BHKOPHCTOBYBaHI B
CYNYTHUKOBHX cHcTeMmax). Lle BHMKIMKaHO TuM, IO 0OJIaCTh BIUJIBHOTO
MIPOCTOPY, B SKOMY IOIIHAPIOIOTHCS CICKTPOMATHITHI XBHIII, 3MIHIOE CBOL
MMOKA3HWKK TiJl €0 30BHIMIHIX yMOB. TOMy CHTHal Ha BHXOMi KaHAIy
panio3B’si3Ky BeCh Yac BHIAJKOBHM UYHHOM 3MIHIOETBCSI 32 DPIBHEM B
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LIMPOKKUX MEeXax. 3BIJICH BUILIMBAE, 110 KaHAT Paio3B’sI3Ky 3HAXOJUTHCS B
OiJBpII BaXKKMX YMOBax y BIIHOIIEHHI J0 KaHaly MMPOBOIOBOTO 3B’S3KY i
TaKUi NOKa3HMUK, SIK IOCTOBIPHICTh Iepeaayl y KaHalli pa/iio3B’ 13Ky HUXKYE.

2. CurHamm i mepemikoam — K Hocii iHpopmanmii.
XapakTepuCTHKH i Moaei cMrHAJIB i mepemkoa

VY Haii3aranpHIOIOMY pO3yMiHHI iH(poOpMamis — Iie NepeaaBaHHS,
BiOOpakKeHHSI TIEBHOTO Pi3HOMaHITTS. B Teopii iHpopmarii iHpopmarmito
pO3TILINAIOTh K KUIBKICHY Mipy YCYHEHHS HEBH3HAUEHOCTI, IO
3MEHIIYETHCS Y PE3YJIbTaTi OTPUMAaHHS SIKUXOCh B1JIOMOCTEH.

Otxe, iHghopmauin — 1e O00’€KTUBHO ICHYIOUHH 3MICT, SIKHI
XapaKTepU3ye CTaH i MOBEIIHKY MEBHOI CHCTEMH 3arajioM abo ii oKpeMux
€JIEMEHTIB Ta 3MEHILY€ CTYMiHb HEBU3HAYEHOCTI Y MpOIleci Horo mi3HaHHS i
nepepooOku. [HdopMmarrist mpoTHIIeKHA HEBU3HAYCHOCTI.

Kooysanna — nepeTBOpeHHs iHpOpMalii Ha BIOPSAKOBAaHHUIA HaOip
CHUMBOJIB, €IEMCHTIB, 3HaKiB. [Ipr KOqyBaHHI KOKHOMY IOBIIOMIICHHIO 3
JIesIKOT MHOXKHHH, 110 Ha3UBAETHCS AHCAMOIEM NOBIOOMIIEHb, CTABUTHCS Y
BIINOBITHICTE 3yMOBJICHA K0006a KomOiHayia — Halbip CHUMBOIIB
(ememeHTIB, 3HaKiB). MHOXXHHa TOBIIOMJICHb HAa3UBAETHCSA aighasimom
nogioomneny, abo HepeuHHUM anasimom, a MHOXUHA CHMBOIIB
(eneMeHTIB, 3HAKIB) HA3UBAEThCS aighagimom oOxcepena, abo 6MOPUHHUM
angpasimom. TloOynoBaHa BIAMOBIMHO 0 TIEBHOT CXEMH KOJyBaHHS
MHOXMHA KOJOBUX KOMOIHAIili Ha3UBAETLCI KOOOM. 3alIe)XHO Bif
andasity, 10 BUKOPUCTOBYETHCS JUIs MOOYIOBH KOJOBUX KOMOIHAIIiMH,
PO3pI3HSIOTE 06iiikoei (Ginapni) Koou, aadaBiT SKUX CKIAJAETHCS 3 JBOX
cumBoniB: 0 i 1 i Heosiiikosi (6azamonosuyiini, q-xkoou), andapit sKUX
MICTHTB OUTBINTY KUTBKICTh CHMBOIIIB.

3a ¢QyHKIiOHANIPHMM  TPU3HAYEHHSIM KOAM  TOAUIAIOTH  Ha
oe3naomipui  (nexopuzysanvni, nepeunni, npocmi) 1  Haomipui
(kopuzysanwvni, 3asadocminki). Tlepmia rpyna KOIB MpU3HAYCHA JUIS
eKOHOMHO020  KoOyeannsa  ingopmauyii  —  cmucuennsa. Jpyra
BUKOPHCTOBYETBCSl [UIsi BHSIBJICHHS Ta/4d BHIPABICHHS [OMMIOK, IO
BHHUKAIOTH Y MPOLIEC] Tepeaadi JaHUX KAHAI0M 368’ A3KY i3 3aeadamu.

Komun wmoxyTts OyTu pisnomipnumu 1 HepieHOMipHUMU — 3
MTOCTIMHOIO 1 3MiHHOIO KiTBKICTIO PO3PSIIIB.
Kanan 36’a3xky — 1e cepemoBumie mepenadi iHdopmarii, mo

XapaKTepU3yeThCSI MAKCHUMAJIbHO MOXJIMBOIO JUIS HBOTO IIBHAKICTIO
nepeniadi 1aHUX — BPORYCKHOIO0 30amHuicmio, ado eMHICIIO KaHAITY.
[MpomyckHy 371aTHICTE KaHATY 3B’3Ky 0€3 IIyMy MO)KHa HaOIMKEHO
o0YnCIUTH, 3HAIOYM MaKCUMaJbHY 4YacTOTy XBHJIbOBHUX MPOIECIB,
JIONTYCTUMUX y IbOMY KaHajl. BBaxkaeTbcs, 0 MIBUAKICTH MEepeaadi TaHuX
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PL-BY-UA ChiBchiHaHCOBaHO 32 PaXYHOK KOLITIB
el €aponeiicskoro Colozy

MoOyKe OyTH He MEHILE 1i€l 4acTOTh. TUIOBI KaHaJM 3B’ S3KY: TelerpadHu,
Tesle)OHHMHM, ONTOBOJOKOHHHMH, wLudpoBuii Tenedonnumit. Haitbinbi
nompeHi TenedoHHi JiHII 3B’SA3KY, A SKUX JOCSATHYTa IIBUJKICTH
nepeayi nanux, >50 K6oo.

Ilym — 1ie 3aBajyl B KaHAIi 3B SI3KY.

[Hdopmamis, mo mepenaeTbess KaHAJIOM 3B’SI3Ky a00 BHTATYBaHA B
pe3ynpTaTi  BUMIpIOBaHHS, po3MimeHa B curHam. Jlus  omiHKEM
iHghopmayiinoi emxocmi CUTHAIy TIOBHHEH OYTH BCTaHOBJICHHH 3B’S30K
MiX MapaMeTpaMy CHTHAITy i KUTbKicTIO iH(opMaIllii, IKy MOKHA IepelaTH
3a JONOMOTOI0 JAHOTO CHTHAITY.

V3araipHeHa cXeMa CHUCTEMHM INepenadi iHpopmamii mae Takuid
Bursia (puc. 1.3).

I I

BxigHa Koaep i Koaep MopynsaTop | |
imbopmauis [ P|  mwxepena T’ kanany [ |
| |

| Hugpposa + I

|CucmeMa Kanan |

| 383Ky 3B'AI3KY |

| v |

BuxigHa Lexkonep ! Lexkonep OemonynaTop :
iHbopmauis [* mxepena 4':‘ KaHany I
i |

Puc. 1.3. Cxema cucremu nepenadi iHpopmarii
[pupict kinpKkocTi iHGOpMAIIii piBHUIL:

| = Iog% =logP, —log P, , (1.2)

1

ne P, — anpiopHa BiporimHiCTh mo/ii,
P> — anocrepiopHa BipoTiHICTS.
3a yMOBH, IO KaHaJI 3B’SI3KY € 1JeaJbHUM, TOOTO, IO B HHOMY
TOBHICTIO BIiJICYTHI TEPENIKOAM, a TaKOX CIIOTBOPEHHS CUTHAIB, TOist
ICJIA IPUHOMY TTOBiZOMIIEHHS PO HBOTO CTa€ JOCTOBIPHOIO, BIPOTigHICTH
P2 3BepTaeTbes B OAMHULIO:

| =—IlogP, . 1.2)

Mpoexr IPBU.03.01.00-06-386/11-00 MI-HTY TpaHckopaoHHuii 0mik aocaiaom Mporpanit o n Binop paina 20072013
33 KowTH € iicekoro Coloay 8 pamikax €aponeli Cyciactea a MNaptHepcTea

Kepienuk npoekty: Napep npoexty: A
NioBsiiHceKa MosiiTextika Tyusxii HaujoHansuii Texuiukii yhisepcuTeT S qt
8yn. HagBuctumya 4A, kabiver 1001 syn flosiacera, 75, kabiver 12, g 20 g
20501 TlioBiik, Monbwa Ty 43018, Yipaia & e\ 0
Ten. +48 81538 4112, +48 81538 4579; dhakc +48 81 538 4220 Ten. +380 332 746 118; chaxc +380 332 746 103 >’
e-mail: PLLNTU@pollub.pl e-mail: pintu.cbc@gmail.com

11



PL-BY-UA ChiachiHaHCOBAHO 32 PaXYHOK KOWTiB
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Kinpkicts iHdopmanii 3anexuts Bix BiporigHocti Pi1 moaii no
npuiioMy noBigoMIIeHHs. UMM MeHIe 11t BIpOriiHICTb, TOOTO, Yum Oinbuie
HesusHayeHicmes pe3yibmamy, THM BelIUKa iHGOpMAIs HpO HHOTO
BUXOJUTH TIPH NPUIOMI MOBIIOMIICHHSI.

Cuenanu. CurHaIOM Ha3zBeMO ()i3MYHY BEIHMYHHY, IO 3MiHIOETHCA
Ta BimoOpakae MOBiMOMIJIECHHA. Bimomo, 1Mo peanbHI CHTHAK 3aBXIOH €
IiCHUMU QYHKIISAMH dacy. JJoBUTbHII CHUTHAI 3aIUINETHCS Yy BUTIISI

u(t) = A(t)coso(t), (1.3)

mo ormHae A(t) i ¢asza i(t) BH3HAYAIOTBCA 3a JOMOMOTOIO

CIIBBIHOIIEHD:
A(t) = Ju?(t) + 0% (1), w4

6(t) = arctg[o(t) /u(t)],

ne x(t) — curHan, KOMIUIEKCHO-3B 13aHuil 3 u(t).
daza curHany nop’si3aHa 3 HOro MUTTEBOIO 4acToToo O (t) i Moxe

OyTH 3amucaHa:
o) =at+ot)+p | (1.5)

ne 0 — gactoTa, 1m0 Hece, () — y 3araisHOMY BUNAKY HETiHIHHUH
JIOJTAHOK, 3 — movaTkoBa (asa.
TakuM YMHOM, JOBIILHUN CUTHAIT:

u(t) = A(t) cos[aw,t + o(t) + A (1.6)

Tlepewxoou. [Tepemkony, 1110 CIIOTBOPIOIOTH CUTHaI
MIAPO3AIISIFOTh HA AJIUTHBHUX 1 MYJbTHILTIKATUBHUX (1[0 MOJYJIIOIOTH).
AIIMTHBHOIO TepeIKkomor n(t) Ha3MBaeTbCcd Taka IMEpeIKofa, SKa
BXOJHUTH y CyMIIll CHTHAJY 3 IEPEIIKO/I0I0 SIK TOJaHKa:

X(t) =u(t) +n(t). L7
JUis  HeagIWTHBHHUX [MEPEelIKOJ] CYMIIl CHTHAIy 3 IITyMOM
3aIIUIICTHCA:

x(t) = v(t)u(t), (L.8)

ae v(t) — MyJIbTHIUTIKATUBHA MEPELIKO/A.

Haii0inpi BayJIMBMM 3 aJUIMTHBHUX IIEPEIHIKO/ € BIACHUH IIyM
pamionpuiMaIbHOTO MPUCTPOIO, 3aBXK AN IPUCYTHIH Ha Horo Bxomi. lllym e
BHIIAIKOBOIO (DYHKITi€I0 dYacy 1 HOro MOXXKHa BBaXXKaTH CTalliOHAPHIM
BHIIQJIKOBUM  TIpomecoM. BracHuii mym  BoJoJi€  PiBHOMIpHHM

n
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SHEepPreTMYHUM CHEKTPOM Yy BCbOMY JiamasoHi wuactor Big 0 10
6e3kineuHocCTi. Takuii IryM Ha3MBaIOTh OLITUM.

HasiBHICTP ~ mIyMy,  3MEHIIYE  JIOCTOBIDHICTb  HpUHOMY
MOBIZIOMJIEHb, ~ KUIBKICTH  iHpoOpMamii  3MeHmyeTbes  (iHpopMaris
pydnyeThes). PyiiHyBaHHA iHpOpMamii Moke OyTH HACTHIIKOM ii mie
PI3HOTO POAY MEPENIKOI: IPUPOIHUX, B3AEMHHUX 1 TAKHX, III0 MAIOTh HAMIP.

Ipupooni nepewkoou — BXigHI TEIIIOBI 1 APOOH IIyMH NpHUMaya,
BiJI3epKaJICHHS PaIiOCUTHAIIB Bil MPUPOAHUX YTBOPEHb (CYIi, MOPSATH 1
TOMY THOZiOHE), BUIPOMIHIOBaHHS COHIIA a00 IHIMMX MO3a3eMHUX DKEpedl.
B3aemui — Taki, II0 3aBa)KalOTh CHTHAJIM, IO BHHUKAIOTH Ha BXOJII
NPUIMaIBEHOTO MPUCTPOIO 13-32 BUNPOMIHIOBAHHS 1HIIMX PaiOTEXHIYHUX
MPUCTPOIB, IO TAaKOX IPOBOJAMTh KOPHCHY Nepenady abo BHUTSATaHHS
inpopmanii. Illo MaroTh Hamip — CTBOPIOIOTBCS CBIiZJOMO 3 METOHO
MEePEeIIKOJUTH OTPUMAHHIO  CYNPOTHBHUKOM KOPHCHOI Ui  HBOTO
iHpopMaii.

Mooeni padiocucnanis. Y Teopii BUSBICHHS 1 OLIIHKK IapaMeTpiB
KOPHUCTYIOThCS IEBHUMH MOJICTISIMH CUTHAJiB. MoJieNlb IOBUHHA, 3 OJHOTO
00Ky, 3aZOBONBHATH BUMOTH ONM3BKOCTI ii IO peanbHOro CUTHAIY i, 3
iHOIOT — JO3BOJIITM JOCHTH IPOCTO IPOBOJUTH TCOPSTUYHHI aHai3,
pe3yIbTaTh SKOTO MOYKHA PO3IOBCIOANTH Ha OB 3aralibHI BHITAKH.

[TpocTOrO MOZEIUTIO € CUTHAI 3 MTOBHICTIO BIIOMUMH ITapaMeTpaMH:

u(t) = A(t) cos[a,t + o(t)]. (1.9)
CKJ‘IaI[HiH.IOIO MOACIIIIO € CUT'HAJ 3 HGBi,Z[OMOIO IIO4YaTKOBOIO (1)33010:

u(t, 5) = A(t) cos[m,t + o(t) + S1. (1.10)

MOZ[GJ'IB CUrHajly 3 BHIIAJIKOBUMH aMl'IJ'IiTyZ(OIO 1 TOYaTKOBOIO
(1)&30IO 3allMIIETHCA TaK:

u(t, 5, B) = BA(t) cos[a,t + o(t) + ], (1.11)

Je B — BumajakoBa BeNMYMHA, PO3MOMALT SIKOI MOMKHA paxyBaTH
PENICEBCKUM:

B B?
W (B) = —-exp| — .
®) o? P 202

Mogens y BUMIAA HEQIIIOKTYIOYOI 32 aMIUIITYJOI MadKoK 3
BHITIAIKOBUMH ITOYAaTKOBHUMH (Da3aMU OKPEMHX IMITYJbCIB, IpUIOMYy BK _
BHUIIAJIKOBI HE3AJIE)KH] BEJIMUHNHHU:

(1.12)

Mpoexr IPBU.03.01.00-06-386/11-00 MI-HTY TpaHckopaoHHuii 0mik aocaiaom Mporpanit o n Binop paina 20072013
33 KowTH € i Coloay & panax Eaponei Cyciactea a MNaptHepcTea

Kepienuk npoekty: Napep npoexty:
NioBsiiHceKa MosiiTextika Tkl HAUOHANLHITT TeXHINHIiT yHiBepCHTET
8yn. HagBuctumya 4A, kabiver 1001 Byn.Nbsiscska, 75, kabiker 12
20501 TlioBiik, Monbwa Nyuex 43018, Yepaina
Ten. +48 81538 4112, +48 81538 4579; dhakc +48 81 538 4220 Ten. +380 332 746 118; chaxc +380 332 746 103
e-mail: PLLNTU@pollub.pl e-mail: pintu.cbc@gmail.com

13




PLSYA i el |
N ‘
u(t, BB = 2 A coslogt + o, () + B 1 (113)
k=1

L Mozens BifIOBiIa€ HEKOTEPEHTHIH MavIli iMITYIIbCIB.
Sxmo Bci moyatkoBi pa3u BK piBHI B, TO Ma€EMO KOTEPEHTHY HaYKy
pamioimMmynbciB. J{ist Moeni TaKoro CUTHAITY MOKHA 3aIACaTH:

u(t) = i A(t) cos[m,t + (t) + S] (1.14)

Jdnst  Mozeni cWrHaiy, BIINOBIAHOI Madli paaioiMIyJbCIB 3
(IIIOKTYI040I0, IO OTMHAE 1 3 BHIIAJKOBUMH II0YAaTKOBUMHU (ha3amu
OKpEMHX PaioiMITyJIbCiB MOXKHA 3allUCATH TaK:

ut, g,...,B,...) = ZN: B, A(t) cos[w,t + (t) + £, ] (1.15)

3. Kopeasinitini ¢pyHkuii curnajis

VY mpakTuri 4acTo BUHHKAaE€ HEOOXiTHICTH B XapaKTEPUCTHIII, SKa
naBaja O 3aralibHe YSBJICHHS NP0 3MiHY CHUTHally B 4aci 0e3 po3kiamgaHHs
Horo Ha rapMmoHiiiHi cknanoBi. [lomiOHa «THMYacoBa» XapaKTePHCTHKA
0COOJIMBO BaXJIMBA JUIs aHAJI3y BHIIAJIKOBHX CHIHANIB 1 IIYMIB, a TaKOX
JUIsl BUSIBJICHHSI CUTHAJIIB Y LIyMaXx, KOJH PIillIEeHHs NP0 HAsBHICTh CUTHAIY
YXBQIIOETHCS MICHs 3BIpEHHS CHTHAN + LIyM i3 3a3Jayieriib BiJIOMOIO
KOIIi€I0 CUTHAITY, 10 IPUHMAETHCS.

SIK Taky THMYacoBY XapaKTePHCTUKY IIUPOKO BHKOPHUCTOBYIOThH
agmorxopenayiiny yHKyio CUTHAITY.

Hdns  nmerepMmiHOBaHOTO cHrHamy s(t) KIHIEBOI TPUBAJIOCTI
aBTOKOpeJsiliiiHa QYHKIiS BU3HAYAETHCS HACTYITHUM BHPA30M:

+o0
w(r) = [s)st-7)dt, (1.16)
—o0
Jie T — BEJINYMHA TUMYaCOBOTO 3PYIICHHS CUTHAIY.
Jnst OLIHKM CTyIeHs 3B’ 3Ky MDXK JIBOMa Pi3HUMH cUTHasIaMH si(t) i
S2(t) BUKOPUCTOBYETBCS 63AEMHA KOPENAYIUHA DYHKYIA, sIKa BU3HAYAETHCS
BUpa3aMHU:

v,(7) = Tsl (t)s, (t—7)dt = Tsl (t+7)s,()dt. (1.17)

Kopensamiiina ¢yHKIisS cramioHapHoro mnpomecy mpu ¢ = 0
BHU3HAYAETHCS:
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-
)

p(0) = lim % [s*at =o*. (L.18)
T
2

3Bigcu BuaHo, mo (0) W cmiBmagae 3 gmcrepciero (CepemHBOO
MOTY>KHICTIO) TIPOIIECY.

Icaye Teopema Binepa-XuHuMHA, IO  3aTBEPIXKYE, IIO
aBTOKOpeAmiiHa (yHKIS 1 eHepreTHYHHH CIEKTp CTalioHapHOTO
BHIIQJIKOBOTO  TPOIEeCy  3B’sA3aHi MK €000l  iHTErpajsbHUMH
nepeTBopeHHsIMU Dyp’e:

W, (@) = [y(r)e"dz,
e (1.19)

1 . ot
w(7) :Z:‘;Wl(w)e dw.

Tyr Wl(®w) — eHepreTHYHHI CIEKTp, BH3HAYYBaHWI Ha BCiH oci
4acToT -=<<+t=. SIKI0 BH3HAYaTH CHEPreTHYHUIl CIIEKTP TUIBKH Ha

TO3MTHBHIM oci wacToT, Mae micue crisimmomenns: W (@) = 2W, ().

[Ipu upomy:

W(w) =2 I w(r)e"dr = 4](//(1’) coswrdr,
—0 0

(1.20)
1 177 . 17
w(r) =E~E_[OW(a))e dow =E_(|:W(a))c05a)rda).
3 1bOT0 BUPA3y BUTIKAE:
v (0) = - [W(w)do = o2,
2y,
(1.21)

1 +00
w(0) = Z_[Owl(a))da) = o2,

Ha mixcraBi Bcix IUX BHpa3iB MOXXHA 3pOOHTH BHCHOBOK: YHM
[IMPIIE CHEPreTHYHHUI CIEKTP BHIIAAKOBOIO IMPOIECY, THM MEHIIE dYac
Kopesii i, BiNMOBiAHO, YMM OijbIlle Yac KOPEJIii, THM BXX€ CIEKTp
TIPOIIECY.
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4. IlepeTBOpeHHs CHTHAJIB Y PaioTeXHIYHUX CHCTEMax

VY mporieci nepenadi i mpUHOMY MOBIIOMJICHb CUTHATIH MiJIAI0THCS
pi3HMM TepeTBOpeHHsM. Jlesiki 3 IMX TNEepeTBOPEHb € THUIIOBHMH,
000B’SI3KOBUMH IS OLIIBIIOCTI PaJiOTEXHIYHUX CHCTEM 3B’ SI3KY HE3aJIEKHO
Bi IX MpPH3HAYCHHS, 1 TaKOX BiX XapakTepy IepedaHduX ITOBiTOMIICHb.
PosrnsHeMo 1i pyHIaMeHTaNbHI IPOIecH 1 BiI3HAYNMO X OCHOBHI PHCH Ta
0cO0IMBOCTI.

V3aranbHeHa CTPYKTYpHa CXeMa CHCTEMH 3B’S3Ky (CHCTeMU
nepezadi iHpopmariii) mpencTaBicHa Ha MATIOHKY 1.4,

AwnTena

Hepepasan mepenati

L e —
- 1
Eé“ﬁg’,f I—|HE‘PETE q;::;:-h- Ko | Mogynarop r'i‘HE'PE-TG‘P r

8 eneETpR - | HeCy=oi

nEHHA an TpHCTpi L wacTOTH |
___________ |
Tiniismai _-E

Paccjpggﬁ:d( ,]Iestqn;r:;‘ucﬁ le!| Mere - oTHO-E o
] HPHETE ApHeTp pansmii migcnoBa| |

e e

Puc. 1.4. CtpykTypa paiioTeXHIYHOT CHCTEMH 3B SI3KY

IleperBopeHHs] BHXiTHOTO TIOBiZOMJIEHHSI B €JeKTPHYHUI
CUTHAJ i KOZYBaHHS 3JISKUTh Bijl BUJY BUXIJHOTO MOBIZOMIICHHS (MOBa,
300pa)keHHsI, TeleMeTpu4Ha iHpopMalis) i Bix crnoco0y MoganbIoi
nmepemadi iHQopmamii mo KaHamax 3B’A3Ky. B 3amekHOCTI Bin yMOB
mepenadi 1 NMPONOHOBAaHMX BHMOT KOJYBAaHHS MOXKE BKIIOYaTH B cebe
nepeTBOpeHHs iHdopMarii 1o HeoOXimHOTO GopMaty (IPOTOKOITY OOMIHY),
3a0e3neueHHss KOHTPONIO 1 BITHOBICHHA TIOMHJIOK (3aBaJoCTilike
KOAYBaHHS), 3aXHCT BiJl HECAHKI[IOHOBAHOTO JOCTYyIy (MIU(PpyBaHHS
nanux). Crmig 3a3HaunTH, MO cxemMa Ha puc. 1.4 BiamoBigae BBEIEHHIO
iHpopMarii B «OYATOK» KaHATy »3B’sI3Ky, TOOTO Oe3mocepesHhO B
nepemasayi. Tpoxu iHakmIe #ae crpaBa, HANPUKIAL, B PagioJOKaIlifHOMY
KaHam, A€ iH(popMaIis BHXOJUTH B pe3yibTaTi NPUHOMY pamioOXBHII,
BIIOMTOT Big METH.

IeHepamissi BHCOKOYACTOTHHUX KOJUBaHb. Brcoko4acToTHHIA
TCHEPaTop € JDKEePEJIOM KOJIMBAaHb BHCOKOI YacTOTH. Y 3alIe)KHOCTI Bif
MIPU3HAYCHHS PajiOKaHAITy 3B’SI3Ky MOTY)KHICTh KOJHMBAHb 3MIHIOETBCS Bif
TUCSYHUX YaCTOK JO MiNbHOHIB BaT. OCHOBHHMH XapaKTePHCTUKAMHU
BHCOKOYAaCTOTHOTO T€HEPaToOpa € 4acToTa, Jiama3oH (MOXKIUBICTh IIBAIKOL
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nepeOy10BU 3 0onHi€T poOOYOT YaCTOTH Ha IHINY), MOTYXHICTh, KOE(DILIEHT
KopucHoOi nii. BaxkiuBe 3HaUeHHs Ul PaJiOTEXHIKHM Ma€ CTaOUIBHICTDH
YaCTOTH KOJHMBaHb. YMOBH IIOIIMPEHHS PaJiOXBWIb 1 LIMPOKUH CIIEKTP
YacTOT TUKTYIOTh 3aCTOCYBAaHHS Jy’K€ BUCOKHX HECYYUX 4aCTOT, 0COOINBO
B KOCMIYHHX CHCTEMaX. YMOBH X OOpOOKH CHTHAJIB Ha TJi MEPEUIKof i
HEOOXiOHICTH  OCNAONCHHA  B3a€EMHHAX  TEPEIIKOA MK  pi3HUMH
paliokaHamaM¥y ~ 3MYLIy€  JOMAraTHCsi  MaKCHMaJbHO  MOXJIMBOTO
3MEHIICHHS a0COJIOTHHX 3MiH 4acToTd. Lle mpu3BoguTh 10 Haa3BHYANHHO
YKOPCTKHAX BAMOT JIO BiTHOCHOI cTabiJIbHOCTI 9YaCTOTH.

Yupapiainasa koJuBaHHaAMH (Monayasuis). Ilpomec wmomymamii
MOJISITa€ B 3MiHI ONHOTO a00 JEKITbKOX MapaMeTpiB BHCOKOYACTOTHOTO
KOJIMBaHHS 32  3aKOHOM  MEpPEAaHoro  moBimomieHHs.  YactoTu
MOJYJIOIOYOTO CUTHANy, SK TIPaBWJIO, Mali MOPIBHAHO 3 HECYYOIO
4acTOTOI reHepartopa. [lns 3xaiCHEHHS MOAYISALI] BHKOPHCTOBYIOTBHCS
pi3Hi npuitoMn. OCHOBHA XapaKTEPUCTHKA MPOLECY MOIYJIALI — CTYyMiHb
BiMOBITHOCTI M 3MIHOIO TMapaMeTpa BHCOKOYACTOTHOTO KOJHMBaHHS i
MOJIYJTFOIOYHM CUTHAJIOM.

IlepenaBay TepeTBOpIOE BHXiIHE MOBIZOMIICHHS B CHTHal. |
MTOBITOMJICHHSA 1 CHTHAJIM HalyacTimie pO3TISaloThCSA B 3ANEKHOCTI Bij
gacy. Poub miHii 3B’ 3Ky MOKe BUKOHYBATH OyIb-gKe (pi3rmuHEe cepenoBHIIe
(B ToMy umci i Ge3noBiTpsiHUIL pocTip). Y npuiiMaui OTpUMaHUN CUTHAI
BUSIBJIIETBCSL 0araropa3oBo OCJIAa0JIEHUM y MOPIBHAHHI 3 MepelaHuM i
CHOTBOPEHHM I1iJ] BIUIMBOM TI€PELIKOI.

Iocunenns B npuiiMadi. AHTeHa mpuiiMada 3a3BHYail yJIOBIIOE
JIMIIE Mi3epPHY YacTKy €Heprii, [0 BUIPOMIHIOETHCS aHTEHOIO Tepe/iaBaya.
Oco0MMBO 1€ aKTyaJbHO B CYINYTHUKOBHX CHCTEMaX. 3aekKHO Bij
Bi[ICTaHI, CTYIICHsS CIPSIMOBAaHOCTI BHIIPOMIHIOBAaHHA 1 yMOB MOIIMPEHHS
MOTY>KHICTh Ha BXOJi mpuitMadya Moxe ctanoButu 10-10 — 10-14 Bt. 3
BOTO BUIUIMBAE, IO TOCWICHHS B NpHiiMadi Moke mocsratd 1014 3a
motyxxHocTi ab6o 107 3a Hampyroro. [lpmyomy mpobiema TOCHIICHHS B
mpuiiMadi HEBIIiIFHA BiI TPOONEMH BHIUICHHS CHUTHAaTY Ha (OHI
nepemkos. ToMy OJHMM 3 OCHOBHHX TMapaMeTpiB MpuiimMada €
BHOIPKOBICTh, iJl SIKOI0O MA€ThCS Ha yBa3i 3/[aTHICTh BUAUIATH KOPHCHI
CHUTHANMM i3 CYKYHHOCTI CHTHANy 1 TEpelIKOAH, IO BiAPI3HAETHCA Bif
CHUTHAIIy YaCTOTOIO.

Buainenns noBinomieHns (1eTekTyBaHHsl). /[lemexmyeanns — 1e
MIpoIieC BHIUICHHS KOPHCHOTO CHTHAIY 3 BUCOKOYACTOTHOTO KOJIMBAHHS,
T00TO, IIe IMpolec 3BOPOTHHH Moxayisiwii. B pe3ynpraTi MoBHHEH BHHTH
CUrHaj (Hampyra, CTpyM), IO 3MIHIOETECS B 4acl TaK caMo, SIK 3MIHIOEThCS
OIMH 3 TapaMeTpiB MOJYJIOIOYOTO KOJMBAHHA, TOOTO, Mae OyTH
BIZTHOBJICHO IIepe/laHe TOB1IOMIICHHS.
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Bbazamoxananvha cucmema nepedaui ingpopmauii

BararokananmpHa cucremMa mepenadi  iHdopmarii  3a0e3medye
OJTHOYACHY 1 B3a€MHO HE3aJEXKHY IepeAady IMOBIIOMIICHb BiI 0araThox
BiIPaBHUKIB MO OJHIH 3araibHil JiHii 3B’ 53Ky (200 HABIIaKW — OAHOYACHA
mepefada TOBIIOMIIEHB OaraThoM ofepxyBadaMm). CTpykrypa Takoi
CHCTEMH BIIPI3HAETBCS B PO3IISIHYTOI BHINE 1 TIPEICTaBICHa Ha
MamoHKy 1.3.

Ha puc. 1.5:

IC — mxeperno moBiTOMIICHHS

[1C— onmepKyBay MOBIAOMIICHHS,

K — npucTpiit konyBaHHS;

M — MozyInoro4a IpUCTpii;

JIK — npuCTpili IeKOyBaHHS,

JM — neMoayTIO0YHi IPUCTPIM.

BunmHo, mo cxema 0araTOKaHaJbHOI CHCTEMH 3HA4YHO CKJIaJHilIe
3BHYAIHOI, MICTHTh y CBOEMY CKJIAJi IONATKOBI MPHUCTPOI (YIIiIBbHIOBAY,
PO3IITBHUK), a TaK caMo OLTBII CKJIAaIHY 3arajbHy JiHI0 iH)OpMAIIIHOTO
00MiHy (B TIpeACTaBICHOMY HpHUKIani — mUpoBy). [HGopMariitHi By3mH,
IO BXOITh B OaraToKaHAIbHY CHUCTEMY, 3a3BHYail MalOTh 3a0e3ledyBaTH
BUPIIICHHS HACTYITHUX 3aBaHb:

- BUOIp HaWKOPOTIIOro NUIIXY MDK JDKEpEeNIoM 1 oJepKyBadeM

MTOBIJOMJICHHS;

Puc. 1.5. Ctpykrypa OararokaHaapHOI CHCTEMH Niepenadi iHpopmartii

- JOTPUMaHHS CHCTEMU MPIOPUTETIB;

- HAaKONMYeHHs Ta 30epiranus iHpopMarii 3a BiICyTHOCTI BUIBHUX
KaHaJiB Mepeaayi,

- aBTOMaTHYHE YIPaBJIiHHS MIepepaxoBaHUMHU QYHKIIISIMHU.
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5. Buam moBigzomieHr y cumcremMax mepemadi iHdopmanii.
Ionsarrs kinbkocri inGopmanii

besnepepene nosidomnennss — BU3HAUA€TbCA  Oe3MEPEPBHOIO
¢yHKIi€I0 bacy 1 Moxe mpuiMaTH Oynb-sKi 3HAYCHHS B 3aJaHOMY
niamazoHi. Taka ¢popma xapakTepHa It OUTBIIOCTI peaJbHUX CUTHANIB, aje
HE MiOXOAUTh UIA Oe3mocepenHpoi 0OpoOKHM i mepemadi 3a JOIOMOTOO
IUPPOBUX CUCTEM (IMCKPETHUMH MeTonaMu). besnepepBHe MOBiTOMIICHHS
MOJKHa TepefaBaTH IUCKPETHUMHU MeToaamu. [l 1poro Oes3mepepBHUM
CHUTHAN WiATAIOTh TUCKpETH3allii 3a YacoM 1 KBAaHTYBaHHS 3a piBHEM.
[Ipote, mpy HbOMY B 3arajbHOMY BHUIIAJKy B CHUTHAJl BHOCSTBHCS HOMMIIKH.
Ha npwiiManpHiH CTOPOHI 32 HEOOXiJHOCTI MOXeE 3IiHCHIOBATHCS
BiZIHOBJICHHS HeNlepepBHOT (PYHKIIIT 32 TUCKPETHUM BiUTIKAMHU.

JlMCKpeTHe TOBIIOMIICHHS € KIHIIEBOIO IOCIIIOBHICTIO OKPEMHX
cuMBOJIiB. [yl TIepeTBOpEHHsI JUCKPETHOTO TMOBIJOMIICHHS B CHIHAI
HEOOXiTHO BHKOHATH ONEpalil0 KOJYBaHHS MOBIJIOMIJICHHS, 3a SKOTO
MiABHUIY€EThCS IIBUIKICTh 1 3aBaJOCTIHKICTh mepemaui iH(opmarii. [Ipu
MaTeMaTHYHOMY  ONHUCI  TOBIJOMJICHb  (DOPMYBaHHS  JWUCKPETHHX
MIOBIZIOMJICHD 3a3BHYal PO3IVIAAAIOTH SIK MOCHITOBHHN BUIAIKOBUH BHOIp
TOTO YW IHIIOTO CHMBOINY 3 angaBiTy IpKeperna IMOBiIOMIIEHb, TOOTO, SIK
(opMyBaHHS AUCKPETHOI BUIIAJKOBOT ITOCITIJOBHOCTI.

OcHosHumu ingpopmayitiHumu xapaxmepucmuxamu €:

- KUIbKiCTh iH(OpPMAIIT B MOBIIOMIICHHSIX;

- HaJMIpHICTh MOBIJOMJICHb;

- eHTpOIIis;

- NPOJXYKTUBHICTH JPKEpelia MOBiIOMIICHD;

- WBUAKICTH nepenadi inGopmarrii.

TyT 1 mani po3risnaeMo 3a3Ha4YCHI XapaKTEPUCTUKH TIEPEBAXKHO JUIS
BHIAJIKy JUCKPETHUX MOBIIOMJIECHb, TOMY HH(POBI CHCTEMH OOpPOOKH i
3B’sI3KY B IaHUH Yac € HalOUTBII MOIHPEHUMHU.

Hexait oOcsar andapiTy A CTaHOBUTH M JHCKPETHHX ITOBiTOMIICHb.
Koxxae moBimomiieHHs OyJie BKIIOYATH B ceOe n CUMBOJIB. Y NPUHAHATHX
MIO3HAYEHHSX 3arajibHa KiJIbKiCTh TUCKPETHIUX CUMBOJIIB CTAHOBHUTB.

No = mn. (1.26)

Hami po3rnsgHeMO SIK BHU3HAYAETBCSA KINBKICTH iHGopMmamii B
MTOBIIOMJICHHAX Takoro pkepena. [Ipu Bu3HadeHHI KiTbKOCTI iH(popMmamii
MTOBHHHI OyTH BUKOHAHI HACTYITHI YMOBH:
- TIOBiIOMJICHHS OUTBIIOI MPOTSHKHOCTI 3a3BUYAald MICTATH OiNbIIY
KUTBKICTh 1H(OpMAIIii;

- skmo andasit Mae OuLIBIMH  00’€M, TO KOXHE OKpeMe
TIOBITOMJICHHS MICTHTH Oibiie iH(popMaIii;

- iHopMmaris, OTpEMaHa B JEKUIbKOX IOBIJOMJICHHSX, ITOBHHHA
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3aJJ0BOJIBHSATH YMOBI aIMTHBHOCTI.
3py4YHOI0 XapaKTEPUCTHKOK IOBIIOMIICHh € JiorapupMidHa Mipa
KiJIbKOCTI iHopMarii, sKa 3a0BOJBHSE IEpEPaXOBaHUM BUMOTaM:

I = logNo = nlogm. (1.27)

Hana ¢opmymna Oyma 3amporoHoBaHa P. XapTmi sk Mipa OIiHKH
kimpkocTi  iHQopmamii. Lls dopmyna He BimoOpakae BHIIAIKOBOTO
xapakTepy (QopMmyBaHHA TOBiZoMieHb. [l 0O0NIKy BHIAIKOBOTO
xapakTepy (opMyBaHHS HEOOXiTHO TOB’S3aTH KiNbKicTh iH(OpMarmii B
MTOBITOMJICHHAX 3 HMOBIPHICTIO ITOSIBH CHMBOJIB.

Buznauenns xinoxocmi ingpopmauii

[MpunycTuMo, 1m0 MOBIIOMIICHHS CKJIAJAETHCS 3 OJHOTO CHMBOIY.
Takox OymeMo BBa)KaTH, 10 HMOBIPHOCTI MOSIBH BCiX CUMBOJIB OJJHAKOBI 1
piai P = 1 / m. Toxi ximbkicTe iH}opManii, MepeHeceHHOI OIHUM
CHUMBOJIOM, MO>KHA BHPA3UTH TAKUM YHHOM:

I, =logm =-logP (1.28)

Tyr xinpkicth iH(opManii moB’s3aHa 3 WMOBIPHICTIO MOSIBH
CHUMBOJTy. Y pealbHUX HOBIJIOMJICHHSIX CHMBOJIU 3’SBIISIFOTHCS 3 PI3HUMH
fimMoBipHOCTSAME P (i), ToMy:

fi = ~log Pla;). (1.29)

CepenmHs KinbKIiCTh iH(OpMAIii, IO MpHUIIAAae HA OIUH CHMBOJ
JUKEpeNa MOBIIOMIICHb BHU3HAYAETHCS SK YCEPEIHEHE M0 BChbOMY 00 €My
andapiTy 3HAYCHHS:

m
H(4) = -3 P(a;)log P(a;)

=1 ' (1.30)

Hana ¢opmymna HOCUTH Ha3By ¢opmyau Lllennona, a BemmamHa H

(A) mHasuBaeThCs enmponiclo  Odicepena  OUCKPEMHUX — HNOBIOOMIEHb.
EnTpormis po3risgaeTscs SK Mipa HEBU3HAYEHOCTI B TOBEMIHIN Kepena
noBiomiieHb. [Ipu iMOBipHICHOMY WiIXoAi cTaH mKepena iHpopmamii
XapaKTepU3y€eThCsl HEBHU3HAueHiCcTIO. HeBH3HAYEHICTh 3HIDKYETHCS TIPH
npuifoMi THOBiZOMIIEHHS, TOOTO mpH oTpuMaHHi iHopmamii. Tomy
OoTpUMyBaHa iH(pOpMAIlis, 10 MpPUIAJae B CEPEIHHOMY Ha OAMH CHMBOII
JoKepella  TMOBIOMIICHb, KUIBKICHO BH3HAYa€ CTYIiHb 3MCHIICHHS
HEBH3HAYEHOCTI.
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Enrpomnisi € Oe3nepepBHOIO (YHKI€I0 BiJ IMOBIPHOCTI MOSIBU
CHUMBOJIIB 1 Ma€ TaKi BIaCTHBOCTI:

- GHTpOIIs jKepela AWCKPETHUX IIOBIIOMJIEHb € PEYOBHHHOIO,
00MEKEHOIO 1 HEBIIEMHOIO;

- CHTPOIIiS IOPIBHIOE HYIIO, AKIIO 3 IMOBIPHICTIO PIBHOIO OTUHHMILI
BHOMPAETHCS OJHE 1 Te K 3HAUCHHA (BiACYTHS HEBH3HAYEHICTH Y
MOBEIHIII Kepena);

- CHTPOIIisl MAKCHMAaJIbHA, SKIIO BCI CHMBOJIH JDKEpela 3’ IBIISIOThCA
HE3aJIEXKHO 1 3 0THAKOBOIO HMOBIPHICTIO:

H,, = mPlog P =m(l/m)log(l/m)=logm , 4,

Sxmo cuMBomu andaBiTy € B3a€EMOIOB’SI3aHUMH (iHaKme —
KOpEJIbOBaHUMH OJIMH 3 OJJHHM), TO BHKOPHUCTOBYETBHCS IOHSATTSI YMOBHOI
SHTpOMIi, sIKa BU3HAYA€ETHCS 32 HACTYIHOIO (hOPMYIIOLO:

H(A'/4)= —% P(a. ):VE, P(a; /a;)log P(a}; [a;)

i=1 i= (1.32)

r
ae P (nj / ﬂ}-) — YMOBHA IMOBIpHICTb TIOSIBU CHMBOJITY 0 TTIiCJIS
cumMBouTy ai. Uepes Kopesiito 3B’ 43KiB CHMBOJIIB 1 HEPIBHO HMOBIpHICHOTO
3HAYCHHS IX MOSBH B pEaNbHHUX IOBIJOMICHHSX 3HIDKYETBCS CEPEHHS
KUIbKiCTh  iHGOpMalii, sKa MepeHOCHTh OJuMH cuMBOJ. Lli BTpaTH
iH}opMarii XapakTepu3y0ThCs Koe(illieHTOM HaMipHOCTI:

r=(H,—H)/H, =1-H/flogm . 133)

ne Hi — makcumanbHa KijbKicTh iH(OpMalii, sike MOXXe HepeHOCUTH
oIuH cuMBOJI, H — KijbkicTh iHpOpMaIlil, sika IEPEeHOCUTh OJMH CUMBOJI B
peanbHUX TOBIIOMJICHHSIX.

Haii0inpir 4yacTo cepemHsi KUIbKICTh iH(pOpMAIii BBaXKAETHCS 3
norapuMoM 3a mijcTaBoro 2. [Ipu nboMy OAMHUIIEIO KiTBKOCTI 1H(pOpMAaIii
€ Oir.

[MponyKTHBHICTIO JpKEpesia IOBIIOMJIEHb Ha3MBAETHCS CEPEIHs
KiJIbKICTh 1H(pOpMAIil, 110 BUAAETHCS PKEPEIIOM B OJAMHHUIIIO Yacy, 0it / c:

H'=H/t. (1.34)
Jns  xaHamiB mepemaui  iHdopMmamii  BBOAATH  aHAJOTIUHY
XapaKTepUCTHKY — IIBHAKICTh mepenadi iHdopmarmii. Ii makcumanbHe

3HAYCHHA HA3WBAE€THCA  IPOITYCKHORO CHpOMO)KHiCT}O KaHaly. I[J'IH
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P i el |
JIMCKPETHOTO KaHAIly BOHA JIOPIiBHIOE, OiT / ¢:

C=Vlog m, (1.34)

eV — HIBI/IHKiCTI) nepeuaqi CIICKTPUIHUX KOJOBUX CHTHAJIB.

6. [lepemikoan y KaHajax 3B’ 13Ky

B peanpHuX iH(MOpMaIifHAX KaHANIaX CUCTEM mepenadi iHdopmarii
CHUTHAIM TP Iepenadi CIIOTBOPIOIOTHCS, IO MPUBOIWTH IO BiATBOPEHHS
MTOBIIOMJICHHS Ha NMPUHMATBbHIA CTOPOHI 3 IEAKOI0 MOMIJIKO0. [IpranHOio
TaKUX CIOTBOPEHb MOXXYTh BHUCTYNATH SIK BJIACHI IIYMH NpHHMAaIbHO-
nepeiaBaibHOl amaparypd, TaK 1 Jil04i Ha KaHal mepeaadi 30BHILIHI
BIUIMBH (K MPUPOJHOTO, TaK 1 IITYYHOTO TMOXOJDKEHHS). Y 3arajibHOMY
BUIMAJAKY II€¢ BEIC [0 3HWKCHHS WMOBIPHOCTI MpPaBWIBHOI mepeaadi
MOBIIOMJICHHS 1 1O 3HMKCHHS IIBHIKOCTI mepenadi. [IpHUHMHOIO IHOTO
MOXYTb TaK caMO OyTH CIIOTBOPEHHS, L0 BHOCSTHCS CAMUM KaHAJIOM 1
BHUIIAIKOBI 3MiHH HOTO MapaMeTpiB.

CroTBOpeHHsI, BHECCHI KaHAIIOM, MOXYTh OYTH IJiHIHHUMH i
HenmiHifHIMA. BOHH  yCyBalOThCS IIISIXOM — BIATIOBIAHOI — KOPEKIii
XapaKTepUCTUK KaHalty. Ha BinMiHy BiZl CHOTBOpEHH IEPEIIKOIN HOCSTH
BHIAIKOBHUH XapakTep. BoHM 3a31anmerias HeBiqOMi i TOMy HE MOXYTh OyTH
MTOBHICTIO YCYHEHI.

[Nepemkoau B KaHaT 3B’ 3Ky MiPO3IUIAIOTECS Ha:

- BHYTPIIIIHI;

- 30BHIIIIHI.

Jxepenom enympiwnix nepewxod € TEIUIOBUH XAOTUYHHHA PyX
EJIEKTPOHIB B JIaMIlaX, HAIIBIPOBIIHUKOBHUX IpHJIaNaX, eJIEeKTPHUYHUX
JIaHIorax i T.n1.

o s06HiwHix nepewikod BITHOCATHCS aTMOC(EpHI, CTaHIINHI,
IHAyCTpiambHi, KOCMIYHI Ta 1HIII TEePEeITKOIH.

Y  pagiokaHamax HaWOUTBII IMONMIMPEHHHMH €  aTMOC(epHi
nepemkoau. EHepris IMX Iepemko], B OCHOBHOMY, 30Cepe/XeHa B
obmacti cepenHix 1 moBrux XBwib. CTaHLIHHI HEpPEeNIKOAM 3yMOBIICHI
MOPYIICHHSAMH ~ pPO3MOJUTy poOOYMX YAaCTOT, IIOTaHO (UIbTpALIE0
TapMOHIK CHTHAITy, HeJ{HIIHIMH NpOIlecaMy B amaparypi, MPOBITHUMH 10
MIEPEXPECHUX CHOTBOPEHH 1 T.A. IHAyCTpiasbHI MEPEmIKOIn CTBOPIOIOTHCS
JMiHIIMHA ~ eNeKTporepenadi, TeHepaTopaMu, CHCTeMaMH 3arajioBaHHs
IBUTYHIB Ta iH. KOCMi4HI MepenIkoy CTBOPIOIOTHCS EIeKTPOMArHiTHUMHI
mporecamMu, 00 BigOyBawoThess B TanmakTuili, Ha CoHII Ta IHIINX
mo3azeMHux 00’ektax. Ili mepemkogu 0COONMBO TO3HAYAIOTHCA B
Jiama3oHi 4acToT J0 JAeKinbKoX [Tm, micis 4oro iX iHTEHCHBHICTH Pi3KO
yOyBae. OnHaK came Ii NEpenIKOAM YHHSATH ICTOTHHH BIUIMB Ha poOOTY
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CYNYTHUKOBHMX CHUCTEM HaBirauii Ta 3B s13Ky.

Bennuesna pi3HOMaHITHICTH JOKEpEN INPHU3BOAMTH A0 TOTO, IO
CTPYKTYpy 1 IMOBIpPHICHI  XapakTEPHCTHKH  IEPEIIKOJl  ICTOTHO
BiJIPi3HSFOTHCS.

3a xapakTepoM CIIEKTpa BCi MEPEHIKOaN B KaHallaX 3B’S3Ky MOKHA
PO3ILIHTH Ha:

- (IIyKTyaTHBHI;

- 30CepeKeHi;

- IMITyIIBCHI.

Dryxmyayiiina nepewikooa € BUMAIKOBUM IPOLECOM, IO BOJOIE
MPaKTUYHO PIBHOMIPDHUM EHEPTeTHYHUM creKTpoM. Ll mepemkona Mmae
Miclle y BCiX peajJbHUX KaHanax 3B s3Ky. [lpuknmamom ¢uykryariitHol
MEepeIIKON € BHYTPILIHI IIyMH €JIEMEHTIB amnapaTypu 3B’s3Ky, KOCMIuHI
LIyMH 1 Jiesiki BUIU atMocepHuX 1 iHaycTpiansHux nepeukoa. [lupuna
CHeKTpy (IyKTyaTHBHHX Iepelko]i 6arato OuIblle CHEKTPY IMepeiaHoro
CUTHAIY.

3ocepedoicena nepeuwikooa Ma€ EHEPreTUYHUHM CIEKTp OLIbII
By3bKMH ab0 Takumii e, SIK y cuUTHamy. BoHa MoXe CTBOpIOBAaTHCS
CTOPOHHIMH 3aco0amu 3B°SI3Ky Ta IHITMMH MPOMHCIOBUMH 00’ €KTamu. Sk
MPaBUJIO, 30CEPEPKeHI MEPEIIKOAM SBISIOTH COOOI0  MOAYIbOBaHI
konmuBaHHA. el BHImsim mepemkoj; oCOOIMBO CHIIBHO HPOSBISETHCS B
KaHaJIax pauio3B’si3Ky.

Iunynocna nepewkoda sBisie coOOI0 BHIAAKOBI a00 perylspHi
MOCHIZIOBHOCTI  IMITYJIbCIB  BEJIMKOI IimapyBarocTi. TpuBalicTh Takux
IMITyJIbCIB MEHIIIE TPUBAJIOCTI eleMeHTapHoOro curHany. IlepexinHi siBuiia
BiJl BIUIMBY IMITYJbCIB y NpHHAMalbHI anaparypi, 3a3BHYaii, BCTHUTAIOTh
3aracHyTH JI0 MOMEHTY TPHUXOJY HACTYIHOTO iMmyibcy. Jo iMIyIbCHUX
MIEPEIIKO]] BIAHOCITBECA 0OaraTo BHIIB aTMOC(QEPHUX 1 I1HIYCTpiadbHHUX
MepernKoyl. Y 3aleKHOCTI BiJ YaCTOTH TPOXOMKCHHS IMITYJIhCiB BOHH
MOXYTh BIUIMBAaTH Ha NpHUHMad 3 IIMPOKOI0 CMYIrol0 — SK IMITyJbCHa
MepemKoja, a Ha NpuiiMad 3 BY3bKOIO CMYrol0 — SK (iIyKTyamiliHa
MepeIIkoia.

IIle omHMM BHIOOM TEPEUIKOA € @aykmyayis napamempis
pamiokaHanmy. BwumaakoBi 3MiHE Horo mapamMeTpiB  NPHBOAATH 10
HETIOCTIHHOCTI KoedillieHTa mepenadi i 4acy MPOXOKCHHS CHTHATIB IO
KaHaly 3B 53Ky, a TaKOX JO SBHIIA 0araTonpOMEHEBOTO MOLIMPEHHS
PalioXBUIIb.

Bci mepepaxoBaHi Buie 0OypeHHS OOOB’SI3KOBO IMPOSIBISIOTHCS Y
BHTJISAI TIEPEIIKOIM B Till UM iHIIIH Mipi IpH nepeaadi CUrHaIiB.

HesanexxHo Bin Buay 30ypeHb y KaHadi 3B’sI3Ky, HOTO BIUIMB Ha
CHTHAJI MOXHa [PEACTaBUTH y BUIIIsiAL oneparopa: X = ¢(U, IT).

Sxmo o0ypeHHs, YMHHE B KaHaJli 3B’ SI3KY, CKJIAIA€EThCS 3 CUTHAJIOM,
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TO 1e aauTUBHA mepermkoga. Jlo Hel BiTHOCATBCS TEIUIOBI IIYMH,
aTMoc(epHi, KOCMIYHI, TPOMHUCIIOBI Ta CTAHIIHHI MEPENIKOIU. ATUTHBHA
3aBajia BIUTMBAE HA BXI1J MpHUiiMayva HE3AJIC)KHO BiJI CUTHAJY 1 MPOSBISETHCS
TaKOK 3a BIJCYTHOCTI CHrHaNy. Y IIbOMY BHIQJKy OIEPaTop
MEPETBOPUTHCS B CyMY:

X=u-+II.

AJMTHBHY TIEpEIIKONy B IHXKCHEpHIM NPaKkTUI[l YacTo Ha3WBAaIOTh
LIYMOM.

Skmo x o0ypeHHs Oe3mocepeHbO IIOB’S3aHE 3 MPOXOIKEHHIM
CUTHAJy B KaHalli 3B’S3Ky, TO BOHO HAa3WBAa€ThCS MYJIBTHILIIKATHBHOIO
3aBajor0. L9 mepemkosa NEpEeMHOXKYETBCS 3 CHIHAlIOM, a IPH HOTO
BIICYTHOCTI HiK HE BHUSABJIETBCS Ha BXomi mnpmitMaua. [lpm mpOMY

oreparop ¢ MEepETBOPHUTHLCS B TBIP:
X=U-a,

ne d — koedilieHT mepemadi kaHady 3B’A3Ky, IO 3MiHIOETHCS
BUIIaJIKOBUM YHHOM B 4aci.

MynbTHIUTIKATHBHI 3aBajil XapakTEepHI Uil KaHANIB Pajio3B’s3Ky.
BoHn BUHHMKaIOTH Yy pe3yiabTaTi 0araTonpoMEHEBOro  IMOLIMPEHHS
panioxBwib, iX iHTepQEepeHLil B TO4ll NPUIAOMY, a TaKOX B pe3yJbTaTi
HEPEryJISIpHUX 3MIH MapaMeTpiB CEepelOBHINA MOIIUPEHHS PaliOXBUIIb
(BHCOTH 1 TOBIIUHU IIAPiB TporocdhepHu, eTeKTPOHHOT KOHIIEHTPAILT 1 T.J1.).

Y pesynprari 0araTOIpOMEHEBOrO IOLIUPEHHS  PalioOXBHIb
aMIutiTyqu 1 (asa curHamy TOBITBHO, B TIOPIBHAHHI 3 BJIACHUMH
KOJIMBaHHSMH, 3MiHIOEThCA. L{f0 3MiHYy MOXXHa TPEACTaBUTH SK IPOLEC
MOIYJNAIil y BHUTISAAI TBOPY MOAYNIOIOYOI 1 MOAYIIPYROYOi (DYHKIIIH.
MynbTHIUTIKATHBHA — TEpeIlKoja MoOXe OyTH TakoX pe3yJbTaToM
NPOSIBJICHHSI HENIHIHUX BJIACTMBOCTEH OKPEMHUX EIIEMEHTIB TpPaKTy
Pamio3B’si3Ky, B IKUX OJHOYACHO JIIFOTh CHTHAJ 1 MEPEIIKOo/Ia.

VY kaHamax pajio3B’s3Ky MarTh Micle SK aIWTHBHI, TaK I
MYJIbTUIUTIKATUBHI 3aBajin. TOMYy CHIrHAN y KaHali 3B’S3Ky MOXe OyTH
MPEACTABICHUN Y BUTJISIII:

@)=Y aOAt-7 O+ @), asm
i=1
ne a; (t) — Koe]ilLlieHT Iepenadi KaHally paJio3B’a3Ky;
A(t) — NHepelaHui CUTHAaJ;

(4 (t) — Yac 3ami3HeHHs CUTHAIY;
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I - ro npomens;
Hi (t) — aJINTHBHA TIEPENIKOAIA;

K — 49HUCJI0 HpOMeHiB.

Kanan 3B’s3ky, mapamerpy @ i 7 $KOro He3MiHHI B 4aci,
Ha3MBAETHCSl KAHAJIOM 3 MOCTIHHUMHM NapaMeTpamu. Takux KaHajJiB BKpai
Mayio. JIo HUX BiTHOCSITHCS MIPOBIIHI KaHAIM 3B’ A3KY 1 KaHAIM Pajio3B’sI3Ky
VKX mpsmMoi BUAEMOCTI.

7. Buau i cTpykTypH cucteM nepenadyi ingopmanii

KimpkicTh BXMBaHMX Yy MHaHHH dYac pI3HUX CHUCTEM Iepenadi
iHpopmamii JOCHTH BenwKa. BOHM  BIAPI3HAIOTBCA — CEPeNOBUIIEM
MOUIMPEHHS CUTHally, BUKOPUCTOBYBAaHUMH Jialla30HAMU JOBXKUH XBHJIb,
KOH(Iryparieo cucreMm, NpU3HAYEHHAM (OJHOCTOPOHHS 1 JBOCTOPOHHS
nepenayda iHdopmarii, HaBiramiiHe CyNpOBOIKEHHSI KOPHCTYBadiB 1 T.1.).
VY Kkypci JeKiiii HeMae MOXKJIMBOCTI OXOMUTH BCI THIM CHCTEM Iepenadi
iHpopMallii, TOMy TyT He PO3IIISIAIOTHCS IPOBIAHI Ta ONTHYHI CUCTEMH
3B’s13Ky. Tak caMo He pO3IJIAIAIOTECS CHCTEMH 3B’S3KY, IO MPALIOIOTh Ha
BIITHOCHO HHU3BKHX 4YacTOTaX. 3yNMHUMOCS JHMIIE Ha CHCTEMax, LI0
npamrorots B KB 1 YKX miamazoni, To6T0 Ha 9acToTaX y COTHI Merarepil i
Burre. Came Taki CHCTEMH 3apa3 HalO1IbII MTOIIHPEHi.

Hdns  pobOTH Cy4acHHX CHCTeM 3B’S3Ky HAWOLIBII — d9acTo

BHKOPHUCTOBYEThCS Aianma3zoH YKX (30MF u - BOF Vi U ), ne BiTHOCHO

JIETKO Peali3yeThCs BUCOKA IEPEHIKOJIOCTIMKICT 1 BeJIHMKa MPOIYCKHA
3MATHICTh KaHaty 3B’sa3Ky. OJHaK NPSMOINIHIMHUI XapakTep MOUIMPEHHS
yIBTPaKOPOTKUX XBHJIb BUMArae 3aCTOCYBaHHS HNPOMIXKHUX
PETPAHCIAIIMHAX YM TaK 3BaHUX PEIEHHUX CTaHIH, IO J03BOJSIOTH
HapOLIyBaTH HEOOXiJHy MJOBXUHY JiHil pamio3s’sisky. Tomy OGararo
cydacHux cucreM YKX  panio3B’s3Ky  BiJHOCATBCS 110 KJacy
paniopeneiiHuX. BuHATKOM ciykaTe JMmie  AesAKi  MaJIONIOTYXHI
paniocranuii YKX niana3ony, 1o 3a06e3neuyoTh OnepaTUBHUNA (HU30BHIA)
3B’A30K.
Cuctemu YKX panio3s’si3ky MOAUISIOTECS HA 1BA BUJIU:
- CHUCTEMH, 1[0 BUKOPHUCTOBYIOTH JUISI 3B’ A3KY IPSIMY XBHJIIO;
- CHCTeMH, II0 BHKOPHUCTOBYIOTH JUIS 3B’A3KYy XBHJI, PO3CisSHI Bix
HEOJNHOpigHOCTEH Tpormocdepu abo ioHOChepH, a TaKOX XBHIIi
BiJIOWTI Bl OYb-SIKUX MPEAMETIB.
CuctemMyr mepmoro BHAY  BHMAaraioTh  HAasgBHOCTI  IPAMOi
(xBasionTH4HO{) BHIMMOCTI MDK aHTEHAMH [JBOX CTaHOId  abo
perpaHcisaTOpiB. Y  IMX  CHCTEMax BHKOPHUCTOBYIOTbCS  aKTHBHI
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perpancnsTopu Ha 3emii 1 B KocMoci (Ha IITYYHHX CyNyTHHKax 3emui,
KOCMIYHUX KOPaOJsX 1 T.IL.).

VY cucremax JIpyroro BHUIY BHKOPHCTOBYIOTHCS XBWJI, PO3CIsHI
HEOJHOPITHOCTAME Tpomocdepu Ta ioHOcheEpH, BN CIAIB 3ropiimx
METCOPHTIB, BiI MeTaJi30BaHOI IIOBEpXHI CYIyTHUKIB 3eMii Ta iH.
BimnosigHo 1o BukiIameHoro Bume yci 3acodum YKX pamioss’s3Ky MOXHa
MAPO3MIMMTA HA PAgiOCTaHMii MPsAMOi BUIWUMOCTI, pamiopemneiHi miHii
3B’SI3Ky TIPSAMOi BHAWMOCTI, TponocdepHi JiHil 3B’ 3Ky, ioHOChepHi miHil
3B’SI3KY 1 CYIIyTHHKOBI JiHii 3B’ S3KY.

Ha inTepBamax pamiocTaHIi MpsiMOi BHAUMOCTI 1 pamiopeneiiHux
JiHId 3B’sA3Ky (MamoHOK 1.6) MOBHMHHA JOTPUMYBAaTHCS KBa3lONTHYHA
BUIMMICTh AQHTEH CYCIAHIX cCTaHIii. Y TpomochepHUX IIHISX 3B’ SI3KYy
(MamtoHOK 1.7) B SIKOCTI PI3HMX AUISHOK PaJiOXBHIb BHKOPHUCTOBYIOTHCS
mapu Ttpomocdepu, IO PO3MIlIeHI JOCHTh BHCOKO Haja 3emuero (1o
JMEKITBKOX  JICCATKIB KIJIOMETPIB) 1 BHAMMI OJHOYACHO 3 TOYOK
po3TalryBaHHs JABOX CYCiOHIX craHliil. [IpoTsHKHICTE IHTEpBady Mix
CTaHIISIMU TIPU TaKid CXeMi 3pOCTae i MOKe CTAHOBHTHU KibKa COTEHB 1
HaBIiTh THUCSYI KiJIOMETPIB.

Puc. 1.6. Cucrema npsimoro 0aveHHs
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Puc. 1.7. TponocdepHi TiHii 3B 3Ky

CynyTHHKOBI cucteMu 3B’s3Ky (puCyHOK 1.8) B 3aJeXHOCTI Bin
BUCOTH IOJIBOTY CYIMYTHHUKA MOXYTh 3a0€3IIEUUTH JAIBHICTH 3B S3KY, LIO
BHUMIPIOETHCS OaratbMa TUCSYaMU KiIOMETPIB.

Puc. 1.8. CynyTHUKOBI CHCTEMH 3B’ 3Ky

Cucremn YKX pazio3B’s3Ky MaloTh psJ] XapakTepHHUX Iepesar. [lo
HUX BIJHOCSTBCA: BHUCOKA SIKICTh 3B’S3Ky, BiJIHOCHA JEII€BH3HA KaHAITy
3B’S3Ky B TOPIBHSAHHI 3 APOTSHUMH CHCTEMaMH 3B 3Ky, MOXMJIUBICTD
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3B’SI3Ky B Ba)KKOJOCTYITHHX paioHax i T. 1. OJHak cucreMu aanbHboi Y KX
panio3B’si3Ky Ha Cy4acHOMY eTalli PO3BUTKY HE BUTICHSIOTH KaOebHi JIiHiT
3B’SI3Ky, @, HaBNAaKH, JOIOBHIOIOTH iX. OCHOBHOIO NMPOOJEMOIO TEXHIKH
JIANIeKOro  3B’A3Ky (K MPOBITHOTO, TaK 1 pajgio3B’s3Ky) YacTto €
3a0e3nedeHHs HEOOXiHOTO dYHCla KaHAUiB Ha 3aJaHy IalbHICTH IIpH
HEOOXiHOMY 3B’S3Ky, OI[IHEHOMY BiJHOIICHHSM CHTHAI/IIyM Ha BHXOII
KaHaJy repeaadi JaHuX.

Manonomyscni cmanyii YKX paoiose’azky

Mig maronomysxcnumu cmanyisimu YKX paodioss’sizky 3a3BUuail
PO3YMIIOTBCS pa/lioOCTaHILI1, MOTYKHICTh NIepeiaBadiB SKUX HE HEePEBEPIIyE
100 Br. ManonotyxHi panmiocTaHuil MiAPO3AUISIOTECS Ha TPH TPYIH.
[Mepia rpymna Mae MoTyXHICTh nepenaBadiB no 1 BT, apyra — Bin 1 nmo
10 Bt i tpetst — Bix 10 mo 100 Br. IlepeBaskHa OLIbLIICTH MAJIOMOTYXHUX
VKX pamiocTaHIIiii npamroe B CHMIDICKCHOMY TeJIe(pOHHOMY PEXKIMI.

VY 3aneXHOCTI Bif TPYMH pPamgioCTaHIIi JAIBHICTh 3B S3KY MOXKE
KOJIMBaTHUCS B MEXaxX Bill MEKITBKOX COTEHb METPIB IO JAEKUTBKOX NECITKIB
kimoMetpiB. [Ipu 1mpOMy Ay BBEIEHHS 3B 3Ky HEOOXiTHO BHKOHAHHS
YMOB, OJIM3BKHX A0 TMPAMOI (TEOMETPUYHOT) BUAUMOCTI. JlalbHICTh 3B’ SI3KY
MDK paIiOCTAaHIIsIMA BU3HAYA€ThCA B 3arajJbHOMY BHUIIAIKY IHMOTYXHICTIO
nepenaBaviB, [iana3oHOM BUOpPaHUX pPOOOYHMX YACTOT, TUIIOM aHTEH 1
KOHKPETHUMH yMoOBaMH pobotu. Manonotyxui YKX pamiocranmii
LIMPOKO 3aCTOCOBYEThCS JUIS BBEJICHHS TaK 3BAHOTO ONEPATUBHOIO abo
HHU30BOTO Pajio3B’s3Ky. 3aCTOCYBaHHS CHMIUIEKCHOTO DPEXHUMY POOOTH
CYTTEBO CHPOLIYE araparypy, 3HIXKYe 11 Bary, MiJBHIIYE MOHOTOHICTbH i
€KOHOMIYHICTb, 3MEHIIIy€e radapuTH 1 BapTICTb.

[IpoTe, HaBITH I BBEJCHHS ONIEPATUBHOTO OOMIiHY iH(pOpMarii Ta y
psAni  BUIIAAKIB  CHUIJIEKCHUH  3B’SI30K  BUSIBISIETBCS  HETIPHIATHHM.
3’aBNsA€TBCA HEOOXiTHICTh B IYIUIEKCHOMY 3B’s3Ky. OOHUM i3 crmoco0iB
peamizamii JIYIUVIEKCHOTO 3B’S3Ky € BUKOPHCTaHHS JABOX CHUMIUIEKCHHX
pamiocTaHIIH Ha 000X IMyHKTaX pamio3B’sa3Ky. JJs mociabieHHs MeperrKo,T
TYyT HeoOXiHAa BeNMKa PI3HUI MDK YacTOTaMH Tepenadi i mpuiomy
curHany. IIpote, i B mboMy BHIIQAKY MOTPiIOHO MpUHMATH PAJ JOJATKOBUX
3aXOMiB IIOJI0 TOKPAIIEHHS YacTOTHOI CYMICHOCTI paaiocTaHIii i3
BHKOPHCTYBAaHHIM CIIELIaTbHUX aHTEH, JIAHITIOTIB YaCTOTHOI PO3B’A3KH Bif
6e3mocepenHix a00 KOMOIHAIIIHUX TePenIKos i T. 1. A 1e BXKe, 10 CyTi, He
mpocTHi cnM0i03 TBOX CHUMIUICKCHUX PaXiOCTaHINH, a HOBHH HPHUCTPIi.
Tomy mopsim 3 CHMIUIGKCHUMH paJiOCTaHIIIMH B OCTaHHI POKH
BUITYCKA€ThCs TEBHA KUIBKICTh AYIJIEKCHUX MAJIOTIOTY>KHHUX PajiOCTaHIIiH.
Jlo HuX, 30KpeMa, MOKHa BiJHECTH JIesKi MaJIONOTYXXHi pajiopeneiHi
CTaHIIii IPAMOT BUIMMOCTI.
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Cucmemu padiopeneinnozo 36’a3Ky

XapaKTepHOI OCOONMBICTIO CHCTEM pPaiOpENICHOTO  3B’SI3KY
SBISIETBCS.  MOXJIMBICTH I€peAadi BEIUKOro O0CATY pI3HUX BHIIB
iHpopMarii Ha Janeki BiACTaHi 3 BECOKOO JOCTOBIPHICTIO.

Paoiopeneiinum 36’s13xkom HA3UBAETHCS OCOONUBUM BHA JaJIEKOTO
OaratokaHaJIFHOTO pamio3B’s3Ky Ha YKX, 3milicHoBaHWI 3a JONOMOTOIO
pAAy TPOMDKHHX pEeTpaHCIHIIHHUX cTaHIii. Perpancmamiiiai cranmii B
3araJbHOMY BHMAAKy MPHUAMAIOTh CHTHANI Ha OJAHINA poOodYiil wacToTi, a
BHITPOMIHIOIOTH HA 1HIITHIA.

Tax yTBOpIOETHCS pajiopereiina JiHist 3B 53Ky .

Papmiopeneiini JiHIl 3B’A3Ky BHKOPHUCTOBYIOTBCS JUIS Iiepenadi
iHpopmarlii Oyap-sIKOro BuAy (TeneOHHOTO, TeNEBi3iiHOI, HUGPOBHUil i
T.1.) 1 MOXYTh OYTH YIIUIbHEHI KUTbKOMA THCSAYaMU TeIC(POHHUX KaHAIIB
abo TeneBi3iiHMMHM KaHaiamu. YHCIO KaHaJIiB paliopenelHOro craHuii
BU3HAYA€ThCS BHKOPHCTOBYBAHMM BHJOM MOZYJAILIl CHTHANIIB OKPEMHX
KaHaJIB 1 BUIOM MOAYJIALI] Hecydoi 4acTOTH IepeaaBaya.

VY pagiopeneHHX JIHISAX 3B’S3Ky MOXYTh 3aCTOCOBYBATHCS
YaCTOTHUH, THMYAacOBHHA 1 KOMOIHOBaHWI MeTOmW yulimbHeHHA. [Ipu
YaCTOTHOMY YIIUTEHEHHI 3aCTOCOBYIOTBHCS IMITYJIBCHI BHIOM MOZIYJIALii. 3
IMIYJIBCHUX METOZIB MOIYJISMii IIMPOKOTO MOMMPEeHHS Habyma ¢aszo-
IMIyJIbCHa MOAYJIAIS. 3a CTIMKICTIO 10 MepemkoJ]i BoHa OJM3bKa JI0
YaCTOTHOT MOJTYJIAIIIL.

Ilepesacamu pagiopeaeHOro 38’ 13Ky MPSAMOI BUAUMOCTI €

- BUCOKa SIKICThb 3B’SI3Ky, NOpPIBHSHHa 3 SKICTIO 3B’SI3Ky IO
xoporniomy kabesro. [IpakTHYHO BOHO Majo 3aJIC)KUTh Bill CTAHY
aTMoc(epu, BUIAJIKOBUX TEPELIKO/, Yacy JOOH, pOKY i T. 1.;

- 3Ha4yHa CHPSMOBAHICTh AHTEH, IO JIO3BOJIIE NMPUIMATH 3B’SI30K
OpM  MaInX  TOTY)XHOCTSX  repepaBada. Ilpm  mpomy
3a0e3reuyeThcsi BHCOKA  3aBaJIOCTIMKICTh CHCTEMH  3B’S3KY,
YTPYOHCHHS TEPEXOIUICHHS 1 oOprasizaimis mepemkon 3 OOKy
CYNPOTHUBHHKA;

- BHCOKa CTIiMKiCTh THOIIMPEHHS paaioXBWib, 3a0e3nedye CTajiCcTbh
PiBHS IPHIHHATOTO CHUTHAITY;

- BenWKa dYactoTHa eMHICTh YKX miama3oHy, 1o 03BOJISIE
3a0e3MeunTH OaraTokaHalbHUMN 3B’ SI30K;

- TIPOCTOTA CHOJYYEHHS paliopeseiiHux JiHIA 3B’SA3Ky 3 KaHAJaMH
IIPOBOZOBOIO 3B 3Ky pu BHKOPHCTAaHHI TUIIOBOI
KaHaJIOCTBOPIOIOYO] anaparypH.

3a BunoM nepenanux cursaiis i PPC migpo3ninsioTses Ha:

- QaHaJIOTOBI;
- nudposi.
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Ananozosi PPC BUKOPUCTOBYIOTBCS JJIS Iepeadi:
- OaraToKkaHAIbHUX  TeleQOHHUX  aHAJIOTOBUX  CUTHAIIB 3
MPOMYCKHO CIPOMOXKHICTIO 10 3600 TeneoHHIX KaHATIB;
- TEJICBI31THUX CUTHAJIB i CUTHAJIB 3BYKOBOTO CYMPOBOIY.
Lugposi PPC ciyxats Ijs iepenadi:
- OaraToKaHAIPHUX TeNe(POHHNX CHTHANIB y HUPpOBIH Qopmi 3i
mBUAKICTIO Bix 2 no 140 M6it / c;

- BUCOKOIIIBHUIKICHUX CUTHAJIB JaHUX;

- CUTHAIIB BieoTeneoHy i TelIeBi3iitHUX CUTHAJIIB y 3aKOT0BAHOMY
BUTJISIL.

3a BHUHITKOM JIEKUIBKOX pa/iiopesieHIX CHCTEM, pO3paxOBaHHX Ha
niara3onu yactoT 70 — 80 MI'ty 1 400 — 470 MI'w, Bci inmn PPC npaioroth
Ha yactoTax 2,4, 6,8 1 11 I'T'.

Jlo cucrem paniopeiaeiiHOro 3B’s3Ky HpsMOI BHIMMOCTI MOKHA
BilHECTH Oe€3J]li4 Cy4yaCHMX CHUCTE€M, y TOMY 4YHCII 1 Jil04i CHUCTEMH
CYIyTHUKOBOTO 3B’sI3Ky 1 HaBiramii. OfHaK, mepii CUCTEMU TaKOro THITY
3’BWIMCSA JOCHTH HaBHO. Tak, B 1969 p. crama niste panmiopeneiiHa
cucrema «Jlpyx0Oa», ska 3abe3rnedyBaia BHUCOKOSKICHUI 3B 530K Ha
Bigcrans 12 500 kimomeTpiB.

Hiamazon wactror — 5670 - 6170 MI'm. [do ckmamy cucteMu
«Ipyx6a» yeitimum 6 croBOypiB mo 1920 TenedoHHHMX KaHamiB abo mO
OHOMY TEJEBI3IHHOMY KaHally B KOXXHOMY CTOBOYpi 1 JiBa pe3epBHHUX
cToBOypa.

VY 80-x pokax MHHYJIOTO CTOJITTS 3/1aHa B €KCILTyaTallilo anapaTrypa
pamiopeneiiHoro 3B’sI3Ky, 110 MPAIO€ B KOMIUICKCI 31 CTaHIISIMHU 3B’SI3KY
4yepe3 WTy4uHI cynyTHUKH 3emiti Tuny «bimckaBka» B cuctemi «Op0Oitay.
Ile numme paBa NPUKIAAM 3 BEJIUKOTO IEPENiKy pO3MISIHYTUX CHUCTEM
3B’SI3KY.

Cucmemu mponocghepnozo ma ionocgepnozo 36’13y

Ilepma cuctema TpomocepHoro 3B’sA3Ky  IJIs  Tepenadi
TeneBi3iitHUX mporpam 3 JleHinrpany mo [letpo3aBoaceka Ha Binctans 300
kM Oyna moOynosana B 1963 poui. Hamami mei tunm cucrem 3B SI3Ky
OTpPHMaB JJOCUTh IIMPOKOTO MOMINPEHHS.

VY cucremax TponocepHOro 3B’SI3KY BUKOPHCTOBYETHCS SIBHIIE
MOJIAJIBIIOTO MOUIMPEHHS YIBTPAKOPOTKUX XBHIIb, CYTh SIKOTO TIOJISITAE B
HacTymHOMy. Binmomo, mo npuumHoro 3ajomiieHHst (pedpakuiil) YKBX
ABISIETECS.  HEOTHOPITHICTE  MOJIEKYJSIPHOI  CTPYKTYypH  TporochepH,
pocTopy 110 BUCOT 12-15 kM Big moBepxHi 3emiti. [TokazHUK 3aTOMIIEHHS
MOBITPSL 3aJISKUTHh BiJ] THUCKY, TEMIEpPaTypH i BOJIOTOCTI, SIKi Ha Pi3HUX
BHCOTaxX MaloOTh pi3He 3Ha4deHHA. HopmampHOMY (CepenHBOMY) CTaHOBI
Tpornochepu BIACTHBE 3MEHIICHHS MOKAa3HHWKA 3aJIOMJICHHS 3 BHCOTOIO. Y
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LUX YMOBaxX TPA€EKTOPis PO3MOBCIO/KCHHS PpaJiOXBWIb BTpayae CBOIO
NPSMOJIHINHHICTh, HaOyBa€ OMYKIICTh, 3BEPHEHY Bropy, TOOTO OIHMHA€E
3eMHy moBepxHI0. Ll HopmanmbHa pedpakiiisi eKBiBaJEHTHAa JESIKOMY
3MEHIICHHIO OITyKJIOCTI 3€MHOI Ky, 3aBISIKM YOMY CTa€ MOKIMBUM
npuitom YKX 3a minieto ropu3onTy. [IpoTe, madpHICT 3B’ 43Ky 32 pPaxyHOK
HOpManbHOI pedpaxiiii B MOPIBHAHHI 3 HNANBHICTIO HPSAMOI BHIUMOCTI
3pocTae He3Ha4YHO. BHACHINOK CE30HHWX 1 JOOOBHUX 3MiH METEOyMOB B
Tpomochepi MOKIIUBO TaKHH PO3MOILN BOJIOTOCTI, TEMPATypH 1 TUCKY, TIPH
SIKOMY TIOKa3HHK 3aJIOMIICHHS 3 BHCOTH 30UIBIIyeThCs, 1 mpomeHi YKX
HaOyBarOTh OMYKJICTh, HANPaBICHY BHH3. Take 3aJIOMJICHHS PadiOXBHIIb,
3BaHEC HETaTUBHOK pedpakiiero, TiIrHe 3a Cco0OK  3MCHIICHHS
IHTEHCHBHOCTI 1 3aBMHPaHHsI CUTHAJy HaBiTh B 30HI IPSIMOT BUAMMOCTI.

SIKIIO K TOKAa3HHMK 3aJIOMJICHHS MOBITPSl 3MEHINYETHCS 3 BHCOTH
LIBHIIE, HIXK TPH HOPMAIBLHOMY CTaHi Tporochepu, MOXIMBUN NpuUiioM
VKX Ha BifcTaHi, 3HaYHO MEPEBHIYE NPsMY BHAMMICTh. llel Bumamok,
3BaHMH Haapedpakiliero, 0coOIMBO YACTO CIIOCTEPIraeThesi HaJ BOIHOIO
MTOBEPXHEIO B PE3yIBTATi Pi3KOI 3MIHH BOJIOTOCTI ITOBITPS 3 BUCOTOIO.

OcobmuBo  crpusATINBI  yMOBH po3moBciomkeHHs YKBX 3a
TOPU30HT CTBOPIOIOTBCS 3@ HAsABHOCTI B Tpomocdepi mapyBaTux
HEOJTHOPITHOCTEH, TOOTO, PI3KO BHPAXKECHOI MEXi MIapiB 3 pi3HAMH
KOe(II[iEeHTaMH ~ 3QJIOMJICHHS, 110 BHHHKAIOTh, HANpHKIAL, TpH
MIPOXOJKEHH] (PPOHTY XOJIOJHOTO MOBIiTps. Ha KOpAoHi pi3HOPIAHUX IIapiB
panioXBHIII 3a3HAIOTh MPAKTHYHO J[3epKalbHE BiJOMBAHHS, IPUIOMY YMOBHU
BiZIOOpa)XeHHs Maike 0JJHAKOBI B IMPOKIH MOJIOC] 4aCTOT.

Paniopeneiini iHii TpomochepHOro 3B’S3Ky MOXYTh OyTH SIK
PYXOMHMH, TaK i cranioHapHUMHU. PyximBi pamiopeneiini jiHii MaroTh Bij 6
no 24  tenedonHux kananmiB. CrauioHapHi  paagiopeneitHi  JiHii
PO3paxoOBYIOTECS Ha IECATKH 1 COTHI Telne()OHHHUX KaHATB 1 MOXYTh
3abe3meyuyBaTu Iepefady TeleBi3iiHuX mporpaM. lIpuHIHNMH MOOYIOBH
pamiopenelHuX JiHil, B SKHX BUKOPUCTYETHCSA TPOIOCc(epHe PO3CiFOBaHHS
pPamioXBWIb 1 TOIIUPEHHS PaJiOXBWIb y MeXaxX NpsAMOi BHAMMOCTI, B
oMy omHakoBi. [Ipore amapaTypa pamioiiHiii TpomocdepHOTro 3B 3Ky
Mae psit ocoONMMBOCTEH. 3arajbHe 3aracaHHs CUTHAITY IIPH Tporoc(hepHOMY
PO3CisiHHI pamioXBWiIb JocArae coTHi neruben. Tomy ans oTpuMaHHA Ha
BXOJIi IpuiiMaya JOCTaTHROTO PiBHS CHT'HATY HEOOXiTHO BHKOPHCTOBYBAaTH
repenaBadi BEIMKOI MOTYKHOCTI — BiJl OJTMHUIIH /IO IECATKIB KiJOBaT.

3a cyJacHHMH YSBJICHHSAMH i0HOC(epa 3aiiMae 00JaCThb BHCOTH
atmochepu Big 60 1o 1600 kM. Y mporieci po3MOBCIOIKEHHS PaIiOXBUIIb
OepyTh y4acTh IIapH, pO3TAIIOBaHi Ha BUCOTaX Bif 55 i mpubmusnao 10 500
KM.

lonizamiss ~ armMocdepu  BHUKIMKAETHCS,  TOJOBHMM  YHHOM,
yIbTpadioNeTOBUMU POMEHSIMH COHSYHOTO CIIEKTPA, a TaKOX MOTOKAMH
YAaCTHHOK, 110 BUKWJIAIOTHCS COHIEM 1 OOMOapayloTh 3eMHY aTtMmocdepy.
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loHizoBaHI mapu MOBITPS MAIOTh 3AATHICTh BIIOUBATU PAiOXBUII, 3aBISKH
YoMy W 3IIHCHIOETBCS JajJeKMd 3B’S30K HAa KOPOTKUX  XBHJIX.
VY IIBTPakopoTKi X XBHJII MPOHHUKAIOTH Kpi3b 10HOC(EPY, HE BiIOWBAIOUUCH
BiJl Hel, 32 BUHSATKOM IEpioJiB Jy’e BUCOKOI COHSYHOI akKTUBHOCTI. ToMy
perymsipanit YKX 3B’SA30K 3a paXyHOK BiTOWTTS BiA 10HI30BaHHX IapiB
aTMochepr HEMOXKITHBHA.

VY 1951 p. Oyma BimkpuTa MOXIHBICTH perymsapHoi mamexoi YKX
3B’S3Ky 32  PaxyHOK  pPO3CIIOBaHHS  paliOXBWJIb  JIOKAJIEHUMH
HEOTHOpPiTHOCTAME i0HOC(epu. JIokanpHI HEOTHOPITHOCTI EIeKTPOHHOL
KOHIICHTpAIii i0HOC(epr BHHHUKAIOTH Ha BUCOTI 55-120 kM AK Hacmimok
TUMYAacOBHX 1 IIPOCTOPOBUX (UIYKTyaliii 10OHI3yIOUOrO IIOTOKY 1
TypOyJICHTHOTO TEpeMilllyBaHHs IOBITPSIHUX Mac. I[HIeKc 3anoMJeHHs
pamioXBWIb B  MeXaxX JIOKaJbHMX HEOJHOpIIHOCTEH  ioHOChepH
BIJIPI3HSETHCS BiJl HOrO 3HAYCHB JJI1 HABKOJHUIIHLOTO CEPEIAOBHIIA, IIUM i
MOSICHIOETBCSL PO3CIIOBaHHS JIEIKOT HEBEJUKOI YaCTKHU €HEpril palioXBHJIb,
mo ¥nyTe Kpi3b map ioHochepu. Takum YuMHOM, MO CBOTH CyTi Aajeke
ioHOC(epHE 1 mameke TpormocdepHe posnoBcromkeHHs YKB MatoTs 6araTo
crnimpHOTO. PasoMm 3 TuMm Mik poscitoBanHsM YKB B Tpomocdepi i
ioHOC(Epl € HacTylmHA NPHHIUIIOBA Pi3HHIL: TPOIOC(EepHE PO3CiFOBaHHSI
O00yMOBIICHE  HEOJHOPITHOCTSMH  MOJICKYSIPHHX  XapaKTEPUCTHK
(TeMmepaTypH, BOJIOTOCTI, THCKY), a IOHOCQEpHHX — HEOITHOPiTHOCTSIMH
IOHI3AIIfHUX XapakTepHCTHK (3MICTy BUIBHUX €JEKTPOHIB Yy Tasi).
UYepes BeMKi MOTYXKHOCTI MEpeaBadiB Ta CKIAJIHOCTI aHTCHHUX CHCTEM,
SIK TIPAaBHJIO, CTBOPIOIOTHCS CTalioHapHi JiHil gamexoi ioHocdeproi YKX
pamio3B’si3Ky.

CminbHuxo6i cucmemu 36°a3Ky

CTiTBHUKOBI CHCTEMH 3B’S3Ky TIpU3HAYEHI I 3a0e3MCUCHHS
pyXoMHUX 1 cramioHapHUX O0’€KTiB TeleoHHHX 3B’S3KIB 1 Iepenadero
TaHnX. Y CTUIPHUKOBHX CHCTEMax »3B’S3Ky 1O pYXOMHX 00’ €KTIiB
BiTHOCSAThCA SK HA3eMHI TPAaHCHOPTHI 3aco0W, Tak 1 Oe3mocepenHbo
JIOMHA, M0 3HAaXOAUTHCS B pyci 1 OCHAIICHWH IOPTaTHBHOIO
a0OHEHTCHKOIO CTAHIII€IO0.

Ilepenaua maHuX pyxoMoro o06’€KTa ICTOTHO PpO3IMIKPIOE HOTO
MOJKJIMBOCTI, TaK SIK OKpiM Tele(OoHHOTO 3B’SA3Ky BiH Ma€ MOXIIHUBICTB
OTPUMYBaTH TeNeKCHI 1 (aKCHMUIbHI TOBITOMJICHHS, TpadiuHy
iHpopMallito, TUTAHM MICIEBOCTI, Trpadiku pyxXy TpaHCHOPTY 1 T.II.
CTiTBHHUKOBI CHCTEMH 3B 3Ky B PI3HUX raly3siX FOCHOAApCHKOI AiIBHOCTI
JIO3BOJISIIOTh  3HAYHO MIJBUIIMTH TPOAYKTHBHICTH Ipalli Ha pPYXJIMBUX
00’€eKTax, 3a0e3MeYNTH aBTOMAaTHIHIH KOHTPOJIb TEXHOJIOTIYHUX MPOLECIB,
CTBOPUTH HaJiifHy CHUCTEMY YNpaBIiHHA Ha BEJIHMKHUX TEPUTOPIsLX, IIO
JI03BOJISIE EKOHOMHUTH MaTepiabHO-TPYI0BI PECYPCH.
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CTUIBHMKOBI CHCTEMH PYXOMOTO 3B’SI3Ky — 1I€ BIJIHOCHO HOBHWH THII
cucTeM panio3B’si3Ky. BoHn moOymoBaHi 3a IPUHIUIIOM «CTiLTEHHKOBOTO)
PO3MOJTy 4acTOT Ha TepuTopii, mo obciayroByerhes. lle o3Havae, 110
MiZBIIOMYA TEPUTOPis BIANOBITHO 3a CTUIBHUKOBHM TEPUTOPiadbHO-
YaCTOTHHUM IUIAHYBaHHSIM 3a0e3medye pagio3B’s3KOM  BEIHKE YHCIIO
pyxoMux OO0’€KTiB 3 HaZaHHAM iM BHXOQy Ha TeJNeQOHHY MEpeKy
3araJbHOT0 KOPUCTYBAaHHS.

CTiNBHUKOBI CHCTEMH 3B’S3Ky MAalOTh HACTYIHI IIepeBard B
MTOPIBHAHHI 3 HEHTPATi30BaHUMH 3aC00aMH 3B’ S3KY:

- BEJIMKE YKCJIO0 aDOHEHTIB;

- BHCOKa SIKICTb TeNe(OHHOTO 3B 3Ky 1 Iepeadl JaHux;

- MOXJIIHUBICTB 3B 513Ky 3 EOM T1a 6a3aMu naHux;

- e()eKTHBHE BUKOPUCTaHHS CMYTI'H 4acTOT;

- Kpally eJIeKTPOMarHiTHy CyMICHICTb 3 1HIIMMH PaJiOTEXHIYHHUMHU

CHCTEMaMH.

CucTteMu pajio3B’s3Ky 3 pyXOMHMH 00’ €KTaMH IiAPO3IISIOTHCS

- BimoMyi (cremiani3oBaHi) pagioTencoHHI CHCTEMH;

- pagioTeneOHHI CHCTEMH 3araJIbHOTO KOPUCTYBaHHS.

PanmiorenedoHHI cHCTEMH 3arajJbHOTO KOPUCTYBAaHHS 3aiMaroTh
MIPOBIIHE MicIle cepel yCixX BHUIIB 3B’s3KYy 3 pyxoMuMHu 00’ektamu. Lle, 3a
cyrtio crpasy, pagio ATC, ne e(eKTHBHO BHKOPHCTOBYETHCS BHJIUICHA
cMyra 4actoT. Y Wil cMy3i yacToT abOHEHTH 00’€JHYIOTHCS B TIpYIy 3
PIBHHM JIOCTYIIOM JIO 3arajibHOT CHCTEMH 3B SI3KY.

PaniorenedoHHi cUcTEMU 3aralbHOr0 KOPUCTYBAHHS ITOMUISIOTHCS
Ha JIBa BUJIU:

- CHCTeMH 3 BEJIMKUMU 30HaMH OOCIYyroByBaHHs (pajianbHi

CHCTEMH);
- CHCTEeMH 3 MAaJMMH 30HaMH OOCIyroByBaHHS (CTITHHHKOBI
CHCTEMH 3B’SI3KY).

CucteMH 3 BEIMKMMH 30HaMH OOCIYrOBYBaHHS MalOTh OJHY
LEHTpaNIbHY CTaHIII0 (3a3BUYail Ha BUCOYHHI), SIKa 0OCIYTOBYE TEPUTOPIIO
paxiycom 50 — 100 xM i MaroTh TOTYXHICTH mepenasada 100 — 250 Br.

Jlo HemOIiKIB TAaKUX CUCTEM B1IHOCATHCS:

- 00MeKeHe YnCiI0 a0OHEHTIB 1 CKIAIHICTD 1X 301JIbIICHHS;

- B3a€MHI IEPEIKOAN BiJ] IepeiaBadiB CyCiIHIX 30H;

- TPYIOHICTH KOHTPOIIO SKOCTi 3B’A3Ky BCEPEAMHI KOXKHOI 30HH IS

PYXJIUBUX 00’ €KTIB.

CucteMr 3 MaluMH 30HAMH OOCIYrOBYBaHHA a00O CTiJIbHHKOBI
CHCTEMH PYXOMOTO 3B’SI3Ky B JaHWU 4ac HaHOUIbII MOIIMPEHi i MaroTh
30BCIM iHIOIY CTPyKTypy. BoHa 3acHOBaHa Ha CTUIBHMKOBIH MOOYZIOBI i
posnozini yactoT. Llst 30Ha 00cyroByBaHHsI MOJITUTHCS HA BEJIHMKE YHCIIO
OCEpEe/IKIB — «COTIiB», KOKHA 3 SIKUX OOCITyTOBYETHCSI PAJIOCTAHIIIE€I0 MaJIO]
MOTYXXHOCTI B LEHTPi CTibHUKA. [T0TyXHICTh mepenaBada BChOIO KiJIbKa
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necsatkiB MBT. Ile no3Bonsie Oe3 meperkoa NOBTOPIOBATH PoOOdi 4acTOTH
4yepe3 ONHY-IBI CTUILHUKH 1 3a0€3MEUnTH SKICHUM DPAaJio3B’I3KOM BEJIHKE
YHCIIO PyXOMHUX aOOHEHTIB B yMOBaX OOMEKEHOTO YaCTOTHOTO Jlialla3oHy.
KpiM TOroO, 3’SBISETBCS MOXJIMBICTH THYYKOTO DPO3BHTKY CHUCTEMH 3a
paxyHOK 301/bIIeHHS a00 3MEHIICHHS 30H 00CITyrOBYBaHHS.

Jo dncna HEOOMIKIB CTIIPHUKOBHX CHCTEM 3B’S3KY CIiI BiTHECTH
MiABUINEHHS BapTOCTI CHUCTEMH 4depe3 30iMbIIEHHS 4Yncia 0a30BUX
pamiocTaHIIiH 1 HeOOXiTHOCTI CTEKEHHS 32 pPyXOMUM 00’€KTOM, 1100 BiH HE
TIEPETHYB IHITY 30HY. A IIe BUMarae 3aCTOCYBaHHS CITCI[ialbHOI armapaTypu
0e31epepBHOTO CIIOCTEPEKCHHSL.

OcraHHi po3p0oOKH CTITBHUKOBUX CHCTEM Pajio3B’sI3Ky 3 PyXOMUMHU
o0’ekTaMH  MalOTh  CTUIBHUKOBY  a00  KBa3iCOTOBY  CTPYKTYDY,
aBTOMATH30BaHE YIPABJIIHHI, MOXIJIUBICTh BXOJY B MEPEXKY 3arajbHOro
KOPHUCTYBaHHS, MOXIIMBICTh Iepeiadi UM(GPOBUX CUTHATIB YNPaABIiHHA, a
TaKOX IHIIMX BHAIB CHTHANIB, B TOMY 4YHCIi I MOBH, B IUQPOBIH i
aHaJIOTOBIH (OpMi.

VY CTPYKTYpY CTITbHUKOBOI CUCTEMH 3B SI3KY BXOASATH:

- o0maHaHHS [EHTPAIFHUX CTAHIIIH (LEHTPIB KOMYTAaIlii);

- oOnagHaHHA 0a30BUX CTAHIIIN;

- oOnagHaHHSA A0OHEHTCHLKUX CTAHIIIM;

- KOMIUICKT JIiHIHHOTO OOJagHAHHS IUIA PYXOMOTO Pamio3B’s3Ky 3i

CTaIliOHAPHOIO TEICPOHHOIO MEPEKEIO.

EnexTpoHHa cucTeMa KOMYHIKAaIlii HEHTPAIbHOI CTaHINI MICTUTH
NPOLIECOPH, ~ 3araM’sITOBYBaIbHI  NPHUCTPOi, KOMYTaliliHI  JIAHIIOTH,
MDKCTaHI[IHHI 3 €IHYBaJIbHI JIiHIT Ta Pi3HI CIIy:KOOBI JIAHIFOTY y BHIJISII
€/IMHOT CUCTEMH YIIPABIIiHHSL.

Ha 6a3oBiii cranuii, mpu3HaueHiil s nepeaadi i NpuiioMy CUTHaIIIB
a0OHEHTIB, pO3MIllleHI TepeAaBad, NpUiMad, KOHTPOJep, amapaTrypa
nepeaadi JaHUX i KOHTPOIO KaHANIB, a TAKOXK aHTCHHA cHcTeMa. TyT Mix
VIOPaBIiHHAM LEHTPAIBHOI CTaHLIii 3IHCHIOETBCA TMOIIYK PYXOMHX
00’€KTIB, BU3HAUCHHs HOr0 MicLs MOJIOXKEHHs, BCTAHOBJICHHS 3’ €IHAHHS,
PO3MOALT KaHANIB, Tepeada JaHUX 1| BUKOHAHHS JIarHOCTHYHHX MPOLEIYp
Ha oOnmamHaHHi 0a3oBoi craHmii. Bci 1 omepamii mporpamyroThCs
KOHTpOJIEpaMHU.

Cucmemu cynymHukoe020 paoio3e’sa3Ky

JleTanbHO CHCTEMH CYITyTHHKOBOTO 3B’SI3Ky OyAyTh pO3TIISHYTI
Jlalti, TYT 3y[HMHUMOCS JIMIIE Ha OCHOBHHUX OCOOJIMBOCTSIX.

CynyTHHKOBHI panio3B’sI30K ABISE COOOI0 PI3HOBHZ CHCTEM
panmiopeneiiHOro 3B’SI3KYy NpsiIMOi  BHIMMOCTI, B SIKid  CTaHI€IO-
perpaHcnsaTopoM € mTyyHuid cymytHuKk 3emii  (ILC3), o6magHeHwmit
BiJIIOBiTHIM OOPTOBHM 00JIa THAHHSM.

HaiinpocTiliuM peTpaHciiTOpOM MOXKE CIYXKUTH 3aIllylIeHUH Ha
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BUCOKY OpOITY HaBKOJO 3eMili KyJs BEJIMKHX PO3MIpIB 3 METasi30BaHOIO
MOBEPXHEI0 — MAacCUBHUH peTpaHcisiTop. Bim wmir OM  0oJHOYacHO
KOPUCTYBaTHCSl 3HAYHMM YHCJIOM Ha3eMHUX CTaHIiH, 10 MpaIioloTh B
mupokomy niamazoni yacror YKX. Ilpore, 3a macuBHOI perpaHciusii
BHHHUKAIOTh BEJIIMYE3HI BTPATH €IEKTPOMATHITHOI €Heprii, mo MpH3BOIUTH
0 HEOOXiTHOCTI BHKOPHCTaHHS IMOTY)KHUX IepelaBadiB, aHTEH BEIUKHAX
PO3MipiB i BUCOKOUYTINBUX MPUAMAIEHUX MPUCTPOIB. Bee me pobuts Taky
cHUCTeMy 3B’S3Ky TPOMI3IKOI0 1 Hanxro mopororo. Tomy, B maHHiA Hac,
MPaKTHYHOTO 3aCTOCYBaHHS HAOylmM CHUCTEMH CYIMYTHHKOBOTO 3B’S3KY 3
aKTHBHUMH PETPAHCIATOPAMH.

¥

" KonTpoabHi 3anuTanns

1. OxapakrepusyiTe3araibHi MOHATTS PO Nepeaady iHdopmarii.

2. Ha3BiTh Ta oXapakTepHu3yiTe OCHOBHI IIEPELIKOAN B KaHallaX 3B’ s3KY.
3. o Taxe panmiopeneiiHmii 3B’ I3KOK?

4. Y oMy moisrae CTUTbHUKOBA CHCTEMa 3B’ 3Ky ?

5. Ski cnocobu akTuBHOI peTpaHcsinii Bu 3HaeTe?

TEMA 2. BUSIBJIEHHSI I PO3PI3HEHHS
CUT'HAJIIB

1. Texnoaoris ingpauepBonoro gianazony IrDA

IrDA — sBise coboro abpesiatypy Infrared Data

Association — acormiariist, ska 3aliMa€TbCs PO3POOKOIO

cneuudikanii ansd OOMiHY JaHUMH 1O ONTHYHOMY

iHTEepdeiicy 3 monomMorow iH(QpadyepBOHOTO MPOMEHI0. Taka TEXHOJOTIS B
mojaemomMy orpuMana HazBy IrDA.

B enexkrpoMarHiTHOMY CIEKTpi iH(pPadyepOBOHE BHUIIPOMiIHIOBAHHS
oOMeXeHe 3 KOPOTKOXBWJIBOBOTO OOKYy BHAWMHM CBITJIOM, a 3
JOBrOXBHJILOBOTO OOKYy — MIKPOXBIJIBOBHM BHUIIPOMIHIOBAHHSM, SIKE
HAJICKHUTH J0 PaAiodacTOTHOTO Aiana3oHy. [ paHumi giama3oHiB HE € CTPOro
BU3HAYCHUMH.

Icaye  kimpka  craHmapTiB  kimacudikamii  iH(pa-gyepBoHOTO
BHITPOMiHIOBAHHS.

3a Bu3HaueHHAM MDKHApOOHOI KOMIcii 3 OCBITIEHOCTI 3a
JOBXXHHOIO XBWJII iH(ppauepBOHEe BUIIPOMIHIOBAHHS MiAPO3AUIIETHCS HA TPH
Jiara3oHMu:

¢ IR-A — Big 700 xo 1400 M,
¢ |IR-B — Bix 1400 1o 3000 M,
¢ |IR-C — Bix 3000 aM g0 1 MMm.
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Iepmmii i3 mmx giana3oHiB, |R-A Ha3WBaOTh TaKOXK OIUNCHIMU
ingpauepeonumu  xeunsimy. BiH BH3HAuae€ThCsl BIKHOM Yy CHEKTpi
TIOTJIMHAHHS BOJH 1 3/1€01IBIIOr0 BUKOPUCTOBYETHCS IS OIITOBOJIOKOHHUX
TEJICKOMYHIKaIliid, 00 eNeKTPOMarHiTHI XBWJII IbOTO Jiama3oHy cyabo
MOTJIMHAIOTHCS CKIIOM.

3a cragmaprom SO 20473 indpadepBoHE BHUIPOMiIHIOBAHHS
MOIUIIE€THCS HA TPH Jiala30Hu:

- 01uskHe iHpayepBoHe BunpominoBanasa — Bix 780 xo 3000 HM;

- cepenHe ingpayepBone BunpominoBanusa — Bix 3000 xo 50 000 HM;

- najexe ingpayepBone BunpominwoBanusa — Bix 50 1o 1000 Mxwm;

B actpoHOMI{ BUKOPHCTOBYETHCSI HACTYITHA KIlacH(iKalis:

- bnuoicne ingpauepeone eunpominiosanns — Bix 700 g0 5000 HM;

- cepedHne ingpauepsone sunpomintosanins — Bin 5000 mo (25-40) MxwMm;

- danexe ingpauepesone sunpominiosanns — Bin (25-40) mxm 10 (200-350)
MKM.

Ile omna cxema kiacudikamis OCHOBaHa HAa YYTIMBOCTI HEBHOTO
THUITY JETEKTOPIB:

- OaudicHe iHgpauepsone sunpominoeanna — e odmacts Big 700 mo
1000 =M, TOOTO BiA MPUOIU3HOI TPAHMUIII JIFOIACHKOTO 30py A0 Iiarma3oHy
KPEMHI€BUX JETEKTOPIB;

- KOpOmKOX6unbo6e iH@pauepeone unpominiosanis — 00IacTh
JIOBXHMH XBWIb Binl 1 10 3 MikpoH, TOOTO BiJ TpaHUIl YYTJIUBOCTI
KpPEMHIEBUX JETEKTOPIB J10 BikHa mpo3opocti armocdepu. Jerekropu Ha
ocuoBi INGaAs mokpuBarTh 00JacTh a0 1,8 MIKpOH, BCIO If0 00JacTh
MOKPHUBAIOTh MEHIII YyTJIHBI JETEKTOPH Ha OCHOBI COJIEH CBHHIIIO;

- cepedHboX8UIbOBe IHPDPauepeone sUNpPoOMinHIogants — 00IaCTb, IO
BinoBigae armoc(hepHOMY BiKHY, Big 3 m0 5 MikpoH. B miii obmacti
MPAIOTh JIETEKTOPH HA OCHOBI aHTUMOHI Ty iHito INnSh, HgCdTe i mouyactu
Ha ocHOBI PbSe);

- 00820X6UNbOGE THDpAUEPBOHE GUNPOMINIOBAHHA — 33 DPISHUMH
BU3HAUYCHHSIMHM 00JIacTh JOBKHMH XBHIIb Bif 8 g0 12 MkM, abo Big 7 mo 14
MKkM. Ile obmacte atmMoce(pHOTO BiKHA, B SKill MPANIOOTH JETCKTOPH Ha
ocuosi HgCdTe ta mikpobosomerpu;

OyoHce 00820X8UNBOGE UepBeOHe BUNPOMIHIO6AHHS — 00TACThb JIOBXKUH
xBWIb Bix 12 10 30 MKM, Jie IpaIioloTh JETEKTOPH Ha OCHOBI JIETOBAHOTO
KPEMHIIO.

besnepepBHUit po3BUTOK iHHOPMAIIHHUX TEXHOJIOTIH BUMarae
MOCTIHHOTO 30iMbIIeHHsST e(heKTUBHOCTI 00poOkm 1 mepemaui iHdopmarii.
OueBHIHO, imeambHa IiHIA Mepefadi MAaHWX ITOBHHHA MaTH HEBHCOKY
BapTiCTh, MaTH MiHIMaJIBHMH BHUTpaTa €HEprii, BUCOKOI MPOITYyCKHO]
CIPOMOXKHOCTI 1, IO Ay’ke OaxkaHo, MOBHHHA OyTH 0e3apoToBoi. 3a3BHyai
cinoBom wireless (OesgporoBmit — anrn.) Ilo3HavaroTh 3B’SI30K 3
BUKOPHUCTaHHSIM pajiocurHany. OpHak, He BapTo 3a0yBaTu, IO KaHal
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nepefadi iHGopMamii MOXXHA CTBOPUTH 1 3a JONOMOTOK) ONTHYHHUX
MPUCTPOIB, TOOTO, MPOCTIIIE KAXY4H, 3a JonoMoror ceimia. Jlocsix
MoKaszye, IO cepei iHmMX Oe37poTOBMX JiHIA mnepenadi iHdopmarii
iHppauepBonuii (IK) BiAKpUTHII ONTHYHMI KaHal € caMHM HEJOPOTUM i
3pyYHHM CIIOCOOOM Tepenadi JaHMX Ha HEBENWKi BiICTaHI (IO JEKLTbKOX
JIecaTKiB ~ MeTpiB).  30Kkpema, BiH eeKTUBHHHA g 3a0e3nedeHHs
6€3IpOTOBOTO 3B’ 3Ky MIKIIEPCOHAIFHIM KOMITIOTEPOM 1 nepudepitHIMH
MIPUCTPOSIMA.

VY 1979 pomi xommanis Hewlett-Packard oromocmnma mpo modaTok
MPOAaXiB HOBOTO KaJBKYIISTOPA, TOJOBHOIO OCOONHUBICTIO SIKOTO Oyna
HasIBHICTh y HBOTO iH(pauepBOHOro MOPTY AJIs BUBeAeHHs iH(opManii Ha
ApYK.

ITicas 1LOTO IPOTATOM TIEKIJIBKOX POKiB
PO3pOOHUKAMHM EIEKTPOHHOIrO OONaAHaHHS Oyia 3amporoHOBaHA  Iijia
cepis mpwiagiB 1 NPUCTPOIB, IO BHUKOPUCTOBYIOTH [UIsl Iepeaadi
iHpopMalii BIIKPUTHH ONTHYHMH KaHan B iH(payepBOHOMY Iiara3oHi.
OpnHak, BCi Il MPUCTPOi HE MOTVIM OTPUMATH HIMPOKOTO IOIIHUPCHHS
BHACIHIZIOK cBo€l HecymicHOCTI. Tomy B 1993 poui Oyma 3acHoBana Infrared
DataAssociation (IrDA), wmikHapoaHa HEKOMeEpIlifiHa OpraHizaigis, Mo
CTaBUTbH 32 METY PO3POOKY €AMHHX CTAHJIAPTIB, SKI BAKOPUCTOBYIOTHCS JJIS
oprasizanii iHppadepBOHUX JNiHiH Tepenadi iHpopmarii.

Bruitky 1993 poky xkommanis Hewlett-Packard opranizysana
3arajJbHONMPOMHUCIIOBE  Hapagy, o0 obOroBoputn MaiOytHe IK
(indppagepBonmii) mepemadi JaHUX. Pi3HOMAHITTS HECYMICHHX CTaHIApTiB
OyJI0O CyMHOIO PEaJIbHICTIO, 3alOfIif0€ Macy He3py4HOCTEH BCIM BiJ| TOTO,
mo npuctpoi Bin pi3HMX BHPOOHHKIB Oynu HecymicHi. Tenesizopw,
BiZleoMarHiTooHH, iHIIA 1OOyTOBa TexHika 3 [Y ynpaBiiHHIM ChOTOJHI
3yCTpi4aeThcs Ha "KOXXHOMY KyTi", TPOTE B HHX BHKOPHCTOBYIOTHCS
HecyMmicHI (i3muHi Ta mporpamHi iHTepdeiicu. Metoro Hapagu Oyio
OoOroBOpeHHs  HUISAXiB, SKHMH HPOMHCIOBICTH MOXE INTH [0
3arajbHOTO CTAHJAPTY, 3JaTHOMY CYMICHICTH BCIX IpPHUCTPOIB, IO
BrKOpucTOBYIOTH IK mopT. Ha Hapani OyB copMoBaHMil KOHCOPIIYM BCiX
MPOBIIHUX KOMIIaHil, Ha3BaHHX Acoriaimielo iH(ppadepBoHOi mepenadi
naHux 1 Hezabapom (y depBHi 1994 poxy) Oyma orosomieHa mepina
ONHOWMEHHa  Bepcis  cTaHaapry, 10  BKIOYae  Qi3ugHuil 1
nporpamuanii mpotokonu — IrDA 1.0. [Totouna Bepcis - 1.1.
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Puc. 1. Bepcii 6e3mpoBiTHEX cHUCTEM

[Mepnm crangaproM, npuitaatam DA, Oy, Tak 3Banuii, Serial
Infrared standart (SIR). Jlauwmii crangapT 103BOJISIB  3abe3medyBaTH
nepenady iHdopmamii 3i mBuakictio 1152 kb / s. V 1994 poui IrDA
omy0miKyBana crierudikaliro Ha 3arajJbHAN CTaHIAPT, IKAH OTPUMaB Ha3BYy
IrDA-standart, sixuii Bxirouas B cebe omuc Serial Infrared Link (mocmiBao —
IMocninosHa IndpadepsBona minis 38°s13ky), Link Access Protocol (IrLAP)
(IIporoxon  moctymy) 1 Link Management Protocol (IrLMP)
(ITpotokon ynpasninus). Bxe B 1995 pori Kijgbka JijepiB Ha pPUHKY
€JIEKTPOHIKM BHIYCTWJIM CEpPil0 TNPOAYKTIB, L0 BHKOPUCTOBYIOTH JUIS
nepenaui iHpopmariii 3 Bigkpuroro ontuyHoro kanamy IrDA-standart. I,
Haperuri, B jucronami 1995 poky Microsoft Corporation 3asBuia mpo
BHECEHHs NPOrpamMHOro 3abesreueHHs, 1o 3abe3nedye iHppauepBOHUI,
mo BukopucroBye IrDA-standart, y craHmapTHMi makeT —omnepariiiHol
cucremu Windows'95. B nanwmii wac IrDA-standart — maiinmormpeHimmii
CTaHOApT M opradizamii mepemadi iHdopMamii 1o BiAKpUTOMY
iH(paYepBOHOMY KaHAITY.

Omxe, nporokou IFDA  (Infra red Data Assotiation) mo3Bosse
3’eTHyBaTUCs 3 epu(epiiHUM yCTaTKyBaHHIM Oe3 Kabellto 3a J0MOMOT 00
[Y-BunpominroBanHs 3 nomxuHoro xBuiai 880nm. Ilopt IrDA nozBosse
BCTaHOBJIIOBATH 3B’ A30K Ha KOPOTKii BifICTaHi 70 | MeTpa B peXHMi TOUKa-
kpamnka. IrDA mMae Hamip He HamaraBcsi CTBOPIOBATH JIOKJIbHY MEpEKy Ha
ocHOBI [Y-BUIIpOMiHIOBaHHS, OCKUTbKH MepeXeBi iHTepdelicn myxe
CKJIaJIHi 1 BUMAraloTh BEIHMKOI MOTYXXHOCTI, a B MeTi IrDA BXoannm HU3bKe
CIIOXXHMBAHHA Ta €KOHOMIUHICTh. IHTepdetic IrDA BHKOPHUCTOBYE BY3BKHIA
IY-miamazon (850-900 nm 3 880nm "mikoM") 3 Majow MOTYXHICTIO
CIOXKMBaHHS, IO J03BOJISIE CTBOPUTH HEJIOPOT'Y araparypy i He BHMarae
ceprudikamii FCC (PenepanpHOi Komicii 3i 3B’5I3KY).
[Mpuctpiii iHdpayepBoHOTO iHTEpdENCY MIPO3AUIIETHCA HA JBa OCHOBHI
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ONoKM: TmepeTBOproBaY (MOIyNi TNpHHMalbHHKa-AETeKTopa 1 Jioga 3
KEPYIOYOIEICKTPOHIKOI0) 1 KOoJlep-AeKoaep. bioku 0OMIHIOIOTECS TaHUMU
MO0 CNIEKTPUYHOMY iHTEpdEiCy, B IKOMY B TOMY K BUIJISII TPAHCIIOIOTHCS
4yepe3 ONTUYHE 3 €IHAHHS, 32 BUHATKOM TOTO, IO TYT BOHH IAKyIOThCS B
Kagpu mpocTtoro ¢opmary — nasi nepemarotscs 10bit cumBomamm, 3 8bit
JaHWX, OJHUM CTapT-OiTOM Ha TOYaTKy i OJHUM CTON-OiTOM Yy KiHII
JaHHX.

ApxurexTypa nopra IrDA
S
Universal —I Driver I—I Driver
System CPU Asynchronous
Receiver Receiver /
Transmitter & Threshold /
Detector

Puc. 2. Cxema opranizanii IFDA-kanaty

Cam mopt IrDA 3acHOBaHWI Ha apXITEKTypi KOMYHIKAIiiHHOTO
COM-mopty IIK, skuii BUKOPHUCTOBYE YHIBEpCANbHHN ACHHXPOHHUH
npuitomo-niepenasadu ~ UART  (Universal ~ Asynchronous  Receiver
Transmitter) i npattoe 3i mBHaKicTIO nepenadi ganux 2400-115200 bps.
3’530k y IrDA HamiBaymiekcHa, ToMy mo mnepeaaBaHuidi [K-npomiHb
HeMuHy4e 3acBiuye cycigHii PIN-mionmnHuii mincuimioBau —mpuiiMaya.
[ToBiTpsiHMI TPOMIKOK MIX NPHUCTPOSIMH J03BOJIsiE NpuitHaTH [Y-eHepriro
TUIBKHY BiJI OZJHOTO JKepesia B IaHUH MOMEHT.

Kanan mepemayi JaHWX CKIAMAETHCSA 3 JTBOX OCHOBHHX CJIEMEHTIB:
MIKPOCXEMH, IO 3a0e3redye MOAYIAII 1 JSMOAYJAIID HAIXOIUTh
JBIIKOBOTO CHTHATYBIAMOBITHO 0 MEBHOTO AITOPUTMY, 1 iHppauepBOHOTO
(I4-) mpuitmMasHO-TIepeTaBaTHLHOTO MOIYJIS.

A
HWIHHA
LA HHBIX
¢ OEHC) MHKPOCXEMA p
T VIIPABJIEHHA BXOR
L »  (MOIYJISITOP-
JEEMOJTYJISITOP) HHOPAKPACHBIN ¢
| [IPHEMHO-
L,  TEPEAAIOND "
MOIVJIIb Onmeescysgt

Puc. 3. Tunosa 010k-cxema opranizamii IrDA-kanamry

Ilepedasanvna uacmuna. bait, sxuii TOTpiOHO mepenarwy,
Haacumaetbes 10 610ky UART 3 CPU komaHmoro 3amucy BBOIY-BHBOY.
UART nopae crapr-cromn OiTH 1 Ilepesae CHMBOJ MOCIIIOBHO, TOYHHAIOYN
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3 MooIoro 3HaueHns 0ita. Crangapt IrDA BuMmarae, no6 Bci mociioBHI
0iTH KOyBaJKCS TAKUM YUHOM: Jtoriunuil "0" nepenaerbes oquHouHuM K-
iMIybcoM ToBXKHHOIO Big 1.6 s mo 3 / 16 mepioxy mepenadi 6iToBoi
ocepenky, a usoriuHa "1" mepemaerbcsi K BincyTHicTh IK-immyinscy.
MiHiMallbHa TIOTYXKHICTh CIIOKMBAaHHS TapaHTyeTbcs IpH  (DikcoBaHIH
OBXKHUHI iMITyITBCY 1.6 1L S.

[licns 3akiHYEHHS KOTyBaHHs OITIB HEOOXiTHO MOPYIIUTH OJUH a00
kimpka [Y-cBiTiomioniB cTpyMoM BidmoBigHOTO piBHSA, mo0 Bupodutn IK-
iMoynec  HeoOXimHOi  iHTeHcmBHOCTI. Ctanmapt IrDA  Bumarae, 106
IHTEHCHBHICTh BUIIPOMiHIOBaHHS B KoHyci 30 © Oyna B nmiamazoni 40-50 p
W / Sr, mpudomy iH(ppauepBOHHIN CBITIOMION TOBHHEH MaTH IOBKHHY
xemmi 880nm, gk Bke 3a3Hauvanocs padimie. PamiadpHa 9yTIUBICTB
npuiiMada 1 JTOBXHWHHU 3B SI3Ky IUKTYIOTBCS, BHXOASYM 3 BHMOT caMii
cnenudikamii IFDA.

IHpuiimanena wacmuna. Hanicnani IK-immynecn Hagxonsats Ha PIN-
IiOJ, L0 NEpeTBOPIOE IMIYJIBCH CBITJIa B CTPYMOBI IMITyJbCH, SIKi
MOCHITIOIOTECS, (DUIBTPYIOTBCS 1 TOPIBHIOIOTBHCS 3 IOPOTOBUM PiBHEM
JUIsl TIEPETBOPEHHS B JioriuHi piBHI. IK-iMIybc B akTHBHOMY CTaHi TeHepye
"0", mpu BiACYTHOCTI cBiTiIa TeHepyerbcs JyioriyHa "1". IIporokoin IrDA
BUMarae, o0 npuiMad TouHO BiIOBIOBaB IK-iMIynbcu notyskHicTio Bijg 4
uW /sm? g0 500mW/sm ? B kyToBOMYy Aiana3oHi + 15 ©.

Hns  IU-BunpomiHioBaHHS icHye 1Ba jkepena iHTepdepeHuii
(TIepemko ), OCHOBHUM 3 SIKUX € COHSYHE CBITJIO, ajieé Ha IIAcTsi B HOMY
nepeBaXkae IIOCTiHHA CKiagoBa. IIpaBUIBHO CHPOEKTOBaHI IpuiiMadi
MMOBHHHI KOMIICHCYBAaTH BENUKi MmocTiHi ctpymu depe3 PIN-mion. Iamie
JOKEPEJIo TIepeIkol — (MIypOCHEHTHUMH JIaMITH — YacTO 3aCTOCOBYIOTBHCS
JUISl 3aTaJIbHOTO OCBITJICHHS.

Jobpe cripoexToBaHi TpuiiMadi MMOBHHHI MaTH CMYTOBHU (iIbTp
JUISl 3HW)KEHHSI BIUIMBY TaKUX JDKepesl MepeuiKoj. IMOBIpHICTh MOMHIIOK
3B 513Ky OyjIe 3ajie)aTy BijJ NPaBUILHOTO BUOOPY MOTYKHOCTI TepeaBaia
Ta 4yTauBocTi mpuiiMava. Y IrDA BuOpani 3Ha4YeHHsI, sIKi TapaHTYIOTh, 110
OIMCAaHI BHIIE MEPEUIKOAN He OyayTh BIUIMBATH Ha SIKICTb 3B SI3KY.

@opmarT ganrsix IrDA
oopwar NOCNEROEITENLHOIX NIKETOS

0 1 1 0 1 0 0 0 0 1

DODMET NIKETOS UHGDIKDICHON NEpERIH

| |

Puc. 4. ®opmart nanux IrDA
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el €aponeiicskoro Colozy

Crangapr IrDA  Bkimouae B cebe  CTEK IPOTOKOIIIB TPHOX
y3romkeHux o0oB’si3koBux piBuiB: IrPL (Physical Layer), IrLAP (Link
Access Protocol) i IrLMP (Link Management Protocol).

2. Texuoaorin Wi-Fi, ii oco0auBocri Ta

3aCTOCYBaHHS

Wi-Fi, WiFi (Bix anrn. Wireless Fidelity) — toprosa
Mmapka, mo Hamexuth Wi-Fi Alliance. 3aransHoBkXMBaHa Ha3Ba IS
cTa"mapTy 0e31poToBOTO (padio) 3B’SA3KY Iepenadi NTaHUX, SKAH 00’ e€qHye
JeKibKa MPOTOKOJIIB Ta IPYHTYETbCS Ha ciMmelicTBi cranmapris |IEEE
802.11 (Institute of Electrical and Electronic Engineers — mixuapoHa
oprasizaiisi, o 3aiiMaeThCsi PO3POOKOI0 CTAHAAPTIB y Cepi eNeKTPOHHUX
TexHoyorii). HaiiBimoMimuMm 1 HaWMOWIMPEHIIMM Ha CHOTOJHI €
npotokou |EEE 802.11g, 10 BH3HAYa€e ¢byHKIiO-
HYBaHHs 0€3]J]pOTOBUX MEPEK.

VYcranoBka Wireless LAN pekomeHayBajach Tam, ¢ pO3ropTaHHs
KabeJIbHOI CUCTEMH OYJI0 HEMOXKIIUBO a00 EKOHOMIYHO HeIOIIbHO. HuHi B
0araThbOX OpraHizalisix BUKOPHCTOBYeTbcs Wi-Fi, ockineku mpu
BU3HAYCHNX YMOBaxX MIBHIKICTE poOOTH Mepexi Bxke mnepesumrye 100
Mbit/c. KopuctyBadi MOXYTh HEPEMIIIATHCh MiX TOYKAMH JOCTYITY IO
TEPUTOPIi MOKPUTTS Mepexi Wi-Fi.

Mo6ineHi npuctpoi (KIIK, cmaptdonu, PSP i HOyTOyKHM), OcHameH1
kinienTcekumu - Wi-Fi  nmpuiioMo-niepealouiMu  IIPUCTPOSIMHM,  MOXYTb
MiIKJIFOYaTUCs. 70 JIOKAIbHOI ~ Mepexi 1  OTpUMYyBaTtd  JOCTYII
B [HTEpHeT uepe3 TOUKH JOCTYIy a00 XOT-CIIOTH.

HeBenuka  mmpuHa  BUKOPHCTOBYBAHOTO  CIIEKTpa  4acToOT,
BIJICYTHICTh MOJKJIMBOCTEH POYMIHTY i aBTOpH3allii HE M03BONSAIOTE Wi-Fi
NPUCTPOSIM TIOTICHATH Ha PMHKY MOOUIbHMI 3B’s30K. TUM He MeHIIE,
kommawnii ZyXEL, SocketIP i Symbol Technologies npononytots pitieHHs
no opranizanii Wi-Fi tenedownii. Wi-Fi 6y crBopennit B 1991 poui NCR
Corporation/AT&T (Buacmigok — Lucent Technologies i Agere Systems)
B Hisereiin, Hinepmanau.

Cranpapr IEEE 802.11n 0yB 3atBepmkenuii 11 BepecHs 2009 poky.
Horo 3aCTOCYBAHHS JIO3BOJISIE MMIJIBUIIUTH IIBHIKICTH Tepenadi JaHux
MIPaKTU4YHO BUETBEPO B MOPiBHIHHI 3 IPUCTPOSIMHU
cranaapriB 802.119 (MakcuManbHa MIBHIKICTh SKUX A0piBHIOE 54 MOiT/C)
32 yMOBM BHUKOpHUCTaHHS B pexumi 802.11n 3 iHIMMH OpUCTPOSIMH
802.11n. Teopetruro 802.11n 3gaTHUIT 3a0e3MeYNTH MIBUAKICTH Hepeaadi
naaux 600 Mo6it/c.

3a3Buuaii cxema Wi-Fi Mepeki MICTHTHP He MEHII OIHi€i TOYKU
JOCTYITy Ta MOYE JIE'KO MacIITa0yBaTHCh.
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PL-BY-UA ChiachiHaHCOBAHO 32 PaXYHOK KOWTiB
507-2013 €aponeiicsoro Coloay

TakoX MOXIIMBO MiJKIFOYCHHS JBOX KIIEHTIB B PEXHMIi TOUKa-
touka (Ad-hoc), ko Touka AOCTymy HE BHKOPHCTOBYETBCS, a KIIEHTH
3’€THYIOTBCS 32 YYacTIO MEPEXKEBUX a/laNTepiB «HANpsMy». Todka gocTyiry
nepesae cBiii imeHTH(diKaTop Mepexi (SSID) 3 HOMOMOro coemiaabHUX
CHUTHANBbHUX TakeriB Ha mBuakocti 0,1 Moit/c xoxai 100 mc. Tomy 0,1
Mobit/c — HaliMeHIIa MBUAKICTH nepenadi ganux i1 Wi-Fi. 3ratoun SSID
Mepexi, KIEHT MOKe BUSCHHTH, Y MOXIIMBO IITKIIOUYEHHS IO NaHOi
TOYKH [ocTymy. [lpu moTparuisHHI B 30HY Jii JBOX TOYOK IOCTYyIy 3
inerTnaauMu SSID npuiiMay Moke BHOMpATH MiXK HUIMH Ha OCHOBI TAaHHX
mpo piseHs curHamy. Crangapt Wi-Fi mae kiieHTy moBHY cBoOOIy mpH
BUOOp1 KpUTEPIiB AJIs 3’ €THAHHSL.

OnHak, CTaHIapT HE OIMCYE BCi acMeKTH MOOYAOBH OE3NMpOBIIHUX
nokaneHUX Mepex Wi-Fi. Tomy ko)keH BUPOOHMK yCTaTKyBaHHS BHPILIy€E
0 3aJa4y I0-CBOEMY, 3aCTOCOBYIOUM Ti MIJAXONH, SAKI BIiH BBaXKae 3a
sSKHaWKpamii 3 Tiei abo iHmoi Touku 30py. ToMy BHHHKae
HeoOxiHIcTh Kilacupikalii crnocobiB MoOyI0BH OE3MPOBIIHUX JOKAIHHUX
MEpEK.

3a cnocobom 06’ €OHanHA MOYOK OOCMYNy 8 €0UHY cucmemy MOXKHA
BUIIINTH:

e ABTOHOMHI TOYKH JOCTymy (Ha3HBAaOTBCS TaKOXK CaMOCTIiHHI,
JeTICHTPaTi30BaHi, pO3yMHI)

e Touku JIOCTYILY, 110 MPaIOI0Th iz
YIPaBJIiHHSIM KOHTpoJiepa (Ha3UBatOThCs TaKOX «JIETKOBAri»,
LEHTPaNi30BaHi)

e  Be3koHTpOIIEpHi, ajie He aBTOHOMHI (KepoBaHi 0e3 KOHTpoJiepa)

3a cnocobom opeamizayii i ynpaeninms padiokanaiamu MOXKHA

BUIUTATH OC3MPOBIIHI JIOKABLHI MEPEKi:

e I3 CTAaTHYHMMU HATAIMTYBAaHHSIMH PATiOKAHATIB

e 3 nuHaMiYHUMH (aJAITHBHUMH) HAJAIITyBAHHSIME pPaliOKaHAaJiB
e 3 «amapyBaTOrO» a00 0araTomapoBOIO CTPYKTYPOIO paIioKaHANTIB

HasiBaicte ~ Wi-Fi-30n (TO4OK)  MO3BONISIE  KOPUCTYBAdy
MAKITFOYUTHCS 10 TOYKH AOCTYIY (HAIlpHUKIAL, 10 0(piCHOI, TOMAIIHb01 200
myOIiaHOT Mepexi), a TaKOX MiTPUMYBaTH 3'€THAHHS
JIEKITBKOX KOMIT FOTEPiB MiXk cO00I0.

MakcuManapHa JANBHICTh Tepefadi CHTHAly y Takid Mepexi
cranoBuTh 100 MeTpiB, OmHAK Ha BIAKPHUTIH MICIIEBOCTI BOHA MOXeE
nocsraty 10 300-400 M. JlabHICTB 3aI€KUTh B MOTY)KHOCTI TepeaaBaya
(1xka B OKpeMHX MOJENSX OOJIATHAHHS PETYIIOIOTHCS IPOTPAMHO),
HasIBHOCTI Ta XapaKTEPHUCTHKHU IEPELIKO, TUILY aHTeHH.

Okpim 802.11b, me € 6e3aporosuii crannapt 802.11a,  skui
BUKOpHCTOBYe yactory 5 I'T' Ta 3abe3nedye MakcuMaibHy HIBHAKICTH 54
Moit/c, a Takox 802.11g, mo mnpamoe Ha wactoti 2,4 I'Tu i Takox
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3abesneuye 54 MoOir/c. Kpim 1poro, Hapasi BeneTbcsi po3poOka
cranpapry 802.11n, sikuii y MailOyTHEOMY 3MOXe 3a0€3NeYNTH MIBUAKOCTI
1o 320 M6it/c.

Snpom 6e3apotoBoi Mepexki Wi-Fi e Tak 3BaHa Touka mOCTymy
(Access Point), ska MAKIIOYAETBCS OO SKOICh HA3eMHOI MeEpexeBoi
iHppacTpykTypH (KaHaniB [HTepHET-TIpOBaiinepa) Ta 3abe3nedye nepenavy
pamiocurHaimy. 3a3BWYal, TOYKAa [OCTYIly CKJIAaJa€ThCs 13 IMpuiimMauya,
nepenaBaya, iHTepdeiicy s MAKIIOYEeHHS OO0 JAPOTOBOI Mepexi Ta
MIPOTPaMHOTO 3a0e3NedeHHs I 00poOKu JaHnx. HaBKkoio TOYKH HOCTYIY
(dopmyeTbes TepuTopis pagiycom 50-100 metpiB (i1 HA3UBAIOTH XOT-CIOTOM
abo 30HOI0 Wi-Fi), Ha SIKIf MOXHa KOpPHCTYBaTH-
cs1 6e37POTOBOIO MEPEKEIO.

Jnst Toro, mo0 MiIKIIOYUTUCS A0 TOYKH JOCTYIYy Ta BIT4yTH BCi
nepeBaru 0e3IpoTOBOT MEPEeXi, BIACHHUK HOYTOYKY abo MOOUIBHOTO
npuctporo i3 Wi-Fi agantepoM, He0OXiHO MPOCTO MOTPANUTH B paaiyc ii
nii. Yci aif i3 BU3HAUSHHS MPHUCTPOIO Ta HAJIAIITYBAHHS MEPEXi OLIBIIICTD
OTepamiiHUX CHCTEM KOMII'IOTEpiB 1 MOOUIBHHX MPUCTPOIB MPOBOIATH
ABTOMATHYHO. SIKII0 KOPHCTYBa4 OJTHOYACHO MOTpAILIAE B JeKiabka Wi-Fi
30H, TO MIJKIIOYCHHS 3IIHCHIOETBCS O TOYKH JOCTYIy, IO 3abe3neuye
HaWCHIIBHIIINHA CHTHAL.

Ilepesazu mexnonocii:

- JI03BOJIA€ PO3BEPHYTH MeEpexKy 0Oe3 MpOKIanku Kabeind, Lo MOXe
3MEHIIUTH BapTICTh PO3rOPTaHHA 1/a00 PO3LIMPEHHS MEpexi.
Micus, e He MOXKHa MPOKJIACTH Kalenlb, HampuKiIai, [o3a
MPUMIIICHHSIMH 1 B OYIIBIIAX, 1[0 MAlOTh ICTOPUYHY I[IHHICTb,
MOXYTb 00CIYrOBYBaTHCS OE3IPOBITHUMH MEPEKaMHU,;

JIO3BOJISIE MATH JIOCTYH JI0 MEPEkKi MOOLILHUM MPUCTPOSIM;

Wi-Fi mpucTpoi mmMpoko NOmMMpeHi Ha pPUHKY. [apaHTyeTbcs
CYMICHICTh yCTaTKyBaHHS 3aBISIKH OOOB’SI3KOBIH cepTudikarmii
ycraTKyBaHHs 3 jorotunom Wi-Fi;

BHTIpoMiHIOBaHHA Bil Wi-Fi mpucTpoiB y MOMEHT mepemadi JaHUX
Ha 1Ba mopsaku (y 100 pa3iB) MeHIIe, HiXX OUIA CTUTBHHKOBOTO
TenedoHy;

Wi-Fi — ne wnabip rmobameHuMX cTaHmapriB. Ha Bimminy Bifg
cTinpHUKOBHX TenedoHiB, Wi-Fi ycTaTKyBaHHS MOJe MPAIIOBAaTH B
pi3HUX KpaiHaxX 1o BChOMY CBITY.

Heoonixu mexuonocii'

- YaCTOTHHMH Aiana3oH i eKcIUTyaTaniifHi OOMEXeHHS B Pi3HUX KpaiHax
HEolHaKoBi. Y 0araTboX €BpONEHCHKNMX KpaiHaX [O3BOJICHO /Ba
JOJaTKOBI KaHamu siki 3a0opoHeni B CLA; VY Smowii € me omuH
KaHall 'y BepXHiM wacTmi JiamasoHy, a iHII  KpaiHH,
Hanpukianlcnanis, 3a00pOHAIOTh BUKOPHCTaHHS HU3BKOYACTOTHUX
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KaHalliB. Binbm TOTO, JIesKi KpaiHu,
Hanpukian Pocis, binopycs i Itanis, BuMaraioTh peecTpamii BCiX
Mepexx Wi-Fi npuminiens, 1o mpamooTh 30BHI, a0 BUMAararoth
peecrpatii Wi-Fi-omeparopa;

- sk Oymo 3ragaHo Buiie — B Pocii Touku 6e3mpoBiqHOTO IOCTYITy, a
takox amarrepu Wi-Fi 3 EIBII, mo mepesumtye 100 MBt (20 n1bwm),
MiAIATal0Th 000B A3KOBIH peecTparii;

- HaWmomymspHimmi  cranmapt mmdpysanas WEP moxe  OyTm
BiTHOCHO JIETKO 3JIAMAaHWH HABiTH INPH TPaBIIBHIN KOH]Iryparii
(uepe3 cmabKy cTifiKicTh anroputMmy). He 3Baxaroum Ha Te, IO HOBI
NPUCTPOT MIATPUMYIOTh JOCKOHANIIIMKA TNPOTOKON MH(pyBaHHS
nanux WPA 1 WPA2, ©Oararo cTapux TOYOK JOCTYIy He
OiATPUMYIOTH ~ HOTO 1 BHMAararoTb  3aMiHH.  YXBaJICHHS
craumapry |IEEE  802.11i (WPA2) B 4epsHi 2004 poky 3po6uio
JOCTYIHOK ~ Oe3MeYHinly cXemy, siKa JIOCTYIIHa B HOBOMY
ycraTkyBanHi. OOUIBI CXeMHU BUMArarTh CTIHKIIINHN apoJib, HIXK Ti,
AKi 3a3BMYail IPU3HAYaIOThCsl KOpHUCTyBadamu. barato oprasizamiii
BHKOPUCTOBYIOTh AomaTkoBe mmudpyBanHs (Hampurman VPN) mmsa
3aXHUCTY BiJ] BTOPTHEHHSL.

™ 3, Texuouorig Bluetooth, ii
BI u eto Ot 0c00JIUBOCTI Ta

3aCTOCYyBaHHA

Bluetooth (aurm. Bluetooth) — 1ie TexHomOTis 6€3APOTOBOTO 3B'A3KY,
CTBOpCHA y 1998 pori IpyIor0 kommawiii: Ericsson, IBM, Intel,
Nokia, Toshiba.

B panmit yac po3podkm B obnacti Bluetooth BemyTbes
rpynoto auri. Bluetooth SIG (anrn. Special Interest Group), o skoi
BXOHATh Takoxk Lucent, Microsoft ta iHmi koMmmasii, 4Mg IiAABHICTB
OB’ 53aHA 3 MEPEXKHUMHU TEXHOJIOT1SIMH.

Ocnosne npusnauenns Bluetooth — 3abesneuenHs ekoHomHOroO (3
TOYKH 30pY CIOXXHBAHOTO CTPYMY) 1 JIEHIEBOTO paJio3B’sI3Ky MiX
PI3HOMaHITHUMHM THIIAMH €JEKTPOHHUX IPHUCTPOiB, TAaKMX SK MOOULIbHI
TeneOHH Ta akcecyapH 0 HHUX, MOPTATHBHI Ta HACTUIBHI KOMIT IOTEPH,
mpuHTepH Ta iHmI. [lppdoMmy, BelIMKe 3HAYCHHA MNPUIUIAETHCA
KOMIAKTHOCTI ~ €JIeKTPOHHMX KOMIIOHEHTIB, IO Ja€ MOXKJIHMBICTh
3actocoByBaTH Bluetooth y ManoraGapuTHHX MNPHUCTPOSX PO3MIPOM 3
Hapy4YHHUM F'OIMHHUK.

Iarepdeiic Bluetooth mo3Bonsie mepemaBatu sk rosnoc (3i mBHAKICTIO 64
Ko6it/c), tak 1 mami. Qg mepenadyi DaHUX MOXYTh OyTH BHMKOpHCTaHi
acumerpuynuit (721 Ko6it/c B omHoMy Hanpsmky 1 57,6 K6it/c B iHmomy)
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Ta cumerpuuHuii (432,6 Koit/c B 000X HanpsiMkax) metoau. [Ipamtoroun Ha
gacrori 2.4 TTu, mnpuitomonepenasau  (Bluetooth-uum)  mo3Bosse
BCTaHOBIIOBAaTH 3B’s130K y Mexax 10 ab6o 100 merpiB. Y crangapti
Bluetooth  mepenbauene mmdpyBaHHS JaHUX, 10  HEpPENAIOTBCI 3
BHKOPUCTAHHAM KIf09a eQeKTHBHOI IOBXHHH Bix 8 mo 128 Oir i
MOJKJIMBICTIO BUOOPY OJHOCTOPOHHBOI a00 TBOCTOPOHHBOI ayTeHTU(IKAIII.
HonatkoBo, mo 1mmdpyBaHHI Ha piBHI TPOTOKOIY, MOXe OyTH
BUKOPHCTAHO MH(PYBAHHS Ha IPOTPaMHOMY PiBHI.

Hassa Bluetooth moxoaute  Bim  mpi3Buima  cepemHBOBIYHOTO
kopostst Jlanii Fapansma 1 Cunrsosy6oro (Hops. Harald Bldtann). Tapambi
BMIB IIOCa/INTH 3a CTiJI IEPETOBOPIB BOPOTYIOUI MapTii, JOMOBISIOUUCH 3
KO’KHOIO MapTiero OKpeMo, ToMy Haszsa Bluetooth crana BignoBigHuM iM’sim

JUISL TEXHOJIOTIT, 10 J03BOJISIE PI3HMM MPUCTPOSIM CILIKYBaTUCS
OIUH 3 OJHMM. BUWKOpHCTOBYIOUM mepull JITepH iMEHi KOpOJs
(pyru B Ta H) y xoMbiHariii, CTBOPEHO i IOTOTHIT TEXHOJOT1.

Bluetooth 1.0
Ipuctpoi Bepciit 1.0 (1998) i 1.0B manu morany cyMmicHICTh Mix
mpoaykrtamu pisHEX BHpoOHHKIB. Y 1.0 i 1.0B Oyma 000B’sS3KOBOIO
nepenada agpecu npuctporo (BD_ADDR) Ha eTamni BCTaHOBJICHHS 3B’ SI3KY,
oo poOMII0 HEMOXXJIMBOKO —peali3alil0o aHOHIMHOCTI 3’€IHaHHA Ha
MIPOTOKOJILHOMY PiBHI 1 OyJI0 OCHOBHMM HEZI0JIIKOM AaHOI crierudikarii.

Bluetooth 1.1
VY Bluetooth 1.1 Gymno BumpasieHo 0e3jiy MOMHIIOK, 3HANHJAEHUX B
1.0B, nopmana miaTpuMmKa A HemM(POBAHUX KaHAJIB, IHIMKALS DPiBHS
noTyxHocrti curaany (RSSI).

Bluetooth 1.2
VY Bepcii 1.2 Oyma pomaHa TEXHOJOTIS aTaNTHUBHOI mepeOymToBU
pobouoi gacrotu (AFH), Mo MOMIMIIMIO OMpPHICTE O €NEKTPOMArHITHOL
iHTepdepeHtii (mepenrko1) MUITXOM BUKOPUCTAHHS PO3HECEHHX YacTOT B
MOCTITOBHOCTI TiepeOynoBu. Takoxk 30iLMbIIMIIACS MIBHIKICTH Mepemadi i
nonanacst texuosorist eSCO, sika mokpaiyBajia sSKiCTh Hepeaadi rojocy
[UIAXOM MOBTOPEHHs momkomkeHux makeris. Y HCI gomanacs miarpumMka
TprOX-TIpoBigHOTO iHTepdeiicy UART.
T'onoBHI moiMIIeHHS BKIIOYAIOTh HACTYITHE:
e [lIBuake miAKIIOYEHHS 1 BUSIBIEHHS.
e ApantnBHa mepe0yqoBa YacTOTH 3 posmupeHuM cuektpom (AFH),
sIKa TiBHUIYE CTIHKICTh IO PaliOIEePEIIKOI.
e  Bum, Hix y 1.1, mBuakocTi nepenadi ganux, no 721 k0it / c.
e Posmmpeni Cunxponni Ilinkmouenns (eSCO), sKi NOKpamIyloTh
SIKICTh TIepefadi ToJocy B ayAiONOTOKY, ):[03BOJ'[HIO‘{I/I MIOBTOPHY
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nepenady IOIIKOJDKEHMX IIAKeTiB, 1 NPH HEOOXiJHOCTI MOXYTh
30UIBIINTH 3aTPUMKYy ayJio, MO0 HajaTH Kpamly MIATPUMKY Ui
napaJiesibHo1 repeaadi JaHux.

e B Host Controller Interface (HCI) momana minTpumka TPUIPOBIIHOO
inTepdeiicy UART.

e 3Barepmxkeno sk cranmapt IEEE Standard 802.15.1-2005.

e Bremeni pexunmu ynparmiaaag notokoM npaHux (Flow Control) i
moBTopHOi nepenadi (Retransmission Modes) gt L2CAP.

Bluetooth 2.0 + EDR

Bluetooth Bepcii 2.0 6ys Bumymenuit 10 nucromaga 2004 Mae
3BOPOTHY CYMICHICTH 3 momepefaHiMu Bepcissmu 1.X. OCHOBHUM
HOBOBBeJCcHHsAM crana migrpumka Enhanced Data Rate (EDR) mms
NpUCKOpeHHs mnepenadi Aanux. HominampHa mBuakicte EDR 6mu3bko 3
MOit/c, mpoTe Ha MPAKTHII [1e JO3BOJIMIIO MiIBUIIATH IBUIKICTh Mepeaayi
JMaHux TUTbkH 10 2,1 MOiT / ¢. JlomaTkoBa MPOAYKTUBHICT JOCATAETHCS 3a
JTOTIOMOTOIO0 Pi3HUX PAIio TEXHOJOTIH I TIepenavi JaHuX.

CrannmaptHa (6a3oBa) IIBAIKICTD nepenayi IaHUX
BrKOpUcTOBYe GFSK-MoayIsmito pamiocurHany MpH MIBHIKOCTI Iepenadi
B 1 M6ir / c. EDR BukopucroBye moegnanus monyismiin GFSK i PSK 3
nBoma Bapiantamu, m/4-DQPSK i 8DPSK. Born MaioTh BennKi MBUAKOCTI
nepeaadi JaHuX 1o MoBiTpto — 2 i 3 MO6it / ¢ BigmoBigHO.

Bluetooth SIG Bunana crienudikarito sk «Texnosoris Bluetooth 2.0
+ EDRy, sika nepebauae, mo EDR e nomnatkoBoro dynkiiero. Kpim EDR e
1 IHII HEe3HAYHI yIOCKOHANEHH: 10 2.0 crerudikariii, i IpOIyKTH MOXYTh
Bignosigatu «Texuosorii Bluetooth 2.0», He mATPUMYHOYH BHILY
HIBHAKICTh Niepenaul aanux. [IpunaiiMHi ofHe koMepuiiine npuctpii, HTC
TyTN Pocket PC, BukopuctoBye «Bluetooth 2.0 6e3 EDR» y cBoix
TEXHIYHHUX CIICII(iKaIisx.

3rigao 3 2.0 + EDR cremmdikamiero, EDR 3abe3neuye HacTymHi
repeBaru:

- 30UTBIICHHS MBHUAKOCTI mepenadi B 3 paszu (2,1 MOIT / ¢) B meskux

BHUIIA]IKAX;

- MEHIICHHS CKJIAJHOCTI JEKITbKOX OJHOYACHHX MiJKII0YCHb Yepe3

JI0JIaTKOBOI CMYT'H IIPOITYCKaHHS;

HWKYE CIIOKUBAHHS €HEPTil 3aBIKN 3MCHIIICHHIO HABAHTAYKCHHSI.

Bluetooth 2.1
JlomaHa  TEXHOJIOTiS  PO3MIMPEHOTr0  3alUTY  XapaKTEePUCTHK
NpUCTpOIO (U1 J0NAaTKOBOi  (uIbTpalii CHHCKY TMpH  CHOJIy4YeHHI),
eHeprosoepiraroua texuonoris Sniff Subrating, sika mo3Boisie 30LIBIIUTH
TPUBAJIICTb POOOTH TPHUCTPOIO BiA OJHOrO 3apsay akymynsaropa B 3-10
pasiB. Kpim Toro oHoBieHa cnenu(ikallis iCTOTHO CIPOIIYE 1 MPUCKOPIOE
BCTAHOBJICHHsSI 3B’A3Ky MDK JIBOMa IPHCTPOSMH, O3BOJISIE MPOBOAUTH
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OHOBJICHHS KJIIOYa MU(pyBaHHs 0e3 pO3pUBY 3 €HAHHSI, a TAKOXK POOUTH
BKa3aHi 3’€¢[HAHHA OUIBII  3aXWIIEHUMH, 3aBIIKH BHKOPUCTAHHIO
texuonorii Near Field Communication.

Bluetooth 2.1 + EDR

VY cepmai 2008 poky Bluetooth SIG mpencrasus Bepciro 2.1 + EDR.
Hoga penaxmist Bluetooth 3HmKye crioskxuBaHHS eHeprii B 5 pa3iB, ImiIBUIIYE
piBeHb 3aXUCTY JaHUX 1 MOJETIIye po3mi3HaBaHHS 1 3’emHanHa Bluetooth-
MPUCTPOIB  3aBIOSKA 3MCHIICHHIO KUTBKOCTI KpOKIB 3a sKi BOHO
BUKOHYETHCS.

Bluetooth 3.0

PoGouya rpyna 3 po3poOku cTaHAapTy 0e31poTOBOI Mepeaadi JaHuX
Bluetooth 21 ksitHs 2009 Bumyctmina cnenudikanito Bluetooth 3.0.
Monysi 3 HiATPUMKOI HOBOI crerudikaiii moeIHyBaTUMYTh B CO01 JABI
PaliOCHCTEMH.

[epiia, 3 HU3BKUM EHEProCHOKHUBAHHAM, 3a0e3nedye mepenady
JAaHUX Ha 3BHYalHIA s npyroi Bepcii Bluetooth mBmakocti B Tpm
MerabiTh B CeKyHOy. IHIIa, BHCOKONIBHIKICHA 1 CyMicHa 3i
craagaptoMm |[EEE  802.11, 3abesmeuye mIBHAKOCTI, NOPIBHAHHI 13
mBuakicTio  Mepexxk Wi-Fi.  Bapro Bigsuaumte, mo Bluetooth 3.0
BuKopucToBye craHmapt 802.11 ©6e3 cydikca, ToOTO QopmMambHO HE
cymicHuii 3 takumu crenudikamismu Wi-Fi, six 802.11b/g a6o 802.11n.
802.11 — 3aranpHIIIMNA CTAHAAPT.

BukopucTtanHs Tiei a00 1HIIOI PagiOCHCTEMH 3AJICKHUTh BiJl pO3MIpy
nepeaBanoro ¢aitny. Hepenuki (aiim nepeaaBaTUMyThCS IO MTOBUIBHOMY
KaHally, @ BEJIUKI — 10 BUCOKOLIBHJKICHOMY. Ilicisi 3akiHueHHs nepenadi
MO/JIYJIb TIOBEPHETHCS B PEXKUM 3HUKEHOTO €HEProCII0KUBAHHSI.

Kpim Toro, B Bluetooth 3.0 3’SBHTBCS MOMIMBICTH IiJl Ha3BOIO
«po3mupeHuii KoHTpoub >xuBieHHS» (Enhanced Power Control). Bona
JI03BOJISIE YHUKHYTH PO3PHBY 3’€JIHAHHS, SKIIO NPUCTPiil MOKIAIN B CYMKY
a00 B KHIIICHIO.

Bluetooth 4.0

VY rpynni 2009 xoncopuiym Bluetooth SIG anoncyBaB cranmapr
Bluetooth 4.0 mnsa enekrpoHHHX AaTdnKiB. HOBHMI cTaHmapT mpu3HAYEHUH
JUIS  Tiepenavyi KOPOTKHX IaKeTiB JaHuX oOcsrom mo 8-27 Oalt 3i
mBuakicTio 1 M6it/c. dnsa nopisusHHsA, Bluetooth 3.0, po3poOka sikoro
Oyna 3aBepmieHa B kBiTHI 2008, m03BoJs€ mepeaaBaTu JaHi 31 MIBUAKICTIO
10 24 M6it/c, ane i mpu3HaYeHUH BiH I iHIIOT chepH 3acTOCyBaHHS.

Bluetooth 4.0 maHyeTsCs BHKOPHCTOBYBAaTH B MiHIATIOPHUX
CEHCOpax, 110 PO3MIIYIOThCS Ha TiJi MAL€HTIB, B CIIOPTHBHOTO B3YTTS,
TpeHakepax Tomo. CeHcopu Ha 0a3i HOBOTO CTaHIAPTY 3MOXYTb
repesiaBaTé pisHy iH(GOPMAI0 3 HABKOJIHUIIHBOTO CBlTy— TeMIiepaTypy,
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THUCK, BOJIOTICTb, IIBUJKICTh IEPECYBaHHs 1 Tak jAaii — Ha Pi3HI NPUCTPOT
KOHTPOJII0, BKJIIOYAaOYM MOOUIbHI TenedoHu. 3a cIoBaMU IMPEICTaBHUKIB
KOHCOPIIIyMY, OKpeMHH CTaHAapT OyB po3poOJieHHH y 3B 3Ky 3 THM, IO
Bluetooth 3.0 i Oubin paHHI Bepcii HE B 3M03i 3a0€3MEYUTH HEOOXITHUIMA
HHU3BKUI PIBEHb €HEPrOCIIOKHBAHHSL.

[epmmii 4in 3 omHOdYacHOK migTpuMKor Bluetooth 4.0 i 3.0
sumyctuB ST-Ericsson.

Y munai 2010 poky cnemmdikamis Oyma 3aTBepikeHa Bluetooth
Special Interest Group.

Mpodiai Bluetooth

Ipoghine — HaGlp ¢(yHKUIH ab0 MOXIMBOCTEW, MOCTYNMHHUX IS
nesHoro npucrporo Bluetooth. /lnst crinbHOT po6oTr Bluetooth-npuctpois
HEoOXimHO, 100 BCi BOHM MIATPUMYBAJIM  3arajbHUN  npodisib.
Hwxkuesasznaueni mpodini BHU3HAYEHI 1 CXBaJCHI TPYIO PO3POOKH
Bluetooth SIG:

Advanced  Audio  Distribution  Profile  (A2DP) A2DP
po3pobiieHMiA Ui Hepemavi  JBOKAHAIBHOIO CTEPeO  ayAiONOTOKY,
HATPUKJIa, MY3UKH, O OE3MpOBIAHOI TapHITYpH ab0 OyAb-IKOTO iHIIOTO
npuctporo. [Ipo¢ine MOBHICTIO MIATPUMYE HU3BKOKOMIIPECOBAHHU KOJEK
Sub_Band Codec (SBC) i ommionansro miarpumye MPEG-1, 2 aymio,
MPEG-2, 4 AAC i ATRAC, 3maTHuii miaTpUMyBaTH KOJCKH, BH3HAYCHI
BHPOOHHUKOM.

Audio / Video Remote Control Profile (AVRCP) IIpodins mporo
PO3pOOIEHUIA I YIpaBIliHHS CTaHIAPTHUMH (QYHKILISIMU TeneBizopis, Hi-
Fi ob6mamnanus Ta imme. ToOTO M03BOJIIE CTBOPIOBATH MPHCTPOI 3
GYHKIISIMA - TUCTAHLIHOTO ynpaBiliHHA. MoXe BHKOPUCTOBYBATHCS B
3B"s311i 3 ipodissimu A2DP abo VDPT.

Basic Imaging Profile (BIP) IIpodine po3pobnenuit s
MepecuiaHHs 300paKeHbh MK MPHUCTPOSMH 1 BKIFOYa€ MOXJIHBICTH 3MiHH
po3mipy 300pakeHHsS 1 KOHBepTallis B MATpEMYBaHHH (GopMmaT
NPUAMAIYOro MPUCTPOIO.

Basic Printing Profile (BPP) IIpodins n03Bosie epecuiaT TEKCT,
e-mails, vCard i iHmi enementd Ha npuHTrep. IIpodine He BuUMarae Bix
IIpUHTEpa crieludiuHuX ApaiiBepis, o BUTIIHO BiapizHse Horo Bix HCRP.

Common ISDN Access Profile (CIP) IIpogine mis mocrymy
mpuctpois 10 ISDN.

Cordless  Telephony Profile  (CTP) IIpodins  Ge3mpoToBoi
TenedoHii.

Device ID Profile (DIP) Ipodins mo3Bossie ineHTH(IKYBATH Kiac
MIPUCTPOIO, BUPOOHKKA, BEPCIIO IPOAYKTY.

Dial-up Networking Profile (DUN) IIpotokosa Hagae ctaHaapTHUil
JIOCTYN 710 iHTepHeTy abo iHmomy TesepoHHOMY cepBicy depe3 Bluetooth.
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Basyetbcss Ha SPP, Brirouae B cebe xomanmum PPP i AT, BusHaueni B
cneuudikanii ETSI 07.07.

Fax Profile (FAX) IIpodinp Hamae intepdeiic Mik MoOiLTEHIM ab0
cranionapauM tenedponoM 1 [IK Ha sKOMy BCTAaHOBIIEHO IpOTpaMHE
3abe3neueHHs 11 akcis. [lintpumye Habip AT-komann B ctmi ITU T.31
i/ abo ITU T.32. lNonocoBuii A3BiHOK abo Iepenada AaHUX MpodineM He
MiATPAMYETHCS.

File Transfer Profile (FTP_profile) ITpodins 3abesneuye moctym
1o (aitmoBoi cucTeMu NMpUCTporo. Brimodae craHmapTHHN Habip KOMaH
FTP, mo mo3Bojsie OTPUMYBATH CIIMCOK TUPEKTOPiH, 3MIHH IHPEKTOPIii,
OTpUMYBaTH, NepegaBaTH 1 BHIAIATH Gainu. B skocti TpaHCHOpTY
BuKopucToByeThcs OBEX , 6a3yetnca Ha GOEP.

General Audio / Video Distribution Profile (GAVDP) Ilpodins €
6a3oro 1 A2DP i VDP.

Generic Access Profile (GAP) ITpodins € 6a3010 1151 BCixX iHIIHX Mpodisis.

Generic Object Exchange Profile (GOEP) Ilpodins € 6a3oro mis
iHIUX podiniB nepenayi naHux, 6aszyerscst Ha OBEX.

Hard Copy Cable Replacement Profile (HCRP) IIpodins Hamae
MIPOCTY aJIbTEPHATHBY KaOEIBHOTO 3'€THAHHS MIX MPUCTPOEM 1 IIPHHTEPOM.
Minyc npodimo B TOMy, ImO Ui HpUHTEpa HEOOXimHI crenugivHi
IpaiiBepa, mo poduTs Mpodiah HEYyHIBEPCaIbHI.

Hands-Free Profile (HFP) Ilpodine BHKOPHCTOBYETHCS IS
3’enHaHHs Oe37poToBoi TapHITYpu 1 TenedoHy, Tepelae MOHO3BYK B
OJIHOMY KaHaJi.

Human Interface Device Profile (HID) 3a6esneuye miatpuMky
npuctpoi 3 HID (Human Interface Device), Taknx ik MHIIKH, JKOHCTHKH,
KJIaBiaTypu Ta iH. BUKOpHCTOBYE MOBUILHHMI KaHaJ, NMPALIOE HA 3HWKEHIH
MTOTY>KHOCTI.

Headset Profile (HSP) [Ipodisab BUKOPHCTOBYETHCS JJIst 3’ €IHAHHS
6e3nporoBoi rapHitypu (Headset) i temedony. IlinTpumye MiHIMaTpHHUN
HaOip AT-xomanx croemudikanii GSM  07.07 mis 3a0e3ncucHHS
MOJKJIMBOCTI 3I1MCHIOBATH J3BiHKH, BiINIOBIJaTH HA I3BIHKH, 3aBEPIIyBATH
I3BIHOK, HAJNAIITOBYBAaTH Ty4dHicTh. Uepes mpodine Headset, 3a HassBHOCTI
Bluetooth 1.2 i Bume, MOXXHa BHBOAWTH HAa TapHITYpPY BCE 3BYKOBHH
cympoBig pobotu Tenedony. Hampukian, mpociayxoByBaTH Ha TapHITYpi
BCI CHTHAJIM MiJITBEPPKEHHS OIepamiif, mp3-My3HWKy 3 IUIeEpa, MEIoAii
N3BiHKA, 3BYKOBHUH DA/ BiICOPOIMKIB. 'apHITYpH, 10 MIATPUMYIOTH TaKHH
mpo¢ine MarTh MOXIMBICTH II€peladi CTePeo3BYKy, Ha BiIMIHY Bix
MoJieneH, K1 MATPUMYIOTh TilIbKH npodins Hands-Free.

Intercom Profile (ICP) 3abe3neuye romocoBi MA3BiHKH MIDX
Bluetooth-cymicHuME npHCTPOSMH.

LAN Access Profile (LAP) LAN Access profile 3abesmeuye
MOXJIMBICTh JlocTyly Bluetooth-mpucTpoiB 10 00YMCIIOBAIEHUX MeEpex
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LAN , WAN ab6o Internet 3a gomomororo iHmoro Bluetooth-npuctporo,
SKMH Mae (i3uyHe MITKIIOYEHHS 10 Iux Mepex. Bluetooth-mpuctpiit
BukopuctoBye PPP moBepx RFCOMM nns yctaHoBku 3'eqHanHA. LAP
TaKoX Iomyckae ctBopenns ad-hoc Bluetooth-mepesx.

Inigianizauiero Bluetooth 3’eqnanus

Iniyianizayiero, mono bluetooth, npwuiiasTo HasuBaTH TpoIEC
BCTAHOBJICHHS 3B'A3Ky. [1 MOYKHA PO3/ITMTH HA TPH €TAIIH:

- resepais kmoga Kinit;

- TeHepamis Kmoya 3B’s3Ky (BiH Hocuth HasBy link key i

Mo3HaYa€eThes, K Kab) ta ayrenTudikaris.

INepmii fABa IyHKTH BXOIATH B TaKk 3BaHy MpPOLEAYpY MapiHra.
Mapiar (PAIRING), abo mapy — mpouec 3B’s3Ky JBOX (abo Oinblie)
MPUCTPOIB 3 METOI0 CTBOPEHHS €AMHOI cekpeTHol BennumHHM Kinit, siKy
BOHM OynyThb Hajani BUKOPHCTOBYBaTH NpHU CIUIKyBaHHI. B  geskux
nepekianax opimifHIX MOoKyMeHTiB 1o bluetooth MoXHa TakoXk 3ycTpiTH
TEPMiH «ITIATOHKA TTAPU».

Ilepen mo4yaTKOM MpOLENYpPH CIIOJYYSHHS Ha 000X CTOpPOHaX
HeoOXigHo BBectH PIN-kox. 3BuuaiiHa CHTYyaIllis: OBI JIIOOUHH XOYYThH
3B’s13aTH CBOI TeJe(OHHU i 3a3/1aNerib JOMOBISIOTECS Tipo PIN-komi.

J1s mpocToTH OyneMo pO3IIISIaTH CUTYALilo 3 IBOMa IPHCTPOSIMHU.
[MpuHOMIIOBO 1ie He BIUIMHE HAa MeEXaHI3MHU BCTaHOBJICHHS 3B'S3KYy 1
nojainblii ataku. Jami 3’€qHyOTbCsl IPUCTPOi OyayTh nmo3Hauatucst A i B,
OLJIBLI TOTO, OJIMH 3 MPUCTPOIB MPH CIOJNY4YeHH cTae rojoBHuM (Master), a
npyre — BeneHuM (Slave). Bynemo BBaxkaTu npuctpiii A rojgosHum, a B —
BeaeHnM. CtBopeHHs: kiroua Kinit moyMHaEThCs Bigpasy MiCis TOTO, SIK
Oynu BBeneHi PIN-koau.

4. Texnouorias UWB, ii ocod.1uBocTi Ta 3acTOCyBaHHS.

Texnonozcis Ultra wide technology (UWB) — me HOBiTHS
TEXHOJIOTIS IIMPOKOCMYTOBOT'0 TIepeJaBaHH.

Texnonoeii UWB — 3maTHa 3a0e3medyBaTd BENIMKI IIBUIKOCTI
nepeaBaHHsl 32 HEBEJIMKOro CIIOKMBAHHS €Hepril 3aBIsiku Croco0y
nepelaBaHHs — TYT HE BHMKOPHUCTOBYIOTh CKJIQJIHUX aHTEH YU CXeM
MOIyJAIil curHady. IMmynscu reHepye cama mikpocxema. [Ipomikkm Mix
iMIybcaMy HabaraTo MMpIi, HDK caMi IMIyJIbcH. TpUBaIiCTh IMITYIIBCY —
JIeKlJIbKa HAHOCEKYH[I. 3 OISy Ha IIe, cUcTeMa Oiibllle Jacy MpOCTOIOE i
TOMY €KOHOMis eHeprii 3HauHa. Po3MIsgaloTh TakoXX BapiaHTH POOOTH
B3araji 0e3 jpKepes )KUBJICHHS Ta OTPUMaHHs MOTpiOHOT HeBeNHKoi eHeprii
3 CepeloBHUINA.
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IMpn nepenaBanHi iHdopMauii B J1a0OpaTOpPHUX YMOBAax MeEpexi
UWB 3abe3neuytors mBuakocti nepenasanus 100 M6it/c ta Oinblue y
JBOIIYHKTOBOMY KaHaJli (JUIi KOXKHOTO KopucTyBaua). KpiM Toro 3aBisku
HU3BKOMY E€HEPTOCIIOKMBAHHIO CIIOCTEPIraEMo, IO TPHUBANICTh 3 Oarapeil
30UTBITyEThCA B JACCATKH pa3iB  (MicAlli, 3aMicTh TOOUH B I1HIINX
TEXHOJIOTIAX).

Texnomnoriss UWB mae mexinpka IpUHIMIIOBUX BiAMIHHOCTEH Bix
IHIITNX TEXHOJIOT1H MepeaaBaHHs y padioianazoHi:

- BOHA HE BUKOPHCTOBYE CHT'HAIY-HOCIS;

- He oOMexeHa IIeBHMM YACTOTHHM [iama3oHOM (TepenaBaHHA
UWB BinOyBa€eTbcs OJHOYACHO B  0araThOX  YacCTOTHHX
Jiama3oHax);

- YacTOTHHWIi Alana3oH HabaraTo wWUpIuii 3a v - 7,5 ['To.

HanzBuuaiina mmupuHa Jiana3oHy Ta HE3HaYHUI CTyMiHb HOTO
BUKOopucTaHHA Mepexamu UWB cnoHykaioTh 10 3acTocyBaHHS HOTo B
IHIIUX TEXHOJIOTiSX OE3MpOBIHOTO MepefaBaHHs. TeOopeTHYHO BBaXKAIOTh,
o curHan UWB HacTinbKu po3zifieHi B TaKOMY IMIAPOKOMY iana3oHi, Mo
HMOBIpDHICTIO CTBOpEHHsS 3aBaj [UIA IEpPEeJaBaHHA IHIINX TEXHOJIOTIH
MOJKHA 3HEXTYBATH.

Kpim Toro, mepexxi UWB oOMexeHI MOTYXHICTIO, IO Ja€ 3MOTY
BHUKOpUCTOBYBaTH Haitgacrime y WLAN.

High
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OcHoBHUMH THITaMH TiprcTpoiB UWB:

- g pobotm B mpuMimeHHsSX (iM J03BONeHAa Matu  Oijpmry
MOTYKHICTB);

- Ta1mo3a MeXXaMH IIPUMIIIeHb (MEHIIO! ITOTYKHOCT1).

5. Texuoris Wi Max, ii 0co0.1MBOCTi Ta 3aCTOCYBaHHS.
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WIMAX (Bix anrn. Worldwide Interoperabilityfor |

Microwave Acces Ctaunmapt IEEE 802.16 —
t cTaHziapt O0e3npoBigHOTO  3B’s3Ky, W0  3abe3nedye
IMIMPOKOCMYTOBHH 3B’SI30K Ha 3HAuHI BincTaHi 31

WimaAax MIBUJIKICTIO, TIOPIBHAHOIO 3 KaOeNbHUMHU 3’€JHAaHHSIMH.
HazBy «WiMAX» 6ymo ctBopero WIMAX Forum —
3 R3a03:] oprasizamieio, sKy 3acHoBaHo B uepBHI 2001 poky 3
MeToro0 TipocyBanHs i po3BuTky WiIMAX. ®opym ommcye
WIMAX sk «3acHOBaHy Ha CTaHIApTi TEXHOJIOTIIO, SKa Haaae
BHCOKOIIBHIKICHUH O€3IpOTOBHI IOCTYN 1O MEpeki, albTepHATHBHIN
BHUALIEHUM JIiHisIM 1 DSLy;

WiIMAX migxoauTh i BUPIIICHHS HACTYITHUX 3aBJaHb:

e 3’¢aHaHHsA TOYOK jgoctyny Wi-Fi ogHa 3 OJHOW Ta IHIIUMH

cerMeHTaMu IHTepHeTy.

e 3a0e3neueHHss OE3IPOTOBOTO IIMPOKOCMYIOBOIO JOCTYIy SIK

aJIbTePHATHBH BUALUICHUM JiHisM 1 DSL.

e HamaHHsS BHCOKOUIBHIKICHHX CEpBICIB Iepemadi JaHuUX (1o

3M6/c) i TeneKoOMyHIKaIlifHIX TTOCITYT.

o CTBOpEHHS TOYOK JOCTYITy, HE NPHUB’SI3aHUX JO TreorpadidHOro

TTOJIOKCHHSI.

WiMAX no3Bossie 3milCHIOBATH JOCTYI B [HTEpHET Ha BHCOKHX

HIBUIKOCTSX, 3 Habarato OUIBIIUM MOKPUTTSIM, HiX y Wi-Fi mepexi. Lle
JTO3BOJISIE  BUKOPUCTOBYBATH TEXHOJIOTIFO B  SIKOCTI «MaricTpajibHHUX
KaHaJliB», MPOJIOBKECHHSIM SIKMX BHCTYNaroTh Tpaguuidni DSL-i Buminexi
JiHIT, a TaKOXK JIOKaJbHI Mepexi. B pe3ynprari moxiOHuUil miixiz 103BOIISIE
CTBOPIOBATH BUCOKOIIBUAKICHI MEPEXi B MacITabax LiJuX MICT.
Habip mepeBar mputamaHHHi BChOMY cimeiictBy WiMAX, oxHak ioro
Bepcii iCTOTHO BiIPI3HSIOTBCA OJHA BiA omHOI. PO3poOHMKH cTaHmapTy
IIYKAJTH ONTUMAJBHI pilIeHHs SK Ui (iKCOBAHOTO, TaK i UIT MOOLITEHOTO
3aCTOCYBaHHs, alle TIOETHATH BCi BUMOTH B paMKaX OJHOTO CTaHIApTy HE
BIasocs. Xo4a psii 0a30BHX BUMOT 30iraeThesl, HALIJICHICTh TEXHOJIOTIH Ha
pi3HI PHWHKOBI HImII TpHW3Bela JO CTBOPEHHS MABOX OKPEMHX Bepciit
cTaHAapTy (BipHimIe, X MOKHA BBaXaTH JBOMA DPI3HUMH CTaHAApTaMH).
Koxwna 3i cienudikariit WiMAX Bu3Havae cBoi poOodi /Jiarna3oHu 9acToT,
LUIMPUHY CMYTH MPOIYCKaHHs, IMOTYXKHICTh BUIIPOMIHIOBAHHS, METOAM
nepenadi i JocTymy, criocoOr KOAyBaHHS 1 MOIYJIAIl CUTHATY, IPUHITUITH
MTOBTOPHOTO BHKOPHCTAHHSA pPagioyacTOT Ta iHII MOKAa3HHKA. A TOMy
WiIMAX-cuctemu, 3acHoBani Ha Bepcisx cranmapty IEEE 802.16 e i d,
MPaKTHYHO HecyMicHi. KOopoTki XapakTepuCTHKH KOXKHOI 3 Bepciii HaBeleHi
HIDKYE.

802.16-2004 (Bimommii Takoxk sk 802.16d Ta dikcoBanmii
WiIMAX). Crneuundikanis 3atBepmxena B 2004 poui. BuxopucroByeTbes
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OpTOTOHAJIBHE 4YacTOTHE MyJbTUILiekcyBaHHs (OFDM), minTpumyerbcs
(ikcoBaHMH JOCTYm B 30HAaX 3 HAsBHICTIO ab0 BIJCYTHICTIO MPAMO]
BuanMocTi. KopucryBarpki TpHCTpOi SBISIIOTE  COOOIO  CTallioHapHi
MOJIEMH JUIsi BCTAQHOBJICHHS 11032 1 BCEPEIHMHI INPHUMIIIEHb, a TaKOX
PCMCIA-kaptu mast HOyTOyKiB. Y OUIBIIOCTI KpaiH IiJ IO TEXHOJOTII0
BigBeneni miamazonu 3,5 1 5 I'Tm. 3a Bigomoctamu WiMAX Forum,
HaIYyeThcA BXXe Onm3pko 175 BmpoBamkeHb QikcoBaHoi Bepcii. bararo
aHamTHKiB 0adaTb B HiIH KOHKYpeHTHy a0o0 B3a€EMOJONOBHIOIOTY
TEXHOJIOTII0 TIPOBOZOBOTO MIMPOKOCMYTOBOTO AOCTyIy DSL.

802.16-2005 (Bimommii Takox sk 802.16€ i mobinbumit WiMAX).
Cneundikanis 3atBepxkena B 2005 poui. Lle — HOBHI BHTOK PO3BHUTKY
TexHoyorii  ¢ikcoBanoro gocrymy (802.16d). OnrumizoBana s
MiATPUMKH MOOUTBHHX KOPUCTYBadiB BEpCisi MIATPUMYE psiji crienudidHnX
GbyHKIIH, Takux K XeHaoBep, «idle mode» Ta poymiHr. 3aCTOCOBYETHCS
macmraboBanuit OFDM-poctyn (SOFDMA), moxnuBa poborta mpH
HasiBHOCTI a00 BiACYTHOCTI mpsMOi BuauMmocTi. [lnaHoBaHi YacTOTHI
niamazoHu as Mepexk Mobile WIMAX raxi: 2,3; 2,5; 3,4-3,8 I'T. V cBiTi
peaizoBaHi KiTbKa MUIOTHHX IIPOEKTIB, a HEM[OJABHO oreparop Sprint
aHOHCYBaB CTapT IPOEKTYy HalioHambHOTO MacmrTady. KoHkypeHTamn
802.16¢ € BCi MOOUTBHI TEXHOJIOTII TPETHOTO MOKONIHHS (Hampukiax, EV-

DO, HSXPA).

Internet

WiMAX Base Station

Ethernet

Customer Premise
(Home, Business or HOTSPOT)

OcCHOBHa BIIMIHHICTh JBOX TEXHOJIOTiH TOJSATaE B TOMY, IO
dikcoBanmit  WiIMAX 1o3Bossie  00GCIyroByBaTH TITBKH «CTATHIHUX)
a0OHEHTIB, a MOOUTEHUI OpiI€HTOBAaHMH Ha POOOTY 3 KOPHUCTYBadaMH, IO
nepecyBarTbes 31 mBHUAKICTIO 10 120 kM / roa. MoOinbHICTE O3HAYae
HasgBHICTh (yHKIIT poyMmiHTy 1 «O€3IIOBHOTO» TEpPEeMUKAaHHSI MiX
0a30BUMH CTaHISIMH TpH TepecyBaHHI aboHeHTa (K BigOyBaeThCs B
MepeXax CTIIBHUKOBOTO 3B’S3KY). Y OKpPEeMHX BHIAIKaX MOOUIbHUH
WIMAX Moxe 3acTocoByBaTHcs 1 Uil OOCIyroByBaHHS (HiKCOBaHHX
KOpPHUCTYBayiB.
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KonTpoabHi 3anuTanHs

1. B 9oMy MoNArar0Th TEXHOJOTIT OE3MPOBIAHOT Tepeaayi faHuX ?
2. Oxapakrtepusyiite TexHoorito Bloetooth.

3. Slka Tennenuis BusBieHHs curaary UWB?

4. Hasgits MeTOMUKY BusiBIeHHs curhany Wi-Fi.

5. Sxuit npuatmn podoru Wi-Fi ta Bluetooth?

TEMA 3. OJIHKA HEBIIOMUX TAPAMETPIB
CUTHAJIY

BusHaunMo eneMeHTapHUI ceaHC 3B’S3Ky SK
CYKYITHICTb HACTYITHUX OIepalliii:
- BUOIp JDKEpEeJIoOM OJHOTO IOBIIOMIICHHS 3
MHOXKMHH MOXKJIMBHUX 1 BIIIPaBJICHHS HOTO 0JIepKyBadeBi;

- MIEPETBOPEHHS TIOCIAHOTO CHTHAIY I Mi€l0 TEepeIKkox B
peaizaliiro cyMmili, sika CIIoCTEPIracThes OACPIKyBaueM;

- YXBJICHHSA OJIEpXKyBadeM 3 CIIOCTEPE)XEHHs peaiizamii 3mimrai
pilIeHHS TPO Te, SIKe MOBIJOMIJICHHS BHOPAIO B TaHOMY BHIIAIKY
JUKepeIo, TOOTO, OIiHKA MOBiIOMJIICHb.

3acTocyBaHHS JEAKOTO NPAGULA YXEATEHHA PienHs (OYiHIO8aANHS) —
Lle BCTAHOBJICHHS BIANOBITHOCTI MIX CIOCTEPEKYBAHOIO OJEpKyBayeM
peatizaliero CyMmiri i OIHIH 3 MOXKIIUBHX OIIHOK.

Oynkuis aBa 3MiHHEX (X, Xj*), 3HaueHHs sKkoi (y JesIKOMY
MacuiTabi) piBHE BapTOCTi BUpIlIeHHS Xj¥ 3a yMOBH, IIO HeperaBajocs
MOBiMOMITCHHST Xi, Ha3WUBa€ThCst (PyHKIi€r0 BTpar (puckd, mrpady i Tak
nami). SIkmio oIfiHKa TOMHIIKOBA, TOOTO, TPH MIMHCHOMY MepeaaBaHOMY
MOBIZIOMIICHHI Xi yXBaleHO pilieHHS  X{*= X, TO HENpaBWJbHI ii
oJlep>KyBada CIPHUYHHATH ACSKI BTPATH I, SKUX Ou He Oymo 0, Oyap oIiHKa
0€3MOMHIIKOBOIO.

1. Oninkn Bajieca mpu pisHuX QyHKUisIX BTpPAT Ta HepiBHiCTHL
Pao — Kpamepa

BumiproBaHHs KOOpAMHAT 1 THapaMeTpiB CHTHAIB € 3aBJaHHAM
CTaTUYHOIO B CHITy (IIIOKTYalliiHHOT NpUPOJH TepemKkoa B cymimi X(t) i
yepe3 BHMNAAKOBY (HerepenbauyBaHOTO) 3MiHY IapaMeTpiB CHUTHaIY.
3aBaHHS OLIHKM NapaMeTpiB CHTHAJIY 1 BHSBJICHHS CHUTHAJIY MaroTh
3arajbHy CTaTHCTHYHY MOJIEIb.

Ockinpku BTpatH  1(Xi, Xj*) B KOXHOMY €JIEMEHTapHOMY CeaHCi
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BUIIaJIKOBI 13-32 BUITAIKOBOCTI X, 1 Xj*, MOOy/10Ba KpUTEPIIO Micis 3aBIaHHS
(G yHKIIT BTpaT BUMarae BU3HAYCHHS CTATUCTUYHO CTIMKOTO mapamerpa, 1o
XapakTepu3ye sKiCTh CHUCTeMH Ha Oe3miui ceanciB. Haiiuacrimie
3aCTOCOBYETBCS MiJXiJ[, 3aCHOBAaHMH HA BUKOPUCTAHHI MATEMAaTHYHOIO
OUiKyBaHHS BTpaT, NPH SKOMY TapaHTYETHCA MIiHIMyM CYMapHHX BTpar.
MaremaTiyHe O4iKyBaHHS BTPAT:

p=Mir(x,x)) 3.1)

Cucrema, 10 MiHIMI3ye cepenHii pHU3MK (3a YMOBH, 10 (yHKIis
BTpaT HE 3aJIeKUTHh BiJ NpaBHia DILICHHs), HAa3UBAETHCS ONTUMAIBHOIO
0aifecoBOIO CHCTEMOIO:

p=M {r(xi , x’;)}: D% X)) p(x, X;) (3.2)
i
ne Pp(X;, X;)— CYMICHHIl PO3NOJLI BIPOTiAHOCTI NMOBITOMJIEHHS 1

OILIIHKH.

p, =D r(%. X)) p(x[z), (3.3)
P, = D r (%, X)) p(z[%,)- (3.4)

k

OyHKIIIO P; HA3UBAIOTh YMOBHUM CEpEIHIM PU3HKOM IPU JAAHil
peamizamii cymimi, a px — YMOBHUM CEpPEOHIM PH3UKOM TPH NAHOMY
IOiiCHOMY TOBiZIOMIJICHHI. YMOBHHUH CepefHid pU3WK TpH JaHOMY
MOBIIOMJICHHI PX MOXE CIY)KUTH XapaKTEPUCTUKOI SKOCTI CHCTEMH, a
YMOBHUH  CepelHi pH3WK TpW JaHId peamizamii cyMmimn pz
BUKOPUCTOBYETHCS Ul BH3HAUCHHS CTPYKTYPH ONTHUMANBHOI OaiiecoBoit
CHCTEMH.

Hepignicmv Pao — Kpamepa

IcHye HepiBHICTb, 3a JONOMOTOIO SIKOT MO)KHa BHU3HAYUTH HIDKHIO
MEXY CpEeIHBOKBAJPAaTHYHUX IOMHJIOK TPH BHUKOPHCTaHHI OyIb-SIKHX
ouiHOK mapamerpa. Ilpunmyctumo, mo Mexi obnacti ailicHoi oci, nae

IIIJIBHICTD PO3NOAULY & )C|19 BiZIMiHHA Bijl HyJIs, He 3anexuth Bix . 1a

YMOBa BUKOHY€ETHCS, HAPUKIIAJ, SKIIO T (x|19) # 0 ma Bciit miiicHiit oci i

st x = 0. Ilpumyctumo, kpim Toro, mo ¢QyHKUisS @ (x|3)
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nudepeHnuiiiosana 3a napamerpom ¢ .
BBenemo HOBe MO3HAYEHHS !

L, (9) =W (X[P =W, (X;,.... X, [P, (3.5)

mo0 MIIKPECHIUTH 3aleXHICTh (YHKOII mpaBmomomiOHOCTI Bix
HeBizoMoro napamerpa & .
HeneraTtnBHa Benmm4uHa:
2
@) =} L@ =m| S @ | | @0
04 084

3HaleMo MIyKaHy HIKHIO MEXKY TUCTIePCii OIHOK (HEpiBHICTh
Pao—Kpamepa):

A

PRERSFNEC I INCG) 37)

[lpaBa uacTMHAa HEpPIBHOCTI € TaKOX HIDKHBOKO — MEXKEI0
CPEIHEKBAIPATUICCKUX BiIXHUJICHD OIIHOK BiJl OLIHIOBAHOT'O MapamMeTpa.
JIns He3MIIIEHUX OI[IHOK:

AN

PRERSSTINGY (38)

2. OniHKM MaKcHMMAaJIbHOI mpaBaoNoAidHOCTI, iX BiIacTHBOCTI i
3B 30K

A

Po3risHeMo OLiHKY 19 BEKTOPHOTO Mapamerpa & ONTUMAIIBHY 110

Mn
KpUTEpiI0 MaKCHMalbHOI TpaBaonomiOHocTi. OCKIIBKH Jorapupm —
MOHOTOHHa (yHKIlsE, To ekcrpemymu ¢yukmin Lx($) i In L(4)
JNOCSATAIOTHCS  MpU  ogHakoBux aprymentax 4. Tomy kpurepiit
MaKCHUMAaJIbHOI IPaBAONOIIOHOCTI MOYXHA MPEACTABUTH Y BHTIISII:

A

G =argmaxinL (9),npud e @™ . (3.9)

OyHKIII0 MpaBAOMOAIOHOCTI MOXXKHA 3aMIiHUTH  CTaTHCTHKOIO
BiIHOIIICHHS TIPaBIONO[IOHOCTI:

( | ) X ( ) X ( 0 )’ ( ' )
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ae 30 — (ikcoBaHUIT BEKTOP.

Cuctema piBHSIHb MAKCHMAJIBHOI ITPABIOTIONIOHOCTI !

8 -
—InL, (9) = —In L ($=0,i=Lm. (3.12)
09 kZ; 09
Omninky 19/1,,, 110 3aI0BOJIBHSIE CUCTEMI PiBHSHb HA3UBAIOTh OYIHKOIO
MAKCUMANbHOL  NPA8ooOnodibHOCMI  8eKMOPHO20 —Nnapamempa abo

CYMICHOIO OIIIHKOI0 MaKCHMaJIbHOI MpaBJONOAIOHOCTI KOMIIOHEHT LIbOTO
BeKTOpHOTO mapamerpa. OMLIHKA MaKCHMalbHOI MPaBIOIOMIOHOCTI
CIIPOMOXHI 1 aCHMITOTHKA CIUTBHO e(heKTUBHI.

PosrnsiHeMo 3B’30K 0afleCOBUX OLIHOK 3 OLIHKOK MaKCHMalbHOI
MPaBIOMONIOHOCTI Ha MPUKIANI HOPMAIBHOTO PO3IMOIUTY aMIDITYAH
CHTHAIY.

BaiiecoBchKa OLlIHKA aMILTITYAM a KBa3iJeTePMiHOBAHOTO CUTHAIY:

A 2 A
a; =20 00N _ (4007 a,) 1+ 2), (3.12)
1+ 048,

A
. . . . 2 2
A€ Q,n — OLUIHKAa MaKCHMaJIbHOI MpaBAonoAiOHocTi; V™ =0,S; ¢

BIJIHOILLICHHS AUCIIEpPCii anpiopHOro PO3NOAULY aMILIITYIu 10 Jaucnepcii ii
OLIIHKM MaKCHMAaJIbHOI MPaBOoi0HOCTI.

3 (3.11) Burikae, mo OaliccOBChKa OIlIHKA MPEACTABIISE CEPEIHE
3Ba)KEHE JIBOX BEJMYHMH: OIIIHKM MaKCHMaJIbHOT IpaBIonoaiOHOCTI i
arnpiopHOTO CEPeHbOTO a9, IPUUOMY BiJHOILEHHS Baru, 1[0 MPUIHCYETHCS

. . . 2
NepIii BeIMYKHI, 0 Bark Jpyroi piBHO V. SICHO, 10 B JAHOMY BUIIAJKy
OalfecOoBChKa OIliHKA PO3IOAUICHOI M0 HOPMAIBFHOMY 3aKOHY aMILTITyAd
CUTHAJIy CITiBIaJIa€ 3 OL[IHKOI MAaKCUMAJIbHOI aroCTepiOpHOT IIiIIBHOCTI

A A

. 2
A6 = Auan. SIKWIO BITHOmEHHA V° HEOOMEXKEHO 3pocTae, TOOTO,
JWCTIEpCis OIIHKH MaKCUMAallbHOI TpaBIOMOMIOHOCTI OaraTto MeHIIe
A A
aucriepcii ampiopHOTO pO3MOATy, TO dg~d.m ToOTO, OaifecoBCHKa
H
OIliHKa HAOIMKAETHCS IO OIIHKKM MAaKCUMAaJILHOT MpaBAonoaioHoCTI. SKIo
JUCTIEpCis  ampiOpHOTO PO3MOAUTY 0OaraTo MeHINe IUCIepCii OIHKH
A
MaKCHUMAaJIbHOI MPaBIOIMOMIOHOCTI, TO s ~do TOOTO, CIIOCTEpEKyBaHA
]

peaizalisi He BIUIMBAE Ha OILHKY, sIKa IIPUHMAETHCS PIBHOIO alpiopHOMY
cepeHbOMY OLIHIOBAHOTO MapameTpa.
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fonn S icliiotioll
@Dynkyionan gionowenusa npagdonodionocmi npoyecy Iayca

OntuMmaneHUl 32 OyAb-KUM 3 KpPUTEPIiiB SIKOCTI aHAJIOTOBHA
IropuT™M mepeBipku rimoresm Ho mpotm anprepHatHBH Hi Hakasye
MOpiBHAHHA 3 ToporoM Jorapudma  (QyHKIIOHANIA  BiXHOUICHHS
npapononioHocti. ToMmMy Ui CHHTE3y ONTHUMAJIBHOTO aHAJIOTOBOTO
NTOpPUTMY BHSBJICHHS CHUTHAJly Ha Tii mepemkoan [ayca HeoOXimHO
BU3HAYUTH Jiorapu$M (QyHKLiOHANA BiJHOIICHHS MpPaBIOIOAIOHOCTI
BUIaKOBOro mpouecy [ayca 3 BKa3iBKOIO OOMEXEHb, NpU SIKHX LEH
(byHKIIOHAT iCHYE.

lmotesa Ho moisrac B TOMy, IO CIIOCTEPEIKYBaHA peaizailis
HaJIeXHUTH Tporecy [ayca 3 xopemsmiiiHoto ¢ynkmiero B(ty) i cepemnim
3HAa4YCHHAM So(t), a ampTepHaTuBa Hi — B TOMy, IO peaiizamis HaJeKUTh
nporecy ["ayca 3 Ti€to jk KOpeIALiifHOI (PYHKIIEIO i CepeTHIM 3HAUYCHHAM
S1(t). st 3aBmaHHs BUABICHHS So(t) Ho 1 S1(t) H s(t), II0 pO3TIATAETHCS TYT.

3amumemo  yorapudM  BiIHOWMICHHA  IPaBOOMOMIOHOCTI  UIA
JIMCKPETHOT BUOIpKH X = (x1.,Xn), oTpuMaHoio Binoopom Ha inrepsaii (0,T)
4yepe3 piBHI MIPOMIKKH yacy 3 peanizauii x(t) BunaakoBoro npouecy ['ayca:

InI(X):x'K1(s1—so)—;(s1+so)'r<1<s1—so)=[><‘—;(s1+so)1i<1<s1—so), (3.13)

ne X — BeKTOp 3 KOMIIOHEHTaMH X, = X(tk );

S1, So — BEKTOPH 3 KOMIIOHCHTaAMU

Sy =81 (t ) Sok =So (t ).t € (0.T),k :mK = [B(ti ’tj)]

— KopeJsLiitHa MaTpuLs (ITO3UTUBHO BU3HAUEHA) PO3MipoM NXN.

Beenemo Bexrop V=K-1(51-S0).

TOI[i S1-So = KV.

[icnts  meperBopeHs  Jorapud™M  (QyHKIIOHANA  BiJHONICHHS
MIPaBIOIIONIOHOCTI PiBHMIA:

.0+, 0] 010
5l i, .

InI[x(t)] = ]v )| x(t) -

ne V(t) — BUpIIIeHHS iHTETPaIbHOTO PiBHSHHS:

].B(t,u)V(u)du =5, (t)—s,(1),0<t<T, (3.15)

TONI CepedHe 3Ha4ueHHs Jjorapudma (QyHKIIOHATA BiTHOIICHHS
MIPaBIOIIONIOHOCTI IIPH TIMOTE31 1 IPY aJbTepHATHBI PIBHUIA:
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limm, {In1(x)|H, }=-d?/2,
e (3.16)
lim m, {In1(x)[H, }=d?/2,

s d7 = [V (O)s, (1) - s, ®)clt].

Ouyinka amnaimyou 0emepmino08an020 CUZHATLY

PosrnsHEMO OIIHKY MaKCHMAallbHOI MpaBAOMOAIOHOCTI HEBIiTOMOL
aMIUTITYOIXM a JeTepPMiHOBAaHOTO cHWrHamy as(t) Ha Tl aJAuTHUBHOI
neperkoau ['ayca. Llst omiHka € OKpEMUM BHMAIKOM OIHKH pu M=1 1 3
=a. JI51s1 JAHOT'O CKATSIPHOTO BUIIAJKY CIiIyE:

. T T
aw = VOt [ [VOst)dt=x; /s, (3.17)
0 0
V/(t) — BupimeHHs TiHIHHOTO IHTErPATBLHOTO PIBHAHHS
T
jB(t,u)v (udu=st),0<t<T . (3.18)
0

3 aHamizy OIIHKM MaKCHUMAalbHOI IPaBIOTOAIOHOCTI BEKTOPHOTO
mapamMeTpa JIHIHHOI MOJeNli CHUTHAly BHXOJHUTH, IIO OIIHKA aMIUITYAH
CUTHAITy He3MilleHa i eeKTuBHa, TOOTO:

A

M, 8w ¢ =a
1

A T -
i@ =57 =17 =| [V(O)s(t)dt
0

JoBipunii iHTEpBal JyIs HEBIZJOMOI aMIUTITYAN CUTHAIIy MOXe OyTn
NIPE/ICTaBICHUI HEPIBHOCTSMMU:

A Ay
A =X ol +[Se <A< Aun+X; yo+/St, (3.19)
(1-y)/2 T )12 T
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ne X;_,)/,— NPOLEHTHA TOYKA HOPMAIEHOTO PO3MOALTY, BU3HAYCHA

3a 3aJJaHIM K0e(illiEHTOMIOBIPH P.

Hdnst  peamizanii  ONTUMAJBHOTO  AaHAJIOTOBOTO  alTOPHUTMY
OLIIHIOBAHHS aMIUNTYIM CUTHAJIy Ha T aJAWTHBHOI mepemkoau [ayca
HEOOXiTHO OOYMCINTH HOPMOBaHMH KopensuiinHui iHterpan. Ilro
omneparito MOXHa 3A1HCHUTY 3a JOMOMOTI0I0 aHAJIOTOBOTO KopesloMeTpa abo
JmiHIHHOTO  QUIbTPY, O (I3UYHO peai3oBYeThCA, 3  IMITYJIBCHOIO
XapaKTepUCTUKOIO:

h2) V(T -7)/s;,0<z<T (3.20)
7)= .
0,7<0,z>T.

OntrManbHa OILIHKA aMILTITyId BUXOAWTH B KiHIII CIIOCTEPEIKCHHS
Ha BUXOAI (UIBTpPY, SKIIO TITBKHA IMITYJIIbCHA XapaKTEPHCTHKAa (iIbTpa
HOPMYETBCS BEIMIHUHOKO () a00 YMHOXKA€ThCS HA UCIIEPCII0 OLIHKH.

Ouyinku amnaimyou i ghazu 2apmoHiiino2o cuznany

Curman s(t;¢) — rapMoHiiHMH 3 BiOMOIO YacTOTOIO o i
HEBIJOMUMH aMIUTITYA0I0 a i (a3oro ¢:

s(t; 9,,9,) =acos(w,t —p) =acospcosw,t +asingsino,t  (3.21)

4 =acosp, 9, =asing , (3.22)

s, (t) = cos myt, s, (t) = Sin w,t. (3.23)

Bupinryroun cuctemy jBa NiHifHMX BimHOcHO J1 1 &, piBHsAHB,
OTPUMYEMO OILIHKA MaKCUMaJIBHOI IIPaBIONOJIOHOCTI IIMX MapaMeTpiB:

TT
1 IIV(U,U)X(U)SinwOududU
PAY

|

_ (3.24)
V (u,v)cosw,usinw,vdudov

o t—
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j IV(u v)X(v) c0s w,vdudv

A2

e , (3.25)
” (u,v)cos w,usin wvdudo
00

ne V (U,0) =V, (U)V, (0) =V, (V)V, (u).
V (u,0) = Ng*[ cosm,usin w,v — cos w,vsin w,U.

Baxkaroun woT = 2pk,

Je o — Iie YHCIO, 3HAXOAMMO OI[HKH MaKCHMaIbHOI
MPaBIONOIIOHOCTI:
N T
G :—_[x(u)coscooudy, (3.26)
Ty
A2 T
G == [ X(U)sin wpudu. 3.27)
Ty
1Ti OLIIHKHU MaKCHUMaJIbHOI MPaBOIOI0OHOCTI MOYHA

BUKOPHCTOBYBATH JJIsl OTPUMAaHHS OLIHOK aMIUNITY/AX 1 (a3u CUTHaIy Ha
TJi agauTHBHOTO Oinoro mymy [ayca:

R 07 .27
a= lg,wn + lgMn =
’ 2 T 2 1/2
1 1 ]
=7 [x(t)coswgtdt | + ?jx(t)SInwotdt ,
0 0

A A0 T

;
q) arctg| Fun! Fum :_[x(t)sincootdt / Ix(t)coswotdt.
0 0

Cymicna oyinka wacmomu i ghasu 2apmouiiinozo cuznany npu
aooumusHomy oinomy uiymi

PosrnsiHeMo Tmpukian CcymicHOi OINIHKM JBOX HECHEPTeTUYHHUX

mapamMeTpiB — 4YacToTH ® 1 (a3su o TapMOHIMHOTO CHTHaY,
CIIOCTEPE)KYBAHOTO B AJJIMTUBHIM CyMimmii 3 OiuM H_IyMOM OCKITBKH
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YacTOTa HEeBiNOMA, CIiJ YMOBHTHCS, HAa SKHIl MOMEHT 4acy IOBOAMTHCS
omiHka ¢a3u. BBaxkaTMeMo, IO OIIHIOETHCS (ha3a, IO JOBOJUTHCS Ha
CepeliHy IHTEpBally CIOCTEPEIKECHHS, a CHOCTEPE)KCHHS IPOBOJUTHCA,
HOYHMHAIOYY 3 MOMeHTY — T/2 1o momenty T/2.

PiBHSHHS, 110 BU3HAYAE OL[IHKY YAaCTOTH 3aIUIIEThCS TAK:
[ 012 7
- ” z(t,) cos at, z(t,) cos wt,dt,dt, +
ol 0 |-br2
ow ‘a):cu* ow!| T2
[ [ 2(t)sin at,2(t, ) sin et dt,d,

L-T/2 do=0"
o 0/2
= ab[/é[ z(t,)z(t,) cos w(t, — tz)dtldtz‘w:w* =
0/2
- [Jat)zt)t, ~t,)sin @™ (t, ~t,)dtdt, = 0.
-0/2

HaBenene piBHSHHSA HE Mae aHAJNITUYHOTO PIIICHHS, aje MOXXHA
MOKa3aTH, MO BOHO Mae Oe3nid KopiHHA. CKOpHCTAEMOCS JiHEeapH3alieio
i€l popMyIH, IPUIYCTHBINH, 1[0 BiJIOME ONIOPHE 3HAYCHHS III, OJIM3BKE 110
LIYKAHOTO BupilieHHs ®* = o + do*, npuuomy do*1<< T/2. Tomi,
BBaaroun, 1m0 C0S do*(ti — t2) U 1 1 sin do*(t1 — t2) U do*(t1 — t),
OTPUMYEMO:

T12
[[2t)2) ~t,)sino(t, —t, )dt,dt,
Aw™ ==L : (3.28)
[[2t)2(t,)t ~t,)? cosao(t, —t,)dt,dt,
-T/2

SIk1o yacToTa 3HAXOIUTHCS B Jiala3oHi MUAPHHOI O = Mmax - Omin,
TO JUIsi BU3HAYEHHS OMPHOTO 3HAYEHHS YacTOTH IIi TOTPiOHE YHCIO
KaHaiB.

n>QT /7. (3.29)

3. Ilousarrs npo aHOMAJILHI MOMMJIKH BHMip]OBaHHS[
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[MoMunku cucTemy, IO BH3HAYa€ MapaMeTpu paaiOCHUTHAIY,
3a3BUYAil TPUHHATO IUIATH HAa JBa BUAM: Maji (HOpPMajbHi) i BEIHKI
(anomanbHi). Take po3MieHHs] TOMHIOK Ma€ CCHC TOMY, 110 KOXKCH 3 BHIIB
3pY4HIIIE OLIHIOBAaTH PI3HUMH KpuTepisiMu. [Ipu oOmiHLI aHOMaJbHUX
NOMIJIOK BEJIMYMHA CPEIHEKBAJIPATHYECKOW IOMWIIKM 1 MaKCHMAaIbHOT
MTOMIJIKM HaifgacTimie He BaXXJINBi, 60 caMO TOSBY aHOMAIBbHOI HOMMIIKH
O3Hauae IOPYLICHHS pOOOTH CHCTEMH, HEBHKOHAHHS MOCTaBJIEHOTO
3aBlaHHSA. AHOMaJbHI [OMWIKHM  Haii3pydHille  XapaKTepH3yBaTH
BipOTIHICTIO iX MOSBH, 1 PU MPOEKTYBAaHHI CIi CTBOPIOBATH YMOBH, IIPH
SIKAX IS BIPOT1IHICTh HEXTY€ Maa.

SIkmo MoBa Hae TMpo ITOYATKOBOMY eTami IMPOEKTYyBAaHHS, KOJH
cucTeMa Ille He BHM3HAueHa 1 BHOMPAETBCS TIIBKM DPaJiOCHTHAN, MOKHA
BBR)XaTH aHOMaJbHUMH BCl TIOMWJIKH, JIe)Kadi 1032 TOJIOBHUM
excTpeMyMoM (yHKIii BigmiHHOCTI € (dt). O6macTh HOPMATBEHUX TOMHJIOK
3a3BHYAil PO3TAIIOBYETHCA CUMETPUYHO OLIst HyJIs Ha oci X (abo Ounst X Ha
oci x). [lozHaunMO BIiATIOBIMHI TPaHWYHI TOYKH Xu1 1 Xu2 (Mam. 3.1). Ii
KpAaIKH JIe)KaTh yCepeauHi o0JacTi anpiopHol HEBH3HAYCHOCTI, MEXIi SKO1
MTO3HAYCHI Xa1 1 Xa2.

JormycTumo, M0 MPUYMHOK € Jis aJuTHBHOI mepeiukoid. Tomi,
BPaxOBYIOUH, 1110 OL[iHKa ITapaMeTpa BU3HAYA€ThCS HAMEHIINM 3HAYCHHAM
3MIpSHOIO  (YHKIIEI BIAMIHHOCTI, OTPHUMYEMO [OCTATHIO YMOBY
BiJICYTHOCTI aHOMAJIbHAX MOMUJIOK y BUTJISII:

e(X>x,,x<x,)>¢(X,) . (3.30)

| 3
Xai Xy X Xy X2 X2 Xg2 X

Maur. 3.1. Jlo BU3HAUEHHS aHOMAJIbHUX IOMUIIOK
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[{ro yMOBY MOXHA 3aITUCATH Y BUTJISII:

Q— j uZ (tydt < e(x)+ ¢, (x) + Q— j uZ (thdt,  (3.31)

0 -

a00, BIIKMHYBIIM OJHAKOBI WIEHW B 000X YaCTHHAX HEPIBHOCTI,
OTPUMA€EMO JOCTATHIO YMOBY Y BUIJISII

e(x)+¢,.(x)>0, (3.32)

NPUYOMY Iisi YMOBA MOBHHHA BHKOHYBATHCS I BCIX X, JISKAYUX 03
00JIaCTIO Xu1, — Xu2.

4. Mouarra npo ouinky (dinprpamii) 3miHHMX napamerpis
CHTHAJIB

3aBAaHHd OLIIHKHK ITOBIIOMJIEHHS 3BOIMUTHLCSA [0 3aBIAHHSA OLIHKH
CYKYIHOCTI mapamMeTpiB (IIpu OLiHLI B 1ijloMy) a0 OJHOTO TapameTpa
(ipu dinbTparii).

[pumyctumo, mo Ha iaTepBanmi crocrepexenHs (0,T) orpumana
peamizamis x(t) amauTUBHOI CcyMmimi curHamy (t) 1 Tepemkoau, sKi
NPEeNCTaBISIFOTh  LICHTPOBaHI  BUMAAKOBI  HPOLECH 3  BiIOMHMH
kopensiiinuMu Gyukiismu B(u,x) i B(U,x), npuuomy i cursai, i

nepenkoa HeoOoB’s13koBo ['ayca. HeoOXiJHO CUHTE3yBaTH OLIHKY

& (t) CTOXAaCTHYHOTO CHTHAITY IO CIIOCTepeKyBaHii peamizamii x(¢h).
N
BusHaueHHs OLUIHKH é: (t) sk (ynkmionana Big d(t) mpu t = T
HAa3HUBAETHCS 3AB0AHHAM Pinbmpayii cueHay.
Matouu B CBOEMY DPO3MOPSDKEHHI peaTizamiio aJuTHBHOI CyMIiIlTi

A
CHTHAJTY i MepemKo/, iHoi HeoOXiHO BU3HAYMTH TAKOXK OLHKY & ()
aesikoro croxacruyHoro cursany & (t) wmwo mpexacrasisie HeoOXiaHY
:
omepariro Hax curHaioM npo(t). Lle moxe Oyrm uiHiliHA omnepauis

(3pymeHHsI, 0THOPa30Bi a00 OaraTokpaTHe AU(EpPCHIIIOBAHHS 1 IHTETPaIlis)
a00 HaBiTh HEJIHIHA.
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PLBY-UA e I
Jinitina i neniniiina inompauis

Jinitina ¢inempayia. Po3rnsHeMo 3aBAaHHS ONTHMAIBHOI JNiHIHHOT
¢inpTpanii CHUTHaNMY Ha T aJIATHBHOI NEPEIIKOAH, SKa (OPMYETHCS
TaKUM YUHOM. SIK OIliHKa CHTHATY IpHUHMA€EThCS TIHIMHAN QYHKITIOHAT:

E(t) = ]h(t,t —u)x(t — u)du, (3.33)

TOOTO 3HAa4YCHHS TMIpoIlecy Ha BHXOAI JiHifHOTO (iTbTpa 3
iMIysIbcHOIO XapakTepucThkoro h(l,d), Komam Ha BXiX Ji€ cnocTepexyBaHa
peamizamisi CyMmilli CHTHalXy 3 mepemkonor. HeoOXimgHO B Kiaci mux
TMHIMHEAX QITBTPiB BU3HAYUTH (QITBTP, ONTHUMANBHHUHA 3a KPHUTEPiEM
MIHIMYMY CEpeHBOTO KBaIpaTa IIOMUIKH OLIHIOBaHHS:

min ol(t) = min m, {52 (t)}, (3.34)

re £(t) = £(t) - £(t).

OCKINBKHM 3a TMPOMO3WIIEI CHTHAN 1 TepemKkoaa — MEHTPOBaHi
BUIIAJIKOBI MPOIIECH, TO CEpeAHINd KBajpaT MOMIIKK CIBHagae 3 il
aucnepciero. ToMy KpuTepiii MiHIMyMy CepelHbOTO KBajpara ITOMMIKH
OLIIHIOBaHHS HA3MBAaTUMEMO KPUTEPiEM MiHIMyMY aucrepcii noMuiku. J{is
BU3HAUCHHS IMITYJIbCHOI xapakTepucTuku & (i) TAKOro OmMTHMAaabHOTO
(GUIBTPY JOCHTH MAaTH B CBOEMY PO3IIOPSIXKEHHI BKa3aHi anpiopHi AaHi mpo
CHUTHAJ 1 TIEPEIIKOY.

Skuo peanizanis & (t) aaIUTUBHOT CyMIillli CUTHATY 1 MEPEIIKOIH
BHM3HAYCHA U BCiX miicHUX 3HadeHb t. Toxi NiHINHY OIHKY CHrHaIy
MOKHa IIPEJCTABUTH Y BUTJIISAI:

A o0
E(t) = j h(t,7)x(r)dz . (3.35)
Jucriepciss TOMUJIKH OILiHIOBAHHS:
_h(t,7)B, (z,t)dt +
2
o’(t)=B,(t,7) - j (3.36)
‘ : Hh(t u)h(t,v)B, (u,v)dudo
3 mi€i ¢popMynu BUIHO, IO AUCIEPCisS JIHIHHOT OLIHKHA 3aJIeKHUTh
TITBKH BiJl KOPEIALIHHNX (QYHKIIA CHTHATY 1 MEPEUIKoId i He 3aJIeKUTh
BiJl pO3MOLTY BipOTiIHOCTI IIMX BHUITAIKOBHX MPOIECIB.
IMozHaummo  uepes &  (t,d) iMmyascHY — XapakTepHCTHKY
ONTHMAJBHOTO JiHiiHOrO (inpTpa, a yepes & (t) MOMMIKY OLIHIOBAHHS
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CUTHAJTy TP ONTHMAaJIbHIN JiHIHHIN dinprpanii. Toxi:

0

m )" @)= m i x(e) [ Y)X(y)dy - X)) =

-0

(8, (. )y - B, (5.0 =0.

—00

(3.37)

Ile croiBBiHOLIEHHS  BUpaKa€ TaKk  3BaHUH  NPHHIMII
OpPTOTOHAIILHOTO NPOEKTYBAaHHS, KU € JOCTaTHHOIO YMOBOIO MiHIMyMy
JUCTIePCii MOMUJIOK OIiHIOBAHHS CHTHAIY.

[TO3UTUBHUMY BJIACTUBOCTSMH JiHIITHUX METOZIB € iX mpocToTa B
MOPIBHAHHI 3 HETMIHIMHAMH METOHaMH 1 A CHHTE3Y ONTHMAIBHOTO
miHifHOTO  QiMIBTPY TOTPiOHI OOMEXEHI CTaTUCTHYHI JaHi Mpo
TIOBiIOMJICHHS i CYMIllli, 1110 BEJIbMHU BOXIUBE CTOYYBaHHS 30py HPAKTHKH.

Heninitina gpinompayis. SIxmo BiAMOBUTHCS BiJl yMOBH JiHIHHOCTI
IrOPUTMY OOPOOKH CIIOCTEPEKYBaHOI peaiizallii, TO B IIUPIIOMY Kiaci
OINIHOK, IO JOIMYCKAIOThCS, MOXKHA OTPUMATH OI[IHKH, SKi 3a 3aJaHUM
KpHUTEpiEM MIHIMYMY CEpEeJHBOTO KBaJpara MOMHIKM OyAyThb Kpaili 3a
JIHIFHI OWIHKKW. Y 3arajJbHOMY BHIAQJKY ONTHMAJbHOI 33 KPHTEPieM
MiHIMyMy cepeaHpoi moMmikM  ouinkooo curHamy  &(t)  mo
CIIOCTEepeKyBaHIN pearnizamil aluTUBHOI CyMIllli CHTHAIY 3 TEPEIIKOJI0K0
d (t) € ymoBHe cepenHe:

AN

E(t) = m {E®|X(2)} = TuW [u,tx(z)pu . (3.38)

3a BunsTKOM npouecis raycis &(t) i d(t) obuncnenns ueniniiHoro

¢byHKIIOHaNa 3ycTpiuae 3HAa4yHI TPYAHOLII, MOB’s3aHi, Mepur 3a Bce, 3
BH3HAYCHHSM allOCTEPiOpHOI MIUTFHOCTI BiporigHocTi. OAMH 3 mMiIXO0diB 10
pIIIeHHS 3a/1a9i ONITUMAIIFHOI HEeliHIIHOT QibTpallii moisrae B 0OMeKeHHI
KJacy MJOCHIDKYBaHHX HENIHIMHAX TPOIECiB MapKiBCBKHMH abo iX
KOMITOHeHTaMH. [Ipu TakoMy OOMEXEHHI BJIAE€THCSI MOIOJIATH TPYIHOIII,
NOB’si3aHI 3 OOYHMCIECHHSAM aroCTEPIOpPHOI IIIJIBHOCTI  OLIHIOBAHOTO
mporecy. Ilicas pOoro MoKHa OTPUMATH OIIIHKY 3a KPHUTEpieEM MiHIMyMy
CEepeIHbOTO KBajpara MOMWIKH. MM pO3IISIHEMO IHINWHA MiAXif,
3aCHOBaHUHU Ha ampOoKCUMAIlii HEJTiHIHHOTO ¢yHKIIOHATA

%(t) = F[X(T),O <7< t] nopsig Bonsreppa:
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<t

) =FIX@]=Y

m=1 _

T._“TKm(Ul,...,um)x(t—ul)...,o .
7 (x(t—u,)du,..du,,
(3.39)

ko Kmyo 4t Bcix m > 1, To orpuMyeMo JiHIHHUHA QyHKIIOHAN
i K1(u) mMoxHa TpakTyBaTH SIK IMITYJIbCHY XapaKTEPHCTHKY JiHIIHOTO
¢ineTpy. JomaBaHHS wWieHIB psaxy Hpu M > 1 oO3Ha4ae BBEACHHA
Heniniitnocti. CykynHicts GyHkmiit Km(ul.Um), m = 1 N, xapakrepusye
HENMHIHHUA QUIbTp N-ro mopsiaky. OOMeXeHHS CyMHU psiy MEpUIMMHU N
4yieHaMH J103BoJisie arpokcumyBaTH (yskuionan F[x(¢)] mponecom Ha
BHUXOA1 QiMbTPY N-TO MOPSIIKY MPH BXimHIN mii X(¢).

Sxmo N = 2, To i GopMyBaHHA OIIHKM BHKOPHUCTaHa MpoOCTa
HelNiHiHa cucTeMa — GUIBTP IPYTroro MOPSaKy. 3aBAaHHS IOJATAE B TOMY,
mo0 BusHauMtH xapakrepuctuky K2(Ui,Up) HeminifiHocTi Tak, 1000
cepenHii KBaapaT IIOMHUIIKH:

o2 (t) = m{| £(t) - £(t) (3.40)

OyB MiHIMaJbHUM.
[Ticnst mepeTBopeHb HaOyneMO MiHIMAJIBHOI 3HAYEHHs AMCHepCii
TIOMHJIKH:

ot =8,0- [ ] | [Ki@u)K @uom,

(3.41)
(u, —u,,u, —u,,u, —u,)du,du,du,du,
abo
a:; = af{ - j J'K;(ul,uz)mglx (u,,u,)du,du,, (3.42)
ae o
o2 =B, (0)=B,(0)- j h"(u)B,. (u)du. (3.43)

— MiHIMaJTbHA JAUCTIEPCisl TOMUJIKH JIIHIHHOT OL[IHKH.
TakuM YUHOM, BUKOPHUCTaHHS ONTUMAJIbHOI HEMIHIHOT JTaHKH, 110
KOPEKTY€, Y (PinbTpi Ipyroro MOpsAKy IO3BOJISE MOJATKOBO 3MEHIIUTH
JIUCTICPCIF0 TOMUJIKH:
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0 0

ol -0l = j_[K;(ul,uz)mg1x(u1,u2)duldu2 > 0. (3.44)

5. ®ineTpu Binepa i Kansmana Ta ix oco6iuBocti

3aBnanHs QuIbTpauii (Ha TJIi CTaniOHAPHOTO LIYMY) MOBIIOMIICHHS,
II0 € CTaliOHapHUM BUMAJKOBUM MPOLECOM, 32 YMOBH, IIO
CHOCTEpE)KEHHS TpPUBA€ HECKIHYEHHO JIOBrO, HAa3WBAaIOTh 3a3BUYAil
BinepiBcpkoto (inbpTpami€ero, a GiIbTpH, CTPYKTYpa KN 3HAXOIUTHCS TIPH
TaKill TOCTaHOBIII 3aBIaHHs, HA3UBAIOTHCS BiIHEPIBCHKAMHU.

SKmo i curHam, i mepemKkona cTaioHapHi, a QUIBTP MpencTaBIsie
JMiHIHHY cHCTeMy 3 TOCTIfHHMH B daci mmapaMerpamu, TO mpu t > p
IMITyJIbCHA ~ XapaKTepUCTHKA ONTUMAIBLHOrO  (inmbTpa  BH3HAYA€THCS
BHPIIICHHSM i{HTETPATBHOTO PIBHSIHHSA:

B.(r)— [h"(y)B,(r—y)dy =0,720. (3.45)
0
[Ipu poMy MiHIMaNBHE 3HAYCHHS AUCTICPCil TIOMILTKHA
2 *
o’ =[h"(u)B, ). (3.46)
0
[Ticns mepeTBOPEHD CITIAYE:

H(iow), -k (i0)Z, (i0) =G(iw)/ Z (-iw) - H(iw)_. @47)

3 1i€i yMOBM 3HaXOJUMO IepelaBajbHy (PYHKIIO ONTUMAaJIbHOIO
GbuIbTpy, WO Qi3UYHO peai30ByeThCS:

K™ (io) = H(iw), 1 Z,(io). (3.48)

3BopoTHMM neperBopeHHs M Dypbe 3 ocraHHBOI  opmynn
3HAaXOJUMO IMIYJIbCHY XapaKTePUCTHKY ONTUMAalbHOrO (GUIBTPY, IO
¢disngHO peanmizoByeThCs (BHpimeHHS piBHSHHA Binepa—Xomda). Taxmm
YHHOM, BU3HAUCHHS ONTUMAJIBHOTO QiIbTPY, MO (PI3NYHO peasi3oBYETHCS,
3BOANTBCSA A0 (akTopu3amii CHeKTpa aJJIUTUBHOI CyMiml CHTrHaIy i

TIePENIKOM i PO3KIaAaHHs GyHKIiT O ‘ ((0) / ZX (—i a)) Ha CyMy 3B’SI3aHHX

¢ynkuif. Brkazana Qakropuzaniss Moke OyTH 3aBXKIM BHKOHaHa, SKIIO
BUKOHYETHCSI yMoBa Binepa—Ilemni:

T—“” S*(Cf)' do <o (3.49)

y 1+w
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Qinemp Kanbmana. SIKIO CHEKTp CUTHANy IPEACTaBIIsE
pauioHanbHy (YHKLIIO 3MIHHOT ®2, TO cUrHain mnpo (t) i3 CHeKTpoM

S;(w) =S,/ [1+ (a)T)z] OTPUMYEMO Ha  BHXOHi  (hOPMYIOUOTO

GITBTPY, CTPYKTYypa SKOTO BH3HAYAETHCS IH(epeHLiaTbHUM PIBHSIHHIM
HEPILOTO MOPSIKY:

0, 2w -vo, 350

ne v(t)— Ginuii myMm i3 CeKTpaIbHO IHTEHCHBHICTIO So,

[pumyctumo, mo mepemrkona (t) TakoX MPEICTaBIsle OLTHH myM 3
intencusnictTio No, mpuuomy &(t) i v(t) HexopenboBani. BukopucroByroun

JIHIAHY OI[IHKY CUTHAITy OTPUMAEMO:

L0240+ kox0 -0, @51

e K(t) =h"(t,1).

Bupas (3.51) € onTtumaibHUM 3a KPUTEpIEM MIHIMYMY aucnepcii
MOMMJIKH aJIropuT™M (ibTpalii CUrHaNy i3 CHEKTPOM Ha TJIi aJIMTHBHOIO
6isoro rymy.

| Mopens |
L cooCTepekyRanore of ek |

Mau. 3.2. Cxema ¢pinbrpy Kanbpmana

KonTpoabhi 3anutanns

1. ¥ yomy nossirae ouinka baiieca npu pisHuX QYHKIISX BTpAT Ta
HepiBHicTh Pao — Kpamepa?

2. OxapakTepu3yiTe aHOMaJIbHi IIOMHUJIKH BUMIPIOBaHHS.

3. Ska cyThb NiHIAHOT Ta HeniHiiHOT (inbTpanii?

4. SIxi ocobnmBocTi GinbTpiB Binepa ta Kanbmana?

5. losenits HepiBHICTH Pao — Kpamepa.
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TEMA 4. TEXHOJIOT'Ti IU®POBOTO 3B’SI3KY

OCOONUBICTIO  CYNYTHHKOBHX  CHCTEM  3B’S3Ky €
HEOOXITHICTh MPAIFOBATH B YMOBAX MOPIBHIHO HHU3BKOTO
BiJTHOIICHHS CUTHAJI / IIyM, CIPUYMHEHOTO JCKiIbKOMa
(dakTopamu:

- 3HAYHOK  BiAJAIEHICTIO TpuiiMada  Big

nepenaBaya;

- OOMEXEHOI0 TOTYXKHICTIO CYNyTHHKa (HEMOXXIHMBICTIO BECTH
nepeaady Ha BETHKilH ITOTYKHOCTI).

VY 3B’SM3Ky 3 IUM CYIyTHHKOBHH 3B’S30K IOTAHO MiIXOIWTH LIS
nepenadi aHaJOTOBHX cHUrHaNiB. ToMy jaist mepeaadi MOBH il momepeaHbo
ouM(pOBYIOTh,  BUKOPHCTOBYIOYM,  HANpPHKIAJ,  IMIyJIbCHO-KOJOBY
moaymsiito (IKM).

Jnst nepenayi 1uppoBUX JaHUX CYMYTHUKOBHM KaHaJOM 3B’SI3KY
BOHHM TOBHMHHI OyTH CIIOYAaTKy MEPETBOPEHI B PagiOCHTHAJ, SIKMH 3aiiMae
NEBHUH 4YacTOTHHH Hiama3oH. 11 IIbOTO 3aCTOCOBYETHCS MOMYJISLIS
(unpoBa MOAYIALIS HA3WBAETHCA TaKOXK MaHIMyJsAier0). Haibinpm
MOMIMPEHNMH BHIaMH IU(POBOi MOIYIALI] JUIl JOAATKIB CYITyTHUKOBOTO
3B’s3Ky € (ha3oBa MAHIMMyINAMisS 1 KBajgpaTypHa aMILTITyIHA MOIYJISIIS.
Hanpukian, B cucremax craagapty DVB-S2 3actocoByrothest QPSK,
8-PSK, 16-APSK i 32-APSK.

Monyssiiiss BUPOOJSETCA Ha 3eMHIM craHiii. MoyapoBaHMiA
CUTHAJI TIOCUJIIOETHCS, TIEPEHOCUTHCSI Ha NOTPIOHY YacTOTY 1 HOCTyMae Ha
nepenaBagbHy aHTeHy. CyYINyTHUK NpUHAMAae CUTHAI, MiACUIIIOE, 1HOJI
pereHepye, MEPEHOCHUTh HA IHINY YacTOTy 1 3a JOMOMOIO TEBHOT
riepeiaBajibHOT aHTEHH TPAHCIIOE Ha 3eMITIO.

Uepe3 HU3BKY TOTYXXHOCTI CHTHAJy BHHHUKAE€ HEOOXIAHICTH B
cUCTeMax BHIPABJICHHS MOMHJIOK. J{JIsl IbOTO 3aCTOCOBYIOTHCS Pi3HI CXEMH
3aBaJJOCTIMKOr0 KOJyBaHH:, HAUaCTIIIe pi3HI BapiaHTH CBEPTOYHHX KOIIIB
(iHomi B moemHaHHI 3 komamu Pima-ConomoHa), a Takox TypOO-KOIU Ta
LDPC-xonm.

1. KogyBannsi kaHaJ1y Ta HOro OCHOBHi XapaKTepUCTHKH

PeanpHuil kaHANM MOXE JOAaBaTH O IEPEeNaBaHOTO MOBIIOMIICHHS
JesIKy KiTBKICTh TOMWJIOK. [IJIs BUSIBICHHS IUMX TOMHJIOK pUAMagy
HEOOXIJTHO MPOCTO TOMITHUTH, IO BOHM Oymu IOAaHi, a M HPSIMOTO
BHIIPABJICHHS IOMIJIOK iCHY€E JTOJJATKOBAa BHMOTA — TOTPiOHO BU3HAYHTH 1X
pO3TalIyBaHHs B IPUHHATOMY MOBiJOMJICHHI.

IIpoeKTyBajIbHUK KOMy HE MOXE KOHTPOJIIOBATH IMOMHJIKH, alie Y
HBOT'O € MOXKJIMBICTh BH3HAYUTU KOJI TAaKMM YHHOM, IIO0 JJis OlJIbIIOCTI
MIOMHWJIOK, 1[0 BUHHUKAIOTH, IMOBIJOMJIEHHS MOXKHa OyJIO BiTHOBUTH 3a
MPUHHATAM KOJOBUM CJIOBOM. PO3MMi3HABAaHHS MOMIJIMBO IO THX IIip, MOKH
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MOBIIOMJICHHS JOCTaTHBO BIIPI3HUTH OJUH BiJl OJHOTO, a KUIBKICTh
MMOMWIOK, HE HAATO BENMKA. 3aBAaHHS (HOPMYBAaHHS OCUTH PO3PI3HSIIOTH
KOZOBI CIIOBa, SKi MOXHAQ BHPIIIATH [UISXOM JOIaBaHHSIM IO
MTOB1TOMJICHHS HAITUIITKOBOT 1HQOpMAIIii.

[Tix gyac mpoekTyBaHHS KOy, III0 BUMIPABIIAE MOMIIIKH, HAIMIPHICTB,
sIKa TOAA€ThCs y (OpMi JOAATKOBUX CHMBOIIB (y IBiHIKOBOMY KOmi — Iie
CHMBOJIH 3 TOABIHAM 3HAa4YeHHAM, a00 OITH), CIiJ BUKOPHUCTOBYBATH 3
obepexHicTio, mo0 BOHa Oyna edeKTHBHOIO. 30Kpema, HaIMipHICTh
MTOBHHHA POOUTH CXO’Ki KOJIOBI CJIOBA O1ITBII Pi3HUMHU.

Pi3HHIIT MK KOJOBHMH CIIOBAMH MOJKHA TIPEICTABUTH Y BUTILAI
BiICTaHI MiX HUMH. KOpEKIif0 MOMWIOK CIiJi BHKOHYBATH ILISIXOM
Meperisiay BiCTaHb BiJl OTPMMAHOTO KOJOBOTO CJIOBA 10 BCIX MOXJIMBHX
JOIMYCTUMHX KOZOBHX CJIB, i BUOOPY caMoro OJM3bKOTO KOJOBOTO CJIOBA.
Skimo 1e 3po06JeHO, TO MOMUJIKH MOXHA 3aBXXIH BUIIPABUTH, SKIIO BOHH
PYHHYIOTH KOJIOBI CJIOBa Ha BIJCTaHHI, K€ MCHIIIC, HIXK MOJIOBAHA BiJCTaH1
MK JBOMa HaWOMMKUYMMM KOJOBHUMHU CIIOBaMH, ab0 IX MOJKHA BUSBHTH,
SKIIO BOHM pYWHYIOTH KOIOBI CJIOBa Ha BIACTaHI, SKa MCHIIA HiX
MiHIMaJIbHA BIZICTaHh MK JIBOMa KOJOBHAMH CIIOBAMHU.

Kopexiiito i BUSBICHHS MOMUIOK MOXXHAa BUKOHYBATH OJHOYACHO.
Sxmo MiHiManpHa BIICTaHP MK OYAb-AKOIO MAapO0 KOJOBHUX CIIB

nosHaunTH K MR (puc. 4.1), To moku dmin e dd + dc‘, BUIIPABJIATH

MIOMUJIKM MOJKHA B pajiyci dc, a BUSIBJIATH — B pajiyci d BiJl KO)KHOTO
KOJOBOTO CJIOBA, OCKUIBKHM SKIIO OTPHMaHe IIOBIJOMIICHHS 3HaXOIUTHCS
1o3a 300pakeHUX KiJl, TO MOXKHA JIMILIE Ai3HATUCA, [IO € TIOMHUIIKA, X04a ii
HEe MOXKHa "BUIIPAaBUTH", TOMY IO BOHAa HE 3HAXOJHUTHCS B KOJI paiiyca
HaBKOJIO OY/b-SIKOTO KOJIOBOTO CJIOBA. 3MIHIOIOYM PO3MIp KiJ, MOXKHa
MOMIHATH MICLSIMH MOJIJIMBOCTI BHIIPABJICHHS 1 BHSBJICHHS ITOMUIIOK.
3ayBakuMo, 10 I PiIKCOBAHOTO 301IBIICHHS 3MEHINYE, 1 3’ SIBISETHCS 1IIC
oJiHa npo0JieMa — MOJKIIMBICTh HEMPaBUIILHOTO "BUIPABJICHHS" BHILICHOTO
HOBiTOMIICHHS. SIKIIO MOBiIOMIICHHS OYJIO TaK CHJIBHO 3pyHHOBAHO, IIO
mepeMilieHHs OUThII HiXK Ha MOJIOBHHY IIOTPAIIJIO B KOJIO pajiyca iHIIoro
KOJIOBOTO CJIOBA, TO BOHO Oy/i€ JIEKOJI0BaHO HETIPaBHIILHO.
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Puc. 4.1. Bincradp MK KOZOBUMHU CIIOBAMU

MaTeMaTHYHHM aHAJOrOM BiJICTaHiI € MeTpuka. Hainpocrimmor i
HAMOLIBII 3araJibHOX0 METPUKOIO i OiHAPHUX CHUTHATIB € BiJICTaHb
XemMminra. Bigcranp XemMmiHra MDK [IBOMa OITOBUMH IOTOKAMU
BH3HAYAETHCSI BUPA3OM, JIe a i b — IIe Tak 3BaHi Baru MuX OITOBHUX IOTOKIB,
SIKI BU3HAYAIOTHCSI YHCJIOM 1X HEHYIbOBHX KOMIIOHEHTIB.

PosrisiHeMo TpH KoM, IO BUKOPUCTOBYIOTH CHMBOJIM, CKJIQJICHI 3
TPBOX JBO3HAUHUX nudp (puc. 4.2).

Hepmmii xox (puc. 4.2, a) BUKOPHCTOBYE BCi MOXUJIHBI KOMOiHAIIi1
TpbOX OITIB 1 TOMY Mae MiHIMaJIbHY BificTanb 1. BiH He MOXke BHUIIPABISATH
a00 BHSIBIISATH J€IKi MOMHUIIKH, TOMY 110 OyZAb-sika moMmika ¢popmysaia 6
HOBE KOJIOBE CIIOBO.

Hpyruii xox (puc. 4.2, 6) Mae MiHIMalbHy Bijcranp 2. Bin
mo0OyIOBaHUIN NUIAXOM BHIAJICHHS BCIX KOJOBHX CiiB 3 Biacradi 1 3
KomoBoro cioBa Ha puc. 4.2, a. llei ko MoXKe BHSABISTH OIWHOUYHY
MMOMIJIKY, X04a He Burpasisie i (moMmikoBuit kox 010 mir 6u copmyBatn
komoBi cinoBa 000, 011 a6o maBite 110). J[Bi mOMUIKH HE MOXYTh OyTH
BusiBieHi. Kox Ha puc. 4.2, 6 — 1e, HacmpaBIi, KO IEpEeBipKH HA MAPHICTB,
SKAW BUSIBIISIE TakoX 1 iHON mommikd. Kon (puc. 2.2, B) Mae BiacTanb 3.
Bin Oyne BUNpaBiIsiTH OZHY MMOMIIIKY 200 BUSIBIISITH 2 (@l HE OJHOYACHO).
SIkOm BiH BHKOPHCTOBYBaBCS JAJIsI BUIIPABJICHHS IIOMMIOK, TO kKo 010 OyB
6u Bunpasnenuit Ha 000, sk Oymo 6 i ams koxiB 100 i 001, mo mokazaHo
MaJIEHBKAMH CTPIJIKaMH.
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Puc. 4.2. Konn, cknazgeHi 3 TpboX JBIHKOBUX YUCEN

IcHyBaHHS BiICTaHI MDK KOJOBUMH CJIOBaMH HE OOOB’SI3KOBO 1
03HaYae, 110 ITOBIIOMIICHHSI MOYXHA JIETKO BUTSTTH 3 OTPUMAHOTO KOJIOBOTO
CJIOBa, HAaBITh SKIIO TPAIULIEThCS MEHIIE IOMHJIOK, HDK KOJ MOXKe
TEOPETHYHO BHIIPABUTH. Y HAWTIpIIOMy BHUMNAIKy TMOTpiOHO Oyne
MTOPIBHIOBATH OTPHMAaHUI OITOBWII MOTIK 3 yciMa MOIMBHUMH KOJOBHMH
cjioBaMH, 100 MoOaYMTH, 0 SKOr0 3 HUX BiH OJIMK4e BCHOTO. SIKIIO
JOBXKMHA TIOTOKY BEJIHKa, TO iCHye 0araTo MOMJIMBHX KOJOBHX CIIB, TaK
IO LIeH MpoIec MOXKe CHIIbHO 3aTSATHYTHCS B 4yaci. Tomy BHOIp Komyrodoi
¢yHKIIT TOBHMHEH OyTH 3po0OJeHuil Tak, 100 iCHYBaB IPOCTHH METOA
JICKO/TyBaHHSL.

PosrisiHeMo,  HANpHUKIA[, BiTHOCHO HEBEIUKHH  [UKITIYHUI
xomnosumitani kox (143 120). brnokoBuil Kox LBOTO THIY MOXHA
JIeKOTyBaTH, BUKOPUCTOBYBATH NpaBHjIa HOTO KOAYBaHHS 3a 264 MpOCTHX
kpoku (3cyBy). OnHak, 1ei kox mae 2120 KOIOBHUX CIIiB, TaK IO MOBHHMA
niepedip 3axanaB ou mopsaky 1 000 000 000 000 000 000 000 000 000 000
000 000 (TobTo 1036) MOpiBHSIHB.

IcHye KiTbka METOAIB NPOEKTYBAaHHSA KOZIB, IO JO3BOJSIOTH
BUKOHYBATH KOAYBaHHS 1 JEKOAYBAaHHS Ha NMPAKTHUII. SIKIIO KOXyBaHHS €
nmiHiiHa (YHKOiS BITHOCHO 1H(OPMAIIHHOTO ITOBIIOMJIEHHS 1 SIKIIO
NPUIHATI CJIOBa € KOJOBUMH, TO MH OTPHMYEMO TIIPOCTHH MeETOA
Ko/yBaHHs 1 TecTyBaHHsA. KoJIu 3 NMOBTOPEHHSIMH — Jy)K€ IMPOCTi, ajie He
nyxe e(heKTHUBHI.

Koou Xemminea — 1e crnemiaJbHUN KJac KOJIB, SIKi BHUIIPABISIOTH
ONMHOYHI TMOMMIKH. Taki KOAM JMJOCHTh TPOCTi y TMOOymoBi Ta
BHKOPHUCTaHHI. J[0 iHIIMX 3araJbHUX KOJIB BiJHOCATHCS IMKIJIIYHI KOIH, i
oauH 3 iX TumiB — xoau Piga—CosioMoHa, SKi € CKIIQJHUMHU, aje Terep BCe
LIMpIIe BUKOPUCTOBYIOTHCS HA MPAKTHII (HANIPUKIIA], B KOMIIAKT-IHCKaX).
HaiiTouHimnm Koy MpamioTh 3 JAHUMHE B ITOCTIIOBHIN MaHepi, 1 Xo4a BOHU
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HEe HACTUIBKM eQeKTuBHi, sk koxu Pinma-CojomMoHa, B TPOEKTYyBaHHI i
BUKOPHCTaHHI BOHM JIOCUTH 'HYUKI 1 ITPOCTI.

2. [loGynoBa KoiB 3 BUPABJEHHAM MOMUJIOK

Tyr OynemMo posrisiaTH TUIBKM JBIHKOBI KOIU (SIKIIO HE
3aTBEPUKYEThCS MPOTWwiIekHe). KoMy, 10 BUNPABISIOTH MOMUJIKH, MOXHA
OyayBaTH 1 3 IHIIUX CHMBOJIIB, aJi¢ MH HE OyJeMO JETalIbHO PO3IIIAAaTH
TaKui BUNAI0K.

Koau 3 noBropeHHsiMHu
Hdyxe TNpocTHd MeToJ KOIYBaHHS IIONsra€e B TOMY, IIOO
noBToproBatu ToBizomienHs 2d + 1 pas i mexomyBaTH oTpHMaHi KOMOBi
CJIOBA, CIIMPAIOYHCh HA OUTBIIICTh IPUITHATHX CHMBOJIB. Y IOMY BHIIAIKY
Bi[ICTaHb MK KOJOBHUMH CIOBaMH OyIe 2d+ 1 | ue o3mauae, moO MOKe

OyTH BHIPABICHO 10 TOMHIIOK d. Taxuit xoa ormrumanbhmit ans d = 1
«i» TOBIIOMJICHHS IOBXHHOK 1, TOOTO, A KOLY 3 BHIIPABICHHAM
onHOOITOBUX TOMMIOK 1 komoBuMmu cioBamu 000 i 111. IIpore, xomm
moTpiOHO TepenaBaTH OUIbIIE IBIHKOBIX CHMBOJIB, EPEKTHBHICTH KOOY (B
CeHCl MIBUAKOCTI Iepejiadi MpU 3afaHiil 37aTHOCTI KOPEKIii MMOMMUIIOK)
Iyxe Mana. 3ayBaXKMMO, IO BH3HAUEHHS IIBUAKOCTI IS KOLy 3
BUIIPABJICHHSM [TIOMUJIOK BUTJISIJIAE TAK:

(CepenHe 4MC/I0 BUXiITHUX CHMBOJIIB)

(CepenHe 4MCI0 CHMBOJIIB KOJOBUX CJIIiB)

Konuenuii epeKTUBHOCTI KOAY HE iCHYE, OJJHAK HOr0 HaJIMIPHICTh
MoxxHa BHM3HauuTH sk 1-R. (IlopiBHsiiiTe 3 KOOyBaHHSIM JpKepelsa, KOJH
IIBUIKICTh PO3TIISIIAETHCS K €KBIBaJICHT €()EKTHBHOCTI 1 ImependadaeThes,
o0 JDKEepPeN0 Mae MaKCHMalbHY EHTPOII0 — OAWH OIT Ha NBIHKOBHUIMA
CHMBOJI).

JBifiKOBHH KOJ 3 TIOBTOPEHHSIMH 3JaTHUA BUIPABIATH 2-0iTOBI
MOMIWIKH B 6-0iToBomy komi (mist d = 2) i mae mBunkicts 0,2. Hagrounuit
kox tumy (2, 1, 3), mpo skuii MOBa IiJe [alli, Ma€ TaKy X 3aTHICTb
KOPEKIlii MOMWIOK, ane mBUAKICTh 0,5, a OinbIn ckIagHi OJOKOBI KOAM —
1re OiIbIIe.

Ko00 3 00num po3psioom KoHmpo.iio napuocmi
Kox 3 BumpaBieHHAM MNOMHIJIOK HAacIpaBAi HE BITHOCHUTBCA [0
HaOLIPII 3arambHOi i mpocToi (GopMi KOAIB, T. K. BiH MOXKE BHABISATH
TUIBKY TTOOAMHOKI IIOMWIKH. TaKy BIACTHUBICTb, IIBH/IIIE, MAa€ TAaK 3BaHUH
KOJI 3 OZIHUM PO3PS/I0M KOHTPOJIIO NMAPHOCTI — ABIHKOBHH KOJI, B IKOMY JI0
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KO>KHOT'O MOBIJIOMJICHHS IOJA€ThCSl OJWH JOAATKOBUI OiT, SIKHiT rapaHTye,
IO B HHOMY € MapHe 4YUciIo oauHuUIb. Lle o3Hayae, 1100 MOBIIOMIICHD 3
MapHUM YHCJIOM OJWHHUIB JojaeTbes 0, a 70 TMOBIIOMIJIEHb 3 HENapHUM
yuciIoM oauHULG — 1. Byab-sKkuil OAMHOYHMI TOMHIIKOBHUI OiT 3ajMIIae B
MTOBIIOMJICHHI HETapHe YHCJIO OJMHUIb, TaK IO MOXXYTh OyTH BHSBJICHI
MMOOAWHOKI TIOMMWJIKH, ajieé MOABiiiHI momMmiku (abo Oyop MapHEe YHCIIO
MOMIWIOK) B pE3ylbTaTi MagyTh MapHE YHCIO ONUHHIL 1 MTPOHIyTh
HETOMiYeHUMH. ToMy Takuil KOJ BUSIBISE JIMIIE OJHY IHOMHIKY 1 He
3MATHUN 11 BUNPABIATH. AJe OCKUTBKH BCl TMOBIZOMIJICHHS pi3Hi i MaroTh
MapHe YHCIIO OJMHHUIh, TO MiHIMaJbHA BiJCTaHB JOPIBHIOE 2, II0, B3arami
Ka)Ky4H, y3TrOJUKY€ETHCS 3 MOXKIIUBICTIO KOPEKIIii.

Skmo 6ith moBimommenus mo3uaunti Sk MM 10 Gir
NepeBipKM Ha MapHICTh — L€ NPOCTO cyMa (Mo Monymo 2) 1ux OiTiB
p=m ..+ My tak mo MepeBipKy Ha MapHiCTh MOJKHA 3a/1aTH SIK:

m1+...+mn+p=0

Koo Xemminza

HaykoBuii Meron BU3HA4YGHHS KOAy MIir OM Tossrata y
NPUMYIICHH], IO U BHUPIMIEHHA MNPOOJEMH IOMIJIOK KOJOBE CIOBO
MOBUHHO HEJaBaTH JOCTaTHbO iH(poOpMalii, 100 yTpUMYBaTH SK
MOBIZIOMJICHHS, TaKk 1 HOMHJIKY. Po3risiHemMo HeoOXiJHiI BHUIIPABJICHHS
OIMHUYHOI IIOMIJIKHU. SIKIII0O MM 3HOBY 3BEPHEMOCS JI0 TPhOXOITOBUX KOIB
(muB. puc. 2.2), To mobaynMo, 10 OJHMHOYHA MTOMHIIKA MOXE BiOyTHCS B
Oynb-sikoMy 3 ix OitiB. Kpim Toro, Mosxxe B3araii He OyTH HISKOT TOMHJIKH.
Tomy € 3 + 1 = 4 MoxIHMBHX TOBimoMIeHb mpo mommiku. Lo 6 ix

KOJyBaTH, NOTpiOHO xaBa Oitn iHdopmarii (Ing 4). Yucno 6itiB
NepeBipKM Ha MapHICTh (HAIMIPHICTB), IO JOJAEThCS O KOIy, MOBHHHA
JIOpiBHIOBaTH NpuHaiMHi 2. Beboro B koui € Tpu Gita (n = 3). Tomy uncno
iHdop mariitnux 6itiB nopiBHioe 1 (TodTo K = 1).

Kon Ha puc. 4.2, B — e (akTUUYHO KOJA 3 BHIIPABJICHHIM
otHOOITOBHX TToMHIIOK 3 k = 1 1 1BoMa kogoBumu cioBamu 0001 111.

Mu MOXEMO PO3LIMPUTH HAIly TiloTe3y HACTYITHUM YHMHOM. SIkOu
MH Mall B KOJOBOMY CJIOBI I OiTiB, TO Ham moTpiOHO © Oy’o

lng(n + l) 0iTiB MepeBipKU Ha MapHICTh, 3aNUINAIYN Ui iHopMaril

k=n-— lng(n + 1) OiTiB. Ilo6  HaiidOimbm  edexTHBHO
BUKOPHCTOBYBATH PO3PSIM TEPEBIPKH HA MAPHICTh, MA€ CEHC 3pPOOHTH

=29 _ .
n 2 1, Tak 00 MM MOTJIM BHCYHYTH TilOTe3y, II0 MalOThCA

= N9 .
KOJIU 3 IIapaMeTpamMu n=2"- 1, k=n~ q (sanpuxnan, 3, 1), (7,
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4), (15, 11) i 1. x.). Taki KOAM ICHYIOTH 1 HAa3WBAKOTHCA IO IMEHI iX
JociigHuKa Kojamu XeMMinra. TpuBialbHUM NPHUKIIAJIOM TaKOTO KOAY 1 €
kox Ha puc 2.2, B. Ilepmmii nikaBuii npukiaa uporo xogy — kon (7, 4),
SIKMH MO>KE BUIIPABIISITH OJJHY ITOMUJIKY B 7 OiTax 1 Mae mBUAKICTh 57,1%.

BriM, Bce mie icHye mpoGmema moOymoBm Imx Koxi. Ilpocra
mepeBipKa Ha MapHICTh MOKE TUTPKU BUSBUTH, alie HE BUIIPABUTH ITOMUIIKY.
IIpote, maemo Tpu GiTa mepeBipku Ha MapHICTh. SKImO Uit GopMyBaHHS
MAPHOCTI MH BHKOPHUCTOBYEMO pi3HI KOMOiHaIii mux OiTiB, TO KOJM Taki
KOMOiHaIil MOKaXyTh 30ifl, MH 3MOXXKEMO 3HAWTH MOMWIKY. 3 3 Oitamu
TIEpEeBipKHU Ha TMapHICTF MU MaeMO 8 pi3HMX KOMOiHaIi# ix 3HaueHb. Hexait
koMmOiHariss 000, ToOTO, BiACYTHICTH 300TB B MApHOCTI BIIMOBITA€E
BiICYTHOCTI mommiiok. Hexail koxxeH OIT mapHOCTI mepeBipse cam cebe i
TpU 3 YOTHPHOX OITiB moBimomiieHHs. Tomi Tpu 06iTa MOBITOMIICHHS
NepeBIpSIOTHCS ABOMA OiTaMU MAapHOCTI, a OJMH — TPhOMa TaAKUMH OiTaMu,
B TOH Yac sIK KOXKEH OIT MapHOCTI epeBipsie TUTLKU caMoro ceoe.

OnuHUYHE 3HAYeHHS B OJHOMY OiTi HEpEeBIpKH MAapHOCTI CBIAYUTH
PO MMOMHJIKY B caMoMy IboMy OiTi. OIWHUI B ABOX MEPEBIpOYHUX OiTax
MOKa3yoTh 301 y BiANOBIZHOMY OWTE MOBIIOMIICHHS, a OJWHHIN y BCiX
TppOX OiTax TIepeBipkd Ha MApHICTh BKAa3ylOTh IOMHIKY B OiTi
MOBIIOMJICHHSA, IIO TEPEBipse€ThCS BCiMa TphOMa OiTaMH TEPEeBipKH Ha
MAPHICTb.

Jiniiini koou

SIKIIO ITPOEKTYBaHHS KOJIB 3 MOBTOPEHHSIMHU OYJIO JIOCUTH IIPOCTOIO
MPOIEIYyPOI0, TO KOJIM MH CTBOPIOEMO OuTbll e(EeKTHBHI KOAHW, I
NpOLEAYPH CTAIOTh CKJIAJHIIIMMHK, 1 MH 3MYIIEHI [IyKaTH OiibuI
CHUCTEeMaTHYHI IUIAXY NpoeKTyBaHHs. JIIHIHHMM Ha3WUBAaIOTh TaKUH KO, B
SIKOMY KOXKHE KOJIOBE CJIOBO (POPMYBaHHS 3pOCTa€ sIK JIiHiIHAa KOMOIHAIIis
BEKTOpIB  TMOBiZOMIICHHsS. JIBOBHMIipHHMIA KOJ MOXHa CQOpPMYyBaTH
HACTYITHUM YHHOM — IIOBIJJOMJICHHS KOAYEThCS B JBOBHMIPHE KOJIOBE
ciaoBo (i, 2i). Ile#t xom — miHIAHWH, T. K. KOXKHA JIiHIHA KOMOiHAIIis
KOJOBHUX CITiB (JOpPMY€ iHIIE KOJOBE ciI0BO. Haiikpammi xomu GpopMyoThes
TUMH QYHKIISAMH, $Ki OyAYIOTh IIHPOKO PO3CYHYTI KONOBI CIIOBa-3
BEIMKUMU BIJICTAHSIMH MK HUMH. Y IaHOMY MPHKIATi GOPMYETHCS KO 3
BUIIPABJICHHSAM OJMHOYHHUX IIOMHJIOK, OCKUIbKH TOMHJIKA MOXYTb
3MIHIOBATH TIUJIbKM OJIMH €JIeMEHT y KOXKHOMY BuMipi. Tak, Ha puc. 4.3
oykBamu A, B, C, ]l i E nmo3Haunmucs n’sth Ko0BUX cliB. KoxkHa 3 iHITUX
TOYOK JBOBHMIpPHOI CITKHM 3aiiMae TpPWHANUMHI OJHY TOPH3OHTAIbHY a0
BEPTUKANEHY TIO3HIII0 OiNsl KOXKHOTO KOJOBOTO CJIOBA. IX MOXHA GaduTH
10 MAapKyBaHHI KOXXHOTO HE KOJOBOTO CJIOBA MAJMMH JITEpaMH
HAMOIMKIOT0 KOJOBOTO CIIOBA. SIKIIO MpPUHAMAETHCA KOJ, IO3HAYCHUI
Oynb-IKHMi 3 MaIUX OYKB, TO IependavyaeThesl, Mo OyB BiANpaBlIeHUI KOA
BiJINIOBiTHOT BEJTUKOT JIITEPH.
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Puc. 4.3. TIpocti 1BOMIpHI JiHilHI Koau (00YKCITIOBaHI 32 MOYyJIeM 5)

JliHi#fiHI KOOM YacTO BHU3HAYAKOTHCSA 3a JIOMIOMOTOK TaK 3BaHOI
MOPOJHKYBAILHOT MATPHIN, CKJIaACHOI 3 KOJOBHX CJiB, MpuYoMy K mux
KOJIOBHX CJIiB HE3aJIeXHI, T€ 110 MOPOyKye Matpuls (ckaximo, G) mae k
psAAKiB i m croBmiiB. Beci KOMOBI cioBa MOKHa (popMyBaTH J0AaBaHHSIM
PAAKIB, TaK 1100 KOIOBE CIOBO, CKAXKIMO C, (hOPMYBAIOCS 3 MOBIIOMIICHHS
m 3a gomomororw Bupasy 3 = Tg. Ctpykrypa matpuili G Taka, M0 KOJIU
BOHA MMOMIIIAETHCS B CTAHAAPTHY CXim4acTy (I)O’II)‘MY’ TO Ma€ CTPYKTypy
H = [P')T]

[I]P] IcHye BiamoBimHA MaTpHIL 3BaHa MAaTPHIICIO

NepeBipOK Ha IMapHICTh GH - 0 Martpunst H BUKOPHUCTOBY€ETBCS IS
JIeKO Ty BaHHSI KOLy. Skmo HeMae HOMMIIOK, TO

T _ T _ —
cH =mGH =m0 = 0. SIKmIo TpamaseThCs MOMUIIKA, HATIPUKIIA],

. c'=c+e
€, TO MH IpHIMAEMO KOJOBE CJIOBO . , TaK IIo
cH =(c+e)H =cH +eH =0+ eH =eH'

Ils BenuuYMHA, BUKIMKAETHCS CHHAPOMOM 1 3aJCKUTh TUTBKH Bif
MMOMUJIKH, @ HE BiJ] MEPEIaHOro KOJOBOTO CJOBAa. Y MbOMY — KJIFOUOBA
BJIACTUBICTD JIIHIAHUX KOJIB.

CHHAPOM BUKOPUCTOBYETHLCS JISl BUNIPABJICHHS MOMUIOK. CHHAPOM
0 Bka3sye, mo OyJI0 OTPUMAHO KOJOBE CIIOBO, IPUIOMY I 03HAYae, mo abo
HISKAX TOMIJIOK HE CTaJiocs, a00 M0 TOMHIIKA € KOJOBHUM CIIOBOM,
OCKIJIbKY JIMHIBHI BIIACTMBOCTI KOy TaKi, 10 MpUiHATHI Kox (¢” = ¢ + e)
TakoXX Oyae KOJOBHM CIIOBOM. Bynap-ska momuika, mo mae Ty x (opmy
KOJIOBOTO CJIOBA, MAa€ Bary, piBHUH a00 MepeBHINye MiHIMaIbHY BiJICTaHb
MiXK KOJIOBUMU CIIOBaMH, 1 HE MOXe OyTH HisIK BUIIpaBJIcHA.

JIiHiiHI KOIU TOCUTH MPOCTI B peaji3alii, TOMy IO 3aMiCTh 3alHCy
JeTared KOXXHOTO KOJOBOTO CIIOBAa, MOXKHA 3alMCyBAaTH JeTaii JiHIHHOL
¢yHKIIi i MHOXHUTH Ha HUX MOBigoMieHHs. IIpoTte, B 3aransHOMY BHITAIKy
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KOPEKIIis MOMWJIOK HE TaK rpocrta. /s NesKuX JIiHIHHUX KOJAIB NOTPiOHO
BHM3HAYaTH CIEI[ialbHI METOAM IS BHUSABJACHHS HaWOIMKUOTO KOIOBOTO
CJIOBa B MPHUCYTHOCTI TIOMHIIOK, aje¢ B 3arajJbHOMY BHIAJKy, YAM KpaIle
Koa (B CEHCI YMClia TOMHJIOK, SKi BiH BHIIPABISIE 1 YHCNA JOJAIOTh
OATKOBHX OiTiB), THM OiNbIIe CKIATHUN aITOPUTM HOTPiOHMA IS Horo
JIEKOyBaHHSI.

Mampuuna gpopma xodie Xemminza
Haragaemo Bu3HaueHHS Komxy XeMMiHTa. PiBHSHHS TepeBipKH Ha
MApHICTh (OPMYETHCSA 3 JIIHIAHOI KOMOIHAIil KOIOBHX CIIiB, TOMY KOJ
XeMMiHra TOBHHEH 1 MOXe OyTH BHpaXXEHHH B MaTpH4Hid (QopMi.
Marpuns mepeBipoK KOJy Ha MapHICTh, SKy MU C(pOpMyBalu paHille,
(haKTUYHO BUTJISA/IAE TAK:
nhEmtmtme=mAmtmtp =0

hEmtrmtmy=>mtmtm+pa=0

h=mtmtm=mtmtmstp; =0

1101100
011010

H=|1
0111001

[obymoBy koxay (15, 11) yrpyaHeHo depe3 Te, MO BiICYTHE MPOCTE
MIPaBUJIO TIPOCKTYBaHHs. 3BEpPHITh, O/IHAK, YBary, Mo y (GopMi CTyIIEHEBHX
PAAKIB KOXKEH PSIOK BiAPI3HAEThCS MPUHANMHI TBOMA eIeMEHTaMH (depes
|-yacTuaM MaTpuii). SIKIMI0 KOKEH psAAoK B P-gacTuHi MaTpumi pi3HHHA, i
YTpUMY€E MpUHAWMHI 2 0iTH (00 3a0e3neunTH MiHIMaIBHY BiZICTaHb, PiBHE
3; Oyab-sAKUi PSIOK 3 MEHIIOK KUTBKICTIO OITiB Oysa 6 Oymkue Hik B 3-X
Oitax BiJ ycCiX HYJIB KOJOBOTO CJIOBA), pe3yJlbTaToM Oyjae MaTpuiyl,
Mepe/ICKIIaoBa KOMOIHAIIO MEPeBipOK, SIKi 3aJ0BOJIHSIOTH BCi HAaIIl
notpedu. Tomy, o6 nodyayBaT Koa XeMMiHra, MU IIPOCTO 3alIOBHIOEMO
P xoxHoi komOiHali€0 OITOBHX MOCHIZOBHOCTEH 3 JiBOMa a0 OLIBIIOO
KUTBKICTIO OJIMHHIG B Oy/b-IKOMY MOPSAKY. Pi3HI MOpsIKU OyAyTh HaBaTH
0CcO00JINBI, ajle eKBiBaJICHTHI KOAX XEeMMiHra.

Komn Xemminra myxe mpocTo IEKOAYIOThCsS 3a Jonomoror H-
MaTpHlb, OCKUIbKM BOHH JO3BOJISIIOTH BHUITPABIATH IMOOJMHOKI MOMHIIKH.
Bynp-sxe Ko/10BE CIIOBO MHOXKHUTHCS B 3BUYAHHOMY MOPSIKY (MOYMHAIOUH 3
MOJIOALIOTO PO3psiy) Ha TpaHCIo3Wuilo H-marpuni, mo 1ae HyIbOBHiA
BeKTOp. SIKIIO € OJMHUYHA TOMMIIKA, TO MPUIHATE KOJOBE CJIOBO MOXKHA
BBXKATH PIBHUM OJHOOITOBMM BEKTOPOM IUTIOC KOJOBE cloBo. [Ipote,
OCKUIBKM — II€ BEKTOp TIIbKM 3 OIHIE€I0 OJUHMIECIO, TO — II€ MPOCTO
croBrers B H-maTpwurii, mo3umist sxoro Biamosixae nomuti. Llei apryment
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3aCTOCOBYETHCS JI0 BCIX BUIIPABIICHb OJJHOOITOBUX MOMHJIOK 32 JOIIOMOTOIO
JIHIKHOTO KOy, @ HE TUTBKHU 10 KOJiB XeMMIHra.

Hukniuni koou

CoemjanpHl THIM JHIKHAX KOMIB, 3BaHUX LHUKIIYHHMH, MAarOTh
MIEBHY CTPYKTYPY 1 mpocTy peanizamiro. Ha momaTok mo hopMyBaHHS HOBHX
KOJOBHUX CJIB 3 IX JIHIMHHX KOMOIHAIIH, B IUKIIYHUX KOJaxX HOBI KOZOBI1
cinoBa (GOPMYIOTBCS TAKOXK HUIIXOM IMKIIYHOTO 3CYBY KOJOBOTO CJIOBA.
Hanpuknan, niBuii nukimiganii 3cyB kogoBoro cioBa 01001011 mae HOBI
komoBi cmoBa 10010110, 00101101 i T. m., TOMy Taki KOOM MOXKHA
CTBOPIOBATH 3 3pYIICHb 1 JIHIHHUX KOMOIHAIIM €IMHOTO KOJOBOTO CIIOBA,
Ha3MBalOTh TeHepaTopoM. [Ipu BIANOBIAHOMY TPOEKTYBaHHI TaKOTO
reHeparopa 3abe3neuye piBHOMIPHUI PO3MOALT KOJOBUX CIIiB B KOJZOBOMY
MPOCTOPi, 1 KOJ Ma€ XOpOIlli JUCTAHIINAHI BIACTHBOCTI. JIErko Takox
MIEPEBIPSTH, YU MA€ MPUIHATE KOJOBE CJIOBO SKIiCh MOMIJIKU, OCKIIBKH BC1
KOJIOBI CJIOBa KpaTHI reHepatopy. 3 wiel ) NPUYMHU Uil OBUSBJICHHS (aje
He Kopekmii!). [IoMUIKH BHUKOPUCTOBYIOTH CHeEHialdbHI MUKITIYHI KO,
3BaHI KOJaMH 3 IUKIIYHOO ITEPEBIPKOI0 HAAMIPHOCTI.

Haiimouniwi koou

Kopu, obroBoproBanmucst 1o muX mip, — IIe TaK 3BaHi OJOKOBI KOIH,
ne iHdopmanis 00pobsieThes O10KaMH. AJIBTEPHATUBOIO M € MOCHTIZIOBHE
KOJIyBaHHs 1 AekoxyBaHHs. [Ipy 1IbOMy KOXXeH pa3, KOJH NPHHMa€eThCs
BXiHMH OIT, TeHepyeThCcsl Kinbka BuXiAHUX OiTiB. Te x came poOuUTh
OHOOITOBUI KOJl 3 MOBTOPEHHSMH, SIKMH MPOCTO MOBTOPIOE BXiJHUH OiT
KijJbKa pa3iB. SIKOM MIBUIKICTH MOBTOPEHHs Oyia piBHA 2, TO MU OTPUMAIIH
0 HACTyIIHE:

B BXI -1 1 0 1
B gyxyr - 11 11 00 11

B nificHocti 1e nmyxe OigHmi kon. Bim mae mBuakicts 1/2, a
BIICTAHbP TUIBKH 2, 1 TOMY MOE BHSBISTH JIUIIE OJHY IIOMIIIKY.
BupoOHHITBO MOXKHA 3HAYHO 30UTBIIMTH NUISXOM JOJABaHHSI B KOIEP
(komye TpUCTpi) Jneskoi maM’sATi 1 poOJSTIM MOTOYHI BUXIAHI OiTH
3aJIe)KHUMY HE TiIBKHU Bijl IOTOYHOTO BXOJY, ajie TAKOX 1 Bij MOmepeaHix
0iTiB. Taki KoM HA3WBAIOTHCS HAUMOYHI.

Uncno NpuHHATHX Yy poO3paxyHOK OiTiB — mam’sate koxy + |1
HA3MBAETBCSA  006dCUHOI  (K0006020) obmescenns (CONSTRAINT
LENGTH). IIpukiaioM mpocToro 3ropTajibHOro koay € kox (2, 1, 3). Jlsa
MEepIINX YUCIIa B [OMY IO3HAYCHHI BKa3yIOTh, IO 2 BHUXIAHHX OiTa
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MPUIAAAI0Th Ha | BXIiJHUIA, a OCTAHHE — II€ JOBXHHA KOJOBOIO OOMEKCHHS
(3). Iepumwmii 6iT HBOTO KOAY € MBIHKOBOK CYMOIO MOTOYHOI'O BXIiIHOTO
OiTa, OCTaHHBOTO 1 JBOX HONepenHix Homy BXigHUX OiTiB. pyruit it €
CYMOIO TIOTOYHOT'O BXiJHOro 0Oita i 6itra, po3TamioBaHOro 4epes aBa OiTa
micis Heoro. Cxema, TeHEpYBaHHS LBOTO KOAY, IOKa3zaHa Ha puc. 4.4.
Komora BiacTaHp nbOTro KOAYy AOPIBHIOE 5, Tak IO BiH MOKE BUIPABISATH
IIBI TTOMHJIKH. BiH MOXKe BHUIPAaBIATH i Oiblle MOMWIOK, SKIIO BOHHU
3HAaXOMATHCSA Ha IOCUTH BEIHMKHX BIICTaHAX (IO NEPEBUINYIOTH PO3Mip
HOTO TMaM sITi).

Puc. 4.4. Hagrounuii kox (2, 1, 3)

KonyBaTtu i nexomyBaTé HaJTOYHI KOJW JOCHTH HPOCTO, ajie SKIIO0
MPHUIBOMY BiOYBalOThCS MOMHJIKH, TO 0araTo BHXITHHX OITiB OyIyTh
CIIOTBOPEHi, OCKUTBKM JIeKoxep Oyae HaMaraThCs BHIIPABIATH OITOBHUIT
MOTIK 1 BHECE B TPOIIEC JOJATKOBI MOMIJIKH. 3 i€l MPUIMHA 0a’KaHO MaTH
MOXJIBICTh BHSBJIICHHS TAKMX ITOMHUJIOK.

CraH cucTeMH BHU3HAYAETHCSA IIaM SATTIO Ha 3CYBHHX pericTpax
3ropranbHOro Kozepa. Jist sroprassHoro koay (2, 1, 3) maetses 28 — 1 =
4 pisnux crany. Y [iarpami nepexoiiB CTaHiB 1b0ro koay (puc. 2.5) €
BY3JIH JUISL KO)KHOT'O MOXJIMBOTO CTaHy, 3’ €IHaHi JIHISIMH, 10 300paXXaroTh
BCi MOXUIMBI 3MiHM IuX cradiB. [li JiHii MapkoBaHi BXOJaMH, SKi
BHKIIMKAIOTh JaHy 3MiHY CTaHy, 1 BIATOBIIHUMH BHXOJamu. Hampwukiam,
SIKIIO KoJiep 3HaxomuTbes B craHi 00, BiH Moxke 3amummtucs B craHi 00,
npuifHsaBmK Ha Bxoai 0, micig doro Ha Buxoni Oyme 00, abo BiH MoXxe
nepeiitu B ctaH 10, konu npu npuitomi 1 Ha Buxoxi 6yze 11.

Xoua miarpaMa mepexofiB CTaHIB KOpHCHA JJIS MOKa3y MOMIIMBUX
MEPEeXodiB MK CTaHaMH CHCTEMH, I 3rOPTAIbHOTO KOXY BaXKJIMBIIIE
MIPOCTEXYBAaTH MOCTIIOBHICT 3MiH CTaHIB i BIIMOBIIHUX BHXOMIB, IO
HayTs y BiamoBimp Ha pi3Hi Bxoau. J[mg 1iel MeTH KOpHCHA KOJOBa
pemritka. BoHa cxoxka Ha Jiarpamy IepexoiiB CTaHiB, ajie iCHyIO4Yi CTaHy
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IIepepaxoBYIOTHCS B Hill 37iBa, HACTYNHI CTaHU — INPaBOpYY, a MEPEX0ay
CTaHiB 300paXyIOThCS Y BUTJISIII CTPiOK Mixk HuMH (puc. 4.5).

0/00 110

Puc. 4.5. Jliarpama nepexois cradis Koy (2, 1, 3)

VY tabn. 4.1 HaBemeHO MPUKIA] CTaHIB 1 BUXOIIB koxy (2, 1, 3) mpu
KoxyBaHHI ABiiikoBoro motoky 101001011100. ITocmizoBHICTE TepexoiB
CTaHiB € Ha BIONOBiOHIA TpaTdactoi miarpami (puc. 4.6) mo3HaueHa
TOBCTOIO JIIHIEIO.

0/00

00

1711 o

01

10

11

Puc. 4.6. Penrituara giarpama miis xkoxay (2, 1, 3)
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Taéauns 4.1. Ctan BX0OIIB 1 BUXO/IB

Homep 1 2 3 4 5 6 7 8 9 10 11 12
KPOKY

Bxignnii 1 0 1 0 0 1 0 1 1 1 0 0
oiT

Temepimmin 00 10 01 10 01 00 10 01 10 11 11 01
cTaH

Hacrymumit 10 01 10 01 00 10 01 10 11 11 01 10
cTaH

Buxigni 11 10 00 10 11 10 00 OO0 01 10 01 11
0iTn

Bimomo kinbka METOMIB ACKOJAYBaHHS CBEPTOUYHHUX KOMIIB 1, SIK 1
BiNIOBITHO OYiKYyBaTH, iCHy€ KOMIPOMIC MiX CKJIAIHICTIO AEKOIYBaHHS i
MIPOXYKTUBHICTIO. BiTHOCHO mpoCTHi METO, 110 HA3UBAETHCS HOCAIO0GHUM
0eKo0y8aHHAM, TIONATAE B MPOKIAALI TPACcH MEPEXOiB depe3 MOCIiToBHE
pimmiTyacte KOAYyBaHHS, CIHPAIOYUCh Ha OiTH, MO HAOXOAATH Ha BXiJ
nekozepa (Big3HaueHi Ha puc. 4.8 TOBCTUMH JiHISIMH).

[nsx Tpacu B KOKHOMY BY3J1i BHOMPAETHCS 32 HAHMEHIIUM YHCIIOM
pO30DKHOCTEH MK OTpMaHuMH OiTamu 1 Outamy, ski Oyiu 6 3reHepoBaHi
(na puc. 4.8 ni ymcrma BKasaHi Haj CTpijkamu mepexofiB). Taki uwncia
BiZIOOpaXalOTh METPUKY pO3raiykeHb. SIKIIO ABa ILISAXH, SKi BUXOIATDH 3
By3Jla, MalOTh OJIHAKOBY METPHUKY, TO MK HUIMH IPOBOJUTHCS BUIAAKOBUIA
BUOIp 1 JieKoAyBaHHs TpuBae. JSIKIIO MeTpUKa TMEepeBHILYyE MOPir,
3aCHOBaHUI Ha O4IKyBaHOMY YHCIIi TOMHJIOK, TO J€KOJEp BUPILIYE, IO Ha
omHOMY 3 1i BHIIQJKOBHUX BHOOpIB, IUIKOM WMOBIpHO, Oyrna 3poOiieHa
MTOMIJIKA, BUAAJISE [IeH IUIAX i HAMAraeThesl 3pOOUTH BHOIp 3HOBY.

1 11 1 1" " 1 11 il " i i " !

Puc. 4.7. Tlpukiaa KomxyBaHHs, 110 BUKOPHCTOBYE ko1 (2, 1, 3)
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e miaxin MoXKHa PO3LIMPHUTH, 3a0E3MEUMBIIN JCKOAYBaHHS 3a
KpPHUTEpIEM MaKCHMaJbHOTO MpaBlIONOAIOHOCTI (TOOTO, BHOMpAIOUM TaKy
nepe/iany MOCIi0OBHICTb, SKa 3a0€3MeYNTh HAMEHIIIe YHCIIO BIAMIHHOCTEH
MiX ii KOJOBUMH CIIOBaMH 1 OJIep’KyBaHUMH MOCTITOBHOCTSIMH). SIKIIO Bix
KO)KHOTO BY3J1a BUXOIUTHh KiJIbKa MOXXJIMBHX LUIAXiB, TO B PO3PaxyHOK
MIPUHMAIOTHCS BC1 MOMKIIUBOCTI.

Ipote, sxmo nBa abo GBI YMCIIO MUISXIB BXOISTH B OAMH 1 TOM
K€ BY30JI, BCI BOHH OYyIyTh MPOJOBXKEHI aOCOIIOTHO OJHAKOBO, TAaK IO
MOJKHA BHIAIUTH BCI BXiJHI NUIAXY, KPIM XY 3 HAHMEHIIIOI0 METPHKOIO.
Ile o3nauvae, mo uuciao “BwKuWIM® (IpU HOOYIOBI Tpacw) LUIAXIB Yy
OLIBLIOCTI BHMNANKIB 30€piracThCsi piBHUM YHCIY CTaHiB, TaK IO TakKe
YCKJIaJHEHHsI TPOLETypH MPOKIAAKHA TPAacH MEPEeXo/diB Ma€e MEBHUH CEHC.
Ieit anroput™ Ha3WBaKOThL areopummom Bimepbdu. 1 xoua BiH CKIIAIHIIIE
MOCIIZIOBHOTO allTOPUTMY, Cy4acHa TeXHIKa JI03BOJISIE JOCHUTH JIETKO HOTO
peainizyBaty.

Ile omHa mpobnema, MOB’s3aHA 31 CBEPTOYHUX KOJAMH, IIOJIATAE B
TOMY, III0 BOHH MafOTh JOCHTh HU3BKY MIBHIKICTB, 3a3BHUail MeHIIe 50%.
[IBraKicTh MOKHA 301TBIIUTH "TIPOKOITIOIOYH" KOJI.

Ilpoxonrweanna — 1ie TpoLieC BUAAJICHHS NESKUX NOJATKOBUX OITiB
Kopekmii mommiok. Takuit MeToZ 3MCHIIY€e 3MaTHICTh KOAY BHIPABIATH
MTOMMUJIKH, aJI¢ JA€ MOXKJIMBICTh 3HAUTH KOMIPOMIC MiX YHUCIIOM JOJAIOThHCS
OiTiB i, OTXKe, 3/ATHICTIO KOXy JIO BHUIIPABJICHHS MOMHJIOK, 1 BHMOTamu
nepesayi B CeHCl 3MEHIIICHHS YHCITa OiTiB.

1 2 3 4 5 6 7 &8 9 10 1 12
Bxig 11 10 00 10 0O 00 10 01 10 11 11 0

i 11 i i 111 11 1 11 i i "

Burxin i ¢+ ¢ 0 1 0 1 1 1 0 0

Puc. 4.8. Tlpuknan rekoayBaHHs, SKuil BUKOPHCTOBYE K01 (2, 1, 3)
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3. Kona 3 masoro mijbHicTio mepeBipok Ha napHicts (LDPC-kopn)

Kon 3 manoro miinmbHicTIO nepesipok Ha naphicte (LDPC-kon Bin
aHrJI.

Low-density parity-check code, LDPC-code, Hi3bKOLIiIbHUI KOIT) —
BUKOPHUCTOBYBaHHW Yy Tiepefadi iHpopMamii KOZ, OKpeMHil BHITaIOK
OJIOKOBOTO JHIHHOTO KOAY 3 MepeBipkoio mapHOCTi. OcoONuBICTIO € Maa
TYCTHHA 3HAYYIINX €JIEMEHTIB IMepeBipOYHOI MAaTpHIl, 32 paXyHOK YOO
JOCATAETHCS BITHOCHA MPOCTOTA peatizallii 3aco0iB KOyBaHHS.

Takox Ha3zuWBailOTh KomoMm [ammarep, 3a iMeHeM aBTOpa NepmIOl
pobotu Ha Temy LDPC-xonuiB.

VY 1948 poui lllennon, Knon EnByn omy0iikyBaB cBor poOoTy 3
Teopii mepenaui indopmarii. OTHUM 3 KIIOYOBHUX pE3YNbTaTiB POOOTH
BBA)KAETHCS TEOpeMa Npo Iepeiadi iHpopMariii [y KaHaly 3 IyMaMu, siKa
TOBOPHUThH TIPO MOXIIMBICTH 3BECTHM HMOBIPHICTh IIOMMJIKHM Iepejiadi Io
KaHally 10 MiHIMyMy ITpy BUOOp1 IOCTaTHBOT BENMKOT JOBXKUHH KIFOYOBOTO
cJIoBa — OAMHUII iH(pOpMaIii mepeanoi mo KaHamty.

Iacepenn Komep Kannx 3 mrysasms Heropep

m@% TMoTik GA0KiB - KK OEHK OB inopMamii

Puc. 4.9. ITonermena cxema repeaadi iHpopmarii o KaHay 3 IIyMaMu

(HafiyacTimmie) JOBXHHH, SIKi TEPETBOPIOIOTBECS KOAEPOM (KOIYIOTHCS) B
0JI0KM, 3BaHMMH KIIFOUOBHMH ciioBaMu. KUllO4oBi ciioBa mepenaroThes Mo
KaHally, MOXKJIMBO 3 CIIOTBOpeHHsIMH. Ha mpuiimMarodiil CTOpOHI JeKozep
MepeTBOPIOE  KJIFOUOBI CJIOBa B TOTIK iH(poOpMalii, BuIpasisioun (3a
MOXITMBICTIO) IOMHJIKH TIepe/iadi.

Teopema IlleHHOHa CTBEpIKye, IO 3a MEBHUX YMOB WMOBIPHICTB
TOMUJIKM JIEKOyBaHHS (TOOTO, HEMOKJIMBICTH JIEKOAEPOM BHUIIPABHUTH
MOMUJIKY Tepesadi) MO)KHa 3MEHIIWTH, BUOPABIIM BEJUKY JOBXHHY
Kiro4oBoro ciosa. OHak, gaHa Teopema (i pobora B3arasii) He MOKa3ye, K
MOXXHa BUOpaTH BEJIMKY JIOBXKHMHY, a TOYHIIE sIK €)EKTUBHO OpraHi3yBaTH
npouec KOJXyBaHHA 1 AeKOXyBaHHS iH(OpMalii 3 BEIUKOIO JIOBXHHOIO
KJIFOUYOBHX CIIiB. SIKIO TPHITyCTHTH, IIO B KoJepa 1 JeKoxepa € SKiCh
TaOJHIN BiAMOBITHOCTI MiXK BXiTHUM OJOKOM iH(opMmarlii Ta BiAMOBITHUM
KOZOBUM CJIOBOM, TO Taki Tabmumi OyayTh 3aiiMaTH qyXe OaraTo Micus.
Jna ABifikOBOTO CHMETPHMYHOro KaHay Oe3 maM’aTi (SKIIO TOBOPUTH
CHpOLICHO, TO HAa BXiJl KoJepa HaAXOAWTh IMOTIK 3 HymB i OJIMHHMIIB)
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KIJIBKICTh PI3HMX OJIOKIB CTaHOBHTH 2n, JIe¢ N — KUIBKICTH OIT (HyJiB abo
OJIMHUIIB) SKi OYIyTh MEPETBOPIOBATUCS B OJHE KOJOBE CJIOBO. [l 8 Oir
e 256 610kiB iHpOpMAIii, KOXKEH 3 AKUX Oy/Ie MICTUTH B COO1 BiJIOBIIHE
Koz1oBe cioBo. [IpnuoMy koJ10Be CIIOBO 3a3BHYail OLIBIIOT JOBXKHUHH, TaK SIK
MICTHTB B cO01 JOAATKOBI OiTH JJIS 3aXHCTY BiJ IOMIUIOK Tepeaadi JaHuX.
Tomy omauM i3 cmoco0iB KOAYBaHHS € BHUKOPHUCTAHHS MEpPeBipOYHOT
MAaTpHIIi, SIKi JO3BOJIAIOTH 32 OJHY MaTeMaTHYHY Aif0 (MHOKEHHS psIKa Ha
MaTpUII0) BUKOHATH JEKOTYBAaHHS KOJIOBOTO CIIOBA. AHAJIIOTIYHUM YHHOM
KOKHOI TepeBipOvHOI MATpHIll BiAIIOBiZae MaTPUIlI, aHAJOTIIHUM CHOCIO
OJHIEIO OTIEPALi€I0 MHOXKEHHS PAAKa Ha MAaTPHIIO TEHEPYIOYOTO KOJOBOTO
CcIIoBa.

TakuM 4MHOM, U MOPIBHSHO KOPOTKUX KOJOBUX CIIB KOAEPH 1
JIEKO/IEpU MOXKYTh MPOCTO MICTUTH B IaM’sITI BCi MOXJIMBI BapiaHTH, abo
HaBiTh peaNi3oBYBaTH iX Yy BHUIJISAAl HaIiBIPOBIJHUKOBOI cxemu. Jlis
OUTBIIOTO  PO3MIPY  KOZOBOrO  ciioBa  e(eKTHBHiIIE  30epiraTu
MOPOKYBAIIBHY 1 IEPEBIPOYHY MATPHLIO.

[Ipote, mpu MOBXMHAX OJIOKIB y JAEKiIbKa THUCSAY OiT 30epiraHHs
MaTpHUIlb PO3MIpOM, BIIIOBITHO, B MeraliTa, BKe cTae Hee(heKTUBHHIM.
[pote, i3 cmoco0iB pimeHHs MTaHOI MPOOIEMH CTa€ BUKOPHUCTAHHS KOIIB 3
MAaJIOI0 IIUTBHICTIO TIEPEBIPOK HA MApHICTh, KOJH B TEPEBIPAI0Y0i MATPHII
KUTBKICTh OJWHUIF TOPIBHAHO Majo, IO JO03BOJISIE c(eKTUBHIIIE
opraHizyBaTH Tmpolec 30epiraHHs MaTpuili abo X Oe3mocepenHbo
peanizyBaTd TpOIEC ACKOAYBAaHHS 3a JOMOMOTO HAIiBIPOBITHHUKOBOT
CXEMH.

LDPC-koou

LDPC-komu  OMHUCYHOTHCS HU3BKOIJIOTHOIO MEePEBIPOYHOIO
MaTpUIICI0, IO MIiCTUTh B OCHOBHOMY HYIIi 1 BIIHOCHO Maya KiTBKICTh
OIMHUIB. 32 BU3HAYCHHSAM, SKIO KOXHHUU PITOK MaTPHUII MICTHTH piBHO k
<n 1 KO)XHAH CTOBMENb PIBHO j <r OJUHHIIG, TO KOJ HA3UBAIOTh PETYISIPHUM
(B HIIOMY BHUMAIKy — HEpETYISIPHUM). Y 3aralbHOMY BHUITAJKy KUIBKiCTH
OJIMHUIb B MATPHUIII Ma€ MOPSAIOK, TOOTO 3pOCTA€ JIHIHHO 31 301IBIICHHSIM
JOBXXUHH KOJIOBOTO OJIOKY (KUTBKOCTI CTOBIIIIIB IIEPEBIPOYHOT MATPHIIL).

3a3Buuail po3rIIAIOTECS MAaTPHUII BETUKUX po3MipiB. Hanpukian, B
poboti Tammarep B pO3Oili  eKCHEPUMEHTAIBHUX  PE3yJIbTaTiB
BHKOPHCTOBYIOTBCS «Malli» KUTBKOCTI pAnakiB n = 124, 252, 504 i 1008
pAAKIB (YUCIIO CTOBMIIB TepeBipodHoi wmarpuii Tpoxu Oimemre). Ha
MIPAKTHUIl 3aCTOCOBYIOTHCS MATPHIIi 3 BEIMKOIO KUTbKICTIO €JIEMEHTIB — BiJl
10 mo 100 Tucsa psakiB. OmHAK KiUTBKICTh OMWHUIL B PAIKY a00 B CTOBIIII
3QJIMIIAETHECS JOCUTHh MaauM, 3a3Budail MeHmuM 10. [TomiueHo, mo koau 3
TIi€I0 K KUJIBKICTIO €JEMEHTIB Ha DPAIOK ab0 CTOBICNb, alle 3 BEIUKUM
PO3MipoM, BOJIOJIFOTh KPAIIUMHU XapaKTePUCTHKAMHU.
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1 1 1

Puc. 4.10. ITepesipouna marpuns LDPC-koxy (9, 2, 3) 3 MiHIMansHIM
LUKJIOM JOBXKHHH

BaxnmBoro xapakrepuctukoro Marpuui LDPC-kony € BincyTHICTH
LUKIIB TeBHOro po3mipy. Ilin umkiaoMm noBxuHU 4 PO3yMIIOTH OCBITY B
NepeBipOYHid MaTpHLi NPSIMOKYTHHKA, B KyTaX SIKOTO CTOSTH OJMHUIII.
BigcyTHIiCTh HUKITY JOBXUHH 4 MOXKHA TAaKOXK BU3HAYUTHU Yepe3 CKASIPHHUMA
n00yTOK CTOBMIIB (200 psakiB) MaTpuumi. SIKIIO KOXHHMH TMONApHUMA
CKaJSIPHUI JOOYTOK BCiX CTOBIIIB (200 psAKiB) MaTpuili He Oimbime 1, me
TOBOPHTH IIPO BIZICYTHICTh IIUKITY IOBXHHH 4.

Hukom Oinbioi mosxuau (6, 8, 10 1 T./1.) MOKHA BU3HAYHTH, SIKIIO Y
MIepeBiPOYHOT MaTpPHUIll TOOYAyBaTH Tpad, BEPUIMHAMH SKOTO € OIUHHII, a
pebpa — BCi MOMJIMBI CHOJYKH BEPIIWH, MapajelbHi CTOPOHAM MAaTpPHII
(ToOTO BepTHKAIBHI UM TOPU3OHTANBHI JIiHIT). MiHIMATBbHIHA UKI B IEOMY
rpadi i Oyne MiHIMaIbHUM LUKIOM B mepeBipouHiit Matpuii LDPC-koxy.
OueBUHO, IO MK Oyle MaTu JNOBXKUHY SK MiHIMYM 4, a He 3, Tak sK
pebpa rpada mMaroTh OyTH mapaienbHi CTOpOHaM Matpuili. B3araii, Oyib-
SKUH LMK B [bOMY Tpadi MaTume napHy IOBXKHHY, MiHIMAIBHHN PO3MIp
4, a MaKCUMaJIbHUI PO3MIp 3BUYAHO HE Tpae poii (Xo4a, OYeBUIHO, BiH HE
OisblIe, HIX KUIBKICTB BY3:iB B rpadi, TooTo n * k).

Omuc LPDC-koy MOXKIIUBE KUTBKOMa CITIOCOOaMU:

- TIepeBipOYHOT MaTPHILIEIO;

- JIBOYACTKOBUM Ipadom;

- 1HIMM rpadivHIM crIocoOoM;

- crienianbHi CocoOH.

OcranHill cnoci6 € YMOBHUM ITO3HAYEHHSM TPYIH ySBICHb KOJIB,
AKi MoOy/moBaHi 3a 3aJaHUMHU MPAaBWIAMHU-AITOPUTMAMHM, TaKWAM, IO IS
MTOBTOPHOTO BIiATBOPEHHSI KOAY JOCTAaTHHO 3HATH JIMIIE iHil[iami30BaHi
mapaMeTpu ajJropuTMy, i, 3pO3yMisio, caMm anroputM mnodymosu. Ilpore,
JlaHu# croci0 He € yHiBepcalbHUM 1 He MOXe omucaTd Bci MoxkiuBi LDPC-
KOJIH.

Cnoci®0  3aBmaHHs  KOAy  TEpeBIpOYHOI  MaTpuuel €
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2] PL-BY-UA Chindbikancosano 3a paxyHok kouria
B G07-2013 €sponeficskoro Colosy

3araJlbHOMPUUAHSATHM IS JIIHIHHUX KOJIB, KOJM KOXKCH DPSJIOK MATpPHUIl €
€JIEMEHTOM JIesIKOi 0e3Jiui KOIOBUX CiiB. SIKIIO BCi psiAkd JiHilHO-
He3aJIeKH], PAAKH MaTPUIl MOXYTb po3IisiaTucs sk 6asuc Oe3mivi BCiX
KOJIOBHX BeKTOpiB Koxy. IIpore, BUKOpHCTaHHS JaHOTO CIOCOOY CTBOPIOE
CKJIATHOCTI ISl TIPEICTABIICHHS MATpPHIll B MaMm’sATi Koaepa — HEoOXimHO
30epiratu BCi psAAKH a00 CTOBHIIN MAaTPHUIIl Y BUIIIAAI HaOOpY HBIHKOBHX
BEKTOpIB, Uepe3 10 po3Mip MaTpHIli CTa€ JOPiBHIOE OIT.

R, o . .
V= VTN T

+ + +

Puc. 4.11. lloganus LDPC-koay y BUIJISLII ABOAOIBHUX TpadiB

[MomwpennM rpadivHUM CIIOCOOOM € MpPEACTABICHHS KOy Y
BHTIIAAI ABOHONBHUX TpadiB. 3ictaBuMo Bei k psaakiB Matpumi k HmkHIM
BepIIMH Tpada, a n CTOBIMIIB — BEPXHIM, 1 3’€IHAEMO BEPXHi 1 HIXKHI
BepIIUHHM rpada, SKII0 Ha TePETHHI BiNOBITHUX PAJIKIB 1 CTOBIIIB CTOSTH
OJIMHHLI.

Jo iHmmM rpadidyHUM  crocoOiB  BIHOCATH  INEPETBOPEHHS
JIBOJOJILHUX Tpada, 110 BiIOyBaroThCs 0e3 (pakTHUHOT 3MIHM CaMOro KOIY.
Hanpuknan, Mo)xHa BCl BepXHI BepIIMHHU rpada MpeicTaBUTH Y BHUIIISLII
TPUKYTHHKIB, & BCl HW)KHI — Y BUIJIAJ KBapaTiB, MIiCIsl YOTO PO3TAIIyBaTH
pebpa i BepiumHM rpada Ha IBOMIpHIH MOBEPXHI B MOPSAKY, 3py4HOMY IS
Bi3yaJIbHOTO PO3YMIHHSI CTPYKTypu Koay. Hampukian, Take moaaHHs
BHKOPHCTOBYETHCS B IKOCTI LTIOCTpaIliif B kHurax Jlepina Makkes:
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Puc. 4.12. lloganns (9, 2, 3) LDPC-koxy y Burisiai rpada
CIICLiaTEHOTO BHIY

BBomsum  momaTkoBi mpaBmia  TpadidHOro  BimOOpaXKeHHS i
mobymoBu LDPC-koxy, MOXHa JOMOTTHCS, IO B TpoIeci MOOYI0BH KOX
OTpUMAE TEBHI BIACTHUBOCTI. Hampukiaa, SKIO0 BHKOPHCTOBYBATH rpad,
BEpUIMHAMHU SKOTO € TUIBKM CTOBILI I[E€PEBIPOYHOI MaTpUIli, a PSAKH
300pa)XyIOThCSl MHOTOTPaHHUKAaMH, MOOY/JIOBaHUMHU Ha BeplIMHaxX rpada,
TO TOTPUMAaHHS MPaBUIIa «JIBa OaraTorpaHHUKa HE MOIUISIOTH OJHE PeOPO»
JTO3BOJISIE TO30YTHCS BiJI IUKITIB JOBKUHHU 4.

[Ipu BEKOpHCTaHHI CIEIiabHIX TPOLEIYp MOOYIOBH KOy MOXKYTh
BHKOPUCTOBYBATHCS 1 CBOi CIIOCOOM TOmaHHsS, 30epiraHHs 1 0OpoOKH
(xomyBaHHS i JEKOyBaHHS).

Ilobyoosa kody

Y naHWii 4Yac BUKOPHCTOBYIOTbCS JiBa IIPUHIMOM TOOYIOBH
nepeBipoynoi Matpuui koxy. llepmmii 3acHoBaHuii Ha TeHepauii
MOYaTKOBIM MepeBipOYHOT MaTpuili 3a JOMOMOIOI0 ICEBIOBUIIAIKOBOTO
reneparopa. Komu, orpumani TakuMm crocoOOM Ha3HMBAaIOTh 6UNAOKOGUMU
(anr. random-like codes).

Jpyruii — BHUKOPHUCTAHHs CIElialbHUX METO/IB, 3aCHOBaHHUX,
HampwKiIajg, Ha Tpymax 1 KiHoeBux mnodsX. Komau, oTpumani muMH
CHOCO0aMH Ha3MBAIOTh CIMPYKMYPOBAHUMU.

Kpamii pe3ynbpraTy m0Z0 BUIPABICHHS IMOMWJIOK MOKa3ylOTh came
BUIAJKOBI ~ KOJAM,  MpPOTE€  CTPYKTYpOBaHI  KOOM  JIO3BOJISIOTH
BUKOPHCTOBYBATH METOAM ONTHUMI3allil npoueayp 30epiranus, KOJAyBaHHS i
JICKOAYBaHHS, a TaKOX OTPUMYBAaTH KOJM 3 OLIBII IependadyBaHUMHU
XapaKTepPUCTUKAMH.

Typ6o-koou
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Typb6o-xo0 — mapanenbHUl KacKaJHWH OJOKOBHH CHCTEMaTHYHHH
KOJ, 3[aTHUH BUNPABIATH IOMWIKH, L0 BHHHMKAlOTh INPH Iepeaadi
uudposoi iHpopmarii no kaHaiy 3B 53Ky 3 Hrymamu. CHHOHIMOM TypOo-
Koly € BimoMuii B Teopii KOAyBaHHS TEpMIH — KacKaJHUH KOJ
(3anporonoBanwmii /. @opHi B 1966 pomi).

TypOo-kom cKIamaeTbcs 3 Kackamy MapajielbHO 3’ €THAHUX
cucreMaTHgHUX KomiB. Lli CKIamoBi HA3MBAIOTBCA KOMNOHEHMHUMU
KoOoamu. B SKOCTI KOMIOHEHTHHX KOJIB MOXYTh BHKOPHCTOBYBATHCS
HaATOYHI Koxau, koau XemMinra, Pima — Comomona, boyza — HYoynxypi —
XokBiHreMa Ta iHm. B 3amexHOCTI Big BHOOPY KOMITIOHEHTHOTO KOIY
TypOO-KOIM TOAUISAIOTECS Ha HanTouHi TypOo-komu (anri. Turbo
Convolutional Codes, TCC) i 6mokoBi komu-tBopu (anri. Turbo Product
Codes, TPC).

Typ6o-xoau Oymu po3pobmeni B 1993 poui i1 € Ki1acom
BUCOKOC(EKTHBHUX 3aBaJOCTIMKUX KOIIB 3 KOPEKLIEI IOMUIIOK,
BHUKOPUCTOBYIOTBCS B CJICKTPOTEXHIIIl Ta HUPPOBOMY 3B’SI3KYy, a TaKOXK
3HAWIIUIM CBOE 3aCTOCYBaHHS B CYIyTHHKOBOMY 3B’S3Ky 1 B IHIOHX
obJacTsX, B SIKMX NPOCKTYBATFHHKH LIYKAlOTh CIIOCOOM JOCATHEHHS
MaKCUMAJIbHOI IIBUAKOCTI Iepesiadi JaHuX MO KaHally 3B 53Ky 3 IIyMaMH B
oOMeskeHiit cMy3i 9acToT.

Cmpykmypa myp60o-Kooy

3rigao IlleHHOHY, HaWKpamuM KOIOM € KOJ, SKAH Tepenae
MOBIZIOMJICHHS! 32 HECKIHYEHHO BEJIMKUH 4ac, JOPMYIOUYH B KOXKEH MOMEHT
Yyacy BWIIQJIKOBI KOJIOBI €JIEMEHTH. Y TpHiiMaua € HEeCKiH4YeHHI Bepcii
MOBIZIOMJICHHSI, CIIOTBOPEHOT'O BUIIAJIKOBUM YMHOM. 3 LUX KOIIH JeKonep
MMOBMHEH BHOpaTH KOMIF0 HAWOUIbII  ONM3BKY 70  IEpPEaaHOro
noBigomisieHHs. Lle siBise co00r0 TEOPETUYHO ifeaIbHUN KOJI, SIKMH MOXe
BUIPaBUTH BCi TMOMHJKH B CHTHami. TypOO-KOJ € KpOKOM Yy LOMY
HampsMKy. SICHO, MmO MM He TIOBHHHI TOCWIATH iH(opMaliiiHe
TIOBIZIOMJICHHSI TIPOTSATOM HECKiHYEHHOro dacy. st mpuiHATHOI poOoTH
JIOCTaTHBO ITTO/IBOITH YW MOTPOITH dYac mepesadi, mo 3a0e3NeunTs JTOCUTh
TIPUCTOMHI pe3ysbTaTh JUIs KaHAJIB 3B SI3KY.

OcoOnuBicTI0O  TypOO-KOIIiB € TapalelbHa CTPyKTypa, MIO
CKIIQJIA€ThCA 3 PEKYPCUBHUX cucTeMaTHaHux cBepTodHnx (RSC) xoxnis, mo
MIPALIOIOTH MapajielbHO 1 BUKOPHUCTOBYIOTh CTBOPEHHS BHIIQAKOBOI Bepcii
moBimomieHHd. [lapanensHa CTpyKTypa BHUKOPHUCTOBYE 1Ba abo Oinblie
koxiB RSC, xoxeH 3 pi3HHM nepeMexiteneM. MeTa mepeMeKiTeNs Hojsrae
B TOMY, 100 3alpoIOHYBaTH KOXHOMY KOJEpy HEKOpenboBaHy abo
BUIIAJKOBY Bepcito iHpopMamii, B pe3yabTaTi 4Oro HapuTeTHi OiTH
koxxHOro RSC craroTh HezaneKHUMH.

Y Typ0Oo-kOmax OJIOKM MarTh IOBXKHHY OJM3BKO KimbkoX KOiT.
Mera Takoi MOBXMHHM TOJISITa€ B TOMY, 100 €(EeKTHBHO paHIOMi3yBaTH
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MOCIIIOBHICTD, 110 HAe Ha Apyre Koaye mpuctpi. UnM moBmmid po3Mip
070Ky, THM Kpama Horo Kopeisilis 3 IOBIIOMIIEHHSM IEpIIoro Kojepa,
TOOTO KOpeJIALisl Masa.

IcHye KibKa cxeM TypO0-KOiB:

- PCCC — y pasi koHKaTeHa1ii mapanerbHAX CBEPTOUYHUX KOJIIB;

- SCCC — cxema 3 MOCHIZOBHUM 3’ €IHAHHSIM HANTOYHIIINX KOIIB,
komn SCCC MaroTh BHCOKI XapaKTEpUCTHKH TIPH BEIHKHX
BiTHOIICHHSIX CHTHAJ / ITyM;

- TPC — T1yp6o KOx - TBip, BUKOPHCTOBYE OJOKOBI KOIU 3aMiCTh
HAWTOYHIIINX

- ZBa pi3HUX OJIOKOBHX KOAM (3a3BHYail Komu XeMMiHra) 3’€IHaHi
MOCJIIOBHO 0€3 MpOMDKHOTO mepeMmexitens. Tak sk 1Ba KOIU
He3aJIe)KHI 1 MPAIo0Th B PsAax 1 KOJOHKAaX, IO came Mo cobi
3a0e3mneyuye JOCUTh XOPOIIy paHAOMI3allifo, TO 3aCTOCYBaHHS
nepeMexKiTelist He MOTpiGHO.

Ilepesazu i nedoniku mypoo-kooie
Ilepesazu

Cepen BCiX TpPaKTHUYHO BHUKOPUCTOBYBAHHX CYYaCHHX METOJIB
KOpEKIIii MOMHJIOK TypOO-KOIH 1 KOAX 3 HU3BKOIO HIUTBHICTIO TIEPEBIpOK Ha
MApHICTh HAHOLIbII ONMM3BKO MIAXOMITH 10 KopaoHy IllenHoHa,
TEOPETHYHOT ~ MEXI  MaKCUMaJbHOI  TPOIYCKHOI  CIIPOMOXKHOCTI
3alIyMJICHHOTO KaHAITy.

TypOo-koau  MO3BOJSIIOTH  30UIBIIATH  INBHAKICTH  Iepemadi
iHpopMarlii, He BHMarar4u 30UIBIICHHS MNOTY)XXHOCTI mNepenaBaya, abo
BOHU MOXYTh OYTH BUKOPHCTaHI JUI 3MEHIICHHS HEOOXiHOT MOTY>KHOCTI
IIpH TIepeadi i3 3a/1aHO0 MBUAKICTIO. Ba)mmBoro mepeBaror TypO0-KOaiB
€ HE3aJICKHICTh CKIIAJHOCTI JEKOAYBaHHS BiJl MOBXHHH iH(OPMAIIHHOTO
OJIOKY, IO HO3BOJISIE 3HU3UTH HMOBIPHICTH IOMIIIKH JEKOIYBaHHS IIIJIIXOM
30UJIBIIEHHS HOTO TOBXKUHU.

Heoonixu

OcHOBHHI HEJOTIK TypOO-KOJiB — 1€ BiIHOCHO BHCOKAa CKJIQIHICTh
JIEKOJTyBaHHS 1 BEJIMKa 3aTPUMKa, AKi POONATH iX HE3PYUHUMH JUISI AEIKUX
3aCTOCYBaHb. AJle, HANpUKIa, Ui BHUKOPUCTAHHS B CYIYTHHKOBHX
KaHalax 1eil HeJOJiK He € BU3HAYaJIbHUM, TaK SK JOBXHHA KaHAIy 3B'SI3KY
cama 1o co0i BHOCHTB 3aTPUMKY, BUKJIMKAHY KiHI[IBKOIO IIBHAKOCTI CBITIIA.

Ile oguH Ba>kMMBHH HEHONIK TypOO-KOIIB — MOPIBHSHO HEBEIHKA
KOJOBa BijcTaHb (TOOTO, MiHIMajgbHa BIJCTaHb MK JBOMa KOJOBHUMH
cloBaMH B ceHCi oOpaHoi MeTtpukwu). Lle mpu3BomuTe 10 TOTO, 1O, XOYa
IIPY BEJIMKIH BXifHIA HMOBIpHOCTI NMOMMIKK (TOOTO B IOTaHOMY KaHaJIi)
e(eKTuBHICTE TypOO-KOJIy BHCOKA, INpPH Malid BXiAHIN HMOBIpHOCTI
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MIOMUJIKH e(eKTUBHICTh TypOo-KoIy BKpaii oomexeHa. Tomy B Xopormx
KaHajmax Juid  HOAAJbLUIOr0  3MEHIICHHS  MMOBIPHOCTI  HMOMMIIKH
3aCTOCOBYIOTH He TypOo-koau, a LDPC-kou.

Xo4a CKJIaJHICTh BUKOPUCTOBYBAHUX AITOPUTMIB TypOO-KOyBaHHS
1 HEemONIK BIAKPUTOTO TMPOTPAMHOTO 3a0€3MEUYCHHS MEPENIKOKAIOTh
BIIPOBA/DKEHHIO TypOO-KOIiB, B MaHWHA dYac 0arato cCyd4acHi CHCTEMH
BUKOPHCTOBYIOTH TypOO-KOIH.

3acmocyeannsa myp6o-kooie

Kowmmanii France Telecom i Telediffusion de France 3anarentyBamm
LIIMPOKUHA Kjac TypOo-KOAiB, IO OOMEXye MOXIHUBICTH IX BUIBHOTO
3aCTOCYBaHHS 1, B TOH e 4Yac, CTHUMYJIOE DPO3BUTOK HOBHX METOJIB
KOAyBaHHS TaKuX, sk, Hanpukian, LDPC.

Typ6o-KoaM aKTHBHO 3aCTOCOBYIOTBCSI B CHCTEMaX CYIyTHHKOBOTO i
MOOUTBHOTO  3B’SI3Ky, 0€3IpOTOBOr0 IIMPOKOCMYTOBOTO  JIOCTYIY 1
mudpoBoro tencbaueHHs. TypOo-kogm 3aTBepIkKeHI B CTaHAAPTI
cymyTHAKOBOTO 3B 513Ky DVB-RCS. Typ0o-koam Takox 3HAWIUIN MIHPOKE
3aCTOCYBaHHS B MOOULIBHMX CHCTEMax 3B SI3Ky TPETHOTO ITOKOJIIHHS
(crangapru CDMA2000 i UMTS).

4. Bpemennss B Teopilo mmdpyBannsa. Kpunrorpadiuni
MPOTOKOJIH

Kpunrorpadivyne xoayBaHHs nepeciiaye nexiipka mnijged. HaitGinbr
OueBHJHA 3 HUX — HEOOXIIHICTh rapaHTyBaTH, IO KOJOBaHa iH(pOpMaIis
30epiraeTbCsi B CEKpeTi BiJ| YCIX OJAEp)KyBauiB, KpiM THX KOMY BOHa
npusHadeHa. [IpoTe, OCKUIBKM B3a€MOAIIOYI 3a JOIMOMOTOI0 3B’SI3KY
MapTHEPU MOXKYTh OyTH (PI3UYHO PO3MALICHI, TO ICHYHOTH 1 IHII BHMOTH
3axHCTy. BOHM BKIIIOYAIOTh rapaHTii TOro, Mo NPOTHIIEKHA CTOPOHA € caMe
THM, KM BOHA ce0e OTOJIONIYE, i [0 BOHA TOTPHUMYETHCS OyIb-IKAX 1HIITHX
TIOTIEpeTHBO TIPUHHITUX YTO/I.

Tomy, Apyror BHMOTOI0 KpHIITOrpad)HOrO KOJIYBaHHS € TapaHTis
TOTO, IO 3B’A3YIOTHCS] CTOPOHH, SIKi HE IIaXparoioTh, TOOTO:

- HE IpaloTh HE 32 NPaBUIIaMH;

- HE NMPUKUIAIOTHCS KHMOCh 1IE;

- HE OTPUMYIOTH iH(OpMaIio, IKy BOHH HE IPUIYCKATH MaTH;

- HE BIIKUAAIOTH JIOKHO TPAaH3aKIIifo, sIKa Maja MICIIe B AIMCHOCTI.

Kpunmozpagiuni munu

BimHocHHE MiX pi3HUMH KpUNTOrpadigHIMU KaTETOPisIME ITOKa3aHi
Ha puc. 4.13:

Mpoexr IPBU.03.01.00-06-386/11-00 MI-HTY TpaHckopaoHHuii 0mik aocaiaom Mporpanit o n Binop paina 20072013
33 KowTH € i Coloay & panax Eaponei Cyciactea a MNaptHepcTea

Kepienuk npoekty: Napep npoexty:

TNioBincsKa MoniTexHika TlyusKnil HayjoHansHIi TexHidHIi yHiBepCHTET
8yn. HagBucTwinyea 4A, kaGiker 1001 ayn.lesiecska, 75, Kabiner 12,
20501 Tliobniw, Monswa TMywsK 43018, Vipaina

uy lyu
Ten. +48 81538 4112, +48 81538 4579; dhakc +48 81 538 4220 Ten. +380 332 746 118; chaxc +380 332 746 103
e-mail: PLLNTU@pollub.pl e-mail: pintu.cbc@gmail.com

91




PL-BY-UA ChiachiHaHCOBAHO 32 PaXYHOK KOWTiB
507-2013 €aponeiicsoro Coloay

Epunrorpadin
Wuippysanna Kpgjg b
Ayrerrudizanin (non%‘gum:gmn] TPOTOROI

Puc. 4.13. Kareropii kpunrorpadii

Hlugpysanna — TmepecTaHOBKAa a0 MAacKyBaHHSA iHQoOpMarii
BUKOPUCTOBYETHCS JUISA 3aXHCTy AaHHX Bill YHTaHHS HEYNOBHOBAKCHHMH
CTOPOHAMH.

IcHye nBa THIM WUQPYBaHHS:

- poscioganns (DIFFUSION), xonu iHdopMaris npuxoBy€eThCS;

- nepemiutysamisi (CONFUSION), komu  indopmaris
MEPECTaBIAETHCS TaK, 100, XOuYa IMOBIMOMJICHHS 1 MOYKHA BUSBHUTH, aje
HOro 3MicT (3HaU€HHs) YCTAHOBUTH HEMOXKJIMBO.

Posciroeanns

Po3citoBaHHS BiTOMO TakoX fK creraHorpagis, abo MHCTEUTBO
CEKpPETHOTO JINCTA.

Creranorpagii BUKOPHCTOBYIOTH JJISI TOro, 100 MHOCHIATH
iHpopMamito B ckimami Bimeo abo 3BykoBuX (paimiB. MokHa 3MIiHIOBATH
BHIAIKOBI OiTH 300paskeHHs (abo 3BYKY B pasi aymiodaiiry), momarodu B
HUX iHQopMmauito, sKy mnoTpidbHO mnepenatu. Ilpu meperisai  abo
NPOCIYXOBYBaHHI 300pakeHHS a00 3BYKY, SIKi MICTATh HPUXOBaHY
iHpopMallito, BOHK Oy/yTh BUIIISAATH (3By4aTH) TaK camo, SIK JI0 epeaadi.

Cepii03HO!0 MPOOJIEMOI0 PO3CIFOBAHHS € T, 10 Pa3 METOJ BiJOMUH,
TO JOBIILHO TPOCTO 3poduTH crnpoOy Hamamy (araku) Ha HBOTO (TOOTO,
crpoOyBaTH IOPYHIMTH 3aXUCT). SIKIIO PO3CIIOBaHHS BHKOPHCTOBYETHCS
Uil nepenadi iHdopmanii MK JEKUIBKOMa JIIOJbMH, CEKPEeT HEMHHYYE
Oyne po3kpuTHi. SIKmio, Hampukian, IiCHye KuUlbka Hporpam Juis
NpuXoBaHHS iH(GOpMalii B 300paXeHHSAX, TO Wi X IPOrpaMd MO>KHA
3aCTOCYBaTH JJIsl TOro 100 MoOAa4YMTH, HE NMPUXOBAaHA YU B 300pa’keHHSIX
sxach iH(popmaris. 11106 3axucTuTH NMpHXoBaHy iH(pOpMAIli0, HEOOXiTHO
nojateIe i mudpyBaHHA, ajle e MPU3BOAUTH N0 BUKOPUCTAHHSA IPYrOro
MeTOJy — IepeMillyBaHHIO iH(pOpMaIlii, 0OTOBOPIOBAHOTO JaJIi.

[Hma mpobnema, 1moOB’A3aHAa 3  PO3CIIOBAaHHAM, TIIOJIATa€ B
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HACTYITHOMY — II00 3aXOBAaTH HCBEJIMKE IMOBIIOMIICHHS, IMOTPIOHA BEIHMKA
KitbKicTh AanuX. 11[o0 3axoBaTm nmepeBo B Jici, moTpibeH ic. SIKmo B
KO)XHOMY (hpeiiMi BUKOPHCTOBYETBCS OJMH OIT JJIs mepeaadi MpUXOBaHOL
iHpopMarii, TO KiJIbKICTh 3aJIMIIEHNUX OITiB MOBHUHHO OYTH JOCTAaTHHO, 100
mpuxoBaHi OiTH He Morim OyTH BusBieHi. Lle o3Havae, mo HEOOpOOICHHIA
po3mip ¢airy moBWHEH, NpWHAWMHI y 8§ pa3iB, sAKml0 He Oinbie,
MEPEBHIILYBATH PO3MIP MPUXOBYBAHUX JaHHX.

Ilepemiwysannn

Hpyruit meron mmdpyBaHHS — nepeMiuly8anHs, TP SKOMY
MOBIZIOMJICHHSI 3MIHIOETBCSI TaK, IO HAaBITh SKIIO HOro MPUCYTHICTH
BUSIBJICHO, TO BOHO HE MOXXe OyTH po3mudpoBaHo. IcHye 1Ba OCHOBHHX
CHOCOOH TepeMilllyBaHHs:

- nepecmanosKka, KOJNW 3MIHIOETBCS TO3MLIS  IHIMBITyalbHUX

CHMBOJIIB IOBiIOMJICHHS,

- nepemeopenHs (mpancgopmayis), KOIA 3MIHIOETHCS 3HAUCHHS
cuMmBonmy. OOnaBa crmocoOM  MOXYTh  BHKOPHUCTOBYBAaTHCS
OJTHOYACHO.

Konyenyisn xooy — Habip mpaBuiL, sIKi IEPETBOPIOIOTH KOKHE BXiTHE
TIOBIIOMJICHHA y BU3HaYeHWH HaOip cumMBoiiB. KomyBaHHS poOWThCS IS
TOTO, MO0 3pOOHUTH Tepenavy MOBIIOMIICHB OiTBII JIETKOIO (JIHIMHI KOIH)
abo 1mo0 BHABIATH, a00 BUIPABISATH TOMWIKH (KOAW 3 BHIPABICHHSAM
TIOMUJIOK).

Hlugp — ue Koja, MeTa SKOTO TOJISITAE B TOMY, HIO0 MacKyBaTH
MOCHJICHHS TTOB1IOMJICHHS.

udpu MOXKHA MOIIIATH HA:

- OJIOKOBI;

- IOTOKOBI.

Y 6nokogomy mmppi KokKHa YacTHHa a00 OJOK MOBiJOMIICHHS,
mmdpyeThest HE3aIEKHO BiJT IHIINX.

Y nomoxosomy mmdpi € naeska Gpopma 3BOPOTHOTO 3B’S3KY, TaK IO
mmdpyBaHHS CHMBOJIB MOBIIOMIICHHS 3aJIC)KHTh BiJl IOMEPEIHBO
3amu(pPOBaHUX CUMBOJTIB.

ANropuT™ UQpyBaHHS CKIAAAETHCS 3 JBOX YaCTHH:

- CEKpETHOI;

- BIIKpHUTOIO.

VYemix cucTeMU 3aleXHTh Bil TOTO, YW 3aIMINAETHCS CEKPETHA
YaCTHHA TAEMHUIIEIO, TOMY 3a3BHYail HAMAraroThCs OOMEXHTH KiIbKICTh
HeoOxinHOT cekperHoi iH(popmanii. CekpeTHa iH(OpMalliss HAa3UBAETHCS
kiroueM mu¢py. CaM anropuTM HOBUHEH 3HAXOAUTHCS B MEXax BiIKPHUTOI
YacTHHY WHNQpy, 1100 BiH OyB BiIOMHUI KOKHOMY KOPHCTYBa4yeBi CUCTEMH
(Ha mpoTuBary Kiody, SKWH HOBHHEH OYyTH YHIKaJIbHUH Uil (DAaKTHIHO
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3B’s13yBabHUX cTOpiH). Ciix nependaynTy, 1O BiH MMOBUHEH OYTH TaKoX
BIZIOMHI TIEBHOMY YHCIIy JIIOJICH, 110 MalOTh JOCTYII 10 L[bOTO AJITOPUTMY.
HacmpaBai B TakoMy HinxoJi € AesiKi mepeBard, ToMy Iio Okl iMOBIpHO
BUSIBUTH BaJd B 3aXUCTI B ONMyOJIIKOBaHUX allTOPUTMax, HDK Yy THX, SIKi
3aIMINAIOTECS CEKPETHUMH, 1 1O IBOT0 BUBYAIOTHCS TUIBKH 31 3IICHUMH
HaMmipamu.

Kpunmoczpaghiuni cuyenapii

3B’A30K BigOyBaeThCs MK JKepenoM 1 amgpecatoMm. Ilporte, B
KpunrorpadgigHOMy CHIBTOBApPHCTBI iCHY€e Yroza, 3a sSKOI HE 3BEpTarOThCA
1o jkepena A ta aapecata B, a BUKOPHCTOBYIOTH CHeLiaJIbHUN CLIEHAPIH,
Jie OdiceHuK, 3BaHUM AJIICOI0, HaMaraeThesl 3B SI3yBaTHCS 3 a/IpecaToM II0
iMeHi bo0, mpuyoMy KaHall MiXK HUIMU BB)KAETHCS BIIKPUTHM JUIS Hamanry
(atakn).

IcHye nBI MOXJIMBOCTI /JJI1 HanagHWKa (II0-pi3HOMY, B 3aJI€KHOCTI
BiJ aBTOpa, 3BaHOT0 Yapip3oM abo €Boro). [lepmmii Hamas (aTaka) HOCHTH
HasBy xanan npocnyxosysanns (WIRETAP CHANNEL), xoiu €Ba moxe
npociryxoByBaTu [loBimomieHHs, HagicaaHi Mix Aicoto i bobowm, ame He
MOXe 3MiHmoBatH ix (puc. 4.14, a), i Opyre — Hamam 3 niOCMAHOBKOIO,
(SUBSTATION ATTACK), komu €Ba Moxke TakoX 3MIiHIOBAaTH
MOBiTOMJICHHA a00 3amiHtoBaTH iX (puc. 4.14, 0). Ilepma ¢opma Hamamgm
BITHOCHO TpOCTa Ui OLIBIIOCTI MEpPelaBAIbHUX CEPEIOBHIL, OCOOIHUBO
Ui pagio, ne QisuyHe 3’€IHAaHHS HE MNOTPIOHO, TOAI SK 3pocTaroye
BUKOPHCTaHHS MEpEX IaKeTHOI KoMyTallii, ne JaHi oOpoOJsioThcs B
KOX)KHOMY MapIIpyTH3aTOpi, O3Ha4ae, 10 Hamaj 3 MiJCTAHOBKOI TaKOX
LIJIKOM MOXIIMBO. XOPOIIUM YMHHUM HPHUKIJIAJOM APYroro THUITY KaHAITy
Hamany (3 IepexOoIICHHAM TOBIJOMIICHB) € Opanamayep Internet.

[=3:F: ] |
l O CcITyXOBYEIUA
A — Boo
[ et [ mpskifous |

-4

Anica Epa bob
nepefanua TifCTyX0BYHua pHIMatoTHit

B

Puc. 4.14. Kanan npocIyxoByBaHHS Ta EPEXOIICHHS

IMopsin 3 Hamagamu Ha KpunrtorpadiuHi NIPOTOKONH, SIKI OYyAyTb
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PO3IMBIISITHCS Ti3HIIIE, ICHYye JCKUIbKAa THINB HANaliB Ha alrOPUTM
KOJlyBaHHS:

- Tinbku 3amudpoBanuil Tekct. Lle mpocTe mpociayXxoByBaHHS, MpU
AKOMy €Ba MOXE TUIBKM YHTaTH 3alId(poBaHi MOBIJOMIICHHS,
KOJI BOHHU NPOXOJATH MO KaHAIYy,

- Bimommii BimKpuTHH TekcT. Y [pOMy BapiaHTi Hamaxy €Ba
oTpuMye i He3zamm(poBaHUM, i 3ammM(POBAHUI TEKCT AEIKUX
noBimomieHb. [Ipu IbOMY HEpiAKO YacTWHA BiJKPHUTOTO TEKCTY
MOXKHa po3rajaTH. 3a3BHYail BOHa € anapecor abo iM'siM
BigmpaBHUKa a00 gacoMm mepenadi. Llel miaxiq BUKOPHUCTOBYBABCS
mig yac Jlpyroi cBiTOBOI BilfHM — KOJIK OOMOM CKHAJIUCS HA SKHM-
HeOyab MOpPT, TO 3amudpoBaHi MOBIJOMIEHHA Ipo Ie
3amiCcyBaliuCs B HAJIT, 110 B HUX OyAyTh BKIJIIOYEHI iM’sl IOPTY Ta
IHIII JeTai Hamary;

- oOpanwmii Binkputuii TekcT. Ilpu 1iboMy BapiaHTi aTaku €Ba MoXxe
BKIIIOYATH B 3amM(pPOBaHUl TEKCT CBOI MOBIJOMJICHHS, SKi
MOBHUHHI OyTH SKMMOCH YMHOM 3amu(poBaHi 1 MOTIM MpOYHTaHI
BoGoMm. Pobute BoHa me ab0 OOMAaHHHM MUITXOM 3MYIIYIOUH
Amicy mocmiatd CcBoi TOBiZOMIIEHHS, a00 BHUKpagaruu
o0JiaiHaHHS KOAYBaHHS i BUKOPHCTOBYIOUH HOTO CaMOCTIIHO;

- oOpaHwmii 3amuppoBaHUN TEKCT. 3aKITIOYHA MOMJIUBICTH A €BH
nojsArae B TOMy, mo0 3mymyBaru boba apemmdpysatu
3amm(poBaHi MOBIJOMIICHHS, SIKI BOHA T'€HEepye, a BOHa Morjia 0
YUTaTH 1X po3mM(ppoBKy. Lle 3HOBYy-Taku MOXXHA 3pOOUTH, JIHIIE
3aXOIUTIOI0YH 200 MiZAMIHSI0UM MH(PYBaHHS.

Ilpu BCiX BUAax HAMagiB CIiJ NPUIYCKATH, IO CaM aJrOPUTM
mmbpyBanHs Bizomuid. [T0sSCHIOETBCS Lie 30BCIM IPOCTO — HAATO Oararo
JMOAeW 3HAIOTh OyOp-fAKHH 3 NUX alropuTMiB, moO 30epirath iX y
taemHnni. lle mnpumymeHHs Bimomo sk mnpumymeHHs Kepxkodda

(KerChOH). 3axuCT 3aJIeXKUTh TUIbKH Bia Kitoda. Jleski po3poOHUKH
KOMEpIIHHUX TmporpaM IMHGPYBaHHS B IUIAX IiJBHMICHOI 3aXHCTy
HaMararoThcsl 30epiraTu cBOi adroputmu B cekperi. [Iporte, peBepcyBatu
MallMHHUA KOJA Ha3aa B aceMOJEepHHMIl — IIOJO IIPOCTE 3aBIaHHS, i
HEpO3CYy UIMBO IPHUITYCKATH, 110 TaKi KOJU HE IOTPAILIATH Y MOTaHi PyKH.

5. CucTeMH 3 IPUBATHUMH KJIHOYaAMU

Cuctemn (mmdpyBaHHA) 3 TPUBATHAMH KIIOYaMH  TaKOX
HA3WBAIOThCS CHMETPUYHMMHU CHCTEMaMH, TOMY IO OOWIBi 3B’s3aHi
CTOpPOHM MaloTh TOW XK€ CaMHUi KJI0Y, a pOo3MH(pOBKa — M€ MPOCTO
3BOPOTHE KOJyBaHHS 3a JIONOMOTOI0 Kiroda. HalGiipim icTOTHORO
IIepeBarol0 CHCTEM 3 MPUBATHUMHU KIIOYAMH € Te, IO JUIS JaHOTO PiBHA
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3aXUCTY BOHU MAKOTh BiHHOCHO HEBHUCOKY CKJ'IaHHiCTI).

Ilepecmanosouni wiugppu

VY nepectaHOBOYHHMX MMIM(PpPax MO3MLII CHUMBOJIB IOBIJOMIICHHS
3MIHIOIOTBCS, JI€ 3HAYEHHSI OBIJJOMJICHHS 3aJIMIIA€THCS HE3MIHHHM.

Ipocmuii wugp — 1ue cnemianpbHa TaOmuis (citka), Kyad
MOBIIOMJICHHA BIIUCYETHCS OIHWM CHOCOOOM, a TIOTIM BpPaXOBYETHCS
igmmM. Ll onepariist mokazana Ha puc. 4.15. TToBigomMIleHHS BIUCYIOTHCS B
PAAKH CITKHM, a 3YUTYeThCs Mo croBmmsx. CTaponaBHIM BapiaHT LBOTO
crocoba TOJsTaB y 3alKCy MOBIIOMIICHHS Ha CMYTy, OOTOpPHYTY HaBKOJIO
LWIHIpa, sKa IOTIM PO3Kpy4yyBajlacs 1 BiANpaBIsUIacs 3 MOCHIBHHM.
OOuzagi ni GopMH € MPOCTUM UEpryBaHHSIM (pO3IIAPYBAaHHSIM), TiIbKH
BUKOPHCTOBYBaHMM JUIsl pi3HUX Liei. Bee, mo noTpiOHO 3pobutH, — 1e
BU3HAYUTH MIMOUHY ciTKU (200 miamerp LutiHapa). 30UTbIIEHHS TIIMOWHU
CITKH NPU3BOJMTH JI0 THX K€ MPOOJIEM 13 3aTPUMKOIO, 1110 i IPH YepryBaHHI
3 KOHTPOJIEM ITOMUJIOK:

TRV IS 1S |A|THISISAMESSAGETOSEND.

MleElsls|alclE U
TMTHEOISSSSEIANSGDAE.

Puc. 4.15. TIpoctuii mmdp, 110 nepecTaBisieThes

VYnockoHaneHHs Mi€l METOAWKM IMOJsra€e B TOMy, MO0 YWTaTh
CTOBIIII CITKHA B OUTBII CKIAAHOMY IOPSAKY, HIX MPOCTO 3J1iBa HAIPaBO.
Jlist BKa3iBKM MOPSIKY 3YMTYBAHHS CTOBIILIB MOJKHa BHUKOPHCTOBYBATH
KJIFOUOBE CJIOBO, aiaBiTHE YIHOPSIAKYBaHHS OYKB SIKOro 1 BHM3HAuae
MOPSAOK YUTaHHS CTOBMIIB. Hampuknan, sSKmo 6 KIr04oBUM OyJIO CJIOBO
CIPHER, To mu BnucyBanu 06 mmdpyemMe MOBIIOMIICHHS B 6 CTOBIILIB, i
MOTIM 3YUTYBAJIM O CTOBIII B HACTYITHOMY TOPSIKY:

1(c),5 (e), 4 (h), 2 (i), 3 (p), 1 6 (r).

IIpore, Taka cucTeMa 3aNHUIIAETHCS BCE HIE Ty)KE CIPUINHITIHBOIO
IO HAIAJ(iB 32 METOJIOM P00 1 TOMUIIOK.

Tpaucghopmayiiini wiugpu

Momnoanghasimnuuii wiughp
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Haiinpocrimmit Tun tpancdopmauiiinoro mmgpy NoBUHEH OpaTH
KO>KeH CHMBOJ B IOBIJOMJICHHI 1 3aMiHIOBaTH HOTO B 3alIM(pOBaHOMY
TEKCTI 1HIIMM cuMBOJIOM. CHMBOJIH JUI 3aIIU(POBAHOTO TEKCTY 3a3BHYAM
Oepyrbest 3 Toro k andasiTy, WO 1 JUIT TOBIIOMJICHHS, aje Le He
000B’13k0B0. CricTeMa Ha3MBA€ETHCS MOHOATI(ABITHOIO Tepe3 Te, M0 KOKEH
CHMBOJI TTOBIIOMIJICHHS 3aBXXIH NEPETBOPIOETHCS B OJHH 1 TOH )K€ CHMBOI
3amQpOBaHOTO TEKCTY.

I[Ipo paHHe BHUKOPHCTaHHA TaKOi  CHCTEMH  IIOBIIOMHB
JaBHBOPUMCBHKUH KOMEHTaTop IUTiTOK CBETOHIH, X04a IIe B KOTHOMY pasi
HE TIepIle 3apeecTpoBaHE BHUKOPUCTAHHS KpumTorpadii, siKke BiIXHOCHTHCS
J0 JaBHHOTO €THUNTY, 1 BHUKOPHUCTOBYBAJIOCS B BII3HABAaHUX CHOTOJHI
¢dopmax mie rpekamu. CBeToHid Hammca, 1o 1me HOmii Ilesap
BUKOPHCTOBYBaB CHUCTEMY IEPETBOPEHb IIPH PO3MOBI 31 CBOIMH JpPY3sIMU.
BiH 3amiHsAB KOXXHY OYKBY IIOBIIOMJICHHS Ha TpeTi0 OyKBY 3 TOrO X
andasity (puc. 4.16), nOBOASYM HE TUIBKH MOTPeOy B CEKPETHOMY
MOJITUYHOMY 3B’SI3KY, ajie 1 TPYJHICTh 30€pEeXKEHHS TaKOro 3B’SI3Ky B
TaemHHALI Bixg npecu! TepmiH "mincranoBka Lle3aps" Temep 3acTOCOBY€EThCS
oo Oymp-skoro mudppy 3 NONIOHUM 3pYIICHHSIM MK CHMBOJIAMH
moBimomieHHs 1 andasitom Iludpy, HaBITH KO e 3pYIICHHS HE
JOPIBHIOE TPHOM.

A[8[c[o[E[F[e[u]i]s]k]L

no[p]alR]s[r u]v]w

>
—<
|

e =

DIE|FIGIH{T]JIKILIMINIO

ofR[s]r]ulv{wix|v|z{a[s]c

Puc. 4.16. udp 3 nincranoskoro Liezaps

binbu Oe3neuHoro (ajie JiMIie HE3HAYHO) € JOBUIbHA ITiJICTAHOBKA,
KOJIM 3MIHIOETBCSI MOPSIOK TijcTaHOBKU. [Ipore, Xo4ya Taka cucreMa Mae
6inple MOXIMBHX KiodiB (26! 3amicTs 26 MoXIUBHX B cucTeMi Llesaps,
OIMH 3 SKUX TpHUBiaJNbHMWII), TpobireMa 3 yciMa MoOHOAI(paBITHUMH
TpaHcopManifHUMHU IH(paMHu MOIATae B TOMY, IO iX JyXKe IpOCTO
aTaKkyBaTH 3 BUKOPHCTaHHSIM YacTOTHOTO aHamizy. HanmipHicTs, BiacTHBa
aHTJIHCBKIA MOBI, Taka, 110 TIJIBKH OJM3BKO 25 CUMBOJIIB 3aM(ppOBAHOTO
TEKCTy MOTpiOHI 1y Toro, o0 aemmdpyBaTH NOBIAOMICHHS. Ko B
3amu(ppPOBAHHOMY TEKCTi 3aJIHMIIAIOTHCS MPOTATHHH, PO3IMHUPPOBKA HOTO
HaBiTh CIIPOIIYETHCS, TaK AK OJHOJITEPHHM CIOBOM Moke Oyt numre "a"
abo "I". Yepe3 mi mipkum MoOKe NpOCOUyBaTHCA Ta iHImIA iH(oOpMaIis
moBiomMJieHHA. BumpoOyBanpHa Bepcis moniOHOT "3axmcHOI" mporpamu
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BUKOPHCTOBYEThCS B CHUCTEMI NporpamyBaHHs Java s mmdpyBaHHS

anpecu Web-caiiTy B TOMy BUIAJKy, SKIIO He OyJO BBEICHO MPaBUIbHUM
KJIFOY.

[Mpore, Takwmii 3amMppOBaHMH TEKCT JIETKO MEPEXOILTIOBATH,
ockimekn Bci URL-agpecm Web-mepexi MOYMHAIOTHECS 3 TOCIHITOBHOCTI
"http", a OLIBIIICTD 3 HUX MICTATB PSIIOK "www" i 3akiHUyroThCsa Ha ". Html
a60" htm ". TakuM YuHOM, KOJAyBaHHs cuMBoIiB h, t, p, W i m 3a3Buvait
BBaKAETHCS 33JaHUM.

[Hma mpobnema 3 MOBUIPHOIO MiACTAHOBKOI — JOBXKHHA KITIOYA,
OCKUIBKM Mae OyTH BH3HAUCHO IEPETBOPSHHS KOXKHOro cumBoiry. Lle
HENpOoCTO 3aram’aTaTtu. Y MpocTiil cucTeMi MoJi0HOTO oy, IHOAI 3BaHO0
mincranoBkoro Bixkernepa (Vigenere) (xoua HacmpaB/i BOHA HE Ma€e HISIKOTO
3B’A3Ky 3 1uUM  (paHIy3bKMM  JUIUIOMaToM 16-ro  cTOpivus),
BUKOPHCTOBYETBCSI CIELialIbHE KOJOBE CJIOBO, IIO0 BHU3HAYMTH AEKiJIbKa
MepIInX MiJCTaHOBOK, 1 MOTIM BCTAaBIAIOTHCS iHIII Jitepu. Kimou y dopmi
KOJIOBOTO CJIOBA JIETKO 3aram’sTaTH, aje mudp AyXe MPOCTHHA, TOMY IO
ocTaHHI cuMBoONH ajdaBity (Taki sk w a00 y) HaBpsI 4 OyIyTh B3araii
sarmdposai (puc. 4.17).

-
~N

-
~

Puc 4.17. llludp 3 mizcranoBkoro Bixkenepa

Honianghasimnuit wuughp

OmHuM i3 cHoco0iB MMOJONAHHS aTaku YacTOTHOTO aHaji3y €
BUKOPHCTAHHS Pi3HUX an(aBiTiB MEepeTBOPEHHS, IO 3aJeXaTh BiJl IMO3MLIi
cuMBoNry B moBizomieHHi. Cucrema, BuHaineHa [[xupomamo Kapnano
(Giralamo Cardano), sranyerbcs micis cuctemu Bixenep. [ist BU3HaYEHHS
yucna mijgcTaHoBOK llesaps, siki 3rooM OyxyTh BUKOPHCTYBATHUCS JUIS
KOJlyBaHHSsI, 3aCTOCOBYEThCS CIlellialbHe KOJI0Be clioBo. Hanpukiaz, Hexait
MM KOJIOBHM CIIOBOM Oyze "code”. BoHO Bu3Havae 4OTHPH an(asiTy
(puc. 4.18, a), mepmmii — 3i 3pymeHHAM 2, Ipyruil — 3i 3pymeHHsM 14,
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Tperiii — 31 3pymeHHsM 3 i werBepTHd — 3i 3pymeHHsM 4. Ilpukian
KOJlyBaHHs NOKazaHui Ha puc. 4.18, 0.

abcdefghijkliImnopgqrstuvwx z
tcdefghijkImnopqrstuvwxyzahb
2opgqrstuvwxyzabcde*tghijk!mn
3 def hijklimnopgrstuvwxyzahb
4efghijklimnopgrstuvwxyzabec

123 412341234123 412341273
[ S s AMERTSIATS[e oo c[o[o[e]o]
[cJoTo e [cTo[oe[eJo]o e [cJo[o[e [c]o o] c o]o]
I nn
[vIv[L]w|k]c]|p]ale[c|v|e|i]s|w[s|p|s|F[s|F|s]|c]

6

Puc 4.18. [oniandasitauii mudp Bixenepa:
a — Tabuuui mwudpyBaHHs; 6 — IPHUKIA KOAYBaHHS

Taxi noniandasitHi mudpu Kpaii, HbX MoHOa(]aBiTHI, ajge BOHH
BCE 1€ Bpa3JIUBI Ul Hamajay, N0 BUKOPUCTOBYE YAaCTOTHUM aHalli3, KOJH
HamaJHUK 00YHUCIIOE TOBXKUHY TIOBTOPEHHS KOJOBOTO CIIOBA i MOXKE MOTIM
BHKOHATH YaCTOTHHH aHaNi3 Uil KOKHOro andarity iHmuBimyamsHO. B
cucreMi BixkeHep aTaka HaBiTh MOJIETIIYETHCS, TOMY IO KOKEH ayi(aBiT €
mizictanoBkoto Le3apst.
Oonopazoee 3an08HeHNHA

MokHa PO3HIMPUTH HOHATTS mojiandasiTHOro mudpyBaHHS 10
cHucTeMH, Ha3BaHOMY "ojHOpa3oBuM 3amoBHeHHsM" (One Time Pad), sixa e
€IMHOIO TIOBHICTIO O€3MEYHOI0 KPUITOCHUCTEMOI0. Y Toii andaBiTHOMY
umppyBaHHi icHye TpobieMa TOBTOpEeHHS Kiroda. B cuctemi
O/IHOPA30BOTO 3aMIOBHEHHS KOXKHE TOBIAOMIICHHS IN(PPYETHCS 32 KIIFOYEM,
SIKMH TIOTIM aHYJIOETHCS 1 HIKOJIM HE BUKOPUCTOBYETHLCS 3HOBY. TOMY KITHOY
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BUKOPDHCTOBYETBCS TUIBKM OAMH pa3, Jatoud mmppy HOro HasBy.
Kpunrorpama 3ajiexuTh BiJ NMOBIZOMJCHHS 1 KiIIOYa, ajle TaK SIK KIIOY
YHIKaJIBbHUI A7 JaHO Iepeiayi i HiKOJIM MOBTOPHO HE BUKOPUCTOBYETHCS,
to [lizcayxoByrounii He Mae HisIKOT MOXKJIMBOCTI Ai3HATUCS HOTO 1 31amaru
umdp. [Iporec xomyBaHHS MOKe OyTH AyKe MPOCTUM — MOTPIOHO MPOCTO
JIOIaBaTH KJIIOY 0 ToBimoMieHHs (puc. 4.19).

Otfline-xmoa
—— eARHH  ~——————
3 [0 TPHMAE HAM
CERPETHOCTL
k4 h
0 P Opropazosmi
i hios
Brigue )
n;ﬂommm [epega=a Buxig
+ +

Puc. 4.19. Cucrema 0JHOpa30BOro 3aIIOBHEHHS

Xoua 11e#t MeTo1 BUOpaB OM Oyab-KUl MOBaXKarOUMil ceOe MIMUTYH,
CKJIA[THICTh TOJIATa€ B TOMY, IO KJIIOY BHUKOPHUCTOBYETHCS 3 TAKOK K
HIBUIKICTIO, K 1 TOBIJOMJICHHS, 1 HE MOXE T€HEPYBATHCSA OY/Ib-SKUM
nepenbadyBaHuM crocoOoM (alle € MOXJIMBICTh BiATaJaTH KIIOY).
[MpoGiema 6e3MEYHOr0 TPAHCIOPTYBAHHS 3alIM(PPOBAHOIO CHIIKYBaHHS
3aMIiHIOEThCS  [POOJIEMaMu  TPAHCHIOPTYBAaHHS KIFOYa  EKBIBAJIEHTHOL
JIOBXHHU 1 TeHepalil Takoro kitoda. Lls cucrema migxoauTh Ul TOCHIKH
BiTHOCHO HEBEIWKOI KITBKOCTI Ay)K€ BHCOKO3aXWIICHHX JaHUX, B SIKii
KJIFOY MO’KHA HaJIifHO TPaHCIIOPTYBATH TiJIbKK aBTOHOMHO.

Kooyeanns 3i 3cysnum pezicmpom

[lepecTaHOBKM MOKHa BUKOPHCTOBYBAaTH B JOJAaTKaX JIiHIHHOTO
KOJlyBaHHS, 3 JIOTIOMOTOI0 SIKUX PYHHYIOTh JIOBTI PSAM HYJIB 1 OJMHUIIb.
[MonibHy MeTOAMKY MOXHA 3aCTOCOBYBAaTH 1 i muppyBaHHS,
BUKOPUCTOBYIOUU JIHIUIHULL 3CY8HULl pezicmp 31 360pDOMHUM 368 A3KOM
(Linear Feedback Shift Register, LFSR), inimianizyBaBiu ioro neskum
3HAYEHHSIM 1 OTIM J0/1a1041 HOTO BUCHOBOK JIO TIOBiIOMJICHHSL.

Amnanoriyanit LFSR — perictp y npuiimansauky Oyne mosepratu
Oit o ix mepsicHOi mocmigoBHOCTI (puc. 4.20). M-kackamHHA pericTp
3CyBYy B 3arajJbHOMY BHIAJKy 3JIaTHUH 10 CTBOPEHHS HETOBTOPIOBAHUX
nocizopHocTelt aopxkunu 1o 2™ - 1, sxi npumyckaroTh rapHuii 3axucT
HaBiTh ISl BITHOCHO HEBEJIMKHX 3HA4YCHb T, aJle, HA JKaJlb, CUCTEMA JIyXKe
CHPUHHATINBA JI0 BiJIOMOTO HamNany 3 BiAKPUTUM TeKCTOM. Tak sK icHye
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TUIBKA T KacKaiiB, TO MNOTPiOHI jumie 2M po3psAiB y ITOCIIIOBHOCTI
3CYBHOTO PETICTPY ISl TOTO, 100 OOYMCIMTH BiATaly’)KEHHsI 3BOPOTHOTO
3B’SI3KY 1 371aMaTH KOJI.

{yHED(A 3B0POTHEOrD ABR 3Ky {YHEN}A SBOPOTHEOrO BBA 3KY

(+)« ¥
5
Bximne nosigomneHna

Puc. 4.20. LFSR-cuctema mmpyBanHs

VY DpakTHYHMX JOJAaTKAaX BHKOPUCTOBYIOTBCS TaKOX HENiHIUHI
3pyIIyBaHI pPEricTpu 3i 3BOPOTHHM 3B’S3KOM, SIKI BOJIOIIOTH CTIHKICTIO
mpoTH moaioHux HamaaiB. HeminifinuM exemenToM moxe 0ytu JK-tpurep
ab0 MyJbTUILIEKCOp. MOXHA TaKOX BHKOPHUCTOBYBATH 1 MHOXCHHS, aie
npoOJiemMa moJjsira€ B TOMy, 1[0 BOHO € aCHMETPUYHOIO ornepauieto i gae 0 B
TPbOX BHINAJKaxX, a 1 — Tiapku B ogHomy (mnst 1*1). Lle o3nauae, mo y
BHUXiNHIA TmOCHiIOBHOCTI Moke OyTW 3aHagro Oarato HymiB i
XapaKTepUCTHKH  TOBIMOMIICHHS MOXYTh "BHTIKaTH' dYepe3  Hel.
[ToyaTkoBY ycTaHOBKY pericTpa 3CyBy MOXHA BUKOPHUCTOBYBATH SIK KIIIOY,
ale 1e 3MIHIOE TITBKH TOYAaTKOBY TOYKY B TEHEPYIOUill IMOCIiTOBHOCTI,
poOJISIYM peTicTp 3CyBY BiHOCHO HETHYYKMMH cucTeMamu. Cucremu 3
pericTpaMu 3pyIIeHHS IPOCTI B peai3alii, ajie peaabHO MiIXOIATh TiTbKU
JUISL TOJIATKIB 3 HU3bKUM CTYIICHEM 3aXHUCTY.

Ilpooykuiiini wiugpu

Sk mepectaHoBouHe, Tak i TpaHchopmaliiiHi mmppu MamTh CBOT
nepeBaramMu. ToMy Oe3MeYHY KPUIITOCHCTEMY MOXHA NOOYAyBaTH LUIIXOM
X 00csriB 00’ € qHAHHSL.

Tpooykyitinuii wugp — 1ie Takuid Wudp, B IKOMY 00’ €THAHO JBi a00
JeKinbka Kpunrtorpadiyaux (yHKIIH, BUKOHYBAaHMX OJHAa 32 OJHOIO.
[Mpuknagom Ttakoi cucremMu € mudpyBajJbHa MallMHA BOEHHOTO dYacy
"Enigma" (3aragka), B SsKii psAI KOZOBHX KOJIC MEpecTaBNsiB i
NIepeTBOPIOBAaB CHMBOJIM IOBIJJOMJICHHS B KOJOBI cuUMBOJIM. bararo
KOMepIUiHNX MmHUQpiB 3aCHOBaHI HAa TNPHHIHUII BUKOHAHHA IOCTaTHBOL
KUJIBKOCTI BiTHOCHO MPOCTUX MEPECTAHOBOK 1 NMEPETBOPEHbD, SIKi (POPMYIOTh
0e3NedHy cucTeMy.
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lapHUM IPUKIIAZIOM CHCTEMH LILOTO THUITY € CTaHAApT WH(pyBaHHS
nanux (Data Encryption Standart, DES), skuii BHKOpPHUCTOBYE
MOCIITOBHICT 3 16 mepeTBOpeHs 1 nepecTaHoBOK. BiH Mae 56-po3psaHuii
KITIOY, SIKHiA, X04a 1 CIPUIHATINBYIA 10 HanamiB "B 100", aje Bce e ayxe
momyIsipHAN. [HIN TpUKIagu MPOAYKHIHHUX MHUPPIB KOMEPUiHHOTO
sukopucranus — Blowfish Bproca IlIueiiepa, TC4 Ponamsma PaiiBecta i
IDEA (International Data Encryption Algorithm) — wikHapoxHHi
aNTOpUTM IIU(PYBaHHS NaHUX, SIKMHA BUKOPUCTOBYE 128-po3psaHuii KIltod
i psg, [0 CKIAJaeTbcs 3 8  TEpPEeTBOPEHb 1  IMEPEecTaHOBOK.
[Mponykuiitai mudpu 3a0e3neyyloTh AyKe XOPOIIMH KOMIPOMIC MIX
3aXMCTOM, CKJAIHICTIO 1 TEHepali€ro/po3MojgiioM KIO4YiB. BoHm
MIPOAOBXKYIOTh OYTH MOMYJIIPHAMU 1 TpUHHATI HamioHaIbHIM 1HCTHTYTOM
cranpapri i rexnosorii CIIIA (NIST National Institute of Standards and
Technology) anst 3aminu cranpapty mijg Haszsowo (Posmmpenuii crangapt
mmdpyBaHH:).

Ilomoxogi wiuugppu

VY nortouynux mmdpax € 3BOPOTHIN 3B’S30K BiJ BIAKPHUTOI'O TEKCTY
a00, aHaJOTiYHO, BiA 3amM(POBAHOTO TEKCTY A0 KIioua. BukopucraHHs
MOBITOMJICHHS [T (POPMYJIIOBAHHS KIIFOYa TaKUM CIIOCOOOM Ha3MBA€THCS
Asrokmrod (AUT KEY) i 6yno Brepie 3anponosoBaso Bixkenepom B 1568
pomi. Lle#t cmoci6 mmdpyBaHHS Mae mpeBary B YacTHHI CKOPOYCHHS
JIOBKWHM KITFOYa, SKHU TMOTPiOHO 30epiraTét ab0 TPaHCIOPTYBATH, alie € B
HBOMY 1 Jy)K€ CYTTEBHH HEJIOJIK, SIKMH IIOJIITA€ B TOMY, IO, SKIIO B
TIOCHJIaHH] MOBIIOMJICHHS! MICTUTBCS sIKa-HeOyIb IIOMMIIKA, TO ISl TIOMMJIKA
Oyne po3MHOKyBaTucs. Y OJOKOBOMY mIH(pi KOXKHUH OJIOK pO3TILIIAETHCS
OKpeMO, TaK IO MOMHJIKH OyIyTh MaTH BiJHOIICHHS JIMIIE IO OJHOTO
6noky. Cucrema Bixkenepa noaiOHa nosiangaBiTHIH cucTeMi, sika Terep
HOCUTh HOro iMm’s, aje 3aMiCTh TMOBTOPEHHS KJIFOUOBOI'O CJIOBA JIJIS
BU3HAYCHHS an(aBiTy, MIiCAsA MOYATKOBOIO KJIFOYOBOIO CJIOBa (B SKOCTI
SKOro BikeHep BUKOPHCTOBYBAaB OJAMHOYHHI CHMBOJ) BHKOPHUCTOBYETHCS
cam TekcT nosigomieHHs (Man. 4.21). Ile mo3Boisie yHUKAaTH MOBTOPEHD,
ki mocnabmorots [TomiandaBiTHi cucTeMu, ane SKIIo Xo4a 6 OMH CHMBOJ
CIIOTBOPEHHI, TO, MOYMHAIOYU BiJl IIi€i TOYKH, pO3MHUQpOBKa Oyne
TIOMHJTKOBOIO.

Hdnst Toro, mo0 pemmdpyBaTH IOBIIOMIIEHHS, NpHUAMad 3Hae
KJIF04OBe c0BO abo cuMmBoOi (y TpHKIai, NMokazaHoMy Ha puc. 4.21, ne
omuH cumBoa — "C"), mo mo3Bois€e po3mMppyBaTH TEPUIMH CHMBOI
noBigomseHHs. lle mae xmow  ans HAacTYmHOTO CHMBONY 1 T. I
MIudpysannio i posmudpoi gomomarae tabmuis Bikernep (puc. 4.22).
[Iudpom OykBu B mepmioMy psaKy 3a andapiToM, 3aJaHOMY B MEPIIOMY
CTOBIIIi, € OyKBa Ha MEPETHHI IOTO PSIKA Ta CTOBIIIIS.
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[T[H]1[s]i]s]a[m][e]s]s]a]c][e][T]o]B]E][c]o|D[E[D]

A A

[CTTIwT [T [s[A[m[EsTsTATcTe [T oo € [c]o o]

h F Y VY Yy YVYyYY r vy Y A
[sf[a]r]a]aalsIM]a]w[ksTck[x]H[P[F[c]a[r]H]H]

Puc. 4.21. KoxyBaHHS B aBTOKJIIOUOBIiH cucteMi BixkeHepa

Taka aBTOKJIIOYOBA CHCTeMa He OOMEXYEThCS CHCTEMOKO BixeHep,
il MOXXHa BHKOPUCTOBYBATH 1 3 IHIIMMH Inudpamu. JJocuTh cepiio3HOO
npoOeMOI0 € TOHIMPEHHS MOMWIIOK, aine, 100 BIUIMBATH Ha IOTOYHE
KOJlyBaHHsI, MO)KHa BUKOPHCTOBYBATH IONEPEAHI MOBIIOMIICHHS, BIAKPHUTI
a0o 3akomoBaHi. Lle 3abe3meuye CyTTEBY mepenary, 1o MOJSIra€ B TOMY, 110
MOPYUIYIOTBCS  B3a€MHOOJHO3HAYHI  BIJHOCHHM MDK BXIJIHHMH Ta
BUXIIHUMH OJIOKaMH, BiJ SKHX CTPaKIAOTh HAaBITh CKIAaaHI OJOKOBI
mmdpu. Hanpuknan, skmo Juid  3aXMcTy  OaHKIBCBKOI  CHCTEMH
BUKOPUCTOBYeThCS DES-mmdpyBanHs, TO MOXYTh ICHYBaTH KOPOTKI
NOBiTOMIICHHS  (HANpHKJIaA, MIATBEPIUKYIOYI  TpaH3akdii), sKi €
OJHAKOBUMH B YycCix Bumajakax. IlizcmyxoByrounii Moxe chopMyBaTu
JIOBiTKOBY Tabmmimro mmmpporpamMu  0e3 HEoOXimHOCTI  (haKTUIHOL
posumppoBku noBigomieHs. 1100 3amodirtu upomy, DES-mmdppyBanns
MOYKHa BUKOPHCTOBYBATH B IOTOKOBOMY PEXHMI — Lieil yKe TOMyJIIpHUIMA
pexuM, 3BaHuil "memnendsM Onoki mudpy" (LIBII-oneparnis,) CBC —
Cipher Block Chaining, mo mnoka3aunuii Ha puc. 4.23. Ilepmr Hix
mnpyBaTH IMOBIIOMIICHHS, [0 HBOTO JIOJA€TbCS MOMEpenHiid OOk
mmporpamu, a Jyisl Mepuioro 0JI0Ky BUKOPHCTOBYETHCS JIEsIKE MOYATKOBE
sravyeHHs (H3) miei mmdporpamu. IcHye, mpapna, me 1 npobieMa 3 ayxe
KOPOTKHMMH TIOBIJOMIICHHSAMH, 5IKi BCe II¢ MOXKHA pO3Mi3HaBaTH, Tak mo H3
4acTo poOUTHCS 3aJICKHUM BiJl HOMEpa KOMYHIKAIifHOT MOCTiTIOBHOCTI a00
BiJl IesIKOT 1HIIOT TIEPEMiHH, BiIOMOi 000M CTOPOHAM.
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Puc. 4.22. Tabnuis Bixenepa

. Bno _ Bnox _ Bmox .
ToBimOMITeRHA 1 MOBOMIERHA 2 (OBiT oMITeHEA 3 TOBiOMTEHHA 4

[Mowarkope
SHATEHHA
Ilepemapan [DES-nmapyeansa nm@pvamqlLEE pyaamaJ O PYRAHEA

mgy 1 mﬁy 2 m];’.(n.g;y 3 mg}r 4
ITpedinaa ’DES-nmq:upvnamaal }JES-nmq:u l;E_mb DES-nmibpyeaHBA|
MNomarkose
SHEMEHHA
. Bnox . Bnox . i
[mopigosmmeraa 1 mopigoMmenaa 2| EOBioMIEERA 3 oMTeHHA 4

Puc. 4.23. Ilennennsm 6nokiB mmdpy" (L{BILI-omepariis)

6. Po3giiibHa 30aTHICTH O JAJBHOCTI i IIBUAKOCTI

Po3pi3uutu curHamu 0araThOX MiJCH MOXKHA MO MapaMeTpax 3X0-
curHaiiB. Po3jijbHA 37aTHICTh BKJIFOYAE MOHATTS PO pPO3AUICHHS. Bona
03HAYa€ 37aTHICTh BHU3HAYATH, YM € OJHA a00 OULIBII 3a Ml B MOJI 30pY
PJIC. PosrisiHeMO Ty, 1[0 OKPEMO BHPIIy€e 3[AaTHOCTI MO AaIbHOCTI (d4acy
3aTPUMKH) 1 32 IIBUIKICTIO (JIOIJIEPOBCHKOMY 3CYBY YaCTOTH).

Posoinbna 30amuicme no danvrocmi. JlOomycTUMO, NPUHMAIOTHCS
JIBA CUTHAJIH, BITOWTHX Bif IICH, IO 3HAXOJATHCS HA OJHOMY HAIpsMi,
ajie Ha Pi3HUX JAIBHOCTSX. 3aTPUMKHU curHamiB u(t) i u(t-d) Biapi3HAOTECS
OJMH BiA oxHOro Ha BeiuuuHy d. Jlyisl IPOCTOTH BBa)KAEMO, IO EHEPTist
CHTHAJIIB OIHAKOBA i piBHA 1il. HeoOXiHO OLIHNTH, MPH SKUX 3HAYECHHsX
iX MOXXHa pO3JAUIBHO crocTepiratd. Y MeToJi pO3pI3HIOBAaHOCTI JBOX
CHTHAJIB, 3alpoONOHOBAaHUM ByIBOpIOM, BU3HAYAETHCS CEPEIHIN KBaapar
Bigxmrenns u(t) i u(t-d):

A (7) = %Iu(t) u(t— o)t @)
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PLEUA smtimnssprcass [
Micns  oGuncrens: A2 () = 2[1— R(r )], Je  HOpMOBaHa
aBToKopensuiiina Qynkuis pisna: R(z) = % J.u(t)u(t —7)dt.

TakuM YHHOM, MipOIO PO3IUTHHOI 3MAaTHOCTI CHUTHANIB B Haci €
aBTOKOpeJsMiiHa GyHKIisA curHany. J{is Toro, mo0 BiMiHHICTh CHTHAJIB
OyJa BeNMKOI0, MOTPiOHO GopMy curHaiy u(t) Bubuparu takuid, mood [R(¢)|
OyJ10 sikoMoOTa OJIVKYE 10 HyJNS YCIO/IU, 32 BUHATKOM OKOJHIi Touku (=0.
Po3ninbHa 37aTHICT 32 YaCOM THUM BHIIE, YMM MEHIIE TPUBAIICTh BIATYKY
C®. [Ipu BUSBICHHI CUTHANY 3 BHUIAJIKOBOIO IMOYATKOBOI (ha30r0 ii BILTUB
Ha Biaryk C® BUKIIIOYAIOTH 32 JIOIOMOTOIO JIETEKTOPa, BKIIIOYEHOTO ITiCIIs
¢biTpTpYy.

Skmo MeTa mepeMilaeTbcsA, TO PO3AUIHPHA 3MATHICTH IO
IAIBHOCTI 3T1THO:

AR=cr /2. (4.2)

Posdinbna 30amuicme 3a weudkicmro. Ilpn pyci MeTH wacrora
BigOuToro Big Hei CHUTHaNYy  BiAPI3HATHUMETHCS HAa  BEITHYUHY
JIOTLIEPOBCHKOTO 3CYBY.

HomycTtumo, HpUilMaeTbCsl ABa CUTHANIH, CHEKTp oiuH ( (a))

L]
CIEKTp  IHIIOTO g(a)—Q). Jyiss  po3pi3HeHHsS JBOX IfiieH, M0

3HAXOIATHCS HA OMHIM JaNbHOCTI i OMHOMY HampsiMi, aie, 0 MaloTh Pi3Hi
pamianbHI MIBHIKOCTI PyXy, IO CTAaHOBIATh, MOXHA Y3iITH, K 1y
MOTIepeTHhOMY BHIIAJIKY, IHTETpall Bl KBaJpaTa Pi3HUII CHEKTPIB SK Mipa
PO3IUTBHOT 31aTHOCTI IO YacTOTi:

1 7 ., .
A2 =2 1—ﬁjg () g(z —Q)dw |. (4.3)

2 . . . .
Bemmuuny A, Heo6XimHO MakcHMizyBaTH s BCiX ampiopHHX
3HaveHb J{OmIepiBCbKHUX 3CYBIiB, BUKIIIOUAIOUN 00J1aCTh, 0J113bKY 0 ® = 0.

Hosnaunmo: R(Q) = —— jg () g(a) Q)dw - ue Bupas
KOMIUTEKCHOI ()YHKIIiT 4aCTOTHOT Kopessii. Mo)XHa BU3HAYNTH MOCTIHHUI

JO3BiT . (iHTepBas HeBH3HaueHOcTi) Mo JloruiepiBChbKiii 4YacToTi sK
€KBIBaJICHTHY IINPHUHY (DYHKIIIT:
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o0
. 2
Q, = j IR(Q)I%dQ. (4.4)
TTocTiiiHa 103BOIM 3a MIBUAKICTIO BU3HAYACTHCS CIIIBBIAHOIICHHIM:

AV, =cQ, [ 2w,. (4.5)
Knacu 30n0yrouux cuznanie

Bci icHy104i BUAM CHrHAIIB MOKHA PO3JUTUTH Ha IPOCTI Ta CKIIaHi.
[IpocTumu curHaaMy Ha3UBATUMEMO CHUTHAIIM, JUIS SIKMX TBIP e()eKTHBHOT
tpuBasiocTi T curHany Ha eeKTUBHY MIMPUHY ciekTpy F piBHuMI opnHMULi:
FT=1.

Jo npocmux cuenanié BITHOCSITBCA ONWHOYHI PaTioOiMITyJbCH 3
OTHHAIOYMMH, OIINCYBaHIMH NPOCTUMH (YHKIIISIMU dacy i YaCTOTH.

Cxnaonuii cuenan MOXHA OTPHMATH 3 IPOCTOTO IMITYJIBCHOTO
CHTHAJTy [UIIXOM JOJATKOBOi BHYTPIIIHBbOIMITYyJIbCcHOI Momyimsimii BY
KOJINBaHb TO 4acToTi abo ¢aszi. Toxi mpu Till e TPUBAIOCTI MPOCTOTO
CUTHAly BUXOJUTb INUPIIMM  CHEKTp 3a PaxyHOK JOJATKOBOL
BHYTPIIIHBOIMITYJILCHOT MOZAYJISILIT, 1 TBIp TPUBAJIOCTI CUTHATY Ha MIMPUHY
cnektpy Oyme ©Oarato  Outemie  oaumHuui. CkiuagHuid  CHUTHAI
XapaKTePU3Y€EThCS CITIBBIHOIICHHIM F T >> 1. CknanHi CHUTHAIH
OIUCYIOTHCS CKIIaJHUMH (DYHKLISIMH 4acy 1 YaCTOTH.

Cmucnenns ckniaono20 CUZHATLY 34 YACOM § YACMOM 010

s ontuMansHO! OOpOOKM CHTHAy B BHSBISIYaX 3aCTOCOBYIOTBH
abo kopemstopu, abo y3romkeHi ¢imsTpu. Kopemstop € ¢impTpom i3
3MIHHUMH TapaMeTpaMmHd, #oro Ha3MBalOTh aKTHBHUM  (UIBTpOM.
Y3romkenuii GUIBTP Mae MOCTIiiHI MapaMeTpH 1 HOro Ha3MBaKOTh [TACHBHUM
¢inbTpoM. MakcuManbHe 3Ha4YeHHs BIArykiB - kopensitopa 1 CD
NPOMOPIIHHO  eHeprii  BXiTHOro curHany, mnpore ¢opma BiAryKiB
kopessropa i CP Ha CKIaIHUI CUTHAN pi3HA.

Binryk C® uepe3 ceKkTp BXiJHOTO CHTHAIY:

) . 2
Z(M) = f|g(@)| o9 jlot-7)do. (4.6)
3 1mporo BHpa3y BUAHO, MO (Ha30BU CIEKTP CHUTHAIY
KOMIICHCY€ThCSI 3BOPOTHOIO (ha30Bor0 XapakrepucTukoro CO. B pesynprari
TpI/IBaJIiCTI) BiI[I‘YKy BU3HAYA€THCA CHEPICTUIHUM CIHCKTPOM CHUTIHAITY
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L]
0(w)|. Yum wmmpme eHepreTHuHHEl CIEKTP BXiAHOTO CHTHATY, THM

koporie Biaryk C®. B pesynbraTi TpuBajicTh currany Ha Buxoai CO
piBHa:

7, =1/F. (4.7)
Taip :
Fr, =1 (4.8)

KoedimieHT CcTHCHEHHS CKIagHOTO CHTHAldy II0 TPHUBAJIOCTI
BU3HAYAETHCS BIIHOICHHSIM:!

Tlt,=FT. (4.9)

Bennuuny FT HazuBaioTh 6a3010 curiaixy. TakuM YHHOM, CUTHAM 110
TPUBAJIOCT] CTHCKAETHCS Ha BEIMYMHY, PIBHY 0a3i curHaiy.

PosrissHeMo BiATyK KopeJsiTopa Ha CKIQAHUA curHan. Jlns
00pOOKHM TaKOro CHUTHAIYy KOPEISITOPOM HEOOXITHO Ha MEPEMHOXKHTENb
NOAATH CHHXPOHHO 1 cuH(pa3Hy KO0 CUTHaly. TuUM caMuM
BHYTPIIIHBOIMITYJIbCHa ~MOJAYJIALIS 3HIMA€ThCS, 1 CIEKTP MOBHICTIO

L]
BHU3HAYaTUMCTBCA TaKOK, IO TUILKM OIMHA€ CHIHAI A(t)HKHIO

TPUBAIIICTh BXiIHOTrO curHany T, TO LIMpPHHA CIIEKTPY, IO OTMHAE BiJTyK
kopenstopa 1/T. TakuM dYMHOM, KOPEISATOP IPOBOAWTH CTHCHEHHS IO
CIIEKTpY.

VY Tiif ke Mipi, B SAKii CTHCHEHHS IO TPUBAIOCTI IIiJBHUIIYE
PO3IiNbHY 3[aTHICTH IO JaJbHOCTI, CTUCHEHHS IO CIEKTPY IIiJBHIILYE
pPO3IUTBHY  3HATHICTH 32  MIBHIKICTIO. 3aCTOCOBYIOYH  3MIITaHUH
KOpeIAiiHO-QINBTPOBUH MeTOA OOpOOKH CKJIaIHOTO CHTHAITY, MOXHA
MPOBOJUTH CTHCHEHHS CKJIAJHOTO CHUTHAJIY MO TPUBAJOCTI 1 yactoTi. Lle
BJIACTHBICTh CKJIQJIHUX CUTHAJIIB NMPHUBEPHYJA (axiBI{iB THM, LI0 3’SIBUIIACS
MOXJIMBICTh 30UIBLINTH E€HEPril0 CUIHAJTYy HE 3a PaXyHOK IiJIBUILEHHS
IMIYJIBCHOI MOTYXKHOCTI, a 32 PaxyHOK 301TBIICHHS TPUBAJIOCTI CHUTHAIIB,
HE TIOTIpIIyIOYM TpPH [OMY PO3AUIBHOI 3JaTHOCTI MO JaJbHOCTI.
30iTbIICHHS  €Heprii CHrHajy IIUIIXOM — HiABHINCHHS  IMITyJIBCHOL
HOTY)KHOCTI ~ 30HIYIOYOTO CHTHATy OOMEXKYEThCS  EHEPro3JaTHICTIO
CJICKTPOHHHMX TIPWIAJNiB 1 €JIEKTPUYHOI0 MIIHICTIO aHTEHHO-(iIepHUX
TPAKTIB.

[Hmoro  mpuymHOlO, 1O AKIH  CKIagHI  CUTHAIM  HOYaln
BUKOPHCTOBYBATHCS, € IIJBUIIEHHS IIEPEIIKOJIOCTIHKOCTI pajiocucTeM
010 JESKUX KJIACiB MEPEIIKO/I.
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Cknaoni cuznanu 3 AiHilHO-4ACMOMHOI0 MOOYIAUICIO

YacToTa TaKOro CHTrHally, IO HecCe, 3MIHIOETECI B MeEKax
TpuBasiocTi iMnynbey T niHiHO i3 mBuHaKicTIo /. MutTeBe 3Ha4eHHS
YaCTOTH CHTHAITy BU3HAYA€THCS BUPA3OM:

o) =w, + A_I_—a)t npu t| < %, (4.10)

ae ;0 — cepesHs yacToTa CUTHATY.
®aza curnaiy € iHTerpal Biji 3MiHH YacTOTH:

.
Aw

t) = |w(t)dt = 0.t + —1t° + C. 4.11

(1) !wo ot + (4.11)

HoxmaBmm U = 0, mpu t = 0 orpumaemo & = 0. Tomi mMuTTEBA
HaIpyra CUTHaITy.

u(t):Acos(coot+A_|_—wt2) npH t|ST§ : (4.12)

Crnektp ckmaaHoro curdany JIUM 3HaiizeMo 3a J0OIOMOTOIO
nepersopeHHs Oypeoe:

9(w) = Tu(t) exp (= jat)dlt. 4.13)

[Micns mepeTBOPeHP OTPUMAEMO AMILTITYIHHUHE i (pa3oBUil criekTpu
orunaroyoi JIYM curnany:

émﬂ=Kkao+cw»F+Bwo+sw»F, @19
oY S(y)+S(y,)
o(w) =—7D o + arctg CO+Cy,) (4.15)

- C(y) = [cos Zx? o, S(y) = [sin] Zx
ne FT =D (y)_.([cosEx X, (y)_.([sm Ex X.

Awmmnitynauii 1 ¢aszosuit ciektpu JIUYM curnamy OyayTh e
3MillIeH] Ha YacTOTy o — YacTOTy CUTHally, 0 Hece. s HUX MOXKHa
3aIucaTH:

Mpoexr IPBU.03.01.00-06-386/11-00 MI-HTY TpaHckopaoHHuii 0mik aocaiaom Mporpanit o n Binop paina 20072013
33 KowTH € i Coloay & panax Eaponei Cyciactea a MNaptHepcTea

Kepienuk npoekty: Napep npoexty:
NioBsiiHceKa MosiiTextika Tkl HAUOHANLHITT TeXHINHIiT yHiBepCHTET
8yn. HagBuctumya 4A, kabiver 1001 Byn.Nbsiscska, 75, kabiker 12
20-501 Tio6riik, Monbya Nyuex 43018, Yepaina
Ten. +48 81538 4112, +48 81538 4579; dhakc +48 81 538 4220 Ten. +380 332 746 118; chaxc +380 332 746 103
e-mail: PLLNTU@pollub.pl e-mail: pintu.cbc@gmail.com

109




PL-BY-UA ChiachiHaHCOBAHO 32 PaXYHOK KOWTiB
507-2013 €aponeiicsoro Coloay

9(@)| = K\[C(y,) + C(v,)F +[S(y:) +S(y,)T (4.16)
 (o—eY S(y,)+S(Y,)
o(w) =-7D v + arctg —C(y1)+C(y2)' (4.17)

Ipu Benmmkux D aMIutiTyHAl CrieKTp B Mexax cMyru Bix ©0-Im/2
0 Gotdd/2 crae GinbIT PIBHOMIPHAM i Ha MeXaxX CMYTH Pi3KO clanae,
ockimekn S(y) IpW BeMMKHX y mparHyTh Ao 3HadeHHs 0,5. Tomy mpu
BENMKHUX 3HaueHHAX D cmekTp ckiagHoro curHamy JIUM OGnuspkuit no
HPSMOKYTHOTO.

Kopensuiiina ¢pynkuis JIUM curnany piBHa:

sin[aD(x/T +Q/ Aw)L|/T]
(e /T +Q/ Aw)(L—|| /T

KBagpar monynss kopemsiniiHoi ¢dynkuii  |[R|2 orunae Oyne
¢byukiieto HeBuzHauenocti JIUM curnany (man. 4.24):

R(z,Q)=(1- z’|/T)>< exp jQr. (4.18)

| R (7, 0) |?

7 o

Xz
5 7

hl'\

Puc. 4.24. ®ynxuis HeBuzHadeHocti JITUM curramy

Maxkcumym miei ¢yHnknii o0yze npu F = 0 1 R = 0. Tpusanicts
KopesiiiHoi ynkuii BusHauatumertscst 2T, ockineku |R(F [=0 npu |F|=T.
VYcepennni intepBany Big F = -T mo F = T xopemsmiiiHa ¢GyHKIIS
KOMIUIEKCHOIO OTHHae Oyne Tiif, mo xonmBae. Hymi 1 Mmakcumymu ii OynyTh
Bu3HauaThCs (QyHKIiero SiN x/x. Ilepmmii Hymb BH3HAYATHMETHCS
sHadenusM F = 1/F a6o 2R/D. lllupuHa rooBHOI MEMOCTKH KOPENAIIHHOT
¢yHKII, 0 KOMIUIEKCHOIO OTHHA€ 10 HYJIbOBHX 3HAUeHHSIX Oyzae piBHa
2F=4R.

Jns cxnagnoro curnanmy JIUM 3 BemukuM D mepernn ¢yHKuii
HeBH3HaueHocTi 1o oci I Gum3bko 1o mpsiMokyTHOI (hopmu, a mo oci F
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BU3HAYAEThCs PyHKILE0 SiN X/X.

Cxnaoni pazomaninynayinni cuznanu

@azomaninynaysiunum cuenanom (OM) Ha3UBarOTh TOCIIIOBHICTh
pamioiMITyNbCiB TpUBANICTIO (e OxHaKOBOI (opMH, HACTYHHHX OAWH 3a
OIHUM 3 iHTepBaJoM (e i Mo Bimpi3HAIOTECA (aszamu BY KommBaHb.
AMIUTITY Y IMITyJTBCIB YacTillle OAHAKOBI, ajle MOXKYTh OYTH 1 Pi3HUMHU.

®aza cnextpy ®M curnany:
N L]
> a,sin[k -Dar,]
y(w) = arctg 21— (4.19)

> a, cos[(k —Dar, |

k=1

CumMBonu @, MOXyTh OyTH 3Hal/eHi 3 BUpa3y:
. 15 .
a, =~ [H(@)ex j[k-Dor,] (4.20)
2r *.

CHeKTp KOMIUIEKCHOIO OTHMHA€ B 3araJlbHOMY BI/IFJ’ISI}Ii 3alUCYETHCA
Tak:

G(w-Q) = é(a)—Q)ia.k o - (k-Dw-Q)r,] @2y

KopemnsmiitHa ¢yHKIis, M0 KOMIUIEKCHOW ormHae @M curHamy
BH3HAYa€ CHEPTII0 OJMHUYIHOTO iMITyIbCy. Kopensiiitna ¢pyHKIis curHaTy
3 TI€I0, 10 MPSIMOKYTHOIO OTHHAE ONUCYETHCS QYHKIIIEO:

sin0,5Q7, (1-|/z,
05Q7, (1|7 /7,

(7, Q) = (L-|d/7, )x op j[05Q(c, +7)]  (4.22)

MaxkcumansHe 3Hagenss [ (0,0) =1.

O06nacTh cUIIBHOI KOpEJALii 1o OCi yacy piBHO Te, a 1O 0Ci 4acTOT
21/d. Toni kopensuiiHa (yHKLIs, 10 KOMIUIEKCHOK oruHae ®M curnany:

. * [

iiak a, e j[(n-1)Qz, [xr[r(n-k)Qz,] (4.23)
k=1 n=1

R(z,,Q) =

Z||—\

MaxkcumainbHl 3HaYCHHS Rnkmax Imo oC1 X CIAOyoTb 4Yepe3

inTepBanu (e i yTBOPIOIOTH rpaTyacty QYyHKILIO.
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et i el |
L]
Metoauka OOUMCICHHS Rnk Moxe OyTH 3BefleHa 10 CKJIAJaHHI
[ *
KBaJpaTHOI MaTpuLl, enemMeHTH skoi pieHi TBopy @, A, . Cyma enemeHTiB

TOJIOBHOI [iaroHajli Jae 3HA4YCHHS MaKCHMyMy TOJIOBHOI MEIIOCTKH
KOpEJISIIHHOT (QYHKIIT.

KonTpoabHi 3anuTanHs

1. B yomy mossiraroTh OCHOBHI XapaKTEpUCTUKHU KOJyBaHH: KaHay?
2. Sk BinOyBaroThCA KOAYBaHHS 31 3CYBHIUMH PEricTpoM?

3. B womy ocobnuBicTh Tabmuti Bixxenepa?

4. Ha3BiTb Ta 0XapaKTepH3yHTe KIacH 30HIYI0UYNX CUTHAIB.

5. o Take (a3omaHimynipoBaHi CUTHATIH?

TEMA 5. OCHOBHI IIPUHLIUIIN ITOBY 10BU
CHUCTEM PAIIOJIOKALIA

1. Pajiosiokanisi, 3aBJIaHHSI, 3aCTOCYBaHHS Ta OCHOBHi
XapaKTePUCTUKH

Paoionokayicto  Ha3zuBaeThCs  00NACTH  PATIOTEXHIKH, IO
BHKOPHUCTOBYE SIBHIIA BiJI3epKaICHHS i BHITPOMIHIOBAaHHS
€JIeKTPOMATHITHUX XBWJIb PI3HAMH 00’ €KTaMH [ BHSABICHHA 1
BAMIPIOBaHHS KOOpPAWHAT IMX 00’ekTiB. PamioTexHi4HI MPHCTPO],
MIpU3HAYCHI JJIs BUPIIICHHS BKA3aHUX 3aBIaHb, HA3UBAIOTHCS CTAHIISIMHU
pamionokartiit (PJIC).

3a  pjomoMoror  3aco0iB  pajiofiOKaliii  BUPIIIYIOTHCS
HaWpi3HOMAHITHIIII 3aBAaHHs Hapiramii, yHpaBJiHHA IOJLOTOM 1
MIOCAKOI0 JITATbHUX amapaTiB, MPOBOJKOIO KOPaOJIiB, MPOTHO3YBaHHS
IOTOM, TIEPEXOIUIEHHS 00’€KTiB CYNPOTHMBHHUKA 1 MPHUIIUIIOBAHHSA MpHU
cTpimstHMHI  mo  HEM.  llpmcTpoi  pamionokariii  MMOYMHAIOTH
BUKOPUCTOBYBATHCS  NPH  JOCHIJDKEHHI  BIACTUBOCTEH  00’€KTIB
CIIOCTepE)KCHHS, JUIAI BU3HAYCHHS 1X (DI3UYHUX 1 KIHEMAaTHYHUX
XapaKTepUCTHK.
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A 4

Puc. 5.1. Cucrema KoOpIMHAT, NPUHHATA B pa1ioJOKaIil

IIpu  BupimieHHi  pi3HUX  3aBAaHb  CTaHIIi  paioJOKaIlii
3a0e3MeuyroTh:

- BUABICHHS 00’ €KTIB;

- BU3HAYCHHS iX JeprKaBHOT MPUHAJIKHOCTI (Mi3HAHHSN);

- BHUMIpPIOBaHHS KOOpPAWHAT OO0’€KTIB 1 BH3HAYEHHSI iX

TIOJIOXKEHHS;
- BU3HAUCHHS [apaMeTpiB pyxy OO’€KTiB, BHWSBICHHSA iX
TPAEKTOPIiH 1 IPOTHO3 TX MOJANBIINX MTOJIOKEHb;

- BU3HAUCHHS IEAKNX (DI3SMYHMX BIACTHBOCTEH 1 XapaKTEPUCTHK

00’€KTIB.

BuMiproBaHHS ~KOOpJAMHAT O00’€KTiB 3acobamMu  pajiooKarlii
3nilicHIoEThCs 200 B cepuuHiii, a0 B HMITIHAPOBIN cucTeMax. 3a LEHTp
cuctemu Oeperses Mictie po3tamysans PJIC (kpamnka IIpo Ha puc.5.1).

CdepuyrnMu KoopAMHATaMU 00’ €KTy CIIOCTepeKeHHs (Touka M Ha
puc. 5.1) OyayTs:

D — paniyc — BexTOp (IaJIbHICTB);

(a3 — JIOBrOTA (A3UMYT),

oposym — KYT MICIIsL, TOTTOBHIOIOUNH NOJSIpHY BincTadb O 10 900 (posym
=900 - 0).

Y  muniHApPOBIH CHUCTEMi IOJIOKEHHA 00’ €KTYy BH3HAYAETHCS
artikatoro z (Bucota H) i momapHMMH KoopAwHAaTaMH p (TOPH30HTaJIbHA
JanbHIcTh D) mpoekuii Touku M Ha IUIONMHY XoY.

OO0’ekTOM cIIOCTEpeXEeHHs pajiionokanii ado, SK JacTilie roBOpsTh,
METOI0 MOXe OyTH Oynb-sKe Tijio abo rpyma Til 3 eNeKTpHYHHMH abo
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MArHITHUMH BJIaCTUBOCTSIMH, BiIMIHHUMU BiJl BJaCTUBOCTEH CEpEIOBHINA,
B SIKOMY PO3MOBCIO/IKYIOTHCS PAIIOXBHIII; METOIO MOXE OyTH TaKOX 1 TiJO,
[0 XapaKTePU3YEThCS BJIACHUM BUIIPOMIHIOBAHHSIM paaioXBwib. L{imsmu
pajioyioKariii € JiTak, KopaOeib, IOJWHA, TPO30Ba XMapa, AUITHKA
MTOBEPXHI 3eMIIi, CTICHialbHUH paiioMasK i TOMY MOiOHe.

2. dDizuuyHi OCHOBH BHABJEHHA el i BHU3HAYEeHHHA iX
KOOPAMHAT i MBHIKOCTI

I[Ipu cmocrepekeHHi  pamionokamii  iHpopMamis Tpo  mim
MIEPEHOCUTHCS CHUTHAIAMHU  pafgionokariii. CHTHamaMu — paaiosioKarmii
Ha3MBaIOThCS EJCKTPOMArHITHI KOJMBAaHHS, IapaMeTpu SKUX II€BHUM
YHHOM II0B’s13aHi 3 METOIO.

Bimomo nekinbka mMemoois OmpumMaHHs CUeHAE padiooKayii:

1. MeToa aKTHBHOI pajaioyioKamii € HaiOLIbII MONIUPEHUM 1
3aCHOBaHMI Ha OINPOMIHIOBAaHHI METH €JIEKTPOMArHiTHOIO EHEprier i
npuifomi  BigOWUTHX (PO3CISIHMX) METOI paliOXBWIb HPUIMaIbHUM
npuctpoem PJIC.

2. MeTon akTHBHOI BIATIOBiAI — TMPH IFOMY IIPH ONMPOMIHIOBaHHI
METH ENCKTPOMArHiTHOIO EHEPTI€I0 CIIPAllbOBYE BCTAHOBJIECHWH Ha MeTi
peTpaHcuATop (BiAMOBINAY), SIKUI TOCHIIAE IIUIKOM TIEBHI paJiOCUTHAIN; IIi
CUTHaNU npuiiMarotecs npuiimauem PJIC.

3. Merton macuBHOI pajiojioKalii mHoysrae B NPUHOMI CHUTHAIIIB
BJIACHOTO Pa/IiOBHIIPOMIHIOBAHHS 1iijiel (palioTeruioBe BUIIPOMIHIOBAHHS
TiJI, BUITPOMIHIOBaHHS BJIACHUX PaliOTEXHIYHUX MPUCTPOIB 1 iH.).

BusiBneHHs 1iie# nossirae y ¢ikcarii THX, 1[0 MOCTYNAIOTh HA BXIiJ
npuiiManeHoro npuctporo PJIC curnaiis pamionokarii.

BumiproBanHsi KOOpIMHAT BHSIBIEHMX LJIell 3acHOBaHE Ha
BU3HAYCHHI 3HAYEHb IIapaMeTPiB CHTHAJTIB paJioNOKaIliif, IO HeCyTh
iHpopMaito mpo mi mit. [Ipyu oMy BUKOPHUCTOBYIOTHCS HACTYIIHI Qi3uuHi
81ACMUBOCMI PAOIOXBUTD.

- IOBUAKICTH PO3MOBCIOJDKEHHS PAliOXBWIIb Y BIIBHOMY IPOCTOPI
(c) mae KkiHIEBE 1 TPUOTU3HO MOCTIiHE 3HAYCHHS;

- TpaexkTopii PpO3MOBCIO/PKEHHS paJiOXBHIb MOXHA BBaXaTH
IPSIMUMH JIHISIMH;

- YacToTa eJEeKTPOMArHiTHUX KOJIMBaHb, [0 MNPUIMAIOTHCS,
BiJIPI3HSAETHCS BiJl YACTOTH KOJWBaHb, 1[0 BUMPOMIHIOIOTh, B TOMY
BUMIAJIKy, SKII0O MeTa mepeMimaerscst BigHocHO PJIC (edext

Jomnepa).

Yac posmnoBcropkeHHs pagioxeuib Bin PJIC no metu i Hazan tD:
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2D
tp =—. (5.1)
c
Toni manpHICTH METH IO METOAY aKTHBHOI paIioJIOKAIlii:
ct
D=-b, (5.2)
2
3a3Buuaii BenmmunHy tD Ha3mBarOTH YacoM 3ami3HIOBAaHHA BiIOUTOTO
CHUTHAIY.
PaniampHa cki1amoBa MIBHIKOCTI PyXy METH:
F,c
_ A
p = 2f (5.3)
usn
2V, 2V, .
ae F 7= fLm = — JIOIUICPIBCBKUHA 3CYB YacTOTH
c A
BiZIOUTHX BiJ LJIeH CUTHATIB pajioyioKalliii;
Vp — 3acHOBaHO Ha BHKOpHCTaHHI edekry Jlorurepa, SKHiA
BUSBIISIETHCS (B,
Vp
f,,=f,,0LE—"). (5.4)
C
Toni,
Vp
np ~ .I:um(:l'i 2?) ) (55)

[puitmaemo, 110 £ =<1,
C

3uak “+” Bignosimae 30mmwkennto PJIC 1 mimi, 3HaK
BU/IAJICHHIO.

[73R1)

X

Hanvuicms 0il'y sinenomy npocmopi

Hanvuicmio 0ii  cmanyii padionoxayii HA3UBAETHCS HaWOUIBIIA
BiJICTAaHb MIX CTAHIII€IO i METOIO, Ha SKOMY BHSBICHHS METH MPOBOTUTHCS
i3 3aJJaHOYO BIPOTiAHICTIO PABMIIEHOTO BUSBJICHHS 1 IOMIJIKOBOI TPUBOTH.

HampHicTe Oii 3aJ€XUTh BiA TEXHIYHMX IapameTpiB CTaHIII,
XapaKTePUCTHUK METH, YMOB PO3MOBCIOJDKEHHS PaJliOXBHIb, HASBHOCTI 1
PiBHS pI3HOTO POAY MEPEIIKOM i PALY iHIIUX YHHHHUKIB, OUTBIIICTD 3 SKHX
3MIHIOETBCS B Yaci BUMAJKOBUM YHHOM. 1X KUTBKICHI 3HAUeHHS, HEOOXiIHi
JUISS  PO3PaxXyHKY JHaJbHOCTi, MOXYTh BH3HAUaTHUCS JHIIE 3 SKOIOCH
BIPOTIAHICTIO, IO BW3HAYa€ y pe3ynbTaTi 1 BipOTiAHICTE HaOYyTOTrO

Mpoexr IPBU.03.01.00-06-386/11-00 MI-HTY TpaHckopaoHHuii 0mik aocaiaom Mporpanit o n Binop paina 20072013
33 KowTH € i Coloay & panax Eaponei Cyciactea a MNaptHepcTea

Kepienuk npoekty: Napep npoexty:

TNioBincsKa MoniTexHika TlyusKnil HayjoHansHIi TexHidHIi yHiBepCHTET
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PL-BY-UA Chischinancosano 3a paxyHoK KowTis -

€aponeiiceoro Colozy

3HaueHHs panbHocTi nii. I'padix Ha puc. 5.2 umocTpye XapaxTep

3aJ€KHOCTI BIJHOCHOI 3MIHM [JAJIIBHOCTI BUSBJIEHHS BiJ 3HAYEHHSA
BipOTiZHOCTI mpaBWiIbHOTO BusBIeHHS W, TpH 33haHIi MOMMIKOBIH
TpuBo3i W.

Posrnsaemo nmanpHicTs aii PJIC 6e3 ypaxyBaHHS BIUIMBY 3€MHOI
MOBEPXHI 1 aTMocdeprn Ha pPO3MOBCIOPKEHHS panioxBuib, Too6To PJIC i
MeTa 3HaXOMITHCS B «BITBHOMY» IIPOCTOPI.

Who

Puc. 5.2. 3anexHicTh BIIHOCHOT 3MIHH JAJLHOCTI BUABJIEHHS Bill
3HAYCHHS BIPOTiTHOCTI MPABHILHOTO BHUSBICHHS

I[Ipy  ompoMiHIOBaHHI TOTOKOM  EJIEKTPOMArHiTHOI  eHeprii
ONMHOYHOI METH, IO 3HAXOMUTHCA Yy BIILHOMY MPOCTOPI, HEBEIHKA
YacTHHA PO3CIIOBAHOIO METOI0 €Heprii ImpsAMye y OiK MpuiManbHO! aHTEHU
PJIC. 3a3Buuaii mpuiimManbHa aHTEHAa PO3TALIOBYETHCS B OJHOMY ITYHKTI 3
nepenaBanbHOIO 200 (mpu  IMIynbcHIH  poOOTI) € OgHOYacHO i
repelaBaibHOI0.

Sxmo mepenmaBanbHuii  mpuctpiit  PJIC  Bupobnse  enepriio
BHIIPOMIHIOBAHHS, MaKCHMallbHe 3HAYCHHS Koe(illieHTa TOCIICHHS
nepeaBaibHOl aHTCHU MO0 MOTYXKHOCTI piBHe GompJ i MeTa 3HAXOIUTHCS
Ha BimcTani D Bim craHmii pamioyiokarii, TO IIUTBHICTh MMOTOKY €HEPTii y
METH:

Mpoexr [PBU.03.01.00-06-386/11-00 [1-HTY TpackopaokHiii oBmik Aocaiaom Mporpanit o n Binop paika 20072013
3a kowTn Esponeit Coloay & pankax €8poneiicekoro IncTpymenTy CyciacTea Ta MaptHepcTsa
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PL-BY-UA Crischinacosano 3a paxyHoK KowTia B

€aponeiicskoro Coiozy

D = Eeunp G (5 6)
] 47ZD2 onnp’ '

ne 4nD2 — moBepxus cdepu pagiycom D.

Aéé‘l’é =Bl Ta, (56.7)
Puunp — TOTYXHICTH BUIIPOMiHIOBAaHHS;
T. — 4yac Oe3lepepBHOTO ONMPOMIHIOBAHHS METH (IPH IMITYIIBCHIH
po0OTi — TPHUBAJIICTH OJHOTO IMITYJIBCY).
Kinpkicte eHeprii, NepeBHIIPOMIHIOBAaHE METOI0, BHU3HAYAETHCA
CepeIHIM 3HAYCeHHSIM e(DeKTUBHOT IUIOIII, 110 BioOpaxae:

Eu3,1G0npdsadu[10 (5 8)
- .
47D

LiTpHICTE MOTOKY €HEpril Y mIpUiiMaIbHOT aHTCHH

E E GOnpdSe([zO

Eu = pusa.'[)(])o =

y eunp

4D’ 1622D°

Enepris curHamy panionokamii, IO TMOCTyrae 3 aHTCHH B
Y3TODKEHUH 3 HEI0 IpUiiMad, piBHA:

P, = (5.9)

G ins SannS.
Ac = Pisi Saizi = Bean 12? [;(:10 = ' (5.10)

ae Sampw — €(EKTHBHA IUIOMIA NMPUHMAIbHOI AHTEHH, ITOB’s3aHa 3
TEOMETPUYHOIO TUIOIICIO BUSBIICHHS aHTCHH CITIBBITHOIICHHSIM

=(0,5+0,7)S

anpu pnpm” (511)

Ha wMakcuManpHIA JadbHOCTI BHUSBJICHHS EHEpPrii CHTHANIY, IO
NpUiMaeThCsi, piBHA TMOPOrOBOMY 3HAYEHHIO, TOOTO  MiHIMaJbHO
HeOOXiAHOMY ISl BUSIBJIICHHS 13 3a7aH0I0 BiporigHicTio W, 1 W.

BennyrHa moporoBoro 3Ha4eHHsI €HEPTii BU3HAYAETHCS YYTIUBICTIO
npuiiMada PJIC Eipy wun. TaKUM 9HHOM, A1 MaKCHMAJIBHOTO 3HAYCHHS
JAIBHOCTI Dyaxe MAEMO:

EC = Enp,mrun = kpNO = kpkkaO ) (512)
Enpmmn
kp = N f(\Nno’ flm) (513)
0

CrexTpanbHa MiIbHICTE MOTYXHOCTI IIyMy IpHiiMaya:

Mpoexr IPBU.03.01.00-06-386/11-00 MI-HTY TpaHckopaoHHuii 0mik aocaiaom Mporpanit o n Binop paina 20072013
33 KowTH € i Coloay & panax Eaponei Cyciactea a MNaptHepcTea
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8yn. HagBucTwinyea 4A, kaGiker 1001 eyn.losiscera, 75, cabinet 12, o3
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uy lyu =y
Ten. +48 81538 4112, +48 81538 4579; dhakc +48 81 538 4220 Ten. +380 332 746 118; caxc +380 332 746 103 >
e-mail: PLLNTU@pollub.pl e-mail: pintu.cbc@gmail.com

117



PL-BY-UA ChiachiHaHCOBAHO 32 PaXYHOK KOWTiB
507-2013 €aponeiicsoro Coloay

N, =L g kT (5.14)
Af
ne Ky — koedimieHT nmrymy npuiimMaya;
Af — mocriiina Bonmsimana, pisaa 1,38-10-23 BT cex/rpan;
To — abGcotoTHA TeMIepaTypa, IpH sIKii BU3HAYAE€ThCS BenuanHa Ky
(3a3Buuaii 2900 o).
OTpuUMaEMO HACTYITHHI BUPa3 JUI1 MAKCHMAIBHOT TAILHOCTI JTii:

E . GoosS i
DW,«, =4 usn 0r12p0 anpm™ 2¢pg0 . (515)
e =T 167K kKT

Le#t Bupaz Moxe OYTH TakoX TPEICTABICHUA B IHIIHX
€KBIBaJICHTHUX BHUJaX, SKIIO BHKOPHCTOBYBATH BIJOMY 3aJEXKHICTH MiX
KOe(iIlieHTOM OCHIICHHS i BUSBJICHHSAM aHTCHU:

47ZSaan (':’Onp,wﬂ’2
GOnpd = T abo Saan = T ' (516)

Baminroroun B (5.17) Gomps i BIAMOBIAHO 10 NPUBEICHUX BHIIE
OpPMYJI, OTPUMAEMO
pMy. p

2
E,.. S SaanS3d,¢,o _ EumG oGOnp/\,zsacM)Oﬂ . (5.17)

D/uaKc 4 2 =4 3
47k k KT 647K K KT

anpd Onp

BukopucTaHHs OJHE 3 TPHOX MPUBEACHUX BHPA3iB JJIs PO3PAXYHKY
Dmaxkc 3anmexuTh Bif 3aJaHuX (BiIOMHX) TapaMeTpiB IepemaBaibHOI i
MpUHMAaITEHOT aHTEH.

Sxmo B PJIC mis BUNPOMIHIOBAHHS 1 MPHHOMY BUKOPHUCTOBYETHCS
oIHA 1 Ta X aHTeHa, To y Gopmyry (5.18) 3amicTb TBOPIB Sa npy Sa npw 1
Gompx GoripM  CITiJ iACTaBUTH BEIHYUHE Sa2 1 Go2 BIATOBIIHO:

Eu3ﬂSa S?d)d)O _ E G Saduﬁoﬂ'

usn

D... =
e 4ﬂk k, KT°A? 647z3k k KT*

(5.18)

Amnanizyroun Bupasu ais Dyace MOKHA 3p0OHUTH HACTYIHI BUBOJH:
1. Janbricts nii PJIC Bu3HAYa€ThCS €HEPTIEI0 BUMIPOMIHIOBAHUX CUTHAIIIB
1 He 3aJIeXUTh BiJ X opmu (TIpH 1HIIHMX 3aJaHUX TMapaMeTpax CTaHIIT).

Mpoext [PBU.03.01.00-06-386/11-00 [-HTY Tpanckopaokkuii o6 Aocsiaom Mporpani o n Bi paika 20072013
3a KowTn € Cotosy & pamkax Esponeiiceoro IHCTpymenty CycicTsa Ta MapTHepcTaa

Kepignuk npoekty: MapThep npoexTy:

TNioGrincska MoniTexkika Nyuekiii HaUOHaNLHIT TeXHINHWi yHiBepCHTET
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2. 30UIbIeHHS €Heprii BUIPOMIHIOBAHHS, TaK CaMO SK 1 IOJINIIEHHS
YyTJIMBOCTI NpuiiMaya (3MEHIIEHHs KIr), He AyXe ICTOTHO BIUIMBAaE Ha
BenU4UHY DyaxC, OCKITIBKH:

E
_usi (5.19)

NPpMMUH

3 momsany ekoHomii crnokuBaHow PJIC eHeprii BurigHime s
30uIbIIeHHsT DMakc mokpailyBaTd YyTJIMBICTH NpuiiMaya (3MEHIIYBaTH
BennuuHy ENpM i), ajle 3 MipKyBaHb MHiJBUILEHHS MEPELIKOI03aXHCHOT
CTaHIIii AOIILHO 30UTbITYBaTH €131

3a3Buuail Ipu KOHCTPYIOBAHHI CTaHINM MParHyTh 30UIBIIMTH SK 32
paxyHOK 301UIbILEHHS YyTIMBOCTI MNpHiMaya, Tak 1 UUIIXOM BHOOpPY
MaKCUMAJIbHO MOYKJIUBOI JUIsl KOHKPETHHX YMOB €HEpTii BUIIPOMIHIOBaHHS.
3. IctoTHE 30iNBIICHHS MATBHOCTI Iii MOXKe OYTH JOCSTHYTE 33 PaxyHOK
30UTPIICHHS PO3MipiB aHTeHW. [IpW BHUKOPWCTaHHI ONHI€] aHTCHH IUISA
BHIIPOMIHIOBAHHS 1 IPUIOMY:

D, =+/Sa =0, (5.20)

ne da. — niamerp pedraexropa (MiHIHHKE po3Mip) aHTEHU.
4. Ilpu 3ajaHUX PO3Mipax aHTeH, TOOTO MPH Sa npy=const 1
Sa npm=const:

D =[—, 521
Makce /1 ( )

TOOTO YKOPOUSHHS XBHWIII ITPH HE3MIHHUX PO3MipaX aHTCH BHUKIIUKAE
301TbIIEHHS Dyiae. L€ TIOSICHIOETBCS THM, 1110 B IbOMY BUIIa Ky 3MEHIICHHS
JI IPUBOJUTH JI0 301IbIICHHS KOS(IIiEHTa TOCHIICHHS aHTEH.

1. Skwmo ¢ikcyBaTu 3HaueHHs G, TO:
D, .=+ (5.22)

Taxa 3aJIeXHICTD 3 SBISETHCS y 3B’SI3KY 3 THM, 11O NP 30UIbIICHHI
JOBXXKHWHHM XBWJI JUIsi 30€pEeKCHHS KOJMIIHIX 3HaueHb KoeQillieHTiB
HOCHUJICHHS aHTEH, HEOOX1JHO 30LIbIUIYBATH Sa npxl Sa npy.

VY PJIC, me po3mipu aHTEH OOMEXYIOTHCS NEBHHUMH rabapuTamu,
JUTS TIABUIICHHS AAJbHOCTI il JMOIJIBHO 3MEHINYBaTH OBXHHY XBUJI.
SIK1I0 X BUMOTH IO PO3MIpiB aHTEH HE € >KOPCTKUMH, MOYKHA ITiIBUIITYBaTH
Duaxe, 301TBITYIOUH JOBXHWHY XBUJI 3 OJHOYACHUM 301JIBIIICHHSIM PO3MIpiB
aHTEHHM Tak, 1100 BemmunHa G,=CoNst.

Mpoexr IPBU.03.01.00-06-386/11-00 MI-HTY TpaHckopaoHHuii 0mik aocaiaom Mporpanit o n Binop paina 20072013
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2. Hemenuka MiHa eeKTHBHIN IUIOIII METH, IO BigoOpa)ae, HE JIyKe
iCTOTHO BIUIMBAIOTh HA BEIMYMHY DMaKc, OCKIJIbKY:

D,ue =4/Soss0 - (5.23)

VY psani BUMAAKIB 3pydHINIE KOPHUCTYBAaTHCA (DOpMyJIaMH, B SKHX
BiTHOIICHHS €Heprii BHUIPOMIHIOBAHHSA 1 MOPOTOBOTO 3HAYEHHS EHEpTii
CUTHAJIy 3aMIHIOETHCSA BITHOIICHHSM BIAMOBIAHUX TMOTYyXHOCTeH. Taka
3aMiHa MO>KJIMBA 32 YMOBH y3TOJKCHHS CMYTH NpOMycKaHHs npuiimaya Dr
3 TPHUBAJICTIO CUTHANY T.. OCKIbKM B 3arajJbHOMy BuUNanky Drf 1=0, TO
BIJHOIIIEHHS:

Eao B Eao Paeis 7 _ Pass & _ Pasio £= Pasis
Ea Kok, KT° Kk KT" K,k KT°Af K,P, ° P,

ionel

& .(5.24)

iotief

ITpn y3romkeHHi cMyru mpomyckaHHs npuiiMada Df 3 TpuBamicTio

o . . . . Ell.?}l —_ Pu3ﬂ
CUTHATY ¢ KoeimieHT 1 i BiIHOIICHHS: =
npMMUH npmvuH

Jnst oTpuMaHHs HeoOXiqHOT BeNmMuuHH KP Ipu BUSABICHHI METH, 11O
3HAXOJUThCS HAa  MaKCUMallbHIH  JanbHOCTI, 3HAYeHHS  EHeprii
BUIIPOMIHIOBAaHHS MepelaBaya BU3HAYA€TbCS TIPH  IHIIUX  3aJaHUX
rapaMmeTpax CTaHIii BUPa3oM:

~ 167%K kKT
usn G

4

S S Make

0npo™~ anpm™ >¢hgh0

(5.25)

Sxmo 3a0e3neunTH OTpUMaHHSI HEOOXiTHOT BETHYUHM 32 9ac Tc O
SKUX-HEOYJb ~ NPUYMHAX  HEMOXJIMBO, TO  IPOBOJATH  JEKUIbKa
OMPOMIHIOBaHb METH 1 HAKOTIMYCHHS BIIOUTHX CUTHAJIIB.

Inoni mepenmaBambHa 1 NpUAMaibHA AHTEHH  BHSBISIOTHCS
PO3HECEHHMMHU HA 3HAYHY BIJCTaHb OJMH Bix OAHOrO. TOxi KUIBKICTH
eHeprii, MepeBUIIPOMIHIOBAHOI0 METOI0 y HampsAMi MpUIIMalbHOI aHTEHH,
piBHa!

— EuxﬂGOnpdsad)(j)O (5 26)
2 ! '
! 4D,

ae Dupy — Binctans Bin PJIC o metn.

3HaveHHs eHeprii BiZOUTOro CUrHaxy Ha BXOJ NpuiiMaya:

Mpoext [PBU.03.01.00-06-386/11-00 [-HTY Tpanckopaokkuii o6 Aocsiaom Mporpani o n Bi paika 20072013
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RSN ol
2
_ Eu:e.r‘tGOnp()G Sar[)r])O/1
c 302 N2
637°D?,,D2,,

npo

Onpm

, (5.27)

ne Dppy — BiicTaHb BiZl METH 10 IPUHMATBHOI aHTCHH.
JI71s TOpOTrOBOro 3HAYEHHS CUTHAITY OTPHMA€EMO:

2
_ EumGOnpdGOHPMSWf"[’O/l . (528)

nprnp,w).waKc - 647[3 E

npMMUH

(D

OcTaHHIH BHpa3 IMOKa3ye, OO0 NPH MaTid BiACTaHI MK METOIO i
MpUHMAJIbHUM TIPUCTPOEM OIPOMIHIOBAHHS METH MOXXE MPOBOJUTHUCS 3
BEJIMKOI BIiZICTaHI, 1 HABIAKH, aje¢ OOOB’SI3KOBO TOBHHHA BHKOHYBATHCS
yMOBa:

(D DW) < (DWD (5.29)

npo np,u),wakc '

Janvnicms 0ii npu akmugeHiil 6i0noeioi

Jlis  BUpILMICHHS JCSIKHUX TAKTHYHUX 3aBJaHb 1 IiJABHIICHHS
TakTHYHUX ModumBocted PJIC (Wanpukian, Juisi  Ti3HaHHS — LiJIeH,
30UTBIICHHS NaJbHOCTI BUSBJICHHS, MiJBHUIICHHS TOYHOCTI BHMipIOBaHHS
KOOpAMHAT 1 Tak Jami) Ha 00’€KTaX, M0 MiUTaloTh CIIOCTEPEIKCHHIO
pamioiokarii, BCTAHOBIIOKOTE BiamnoBifaui (perpancisaropu). [Ipu 3amanamx
napamerpax PJIC (3amutyBava): Egunp 3, Geuss 3 S npu 3, 1 BiAmoBigaya:
Esunp, Gaussy S@ ppw, €HEPrisl 3alMTAIBHOTO CHUTHATY Ha BXOAI NpuiiMada
BiJNOBifaya, mi0 3HaxoauThes Ha Binctani D Bix PJIC, piBHa:

8€i0 —0aeci ~aioilo (5 3 0)
* 47D° '
Mpoekr PBU.03.01.00-06-386/11-00 T/I-HTY TpaxckopaoHHMii 06MiH Aocaigom Mporpamit o n Binop: paika 2007-2013
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PJIC (3anum) Pempancasmop (6i0nosioi)

|
Cuenan : Saor
|

Cuenan
8i0N06I0i

‘Z:_Q— 1po

I Eu3,7 omy GO

Puc. 5.3. PJIC 3 akTUBHOIO BiIITOBIIIIO

Ha nmpuiimanbHy aHTeHy BiANOBifa4a IOCTymae  OpSAMHNA
(3anmraneHUiT) curHan nepenasada PJIC.

[Ticnst BIAMOBITHUX MEPETBOPEHB IE# CHTHAN MOCTYIAE€ HA 3aMyCK
mepefiaBaya BiATIOBiAaYa, MO BHPOOIIE y BINMOBIAb CHTHAN. Y BigIOBiOh
CUTHaJ, ILI0 3HAa4YHO TIIEPEBHUINYE II0 C€Heprii, BigOWTHH BiJg MeTH,
npuiimMaetses antenHoro PJIC (puc. 5.3).

MakcumanbHiii anpHocTi 3anuTy DMakc3 Bignosijae moporose
3HAUEHHsI EHeprii 3alUTAILHOIO CUTHAJTY Ha BXOJI NpHiiMayda BiAmoBigaya,
piBHe uyTiuBOCTI MpuiiMaya, Eqpy vin = KTO.

Taxkum 4YMHOM:

E...Go,od

uznz — 0npos3™ anpmom
o _npe apen, (5.31)

D MAKC3 =
: 47E

npMmMUHO M

Enepris y BiqnoBigs curaany Ha Bxopi npuiiMava PJIC piBHa:

E G S

E uznom -~ Qnpoom cmp,w.?’ (532)
47D?

a MakCcHMallbHa [JajdbHICTH BiAmoBimi DMakc gi; BH3HAYUTHLCS
YYTJIMBICTIO MpUiiMaya 3anuTyBa4a EOPM yin s=kps Kz KTO
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E,...G S

uznom -~ Qnpoom™ anpmz (5 33)

DJ\M Kcom
' 4rE

NPpMMUH3

Jns cucteMu pafmioyokamii 3 aKTHBHOIO BiJNOBIINIO ITapaMeTpH
CHCTEMH IOUUITHHO BUOWpaTtH Tak, MO0 Dyaxc=Dwyaxc, OCKUIBKH iHaKIIE
MANBHICTE il CHCTEMH BHU3HAYATHMETHCS HAWMEHIINM 3HAYEHHSIM DMakc
M0 OJHOMY 3 KaHamiB (3amuTy a0o BiANOBiAi), a MOXJIHMBOCTI iHIIOTO
KaHaJIy He OyAyTh MOBHICTIO peai30BaHi.

EHepreTuuHi napaMeTpy CUCTEMH IIOBHHHI TIPU BOMY BUOHpATUCS
BUXOJSYH 3 piBHOCTI BHpasiB (5.32) i (5.33):

E En MMUHOTH San dom Sun M3 12
U3z P- PO P/ 3 . (534)

E S S A

uziom npMMUH3 anpmom “~anpoz ““om

SIKI0 3amuT 1 BIAMOBIAEL 1HOMI 3MIMCHIOETHCS HA OLHIM 4acTOTI 1 ISt
nepenadi 1 mpuiioMy y 3amMTyBadya, TaKk caMoO SK 1 y BiImoBinaua,
BHUKOPHCTOBYETHLCS OJIHA 1 Ta ) aHTEHA, TO'

E E
sunp _ _ ompum ) 5.35
£ (5.35)

sunpom nepeo

OTpumaHe  CHIBBIIHOWICHHS  IHOII  HA3WBAKOTb  PIGHAHHAM
30a1aHCO8AHOI cucmemu 3 AKMUBHOIO BION0BIO0I0.

Bupa3 (5.35) Oyzne cripaBeunBuil IpU TACHBHIH paJiooKallii, KOJIH
MeTa BUIIPOMIHIOE eHeprito Egunp=Eqrmp, €HEpris 3anuTaqbHOTO CUTHATY Ha,
CIPSMOBAHICT,  BHUIIPOMIHIOBAaHHS  XapaKTePU3YEThCS  Koe(illieHTOM
GZGBiﬂ.

3. BumnB BimmzepkalieHb Bil 3eMHOI MOBepPXHi Ha JaJbHICTh il
PJIC

Sxmo B HazemHHX (kopabemsHHX) PJIC 3actocoBani aHTeHH 3
IIMPOKOIO JiarpamMoi0 CIPSIMOBAHOCTI, PaXiOXBHII JOCSTAlOTh il i
noBepraroThesi Hazax 1o PJIC sk mpsAMHM HUITXOM, TaK i BiOMBAIOYMCH
3a3]aJeriipb Bl 3eMHOT HOBEPXHI.

3emirss B paiioHI TOYKH BIII3EPKAJICHHS € JOCTaTHBO <O»IIIAIKOH i
1I€TbHO Bi/I3€pKAJIFOBAJIBHOIO ITOBEPXHEIO, METa CIIOCTEPITaEThCs B MEXax
KyTa MICIIsl, aMILTITY/JHI BIIMIHHOCTI JTOJJaHKIB CUTHAIy HEICTOTHI.

AMItiTy/1a HanpyXXEHOCT1 MOJs BUNPOMIHIOBAaHHA 3 YpaxyBaHHSIM
BIUTUBY 3€MJIi 32 TAKMX YMOB PiBHA!
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27h
& & 28 ,I8IN f”’ : (5.36)

ne (m — aMIDITya Hampy>KEHOCTI HOJMS A BUMAIKY BLIBHOTO
HPOCTOPY;
h — Bucora posramysaunst autenu PJIC;
£ — KyT MicIsl METH.
JiarpaMa CHOpsIMOBAaHOCTI aHTCHM 13-32 BIUIMBY 3eMJ HaOyBae

MEITFOCTKOBOTO XapaKTepy 3 MaKCHMyMOM é/ 2§ m Y Kpalkax, ze:

m3makc
_ 27hg
SInTyM =1i wmidiMaTbHUME  3HAYEHHAME { s — 0 npu
_ 2mhg
sin———|=0.

Yucio menocToK JiarpaMu CIpSMOBAHOCTI 1 IX HIMPHHA 3aJIeKaTh
BiJl BUCOTH ITiIHOMY aHTeHH h 1 TOBKHHM XBHJIi:

2h A
==, 0, =143 (5.37)

KyT Micii MakcHMyMy HIDKHBOT TIETFOCTKH PiBHUN TpUOIH3HO 4h.

Ipu migiiomi anteHu PJIC 4HCIO TMETIOCTOK 30UIBIIYBATHUMETHCS
NIPU OZIHOYACHOMY iX 3BY)KEHHI, @ HW)KHS TEJIIOCTKA PO3TAIOBYBATUMETHCS
OJrKYe IO 3eMHOT TIOBEPXHi.

MakcumanbHe 3HaueHHs KoedillieHTa HaIlpaBiIeHOi il aHTeHH 3a
MOTYXHICTIO 3 YpaXxyBaHHSIM BIUIMBY 3eMJIi, SIKUil MPUHMAaeMO NPaKTHYHO
PIBHHM BIIIOBITHOMY 3HA4YCHHIO KOC(QIIiEHTa TIIOCHJICHHS AaHTCHH,
mo3HaunMO uepe3 Gosy. OCKUTBKH:

2 27h
Gosi _ S v = 4sin? ﬂ, (5.38)
G, ¢ A
TO
27h
Gy, =G, -4sin? % (5.39)

Braxaroun, 1o B PJIC BUKOpUCTOBYIOTBCS 7Sl TIepeiadi i mpuiomy
OJIHaKOBi1 aHTCHH, PO3TallOBaHI Ha OJHAKOBIA BHCOTI h, abo omHa i Ta X
aHTCHa, OTpUMAeMO (OPMYIy JiIs MaKCHMAJbHOI  JNAIBHOCTI 3
YpaxyBaHHSM BIUTHBY 3€MIIi:
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27
D, = 25in 2D

MAKC3IM Make !

(5.40)

1€ Dyaxc — MakCHMalbHa JAIBHICT Y BUTBHOMY IIPOCTOPI.

ITpn BusABNEHHI IiNeH, O JETATh HU3BKO, KOJIM HANpsM Ha METY
AHTCHHOI CHCTEMH JISKUTh HIKUE 32 MAKCUMYM HEPIIOi HEIFOCTKH:

H<<D,
_2ae, . 2zhH  27hH
Sin =sIn ~ , (5.41)
A AD AD
Bupa3 (5.41) npuiiMe HACTYNIHUM BUTIISAA:
167°h*H?
GO3,W = GO 22 D2 (542)

Ipu mixcraHoBui mporo Bupaszy B (5.39) orpumaemo Qopmyry
MaKCHMaJIbHOT JalbHOCTI BHSBJICHHS MLiJeH, W0 JETATh HU3BKO, 3
ypaxyBaHHSM BIUIMBY 3€MJIi:

EW47ZGOZSSMh4 H*
DMaKcs,n =8 k k kT 0/12 ' (543)
pou

3alIeXHICTh JANbHOCTI BMSBIIEHHS IfiJIed, [0 JETATh HHU3bKO, Bis
eHepril BUIIPOMIHIOBAaHHS 1 YyTJIMBOCTI NpuiimMava mie cnadkima, HiK s
BIJIBHOT'O NIPOCTOPY. [CTOTHIIIE NAIbHICTh BUSIBICHHS 3aJIC)KUTh Bijl BUCOTH
nojpory Metd H 1 BucoTH anTeHW crauii pamionokauii h. HaitGinbi
JNOLUTBHAM CHOCOOOM 30iUTBbIIEHHS MalbHOCTI B I[HOMY BHITAJKY €
30UTBIIICHHS BUCOTH I JHOMY aHTEHH CTaHII1 paIioJIOKAIIii.

Bnnaue nesnux ¢paxmopis na oanvnicms 0ii PJIC

Po3noBcropkyouncs B arMocdepi, pagioXxBuili 0cinadisoThCs 13-3a
BTPaTH YAaCTWHU EJIEKTPOMArHITHOI eHeprii, sfKa TOTJIHHAETBCS 1
po3ciBaeThCSI MOJEKYJIaMH KHCHIO 1 BOASHOI mapw, aTrMochepHUMH
OCiTaHHSIMH, YaCTHHKAaMH MMy 1 IHITMMH HEOJHOPITHOCTSIMH aTMOC(hEpH.

OcnabneHHs eHeprii pajioXBWIb OCITaHHSAMHU BiIOyBaeThcs 5K 3a
paxyHOK ii HOTTTMHAHHSA YacTWHKAMH BOJIOTH (B OCHOBHOMY IIPH MalluX
po3Mmipax Kpareib, HApUKJIa] MPH TyMaHi), Tak 1 yHacHigoK ii po3cisHHA
(TIpM KpYIHUX KparuIsx).
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OcnaGyieHHs1 eHeprii 3aJIe)KUTh Bil JOBKHHU XBHJI, TEMIEpaTypH,
BOJIOTOCTi, aTMOC(EPHOTrO0 THUCKY 1 MapaMeTpiB YacTHHOK, 3yXBaje
TIOTJIMHAHHS 1 PO3CIIOBaHHS €JIeKTPOMAarHiTHOI eHeprii.

CHIr i rpaJ npu OJHAKOBIH 3 IOIIEM IHTEHCHBHOCTI 3HAYHO MEHIIIE
BIUIMBAIOTH HAa BEJIMYHMHY OCIA0JICHHS CHEprii, TOMy iX MOXHa He Opatu 10
YBaru.

Crix MaTu Ha yBasi, [0 3aracaHHs PaJiOXBIIb 3MEHIIYETHCS OUTBII
HDK B TpH pa3d npu miaBumieHHi Temmeparypu Bigm 0 mo 400 C.
[TornmuHaHHA B KUCHI IPOTOPIIIITHO KBaApaTy TUCKY 1, OTXKE, 3MEHITY€ETHCS
3 migiomMoM Ha BHcOTy. [lormmHaHHA B mapax BOAM IPOMOPLIHHO
BOJIOTOCTI.

[Tpu npoxomKeHH] pagioXBWIIb B MPSIMOMY 1 3BOPOTHOMY HarpsMi
yepe3 MAUITHKY aTMOC(epd JOBXKMHOI |KM., Ha SKOMY 3aracaHHs
XapaKkTepu3yeThesi BeanmuuHod |g ab/km, 3aranpHe ocnabieHHsS eHeprii
Oyne pisae 21 1b. Bupaxkarouu B merpbenax BiHOIIEHHs €HEPTii CUTHAIIIB
Ha BXOJi mpuiiMaya Oe3 ypaxyBaHHA 1 3 ypaxXyBaHHSAM OCJa0JICHHS,
OTPUMAEMO:

10lg E, =2lo,. (5.44)
ECI‘I
[Nepexoastum O HaTYpalIbHUX JIOrapU(MiB, 3HAXOIUMO!
E E 216 . 0,465,
In EC =23lg—=23—"=046561i E,, =Ee ™" (545)

TOOTO 3aracaHHsi eHeprii B aTmocdepi Mae eKCIOHEHIialbHU
XapakTep.

3a BIiICYTHOCTI OCaOIIeHHS €Heprii CHrHaly, IO NPUAMAETHCS
E.= %a npw iforo obuiky E_, = %eﬂm%l ,

1e ko — BennumHa, BU3HAYYBaHA PEIITO0 MAPAMETPIB, IO BXOIATD y
BHpa3i Ui JATBHOCTI.

[3-3a HasBHOCTI OCiaOJEHHS OJHOMY 1 TOMY JK IIOPOTOBOMY
3HAYCHHIO CHTHAJIIB BIAMOBIIATUMYTh Pi3Hi TaJTBHOCTI.

VY nepmomy Bunaaky D = Dmax, @ B Ipyromy BHIIaKy, KOJH
MOTPIOHO KOMIIEHCYBAaTH BTPaTH €HEprii, MeHma AaibHICTh: D = Dmax.
TakuM 4MHOM, /I HOPOTOBHX YMOB OTPUMAEMO:

k k 0.465
Enp,l,tmm = D4D = D4D 04801 . (546)

3BiJICH 3HAXOAMMO BHpa3 JUII MAaKCUMAIILHOT TabHOCTI BUSBJICHHS
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3 ypaxyBaHHSAM ociia0yieHHs eHeprii B atmMocdepi:
-0,1156,
D =D.€ . (5.47)

maken
4. BniiuB KpMBH3HU 3eMHOI MoBepxHi i aTMocdepHoi pedpakmii
Ha JAJBHICTD il

VY peanpHHX yMOBax CIIiJl BpaXOByBaTH KPHBU3HY 3€MHOI ITOBEPXHI,
OCKIJIbKH 3JaTHICTh pamioxBuwib fianazony YKB 10 oOruHaHHS OIyKIMX
MMOBEPXOHb BHUPAKEHA AyXke clabo 1 JaibHICTh il 00MEXYyBaTUMETHCS
IpaHMYHUM 3Ha4eHHsAM Dnpen.

I[Ipu mnpsMoMiHIFHOMY PO3MOBCIOMKEHHI PaliOXBWIIb TpaHHIHA
JaBHICTb, 3BaHA «IATBHICTIO IPSMOT BHAUMOCTI», Oyie piBHa (puc. 5.4):

Do = (R, +h)? R+ /(R +H)?-R?,  (5.48)

ne R3=6370 xm — paxgiyc 3emi.
Ockimkn 2R, >>hi 2R, >>H 10

D,,.0 ~+2R, N +VH)=113(Vh+VH) xu.  (5.49)

Ilpu BuUsBIECHHI KOCMIYHUX OO0’€KTiB, M0 BHCOKO JICTATH,
HaIpHKJIaJ, CyIyTHHUKIB 3B 53Ky, KOJIH BenuuuHu R3 1 H BUMiproroThCst:

D =113h+_[H 14— ] som. (5.50)

npedd 12740

D npeo 0

|
>

Puc. 5.4. I'pannuna pansaicTs Aii PJIC npu npsaMominiiHOMY
PO3IIOBCIOKEHHI PaIi0XBUIIb

HeonnopinHicts TponocdepHnx mapiB atMocdepu MO BHCOTI
NIPUBOJMTL 10 BUKPUBIEHHS TpaekTopii panioxBuib (pedpakxmii) y
BEePTUKAJbHIA IUTONMHI. BennumHa 1 XxapakTtep pedpakuii 3amexars Bijg
IIBUJIKOCTI 3MiHM KoedilieHTa 3aJIOMJICHHS N IPH 3MiHi BHCOTH. Bennmunna
N BU3HAYAETHCS (HOPMYIIOIO:
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et i el |
77,6 4810e
)
Lo+
ne T° — abconmoTHa TeMIepaTypa MoBiTps;
ps — OapomerpuuHMii THCK mOBiTpsi, MOap (1 Mm prt.cT.=1,3332
Mbap);
€ — nmapIiajJbHUI TUCK BOJSHOT apy (a0COII0THA BOJIOTICTh), MOap.
OO6nik BmIMBY pedpakiii Hpu po3paxyHKaX PO3MOBCIOKEHHS
panmioXBwib 3a3Buuail mojsArac B 3aMmiHi  pamiycy 3emii R, #oro

e(heKTUBHUM 3HAYCHHSIM.
3Ha4ueHHS ePEeKTHBHOTO pajiycy 3eMili BU3HAYAETHCS 3 PIBHIHHS:

(n-1)-10"° = ), (5.51)

1 . + an (5.52)
& e .
; R.., R, dH

KoHTpoJibHi 3anuTaHHs

1. Ilo Take pamgionokarris?

2. Ha3pith 3aBHOaHHs, 3aCTOCYBAHHS Ta OCHOBHI XapaKTEPUCTHKH
pamioJtokartii.

3. B yomy nonsirae BIiMB Ha ganbHicTh aii PJIC?

4. Sxi disuuHi OCHOBH BHSIBJICHHS IfiJIcH 1 BU3HAYCHHS iX KOOpIUHAT Bu
3Haere?

TEMA 6. METOJM I MPUCTPOI
BUMIPIOBAHHSA JAJIBHOCTI

1. MeToau BUMipIOBaHHS JAJbHOCTI

Bimomi pizHi mimxoam 1o kinacugikamii METOIIB

BHAMIPIOBaHHS JaJbHOCTI. BIIMOBIIHO 10 MapaMeTpiB CUTHAIIB iCHYOTS:

- aMILTITyTHHA;

- (hazoBmit a00 YaCTOTHHI METOIN BUMIpIOBAHHS.

1. AMImmiTygHui MeTon

[Ipu ammmiTyZHOMY METOAI BHMIPIOBAaHHA BH3HAYAETHCS dYac
3aMmi3HIOBAHHS XapaKTepHOI 3MiHM aMIUNTYJU CHTHAJTIY paaioioKaiii, mo
mpuitMaeTsCcs. 3 PI3HUX BHIIB MOIYJAIIl BHUIIPOMIHIOBAaHMX KOJIMBAHb
HaHOUIBII CTIOXUBAHOIO € IMITYJIbCHA.

Posrisinemo mpuctpiii immynscHoi aanekomipuoi PJIC (man. 6.1 i
6.2). IlepenaBau craHIlii TeHEpYye PamioOiMITyJIbCH TPUBAIICTIO Ti 3 MEPi0IOM
noBropeHHst Ti (Hanpyra Uz Ha puc. 6.2). AHreHHui nepemukad (All)
mij’eqHye aHTeHy J0 NepelaBaya Ha 4ac reHepauii T 10 NpuiiMada Ha
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pewry Bcboro yacy. BinOuTi iMITyJIbCHI CUTHAIM 3aITi3HIOIOTHCS HA SKUHCH
yac tD; Ha BXia mpuiiMava MOCTYMAIOTh i KOJMBAHHS NepeaaBaya, 1 BigOuTi
currand (Us).

:
A d-»
Cunxponuszamop Hepeoasau nepemuxaw | Anmena
TI'enepamop
fanpyei Ilpuitmay

n

Puc. 6.1. dyHKIiOHATBHA CXEMa IMITYJIbCHOT'O BUMipHHUKA TANTBHOCTI (a)

300pakeHHs CUTHAJIB HA €KpaHi eJICKTPOHHOIIPOMEHEBOTO iHIUKaTOpa (0)

Yac 3ami3HIOBaHHS BIAOWTHX CHUTHATB Majud (BOHO CKJamae
TUCSYHI a00 HaBiTh MUILHOHHI JIOJ CEKyHIH), 1 3BMYaiiHI rOAMHHUKOBI
MeXaHi3MU Il Horo BHUMipioBaHHA HenpuuatHi. OmHuM 3 HalOLIbII
CHOXKMBaHMX MNPWIAIIB sl BUMIPIOBaHHS 4acy 3alli3HIOBaHHS €
eJeKTpOHHONIpOMeHeBa TpyOka. Ha pwuc. 6.1, a mokazana TpyOka 3
ENIEKTPOCTATHYHUM yHpaBiiHHAM. Jl0 MIacTHH TPYOKH, IO BEPTHUKAIBLHO
BIZIXWJISIIOTB, MiZBOAATHCS IMITYJIbCH HAIlPyTH 3 BUXOXy IpuiiMada U4; 1o
IUIACTUH, IO TOPU3OHTAIBHO BIAXWIAIOTH, BiJ CHELiaJbHOI CXEMH
MiABOJUTHCS IMMHIJIKOMONiIOHa Hampyra Us (puc. 6.2). IlepemaBau i cxema
CTBOPEHHS MMJIKONOA10HOT HAIIPYT'H 3aITyCKAaIOTHCS 0THOYACHO IMITYJIbCaMH
CHUHXPOHI3YIOYOTO NPHUCTPOIO, TOMY OJHOYAaCHO 3 BHUIPOMIHIOBAHHIM
IMITyJIbCY TIepefaBada IMOYMHAETHCS TOPU3OHTAIBHE IEPEMIlleHHs IUISIMU
10 eKpaHy TPYOKH.
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Ty

Puc. 6.2. Entopu Hanpyr# B TOYKax 1-5 cXeMH IMITYJIECHOTO
nanexomipa (puc. 6.1, a)

Kapruna, cnocrepexyBaHa Ha iHIHUKATOPI, LTIOCTPYETHCS
puc. 6.1, 6, muAMa BIATBOPIOE Ti, LIO OTMHAIOTH IMIYJBLCIB, MIO
BUIIPOMIHIOIOTh 1 BIZOMTOro, BIJCTAHP MK SKAMH | TpPOMOPIIHHO
JIANTbHOCTI BUSIBJICHOT METH:

I =V, t, :VHZ—D, (6.1)
c

ne Vi — MBUAKICT PyXY IUIIMH 110 €KpaHy 1HIUKATOPa, 3BiIKH

D=—"1. (6.2)
2,
Ilepesacu imnynbCcHux 0anekomipia:
- MoxJmBicTh mooynosu PJIC 3 oHi€r0 aHTEHOIO;
- IPOCTOTa iHAMKAaTOPHOTO MPUCTPOIO;

Mpoexr [PBU.03.01.00-06-386/11-00 [1-HTY TpackopaokHiii oBmik Aocaiaom Mporpanit o n Binop paika 20072013
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PL-BY-UA

Criadhinancosano 23a paxyHok kowria

€aponeiicskoro Coiozy “

- 3PYYHICTh OJHOYACHOT'O BHMIPIOBaHHS JAJILHOCTI 0araTbox

LiJIeH;

- MPOCTOTA PO3/UICHHS BUIIPOMIHIOBAHUX IMITYJIBCIB, IO TPUBAIOTh
ITy’Ke MaJHi 9ac Ti, i CHTHAJIB, 0 IPUIMAaIOTECSI.

Heoonixu imnynscrnozo memody:

- HEOOXIHICTh BUKOPUCTAHHS BEIUKUX IMIYJIBCHUX MOTYKHOCTCH

nepeaaBadis,;

- HEMOJKJIMBICTh BUMipIOBaHHS MaJHX JAbHOCTEH;

- BEIMKa MiHIMaJIbHa JAJIBHICTH

craumii

(mo  BW3HAYAETHCSA

TPHUBAJICTIO BHUIPOMIHIOBAaHMX IMITYyJIBCIB 1 YacoM NPOTiKaHHS
MepexiqHNX MpOIECiB B aHTEHHOMY IIEpeMHKadi), sSKa CKIanae

cOTHI a00 HaBITh THUCSYI METPIB.

2. YacToTHHUI MeTOA Ta HOro 3acTOCyBaHHS

Ilepeoasanvu
Modyasmop p| ITenepamop »  aanmena <P
BY
A\ 4
. . IIpuiimansna
Inouxamop 1 |4 Dinemp 1 | g Smimysau |4 anmena —
—
+—
+—
—
Inouxamop |4 Dinempn |

Puc. 6.2. ®ynkiionansua cxema PJIC 3 4acTOTHOIO MOYJISLIERO

YacToTHUH METOJ  BHU3HAYEHHS

IaIbHOCTI

3aCHOBAaHMH Ha

BUKOPHCTaHHI YacTOTHOI MOAYJsLii BHIPOMIHIOBaHMX Oe3MepepBHUX
KOJIMBaHb; Yac 3alli3HIOBAHHs BU3HAYA€THCS IIIIXOM BUMIPIOBAHHS Pi3HUII
YacTOT KOJIMBaHb, III0 BUIIPOMIHIOIOTb, 1 BITOUTOTO CHTHAIY.

I'eneparop BHCOKOI 4acTOTH, KEPOBAHHH MOAYISTOPOM, BHPOOIISE
KOJIMBAaHHS 3 YacTOTOIO, IO 3MIHIOETHCS MO IEPIOJTUYHOMY 3aKOHY (pHcC.

Mpoexr IPBU.03.01.00-06-386/11-00 /1-HTY TpawxckopaonHmii 06MiH gocsigom Mporpamu
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6.4, cyuinpHa ninHisg). Yacrora curnamy, BiZOMTOro BiJ HEPYXOMOI METH,
3MIHIOBATUMETHCS 110 TAaKOMYy 3aKOHY, aje TUIBKH 13 3pYIICHHSM IO
TUMYAcOBIH OCli Ha yac 3ari3HioBaHH {, .

Ha puc. 6.4, a yacrora BiIOMTHX KOJHMBaHb IOKa3aHa MITPUXOBOIO
miHiero. Bigbuti curHamm 1 KOJHMBAaHHSA TeHEpPaTOpa IIIBOIATHCS MO
3MillTyBaya, IO YTBOPIOETHCS HA BHUXOJl 3MillyBada pi3HHUIIEBA YacTOTa
(puc. 6.4) mpomopriiiHa nmampHOCTI MeTH. SIKIIO KpyroBa dYacToTa
BHIIPOMiHIOBaHHS:

Aw
p— M
®,,, =0+ t, (6.3)
M
«h
- - ’I Bunpominenuii cuznan - (Dunn
L~ / -
a)
o
0
—»|
0)
R 3 i
8) 3 3
L 4 S 4 S L
i 5 >
—tr—Pl—— T,- ————»
Puc. 6.4. 3MiHa 9acTOTH BHIIPOMIHIOBAaHUX KOJHBAHB, IO
MIpUNMAIOThCS:
a) — 9YaCTOTH CHTHAJY, [0 BUIIPOMIHIOE 1 IPUITHATOTO;
6) — nepeTBOpeHnii curHain (OUTTA);
B) — 3MiHa YaCTOTH IIEPETBOPEHOTO CUTHAITY.
Mpoext IPBU.03.01.00-06-386/11-00 [MI-HTY TpaHckopAoHHMit o6MiK aocsigom Mporpamit o n Binop: paika 2007-2013
3a KowTH € i Coloay 8 pamkax Esponeiicskoro IHcTpymenTy CyciacTsa Ta MapTHepcrsa
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ne Awmy — JeBiamisi 9acTOTH TIiepelaBada, TO YacTOTa CHTHAIY,
BiZOUTOrO BiZ HEPYXOMOI MeTH, Oy/ie piBHa!

Aw,

®,, =0,+

omp

Aw 2D
t—-t.))=w, + —2(t——). 6.4
(t-t5) =, T ( C) (6.4)

M ]

Pi3HnIIeBa YacTOTA, M0 BUIUIAETHCA HA BUXOI 3MilTyBaya:

2Aw, _ AnF Af

0 =0 _ — = “ D D. 6.5
P usn omp CTM C ( )
3Biacu:
co T &
D=—"+= s : (6.6)
2 A a)ﬂl 2 Af M FM

Dopmyinu (6.4) i (6.5) MOSICHIOIOTH 3AJIEKHICTh MK JaTbHICTIO METH
1 PI3HHUIIEBOKO YaCTOTOIO 1 JO3BOJISIFOTH 3PO3YMITH CYyTh METO.Y.

Jlnst BUMIpIOBaHHS Pi3HUIEBHUX YaCTOT BUKOPUCTOBYIOTHCS (ibTpu
1 JmuwibHUKK iMnysbciB. [Ipu BHKoOpucTaHHI (iNbTPIB MOXIMBI JiBa
BapiaHTH: 3aCTOCOBYETHCS Tpymna (iabTPiB, HANAMTOBAaHUX Ha (iKCOBaHI
49acToTd, abo oAnH QUIBTp i3 3MIHHOIO HacTpoikor. [lomagaHHs curHamy
PI3HHUIICBOI YacTOTH B TOH a0o iHmmMH GinbTp (Ha MO BKaXKE BiAMOBIIHUI
IHIUKAaTOp, HANPUKJIAA, HEOHOBA JIAMIIOYKA) JIO3BOJIMTH BH3HAYUTH
AJIBHICTh METH.

JlamekoMipu IaHOTO THITy [O3BOJISIIOTH BU3HAYATH JIyXKe Malli
JaJbHOCTI 1 BUKOPDHUCTOBYBAaTH IepelaBadi 3 Majol0 IOTYXHICTIO
BUIIPOMIHIOBAHHS.

Heoounixu danexomipis 3 uacmommuoro MooyIayiero:.

- HEOOXI/IHICTh BHKOpUCTaHHS ab0 JBOX aHTEeH, ab0 CKIIQJHOTO
MPUCTPOIO IS PO3IUICHHS BUIPOMIHIOBAHMX CHTHAJIB, IO
IPUMMaIOThCS;

- MOTIpIIEHHS YyTIMBOCTI NMpHHMaya yHAcIiJIOK MpPOCOYYBaHHS B
NpUIMaIBHUN TPAKT Yepe3 aHTeHY BUIIPOMIHIOBAHHS IepesaBaya,
CXWJIBHOTO JI0 BUITaIKOBHX 3MiH;

- BHCOKI BUMOTH JI0 JIIHIHHOCTI 3MiHM Y4acTOTH.

Mpoexr IPBU.03.01.00-06-386/11-00 MI-HTY TpaHckopaoHHuii 0mik aocaiaom Mporpanit o n Binop paina 20072013
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P i el |
3. ®a3oBi MmeToaAM Ta iX 0c00IUBOCTI

da30Bi MeTOAM 3acCHOBAaHI Ha BHMIpPIOBaHHI pi3HUII (a3
CHUHYCOINAJILHUX  KOJIMBAaHb, 110  BUIPOMIHIOIOTh, 1  TNPUHUHITHX
paniocurHaiiB. PyHKIIOHaIbHA CXeMa NPOCTOro (a3oBOro Jajekomipa
300pakeHa Ha puc. 6.5.

'eneparop cTBOprOe He3racairo4i KOJMBaHHS  4YacTOTH (M,
BHIIPOMiHIOBaHi B TipocTip. Pa3a KONMWBaHb, 10 BUIPOMIHIOIOT

l//um = a)Ot + Wl J (67)

Jie 1 — IMOYaTKOBE 3HAUYEHHS (a3m.

®a3a curHaiy, o NPUNAMAETHCSL:

l//np = 0)0 (t _tD) + l//omp + ‘//P./IC + l//l ' (68)

TyT Worp — (ha3oBe 3pyLICHHs, IOB'A3aHE 3 BiI3EPKAICHHIM
PalioOXBUIII BiJl METH;

ypic — (a3oBe 3pymieHHs B naHIorax PJIC, skuit MoxHa BBaXaTu
BIJOMHM, OCKIIbKMA BiH MIAJAETHCA BHUMIPIOBAHHIO 1 MOXe OyTH
BpaxOBaHUM.

Ilepeoasanvna
» _’
T'enepamop B4 ” anmena
A 4 A 4
Dazosuit P ITiocunrosau- P Ilpuiimansna
< <« <_
Odemexkmop oomedxncysau anmena
A 4
Bumipiosau
uUxiOHOT
Hanpvzu
Puc. 6.5. ®yHKIiOHATBHA CXeMa POCTOro (Ha3oBOro
BHMIpHHKA JaJTBHOCTI
[pwuitasTi KOJIMBAHHS TTOPiBHIOIOTHCS 3 KOJIMBAaHHSIMU

BHCOKOYACTOTHOTO TeHepaTopa; pi3HHIA (a3 NpomopIiiiHa  JaTbHOCTI
METH:

Mpoexr [PBU.03.01.00-06-386/11-00 [1-HTY TpackopaokHiii oBmik Aocaiaom Mporpanit o Binop paika 20072013
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il cetimcorge e [
AW = l//usﬂ - l//np = a)OtD - Wamp - l//Pj]C ' (69)
Abo:
4r
Ay = 7 D =W = Weic- (6.10)

Januii MeTo] BUMIpIOBaHHS IPAKTUYHO HE BHKOPUCTOBYIOTH IO
nBox oOctaBmHax. [lo-mepmie, my)ke Mamiuii Aialla30H OJHO3HAYHOTO
BHMIPIOBAaHHSA 1, O-ApyTe, ¥ dopmyry (6.9) BXoAUTs HEBioOMa BeTMYUHA
Yorp. ~ HEOMHO3HAUHICTP  BHMIPIOBaHb  BHU3HAYAETHCA  THM, IO
(hazoMeTpUYHMIA TPUCTPIN JO3BOJISE BU3HAYATH (ha30Bi 3pYIICHHS TUIBKU B
Mexax Bim 0 go 27n. JomycrtuBimmmch, mo Ay<2m, 3 dopmynu (6.10)
OTpUMaEMoO, IO Jiana3oH OJHO3HAYHOTO BUMIPIOBAHHS MJalbHOCTI He

NIEPEeBUILYE MOJTOBUHU JOBXKXUHU XBHIIL: ADO()H S 7\4/2 .

VY pagmionoxarii BUKOPHCTOBYIOThCS yIBTPAKOPOTKI XBHII 1, OTXKE,
Jiama3oH OJHO3HAYHO BHMIPIOBAHOI NMAILHOCTI HE MEPEBUINYE OIUHHIIb
MmetpiB. llo crocyerscs pa3oBOro 3pymeHHS Worp, MO YTBOPIOETHCSA MPH
BiJUI3¢pKAJICHHI BHCOKOYACTOTHUX KOJIMBaHb BiJl METH, TO, OCKUIBKH BiH
BEJIbMH CKJIaJHUM YHHOM 3QJISKUTh BiJ KOH(irypauii MeTu, ii po3MipiB i
po3tamryBanHs BigHocHO PJIC, TO 3a3mainerias 3HATH HE MOXHA 1 TOMY HE
MOYKHa KOPEKTYBaTH CBiIU€HHsI BUMiIPHHUKA.

BkazaHi Hezoiku IpocToro a3oBoro AajekoMipa yCyBatThCs MPU
BUKOPHCTAHHI CKJIQHIIINX CXEM, B SIKMX 3aCTOCOBYETHCS HE MEHIIE JIBOX
YacToT.

Puc. 6.6. dynkiioHansHa cxema (a3oBOro BUMipHHUKa
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Ha puc. 6.6 300paxeHa ¢QyHKIioHaIbHA cXeMa (a3oBoro
JaleKoMipa 3 BUKOPUCTAHHSAM HH3BKOI 4acToTh (2, Ha K 3MIHCHIOETHCS
BAMIipIOBaHHS (Pa30BOTO 3pYIICHHS, 1 BUCOKOIO (), TAKOIO, IO TPae poib
NIepeHOCHUKa 1H(pOopMaIlii.

MonymsaTop CTBOPIOE CHHYCOITal bHa HAIpyTa Um COS(Qt + !//0)

110 MOAYJIKO€ 1O aMHHiTy}Ii KOJIMBAHHS T€HEpaTOpa BHCOKOI 4YaCTOTH:

U, =U,[1+mcos(Qt + ) |cos(mt +v,),  (6.11)

Jie m — KoehII[iEHT MOTYIISIIIT.

MopynboBaHi KOJMBaHHS BUIPOMIHIOIOTBCS B mHpocTip. [IpuitHsri
CUTHAJIM MiCJIsl TOCUIICHHS ICTEKTYIOThCS, | BUIUIAETHCS Ta, 10 X OTMHAE,
(ha3za sikoi MOPIBHIOETHCS 3 (ha30r0 KONMKMBaHb MOAysTOpa. Pasa, 1o oruxHae
MPUHHATHX CUTHAJIB 3aJIC)KUTh BiJl JaJbHOCTI METH:

2D
y=Qt—t5) + ¥o + Wpue = Qt _T) Yo+ Wee  (612)

Y dopmyny (6.12) He BKIOUeHO (Da30Be 3PYIICHHS TAaKOIO, IO
OTMHAE KOJMBaHb IIPH BII3EPKAICHH] Yorp, SIKUI HEXTYE MATHH.

®azoBe 3pymenHas B JaHmorax PJIC ypnc Moxe OyTH 3MipstHUM i
BPaxOBaHUM IIpH TPaJyroBaHHI (a3oMeTpUYHOTO MPUCTPOIO. PizHuI da3

2Q2

HHU3bKOYaCTOTHUX KOJINBaHb A (// = D JO3BOJISI€ BU3HAYUTH
C

AJIBHICTH METH:

D=—"Ay. (6.13)

YacroTta Moxke Oyt BUOpaHa JOCTaTHHO HU3LKOIO, IO 3a0e3MeYnTh
BEJMKUI Jiama3oH 0THO3HAYHO BUMIPIOBAHUX JTATbHOCTEH.
Jannii  majgexoMipHHN TPUCTPiil  XapaKTEepH3YETbCA  TaKUMH
nepegazamu:
- MOTpiOHa Maja TOTYXHICTh  BHIIPOMIHIOBaHHSA, OCKUIBKH
TCHEPYIOTHCS HE3racardi KOJUBaHHS;
- TOYHICTh BUMIPIOBAHHS NAJBLHOCTI MPAKTHYHO HE 3AJICKHUTH BiJ
JIOTUIEPIBCHKOTO 3PYIICHHS YaCTOTH BiIONTOTO CUTHAIY;
- IPOCTO CaMO BUMiPIOBAJILHUI MPUCTPIH.
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Heoonixu:

- BIICYTHIl JIO3BLJ IO NAJILHOCTI, OCKLUJIBKH 32 HABHOCTI OJJHOYACHO
JIBOX IIUJICH iX CUTHAIH PO3JIILHO CIIOCTEPIraTH He MOXKHA;

- YyTIHBICTh MpUiiMaya TOTIPIIYETHCSA YHACHIIOK MPOCOYYBaHHS,
BUIIPOMIHIOBaHHsI MIepeaBaya;

- HeoOXiHO /Bi aHTeHHW abo CHUCTEMY PO3B'SI3KH BHUIIPOMiHIOBAHUX
KOJIMBAaHb, 110 MPUHAMAIOTHCS.

Bimomuit iHmMIA BapiaHT ABOYACTOTHOTO (ha30BOTO JajieKoMipa
(puc. 6.7).

PJIC Bxirouae qBa reHepaTopu BHUCOKOUACTOTHHX KOJHMBAHbB 1 JIBa
mpuiiMadi, MO MPAIOIOTh BiAMOBIAHO HA 4YacTOTax 1 i ®p. KommBaHHS
000X TeHepaTOpiB MiABOISATHCS 10 IEpPEeIaBaIbHOI aHTCHU, a TAKOX [0
MEPIIOro 3MilllyBaya; 3 BHUXOJY IMpHUIMAadiB JBa CHUTHAJIM BIUIUBAIOTH Ha
JpYruii 3MinryBau.

T'enepamop B4 Cymamop Ilepeoaroua
v o1 B > anmena
3Imimysau vy
1
t T'enepamop B4
®2
A 4
Dazosuit
demekmo
p
A
Hiocunreau-
h oomedxncysau <
wl
3miutysau
2
v IHiocuniosau- Bnokl Ipuiimansn
. LSS oomencysau € < a
Bumirneau
suxionoi w2
nanpyzu

Puc. 6.7. dyHKiioHanbpHa cXeMa IBOYacTOTHOTO (ha30BOT0 BUMIpHHKA
JIATbHOCTI
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P i el |
Xait Harpyra reHepaTopis:

u,(t) =U, cos(at + yy,) (6.14)

u,(t) =U, cos(aw,t +y,) . (6.15)

Ha Buxoxmi mepmoro 3MinryBada OTpUMAaeMO KOJMBAHHSA IMEPIIOi
PI3HMILIEBOT YaCTOTH:

u,(t)=U, COS[(a)l — 0, L+ — ‘//02] - (6.16)

Slkmo He BpaxoByBatu (azoBux 3pyuieHp B yanmorax PJIC, To
o0u/Ba MPUHHATI CUTHAIIM MOXKYTb OyTH 3alMCaHi SK:

unpl = Unpl Cosla)l(t _tD) + WOl + l/lomle

(6.17)
uan = Uan Cos[a)z (t - tD) + 1/102 + l//ompZ]

i Hampyra JApyroi pi3HMIEBOi YacTOTH HA BHXOIl APYroro
3MillyBaya:

U, (t) = Upzcoska)l = 0,)t = (@0, = @)t + (Wor = Woo) + W — V’ampz)J (6.18)

3a yMOBH, 1110 BUIPOMIHIOBAaHI YaCTOTH MAJIO BIAPI3HAIOTHCS OUH

. @, _a)z . . ..
B1J OJIHOTO << 1 dasoBi 3pymenns npu Bigm3epKaneHHi Bif

0,
MeTH Ha 000X 4YacToTaXx MOXXHa BBOXaTH OJHAKOBHMH, TOOTO
orploTp2.y~y.
BumiproBanns (a3zoBoro 3pymeHHS Ay 03BOJSIE BH3HAUYUTH

AJIBHICTh METH:

C
- Ay, (6.19)
2(w, — w,)

Amnaniz gopmynn (6.19) mokasye, Mo B poO3risIHYyTOMY JAJIEKOMIpi
MOKe OyTH 3a0e3ICUCHII BEIIMKUH Jiama3oH OJHO3HAYHOTO BHMIPIOBAHHS
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JTATBHOCTI [pi3HUI (M1-200) € MAJIOIO BEIMIMHOIO|, & TAKOXK BHKIIIOYAETHCS
BIUIMB HAa pe3yJbTaT BHUMIPIOBaHb (ha30BOr0 3PYIICHHS \orp. 1aKOMY
JAJICKOMIPY BJACTHBI IEpepaxoBaHi BHUINE JOCTOIHCTBA 1 HEHONIKH,
Biactusi BciM PJIC 3 Oe3nepepBHUM BUIIPOMIHIOBaHHSIM.

4. Mepe:keBi TPOTOKOJIM Ta iX piBHi 3acTOCyBaHHSA

Mooenwv OSI

Opranizaniss B3aeMOJii MK HPUCTPOSIMH B MEPEkKi € CKIATHOIO
3a71a4elo.

Ha mouarky 80-x poKiB psji MDKHapOJIHUX OpraHizamid o
cranmapruzamii - 1SO, ITU-T i nmeski iHmi — po3poOMIM MOJEIb, sKa
3irpasa 3Ha4Hy pOJIb Y PO3BUTKY Mepex. LIst Monens Ha3MBA€THCS MOJIEIITIO
B3aeMoxii Bimkputux cuctem (Open System Interconnection, OSI) abo
monemto OSI. Mozgens OSI Bu3Hauae pi3Hi piBHI B3a€MOIIT CHCTEM, Ta€ iM
CTaHOApTHI iMEHa 1 BKasye, SAKi (YHKIII MOBUHCH BUKOHYBATH KOXKHUMA
piBesb. Mogens OSI Oyma po3poOieHa Ha OCHOBI BEIMKOTO IOCBIZY,
OTPUMAHOTO0 TPU CTBOPEHHI KOMIT'IOTEPHUX MEpEeX, B OCHOBHOMY
rnobanpHuX, y 70-Ti poku. IloBHME omuc 1iei mMozeni 3aiiMae Ouiblie 3a
1000 cTOpiHOK TEKCTY.

Y mopeni OSI (man. 6.5) 3acobu B3aeMoii TUISATHCSA HA CiM PIBHIB:
NIPUKIAHUMN, NPEACTaBHULIbKUI, CEaHCOBUI, TPAHCIIOPTHUN, MEPEKEBUM,
KaHanbHUN 1 (isnuHuil. KoxxeH piBeHb Mae crnpaBy 3 OIHUM IIE€BHUM
aCTIEKTOM B3a€MOJIi MEpPEKEBHUX MIPUCTPOIB.

Mogems OSI ommcye TITBKH CHCTEMHI 3acO0M B3aeMOmii, IO
peai30BYIOThCS  ONEPALIHOI0 CHCTEMOIO, CHCTEMHHMH YyTHIIITaMHy,
CHUCTEeMHUMHM anapaTHUMH 3aco0amMu. Mopens He BKIIOYAE 3aco0H
B3a€MOJIii JIONATKIB KiHIEBUX KOpHCTyBadiB. CBOi BIacHI NPOTOKOIH
B3a€EMOJIi JI0JJaTKy peai30BYIOTh, 3BEPTAIOUMCh /0 CHCTEMHHUX 3acoOiB.
ToMy HEOOXiZHO PO3PI3HATH PiBEHb B3a€MOJIl JOMATKIB 1 MPUKIATHHMA
piBEHb.

Cnig TakoX Mard Ha yBa3i, IO JOJATOK MOXKE B3ATH Ha cebe
¢yHkmii geskux BepxHix piBHIB Momeni OSI. Hampukman, mesxi CYB]]
MaioTh BOyZOBaHI 3aco0u BimmameHoro nocTymy Ao ¢aimiB. Y oMy
BUIAJKy JOJATOK, BHUKOHYIOUHM JIOCTYNl JO BiJJIaICHHX peCcypciB, He
BUKOPHCTOBYE CHUCTEMHY (ailioBy ciryOy; BiH 00XOIUTH BEpXHI piBHI
mojeni OSI 1 3BepraeTbcs HampsMy OO0 CHUCTEMHHX  3aco0iB,
BIJMOBIJAJILHUX 33 TPAHCIOPTYBAaHHS IOBIJOMIJICHb IO MeEpexi, sKi
PO3TaIIOBYIOTHCS HA HIDKHIX piBHIX Mozesni OSI.

Otrxe, Hexall NOIATOK 3BEPTAETHCS i3 3aIMTOM JIO HPHUKIJIAJHOTO
piBHA, Hampuiian go ¢aimoBoi cimyxOu. Ha mimcraBi mporo 3amuty
IporpamMHe 3a0e3MedYeHHs NPUKIATHOTO PiBHA (OPMYy€E IOBIIOMICHHS
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Eﬂ ielima s oy “
CTaHIapTHOrO Qopmary. 3BUYAliHE TMOBIJOMIICHHS CKJIAJAa€ThCS 13
3aroJIOBKa 1 TOJIS IaHUX. 3aroJIOBOK MICTHTh CIY)X00BY iH(oOpMaito, SIKy
HEOOXITHO TepelaTH dYepe3 MEpPexKy MNPUKIATHOMY pIBHIO MAaIIWHU-
azpecata, o0 NOBITOMUTH HOMY, SIKY poOOTY Tpeba BUKOHATH.

Y HamioMy BHIAQJAKY 3arojoBOK, OYEBHIHO, MOBHHEH MICTUTH
iHpopMamito Tpo Micue 3HaXOoMKeHHsA ¢aia i mpo THUO omeparii, AKy
HEOOXiTHO HaJ HUM BHUKOHATH. [lome maHWX MOBiIOMIICHHSI MOXe OyTH
MOpOXKHIM abo MICTHTH sKi-HeOyIOb NaHi, HANPHUKIAA Ti, SKi HEOOXiTHO
3amMcaTd 'y BigmajdeHWd Qaitn. Aje i Toro, Io0 JOCTaBHTH IO
iHpopMamito 3a MpU3HAUYCHHSIM, HAJCKWTh BHUPIMIUTH IIe Oarato 3anad,
BiJINIOBITANIBHICTH 32 SIKI HECYTh MiAMOPSIKOBaHI PiBHI.

Kosmrasotep 2
>
Movixcsanenna v Tovixcsnenns
Tpsocnammei
pivens Tporoxomnn Intepdesicn
— {7
Tpepcrosmumprsnid
pinens
[ O >
Ceanconmit
pivens
[T el Sle[7]— |
Tpancnoprmwi
pivens
[ 7]e[5]4] Afelr 0
Mepemenmit
pivens
[7e]8[4[3] lafslel7[1
Karanzmwit
pivens
[l E[ala]] GREERT
Ciswanit
pivens
o T [ 17]e]5]4]3]2]1 (1[2[3f«]s[e]7 7]

L7 e[s]4[3]2]1) t Tlepemaqa no Mepeni j
_Kopuwcra Cryafiona

dop POF

Puc. 6.6. Monens B3aemonii Binkputux cucrem [SO / OSI

[Ticna GopmyBaHHA MOBIIOMICHHS NPUKIAIHUI PiBEHb HAIPaBIIE
WOro BHHM3 IO CTEKy TMpeACTaBHHUILKOMY  piBHIO.  [IpoTokon
MIPEICTaBHUIIBKOTO PiBHS Ha MijfcTaBi iHpopMaii, OTpIMaHO] i3 3arojoBKa
MIPUKIIAJHOTO PiBHA, BUKOHYE HEOOXimHI Amil i Jogae 0 MOBiTOMIICHHS
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BJAacHY CIyXO0OBy iH(OpMaIlil0-3arojIOBOK IPEACTaBHUIBKOTO pIBHSA, B
SIKOMY MICTSTBCSI BKa3iBKM JUIsl IPOTOKOJY IPEICTaBHUIBKOTO pPIiBHA
MalmHu-aapecata. OTpuMaHe B pe3ysbTaTi MOBIIOMIICHHS HepenaeThes
BHHU3 CEaHCOBOMY DiBHIO, SIKHH, B CBOIO YePTy, A0JA€E CBil 3arojIOBOK 1 T. II.
(Hestxi peanizamii MpOTOKOJIIB BMIITYIOTh CIIYKOOBY iH(pOpMAIifo HE TUTBKA
Ha MMOYaTKy TIOBIJOMIICHHS Y BUTIISIII 3arooBka). Haperri, mosizoMireHHS
JocsATae HIKHBOTO, (DI3MYHOTO piBHS, SKAH BIIACHE 1 mepemae Horo mo
JMHIAX 3B’SA3Ky MallmHi-aapecary. Jlo OpOTO MOMEHTY IIOBiZOMIICHHS
"obpocrae" 3aroJoBKaMu BCix piBHiB (pHc. 6.7).

Komn moBimomirleHHS MO0 Mepeki MOCTyIae Ha MaIlnHY-aJpecara,
BOHO NpuiMaeThcst 11 (PI3MYHUM pIBHEM 1 MOCHTIJOBHO MEPEMIIAEThCA
Bropy 3 piBHs Ha piBeHb. KoXHUi1 piBeHb aHaiizye 1 00poOIIsie 3aronoBoOK
CBOI'O DIiBHS, BUKOHYIOUM BIANOBIZHI AaHOMY piBHIO (QYHKIII, a HOTIM
BUJAJISIE [ICH 3ar0JI0BOK 1 Mepeiae MOBiTOMIICHHS PIBHIO.

Jaronosok 3] Momepamix 3 | Kosussun 3

Memigoaenna 3-ro pisns

TNormosnenna 2-ro pisng i

[Saroncecs 2| saroncsox 3] Moxemamex 3 | Kowumwi 3 | Kovumeen 2
e A

Towigomae nna l'lc:E.'I.lu Mone ganux 2

¥
|3aranoscs 1[3arancecs 2| dermnosox 3] Moxemammx 3 | Kowsmen 3 | Kouesens 2 | Kossusams 1|
L .

~

1
Puc. 6.7. BrirageHicTh MMOBiIOMIICHB Pi3HUX PiBHIB

[opsim 3 TepmiHOM TmOBiZOMIIEHHS (message) ICHYHOTH 1 iHII
TEPMiHH, IO 3aCTOCOBYIOTBHCS MEPEKEeBUMH (DaxXiBLSIMM IJISI TO3HAYECHHS
OJIMHUIB JAaHWX B Mporexypax ooMiny. Y crarmaprax [SO mis mo3HaueHHS
OIUHUIb JaHHWX, 3 SIKUMHA MalOTh CIHpaBy HPOTOKOJIM PI3HUX PIBHIB,
BHKOPHCTOBYETHCS 3arajibHa Ha3Ba NPOTOKOJBbHUN Onok-maHux (Protocol
Data Unit, PDU). Jlns mo3Ha4yeHHsl OJIOKIB JaHMX MEBHUX DIBHIB 4acTo
BUKOPUCTOBYIOTBCS CrerianbHi Ha3u: kagp (frame), maker (packet),
neiitarpamma (datagram), cerMeHT (segment).

Y moxeni OSI po3pi3HAIOTECS JBa OCHOBHHX THITH NPOTOKOMIB. Y
NIPOTOKOJIaX 3 BCTaHOBIECHHSAM 3’€qHaHHA (connection-oriented) mepen
0OMIHOM JTaHMMH BiJIPaBHUK 1 O€p>KyBad IOBUHHI CIIOYATKy BCTAHOBUTH
3’€THaHHS 1, MOXKJIMBO, BUOpATH JEsKi MapaMeTpu HPOTOKOIY, SIKi BOHH
OyIlyTh BUKOPHCTOBYBATH IIpH 0OMiHI JaHUMH. [licis 3aBepiieHHs aiajiory
BOHU ITOBHHHI PO3ipBaTH 1i€ 3’ €THAHHSL.

Tenegpon — 1ie MPUKIAT B3a€MOJIi, 3aCHOBAHOTO Ha BCTAHOBJICHHI
3’€THAHHS.

ﬂpyza epyna npomokoJjie — IPOTOKOJIN oe3 MONIEPEAHLOI0
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BCTaHOBJICHHs 3’e€qHaHHs (connectionless). Taki MPOTOKOIN HAa3MBAIOTHCA
TAaKOX JAeHTarpaMHUM TIPOTOKOJIOM. BiAlpaBHUK TPOCTO Iepeaae
MOBIZIOMJICHHS1, KOJIX BOHO T'OTOBE.

Onyckanms aucma 8 nowmosy ckpunbky — 1ie IpUKIak 3B’ 3Ky 0e3
MIOTIEPETHHOTO BCTAaHOBJICHHS 3’emHaHHS. llpm B3aeMomii KoMI'IOTEpiB
BHKOPHUCTOBYIOTHCS IPOTOKOIH 000X THITIB.

Di3uunuii pieens

®iznunmii pisers (Physical layer) Mae cpaBy 3 mepenadero 0iTiB 1Mo
¢i3MYHNX KaHAaX 3B’S3Ky, TaKUX, HANPUKIAJ, K KOaKciadbHHN Kabenb,
BUTa Tapa, ONTOBOJIOKHHCTHH Kabenb abo IMGPOBHH TEpPHUTOPiaNbHUMA
kaHan. /[0 1bOTO pIiBHS MAlOTh BIJHOIIEHHS XapaKTEPUCTHKU (i3MIHUX
CepelioBHIl  TepeAadi  JaHuX, Taki SK CMyra IpOIyCKaHHS,
MepeIKOJ03aXUIeHICTh, XBWIbOBUH omip 1 iHmi. Ha mpomy »x piBHi
BU3HAYAIOTHCSI XapaKTEPUCTHKH EJIEKTPUYHHMX CHUTHAIIB, IO IEepelaroTh
IUCKPETHY 1H(pOpMaIilo, HAPUKIAJ, KPYTICTh (PPOHTIB IMITYIbCIB, PiBHI
Hanpy»XeHHs abo CTpyMy CHTHally, THI KOJYyBaHHs, IIBHAKICTH Iepenadi
curHamiB. KpiM [pOro, TYT CTAaHAApPTU3YIOThCA THIH PO3’€MIB 1
NPU3HAYCHHS KOYKHOTO KOHTAKTY.

OyHKIii (Qi3MYHOTO pIiBHSA peaNiz3yloThcd Yy BCIX TPHUCTPOSX,
MAKITIOYCHUX 0 Mepexki. 3 00Ky komm’rotepa (yHKIIi (i3WIHOTO PIiBHA
BUKOHYIOTBCS MEPEKEBHM  afanTepoM abo IMOCHIJOBHHM IOPTOM.
[Mpuknagom npotokoy (Hi3UIHOTO PiBHS MOXKE CIYXKHUTH crienudikais
10-Base-T Texnomorii Ethernet, sika BH3HAYae SK BHUKOPHUCTOBYBAHOTO
KabeJll0 HEeeKpaHOBaHY BUTY Hapy Kareropii 3 i3 XxBwiboBHM omopom 100
Om, po3’em RJ-45, makcumanbHy AoBXUHY @¢izuyHoro cermenra 100
METpiB, MAaHYECTEPCHKUI KOJ| IS NPEACTABIICHHS IaHUX B KaOeli, a TaKoX
JIesIKi 1HII XapaKTEPUCTUKHU CePElH 1 eIeKTPHIHNX CUTHAIIB.

Kananvnuii pieens

Ha ¢izuunomy piBHI mpocto nepecuiaroTtsest OiTH. [Ipu npomy He
BpPAaxOBYETbCS, IO B JACIKUX Mepexkax, B SKHX JIHI] 3B’S3Ky
BUKOPHCTOBYIOThCS (PO3JUISIOTHCS) HABIEPEMIHHO [EKUIBKOMa IapaMu
B3aEMOJIIIOYMX KOMIT'FOTEpiB, (i3M4yHa cepeAa Inepegadi Moxke OyTH
3aifuaTa. ToMmy oxHiero i3 3amau kaHanpHoro piBHs (Data Link layer) e
mepeBipka JOCTYIHOCTI cepefoBHIa nepenadi. [Hmol 3amauero
KaHaJIbHOTO PIBHA € peaji3amis MeXaHI3MIB BUSIBICHHS 1 KOpEKii
MOMMWIOK. JI 1[bOTO Ha KaHAJIBHOMY PiBHI OITH TPYIyIOTBCS B HabOpH,
3BaHi kaapamu (frames).

KananpHuii piBeHp 3abe3medye KOPEKTHICTh mepenadi KO>KHOTO
KaJpy, BMINIYIOUH CIeniajdbHy TOCTIIOBHICT, OIiT B MOYATOK 1 KiHEIb
KO)KHOTO Kajpy, A7 WOTO BHIUICHHS, a TaKOXX OOYHCIIIOE KOHTPOJBHY
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cyMmy, oOpoOnstoun BCi OaiiTW Kaapy IMEBHHM CIOCOOOM 1 JOAar04d
KOHTPOJIBHY CyMy JI0 Kajpy. Konu kaap nmpuxoauTs o Mepexi, oJepKyBad
3HOB OOYHCIIIOE KOHTPOJbHY CYMy OTPUMaHUX JaHUX 1 IOPIBHIOE
pe3yNbTaT 3 KOHTPOJIBHOIO CYMOIO 3 KaJpy. SIKIIO BOHM 30iratoThCs, Kajap
BBA)KAETHCS] NIPABMIBHUM 1 MPUAMAETHCS. SIKIIO K KOHTPONBHI CyMH HE
CIIBIAAIOTh, TO (iKCyeThCS TOMIUTKA. KaHaBHIHA piBeHh MOXKE HE TLTBKH
BUSIBJIITH TIOMUJIKH, ajie 1 BUIPABIATH 1X 3a PaxyHOK ITOBTOPHOI mepeaadi
TIOMIKOKEHNX KazpiB. HeoOxinHO Big3HAuWTH, M0 (HYHKIIS BUTIPABICHHS
MIOMIIOK HE € OO0OB’S3KOBOIO JJIsi KAaHAIBHOTO PiBHSA, TOMY B JESKHUX
MIPOTOKOJIAX IILOTO PiBHA BOHA BiACYTHs, Hampukian, B Ethernet i frame
relay.

Y 1npoTokonax KaHaJIbHOTO pIBHS, IO BUKOPHCTOBYIOTHCS B
JIOKQIBHUX MepekaX, 3aKkiajeHa TIIeBHa CTPYKTypa 3B’S3KIB MK
KoMIT'IoTepaMH 1 cnocobu ix ajpecanii. Xoya KaHaJIbHMH piBEHb 1
3abe3meuye TOCTaBKY Kaapy MiX OyIb-SKMMH IBOMAa By3JIaMH JIOKAJIbHOL
Mepexi, BiH Lie pOOUTh TUIbKK B MEPEXki 3 a0CONIOTHO MEBHOIO TOMOJIOTIEO
3B'SI3KiB, CaMe Ti€I0 TOTIOJIOTIETO, I sIKO1 BiH OyB po3pobieHmid. [lo Takux
TUIIOBHUX TOTIOJIOTIH, MO MiATPUMYIOTECS IPOTOKOJIAMHU KaHAIBHOTO PiBHS
JIOKJIBHUX MEPEX, BIIHOCATHCS 3arajbHa IIMHA, KUIBIE 1 3ipKa, a TaKoX
CTPYKTYpH, OTPHUMaHi 3 HHX 3a JOIIOMOTOI0 MOCTIB 1 KOMYTaTOpiB.
[MpukinagaMu OpOTOKOIIB KaHANBHOTO piBHs € mpoTokonu Ethernet, Token
Ring, FDDI, 100VG-AnyLAN.

Y  JOKaIbHMX  Mepexax  IMPOTOKOJIM  KAaHAIBHOIO  PIBHSA
BUKOPHCTOBYIOTBCSI ~ KOMIT'IOTEpaMH,  MOCTaMH, KOMyTaropamu i
Mapuipyruzatopamu. Y KoMm'rorepax (yHKUii KaHaJIbHOTO piBHA
peasi3oBYIOTbCS CHUIBHUMHU 3yCHIUISIMH  MEPEXEBHX ajanrtepiB 1 ix
JpaiiBepiB.

Y rmobanbHUX Mepexkax, SKi pPiIKO BOJOMIIOTh PETYISAPHOIO
TOTIOJIOTI€I0, KaHANBHUNA PiBEHb 4YacTo 3abe3nedye OOMiH CHOIYYICHHSIMH
TITBKM ~ MDK ~ JBOMa  CYCIZHIMH  KOMITIOTEpaMH,  CHOIYYCHHUMH
IHAMBITyaTbHOIO JIiHIEO 3B’ s13Ky. [IpHKIamaMu MpoOTOKOIIB "To4Ka-ToYKa"
(K YacToO HA3MBAIOTh TaKi TPOTOKOIM) MOXYTh CIY)XHUTH IIHUPOKO
momupeni mpotokonn PPP i LAP-B. V Takux Bumagkax Ijis JOCTaBKH
MOBIZIOMJIEHh ~ MDDK  KIHIIEBUMH  BY3JlaMH  4Yepe3  BCIO  MEpEexXYy
BHKOPHCTOBYIOTBCS 3acOo0M 1 MepexkeBoro piBHA. Came Tak OpraHi3oBaHi
Mepexi X.25. Inoai B mrobanbHUX Mepexax (yHKIii KaHaJbHOTO PiBHS B
YUCTOMY BUTJISII BUIITUTH BaXKKO, OCKUTBKH B OJHOMY 1 TOMY % MPOTOKOJI
BOHHM 00’ €THYIOTBCS 3 (PYHKIIISIMI MepekeBoro piBHSA. [IpukiragaMm Takoro
MiAXO0Ty MOXYTh CITY>KUTH IIpoTokonu TexHonorii ATM i frame relay.

VY ninomy KaHalbHMH pIBEHb SBIISIE COOOIO BEJIBMH MOTYTHIH 1
3aKkiHYeHHH Habip QyHKLiH 1O mepecuii croy4eHb MiXK By3JIaMU MEPEexi.
VY  nesKkMX BUN3AKaxX MNPOTOKOJM KAaHAJIBHOTO PIBHS  BHSBIIOTHCA
CaMo/IOCTaTHIMU TPAaHCIIOPTHUMHM 3ac00aMi 1 MOXKYTb JOITyCKaTH pOOOTY
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NOHaJl HUX 0e3rocepesiHbO MPOTOKOJIIB MPUKIIAJHOTO PiBHS ab0 J0NATKIB,
0e3 3amy4yeHHs 3aco0iB MEpeXeBOro i TPaHCIIOPTHOro piBHIB. Hampukian,
iCHye peaJti3allis IPOTOKOJY yrpasiiHHA Mepexeto SNMP 6e3nocepeanso
nosepx Ethernet, xoua craHmapTHO Ieid NPOTOKOJ MpAIIOE HAa OCHOBI
MepexeBoro nportokony IP i Tpancnopraoro nmporokoixy UDP. Ilpuponso,
110 3aCTOCYBAaHHS TaKol peaiizamii Oyne oOMeXxeHnM — BOHA HE IiIXOIUTh
IUTA CKIIAIHUX MEpeX pI3HMX TexHoiorii, Hanpukian Ethernet 1 X.25, i
HaBiTh M Takoi Mepexki, B SAKIH y BCIX CErMEHTaxX 3aCTOCOBYETHCS
Ethernet, a;e MiX cerMeHTaMHu iCHYIOTh METIEBiAHI 3B’SA3Ky. A 0OCh B
nmBocermeHTHi Mepexi Ethernet, 00’ennaniit Moctom, peanizamist SNMP
HaJl KaHAJIHUM PiBHEM OyJie LIKOM ITpare3/iaTHa.

TuM He MeHmIe sl 3a0e3NEeUYeHHs] SKICHOTO TPaHCIIOPTYBaHHS
MOBIZIOMJIEHb Y Mepexkax Oy/b-SKHX TOIOJIOTIH 1 TeXHOJOTiH (yHKIii
KaHaJIbHOTO PiBHS BUSBIIETHCS HEAOCTATHBO, TOMY B Mojeni OSI pimenHs
miel 3amadi MOKIANAEThCsA HAa JBAa HACTYIHUX PIBHI — MEpeXeBHH 1
TPaHCIIOPTHUM.

Mepeoicesuii pigens

MepexeBuii pierp (Network layer) cmykuTe ans yTBOpeHHS
€IMHOI TPAHCIIOPTHOI CHCTEMH, 0 00’ €THY€ AEKiIbKa MEpexk, MPUIOMY IIi
Mepexi MOXYTh BHUKOPHCTATH aOCONIOTHO pi3HI TNPHHIUNM Tepenadi
MOB1TOMJICHb MIXK KiHI[CBUMH BY3JIaMH 1 BOJIOJITH JOBUIBHOK CTPYKTYPOIO
3B’s13kiB. DyHKIIT MEpeKeBOro piBHS JIOCUTH pi3HOMaHiTHI. [louHemo ix
PO3TJISII HA PUKJIAIi 00’ €JHAHHS JIOKAJIBHIUX MEPEIK.

[TpoTokonu KaHAaJILHOTO PIBHS JIOKAIBHUX MeEpexX 3a0e3NeuyloTh
JIOCTaBKy JIaHUX MDK OyJIb-SKMMH BYy3JaMH TiJIbKH B MeEpexi 3
BiJINIOBITHOIO THIIOBOK) TOIOJIOTIEI0, HAMPHKIIAA TOIOJIOTIEN iepapxidHOol
3ipku. Lle myxke skopcTke 0OMeKeHHS, sIKe He TO3BOJISIE OyyBaTH MEpexi 3
PO3BHHEHOKO CTPYKTYPOIO, HAPUKIIAL, MEPEXKi, Mo 00 €THYIOTh IeKiTbKa
MEpexX IMiIIPUEMCTBA B €TUHY MEPEXKY, a00 BUCOKOHAIIHHI MEepexi, B IKUX
ICHYIOTh HAJUTMIIKOBI 3B’ sI3KH MiX By3JaMd. MoskHa OyIo O yCKIIaIHIOBATH
MPOTOKOJIM KaHAJIBHOTO PIBHS UIS MIATPUMKH TETICBUIHUX HaIMIpPHUX
3B’SI3KiB, aji¢ MPUHIMII MOJIUTY OOOB’S3KIB MK PIBHAMH NPHU3BOIUTH 10
iHmoro po3B’s3ky. 11[o6 3 ogHOro GOKYy 30€pertd MpOCTOTY MPOIEIyp
mepenadi JaHWUX S TUMOBUX TOMOJOTIH, a 3 1HIIOK JIOMYCTHTH
BHKOPHUCTAHHS JOBUTLHUX TOTIOJIOTiH, BBOAUTHCS JOAATKOBHHA MEPEKEBUN
piBEHB.

Ha wMepexeBomMy piBHI cam TepMiH “Mepexka” HAAUIMIOTH
crnenuivHNM 3HA4YEeHHAM. B manomy BUManKy mig mepedsicero pO3yMi€ThCS
— CYKYITHICTh KOMIT IOTEpPiB, 3 €THAHUX MiX COOOIO BiJIIOBITHO IO OMHIET 3
CTaHJAPTHUX THIIOBUX TOIOJOTIH i BHKOPUCTOBYIOUUX VIS Iepeadi JaHuX
OJIMH 3 TPOTOKOJIB KAHAIBLHOTO PIiBHS, BU3HAUCHHH JUIS I[i€1 TOMOJOTI.
Bceepemuni  Mepexxi  JocTaBKa JTaHMX —3a0€3MEYyEThCS  BiAIOBITHUM
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KaHaJIbHUM DPIBHEM, @ OCb JOCTaBKOIO JJAaHHX MK MEpeXaMH 3aiMaeThCs
MEpEeXEBHI PIBEHb, SIKUH 1 MIATPUMYE MOXIJIMBICTH MPAaBUILHOTO BUOOPY
MapuIpyTy Iiepesiadi TOBIOMIECHHS HaBITh y TOMY BHIIQJKy, KOJH
CTPYKTypa 3B’3KIB MK CKJIaJIOBUMU MEpPEXaMH Ma€ XapakTep, BIIMIHHUHA
BiJl MPUHHATOTO B MPOTOKOJIAX KAHAIBHOTO piBHA. Mepexi 3’€THYIOThCS
MiX cO00I0 CIeIiaTbHIMH IPUCTPOSIMH, 3BAaHIMH MapIIpyTH3aTOPAMH.

Mapwpymuszamop — 1ie TIpUCTpil, akwii 30upae iHPOpMaLio PO
TOTIOJIOTiI0 MDKMEPE)KEBUX 3’€JHAHb 1 Ha ii OCHOBI Iepecwiia€ IMaKeTH
MEpEeXKeBOro piBHA B Mepexy npusHadeHHs. 1100 mepenatn moBimoMieHHS
Bi BigIpaBHHUKA, IO 3HAXOAWUTHCS B OJHIA Mepexi, omepKyBady, IO
3HAXOJUTBCS B IHIIIN Mepexi, Tpebda 3IMCHUTH [esKy KUIBKICTb
TPaH3UTHUX TIepelad MiK Mepexamu, urixomiB (Big hop — crpubok),
KOXKHHMI pa3 BUOMpArOY¥ BiqIMOBIMHMNA MapuipyT. TakuM 4WHOM, MapiipyT
SBJIsIE COOOI0 MOCIIOBHICTh MapIIPyTU3aTOPIiB, uepe3 SIKi NPOXOAUTH
TaKer.

Ha puc. 6.8 mnokazani 4YOTHpM Mepexi, IOB’s3aHI TpbOMa
MapmpyTtuzatopamu. Mixk By3namu A 1 B maniil Mepexi mpoJsTaioTh aBa
MapuIpyTH: TepUInid depe3 Mapmpyrm3atopu | i 3, a apyrmii yepes
Mapmpytuzatopu 1, 2 1 3.

ITpoGnema BUOOpY HalKpamioro HIIIXY Ha3MBAETHCS
MapHipyTu3amiero, i i pO3B’s3aHHSA € OJHIEI0 3 TOJOBHHX 33/ad
MepexeBoro piBHA. Lls mpobiemMa yCKIaTHIOEThCS THUM, 10 HAWKOPOTIIHIA
HUIAX HE 3aBKAM Hadkpamuit. YacTto kputepieMm mpu BHOOPI MapuipyTy €
Yac nepenadi JaHUX MO IbOMY MapLIpyTy; BOHO 3aJIeXKUTh BiJ IIPOIYCKHOT
CIPOMOJKHOCTI KaHaJiB 3B’SI3Ky 1 IHTEHCHBHOCTI Tpadika, ska MOXKe
3MIHIOBATUCS 3 IUIMHOM 4Yacy. Jleski anroputMu MapupyTtusaiii
HAMararThCsl PUCTOCYBATHCS IO 3MIHA HABAHTAXKCHHS, B TOW 4ac sIK 1HIII
MpUIHMAIOTh PINICHHS Ha OCHOBI CEpelHIX TOKa3HHKIB 3a TPHBAJHI Yac.
Bubip Mapmpyty Moke 3IIHCHIOBAaTHCS 1 3a IHIOUMH KpUTEPisIMHU,
HaTIpUKJIa] HaTiHHOCTI Iiepeaadi.

Mepema 1 Mapmpymasarops Mepema 3

$48

Puc. 6.8. IIpuxiian ckaamgoBoi Mepexi
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VY 3aranpHOMY BUMAAKY (GYHKIII MepeXeBOro piBHs HIMpIIE, HiX
¢yHKIII mepexadl MOBINOMIIEHb 1O 3B’s3KaX 3  HECTaHJAPTHOIO
CTPYKTYPOIO, IKi MU 3apa3 PO3IJISIHYJIM Ha MPUKIaAl 00’ € THAHHS JEKITBKOX
JIOKAaJBbHUX MEPeX. Mepe:KeBUi PiBEHb BHPIIIY€E TAKOXK 3314l Y3TOKECHHS
PI3HUX TEXHOJIOTiH, CIIPOIICHHS aipecallil y BEIUKAX MEpex ax i CTBOpEHHS
HamiHHUX 1 THYYKHX Oap’epiB Ha NUIIXy HeOakaHOro Tpadika Mix
MepexKaMH.

[ToBimOMIICHHSI MEpEXEeBOrO PiBHSA IPHHHATO HAa3HMBATH ITaKETAaMH
(packets). Ilpm opramizamii JOCTaBKH NaKeTiB Ha MEpPEKEBOMY piBHI
BUKOPHCTOBYETBCS TIOHATTSI «HOMEpP Mepexi». Y 1bOMY BHUIAAKY ajpeca
OJIcp)KyBaya CKIQNAEThCA 3 CTApIIOl YaCTHHA — HOMEepa MEpexi i
MOJIOAIIOT — HOMEpa By3Ja B Iiif Mepexi. Bci By3mm onHiei mepexi
MOBUHHI MAaTH OJHY 1 Ty  CTapuly YacTHHY aJpecH, TOMY TEpMiHY
“Mepexa” Ha MEpeXEeBOMY piBHI MOXKHa JaTH H iHIe, OUIbII (popMaibHe
BU3HAYCHHS: Mepedca — e CYKYIHICTh BY3JIiB, MEpexeBa ajapeca SKUX
MICTHTB OJVH i TOH K€ HOMEp MEPEKi.

Ha wMmepexxeBoMy pIBHI BH3HAUYalOThCA [Ba BHAUW IPOTOKOJIB.
[epmmii Bug — MepexkeBi mpotokomu (routed protocols) — peamizyoTh
NPOCYBaHHS IAKeTiB yepe3 Mepexky. Came 1i IPOTOKOJIH 3BUYAHHO MArOTh
Ha yBa3i, KOJU TOBOPSTH PO NPOTOKOIU MepexeBoro piHs. IIpote, yacto
JI0 MEPEKEBOrO PIiBHS BIMHOCATH 1 IHIIMA BHJ TNPOTOKOJIIB, 3BAHUX
NpoToKONaMu  OOMiHYy — MapuipyTHOW  iHpopmamiero abo  mpocTo
MPOTOKOJIAaMH MapipyTu3amii (routing protocols). 3a A0MOMOrow IHX
MPOTOKOJIIB MapUIpyTU3aTopu 30MparoTh iH(OpMAL0 PO TOIMOJIOTi0
MDKMEpEeKEBUX 3’€HaHb. [IPOTOKOIM MEpEKHOTro pIBHS pPeali3ylOThCs
NPOrpaMHAMH MOJYJISIMU OIEpaliifiHOT CUCTEMH, a TAKOXK MPOTPAaMHUMH i
amapaTHUMH 3aC00aMU MapIIpyTH3aTOPIB.

Ha mepexeBoMy piBHI NPALFOIOTh MPOTOKOJIHU IIE OJHOTO THITY, SKi
BIANOBIAIOTh 32 BiJOOpakeHHS aJpecd BYy3Jla, BUKOPUCTOBYBAHOIO Ha
MEpeXKHOMY piBHI, Ha JIOKAIBHY anpecy Mepexi. Taki MPOTOKOIM YacTo
Ha3MBaKOTh NPOTOKOJAaMK J03Boiy azapec — Address Resolution Protocol,
ARP. THoni iX BiTHOCATBH HE IO MEPEKEBOTO PiBHSA, a IO KaHAILHOTO, X04a
TOHKOIII Kiacupikamii He 3MiHIOIOTH iX cyTi. [IpukiagamMu NmPOTOKOIIB
MEpEXKEBOT0 PiBHS € IPOTOKOI MixkMmepexeBoi B3aemoii IP creka TCP / IP
1 mpoTokoa MiXxkMepeskeBoro ooMiny maketamu IPX crexa Novell.

Tpancnopmmnuii pieens

Ha muisxy Bix BinnmpaBHHMKa O OJlepKyBaya IaKeTH MOXYTh OyTH
croTBopeHi abo 3aryOmeHi. Xouya Jesiki JOJATKH MalOTh BJIACHI 3aco0M
00poOKM NMOMMIIOK, ICHYIOTH 1 Taki, sSIKi BBa)KaroTh 3a Kpalle Bifpasy MaTH
crpaBy 3 HaailiHUM 3’enHaHHAM. TpaHcnopTHuid piBens (Transport layer)
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3abe3nedye JopaTkaM ab0 BEpXHIM pIBHAM CT€Ka — NPHKIAJHOMY 1
CeaHCOBOMY — Tepelady JaHMX 3 THM CTYNEHEM HalidHOCTI, sfKa M
notpioHa. Mozaens OS] BU3Hauae I’SITh KJACIB CEpPBiCy, IO HANAIOTHCS
TpaHCIOpTHUM piBHeM. L{i Buam cepBicy BiIpi3HSAIOTHCS SIKICTIO HaJaHHUX
MOCTYT: TEPMIHOBICTIO, MOXKJIMBICTIO BiTHOBJICHHS INEPEPBAHOTO 3B’SI3KY,
HasBHICTIO 3aCO0iB MYJIBTHIDICKCYBAaHHS ACKUIPKOX 3’€THAHD MK PI3HUMHI
MPUKITaAHAMH TPOTOKOJIAMH Yepe3 3arajlbHUi TPAHCIIOPTHUI MPOTOKOI, a
TOJIOBHE — 3JATHICTIO /IO BHUABJICHHS 1 BUIPABJICHHS NOMWIOK Iepenadi,
TaKWX K CIIOTBOPEHHS, BTpaTa i IyOIFOBaHHS ITaKeTiB.

Bubip kiacy cepBicy TpaHCIIOPTHOTO PiBHS BU3HAYAETHCS, 3 OJHOTO
00Ky, TUM, B sKiii Mipi 3amada 3a0e3medeHHs HaAiHHOCTI BHUPIIIYETHCS
CaMMMHM JI0JIaTKaMH 1 IPOTOKOJIaMH OUIbIIe 332 BUCOKI, HIXK TPaHCIIOPTHUIHA,
PpiBHI, a 3 iHIIOTO OOKY, 1ei BUOIp 3aJIe)KUTh Bijl TOr0, HACKUJIBKH HaJlIITHOO
€ CHCTeMa TPAHCIOPTYBaHHSI [aHUX B MEPEKi, 0 3a0e3MeyyeThCs
PIBHAMH, PpO3TAlIOBAHUMH HIKYE TPAHCHOPTHOIO —  MEPEKHHM,
KaHabHUM 1 (isnunuM. Tak, HanmpuKIaa, KOO SKICTh KaHANIB mepeaadi
3B’S3Ky € JIyXK€ BHCOKOIO 1 IMOBIPHICTP BHHUKHCHHS IIOMIUIOK, HE
BUSIBJICHHX IIPOTOKOJAMH OUTBII HU3BKUX PIBHIB, HEBEIHKA, TO PO3YMHO
CKOPHCTAaTUCS OJHUM 3 MOJIETTICHNUX CEPBICIB TPaHCHOPTHOTO DiBHS, HE
OOTSDKEHNX  YHCIEHHHMH  TIE€PeBipKaMH, KBOTYBaHHAM 1 IHIIUMH
mpuifoMaMy  MIABUINEHHS HamiHHOCTI. SIKmIO > TPaHCHOPTHI 3acodm
HIDKHIX PIBHIB CIIOYATKYy JAyKe HEHaJilHI, TO JOUIJBHO 3BEPHYTHCS 10
HaWOIIBII PO3BHHEHOTO CEpBICY TPAHCIIOPTHOTO PIBHS, SKHUH IPAIIOE,
BUKOPHCTOBYIOYM MaKCUMyM 3aco0iB JUisi BHSIBICHHS Ta YCYHEHHS
MOMUWJIOK, — 32 JOIOMOIOH IONEPEAHHOI0 BCTAHOBJICHHS JIOTTYHOTO
3’€THaHHS, KOHTPOJIIO JOCTABKU IOBIJIOMJIEHb 10 KOHTPOJBHUX CyMax i
LUKJIYHINA Hymepalii aKeTiB, BCTAHOBJICHHs TaliMy-ayTiB JIOCTaBKH 1 T. II.
Sk mpaBmIiI0, BCi MPOTOKOJIM TOYMHAIOYM 3 TPAHCIIOPTHOTO PIiBHSA 1 BHIIE,
peanizyroThcsl TPOTPAMHUME  3aco0aMy  KIHICBHX BY3JIB MeEpexi —
KOMITOHEHTAMH iX MEpEeXeBUX OIlepaliiHuX CHCTeM. JSIK TpuKiajn
TPAHCIIOPTHHUX MPOTOKOIIB MokHa npuBecTd mpoTokomud TCP i UDP cteka
TCP / IP i mporokon SPX crteka Novell. [IpoTokoian HHXHIX YOTHPHOX
PiBHIB  y3araJlbHEHO  Ha3WBAIOTh MEPEKEBHM  TpPAHCIOPTOM  abo
TPAHCIOPTHOIO I{JICHCTEMOIO, OCKUIBKM BOHHM TIOBHICTIO BHPIIIYIOTh
3a/1a4y TPAHCIIOPTYBaHHS TIOBIIOMJICHb 13 3aJlaHUM pIiBHEM SKOCTI B
CKIIQJIOBHX MepeXaX 3 JOBUIBHOIO TOIOJIOTIEI0 1 PI3HUMH TEXHOJOTIsIMHU.
[HImi Tpm BepxHiX piBHI BUPINIYIOTH 3a/1a4i HaJaHHS NPHUKIATHUX CEPBiciB
Ha OCHOBI TPAHCTIOPTHOI MiICHCTEMH.

Ceancoeuii pieens

CeancoBuit piBeHp (Session layer) 3abesneuye ynpaBiiHHS
niagoroM: (ikcye, sika 3 CTOpIH € aKTHBHOIO B JaHMH MOMEHT, HaJae
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3aco0u cuHXxpoHizalii. OcTaHHI JO3BOJSIIOTH BCTABISTH KOHTPOJIbHI TOUYKH
B JIOBTI Iepenadi, o0 y pasi BiIMOBH MOKHA OYJIO TIOBEPHYTHCS Hazai JI0
OCTaHHBOI KOHTPOJBHOI TOUKH, a He TIOYMHATH BCe 3 movyarky. Ha mpakrumi
JesiKi  TONATKU  BHUKOPUCTOBYIOTH CCAHCOBHMU piBEHb, 1 BIH PIiJKO
pearizyeTscsl y BUIIILII OKPEMHUX IPOTOKONIB, X049a (YHKIII I[HOTO PiBHSI
gacto 00’€THYIOTh 3 (PYHKIISIMH TPUKIATHOTO PIBHA 1 pealizoBYIOTH B
OJTHOMY TIPOTOKOJTI.

Ilpeocmaenuybkuii pieens

[pencraBanmpkuii  piBeHs (Presentation layer) mae cmpaBy 3
(dopMoro moaHHs HepenaHoi Mo mepexi iHpopmaii, He 3MIHIOIOYU MPH
BOMY 11 3MicTy. 3a paXyHOK PiBHS YSIBJICHHs iH(OpMAIlis, 1110 epelacThCs
MPUKIAJHAM PIBHEM OJHI€I CHUCTEMH, 3aBXKIU 3pO3yMiJia MPUKIATHOMY
PIBHIO iHIIOI CHCTEMH. 3a JOMOMOTOI 3ac00iB JaHOTO PIiBHS MPOTOKOJIH
MPUKIAJHUAX PIBHIB MOXYTh IIOJOJaTH CHHTAKCHYHI BIIMIHHOCTI B
MpeCTaBICHHI JaHUX a00 K BiAMIHHOCTI B KOJaX CHMBOIIIB, HAIIPHUKIA]
komie ASCII i EBCDIC. Ha mpoMy piBHI MOXXe BHKOHYBATHCA
mmdpyBaHHs 1 gemmdpyBaHHS JaHUX, 3aBISKH IKOMY CEKPETHICTH 0OMiHY
JTAaHUMH 3a0€311euy€eThCs BiApasy Ul BCIX MPHUKIATHUX ciryx0. [Ipuxiamzom
Takoro TMpoTOKOIy € mpotokon Secure Socket Layer (SSL), sxwit
3a0e3nedye CEKpeTHHH OOMIH TOBIMOMJICHHSAMH [UIS  IMPOTOKOIIB
npukitaaHoro pisHs creka TCP / 1P.

Ilpuxnaonuii pieens

[Mpuknanuuit piBenb (Application layer) — ue Hacmpasai mpocrto
HaOip pI3HOMAHITHHUX MPOTOKOJIB, 3a JOMOMOTOI0 SKHX KOPHUCTYBadi
Mepexi OTPUMYIOTh AOCTYI IO PECypciB, TaKuX sK (aiinu, mpuHTEepH abo
rimeprekctoBi Web-CTOpiHKH, a TaKOK OPTaHI3yIOTh CBOIO CIILIBHY pOOOTY,
HalpHKIag, 3a JOIOMOIOI0 IPOTOKONY eJIeKTpoHHOI mnomTH. OmuHHUIS
JIaHWX, SIKOIO OIlepye TPHUKIAJHUKA piBeHb, 3BHYAHHO HAa3MBAETHCS
MTOBITOMJICHHAM (message).

IcHye nyxe BenHWka pPi3HOMAHITHICTH CIYXO MPHUKIAIHOTO PiBHS.
Haenemo sk mpuknaa xod O JeKigbKa HAHOUTBII MOMIMPEHUX peatizamii
¢atinoBux ciayx6: NCP B onepamiiiniii cucremi Novell NetWare, SMB B
Microsoft Windows NT, NFS, FTP i TFTP, o Bxoaarts B ctek TCP / IP.

Mepeoicezanesnchi i mepesicenezaneixnci pieHi

Oyukii Beix piBHiB Moneni OSI MoxyTh OyTH BiTHECEHI O OJHi€l
3 IBOX TpyI: abo A0 (YHKIH, M0 3aJeXaTh BiJl KOHKPETHOI TEXHIYHOL
peamizamii Mepexi, abo 10 (QyHKUiH, OpieHTOBaHMX Ha poOOTYy 3
JTOJTATKAMH.
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Tpu HwkHIX piBHI — (I3MYHUHA, KaHAIBHUHA 1 MEPEXEBUH — €
MEpeXe3ISKHIMH, TOOTO TNPOTOKOJIM LMX PIBHIB TICHO TIOB’si3aHi 3
TEXHIYHOIO pealizali€lo Mepexi 1 KOMYHIKALifHUM YCTaTKyBaHHSIM.
Hanpuknan, mnepexin Ha o6nagHanHs FDDI o3nauae mnoBHY 3MiHY
MPOTOKOJIIB (DiI3WYHOTO 1 KaHAIBHOTO PIBHIB y BCIX BYy3JIaX MeEpexi.
Tpu BepxHiX piBHI — NpPUKIAJHUHN, MPEICTaBHUIBKUI 1 CEaHCOBUH —
Opi€HTOBaHI Ha JAOMATKH i MaJo 3aJeXaTh BiJ] TEXHIYHHUX OCOOIMBOCTEH
moOymoBu Mepexi. Ha mpoTokonm mux piBHIB HE BIUIMBAIOTH SKi O TO HE
Oymo 3MiHU B TOTIOJIOTIi MepexKi, 3aMiHa oONagHaHHA abo Mepexin Ha iHITy
MepexeBy TexHojoriro. Tak, mepexin Bix Ethernet Ha BHCOKOmBHIKiICHY
texHonorito 100VG-AnyLAN He 3axajgae HiIKHX 3MIH B IPOTpPaMHHX
3aco0ax, 110 Peai30BYIOTh (DYHKINI MPUKIAJIHOTO, MPEACTABHHUIIBKOTO i
CEaHCOBOTO PiBHIB.

TpaHcriopTHHI piBeHb € NPOMDKHHM, BiH INPHUXOBYE BCi Jeraii
(YHKIIOHYBaHHSI HIDKHIX DIBHIB Bif BepxHiX. Lle mo3Boisie po3poOinsitu
JOAaTKH, IO HE 3ajleXaTh BiJ TEXHIYHMX 3aco0IiB Oe3mocepeHbOro
TPaHCTIOPTYBaHHS TOBitoMIeHb. KoMIT'IoTep 3 BCTAaHOBICHOIO HA HHOMY
MepexxeBoto OC  B3aeMojie 3 IHIIUM KOMIT'FOTEPOM 3a JIOIOMOTIOIO
MPOTOKOJIIB BCiX ceMH piBHIB. L0 B3aeMOMif0 KOMITTOTEpH 3[iHCHIOIOTH
OTIOCEpEeIKOBAHO dYepe3 Pi3HI KOMYHIKaliliHI MPUCTPOi: KOHIIEHTPATOPH,
MOJIEMH, MOCTH, KOMYTaTOpH, MaplIpyTH3aTOpH, MYJIbTHIUIEKCOpH. B
3aJIKHOCTI BiJ| THIy KOMYHIKAI[IHHUI TPUCTPii MoXke mpaitoBaTd abo
TiIBKA Ha (i3uyHOMY piBHI (mOBTOpOBau), abo Ha ¢i3udHOMY i
KaHaJIbHOMY (MicT), a00 Ha () i3MYHOMY, KAHAILHOMY 1 MEpPEKEeBOMY, 1HOAI
3axXOIUIIOIOYM 1 TPaHCIOPTHUH piBeHb (Mapuipyruszatop). Ha puc. 6.9
MoKa3zaHa BIJMNOBIAHICTE (QYHKIIH pPI3HUX KOMYHIKalifHUX TPHUCTPOIB
piBHsM mozeni OSI.

Mogpens OSI mpencTaBisie X049 i AyKe BaXKIHBY, ajle TUTBKU OJHY 3
Oaratbox Mojeneil komyHikamiii. L[i mMozenmi i moB’s3aHi 3 HUMH CTEKH
MPOTOKOJIIB MOXYTh BIIPI3HATHCS KUIBKICTIO PiBHIB, IX (YHKIISIMH,
(dbopMaTaMu TIOBIIOMIICHb, CIYX0aMH, TWIATPUMYBaHHMH Ha BEpXHIX
PiBHSX, 1 IHIIMMHU TTapaMeTPaMU.

5. lHousaTTA “BigKpuUTa cCcTeMa”

Mogens OSI, sk ne Buxoauth 3 ii HazBum (Open System
Interconnection), omucye B3a€MO3B’s3KH BigkpuTHX cucteM. 1o k Take
BiKpHTa cuctema?

Y mmpoxoMy 3HaY€HHI 8i0Kpumoio cucmemoro Moxe OyTH Ha3BaHa
Oynp-sika cuctema (KoM 'toTep, oOumcmroBaibHa  Mepexa, OC,
NpOrpaMHMI TaKeT, IHINI amapaTtHi 1 NpPOrpamMHi TNPOAYKTH), sKa
mo0Oy/T0BaHa BIAMIOBITHO JIO BIIKPUTHX CIIEU(IKAIiiL.
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Puc. 6.9. PiBui momeni OSI, siki € 3anexHi 1 He3aJIekKHI BT Mepexi

Haramgaemo, 1o mig TepminoM “crenudikaiiis” (B 004HCITIOBATBHIH
TEXHili) po3yMiloTh (hOpMaTi30BaHM OIKMC amapaTHUX abo NMPOTPaMHHUX
KOMITOHEHTIB, cII0cO0IB 1X (YHKIIOHYBaHHS, B3aeMOZil 3 IHIIUMH
KOMIIOHEHTAaMM, YMOB  €KcIulyartamii, OOMEXeHb 1  0COOJMBHX
XapaKTePUCTHK. 3PO3yMilio, M0 He OyAb-siKa crenudikallis € CTaHIapTOM.
Y cBow d4epry, miJ BiIKPUTHMH cHenudikalisMd poO3yMilOThCA
OmyOJIiKOBaHi, 3araJbHOIOCTYIHI crienudikaIii, BiIIOBIHI CTaHIApTaM i
NPUIHATI B pe3yJbTaTI TOCSTHEHHS 3TOJH ICIs BCeOIYHOr0 00roBOpEHHs
BCiMa 3aIliKaBJICHUMH CTOPOHAMH.
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Puc. 6.10. BianoBiaHicTh (GYHKIIH Pi3HUX IPUCTPOIB MEPEXKi PIBHIM
moxeni OS]

BuxkopuctanHSs TpH po3po0I CHCTEM BIIKPUTHX CIICIU(iKaIii
JIO3BOJISIE TPETIM CTOPOHAM PO3POOIATH U IMX CHCTEM pi3HI amapaTHi
abo mporpamMHi 3aco0u po3mmpeHHs i MoAu(dikaii, a TaKOXX CTBOPIOBATH
MpOTpaMHO-anapaTHi KOMIUIEKCH 3 TIPOAYKTIB pI3HUX BHPOOHHUKIB.
i peajbHAX CHUCTEM IIOBHA BiJIBEPTICTh € HEMOCSHKHHM imeayoM. Sk
NPaBWJIO, HABITh B CHUCTEMaX, 3BaHMX BIJKPUTHMH, [[bOMY BH3HAUYEHHIO
BIJINIOBIAIOTH JIMIIIE JAEAKI YACTHHHU, MIATPUMYIOYi 30BHIIIHI iHTEpdeicH.
Hanpuknan, BigBepTicTh  ciMmeiicTBa  omepartiiaux — cuctem  Unix
YKJIaJa€ThCs, KPIM YChOrO IHIIOTO, B HAsSBHOCTI CTaHAaPTH30BAHOIO
MporpaMHOTo iHTepdericy MiX sIpoM i1 JoAaTKaMH, IO ITO3BOJISIE JIETKO
NIepeHeCTH JI0JaTKu 3 cepenu onHiel Bepeii Unix B cepeny iHIIoi Bepcii.
Ille omHMM NpPHKIAIOM YacTKOBOI BiJJBEPTOCTI € 3aCTOCYBAaHHS B JIOCUTBH
3akpuTii onepariiniii cuctemi Novell NetWare Bimkpuroro iHtepdeiicy
Open Driver Interface (ODI) ans BKIIOYEHHS B CHCTEMY JApalBepiB
MEpEeXEBHX aJanTepiB He3aJleKHUX BUPOOHMKIB. UuM Oinble BiAKPUTHX
crnenudikamii BUKOPHCTAHO TpU po3poOIi cucremMu, THUM Oinpie
BiIKPHUTOIO BOHA €.

Mogens OSI TOpKaeTbCs TiNBKH OJHOTO AacCMeKTy BiAKPHUTOCTI, a
caMe BIIKPHUTICTH 3aco0iB  B3aeMoAii MHPUCTPOIB, IIOB’SI3aHUX B
00UnCITIOBAbHY Mepexy. TyT Tia BiAKPHTOIO CHUCTEMOIO PO3YMIETHCS
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MEpEeXEBUH TPHUCTPiH, TOTOBMH B3aEMOJISATH 3 IHIIUMHU MEPEXEBUMH
NPUCTPOSIMA 3 BHKOPHCTaHHSM CTaHAAPTHUX MpaBWJ, L0 BH3HAYAIOTh
(dopmar, 3MICT 1 3HAYCHHS 1 BiIIPABISIFOTHCS.

Skmo aBi Mepexi moOymoBaHI 3 JOTPUMAHHSIM MPUHIHUIIB
BiIKPHUTOCTI, TO IIe 1a€ HACTYITHI IIepeBaru:

1) MoxHBiCTE MOOYIOBH MepeXi 3 amapaTHHX 1 HpPOTpaMHUX
3ac00iB pI3HUX BHPOOHHKIB, [0 JOTPUMYIOTBCS OJHOTO i TOTO K
CTaHIapTY;

2) MOXJHBicTh 0€300JICHOT 3aMiHM OKPEeMHX KOMITOHEHTIB Mepexi
iHIUMA, OLTBII IOBEPIICHUMH, IO IO3BOJIIE MEpPeXi PO3BUBATHUCS 3
MiHIMaJbHIMH BUTPATaMH;

3) MOXJIMBICTB JIETKOTO CIIOJIyYECHHsI OJTHIET MEepexi 3 iHILOLO;

4) MIPOCTOTa OCBOEHHS i 00CIyroBYBaHHS MEpexi.
SlckpaBUM NPUKIIAZAOM BIIKPUTOI CUCTEMH € MDXKHapojaHa Mepexa Internet.
Il mepexa po3BHBaiacs B IIOBHIM BiJMOBIIHOCTI 3 BHUMOTaMmH, IO
npea’sIBISIOTBCS. 10 BIIKPUTHX cHcTeM. Y po3podui i cranmapTiB Opanu
y9acTh THUCSAYi (DaxXiBIIiB-KOPHCTYBAUiB i€ Mepexi 3 pi3HUX YHIBEpCHUTETIB,
HAyKOBUX OpTraHizamiii i (GipM-BHPOOHHKIB OOYMCIIIOBATIBHOI amapatypu i
HpOrpaMHOro 3a0e3MeueHHs, 0 NPALOTh B Pi3HUX KpaiHax. Cama Ha3Ba
CTaHIApTIB, [0 BHU3HAYAIOTh pPOOOTYy Mepexi Internet - Request For
Comments (RFC), mo MoXHa mepeKiiacTH SIK «3amuT Ha KOMEHTapi',
MOKa3ye TOJOCHUHM 1 BIIKPUTHH XapakTep NPUUHATHX CTaHAapTiB. Y
pe3yabTati Mepexa Internet 3ymina 00’exHaTH B co0i caMe pi3HOMaHITHE
0o0JagHaHHA 1 MporpamMHe 3a0e3MeUeHHS BEIMYE3HOTO YHCIA MEPEK,
PO3KHIAaHUX 110 BCbOMY CBITY.

Mooynsuicms i cmanoapmusayis

Mooynvuicms — 11e 0JJHA 3 HEBII'EMHUX 1 IPUPOJHUX BIACTUBOCTEH
00YHCITIOBAILHUX ~MepeXX. MOIyIbHICTh BHSBISETBECS HE TUIBKH B
0araTopiBHEBOMY MpPEICTABICHHI KOMYHIKAIIHHUX MPOTOKOIIB Y KiHIIEBUX
BY3JIaX MEpexi, Xoua Ie, 0e3yMOBHO, BOXKJIMBA 1 IPHUHIMIIOBA OCOOIMBICTH
MEpEeXEeBOi apXiTeKTypH. Mepeka CKIaJaeTbcs 3 BEIWYE3HOTO YHCIa
pI3HMX MOAYIIB — KOMIT IOTEpiB, MEpPEXEBHX aJanTepiB, MOCTIB,
MapIIpyTH3aTOPiB, MOAEMIB, ONEpamifHUX CHCTEM i MOIYJIB JOAATKiB.
Pi3HOMaHiTHI BHMOTH, TIO TpPEI SABISIOTHCSA  MIANPUEMCTBAMH  JI0
KOMIT'IOTEPHHX MEpeX, TMpHU3BeIHM J0 Takoi JkK PI3HOMAaHITHOCTI
BHITYCKAIOTHCS IS TOOYIOBH Mepexi mpucTpoiB i mporpam. i npoxykrn
BIPI3HAIOTECSA HE TUIBKM OCHOBHMMH (YHKHiSMH (MalOTbCA Ha YyBasi
¢GyHKII], BUKOHYBaHi, HaNpHUKIaJA, I[OBTOPIOBAYaMHM, MOCTaMH abo
MIPOTPaMHUAMHU PEJUPEKTOP), alle 1 YNCICHHUMHU JOTIOMIKHUMHU (QYHKIISIMH,
10 HaJalOTh KOPHUCTyBayaM abo aJMiHICTpaTopaM JOAATKOBI 3pY4HOCTI,
Taki SK aBTOMaru3oBaHe KOHQIrypyBaHHsS IlapaMeTpiB IPUCTPOIO,
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ABTOMAaTHYHE BUSIBJICHHS 1 YCYHEHHS JIESIKMX HECIIPABHOCTEH, MOKIIUBICTh
MIPOrpaMHOI 3MiHH 3B’S3KIB B Mepexi 1 T. 1. PI3HOMaHITHICTb 301IbIIy€EThCS
TaKOX TOMY, IO 0arato NPHUCTPOIB 1 NpPOrpaMH BiAPI3HAIOTHCA
MOETHAHHSAME THX YH IHIIUX OCHOBHHUX 1 JOAATKOBUX (PYHKIIIH — ICHYIOTH,
HaTIPUKJIaJ, IPUCTPOT, IO TTOENHYIOTH OCHOBHI MOKJIMBOCTI KOMYTaTOPIB i
MapIIpyTH3aTOPiB, JO SKUX HOMAEThCS IIe 1 Hadlp AESIKHX TOTATKOBHX
(GyHKIIN, XapaKTepHUH TIIBKHU U JAHOTO MPOAYKTY.

VY pe3ynpraTi He iCHye KOMIaHii, ska 3Morja 0 3a0e3meynTH
BHPOOHHMIITBO TOBHOro HabOpy BCiX THINB i MiATHINB OOJIagHaHHA Ta
MIPOTpaMHOTO 3a0e3nedeHHs, HeoOXiTHOTO A TOOYAOBH Mepexi. Alre, Tak
SIK BCl KOMIOHEHTH MEpeXi IOBHHHI MPAIOBATH Y3rOIKEHO, aOCOJIIOTHO
HEOOXITHUM BHUSBUJIOCS MPUAHSITTSA YUCICHHUX CTAHIAPTIB, 5IKi, AKIIO HE Y
BCiX, TO Xo4ya O B OUIBIIOCTI BHUNAIKIB, TapaHTyBald O CYMICHICTb
oOnasHaHHsA 1 mporpam pisHUX (ipM-BUPOOHMKIB. TakuM YMHOM, MOHATTS
MOJYJNBHOCTI 1 CTaHAapTH3alii B Mepexax HEpO3pUBHO IIOB’s3aHi, 1
MOJYJIBHHUI MiAXiA TUIBKH TOAl Ja€ MepeBart, KOJU BiH CYIPOBOJIKYETHCS
MIPOXOPKEHHSM CTaHAAPTIB.

VY pesynpTaTi BIOKPHUTHI XapakTep CTaHOApPTIB 1 crerudikarii
BaXJIMBUH HE TINBKU U1 KOMYHIKAIIHHUX MPOTOKOIIB, aje i I BCiX
YUCICHHUX (YHKIIH pI3HOMAaHITHHX TPUCTPOiB 1 TMporpam, Imo
BHITyCKAIOTBCSA il moOymoBu Mepexki. [loTpiOHO Big3HAYWTH, IO
OUIBLIICTh CTAHAAPTIB, IO NPUMMAIOTHCS CHOTOJHI, HOCSTH BiJKPUTHA
xapakTep. Yac 3aKpUTHX CHCTEM, TOYHHX crenu(ikamii, ski Oyau Bigomi
TiNBKK (ipMi-BUPOOHUKY, MilIoB. Bei yCBINOMIIIM, 10 MOXKJIMBICTD JIETKOT
B3a€EMOJIii 3 MPOJAYKTaMH KOHKYPEHTIB HE 3HMXKYE, a HaBIAKH, ITiJBHIILYE
LIHHICTh BUPOOY, Tak SIK HOro MOXKHA 3aCTOCYBAaTH B OUIbILIIl KiJIBKOCTI
NPAIOIOYUX Mepexk, MoOyJOBaHMX Ha MNPOJYKTaX PI3HUX BHPOOHUKIB.
Tomy HaBiTh (QipMH, SKi paHille BHUITYCKad BEJIGMHU 3aKPHTI CHCTEMH —
taki sk IBM, Novell abo Microsoft, — ceoroaHi OepyTh akKTUBHY y4acTh B
Ppo3po0IIi BIAKPUTHX CTAHIAPTIB i 3aCTOCOBYIOTH iX B CBOIX MPOAYKTAX.

CporosHi B CEKTOpI MEpEeXKeBOro OOJagHAHHA Ta Nporpam 3
CYMICHICTIO TIPOAYKTIB pi3HUX BHPOOHUKIB CKIIANACS HACTYITHA CHUTYAIlis.
[IpakTH4HO BCi TMPOMYKTH, SIK MPOTPaMHI, TaK 1 amapaTHi, CyMICHi 3a
(YHKIOIIMH 1 BIACTUBOCTSAMH, AKi OymM BIPOBAHKEHI B MPAKTUKY BXKE
JOCUTH JABHO 1 CTAaHAApTH Ha AKi BXX€ pO3poOJIeHi i MpUHHATI MpUHANMHI
3—4 poku Tomy.

B T0if e "ac ay)ke 4acTo MPUHIMIIOBO HOBI MIPHUCTPOI, MPOTOKOIH i
BJIACTHUBOCTI BUSIBIISTIOTHCS HECYMICHUMHM HAaBITh y MPOBITHUX BHPOOHHKIB.
Taka cuTyamis cHocTepira€TeCsi HE TIIBKH AL THX HPUCTPOiB abo
(YHKIIIH, cTaHIapTH Ha SIKi 1l He BCTUIIIN NPUHHATH (11e€ TPUPOJIHO), aje i
JUISL TIPUCTPOIB, CTAaHAAPTH Ha SIKi ICHYIOTh BXKe JIeKiIbKa pokiB. CyMICHICTb
JOCSITAa€ThCA TIABKHM MICHSA TOTO, SK BCI BHPOOHMKH pEANi3ylOTh LEi
CTaH/AApPT B CBOIX BUPOOaX, MPUIOMY OJHAKOBUM YHHOM.
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Jlicepena cmanoapmis

PobGotn mo craHmapTu3amii OOYMCIIOBAIBHHX MEpEX BEIyThCs
BEJINKOIO KUIBKICTIO Oprasizauiif. B 3amexHocTi Bij craTycy opraizarii
PO3PI3HAIOTH HACTYITHI BUAU CTaHAAPTIB:

- craHAapTH okpeMux (ipMm (Hampukian, crek mpoTtokoniB DECnet

¢ipmu Digital Equipment abo rpadiurnii inTepdeiic OPEN
LOOK mms Unix-cuctem ¢ipmu Sun);

- CTaH/JapTH CIICIiaIbHIX KOMITETIB 1 00’ €JHaHb, M0 CTBOPIOIOTHCS
JeKiTbKkoMa (ipMaMu, HANPHUKIAA, CTaHAApPTH TexHousorii ATM,
IO PO3POOJISIOTECS CHEIiadbHO CTBOpeHUM 00 ’emHaHHsIM ATM
Forum, mo HnapaxoBye 6inst 100 KOJIEKTHBHHX Yy4acHHKIB, a0bo
craniapti coro3y Fast Ethernet Alliance 3 po3poOku craHmapTis
100 MoGit Ethernet;

HalliOHAIBHI CTaHAApTH, Hampukiang, cragaapt FDDI, o
NpPEACTAaBIslE OJWH 3 YHCICHHUX CTaHIAPTIB, pPO3POOJICHUX
AMepHKaHCHKMM HAI[iOHaTbHUM iHCTUTYTOM craHmaptiB (ANSI),
abo craHmapTH O€3MeKH Ui OINEpaliifHIX CHCTEM, PO3pOoOIIeHI
Hamionansuum — 1ieatpom  komm torepuoi  Oesneku  (NCSC)
MinicrepctBa o6oponu CIIIA;

MDKHApOAHI  CTaHHApPTH,  HANPHUKIAA, MOIETb 1  CTeK
KOMYHIKal[ifHUX mnpoTokoyiB  MixHapoaHoi opraHizamii 1o
crafgaptax (ISO), umcneHHi cranmapTd MiXHapOAHOTO COIO3Y
enektpo3s’si3ky (ITU), B ToMy YHCIi CTaHIApTH HAa MEPEeKi 3
KomyTailiero makeTiB X.25, mepexi frame relay, ISDN, moxemu i
6arato iHIIHX.

Hesiki  cTaHmapTH,  OE3MEpEepBHO  PO3BHBAIOYHCH,  MOXKYTh
MIEPEeXOAUTH 3 OnHiel KaTeropii B iHITy. 30kpema, GpipMOBi CTaHAapTH Ha
NPOJYKIIIO, IO OjepXaja IIMPOKe IOMMPEHHS, 3BHYANHO CTaroTh
MDKHapOIHUMH CTaHAAPTaMU Ae-(PaKTo, OCKITBKH 3MYITYIOTh BUPOOHUKIB
3 pi3HHX KpaiH chigyBaTH (GipMOBHM CTaHIAapTaM, MO0 3a0e3NCYUTH
CYMICHICTh CBOIX BHPOOIB 3 IUMH IOMYJISIPHIUMH Mpoaykramu. Hampukiran,
yepe3 (eHOMEHATBHUH YCITiX MEPCOHAILHOTO KOMIT IoTepa kommanii IBM
¢ipmoBuii crapmapr Ha apxiTektypy IBM PC craB MiKHapoIHHM
CTaHAAPTOM Jie-(PaKTo.

Binmpm Toro, 3Bakarouy Ha MUPOKE PO3MOBCIOKEHHS NesiKi pipMOBi
CTaHIapTH CTAIOTh OCHOBOIO JIJISl HAITIOHAJIBHUX 1 MIXXHAPOIHUX CTAHIAPTIB
ne-ope. Hampuxian, crapmapr Ethernet, cmouatky po3poOienuit
kommanisMu Digital Equipment, Intel i Xerox, uepe3 nesxuii 4ac i B genio
3MIiHEHOMY BHIUIsAI OyB NpHHHATHH sk HaumioHansHui cranmapt IEEE
802.3, a motiMm opranizamis ISO 3aTBepamna HoOro sK MIKHAPOJHUH
cragaapt ISO 8802.3.
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Jani HaBOJATBCS KOPOTKI BiJOMOCTI NP0 OpraHizaiii, HaiOLIbII

aKTMBHO 1 YCHIIIHO 3alMalOThCs pO3POOKOI0 CTaHAApTIB B 00macTi
00YHCITIOBATBHUX MEPEIK:

- MixHapogHa opraHizamis no cranmaptusanii  (International
Organization / or Standardization, ISO, wacTto 3BaHa TaKOX
International Standards Organization) sBisie co0OO acoriamiro
BEAyYHX HAIIOHAJHHUX OpTaHi3aIliii Mo cTaHgapTH3amii pi3HUX
kpain. ['omoBanM gocsaraeHHsM [SO 3’°sBracst Moienb B3aeMOIil
Binkputux cucteM OS], ska B JaHWH dYac € KOHIENTYaJIbHOIO
OCHOBOIO CTaHIAapTH3amii B 00MacTi 0OYMCIIOBATEHUX MEpex. Y
BignoBigHOCcTI 3 Momemno OSI 1wiero opranizamiero  OyB
pPO3pOOJICHUI CTAaHIAPTHUM CTEK KOMYHIKAIIMHUX MPOTOKOJIIB
OSl.

- MixkHapoTHHI COr03 €JIEKTPO3B’ 3Ky (International
Telecommunications Union, JTU) — oprawuisartiis, 1o € B JaHHi
yac crenianizoBaHuM opraHom Opranizanii O6’eqnanux Hamiid.
Haiibinpin 3HauHYy poONb B CTaHAAPTH3AMii OOYHCIIOBAIIEHUX
MepeX Tpae IOCTIHHO [iloYMmid B paMKax IIi€i oprani3amii
MixHapogHUH KOHCYJIBTaTUBHHMA KOMITET 3 TelnedoHii i
tenerpadii (MKKTT) (Consultative Committee on International
Telegraphy and Telephony, CCITT). B pe3ymnpraTi mpoBeneHoi B
1993 poui peopranizarii ITU CCITT aero 3MiHHB HampsiM CBO€ET
JUSUTbHOCTI 1 3MIHMB Ha3By — Tellep BiH HAa3MBAETHCS CEKTOPOM
TENIeKOMYHIKaIiiHOT cTaHAapTu3aii ITU ITu
Telecommunication Standardization Sector, ITU-T). OcuoBy
nisutbHocTi ITU-T ckiagae po3poOka MiKHAPOIHUX CTaHIAPTIB B
obunacti TenedoHnii, TeneMaTHYHUX CIYKO (EIEKTPOHHOI MOLITH,
(hakcUMITBHOTO 3B’SI3KY, TEJETEKCTY, TeJeKca 1 T. I.), mepenadi
JAHWX, ayAio- i BimeocurHamiB. 3a poku cBoei misuipHOCTI ITU-T
BUITYCTUB BEJIHMYE3HE YNCIO pEeKOMEeHnamii-crannapriB. CBoro
podory ITU-T Oynye Ha BHBYEHHI JOCBiAy CTOPOHHIX
opraHizaiiii, a TakoXK Ha pe3yJbTaTax BIACHHX JOCITIJDKEHb. Pa3
Ha 4oTupu poku BumaroThes mpari ITU-T y Burmsami Tak 3BaHOI
«Kuurm», ska HacmpaBii sBIIs€ cOOOI0 WMWK HaOip 3BHUYAHUX
KHUT, 3TPYIIOBAHNX y BUIYCKH, 5Ki, B CBOIO 4epry, 00’ €IHYIOTHCS
B ToMH. KOXEH TOM 1 BHIIyCK MICTATH JIOTIYHO B3a€MOIIOB s3aHi
pexomenmanii. Hanpuknan, tom III Cunboi Kauru wmicTuth
pexoMeHpamii Ia IMGPOBHX MepexX 3 IHTETrpamielo IOCIyT
(ISDN), a Bece Tom VIII (3a BumsaTkoM Bumycky VIIL. 1, sxwif
MICTUTH peKoMeHJalii cepii V 1 mnepenadi  JaHuX 110
TeneoHHIH Mepexi) NpUCBIYeHUI pekoMeHauism cepii X: X.25
UL Mepex 3 KoMmyTamiero makeriB, X.400 i1 cucrteM
estekTponHoOi momrty, X.500 i rno6anbHOT IOBIAKOBOI CIyXOH
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Ta 6araTbOM IHIIMM.

- IHCTUTYT iH)XKEHEpIB 3 ENEeKTPOTEXHIKM Ta PaJiOeNIeKTPOHIKH —
Institute of Electrical and Electronics Engineers, IEEE)
HanioHanpHa oprasizanis CHIA, mo Bu3Ha4Yae MepeKeBi
craagapti. Y 1981 pomi poboua rpyma 802 mporo iHCTUTYTY
chopMyiIOBaia OCHOBHI BHMOTH, SKHM ITOBHHHI 33JJOBOJIEHSATH
JOKaJbHI oOumcroBaneHI Mepexi. ['pyma 802 Bm3Haumma Ge3mid
CTaHIApTiB, 3 HHX CaMHMH BIJOMHAMH € CTaHIApTH
802.1,802.2,802.3 i 802.5, ski ONHCYIOTh 3arajbHi ITOHATTS,
BUKOPHUCTOBYBaHI B 00JacTi JIOKAIPHUX MEpPEeK, a TaKOXK
CTaH/apTH Ha J1Ba HIDKHIX piBHI Mepex Ethernet i Token Ring.

- €mpomneiickka acorriaiis BuUpoOHUKIB Kkowmi 'torepiB (European
Computer Manufacturers Association, ECMA) — HekomepiiiHa
opranizaiisi, aktuBHO cmiBmpaioe 3 ITU-T i ISO, 3aiimaerscs
PO3pOOKOIO CTAHAAPTIB 1 TEXHIYHUX OTJISAIB, IO BIAHOCATHCS IO
KOMIT'FOTEpHOI 1 KOMYHIKAIiiHOI TexHoJoriil. Bimoma cBoimM
craugaptoM ECMA-101, BHKOpHUCTOBYBaHMM TIIpH THepeaadi
BiNOpPMAaTOBAHOTO TEKCTy 1 TpadiuHux 300paxeHp i3
30epeXeHHSIM OPHUTiHAIBFHOTO PopMaTy.

- Acomianis BUpOoOHUKIB KoMm foTepiB i oprrexHiku (Computer and
Business Equipment Manufacturers Association, CBEMA)
OpraHizauisi aMepHKaHCHKHX  (hIpM-BUPOOHUKIB  amapaTHOro
3a0e3MeueHHs; aHaJOTiYHa eBpoIeiichbkiit acoriamnii EKMA; oepe
y4acTh y po3poOii craHmapTiB Ha o00poOky iHpopmarii i
BIANOBITHE 00JIaIHAHHSI.

- Acouianisi  enextpoHHol mnpomucinoBocti (Electronic Industries
Association, EIA) — mpoMHCIOBO-TOproBa rpyrna BHPOGHHKIB
CJIEKTPOHHOTO 1 MEpEKEBOro OOJaJHAHHS; € HaI[lOHAJIHHOIO
KoMmepiiitHoto acoriamiero CILIA; BusBIsAe 3HAUYHY aKTUBHICTH Y
po3poOIii  CTaHDApTIB [UIA TMPOBOMIB, KOHEKTOPIB 1 1HIIMX
MepeKeBUX KOMIIOHEHTIB. [i HalGinbIn BizoMuii cranmapt — RS-
232C.

- MisictepctBo o6oporu CIIA (Department of Defense, DoD) mae
YUCJICHHI MiAPO3IiIH, M0 3aiMMAarOThCsl CTBOPEHHSIM CTaHIApPTiB
JUTSL KOMIT toTepHUX cucteMm. OHIE0 3 HaWBiZOMIMIUX PO3POOOK
DoD e crek TpancnioptaHux npotokoiiB TCP / IP.

- AMepuKaHCHKHAH HaIllOHANBHUHN IHCTHTYT cTaHAapTiB (American
National Standards Institute, ANSI) — us opranizaris npeacTasise
CIDA B MixnapoaHiii opramizanii mo cranmapruzamii [SO.
Komitrern ANSI BegyTs pobOTy 3 po3poOKH CTaHIAPTIB B PI3HUX
obnacTsx obuncaroBaabHOI TexHiku. Tak, komiteT ANSI X3T9.5
cninbHO 3 (ipmoro IBM 3aiimaeTbest cTaHAapTH3ALIEIO JTOKATBHAX
Mmepexx Benuknx EOM  (apxitektypa Mepexx SNA). Bimomwmii
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craniapt FDDI Takox € pe3ysnbTaToM JisUIbHOCTI ILOI'O KOMITETY
ANSI. B o6nacti mikpokomm'torepiB ANSI po3po0isie ctangaptu
Ha MoBHM mporpamyBanHs, iHTepdeiic SCSI. ANSI po3pobus
pexomenpanii mo mnepeHocumocTi mms MoB C, FORTRAN,
COBOL.

Oco06muBy poib y BUPOOICHHI MIXXKHAPOIHUX BIAKPUTHX CTaHIAPTIiB
BimirparoTh craHmapTH Internet. 3Bakaloum Ha BENUKY 1 MOCTIHHY
3pocTaiody MmomyisIpHOCTI Internet, mi cTaHZAapTH CTAaOTH MIKHAPOIHUMH
cTaHmapTamu «fue-¢akro», 0Oarato 3 SKHX IIOTIM HEOYBalOTh CTaTyC
OoQIIifHNX MIKHAPOJHUX CTAHAAPTIB 332 PAXyHOK IX 3aTBEpKEHHS OIHIET 3
Ha3BaHUX opraHizauid, y tomy uucim ISO i ITU-T. IcHye nekinbka
OpraHizaliiHUX [MiIPO3/iTiB, BIAMOBIAAaTbHUX 3a pPO3BUTOK Internet i,
30KpeMa, 3a CTaHAapTu3alio 3acobiB Internet.

OcnoBuum 3 Hux € Internet Society (ISOC) — mpodeciitne
CITIIBTOBAPHCTBO, SIKC 3aMMAEThCS 3arajlbHUMH MUTAHHAMHU EBOJIOIIT 1
pocty Internet sk rnoGanpHOI KOMyHiKauliitHOT iH(GpacTpykTypu. Ilin
ynpaBiiaasM [SOC mparmroe Internet Architecture Board (IAB) —
OpraHizamis, y BEICHHI SKOi 3HAXOAWTHCS TEXHIYHHA KOHTPOID 1
KoopauHatist pooit ams Internet. IAB koopanHye HampsAMOK TOCTIIKCHP i
HOBHX po3pobok mnsa creka TCP / IP i e kiHIEBOIO IHCTaHIIE TMPHU
BU3HAYCHHI HOBHUX CTaH/AApPTIB Internet.
Y IAB Bxoaars aBi ocHoBHi rpymu: Internet Engineering Task Force
(IETF) i Internet Research Task Force (IRTF). IETF — ue imkxeHepna
rpyna, ska 3aiiMaeTbCsl BUPIMICHHAM HaWOMIDKYMX TEXHIYHHX MPOOIeM
Internet. Came IETF Bushauae croenmdikamii, oo TMOTIM CTamOTh
crangaptamu Internet. ¥V cBoto uepry, IRTF kxoopaumHye HOBrocTpoxosBi
JOCITIIHUIBKI TIpoeKTH 1o nporokosiax TCP / IP.

VY Oyap-sKii oprasizaiii, 0 3aiMaEThCS CTAaHJAPTH3AIIIEI0, TIPOIIEC
BUPOOJICHHS 1 TPUHHSTTS CTaHAAPTY CKIagaeTbes 3 Py OOOB’SI3KOBHX
eTamiB, 5IKi, BIAaCHe, 1 CKIaJaloTh NMPOLEAypy cTaHaapTu3amii. PosrimsHemo
110 TIPOLIEYpPY Ha NMPUKIIal po3poOku crannapTis Internet.

Crnouarky B IETF mpencraBnseTbess Tak 3BaHWE poOOYHIl TPOEKT
(draft) y Burmsimi, moctymHOMy IS KoMeHTapiB. Bin myOmikyeTbes B
Internet, micist 4Oro MmUpPOKE KOJIO 3aIiKaBICHWX OCI0 BKIIIOYAETHCS B
0OroBOpEHHsI 1bOTO JIOKYMEHTa, B HbOTO BHOCSTHCS BUIPABIICHHS, I
HapeITi HACTyMae MOMEHT, KOJIM MOXHa 3a(iKCyBaTH 3MiCT JOKYMEHTA.

Cmanoapmui cmeku KOMYHIKaWiliHuX RPOMoKoJ1ie

HaiiBaxxiusimum HaIpsMOM CTaHJapTH3AMIl B obnacri
00YNCITIOBAILHUX MEpEeX € CTaHIapTH3allisi KOMYHIKAI[IfHUX MPOTOKOJIB.
VY naHumii yac y Mepexax BHUKOPHUCTOBYETHCS BEJIMKA KiJIBKICTh CTEKiB
KOMYHIKaliiiHnx rnpotoko:iiB. HaiiOinem nomynspuaumu € creku: TCP / IP,
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IPX / SPX, NetBIOS / SMB, DECnet, SNA i OSI. Bei 1i crekn, kpim SNA
Ha HIKHIX PIBHAX — (I3MYHOMY 1 KaHAJIbHOMY, — BUKOPHCTOBYIOTh OJTHI i
Ti % Jn00pe crangaprusosani nporokosu Ethernet, Token Ring, FDDI i
JiesiKi 1HIII, SIKi JO3BOJISIIOTH BUKOPHCTOBYBATH Y BCIX MepeXax OJHY 1 Ty kK
amapaTypy. 3are Ha BEpXHIX pIBHAX BCi CTEKH MpAIIOIOTH 3a CBOIMH
BIACHUMH TpoTOKojamu. Lli MpOTOKONMM dYacTo HE BiAMOBINAIOTH
pexomenmoBaniii mogmeni OSI po3durs Ha piBHI. 30kpema, QyHKIIT
CEaHCOBOTO 1 TMPEACTaBHUIIBKOTO pPIiBHSA, AK TMpaBWio, 00’€mHaHI 3
MIPUKIAAHAM piBHeM. Taka HEBiAMOBIAHICTH MOB'A3aHA 3 THUM, IO MOJIENb
OSI 3’sBunacs SK pe3yinbTaT y3arajlbHEHHS B)K€ ICHYIOUHMX 1 peasbHO
BUKOPHCTOBYBaHHX CTEKIB, a HE HaBIaKH.

Cmik OSI

Crain uitko pospizaatu mozaenb OSI i crek OSI. V Toit wac sk
Monenb OSI € KoHIeNTyalbHOI CXEMOIO B3a€MOJIl BIIKPHTHX CHCTEM,
crek OSI sBmse coboro Habip MITKOM KOHKPETHHX —CIICI]iKarii
npoTokouiB. Ha BigMiHy Bij iHIIUX cTeKiB mpoTokomiB crek OSI moBHiCTIO
Bignosigae moxeni OSI, BiH BKiIroUae crenu@ikarlii MpOTOKOMIIB IS BCiX
CeMHU DiBHIB B3a€MOJIi, BU3HAYCHUX Yy i Mozemi. Ha HIDKHIX piBHSIX CTEK
OSI miarpumye Ethernet, Token Ring, FDDI, mpotokomu rmobamsHUX
Mepex, X.25 i ISDN, — ToOTO BHKOPHCTOBYE pO3pOOJICHI 032 CTEKa
MIPOTOKOJIM HW)KHIX PIBHIB, SIK 1 BCI HIII CTEKH.

IIpoTOKOJIM MEpPEKEBOTO, TPAHCIOPTHOTO 1 CEAHCOBOTO PIBHIB CTEKA
OSI cnenudikoBaHi i peanizoBaHi pi3HUMH BUPOOHHKaMU, ajie MOLIMPEHi
nokn Mano. Haibinem nomynspuumu  nporokosamu creka OSI €
NPUKIIaAHI TPOTOKOIM. JI0 HUX BIIHOCSTHCS: NPOTOKOJ mepenadi (aiiiis
FTAM, mnpotokon emyssuii Tepminana VTP, nporokonu noBiaKoBoi
ciyx6u X.500, enexrpornoi momt X.400 1 psi iHITHX.

[porokomn creka OSI BiOgpi3HAe BeTUKa CKIAJHICTH i
HEOJHO3HAuHICTh crnenudikamiid. Ili BmacTuBocTI Oynmm pe3yrbTaToM
3arajbHOi MONITHKH PO3pPOOHMKIB CTEKa, IO MparHyJd BpaxyBaTH B CBOIX
MPOTOKOJIAX BC1 BUIIAJKU KHUTTS 1 BCi ICHYIOUI 1 3 SBIAIOTBCS TEXHOJIOTII.
Jlo mporo Tpeba mie AOJATH 1 HACTIAKK BEITUKOI KiIBKOCTI MOJITUYHHX
KOMIIPOMICiB, HEMHHYYUX HpPH HPUHHATTI MDKHAPOAHHX CTAaHAAPTIB IO
TaKOMY MUTaHHIO, K MO0YI0BA BIAKPUTHUX OOUHCITIOBAIIEHIX MEPEXK.

Uepe3 cBow ckiamHicTh mpoTokoau OSI BUMararoTh BETHKHX
BUTpAT OOYMCIIOBAILHOT TOTY)KHOCTI [EHTPAILHOIO IpOoliecopa, IIo
poOuTh iX HAOLIBII BiAMOBIAHUMH JJIT MOTYTHIX MAIlIMH, a HE IS MEPex
NIEpCOHAIBHUX KOMII IOTEPIB.

Crik OSI — MiKHApOIHUH, HE3AICKHAN BiJi BAPOOHUKIB CTaHIAPT.
Voro mixrpumye ypsix CILIA B cBoiit nporpami GOSIP, BianosinHo 10 sxoi
BCi KOMII'IOTEpHI MEpeXi, BCTAHOBJIIOBaHI B ypsnoBux ycranoBax CIIIA
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micis 1990 poky, moBuHHI abo Oe3nocepenubo miarpumyBatu crek OSI,
abo 3a0e3medyBaTH 3aco0M IJIsl MEpexo]y Ha el CTeK B MalOyTHbOMY.
Tum He meHw crex OS] Ginbin nonyssipuuii B €Bpomni, Hix y CILA, Tak sk
B €BpoIli 3aIMIIWIOCS MEHIIE CTapuX MEpeX, NPalIolYuX IO CBOIX
BJIACHUX IIPOTOKOJIAX.

BinmpmicTe opraHizamiif MOKM TIMBKM TUIAHYIOTH TMEpPeXil IO CTeKa
OSI, i myxe Hebarato NMPHCTYNWIH A0 CTBOPEHHS IMUIOTHHX TPOEKTIiB. 3
THX, XTO TIPALIO€ B IbOMY HaIpsMKY, MOXKHa Ha3BaTu BilicbkoBO-MoOpchke
BimoMcTBO CIIA i mepexxy NFSNET. OganMm 3 HaitOinpmux BUPOOHHUKIB,
migrpamytounx OSI, € xommnanis AT & T, ii Mepexxa Stargroup TOBHICTIO
0azyeTbcs Ha IIbOMY CTEKY.

Cmexk TCP/IP

Crex TCP / IP OyB po3pobnenuii 3 iHimiaTuBu MiHicTepcTBa
ob6oponu CHIA 6inbme 20 pokiB ToMy ISl 3B’SI3KY €KCIIEPUMEHTaJIBHOL
Mepexi ARPAnet 3 iHmmMu MepekaMu K Ha0ip 3arajlbHHUX IPOTOKOIIB
IUIsL pi3HOPiTHOT OOumMcIroBanIbHOI cepenn. Benwkwii BHECOK y pO3BHTOK
creka TCP / IP, skuit oTprMaB CBOIO Ha3BY 3a MOMYIIPHUMH MPOTOKOJIAMH
IP i TCP, BHic yHiBepcuTeT bepkii, peamizyBaBIIM IPOTOKOIHN CTEKa Y
ceoif Bepcii OC UNIX. [lomymsapricte 1mi€l omepamiifHoi cHcTeMH
mpu3BeNia A0 Mmupokoro momupeHHs mnportokomie TCP, IP 1 ixmmx
npoToKoNiB cTeka. ChOrojHi Iiell CTEK BUKOPHCTOBYETHCS ISl 3B’SI3KY
KOMIT'FOTEpiB BCECBITHBOI iH(opMmamiiHol Mepexi Internet, a Takox y
BEJIMYE3HOMY YHMCIIi KOPIIOPATUBHUX MEPEXK.

Crex TCP / IP Ha HW)KXHBOMY DIiBHI MHIATPUMYE BCi IMOMYJISIPHI
cTanaaptd (i3UYHOTO 1 KaHAJBHOTO PIBHIB: JJISI JIOKAJIBHUX MEPEeX — I
Ethernet, Token Ring, FDDI, mis rio0aibHUX — MPOTOKOJH POOOTH Ha
aHaJOroBHX KOMyTOBaHWX 1 BumuteHux iiHisx SLIP, PPP, mpotokomn
TepuropiabHUX Mepex X.25 1 ISDN.

OCHOBHMUMHM TIPOTOKOJAMH CT€Ka, 10 Jald HOMY Has3By, €
mpotokost I[P 1 TCP. Li mporokomn B TepMminomorii momem OSI
BITHOCSATBCS JIO MEPEKEBOTO 1 TPAHCIOPTHOTO piBHIB BigmoBigHo. IP
3abe3meuye MpoCcyBaHHS MakeTy Mo CkianoBiii mepexi, a TCP rapantye
HaIIAHICTH HOTO TOCTaBKH.

3a TOBTi pOKH BHKOPHCTAHHS B MEpeXax Pi3HUX KpaiH i opraHizamii
crex TCP / IP yBiOpaB B cebe BennKy KiIBKICTh MMPOTOKOJIB MPUKIIAJIHOTO
piBHA. Jlo HHX BiZHOCATBHCS TaKi HOMYJSIPHI MPOTOKONH, SK IPOTOKOIN
nepecwnku ¢aitnie FTP, mpoTokon emymsii Tepminana telnet, momroBuit
nporokon SMTP, BukopucTOBYBaHMH B EJIEKTPOHHIM MOMmTI Mepexi
Internet, rineprekcToBi cepBicn ciayxom WWW i Oarato iHImHX.
Croroani crek TCP / IP sBnse co0ot0 oanH 3 HAWIOMIMPEHIIINX CTEKiB
TPAHCIIOPTHUX HPOTOKOJIIB OOYMCIIOBAILHUX Mepex. JlicHO, TUIBKM B
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Mepexi Internet 06’ eqaano O6au3bko 10 MUTBHOHIB KOMII FOTEPIB IO BCHOMY
CBITY, SIKI B3a€MOJIIOTH OJMH 3 OJHHMM 3a JOIIOMOTOI0 CTEKa ITPOTOKOJIB
TCP/IP.

CrpiMKe 3pocTaHHs MOMyJsIpHOCTI Internet mpuBeno i o 3MiH y
PO3CTaHOBIII CHJI y CBIiTI KOMYHIKallitHUX MPOTOKOIIB — mpoTokomu TCP /
IP, ma sxux moOynmoBaHuii Internet, cTamu MBUAKO TICHUTH Oe3MEepedHOTO
nigepa MuHyHX pokiB — cTik [PX / SPX xommanii Novell. Croronsi B CBiTi
3arajbHa KTBKICTH KOMIT IOTepiB, Ha sSKkuX BcTaHoBieHHi ctek TCP / IP,
3pIBHSIOCS 13 3aralbHOIO KiMBKICTIO KOMIT'IOTEpiB, Ha SKHUX MPAIIOE CTEK
IPX / SPX, i 11e TOBOPHUTH PO Pi3KHil epeIoM BiTHOCHO aaMiHICTPaTOpiB
JIOKJIBHUX MEPEeX J0 IMPOTOKOJIIB, 10 BUKOPUCTOBYIOTHCS HA HACTUIBHUX
KOMIT FOTepax, TaK SK caMe BOHH CKJIaJal0Th MEPEBaKHE YHCIO CBITOBOTO
KOMIT FOTEPHOI'0 IIapKy 1 camMe Ha HHUX paHillle Maike CKpi3b MpaloBaIn
nporokonu komnanii Novell, HeoOXimui ais nocrymy o ¢aitmoBux
cepeepiB NetWare. Ipornec cranosiennst cteka TCP / IP sk cTek HOMEp
OIMH B OyIb-IKMX THIIAX MEPEX MPOJOBKYEThCA, 1 3apa3 Jroda
IIPOMHCIIOBA OTepaliiiHa cucreMa OOOB’SI3KOBO BKIIIOYAE MPOTPaMHY
peaizamiio Iboro cTeka B CBOEMY KOMIUIEKTI IIOCTAYaHHS.

Xoua mporokomum TCP / IP mHepospuBHO moB’s3aHi 3 Internet i
KOKHUH 3 OaraToMiTBHOHHOI apMmamu KoMmm 'rotepiB Internet mparroe Ha
OCHOBI IIBOTO CTEKa, iCHY€ BENMKA KUTBKICTh JOKAIBHAX, KOPIOPATUBHUX i
TEPUTOPIATBHUX MEpPEeX, 10 Oe3MocepelHbO0 HE € YacTWHaMu Internet, B
SIKUX TaKoXX BUKOpUCTOBYIOTH nporokosin TCPJIP. 11{o6 Biapi3HsTH iX Bix
Internet, i Mmepexi HazuBaroTh Mepexamu TCP / IP abo mpocto
IP-mepexamu.

Ockinbku ctek TCP / IP crioyatky cTBOproBaBcs Uisi II00aJIbHOT
Mmepexi Internet, BiH Mae OaraTo 0coOJMBOCTEH, IIO HAJAIOTh HOMY
mepeBary Tepel] IHIIMMH IPOTOKOJAaMH, KOJM MOBa 3aXOJUTh IIPO
MoOyZOBY MeEpek, IO BKIIIOYAIOTH IJI00AJBHI 3B SI3KH. 30Kpema, ayxKe
KOPHCHOIO  BJIACTHBICTIO, POOWUTH MOXJIMBUM 3aCTOCYBAaHHS IbOTO
MIPOTOKOJY Y BEJTMKHX MEpexkax, € Horo 3/1aTHICTb (hparMEeHTyBaTH ITaKETH.
JlilficHO, BenmMKa MepeXa 4YacTO CKIIAJaeThCs 3 MEpe, HMOOyIOBaHMX Ha
a0CONIFOTHO PI3HUX TNPUHIOWNAX. Y KOXHIA 3 IHX MEpex Moxke OyTH
BCTAHOBJICHA BJIACHA BEJIMYMHA MAaKCHMAJIbHOI JOBXKWUHHM OJUHHUII JAaHHMX
(xazmpy). Y TakoMy BUMAIKy MpPH MEPEXOfi 3 OMHI€T Mepexi, Mae BEIHUKY
MaKCHMaJIbHY JOBXKHHY, B MEPEKY 3 MEHIIOK MaKCHMAJIbHOIO JIOBXHHOIO
MOX€ BHHUKHYTH HEOOXiTHICTP pO3MOAUTYy KaApy Ha KiTbKa YacTHH.
IIporokoin IP creka TCP / IP edhekTrBHO BUpIIIYE 1110 3a/1a9y.

Iamoro  ocobmuBicTio TexHosorii TCP / IP e rHydka cucrema
agpecamii, IO JO3BOJIIE OUIBII TPOCTO B TOPIBHAHHI 3 IHITUMH
IIPOTOKOJIAMHM  aHAJIOTIYHOTO IIPU3HAYEeHHS BKJIIOYaTH B IHTEPMEPEXY
Mepexi HIIMX TeXHOJOoTiH. Lle BIacTUBICTh TaKOX CIIPHUSE 3aCTOCYBAHHIO
creka TCP / IP s noOynoBH BEJIMKHUX TETEPOTCHHHX MEpEeX.
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VY crexky TCP / IP nyxe €KOHOMHO BHUKOPHCTOBYIOTHCS MOJIJIMBOCTI
LIMPOKOMOBHUX PO3CWIOK. Ll BiacTHBIiCTH aOCOJIOTHO HEOOXijHA INpH
poOOTI Ha MOBITBHUX KaHANAX 3B 53Ky, XapaKTEPHHUX ISl TEPUTOPIAIbHIX
MEpEex.

OpHak, AK 1 3aBXAW, 32 OJep)KyBaHI mepeBaru Tpeda IUIATHTH, i
IUTaTOI0 TYT BUSBILIIOTBECSA BHCOKI BHUMOTH IO PECypciB 1 CKIagHICTB
anMiHicTpyBaHHs [P-mepexx. MoryTHi  (QyHKIIOHaNBHI  MOYMJIMBOCTI
mpoTtokoniB cteka TCP / IP BumararoTe aist cBoei peamizallii BHCOKHX
0o0YHMCTIOBAIFHUX BUTpaT. [ Hydka cucTema azapecamii i BigMoBa Bif
IIMPOKOMOBHUX PO3CHIIOK MPH3BOIATH A0 HasBHOCTI B IP-mepexi pisHHX
uenrtpamizoBanux ciayx0 tummy DNS, DHCP i T. n. KoxHna 3 mux ciyxo6
HarpaBjieHa Ha TIOJIETHICHHS aJAMIHICTPYyBaHHS MeEpeXi, B TOMY 4YHCII 1 Ha
MoJIeTIIeHHsT KOH(IrypyBaHHs OONagHaHHs, aje B TOM ke Yac cama
BHUMArae MujibHOT yBaru 3 00Ky aJMiHiCTPaTOPiB.

MoskHa HABOJMTH U 1HIII apryMEHTH 3a i IPOTH CTE€Ka HMPOTOKOJIIB
Internet, omHak ¢axt 3anuiuaeTbcss (AKTOM — CHOTOJHI 1€ CaMUi
NONYJSIPHAN CTEK MPOTOKONIB, IIMPOKO BHKOPHCTOBYBAHHH SK B
rI00aIbHUX, TaK 1 JIOKATBHUX MEPEeKax.

Cmex IPX/SPX

Le#t crek € opuTiHAIBPHEM CTEKOM TIPOTOKONiB ¢ipmu Novell,
pO3pOOJICHUM IJIi MepexeBoi omepariliinol cucremu NetWare mie Ha
moyaTky 80-x pokiB. IIpOTOKOJM MEPEKEBOrO 1 CEaHCOBOTO pIBHIB
Internetwork Packet Exchange (IPX) i Sequenced Packet Exchange (SPX),
SKi JlaJii Ha3By CTEKy, € MpsIMOI0 ajanraiiero nporokoniB XNS ¢ipmu
Xerox, momupeHux B Habarato MeHmii wmipi, Hik crek IPX / SPX.
[onynspuicts creka IPX / SPX 6e3nocepenHbo NoB’si3aHa 3 onepaiiiiHo0
cucremoro Novell NetWare, sxa me 30epirae cBiToBe IiIepcTBO 3a
KiJIBKICTIO BCTAHOBJICHMX CHCTEM, XO4Ya OCTaHHIM 4acoM ii HOMyJISPHICTB
JeI0 3HM3WIACA 1 3a TeMIIaMH 3pOCTaHHS BOHa BijacTae Bing Microsoft
Windows NT.

Bararo ocobmBocteit creka IPX / SPX oOymoBieHi opieHTali€0
panHix Bepciii OC NetWare (mo Bepcii 4.0) Ha poOOTy B JIOKaITBHHX
Mepekax HEBETUKHWX PO3MIpiB, IO CKIAJAIOThCsl 3 TEePCOHATBHUX
KOMIT'IOTEpiB 31 CKPOMHHMH pecypcaMH. 3pOo3yMmiio, IO Uil TaKuX
koM 10TepiB kommaHii Novell moTpiOHi Oy MPOTOKOJIH, Ha peai3alliio
AKMX BHMarajaca © MiHIMambHAa KIJIBKICTh OIEPAaTUBHOI ITaM ATi
(obmexenol B IBM-cymicHux komm’toTepax min ymnpasiinasm MS-DOS
o0'emom 640 Kbaiir) i siki 6 MIBUAKO NpanoBaIN Ha IPOIECOpax HEBEJINKOT
00YNCITIOBANILHOT ITOTYXHOCTI.

B pesynmbrari mporokomm creka IPX / SPX nonenaBHa noGpe
NIPALFOBAJIM B JIOKAJIILHUX MEpeXax 1 He {yXKe — Y BeJIMKHX KOPIIOPATUBHUX
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Mepexax, TaK SK BOHH 3aHAATO IEPEBAHTAXKYBAIN IIOBUIBHI IIOOANbHI
3B’SI3KM IIMPOKOMOBHUMH TaKETaMH, SIKI IHTEHCHBHO BHUKOPHCTOBYIOTBCS
JIEKUIbKOMa TPOTOKOJaMHU LBOTO CTeKa (HANpPUKIAMA, Ui BCTaHOBJICHHS
3B’SI3Ky MIX KJIiEHTaMH i cepBepami). Ll oOcraBuHa, a Takox ToH (haxT,
mo crek IPX / SPX e Bmacuictio ¢ipmu Novell i Ha fioro peamizamito
moTpiOHO oOTpUMyBaTH JineH3if0 (ToOTO BigkpwTi crnenudikamii He
MiATPIMYBAIINCS), NOBTUH Yac OOMEXyBalH IONIUPEHICTh HOTO TiNBKH
Mepexxamu NetWare.

IIpote, 3 momenTy Bumycky Bepcii NetWare 4.0, Novell BHecna i
MIPOJOBKYE BHOCHUTH B CBOI IPOTOKOJIH CEPHO3HI 3MiHH, CIPSIMOBaHI Ha IX
ajlanTanito s pobOTH B KOPIIOPATHBHUX Mepexax. 3apa3 crek IPX / SPX
peanizoBanuii He TibKK B NetWare, ane i B A€KIIbKOX IHIIUX MOMYJISIPHUAX
mepexesux OC, nanpuknag, SCO UNIX, Sun Solaris.

Cmex NetBIOS / SMB

Leii cTek IIMPOKO BUKOPHCTOBYETHCS B MpoayKTax KoMnanii IBM i
Microsoft. Ha ¢isnurOMy 1 KaHaJbHOMY pIBHAX ILBOTO CTEKa
BHKOPUCTOBYIOTBCS BCi HaiOumpIn mommpeni mpoTtokomu Ethernet, Token
Ring, FDDI i immi. Ha BepxHix piBHAX mpamioroTh mpoTtokomn NetBEUI i
SMB.

Iporokon NetBIOS (Network Basic Input / Output System)
3’sBuBCs B 1984 pomi K MepexeBe PO3MHUPEHHS CTaHIAPTHUX (YHKILiH
6azoBoi cucremu BBeaeHHs / BuBoay (BIOS) IBM PC nmns mepexeBoi
nporpamu PC Network ¢ipmu IBM. Hanauni meii mpoTokos OyB 3aMiHCHHI
TaK 3BaHUM MPOTOKOJIOM PO3LIMPEHOT0 MPH3HAYEHOIo Ul KOPUCTyBaua
intepdeiicy NetBEUI — NetBIOS Extended User Interface. Jlis
3a0e3neueHHs CyMiCHOCTI JIOJIaTKiB sk iHTepdelic no nporokory NetBEUI
o0yB 30epexenuii inTepdeiic NetBIOS. TIporokon NetBEUI po3pobisises
SK e(QeKTUBHHH TPOTOKOJN, IO CIHOXHBae Hebararo pecypciB i
MIPU3HAYCHUH I MEPEK, 10 HATIUyroTh He Oinbie 200 poOovnX CTaHIIiMH.
Le#t mpoTOKON MICTHTH 0araTo KOPHUCHUX MEPEKEBUX (PYHKIIH, SKi MOXKHA
BiJTHECTH JI0O MEPEKEBOTO, TPAHCIIOPTHOTO 1 ceaHcoBOoTo piBHIB Mozeni OS],
OIHAK 3 HOro JONOMOTOI0 HEMOJMJIMBA MapiipyTusaiis makeris. lLle
obmexye 3actocyBaHHs npoTokony NetBEUI nokanpHuME Mepexamu, He
PO3MIJICHUMH Ha MiIMEPeXi, 1 YHEMOXIIMBIIOE HOTO BHKOPHCTaHHS B
ckmagoBux  Mepexax. Jleski oOmexenHs NetBEUI  3HiMaroThes
peamizariero 1mporo mporokony NBF (NetBEUI Frame), sika BkitoueHa B
onepaniiny cucremy Microsoft Windows NT.

IIpotokon SMB (Server Message Block) Buxonye ¢yHKIil
CEaHCOBOTO, IPEJCTaBHUILKOTO 1 MpHKianHoro piBHiB. Ha ocxHoBi SMB
peanizoByeTbesi (aitmoBa ciyk0a, a TakoX CIyXOM IpyKy 1 mepenadi
TIOBIZIOMJIEHb MIXK JIOJJATKaAMH.

Crexu nporokosiB SNA ¢ipmu IBM, DECnet kopnopaii Digital
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Equipment i AppleTalk / AFP ¢ipmu Apple 3acTOCOBYIOTBCSI B OCHOBHOMY
B OIEpaliifHUX cHCTeMax 1 MepexeBoMy oOnaaHaHHI ULHUX GipM.
Ha puc. 6.11 mnoka3aHo BIINOBIAHICTb JESKHX, HAHOUIBII MOMYJISPHUX
npotokouniB piBHsIM Mozeni OSI. Yacrto 1e BiqmoBifHICTE BEIbMH YMOBHO,
Tak Ak mozens OSI — me TiTbKKM KepiBHHULTBO IO ii, MPUIOMY ITOCHUTH
3araibHe, a KOHKPETHI MPOTOKOMH pO3pOOISUIHCS U PillleHHS
cnenuivHNX 3a4a4, TpUIOMy Oarato 3 HHX 3 SBHIHCS 110 PO3POOKH
moxeini OSI.

Y OimpIrocTi BHIMAAKIB pO3POOHMKH CTEKIB BimaBaii IepeBary
IIBUIKOCTI poOOTH Mepexi B 30MTOK MOIYIBHOCTI — JKOJCH CTEK, KpiM
creka OSI, He po3dutuii Ha ciM piBHIB. Haifuacrimme B cTexy sIBHO
BUAUIAIOTBCS 3—4 piBHI: piBeHb MEpEXEBUX aNanTepiB, B SIKOMY
peani3yroTbCs MPOTOKOIH (Hi3UYHOTO 1 KaHAJBHOTO DIBHIB, MEPEIKEBUI
piBEHB, TPAHCIIOPTHUIA PiBEHb 1 piBeHb CIIyXkO, 1110 BOMpae B cede (yHKIIT
CEaHCOBOTO, MPEJCTaBHUIBKOTO 1 IPUKIIAJHOTO PiBHIB.

Mogens OSI IBMMicrosoft TCP® Novell Crex OS1
i | i Teinet, X.500
| Dpsucuxmedt FTP, FTAM
sme SNMP,
Mpexcrasmmmsxnii SMTP, NCP, Mpexcrazm; =
www SAP TpoTOKDX
|
Ceanconssi Cmmu‘nﬂ;ew
Tce
Tpancnoprmwit sex :wmn osi
P, wX,
ES-ES
Mep eaxe pait RIP, R,
= osPF e
msmw; 802.5 (Tokan Ring). FODI, Fast Ethemet, SLIP,
Kannanamak 0OVG-AyLAN, X 25, ATM, LAP-8, LAP-D, PPP
o Koaxclan, ankooxa 1 3 Ao A WITa napa,
Shnsrennk nlrrmmezgno. Pazioomrst! o

Puc. 6.11. BignoBigHiCTh MOMYISIPHUX CTEKIB MPOTOKOIIB Moseii OS]

6. Ethernet (802.3)

PosrasHemMo, SIKMM YMHOM OITMCaHI BHINE 3arajbHi IIIXOOU 0
BHpIMIEHHS HAHOUIBII BAXKJIMBHUX TNpoOJIeM MOOYJOBH MEpeX BTiNEHI B
HaOLIBII OMYISIPHOI MepexeBoi TexHouorii — Ethernet.

Mepeosicesa mexnonocis — 1e TOTOPKEHUI Habip CTaHZApTHHUX
NIPOTOKOJNIB, SIKI  pealli30ByIOTh IX IpOrpaMHO-alaparHi  3aco0u
(HampuKIIaZ, MEpEeXeBHX aJjanTepiB, JpaiBepiB, KabemiB 1 po3’em),
JOCTaTHI Juii 1mMoOynoBH OOYMCIIOBANBHOI Mepexi. EmiteT «mocTaTHii»
ITIKPECITIOE Ty 00CTaBHHY, 110 1iei Habip sBIsie COO0I0 MiHIMAIBHUI Habip
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3ac00iB, 32 JIONOMOTOI0 SKHX MOXHa MOOYIyBaTH INpaLe3faTHy MEpexy.
MoOXJIHMBO, II0 MEpeKy MOKHA IIOJIMIIUTH, HamlpHKIald, 3a paxyHOK
BUJINICHHS B HIA WiAMEpexk, M0 BiApa3y 3axamae KpiM MPOTOKOJIB
cranpapty Ethernet 3acrocyBanust mpotokony IP, a takox creniaabHHX
KOMYHIKaIllifHUX MPHUCTPOiB — MapmpyTuzaropiB. [lomimmieHa Mepexa
Oyne, mBHIIIE 32 BCe, OLTBII HANIWHOIO 1 MBUAKOAIIOUOIO, alle 32 PaXyHOK
Haa0ynoB Hax 3acobamu TexHoJorii Ethernet, sika cxitanma 6a3mc Mepexi.

TepMiH «MepekeBa TEXHOJIOTiA» HaiyacTimie BHKOPHUCTOBYETHCS B
ONHCAaHOMY BHWIIEC BY3bKOMY 3HA4YCHHI, ale iHOMI 3aCTOCOBYETHCS i HOTO
po3IIMpeHe TIyMadeHHs SAK Oyap-sAKoro Habopy 3aco0iB 1 mpaBmi st
NnoOyZOBH MepeXi, HalpHKIad, «TEeXHOJIOTiS Kpi3HOI MapIupyTh3alii»,
«TEXHOJIOTIS] CTBOPEHHS 3aXUIIEHOTO KaHally», «TexHouoris IP- mepex ».

[IpoTokonu, Ha OCHOBI SIKUX OyAyeTbCS Mepeka MEeBHOI TeXHOJIOTIi
(Y BY3bKOMY CEHCI), CIIellialbHO PO3POOIISIINCS I CHIIBHOT pOOOTH, TOMY
B3aeMomii. IHOmI ~ MepexeBi  TEXHOJIOTIi  HA3WBAIOTh  0a30BUMH
TEXHOJIOTiSIMH, MAlO4YHM Ha yBa3i Te, IO Ha iX OCHOBI OyIyeThCS TOYHUI
6azuc Oymp-skoi mepexi. [Ipukimamamu 6a30BHX MEpEKEBUX TEXHOJOTIH
MOXyTh cIykuTu mopsx 3 Ethernet Taki BimoMi TeXHONOTIi JOKaIbHUX
Mepex gk, Token Ring i FDDI, abo % TeXHOJOTII TepUTOpiaIbHUX MEPEK
X.25 i frame relay. [nsa oTpumaHHsA mpamne3gaTHOi Mepeki B IbOMY
BUIAJKYy OCUTh NMPHA0ATH MPOIrpaMHi i amapatHi 3ac00H, SIKi BIJHOCATBCS
0 onHiei 0a30BOi TEXHOJOTl — MEpEeKEBI amamTepu 3 IpalBepamu,
KOHIICHTPATOPH, KOMYTaTOpH, KabelbHa CUCTeMa 1 T. M., — 1 3’€IHaTH iX
BIiZIMOBITHO /10 BUMOT CTAHIAPTY Ha JIaHy TEXHOJIOTIIO.

Crannmapt Ethernet O6ys mpuitasruit B 1980 pori. Yucio mepex,
noOyZ0BaHUX HA OCHOBI 1Ili€i TEXHOJOTil, A0 CHPaBXHHOI'O MOMEHTY
OIIHIOETHCSI B 5 MINBHOHIB, a KUTBKICTh KOMII FOTEpPIB, IO IMPANOIOTH B
Takux Mepexax, — B 50 MiIbHOHIB.

OCHOBHHWII mpUHIMI, MOKIageHud B ocHoBy Ethernet, -—
BUIIAJIKOBUI METOJ JIOCTYITy J0 CEpear Iepenadi nJaHux. B skocti Takoro
CepelloBHIIAa  MOXE  BHMKOPHUCTOBYBATHUCS  TOBCTHH  a00  TOHKHH
KOaKcCiabHUI Kabelb, BUTA Mapa, ONTOBOJIOKHO a0 pamioxBuWIi (o pedi,
MEepIIO0 Mepekero, Mo0yJ0BaHOI0 HA MPUHIMII BUIAAKOBOTO JOCTYITY JIO
cepenu, Oyna pamiomepexa Aloha ['aBalicbKOTO YHIBEPCUTETY).

V¥ crarnapti Ethernet cyBopo 3adikcoBaHa TOMOJOTIS €IEKTPUIHUX
3B’s13kiB. KOMIT'foTepy MiIKIIOYAIOThCS JO0 TOJIUTIOBAHOTO CEpeaoBHIINA
BIZIMOBITHO /IO THUIIOBOI CTPYKTypu ‘‘3aranpHa mwmHa” (puc. 6.12). 3a
JIOTIOMOTOI0 PO3MOJiTy B 4Yaci MIMHHM, OyJb-sIKi [Ba KOMIT IOTEPH MOXKYTh
oOMiHIOBAaTHCSl JIaHMMH. YTIPaBIiHHSA JOCTYHNOM IO JIHIi 3B SI3Ky
3IMCHIOETCS CIIEiaJbHUMH KOHTPOJIEPaMH — MEPEXEBUMH aJanTepamu
Ethernet. Koken komm’iorep, a OUIbII TOYHO, KOXXHHH MeEpEXEBHUH
ajantep, Mae YyHiKanbHy azapecy. Ilepemaua paHux BinOyBaeTbest 3i
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mBuakictio 10Moit / c. Il BenmuumHA € TPOMYCKHOK CIPOMOXKHICTIO
Mmepexi Ethernet.

ECoaccHanssnom xaSems.

BRSHRN +

Honanmrep Bepemennn agarrep

Puc. 6.12. Mepexa Ethernet

Y wmepexax FEthernet BHKOPHCTOBYETHCS METON JIOCTYIY [0
Cepe/IoBHIIa Tepe/iadi JaHuX, 3BaHHH METOJOM KOJIEKTHBHOTO NOCTYIY 3
Mi3HAHHSM HECyd4ol 1 BHUSBICHHSIM Komi3iit (carrier-sense-multiply-access
with collision detection, CSMA / CD).

[leit MeTOJ 3aCTOCOBYETHCS BHKIIOYHO B MEPEXKax 3 JIOTIYHOIO
3arajibHOI0 IMIMHOK (IO SIKUX BITHOCATHCA 1 pagioMepexi, MO MOPOIFITH
et metox). Bei koM’ roTepu Takoi Mepeki MaloTh Oe3MoCepeHii JOCTYII
JI0 3arajibHOi IIMHH, TOMY BOHa MO)Xe OYTH BHKOpHCTaHa JJIs Mepeaadi
JaHUX MDK OyAb-SIKHMH JBOMa By3lamMu Mepexi. OjHoyacHO Bci
KOMIT'IOTEpH MEpeki MaloTh MOMIJIMBICTh HEraHo (3 ypaxyBaHHSIM
3aTPUMKH TONIUPEHHS CHUTHATY MO (DI3MYHOMY CEPEIOBHINY) OTPUMATH
JaHi, siKki OyJb-SKWil 3 KOMII'IOTEpIB M0YaB MepeaaBaTH Ha 3arajibHy LIMHY
(man.). IIpocrora cxemMH MWiIKIIOYEHHS — I¢ OOWUH 3 (hakTopiB, MO
Bu3HaumIM ycmix crangapry Ethernet. Kaxyrs, mo kabenb, 10 sSKOTO
MZKITIOYCHI BCl CTaHIl, TpAIfoE B PEXUMiI KOJCKTHBHOTO JOCTYITY
(Multiply Access, MA).

Emanu oocmyny 0o cepedosunja

Bci nani, mepeiaHi mo Mepexki, MOMIIIAIOTBCS B KaJpH IEBHOI
CTPYKTYpH Ta  3a0e3leuyioThCsl  YHIKAJAbHOK  aApPECOI0  CTaHIIl
MIPU3HAYCHHSI.
[Ilo6 orpumaTH MOXIMBICT NepenaBaTH Kaap, CTaHIis I[OBHHHA
NepeKoHaTucs, W0 MoJiieHe cepenoBumle BitbHe. lLle nocsraerbes
MPOCIYXOBYBaHHSIM OCHOBHOT TapMOHIKH CHUTHAINY, SIKa TAKOX HA3UBAETHCS
Hecy4yoro 4yactororo (carrier-sense, CS). O3Hakow HE3aHHATOCTI
CcepelloBHIIA € BIJACYTHICTP Ha HIH HeCy4ol 4YacTOoTH, S5Ka IIpH
MaH4YecTepCchbKoMY crioco0i koryBaHHS JopiBHIOE 5—10 MI', B 3anesxHOCTI
BiJl OCITIZIOBHOCTI OJJMHUIIb 1 HYJIB, IEpElaHUX B ITAHUH MOMEHT.
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Puc. 6.13. Meron Bunagkosoro gocryimy CDMA / CD

SIKmo cepemoBHIIE BiIbHE, TO BY30JI MAa€ IPaBO MOYATH MEpeAady
kanpy. Lleit kanp 300pakeHuii Ha puc. 6.13 mepmum. By3on 1 BusiBuB, 110
cepeloBHUINe BUTBHE, 1 ITOYaB MepenaBaTH CBill Kaap. Y KIacHYHINA Mepexi
Ethernet Ha koakciampHOMY KaOeli CHTHamIM TiepenaBada By3ia |
MOMIMPIOIOTECS B O0MIBa OOKHU, TaK IO BCI BY3JIH MEpEXi X OTPUMYIOTb.
Kanp nmanmx 3aBXOm CYIpPOBOKYETHCS IpeaMOynoio (preamble), sika
CKITAZa€Thes 3 7 OalT, AKi cKinagaroThes 13 3Havens 10101010, i 8-ro Oaiira,
pieHoro 10101011. TIpeamOysna noTpiOHa aJsi BXOMKEHHS NpuiiMaya B
mo0ITOBHH 1 MOOAHTOBUI CHHXPOHI3M 3 IIepeIaBadeM.

Bei craniii, migkiarodeHi g0 KaOemo, MOXKYTh pO3mi3HaTH (BakTt
nepenadi Kaapy, 1 Ta CTaHIlis, siKa i3HAEThCS BJIACHY ajlpecy B 3arojOBKax
KaJpy, 3alrcy€e HOro BMICT y CBill BHYTpinIHi#i Oydep, 00pobiste oTprumMaHi
JlaHi, mepeae iX Haropy 10 CBOEMY CTEKY, a IOTIM IOCHIIAE N0 KaOero
KaJp-BiAOBIAb. AZlpeca CTaHIIi JpKepella MiCTUTBCA Y BHXITHOMY KaJpi,
TOMY CTaHIIis-OJEpKyBad 3HAa€, KOMY TMOTPiOHO TIOCIATH BiJNOBiIb.
Byson 2 mix uwac mepenadi Kaapy By3JIoM | TakoX HamaraBcs IOYaTH
mepesady CBOTO Kajpy, OJHAK BHSBHUB, L0 cepela 3aiHATa — HA HIH
MPUCYTHS HECydya 4acToTa, — TOMY BY30J1 2 3MYIICHHUIl YeKaTH, MOKH BY30J
1 He MPUMHUHUTH TIepeady Kajapy.

[Ticna 3akiHYeHHSA Tepeaadi Kaapy BCi By3NIH Mepexi 3000B’s3aHi
BUTpUMAaTH TexHoiyoriuny may3y (Inter Packet Gap) y 9,6 mxc. Llg may3a,
3BaHAa TaKOX MDKKAaJpPOBUM iHTEpBAJIOM, IOTpiOHA M TIPHBEACHHS
MEpPEeKHUX aJanTepiB y BUXIIHUWA CTaH, a TaKOX /s 3amoOiraHHS
MOHOIIOJIBHOTO ~ 3aXOIUICHHS CEpeloBHIa OJHielo craHuiero. [licus
3aKiHYEHHS TEXHOJIOTIYHOI May3W BYy3JM MaroTh IPaBO MOYATH Iepenady
CBOT'O KaJIpy, TaK SIK cepeia BiIbHA. Yepe3 3aTpUMKH IOIIMPEHHS CUTHAITY
1o kabelo He BCi BY3JIM CTPOTO OJHOYACHO (IKCYIOTH (hakT 3aKiHUEHHS
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nepenadi Kaxpy By3iom 1.
VY HaBeseHOMY IPUKIAl By30J 2 JOYEKaBCs 3aKiHUSHHS mepenadi
Kaapy By3JoM 1, 3poOuB may3y B 9,6 MKC 1 mo4aB nepeady CBOTO Kajpy.

Bunuknenns xonizir

[lpu ommcaHoMy MiIXomi MOMIJIHMBA CHTyalis, KOJIH IBI CTaHIIi
ONHOYACHO HAaMaraloThCs IepefaTH Kagp [JaHWX 110 3aralbHOMY
cepenoBumii. MexaHi3M TPOCIYXOBYBaHHS CEepelOBHINA 1 Tay3a MiX
KagpaMd HE TapaHTYIOTh BiJ BHHHKHEHHsS TaKOl CHTyamii, KOIH ABi a0o
OimpIe CTaHIil OJHOYACHO BHPINIYIOTh, IO CEPENOBHINE BiTbHE, 1
MOYHMHAIOTh NepeiaBaTh cBOi KaapH. KaxyTs, 10 pH IIbOMY BiIOYyBa€eThCs
komizist (collision), Tak sK BMICT 000X KaapiB 3iIITOBXYEThCS Ha
3arajJbHOMY KaOeni 1 BifOyBaeThCs CIIOTBOPEHHsS iH(poOpMalii — MeToau
KOAyBaHHs, BUKOpUCTOBYyBaHHI B Ethernet, He 103BONAIOTH BUIUIATH
CUTHAJIM KOKHOI CTaHIIIi i3 3arajibHOr'0 CUTHATY.

Konizia — ne HOpManmbHa cutyamis B poOoti mepex Ethernet. ¥V
mpuKiIaai, 300paxxeHoMy Ha puc. 11.25, komiziro mopoamia omgHOYAcCHA
nepenada JaHuX By3namu 3 1 Y. ns BUHUKHEHHS KOJi3ii He 000B’I3KO0BO,
mo0 KijbKa CTaHNIA IMOYanW Tepenady aOCONIOTHO OJHOYACHO, TakKa
cuTyaris MamoiMoBipHa. Habarato MHMOBipHimIe, IO KOJi3is BHUHHUKAE
yepe3 Te, IO OXWH By30JI IOYMHAE TIepefady paHille iHIIoro, ane a0
JPYroro By3ja CUTHAIM MEPIIOro MPOCTO HE BCTUTAlOTh JIWTH JIO TOTO
yacy, KOJIU APYTHH By30J BHpIIIye MOYaTH Iepenady cBoro kaapy. ToOTo
KOJTi311 — I1e HACIIIIOK PO3MOALICHOTO XapaKTepy MEPexKi.

I[Io6 KOpekTHO OOpOoOWUTH KOJI3il0, yCi CTaHIi OJHOYACHO
CHOCTEpIraloTh 32 BUHUKAIOYMMH Ha Kabesi curHanamu. SIkiio nepenasi i
CHOCTEPEKYBaHI CUTHANHU BIIPI3HAIOTHCS, TO (PIKCYETHCS BUSBICHHS KOJI3ii
(collision detection, CD). [Ins 30inbIIeHHS iIMOBIPHOCTI SKHAWIIBUAIIIOTO
BHSIBJICHHS KOJII3ii BCiMa CTaHIISIMU MEPEXi CTaHIIis, SKa BUSBUIA KOJI3if0,
TepepuBae mepeaady cBoro kaupy (y IOBLUTEHOMY MICIIi, MOXKIIMBO, i HE Ha
KOpIOHI OaliTa) 1 MiJCHITIOE CHTYAIlll0 KOJIi3ii IOCHIKOI0 B MEpeKy
CIeiaabHOT MOCIiTOBHOCTI 3 32 OIT, 3BaHOT jam-ITOCIiTOBHICTIO.

ITicns Toro, sSK BUSABIEHA KOJI3is, TMepemaBalbHA CTaHIIIS
3000B’s13aHa MPUNUHUTH TIepeaady i 3p0OUTH May3y MPOTSITOM KOPOTKOTO
BHIIAIKOBOTO iHTepBaly 9acy. [loTiM BOHa MoOXe 3HOBY MOYaTH CHpoOy
3axOIUICHHS CepeIoBHIIA 1 epeadi kajpy. Bumnaikosa nay3a BUOMpaeThCs
32 HACTYITHUM aJITOPUTMOM:

IMay3a =L * (inTepBan BigcTpoukmn),

Jie — iHTepBall BiICTPOUKH AOpiBHIOE 512 GiToBMM iHTepBanam (y
texHonorii Ethernet npuifHATO BCi iHTEpBaNM BHMIpIOBAaTH B 0IiTOBHX
iHTepBaNax;
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- OiTOBMI IHTEpBAJl MO3HAYAETHCSA SK bt i BiANOBigae 4acy Mix
MOSIBOIO IBOX IMOCITIIOBHUX OIT JaHUX Ha Kabeni,

- nmus mBuakocti 10 MOIT / ¢ BenuymHA OITOBOTO iHTEpPBATY
nopisaioe 0,1 mkc a6o 100 He);

- L — sBnse coboro mine wmcio, oOpaHe 3 PiBHOIO iMOBIPHICTIO 3
niamazony [0, 2N];

- N — HOMep TOBTOPHOI cripoOu nepeaadi naHoro kaapy: 1,2, ..., 10.

Micms 10-1 cnpoOu iHTEpBayN, 3 SKOTO BHOHMpAEThCS TNay3a, He
30impmyeTca. ToMy, BUMIaKOBa May3a MOXe IpuitMaTy 3HadeHHA Bix 0 1o
52,4 Mmc.

Skmo 16 HactynmHHX cnpoO mepenadi KajapiB BUKIMKAIOTH KOJI3ilo,
TO mepesaBay MOBUHEH 3yUHUTH CIPOOH 1 BIIKUHYTH 1IeH Kap.

3 ommcy METOAY JAOCTYIY BHIHO, IO BiH HOCHTh HMOBIPHICHHUI
XapakTtep 1 WMOBIPHICTh YCHILIIHOTO OTPHUMAaHH], B CBill pO3MOPSIOK
3arajbHOI0 CEpPEJOBUILA JIOCTYITY, 3aJI€KHUTh Bl HABAHTEKEHHS CUCTEMH, a
caMme BiJ iIHTCHCHBHOCTI BUHUKHEHHS B CTaHIIAX HEOOXiTHOCTI B mepeaadi
kanpiB. Ilim wac po3poOku 1poro wmeromy B KiHOI 70-x  pokiB
nependavanock, Mo MBUAKICTE mepenadi nanux B 10 MoOit/c myxke BHCOKa
B MOPIBHAHHI 3 HEOOXiTHOCTSIMH KOMIT IOTEpIB IMPH B3a€EMHOMY OOMiHI
JAHAMH, TOMY HaBaHTAXEHHS Mepexi Oyzne 3aBXauW HeBelukoro. Ll
MPOMO3HUIliS 3AIUIIAETHCS 1HOJI CHOpPaBEJIMBOIO 1 3apa3, MPOTe BIKE
3’SBUJIACh TPOTO3UILS, [0 MPAIOE B pealbHOMYy MaciuTabi dvacy 3
MyJbTHUMEIHHO iHpOpMaIli€lo, sAKa JOyXKe HaBaHTAXKYE CErMEHTH
Ethernet.

IMpu upomy Kkomi3ii BUHMKaIOTh Habararto uacrime. [Ipu meBHii
IHTEHCHBHOCTI KOJi3il, KOpHUCHA MPOIYCKHA 3maTHicTh Mmepexi Ethernet
IyXKe cIajae, Tak SK Mepeka MaiKe IOCTIHO 3aHsATa INOBTOPHUMH
cnpobamu Tiepenadi Kanpis. J{7s 3MeHIIEHHS iHTCHCHBHOCTI BUHHKHEHHS
KoMzl Tpeba abo 3MeHmHUTH Tpadik, CKOPOTHB, HANPHKIAL, KUTBKICTh
BY3JiB B CETMCHTI UM 3aMIiHHTH [ONATKH, a00 MiJBUIIUTH IIBHIKICTH
MIPOTOKOITY, HAapUKiIay nepeiitu Ha Fast Ethernet.
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Puc. 6.14. Cxema BUHMKHEHHS 1 TOLIMPEHHST KOJI3ii

Crnin Bimmitut, mo wmeron pocrymy CSMA/CD Bzaram He
rapaHTye CTaHLil, IO BOHAa KOJIM-HEOyIb 3MOXE OTpUMATH JIOCTYI JI0
Mepexi. 3BHYaifHO, IPH HEBEJIMKOMY HaBaHTA)KEHHI Mepexi HMOBIPHICTb
TAKOro SIBUIA HEBEJIMKA, aje IMpH KOe(illieHTI BHUKOPUCTAHHS MEpEexi,
HaOmmkaeTeest 10 1, Take siBHIIE crae nyxke HMoBipHUM. Lleit Hemomix
METO/ly BUIIAJIKOBOT'O JOCTYILy — IUIaTa 3a HOro He3BHYAiHY HMPOCTOTY, sIKa
3pobmia TtexHonorito Ethernet mocrtymuoro. IHmi wmeromm nmoctymy —
MmapkepHuii noctyn Mepexi Token Ring u FDDI, meroq Demand Priority
mepexi 100VG-AnyLAN — BijibHI BiJ] IIbOTO HEIOIKY.
T'onoBHoOIO MepeBaroro Mepexx Ethernet, 3aBasiku skoMy BOHHM CTaJH
TaKUMH TOMYJSIPHUMH, € iX eKOHOMIUHICTh. [y 0Oy 10BH MEPEKi JOCUTh
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MaTy 10 OJHOMY MEPEXEBOMY aaaITepy Uil KOXKHOTO KOMIT I0Tepa ILTIOC
OJMH (DI3UYHUHA CErMEHT KOaKCialIbHOTO Ka0esto oTpiOHOT JOBXUHM. [HII
0a3oBi TexHoumoril, Hampukman, ToOKen RiNg, Anas CTBOpEHHS HAaBiTh
HEBEJIMKOI Mepexi BHMAaraloTh HAsBHOCTI JOAATKOBOTO IIPUCTPOI0 —
KOHIIGHTpaTopa.

Kpim Ttoro, B wmepexax FEthernet peamizoBani HOCHTH MpOCTi
QITOPUTMH JIOCTYIy JO CEpeIOBHINA, ajpecamii 1 mepemadi IJaHUX.
IIpoctoTa joOTiKH POOOTH Mepeki Beae A0 CIPOUICHHS 1, BiAMOBiAHO,
3[ICIICBICHHS MEPEe)KEBUX amanTepiB i ix apaiiBepiB. 3 Tiei X NpUYNHH
amantepu Mepexi Ethernet MaroTe BUCOKY HaIiHHICTb.

I HapemTi, e O/HIEI YyMOBOK BIacTUBICTIO Mepexk Ethernet e ix
XOpOIIIa PO3IIMPIOBAHICTh, TOOTO JIETKICTh MiJKITIOUCHHS HOBHUX BY3IIiB.

IMapamerpu 3HaveHHs
bitoBa mBHIKICTH 10 Moit/c
IHTepBan BinTepMiHyBaHHS 512 0iTOroBO iHTEpBAILY
Mixkaaposuii inTepsain (IPG) 9,6 MKC
MakcumaibHa KiIbKiCTb cripo0 16
nepeaadi
MakcuManbHe YHCII0 3pDOCTAHHS 10
JliarmasoHy naysu
JloBxXHHA JAM-MOCITi IOBHOCTI 32 Gita
MakcumanbHa J0BXKHHA Kaapy (0e3 1518 Ga#t
peamMOyIm)
MinimanbsHa JOBXHHA Kaapy (0e3 64 Oaiit (512 6iT)
pramMOyIn)
JosxwHa npeamOyTu 64 Oit
MiHiMalIbHA JOBXXWHA BUMNAIKOBOT 0 OiToBUX iHTEpBAIiB
TIay39 MICIIST KOJi3ii
MakcumainbHa JOBXHWHA BHITAAKOBOT 524 000 6iToBUX iHTEpBAIIIB
TIay39 MICIIS KOJi3ii
MaxkcumainpHa BiJICTaHB MiX 2500 m
CTaHIISIMU MEpexi
MaxkcumaibHe YUCI0 CTaHMii B 1024
Mepexi

Ta6auus 6.1. Tapamerpu pisas MAC Ethernet
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KonTpoabHi 3anuTanHs

1. SIxi MeToM BUMIpIOBaHHS NanbHOCTI Bu 3HaeTe?

2. B yomy nosnsiratoTh (a3oBi METOIH Ta IX 0OCOOIUBOCTI?

3. Ha3BiTh MepekeBi MPOTOKOIH Ta iX piBHI 3aCTOCYBaHHS.

4. OxapakTepu3ylTe CTaHIAPTHI CTEKH KOMYHIKAI[IfHUX MPOTOKOIIB.
5. SIk BinOyBaeThCs MPOIIeC BHHUKHEHHS KOJi3i1?

TEMA 7. METOJM I MIPUCTPOI
BHUMIPIOBAHHSI KYTOBHUX
KOOPJMHAT

JIis BU3HAYCHHS KYTOBHUX KOODIHHAT I[IeH
BUKOPHCTOBYIOTBCSI KYTOMIipHI a0o0 meneHrariiHi
MIPUCTPOT paiooKalii.

KyroMmipHuii mnpucTpiii BKIIOYae aHTEHY (QHTEHHY CHCTEMY),
mpuiiMad s 0OpoOKM  NPUMHATHX — CHUTHANIB  pamioyokamiil i
BUMIpIOBaNIbHAN  mpucTpiil. OpHi€I0 3 OCHOBHHX  XapaKTEPUCTHK
KyTOMIPHOTO TIPHCTPOIO € HOro XapakTepHCTHKa IIeJeHramii, mo €
3aJeXKHICTIO BHUXIZHOI HAmpyrd NpuiiMada BiX HampsAMy MPUXOILY
pamioxBuwmi Uwux(@). 3amexno Bim TOro, sKuii mapamerp CUTHAIY —
aMILTITYa, 9acToTa abo (aza — poOUTH OCHOBHHI BIUIMB Ha (popMyBaHHS
XapaKTepUCTUKHU TeJIeHTallil, METOM BUMIPIOBAHHS KyTOBHX KOOpAMHAT
MOJKHA MIAPO3AUIATH Ha aMIUTITyTHUX, YACTOTHHX 1 ()a30BHX.

1. AMITiTY/IHI MeTOIM Ta IX OCHOBHA XapaKTepPUCTHKA

B naHumii wac BigoMi 1 IIMPOKO BHKOPUCTOBYIOTHCS MAEKiJIbKa
aMILTITYTHAX METO/IiB: MaKCUMYyMY, MIiHIMyMY, MOPIBHSHHS,
PIBHOCHTHAJIbHUH.

[Tpu nenenrarmii mo MeTOAy MakCUMyMY IUIaBHO 3MIiHIOETHCSI KyTOBE
TIOJIO)KEHHSI aHTEHW, 1 BOHA MPOTATOM JESKOr0 4acy MNpUiMae CUrHajIu
METH; BiJUTIK KyTOBOI KOOPAMHATH METH MPOBOAUTHCS B TOW MOMEHT, KOJIH
aMILTITYJla CUTHAJIy Ha BUXOJI NMpHiiMaya J0csArae HalOUIbIIOro 3HaYeHHS.
dyHKIiOHAIFHA CXeMa BiIMOBITHOTO KYTOMIPHOTO NPHUCTPOIO MOKa3aHa Ha
puc. 7. 1.
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Bumiprosau N
Up <+ Ilpuiimay < Anmena
BHUX
I
l
Ilokasnuk Mexanizm
noeopomy *t+—-——————————— nosopomy
anmenu ¢ anmenu

Puc. 7.1. dyHKIioHaTBHA CXeMa KyTOMIPHOTO IPUCTPOIO 3
BiJUTIKOM 10 MAaKCUMYMY

MexaHi3M HOBOPOTY 00epTac aHTEHY; OJHOYACHO NPHBOIUTHCS B
IO TIOKQKYMK MOBOPOTY, 32 HIKAJOK SIKOTO BiJIIUYEThCS HANpsiM — OCi
anTeHd. Konm MeTa ONMHUTBCS B MeXKax JiarpamMH CIPSIMOBAHOCTI aHTECHH
F(p), y npuiiMad MOYHYTh I[OCTYNMATH CHTHAIH. AMIUITYAa CHTHAJIB
3aJIe)KUTh BiJl KyTOBOTO MOJOKEHHSI aHTEHH 10 BiHOLICHHIO J10 MeTu. [Ipu
o0OepTaHHI aHTeHW BUXiJHA Hanpyra npuiiMada UBBIX HOBTOpIOE (opmy
JiarpaMu CIpsIMOBAHOCTI aHTeHH (pHcC. 7.2).

Le i Oyne xapaKkTepuUCTHKA MENIEHTaIlii KyTOMipHOT'O IPUCTPOIO:

U,..(@) =kF(p), (7.1)

ne KF — xoegimieHT npornopuiiHoCTi.

A USle |
| g
Ll
Py
Puc. 7.2. XapakreprcTika NejeHramil npu nejeHrarii mo
MaKCUMYyMy
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Komnu Bick aHTEHM CHiBIaAae 3 HANPsIMOM Ha METY, BUXi/IHa Harpyra
npuiiMaya AOCSTHE MakCUMyMy; y L€ MOMEHT IIOKaK4YHMK HOBOPOTY
AHTCHH TTOKa)KE MEJICHT METH @y

Ilepesacu metony:

- IpocToTa HOro TEeXHIYHOI peasizarii;

- OTpUMaHHs HaiiOinpIiol (3a IHIIMX PIBHUX YMOB) aMIUNTYId

CHTHAIY, IO MPUIMAETHCS, Y MOMEHT TOYHOTO MEJICHTa.

Heodonikom wmeromy € BIZHOCHO HHU3bKAa TOYHICTE BUMIpIOBaHB
KYTOBOi KOOpJAUHATH.

TouHicTP BHMIpPIOBaHHA KyTa XapaKTCPU3YEThCS UYTIUBICTIO
MeJIeHTallil, MO0 € KPYTH3HOK XapaKTePUCTUKH MeJleHTalil moOIu3y
HanpsiMy Ha METy:

— dUSblx (¢)
X e
¢ P=0,
SIKIO BUMIPIOBAIBHUI NPUCTPIN JT03BOJISIE BIAMITUTH MiHIMaJbHY

3MiHY BHXiZHOI Hampyru, piBae AUMHH, TO I BEIHYHHA TIOB’s3aHa 3
BiJINIOBiTHOIO KyTOBOIO IOMHUJIKOIO AQ:

AU, = Aco—dug”‘((p) =AgS,.  (13)
®»

(7.2)

OTxe, yuM OiibIIe YYTIUBICTH IIENIEHTAllii, THM BHIIE TOYHICTH
BUMIPIOBaHHS KyTOBOI KOOPJIMHATH.

I[Tpu neneHranii Mo MeToay MakKCUMyMY JUISl JliarpaM CIpsIMOBaHOCTI
Oymb-KOTO THITy YYyTJIHMBICTH TMENICHTAIll ayxe Mama (IpH TOYHOMY

d U 6blX (¢)

TIEJICHTY d— =0), ToMy i TOYHiCTb BUMIpIOBaHHS KOOPJIMHAT
®
BIZTHOCHO HH3Ka.

Meron mneneHranii mo MiHIMyMy BIAPI3HATbCS THM, LIO BIJUTIK
KYTOBOI KOOPJMHATH NPOBOJHUTHCS Y MOMEHT 3MEHIIEHHS [0 MIiHIMyMYy
BUXiTHOT Hampyrun npuidimava. J[liarpama  CHpsSMOBaHOCTI — aHTCHH
IeJIeHraTopa Ma€ B CEpeiHid yacTHHI mpoBan a0 Hyis. Llboro moskHa
JI00UTHCS,, HAIPUKIAJ, BHKOPUCTOBYIOUM JBI AaHTCHH, IIOBEpHEHI B
IpocTOpi OJHAa MIOA0 1HIIOI Ha KyT, PIBHUH IIMPHUHI Jiarpamu
CHPSIMOBAHOCTI 110 HYJIbOBOMY piBHIO (puc. 7.3, a).
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m..

n)

Puc. 7.3. [liarpama cipsIMOBaHOCTi aHTEHHOTO TIPUCTPOIO () 1
XapaKkTepuCTHKa MeJieHralii npy nenenranii no MiniMmym (0)

@dyHKIIOHAIBHA CXeMa IMPHUCTPOIO MeNeHralii Taka X, SK 1 Hpu
neneHranii o MakcuMymy (puc. 7.1). 3MiHM aMIUTITYAM CUTHATYy Ha BUXOJI
npuiiMada Mpy MOBOPOTI aHTEHH XapaKTepH3yloThes rpadikom puc. 7.3, 0;
aHaJIOTIYHU I BUTJISLT Mae i XapaKTepUCTHKA neseHranii

Ugblx((o) kF((o) ne oyukuis  F(p) — pesynpTyroua mgiarpama
CIIPSIMOBAHOCTI.

IMpu mnenenrauii mo MiHIMyMy MoXe OYyTH OTpHMaHa BHCOKa
TOYHICTh BHIMIpPIOBaHHS KYTOBOI KOOPAWHATH, OCKIIBKA YYTJIUBICTH
neneHranii BenuKa. AJle aMIUIITYyAa CHTHAIy NOOJIHM3y HampsMy IeJeHra
MaJla; TPy TOYHOMY IIEJIEHTy BOHA CTa€ PIBHOIO HYIIIO.

[MpakTnyHO TO MeTOAy MIHIMyMy MOXKHA MEJEHI'YBaTH TLIBKA
JUKepesna MOTYTHBOTO  BJIACHOTO — BHIPOMiHIOBaHHSA. ToMmy, Meron
TIeJICHT ALl 10 MiHIMyMY B PaIi0JIOKaIlii He BAKOPHCTOBYETHCS.

Mero; TOpIBHSIHHS XapaKTEPU3YEThCS THM, IO TMEJIEHT METH
BH3HAYAETHCSI 10 CIIBBIIHOMIEHHIO aMIUIITY[ CHTHAliB, NPUHHATHX
OIHOYAaCHO JBOMa aHTeHamu. DyHKIIOHaJbHA CXeMa IPHCTPOIO
nesneHraiii, B SKOMy BUKOPHUCTAHHI METOJ ITOPIBHAHHS, IPUBECHA Ha PHUC.
7.4; rpadiku puc. 7.5 XapaKTepu3yIOTh IPOCTOPOBE PO3TAITYBAHHS JiarpaM
CIIPSIMOBAHOCTI aHTEHHOTO TPUCTPOIO.

AMI'IJ'IlTy,HI/I CUTHAJIB HA BUXOJI NMpHUHAMAaYiB NMPOTOPLIHHI MOIYJISIM

BEKTOpIB F ((pu) 1 F ((PL,) (puc. 7.4):
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U, = k1F1((Pl,) iy, = kze((Du)- (7.4)

VY  paxyHKOBO-BHpILIJbHIA CXeMi 3HIHCHIOETbCS MHOPIBHSHHA
aMILTITY]] curHauiB. TeXHIYHO HaWnpocTime 3IHCHUTH BiIHIMaHHS O/IHOTO
CUTHAJIy 3 1HIIOr0, TOOTO:

Usbzx ((0) = le1(¢1,;) - k2 FZ (¢u) ' (75)

[Ipu pbOMy BHXiTHA HATpyra 3aJIC)KUTh Bil aOCOJNIOTHHX 3HAYCHB
AMILTITYJ CUTHAJIB 1, OTXKE, 3MIHIOBATUMEThCS 3aJIS)KHO BiJ BIICTaHI Mik
PJIC i meroro, BIACTHBOCTEH METH, IO BiIOOpaXKaroTh, MOTJIMHAHHS B
CEpEeIOBUIINI 1 TaK Jami. BUKIFOUNTH BIUIMB 3MIHHM aMIUTITYJ] CUTHAJIIB Ha
pe3yabTaT BUMIpIOBaHbR MOXKHa abo 3a JomoMoror cucremMu APY, 1o
YIpaBJIsie€ MOCWICHHSM 000X pHiiMadiB, a00 3iIHCHIOIOYN IICHHS OTHOTO
CUTHAIy Ha iHIIIH:

k,F,

Uswx (qD) = M : (76)
k,F, (@, )

\ %
\ 7
\. 7
N\ 7
A\

A 4 v
Ipuiimauy Ipuiimay
1 2
U, U,
Cxema
> 00paxynky <

l UBI)IX
Bumipiosau

Puc. 7.4. OysKumioHambHa CcXeMa IEJIEHraTopa, B  SKOMY
BUKOPHCTOBYETHCSI METOZ OPIBHAHHSA
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(
C«

Puc. 7.5. [IpocTopoBe po3raiinyBaHHs JiarpaM CpsiMOBaHOCTI
NPY BUKOPUCTaHHI METOAY MOPIBHAHHS

Bu xapakTepuCTHKH MeJIeHTalii U1tocTpye puc.7.6.

A UBle

Puc. 7.6. XapakTeprcTiKa HeJIeHTalil IpH BUKOPUCTaHHI METOLY

TMOP1BHSAHHSA
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OCHOBHa TiJHICTH METOJY MOPIBHAHHS — MOXJIMBICTb MHUTTEBOTO
BU3HAYCHHS HampsMy Ha METy B MeXaX BIJHOCHOI'O IIMPOKOIO CEKTOpa
IIpU HEPYXOMill aHTeHHIH cucteMi. HalOIbII ICTOTHUM HENOJIKOM €
BiTHOCHO HH3bKa TOYHICTh BHMIPIOBAHHS, ICTOTHO 3MiHHA 3aJIE)KHO BiX
BHTIISIAY 1 B3a€EMHOTO PO3TAIITyBaHHS JiarpaM CIPSIMOBAHOCTI aHTEH, a
TaKOX Bifl HANPSMY MIPUXOIY XBHUII.

OxpeMnM BHUITAJKOM METOIY MOPIBHSIHHSA € PIBHOCHTHAJIBHHUN METOJ
nenreHTarnii. BiH Takox 3acHOBaHWI Ha TOPIBHSIHHI aMILTITY] CUTHAIIB, [0
MpUIMalOThCSA JBOMAa aHTEHAMH, al€ A BIATIKY KyTOBOTO ITOJIOXKCHHS
JNOOMBAaKOThCA  piBHOCTI  curHamiB. [lpm  meneHramii MeTd 1O
PIBHOCHTHAJILHOMY METOAY aHTEHHUI NPUCTpil MOBEPTAIOTh J0 THX IIip,
MOKM BUXiJHA Halpyra He CTaHEe PIBHOIO HYJO. Y e MOMEHT KyToBa
KOOpJMHATa METH BU3HAYAETHCA 32 MMOJIOKESHHSIM aHTEHH.

PiBHOCHTHAJBHUIT METOJ XapaKTepU3yeThCs BUCOKOK TOYHICTIO,
OCKIJIbKH TIPH BUMIPIOBaHHI BUKOPHUCTOBYETHCSI HEBEJIMKA JUISHKA Jliarpam
CIPAMOBAHOCTI (MOONM3Y piBHOCHTHaNmbHOTO Hampsmy OO, puc. 7.5) 3
IIOI0 BEJIMKOIO KpyTH3HOIO. lleff MeToxm wacTto BHKOPHCTOBYIOTH JUIA
aBTOMATHYHOTO CTEXEHHS 32 METOIO 10 KyTOBUX KoopAuHaTax. [Ipu ipomy
BUXiZHY Hampyry UBBIX HiJBOISTH IO CHCTEMH YIPABIIHHSA MEXaHi3MOM
MOBOPOTY  aHTEHH. 3aJeXHO BiA  3HAKy  HEY3TO[UKEHHI  MIX
piBHocurHanpHUM HampsiMmoM OO 1 HanpsMOM Ha MeETy MeXaHi3M
MOBEpTaTUMe aHTeHy B Ty a0o iHIIY CTOpPOHY, 100 3BecTn Hanpyry UBHX
J0 HyJsl; NPH IbOMY pIBHOCHIHAIBHMI HampsM aHTEHH BeCh 4Yac
3aJIMIIATUMETHCS HAIIPaBJICHUM Ha METY.

PiBHOCHTHAJIBHUI METOJ MOJKHa peayizyBaTH NPH BHUKOPHUCTAHHI
OJHI€T aHTEHW, Jiarpama CIPSIMOBAHOCTI SIKOi MEPIOJUYHO 3MIHIOE CBOE
TIOJIOKEHHS B TpocTopi. B 1poMy BHNAAKy MOpPIBHSHHIO MiJISATaloTh
CUTHAJH, TPHUAHATI B PI3HI MOMEHTH dYacy MpH PI3HUX MOJOKECHHIX
JiarpaMu CripsIMOBaHOCTI.

2. ®a3oBi MeTOAH TA iX 0CO0JIUBOCTI

dazoBi MeToAM 3acHOBaHI Ha BUMIpPIOBaHHI pi3HHLI (a3
€JIEKTPOMArHITHUX KOJIMBAHb, IO MPHHMAIOTECS PI3HUMH aHTCHaMH. Xail B
Toukax | i 2 po3ramoBaHO IBi mpuiiMaibHi aHTeHHU (puc. 7.7), BiACTaHB
Mix sikuMu (6asa) pisna d.

[TpuitHATI aHTeHaAMH CUTHAM MiJBOIATHCS 10 (Pa30BOTrO AeTEKTOpA.
Buxinna Hanpyra ¢a3oBoro AeTeKTopa BU3HAYATUMETHCS TITBKU Pi3HHUILIEIO
($a3 xonmBaHb (MOXHA PaxXyBaTH aMIUTITyId O0OX KOJHMBAaHb Ha BXOJi
JIETEKTOpa OJHAKOBUMH):

U, =kcosAy. (7.7)
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A '//=9 Oomedxncenui 1
Iiocunreau

1

Bumipiosau U] Dasosuii
euxionoi
e demexmop

Hanpyzu
Oomedrncenuii
niocunweau

2

Puc. 7.7. ®yHkuionanabHa cxeMa (pa30BOTr0 BUMIPHUKA KYTOBUX KOOPIUHAT

SIkmo  HampsAM  TIPUXOLY  pamioXBWII  CKIagae KyT ¢ 3
NEepHeHANKYISIpOM 10 0a3u, To (ha3oBe 3pYIICHHS BHCOKOYaCTOTHHX
KOJIMBaHb B aHTEHAX piBHE!

2rd .
Ay =——sIng, (7.8)
A
a Ipu MaJinX 3HAYCHHAX (P, KOJIH HpI/I6J'II/13HO MO>XHa BBa)KaTH.

sinp ~@_9. (7.9)

3 ob6mikoM (7.6) XxapakTepHCTHKa IeNeHrarii oyae (kpuBa 1 Ha

puc. 7.8):

U,..(0) =k COS(% ) (7.10)
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A U 8bIX

\
\
\
<

Puc. 7.8. XapakrepucTiky nenenrauiii ¢azoBoro nejieHraropa

Bumiproroun  UBBIX, MOXHa BHU3HAUWTH HamlpsM  IPUXOIY
panioXBHIII IPH HEPYXOMOMY aHTEHHOMY HPHCTPO].

3 dopmymu (7.9) MoxkHa OauWTH, WO TOYHICTH BUMIipPIOBAHHSI
KyTOBOT KOOpAMHATH 100au3y 3HaueHHs1 =0 Hu3bKa. Kpim Toro, He MoxHa
BU3HAYUTH HampsIM 3CYBY METH BiJ| HepIeHAuKyisipa a0 Oa3u. OOnzasa
HEJIOJIIKK MOXYTh OYTH YCYHEHI, SKIIO BBECTH IITyYHE (ha30BE 3PYIICHHS
curHary Ha 900 B omHomMy 3 miacwioBauiB. Ha pwuc. 7.7 Takwmit
(ha303CcyBHUII  e€NEeMEHT  300paKEHUH  IYHKTHPOM Y  BEPXHBOMY
T ICYITIOBATBHOMY KaHaJI.

ITpu BBeACHHI 101aTKOBOTO ()a30BOTO 3PYIICHHS OTpUMaEMO (KpHUBa
2 Ha puc. 7.8):

B8bIX

U =ksinAz//=ksin(%(p) : (7.11)

MeTton xapaKTepU3yeThCsS BUCOKOIO TOYHICTIO BUMIPIOBaHHS; BiH
MOke OyTH BUKOPHCTaHHWH JJIi aBTOMATHYHOTO CTEKEHHS 3a MUIIMHU IO
KYTOBUX KOOpJMHATAX.

Henonikamu metony €:
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- HEOJIHO3HAYHICTh BIIJIKY;

- BIJICYTHICTb JI03BOJIY LiJICH.

SIkmo fiama3oH OJHO3HAYHOTO BUMIPIOBaHHS (a3u IMPUHHATH
piBHEM 27, TO MEXi OJHO3HAYHOTO BHUMIPIOBAaHHSI KyTa MOXYTh OYyTH
BH3HAYEHI 3a oroMoroto ¢popmyi (7.6)

A
A =—. 7.12
(pw)u d ( )

HeonHo3HAUHICTE BUMIPIOBaHHS KYTOBHX KOOpIMHAT (pa3oBUM
METOJIOM MOXe€ OyTH yCyHEeHa, SIKIIO B IIEJIEHraTopi BUKOPHCTOBYIOTHCS
AQHTEHH 3 JOCTATHHO BY3BKHMH JiarpaMaMi CHPSIMOBAHOCTI Oaom<AQ, 1€ A
— IIMpUHA JiarpaMy COPsSIMOBAHOCTI aHTEHH.

3. ITporokos CAN, 0CHOBHi XapaKTepHCTHKH Ta BJaCTHBOCTi

Inrepgeiic CAN (Controller Area Network, nokanbHa Mepexa
KOHTPOJICPIB) MPU3HAYCHUIN I OpraHi3allil BUCOKOHAAIMHUX 1 HEJTOPOTUX
KaHaJliB 3B’SI3Ky B DPO3NOAUICHUMX CHCTeMax yIpaBiiHHA. BiH no3Boisie
OynyBaTH sIK JAeUIeBi MYJBTiIUIEKCHI KaHaIH, TaK 1 BHCOKOIIBUIKICHI
Mepexi.

B manmit vac CAN-iHTepdelic mHUPOKo 3aCTOCOBYETHCS B OaraThox
00JacTsAX, B TOMY YHCII B TIPOMHCIIOBIH aBTOMATHIIl i B a€POKOCMITHOMY
npwianobynyBanHi. CAN-iaTepdeiic (a6o CAN-Bus) Haifuacrinie
BUKOPUCTOBYETBCS SK CIOJy4YHA JIAHKA MDK TOJIOBHOIO MaricTpauio
KEepPYIYOro MPHCTPOIO 1 OE3Y4i0 JOMOMDKHHX JaTYHKIB, MEXaHI3MIB,
MIAKITIOYCHHS AKUAX JI0 [ICHTPAIBHOT MaricTpati He 3aBKId JOLIIBHO.

IIporokon CAN, pospoOnenuit ¢ipmoro Bosch, cmouatky
MPOEKTYBABCS I MOTPEeO aBTOMOOLTLHOI MPOMHUCIOBOCTI. Po3pobienuit
iHTepdeiic BUSBUBCS HACTUIBLKY BJAJINM, LIO JI0 CIPaBXHHOTO MOMEHTY BiH
3aCTOCOBYETHCS MTOBCIOIHO.

Bnacmueocmi npomoxony CAN

Iarepdeiic CAN mMae HaCTyIIHI OCHOBHI XapaKTepHUCTHKH:

1. CepepoBume mnepemaui ganmx B CAN-cmenudikamis He
Bu3HayeHa. IHTepdelc i3 3acrocyBaHHAM nporokonmy CAN nerko
amanTyeThes 10 (Gi3UYHOTO cepenoBuIna nepenadi iHpopmarii. [le mMoxe
Oytn audepeHIianbHUl CUTHAN, SIKUH TepeaeThCsl Mo CKpydYeHid mapi,
ONTOBOJIOKHO, IPOCTO BiIKPUTUH KOJUIEKTOP 1 T. TI.

2. CAN-koHTponep 3abe3medye Oe3BiIMOBHY poOOTy, aie
craggaptoM ISO 11898 HaBiTh B yMOBaxX BHHHKHEHHS HIDKYEHIEPETiYCHUX
CUTYaIIii:
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- Oyzb-sikuid 3 3 IPOBOJIB y MIMHI 00ipBaHMH;

- Oy/b-SIKMIA IPOBiA 3aMKHYTHH Ha Xap4yBaHHS;

- Oy/b-SIKMIA TIPOBiA 3aMKHYTHI Ha 3arajlbHUH MPOBIiJ.

3. llIBuakicTe mepenadi 3aJa€ThCS MPOTPaMHO 1 MOXKE AOCSTaTh
IMGit / c. KopuctyBau BuOmpae mBHUAKICTh, BUXOAIYH 3 BiICTaHEH, Yncia
aOOHEHTIB 1 €MHOCTI JiHIH mepermadi. MakcumanbHEe YHCIO aOOHEHTIB,
MAKITIOYEHUX 10 JaHoro iHTepdelicy, (akTHYHO BHU3HAYAETHCA
HaBaHTa)XyBaJIBHOIO MOXKIIMBICTIO 3aCTOCOBAHMX PaliONPHIAMadiB.

4. MakcumanpHa MBHAKICTH mepemadi: 1 MOIT / ¢ mpu mOBXKuUHI
miHii 1o 40 M abo 40 Ko6it / ¢ npu momxkuni miHii 1000 M. IIpu mpomy
npaktiyHo Oynb-skuii CAN - KOHTpoJep J[OMycKae IporpaMyBaHHS
mBKAKOCTI 00MiHy Big 1 MGiT / ¢ no 10 Ko6ir / c.

5. ApOiTpaxk opraHi3oBaHUil Tak, IO BiH HE 30UIBIIYE Yac peakilii
CUCTEMH Ha OLIbLI NPIOPUTETHI TTOBIIOMIICHHSL.

6. 3aranpHa Kinbkicth CAN - By311iB He 00MEKEeHa IIPOTOKOJIOM.

7. Mosigomnenns: no CAN - IHHI MOXYTh TepeaaBaTHCs OIHOMY
a00 OTHOYACHO JEKITBKOM By3J1aM, HAaNAIITOBAHUM Ha MPUHOM OJJHUX 1 THX
e TapaMeTpiB.

8. AnpecHa iHdopmMmaris (HOMep TmapaMeTpa) MICTHTBCS B
MTOBITOMJICHHI Ta CYMIIIA€THCS 3 1OTO TIPiIOPUTETOM.

9. KinpkicTp 6aifTiB gaHnX HacTporeThes Big 0 1o 8.

10. SIkmio xo4 OJMH BY30J B MEpeXi NPUIHSAB MOBIJOMIICHHS 3
MIOMUJIKOIO, 1I€ MOBIZOMJICHHS BHU3HAETHCS MOMMJIKOBUM [UIsi BCIX BY3JIB
Mepexi.

11. By3nu, 10 BHUMHKAIOTHCS, MUHAMIYHO BiJKIIOYAIOTHECS Bia
LIMHH.

12.  Tlpunymenns  cuH(a3HUX  HepemKo]  3AIHCHIOETHCS
mudepeHmiadbHAM pagionpuiiMademM.

Oomin danumu ¢ npomoxonai CAN
CAN-mocnmiioBHa MWHA 3 TMATPUMKOI OIHOYACHOI PoOOTH
0araTb0X MaiCTep-PHUCTPOIB, MO O3HAYA€ MOXKJIHMBICTH U1 BCIX BY3IIB
CAN-Mepexi TmepemaBaTh JlaHI 1 3alUTyBaTH JCKUIBKOM  BYy3JIaM
OJTHOYACHO.
Ipuctpoi 8 CAN-cucTeMi 3’ € JHYIOTBCS 110 IIHHI, [0 CKJIATA€THCS 3
TPROX  TPOBOAIB (2 ~ CHIHAIBHHX 1  ONHOTO  3arabHOrO).
[ToBigoMeHHS AaHMX, IO TMepenaroThesi 3 Oymb-skoro By3ma mo CAN -
IIMHI, MOXKYTh TpuMatH Bix 1 1o 8 6aiT. KoxkHe MOBiIOMIICHHS ITO3HAYEHO
imeHTHudiKaTOpoM, SIKHIA B Mepexi € yHikanpHUM. [Ipu mepenadi iHmi By3im
MEpexi OICpPKYIOTh IMOBIIOMIICHHS, 1 KOXEH 3 HHX IepeBipse
imeHTUdikaTop. SKIIO MOBIIOMIICHHS Ma€ BiIHOWICHHS JO JAaHOTO BY3Ia,
TO BOHO 0OPOOJISIETHCS, B IHIIOMY BHITa/IKy — ITHOPYETHCSL.

CAN - KOHTpoJIep KOXHOTO 3 TMPHCTPOIB MOXKE O0OpoOIATH
Mpoex IPBU.03.01.00-06-386/11-00 M/I-HTY TpaHckopAOHHMit 06Mi Aocaigom Mporpanit o n Binop: paina 2007-2013
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OJHOYACHO JeKkinbKka ineHTH(dikaTopiB. TakuM 4YHMHOM, B KOXXKHOMY 3
MIPUCTPOIB MOJKHA JIETKO OpTraHi3yBaTH KijbKa BIpTYyaJIbHUX KaHAIIIB OOMiHY
iH(pOpMaIli€l0 3 PI3HUMH NPUCTPOSIMU, BKIFOYAIOUM KaHAJIM OJHOYACHOTO
OTPUMaHHS IIOBIIOMJIEHb 1 1JeHTHU(]IKATOP BH3HAYAE THUIl 1 HPIOPHUTET
MOBiTOMJICHHA. BiNlbII HU3BKOMY YHCIOBOMY 3HAUEHHIO ieHTH(iIKaTOpa
BiNOBifae OLTBII BHCOKE 3HAUEHHs mpiopuTeTy. IIoBimOMIIEHHS, IO Ma€e
BHIIMN TIPIOPUTET, TEPEHacThCs paHille TOBIAOMIICHHS, IO Ma€ OUThII
HU3BKHAN mpioputer. I[licms MOBIMOMIICHHS 3 BHCOKHM IPiOPUTETOM
MepeaaeThCs OBITOMIICHHS 3 OUTBII HU3BKUM MPiOPUTETOM, SIKIIO i Jac
nepenadi He TMaM ATA€ThCS MTOBIOMIICHHS 3 OUTBII BUCOKHM IPiOPUTETOM;
MOTIM MepeaeThCst MOBIOMIICHHS 3 1€ O1LIbII HU3bKUM MPIOPUTETOM.

Hdus CAN Oyna oOpaHa peanizauis DIIMHHHX (OpPMyBadiB, B SIKiif
OIMH 3 JIOTIYHUX DIBHIB NPEJICTABICHUI BHUCOKOIO HANPYIOIO Ha JIiHii,
HU3BKMM CTPYMOM 1 BHCOKMM OIIOPOM BHUXIJHOTO KacKaay IIMHHOTO
¢dopmyBauya. BiH Ha3BaHMi «recessive» (BIICTyNalO4ui, pPELECUBHHN).
[HIIMIH piBEHb XapaKTepU3YEThCs HU3BKOKO HANPYTOH, BUCOKUM CTPYMOM,
HU3BKAM ONOPOM BHXIJHOTO Kackaxy. BiH HasBaHumii «dominanty
(maHIBHUIL, TOJOBHHWI, OCHOBHH{, IOMIHYIOUHH, IO MpPEBaIIOE,
nepeBakalounil,; HaiOLTpml BIDIMBOBHUI). Bymemo BBaxatn «recessivey
piBHEM JoriuHo1 «1», a «dominanty» — piBaem noriuroro «0» (puc. 7.9).

120 1z
UAN
Bymon 1 Byson I Byson N
LR N
Tx Tx
Rz Ri
Gad Gnd

Puc. 7.9. Peanizariis ninii nepenaui nanux 8 CAN

ymo3axucHi niHii 3 mMMHHUMU (QOpMyBayaMH Ha JBOTAKTHHX
KackaJax BHIIE, aje JOCHTb HU3bKOOMHI PE3MCTOPH Ha KIHLAX JIiHII B
3HAUHIM Mipi 3HIKYIOTH 10 pi3HuIio. [lepeBara oOpaHoi peamnizamii ais
iHTepdeiicy, ae Bci noptu piBHompasHi (a TakuMm € CAN), y NpUHIUIOBIH
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HEMOJKJIMBOCTI BHMHHKHEHHS HEOE3MEYHUX HACKPI3HHX CTPYMIB IpH
OoIHOYacHId poOoTi IBOX mepenaBadiB. PO3pOOHUKH CTaHIApPTy 3MOIJIH
«BUYABUTW» 3 [BOIO IMEpeBar 3HAYHY EKOHOMIIO IIMHHOTO 4acy 1
KUTBKOCTI JTiHIH.

CrpormieHa cxema BHXIJTHHX KacKaJiB IBOX BY3JIB 1 JiHII 0OMiHYy
naanMu CAN mokaszana Ha puc. 7.10. BuxigHi kackaau By3:1iB moOymoBaHi
3a CXEMOIO 3 BIIKpUTHM KoJIeKTOopoM HaBaHTa)keHHSIM € BiAIIOBiIHE OTOpYy
miHii.  Bubip  «cTpymMOBOi  meTimi»,  IBOTaKTHOI  cxeMH  abo
(bazomanimymipoBaHHUX Koy (1K B «MaHuecTepi-2») miaHAB GH BapTiCTh
peamizamii, B Toi xe udac mepeBarn CAN MokHa peani3yBaTH came 3
BUKOPHCTaHHIM 00paHOT CXeMH BHUXIJTHHUX KacKaJliB.

U

nAT

R

H

U, [0] 1}0[1

Up.x U, ool 11

Vo | 4 1 [ Yse (U, [0]0]0]1

Puc 7.10. Moaens o0Miny nqanumu 1o inrepdericy CAN

3 Tabnumi ICTHHHOCTI BHWAHO, IO PIiBeHb JOTIYHOCTI «l»
¢dopmyetbes Ha miHii (U BUX) TUTBKH TOJI, KOJIM MPUCYTHI PiBHI JIOTIYHOT
«1» Ha Bcix Bxomax. JIiHis sABisg€ cOOOIO JIOTIYHUN €JIEMEHT «MOHTaXHE [».
Takum umHOM, piBeHb JoTiyHOTO «0» Ha OyAb-IKOMY BXOIi Mae
OJHO3HAYHMHU mpiopHuTeT, GopMyeThCcs 3 piBHA JoriyHoro «0» Ha Oynb-
SKOMY 3 BXOJIB. Y KOXXE€H MOMEHT 4acy Oy/b-sIKHil By30JI MOKEe BHCTABUTH
Ha JHIi piBeHp JOTiYHOTO «0», IO HE NPHU3BOAUTH 1O YTBOPEHHS
HeOe3NMeYHNX HACKPI3HWX CTPYMiB Ta IHIIMX KOHQIIKTIB JiHIii, fK
3a3Havanocs Bume. Bcei Bysnu CAN, B ToMy 4uCIi TPOBIAHY Iepenady,
aHaJI3yIOTh JIOT1UHUI piBeHb Ha JiHii. [lepenaBad Ha OCHOBI IFOTO aHANTIZY
PpOOUTH BUCHOBKH NP0 «BiHOCHO» JI0 BHIABaHOI iH(popMaii 3 00Ky iHIINX
By3uiB. JlaHnii MexaHi3m mupoko 3acrocoByerbcs B CAN st apGiTpaxy
IIMHU 1 BUSBICHHS NOMIIOK Tepemadi. OCKUIBKA BiH TIpAIfOE B XOJi
riepeniadi NOBIIOMJICHHS, TO € JTy’Ke eKOHOMIYHUM 3a 4yacoM. He noTpiOnmii
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OKpeMoi JIiHii 1 OKpeMHX NpHUiMadviB i IepeJaBaviB y By3iax.

Posrisnemo, Hampukian, apOitpaxk muHn. Y CAN  HaiiOinbin
NPIOPUTETHUM  BBA@XXA€ThCS MOBIIOMICHHS 3 YHCEJIBHO MEHBIIUM
inentudikatropom (puc. 7.11).

Bci By31m CHHXPOHI3YIOTH poOOTY CBOIX TaKTOBHX I'€HEpaTOPIB IO
mepenaniB curHaiiB Ha JiHii. Ilepen mouaTkoM mepenadi MOBiXOMIICHHS
BY30JI TIEpEBips€ JiHIIO Ha BUIbHICTE. TakuM YHHOM, MOYATOK BHAAYL
MOBIIOMJICHHA MOXe€ BigOyTHCs OXHOYAacHO. BoOHO moYMHAaeThCS 3i
crapToBOrO 0Oita 3 piBHEM JoOrigHOro «0», MiCHsA SKOTO JiHIA BXE HE
BBA)KAETHCSI BITTBHOIO.

Tenmep Oinplie JkOIeH By30J HE MOXe IIO4aTH Iepegady
moBimomiieHHs. [loCiBIIM, TakuUM YHHOM, JIiHIIO, BY30J IIOYHHAE
nepeaaBatu ineHTHdiKaTop 31 crapmioro 6ita. Y HamoMmy pasi e poOJsiTh
onHouacHO 2 By3na. [loku ineHTH(iIKaTOpu MOMITHO 30IraroThes, e
3aJIMIIAETHCS HEMOMIYEHUM JIJIsi 000X MepeAaBalbHUX 1 BCIX 1HIIMX BY3IIiB
Mepexi. Hapemri Hactae MOMEHT, KOJIM OAMH 3 BY3JIB Iepeaac piBeHb
JorTiaHOT «1», iHIUH — piBeHB JOTITHOTO «O».

Sk HaBe#eHO BHINEG, Ha JiHII IPH IBOMY (QOPMYETBHCA piBEHBb
sorigHoro «0». By3ou, sikuit mepenaB piBeHb JorigHOI «1», ane 3adikcyBan
Ha JiHil piBeHb JOriuHOro «0», NpUMUHSE nepeaady. Moro inentudikarop
YHCeNIbHO OUTBIIMI imeHTH(dIKaTOpa, MepeaHoro IHITUM BY3JIOM, SKHH i1
MPOJIOBXKYE Tepeady CBOro, OUIbLI NPIOPUTETHOrO MOBiJOMIICHHS. BoHO
Oyno BUsIBIEHO 0e3 BTpar dacy Ha apOiTpax, NPOCTUM MOOITHUM
MOPIBHSAHHAM  iieHTH(IKaTOpiB (TOOTO, MPIOPUTETIB) MNPSMO B  XOi
nepenaui.

Big myama 1 I I I I l I l I I_I
Bin myam 2
Ha nimii

Tisin |

I BiNLHA

2 BY3AHM OEHOYACHO

SRR

#0w Big Byama 1
wln m,qn%?
«0w Ha

nowam( ﬁg}m

Puc. 7.11. InmrocTpaliist BUKOPUCTaHHS BIACTHBOCTEH eJIeMEHTa
«MoHTaxkHe I» pu apOitpaxi nosizomiens B CAN

Cxoxuil MexaHi3M BHUKOPHCTOBYETBHCS ISl CHUTHAJI3amii By3JIamu
PO TOMIJIKM TNPHUHOMY. BHUSABHBIIN MOMIIIKY, By30J BHCTABIISE Ha JIiHIL
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piBenb Joriynoro «0». IlepenaBanbHuil piBeHb Jjoridnoi «1» mepenaBay
(ikcye HEBIANOBIIHICT MEPENAETHCS CHTHANY CHIHAIOM Ha JIHIT 1
NpUNHHSE nepenady. TakuM YMHOM, rapaHTYEThCSl HECYIEPEUHICTh JaHUX
B MEpexXi: MOoBiIOMJIEHHs abo MPUUHATO yciMa By3iaaMu, abo HE TPUHHATO
Hi omHUM. Y 3BiUJIbHEHY JIiHIIO IIeH e a0o iHIMHI epegaBay MOYNHAE HOBY
crpoOy mepenadi MoBimoMIIeHHS. 3aJieKHO Bif Ymcia cupod mepenaBad
pOOHUTH BICHOBOK TPO CBOIO CIIPaBHICTh. J{JIs TapaHTyBaHHS MOXKJIHBOCTIL
CHTHAJI3aMii PO TOMHJIKA B CTPYKTYpi IEepeJaHoro MOBiTOMIICHHS € 0iTH,
SIKi TIepefaBad 3aBXXOM BCTAHOBIIOE DIiBHIO JoTiyHOI «1». Hampukmarn,
Takdi OIT TMPUCYTHIHM Michs mons KOHTPOIbHOI cymu. L{g Bmama 3Haximka
CUIJILHO 301NIbIINIIA «IIaHCH Ha BWOKMBaHHM) ctaHaapty CAN B auHaMi4HO
PO3BHBarOYiil aBTOMOOUIBbHIHN raimys3i.

Jlorika opranizanii oominy nanuMu CAN TakoX yTpUMYE Ba)IIHBY
BIZIMIHHICTB BiJl TpaauuiiiHuX iHTepdeiiciB. Opranizauis oOMiHy — MOJI€BO
opieHToBaHa. lle o03Hawae, 10 By30J LIMPOKOMOBHO Hepenae
MOBIZIOMJICHHSI, SIK TUIBKH CTAaHEThCS IMOJis, NP0 SKYy IOBHHHI OyTH
MpoiH(GOPMOBaHi iHII BY31MH CHCTeMH (1€ BiIOYBAE€THCSA 3 ypaxyBaHHIM
mporenypu apOiTpaxKy, ommcaHoi Buine). ToOTo, HEMae Hi MPOTPaMHOTO
ONHTYBAHHS, Hi NIEPEPUBaHb, Hi KOHTPOJEpa, IKUH yIpaBIisie OOMiHOM. 3a
pPaxyHOK IIbOTO 3POCTa€ XHUBYYICTh CHCTEMHU: Oymydu po3pyOaHOio Ha 2
YacTHHH, BOHA 30epirae >KUTTE3MATHICTH ix o0ox. OOWOBI migcucTeMu
3MOXYTh (DYHKI[IOHYBaTH HE3aJC)KHO. [HITUM HACIIAKOM OJHOMPABHOCTI
BCIX BY3JIIB € €KOHOMIsl Yacy HaJiCllaBIIY MOBIIOMIICHHS 10 ajapecaTa 3a
PaxyHOK JIelieHTpatizarii.

Iousarts «aapeca», sk Take, B CAN BIACYTHE, € MOHATTI
«igenTudikaTop», B JesKii Mipi € aHaJIOrOM MOHSTTS «anpeca». Y Byslax
CAN Hemae mnporpaMHO JOCTYIHHX [0 3aIllUCy pericTpiB Npuiomy.
InenTudikatop QakTnuHO € ampecoro perictpa mepemadi. Koxen
ineHTH(IKaTOp JKOPCTKO TMOB’SI3aHMH 3 MacHBOM JIaHHMX, SIKHH MOXe
repeaBaTucs B JIHIIO, SKIIO BIATIOBIAHUI BY301 iHimifoe mepemady. Bcei
IHIII BY3TH «IIPOCIYXOBYIOTB» JIHIFO 1 aHaNi3ylTh igeHTH]iKaTopu
TIOBIZIOMJIEHB, SIKI NepenaroThbes. By3nmm mpuiiMaroTe faHi, IO MaroTh JI0
HUX BIJHOIICHHS, iHIINI &aHi IrHOpYHOThcA. JlaHI MOXYTh OJHOYACHO
mpuiMaTHCSA Bifpasy IeKkigpbKkoMa By3iaMu. Lle 3Ha4HO mpHCKOproe pobdoTy
iHTEepdeiicy 3a paxyHOK BIACYTHOCTI IOyOJIFOBaHHS Iepenadi OJHAKOBHX
JlaHuX y pi3Hi By3iwm (puc. 7.12).

VY mopaieBo OpieHTOBaHY JOTIKy poOOTH iHTepdeicy opraHidHO
BKJIFOUEHA TMpOIeaypa 3amuTy MaHuX. SIKimo By3ny TOTpiOHI JaHi, 1O
(hOpMYIOTBCS IHIIMM BY3JIOM, BiH MOCHJIA€ MOBIJOMIICHHS 13 3aIlIUTOM ITHX
JaHUX, BKAa3ylOUd B HBOMY ifieHTHdiKaTop. Y BIINOBiAb By30JI-TpUMad
JAHWX T[epelae BiamoBigHe moBimomieHHs. [lomis, sika BHKIMKaNa
HEOOXITHICTh Yy TaHUX, 1HILIIOE iX JI0CTaBKY.
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Ha 3akiHueHHs Xo4YeThecsl Bim3HaumtH, mo cremudikamis CAN
OXOIUTIOE HWKHI (DI3WYHUM 1 KaHAIBHUN piBHI 00MiHY nanuMu. Ha BepxHix
PIBHAX y Mexax ojHiel Mepeki MOXYTh JISITH pi3HI IpoTokomu. YacTuHa
BY3JIIB MOK€ MIATPUMYBATH OJMH MPOTOKOJI, 1HIIA YaCTHHA — IHIIWH, OJUH
OJIHOMY BOHH 3aBakaTu Ipu oMy He OyayTs. Y CAN mependadaroThCs
IIBi CTaHAAPTHI JOBXUHH imeHTH]iKaTopa. OOHIBI TOBKUHE MOXYTh OyTH
BHKOPHUCTaHI B OJHIA Mepexi. Takok B MepeXy MOKHa BKIIOYaTH HOBI
BY3JIM, [IOKW HE HACTYIIUTH NePEeBaHTAXKCHHS MEPEXi 110 HaBaHTa)KyBaJIbHIl
3MATHOCTI ~ BUXITHMX  KackadiB Ta  iHGOpMAaIiifHOI  MPOMYyCKHOL
CIpoMOXHOCTI. BoHM He OymyTh 3aBakaTh poOOTI cTapux BY3IiB, HE
noTpiOHO HaBiTh 1X nepenporpamyBanHs. L{i BiractuBocTi inTepdeiicy CAN
O0COOMMBO BaXJIMBI B JOJAaTKAaX MPOMKCIOBOI aBTOMAaTHU3aIll, e
MOXIJIMBOCTI MOAM(IKaLii CUCTEMH BHCOKO I[IHYIOTBCS CIOKMBauaMH i
aKTHBHO MPOCYBAIOThCS BUPOOHUKAaMK 00JIaIHAHHSI.

sto i R o
g b et N

[ L\ = !

| npokccrmeimycma [ Bysan npaftuas nanl,
nepeaana E::t QIAHOCATLCE A0 HEOTS .

mry- Ireopye

Puc 7.12. lllupoxkomoBHa niepenaya nosigomiens B CAN.

4. BusiBjieHHsI NOMUJIOK B mpoTokoai CAN

CAN MICTUTD 5-CTyNiHYaCTUH MeXaHi3M BUSBIICHHS [IOMUJIOK.

1. Huxniwanii koHTpons 3a HagMmipHOcTi (CRC). Koxne mepenmane
MTOB1TIOMJICHHS MiCTUTh KOHTpOoNbHUH kKoJ CRC, oOuncnennii nepegapadem
Ha OCHOBI 3MICTy TepelaHoro moBigomieHHs. [IpuiimanbHi By3mIH
BUKOHYIOTh aHAJIOTIYHY OIEpallilo, MO03Ha4YaroTh BHABJIECHI INOMWIKH 1
YCTaHOBJIIOIOTH BiZIIOBIJIHI IPANOpH.

2. Kontpons nepenanoro mouis 6itiB. Y ckiani CAN- moBizoMIIeHH
MepeaaroThesl 3yMOBIICHI OiTOBI KOMOiHAIi, fKi KOHTPOJIIOIOTHCS IIpH
mpuifoMi. SIKmo npwiiMad BUSBIIAE HENPHUITyCTUMHHA OIiT B OAHIN 3 IUX
KOMOiHaIli#, To BCTAHOBIIOETHCS ipamnop "[lomuika popmarty”.

3. Konurtpoms curnamy "llintBepmkenHs mpuiiomy". Koxue
nepeiaHe MOBIIOMIICHHS MiITBEPKYEThCS MpUiMadeM, a sKIIO [OTO He
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Bin0yJ10Cs, BCTAHOBIMIOETHCS npartop "TlomMuika miaTBepKeHHs npuiomy".

4. TloroyHMii KOHTPOJH JIOTIYHOTO piBHS OiTiB. Byap-skuii
neperaBad aBTOMaTHYHO KOHTPOJIIOE 1 TIOpiBHIOE (DaKTHUHHMN JIOTIYHUHA
piBeHb OITIB Ha IIMHI 3 piBHEM, SIKOMY BiH IlepelaeTbes. SIKmo piBHI He
30iraroThCs, MO3HAYAETHCS IOMUIIKA JIOTTYHOTO PiBHS OiTiB.

5. Konrpomns 3amoBaeHHS OiTiB. CAN BHKOPHCTOBYE METOIHMKY
JONaBaHHSA 3allOBHIOE OiTa [UI1 JOJATKOBOTO KOHTPONIIO MEpeJaHuX
moBiomyieHb. [licnms mepenadi I'STH TMOCTIZOBHUX OITiB 3 OJHAKOBHM
piBHEM mepemaBad aBTOMATHYHO BBOJUTH B pO3PAOHHN IOTIK OiT
npoTmiexkHoi moisgpHocTi. [IpmiiMadi  TOBIZOMIIGHHS aBTOMAaTHYHO
BUJIAJISIIOTH TaKi OiTH mepe 0OpOOKOI0 MOBIIOMIICHHS. SIKIIO BUSIBISETHCS
LIOCTH OIT OJTHAKOBOI MOJSPHOCTI, TO MO3HAYAETHCS MOMIJIKA 3aIIOBHEHHS
0iTiB.

VY pasi sKIIO BHUSABJICHA NOMHJIKA, BY30J1, KU BHSBUB MOMUIKY,
nepepuBae mnepeaady MOCHIKO npanopa noMuiku. [Ipu upomy nepenasay
ABTOMAaTHYHO BUPOOJISiE MOBTOPHY Mepenady MOBIJOMIICHHS, IO oOepirae
BCi BY37H BiJ] BAHUKHEHHS ITOMMJIOK 1 rapaHTye HECYNEpEUHICTh JaHUX y
Mepexi.

KoHTpoJbHi 3anuTanus

1. Oxapakrepu3yiTe aMILTITY THI METOJIY Ta iX OCHOBHI XapaKTEPHUCTHKH.
2. Slki BaactuBocti mpotokoiay CAN?

3. HazBithb Ta naiite Bu3HaYeHHs (pa3oBUM METOJaM Ta IX OCOOIMBOCTSM.
4. JlaiiTe XapakTepHUCTHKY IeJIeHrallii IpH BUKOPUCTaHHI METOY
MTOPiBHIHHS.

5. B 4omy mosnsrae BUABICHHS IOMUIIOK B TpoToKomi CAN?

TEMA 8. OCHOBHY TEOPIi IEPEJIAYI
IH®OPMAILIL

1. Indopmanuisi, moBinomJieHHs1, CHTHAJ

ITix indopmariiero po3yMilOTh CYKYIHICTh BiZOMOCTEH
mpo fAkice mopil, o6’ekrti. s 30epiranHsa, oOpoOKH i MepeTBOpEHHS
iHpopmanii BHKOPHUCTOBYIOTh YMOBHI CHUMBOJHM ( OyKBH, MaTeMaTHYHI
3HAKH, MAJIOHKH, ()OPMHU KOJIMBaHb, CIIOBA), IO J03BOJISIOTH NPEICTABUTH
iHpopmanito B Tii abo iHmiK ¢dopmi. [Hpopmamis, BupakeHa B NeBHIH
¢dopMi, mpu3HaUeHa ISl Nepeaadi, Ha3UBA€ThCS MMOBIIOMIIEHHAM. Tak, npu
tesierpadHii nepexavi iHGOPMALIS TIPEICTaBISETHCS Y BUIIAAL OyKB i
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uudp. BiAMoBiIHO MOBIMOMIICHHAM € TEKCT TEJIErPaMH, IO MPEICTaBIIsIE
MOCTITOBHICTh IHMX 3HAKiB. Y TENCPOHHUX CHUCTEMax MOBIIOMIICHHAM €
MoBa (Oe3mepepBHa 3MiHa 3BYKOBOrO THCKY). Ha mpaktumi wacrto
iH(pOpMallis TpeNCTaBIse€TbCs B JBIHKOBIM (opmi, TOOTO TIBKH ABOMA
YMOBHUMH CHUMBOJaMH, Hampukiaa, 1 i 0. BinmmoBigHO THOBimOMIICHHSM
CITY>KHTB TIOCIIOBHICTh KiHIIEBOTO YHCIA ABIKOBUX CHMBOIIIB.
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Puc. 8.1. Buau curnainis

OpnHi oBiOMIICHHS (MOBa, TEMIEpaTypa, TUCK) € QYHKIISIMH Jacy,
iHmi (Texct Temerpamu) — Hi. Ilpupoma moBimOMIEHB MOXe OyTH SK
EJIEKTPUYHOIO, TaK 1 HEeJIEKTPUIHOIO.

Jdns mepemavi MOBIIOMIICHBb BiJ JDKepela 1 oOAepiKyBauesi
BUKOPHCTOBYIOTH (Di3WYHI NPOLIECH, HAIPUKJIAJL, 3BYKOBI 1 €JI€KTPOMarHiTHi
xBwii, cTpyM. ®DisnuHuMii mpomec, MO0 BigoOpakae IOBIJIOMIEHHS,
Ha3MBAETHCSl CHTHAJIOM. 3a CBOEIO IPUPOJOI0 CUTHAIM MOXYTh OyTH
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CNICKTPUYHUMH, CBITJIIOBUMH, 3BYKOBUMHM 1 ToMmy mnoaibne VY PCIII
BUKOPHCTOBYIOTBCSL ~ €JIEKTPHYHI ~ CHrHanM. Tomy 1pu  mepenadi
MIOBIZIOMJICHHSI HEEJIEKTPUYHOI TNPUPOJIM 3a3Jajeriib NepeTBOPSTHCS B
SJICKTPUYHI KOJIMBAaHHS 3a JIOIIOMOTOI0 II€PETBOPIOBaviB: MIKpO(OHIB,
nepeaBalibHi TeNeBi3iHHUX TPYOOK, MATIMKIB TEMIEpaTypH, TUCK 1 TOMY
monioue. Lli emexTpuyHI KOJNMBAaHHA 3a3BHYail HA3WBAIOTH IMEPBHHHUMH
CHUTHAJIAMH.

Bynp-sxuii mepBUHHNHN CUTHAN € QYHKIIE0 dacy X(t). 3a1exKHo Bixg
obmacti BHW3HAa4YCHHA 1 OONACTI MOMUIMBHX 3HaueHb wiel (yHKMIl
PO3PI3HAIOTH HACTYITHI BUAN CUTHAJIB:

- OesmepepBHi Mo piBHIO i 3a yacom (Mai. 8.1, a);

- ©OesmepepBHi 10 PiBHIO 1 JUCKpeTHI 3a yacoM (Mai. 8.1, 0);

- IMCKpeTHI (KBaHTOBaHi) Mo piBHIO 1 Oe3nepepBHi 3a vacoMm (puc.

8.1, B);

- JIMCKpETHI 1o piBHIO i 3a yacoMm (puc. 8.1, 1).

Cuenanu nepwioeo euensady, 3BaHi OE3MEPEPBHUMH, 3aJal0ThCS Ha
KiHIIeBOMY a00 HECKIHYCHHOMY THMYacOBOMY IHTEpBali 1 MOXYTh
mpuiiMaTi OyAb-AKi 3HaUYCHHS B JEAKOMY niama3oHi. [IpukiagoM Takumx
CHUTHANIB € CHTHAIM Ha BHUXOJaX MIKpO(OHYy, HAaTYHKIB TEeMIIEpaTypH,
THCKY, TOJOXXEHHA 1 ToMy mofiOHe. Bynyun eneKTpuYHHMH MOIYISIMH
(I3UYHNUX BEIWYMH, TaKi CUTHAJIM YacTO HAa3UBAIOTHCS aHAJTOTOBUMH.

Cuenanu Opyzo2o 6uensdy 3alal0ThCs B MEBHI JUCKPETHI MOMCHTH
4acy i MOXyTh TIpHIAMATH Oydb-fKi 3HAUECHHS 3 JEAKOTO Jiama3oHy. Ix
MOXKHa OTpHMaTH 3 Oe3NepepBHUX CHUTHAJIB LLIIXOM Y3STTS BIAJIKIB B
neBHi MOMeHTH. lle mepeTBOpeHHsI Ha3MBAa€ThCs JAMCKPETH3AI[i€l0 B yaci.
Kpok auckperunsarii T (mIpoMiXKOK yacy MiXk JBOMAa CYCiJIHIMHU BiJTiIKaMu)
MOXXe OyTH SK MOCTIHHMM, Tak 1 3MIHHUM. 3BHYaiiHEe HOro 3HAYCHHS
BHOHMPAIOTh, BUXOASYH 3 JIOIYCTHMOI MOTPIITHOCTI TPH BiJHOBICHHS
0e3mepepBHOrO CHTHAITY IO KiHIIEBOMY YHCITy HOTO BiIITIKIB.

Cuenanu mpemvozo 6uzisidy, 3BaHI KBAaHTOBAaHMMH IO DIBHIO,
3aJ1al0ThCS Ha JISSIKOMY THMYAacOBOMY IHTEpBaJli 1 XapaKTepU3YIOThCS TUM,
o0 MPUAMAIOTh TIBKHA IIJTKOM TII€BHI JUCKPETHI 3HAYCHHS. ix mosxkna
oTpuMarn 3 Oe3NepepBHUX CHUTHANIB, 3aCTOCOBYIOUM /10 HUX OIEpaIlifo
KBaHTYBaHHS 110 piBHIO. B pe3ynbTarti miei onepariii 6e3nepepBHUil CUTHAT
3aMIHIOETBCA CTYIHYAacTOO0 (QyHKIier0. Kpok kBaHTyBaHHS -X (BiAcCTaHBb
MIX JIBOMa CYCiIHIMH JO3BOJICHUMH DPIiBHAMH) MOX€ OyTH SK MOCTiHHHUM,
TaK i 3MiHHMM. Voro 3a3Buuaii BMOMPAIOTP 3 YMOBH 3a0e3IEueHHS
HEOOXiAHOT  TOYHOCTI  BIJHOBIIEHHS  OE3MEpEepPBHOTO  CHTHAIY 3
KBaHTOBAHOTO.

Cuenanu uemeepmozo 6uenady, 3BaHi AUCKPETHUMH, 3a/Ial0THCS B
TNEBHi JIMCKPETHI MOMEHTH i MPUMalOTh MeBHi AMCKPETHi 3Ha4yeHHs. 1X
MOXKHa OTPUMATH, HaNpHKIaja, 3 Oe3lepepBHUX CHUTHAIIIB, 3AIHCHIOIOYH
oreparii JUCKpeTu3anii 3a yacoM i KBaHTyBaHHs O piBHIO. Taki curHamu
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JIETKO IIPEACTaBUTH B LU(POBIH (HopMi, TOOTO y BUIIISII YHCEN 3 KIHIIEBUM
YHCIIOM PO3PSIIB. 3 Mi€l MPUUMHU TX YaCTO HA3UBAIOTh IIU(DPOBUMHU.

[loBimomiieHHs, IO MiANATAIOTh Tepenadi, € ado
BUIIAIKOBOKD BEJIMYUHOIO, a00 BUMAIKOBOI (yHKIi€K. JleTepMiHOBaHI
(3a3manerizp BioMmi) MOBITOMIICHHS HE MICTATH iHQOpMAILIii, i HEMae CEHCY
ix mepenaBaTH. BiqmoBigqHO CHUTHAM TaAKOX CIi/T PO3TIIANATH SK BUIIAIKOBHUI
mporiec. JleTrepMmiHOBaHI CWUTHaIM He HeCyThb iHpopmamito. Y TexHimi
3B'S3KYy BOHM BHKOPHCTOBYIOTHCS JJISi BHBYCHHS BJACTHBOCTEH pI3HHX
PamioTeXHIYHUX JIAHIIOTIB.

2. Y3arajibHeHa CTPYKTYPHA cXeMa, OCHOBHI mincucreMu

Ilin cucmemoro 36°a3ky (puc. 8.2.) pPO3YMIIOTH CYKYIHICTb
TEXHIYHHUX 3ac00iB, MPU3HAUCHHUX U Mepenayi iHdGopMallii, BKIOYAI0UH
JOKEPEIIo MOBIJIOMIIEHB 1 0/Iep)KyBaya IOBiJOMJICHb.

Acepeno nosidomnens — ue NPUCTPIH, Mo 3iiicHIoe BUOIp
MOBiTOMJICHB 3 aHCAMOJIO TOBiMOMIICHB. IM MOKe Oytu matumk, EOM i
ToMy moi0He 3aJeKHO BiJ TUIY OBiOMJICHB PO3PI3HIIOTH JUCKPETHI i
Oe3mepepBHi kepena.

I 3BOPOTHUI KaHall }
I Mpuitmaneanit | JliHist 3B’ 513Ky i IepenaBanbuuit
npucTpiii - - npucTpiii I
| 7' |
—— e e ] —_——
A 4
IepenaBanbuuii o| JliHis 3B’s13Ky q [puiimansauii
npucTpiit v v npucTpiit
A A
n(t) x(t)
A 4
Jxepeno Jxepeno OtpumyBau
MOBIZOMJICHB MEePenKO TOBIZIOMJICHB

Puc. 8.2. BaranpHa cTpykTypHa cxema PC
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[ I T v—
Jxepeno Konep Konep xanamy I
IIOBIJOMJICHb -Ir IpKepera o H MOIIYHH I
| | I Top | v
I I I I Jlinist
| I I I 3B’SI3KY
I |
OtpumyBau I Jexonep Jlexonep
OBiIOMJIEHB 1— JDKEpena € KaHany L-l- I[eMOI[y I
| || Js1 TOD |‘_
e - N

Puc. 8.3. CtpykTypHa cxeMa CHCTEMH Mepe/adi JUCKPETHUX MOB1IOMIICHb

[epenaBanpHuii TPUCTPI TPU3HAYCHUH O MEPETBOPCHHSA
moBimomiieHHA X(t) B curHam S(t), SKUA MOXKE PO3MOBCIODKYBATHCS IIO
JiHIT 3B’513Ky. Y 3arajlbHOMY BHIAJIKy BOHO BUKOHYE OIepallii KOJAyBaHHSA i
Monmymsmii  (puc. 8.3). Ilpm mepenmadi Oe3mepepBHHUX ITOBiIOMIICHD
uudpoBUMH MeTOAaMH NepeJaBaJbHUI TPHUCTPid 3MiiicHIOE omnepaii
JMCKPeTH3allii 32 4aCOM 1 KBAHTYBaHHSI 110 PiBHIO.

Y By3bKOMY CEHCI KOJyBaHHSM € II€PETBOPEHHS JUCKPETHOTO
[OBIIOMJIEHHSI B MOCTIJOBHICTE KOJOBHX CHMBOJIB, 3IiCHIOBAHE 3a
NEBHUM TIpaBUJIOM. be3niu BCiX KOJOBHX IIOCIHIIOBHOCTEH (KOJOBUX
KOMOiHalliiT), MOXKJIMBHX TPH JAHOMY NPaBWII KOJIYBaHHS, YTBOPIOE KOJI.
CyKyIHICTh CHMBOJIB, 3 SKHX CKJIaJalOThCS KOIOBI MOCIIiJOBHOCTI,
HA3WBAIOTh KOJOBUM andaiToMm, a iX 4ucio (00’eM KomoBoro andasiTy) —
MmigcTaBor0 Koaw. YmMcino CUMBONIB B KOJMOBiH KoMOiHamii Moxke OyTH
OTHAKOBMM a00 pi3HUM. BiAmoBimHO pPO3PI3HAIOTH PIBHOMIpHI i
HEepiBHOMIpHI Koau. YKCII0O CHMBOJIB B KOJOBi KOMOIHAIi piBHOMIpHOTO
KOy Ha3UBAETHCS JOBKHHOIO KOITY.

KonyBanHs [03BOJIIE TABUIIYBAaTH JOCTOBIPHICTh Tepenadi
iHdopMmarii. 3a3maneriay BiA3HAYUMO, IO BCi KOJM AUIATHCS HA MPOCTUX 1
MepemmKoA0CTIHKuX. [IpOoCTi KoM CKIaMat0ThCs 31 BCIX MOMIIMBHX KOJTOBUX
koMOiHariii. ToMy mepeTBOpeHHsI OJTHOTO CUMBOJIY KOJOBOI KOMOIHAIIT B
IHIIH 4yepe3 Aif0 TMEpenIkoa MPUBOAWTH O HOBOI KOJOBOI KOMOiHAII],
TOOTO 10 TOSIBU TOMHUJIKM, L0 HE BHUSBISETHCS. Y MEPEIIKOIOCTIHKUAX
KOJIaX BHKOPHCTOBYEThCS JIMIIE JesKa 4YacTHHA 13 3arajbHOro 4YHcia
MOJKJIMBHX KOJOBUX KOMOIHAIid. 3aBASKH IIbOMY 3'SBISETHCS MOXKIHBICTH
BUSIBJIITH 1 BUNPABISITH NIOMUIIKK B MIPUHHIATUX KOMOIHAIISX, 10 1 CIIpUsie
MIABHUINCHHIO JOCTOBIPHOCTI Iepeaadi iHpopmarii.
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BigmoBinHO 10 3aBAaHb KOJIYBaHHS PO3PI3HSIOTH KOIYIOUHMH
npucTpii (Komep) JUIA JpKepena 1 KOAYIOUMH NpPUCTpid Al KaHaly
(puc. 8.3). 3aBmaHHAM NEpIIOTO € EKOHOMHE ( y CEHCI MiHIMyMy
CepelHbOr0 4YHWCla CHMBOJIB) MPEACTABICHHS JIOCTOBIpHOI mepexadi
IOBIIOMJIEHB.

[lepBUHHI CHMTHANM, AK TPABUJIO, HM3bKOYACTOTHi. IX MOKHa
mepefaBaTh  JIHMIIE M0 JAPOTSHUX JiHIIX 3B’sBKy. Jma mepemaui
MOBIIOMJICHP TI0 PAaTiOJiHIsX BHUKOPHUCTOBYIOTH CIICLialbHI KOJWBAHHS,
3BaHi ITepeHOCHNKaMH. BoHN TIOBHMHHI 100pe PO3IIOBCIOKYBATHUCS TI0 JiHii
38's3ky. Y PCIIl sK mNepeHOCHUKH BHKOPHUCTOBYIOTHCS BHCOKOSIKICHI
KOJIIBAHHS.

Cami NEepeHOCHUKM He MICTATh iHpopMalii mpo mnepenaBaHe
nmoBimomieHHs. J[ist Toro, mo0 3akgacTd B HHUX IO iH(pOpMAIIio,
3aCTOCOBYIOTh OTIEpAIlif0 MOJIYJAILIi, sKa IMOoJisrae B 3MiHI OJHOrO abo
JIeKUIBKOX ~ MapaMeTpiB  IEepPeHOCHHKAa 33  3aKOHOM  IepelaHoro
noBigomsieHHs. [IpucTpiif, 1o 3niiicHIOE IO oOlepalilo, Ha3HBAETHC
MOZYJISATOPOM.

[putimaneauit  mpuctpii. OCHOBHHM 3aBHAHHSAM TPHHMAaIBHOTO
NPUCTPOIO € BUIIICHHS IIEPElaBajbHOrO IOBIJOMICHHS 3 HPUHHATOTO
curHany u (t). Y 3aranbHOMY BHIAAKY 1€ IOCSTAa€ThCs BUKOHAHHAM Haj
NPUAHATHM CHTHANIOM oIlepauiii nemoxynsuii i mexomysauHs. [Ipuctpoi,
10 BUKOHYIOTh IIi orepariii, Ha3MBalOThCS BIIMOBIAHO AEMOIYJIATOPOM i
JEKOJIEPOM.

Omeparist nemoayisiuii IoJjisira€ B INEPETBOPEHHI MPUIHATOrO
MOJIyJIbOBaHOTO CUTHAITY, CIIOTBOPEHOTO TIEPEUIKOIaMH, B MOJIYJTIOIOUYHI
curHaji. Y cucremax nepejaui 0e3nepepBHHX MOBIZIOMIIEHD IIPH aHAJIOTOBIi
MOJYJSILIT CHTHAJ HAa BUXOJI JEMOAYISTOpa CIIBHAgae 3 INEPBUHHUM
CHUTHAJIOM, [0 BifoOpakae moBimomileHHS. ToMy BiH 0e3 MOJANBIINX
HEPETBOPEHB MOCTYIIAE 0 OJCPIKyBaya.

3. Knacudikauisa cucrem nepenadi ingopmaunii

Cyuachi PCIII xapakTepu3yrOThCsl BEIUKOIO PI3HOMAaHITHICTIO BHIIB
nepeaBabHUX ITOBiIOMIIEHB, CLIOCO0IB MOIYIALIl, MPUHIUIIB TOOYIOBH,
pexumiB pobotr i TomMy moaiOHe. BiamoBimHO BOHM MOXYTH OyTH
kiacudikoBaHi Mo 6araTbOM O3HAKaM.

ITo umcny kaHamiB PO3PI3HIIOTH OJHOKAHANBHI 1 OaraTokaHabHI
cuctemu. [lo HAsSIBHOCTI 3BOPOTHOTO KaHANy PO3PI3HSAIOTH cHUCTeMH 0e3
3BOPOTHOT'O 3B’5I3KY 1 13 3BOPOTHUM 3B’ SI3KOM.

I[lo pexumMy BHKOpPHCTaHHS KaHAlIy PpO3PI3HAIOTE CHCTEMH
OJTHOCTOPOHHBOTO 3B’SI3KY, CIMIUIEKCHI 1 CHCTEMH JBOCTOPOHHBOTO
3B’s13Ky. Ilo-miepiie nepeaaya 30iCHIOETHCS B OJHOMY HarpsiMi, B OCTaHHIX
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MOXJIMBA OJJHOYACHA Iepesada B 000X HampsiMax. Y CIMIUIEKCHIH cucreMi
MOXIIMBHI JIBOCTOPOHHIN 3B’SI30K, aje Iepegada i NPUHOM BEAYTHCS IO
4ep3i.
1o suensidy nepedanux nogidomieHs PO3PI3HIIOTh CUCTEMHU:
- Tmepenadi AUCKPETHHX;
- OesmepepBHUX MOBITOMIICHb.
3a npusnauenHaM nepedaHux nogidoMieHb PO3PI3HIIOTH HACTYIHI
THUIIH CHCTEM:
- rtenedoHHi, IpU3HAYEHI I ITepegadi MOBH;
- TenerpadHi, MpU3HAYEHI IS Iepeaadi TeKCTY;
- ¢ororenerpadHi, NpU3HAYEHI ANA  THepenadi  HEPYXOMHX
300pakeHb;
- TeJIeBI3iiiHI, MPU3HAYEH] JIs Tepeaadi 300pakeHb;
- TEJIEMETPUYHI, MpU3HA4YeHi Uil Tepefadi  BUMIPIOBaJIbHIN
iHpopMmarii;
- CUCTEMH TeJIeKepYBaHHs, NpU3HA4YeHI /s mepenadi KOMaH[
YIpaBITiHHS;
- CUCTEMH THepefadi [aHMX, NPHU3HAYEHI JUI1 OOCIyroBYBaHHS
ABTOMATH30BaHHUX CHCTEM YNPABIiHHS.
3anescno  6i0  mexaHizmMy — pO3NOBCIOONCEHHA — pPAOdioX8Ub,
BUKOPHCTAHUX JJISI Iepeiadi ITOBiIOMIIEHb, PO3PI3HAIOTh:
- ioHOC(epHi;
- TponocdepHi;
- METEOpHi,
- KOCMI4HI CHCTEMH.
besnepepeni  kanmanu. CHOTBOPEHHS CUTHAJIB 1 NEPEIKOAM B
peajbHUX KaHalax 3B’SI3Ky BelbMH pi3HOManiTHI. [Ipore maremaruuHa
MOJIeNb KaHalTy MOBHHHA II0 MOXJIMBOCTI TOYHO ONHCYBaTH OCHOBHI
OCOOJMBOCTI PeaTbHOTO KaHANY i B TOH e 9ac OyTH MOCHUTH MPOCTOIO LIS
OTPUMAaHHS KiHIICBHX PE3yJIbTATIB PH aHATI31 i CHHTE31 CHCTeM Tiepeaadi.
IneansHmii  kamanm ©e3 TIepeIIKo) BHOCHTH JIETEpMiHOBaHi
CIIOTBOPEHHS, 1TOB’s3aHi 13 3MIHOIO aMIUTITYZM 1 THMYacOBOTO ITOJIOXKEHHS
curHaiy. lIlepenanmii curran Moke OyTH IIOBHICTIO BiHOBICHHH Ha
mpuiiMabHIE CTOPOHI B HOBOMY THMYacoBoMy Bimmiky. g monens
BUKOPHCTOBYETHCS JUUISL ONUCY KaHANIB i3 3aKPUTHM PO3MOBCIOIKEHHSIM
MaJoi MpOTSHKHOCTI (Kabenb, APIT, XBUIIEB1, CBITIOMPOBIA 1 TaK Jaii).
Kanan 3 6inum mrymom [Cayca € ieaqbHUM KaHAIOM, B SIKOMY Ha
CHUTHAJI HAKJIQJIAETHCS MEPEIKo/Ia;

u(t)= ult —7)+nlt). (8.1)
Koedinient nepenadi A4 i 3anisHioBaHHa 7 mOCTikHI 1 BigoMi B
Touli npuiiomy. Taka MoJens, HAIPHUKIIAA, BIAMOBIAae pagioKaHaIaM, IO
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MMpafrrTh B MEXKax HpﬂMO.I. BI/IHI/IMOCTi.

Kanan INayca 3 HeBM3Ha4Y€HOIO (ha30l0 CUTHAIY BiAPI3HAETHCS Bil
MOTIEpEeTHBOTO THM, IO (ha3a KOJIMBaHHS, 110 HECe, B TOUL MpUiioMy

nepen0a4acThbcsl BUNAIKOBOO 3 IUIBHICTIO PO3IOJILTY 0)((0) y iHTepBai

—7T S(DS?Z' . Ll HeBU3HAYCHICTh BUKIMKAHA JBOMA MPHUYUHAMU:

BIZICYTHICTIO MPHUCTPOIB OLIHKM i MPOTHO3Y (ha3u ad0 MOMHIIKAMH B OIIHIII
¢dasu npu ix podori. BaxnuBo 3HaTH MBHUAKICTH (QiykTyamid ¢azu. Y
IUCKPETHUX CHUCTEMaxX PO3PI3HAIOTh KaHAIW 3 MIBHAKAMH (QIYKTyallisiMu,
KOJIA iHTepBall iX KOpeIrlii MEHIIEe TPUBAIOCTI IOCHIIKH, 1 3 TIOBUTFHUMH,
KON I1 yMOBa HE BUKOHYEThCA. llpW TOBUIBHHX (pyKTyamisx ¢asa
KOJIMBAHHS, 110 HECE, 32 TPUBAIICTb MOCHIIKU MPAKTHYHO HE 3MIiHIOETHCSL.
Kanan ['ayca 3 HEBU3HAUCHOIO aMILTITYAON i (a3ow CHrHAITY
BHOCHTB /IO CUTHAITY pa3oM 3 Qurykryauismu ¢as3u i piaykTyauii aMmiiTyau,
sIKi TIOB’sI3aHi 13 3MIHOIO B Yaci MO BHIAIKOBOMY 3aKOHY KoedillieHTa
nepenaui fl. Sk i y momepenuboMy BHIAAKY, (QIIyKTyamii MOxXyTh OyTu

HIBUIKAMHU 1 TOBUTbHMMHU. J[7s1 BU3HAUCHHS MOMACTI KaHATy HEOOXiTHO
3aaTy MUTBHICTh PO3IIONLTY CO(,U) 1 KOopeTsmiiiey (QyHKIi0 (QIyKTyamii

R,u (7).

VY xanami l'ayca 3 JiHIAHUMH CIOTBOpEHHSIMH (opMa CHrHaIy
3MIHIOETBCS 13-32 HASBHOCTI BUOOPUYMUX JIAHLIOTIB. Y 3arajJbHOMY BUIAJIKY
JIHIFHI ~ CIIOTBOPEHHsSI HOCSITh  BHUNAJAKOBUH  xapakrep. YacToTHa

XapaKTepUCTHKA KaHATY K ( ja, t )HepiBHOMipHa B CMY3i 4acTOT CHTHAITY

FC 1 3MIHIOETBCS B 4Yaci, a IMIyJIbCHa XapaKTEPHUCTHKA h(f, T ) Mae

TPHUBANICTE T n (dac maM'sTi KaHAITy), IO TIEPEBUILYE BEINIHHY 1/ FC .

Taka MoJedb KOPHCHA IIPU aHANi3l CHCTEM, IO BHKOPHCTOBYIOTb,
HalpUKIIaJ, KaHAIU 3 PO3CisHHAM curHaixy. CHrHaJl Ha BUXOAI KaHany 3
JHIHHUMU CIIOTBOPEHHSIMHU:

u(t)= ?h(l‘, 7)s(t —7)dt +n(z) (8.2)
0

VY pagmiocucremax nepenadi AMCKpeTHIH iHQopmanii, koau yac
mam’sti KaHainy 7 n CYMipHO 3 TpHMBAJiCTIO TOCHIKH [ c (a Tum Ginmbrre

nepeBumye i) mae wmicue MikcuMBonbHa iHTepdepenmis (MCI), sxa
BHSBJIIETHCSl B HAKJIAJIEHHI OJIMH HAa OJHOTO CyCimHiX mocuiok. OnHi€e 3
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npuunH BUHUKHEHHS MCI € 30UIblIeHHS MIBHAKOCTI Iepeaadi INpH
oOMeKeHiH cMy3i IPOIYyCKaHHS KaHaIy.

VY xanan ["ayca 3 HeNiHIHUMH CHOTBOPEHHSMH CHTHANY, K 1 Y
MoNepeIHbOMY ~ BHIIAJIKy, aJAWTHBHA [EpeIlKoJa IepeadadacTbes y
BurisiAi Oimoro mymy [ayca, mpoTe cymiml CHTHaly 1 IIEpEmIKO.IH,
MIPOXOASYHN N0 KaHay, 3a3HAa€ HENiHIMHI CIIOTBOPEHHS Tak, IO Ha BXOII
mpuiiMada

u(t )= F [S(f )+ n(t)], ne F [] — aMIUITY/HA XapaKTepUCTHKA
HENTiHIHHOT JIAaHKN KaHaJy.

Jlimiftan#t KaHam 3 CKIAJHOIO AAMUTHBHOIO IIEPEIIKOIOI0
XapaKTepU3yeThCsl THUM, L0 Ha CUTHAJ MOXYTh BIUIMBATH MEPEIIKOIH
OyIb-SKOTO BUIJISIIY: 30CEPEDKEHI MO CIEKTPY, 3a 4acoM, i TaK Jai.
Mogens mepemkoa MOKHA BH3HAYWTH, BKa3aBIIK CIOCIO OOYHCICHHS
0araToBUMIpHOT LIIBHOCTI  po3moaily BiporigHocti. ILls  Mozens
HaWIOBHIIIE BioOpaXkae peanbHUIl IIyM B KaHajiax 3B’s3Ky, IPOTE PiIKO
BUKOPHCTOBYEThCSL 13-3a CKiIaaHocTi. Hailimpocrime 3amatu  Mozesb
CKJIATHHX aJJUTHBHUX IEPELIKO/ y BUTIIAAl Hebinoro mymy [ayca 3 Tieto,

10 3MIHIOETHCS B Yaci 1 M0 4acTOTI CHEKTPaJIbHOK HILIBHICTIO N N ),
IO XapaKTepU3yEThCS SK BUMAAKOBUH IPOIEC LIUIBHICTIO PO3MOJILTY

C()(N i xopensmiiiHMMM (yHKIisMH B TuUMuacoBiii R N(T ) i

4acTOTHOIO 06macTsix R N (2’)

JuckpeTHo - OesmepepBHiI KaHamu. JIUCKpeTHO-Oe3nepepBHHUiA
KaHall Ma€e JUCKpPEeTHHH BXin i OesnepepBHuid Buxia. [Ipukianom Takoro
KaHaJly € KaHaj, YTBOPSHHUH CYKYIHICTIO TEXHIYHHUX 3aCO0IB MK BHXO0M
KOJIepa KaHaily i BXOJOM JAeMojyIsTopa. Jis oro onucy HeoOXiAHO 3HATH
andasiT BXITHUX CHMBONIB I = 1., m, BIpOTiTHICTE TOSBH CHUMBOIIB
andasity r=1 ., m, cMyry nmpomyckaHHs Oe3mepepBHoOro kanary FK, mo
BXOJWTH B JaHWH KaHaJ, i MIUTBHICTH BIPOTIMHOCTI IOSBU CUTHATY U(t) Ha
BUXO/li KAHAITY 332 YMOBH, IIO0 MepeiaBaBcsi CUMBOJ Of.

3Haroun BiporigHicTh 3(0r) i HIUTBHICTE PO3MOALTY BipOTiTHOCTI
mI[u|6r], MoKHA 3HAHTH allOCTEPiOPHY BipPOTiTHICTB:

pla, pluje )

M e b

=
Ha OCHOBI SKHX, SK IPaBHJIO, 1 YXBAJIIOETHCS PIMICHHS PO
nepeaHnil CUMBOIL.
[upuna ciekTpy curaairy u(t) He MoXKe NepeBHIYBaTH 3HAUCHHS

, r=1..m, (8.3)
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Fx. Tomy BigmoBimHo mo teopemu KotenpHukoBa #oro MoskHa
NpeACTaBUTH CyKynHicTio M = 2fk BimnikiB, ne Tc — TpUBaNiCTh CHTHATY.
BiamosinHo, yMOBHY ImimbHiCTh Biporignocti @(ulr), r =1,., m, MoxHa
3amatTi sk M — MipHa HIUTBHICTH BIPOTIMHOCTI CYKYMHOCTI M BifJIiKiB
curHay u(t).

VY Te3 BuUmaakax, KOJMM CHUTHAI U(t) € agIuTHBHOIO CYMIIIIIIO
KOPHCHOTO CHTHAXy SI(t) 3 BiZOMIMH mapaMeTpaMu, o Hece iHpOopMaIito
Ipo cUMBOX i mrymy n(t), M — MipHa minbpHICT BiporigHOCTi (U1, U2.., UM
|6r) Oyze miTBHICTIO BipOTiIHOCTI IIyMy, TOOTO:

a)M(ul,uz,...,uM‘ar):a)MHul _ng"“’(uM —s;/[ﬂ =0, [nl,nz,...,nM]’ (8.4)

e u.,sr i n; - BiUTiKK curHATIB u(t),sr(t) i mymy n(t) y

1’1
MOMEHT tl.
[Tpu He3aneXHUX BIIUTIKAX MIyMY:
M
W | Uyslhn,e i, | :Ha)(n.) 8.5
M1’2”M‘r Pt (©.5)

SIKIIO  IMIJIBHICTH  BIPOTiTHOCTI G)(M|&r) Ui OYIb-SIKOTO

MO€THAHHS u(t ) 1 ar HE 3aJICKUTHh BiJ 9acy, TO KaHaJd Ha3UBAETHCS

CTaIiOHAPHHM.
SIKII0 BUKOHYETHCST yMOBA:

r r r r
k oy k-1 k-N | _ k
ux K x KKV =eux e

r r
ne X kk X kk 11 geees k]i;\]fv — TIOCIIiIOBHICTh MepeJaBaHuX

IMITYJIBCIB, TO TAaKWil KaHAJl HA3UBAETBCS KAHALOM O€3 nam smi.

PeanpHi KaHaM € 3a3BUYail HECTAI[lOHAPHUMH 1 BOJIOJIIOTH
nam’saTTio.  [IpoTe MOJenb JUCKPETHO-0e3MepepBHOrO  CTalliOHAPHOTO
KaHaJIy 3 I1aM’SITTIO0 9aCTO 3aCTOCOBYETHCS 3aBISIKH ii IPOCTOTI.

Juckpemni xananu. JINCKPETHUH KaHAJT Ma€ TUCKPETHHHA BXig i
TUCKpeTHHH Buxig. [IpukimagoM Takoro KaHaly € KaHall, YTBOPEHUH
CYKYITHICTIO TEXHIYHUX 3ac00iB MK BHXOJOM KOJiepa KaHaly i BHXOJOM
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aeMoynaropa. st onucy TUCKPETHOrO KaHaly HeoOXiHO 3HaTH andasiT

BXITHUX CHMBOJIIB ar,r :1,...,m, iX HMOBIpHICTH TOSBH p(ar ),

IIBUIKICTH TIepeadi CUMBOJIIB V , 1 3HaUSHHS MEpexiTHuX WMOBipHOCTEH

P y] C(r ,j=1,...,n;r:1,...,m, NOSIBYy CHUMBOILY y] pu

YMOBI Iiepeadi cuMBoIry (X .

Ilepmi fBI XapaKkTepUCTUKM BH3HAYAIOThCS BIACTUBOCTSAMHM
IDKepena IOBIIOMIICHb, UIBHAKICTE V'  — CMYIOI0 IIPOITyCKaHHS
0e3nepepBHOTO KaHaly, L0 BXOAMTH [0 CKJIAaLy AMUCKPETHOTO KaHaly,
00’eM andasiTy BXITHHX CHMBOJIB — aJrOPUTMOM POOOTH BUPINIAIbHOI

CXeMHM, HepeximHa BiporigHicte D) y] OCF — XapaKTepUCTHKAMHU
0e3mepepBHOTo KaHay.

BigmiTuMo, 10 B 3aralibHOMY BHUIAJKY B JUCKPETHOMY KaHAIi
00’eMH BXIJHHX i BUXITHHX CHMBOJIB HE CIiBIANArOTh. [IpuKIagoM Moxe
OyTu KaHanl i3 cTHpaHHAM. AJQaBiT Ha HOro BHXOII MICTHTh OJHH
JOJATKOBUH CHMBOJI B TTOPIBHSHHI 3 andasitom Ha Bxomi. Llelt momaTkoBuiA
CUMBOJ (CHMBOJ CTHpaHHA) 3 SABISETRCS HA BHUXOMI TOI, KOJH
aHaJII30BaHUI CUTHAJI HE MOYKHA 3 BEJIMKOIO BIPOTIIHICTIO OTOTOXHUTH Hi 3
OJIHMM 3 IiepesiaBaHuX cUMBOJIB. CTHpaHHS CHMBOJIIB IIPH 3aCTOCYBaHHI
BIJIMIOBITHOTO MEPEIIKOAOCTIHKOrO KOAY J03BOJISE ICTOTHO IIiIBUIIYBATH
MEPEIIKOIOCTIHKICTS.

3Haroun BipOTiIHICTh p(a p ) i

P y] ar V= 1,. . .,m;j = 1,2,. .1, MOXKHA obumcInTH

aroCcTepiOpHY BipOTiTHICTE:
p(a )p[y -‘a ) 8.7)

m
Z ol W e, )

r=1

r :1,...,m;j :1,...,7’1, TOTrO, WO NIPH HPUHHATOMY CHMBOJI

V)

JIO3BOJITIOTH BU3HAYHUTH MOBHY BipOTiTHICTH MOMMJIKHY B KaHauli (a00 OBHY

. 0 i . . Biporinni i (04
_)/] YB NEPENAHAN CUMBOJI p IPOT1IHICTB p(ar)l p

r
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et i el |

BIPOTIZHICTh NPAaBWJIBHOTO MNpUHOMY) 1 iH(pOpMAIiiHI XapaKTePUCTHKH
JHUCKPETHOTO KaHaly.

JlucKpeTHHH KaHaJ Ha3UBA€ThCA CTALlIOHAPHUM, SKIIO MEepexinHa

Biporignicts P y]. a. |,j= L...m;r=1,...,m, ne sanexars Bix

r

yacy. JIMCKpeTHHMI KaHal HA3WBAETBhCA Oe3 mam'sTi, SKIIO MepexiaHi

XapaKTCPUCTUKH [ yj (04 ,j = 1,...,]’1;7‘ = 1,...,m, HE 3ajJeXaThb

r
BiJl TOTO, SIKi CHMBOJIH TIEpEIaBAIIICS | IPUIAMAHCS paHiIIe.

SIKmmo B cTamioHapHOMY JUCKPETHOMY KaHami aindaBiTH Ha BXOI i
BUXOJI CITIBIIAAIOTD |

Pow
PV | =\ (o (8.8)
J 1—(m l)pom

TO TAKUH KaHaJ HA3UBAETHCS CUMETPUYHHM.

MareMaTiyHa ~ MOJETb ~ KaHaly IOBHHHA  3abe3medyBaTu
MOJKJIMBICTh 3HAXO/KCHHS OCHOBHHX XapaKTEPUCTUK MTOTOKY MOMMIOK. 1o
HUX BIZHOCATBCS: BIPOTIAHICTh TOMMJKH B HNpPUIOMI CHMBOJY pOII;
po3moain BiporigHocTi Pn(r) mosBM MOMHIOK r B OJIONI JOBXHHUA N
PO3MOAINT IOBXKHH IHTEPBAJiB MK CYCITHIMH TIOMIJIKAMH; PO3IIOMLT
JTIOBKUH cepii MOMUJIOK 1 TOMY TOJTi0HE.

Mogens MOBHHHA OYTH TPOCTOIO 1 3pYYHOIO UIS TIPOBEICHHS
po3paxyHKiB. B TOl ke yac BOHAa MOBHHHA JOCTATHHO TOYHO OIHUCYBaTH
pealpHMI KaHal, TOOTO 3HAXOAWUTHCS B XOPOMIKA BiAMOBIMHOCTI 3
SKCIICpUMCHTATPHAMH ~ JaHWUMH. HallOuteln  mpocTik €  Mojeib
CTalllOHAPHOTO CHUMETPUYHOr0 KaHaly Oe3 mam’sTi. Y TakoMy KaHaii
MMOMUJIKH BUHUKAIOTh HE3aJIeKHO OJUH BiJ[ OJJHOT0, TOOTO MiXK MOMHUJIKAMHU
BIZICYTHI CTaTHCTHYHI 3B’S3KH. BipOriHICTh MOMWIIKK POII NpH mepenadi
Oy/b-KOTO CHMBOJIy OJHAKOBa 1 He MiHseThcst B Yaci. CramioHapHHN
CUMETPUYHUHN KaHa 0e3 1maM’sATi MOBHICTIO OMHUCYETHCSI BIPOT1THICTIO POIII.
Po3moin noMuIIok B HiM HiAKOPSIETECS OiHOMiaJIbBHOMY 3aKOHY

P=Copl = p I @9

JIe N — YHCJIO CUMBOJIIB B 010111
I — YUCII0 TIOMUJIKOBHX CUMBOJIIB.
3Haro4M BipOTiIHICTH TOMHJIKH POII i BUKOPUCTOBYIOUH BHpa3 (8.8),
MOJKHA 3HAaWTH BCi HEOOXigHI XapaKTepUCTHKH. 30KpeMa, BipOTiAHICTh
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MIPaBUIBHOTO TMPHUHOMY OJIOKY 3 N CHMBOJIB: Pn (O)= (1— pOLLl ,

BIpOTIAHICTh TpUHOMY OJIOKY, IO MICTHTh X04 OHM OJHY IOMHIIKY
PI’Z (I’ Zl)Il—Pn (O), BIPOTIZIHICTh TOSBU B OJOII [i Gimbm 3a

TIOMUJIKHU.:

n
P =)= 3% Cp (l-p, V7. ew

BinpuricTs peanbHUX KaHANB MalOTh "Mam’sITh", SIKa BHSBISIETHCS
B TOMY, IO BIpOTiAHICTH IIOMHJIKHA B CHMBOJII 3aJIXHUTH Bi[ TOTO, SKi
CHMBOJIH TIepeIaBaINCs 10 HBOTO i K BOHU Oyiu npuitHsTi. [lepmmmii pakrt
00YMOBJICHHH MIKCHUMBOJBHIMHU CIHOTBOPEHHAMH, IO € pe3yIbTaTOM
PO3CIsIHHS CHTHAITy B KaHAMTI, a APYTUHA — 3MiHOIO BiTHOWICHHS CUTHAN-TITYM
B KaHaIi a00 XapakTepy IMepenIKo.

[Ipu poscisHHI CHUTHANY TIIOCHIKA, IO MPUXOAWTH Ha BXiN, €
CYMOIO JICSIKOTO YHCJIa MOMEPEIHIX MOCHIOK 3 BIAMOBIIHAMH BaroBUMH
koedinientamu. Tomy, BIpOTiAHICTh NMOMWIKHM B IOJAJIBIIOMY CHMBOJI
3aJieKaTHME BiJl XapakTepy IepeaaBaHol iH(opmaiii 3a 4yac pO3CIisHHS
curHainy. Hampukian, mpu depryBaHHI MOCHJIOK PI3HUX 4YacTOT TTOMMIIKA
Oyne Oifblia, HK yCepeauHI MOCIIAOBHOCTI, IO CKIANAETHCS 3 MOCHIIOK
ONHi€T YacTOTH. SIKIIO MIHATH TPUBANICTh OKPEMHUX Iiif, IO 3aBaXKaroTh,
HATIpUKJIAJ, B pe3yJbTaTi 3arajJbHUX 3aBMHPaHb CUTHANY ab0 3MiHH PiBHA
MIEPEIIKO]I, TO IIOMIJIKU TPYITYBaTUMYThCS B ITAYKH. BipoTriqHicTh TOMWIKH
IpU TPUHAOMI CHUMBOJNY B IIbOMY BHWIIAIKy 3aJIC)KHTh Bil TOro, Oyia
MOMIJIKA B TIOTIEPETHHOMY CHUMBONI 4d Hi. IIpoctiii Momeni nBiiikoBoro
CUMETPUYHOI'0 KaHAITy 3 ITaM’STTI0O € KaHall, KU MO)Ke 3HAXOIWUTHCS B
oxHomy 3 aBox cradiB: d = 01d = 1.V 060X cTraHax MOXIIHBI HE3aJEKHI
MOMUJIKM 3 BIPOTIAHICTIO Po 1 p1, JI€ HWKHI IHJEKCH yKa3ylOTh Ha CTaH
KaHay.

OmHMM 3 TMOUIMPEHUX METOMIB OMNKCY AMCKPETHOTO KaHaly 3
nam’sITTIO,  TOB’SI3aHOK0 3 MDKCUMBOJIbHUMH ~ CHIOTBOPEHHSIMH, €
BHKOPHCTAHHS amapaTy JaHIloriB MapkoBa (IOCHMBOJBHHK ommuc). B
LIOMY BUIAJKy IOCITIJJOBHICTH CTaHIB JABIHKOBOTO KaHAIy PO3IJISIAETHCS
sk N —1110 3B’s13ye BifiKOBHIA JTaHIFOr MapkoBa, a 3HAYEHHS CHUMBOIIIB Ha
KOXXHIM TMo3uwii — sK CTaH JaHIfora, ne N, YHCJIO CHMBOJIB, Ha sKe
PO3IOBCIOKYETHCS 1AM’ ITh KaHAIy.

4. OcHOBHI XapaKkTepUCTHKH Nepeaayi indopmanii

Bynp-sika cuctemMa XapakTepH3YeTbCs MOPSAA 3 TMOKa3HWKaMHU, SKi

MOXXHA  PO3IUINTH Ha  iH(QOpMAIiifHO-TeXHIYHMX  (ZOCTOBIPHICTH,

MePemKOAOCTIHKICTh, MIBUAKICTh Tepenadi  iHpopmarii, 3aTpuMKa,
Fooue®
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Jiarna3oH 4acToT 1 TOMY MoJiOHe) 1 KOHCTPYKTHBHO-EKCILTyaTaliiHi (00'eM
i Mmaca anaparypu, eHepretnyHuid KKJI, MOOUTBHICTH, THYYKICTB,
eKCIUTyaTalliiiHa HaaiiHICTh, BapTICTBh).

HocroBipHicTs mnepenaui iHdopmauii xapakTepuszye CTYHIHb
BiNOBITHOCTI NMPUHHATHX MOBIJOMJICHb IepenaHuM. BoHa 3anexuTh Bix
mapaMeTpiB caMoi CHCTEMH, CTYyIEHS ii TeXHIYHOI JOCKOHAJOCTi i yMOB
pobotu. OcTaHHI BU3HAYAIOTHCS THUIIOM 1 CTAaHOM JIiHII 3B'SI3KY, BHTJIAIOM 1
IHTEHCUBHICTIO TEpEIIKOA, a TAaKOX OpraHi3alifHIMH 3aX0JaMH MIOA0
OTPUMaHHS ITPAaBHJII Paio00MIHY 1 eKCIUTyaTallii amaparypu.

Huns pisanx PCIII kputepii BiAMOBIIHOCTI MPUHHITOTO CHUTHATY
nepelaHoMy MOXKYTh ICTOTHO BifpizHsTHcs. Ilpu mepemaui AMCKpETHHX
MOB1TOMJICHB JIisl ICPEIIKO BUSABISAETHCS B TOMY, IO 3aMICTh IEPEIaHOrO
CHUMBOJTY TIpHHMa€eThCs 1HIIMHA. B 11boMy BHIIAIKy JOCTOBIPHICTH Iepenadi
MOBIZIOMJIEHb JIOLUIBHO XapaKTepu3yBaTH a00 BIpOTiJHICTIO NPaBHIBHOTO
npuiiomy P , 400 BIPOT1HICTIO IOMUIIKU: P =1- p._ .

np ot np

[Mix nepewmkonoctiikictio CIII po3ymieTbes 3MaTHICTH CUCTEMH
MPOTUCTOATH HIKIJUIMBIH Aii Tepenkoa Ha mepeaavy MmoBigomieHb. BoHa
3aJIeKHUTh BiJl criocoOy KOJyBaHHS, MOAYJALIi, METOAY NPHUHOMY i TOMY
monioue. KigbKiCHO HEepemKomOCTIHKICTE CHCTEM Mepemadi AUCKPETHUX
MOBIZIOMJIEHb MOYKHA XapaKTEPHU3yBaTH BIPOT1THICTIO OMUJIKH pOW npu

3aJ]aHOMY BIJIHOIICHHI CEpeqHIX MOTYXXHOCTEH CHrHANYy 1 NEepelikoay B
CMy3i dYacTOT, 3aiiMaHiii CcuUrHajoMm, abo HEOOXiTHHM BiJIHOUICHHIM
CepelHIX MOTYXXHOCTEl CHrHalmy 1 TepelkoJy Ha BXOII mpuiimMaua
CUCTEMH, IpH SKOMY 3a0e3ledyeTbCcsl 3aJaHa BIipOTiIHICTh HOMUJIKH

p . IepemkopnocTiiikicte ~ cucteM  mepemadi  Oe3mepepBHUX
out

MOBIIOMJICHh 3PYYHO OI[IHIOBAaTH BiIHONICHHSAM CEpPEIHIX MOTYXHOCTCH

CUTHAJTY 1 IepenIKOAM Ha BXOJi IpuiiMada CUCTEMH, 1110 3a0e3medye 3a1ani

3HAUEHHs1 LWX II0Ka3HMKIB. [IpM TMOPIBHAJIBHIA OLIHII CHCTEM 4YacTo

KOPHUCTYIOThCS "'y3aralbHEHUM BUTPAIIEM CHCTeMU"

o F
g =80 X (8.11)
F
Pex 'c
ae prlx X / P —  BIJHOIIGHHS  MOTYXHOCTEH

MOBiTOMJICHHA X(t) 1 IIyMy Ha BHXOZi IMpuiMaya;
'06)6 =P c / PW — BiJIHOWIEHHS MOTY)XHOCTEH CHUTHANY 1 HIyMy

Ha BXO/Il IpHiMaya;
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F x — IIMPHHA CIEKTPY HOBIJOMIICHHS;

F — mmpuna cmektpy curHamy, BHKOPHCTOBYBAHOTO s

nepesayi moBiJOMIICHHS.

[lpn nepenaui JUCKPETHHX MOBIIOMIIEHb JUIS XapaKTEPHCTHKU
mBHAKOAii  amapatypu  ¢GopMyBaHHS  iHQOpPMAliMHMX  CHMBOIIB
KOPUCTYIOTBCSI TOHSTTSM TEXHIYHAa IIBWJAKICTh. BOHa BH3HauyaeThCA
YHCJIOM CHUMBOJIIB JHCKPETHOTO MOBIJIOMJICHHS, NEPEAaBaHUX B OJUHULIIO
qacy.

OpHi€l0 3 BAXIMBAX XapaKTEPUCTHK CHUCTEMH Iiepenadi
iHpopMmamii € 3aTpuMKa, M SKOK PO3YMIETBCA MPOMDKOK Yacy Mik
MO/IaYeI0 MOBIOMIICHHS BiJ] JUKepena Ha BXiJl lepeJaBaIbHOrO NPHCTPOIO 1
BUJAYCI0 BIIHOBICHOTO MOBIXOMIICHHS OJEP)KyBayeBi NPHIAMAaIbHEM
npuctpoeM. BoHa 3anekuTh Bi MPOTSHKHOCTI JTiHIT 3B’ 53Ky 1 9acy 0OpoOKu
CUTHAJIY B IepeIaBATLHOMY 1 IPUIMaNbHOMY HPUCTPOSIX.

5. PapioxBmui, ix kjaacugikanisi Ta momMpeHHs

PapioxBiii —  fiama3oH eJIEKTPOMArHiTHUX — XBWJIb 3 JIOBXHHOIO
xuni Big 10 o six 10*° merpa.

B excnepumenTax I'epua (1880-ti) Bnepie Oynu omepikaHi XBUIi 3
JOBXXUHOIO KiNIbKa JecsaTKiB cantumeTpiB. B 1895—99pp O. INomos Briepmie
BHKOPHCTAaB panioxBui TUTS 0e31poTOBOTO 3B SI3KY. 3
PO3BUTKOM PaJliOTEXHIKH PO3LIMPSBCS 1 YaCTOTHHUH Jiala3oH XBHJb, IO
MOXYTh OyTH 3reHepOBaHi UM CIPHUHATI paxioanaparypor. B mpupoai
ICHYIOTh 1 TIPHPOJIHI JKepena palioXBHJb y BCIX YaCTOTHHUX Jiarnia3oHax.
Hanpukianm, TakuMm JpKepesioM Moxe Oyt Oyb-sike Harpite Tino. Takox
palioXBHJII MOXYTh TEHEpYBaTHCS JACSIKUMH IPUPOAHUMH SIBUIIAMH
(6ruckaBka) a60 KOCMiYHUMHE 00’ €KTaMu (HEHTPOHHI 3ipKH).

BukopHcTOBYIOTECSI paJlioOXBHII HE JIMIIE /IS BIIACHE pajio ane i
JUTSL JIOKAIIi1, JOCIiKEHHS KOCMIYHAX 00’ €KTIB, JOCIIKEHHS CepPeIOBHIIA,
B SIKOMY BOHH ITOLIMPIOIOTECS, 1 B PalioMeTeOpoIIOrii.

PamioxBunmi  pomkuHO0 100—10 kM (wactrota 3—30 xI'm) Ta
JTIOBKUHOIO 10—1 KM (uacrora 30-300 k['m)
HasuBaroThcsa Haagosrumu (HJX) Ta nmosrumu (1X) XBUJISIMH,
PO3MOBCIOKYIOTHCS Y BIIbHOMY TIPOCTOPi B3IOBXK MOBEPXHI 3eMIIi i BIeHb
1 BHOYI 1 MajJo TOTIMHAIOTECS BOAOK. ToMy iX BHKOPHCTOBYIOTH,
HaMPUKIaJ, U 3B'SI3KY 3 MiIBOJHUMH YOBHaMU (HaimoBri xBuii). OmHaK,
BOHU CHJIBHO claOmaroTh MO Mipi BiJJaJieHHS BiJ MepenaBada, i TOMY
nepeaBayi MOBUHHI OYTH TyXKe MOTYKHUMH.

Xpuni  gmopxuHOO 1000—100 ™M (wacrora 0,3—-3 MIm), Tak

3BaHI cepeHl xsui (CX), BJICHb CHUJIBHO
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PL-BY-UA ChiachiHaHCOBAHO 32 PaXYHOK KOWTiB
507-2013 €aponeiicsoro Coloay

MOTJIMHAIOTHCS 10HOC(EPOoIo (BEPXHIM IIapoM aTMoc(hepu, 10 Ma€ BEIUKY
KOHLIEHTpALIIO 10HIB) Ta LIBHJKO CJIA0IIalOTh, KOJIM BHOYI ioHOC(epa iX
BinOuBae. CepenHi XBWIII BUKOPHCTOBYIOTH JUIS PAJiOMOBIIECHHS, IPUUOMY
BJICHb MOJKHA YYTH JIMIIE OJM3bKO PO3TAIIOBaHI CTaHILil, a BHOYI — Ile i
ITy’Ke BiIlIaJeHi.

XBuii  pomxkwmHOO 100-10 M (wacrora 3-30 MIm), Tak
3BaHi KopoTki (KX), HamxomsTe 10 aHTeHW NpuiiMada, BiOMBAIOYNCH Bif
ioHOC(epH, TpPHYOMY BICHb Kpalle BiIOMBAIOTHCS KOPOTINi, a BHOYI —
moBmn 3 HUX. J11 TakuxX pagioXBWIb MOXKHA CTBOPIOBAaTH aHTEHH
mepefaBayiB, KOTpi ~ BHUOPOMIHIOIOTH  EIEKTPOMArHiTHYy  C€HEpTiio
HampasJeHO, (OKYCYIOTh I y BY3bKHH IPOMiHb, 1 TakMM YHHOM
30UIBINYIOTh MOTYXKHICTh CUTHAJTY, IO HAAXOAUTh IO aHTEHU NpHiiMayva.

Ha KOPOTKHX XBHJIAX MpaLoe OinIbILICTD
CTaHLIH pafio3B’a3Ky — CyJHOBHX, JITAKOBUX Ta 1H., a TaKoX Oararo
CTaHIIi{ paJiOMOBJICHHS.

Pamioxsuii gosxunoro 10 M—0,3 MM (dactota 30 MI'n—1 TI'n), mo
Ha3uBalOThcs yubTpakopoTkumu (YKX), He  BigOuBaroThcs 1 He
MOTJIMHAIOTBECS  10HOC(eporo, a Ha KINTanT CBITJIOBUX IIPOMEHIB,
MPOHM3YIOTH i 1 BigXomaTs y kocMoc. Tomy 3B’s130k Ha YKX MoxITUBHI
JWIIe HAa TaKUX BIJCTaHAX, KOJM aHTEHa NpHiiMada «O0aduTh)» aHTECHY
nepenaBaya, TOOTO KOJM HEMAa€ HIYOrO MDK aHTCHAaMH, IO MOIJo O
3aCTyMaTH LUIX MM XBHISAM (Topa, OyJMHOK, ONMyKJICTh 3eMJli Ta iH.).
Tomy, YKX BHKOpPHCTOBYIOTb B OCHOBHOMY Uil pajiopeneiiHoro
3B’sI3KY, TeJe0aueHHs, CyyTHUKOBOTO 3B 3Ky, & TAKOXK B PaIi0JIOKAIlii.

Hixnianazonu pajgioxXBUJib

ITinnianazon JloB:kMHA XBWJIi, YacroTa KOJIMBaHb,
M I'y
Hammosri xBriti Bimpma 10* Menma 3104
JloBri XBHIT 10* — 108 3-10* —3-10°
Cepenni xBui 10% — 102 3-10°—3-106
Kopotki XBuJti 102 —10 3-106 —3-107
MeTtposi xBui 10—1 3-10" —3-108
JleMeTpoBi XBHITI 1—101 3-108—3-10°
CaHTuMeTpOoBi XBUIII 10t — 1072 3-10° —3-10%
MiniMerpoBi xBui 102 —10°3 3-10° —3-101
CyGminimMeTpoBsi xBuii 10° —10° 3-101% —3-10%2
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PL-BY-UA ChiBchiHaHCOBaHO 32 PaXYHOK KOLITIB
Go7-2013 €aponeiicskoro Colozy

B oaHOpimHOMY  CepeIOBHINI  PAMiOXBHIL  HOIIMPIOIOTHCS
MPSIMOJIIHIHO 31 CTaJO0 Il JaHOTO CEPEIOBHINA IIBUAKICTIO — TaK
3BaHC BUIbHE TMOIIUPCHHs. bBIW3BbKMM [0 BUTBHOTO € MOIIUPCHHS
pafioXBWIb B KOCMiuHOMY mpocTtopi. Ha mommpenHs B atmocdepi i B
TOBIII 3eMJTi, TIPY BIJICYTHOCTI CIIPSMOBYIOUHX CHCTEM THITY XBHJICBOJIB,
BIUTUBAIOTh €JIEKTPOJWHAMIYHI BJIACTHBOCTI aTMOC(epH 1 3eMHOI KOpH,
KpUBHHA 3€MHOI MOBEPXHI 1 HepiBHOCTI 11 penbedy. Brume arMmochepu
3YMOBITIOETHCS HASBHICTIO B Hil IJ1a3MH, B 11 BEPXHIX Iapax, Ta peYOBUH, B
OCHOBHOMY KHCHIO i BOJSHOI TIapH, IO CHJIBHO BOUPAIOTh CAHTUMETPOBI i
MUTIMETPOBI paJiOXBUJIi; BIUIMB 3eMHOI KOpH — 30y[KCHHSIM y HIil
PaliOXBUIICIO €ICKTP. CTPYMY, Ha IO BUTPAYAETHCS YACTHHA CHEPTii XBHIIL.
KpuBrHa 3eMHOT oBepxHi 1 HepiBHOCTI 11 penbedy € npuunHoro nudpaxiii
pamioxBuwib. [ToMITHO AUGPAryrOTh JIKMIIEC HAIAOBII Ta TOBTI PagiOXBHIIL.
Koporii pamioXBuili MOMIMPIOIOTHECS NPSIMOJIIHIMHO M OTMHAIOTH 3€MHY
MOBEPXHIO BHACTIJOK BigOMBaHHS BiJg 1oHOcdepH, siKa € BiIOWBHUM
CepeIOBUIIIEM MJIs PaJiOXBHIb Bl HAIIOBIHX 10 KOpPOTKHX. KopoTki
pamioxBuii, 6araTopa3oBo BiIOMBaIOYUCH Bif i0HOC(hEpH 1 TOBepxHI 3emii,
MIOIINPIOIOTECS Y CBOEPITHOMY CHEpUIHOMY paTiOXBHIEBOMI, CTiHKAMH
SIKOTO € HYDKHS TPaHHIs i0HOC(epH 1 3eMHa MoBepxHsA. Taki XBHII 37aTHI
3a0e3meuyBaTH palio3B'sI30K MiK HaWBIIAAICHIITUMHU ITyHKTaMu 3eMii. 3
BiIOMBaHHAM PaTiOXBWIb BiJl 10HOC(hEPH TMOB'SI3aHE 1 SBHINE 3aBMHUPaHHSI
pasioCHrHaiy, IO MOSCHIOEThCS HASBHICTIO B Hil 30H 3 HEOJHAKOBUMH
TYCTHHOIO ¥ €JICKTPUYHUM 3apsiioM. JIJist METPOBHUX 1 JCIIUMETPOBHUX XBUJIb
ioHOC(hepa MpakTUUHO Npo3opa. Ha mux XBUIISIX HIATPUMYETHCS 3B'SI30K 3
JITaTbHUMU anaparami, siki nepeOyBaioTh 3a Mexxamu ioHochepu. Uepes
MIPO30PICTh 10HOCHEPH IJIs TAKUX XBHJIb BUSBJICHO PaIiOBHIIPOMIHIOBAHHS
BiJl HE3EMHUX JIKEPET, 1[0 JIAJIO MMOIITOBX PO3BUTKOBI PaIioacTPOHOMIT.

Yacmommna modynayis

YacrtoTHa MOAyNAMis — II€ THI aHAJOTOBOI MOAYJALIi, TpH
SIKOMY 9aCcTOTa BUXITHOTO CHTHAITy 3MIHIOETBCS B Yaci B 3aJIS)KHOCTI Bif
MHTTEBOTO 3HAYCHHS iH(QOPMAIIHOTO CHTHaNy, iHGOPMAIIHHUA CUTHAT
YIpaBisie YaCTOTOIO HECYYOTO CHUTHATy. B TOpPIBHSAHHI 3 aMIDITYZHOIO
MOJIYJISIIEI0 TYyT aMIUIITYa 3aJIHIIA€THCS TIOCTIHHOTO.

YacToTHa MOAYJISIIISI 3aCTOCOBYETHCS ISl BUCOKOSIKICHOT Tiepenadi
aymiocurHany B paniomoBieHHI (y miamazoHi YKX), ams 3BYKOBOTO
CYyNpoBONy  Teyenepenad, Tepefadi  CHUTHAIIB  KOJILOPOBOCTI B
teneBiziiinomy crangaapti SECAM, Bijeo3anuci Ha Mar”iTHy CTpIidKy,
MY3WYHUX CHHTE3aTOpax.

Bucoka skicTh KOIyBaHHS ayIiOCHUTHally OOyMOBIIEHA THM, IO
IIPU  YacTOTHIH MOJIYJALIT 3aCTOCOBYEThCS BelIMKa (B TOPIBHAHHI 3
LIMPUHOIO CIIEKTPY CHTHANy aMIUTITYZAHOI MOJYJIALIl) JeBiallist Hecy4oro

Mpoexr IPBU.03.01.00-06-386/11-00 MI-HTY TpaHckopaoHHuii 0mik aocaiaom Mporpanit o n Binop paina 20072013
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| PLBY-UA AR A KT
€aponelicskoro Colosy

CUrHaly, a B NpUManbHIil amapaTypi BHMKOPHCTOBYIOTH OOMEXyBad
aMILTTY U paJiOCUTHATY JUIsl JIIKBIZALil IMITYJIbCHHUX TEPEIIKOI.

Curxan

UM

Puc. 8.3. JIocTaBka CHHYCOiIa IbHOIO CUTHATY Ha aMIUTITYAHIH
moxaynsinii (AM) i Ha yactoTHiit Moaymsuil (UM)

AMmiutitynaa  wmoxpyasimisi  (AM) — Bua  Monyssimii  mpu  SIKiH
3MIHIOBaHUM MapaMETPOM HECYYOro CUTHAY € aMILTITy/1a HOTO KOJHUBAaHb.
Hexait
. S S(t)] <1

F
= LC ( f} — HOCIIHE KOJIMBaHHS.

f) — indopmaniitanii curnai,

Toz[iv aAMIUTITYIHO-MOIYJIbOBAHUN  CHTHAJ E"Tﬂ-m (f) MOXe OyTtu
U () = Ue(1)[1 + m5S(2)]. (1)

Tyr 111 — pgeska KOHCTaHTa, LIO HAa3MBAETHCS KOEDiLiEHTOM
monymsiuii.  @opmyna (1) omucye — HOCIHHMI  CHrHan L"C (f},

NIPOMOJYJIbOBAHUM 3a aMIUIITYA0I0 CHI'HAJIOM S( f} 3 KoedilieHToM
monaysii ¥1l. [lepenbavaeTsest TakoXK, IO BUKOHAHI YMOBH:

St <1, 0<m<1. (2)

BuxonanmHs ymoB (2) HeoOXimHe i TOoro, mo0 BHpa3 B
KBaZlpaTHUX AykKax B (1) 3amxau OyB Mo3UTHBHUM. SIKIIO Liel BUpa3 cTae
Bil'eMHUM — BiH MOXX€ NpPHUHAMATH Bil'€MHI 3HAYCHHS B JCSIKHHA MOMETH
Yyacy, TO Mae€ Micue Tak 3BaHa nepemoayssiuis. Ilpocrti nemonysisropu
(TMIy KBagpaTHYHOTO JIETEKTOpa) JEMOIYIIOIOTh TaKMi CHUTHaJI C
CUJIbHUMH CIIOTBOPEHHSIMH.
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PLBY:UA R el
Dakmopu, w0 6naUCAIOMb HA OANbHICHb | AKICMb PAJIOXEUTb

Ha Bimminy Bimx CJIB i [IB, ki BigOuBaroThCcI Bifg
HIDKHBOI M1 i0HOC(epH, He NpoHMKalo4dw B ii ToBmry, i Bim CB, ski
BimOmBatoThCs Bix oOmacti E Timpku B HiUHI ToamHu, y momupeHHi KB
6epyTh yuacTtb Bci Tpu mapu ioHochepu: D, E i F 2 Ilpu nsomy obmacti D
i E 3a3Bnuail BUKOHYIOTH (PYHKII] MOTraMHAIOYNX mapiB, a F » — BigOuBae
mapy. Tak camo, sk i B giamasoni C/IB, Ha KB mMokHa BCTaHOBUTH 3B'SI30K
3 OyIb-SKOI0 TOYKOIO 3€MHOI KyJIi, OJIHAaK, SIKIIO HA JOBTUX XBHJIX IIE
JIOCSITAa€ThCS [IHOK 3aCTOCYBAHHS HAANOTY)XHUX IepenaBadiB (B COTHI
KLUJIOBAaT) i Ay’K€ CKJIAJHHUX 1 BUCOKHX aHTCH (3 IIOTJIAMU BHCOTOIO B COTHI
MeTpiB) , To B Aiamazoni KX 3B's130k 3 aHTUIIOI0OM MOXe OyTH 31iHCHEHO 3a
JIOIIOMOT0I0 Tiepe/iaBaya IOTYXKHICTIO B JIECSTKH BaT 1 JIyXKe IMPOCTHUX
anteH. Kpim Toro, 3aBasiku Ounbiiii yacToTHOi eMHOCTI agianasony KB y
MOpiBHAHHI 3 eMHicTIO miama3oHiB B i C/IB, B HbOMYy MOXe OJHOYAaCHO
mparoBatd 0e3 B3a€EMHUX MEPEIIKOJ| BEJIMKE YHCIO TenerpadHux Ta
¢dortotenerpadhHUX KaHAIIB 3B'I3KY 1 CHCTEM 3B'SI3KY LI Mepeaadi TaHuX.

BrieBHeHMIT TpWifoM JadbHIX MOBHUX CTaHINH 3aIe)KUTh K BiX
TIOPH POKY, TaK 1 BiJl COHSYHOI akTHBHOCTI. CnipaBa B TOMYy, IO COHSYHA
aKTUBHICTH ICTOTHO BIUIMBa€ Ha cTaH i0OHOC(epu — 0OONOHKH 3emili, II0
CKJIIAJIAEThCA 3 PO3PSDKEHOTr0 1 i0oHi30BaHOro Traszy. lls oOosoHka
npoctsiracteest Ha 1000 1 Ginble KiJTOMETpiB Bix moBepxHi 3emui, ane uis
KOPOTKHMX XBWJIb ICTOTHOIO € Ta ii 4aCTHHA, sIKa pO3TalllOBaHa Ha BHCOTI Bijl
50 o 400 kM.

Pagioxpmmi KB Tak camMo, K 1CBITIO, TOIIMPIOIOTHCS
MPSIMOJTIHIAHO. AJie BOHH MOXYTh HOJATH OaraTo THUCSY KUTOMETpIB,
OMHMHAIOUYH 3€MHY KyJIIO BEIMYE3HUMH CTPHOKAMHM BiJ] KIIBKOX COTEHb JI0
3000 kM i Oimpmre, BiZOMBAIOYKCH TOMEPEMIHHO BiJ IIapy iOHI30BaHOTO
ra3y i BIJ MTOBEPXHI Semii abo BIJ BOJIH.
IIle B 20-x pokax HAIIOTO CTOJITTS BBa)KaJOCs, IO PaIiOXBHII KOPOTIIE
200 M B3arajmi He mNpHIATHI JJs TEJNEKOMYHIKalil 3-32 CHIBHOTO
NOTJIMHAHHA. [, OT KoJM Oyiu MpoBeleH! Mepili eKCIePUMEHTH [0
JaTbHBOMY TIPUHOMY KOPOTKHX XBHJIb Yepe3 ATIaHTHKY MiX €BpOIoo
1 AMepuKoIO, AHTIIHCHKUN ¢izuk OumiBep Xesicaiig
1 aMepHKaHCHKHH iHKeHep-eNeKTpuK ApTyp KeHHen He3zane)KHO OAWH Bix
OJITHOTO TIPHITYCTHJIM, IO JI€Ch HAaBKOJO 3eMJi iCHye i0HI30BaHHH mIap
atMoc¢epy, 31aTHUH BigoOpaxarn pagioxsuii. Llel map oTpuMaB Ha3By
Xesicaiina—Kennen, abo ioHOChepH.

3a cydacHUMH YSIBJICHHSIMH 10HOC(epa CKIAIaeTbCsi 3 HEraTHMBHO
3aps/DKEHUX BIIBHUX €JIEKTPOHIB 1 IO3WTHBHO 3aps/DKEHMX 1OHIB, B
OCHOBHOMY MoJeKyJsipHoro kucHio O + i okucy asory NO +. Ionm i
€JIEKTPOHM YTBOPIOIOTHCS B PE3yJbTaTi 10HI3aImii, sika TOJsATrae y BiApuBi

Mpoexr IPBU.03.01.00-06-386/11-00 MI-HTY TpaHckopaoHHuii 0mik aocaiaom Mporpanit o n Binop paina 20072013
33 KowTH € i Coloay & panax Eaponei Cyciactea a MNaptHepcTea

Kepienuk npoekty: Napep npoexty:

TNioBincsKa MoniTexHika TlyusKnil HayjoHansHIi TexHidHIi yHiBepCHTET
8yn. HagBucTwinyea 4A, kaGiker 1001 ayn.lesiecska, 75, Kabiner 12,
20501 Tliobniw, Monswa TMywsK 43018, Vipaina

uy lyu
Ten. +48 81538 4112, +48 81538 4579; dhakc +48 81 538 4220 Ten. +380 332 746 118; chaxc +380 332 746 103
e-mail: PLLNTU@pollub.pl e-mail: pintu.cbc@gmail.com

205



http://ua-referat.com/%D0%9C%D0%B5%D0%B6%D1%96
http://ua-referat.com/%D0%A4%D1%83%D0%BD%D0%BA%D1%86%D1%96%D1%97
http://ua-referat.com/%D0%92%D1%81%D1%82%D0%B0%D0%BD%D0%BE%D0%B2%D0%B8
http://ua-referat.com/%D0%A1%D0%B2%D1%96%D1%82%D0%BB%D0%BE
http://ua-referat.com/%D0%90%D0%BC%D0%B5%D1%80%D0%B8%D0%BA%D0%B0
http://ua-referat.com/%D0%90%D0%BC%D0%B5%D1%80%D0%B8%D0%BA%D0%B0%D0%BD%D1%81%D0%BA%D0%B8%D0%B9
http://ua-referat.com/%D0%A1%D1%83%D1%87%D0%B0%D1%81%D0%BD%D0%B8%D0%BA

PL-BY-UA ChiachiHaHCOBAHO 32 PaXYHOK KOWTiB
507-2013 €aponeiicsoro Coloay

€JIEKTPOHA BiJl HEWTpaJbHOI MOJEKYJH Trazy. A Juid Toro, mod BinipBaTH
€JIEKTPOH, HEOOXIJHO 3aTpaTHTH JEsKy CHEeprifo — eHeprilo ioHizauii,
OCHOBHHM jKepesoM skoi st ioHocdepu € CoHle, TO4YHIIIE HOTo
yIabTpadionieToBe, PEHTICHIBChKE 1 KOPIYCKYJISIPHE BHITPOMIHIOBaHHSI.
IToxm razoBa obomonka 3emii BucBiTIieHa CoHIEM, B Hiil Oe3mepepBHO
YTBOPIOIOTBCSA JIeaii HOBI 1 HOBI €NEKTPOHH, aje OIHOYACHO YacTHHA
€JIeKTPOHIB, CTUKAIOYHCh 3 10HAMH, 3HOBY YTBOPIOE HEHTpaJbHI YaCTHHKH
— aromu 1 Monekynu. Ilicnsa 3axomy CoHIsI yTBOpEHHS HOBUX €JIEKTPOHIB
Maibke TIPUMUHIETHCS, 1 KUTBKICTh BUTBHUX €JICKTPOHIB IMOYMHAE CHAIaTH.
B3sarami, yiM OinbIie BiTbHUX €NEKTPOHIB B i0HOCHEpi, THM Kpalle Bix Hei
BiZIOOpaXalOThCSI XBHJII BHCOKOI YacTOTH. A SIKIIO EJEKTPOHIB Majo, TO
JTAJICKE TPOXOJPKCHHS CIOCTEPIraeThCsl TUTbKM Ha HH3bKOUacTOTHUX KB
nianazoHax. Och 4OMy BHOYI, SIK MPaBHJIO, MOXIMBHU NPHUHOM JajbHIiX
CTaHIli#l nuIe B giama3oHax 75,49, 41131 m.

EnexTtponu posnozineni B ioHocdepi HepiBHOMIpHO. Ha BucoOTI Bin
50 mo 400 kM € xinpka mapiB abo oOnacTedl MiIBUIIEHO! KOHIIEHTpaLii
enekTpoHiB. Lli obmacTi mmaBHO MEpeXoAsTh OJHA B IHIOIY 1 MO-pi3HOMY
BIUIMBAIOTh Ha MOIINPEHHS panioXBHIb KB Jiara3oHy.
Cama BepxHsI 00JIacTh, 0 pedi, cama MIiIbHA, OTpUMana Ha3By obmacTi F.
Bomna po3ramopana Ha BUcOTi Ounbme 150 kM Hax IOBEpXHEIO 3eMIli i rpae
OCHOBHY BIZOMBHY pOJb TpPH JAJICKOMY MONIMPEHHS pPagiOXBHIIb
BucokouactoTHuXx KB pgiamasoniB. Inoxi B mitHi Mmicsaui oOmacte F
po3magaethes Ha a8a mapu — F1 i F2. Illap F1 moske 3aliMaTii BUCOTH Bif
200 mo 250 kM, a map F2 sx Ou "mnaBae" B inTepBami BucoT 300 ... 400 kM.
3a3Buuail map F2 ionizoBaHuii 3HauHO cuibHime mapy F1. Baoui map F1
3HMKae, a miap F2 3anumaerscsi, mOBUIBHO BTpadarounm g0 60% cBoel
ioHi3aril.

Hwmxue ob6macti F Ha BucoTax Big 90 mo 150 kM po3ramoBaHa
obmacte E, iomizamis sKkoi BigOyBaeThCs TiJ BIUIMBOM  M'SIKOTO
PEHTIeHIBCEKOTO BHIIpoMiHIOBaHHA COHI. 3a3BWYail CTYIiHB 10Hi3aIii
obmacti E Hmkue, HiXK obOmacti F. Ilpore BmeHH NpHHAOM CTaHIIIH
Hu3pkodacToTHHX KB gmiamazonie 31 1 25 ™ BigOyBaeTecs mpH
Bi0OpakeHHI CUTHAJIB Bif obnacti E. 3a3Buyaii mie craHmii, po3ramioBaHi
Ha Bigcrani 1000 ... 1500 km. Broui B ob6macti E ioHi3amis pi3ko
3MEHIIYETHCS, ajie 1 B Il 4ac BOHA MPOJIOBXKYE BiirpaBaTH MOMITHY POJIb
y IIpUIfOMi CHTHAJIB cTaHMiH fiamazoHiB 41, 49 1 75 m.

Benukwnii iHTEpec I NPHUIOMY CHTHATIB BHCOKOYAacTOTHHX KB
miamasoHiB 16, 13 i 11 M mnpexacraBmsoTe yTBOpeHHS B obOmacti E
Mpomapky (TOYHINIE XMapH) CHIBHO MHiABHINECHOI ioHizamii. IImoma mmx
XMap MOJKe 3MIiHIOBAaTHCS BiJl OJJMHUIL O COTEHb KBaJPAaTHUX KUJIOMETPIB.
Lei map migBuIeHoOI ioHI3alil oTpuMaB Ha3By — cropaguyHuil map E i
no3Havaetbest Es. Xmapu Es MoxyTh nepemimarucs B ioHocdepi mix
BIUIMBOM BITpY 1 JocATaTH MIBUAKOCTI 10 250 kM / roj. Biitky B cepemHix
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PL-BY-UA ChiBchiHaHCOBaHO 32 PaXYHOK KOLITIB
Go7-2013 €aponeiicskoro Colozy

LIMpOTax B JEHHUH Yac IOXO/DKCHHS PaJioXBWIb 3a paxyHOK xmap Es
3a micsnp OyBae 15 ... 20 quiB. Y paiioHi eKBaTopa BiH € MaiikKe 3aBXKaH, a y
BUCOKHMX IIMPOTaX 3a3BUYail 3'SIBISETHCS BHOYI. Y POKHM HHM3bKOI COHSYHOT
aKTMBHOCTI, KOJM HEMae NPOXOMKEHHS Ha BHcokodacToTHui KB
niamazoHax, iHOI, SIK TIOAapYHOK, Ha miama3oHax 16, 131 11 M 3 xopomioro
TYYHICTIO panToM 3'SIBIAIOTBECA HalbHI  CTaHIl, CHTHATHd SKAX
OararopazoBo BigOummcs Bix ES.

Cama HWKHA ob6macth ioHochepu — obmacte D posramoBana Ha
Brcotax Mk 50 i 90 kM. TyT mopiBHAHO MajiO0 BUTPHUX €JEKTPOHIB. Bin
obmacti D moOpe mo3HadarOTHCS JOBTi i CepedHi XBWIi, a OCh CHTHAIH
CTaHWii HuU3bKO4YacTOTHUX KB niamazoHiB cuibHO mnormHaioThes. Lle
BJICHB, a micist 3axony CoHI 10HI3alisl JyKe MIBUAKO 3HUKAE 1 3'SIBISETHCS
MOJKJIMBICTh TIPUIIMATH NaJbHI CTaHIl| B Aiana3onax 41, 49 1 75 m, curnanu
SIKMX BiOuBaroThes Bif mapiB F2 i E.

3 BHKJIAJCHOIO BHIIE CTaja 3pO3yMiia pOJIb OKPEeMHUX IlIapiB
ioHOCepH, a posmnosciomkeHHs curHaniB KB pamiocraniiit. Heo0OxinHo
JOJaTH, IO SKIIO CWrHai BinOuscs Bin mapy E (abo Es), To ctpubok He
nepesurye 2000 kM, a Big mapy F (tounimre F2) — 4000 kM. CkaukiB MoxKe
OyTH KiNbKa, 1 TOAI O Balloro pamionpuiiMada MPUXOIITh CHTHAIH Bil
MOBHHX CTaHIIH, BiIJAJICHUX Ha THCSYi KioMeTpiB. Ha neHHilt cTopoHi
3eMiTi TAKUi CUTHAJ TOCUTh CHIIBHO TOCTAOIIOETECS MPH 0aratopasoBoMy
NPOXOJPKeHH] 4epe3 obnacte D. 3a oauH CTpUOOK I1Ie TparuseThCs JBiUi.
UuM HWXK4YE 4YacTtoTa, THM Lie OCJalJIeHHs MOMiTHile. AJie 1€ €IuHUil
LUSIX XBHJII B i0HOC(eEpi 1Mo A0po3i Bij mepeaaBaya O BALIOro MpuiMaya.
[HOMI CTBOPIOIOTHCS Taki YMOBH, NPU SKUX XBHJIS, BIIOUBIIKCH Bij LIapy
F2, He moBepraeThcs Hazam A0 3€MIli, a TMOIIUPIOETHCS, BiIOMBAIOYUCH
nonepeminHo Big mapiB E (Es) 1 F2. XBuns HIOM mnoTpamuia B
ioHOCepHHMI XBWIIEBIZ] 1 MPOXOAWTH 0araTo THUCSY KUTIOMETpiB TpH
BiTHOCHO MaJIOMY OCJIA0JICHHS.

A 0CP BIiIIOBiTHI YMOBH [UISI BHXOJY XBHJI 3 I[bOTO XBHIICBOIY
3a3BHYAil YTBOPIOIOTHCS B Micli Hpuiiomy mpu cxoni abo 3axozmi CoHIIs.
3a3BH4ail me A€ MOXJIIMBICT INpPHHAMATH CTaHIil, pO3TallOBaHi Ha
MIPOTHIICKHUH TOUIi 3eMHOT Kyii. Lle sBHIe HalOiMBII SBHO BHPasKEHO HA
Hu3pkodacToTHHX KB miamazomax. TpuBamicTe Takoro mpuioMy B
nmianmaszoHi 75 M Moxe Oytm Onm3bko roguHu. [Ipm mepexomi Ha OimbII
KOPOTKOXBHMJIBOBI Jiarma30Hu el yac CKOPOUY€EThCS.

Ha ymoBu posnoBciomkenHs KB cunbHHMI BOIUMB  poOHTH
OJMHAIATUPIYHUN TIepiOa COHSYHOI aKTHBHOCTI, (pa3za SKOTO BH3HAUAE
3arajibHy IHTEHCUBHICTh COHSTYHOTO ynbpTpadioneToBOro Ta
PEHTIeHIBCHKOTO BUIIPOMIHIOBaHb, @ OTXKE 1 CyMapHy 10Hi3alio atMochepH
3emiti: y POKM MakCHUMyMy I iOHi3allis 3pOCTa€, y pOKH MiHIMyMy —
yOyBae. 3po3ymiio ToMy, IO AL MPaKTHKU posnosciomkeHHss KB myxke
Ba)XKJIMBO MaTH BiJIOMOCTI NP0 CTaH COHSYHOT aKTUBHOCTI.
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PL-BY-UA ChiachiHaHCOBAHO 32 PaXYHOK KOWTiB
507-2013 €aponeiicsoro Coloay

[Ipotsirom moBroro yacy micis IOYATKy 3aCTOCYBaHHS B TEXHIL
3B'A3Ky 1 B pajiofioKamii YJIbTPAaKOPOTKMX XBWJIb BYEHI Ta IH)XXEHEpH
BBa)KaJIW, 10 XBWJIi IIbOTO Jiala3oHy He 3[aTHI MOIIMPIOBATHCS HA BEJHKI
BifctaHi. | Tinbku 10 1950 p. Ha MiACTaBI YUCICHHUX CKCICPUMCHTAIBHUX
¢axTiB OyB 3poOJIeHHI BICHOBOK IIPO iCHYBaHHS HOBOTO MEXaHi3My, IO
cnpusie nommpenHio YKX Ha BifcTaHi, 3HAYHO MMEPEeBEPINYIOTh JalbHICTH
IUPPaKIifHOTO TOPHU3OHTY.

CrieriiasbHO TIOCTABIICHI JOCTIDKCHHS TTOKA3alH, M0 HIPUIUHOIO
nmamekoro momupeHHS YKX € po3CisHHA XBWIb Ha TIOOYISIpPHUX
HEOTHOPITHOCTAX Tpomochepn 1 Bigg3epkaleHHA BiX OIapyBaTHX
HEOHOP1THOCTEH.

B skocti mpuAOMHHMX aHTEH Yy TpONOCHEpHHUX IIHISX 3BSI3KY
3aCTOCOBYIOTBCS TAKOXK CHPSMOBaHI aHTeHH. TOMy, B IpUiIMaNbHIO aHTEHY
MOTPAIUISIIOTh TiJIBKM Ti IPOMEHI, SKi PO3CIIOIOTHCS HEOJHOPITHOCTSIMH,
pO3TallIOBaHUMHU B MeEXaX 3arajbHOr0 00CATY, YTBOPEHOI'O NEPETHHOM
MPOCTOPOBUX JiarpaM CIPSIMOBAHOCTI MEpeaaBalibHOI 1 MPUAMATBEHOT
aHTEH.

Bemnmkoro mepeBaroto TponochepHUX IiHIHM 3B'SI3Ky B IMOPIBHAHHI 3
JMiHIAMH  10HOC(EPHOTO PO3CIIOBAaHHS Ta METECOPHHMH TpacaMH €
MOJKJIMBICTh TIepeadi BiTHOCHO BENMKUX IMOTOKIB iH(opMarii. Y Toif gac
SIK TI0 JIHIAX 10HOC(EPHOTO PO3CIOBaHHS i IO METEOPHUM Tpacax MO>KHA
nepenaBaT OjHe-[Ba TeJjerpadHuX IOBIIOMIICHHS, TponochepHi KaHaIu
3/1aTHI MIPOIYCKaTH OJTHY TeNeBi3iitHy nepenavy abo
120 renedonnnx posmoB. Ilpore sikicTe mnepepadi Mo TponochepHUM
KaHallax TOMITHO TMOCTYMA€eThCA IepeAavi [0 pajaiopeNelHuX JiHIisfAX
3B'SI3Ky 3BHYAIHOTO THUILY.

Jnst oTpuMaHHS Takol BiJIHOCHOI HIMPOKOCMYTOBOCTI JIOBOJAMTBHCS
mpuiiMaTH  €HepriiiHi  3axoam Ui OOpoTEOM 3 3aBMHpPAHHSIMH,
CYIPOBOIKYIOUNMH TpomnocdepHoro PO3TOBCIOIKEHHS XBHJIb.
JocsraeTbCsl 1€ 3aCTOCYBAaHHSIM Ha KOXHOMY KIHIIEBOMY ITyHKTi IiHIH
3B'SI3Ky JBOX TMepenaBadiB mo 10—15 KBT, IO MpaIioOTh Ha Pi3HUX
94acToTax, 1 JBOX BEIMKHX aHTCH (3BHYAMHO MapaOOJivyHUX, PO3MipOM
20X20 M), YOTHPHOX OKPEMHUX MPUHMAILHUX HPUCTPOIB IS 3iHICHEHHS
PO3HECEHHS 110 YacTOTi i B MPOCTOPI.

[Ipomec mommpeHHs pamioXBWwib B atMocdepi i ToBmi 3emii, a
TaKOXX y KOCMIYHOMY IpocTopi. B ogHOpigHOMY cepemoBHIIi pamioXBHiIi
MOIIMPIOIOTECS  MPSIMOJIHIAHO 31 cTamoro (I JTaHOTO CepeIOBHIIA)
mBuaKicTio (BimbHe I1. p.). bamsskum no BimeHOTO € I1. p. B KOCMiYHOMY
mpoctopi. Ha II. p. B armMocdepi i B ToBmii 3emmi (mpu BiACYTHOCTI
CHPSIMOBYIOYHX CHCTEM THITy XBHIJIEBOJIB) BILIMBAIOTH €JIEKTPOAMHAMIUHI
BJIACTHBOCTI arMoc(epu 1 3eMHOi KOpH, KpMBHHA 3€MHOI IOBEpXHI 1
HepiBHOCTI ii penbedy. Brums atMocdepn 3yMOBIIIOETECSI HASIBHICTIO B Hil
wiasmu (B ii BepXHiX Imapax) Ta pedyoBUH (B OCHOBHOMY KHCHIO 1 BOJASHO{
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napy), 10 CHJIbHO BOMpPAlOTh CAHTUMETPOBI I MUIIMETpOBI panioXBuii;
BIUIUB 3€MHOI KOpU — 30Y/DKCHHSM Y Hill PafioXBUIICIO €JIEKTpP. CTPYMY, Ha
0 BHUTPAYa€ThCs 4yacTHHA eHeprii xBwil. KpuBuHa 3eMHOI moBepxHi i
HepiBHOCTI ii penbedy € mpuuuHor audpakiii pamioxBuiab. [lomiTHO
IU(paryroTh JIMIIE HAIIOBTI Ta JOBT1 paliOXBUIII.

Kopotmii pamioXBuili MOMUPIOIOTHCSA MPAMOJIHIHHO W OMHHAIOTH
3eMHY MOBEPXHIO BHACIIZOK BiJIOWBaHHS Bij i0HOC(EpH, siKa € BiIOMBHUM
CepeIOBUIEM ISl PaiOXBUJIb BiJ] HAIIOBTUX N0 KOPOTKHX. KopoTki
pamioXBmIIi, 6araTopasoBo BiIOMBAIOYKCH Bl iOHOC(EPH 1 TOBEPXHI 3eMTi,
MIOIIUPIOIOTECA Y CBOEPITHOMY CHEpUIHOMY paTiOXBHIEBOMI, CTiHKAMH
SIKOTO € HWDKHS TPaHMIs 10HOC(epH 1 3eMHa moBepxHs. Taki XBWIIi 37aTHI
3abe3meuyBaT Pajaio3B's30K MK HaWBIIIAICHIIIMMH MyHKTaMH 3eMii. 3
BiIOMBaHHSIM PaiOXBWIIb Bil ioHOC(hEpH MOB'A3aHe 1 ABHUINC 3aBMHUPAHHS
pasioCHrHaiy, IO MOSCHIOEThCS HASBHICTIO B Hil 30H 3 HCOJHAKOBUMH
TYCTHHOIO # €JIEKTP. 3apsIOM.

Jlis MeTpoBHX 1 JCUUMETPOBUX XBWJIb 10HOC(hEpa MNPaKTHYHO
npo3opa. Ha 1ux XBUIISIX MiATPUMYETHCS 3B'S130K 3 JTITAILHIUMH anapaTaMu,
SIKi TIepeOyBaroTh 3a Mexamu ioHocdepu. Yepes mpo3opicTh ioHOChHEpH IS
TaKUX XBHUIIb BUSBJICHO Pa/JiOBUIPOMIHIOBAHHS BiJ| HE3EMHUX JKEPEI, IO
JIaIo TIOMITOBX PO3BUTKOBI paioacTpOHOMIi.

IMepeTBopeHHs eHeprii JKepea eNeKTPUIHOro cTpyMy (3apsay) Ha
€Hepriro ODKYYHMX eJNEKTPOMAarHiTHUX XBWIb (PaioXBWJIb) 1 TMOJAbIIE
MepEeTBOPEHHSI €Heprii HUX XBWJIb Ha EHEPril0 3MIHHOTO eJIEKTPHYHOTO
CTpyMy, 3IIHCHIOETBCS 32 JONOMOTOI0 MNepelaBajbHUX 1 NPUAMaIbHUX
anteH. KoxHa ckiiajiHa nepeiaBajbHa aHTEHA € CYKYITHICTIO eJIeMEHTapHUX
BUIIPOMIHIOIOYHMX EJIEMEHTIB, HAamp. JNEKTp. IMIIOJIB, HAaBKOJO SKHX Y
NpOCTOPI  BMHHMKAE 1 TOIIMPIOEThCS  (BIAJAISIOYMCH BiJl  JIUIIOJIB)
eJIEKTPOMarHiTHe moje. J[Mmoias BHIIPOMIHIOE CEepUdHI XBHIJIi, OJHAK Ha
JIOCUTD BEJIMKIH Bigmaii BiJf HbOTO X MOXHA BBaXKAaTH INIOCKUMH.

Puc. 8.4. Po3noais eeKTpUYHOrO 1 MarHiTHOTO MOJIB
€JIeKTPOMArHiTHOT XBUJI1
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Po3nonin BUNMPOMIHIOBaHOT HUM €HEPrii 3a aMILTITYJOI0 3aJIeKHTh
BiJl HampsMy TIOIIMPEHHS pPAaJiOXBWIb 1 BH3HAYAETHCS JAiarpaMmoro
HampsIMJIGHOCTi, IO Mae BUIJLg Topoima. Jlo  eneMeHTapHHX
BHIIPOMIHIOIOUMX €JIEMCHTIB HaJeKaTh TaKOXX MArHITHI AMITOJNI, HEBEIMKI
PaMKH 3 CTPYMOM, BHITPOMiHIOIOYWi ITUTHHI HEBEIUKHUX PO3MIpiB TOIIO.

[[{o6 BUTpOMiHIOBaHHS 3POOUTH CIIPSIMOBAHIIINM, BUKOPHUCTOBYIOTh
KiJTbKa BHUIIPOMIHIOIOYHX €JIEMEHTIB, JOOMBAIOUNCH iHTEp(EpeHIlii XBUIb.
Jenani mupire 3aCTOCOBYIOTH, HaIlp., (ha30BaHi aHTEHHI TpaTK, 1e € 10 10
THC IMX elleMeHTiB. Taki MpUCTpoi MAlOTh 3MOTY OJEPKyBaTH diarpaMu
HanpsiMIIeHoCTi Oynp-sikoi ¢opmu. IlepenaBanbHa aHTeHa Moke OyTH i
NPUIMANBHOIO, B €IEKTp. JUIOJISAX SIKOI Mifi BIUIMBOM E€JIEKTPOMAarHiTHUX
XBHIb 30Y/DKYIOThCS KOJHMBAHHS €JIEKTp. cTpyMy. OCKIIBKH Jiarpamu
HampsIMJIGHOCTI ~ JWNOJII B IEBHUX  pEXHMMax  OJHAKOBi, 3a
XapaKTepUCTUKAaMH  IepelaBaIbHOI  aHTEHH MOXKHA  BH3HAUUTH 1
XapaKTEPUCTUKU NPUNMaIbHOI aHTEHU TAKOI'O CaMOT0 THUILY.

3

KoHTpoJbHi 3anuTaHHs

1. laiite Bu3HaueHHs iH(QOpMAIIii, TOBIIOMJIICHHIO, CHTHAITY.

2. SIki OCHOBHI XapaKTepUCTHKH Tiepenadi inhopMariii?

3. Lo Take pamioxsmmi?

4. B 4yoMy TOJISIra€ YaCTOTHA MOMYJISILIS?

5. SIki (hakTOpH BIUIMBAIOThH HA JAIBHICTH 1 SIKICTh PaliOXBUIIB?

TEMA 9. OCHOBHI 3ABJIAHHS TEOPII
THO®OPMAIIIL

Teopis  indopmauii — obnacte, B sKii
BUBYAIOTHCSl OCHOBHI KIIBKICHI 3aKOHOMIPHOCTI, OB sI3aHi
3 OTpUMaHHsSM, 30epiraHHsM, mepegadero i 00poOKoro
iHpOopMarii.

Teopis inpopmamii 103BONSE TOPIBHIOBATH Pi3HI CHUCTEMH
3B’53Ky. BupinieHHs BKa3aHMX 3aBJaHb CTaJ0 MOXIMBHM JIMIIE 3
BBEJICHHSAM B Hill TaKMX IMOHATH AK €HTPOIIS 1 KUTBbKicTh iH(OpMarii, sKi
JTO3BOJIFJI OTPUMATH KUIBKICHHI OmHC mporieciB mepenadi indopmarii i
BCTaHOBUTH iX 3arajibHi 3aKOHOMIpHOCTI.

Oco0bnuBicTio Teopii iHpopMalii € Te, M0 BOHA BUBYAE TPaHUIHI
MOXIIMBOCTI ~CTaTUCTUYHOIO 1 MEpelIKOJOCTIHKOI KOJYBaHHS, sIKi
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PO3YMIIOTBCS B TOMY CEHCI, IO JIONYCKAaeTbcst OyIb-XTO, B MEXIi
HECKIHYEHHO BeJIMKa TPHUBAIICTh ONEpaliii KoJyBaHHS 1 JIEKOJyBaHHS, a
TaKOX Oy/b-siKa CKIAIHICTh KOJIEPIB 1 JEeKOAEPiB.

1. KiabkicTs iHdopmanii B AUCKPETHUX MNOBiZOMIIEHHSAX.
EnTpomnis qxepesia TMCKPeTHUX MOBiTOMJIeHb

s OpiBHAHHS PI3HUX CHCTEM 3B’SI3Ky HEOOXITHO BBECTH NESKY
KUTBKICHY MipY, IO TO3BOJISIE OIiHIOBATH 00’ €M iH(popMarii, o MiCTHTHCS
B MOBIJIOMJICHHI, 1 00’ €M mepenaBanoi iHGopMmariii.

Po3rissHeMo crioyaTky OCHOBHI TOJIOKEHHS Teopii iHpopmauii s
JMCKPETHHUX CUCTeM 3B’s3Ky. [103HaUMMO MOXKJIMBI Pi3HI CUMBOJIM Ha BXOJI
nesikoro 6moky CITH uepes i = 1., m, a Buxigni cumBosu 4yepes Vj, j = 1.
[lixn cuMBoIOM MOXHA MaTH Ha yBasi CMMBOJH JpKepena, iHdopMmariitni
MOCNIZOBHOCTI, CUT'HAJIM Ha BXOJI JIHIT 3B’sI3Ky, @ MiJ CUMBOJaMH Yj —
CHMBOJIM 3aKOJOBaHUX IOBIIOMJICHb, KOJIOBI MOCIHIIOBHOCTI, CUTHAJIHM HA
BHUXOZI JiHi{ 3B SI3KY.

PosrnsiHeMO mpocTHi BUNAAOK, KOJMH i = 1, B3a€MHO HE3aJICHKHI.
[Ipu mpoMy mKeperno A TMOBHICTIO ONMHCYETHCS AMPIOPHOIO BIPOTiTHICTIO

p(al.),i =1,...,m, saxi i xapakTepusyloTh TEPBUHHE HE3HAHHS

(epBUHHY HEBM3HAYEHICTB) MPO MOSIBY KOHKPETHOTO CHMMBOJY | Ha BXOi
0JIOKY.

3a HasBHOCTI MEPENIKoJ MiX CHMBOJIAMH Yj HEMAa€e OIHO3HAYHOL
BIJIMOBiTHOCTI, TOOTO CUMBOJ Oi MOXKE MEpelTH B OyIb-IKUH CUMBOI Yj 3

JESIKOK0 YMOBHOKO Biporifnictio pP| V . al. , SKy MOXXHa OOYHCIIHTH,

SIKIIO BIIOMUIT MEXaHi3M TaKOTO Mepexoy. 3HAIUH BIpOTiIHICTh p(a ) i
l

ply.. = 1,...,m,j = 1,...,7’1, HEBa)XKO 3HATH BIPOTiJHICTH

J| 1

pa.\y. 1= 1,...,7’}1, MOSIBM Ha BXOJi OJIOKYy cuMBoOmiB i = 1, 3a
LJ
YMOBH, L0 Ha BUXOAi OJIOKY crocrepiraBcs cMMBOJ Yj. Ll BiporigHicTs,
3BaHa aIrOCTEPIOPHUMH, XapakTepu3ye HE3HaHHS (HEBH3HAYEHICTb, IO
3aJIMIIMIACS), 10 3aJMIIMIOCS, TIPO MOSBY Ha BXOAI CUMBOJIB 1 = 1, mpu
CHOCTEpEKEHHI CUMBOJTY Yj Ha BUXO/Ii OJIOKY.
TakuM YHHOM, OTpUMaHa iHGOpMAIiS TPO CHMBOI | TpH
CIOCTEPEKEHHI CHUMBOJIy Yj IPUBOJUTH O 3MiHM BIPOTiJHOCTI IOSBH
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cuMBoTy Oi Bim 1i ampiopHOTO 3HAYCHHS p(al.) JIo ii amocTepiopHOTO

3HAaueHHA D) al. y] . IIpn 1pomMy mpencraBiseTbCsi OOTPYHTOBAaHHM

V3SITH 3a KUTBKICT iHGOPMAIIIT TIPO CUMBOJI i, 1[0 MICTHTBCS B CHMBOII Y,

)

nesiKy (DYHKIIFO TUTBKH BipOTiTHOCTI p(al. ) ip al.

1 asy; =f p(al-)p al-\yj : 9.1)

Take BU3Ha4YCHHsI KUIBKOCTI iH(poOpMarii, He MoB’s13aHe 3 (Hi3UYHOIO
IPUPOAOI0 MOBIJOMIIEHHS, J03BOJAE OyIyBaTH JNOCUTH 3arajbHy TEOpIilo,
30KpeMa, TIOPiBHIOBATH Pi3HI CHCTEMH 3B’ SI3KY 1O €(PEKTHBHOCTI.

Sk dyHKUis f 3pY4YHO BHKOPHCTOBYBATH JIOTapU(M BiTHOILIECHHS

anocrepiopuoi P Oll‘yj BIPOTIZHICT 1O amnpiopHOi p(al. )T06T0

BusHauntn | al,y . | aK:

J

p a,-‘y :
lla.;y.|=log . (9.2)
i’ ple;
[lpu TakoMy 3aBHaHHi, 30KpeMa, KUTBKICTh iHQOpMAIii BoOJOIi€
BJIACTHBICTIO aJJUTUBHOCTI: KUIBKICTh iH(pOpMaIli mpo cumBou Oi (Hamgami

JUIL  CIUIBHOCTI MIpKyBaHHs — TOAIl i), IIO JOCTaBJISETHCA JBOMA
HE3aJIeKHUMH CUMBOJIAMH (TIOisIMH) VY 1 Zi:

la;y.z, |=lla.;y.|+lla.;z, | (9.3)
l?y J k l)y ] l) k
Ile BmacTuBicTh [00pe Y3roKyeThbcs 3 "IHTYITHBHHM" TOHATTSIM
iHpOpMaii.
[TigcraBa morapudma moxe Oyt OyIb-IKuM. Big HBOTO 3aJEKUTH
ONMHUIS  BHUMIDIOBaHHSA  KimbKocTi  iHGopMmamii. Y  TeXHIYHHX

3aCTOCYBaHHSX 3a3BHYail BUKOPHUCTOBYIOTH miactaBy 2. [lpu upomy
KUTBKICTh 1H(OpMarii | BUMiproeThCs B NBINKOBUX OMUHHISX abo OiTax.
ITpn npoBeneHHI MaTeMaTHYHNUX BUKJIA/IEHb 9aCTO 3pyYHO KOPUCTYBATHCS
HaTypaJbHUMH Jiorapudmamu. BinmosinHo iHpoOpMalis BHMIPIOETbCS B
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HaTypaHLHI/IX OAUHULAX 360 HaTax.

Baeniena Bemiunna | al.;y . | BOJIOAi€ Ba)KIMBOIO BJIACTUBICTIO

cUMeTpii:

dailyi) g

T00TO iH(pOpMALLS, MIO MOCTABISAETHCA MOMAIEI0 Yj MPO MoAioo0 Ol
piBHa iHdopmarii, 110 JOCTABISAETHCA MOMAIEI0 Al mMpo mofiro Yj. 3 mi€l

npuanan | Oll.;yj Ha3MBAETHCS B3aEMHOIO iH(OpMaIi€d ABOX

BUIMAAKOBHX MOMIH OO0 OAUH OIHOTO.

3 (9.4) BuTikae, MO AKOIO MOMIT Aj 1 Yj CTATUCTUYHO HE3aJeXKHi, TO
Il o LY .| = 0 1o6T0 Hesanexui moii He HECYTh OJHMH TPO OJIHOTO
1
HisKo1 iHOopMarii.

B3aemna indopmauisi mpu QikcoBaHid BIpOTiJHOCTI NpHiiMae

MaKCHUMaJIbHe 3HAYCHHS, KOJH arocTepiopHa BIpOTIiHICTD

pla.y. =1106T0 KONM crOCTEpexKyBaHA OIS Yj OJHO3HAYHO
L J

BU3HAYa€ MOII0 Aj.

IIpu npomy:

1 al.;yj = I(al.): —log p(al.) (9.5)

Bennuuna [ (OCZ.) HA3MBAEThCA BIACHO iHdopMmariero mofii Ai. i

MOKHA IHTEpIpeTyBaTH SIK KUTBKICTh iHpOpMaLlii, sKka JocTaBisie MO0 Oi
abo Oynb-sike iHIIE, OJHO3HAYHO MOB'A3aHa 3 HUM. BnacHa iHdopmanis
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3aBXIM € HE HEraTHMBHOIO BEIMYMHOIO, NPUUOMY YMM MEHII BiporinHa
NOJis, TUM BOHa Oumbinma. B3aemHa iHQoOpManiss Moxe OyTH sk
TIO3UTHBHOIO, TaK 1 HETaTHBHOIO BETMYMHOIO.

Xait Ai, Vj, Zx — cratucTu4HO 3anexxHux nonii. [Ipumyctumo, mio
mofist Zx Bimoma. KimpkicTk iH(pOpMamii mMpo MO0 A, IO TOCTABISETHCS
MOMIEI0 Yj 32 YMOBH, IO Zk BiJOME, HAa3WBAEThCA YMOBHOIO B3a€MHOIO
iHpopmaniero. BoHa BH3HadaeThca Tak camo, SK i B3a€MHa iHQopmaris,
MIPOTE alpiopHa i armocTepiopHa BipOTiqHICTs TOBUHHA OYTH Y35Ti 32 YMOBH
Zk, TOOTO:

1 al.;yj z, =log : (9.6)
pla;\z,

3BiICH BUTIKae, 110 YyMOBHa B3aeMHa iH(opMmauis npu (ikcoBaHii

BiporigHocTi P al.‘z k npuifMae MaKCHMalbHE 3HAuYeHHs, KOJHU

p al.‘yjzk =1.
Tpu oMy
1 al.;y]. z :—logp(ai‘zk):l(ai‘zk). 9.7)

Bemnunna [(Oll Zk ) Ha3WBaA€ETHCA YMOBHOIO BJIaCHOIO

indopmariero. Ii MoxHa iHTepnpeTyBaTH fK KiNbKicTh iH(popMaLii, 1o
JIOCTABJISIETHCS TOMIEI0 Aj TPU BiAOMIA momil Zx, ab0 5K KUIBKICTh
iHpopMarii, sKa MMOBHHHA [OCTABIIATUCS JCAKAM IHIIOK IOMIE0 IS
OJTHO3HAYHOTO BU3HAYCHHS MO IPU BIZIOMOMY Zk.

[Nokaxkemo, mo0 B3aeMHa iH(pOpPMAIlS 33JTOBOJBHIE BIACTHBOCTI
apguTuBHOCTI. Hexait Ai, Yj 1 Zk — Tpu craTucTu4HO 3anexHux mnoxii. Toxi
KUTBKICTB 1HpOpMaLil mpo noxito Oi, sike JOCTABISAOTE MOl Yj 1 Zk:

I[ai;yjzkj =log Pl P(“i )P(“i‘yjj ) rle;)

p(“i\yj)
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r [“i‘y jzk) _log p[“i‘y jzk)p [“i‘y j] log - (ai‘y J L 9.8)
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TakuM 4YWHOM, KibKicTh iHGOpMaWii mpo TMoxmilo Aj, sKe
JOCTaBIISAIOTh MOJIT Yj 1 Zk, piBHO cyMi iH(opMallii, Zk, 110 JOCTaBISETHCS,
IpY BiJIOMiH MOAIT V.

AHaJIOTIYHO MOKHA ITOKA3aTH, 1110
1 al.;yjzk :][ai;zk)+[ al.;yj Z (9.9)

BuxopucroByroun criBBigHomeHH: (9.2), (9.4), (9.5) i (9.7), moxHa
B3a€eMHY iH(pOpPMAIIio 3aMUCaTH B OHINA 3 HACTYITHUX (HopM:

(9.10)

1 sy :I(al.)—l al.;yj Zp b

J
1 ai;yj :I(yl.)—l yj a; (9.11)

fazy ;)= 1l J 1l )- flapy ;) 912)

me 1 al.yj :—log al.,yj — BuacHa iHQopmamis

ckiaaHol nomii Aiyj.
CuisBigHomreHHsT (9.10) MOXXHa IHTEpPHPETYBATH TAKHUM YHHOM.

B3aemna inpopmaris 1 al.;yj piBHa pIi3HHUII MDK KUIBKICTIO

iHpopmanii, moTpiOHOI I BU3HAYEHHA Aj A0 1 MiCIA TOro, SIK CTae
BimomMuMm Y. HeBaxkko mosicanté i cmiBBimHomenHs (9.11) i (9.12), a
KUTBKICTh iH(OpMaILii Mpo MHOXHHY A TepegaBaHUX CHMBOJIB, SIKE B
CepeTHbOMY MICTUTBCS B 06€311i4i Y CHMBOJIIB, 1110 TPUHAMAIOTHCS.

I(A;Y)=g E p(ai,y-)'(“i?yj):g .gf(“i’yi).

p(ai ‘ Yj )
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Benumuuna I(A;Y) Ha3UBAETBCS CepPeOHbOI0 83AEMHOIO IHPOPMAYIEIO:
1(4;Y)=1(4;Y)>0,
HAYZ)=I(4Y)+ (4 Z)Y )= 1(4Z)+ 1(4;Y|Z)

Ha npakTuii Takox BUKIMKAae iHTepec HE BiacHa iHpopmaris, a
cepe/Hs BIacHa iH(opMalris:

(9.14)

1(4)= %1 p(al. )I(al.): —glp(al. )log p(al.): H(A) (9.15)

i=1 i=

Bona xapakrepusye KiJbKicTh iH(opMalii, sika B CepeIHbOMY
HEeoOXiTHa JUIsl BU3HAYEHHsI OYb-SKOTO CUMBOJY 3 MHOXKUHH A MOYKJIMBHX
NepelaBaHuX CHMBOJIIB.

Bupaz (9.15) igeHTHYHWA BUpa3y U1 CHTPOMII CHCTEMH B
cratucThyHiil MexaHini. Tomy BemmumHy [(A) Ha3HWBalOTH EHTPOIIEIO
IUCKpeTHOTO JKepena A i mo3Hawdarote depe3 H(A). Unm Oimpmre H(A),
TUM OiNTbIIIe HEBU3HAUYCHUM € OYiKyBaHUH CHMBOJI. TOMY SHTPOIIiI0 MOKHA
pO3TISIIATH SIK Mipy HEBH3HAUYEHOCTI CHMBOJY 1O TOTO, SK BiH OyB
NPUUHATHN.

3 (9.15) Burikae, mo H(A):0, ToOTO eHTpOIMisl € HE HEraTUBHOIKO
BENTMUYMHOK. BOHA 3BepTaeThcs B HYyNb, KOJM OAHA 3 BiporigHocTi p (61)
piBHA OAMHUIN, a OcTaHHI Hyi0. Llei pe3yapTaT H00pe Y3romKyeThes 3
¢izuunuM cencoM. /JlilicHO, Taka CHTYyallis BHHHKA€, HAIPUKIAA, KOJIU
MepeaeThCsl TUTBKM OMUH CUMBOJI. OCKUIBKH BiH 3a3[aJerifb BiJOMUI, TO
HEBM3HAUEHICTh JPKEpesia piBHA HYIIO 1 3 TIOSBOIO CHMBOJIy MM HE
OTPUMYEMO HiSKO1 iHpOpMAIIii.

EnTporis 3a10BOIBHSIE HEPIBHOCTI:

H(A)<logm, (9.16)

IpUIOMY 3HAK HEpiBHOCTI Mae Micrie, KOJIH
p(al.)= 1/m,i=1,...,m, ne m — uncno MoxmMBHX mOAiit 6i (ancro

pI3HUX CHMBOJIB, MOBiTOMIIEHB 1 ToMy moAiOHe). L{fo BmacTHBICTE MOXKHA
JTIOBECTH, BUKOPHUCTOBYIOUH HEPIBHICTD:

ho<w-1. (9.17)
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PosrisiHeMo pi3HHMITIO:

- plo 3 1= U ol 3
= X Pl log I zlp(ai)lnwloge.
i

i=1 mple; ) j=

Bpaxosytoun (9.17), 3Haxonumo:

H(A)-logm < g p(a Lo loge =
ic1 i mp(ai' (9.19)

mrp1
> [— p(ai )}Ioge =0.
i=1LM

3HaK piBHOCTI Mae wMicue, Komu () = = 1, OCKIJIBKH

mp\a,;

TUTBKK TP (D =1 HepiBHicTh (9.17) mepeTBoproeThCs Ha piBHICTH. [Ipn

[OMY €HTPOIIisl IPUAMAE MAaKCUMAIbHE 3HAYCHHS H = 10g m.

max

3 (9.16) BuTiKac HACTYMHHUI BaKJIWBUIA BHBIJ: TPH 3aJaHOMY
andapiTi CUMBOIIB KiJbKiCTh iH(oOpMalii, sika B CEpeIHbOMY MOXeE
MICTUTHCSI B OJIHOMY CHMBOJI, JOCSTa€ MaKCHMyMYy, KOJU BCi CHMBOIH
BUKOPHCTOBYIOTBCSI 3 PpIBHOIO iMOBipHicTIo. [Ipy 1bOMYy BeEIMYHHY

H max = IOg 711 HA3UBAIOTh IHPOPMAYIUHOIO EMKICIIO ANpABIMY.

Juist angagiTy, MO CKIATAETHCS 3 IBOX CHMBOJIB!

H(4)=-plog p—(1-pllog(l-p), (20

JIe P — BIPOTLAHICTb MOSIBH OJIHIET 3 CHMBOIIIB.
IIpu p = 1/2 (puc. 9.1.) enTpomnis npuitmMae MakCUMaJIbHE 3HAYCHHS

H max =1 nB.ox. Taxkum YUHOM, JBIHKOBa OIWHHI iH(popMamii Ie

KiJIbKicTh 1H(pOpMalii, sKa MICTUTBCS B OJTHOMY JBIHKOBOMY CHMBOJII, IO
3’sBIIsIETHCS 3 BiporianicTo p = 0,5.

IMoxi6Ho no Toro, sik OyJI0 BBEIEHO MOHSATTS CEpeHbOI BIACHOT
iH(opManii, MO’KHA BBECTH MOHATTS YMOBHOI BJIACHOT 1H(OpMAIii:

Mpoexr IPBU.03.01.00-06-386/11-00 MI-HTY TpaHckopaoHHuii 0mik aocaiaom Mporpanit o n Binop paina 20072013
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IWZ):%% p(ai’zk)l(aizk)z_%% P Jog p(ai‘zk): (9.21)
H(AZ)

HA) |
0,75

05

0,25

0 0,25 0,5 0,75 p

Puc. 9.1. 3anexHicTh €HTPOIIT JUCKPETHOTO JKEpeia BiJl KIMOBIPHOCTI
TMOSIBU OJTHOT'O 13 CHMBOJIOB

Bennunna | (A‘Z ) XapakTepu3ye KiIbKICTh iH(popMarmii, ska B

cepeqHbOMY HeoOXifHa /Ui BU3HAYEHHS OyAb-IKOTO CHMBOIY 3 ai(aBiTy
A mpu Bigomii Oe3nmiui monid Z, TOOTO XapakTepu3ye HEBU3HAYEHICTHh
CHUMBOIY ayi(haBiTy A 10 TOTO, K BiH OyB MPUHHATHH, 32 YMOBH, 110 Oe37id
nomiid Z BizoMa. BoHa Ha3MBAEThCSI YMOBHOIO €HTPOIIEIO 1 TIO3HAYAETHCS

gepes H(A‘Z)
BukopucroByroun HepiBHiCTb (9.21), HeBa)KKO NOKa3aTH, LIO:

H (A\Z )< H(A), (9.22)
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NIPUYOMY 3HAK PIBHOCTI Ma€ Micle, KOJIHM HOAii Aj 1 Zk CTAaTUCTUYHO

He3anexHi ( P 0!1. Z k =p (Zl. IUTS BCIX 1HIEKCIB 1.

CniBsinHomeHHs (9.21) rpae BaxxauBy posb B Teopil kogyBaHHs. Ha
HOro OCHOBI MOXXHa 3pOOMTH HACTYNHHWH BHBIJ: AJSI TOTO, 100 KOXKEH
CHUMBOJI KO/I0BOI KOMOiHawii JoCTaBisB sikoMora Oinblie iHpopMarii,
HEeoOXiTHO 3a0e3revyBaTH CTATHCTUYHY HE3aJISKHICTh KOKHOI'O CHMBOIY
KOJ0BO1 KOMOIHAIIIT BiJl TOMIEPEIHIX CUMBOJIIB.
Mo>kHa BBECTH ITOHATTS CHTPOMIl 0e3:miui cymicHUX moniit A i Z:

H(4Z)= %%p(al.,zk)l(al.,zk) = —%%p(al.,zkjlog p(al.,zk} (9.23)

IMigcTaBnsroun 3aMicTh BiporizHocTi P al.,z k i 3HAKOM

norapupma TBIp p(al Ny kj Bupa3 (9.23) MOXHa IPUBECTH 1O
BUTJISIY:

H(AZ)=H(A)+ H(Z|A). (9.24)

Skuo mopii 6i 1 zK cratucTHyHO He3anexHi, To Gopmyny (9.25)
MOKHA HIePEIHCcaTH y BUIIISL

H(AZ)=H(A)+H(Z) . (9.26)

CuisigHorrenust (9.23) 1 (9.24) e He 1m0 iHINE, SK BIACTHBICTH
aIMTUBHOCTI €HTPOMII.
Cepentro B3aeMHY iH(GOpPMAIIFO MOXKHA MPEICTABUTH SIK:

1(4,Y)=H(A4)-H(4]Y) (9.27)
1(4Y)=H(4)-H(4]Y) (9.28)
1(4;Y)=H(A)-H(Y)-H(AY) (9.29)
Bupaz (9.29) mae mpocty ¢i3uuHy iHTepIpeTamito, KOau A —
neperaHuii cuMBON, a Yj — mnupudHATHH. [Ipm nmpomy H(A) moxHa
pO3IJIAIaTH K CepeHs KiMbKICTh nepenaBanoi inpopmauii, H(A|Y) — sk
cepenHsl KUIBKICTD iH(OpMaIli, [0 BTpayaeTbCs B KaHAIl 3B SI3KY
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(Benmnunny H(A|Y) 3a3Buvaii Ha3uBaroTh HamiitHICTIO), I(A;Y) — sk cepenHs
KiJIbKICTh 1H(pOpMAIIi], 110 OTPUMYETHCS 3 MPHUXOAOM KOKHOTO CHMBOITY.
HeBaxkko 1aTy BiIMOBIIHI iHTEpIIpeTAaIlil criBBiqHOIICHHM (9.26) 1 (9.27).

Entponis H(Y|A) Bu3HA4YaeThCs TIMBKH MEPEIIKOJOI B KaHami
3B'SI3KY 1 HA3UBAETHCS IITYMOBHIA.

Xait TC — cepenniii yac mepenadi 0gHOTO CHMBOIY. ToAl BeIIUHA
R=1:(AY) = (1/ TC ) I(A;Y) xapakrepu3ye CEpeIHiO0 KiTbKiCTh
inpopmanii, mepeqaHy B OJWHHINO dacy. i HA3WMBAIOTH IIBHAKICTIO
nepenadi iHopmarii.

Bemmuuna H'(A) = (1/Tc) H(A) xapakrtepusye cepemHio KilbKiCTh
indopmartii, mo BHAAETHCA JHKEPETOM. [i HA3HBAIOTH MPOTYKTHBHICTIO
JoKepena.

3HaleMO CcepeaHI0 KUIbKiCTh iH(opmarii, mepegaBaHy o
NIBIHKOBOMY CUMETPHUYHOMY KaHainy (puc. 9.2).

p(01)=p; ou Porer V1

p(02)=1-p; oz Y2

1-

Puc. 9.2. /liarpama nepexinHux WMOBIPHOCTEH B TIOABIHHOMY
CHUMETPUYHOMY KaHaJi

Xali Ha BXiIl KaHAIY MOCTYMAIOTh ABIMKOBI CHMBOIH G1 1 G2 3
BiporimHicTio p i (1 - p) BimmoBimHo. Ha BHXomi KaHaiy 3’SIBISIOTHCS
IIBIHKOBI CHMBOIH Y1 1 Y2. BipOTiHICTh TOMIIIKH TIPH TIepeadi Oyab-IKOTo
cuMBoITy piBHa porir. Takum yrHOM 3anuinumo (9.30):

PN =1- “Pour PN |7 Powr Pl V2% =1- PourP\ V2" )77

Ckopuctaemocs ¢popmysoro (9.30). Earporist:

H(Y)=-ply, Jlog ply, }- Py, Jlog ply, ) (9.31)

3 ypaxyBaHHsAM gaHO1 Mozeni kanany (9.32):
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p(yl )= p(al )p(yl ‘“1 + p(a2 )p(yl ‘az) T p=2pp,,* Py

PYy =l-p 1)=1—p—2pp0m+pom

PL-BY-UA Crischinacosano 3a paxyHoK KowTia B

HeBaxko mepexonarucs, mo H(Y) mnpuiimae wmakcumainbHe
3HaueHHs, piBHE 1, mpu p = 1/2.

YMOBHA eHTpOIIis (9 33):
2
HiYA)=- 3 ol )2 oy
=1

~ (1= Pgy JoglL— p, )

Bigmitumo, mo ams gaHoro Bumaaky H(Y|A) He 3anexuth Bia
BipOTiTHOCTI p.

Migcransiroun Bupasu gias H(Y) i H(Y|A) B (9.33), 3naxoaumo
I(A;Y). 3okpema, ipu p = %a:

1(4;Y)=1 +p,,,108P,,,+ (l—pow ﬂog(l—pom) (9.34)

aij:_pom 109 Py -

a. |log p[

TakuM 4nmHOM, cepenHs KinbKicTh iH(opMalii, mepeaaHa KOXXHUM
CHUMBOJIOM TI0 JIBIHKOBOMY CUMETPUYHOMY KaHaiy, npu p = 1/2 3ayexurh
TIJIBKH BiJl BIPOTiHOCTI MOMMJIKOBOT'O MPUiiOMY CUMBOITY (Mait. 9.3).

I(A;Y)
0.75
05
0.25

0,75 Pouw
Puc. 9.3. 3ane>KH1CTL iH(opMarii, 1110 TIepETaEThCS B IMTOIBIHHOMY
CHMETPUYHOMY KaHaJIl BiJl HIMOBIPHOCTI MOMHJIIKH
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V BiacytHicts mepenikon (pomr=0) I(A;Y)=1 aB.ox., mpu ® = 1/2
I(A;Y) = 0, To6TO Hisikoi iHpopMalii He nepeaaeTses; mpu ® = 1 1(A}Y) =
1 nB.0A. Y OCTaHHBOMY BHIIAJIKY XOYa BCi MPUHAHATI CUMBOJM MMOMUIKOBI,
MIPOTe IepeaBaHi IMOBIOMIICHHS MOKHA JIETKO BiTHOBUTH, IIOCTaBUBIIH y
BiNIOBiTHICTH CHTHANTy Y1 CHMBOJI A2, @ CHTHAITY Y2 CHMBOII A1.

2. HaamipHicTs noBigomiaeHpb Ta ix 0co01MBOCTI

PosrnsHeMo ancamMOib A, IO CKIAJAETHCSA 3 M Pi3HUX CHMBOIIB
al,az,...,am. EHTpomisi Takoro AMCKPETHOTO JKepena A0cArae

MaKCUMaJTbHOTO 3Ha4YeHHA [ ( AZ) =H ( A).|. H (Z‘ A) KOJIM  CHMBOJIA

CTaTHCTUYHO HE3QJICKHI 1 3’SBIAIOTBCS Ha HOro BUXOAI 3 OJHAKOBOIO
BipoTrimHICTIO, piBHOIO 1/ m. Ha mpakTuIi 9acto CHMBOIN HEpiBHOIMOBIpHI

i 3anexui. Tomy entpomis mxepena /1 (A)< H max (A) Bianosinzo

KUIbKICTh iH(OpMAIlii, 0 JOCTaBISETHCS TAKMMH CHMBOJIAMH, MEHIIE

MOJKIIMBOTO B Hmax (A)/H(A) pas.

Xaif MOBIZOMIICHHS CKJIAZAa€ThCsl 3 N CUMBOJIB. OUYEBHIHO, IO
KUTBKICTH 1HpOpMaIii B HIM I=nH (A) [Ipu BuKOpHCTaHHI andaBiTy 3
MaKCHUMAaJIbHOIO CHTPOMIEI0 U Iepeladi Takoro k 00’eMy iHpopmarii
Oyno 6 moTpiGHO yKciao cuMBoIiB. OUEBUIHO, IO KUIbKICTH iHpOpMaNii B
HiM | = nH(A). IIpu BukopucTaHHI andasiTy 3 MaKCUMaJILHOIO €HTPOIIIE0
UIs Tiepeiaui Takoro Jk 00’emy iHdopmaiii O0yno O mOTpiOHO UHCIO

| H(A)

n . _— n , 9.35
min = Hoo (A) )
ae U= M —  KOe(]ilieHT, IO XapaKTepu3ye
H_ (4
max

JIOITyCTUMHH CTYIIHb CTUCHEHHS TTOB1OMIICHb.

Bennunna X = 1— o= 1-H (A) / H max (A) Ha3WBa€ETHCS

HaJMIPHICTIO JIKepena.
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3. IIponyckHa cIPOMOKHICTh AUCKPETHUX KAHAJIB 3 IIYMOM

Cepenust kinmpkicTe iH(oOpMarii, mepemaBaHa IO TUCKPETHOMY

KaHaJly 3 pO3paxyHKy Ha OJJMH CUMBOJI, BU3HAYAETHCS SIK:
1(4Y)= H(4)- H(AY)= H(Y)- H(Y]4), (9.36)
ne A 1Y — Oesnmiu cuMBoiB Ha BXomi i Buxoni kaHamy. Exrpomis H(A)
BH3HAYAETHCSA TUTBKH JUKEpENoM BXimuux cumBoiiB. Extpomii H(A|Y),
H(A) i H(Y|A) B 3aranpHOMY BHTIAJKY 3aJIeKaTh K Bill [Keperna BXiTHHUX
CHUMBOJIB, TaK i BiJ BJIaCTUBOCTeH KaHaiwy. ToMy IIBHAKICTH Iepenadi
iHpopMmamii 3aneKUTh HE TUIBKM BiI KaHaly, ame 1 Big mKepena
MOBiTOMJICHb. MaKcHMalbHa KUTBKICTh Tiepeanoi iHdopMallii B OTUHHIIIO
yacy, y3iTe 3a BCULIKMMH JDKEpelJaMd BXIJHUX CHMBOJIB (IO BCiX
0araToBUMIpHHX po3nojiiax BiporigHocti P(A), 1o XapakTepu3yloTb Li
JoKepena):
1

C=—max/(4Y) (9.37)
T, p(a)

Ha3MBAETHCS MPOITYCKHOIO CIIPOMOJKHICTIO KaHAITY.
[MpommyckHy CHPOMOXHICTh KaHaJIy MOXKHAa BH3HAYUTH 1 3
PO3paxyHKy Ha CUMBOII:

=max(4;Y) (9.38)

Ceune
P(4)

Ilponyckna cnpomosicnicms de3nepepenux Kananie 3
a00umMuEHUM WYMOM

Xait curHan y(t) Ha BUXOJI KaHAIy € CyMOK KOPHUCHOIO CHUTHAITY
x(t) 1 mymy n(t), Too6TO:

y(t)=x(t)+ n(t), 0:t:T (9.39)

mpudoMy curHan x(t) i mym n(t) CTaTUCTUYHO HE3aJekKHi.
JomycTumo, mo KaHajl Mae 0OMeXeHy CMYTYy IPOITyCKaHHS IUpHHOIO Fk.
Toni BigmosinHo 1o Teopemu KorenpHukoBa QyHKuii y(t), x(t) i n(t) MoxkHa
MPECTABUTH COBOKYITHOCTSIMH Bi/UTIKiB Vi, Xi 1 Nj, i = 1, M, ne M = 2FkT.
Ilpn npOMy CTAaTHCTHYHI BIACTHBOCTI CHrHaNTy X(t) MOMHa OIHCATH

6araTOBUMIpHOIO IIUTBHICTIO BipOTiIHOCTI a)kx ,x2 R o M )Z a)(x),

a CTAaTUCTHUYHI1 BJIACTHBOCT1 mymy - HOIUJIBHICTIO BIPOT1JHOCTI
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P i el |
C()k}’ll,nz,...,nM )= a)(n), € X 1 N — BEKTOpH 3 KOOpAWMHATAMH

(xl,xz,...,xM)i (nl,nz,...,nM)Biz[nosiaHo.

[IpomyckHa cipOMO’KHICTH O€3MEPEPBHOTO KaHATY:

C= lim lmax[‘(X;Y), (9.40)
T—>ooTa)(x)

A . . . cee . .
e 1 (X 5 Y ) — KUIBKICTH iH(popMamii mpo sKy-HeOyIp peaiizamito
curHaiy Xx(t) TpuBanocti T, sike B cepeAHbOMY MICTHTB peajli3allisi CHrHaITy
y(t) Tiei x TtpuBamocti T, MakCHUMyM IIYKa€ThCS IO BCIX MOKIHBHX
po3noainax m(X).
CepeHio B3a€EMHY iH(GOpPMAIIF0 MOXKHA BU3HAYUTH SIK:

I(X;Y)=h(Y)-h(Y|X) (9.41)

Jac

h(Y)==]..{o(y)logm(y)dy,
WY |X)=—].. ] a(x,y)log (yx)dydsx.

BinmitiMo, 110 3 06sikoM (9.42) yMOBHA INIIBHICTH BIPOTiTHOCTI

o(yx)=o(n) i
WY\ X)=—[..Jo(yx)logw(yx)dy=h(N) (.03

TakuM YHHOM, NPOIYCKHA CIIPOMOXKHICTH O€3MEepPEepBHOTO KaHAILY
3 QIUTUBHAM LTYMOM:

(9.42)

= I lmax — 9.44
€= lim -om (x)[h(Y )=h(N)} (044)

OO0unCcINMO TPOITYCKHY CIPOMOXHICTH O€3MepepBHOTO KaHATy
6e3 mamM’sTi 3 anaUTUBHUM OinuM mrymoM [‘ayca, 1o Mae OZHOCTOPOHHIO
CHeKTpanbHy OIUBHICTE No, IS BHIAAKY, KOJIH CEepeaHs MOTYXHICTh
KOpUCHOTO curHaiy piBHa Pc. Ilpnm mpoMy BUUTIKH IIyMY BHSIBISIOTHCS
CTaTUCTUYHO HE3AJICKHUMH 1 udepeHIiaabHa eHTPOist:

hN)=2F Tlog,[2ne0” =F, Tlogdmeo =, TlogdmeP, . (o9

k n k n
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ae O ’% = OF k- aucnepcis mymy n(t).

BusHaunMo MakCHMalbHO MOXKJIMBE 3Ha4YeHHA IUdepeHLiaabHOT
earporii h(Y). [lepmr 3a Bce Big3HAYNMO, IO

MV = X2 Ve mIN2 L =P 4P —const, (9.49)
1 l 1 C 177}

T00TO cepenHiil kBazxpar Bimmiky Yi QikcoBanuit. [lpu upomy
mudepenuiansHa enrponist h(Y;) npuiiMae MakcuMmanbHe 3HAYCHHS, KOJIH
BunagkoBa BenmmunHa Yi € laycoM 3 HyJIbOBHMM MaTeMaTHYHUM
ouikyBaHHAM. lle Mae wmicme, fKmo BHHagkoBa BemmumHa X; [ayc 3
HYJIbOBUM MaTEMaTHYHUM OYiKyBaHHSM.

Hudepennianpaa enrponis h(Y) cykymHocTi 3 n BimmikiB Oyze
MaKCHUMallbHa, SIKIIO BiITKA OyayTh CTaTHCTUYHO He3anexHi. Lle mae
MicIe, SKIIO CHEKTpalbHA IIUIBHICTh MOTYXHOCTI mporecy  X(t)
piBHOMIpHA B cMy3i 9acToT Fy.

[Tpu BUKOHaHHI BKa3aHUX BUMOT JIO CUTHAIY:

hY)=F, Tlog2re|P +P | (9.47)
MMigcrapnsroun (9.43) 1 (9.44) B (9.42), 3HaXOAUMO:
C=F, log|1 PC F, log| 1 PC
= (o) +— = (0] +—\ (9.48)
KO8T KSR N
w k0

@®opmyny (9.48) wyacto HasuBaoTh (opmynoro IlleHoHa.
[Minkpecnumo, 10 BOHA CIpaBeAMBa MJIsl HACTYNHOI MOJENI KaHaly
3B'SI3Ky, IO imeamizyeTbcs. BuximHe konmBaHHS y(t) € CyMOKO BXiIHOTO
curHay x(t) i mymy n(t), TpUIOMy CHTHAN i IIYyM € CTaTUCTHYHO
HE3aIC)KHUMH ~ BHIAJAKOBHUMH  mpouecamu [ayciB 3  HyJIbOBUMH
MaTeMaTUYHHUMH OYIKYBaHHSMH 1 MAalOTh pIBHOMIPHY CHEKTPaJIbHY

iIbHICTB moTyX)HOCTI B cMy3i wactor () < f <F i
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C/Cx

1

0 1 2 F(No/P¢)

Puc. 9.4. 3anexxHiCTh MPOIMYCKHOT 31aTHOCTI KaHATY BiJ IIHPUHA
nojocu 4acToT Fi

BimMiTEIMO, IO TPOITyCKHA CIIPOMOXHICTE  Oe3mepepBHOTO
KaHaIy, B AKOMY Ii€ IIyM, BimMiHHHIA Bif Oinoro ['ayca, Oinbime, HiX mae
dopmyna (9.48).
®opmyna (9.48) z[yme BaXXJIWBA JJISI CHCTEMH 3B’SI3KY, OCKUIBKHU
BOHA  BCTaHOBIIIOE  3B’S30K  MDK  MPONYCKHOI  CIPOMOXHICTIO
Oe3MmepepBHOr0 KaHady 3 OOMEKEHOI CMYIOK YacTOT 1 TEXHIYHUMHU
XapaKTepPUCTUKAMHU CUCTEMH: IINUPUHOI CMYTH MPOIMYCKaHHS KaHaly i
BIZIHOLLICHHSIM CUTHAJI-IIYM. 3 Hei BUXOIUTH, IO OJHY 1 Ty 3K MPOIMYCKHY
CIPOMOKHICTh MOXHA OTPHMATH MPH Pi3HUX CITiBBiqHOMEHHX Fi 1 Pc/Py
[Hmmmu cnoBamu, dopmyna (9.48) ykaszye Ha MOXKIIMBICTE OOMIHY CMYTH
NPOITyCKaHHS Ha TIOTY)KHICTh CHTHAJIYy 1 HaBNAKW. 3 YpaxyBaHHIM
sanexnocreir 3 Big Fk i 3 Bim P¢/Pw oueBHMAHA MOUUIBHICTE OOMIHY
MOTYXKHOCTI CUTHAITy Ha CMYTY.
3 (9.48) HeBakko OauMTH, IO MPOIMYCKHA CIIPOMOXKHICTh KaHATY

pocTe i3 36inpmenHsM cMyrn uactor Fy (puc.9.4.) i mpu [ k —> 0

IparHe 10 rpaHMYHOIro 3HA4YCHHS .

P P

C,= N—C loge ~ 1,443N—C. (9.49)
0 0

4. TeopemMa KOxYBaHHS IJ151 KAHAJIY 3 ePeUIKOIAMHM

[MporyckHa CHPOMOXKHICTh JAUCKPETHOTO 1 Oe3NepepBHOrO KaHaliB
XapaKTepu3yloTh iX TpaHWYHI MOJMJIMBOCTI 5K 3aco0iB  mepepaui
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iHpopmarnii. BoHn po3kpuBaroThCS y (QyHIAMEHTaJbHIH TeopeMi Teopii
iHpopMmarii, ska BigoMa SK OCHOBHa TeopeMma konyBauHsi K. IlleHHoHa.
CTOCOBHO JMCKPETHOTO JDKEpeia BOHA CBIIYMTH: SIKIIO NMPOAYKTHBHICTH
JpKepena moBinomiieHb H'(A) MeHIe MpomycKHOI CIPOMOKHOCTI KaHally
3, To icHye mpWHAWMHI OJHA MpoIlexypa KOMYBAaHHSA 1 ICKOAyBaHHS, i
uenamitinicts H(A|Y) MoxyTh OyTH cKinbku 3aBromso Maii. Skmo H'(A)
>C, TO TaKoi IpoIeypH HE iCHYE.

Pe3ynpraT OCHOBHOI TEOpEeMH KOMyBaHHS U KaHATY 3 IIyMOM
MIEBHOIO Miporo HecmoAiBaHui. HacmpaBxi, Ha mepmunii mMorisi 34a€ThCs,
10 3MCEHIIICHHS BIPOTiIHOCTI MOMHJIOK B Tepeaadi MOBiOMIICHb BHMarae
BiJINIOBITHOTO 3MEHIICHHS IIBHIKOCTI Tepeiadi i 0 OCTaHHSA MOBHUHHA
MParHyTH 10 HYJs pa3oM 3 BipOTiJHICTIO IMOMWIOK. Takuii BUBiJ, 30Kpema,
BUTIKA€ 3 po3risily GaraTokpaTHOI MOBTOPHOI Iepeadi CHMBOJIIB JKepea
M0 KaHaJy SK CIOocoOy 3MEHILIEHHS BIPOTIIHOCTI NMOMWIJIOK B Iepeaadi
MOBiZIOMJIEHb. B 1IbOMY BUIIaKy 32 HassBHOCTI MEPELIKO]] B KaHAI 3B'SI3KY
3a0e3MeunTH TMparHeHHs J0 HYJS BIPOTIIHOCTI TOMWJIKM B Iepejaadi
MOBIIOMJICHHS MOXXHa TUTBKM TPH TparHeHHI MIBUAKOCTI mepemadi 1o
HYJIA.

ITpote TeopeMa KomyBaHHS ITOKA3ye, MO B MPHUHIMII MOKHA BECTH
nepenady 3 MIBUAKICTIO, CKITBKH 3aBrOJTHO OJM3BKOIO 110 3, OCATAI0YH MPH
IFOMY CKUIBKH 3aBTOJTHO MaJii BipOTiZHOCTI moMmiIku. Ha xais, TeopeMa,
BKa3ylOul Ha NPHHIUIIOBE iCHYBaHHS IEPEIIKOJOCTIMKOro Koay, He Jae
peuenty ioro 3HaxoipKeHHs. MOXKHA JIMIIE BIJI3HAYUTH, LIO I LOTO
HEOOXITHO 3aCTOCOBYBaTH KOJM BEIUKOI NOBXHHH. [Ipu 1pomy y Mipy
HaONMKEHHS LIBHJKOCTI MepeAadi Ji0 MpPOMYCKHOI CIPOMOXHOCTI 1
3MEHIIICHHS BIPOTIMHOCTI TMOMIJIKKA KOJ| YCKIAQJHIOETHCS YHACIHIOK
30UIBIIEHHST JTOBXXMHHU OJIOKIB, IO NPHBOJIUTH 10 PI3KOTO YCKJIaIHEHHS
KOAYIOYOTO 1 AEKOAYIOYOTO MPHUCTPOIB 1 3ami3HIOBaHHS IPHU JACKOAYBaHHI.
BoxuBaHi B JaHWi Yac crmocoOW KOIyBaHHS HE Peaji3yroTh MOTCHIIHHUX
MOXIJIMBOCTEH CHCTEM 3B’s3Ky. I[Ipo CTymiHB JOCKOHAJIOCTI CHUCTEMH

3B’SI3Ky MOXHA CY/IUTH TI0 BITHOIICHHIO 1] = % .

Jnst kaHaly 3 HPOITYCKHOIO CIIPOMOXKHICTIO 3, Ha BXOJi SIKOTO
BKJIIOUCHO JDKepesio OesnepepBHUX mnoBizomieHb, K. IlleHHOH mo0BiB
HACTYIIHY TEOpeMy: SKIIO IpH 3aJaHOMy KpHUTepii eKBiBaJICHTHOCTI

A
MIOBITOMJICHb JIKepena 6‘0 HOTO eTNCHIOH-EHTPOIs H g(X ) MEHIIIE

MIPOITYCKHOI CIPOMOXKHOCTI KaHaly 3, TO iCHye crmoci® KomyBaHHS i
JICKOJTyBaHHS, TPU SKOMY TOTIPIICHICTh BiITBOPCHHS CKUIBKH 3aBTOJHO

OiM3bKa 10 & g .
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Ipu H £ (X ) > (' takoro croco0y He iCHYE.

KonTpoabHi 3anuTanus

1. lllo Take eHTpOIIis JKepena AUCKPSTHUX MOBITOMIICHb?

2. Slxa mpomycKHa CIPOMOXHICTh O€3NEepEepBHUX KaHATIB 3 aJINTHBHUM
nrymom?

3. B yomy nossirae HaAMIpHICTh TOBIJOMIICHB Ta X 0COOIUBOCTI?

4. Slxa MpoImycKHa CIIPOMOXKHICTh TUCKPETHUX KaHANIB 3 IIyMOM?

5. B yomy mosnsirae Teopema KOJyBaHHs JUIS KaHATY 3 MEPEIIKoiaMu ?

TEMA 10. HIEPEIIKO/IOCTIMKE KOJTYBAHHS,
KOJEKH JTUCKPETHOI'O KAHAJIY

1. OcHoBHi NpUHIMIM MO0Y0BH KOAY Ta iX
cnenudikauist

[ligBHIIEHHS BUMOT JO IIBHAKOCTI 1 JOCTOBIPHOCTI Tmepemadi
iHpopMariii, 30UIbIIEHHS NPOTSHKHOCTI JIiHIM 3B’SI3Ky TPHBOAWTH JIO
HEOOXITHOCTI ~ 3aCTOCYBaHHsS  CIELialibHUX  Mip, M0 3MEHIIYIOTh
BipOTiIHICTh TOSIBM IOMWJIOK. B nmaHwii ac 3HaWIeHUN psili MOKIHMBOCTEH
IUTA BUPINICHHS BKa3aHoro 3aBmaHHsA. OIHUM 3 HHX € 3aCTOCYBaHHS
MIEPEIIKOJOCTIKOTO KOTyBaHHI.

[ig mepemKomIOCTIHKAMU PO3YMIIOTBCS KOIHU, INO TO3BOJIIOTH
BHSBIISITH 1 BUIIPABIISTH TOMUJIKH, IO BHHUKAIOTH TP TIepeaadi uepes MIito
nepemkoy. Imes ix moOymoBu momsirae B ToMmy, MmO 3 No MOXIHBHX
KOMOIHAI[If JOBKHMHOIO N 3aCTOCOBYETHCS JIMINE JAEsKa yacThHa. Xal ix
yucino piBHe N. BukxopuctoByBani NpH mepenadi KoJOBI KOMOiHaii
3a3BMYail HA3MBAIOTHCS JO3BOJICHUMH, a OCTaHHi, unuciao sAkux No-N,

3a00pOHEHUMH.
[TosicHeMO 37IaTHICTH KOy BUMPABIATH MOMUIKHU. Po3ib'emo Oe3miu
KomoBux KoMOiHamin ma N migvaoxkuma M, i = 12N, i xoxuiit

MiIMHOKUHI ITOCTaBUMO Y BIAIOBIIHICTH JO3BOJICHY KOJIOBY KOMOiHAIIiIO
Bi. 3amamocsi HacTyITHMM NpaBWIOM NPUHOMY: SIKIIO HPHUHHATA KOJOBa
KOMOiHaIlsl rmoTparuisie B MAMHOXUHY Mi, TO yXBamIO€TbCSl pillIeHHS Ha
KOpHUCTh KOmoBOI KoMmbOiHamii Bj. OueBugHO, 110 NpH TakOMy IpaBHII
NpUIOMY BHITPABIATUMYTHCS BCE Ti IOMMJIKH, SIKi HE BUBOJSTD IIepejaBaHy
KOJIOBY KOMOIHAIIIFO 32 MEXi M AMHOKHUHH, 10 HAJICXKUTH iH.
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I[Ipu moOymoBi Komy, WO TPAIIOE B PEKHUMI JCKOTYBAHHS 3
BUIIPABJICHHSAM TIOMHJIOK, OCHOBHOKO CKJIAJHICTIO € pPO30UTTS Oe3mivi
3a00pOHEHHUX KOJOBUX KOMOiHAIiii Ha N MHIIMHOXHH 1 3iCTaBIICHHI iX
JIO3BOJICHUM KOJOBMM KoMOiHamisM. OYeBHAHO, IO IS 3MCHIICHHS
BIpOTIHOCTI TOMIJIKOBOTO JEKOAYBaHHA B MiAMHOXHHY M; ciig

~

BKITIOYATH Ti 3a00pPOHCHI KOJIOBI KOMOIHAII{ B k s sxux:
P| Bk Bi — YMOBHA BIipPOTiNHICTH YXBaJCHHS KOIOBOI KOMOiHamii

~

B k mpu nepeaayi KoaoBii komoOiHalli Bj. TakuM YHHOM B IiIMHOXHHY

~

Mi noBuHHi BXx0auTH Kot0Bi KomGinanii B NP IPUHOMI SIKUX HaWO1IbII
BIPOTiIHOIO MepeiaHoi0 KoMOiHarierw € Bi.

[Ipu nexomyBaHHI MO MaKCUMyMy IIPaBIONOAIOHOCTI pilICHHS
YXBAIIOETBCSI HAa KOPHCTh KOJOBOi KoMOiHawmii Bj, SKIIO BipoOrigHICTH
MakcuMalibHa. JIJisi cHMEeTpUYHOTO ABIHKOBOTO KaHay Oe3 mam'sTi:

d Bk.B, N
—d| Bk,B; | (101

PBkBi ~Pow “Pow

€ Pom — BIPOTITHICTH CIIOTBOPEHHS CHUMBOIY d| Bi.B
,B.
i

~

YHCIO PO3PSiB, B SKUX KOMOIHAMI{ B k i Bi BIZIPI3HSAIOTHCS. OJUH BiJ
oxgHoro (Bimcranp Xemminra mixx BK i Bi). 3 (10.1) Butikae, mio mpu
pom<l/2 BipOTigHICTH MOHOTOHHO BHOYBa€ i3 3pOCTaHHSIM BiJCTaHi

d| B k,BZ. MIpUIMAIOYM  MaKCHMMajbHE  3HA4€HHA JUId  KOJIOBOIL

~

koMmOinanii Bj, ska Biapi3HseTbcs Bing mpuitHATOI KOMOIHALT Bk y
MEHIIIOMY 4YHWCJi CHUMBOJIB. TakuM dYHHOM c(OpMyIbOBaHE TPABHIIO
JIeKOTyBaHH BiIOBIIa€ KPUTEPiI0 MAKCUMYMY TIPaBIOTIOAI0HOCTI.
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2. Knacudikauis koais

Bimome Benrke 4nCIIO MEPENTKOIOCTIHKIX KO/, SIKi KITacH(PiKyIOThCA
1o pi3HUX o3HaKax. [lepir 3a Bce MepemKoOCTiiKi KON MOXKHA PO3IITATH
Ha JIBa BeJNHKI Kiacu: OJokoBi i OesmepepsHi. [Ipu GoxoBoMy KOxyBaHHI
MOCTITOBHICTh E€JIEMEHTApHHUX IIOBIIOMIICHb JDKepena po30MBAETHCS Ha
BIIPI3KM 1 KOXXHOMY BiAPI3KY CTaBUTBCA Y BIANOBIAHICTH TIEBHA
MOCITIOBHICTh (OJIOK) KOJOBMX CHMBOJIIB, 3BaHa 3a3BHUYall KOJOBOIO
komOiHamieto. besnmiu Bcix KOJOBUX KOMOIHalil, MOXIIMBHX IPH JAaHOMY
croco0i OJI0KOBOTO KOIYBaHHS, 1 € OJIOKOBHIT KOJI.

JloBxkuHa OJIOKY MOXe OyTH sK MOCTIHHOI, Tak 1 3MIHHOIO.
BiamoBinHO pO3pi3HAIOTH PIBHOMIPHI 1 HEpiBHOMIpHI OJOKOBI KOIH.
[NepenrkoqoCTiiiKi KOIM €, K MPaBUIIO, piBHOMIpHUMU. ToMy HepiBHOMIpHI
KOJIM Ha/lalli He PO3TJIAJar0ThCs.

BrokoBi komum OyBalOTh pO3AUTBHUMH 1 Hepo3mimsHEUMH. [0
PO3IUTBHUX BIZHOCATHCA KOIW, B SKUX CHMBOJM IO iX NPH3HAYECHHIO
MOXYyTh OyTH po3aiieHi Ha iHpOpMamiHHUX (CHMBONHM, OIO0 HECYTh
iHpopMamito PO TOBIMOMIICHHSA) 1 TepeBipoyHHMX. Taki Koad
MMO3HAYAIOTHCA SK (1), 1€ N — AOBXHHA KOIH, T, — YUCIO iH(QOpMAIiifHIX
cumMBotiB. Yunciio koMmOiHawii B koxi He nepeBuinye 2x. /1o Hepo3aIbHUX
BIZIHOCATbCS KOJM, CHMBOJM SIKHX HE MOXHAa pPO3AUIMTH 3a ix
NPU3HAYCHHSM Ha iHGOpMaIiiHUX 1 nepeBipoyHuX. {0 HUX BIIHOCSTHCS,
HATPUKJIA]], KOAH 3 OCTIHHOIO Baroro i KOAKW Ha OCHOBI MaTpuilh Anamapa.

Cepen po3nUIbHUX KOJIB PO3PI3HAIOTH JIiHIMHI 1 HemiHiiHI. [o
JHIHHUX BIZHOCSITHCS KOJH, B SKHUX MOPO3PsIHA CyMa MO MOIYIO 2 Oy/b-
SKAX JIBOX KOJOBHX CIIiB TaKkoX € KOJIOBUM cJoBoM. JIiHIMHUHA Kox
HA3WBAETHCS CHCTEMATHYHUM, SKIIO TMEPII MO CHMBOJIB HOTO OYIb-sKiit
KOJIOBill KoMOiHawii € indopmariitnumu, ocrtanHi (N-K) cumBomiB —
MePEeBIPOYHIMHU.

Cepen MiHIHHAX CHCTEMAaTHYHUX KOJ HAMOLIBII IPOCTHM € KOJ
(n, n-K), 110 MIiCTUTH OAMH TMEPEBIPOYHHUI CHMBOJI, SIKHI PIBHUI CyMi 110
Moxmymio 2 Bcix iHpopmamiiiHux cumBomiB. Lle#t kox, 3BaHMM Komom 3
MEePEeBIPKOI0 Ha TAPHICTh, MO3BOJIIE BUSBUTH BCi TMOEIHAHHS TOMUIIOK
HETMapHOi KpaTHOCTi. BipOrimHICTh HEBUSABIEHO! MOMMJIKHA B MEpPIIOMY
HaOMIDKEHHI MOKHA BHU3HAYMTH SK BIPOTIAHICTH CIIOTBOPEHHS JIBOX
CHUMBOJIB:

PH.O C2 2 ( powy 2 (10.2)

Ilinkmacom  miHIHHMX  KOA €  IMKIIYHI  KoaW. BoHH
XapakTepu3yloTbCsd THM, MO0 BCi HaOOpW, YTBOpPEHI IUKIIYHOIO
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MIEPECTAHOBKOID Oy/b-sIKO1 KOJOBOI KOMOIHAINI, € TaKoX KOJOBUMH
koMmOiHaisimu. Ll BnacTHBICTE [03BOJISIE B 3HAYHIM Mipl CHIPOCTUTH
KOJIYIOYHH 1 IEKOIYIOUHI MPUCTPOi, OCOOIMBO TPH BUSBICHHI NOMIJIOK 1
BUIIPaBJICHHI OJMHOYHOI moMmiku. [IpukinagamMu IMKIIYHUX KOJA € KOAM
Xemminra, kogu boyza-Hoyaxypi-Xoxksiarema (BUX-koan) i iH.

BesmepepBHi KOIOM  XapakTepU3yIOTBHCA THM, IO OIEparii
KOOYBaHHS 1  JEKOAYBaHHA  INPOBOAATBECS  HaX  Oe3MepepBHOIO
TIOCTITOBHICTIO CHMBOJIIB 0e3 po30uTT4 ii Ha O6moku. Cepen 6e3nepepBHUX
HaOLIBII 3aCTOCOBHI 3rOpTaNbHI KOIIH.

3. OCHOBHi XapaKTepPUCTHKH i BJACTHBOCTi, 0 KOPEKTYHTh
0JIOKOBHMH KOJaMH

JIo OCHOBHHX XapaKTCPUCTHUK KOJIB HaJek,aTh. JOBXHHA KOIy N,
Horo mincraBa m, MOTYXKHICTh N (Y4MCIO J03BOJICHUX KOJOBHX
KOMOiHaIlifl), TMOBHE YHCIIO KOAOBHUX KomOiHamii  No, dwmcio
iHpOpMAaLifHIX CHMBOIIB 10, YUCIIO MEPEBIPOYHMUX CHMBOIIB I' = N - I,
Bara KOJOBOI KOMOiHAIii (YHUCIIO OOWHHWIL B KOMOIHAI), HaAMIipHICTH
KOJIM, KOJOBa BiJCTaHb. 3 MEPEPaxOBaHUX XapaKTEPUCTHUK JIUIIE MBI
OCTaHHI MOTPEOYIOTh MOSICHEHHS.

HanmipHicTh KOZIB y 3aralbHOMY BUNAAKY BH3HAYAETHCSI BUPA30M.

)(zl—logN/logNO (10.3)

abo must aBifikoBoro xoay (M=2) npu N=2Kk:
k r
y=l-—=— (10.4)
n n

Jie BeJMYUHA K/n Ha3UBAETHCS 8I0HOCHO WBUOKICTIO KOOY.

BBeneMo moHATTS KOAOBOI BifacTaHi. 3asjajierigs Big3HA4MMO, IO
JUIA OLUHKM BIIMIHHOCTI OxHIiel KOoxoBOI KoMmOiHamil Bij iHIIOT MO’XHa
BHKOPUCTOBYBaTH BifctaHb Xemminra d(Bi, Bj), BusHauyBane umciom
pOo3psmiB, B AKMX OJHA KOJOBa KOMOIHAIlS Bilpi3HAEThCS Bim iHmOI. s
JBIHKOBOTO KONY:

n
d B..B.|= X b.
P’ k=1 ik
ne bik i b — cumBomm koz0BUX KoMmOiHarii Bi i Bj Bimmosimmo.
Haiimenmia Bigctanp XeMMiHTa JJIs JaHOI KOJH HA3HBAETHCS KOOOBOIO
siocmannio. Hanani iioro mo3Hagatumemo yepes d.
Sxmo icHye OnOkOBWHM JiHIMHMIA Kox (n, J0), TO s HBOTO
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CIpaBeJIUBa HEPIBHICTE!

| .
r>logl ¥ (%, (10.6)
i=0
d-1 |
3BAHC BEPXHLOIO MedHCe XeMMiHZa, e —_— O3Ha4yae Hlﬂy

d—1

YaCTHHA 4YucCiia

Mexa Xemminra (10.6) Omm3pka [0 ONTHMAalIbHOI AN KOIY 3
BEJIMKHMH 3HaYeHHAMH k/n. J[Is1 KO 3 MaJIMMU 3HAYCHHSIMHU K/N TOYHIIIO0
€ BepxHs Mexa [noTkuHa:

r22d—2—bg2d. (10.7)

MokHa TakoX IMOKa3aTH, M0 iCHye OJOKOBHI JiHIHHUHA KOX (N, H0)
3 KOZOBOKO BiJICTAHHIO d, IJIsI IKOTO CIIPaBeIMBA HEPIBHICTH:

d=2 ;
rSlog2 > Cn’ (10.8)
i=0

3BaHe HIDKHBOIO Mexero Bapmamosa-T'ins6epra.

Takum uywmHOM, Mexi XemMminra 1 IIIOoTKMHA € HEOOXITHUMU
YMOBaMH iCHYBaHHS KoM, a Mexka Bapmamoa-I'inb0epra — qocTaTHiM.

IMpuseneni mexi (10.2), (10.3) i (10.4) MoxHa y3araJbHUTH Ha
He/BIMKOBI Ko1H, a Mexy (10.3) — i Ha HemHIHHUX.

Pinicte (10.2) cpaBemmBa TiBKH JJIS TaK 3BAHUX JTOCKOHAIIUX
ko/iB. BoHu BUTIpaBiIsitoTh BCi oMmiikd kpatHocTi [(d-1)/2] i He meHie i

HE BUIPABJIIAIOTH J)KOJTHOT TTOMMIIKH KpaTHOCTi l>[(d_1)/2], Jc

[(d_l)/ 2] - uina YaCcTHHaA 4Yuclia (d_l)/z CJ'Ii)I 3a3Ha4yuTH, II0

YHCIO OCKOHAIMX KOJIB HEBeNHWKe. [IpUKIagoM TaKUX KOIIB € KOIHU
XeMmiHra.

Pienicth (10.9) cpaBemmBa TiMbKU AJSL €KBITUCTAHTHUX KOJIB, B
SIKMX BIJICTAaHh XEMMiHTa MK OYyIb-SIKHMH JIBOMa pi3HHMH KOIOBUMH
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KOMOiHaIissMu onHe 1 Te K. Jl0 HUX BIIHOCATHCS, HANPUKIAN, KOJH,
moOyT0BaHi Ha OCHOBI MaTpHIlb Anamapa.

4. bBioxosi konu. [To6ynoBa koaekciB Ta cnenudikanis
Jiniuni koou

3 BH3HAYEHHS BUXOAWTH, MO OyIb-sAKWil TiHIHHUN KO (N) MOXHA
OTpUMATH 3  JIHIHHO HE3aJC)KHUX KOJOBHX KOMOIHAmiil muisxom ix
MMOCHMBOJILHOTO CYMOBYBaHHS 33 MOJyJeM 2 B pIi3HHX IIO€THAHHSX.
ITouarkoBi JiHIMHO He3aJeXHI KOZOBI KOMOiHaWil Ha3MBAIOTHCA
0a3UCHUMU.

[IpencraBumo Ga3ucHI KOJOBI KOMOiHAIIT y BUIIILAl MaTpumi 1 X k

11 12 7 &
G=IF21 %22 2n| (109)
Skt Sk2 7 S

VY Teopii KOAyBaHHS BOHA Ha3UBAETHCS TAKOIO, IO MOPOmKye. Toxi
IpoIiec KOJAyBaHHs IOJsira€ y BUKOHaHHI onepaiii B = AG, 1e A — Bektop
PO3MIpHICTIO JI0, BIAMOBIAHNUI MTOBiIOMIIEHHIO, B — BekTOp po3MipHicTIO n,
BIJMOBITHUN KOOBIM KOMOiHAIII].

Takum umHOM, Matpuus (10.9), mo mTOpOmKYyE, MICTHUTH BCHO
HEOOXigHY I KoayBaHHs iH(popMmamiro. BoHa moBuHHa 30epiratucs B
mam'siTi KOIYHUOTro MPUCTPOro. it ABIHKOBOT KOAM 00'€eM maM'aTi piBHHMA

kXn nmeiiikonx cumBomis. [lpu TabnuyHOMY 3aBIAHHI KOIYHOUHH

NIPUCTPii TOBUHEH 3amam’siTatd 71 2™ siiikoBuX cuMBOIIB.

JIBi MaTpHIli, IO HOPOKYIOTb, SIKI BIAPI3HAIOTHCS OJIMH BiJ] OHOTO
TUTBKH TIOPSZIKOM PO3TAITyBaHHsS CTOBIIIB, 33Jal0Th KOJH, SIKi MaroTh
OJIHAKOBY  BiJICTaHb ~ XEMMiHra MiX  BIANOBIIHUMH  KOJOBHUMH
KOMOIHAIlISIMU, a OTXKE€, OJHAKOBiI 3I0OHOCTI, MO KOPEKTYIOTh. Taki KOJau
Ha3MBaIOThCS €KBIBAJICHTHUMHU.

Jlimitanit (n, mo) kox Moke OyTH 3aJaHMH Tak 3BaHOIO

nepeBipoyHoto MaTpuiiero H po3mipHocTi (V X n) ITpu oMy KOMOiHAIIIS
B HajexuTh KOAY TUTPKU B TOMY BHIIAJKY, SKIIO BEeKTOp B opToroHamsHuit
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et i el |
BCIM psiikam Matpuii H, ToOTO SIKIIIO0 BUKOHYETHCS PIBHICTD:
T
BH" =0, (10.10)
ne T — cuMBOJ TPaHCIIOHYBaHHS MaTpPUIII.

Ockimpkr  (10.10) copaBemmuBo it OyAb-sKOi  KOIOBOI
KOoMOIHaIii, TO:

GHT =0.
Kanoniuna ¢popma matpuiti H mae Burmsin:
S 100 .00

g=lpl gl=fie2 faer 7 B bIo. 00 (1011)

ksl Saksl

b & g 0000

n

ae PT — miaMaTpuiis, CTOBILSAMH SIKOT CIyXaTh PSIKHU MigMaTpuii P
(10.5), | — ogunuuna 7' X7 migMaTpHIIL.

[Mincrapmsiroun (10.11) B (10.12), mMoxua otpumMatu N-K piBHSHB
BUTJISIY:

k
bk+ ® Zl®g

SIKI HA3MBAIOThCS PIBHSIHHSAMHU MEPEBIPKHU.

3a J0NOMOTroI0 MepeBipOYHOI MATpPHUIll MOPIBHSHO JErKO MOXHA
noOyAyBaTH i3 3a/1aHOI0 KOJIOBOIO BifcTaHHIO. LIst moOynoBa 3acHOBaHa Ha
HACTYIHIA TeopeMi: KOoJOBa BiICTaHb JiHIWHOI (n) koxu piBHa d Tomi i
TUIBKU TOJ, KoK Oyb-siki 0-1 CTOBIIIB MEPEBIPOYHOT MATPHIL LI€T KOIH
JHIHHO He3aJeXHi, aje Aeski d CTOBIIIIB IMEepeBipOYHOT MaTpHI JiHIHHO
3ajexHi. BiaMiTHMO, 0 pSIIKK MepeBipoYHOi MAaTPHI JIHIIHO HE3aIeXKHi.
ToMmy HepeBipovHy MATPHII0 MOKHA BUKOPHCTOBYBATH SIK MOPOKYE ISt
JIesIKOro iHIIol JTiHiiHOT Koau (n, N-K), 3BaHOT MoABIHHAM.

Konpytounit mpuctpiii mns mimiiHoi komm (n, mo) (mam. 10.1)
CKJIAZa€Thes 3 K- PO3PSIIHOTO 3pYIIYIOUOro perictpa i r = n — 10 GJIOKIB
cymaropiB mo Moayio 2. [HdopmariiiHi CAMBOJIM OJHOYACHO TOCTYMAIOTh
Ha BXIJI pericTpa i Ha BUXIiJl KOJYIOUOTro PUCTPOI0 yepe3 komyTaTop Jlo.

3 HaIXOIKEHHSM K-TO iH(OPMALIIHOrO CHMBOJIy Ha BHXOJax
6710KiB cymartopiB BianosigHo 110 piBHsHB (10.8) GopmyroTscs nepeBipouHi

ik+ ] bl =0,j=1,...n—k, (1012
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CHUMBOJIH, SKI TIOTIM MMOCTYIAKOTh HAa BUXI1]l KOJEpa.

Bxin
T —_ =t T T KBuxizl

\ 4 \ 4 \ 4 \ 4 A\ 4 \ 4 \ 4 A\ 4 \ 4
Biox Biox Biox
cymaTopiB cyMaTopiB cyMaTopiB
mo mod 2 mo mod 2 o mod 2

L Db
bk+

br

Puc. 10.1. CtpykTypHa cxema Kojepa JiHIHOTO
KoLy

[pormec nexoayBaHHS 3BOJUTHCS O BUKOHAHHS OTIEPAIIii:

S=B-HT, (10.13)

ne S — BeKTop po3mipHicTio (N-K), 3BaHU# CHHAPOMOM B - BEKTOD
MIPUHHATOT KOJI0BOT KOMOiHAIIii.

Skmo mpuitHiITa KOAOBAa KOMOiHAIiS B CIIBIIAJA€ 3 OJHICIO 3
no3BosieHuX B (e Mae Micie Toxi, KoM ab0 TMOMWIKH B TNPHHHATHX
CHUMBOJIaX BiJICYTHi, ab0 Yepe3 o MepenIko]| O1Ha JO3BOJIEHA KOMOIHAIis
MIepEXOUTh B iHINY):

S=B-HT =0. (10.14)
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Inakme S 7# O npuyomy BuA cHEAPOMY 3aIEKHTH TUIBKH Bin
BEKTOpa IMOMIIOK e. JificHo:

S=B-H' =(B®e)HT =eHT, (1015
ne B — BekTop, BiMOBITHUI TIepeiaBaHiil KOJIOBii KOMOIHAIIIT.

[Mpu S=0 nexoxnep npuiiMae BUpiLIEHHS PO BiACYTHICTH IIOMMJIOK, &

mpu S #0 — npo massmicTe mommmoxk. UYHCIO PI3HHX CHHIPOMIB,
BIJIMOBITHUX Pi3HUM MOETHAHHSIM MOMHJIOK, piBHE 2n-K-1. 3a KOHKpeTHUM
BUJIOM CHHIPOMY MOXXHa B MEXax 3JIaTHOCTI KOJIU BKa3aTH Ha MOMHIJIKOBI
CHUMBOJIH 1 X BUIIPABUTH, III0 KOPEKTYE.

Hexonep miniHOl koau (Man. 10.2) ckimamaeTbes 3 K-paspsmaHOTO
3pyIIyIOYOro perictpa, N-K GIOKIB CymaropiB 3a MOIyjJdeM 2, CXEMH
MOPIBHSAHHS, aHali3aTopa MOMHIIOK 1 KOpeKTopa. Perictp ciyxuTh st
3amaM’ATOBYBaHHS  iHQOpMAIifHUX CHMBOJIB TPHUHHATOI  KOZOBOL
MOCTITOBHOCTI, 3 SAKHX B OJIOKax CyMaTopiB (HOpMYIOTBCSA IEpeBipOUHi
CHMBOJM. AHAaNi3aTOp IIOMWJIOK 32 KOHKPETHUM BHJIOM CHHIPOMY,
OTPUMYBAHOTO B Pe3yJbTaTi MOPIBHAHHSA (OPMOBAaHMX Ha MpUHMANBHIIN
CTOPOHI 1 TPUHHATHX TEPEBIPOYHUX CHMBOJIB, BH3HA4Ya€e MicCIs
NOMUJIKOBUX  CHUMBONIB. BumpaBnenns iHdopMmaniiHUX  CHMBOIIB
MPOBOJIUTHCS B KOPEKTOPOBI.

BinMmiTiiMo, 110 B 3arajbHOMY BUIAJAKY IPH ISKOMyBaHHI JTIHIHHOT
KOJl 3 BUIPABIICHHSM IOMMJIOK B IaM’sTi JIeKojepa MOBUHHA 30epiraTucs
TaOJIUISI BIAMOBIMHOCTEH MK CHHIPOMAaMH 1 BEKTOpPaMH MOMMIIOK, IO
Mmictuth 2N-K psiakiB. 3 MPHUXOIOM KOKHOI KOIOBOI KOMOIHAIT Hexoaep
NOBMHEH Iepebpatu B TaOnuipo. [Ipy HeBENMKUX 3HaYeHHAX N-K ms
ornepanisi He BUKJIHMKA€E 3aTpyAHEHb. [IpoTe, 111 BUCOKOS(EKTHBHUX KOIIB
JIOBXXHMHOIO N, PIBHOIO JEKUIBKOM JecsATKaM, pi3HuIpl N-K mpuiimae Taxi
3HAYEHHs, 10 mepebip Tabmuii 3 2N-K psAAKiB BUSBISETHCS HNPAKTHIHO
HEMOXJIMBUM. Hamnpukinan, Ui KOAM, IO Mae KOJOBY Biactanp d = 5,
TaOIMUIS cKIanaeTbes 3 212 = 4096 psiakis.

ITpu 3amaHKX 3HaYeHHAX n i 1o icaye 2K migiitanx xox. 3aBganHs
moJsirae y BHOOpi AKHAHKpamoro (3 Mo3uIlii Toro abo iHIIOrO KpUTEpiio)
KOIy.
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cyMartopis cyMartopiB CyMaTopiB TIOMHUJIOK
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(T — = [ 77 [T T 1
I I
I m I
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>
1 m I 5 Amnanizarop
i : ir TIOMUJIOK
| mi|
I I
I Cxema MopiBHSHHSA I

Puc. 10.2. CrpykTypHa cxema JeKoiepa JJiHeHHOT0 KOy

Huxkniuni koou

HukmigHi KOAU BiAHOCATHCS O KIACy JiHIHHUX CUCTEMATHYHHX.
Tomy mis iX mOOYHOBM B NPHHIHUIN TOCTATHHO 3HATH MATPHIIO, IO
TTOPOIKYE.

MoskHa BKazaTH IHIIUKA Crocid TOOYMOBHM IHMKIIYHUX KOJIB,
3aCHOBaHMI Ha NPEJCTaBIEHHI KOJOBUX KOMOiHamii MHOTro4jeHaMHu b(x)
BHTJISNY:
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bx)=b x"lep x""2@.@®b x"®b,, (1016)
n—1 n—2 n

ne bn1 bno, bo — xomoBa koMOiHamis. Haxg manumuy OaraTodsieHaMu
MOJKHA ITPOBOIUTH BCi Aii anreOpu 3 ypaxyBaHHSIM TOTO, IO CKJIQJAaHHS TYT
3MIACHIOETHCS 38 MOIIyJIEM 2.

Koxxen mnwukimiyHMA Kox (n) XapakTepU3YEThCS TaK 3BaHUM
GaraTousIeHOM, IO TIOPOIKYE. IM Moske GyTH Oyab-aKuii GaraTousneH p(x)

crymens N-K, skuit ginTh 6e3 3aHIIKy IBOWIeH X n @D1. Huxoaivni koau
XapakTepU3ylThCsA THUM, IO OararowreHH b(X) KOJOBHX KoMOiHAIiit
IuTATeest 0e3 3anmumky Ha p(x). Tomy mporec KomyBaHHS 3BOAWUTHCS IO
BiQIIyKaHHA OararowieHa b(X) 3a BiIOMHM MHOTOWICHOM a(X) i p(X), o
mimuteess Ha p(X), nme a(x) — wmuorowieH crymens K-1, BiamosigHumit
iH(pOpMaIiKHI# NOCIIZOBHOCTI CUMBOJIIB.

Sk OGaratowieH b(X) MOXHa BHKOPHUCTOBYBaTH TBIp a(X) p(x).
IIpote, mpu oMy iH(OPMAILIHI 1 MEPEBIPOYHI CHMBOJIA BHSBIISIOTHCS
nepeMillaHUMU, [0 YTPYAHIOE MPOLIEC IeKOyBaHHs. TOMy Ha NMPaKTHIli, B
OCHOBHOMY, 3aCTOCOBYETHCSI HACTYITHUI METO]] 3HaXO/PKeHHs OararouneHa
b(x).

IMomHOXUMO OaratowreH a(x) Ha xn-K i orpumanomy TBOpi
po3ninuMo Ha p(x). Hexaii:

a(x)x"~ k= m(x)p(x)®c(x), (10.17)

ne m(x) — mpuBaTHe, a c(X) — 3amumok. OCKITbKK omeparii
MiZICYMOBYBAaHHS 1 BiZHIMaHHS 32 MOJAYJIEM 2 CHIBIaNalOTh, TOW BUpa3
(10.17) mepenuiiemMo y BUTIISIII:

a(x)x" ~kg c(x)=m(x)p(x) (10.18)

3 (10.18) euika, mo Gararowren (X)X ke ¢(x) mimnrecs

Ha p(X) 1, OT)Ke, € ITYKaHUM.

MHorouneH a(x) XN-K Mae HacTyHHy CTPYKTypy: mepiii N-K uieHiB
HIDKYOTO TOPSIIKY PIiBHI HYJIO, a KOe(illieHTH OCTaHHIX CIIIBIAJaloTh 3
BIINOBITHUMH  KoedimieHTaMu  iHQOpPMAIIIHHOTO MHOTOWICHa  a(X).
Meuorouren (X) Mae crymiHs MeHmie N-K. TakuM YHHOM, B 3HAWIECHOMY
MHOTOWIEH] b(X) KoedirienTn mpu X B cTymeHi N-K i BUIe CHiBIAAa0Th 3
iHpOpMaLifHIMKU CHMBOJNAaMH, a Koe(ili€eHTH TpH pemTi UIEHiB,
BH3HAUYBAaHMX MHOTOWICHOM (X), CHIBIAAAlOTh 3 MEpPEeBipOYHUMHU
CHUMBOJIAMHU.

BimnosigHo mo (10.18) mporec KoayBaHHS IONSATa€ B MHOXKCHHI
MHOrowieHa a(x) Ha XN-K i 3HaXOKeHHI 3aIMIIKy Bif mieHHs a(x) xn-K
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Ha p(X) 3 MOAANBIINM HOrO CKIAJAHHSIM 32 MOAYyJIeM 2 3 0araTo4ieHOM
a(x) xn-K.

Bxig

Buxin

K, 1
2

Puc. 10.3. CTpykTypHa cxema KoAepy LUKIIYHOTO KOIy 3

MOPOKYIOYNM 0araTo4ieHOM p(X) = x3 @ x2 ®1

Ha man. 10.3. sx nmpuxiag HaBeaeHa cxema kojaepa A koau (7, 4) 3

MHOTOWIEHOM, IO TTOPOJKYE p(x)=x3 @xz @l vy MOYaTKOBOMY

crani kiroui K1 1 K2 3Haxonstecst B nonosxxenHi 1. Inpopmaniiini cumBonu
MOCTYMAIOTh OJHOYACHO HAa BXIiJ KaHady 1 Ha BHXII OCEepeaKy x3
3pYIIYIOYOro perictpa (1€ BiAMoBijae MHOKEHHIO MHOTOUIEHA a(X) Ha X3).
[IpoTsaromM 4OTHPHOX TAKTIB BiIOYBAETHCS MUICHHS MHOTOWICHA a(X) X3 Ha

MHOTOUWIEH p(x) = X3 Dx 2 @l v pesyibTaTti B perictpi

3aIMCy€eThCs 3AUINILOK, 110 € nepeBipoynnMu cuMBosiamu. Kimroui K1 1 K2
MEPEKUIAIOTECS B TIOJNIOKEHHS 2, 1 MPOTATOM TPHOX IMONANBIIMX TAaKTiB
CHUMBOJIH, IO MIiCTATHCS B PETiCTPi, MOCTYMAIOThH B KaHAJ.

Hukmigauil Ko MoXe OyTH 3aJlaHUi IepeBIpOYHIM MHOTOWICHOM
h(x): xogoBa xomOiHaliss B Hane:kuTh NaHOMY HUKIIYHOMY KOJIY, SKIIO

b(x ) h(x ) =0mod| x n @®1]. [MepeBipounnii GararousieH

TIOB'SI3aHUH 3 BiTHOIIEHHSM, 1110 TIOPOJDKYE:
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h(x)= (xn ® 1) / p(x). (10.19)

3aBmaHHS KOAY TIEPEBIpOYHMM MHOTOWICHOM E€KBiBaJICHTHO
3aBIAaHHIO KOIy CHCTEMOIO mepeBipounux piBHAHB (10.19). XapakrepHoto
OCOONHMBICTIO MUKIIIYHOI KOy € Te, IO BCi IMepeBipOoYHi PIBHAHHSI MOXKHA
OTPUMATH 3 OAHOTO MUIIXOM IHKJIIYHOTO 3pYIICHHS iHACKCIB CHMBOIIIB, IO
BXO/IITh B IOYaTKOBe PiBHSAHHA. Tak, mig xony (7, 4) 3 MHOTOYJIEHOM, IO
TIOPOIXKYE:

p(x)= Poxlol (10.20)
HEepeBipOYHUI MHOTOYIICH MA€ BUTIISIA
h(x)=x4 D> DX DI, (10.21)
[epeBipoyHi piBHSIHHS BUXOISATH 3 YMOBH:
b(x)-h(x)= Omod(x7 S) 1). (10.22)

3iiCHUBIIM MHOKEHHS i NPUPIBHABIIM Koedinientu npu x4, x° i

x®= 0, OTpUMaEMO HACTYIHI PiBHAHHSL:

b2 = b6 Db A ®b,,

b1 = b5 ® b3 @b, (10.23)
bO =b4 @bZ @bl.

1 Buxin
\L [T T | |T T |, .
5 1 2 3 4
m m
2 2

Puc. 10.4. CtpykTypHa cxema Koiepy HUKIIYHOTO KOy, IO 331a€THCS

MepeBipOYHNM 0araTouIeHOM h( ) 4 ®X3 @® x2 @1
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Sk npuknan Ha puc. 10.4 nokazaHa cxema Kojepa LUKIIYHOTO KOay
(7, 4), o 3aJ1a€ThCS NIepeBIPOYHUM GaraTo4sieHOM

h(x)= x4 @x3 (‘sz @1 a6o, mo Te x came, mepeBipoUHHMH

criBBigHomeHHsMu (10.11). y modaTkoBOMy cTaHi KIIOY 3HAXOIHWTHCS B
mosioxkeHHi 1. IIpoTAroM 4YOTHPHOX TaKTIB IMIYJIbCH IOCTYHAIOTh
perictp, micis 4Oro KiI0Y IEpeBOAUTHCS B TosiokeHHs 2. [lpu mpomy
3BOPOTHHH 3B'I30K 3aMHKaeThcsa. [lounmHao4M 3 I’ATOTO  TakTy,
(dhopMmyroThCs mepeBipouHi cuMBoH BianoBigHo g0 (10.11). ITicis ckomoro
TaKTy BCl NEPEBIPOYHI CUMBOJIM BUSIBISIIOTHCS C(HOPMOBAHUMH, KIIFOU 3HOB
nepeMuKaeTsesl B nojioxkeHHst 1. Koxep roroBuit no npuiiomy 4yeproBoro
moBimomieHHA. CHMBONM KOJOBOI KOMOIHAIi MOCTYMalTh y KaHal,
MOYMHAIOYH 3 M'SITOTO TAKTY.

31aTHICTH KOy, IO KOPEKTYE, 3aIeKHUTh BiJl MHOTOWIEHA P(X), IO
mopoukye. Tomy #ioro BuOip Tyke BaKIUBUM IPH MOOYIOBI HHUKIIYHOTO
komy. HeoOximHO mam'sTaTé, M0 CTYMiHb MHOTOWICHA, IO TOPOKYE,
MOBUHEH OYTH pIBHUM YHCIYy MepeBipouyHHX cHuMBOJIB. Kpim Toro,

. n
OaratowicH p(X) HOBUHEH JIUIUTH JBOWIEH X D1.

BusBieHHS TOMHIIOK pu BI/IKOpI/ICTaHHi TaKHUX KO,I[iB nojisara€ B

nIiIeHHl GaraTowieHa g (.X' ) = b(x)+ e(x ) BiJNIOBITHOTO TPHHAHATIH

xom6inanii B =B @ ena p(x). Skmo 3amumox S(X) BHUABIAETHCS
PIBHHM HYJIIO, TO BBRKA€EThCS, 110 TMOMMIKA HEeMae, iHakie (iKCyeTbes
TIOMUJIKA.

OmuH 3 aNropuTMIB BHIPABJICHHS MOMHJIOK 3aCHOBAaHMH Ha
HACTYIIHUX BJIACTUBOCTAX LHUKIIYHOIO KOMy. Xai € NUKIIYHUN KO 3
KOJIOBOIO BiACTaHHIO d, [0 BUNpaBisie BCI HMOMHJIKH JIO KPaTHOCTI

=41

BKJIIOYHO, i€ [(d —1)/ 2] — IJla YacTHHA 4YHCJIa

(d — 1)/ 2. Toxai MOKHa TOKa3aTH, II0:

¢ KO BEKTOP MOMHJIOK, 0 BHIIPABJISETHCS, CIIOTBOPIOE
TUTBKH TIEPEBIPOYHI CHMBOJIH, TO Bara CHHApPOMY Oyzie MeHIIa
abo piBHMH [, acam CHUHJIPOM CIIBNAJaTHME 3 BEKTOPOM
TIOMHJIOK;

¢ SKIIO BEKTOp NOMMJKH CIHOTBOPIOE X04 OW  OaWH

iHpopManitHuii CHMBOJI, TO Bara CHHApPOMY OyJie Oinbina [;
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¢ sKmo S(X) — 3aJMLIOK Bij AineHHs GararowieHa b(x) Ha p(x),
TO 3aJMIIKOM BiJ AiNeHHs OaratowieHa b(x) Xi Ha p(X) €
MHOrowieH s(x) Ximodp(x), iHIIKMMH CIOBaMH, CHHAPOM
JeIKOr0  LUKJIIYHOTO 3pyIIeHHs OararowieHa b(Xx) €
BiNOBITHAM IUKIIYHIM 3pYIICHHIM CHHIPOMY MTOYaTKOBOTO
OaraTtodsieHa, Y3ATOTO M0 MOIYIIO p(X).

IcHy!OTH Ta iHIII, OB YHIBEpCATIbHI AITOPUTMH JCKOTyBaHHSI.

Jlo UMKIIYHMX KOMIB BIJHOCATBCS KOAM XeMMiHra, SKi €
NpUKIaAaMi He0araThOX BiJOMHX JOCKOHAIMX KOJA. BOHH MalTh KOJOBY
Bifctanb 0=3 i BUMNPABISAIOTH BCi OJMHOYHI MOMWIKU. J[OBXKHMHA KOIH
BUOUPAETHCS 3 yMOBU 2n-K-1 = n, sike Mae MPOCTiii CEHC: YHCIIO Pi3HUX
HEHYJIOBUX CHHIPOMIB PiBHE YHCIY CHUMBOJIB Y KOJOBiH ITOCIIIOBHOCTI.
Tak icHytoTh koau Xemminra (2r-1, 2r-r-1), 3okpema komu (7,4), (15,11),
(31,26), (63,57) i Tax maui.

Bigmitumo, 110 pawiiie BUKOPHUCTaHUH OaraTowieH

p(x) = X3 (‘B X 2 (‘Bl € XeMMiHra, o nopopkye as koau (7,4).

Cepe/ IMKIIYHAX KO ITUPOKE 3aCTOCYBAHHS 3HAUILTH Koau boysa-
qoynxypi-xokBiarema (BUX). MosHa moka3aTd, mo il OyIb-IKAX UTHX

NO3UTHBHUX umcen m i [ <I’l/ 2 icHye aBiiikoBuii kox BUX noBxuHH

n = 2m-1 3 xomosow Bixcrammo d =>2[+1 MPUUOMY  YHCIIO

NIepeBIpOYHNX CUMBOJIB 71 —k<ml.
O xon BYX momiproi mowxuau i ®M mpu mepenadi CUMBOIIB
MOJKHa Ho0uTHCs 3HauHOTO BHrpamnry (4 nb i 6imem). Bin gocsraeTbes npu
14
WBUAKOCTAX — < — k <3. Ilpu pgyxe BHCOKHX 1 JdyKe HHU3BKHX
n
HIBUKOCTSIX BUTPALI BiJl KOJYBAHHS ICTOTHO 3MEHIITYETHCSI.

Madsicopumapni yuxniuni Koou

IHomi  MOIINIBHO BHKOPUCTOBYBAaTH KOOW JEKiJIbKa TipIIOIO
3[IaTHICTIO, 1[0 KOPEKTYE, B MOPIBHAHHI 3 KPALTIMH BiTOMUMH KOJaMH, aje
mpocti B peamizamii. JIo HHX BIiTHOCATBCS KOJIW, IO JIOMYCKAalOTh
Ma)KOpHUTapHe AEKOIyBaHHA. BOHO 3acHOBaHEe Ha MOXIIMBOCTI JUIS JESIKHX
LUKJITYHUX KOJ| BUPA3UTH KOXKEH 1HPOPMAIiHHIH CUMBOJI 3a JooMoroo Q
pi3HMX JIHIHHUX CIiBBiAHOUIEHb. PilleHHS IIpO 3HA4YEHHS CHUMBOIY
YXBQIIOETHCSL 332 OUIBLIICTIO 3HA4YeHb, L0 JAIOTHCS KOXKHUM OKPEMHM

CIIBBiTHOIICHHAM. JIJis BWIpaBIEHHsI BCiX MOMWJIOK IO KPaTHOCTI [
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BKJIFOYHO HEOOX1AHO MaTH 21 +1 uesanexnnx CITIBBIIHOIIIEHb.

VY nesxiit o0xacTi 3HaYCHP MapaMeTpiB Ma)KOPHUTapHi KOIW MAaroTh
3IATHICTh, IO KOPEKTYy€e, TPOXH MOCTYIUIMBY 3maTHocTi kox BUX, mio
KOopekTye. B Toif xe gac ix pearizariis mopiBHIHO MPOCTA.

[TpoimfocTpyeMO TNPHHIWII Ma)XOPUTAPHOTO JECKOAYBAaHHS Ha
MIPUKIIJANX KOJIaX 3 MePEeBipOYHOI0 MaTPHULIEIO:

b1 b2 b3 b4 b5 b6 b7

1 O 1 1 O O O (10.29)
H=|1 1 1 0 1 0O O

1 1 O 0 O 1 0

0 1 1 O O O 1

Januii KO € IMKIIYHEUM 3 MHOTOWICHOM, IO MOPOJIKYE

p(x): x4 @x3 @Xz @1 . Bin mae kozmoBy Binctans d = 4.
BukopucroByroun wmarpuio (10.24), MoxHa 3amucaTH HACTYIHI
CIiBBIIHOIICHHS ISl CAMBOITY D1

b1:b3 @b4:b269b6=b5 ®b7 (10.25)

3 oOmikom (10.25) B pmexonepi € MOXKIMBICTH YOTHPMa DPI3HUMH
cnoco6amu 00UMCIUTH Tepiui iHGopManiitHui CUMBOUI:

I _7 .. _7 ~% .
O
b1 :b2®b ;b1 :bs@b7,

e 197 b7 — IpUITHATA KOJJOBAa KOMOIHAITisI.

AHAJIOTIYHO BHU3HAYAETHCS pemTa iHGOPMAmiHHUX CHMBOJIB.
IlepeBipoyHi cHiBBiTHOWICHHS A1 cuMBOJIB 1 Buxomate 3 (10.26)

III/IKJ'IILIHOIO NEPECTaHOBKOLO:

Binop paina 20072013
Cyciactea a MNaptHepcTea

Mpoexr IPBU.03.01.00-06-386/11-00 MI-HTY TpaHckopaoHHuii 0mik aocaiaom Mporpanit o
33 KowTH € i Coloay & panax Eaponei
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/ 11 117 Ny
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Bxin

(10.27)

m—T-+T0-T-0-T T T T |-+

E 5.

Buxin

Puc. 10.5. CtpykTypHa cXema JIeKoIepy IUKIITHOTO MaKOPUTAPHOTO KOy

pl _pll _plIl _pIV

3a BiZICYTHOCTI OMUJIIOK: = = = T00TO, BCl
. 1 1 1 1 - ’

nepeBipoy4Hi criBBigHomeHHs (10.26) natoTh oAMH 1 TO¥ ke pe3ynbTar. 3a
HassBHOCTI ~ OJIHOTO  IOMWJIKOBOTO  CHUMBOJIy  TpU  IEepeBipOYHi
CHIBBITHOIIICHHS JIAl0Th NIPaBUJIbHE 3HAUCHHS, @ CITIBBIJHOILEHHS, B IKOMY
Oepe y4acTb MOMHUIIKOBHH CHMBOJI, 1a€ HEBIPHHUI Pe3yJbTaT. Y XBaJIOKOYH
pilieHHs 3a OGLIBIIICTIO, IEKOIep BHIA€E MIPABUIBHHUI CHMBOI D1

Xail MOMWJIKOBO MPUMHATO JBAa CUMBOJIM. SIKIIO BOHU BXOJSThH B
Pi3HI TIepeBipOYHi CITiBBITHOIICHHS, TO JBi IMEPEBipKH MaayTh 3HAYCHHA 1,
a 7Bl mepeBipku — 3HaueHHA (. Y bOMY BHUMAAKY AEKOJEp BHIA€ CHTHAI
BIZIMOBHM BiJl IeKOyBaHHA. SIKIO OOM/Ba CIIOTBOPEHI CHMBOJH BXOJSTD Y
OJIHE TIEpEeBIpOYHE CHIBBiJHOIIEHHS, TO BClI YOTHPH MEPEBIPKH BUIAIOTH
OJIMH 1 TOM e pe3ynbrar. JIeKoaep BUIAE NPaBUIIbHUN CUMBOJI b1.

Cxema pexognepa (puc.10.5) ckimamaeThes i3 3pyNIyIOUOTO PeETicTpa,
cymaropiB 3a moayineM 2 1 MmaxkopurtapHoro emementa M. Ilpocrora ii
o0OyMOBJIEHAa THM, II0 B JaHOMY BHIAQJKy KOXEH CHMBOJ KOJOBOI
KoMOiHarii 6epe yJacTp B OJHOMY IepeBipOYHOMY cHiBBigHOIIEHHI. Ko,
JUIsl SIKOTO BHUKOHYETBCS 1l YMOBA, HAa3MBAE€THCS KOJIOM 3 PO3JUICHUMH
nepeBipKamu.

MaskopuTapHe AEKOIyBaHHS MOXIIHMBE 1 TOAI, KOJHM OJIUH 1 TOH ke
CHUMBOJI Oepe yJacTh B JIEKIIBKOX IIEPEBIPOYHUX CITiBBiJHOIIEHHX. [IpoTe,

Mpoext [PBU.03.01.00-06-386/11-00 [-HTY Tpanckopaokkuii o6 Aocsiaom Mporpani o n Bi paika 20072013
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AJITOPUTM ACKOAYBAHHA YCKIAJHIOETHCA.

5. 3roprajbHi koAU Ta MeTOAH iX MO0y 10BU

3eopmanvruii k00 — Tie THIMHAN PEeKypeHTHUH KoA. Y 3araJbHOMY
BHUIIA/IKy BiH YTBOPIOETHCS TAKMM YMHOM. Y KOXKCH i-i TAKTOBMH MOMEHT
4acy Ha BXiJ OPHCTPOIO, IIO KOPEKTYeE, MOCTYIae Ko CHMBOJ MEBHOTO
noBimomitennst. Buxinai cumBomu bilbi2.bing hopmyroThes 3a moromororo
PEKypeHTHOTO CIiBBimHOMmEHHA. J[0 CHMBONIB TOBiZOMJICHHS, IO
MIOCTYTIMJIM B IaHUH 1 B TIONIEPEIHI TAKTOBI MOMEHTH Yacy:

L
b koz S ki(j) S 1 (10.28)
.= c. da. y.,m=1..n., (1028
m=Zo 2y Jvm i—v)j 0
ne C jvm — KoeimieHTH, 0 MpuiiMaioTh 3HaueHHs 0 abo 1.

CuUMBOJIM TIOBIIOMJICHHS, 3 SKHX (OPMYIOTbCS BHXIiJIHI CHMBOJIH,
30epiraroThCs B MaM’ATi KOAYIYOro MpUcTporo. Bennunna J[o Ha3uBaeThCs
JIOBXKMHOIO KOJIOBOrO OOMe)keHHs. BoHa rokasye, Ha sike MaKCHMaJlbHE
YHCIIO BUXIJIHUX CUMBOJIIB BIUIMBA€E JlaHWi iHpopManiiHuii CUMBOII, 1 rpae
Ty K poib, IO 1 JOBXMHA OJOKOBOI KOJIW. 3ropTajbHUIl KOJ Mae

HaJIMIpHICTb. ) = 1 —kO /I’ZO 1 TO3HAYAETHCS SIK: (ko /I’lo ).

TunoBi napamMeTpH 3ropTajibHUX KOJIB:
ko, No = l, 2., 8; ko/no = 1/4, 7/8; K= 3,10.

3roprajbHUiA KO BHXOIUTh CHCTEMATHYHHM, SIKIIO B KOXCH
TaKTOBHM MOMEHT K, BHXiJHHX CHMBOJIB CIIIBIIaJAIOTE 3 CUMBOJIAMHU
[IOB1IOMJICHHS. Ha MIPaKTHII 3a3BUYAM BHKOPHCTOBYIOTHCS
HECHCTEMATHUYHI 3TOPTaIbHI KOJIH.

Po3pizustors mpo3opi 1 Hemposopi 3ropranbHi  koau. [lepri
XapaKTepU3YIOTHCS BJIACTHBICTIO I1HBapiaHTHOCTI 32 BiJHOUICHHSM [0
ormeparii iHBEpTYyBaHHS KOy, SKE IOJATa€ B HACTYITHOMY: SIKIIO 3HAYCHHS
CHMBOJIB Ha BXOJi KOAepa NOMIHATH Ha NPOTHICKHUX, TO BHUXITHA
MOCITITOBHICTh CHMBOJIIB TaKOX IHBEPTYEThCSA. BiAMoOBigHO JeKoI0BaHA

Mpoexr IPBU.03.01.00-06-386/11-00 MI-HTY TpaHckopaoHHuii 0mik aocaiaom Mporpanit o n Binop paina 20072013
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MOCJIIZIOBHICT CHUMBOJIIB MaTUME TaKy K HEBH3HAUCHICTb B 3HaKa, 11O 1
NpUIHATA TOCHIJOBHICTh CHMBOJIB, a OTXE, HEBU3HAYCHICTh 3HAKY
MOCINIZIOBHOCTI MOXKHa YCYHYTH MICJIsl IEKOJYBaHHS 3rOPTabHOTO KOAY.
BkazaHa BnacTUBICTH NMpo30pHX KOIiB ocobimBa Baxuso it CIIH, o
BHKOPHUCTOBYIOTh  INPOTHJICKHI  (ha30MaHIKyJIbOBaHI CHUTHANH, SKUM
BJIACTHBE SIBUILE 3BOPOTHOI pOOOTH.

Jns  Hempo30poro KOAy HEBHU3HAUEHICTh 3HAKy MOCKIIOBHOCTI
CHMBOJIIB JIOBOJHTHCS YCYBaTH JO 3TOPTAIBHOTO JAEKOAYBaHHS, IO
MPHU3BOANTE 1O 30iNMBIICHHS BipOTiTHOCTI MOMIUIOK. HeBaxko moxaszaTw,
IO 3rOPTANBEHHI Kox Oyne MpOo30pHM, SKIIO KOXKEH HOro MHOTOWICH, L0
MOPOJIXKYE, MICTUTh HEIIAPHE YUCIIO WICHIB.

KpiM po3risiHyTOro crnoco0y 3aBAaHHS 3TOPTAJIBHOIO  KOAY,
MOXJIMBI Ta iHII. 30KpeMa, BHXIJHI CHMBOJIM MOXHa pO3IJIANATH SIK
3rOpPTKY IMITYJIbCHOI ~ XapaKTEpUCTUKU Kojaepa 3  iH(popMaliiiHOO
MOCITIIOBHICTIO (3BiCH BiIOYBaEThCS HA3Ba KOLY).

Memoou 0exodysanns 320pmanpbHux Kooie

3roprambHi KOIM MOXKHA JEKOAYBAaTH pI3HUMH METOJaMHU.
Po3pi3usroTh qekoayBaHHS 3 00UNCICHHAM i 0e3 00UHCIIeHHS MepeBipOIHOL
MOCIiJOBHOCTI.

JlekonyBaHHs 3 OOYMCIIEHHSM IIEPEBIPOYHOI  MOCIIZOBHOCTI
3aCTOCOBYETHCS TIJABKH JJIsI CHCTEMAaTHYHUX KOZ. 3a CBOEK CYTTHO BOHO
HIYMM HE BIAPI3HSAETHCSA BiJ BiAMOBIMHOIO METOMY JCKOAYBAaHHS OJOKOBUX
KOJI.

Ha npwuiiManpHiii cTOpoHI 3 NpUHHATHX iHPOPMAlIHHUX CHMBOIIIB
(GOpMYIOTh TIEpPEeBIpOYHI CHMBOIM 32 THM K 3aKOHOM, IO 1 Ha
mepefaBaibHIil  CTOPOHI, $Ki TMOTIM TOPIBHIOIOTH 3 TIEPEBIPOUYHUMHU
CUMBOJIAMH, MO TpPUHAMArOThCA. B pe3ymbTari MOpIBHAHHS (OPMYETHCS
MepeBipOYHA TOCIIIOBHICTh, KA 32 BIJICYTHOCTI TOMIIIOK CKIIQJA€THCS 3
OJTHUX HYJIB. 32 HasBHOCTI IIOMHJIOK Ha MEBHUX IMO3UIISIX MOCTiJOBHOCTI
3'ABISIOTHCS OMUHWYHI CHMBOJNHU. 3aKOH (OPMYBaHHS MEpPEBiPOYHUX
CHMBOJIB BHOWpaeThCS Tak, M[I00 3a CTPYKTypOIO MepeBipoOvYHOI
MTOCITITOBHOCTI MOKHA OYJIO BUBHAYUTH CITIOTBOPEHI CHMBOJIH.

Jo wmetomiB nexomyBaHHs 0e3  OOYHMCIEHHS TEPEeBipOYHOI
MOCTIIOBHOCTI  HAJC)KaTh JEKOAYBaHHS 3a MPHHIUIIOM MaKCUMyMY
MIPaBAONONIOHOCTI 1 TOCTiJOBHE JEKOTyBaHHS.

JlexonyBaHHS 3a MPUHIUIIOM MaKCHMyMYy IPaBIOIONiOHOCTI
3BOJMTHCS JI0 3aBIAHHS OTOTOXKHEHHS MPUHHATOI OCHITOBHOCTI 3 OJHI€I0
3 2N moxmuBuX, e N — noxuHa iHGOPMAIIIHOT MOCTiTOBHOCTI. PimeHHs
YXBaJIOETHCS HAa KOPHCTH Ti€l KOJOBOI MOCHTIJOBHOCTI, sIKA B MCHIIOMY
YHCIl TO3WIIN BIAPI3HAETHCS Bil MPHUAHATOI. MeETOI 3aCTOCOBHHU JUIS
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Oynp-skoi 3ropranbHOi Koiu. [IpoTte, mpu Benmukux 3HaueHHAX N BiH
MIPaKTHYHO HE Peasli30BYEThCS 13-32 HE0OXiMHOCTI epebopy 2N MOKIMBUX
KOJIOBHX IIOCITIZJOBHOCTEH. [CTOTHE CIIPOIIEHHS MPOLEAYPU JAEKOyBaHHS
[0 MakCUMyMY INpaBIoONoAiOHOCTI 3ampornoHyBaB Birtep06i. XapakrepHoro
OCOONHMBICTIO HOTO METOAY € Te, M0 Ha KOXKHOMY KpOIi JEKOIXYyBaHHS
3aram’ATOBYyeThcs Tinbku 2K-1 HalO1IbIT IpaBaOMONIOHUX IUIAXIB.

Anroputm Bitep6i Bomozmie mopsim mepeBar. Ilpm HeBemmkux
3HAQUEHHAX JOBXHHH KOJOBOTO OOMEXKEHHA [EKOAYIOUMH IPUCTPIH
BUSIBJIIETBCSI JOCTATHBO NPOCTHUM, PEAi30BYIOUM B TOH JKE€ Yac BHCOKY
MEPEIIKOAOCTIMKICTh. Tak, MOCTIHKeHHS ITOKa3yloTh, IO 3aCTOCYBaHHS
sropranbHuX Ko 3 Do = 3, 5 1 7 npu ¢ikcoBaHili BipoTiTHOCTI MOMMIKH
JI03BOJISIE OTPUMATH eHepreTHyHuil Burpam 4,6 nb y mopiBHAHHI 3
CHUCTEMOI0, II0 BUKOpUCTOBYe FM curnHamu Ge3 komgyBaHHS. Baxiuporo
MepeBarold B TOPIBHAHHI 3 METOAOM IIOCHTIJOBHOTO JCKOAYBaHHS €
¢ikcariss uyucia OOYKMCIIOBANBHUX OIEpalliii Ha OIUH JEKOJOBaHHN
cumBoll. JlexonyBanHs 1o mertony BitepOi 0coONMBO MEPCHEKTHBHO B
KaHaJlax 3 He3aJIC)KHIMH TIOMUJIKAMH.

&1

KoHTpoJbHi 3anuTaHHs

1. SIxi OCHOBHI PUHIIAITN TOOYAOBH KOy ?

2. Oxapakrepu3yiiTe OJIOKOBI KOJU Ta X 0COOIMBOCTI.
3. Sk BinOyBaeThcs 100y 10BA KOAEKCIB?

4. Ilo Take MaKOPUTAPHI ITUKIIYHI KOIAHU?

5. Ha3BiTh METO/IM JIEKOyBaHHS 3ropTalbHUX KOMIB?

TEMA 11. AITOPUTMIBAIISA ITPOLIECIB
HEPEJAYI JAHUX

1. Peanizanis aaroputmy Bitep6i

Hexomep  Birep6i (pmc. 11.1) cknagaetses 3

CHHXPOHI3aTopa, NPHUCTPOIO YIPaBIiHHA 1 TaKTYeE,
MIPUCTPOIO Il OOYHMCIICHHS METPHKH T1IOK, MPHUCTPOI IS OHOBJICHHS 1
30epiraHHs METPHWK TiJIOK, TPUCTPOIO Ui OHOBIEHHS 1 30epiraHHs
TiMOTeTHYHUX  iHQOPMAIIHHUX  TOCTIJOBHOCTEH 1  BHpIMIAIBHOTO
MIPUCTPOIO.
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[MpucTpiit
KepyBaHHS 1
TAKTYBAaHHS
A 4 A 4 A 4 A 4
Bxin Buxin
A 4
TIpucrpiii Ipucrpiit Ipucrpiit
CuExDO BUPaxyBaHHS OOHOBJICHHS OOGHOBJICHHS 1 Buxinuuit
Hi3aT§ \ METPHKU i 30epiraHHs P 30epiraHHs \ pitatounit —>
P rinok METPUKH ind-x no- npUCTpiit
TUI0K CIIOBHOCTEH

Puc. 11.1. CtpykTypHa cxema JIeKoJIepy, L0 peajli3ye alropuTM
Bitep0i

[puctpiii 30epiraHHs 1 OHOBICHHS METPHK IUIIXIB 3IIHCHIOE
CKJIQJaHHs METPUK TUIOK 3 METpPHKaMH IUIIXiB, IO 30epiraroThcs,
popobisie HeOOXITHI MOPIBHAHHS 1 3a11aM’ATOBYE HOBI METPHKH IIJIAXIB.

[puctpiii 30epiraHHs i OHOBJEHHS TilIOTETUYHUX iH(OPMAIIHHUX
MOCTITOBHOCTEH MOKe OyTH BHKOHAHE Ha 3pYIIYIOUHX pETiCTpax, B
KO)KHOMY 3 SKHX 30epiraeTbcs MOBHa iH(OpMamiiiHa IOCIiTOBHICTH
CHMBOJIIB, BIAMOBiTHA OJHOMY 3 NLIAXiB, MO "BHXWIN". Ix uwmco piBHE
quciy By3JiB. [Ticias 00poOKM HOBOT TUTKH PETiCTPH OOMIHIOIOTHCS BMiCTOM
BIIMOBIZAHO JI0 TOTO, SIKi TOCIIJOBHOCTI "BWKMUBAIOTH" MPU MOPIBHAHHI. Y
OCTaHHIM OcepeZioK KOXKHOTO pEeTicTpa IMOCTyNmae HOBHWH iH(popMariitaui
CHMBOJI, @ HAWCTapilIMii CUMBOJ KOXKHOTO pETicTpa MOCTYNAE Y BHUXIIHUNA
BHPIMIAIEHUHA IPUCTPIH.

Buxigauii BUpilIaNbHUHA OPUCTPIH NpHUiMae pilleHHS IIpo
nepenani iHpopMariifHi cuMBONM. SIKHaMKpam pe3yabTaTH BHXOIATH,
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KOJIM SIK TepefiaHuii iHpOpMaliiHui cuMBOJI OepeThbest HaliOIbII cTapuid
CUMBOJI Yy  TIIOCHIJOBHOCTI 3  HaWMEHIIOK  MeTpukKow. IHoxi
BUKOPHCTOBYIOTh MaKOPUTAPHUI MPUHIIMIL: 32 MEepeAaHuid iHpopMaIiiHIHA
CHUMBOJI BHUOMpPAEThCS HaWYacTile CHMBOJ, IO 3yCTpidaeTbes, 3
HalicTapilmxX CHMBOJIIB BCiX ITOCIiTOBHOCTEH.

[puctpiit ympaBimiHHS i TakTye 3amae HEOOXimHUH pUTM POOOTH
JeKonepa.

2. BUukopHCTaHHS KOJiB y cHCTeMAaXx i3 3BOPOTHUM 3B’ SI3KOM

VY GaraThoX cHcTeMax, OKpiM OCHOBHOTO (IpsSIMOro) KaHamy, 3a
JOIIOMOTOI0 ~ SIKOTO  IIOBIIOMJIGHHS TepelaeTbcss Bil JpKepena o
KOPHUCTYBaya, € 3BOPOTHHIN KaHal A JONMOMDKHHX IOBIJOMJICHB, SKi
JI03BOJISIFOTh  TOJIIIIUTH SIKICTh Iepefiadi MOBIIOMIIEHb MO MPSIMOMY
KaHaly.

Haii0inpi1 mommpeHi CHCTEMH 13 3BOPOTHUM 3B’ SI3KOM, B SKUX IS
BUSIBJICHHS TIOMIJIOK 3aCTOCOBYIOTh HaaMipHi komu. Taki cucremu
Ha3WBAIOThCA CHCTEMaMH 3 BHUPIMIATGHUM 3BOPOTHHUM 3B'A3KOM, abo
CHCTEMaMH 3 NEpe3aruToM. SIK KOAM YacTO BUKOPHUCTOBYIOTH KO 3
MIEPEeBIPKOI0 HA MAPHICTh, MPOCTi IHTEPAaKTUBHI KOAHW, IUKIIIYHI KOIH 1 iH.
BoHr 103BONAIOTH NOOpE BUSBISATH MOMIJIKH IIPH TOPIBHSIHO HEBEIHKIH
HaJIMIPHOCTI 1 IPOCTii amapaTypHii peaizarii.

[lepenaBane TOBIJOMIICHHST KOIYETHCSI HAJMIPHHM  KOJIOM.
Otpumana KOMOIiHallisl TepeJaeTbcss  CIOXKHMBAa4eBI 1  OJHOYACHO
3anaMm'sTOBYEThCSl B HAKOITMYYBavi-MOBTOproBayi. [IpuiiHsTa OCIIIOBHICTD
CHUMBOJIIB JICKOAY€ETbCS 3 BHUSBICHHAM MOMMJIOK. SKIIO IpU LBOMY
MIOMUJIKM HE BUSIBIICHI, TO TIOBIJIOMJICHHS IIOCTYIIA€ CIIOXKMBaueBi. [Hakiie
TIOBIZIOMJICHHSI OpaKyeTbCsl 1 1O 3BOPOTHOMY KaHally IepelaeThes
cremiaJibHUK curHan rnepe3anuTy. [lo IIboMy CHrHalIy THpOBOIMTHCS
MMOBTOpHA Iepenada 3a0pakoBaHiil KOJOBi KOMOIHaIIi, sIka BUTATYETHCS 3
HaKOMHMYyBaya-TIIOBTOPIOBaYa.

MokHa TOKa3aTH, IO SKIIO B MOJOYHOMY BiJIBIHOK KaHaui
MTOMIJIKH BIJICYTHI, TO 3aJHIIKOBAa BipOTIAHICTH IOMIJIKOBOTO TpUHOMY
KOI0BO{ KOMOiHAII1:

Poem = PH.O / \1 _Po.o ) ’ (11.1)

ne Puo — BIpOTiqHICTE HEBUSBICHOI MOMIIKU (BIpOTIAHICTH TOTO,
IO TIepefaHa KojoBa KOMOiHamis mepellnia B iHINY JO3BOJIEHY), Poo —
BIpOTIIHICTh BHSABICHHS NOMWIKH (BIPOTiOHICTE TOTO, IO 3aMICTh
nepeaanoi Ko oBoi koMOiHamii npuifHATa siKa-HeOy b 3a00pOHEHA KOIOBA
koMOiHarris). BiporimHicTe 1 MOXXHa 3HAWTH, SIKIIO BiJOMi BJIACTHUBOCTI
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KaHAy 1 3aJJaHUN KOI.
BinmoBiHO eKBiBaJCHTHA BipOTiIHICTh IOMHJIKH BH3HAYAETHCS SIK:

P =P Jkl-P_ | 11.2
9 H.O / ( 0.0 ) ( )
ne P, — gucio iHpopMamiiHUX CHMBOJIB Y KOJOBii KOMOiHAIii.

CepeHe 4KCII0 mepenad 0THOTO MOBiJOMJICHHS .
=1 (1 -P ) 11.3
Q}’l 0.0 (11.3)

Xoua 3BOPOTHHH KaHal MOXHA 3pobuTH BEJIbMH
MEPeIIKOAOCTIMKIM  (3a3BMYall MIBUAKICTH Tmepenmadi  iHQopmarii B
3BOPOTHOMY KaHAJi 3HAYHO MEHIIA, HiX B IIPIMOMY), TIPOTE, iCHYE KiHIICBa
BIPOTIZHICTh TOTO, IO CUTHAJ Mepe3anuTy Oyae NPUHHATHHA SK CHIHAI
MATBEP/KCHHS, 1 HaBIAaKW. Y TMEpIIOMY BUIAAKY TIOBIIOMIICHHS He
MOCTYIAE JI0 CIIOKUBAYa, a B APYTOMY BUIIAJIKy BOHO IOCTYIIA€E JBIiYi.

OnHuM i3 3aco6iB OOpPOTHOM 3 MOMHJIKAMH B 3BOPOTHOMY KaHali,
IO TPHUBOAATH JO  BTpPAaTH  IOBIJIOMIJICHHS, €  BHKOPUCTaHHS
HECHUMETPUYHOTO TMpaBWia JEKOJYBaHHS, IPH SIKOMY BIpOTiAHICTB
MOMIJIKH TIPUAOMY CHUTHAIIy IIepPe3amuTy ICTOTHO MEHIIE BipOTiTHOCTI
MOMHJIKOBOTO TIPUAOMY CHTHaIIy MiATBepUKeHHS. Hampukman, curaan
TIepe3arnuTy MepeaacTbesl KOAOBOIO KOMOIHAIIIEIO 3 N OJUHUYHUX CHMBOJIB,
a CHTHAJ IMiATBepIKEHHS — KOMOiHaIi€ro 3 n HymiB. [Ipu npuiioMi kogoBoi
KOMOIHAIII1, [0 MICTUTHh X04 OM OJHY OJWHUIIIO, PIICHHS YXBAIOEThCS Ha
KOpHUCTh CHUTHaiy mepe3anuTy. OueBHIHO, IO B IOMY BIipOTIAHICTB
MIOMHWJIKOBOTO TPHUIOMY CHUTHalIy TMepe3anuTy Moxe OyTu 3pobieHa
HIKYEeMHO MaJolo.

Jlns Toro, mo6 [0 CIOKMBaya HE HAIXOMMIIN 3aiBi MOBiIOMIIEHHS
i3-32 IOMHUJIKOBOTO NPHUIIOMY CUTHAJy MiJTBEPIDKEHHS, MepeaaBaHi KOJI0Bi
koMmOiHamii abo 3a0e3neuyloThcss HOMepamH, ab0 JIONOBHIOIOTHCS
Mi3HABAJIBHUMH CHMBOJIAMH, 33 SKUMH MOXHA JI3HATHCS, Y NEPEaeThCs
Ko/loBa KOMOiHAIis Brepimie abo BOHAa IOBTOPIOEThCsA. [lpu 1mboMy
NpUiHATa TOBTOpPHA KOMOIHAIiS 3a BIJICYTHOCTI CHUTHAIly IIEpE3aluTy
CTHPAEThCA 1 HE HAIXOAWTh CHOXHBadeBi. MOXJIHBI 1 1HIN crocoou
60poTHON 3 TAKOTO POJY TIOMUIIKAMH.

CucremH 3 BUpIIIAJTbHUM 3BOPOTHUM 3B’SI3KOM BEJIbMH €(EKTHBHI Y
pa3i KaHaumiB i3 3aBMHpaHHAMH. [Ipm TOTIpIICHHI CTaHy KaHaly
30LTBITYEThCA YacCTOTa MEPE3anuTy (3MEHIIYEThCS MIBUAKICTH Iepenadi
iH(popMmarii), aje BiporigHiCTh HTOMIJIKOBUX TTOB1IOMIICHb, IO MTOCTYMAIOTh
CIOXXHMBAUYEeBl, MPAaKTUYHO HE 30UIbIIyeThCcs. llpm mominmeHHi CcTaHy
KaHally 4acToTa Mepe3anuTy 3MEeHIIYEThCs. TakuM YHHOM, CHCTeMa K Ou
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AaBTOMAaTHYHO  TIPUCTOCOBYETbCS  JO  CTaHy  KaHally 3B SI3KY,
BHUKOPHCTOBYIOYHU BCi HOTO MOXKJIMBOCTI BiTHOCHO miepeaadi iHhopMariii.

Crhin BIAMITHTH, IO 3aCTOCYBaHHS BHPIIMIAIEHOTO 3BOPOTHOTO
3B’SI3Ky, 3BUYAiiHO, He 30UIBIIYE HPOITYCKHOI CIIPOMOKHOCTI IpPSIMOTO
KaHaIy, aje MO3BOJsI€ MPOCTUMH 3ac00aMH B TOPIBHAHHI 3 JOBIHIMH
KOAaMH HaONM3WTH MBHUIKICTE mepemadi iHpopmamii [0 MpOmycKHOL
CIIPOMOXKHOCTI KaHaITy.

3. CUrHaJIbHO-KOA0BI KOMOiHA LT

Sk Bigomo, 0araTONO3MIIMHI CHTHAIM, Takl SK CHIHAIU
OaratokpatHoi ®PM, curnamn A®DM 3abe3neuyioTh BHCOKY ITUTOMY
LWIBHAKICTh mepepadi iHpopmanii (BHCOKY 4acTOTHY €(EeKTHUBHICTb) NpH
3MEHILICHHI E€HepPreTH4Hoi e(EeKTHBHOCTI, a MepelKOAOCTIHKI Koau
JI03BOJISIFOTH  IMiJBUIYBAaTH €HEPreTUYHY €(EeKTHBHICTh MNPU 3HMKEHHI
MUTOMOI IIBUAKOCTI mepenadi. [loeqHaHHS METOMIB 0araTomo3MIiHHOL
MOJIYJIAIII 1 MepenKoJOCTIKOT0 KOyBaHHS Ja€ MOXJIMBICTB ITiIBUIIATH
a0o eHepreTHyHy e()eKTUBHICTH 0€3 3MEHIICHHS YaCTOTHOI0, a00 4aCTOTHY
e(peKTHBHICTh 0€3 3MEHIIICHHS CHEPTeTHYHOIO, a Y PsIlIi BUMIAIKIB — 00naBa
mapaMeTpu.  3aBAaHHA ~ moisirae y  (OpPMYyBaHHI  CHUTHAJIBHUX
MOCTITOBHOCTEH, SKi MOXHA JOCTaTHRO MIUTBHO PO3MICTUTH B
OaraToBUMipHOMY TpocTopi (s 3a0e3MeYeHHS BHCOKOI HYacTOTHOI
e(eKTHBHOCTI) 1 B TOM e 4ac PO3HECTH Ha JOCTATHHO BEJHKI BijcTaHi (s
3a0e3neueHHs] BUCOKOI eHepreTn4Hoi eeKTUBHOCTI). Taki mociiioBHOCTI,
moOymoBaHi Ha 0a3i MEPEeIIKOAOCTIMKMX KOMIB 1 0araTomosuIiitHux
CUTHAJIB 3 MI[UIHOK YIIaKOBKOI, HAa3MBalOTh CHIHAJIbHO-KOJIOBUMH
KOHCTPYKIISIMHU.

Sk meperKooCTIMKICTh KOy 3a3BU4ail BAKOPUCTOBYIOTh KacKa/IHi,
IHTEpPaKTHBHI 1 3rOPTaJIbHI KOIH, a K 0araTOMO3MIiiHI CUTHAIA — CUTHAIH
OararokparHoro @M i curHamu ADOM.

Jnst y3ro/pkeHHsT KojeKa JBIMKOBOI IEpeIKoJOCTIMKOT Komu i
MozIeMy 0araTOIMO3HIIHHUX CHTHAJIB BUKOPUCTOBYETHCS MaHIITYJISIiHHIHA
KOA, TpH SKOMY Oumbmmii BigctaHi mo XEeMMIHTY MiX KOJOBHUMH
KOMOIHAIIIMH BIANOBIZAac OUIbIIA BIACTaHHR MK BIAMOBIZHUMH HUM
curranamu. [liii BUMO3i 9acTKOBO 3a0BOJbHSE Ko ['piroun. MoxiwuBi i
HIII CTTIOCOOM TaKOTO MEPETBOPEHHSI.

4, TlpuiioM KOJA0BaAHMX CUTHAJIB Ta IX 0c00JIMBOCTI

Jo mporo wacy mependadanocs, MO KOAOBI KoOMOiHaIii
MIPUHMAIOTECA TTOCHMBOJIBHO, TOOTO, Ha MpHUWMAaNbHIA CTOPOHI CIIOYaTKy
BHHOCHTBCSI YXBaja MPO KOXXEH CHMBOJ KOZOBOi KOMOiHAIll, a MOTIM 3a
CYKYITHICTIO N HPUHAHATHX CHMBOJIIB YXBAJIIOETHCS DILICHHSA PO Te, AKa
KOJI0Ba KOMOiHaIis Oyia repeaaHa.
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IMpn HagMipHMX KOJax Taka JABOETANHA NpOLERypa YXBaJCHHS
pIILICHHS BUSBIISETHCSI HEONTHMAIBHOIO. [10SICHIOETBCS 1Ie TUM, IO MPOLIEC
JeMOnyJIsilii € HEeoOOpPOTHOIO OIEpamielo 1 MOXKe CYNpPOBOKYBATHUCS
BTpaToto iHdopmanii. JlilicHO, miciisl yXBaJieHHS PillIeHHsS MPO CHMBOJ Ha
BINOBITHUN €JIEMEHT CHTHaNy, Ha (aKTHYHE 3HAUeHHS pe3ylbTaTy
00pOOKM HBOTO CHMBOJNY (3HaUCHHS amoOCTepiOpHOi BiporimHOCTi abo
¢yHKOii TpaBHONOAiOHOCTI) B MOJANBIIOMY TIIpoleci mpuiiomy (mpu
JIeKOTyBaHHI) He OepyThcs A0 yBaru. B Toil ke wac ix oOmik mir Om
MPUBECTH JO 3MEHIIEHHS BipPOTiTHOCTI TOMHIKOBOTO JEKOJYBAHHS
KOZ0BOI KOMOIHAIIil.

Bces indopmaris, o MiCTUTBCS B CHT'HAII, 110 MPUHAMAETHCs, Oyne
SIKHAMIOBHIIIE BUKOPHUCTAHA, SIKIIO BiJMOBHTHUCS BiJi MOCHMBOJIEHOTO
npuiioMy 1 IeMOJIy/II0BaHa KOJI0Ba KOMOIHAIIiSI B IIIJIOMY.

MoskHa MOKa3aTH, WO MPH BHKOPUCTAHHI KOJY 3 HAJAMIPHICTIO
MEPEIIKOOCTIMKICTh MPUAOMY B IIIJIOMY BHIINE 33 IMEPEHIKOJOCTIHKICT
MOEJIEMEHTHOT'0 TIPUHOMY 3 BUIPABJICHHSAM MOMHJIIOK, IIPOTE MOCTYNAETHCS
MIEPETIKOOCTIHKOCTI OEIEMEHTHOTO NMPUHOMY 3 BUSIBICHHSIM IOMMIIOK 1
mepe3anuToM 10 3BOPOTHOMY KaHaiy. Ilpm BuHKOpucTaHHI kony 0e3
HaJMIPHOCTI TPHUHOM B IIJIOMYy HE Ma€ TIepeBar B TMOPIBHSIHHI 3
MIOEJIEMEHTHNAM TTPUHOMOM.

VY 3aranbHOMY BHIIQJAKY OOYHCIUTH BIPOTiMHICTH MOMHIIKOBOTO
npuifoMy KoJoBoi KoMmOiHamii Baxko. [IpoTe iHOZI, HampuKiIajg Mpu
BUKOPHUCTaHHI OPTOTOHAIBHUX, OIOPTOTOHAIBHUX 1 CHMIUIEKCHUX KOJIB,
IO BIPOTIAHICTH MOXXHA OOYUCIMTH 4epe3 IHTerpanu, sKi MOXKHa
BU3HAYUTH YHCEIbHUMHU METOJAAMHU.

HemonikoM mpuitomMy B IHJIOMy € Te, N0 BiH BHMara€ 3HAYHO
CKJIaIHIIIO] amapaTypd B TIOPIBHAHHI 3 TIOCJIEMEHTHUM HPUHOMOM.
3okpema, aist Horo pearizanii noTpiduuii 2K kopensropiB. OueBHIHO, 110
IIPH JOCTATHRO €PEKTHBHOMY KO/ (TaKHi KO/ € JOBI'HM) MPUIHOM B LIJIOMY
TEXHIYHO He peasi3oByeThes. Tak, SKII0 BUKOPHUCTOBYETHCS KOJ (1, /10) 3
k = 10, To naeMmomynsTop, IO peami3oBye MNPUHAOM B IJIOMY,
ckiamaTuMeThes 3 1024 xopemsaTopiB abo y3romKeHuX (QiTbTpiB.

VY 3B’A3Ky 3 TpyAHOLIaMH 1MOOYJOBH ONTUMAJIBHOTO AEMOIYISATOPA
JUIsl IPUHOMY B LIIJIOMY BEJIMKA yBara IpUIUISIETHCS allrOpUTMaM Mpuiiomy,
AKi HE BHUKOPHCTOBYIOTh BCIO iH(OpMAII0 NP0 MPUIHATHN CHUTHAII, ane
JIONTYCKAIOTh MEHIIi BTPaTH B TOPIBHAHHI 3 TMOEJIEMEHTHHM NPHHOMOM.
Taki anropuTMH € IBOXETATHUMH, SK 1 NMPH IMOETEMEHTHOMY MpPHUHOMI.
IIpore, Ha mepmoMmy eTami pilIeHHS TMpPO TMEpeJaHuid CHMBOJI HE
NPUIMAEThCS, a 3amaM’sTOBYIOTBCS 3HAUEHHs HANpyrd Ha BHXO/aX
KOpensiTopiB  abo  y3ro/pkeHMX (iIbTpiB, NPU3HAYEHUX JISI MPHAOMY
PI3HUX CHUMBOJNIB, 3 SIKHMX CKJIAIarOTbCs KOAOBI KomOiHamii. Takwii BuJ
pilieHHs HazuBaeTbes "M’AkuM". SK BioMo, I Hampyra nporopiiiHa
norapuMy GYHKIIH MpaBaomnoaiOHOCTI 1 HeCyTh iH(pOPMAILIiIO PO CTYIIHb
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Bi/IMOBIIHOCTI TIPMHHATOrO curHamy ToMy ab0 iHIIOMY CHMBOJY. IX
BUKOPHCTaHHS TpPU NOAAibLIA 00poOui (nexoqyBaHHI) 1 JO3BOJISE
OTpPHMATH Kpallli pe3yJIbTaTH B MOPIBHAHHI 3 HOSJIIEMEHTHUM ITPUHOMOM.

VY peaspHHMX cHUCTeMax BHUXiJHAa Halpyra 3a3BUuail KBaHTYETHCS 1
NPENCTaBIETHCS YUCIAMH, TOOTO 3aMiCTh ONTHMAIBHOTO aHaJIOTOBOTO
JNeKOQYBaHHI TI0 MAaKCHMyMY NPaBIONOMIOHOCTI BHKOPHUCTOBYIOTH
uudpose nexoxyBaHHSA. L{nppoBe mexomyBaHHS BKE MPU BOCEMH PiBHIX
KBaHTYBaHHS IPAKTHYHO Ja€ Ti JK PE3yIbTaTH, IO 1 aHAJIOroBe
JeKoqyBaHH:. B Tol ke 4ac BOHO 3HAYHO MPOCTIIIE B peati3arii.

IcHytoTh 1 iHmI MeTOmM TIPHIOMY, IO 3aiiMalOTh MPOMIXKHE
TOJIOKEHHST MDK IOEJIEMEHTHHM NPUHOMOM 1 NPUHOMOM B LJIOMY,
HaNpHKIa] NPUIOM 10 HaWOUIbII HagifiHMX cUMBosaX. Y IOT0 OCHOBY
MOKJIaieHn i TOM (hakT, 110 MPH 3aCTOCYBaHHI KOAY 3 KOJOBOIO BiJICTAHHIO
d Oymp-sky #oro koMmGiHalito MOXKHA aekomyBaTH, skio "creptu" d-1
cumBotiB. TlpucTpiii mpuiloMy CKIaaeTbesi 3 JBOX BUPIIIAIBHHX CXEM.
[epia 3 HUX OOYHCITIOE ATOCTEPIOPHY BIPOTIAHICTH 1 YXBAJIIOE 3a3/1aJeriab
pimeHHs mpo mepemaHwii cUMBON. OTpHMaHa IOCTITOBHICTE CHMBOJIB
NONAEThCA HAa JAPYTy BHUpIIANbHY CXeMy, KyIOH TaKOX IIOCTYIae
iHpOpMaLis PO amoCTepiOpHY BipOTimHICTh. [lekoqyBaHHS BUKOHYETHCS
mo N —d + 1 HaiibinbII HaAiHHKM (1[0 Ma€ BENTUKI 3HAYCHHSI allOCTePiOpHOT
BipOTiTHOCTI) CHMBOJIAM.

OmnucaHuii MeTon Jlae Kpaili pe3yabTaTH, YUM MOCIEMEHTHUI
NpUiloM, OCKINBKM B HIM YacTKOBO BHUKOPHCTOBYETHCS iH(pOpMAILs Mpo
arocTepiopHy BIPOTIHICTb, aje MOCTYNA€ThCsS NpUoMYy B IJIOMY,
ockineku  iHpopmaris mpo d-1 MeHIT HamiiHHX CHMBOJIAX  HE
BHUKOPHCTOBYETHCS.

5. [lepenaya Ta 06poOKa JaHHMX y cHCTeMi TeJieMeTpil

Cucmema nepedaui inghopmayii kKocmiuno2o anapamy — CyKyIHICTb
NpOorpaMHUX 1 amapaTtHuX 3aco0iB, IO JIO3BOJISIIOTH  IepeaaBaTH
iHpopmarito Mk kocmiunum amapatom (KA) Ta meHTpoM ympaBiiHHS
MOJBOTOM IIOTO KOCMiuHOTO amapary. Ilepenany indopmamnito MoxHa
PO3IUTNTH HA TPU OCHOBHI THIIH:

* HaykoBa iHdopmais (KA-3ems);

* ciyx00Ba i TenemerpuyHa iHpopmaris (KA-3emis);

* KOMaHHO-TIporpamMHa iHpopmanis (3emisa-KA).

VYropaBmiHHA [OTBOTOM  KOCMIYHOTO — amapary  3IiHCHIOETHCA
ABTOMATH30BaHOI0 CHCTEMOIO VYIPABJIIHHS, IO CKJIAJAEThCS 3 JABOX
OCHOBHHX YaCTHH:

- 0opTOBOI;

- Ha3eMHOI.
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bopmoeuii  xkomnnexc — ynpaeninHa — KOCMIYHUM — anapamom
CKJIQJIA€THCS 3 JBOX T'OJIOBHUX CHCTEM:

- YIpaBJIiHHS PYXOM;

- YIpaBJiHHS OpPIEHTALIEIO.

HazemHmii aBTOMAaTH30BaHMI KOMIUIEKC VYIPABIIHHA 00’ €qHYE
Ha3eMHI KOMaHIHO-BUMIPIOBAJIBHI IYHKTH, ICHTPH KEPYBaHHS IIOJHOTOM
KOCMIYHOTO amapary i 0asliCTHIHI HEeHTpH.

OcHOGHUM 3A80AHHAM CUCHEMU YRPAGIIHHA KOCMIYHUM anapamom €
YIPaBIiHHS OPi€HTAII€}0 KOCMIYHOTO armapary i pyxoM HOTo HEeHTPY Mac.

Jns mporo HeoOXimHI CHCTEeMH Tepenadyi KOMaHIHO-TIPOTPaMHOI
iHpopMalii Ha KOCMIYHHMH amapat i TeJleMeTpUyYHOi iH(popMaLil BiJl HBOTO.
Cuctemu nepenadi  KoMmaHjaHo-nporpamuoi  indopmamii  (KIII) i
tenemeTpuunoi iHdopmariii (TMI) BukOpUCTOBYIOTH IHGPOBY (Hopmy
MIOJIaHHSI TIOB1IOMJIEHb Y BUTJISIII PIBHOMIPHOTO JBiiKOBOTO Koay. Bimomo,
IO B IbOMY BHIAJKY ONTHMAaJIbHUMHU € MPOTHUJICKHI CUTHAIH, SIKI MOXKYTh
Oytu otpumani npu (azoBiii MaHimyssuii rapMoHiiHOTO KonuBaHHs. [Ipu
BIUIMBI aIWTHUBHOTO «OiOr0» WIyMy ONTHMAalbHHUNA MpHUiiMad CHTHAIIB
SIBIISIE  COOOI0 TIEPEeMHOKYBad 3pa3Ky MPUHHATOTO CHUTHATY 1 CyMIimIi
CUTHAITY 3 IIyMOM.

Pesynbrar nepeMHOXKYBaHHS IHTETPYEThCA HA IHTEPBAJI TPUBAIOCTI
CHMBOJTY 1 TOPIBHIOETHCS 3 HYJILOBUM HOPOTOM.

[pu ineanpHOMY NpUiioMi BCl 3HAYYyII MOMEHTH 4acy MPUHHATOrO
CUTHaJly MOBHMHHI OyTu Bigomi. J[Jst 1poro mpuiiMad MICTHTh HPUCTPIi
CHUHXpOHI3alii, sKi peanmi3ylThcs Yy BHUIVIAI 3aMKHYTHX CHUCTEM, IO
cTexaTh 3a (pazaMH HeCcydol, MiJHECe I CHMMBOJIbHOI YacTOTH. 3aMKHYTI
CHUCTEMH, M0 CTeXaTh 3a (Pa30BUM aBTOIMIJCTPOIOBAHHS YaCTOTH,
BHMAararoTh JIOJaTKOBOi amapaTypd 1 JOJaTKOBOTO 4Yacy Ha TOIIYK i
3aXOIUICHHS CHUTHAY MO 4acToTi i (a3i. ¥ Texk Yac acCHHXPOHHI CHCTEMH
npuiioMy nupPOBHX CUTHAJIIB BOJIOJIIOTH TiPIIMMHU MTUTOMHUMH BUTpaTaMH
eHeprii. | OLIBII MIMPOKOIO CMYTOIO YaCTOT, OJJHAK, BOHHM alapaTHO MEHII
CKJIaAHI 1 JIO3BOJIIIOTH 3 MEHIIMMH 3aTpUMKaMH 3a0€3NeYUTH IPHIHOM
CHUTHAJIIB.

Jdnst  nanekux KOCMIYHMX —anapaTiB  €HepreTHYHWH ITOTEHIiall
CHTHay Ha BXoAi OOpTOBOrOo mpWiiMaya TP  BHKOPHUCTAaHHI
MaynoHanpaBlieHHON aHTeHHm He mepeBumye 1000 I'm. Ilpm Takomy
€HEepreTHYHOMY MOTEHIIa i P MOCHIJOBHUX METOAAX IOIIYKYy Hecydoi
4acTOTH 1 (pa3su CuUTHaNy B MeXaxX HEBH3HAYEHOCTI 3HAHHS paaialibHOI
IIBUJIKOCTI KOCMIYHOTO amapary Ha BXO/MKEGHHS B CHHXPOHI3M
3arpavaerses 6mm3bko 300 cexynn. [TpubaM3HO CTUTHKH X Yacy HEOOXiTHO
JUIl TIOMIYKY (ha3u MOAENIOYOi MOCHiZoBHOCTI. Pa3soM sl MOBHOTO
BXO/DKEHHsI B CHHXPOHI3M OopToBOMYy mpHiiMauy mnoTpibHO m0 600 c.
Takuii 4yac BXOPKEHHS B CHHXPOHI3M HE 3aHAATO BEJIUKO B INTATHIH
cutyaltii, 00 ceaHc 3B 53Ky 3 JaJIEKMM KOCMIYHHM alapaToM MOXKE TPHBATH
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[Ipote, B aBapiiiHiil cuTyarnii, HaNmpuUKIag MPU BTpaTi opieHTalii i

o0epTaHHI KOCMIYHOTO amapary, piBeHb CUTHaJy Ha BXOJl IpuiiMaya
CHJIBHO 3MIHIOETBCS MPOTATOM 1—2 XBWJIMH uepe3 HEpiBHOMIPHICTb
JiarpaMu CIpsIMOBaHOCTI OopToBWil aHTeHH. Y Takid curyamii 600 c,
HEOOXigHI I CHHXPOHI3allii, HE [OO3BOJATH BCTAHOBHTH 3B 530K 3
KOCMIYHHUM anapaToM.
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PL-BY-UA ChiachiHaHCOBAHO 32 PaXYHOK KOWTiB
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TakuM 4YMHOM, MOXKHa OOIDYHTYBaTH CTPYKTYpy CHTHal1y B
panioniHii cucTeMH mepenadi KOMaHIHO-TIPOTPaMHOI Ta TENeMETPUYHOI
iHpopmaii. Eneprerunynnii morenuian paaioninii KA — 3emis 3aBxau Ha
MOpSAOK BHINE, HiX paguonuHaus 3emiss — KA, depe3 MOXIUBICTH
BrukopucTanHsA Ha 3emuti B 100—1000 pa3iB OiTbII TOTYXXHOTO IIepeaaBaya,
B TOH 4ac SK YyTIMBICTh HAa3eMHOTO MpHiiMada BHIIE, HOK y OOpPTOBOTO
npuiimMada, Bckoro B 10 pa3. Ile o3Hadae, mo 3a OJHAKOBOI IIBUAKOCTI
nepenadi iHpopmamnii pamioliHiero UIA Tepenadi KOMaHTHO-TPOTPaMHOL
iHpopManii MO’kKHa BUKOPHCTOBYBAaTH HEONTHMANbHI (ACHHXPOHHI) METOTH
NpUiioMy CUTHAJIIB 3apajd BUHATKIB CHCTEMH CHHXpOHi3awii Ta
MiJBUMINEHHS THM CaMHMM HaJiHHOCTI BXOJDKEHHS B 3B’S30K, a TaK CaMoO
3apajii 3MEHIICHHS MacH anapaTypy Ha KOCMIYHOMY amnapari.

[Tpu cTBOpeHHI pamioniHii cucTeM mepeaadyi KOMaHIHO-IPOrpaMHOT
Ta  TeneMerpu4Hoi  iHpopMamii  JaJeKMX ~ KOCMIYHUX  amapartiB
BPaXOBYIOTHCS TaKi yMOBH iX pOOOTH:

- BEMUKWI [iama3oH 3MIiHHM BiICTaHI MK KOCMIYHAM amapaTroM i
3emiIero B poLeci 31 {CHEeHHS IPOCKTY;

- BEJMKHH JIOTUIEPOBCHKUIN 3CYB YacTOTH NPHHWHATOTO CHUTHATY 3a
PaxyHOK B3a€EMHOTO PyXy KOCMIYHOTO amapara Ta pyxy CTaHIIii;

- CIUIbHUH BIUTMB CEPEIOBHIIA PO3TIOBCIO/DKEHHS (armocep 3emui i
JOCHIDKYBAaHOT ~ IUIAHETH,  MDKIUIAHETHOTO  HpocTopy 1
OUICOHAYHOT IJIa3MH) Ha 3MIHY aMIUNITYAH, (Gasu Ta 4YacTOTH
CHUTHAIY;

- OOMexeHHs1 Macu, rabapuTiB Ta EHEpProCIOKUBAaHHSI OOPTOBOI
anaparypu;

- BHCOKa HaJiiHICTh OOPTOBOI amapaTypH, sika BUIUIMBAE 3 BHCOKOT
BapTOCTI TPOEKTy 1 JKOPCTKHX AaCTPOHOMIYHHAX TEpPMIHIB
3IIMCHEHHS TTPOEKTY.

Tenemempis, menesumipioéanHs — CYKYIHICTh TEXHOIOTIH, IO
ITO3BOJISIE BUPOOIIATH BimmalieHi BUMipH Ta 30ip iHpopMamii i HaJaHHSI
omeparopy ab0 KOpPHCTYBaueBi, CKJIQJOBa YaCTHHA TeJIEMEXaHIKH. Xoda
caM TepMiH B OITBIIOCTI BHIIAJKIB BITHOCHUTBCSA IO MEXaHI3MIB 3
0e31pOTOBOIO Tiepenaveto iHpopMartii (HampuKiam, BUKOPUCTOBYIOUH PaIio
abo iH(ppavepBOHI CHCTEMH) BiH TaKOX MICTHUTH B co0i JaHi, mepexaHi 3a
JIOTIOMOTOIO0 1HITUX 3ac00iB MacOBOi KOMYHiKaIlii, TAKUX SIK TeJaepoHHI a0o
KOMIT IOTEPHI MEPEXi, OMTOBOJIOKHO a00 1HIIT MPOBiHI 3B’ SA3KH.

Hns 300py maHUX 3a3BHYail BHKOPHUCTOBYIOTH a00 JaT4YUKH
TesieMeTpii (3 MOJMIIMBICTIO pOOOTH B TENEMETPUYHUX CHUCTEMax, TOOTO,
creLiaibHUM BOYZOBaHUM MOJYJEeM 3B’s3Ky), a00 HpHUCTpOi 3B’SI3KYy 3
00’€KTOM, JI0 SIKMX IT1IKJIFOYaI0THCS 3BUYANHI JaTYHKHU.

[TpoBeneMo oA MOCIIIOBHUX TPOTOKOJIB 3B’S3KY 1 MEpEXEBUX

Mpoext [PBU.03.01.00-06-386/11-00 [-HTY Tpanckopaokkuii o6 Aocsiaom Mporpani o n Bi paika 20072013
3a KowTn € Cotosy & pamkax Esponeiiceoro IHCTpymenty CycicTsa Ta MapTHepcTaa

Kepignuk npoekty: MapThep npoexTy:
Niobsinceka Monitextika Nyuekiii HaUOHaNLHIT TeXHINHWi yHiBepCHTET
8yn. HagBuctwinga 44A, kabiver 1001 Byn.Mbsiacska, 75, kabiver 12
20-501 Mio6iik, Monbiya TNyuyek 43018, Yipaina
Ten. +48 81538 4112, +48 81538 4579; chaxc +48 81 538 4220 Ten. +380 332 746 118; baxc +380 332 746 103 =
e-mail: PLANTU@pollub.pl e-mail: pintu.cbc@gmail.com

256




PL-BY-UA ChiBchiHaHCOBaHO 32 PaXYHOK KOLITIB
Go7-2013 €aponeiicskoro Colozy

HpOTOKOJ’IiB, BUKOPUCTOBYBAHUX Yy CYIYTHUKOBUX CUCTEMAX 3B ’H3Ky.

6. BBeneHHA B TeOpilo MOCTiIOBHOI Mepeaadi JTaHUX

[ocnimoBHMIT 0OMiH XapaKTepHUH I iHTEpQeiciB BunaneHnx ado
MOBUTPHOIFOUNX TepudepifHNX MPHUCTPOIB, a TaKOXK Ui iHTEepdeiciB
po3noziieHoi 00poOKH TaHUX.

Opuanunero oOMiHy B MOCHiIOBHOMY (GopMmaTi € CHMBOI,
MpeCTaBICHANR B OAHIM 3 CHCTEM KOIYBaHHS Ta MICTUTh 5—8 OIT.
[puxmamgom 5-GiTHOTO KOy CIYKUTh Mi>KHAPOTHUH Teserpadauii Kox No2.
bitn konmyrorecst HasBHiCTIO cTpymy B uiHii (1 abo MARK) a6o
BizcytHicTio cTpymy (0 abo SPACE).

MikHapoiHe BU3HAHHS OTPUMAaB aMEPUKAHChKUIl CTAaHIAPTHUN KOJI
oominy iHdopmartiero ASCII (American Standard Code for Information
Interchange), B sikoMy CHMBOJIH KOAYIOThCs 7 MBitikoBUMHE po3psimamu. Lleit
KOJ TO3BOJISIE TIepeNaBaTH U(PH, MPOIUCHI 1 PAIKOBI OYKBH JTATHHCHKOTO
andasiTy, QUMHHA P IHIHUX CHMBONIB (BChOro 96 CHMBOIIB, Tak K 32
KOZOBI KOMOIiHamii BHIUICHI IS TpPEACTaBICHHSA KoMaHa oOmiHy). Ha
OCHOBI 1IbOTO KOAy moOymoBaHWi BiTumsHsHHN Koj KOW-7 (xom oOMiHy
iHpopMamiero ceMUpO3pAaHNii). 3aCTOCOBYETHCS TAKOK BOCHBMUPO3PSAHUH
kon JIKOH-8.

Jnst inTepdeiicis, mo 3abe3neuyroTh 3’ €JHaHHI «TOYKa-TOYKa» (Ha
BIZIMiHY BiJ| IIMHHUX iHTep(]eHCiB), MOXKJIIMBI HACTYIIHI peaizalil pexXumis
oOMiHYy:

1) cumniekcHUit (1aHi nepealoThesl TIIBKK B OJIHY CTOPOHY);

2) HamiBOYIUIEKCHUHN (JlaHi IepenaroThcs B OOMIBI CTOPOHH, aje 3
NoJiioM y 4aci. BaxiMBOW XapaKTEpPHCTHKOI MOJYIYIUIEKCHOTO
3’€IHAHHI € uYdcC peepcyBamnHs pedicumy — 1€ TOW dac, 3a SKUH
3MIACHIOETBCS TepexiJ Bix Tmepeladi MOBIMOMJICHHS IO NpUHOMY i
HaBIIaKH);

3) AymuekcHuit (aHi nepeaaThes B 000X HAMPSAMKAX OJHOYACHO).
HaiiBaxximBima BUMora mpaBIIBHOTO MPUHOMY — BU3HAUCHHS pUiiMadeM
MOMEHTIB dYacy, B fKi CIiJi CHpHUIHATH 4eproBuil OiT maHuX. [HIINHMH
CIOBaMH, MOBa i/ie TpO CHHXPOHI3amil0 MpPOIECiB B IeperaBadi i
mpuitmadi.

Ha mpakTuini 3acTOCOBYIOTh 08 pedicumu NOCAI008HO20 0OMIHY .

1) acHHXPOHHHH PEXHMM: KOXEH CHMBOJ IEPENAEThCS aBTOHOMHO
1o Mipi TOTOBHOCTI, 1 mepeaada Moxke OyTu moyaTta B OyJb-SIKHMi MOMEHT
yacy. IlpumiiMau i mepepaBad JaHUX HE 3HAIOTh MOMEHTY IOYATKy 1
3aKiHYCHHS TIepeaadi;

2) CHHXPOHHHMH pEXHUM: INPH CHHXPOHHII mepemayi CHMBOJIH
CHIZYIOTh OJVWH 32 IHIIMM pa3oM, TOMy MOXHA TOBOPUTH NpO Hepeaady
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MacCHBY CHMBOJIIB — TEKCTY.

SIKIIo 4eproBuii CHMBOJI HE TOTOBHUH, Mepefadya HE 3yMUHAETHCH,
nepejiaBay MOCHIAe B JIIHIIO CHEIialbHI CHMBOJIM CHHXPOHI3AIil, 10 THX
mip, MOKH HE 3MOXKE TepelaTH HACTYMHUI CUMBON AaHuX. CHHXPOHHHIMA
0OMIiH i IBUIIY€ MBUIKICTH ITepeadi JaHuX.

Konmpons 3a modynem 2

KonTtpons nmpaBmiibHOCTI mepenadi i 30epiraHHs MaHUX — BaXKJIHMBa
yMOBa KOpEKTHOTO (DYHKITIOHYBaHHS IIIU(PPOBOTO MPUCTPOFO. Y TIiif obmacTi
HAaWMIpOCTIIMM 1 IIHPOKO 3aCTOCOBYBAaHMM METOIOM € KOHTPONb 3a
Monynem 2. Ilpucrymarouum n0 O3HAHOMIIGHHS 3 MM METOJOM, CIij
3YIMHUTHUCA Ha JIESIKUX NOHSITTSX 3 Teopil MoOYA0BH 3aBaI0CTIKUX KOJIIB.

Koooesa xombinayis — nabip 3 CHMBOIIIB IPUHHATOTO andasiTy.

Koo — cykynHicThb KOJIOBHX KOMOIHAIiH, 10 BHKOPHUCTOBYIOTHCS
JUTS BiToOpakeHHs iH(opMarrii.

Kooosa siocmanv mixc 06oma KOOOSUMU KOMOIHAYIAMU — YHCIO
PO3psAIiB, B AKUX Ii KOMOIHAIIT BiJPi3HAIOTHCS OIMH BiJl OJHOTO.

Minimanena koooea éidcmans — MiHIMalbHA KOJOBA BiACTaHb UIS
Oynb-sK01 mapu KoMOiHAIIii, IO BXOIATH B JAHUN KOJI.

Kpamuicmio nomunku Ha3WBalOTh YHCIO NOMUIOK B JTAHOMY CIIOBI
(ducio HeBIpHUX PO3PSIIB).

Baca kombinayii — duCcIO OAMHUIL Y JaHOI KOMOiHAIIii.
3 Teopii KOAyBaHHs BiJIOMi YMOBH BHSIBJIICHHS Ta BHUIIPABJICHHS IOMHJIOK
IIPY BUKOPUCTaHHI KOJIiB:

dmin =l t+ 1, dmin = 2rBI/Il'lp + 1, dmin = 2rBan + I + 1, (11-4)

1€ min— MiHIMaITbHa KOJ0BA BiJICTaHb KOY;
s 1 leunp — KpATHICTh 3HAWIEHWX 1 BHIIPABIEHUX ITOMMIOK
BIZIOBITHO.

Jnst 1BiHKOBOro KOAy MiHIMallbHa KOJOBA BiJICTaHb JOPIBHIOE 1,
TOMY BiH HE Ma€ MOXJIMBOCTI SIKOTO KOHTPOJIIO BUPOOJICHUX HaJ HUM Jiil.
[ITo6 oTpuMaTh MOKIUBICTh BHSBIATH X04a O MOMMIKH OJUHUYHOI
KpaTHOCTI, MOTPiOHO 30UIBIIMTH MiHIMambHa KoIoBa Bimctanp Ha 1. Lle i
3po0NeH0 Il KOAYy KOHTPOJIIO 32 MoxayideM 2 (KOHTpOJIb 3a
MApHICTIO/HEMAPHICTIO).

IMpn mpomy crocobi KOHTPOJIO KOXXHE CIIOBO JIOTIOBHIOETHCS
KOHTPOJILHAM PO3PSAIOM, 3HAUEHHS SKOTO MiZ0UpaeThCs TakK, 100 3poonuTH
mapHuX (HEemapHHUX) Bara KOXHOI KojoBoI komOiHamii. [lpu omuHOYHIN
MIOMIIIII B KOJOBi# KoMOiHami{ mapHicTh (HEMapHiCTh) 11 BarW 3MiHIOETHCS,
a Taka KOMOIHAIisl He HaJeXHUTh A0 TAHOTO KOXIy, IO 1 BHUSBIIAETHCA
cxeMaMH KOHTpomo. [Ipu moABifHIA HOMMIII MapHICTH (HEMapHICTBH)
KOMOiHaIii He TOpYNIyeThCS, Taka TOMHJIKa HE  BHABIETHCS.
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ITpn KOHTpOI 32 MapHICTIO BarW KOJOBUX KOMOiHALil poOJsiTh MapHUMH,
IIPU KOHTPOJI 3a HEMapHICTIO — HemapHUMH. JIOTiuHI MOXIHMBOCTI 000X
BapiaHTIB aOCOJIOTHO imeHTHYHI. B 3aje:HOCTI Bim TexHIUHOI peamizallii
KaHaJliB Iiepenadi JTaHWX, MOXKE MPOSBUTHCS IEpeBary TOTO YW IHIIOTO
BapiaHTa, OCKIJIbKM OJUH 3 BapiaHTiB MOKE IO3BOJIUTH BiIpi3HATH O0OpUB
BCIX JIiHIH 3B 3Ky Bif Iepeadi HyIbOBOTO CIIOBA, a 1HITMHA — Hi.

3Ha4YeHHsS KOHTPOJIFHOTO PO3PALY NPH KOHTPOII 3a MapHICTIO i
HETMApHICTIO HaBeIeHl IS YOTHUPHUPO3PIIHOTO iH(POPMAIIHHOTO CIIOBA.
3 HaBeIEHOr0 Marepiany BHIUIMBAE, IO KOHTPOJIb 3a MOAayleM 2
e(pCKTHUBHUHU TaM, JIc IMOBIPHICTh OJMHUYHOI MOMUJIKY Oarato OinbIie, HixK
HWMOBIpHICTh MOJBIHHOI (200 B3araii rpynoBuii).

30kpema, JJis HamiBIPOBITHUKOBOI OCHOBHOI MaM’sITi KOMII FOTEPiB
Taka CHUTYyaIlis CIpaBeIJIMBa, TOMY IO KOXXEH OIT ciioBa 30epiraeThcs B
CBOIW BJIACHIA KOMIpIi, 1 HAWOUIBII BIpOTiAHI OJMHUYHI MOMHJIKH. A /IS
nam'sTi Ha MarHiTHUX HOCisAX iHpopManii (IMCcKH, CTpiuku) nedeKTH Taxi,
0 3a3BHYAl 3a4iMaroTh IDIOMNIY, Ha AKiH PO3MIMIEHO AEKibKa OIT JaHWX,
TOMY JIJIs1 Li€T 1aM’sITi KOHTPOITh 32 MOAyJieM 2 Hee(heKTHBHHUIA.

Ax HaM EMIHOCA 3 TAOMNOL, Py = A3SayEa,Say, By ay ay By P Py

Py = ByE0,00,Gay © 0 0 001

TMicna mepegani CLoBa TH CIMTYREHEA #oro 8 mas’aTi o o 1] 1 1 0

SHOEY CTEOPIETHCA CHIAN POSPALE kogoarol koMbian] O (] 1 o 1 0

o MoyTEs 2 (cEnafEs mo Momymes 2 ), i mepepipAcTeca . o o 1 1 0 1

afiepirnaca MapHICTE (HENAapHICTE) MAcH ITPHHEATO o 1 o o i o

EoMbinamil. Ao nmapricTs(HenapHicTs) Mac EoMGinamii o 1 o 1 o 1
SMIHMMACA , DIECYETRCA MOMMITES OIepanil

] 1 1 1] 0 1

11 1 1 ]o]1

Acunxponnuii pexcum

Ipu acMHXpOHHHX Mepenadyax mocuika (kamp), To6To rpyma OiTiB,
o BimoOpaXkaroTh CHUMBOJ, Ma€ HACTYIHHH (opMar. MOYaTOK IMTOCHIIKH
3a3HAYAETHCS HYJIBOBMM CTapT-OiTOM, 3a HHM CligyioTh 5 ... 8
inpopmamiiianx ~ (MOMOANIAM  PO3pSZAOM  BIepen), TOTIM  ¥ime
HEO00OB’I3KOBHH GIT KOHTPOITO 32 MoayineM 2 (6iT mapHOCTi / HemapHOCTi)
1 3aKiHuyeThes mocwika 1; 1,5 abo 2 onuHUYHNME cTom-0iTaMu.
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CcTapT-GHT

AN

LI T T T T T T 177 0171

Imdropreamidiai GiTw ., Cromn-GHr

Puc. 11.3. Ctpykrypa Kaapy /Uil aCHHXPOHHHUX Tepeaad

Y BIOCYTHICTH Tepenavi JiHIS 3HAXOMUTBCS il BHCOKUM
noTeHuianoM (akTHBHA mMays3a), BiAMOBIAHWUM JOTiuHIA omuuumi. [losBa
HU3BKOTO pIiBHS O3HAa4ya€ HaJIXO/PKEHHs CTapT-0iTa, IO CBIOYUTH PO
MOCTIIOBHICTh Tepenavi BiJOMOTO 3a3Jalerinp uucia iH(opMariitHnx
6iriB. Jlami MoxeMO WTH KOHTpONBHHMH OIiT mapHOCTI (HEMapHOCTI),
MIPU3HAYCHHS 1 crmocid BHPOOHUITBA SKOTO BxKe Bimomi. CTOm-OiT Takoxk
BUKOPUCTOBYETHCS IJIsI MEPEBIPKU MPaBHIBHOCTI Iepenadi, aje BKe 3a
IHIIINM KPUTEPIEM.

BincyrHicte Ha mosmmii crom-0iTa BHCOKOTO pIiBHSA HAmIpyTH
CBimUUTH Mpo moMmiIKy dopmary (kaapy, oopamnenss). Tpusaicts cTom-
OitTa BU3Ha4Ya€ MiHIMAJIbHUI NPOMIKOK MK 3aKIHYEHHSIM AaHOTO CUMBOITY
i moyaTkoM HactymHoro. lleii mpomixok craHOBUTH | ... 2 iHTepBany,
BIJINIOBiTHHX OITY.

m}, Creereer [ —ll_._]_.-

ggm_mﬁ/j——l—i—L

Puc. 11.4. Yacosi ngiarpamu popMyBaHHS THMYAaCOBUX MIiTOK
y cepeluHi OiTa

[MpuiiMau CHHXPOHI3YETHCS CAaMHM CHTHAJIOM 1 MOBHHEH 34YHTYBaTH
3Ha4YeHHS OITIB y CepeAWHaX iX IHTEpBaliB, ¢ CHOTBOPCHHS IMITYJBCIB
HaliMEHII BIUIMBAIOTH HA BEJIMYMHY 34YUTyBaHOro piBHA. Ll Bumora
JIOCSITAETHCSI HACTYITHUM YHHOM.

[lepenasau i mpuitMay MarOTh CBOI reHEPaTOPH TAKTOBUX IMITYJIBCIB,
10 MPamOI0Th Ha OJHAKOBIH 4acTOTi. 3a BIACYTHOCTI Iepenadi mepeiaBayd
BCTaHOBJIIOIOTHh y JIiHII BHCOKHMH piBeHbp Hampyru (mapky). IlosBa Hyns
(crapt-OiTa) BiI3HAYa€e MOYATOK Iepenadi, SKe, TAKUM YHHOM, (DiKCyeThCs
¢portom mHampyru "1-0". Bixm mporo ¢GpoHTYy NOYHMHAE TpamroBaTH
reHeparop mnpuiiMava. [lpumilmMad BHTpHMye iHTEpBal B IOJIOBHHY
TpuBasocTi Oita, TmepeBipse, YM € IIe HyJb Ha BXOJi (KOHTPOJIOE
ICTHHHICTh CTapT-0iTa 3 METOI0 BHKJIIOYHTH PEAKI[I0 Ha KOPOTKOYAaCHY
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MIepPEIIKOY), 1 MOTIM IMOYMHAE CIIPUHMATH JIaHi 3 IHTEPBAJIOM y TPHBAIICTh
Oita (Km0 crapr-OiT HE MIATBEpAMBCS, TO NpHKAMad IOBEPTAETHCS B
MoYaTKOBHH cTaH). YacToTa reHeparopiB nepegaBaya i npuiiMada peaibHO
BIZIPI3HSIOTHCS, TOMY BIIJTIKM IOCTYIOBO "CIIOB3alOTh" 3 cepeauHH OiTiB i
3MIIYIOTECS JI0 TOTO UM 1HIIOTO Kparo iMIynbciB. OmHaK, 3a 9ac KOPOTKO1
mocwiku (He Oimpme 10 ... 11 6iTiB) 3cyB BiIIKIB 3 cepenuHu OiTiB JIETKO
3pOOUTH HEBEITUKUM.

Bubipka BimmmikiB y cepennHi 0iTiB IPOBOANUTHCS 3aBISKH HAsIBHOCTI
B ajanTepi MOCTIIOBHOTO iHTepdeicy YacTOTH, OiNBII BHCOKOIO, HiX
4acToTa NPOXO/KEHHS OiriB (3a3Buuail B 16 paziB). Ilicas mycky
reneparopa CLK 3a 1ormoMororo niuniibHEKA BiJpaXxOBY€ETHCS 8 iIMITYJIbCIB,
o 1 Bif3Ha4ae cepenuHy crapr-Oita. IToTiM BiUIiKM MOBTOPIOIOTHCS 3
intepBanioM T, omepxyBanux Big nuieHHs uactrotn CLK. VY kimmi
NepeBipsETbCS CTON-0IT, BIICYTHICTh NMPHU Iii TEpeBiplli BUCOKOTO PiBHS
Hapyrd  BCTaHOBIIOE TpUrep moMwikd  Qopmary. Skmo 1e
3anporpamyBaTH, TO TIEPEBIPSIETbCS 1 TMApHICTh Bark MOCHIKH 3
ypaxyBaHHIM KOHTPOJBHOTO po3psimy. Jnsa ikcamii pesymbraTy Imiei
NEepeBIpKUA TaKoX € cremianbHUil Tpurep. OOHMABa 3a3HAYCHUX TpUrepa
(mpamoprisi) — poO3psAAM BHYTPIIIHBOTO pETIiCTpa CTaHy amanTepa
TIOCTITOBHOTO iHTEp]EHCY.

[IpuiHATHIA CHUMBOJ HAAXOAUTh Yy perictp 30epexeHHs, IO
3HaxomuThesl B Oydepi IHIJ], mns nopmanpmioi mepexawi y BHIVISAL
napanenbHoro koxay. Ilicns 1poro npuiiMad IIykae HacCTYIIHUH CHMBOJ i
3pyIIy€e WOro B perictp 3cyBy. Y perictp 30epiraHHs Apyre CIOBO HE e,
ITOKH He JiideHo nepiie. Moxe B 1ieil yac miti TpeTiii CHMBOJI, TOI APYrOt0
Oyzme BTpadeHO, OCKIJIbKH 30epiratu ioro Hige. lle mommika mpomycky
(epenoBHEHH:), siKa TeX (PIKCyeThCs YCTAHOBKOKO BIAINOBIJTHOTO TpHUrepa-
npanopus B pericTpi crany Apanrtepa. IloMuiika mpoIycKy HE BHHHKAE,
SKIIO MiKkpomnponecop 3a0esrnedye 3apaxyBaHHsA CIOBa 3a iHTepBall,
MEHILHH, HX IHTepBa BBEJCHHS CUMBOIY B 3CYBHHH pericTp.

Cunxpounuii pexcum

CHHXpOHHA Tepeaada MOYNHAETHCS 3 OJTHOTO a00 IBOX CIEIlialbHUX
CHMBOJIB CHHXPOHi3amii (CHHXPOCIIB), MICIsA SKUX IOCHIJOBHO 6e3 Oymb-
AKAX PO3AUIBHUKIB TepenaloThCs 5-8 OIiTHI KOIM CHUMBOJIB 3
HEOOOB'I3KOBHMH CHMBOJIAMH ITapHOTO 200 HETIAPHOTO MapHUTETY.
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< SYN1 > SYN 2><Cmu:sun 1><Cmnu 2}— H—— Cramont N
T T

Te In
Tn

Puc. 11.5. ®opmMaT MOCHIKN B CHHXPOHHOMY PEKUMI

SYN1, SYN2 — cunxpociosa (03Haka MovYaTKy mepenadi);
Cumeor 1, cumBoia N — uncna ajis nepenaui (nauHi).

T — TpuBaJIiCTh OZJHOTO CIHXPOCIIOBA;

Tc — TpuBaicTh CHHXPOIMITYJIbCIB;

Ta — TpuBajicTh BIACHE JAHHX;

Tn — TpuBaicTh MOCUIIKY.

Po3pi3HAIOTE OBa pi3HO8UOU CUHXPOHHUX nepeday.
- 3 BHYTPIIIHBOIO;
- 30BHIIIHBOI0 CHHXPOHI3AI€I0.

IMpu BHyTpimHINA  CcHHXpOHI3awii mHepex MacHBOM  JIaHUX
NepeatoThCsl clIoBa — cuxpocuMBoiu (oaue abo asa). [Ipu BiacyTHOCTI
nepezayi nepeaBay He MEPECTae MPAIOBATH, a TIOCUIIAE B JIIHIFO CUMBOJIH
CHUHXpOHI3allii, MOKM HE BIJIHOBUTHCS Iepenava JnaHux. [IpuiiMau npu
LBOMY 3HAXOAUTHCS B PEXKHMI aKTUBHOTO OUiKyBaHHsA. BiH mOpiBHIOE
KO)KHE TPHUIHATE CJIOBO 3 CHMBOJOM CHHXPOHI3amii. SIKIo pe3yiapTar
TOPIBHSAHHSA HETaTUBHWH, TO 3BEPHEHHS JI0 JAHOTO NpHiiMady HeMmae (3a
ONMCAHUM TIPOTOKOJIOM JO OJHOTO IiepelaBaya MOKHA MIAKIIOUYNTH
JIeKibKa IpUMaviB, 10 MAFOTh 1HIUBIAYyaIbHI CHHXPOCHMBOIHN). SIKIIO k&
M3HAETBCS CHUHXPOCHUMBOJI [JJAHOTO TNpuiiMava, TO Il O3Hayae, IIo
nepelaTyiK 3BEPTAETHCS IO HBOTO 1 IlepIie JXK CIIOBO, HIO HE €
CHHXPOCHMBOJIOM, NpUHAMAaeThcs  AK  iHpOpMamiiHe, MOYHHAIOYH
iHpopmaniitauii macuB. ITicisg modaTKy MacuBy NMpHiiMad BBakae MepeaaHi
cuMBoiM 200 JK 3iCTaBJIA€ 1X 3 CHUMBOJAMH CHHXPOHI3aIii, BU3HAYAIOUH
OJIHUM 13 WX CTOCO0IB KiHIIEM mepeaayi.

B amantepi € perictpu, mo 30epiraioTe NpU3HAuYEHi UIS JaHOTO
npuiioMHnKa Komw  cmHXpoHizamii (perictpy  PCCl1 1 PCC2).
CHMBOJIM TaHUX HE PO3AUIIOTECS CTapT- i cton-Oitamu. Ilicns cumBoy 3
5 ... 8 OiriB MOXe HTH KOHTPOJILHMH OiT, MOXJIMBHH 1 KOHTpPOJb IIO
MOJYNIO 2 sl BCHOTO MAacuBY, B LIOMY BI/IHa}IKy KOHTpOJ'H)HI/II/I oir
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3'IBIETHCS B KiHIN Mepeaadi JaHux.

Ilpun 30BHIWHIN CHHXpOHI3aLil B KaHal 3B’S3KY BBOJHUTHCA
JOAaTKOBA JIiHis, SKOI  MepelaeTbcs CTPOO-CHrHAN, IO Bij3HAYaE
iHTepBaJ Yyacy, BIANOBIAHUI epenadi qaHux. @poHTH CTpoOA BiA3HAYAIOTH
MMOYaTOK 1 KiHemp TMepeAadi MacuBy, B SIKOMY CHMBOIHM 1 paHimie
TIepearoThCs 3MUTHO (6e3 cTapT-i CTOm-0ITiB).

7. Intepdeiic RS-232, RS-485 Ta iioro ocodauBocti

Uepe3 mpocToTy i HHU3BKMX amapaTHUX BHUMOT (y TIOpiBHSHHI,
HaTpUKJIan, 3 TMapajensHUM iHTep¢eiicoM), MOCTiIOBHI iHTepdeiicu
AaKTMBHO  BHKOKODHCTYIOTbCS B CJIEKTPOHHIH  NPOMHCIIOBOCTI.
Cranpapt RS-232 (ioro odiuiitna Ha3Ba "Interface between DTE and Data
Circuit-termination Equipment Employing Serial Binary Data Interchange™)
MPU3HAYCHUH TSI MIKITIOUCHHS anapaTypH, nepenae abo npuiiMae faaHi, 10
KiHIIEBOI amapaTypu KaHaiiB aaHux. CTaHIapT OMUCYE KEPYHOUi CHTHAIU
iHTEepdeiicy, mnepecwNIaHHA HaHUX, CICKTPUIHHN iHTepdeic 1 THmH
po3’eMiB.

VY poni anaparypu mnepenadi JaHUX MOKE BHCTYIATH KOMII IOTEp,
MpUHTEp, IUTOTep 1 iHme nepudepiiine ycrtarkyBaHHa. Lliii amapartypi
BignoBigae abOpesiarypa DTE — Data Terminal Equipment. VY pomi
amapaTypyd KaHaliB JaHUX 3a3BH4Yaidl BHCTymae mozeM. Ll amapatypi
Bimmosimae abpesiarypa DCE — Data Communication Equipment.
KiHIIeBOO METOIO MiIKIFOUEHH € 3’ e¢aHanHs qBox npuctpois DTE, nosxa
cxema 3'eTHaHHS HaBejeHa Ha puc. 11.5 a.

Inrepdeiic RS-232 BukopucToBYeThCs 1 B 0araTbOoX IMPHUCTPOSX
3BUYaHOTO MEPCOHAIBHOTO KOMII I0Tepa, MOYMHAaou 3 "Mumi" i Mogemy
JI0 KJIIOYIB amaparHoro 3axucty. | xoua BXe BCl KOMIT'IOTEPH MaloTh
iaTepdeiic USB, inTepdetic RS-232 mre xwBHii i aKTHBHO 3aCTOCOBYETHCS.
Buache kaxyum, cranmapt RS-232 cknagaerbes 3 Tpbox yacTvH. Ilepiua
gactuHa, cTaHgapT RS-232C, Oyna mpuiiasata B 1969 pomi i MicTUTH ommc
SJICKTPUYHMX KiJl Ta CUTHAJIIB HECUMETPUYHOIO MOCIIIZIOBHOT 3B SI3KY.

Hpyra gactuna, ctaagapt RS-232D, npuitasaTa y 1987 pori.

Tpers wactuna, RS-232E, npwuitasara B 1991 porii.

BiamosigHo mo crammapty RS-232, curman (mociigoBHICTB GiTiB)
nepenaeTbcs Hampyrow. llepemaBad i mpuiiMad € HECUMETPUIHUMH:
CHTHAJI TIEPEIaEThCsl BIMHOCHO 3aralbHOrO MpoBoAy (Ha BiaMiHY Binx
CHUMETPHUYHOI Tepeaadi nporokony RS-485 a6o RS-422).

VY Tabx. 1.1 HaBeneHi KOPAOHY HANpPYTH U CHUTHANIB MpHiiMada i
nepeaaBava. JIorivHOMY HYJII0 Ha BHUXOMI NMpHUiiMaya BiAMOBiAa€e Iiama3oH
+3 ... + 12 B, a noriuniii oguHuIi —aiama3on -12 ... -3 B. Jliamazon -3... +3
B - 30Ha HewyTIHMBOCTI, 3a0e3Meuye ricrepesuc npuiiMaya (nepeiasaya ).
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Puc 11.6. 3’e¢quanns no RS-232C

a — IIOBHA cXeMa 3’€JIHaHHS,

0 — 3’eHAHHS Yepe3 HyIb-MOJEMHUIN KaOeJb.

PiBHI curHany Ha BUXoJax MOBUHHI OyTH B niamasoHi -12 ...-5B mis
MpeACTaBICHHS JOTigHOi oamHumi i +5 ... + 12B; mna mpencraBieHHS

noriyroro Hyns (puc. 11.7):

2B — —

+3B

-3B
A2B 1.1 1 1.1
| |
Puc 11.7. JloruuHi piBHi iHTepdeiicy RS-232C
Jloriusi piBHi iHTepdeiiciB RS232, RS485 i RS422
PiBenb PiBens
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PLBY-UA s [
JIOr14HOro «0» JIOTIYHOI «1»
[TepanaBau Bix +5 no +12B Bix -12 mo -5B
[puiimay Bix +3 no +12B Bix -12 no -3B
OOmin iHQopMali€l0 MDK KOMITIOTepoM 1 nepudepiiHum

npuctpoeM 1o iHTepdeiicy RS232 nBocTOpoHHIH, TOOTO AaHI MOXYTh
repeiaBaTUcs KOMIT'IOTEpOM B MepUdepiHHUi NPHUCTPid 1 NpuiMaeThes
KOMIT FOTEPOM Bij epudepiiHOro MpucTporo.

Y koMm’roTepi mepeaOadeHW  CHeIlialbHUA  po3’eM,  SKUH
HasuBaeTbes komyrikayiinum (COM); iHOMI iX OyBae nBa (COM1 i COM2)
a6o Oimpie. Jlo po3’eMy miAKITIOYaeThCS Kabemb, Mo 3’ €IHyEe KOMIT IOTep 3
nepruepifHUM TPHUCTPOoEM. Y Kaberi 3HaXOASTHCS NeKiTbKa IMPOBOJIB, SKi
HA3UBAIOTh JIiHIAMU IHMepghelicy.

Ha mamonky 11.8 mokasanuit popmaT maHuX, II0 HAICHIAIOTHCS 10
ninii ganux TxD inTepdeiicy RS-232.

U,B
T T T

G "

]
S / :
10 Mark

[ mm AL mtm e EmmaEE - [P

Puc. 11.8. ®dopmar GaiiTy naHuX i piBHI Hanpyru B iHTepdeiici RS-232

HaiimenyBanHs 1 mnpu3HaueHHs curHamiB intepgdeiicy RS-232C
HaBeJCHI B TAOJHIII:

Hasga ITpu3HayeHHs Tun ninii
PG (Protected Ground) 3axucHa 3eMilsl, 3’ €IHYEThCS 13 KOPIIYCOM
Ha xopmyce [PHUCTPOIO i eKPaHOM Kaberist Onun
SG (Signal Ground) CursanpHa (cxeMHg) semi, Bigﬂocno SIKOT KOHTAKT
JUIOTH piBHI CHTHATIB
TxD (Transmitter Data) Tepenaa nanux (sin xonTponepa 10 Buxinna
KiHIIEBOTO MPUIIALTY)
RXD (Receiver Data) ITpuiimad raHux (BiJ KiHIIEBOTO MPHIIALY 10 Bxita
KOHTpOJIepa)
3amnpoc nepenayi gaHux. CHUrHam TOTOBHOCTL
JIaHKX JUIs Tiepesiadi 3 KOHTpoJiepa 10
RTS (Request to Send) KinmeBoro npunary. CTal «BIMKHEHHID Buximma
MOBiZIOMJISIE MOJIEM TIPO HASIBHICTH O1J1st
TepMiHaly JaHWX JUIs repeadi
T'oTOBHICTB pericTpy npuiloMy KiHLIEBOTO
CTS (Clear to Send) npunany. CTan «BiMKHEHHIT» 3axuInae Bxigna
nepenavy gaHux. CHrHain BUKOPUCTOBYETHCSI
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ChiscbiancosaHo 3a paxyHOK KoWTia
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JUTSL IPHJTTHOTO YIIPABIIIHHS TOTOKAMHU
JTAHUX

DSR(Data Set Ready)

T'oTOBHICTB KiHIIEBOTO MPUIALY 4O OOMiHY
naHuMi. CTaH «BIMKHEHO» MiATPUMYE
KOMYTOBaHHMi1 KaHaJI B CTaHi 3’ €AHAHHs

Bxinna

DTR (Data Terminal Ready)

T'oToBHICTH KOHTpOIIEpa 10 0OMEHY JaHHMH
(MozeM B pabouoMy peKHMI ITiIKITIOUeHHI
JI0 KaHaTy 1 3aKiHYMB JIif0 110 MOTOJDKEHHIO 3
o0JiaJHAHHIM Ha OPOTUIISKHOMY KiHIIi
KaHay)

Buxinna

DCD (Data Carrier Detected)

I'0TOBHICTH BiJJalleHNX NPUIAAIB 10 0OMEHY
JIAHUMHU.

Bxinna

RI (Ring Indicator)

B xomyToBaHOMY KaHa( M CHTHAJIOM
MO/IEM CUTHAJIi3y€ IPO NPUHHATTS BUKIMKY

Bxinna

SIk BUZTHO 3 MaJlfOHKa, Nepesiada MOYMHAETHCS 3 TaK 3BaHOTO CTapT-
Oita, mOTIM HayTh OiTH AaHuX (iX MOXke OyTH Bil II’STH JO BOCBMH), Aaii
iae OiT mapurtery abo mapHocTi (KM Moxke OyTH BiACYTHIM) 1 TMOTIM
cliayTh cromn-0iTu (ix Moxke Oyrn abo omuH, abo aBa). Ha mpakruii
3aTOCOBYIOTH 8 OIT naHuX; OiT maputery (Ha puc. 11.9 He mokaszaHwmii), sk
NPaBUIO, HE BHKOPHCTOBYETHCS; IPH MAKCHMaJbHO BHCOKIH MIBHAKOCTI
nepenadi 0axxaHo IepeaBaTh ABa CTOn-0iTa.

OOMiH maHUMH 3a JoroMororo inTepdeticy RS-232C.
Cxema mius oOMiHY JaHMMH MK TMpHCTposMH 1o iHTepdeiicy RS-232

HaBeneHa Ha puc. 11.9.
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Puc. 11.9. Cxema a1t 0OMiHY JTaHUMHU
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Puc. 11.10. TTocnigoBHICTD KepyOUHX curHajiB intepdeiicy RS-232

Ha puc. 11.10 mpencraBneHa IMOCHIIOBHICT KEPYIOUHMX CHTHAIB

Mpoext [PBU.03.01.00-06-386/11-00 [-HTY Tpanckopaokkuii o6 Aocsiaom Mporpani o
Cotosy & pamkax Esponeiiceoro IHCTpymenty CycicTsa Ta MapTHepcTaa
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inTepdeiicy RS-232. Bona mae HacTynHuit (i3ndHMiA CEHC:

1.  VYcranoBkoto DTR  koHTponep Bkadye Ha  OakaHHS
BUKOPHCTOBYBATH KiHIEBUI ITPUCTPIH.

2. YcranoBkoo DSR kiHIEBUI IpUCTpii CUrHai3ye PO CBOIO
TOTOBHICTH IO POOOTH.

3. VYcranoBkoto RTS koHTposiep 3ammTye HO3BIT Ha mepenady i
3asBIISI€ TIPO CBOIO TOTOBHICTH MPUHMATH JaHi BiJ KIHIIEBOTO MIPHUCTPOIO.

4. Ycranokoto CTS KiHIEBHH TPUCTPiHl TOBIAOMIIIE TIPO CBOIO
TOTOBHICTh O IPUHOMY JaHUX.

5. 3aarram CTS kiHIEBUH NPUCTPiil CUTHANIZYE PO HEMOXKIIHBICTH
MOJaJbIIOr0 MpuioMy (Hampukian, Oydep npuiioMy 3amoBHEHUI) —
KOHTpOJIEp MOBHHEH NMPU3YNUHUTH Nepeiady JaHuX.

6. YcranoBkoro CTS KiHIEBHH NPHCTPIH J1O3BOJISIE KOMII'IOTEPY
MIPOJIOBXKHTH Tepenady (Hanpukiaz, B 0ydepi 3°siBuiocs micue).

7. 3usartam RTS kontponep iHQopMye OKOHEYHOE B MpHIIAJ TPO
CBOIO HETOTOBHICTH /10 0OMiHy fAaHuMU. L{e Moke 03HauaTH SIK 3aIIOBHEHHS
Oydepa mpuiioMy KOHTpoJepa, TaK i1 BIICYTHICTh MaHWX I Iepenadi B
KIiHIIEBUH TIPHUCTPIH.

8. Kinmesuit mpuctpiit miareepmxye 31111 RTS 1 CTS.

9. Kontponep moBTopHO BcTaHOBIIOE RTS mitst BinHOBICHHS 0OMiHY
JaHUMH.

10. KiHumeBwid  npHCTpii  MATBEP)KYe  TOTOBHICTH  JO
oOminy ycranoBkoro CTS.

11. 3usarram RTS xoHTposiep Bkasye Ha 3aBeplleHHs OOMiHY.

12. Kinnesuit npuctpiii ninreepmkye 3ua1Ts RTS 3usTTsm CTS.

13. KonTtposep 3nimae DTR st nepexiiany KiHIIEBOTO NPUCTPOIO B
ABTOHOMHUH a00 «CIUTSTUYUI» PEKHM.

14. Kinuesuit mpuctpiit miareepmkye 3HATTI DTR 3msTTsiM DSR.

Inmepdgheiic RS-485

Hes3Bakaroun Ha moumMpeHicth, npotokon RS-232 wmae nekinbka
CYTTEBHUX HEJOMIKIB:

1. HeoOXigHICTh TPEXIIPOBOTHOM JIiHIT.

2. JloBxuHa 3’€HYIOTH IIPOBOAIB He MOke mepeBuinrysatu 10-15
METPpiB.

3. Jlo ogHOTO MOPTY KOMIT'I0Tepa MoXe OyTH IMiAKIIOUCHUN TiJTbKH
oJtMH aOOHEHT.

ITo30yTHcs Bif WX HEMOMIKIB JOMOMarae crielianbHuid iHTepdetic
RS-485, mis peamizamii SKOro IOCHTH IBOMPOBIMHOI JIiHII, TOBXXHHA
Kabemo Moxe focaraté 1 KM (U1 HU3BKHX MIBHAKOCTEW mepemadi 1o
3KM), a KUIBKICTh, IO MiAKITIOYAETHCA JO OJHOTO MOPTY INPHUCTPOIB
obmexeHa 32 aboHEeHTaMH.

Mpoexr IPBU.03.01.00-06-386/11-00 MI-HTY TpaHckopaoHHuii 0mik aocaiaom Mporpanit o n Binop paina 20072013
33 KowTH € i Coloay & panax Eaponei Cyciactea a MNaptHepcTea

Kepienuk npoekty: Napep npoexty:

TNioBincsKa MoniTexHika Tlyyori Haujonanemii Texwivii yhisepcier ke
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3BuuaiiHa cucTema, 3acHOBaHA Ha cTaHmapti RS-485, wmictuth
JIeKUIbKa TNpUAMadviB, Kinbka (OPMyBadiB i Y3TOPKYIOUHMX PE3HCTOPIB.
Oi3uyHO Taka Mepeka sBIs€ CO00I0 NpHeMONepenaTdMKH, 3’€HaHI 3a
JIOTIOMOTOI0  KPY4€HOi Mapu — JABOX CKpydeHHX AporiB. CurHan
TepesaeThCsl 3 PI3HMII MOTEHINalliB MK BOMa IPOBOJAMH: IO OTHOMY
IPOTY ¥ae OpWTiHAJIBHUN CHTHAN, a M0 APYroMy — HOTo iHBepCHa KOs
(et MpUHOMT HA3WUBAETBCA Ougepenyianvroi (6aTaHCHOMY) Tepenadero
JaHUX).

[HmuMu cnoBamm, AKmO0 Ha omHOMY IpoTi 1, To Ha iHmomy 0, i
HaBMaku. TakuM YMHOM, MK JBOMa IIPOBOAAMH KPYYEHOI IMapHu 3aBKAU €
pi3HMLS moTeHHian: npu | BoHa mo3uTHBHA, npu 0 — HeraTwBHa. Takuit
cnoci0 mepenadi 3a0e3mneuye BHCOKY 3aBaJIOCTIHKICT, Tak SIK Meperrkoa
Qi€ TPaKTHYHO OJHAKOBO Ha OOHIBa JAPOTH, 3AJUIIAIOYH PI3HUIIO
MOTEHLIAIIB HE3MIHOIO.

AnapatHa uacTMHa wi€l CHCTEMU SBJIs€ COOOK MIKPOCXEMHU
npuifoMonepenaTyukiB 3 IUQEpeHIiabHUMHE BXoAaMHu / BuUXonamu (210
ninii) i mudpoumu mopramu (1o moptiB UART-koHTpOIEpa).

Iarepdeiic RS-485 mpencraBmser co0or0  HaMiBAYIUICKCHUI
iaTepdeiic. Ilpmitom i mepemavya BemyTbCsS IO OAHIH Mapi MPOBOIIB 3
moitoM 3a gacoM. [lin yac mpuiioMy BiIKITIOYa€THCS TepeIaBad, a Iij] 9ac
nepenadi — npuimad.

Jnst mepeMUKaHHs IPUHOMY 1 mepeaadyi BUKOPUCTOBYETBHCSI OJUH 3
Kepyrouux curHajiB nopty. Lleit curnan mojaerbcs Ha BXiJ 03BN
npuiiMaya, a Horo iHBepTOBaHe 3HAUEHHS — Ha BX1J "JJ03Bi1 nepenaBaya”.

Bcei mpucTpoi miIKIHOYarThCs 0 BUTOI THapH OJHAKOBO: MPSIMi
BUXOIM (3BaHi A) 10 OIHOTO APOTY, a iHBepcHi (3BaHi B) — mo mpyromy
(puc. 11.11).

Bura napa
— [
Rt o Rt
A oAl A Al-
B [~ B - B ! B 24

Puc. 11.11. Cxema minkimrodeHHs npriais B RS-485

KinbkicTh mpucTpoiB, IO MiAKITIOYAIOTHCS OOMEXYETHCS BXiTHUM

Mpoexr [PBU.03.01.00-06-386/11-00 [1-HTY TpackopaokHiii oBmik Aocaiaom Mporpanit o n Binop paika 20072013
3a kowTn Esponeit Coloay & pankax €8poneiicekoro IncTpymenTy CyciacTea Ta MaptHepcTsa

Kepignuk npoekty: MapThep npoexTy:
Niobsinceka Monitextika Nyuekiii HaUOHaNLHIT TeXHINHWi yHiBepCHTET
8yn. HagBuctwinga 44A, kabiver 1001 Byn.Mbsiacska, 75, kabiver 12
20-501 Mio6iik, Monbiya TNyuyek 43018, Yipaina
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PLBY.UA ol
ormopoM 3 Ooky uinii. 3a3Buuail ns BenuuuHa ckiagae 12 kO i, 3
ypaxyBaHHAM  Y3TO/DKYIOUHX  PE3UCTOpiB, OOMexye Mepexy 32
abOHEeHTaMH.

&

KOHTPOJIbHI 3AIIMTAHHA

1. Il{o Take peaunizaris anroputmy Bitep6i?

2. SIx came BiOyBaeThCsl BUKOPUCTAHHS KOMIB y CHCTEMaX i3 3BOPOTHUM
3B’SI3KOM”?

3. Sk BinOyBaeThCs mepenada Ta 00poOKa JaHUX Y CHCTEMI TeIeMeTpii?
4. B yomy mossirae  Teopist OCTiTOBHOI IIepenavi JaHuX ?

5. Ski ocobmmBocTi iHTepdeticiB RS-232 ta RS-485?

TEMA 12. CUCTEMHU CYITYTHUKOBOI'O
3B’SI3KY

1. 3araabHi BizoMocTi mpo cucTeMH CYyNYTHHKOBOTO
3B’S13KYy 3 PyXOMHUMH 00’ €KTaMu

CyIyTHUKOBHH 3B’S30K € IIBHJIKO PO3BHHEHHM IIEPCIEKTUBHUM
BU/IOM 3B’SI3Ky, 110 OOYyMOBICHO TOJIOBHUM YHHOM HACTYIHUMH HOTO
repeBaraMmu:

* MoxHBiCTh 0OCITYrOByBaHHS aOOHEHTIB, BiJaJCHUX Ha 3HAYHI
BIJICTaHI i pO3TalIOBaHUX B OyIb-IKUX perioHax 3eMii.

* [Ipocrora pekondirypaii cuctem cymytHukoBoro 3B°s3ky (CCC)
P 3MiHi MiCIlb PO3TalllyBaHHsI a0OHEHTIB.

* HesasnexHicTh BUTpaT NpPH OpraHizauii 3B’s3Ky Bij BiJICTaHI Mix
00'exTamMH.

* Hesnayni BmuBM arMocepHMX sBUIL 1 reorpadiuHUX
0COOMBOCTEH MICIlb BUKOPHCTAHHS 3eMHOI CTaHIii (CYIyTHHKOBOTO
Tesie)OHY) Ha CTIMKICTh 3B’SI3KY.

VY cydacHiii niTeparypi He 3aBXKAWM OAETCS CYBOpPE 1 IIOBHE
BU3HAYECHHS  CYNYyTHUKOBOI CHCTEMH 3B’S3Ky. 3a3BHYail  aBTOpH
00MEXYIOThCS JIMIIIE ONMCOM CKJIaay CUCTEMH 1 HalOLIbII XapakTepHHX ii
BIIACTUBOCTEH, (YHKIIH 1 0COOMMBOCTEH, TOOTO BIOMOCTEH, B 3HAYHIN
Mipi 3arabHUX JUIsl OyIb-SKOI CYITyTHUKOBOI CHCTEMH.

Jo ckmagy CCC 3a3Buyaii BKIIOYAIOTh:

- KOCMIYHHH CerMeHT (CYNYTHHKH, PETPaHCISATOPH, aHTEHHO-

(higepHi mpUCTPOI);

- 3¢eMHHI CETMEHT,

Mpoexr IPBU.03.01.00-06-386/11-00 MI-HTY TpaHckopaoHHuii 0mik aocaiaom Mporpanit o n Binop paina 20072013
33 KowTH € i Coloay & panax Eaponei Cyciactea a MNaptHepcTea

Kepienuk npoekty: Napep npoexty:

TNioBincsKa MoniTexHika Tlyyorai Haujonaneii Texwiviti yhisepcier < ke
8yn. HagBucTwinyea 4A, kaGiker 1001 eyn.losiscera, 75, cabinet 12, o3
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- paKeTHO-KOCMIYHHMH KOMILIEKC;

- CTapTOBHI KOMILUIEKC;

- mificucTeMa yrpaBiliHHS.

PernameHT paziio3B’s3Ky BH3HAYa€E «KOCMIUHY CHCTEMY» SIK «OyJIb-
SIKY TPYILY, SIKa € CIIJIBHO 13 3eMHUMH i (a00) KOCMIYHUMH CTaHIISIMH, SIKi
BUKOPHCTOBYIOTh KOCMIUYHHUH 3B’A30K AJSI IEBHUX IIJIEH», & «CYITyTHHUKOBY
CHUCTEMY» SIK «KOCMIYHY CHCTEMY, IIO BHKOPHUCTOBYE OOMH ab0 KiTbKa
mTydHuX cymyTHUKIB 3eMii (I3C)» .

3 ypaxyBaHHAM aHaNi3y PI3HUX JiTEPaTypHUX JKEPeT BH3HAYCHHS
CCC moxe 0ytn chopmynpoBaHo TakuM unHOM: CCC — 1e cTBOproBaHe 3
BUKOPHCTaHHSIM PaKETHO-CTAPTOBHX KOMIUIEKCIB OpOiTaJIbHE yrpylOBaHHS
KOCMIYHHMX amapariB, JTOMOMIXHHUX MiJICUCTEM 0araTopiBHEBOI CYKYITHOCTI
JiHIA 3B’S3Ky, IO BKIIIOYAE 3€MHI CTaHIi, CepelOBHUILE IOIIUPEHHS,
CYNYTHHMKOBI 1 36MHI PeTpaHCISITOPH, CHHTE3YIOUi 3a MEBHUMH YMOBaMHU,
NPUHLOUIAMU 1 KPUTEPIIMH y BUDIAIl PO3NOALICHOI (YHKIIOHATBHOT
CTPYKTYpH 3 O€3IIY4I0 TapMETPIB.

Cknan takoi CCC, mo Mae miMHOXHHH KOMIIOHEHTIB Ha PI3HUX
piBHSX, B caMiii 3aranbHii KOH(Irypamii mpeacTaBieHi Ha MaTioHKy 12.1.

PimmeHHs 3aBOaHHS cHHTE3y 0araToCylmyTHHKOBOI CHCTEMH (YacTo
Ha3MBalOTh M-CHCTEMOI0) B HAWOUIBII 3araJlbHOMY 1 3aKiHUEHOMY BHTIISMI
JIOCUTh CKJIAJHO, 1 Majo MOXJIMBO aHATITUYHUM LUIIXOM. 3a3BHYail Ha
npakTuli - BUOIp  CTPYKTypH, mnapamerpiB 1 xapakrepuctuk CCC
(opOiTasibHUX, EHEPreTHYHNX, YACTOTHUX, CUTHAJIBHUX 1 IP.) 3aJIEKUTD BiJ|
0araThOX YMOB 1 BHM3HAQUa€ThCsl PI3HUMHM MipKyBaHHsAMH. [Ipu npomy
MPIOPUTET YACTO BIJMAETHCS AamnpoOOBAHUM, TPAAUIINHUM TEXHIYHUM
17IesIM 1 PIllICHB, SIKI MAIOTh aHAJIOTH.

2. Knacudikamisi cucreM cCynmyTHHKOBOTO 3B’ A3KY

Hpuamun gii CCC 3acHOBaHWIT Ha BUKOPUCTAHHI IMPOMIKHOTO
CYIYTHHKOBOTO  peTpaHcisaTopa  (PeTpaHCIATOpIB),  4epes  SKHUi
3a0e31euy€eThCs 3B’ 30K MK 3¢MHHMH CTaHLisMH (aOOHEHTaMH CHCTEMH)
(mamronok 12.2).

VY 3anexsocti Bifg npmsHaueHHS CCC 3B’s3yBaHi MYHKTH MOXYTh
OyTm po3ramoBaHi Ha TOBepxHi 3emui, B armocdepi abo kocmoci. Y
KO)KHOMY 3 IIMX IIyHKTIB BCTAHOBJIOETHCS TPHHMAaNbHO-TIEpeaaBaIbHa
3B’s13KOBa pamiocTaHmis (omgHOKaHanmbHa abo OaraTokaHalbHA), a Ha
CYNMYTHHKaX — PETPaHCISITOPH, IO MPHUIMAIOTh PaJiOCUTHAIHN BiJ OJHUX
a0OHEHTIB 1 PETPAHCIIIOIOTH Il CHTHAIN 1HITMM a0OHEHTaM.

Mpoexr [PBU.03.01.00-06-386/11-00 [1-HTY TpackopaokHiii oBmik Aocaiaom Mporpanit o n Binop paika 20072013
3a kowTn Esponeit Coloay & pankax €8poneiicekoro IncTpymenTy CyciacTea Ta MaptHepcTsa
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Puc. 12.1. 3arampHa KOH}ITyparis CymyTHHKOBOT CHCTEMH 3B’ SI3KY
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C¥IIyTHMKOBMI
CD:I%@E peTpaHCIATOp

l PL-BY- UA ChiachiHancoBaHo 3a paxyHok Kowris -

/ hY Pagioninia

,  loHOChepHOTO
o

poacirBaHHA

4

liap;inmnlu
TponocdepHOTO
PO zdl?nannu

Puc. 12.2. lpunnun aii CCC

Y npocTtoMy BHIIAIKy DPETPAHCISLIS 3BOANUTHCS JO ITOCHICHHS
MOTYXKHOCTI BXIJTHMX CHTHAJIB 1 NEpeHocy iX CIIeKTpiB Ha iHIII Hecydi
gactotd. Y psgi CCC mpoBoauThCs OUTBII CKIIaJHA 00pOOKa CHTHATIB 3
METOIO0 3MEHIICHHS MePEXPECTHHUX MEPEeIKoa Mix curaanamu pisHux CCC
1 MIBUIIEHHS 3aBafOCTIMKOCTI. Y 3araJbHOMY BHUMNAIKY IS 3a0e3meueHHs
SIKICHOTO 3B’S3Ky MK yciMa aOOHEHTaMHM JOBOJHUTHCS PO3MIIyBaTH
pEeTpaHCIATOPH Ha AEKITPKOX CYIMYTHHKaX, IO OOEpTarOThCA Ha PI3HHUX
opOiTax.

CCC po3pi3HAIOTh 32 CTYNMEHEeM TJ00aNIbHOCTI W YyHIBEpCATBHOCTI

00CITyroByBaHHS aOOHEHTIB. Crynizp I00abHOCTI CCC
XapaKTepU3YEThCSl HANEKHICTIO Ta PO3MIpPOM 30HM OOCIIyrOBYBaHHSA, a
Mpoexr IPBU.03.01.00-06-386/11-00 [N7I-HTY TpanckopaoHHutii obmik focsiaom Mporpanin o n Binopyce-Ykpaika 2007-2013
0l03y B pamkax Esponelicbkoro IHCTpymenTy Cyciactea Ta MaptHepcrea
Kepiguuk npoexty: Maprxep npoekty:
NioBriHckka Monitextika Tlyukuii HaOHANBHIIT TexHiuHI yHIBEpCHTET
") syn. HagBucrwmyka 44A, kabiker 1001 Byn Nusiscbka, 75, kabier 12
N ) 20501 fioBnin, Monbua Tlyysk 43018, Ykpaika
e Ten. +48 81538 4112, +48 81538 4579; cpakc +48 81 538 4220 Ten. +380 332 746 118; cpakc +380 332 746 103
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yHiBepcanbHocTi CCC-HabopoM Karteropiii aOOHEHTIB 1 YHCIOM BHIB
HaJIaHOTO 3B SI3KY.

3a npunanexHicTio CCC mipo3aisroThCs Ha!

- MIXKHAPOJIHI;

- HaIllOHAIbHI,

- KOPIIOPaTHBHI.

3a 30H010 00cyrosyBanHs CCC minsaThes Ha!

- TII00aIbBHI;

- perioHabHi;

- 30HOBi (MarOHOK 12.3).

Y CCC 3nuilicHIO€ThCS Iepeaada TaAKUX BUIIB iHPOpMAIIi:

1. IIporpam TenebayeHHs i 3BYKOBOI'O MOBJICHHS Ta IHIIMX BHUJIIB
CUMIUIEKCHHX MOBIJJOMJICHb IUPKYJIIPHOTO XapakTepy.

2. TenedpoHHHX, (aKCUMIIBHHUX, TenerpadHUX IOBIIOMIICHD,
BiZIeOKOH(epeHLii, mudppoBuX Nepepady — CUMIUIEKCHUX a00 TYIUIEKCHUX
3a CBOIM XapaKTEpOM.

VY 3amexHOCTi Bim THIy 3eMHHX cTaHIii i mpmsHaueHHs CCC
PO3PI3HAIOTH HACTYIIHI CITY>KOM CYITyTHUKOBOTO Paio3B’s3KyY:

1. ®ikcoBany cynyTHHKOBY ciayxk0y (D@CC), BIATIOBITHOTO peskuMy
pamio3B'si3Ky MiX 36MHUMH CTaHIIISIMHA, PO3TAIIOBAaHUMHU Y (HiKCOBaHHX
ITyHKTaX MPH BUKOPUCTAHHI OJTHOTO 200 JEKITBKOX CYITyTHUKIB.

2. PyxmuBy CymyTHHKOBY CIIyXOy, BIJIOBIZIHOTO pEXKHMY
pamio3B’si3Ky MK PYyXOMHMH 3€MHUMH CTaHIISIMM TpPU BUKOPHUCTaHHI
OJTHOTO 200 JIEKIIbKOX CYMYTHHKIB.

3. PanioMOBHY CymyTHUKOBY CIyxO0y, BIiZIIOBITHOTO pPEXUMY
LUPKYJSIPHOTO Paio3B’sI3Ky.

Tononozia ma apximexmypa cynymnukogoi cucmemu 38 ’a3Ky

TomoBHa merta Beskoi CCC — mepenada CHUTHANIB — JOCATAETHCS
3aBIKU (DYHKIIIOHYBAaHHIO BCiX 11 €IEMEHTIB, alle B KIHIIEBOMY MiJICYMKY —
BJacHE 3B’S3HOTO CErMEHTa 0araToCIyTHIKOBOiI CHCTEMH, TOOTO
cykymHOCTI 3C i OOPTOBUX CYIYTHUKOBUX PETPaHCIATOPiB. Pasom 3 TiM, y
BIJAIIOBIZIHO 3 BJIACTHBICTIO IIIJICHOCTI CKJIQJIHHUX TEXHIYHUX CHCTEM, I
MeTa BH3HAYAEThCS OUIBII BHCOKUM iepapxiuHuM piBHeM, sikuM 11t CCC e
30BHIIIHSA (BTOPUHHA) MEperKa.

3anexHo Big Tumy i1 mpusHaueHHs CCC Moxke B3a€EMOIISTH 3
HQJICHCTEMOM Ha piBHI MepexeBoro iHTepdeiicy i Oytm s Hel
"[Ipo3zoporo", abo matu CTPYKTYpy, GyHKmi 1 mapamerpu, MpsMo
MOB’sI3aHI 3 MEPEXKEI KOPHUCTyBauya (SK Iie Mae MiCle, HalpHUKIaj, JUIs
Mepex Ty VSAT abo mepcoHaIbHOTO CYIYTHHKOBOTO 3B s13Ky). Illo x
CTOCYETBCSI TAKMX KaTEropii Sk TOMOJIOTIS Ta apXiTeKTypa, TO BOHH 3aBXIH
B 3HayHili Mipi B3a€MO3aJeXHi, X04Ya, CTPOro KaxydH, He
€ 1ICHTHYHUMHU TTOHSATTAMH.

Mpoexr IPBU.03.01.00-06-386/11-00 MI-HTY TpaHckopaoHHuii 0mik aocaiaom Mporpanit o n Binop paina 20072013
33 KowTH € i Coloay & panax Eaponei Cyciactea a MNaptHepcTea

Kepienuk npoekty: Napep npoexty:

TNioBincsKa MoniTexHika TlyusKnil HayjoHansHIi TexHidHIi yHiBepCHTET
8yn. HagBucTwinyea 4A, kaGiker 1001 ayn.lesiecska, 75, Kabiner 12,
20501 Tliobniw, Monswa TMywsK 43018, Vipaina

uy lyu
Ten. +48 81538 4112, +48 81538 4579; dhakc +48 81 538 4220 Ten. +380 332 746 118; chaxc +380 332 746 103
e-mail: PLLNTU@pollub.pl e-mail: pintu.cbc@gmail.com
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Puc 12.3. Knacudikanis CCC
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Mpoexr [PBU.03.01.00-06-386/11-00 I-HTY TpackopaoHHli omik aocaigom Mporpamit Moneuwa-Binopy
3a Ko i Cotoay & pamkax EaponeficuKoro IncTpymenTy CycicTea Ta MNapepcraa

Kepignuk npoekty: MapThep npoexTy:

7 3\, lobricuka Monitextika Tlyuskuit HaLjoHanLHI TexHiuHIi yHiBepCHTET
syn. Hagbuctunya 4A, kabiner 1001 Byn.Mosiacera, 75, kabiner 12,
bk 43018, Yipaika

20-501 Mio6iik, Monbiya Ty
Ten. +48 81538 4112, +48 81538 4579; chaxc +48 81 538 4220 Ten. +380 332 746 118; daxc +380 332 746 103

e-mail. PLLNTU@pollub.pl
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[Mix tomonorieto CCC po3symieTbecs rpadiunHe BinoOpakeHHs,
KoH(irypamist HeoOXiZHOI  CTPYKTypu  oOpradizamii  3B’S3Ky  MiX
KOpUCTyBayaMH, HE3aJIe)KHO BiJ TOTrO, SIKI CHCTEMHO-TEXHIUHI pilIeHHA
(cTpykTypHO-byHKIIOHANBHI, mapameTpudHi) nmpuiHATI B CCC. Tonomoris
3aJIeXKHUTh BiJl IPU3HAYCHHS CHUCTEMHM, OTXKE, BU3HAYAETHCS MIJACHCTEMOIO,
TOOTO 30BHIIIHBOIO MEPEXKEIO (sIKa MOXe OyTH rI100aIbHOI0, HAlliIOHAIBHOI,
peTioHaTbHOIO, 30HOBOIO 1 T.X.). TOMy TOMONOTIA 3a3BHMYall 3aqa€ThC y
CKJIali BUXiTHUX naHuX i npoekryBanHs CCC, He mMiusrarodn CHHTE3Y,
i BimoOpa’kae TPHUHOUNK 3B S3HOCTI CIIOKHWBa4iB  (KOPHUCTYBAadiB)
HaJICUCTEMU.

Toni sk apxirektypa CCC  OTOTOXHIOETBCSL 3BHUYAiiHO 3
NPUHLIUIIAMHU CTPYKTYPHOT 1 mapameTpu4Hoi moOyJOBH JIiHIH 1 CHCTEMH B
uiiomy. ToMy BOHa CHJIBHO BIUIMBAa€ Ha 3arajbHOCHCTEMHI MapamMeTpu Ta
TEXHIYHI pilleHHs, TOOTO BBaXKa€eThCsi 00’ €KTOM CHUHTE3y 1 HE 000B’SI3KOBO
MMOBMHHA MMOBTOPIOBATH TOMOJIOTIUHY KOHDIrypaio.

TakuM YHHOM, BEpXHIM piBHEM MaKpOMOJCNTi, a came, piBHEM
3B’SI3HOCTI MOXKHA BB@)KaTH apXiTEKTypy 0araTOCymyTHHKOBOI CHCTEMHU B
3a[aHii 30HI 00CITyTOBYBaHHS, IKa 0OYMOBJICHA LiTHOBUM IPU3HAYCHHIM 1
TOTIOJIOTI€I0 HAJACHUCTEMH.

Sk BXe 3a3HAYCHO BHINE, 3a HAMOUIBII 3arajbHOI0 APXITEKTYpPHOIO
03Hak0r0 CCC MOXyTh OYTH PO3/LICHI HA TPH BEJIHKI KJIACH:

- CHCTeMH PO3IOIiTy 00 MOBIICHHS,

- cucremu 300py a00 MOHITOPHHTY;

- CHUCTEMH JBOCTOPOHHBOTO 200 JBOHAIIPABJIEHOTO OOMIHY.

[Mepii BiAmoBigaoTh Ha mpakTHLi Mepex TtenesisiiHoro (TB) i
3BykoBoro (3B) MOBICHHs, IMPKYJAApHOI IMepefadi pi3HOro POy
MOBIIOMJICHh 1 XapaKTepU3YIOThCA TMEPEeBarol0 KiIbKOCTI TepenaHoi
iHpopMaii B OTHOMY HApsIMKY — BiJl IICHTPAIbHOI MepeaaBaIbHOI 3eMHOL
crannii (LI3C) no kpaitoBux npuiiomuux (nepudepiiinxm) cranmiii (O3C).
Ile He o3HayYae, M0 B TAaKMX CHCTEMax HE MOXe OyTH KaHaJB 3BOPOTHOTO
HampsiIMKy, B OCOOJIMBOCTI Ha Cy4acHOMY €Talli, KOJIM INHPOKE
3aCTOCYBaHHS 3HaX0AATh iHTepakTruBHI Th 1 3B.

Hpyra xareropis CCC 3acTOCOBYEThCS, HacamIepenm, st
OTpUMaHHS Ta 300py, 30CepeKEHHS Pi3HOTO poay iHdopmarlii, mepenanoi
B “3BOpPOTHOMY’ HampsAMKy Bix Oe3miui BigmaJeHHX JpKeped —
nepenaBanbHuX nepudepiitanx 3C — B meHTpU 300py 3 METOIO 00pOOKH i
MPUHHATTS Kepylouux pimeHs. [IpuKiIagoM € CHCTeMH Ha3eMHOTO Ta
KOCMIYHOTO MOHITOPHHTY. Y TaKHX CHCTEMAX y «IIPSMOMY» HampsMi MOXe
nepenaBatucs iHQopmamis, ajge B 3HAYHO MEHIIMX o0csrax, ToOTO Mae
Micle pi3Ka acHMeTpis, 110, BiJIOBIIHO, IO3HAYAETbCS Ha apXIiTEKTYpi
CHCTEMHU.

CucrteMH JBOHANPaBJICHOTO OOMIHY IPEACTaBISIOTE HaWOUIbII

Mpoexr IPBU.03.01.00-06-386/11-00 MI-HTY TpaHckopaoHHuii 0mik aocaiaom Mporpanit o n Binop paina 20072013
33 KowTH € i Coloay & panax Eaponei Cyciactea a MNaptHepcTea

Kepienuk npoekty: Napep npoexty:

TNioBincsKa MoniTexHika Tlyyori Haujonanemii Texwivii yhisepcier ke
8yn. HagBucTwinyea 4A, kaGiker 1001 eyn.losiscera, 75, cabinet 12, o3
20501 Tliobniw, Monswa Ty 43018, Yipaia & e\ 0
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3arajibHUA BHUMAIOK. Y HUX TaK caMO MOXE MaTu Micie iHdopmariitna
acUMeTpisl KaHaliB TOTO 1 IHIIOIO HampsIMKy, IPOTe, SK IPaBHJIO, HE
HACTLIBKU SICKPaBO BUPa)KEHa.

JlBoHamnpasieHa 0araTocynyTHUKOBa cucrema, SIK i
KOPHCTYBAJIBHHUIIBKI MEPEXi HAICUCTEMH, MOXXYTh MaTH Pi3HY TOIIOJIOTIIO i
BiINOBITHY 1if apXiTeKTypy:

1. Bix xopucTyBada 10 KOpHCTyBada («TOYKa — TOYKA») — MAIFOHOK
12.4. (A)

2. Big omHOTO MyHKTY OO 0araThOX ITyHKTIiB i HABMAKd («TOYKa —
6aratoToukay), TOOTO pamiansHy ab0 3ipKonoAiOHy MO0 EHTPaIbHOI a00
perioHanbHOI cTanuii — MamoHok 12.4. (b).

3. Mix OaraTbMa NmyHKTamMH ab0 KOpHCTyBayamu («OaratoTouka -
0araToToukay) 3a MPUHIIUIOM «KOXEH 3 KOXKHUM» 200 IMOBHO3B SI3HY —
puc. 12.4. (B).

4. Sk HaWOUIBII 3arajbHUN BHIANOK BUAUIIETHCS 3MillaHa
(panmiabHO - BY3JIOBa) apXiTEKTypa, siKa MOXe INpHHAMAaTH i€papXiuHy
(mepeBomoxibHy) abo OaratomaHKOBY KOH(QIrypamito i B TOH Xe dac
JIOITYCKATH 3B’ S130K MK OMOPHUMHU 36MHUMH CTaHIIISIMU OnHI€T a00 pi3HHX
30H — puc. 12.4 (T).

HageneHi BapiaHTH apXiTEeKTypH BiToOpaskaroTh 3araibHi MPHHITUITH
3B'SI3HOCTI, SIKi 3 METOO ONTHMi3allii BUKOPUCTAHHS MPOIMYCKHOI 3JaTHOCTI
i pecypciB CCC MOXKyTh peali3oByBaTUCS IMO-Pi3HOMY, B 3aJIE)KHOCTI Bij
OaratboX (haKTopiB:

- Buj1y iH(opmarlii;

- CMOCo0iB 6AraToOCTaHIIIHOTO JI0CTYIY;

- VIIiIbHEHHSI KaHATIB;

- HE0OXI1/THOT eKCcIuTyaTaliiHOT THYYKOCTI Ta 1H.

VY HaWOUTBII 3aralibHIM MOCTAHOBII TEepeIyMOBaMH JUIS Bapialii Ha
PiBHI apXiTeKTYpHUX pIilleHb MOXYTh OYTH, KpiM NPU3HAUCHHS CHCTEMH,
(akTopH, BiJ AKAX 3aJIeXKATh MMOKA3HUKH sKocTi Ta eextuBHOCTI CCC. o
HUX BIJHOCATBCSA TaKi XapaKTEPHCTUKH SIK THI OpOITH 1 KIJIBKICTH
CYIyTHUKOBUX  PETPAHCIATOPIB,  CIOCOOM  MOIYMSAIil,  CTYIIiHB
BUKOPHCTAHHS €HEPreTHYHOTO 1 YacTOTHOTO pecypciB, mapaMmeTpH JiHii
3B’3Ky, CYIyTHUKOBHX PpETPAaHCIATOPIB 1 3eMHHX cTaHOii. Towmy,
3aBJIaHHA BEPXHBOTO, apXiTEKTypHOTo piBHA cTpykTypHOi Mozeni CCC —
3a0e3neueHHsT TOIOJOTi] 30BHIITHBOT MEpeXi Ta ONTHUMI3alis 3B SI3KYy
a0OHEHTIB — MEPeIUNTAIOTECS 31 CTPYKTYPHO-TIAPAMETPUYHHUX aHAIi30M
IHIIKMX PIBHIB, 1II0 YaCTKOBO Bi0OpaXkeHO Ha Jiarpami Ha puc. 12.5.

Mpoexr [PBU.03.01.00-06-386/11-00 [1-HTY TpackopaokHiii oBmik Aocaiaom Mporpanit o n Binop paika 20072013
3a kowTn Esponeit Coloay & pankax €8poneiicekoro IncTpymenTy CyciacTea Ta MaptHepcTsa

Kepignuk npoekty: MapThep npoexTy:
Niobsinceka Monitextika Nyuekiii HaUOHaNLHIT TeXHINHWi yHiBepCHTET
8yn. HagBuctwinga 44A, kabiver 1001 Byn.Mbsiacska, 75, kabiver 12
20-501 Mio6iik, Monbiya TNyuyek 43018, Yipaina
Ten. +48 81538 4112, +48 81538 4579; dhaxc +48 81 538 4220 Ten. +380 332 746 118; daxc +380 332 746 103
e-mail: PLANTU@pollub.pl e-mail: pintu.cbc@gmail.com

276




-BY- CrigchiHaHCOBAHO 3a PaXYHOK KOWTIB
@) PL-BY-UA paxy
B 2007-2013 €aponeiicbkoro Cowy

Q o, \\\. //
/ 0 (@)
O f@uc O‘//' ‘\\.-O

a) O 6}

3C Q3C P3C 03C ¥3C 03C IBC 03C Y3iC 03C

Puc. 12.4. Apxitekrypa CCC
(CP — cynytHuKoBui# perpancustop, PC — perioHanbHa CTaHIis,
IC — mentpansHa ctanmiss, YC — By3JioBa CTaHIlis, 3 — 3eMHa)

Mpoexr IPBU.03.01.00-06-386/11-00 MI-HTY TpaHckopaoHHuii 0mik aocaiaom Mporpanit o n Binop paina 20072013

33 KowTH € Coloay & pankax € y Cyciactea 1a Mapthepcrsa
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Tyuyekitii HAUOHANLHITT TeXHINHIiT yHiBepCIHTET <
8yn. HagBuctumya 4A, kabiver 1001 Byn.Nbsiscska, 75, kabiker 12
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Puc. 12.5. [liarpama piBHiB

Ho cxmagy CCC 3 pyxoMuX O0’€KTIB BXOAUTH CTPYKTypa sKa

HaBeleHa Ha puc. 12.6, HezaleXHO BiJ IX MPHU3HAYCHHA BXOIATH TaKi
KOMIIOHEHTH, SIK:

kocmiuHa cranmis (KC), mo mpencraBnse co00r CyyTHHKOBHI
perpanciasitop (CP), mo Bkioyae B cebe MpUMaNIbHO-
nepenaBajbHUIl TNPHUCTPid, aHTEHW U1 TpHoMy 1 mnepeaadi
pamiocurHajiB, a  TakoX  PpsAd  CHCTEM  3a0e3leueHHs
€HeprornocTayaHHs, Opi€HTalil aHTeH 1 COHSYHUX Oarapei,
kopekuii nosjoxents [1IC3 Ha opOiTi i T . 15

abonentceki 3C, 1m0 3a0e3neuyloTh  IYIUIEKCHHH — OOMiH
iH(pOpMAaIIi€I0;

nerTpanbHa (koopauayroda) 3C (L[3C), mo 3abe3nedye KOHTPOIIb
3a pexumoM pobot CP 1 morpumanHsM 3C BaXIMBHX IS
pobotu CCC mapameTpiB (BUIIPOMiHIOBaHOI MOTY>KHOCTI, HECYJOT
YacTOTH, BHIY IOJSIpHU3alii, XapaKTEpPUCTHK MOJYITIOI0UOTO
CUTHAIY i T.II.);

uentpaibHi 3C cuctemu ynpasninas ta kontpoio HIC3 (LY C),
3a0e3MeuyioTh  yNpaBJIIHHS  BCIMa TEXHIYHUMH  3acobamu,
poamimenumu Ha LIIC3. 1 KOHTpOIIB 32 TX cTaHOM;

cnosy4ueni Hazemui JiiHii (CHUJI), 1o 3a0e3MeuyoTh i KITF0UCHHS
3C o mxepen i cHOXHUBadaM nepeaanoi indopmariii;

nentp ynpasninasa (LIYIT) CCC, skuii npexacrasisie opraH, IO
3ailicHIoe kepiBHUITBO ekciutyaranieto CCC i ii po3BUTKOM.

Mpoext [PBU.03.01.00-06-386/11-00 [-HTY Tpanckopaokkuii o6 Aocsiaom Mporpani o n Bi paika 20072013
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Puc. 12.6. Ctpykrypa CCC 3 pyXoMUMH 00’ €KTaMH

3a tpadikom CCC 3 pyxoMuMu 00’€KTaMHu AUIATHCS HA TPH THUIIH:
«royka-Touka» (puc. 12.7, a) — HaAWNpPOCTIIIKI BUNAIOK AYIUIEKCHOT JIiHii
3B’SI3Ky MIX JJBOMa BiJTaJICHHMMH CTaHILSIMH; «3ipka» (puc. 12.7, 6) — mis
OaraToHarnpaBJeHHOI paaiaibHOI nepenayi Tpadiky MiX IEHTPOM Mepexi i
nepudepiiaumMu (BigaieHUMK) TYHKTAMH 3B’S3KYy: «KOXEH 3 KOJKHHM»
(puc. 12.7, B) — anst 3a0e3nedeHHs OPSAMHX 3B’S3KiB MiX OYIb-KUMHU
MYHKTAMH MEpeKi 3B SI3KY.

Mpoexr IPBU.03.01.00-06-386/11-00 MI-HTY TpaHckopaoHHuii 0mik aocaiaom Mporpanit o n Binop paina 20072013
33 KowTH € i Coloay & panax Eaponei y Cyciactea 1a Mapthepcrsa
Kepienuk npoekty: Napep npoexty:
NioBsiiHceKa MosiiTextika Tkl HAUOHANLHITT TeXHINHIiT yHiBepCHTET
: 8yn. HagBuctumya 4A, kabiver 1001 Byn.Nbsiscska, 75, kabiker 12
7] 20501 NoBinik, Mosbiya Nyuex 43018, Yepaina
Ten. +48 81538 4112, +48 81538 4579; dhakc +48 81 538 4220 Ten. +380 332 746 118; dhaxc +380 332 746 103
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Puc. 12.7. Knacudikarist CCC 3 pyxoMuMHu 00’ €KTaMu

Meperxka THITYy «TOYKa-TOUYKay 3a0e3reuye JTyIUIeKCHUN 3B’ 30K MiXk
BOMa BiJJaJlCHUMH ITYHKTaMH, HaHOUIbII e(eKTHBHA TpH BEIUKUX
BIICTaHAX MK HHMH a00 TpH iX pPO3TAlIyBaHHI Yy Ba)XKKOJOCTYITHUX
perioHax, a TakKoX TIPH BENUKIH BeNWYHMHI Tpadika MK ITYHKTaMU.
Y HaliOinpIl MOIMMPEHUX Mepekax THITy <3ipka» 3a0e3medyeThes
OaraToHampaBlicHHa pafiajdbHa Tepemadya Tpadiky MK ICHTPaJIbHOIO
3eMHOIO CTaHIII€I0 MEPEeXi 1 BilTaJICHUMU TTepudepiitHIMI a00OHEHTCHKUMH
3C 3a eHepreTuvHo BUTITHOIO cxemoro: mana 3C — Benmuka 1[3C Bomomie
AHTEHOIO BEJIMKOTO jAiaMeTpa i motyxHuM nepemasadeM. CCC 3 pyxoMuMu
00’eKTaMn TOAIOHOTO POAY MIMPOKO BHUKOPUCTOBYIOTHCS JJISI OpraHi3amii
iHpopManifHOrO OOMIHY MIXK BEJIHKHM YHCIOM HE MAal0dd B3aEMHOTO
Tpadixy BimmameHHMX TepMiHaJNIB 1 MEHTpadbHEM odicom Gipmu,
TpaHCTIOPTHUX a00 (iHAaHCOBUX YCTaHOB. AHAJOTIYHO MOOyAOBaHi
TenleOHHI  Mepexi It oOCIyroByBaHHS TaK 3BaHMX  BiIAICHHX
a0OHCHTIB, SKAM 3a0€3MeUYyeThbCS BHXIJ Ha TeleQOHHY KOMYTYHOUY
Mepexy 3arajbHOro KopucryBanHs 4epe3 L[3C, miakimoueHy 10 OfHOTO 3
HA3eMHHUX [IEHTPIiB KOMYTAIlii KaHAIB.

Mpoexr [PBU.03.01.00-06-386/11-00 [1-HTY TpackopaokHiii oBmik Aocaiaom Mporpanit o n Binop paika 20072013
3a kowTn Esponeit Coloay & pankax €8poneiicekoro IncTpymenTy CyciacTea Ta MaptHepcTsa

Kepignuk npoekty: MapThep npoexTy:
Niobsinceka Monitextika Nyuekiii HaUOHaNLHIT TeXHINHWi yHiBepCHTET

8yn. HagBuctwinga 44A, kabiver 1001 Byn.Mbsiacska, 75, kabiver 12
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@OyHKLUIT KOHTPOJIIO Ta YIPaBIiHHS B MEPEXI TUITY «3ipKay 3a3BHYail
3ocepemkytothes B LIYC. LY C Bukonye ciyx00Bi (yHKIIT, HEOOXiMHI U1s
BCTaHOBJICHHS 3’€THAHb MK aDOHEHTaMHU MEPEXKi 1 MATPUMAHHSI poOOUOro
crany Bcix nepugepiiinux TtepminamiB. Taka neHTpani3oBaHa cUcTeMa
YIPaBIiHHSA €KOHOMIYHO-IUIECHPSMOBAHI IJII MEPEX 3 BEIUKHM HYHCIOM
CIIPOIIEHNX 1 JeeBUX neprudepiifHuX TepMiHaiB.

3a BapiaHTaMH MapmIpyTH3alii 3’€IHAHB Yepe3 CYIMyTHHUKOBI
perparciaTopu CCC 3 pyxoMuMH 00’ €KTaMH IiIPO3AUISIOTECS Ha OJIHO-,
IIBO-, TPUKPOKOBI 1 KiNBIEBI 3 BHUKOPHCTAHHSIM MIKCIYTHHKOBHX ITiHiI
3B’SI3Ky 4M Ha3eMHHX mumo30BuX ctaHliin. CCC 3 pyxoMuMHU 00’ €KTaMH 3
OJTHOCKAYKOBHMM 3’€HAHHSIM 4Yepe3 CYIYTHUKOBUH peTpaHcisITop (pHuc.
12.8, a) BUKOpUCTOBYIOThCS sl 3abe3nedeHHs 3B’s3ky nBox 3C y pasi
3akpiieHux kaHaiiB abo 3amutry 3C 3 II3C npu HamaHHI KaHATiB Ha
Bumory (IIKT).

CCC 3 pyxomuMH 00’€KTaMM 3 JBYXKPOKOBUM 3’€JJHaHHSM uepe3
CYIMyTHUKOBU# peTpanciaTop (puc. 12.8, 0) npusHaveHi 11 3a0e3meueHHs
3B’s13Ky Mixk nBoMa 3C, mo mepeOyBaroTh Y CKIIai Mepeki 00CITyTOBYEThCS
oxnuoi [[3C. Ilpu mpomy 3C mpamrorTh B peKUMi «OAMH KaHAT HA HECYTY»
(OKH), a II3C BuxoHye QyHKIii KOMyTalii, 3’eqaytoun 3C OIUH 3 OTHUM
Ha BHMOTY, a TaKOX 3a0e3ledylodyd BUXiI Ha Ha3eMHI Mepexi 3B’S3Ky
(HCO).

CCC 3 pyxoMHMH 00’€KTaMHU 3 TPEXCKaYKOBHM 3’€IHAHHSIM 4Yepes3
CyNMyTHUKOBU#H peTpancisitop (puc. 12.8, B) npusHavueHi ais 3a0e3neueHHs
3B 513Ky Mik 3C, po3TalioBaHMMHU B 30Hax o0ciyroByBanus pizaumu 113C.
V¥ nepepaxoBanux Buiie CCC 1O BHKOPHCTOBYETHCS OAUH CYITyTHUKOBHH
peTpaHcisTop, sKuid Moxe posmingyBarucs Ha LIC3 3 pi3HOIO BHCOTOHO
opoiTH.

[ig gac mobymoBu CCC 3 pyxomMuMH 00’€KTaMH Ha OCHOBI
BUKOPHCTaHHS  JAEKIJIBKOX  CYNyTHUKOBHUX  PETPAaHCIATOPIB, IO
po3MiImyroTECs Ha cy3ip’i Hm3bKoopOiTampaux IIIC3, B 3aimexHOCTI Bif
MIPU3HAYCHHS 1 TEXHIYHUX XapaKpUCTHK, B i CKIagi € MIKCYITyTHUKOBI
kaHamu 3B’s3ky (MKC) (pucynok 12.8, r) abo Ha3zeMHi IUTIO30Bi CTaHIIiT
(IOC) (mamronok 12.8. m). Ilomioni CCC 3 pyxomumu 00’eKTamu
MpU3HAYeHI I 3a0€3MeUeHHsT perioHadbHOro abo TII00ATBHOTO 3B’SI3KY
a0OHEHTCHKUX TEPMiHAJIB 32 MPHUHIIUIIOM «KOXKEH 3 KOKHUM.

Ha mouarkoBux etamax po3Butky B CCC 3acTocoByBasuCs
aHaJOroBI MeTonWm meperadi iHpopmamii. B ocrtaHHI pokm mnepeBa)xHHN
po3BuTOK oTpuMaino BukopuctanHsi B CCC nudpoBux METONIB mepenadi, y
3B’SI3Ky 3 THM, IO MPH [bOMY 3a0e3MeUyEThCS BUCOKA HTYMOCTIHKICTb.
CrabutpHiCTh NapaMeTpiB KaHalliB, THyYKicTh mmix yac modymoBu CCC
pi3HOi KoHGirypauii Ta MopepHi3auwii pexuMiB iX poOOTH, 3’SBISETHCS
MOXIJIMBICTB O1IbII IIOBHOTO BUKOPUCTaHHS MPOITYCKHOI 3/IaTHOCTI KaHaiB
Ta NiABMIIEHHS TEXHIKO-eKoHOMIYHNX noka3Hukis CCC.

Mpoexr IPBU.03.01.00-06-386/11-00 MI-HTY TpaHckopaoHHuii 0mik aocaiaom Mporpanit o n Binop paina 20072013
33 KowTH € i Coloay & panax Eaponei Cyciactea a MNaptHepcTea

Kepienuk npoekty: Napep npoexty:

TNioBincsKa MoniTexHika Tlyyori Haujonanemii Texwivii yhisepcier ke
8yn. HagBucTwinyea 4A, kaGiker 1001 eyn.losiscera, 75, cabinet 12, o3
20501 Tliobniw, Monswa Ty 43018, Yipaia & e\ 0

uy lyu ¢ 7
Ten. +48 81538 4112, +48 81538 4579; dhakc +48 81 538 4220 Ten. +380 332 746 118; caxc +380 332 746 103 >
e-mail: PLLNTU@pollub.pl e-mail: pintu.cbc@gmail.com
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Puc. 12.8. Bapiantu mapiipyTu3aiii 3’€iHaHb 4epe3 CyInyTHUKOBI

PETPAHCIATOPU
Mpoext [PBU.03.01.00-06-386/11-00 [-HTY Tpanckopaokkuii o6 Aocsiaom Mporpani o n Binopycs-Ykpaina 2007-2013
3a Kowtn Coloay & pankax €8poneiicekoro IncTpymenTy CyciacTea Ta MaptHepcTsa

Kepignuk npoekty: MapThep npoexTy:
TNioGrincska MoniTexkika NyueKiii HaUOHaNLHIT TeXHINHMi yHiBepCHTET
8yn. HagBuctwinga 44A, kabiver 1001 Byn.Mbsiacska, 75, kabiver 12
20-501 Mio6iik, Monbiya TNyuyek 43018, Yipaina

Ten. +380 332 746 118; dhaxc +380 332 746 103

Ten. +48 81538 4112, +48 81538 4579; chaxc +48 81 538 4220
e-mail: PLANTU@pollub.pl 282
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2l PL-BY-UA ChiBchiHaHCOBaHO 32 PaXYHOK KOLITIB
B 2007-2013 €aponeiicskoro Colozy

Hdnst  mepemadi  1MPOBMMH  KaHAJAMHM  aHAJIOTOBI  CHTHAJIH
MiJal0ThCSL  aHalloro-uudpoBoMy  mepeTBopeHH0. Jlo  Haiibinbn
MOLIUPEHUX 8UOI6 AHANO20-YUPPOBO2O NepemsopeH st MOXKHA BiTHECTH:

- IMIyJIbCHO-KOZO0BY Moayisitito (IKM);

- mudepeHIianbHo 1 ananTuBHO-IUdepeHmiatpay IKM;

- JIenbTa-MOAYIALIO;

- aJanTHBHY AEIbTa-MOIYJIALIIO.

JocmimKkeHHs MoKa3aju, M0 SKICHI MOKa3HUKH MOBHM B MIKMiCBKHX
KaHamax 3abesmeuyrorscs mpu IKM 3i mBuakictio nepenadi 64 Koit / c,
METOAM HU3BKOUIBHIKICHOTO KOLYBaHHSA [IO3BOJIIOTH 3HU3UTH  IIfO
mBuAKicTs 10 32 KOiT / ¢, a Ipu BUKOPUCTaHHI BOJIOJEPHOI 00pOOKH /10
2,4 — 4.8 Koir /c. EdextuBHMM 3acOo00M TMiIBUILEHHS NPOITYCKHOI
cnpomoxkrocti CCC mij yac 3a0e3neyeHHs Tene()OHHOTO 3B SI3KY €!

- peai3alfisi ONTUMAJIBHUX METOIIB MOIYJIALLIT;

- KOJlyBaHHs 0araToCTaHI[IHOTO JOCTYIIY;

-CTaTUCTUYHE YIIIILHEHHS, 3aCHOBaHE Ha BUKOPUCTAaHHI MPUPOIHUX
may3 y po3MOBi IBOX aDOHEHTIB;

Mexi YacTOTHOTO Jiama3oHy, BukopucrtoByBanoro B CCC 3
PYXOMUMH 00’€KTaMH, BHU3HAYAIOTHCS BEJIHUKOIO KUIBKICTIO (aKTOpiB, 3
SIKUX HaWOUThII BaXIMBUMH € pomycTumi posmipu anteH 3C ta CP,
OCOOJMBOCTI MOMIMPEHHS PaIiOXBHIIb Ta ICHYIOUOIO MPAKTHKOI PO3MOIITY
YaCTOTHOTO PECYPCY MK PI3HHUMH CITyKOaMH.

Posnoain wacrotHux cmyr, mo Buaitaootees CCC 3 pyxoMumu
00’ekTamu, rmepedyBae y BumaHHI BcecBITHIX — aJMIHICTpATHBHUX
koH(pepeHiii no paxioss’s3ky (BAKP). dus peamizamii CCC 3 pyxoMumMu
00’€eKTaMu BUJJICHI HACTYIIHI CMYTH:

137...138 MI'y; 148...149,9 MI'n;

272...273 MI'i; 400,15...401 MTI'1; IIpU BUKOPUCTaHHI cTaOKuX
312...315 MTI'ig; 367...390 MTI'1g; repeaBayiB 1 HU3bKO MIBUIKICHAX
1525...1544 MTI'L; nepenay

1610...1626,5 MI'
1525...1544 MI'; 1610...1626,5 B HanpsMKy 3emisi—Kocmoc (3—K);

MI'n 1970...... 2010 MI'u
2483...2520 MI'n B HanpsMKy Kocmoc — 3emist (K—3)
5150...5250 MI'y B HanpsMKy 3—K ams dineprux
niniit CCC I10
5091...5150 MI'y B HanpsaMKy 3—K ams dineprux
ninit CCC I10
7025...7075 MI'y st pinepuux miniit CCC IO B
000X HarpsMKax
15,4....15,7Tu; 19,3.....19,6 I'T'; JUTSL MK CYITyTHUKOBHUX KaHAJIiB
29,1....29,4 I'Tu. 3B’s13ky CCC I1O
Mpoekr [PBU.03.01.00-06-386/11-00 [I-HTY TpanckopaoHHHii o6MiH gocaigom Mporpami o e Binop paiwa 2007-2013
3a KowTH € i Colosy 8 pamikax € i Cyciacrsa Ta MaprHepcraa
KepigHuk npoekTy: MapTHep npoekTy: ;
ﬂioﬁmuc%»(zﬂunnex:l:: . Tlyuskuit Haqmnaﬂhnnr:i Texmum;’%ymzspcngezr N
BY301 o, Moncia e 015, vigaia €\
Ten. +48 81538 4112, +48 81 538 4579; dpakc +48 81 538 4220 Ten. +380 332 746 118; chaxc +380 332 746 103 \‘\M/

e-mail: PLLNTU@pollub.pl e-mail: pintu.cbc@gmail.com
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PL-BY-UA ChiachiHaHCOBAHO 32 PaXYHOK KOWTiB
507-2013 €aponeiicsoro Coloay

Cucmema cynymnuko6020 36’°a3Ky «Inmapcamy

Mixknaponna CCC «Iumapcar» icnye 3 1982 poky. 3a moyaTkoBUM
3aJyMOM CHCTeMa NpHU3HaJajacs Juisi 3a0e3nedyeHHs TeneOHHOTo i
TenerpadHOrO 3B’sA3Ky, MEpefadi JaHUX 3 METOI ITiBUIICHHS OC3MeKu
MOpeIUIaBaHHsl 1 e(QEeKTUBHOCTI YNPaBIiHHA MOPCHKUMH CyJHAaMU.
CCC «Iamapcat» sBisie co0OI0 CHCTEMY T€OCTAl[lOHAPHUX IITYYHHX
CYNYTHHKIB 3eMJl, IO CIyXKaThb B SIKOCTI PETPaHCIATOPIB IOBIIOMIICHb
MK CyZHaMH, OOJIaJHAHUMH CIICI[iaIbHUMH CTaHISIMH CYITyTHHKOBOTO
3B’S3Ky Ta CHCHialbHUMH OEperoBHMH CTAaHLIIMH 3 MeEpeKaMu
tenedpornoro i rtemerpagpHoro 3B’si3ky. CCC «IHMapcaT» — TOBHICTIO
aBTOMATH30BaHa CHUCTEMa, IO 3a0e3nedye BUCOKI MMOKa3HWKH HAIIHHOCTI,
OTIEPATUBHOCTI Ta SKOCTI 3B SI3KY.

Ha mepmomy etami po3BuTKy cuctemu «lHmapcaTt» 3 1982 mo 1990
pP. p. BUKOPHCTOBYBAJINCS CYINYTHHKOBI PETPAHCIISITOPU, BCTAHOBJICHI Ha
CYNyTHMKax Neplioro mokoiiHHsS «[HMapcat—1», mnociyru 3B s3Ky
3abe3neuyBajncsi 3 BHUKOPUCTaHHAM METOJIB LU(POBOI 1 aHAnoroBoi
00po0OKH iH(pOopMAIIii.

Ha ppyromy erami po3BUTKY cucTeMu «lHMapcaT» NOYMHAIOYH 3
1991 poky micis BBEICHHS JAPYroro MOKOJIHHS TeOCTaI[lOHAPHUX
cynyTHHKIB «IHMapcaT—2», BHKOPHCTOBYIOTBCS PETPAHCISATOPH, IO
BOJIOZIIOTh BEJIMKUM E€HEPTeTHYHHUM IOTEHIIaJIO0M, [0 3HAYHO 30UIBIINIO
MEPEJIK 1 AKICTh HaJITaHWUX TTOCITYT.

BypxmuBe 3pocTaHHsA 4Yuciaa aOOHEHTIB, sIKi HMOTPEOYIOTh MOCITYT
CHUCTEMH 3B’s3Ky, 3aXaJgaB ii TOHANbIIOl MOJEpHI3alii 3 METO
MI/IBUIIEHHS. TPOMYCKHOI CIIPOMOXKHOCTI Ta LIMPOKOIO BHKOPUCTAHHS
MaJiorabapuTHUX MOOUTLHUX 3ac00iB 3B’ s13Ky. Li TenaeHii Habpanu nosBu
HOBUX Cepiil CYyIyTHHKIB.

V¥ cucremy «IHMapcar» BXOASATS!

- KOCMIYHA YaCTUHA;

- MapK CYJIHOBHUX CTaHIIIH;

- OeperoBa 4YacTHHA, IO BKJIIOYae B cebe Oeperomi craHIl Ta

eKCIUTyaTaliHHUi KOHTPOJILHUI LIEHTD.

Cucrema 00cyroBye 3 BEJIMKUX 00J1acTi:

- ATnaHTUYHUIN OKEAHCHKHI palioH.

- IHpaiiicbkuil OKeaHCHKUI PaiioH.

- TuxooxeaHncskuil paifoH.

Han nwpvmu paiioHaMu 3HaXOMUTHCS 1O OJHOMY Jif04OMYy 1 mo 2
3aMacHUX CynmyTHHKa. Mexi oOCIyroByBaHHs MokaszaHi Ha pucyHky 11.9.
BunHo, mo cucteMa OXOIUTIOE TakKOoX 3Ha4yHy dacTuHy [liBHIYHOTO
JIsonoBHTOTrO OKEaHy i MOPiB AHTapKTHIM.

Mpoexr [PBU.03.01.00-06-386/11-00 [1-HTY TpackopaokHiii oBmik Aocaiaom Mporpanit o n Binop paika 20072013
3a kowTn Esponeit Coloay & pankax €8poneiicekoro IncTpymenTy CyciacTea Ta MaptHepcTsa

Kepignuk npoekty: MapThep npoexTy:
Niobsinceka Monitextika Nyuekiii HaUOHaNLHIT TeXHINHWi yHiBepCHTET

8yn. HagBuctwinga 44A, kabiver 1001 Byn.Mbsiacska, 75, kabiver 12
20-501 Mio6iik, Monbiya TNyuyek 43018, Yipaina
Ten. +48 81538 4112, +48 81538 4579; dhaxc +48 81 538 4220 Ten. +380 332 746 118; baxc +380 332 746 103 =
e-mail: PLANTU@pollub.pl e-mail: pintu.cbc@gmail.com
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Puc. 12.9. 3ona mokputtsa cucremu «lHMapcaty

Y KOXHOMY paliOHI 3HaXOJUTHCS HEOOMEKEHE YHCIIO CYTHOBHX
CTaHMNil 1 Kibka OEperoBUX CTaHIIN, AKi YTBOPIOIOTH MEpEKY, MPHIOMY
omHa 3 OEperoBMX CTaHNIA BHUKOHYE (YHKIII KOOPAWHYIOYOi CTaHIIIi.
CrpykTypHa cxema onHiei 3 Mepex «lHMapcaT» MoOKazaHa Ha MAIIOHKY
12.10.

VY cucremi «lHmapcart» Il aBTOMaTH3allil NPOILECIB 3B 53Ky IO
TeneoHHUX 1 TenerpadHUM KaHAIaM BCiM OeperoBUM 1 CYZHOBUM
CTaHUIsIM IpUBJIacHeHi HoMmepH-igeHTH(ikaTopu. KoxkeH ImTy4Huit
CYNYTHHK Ma€ 110 2 PeTpaHCIsTopa, OJHMH 3 SKHX NpUilMae CUrHaIu Bij
CyJIHOBHMX cTaHUii B mianmasoni 1,6 I'Tu i mepenae Oeperosi craHuii B
miamazoni 4 I'T'h, iHmuMiA npuiiMae CUTHAIM BiJ OEpPeroBHX CTaHIN B
miamazoni 6 I'T'm i mepemae cymHOBHM cCTaHIiisM B miamasoni 1,5 T'T.
VYupasniaas IC3 3xpilicHIOETBCS 3 HEHTPIB, OONaJHAHMX KOMAaHIHO-
BAMIipIOBAJIFHIMH KOMIDIEKCAMH, SIKi PETYIIOITH poOOTY BCIX MiJACHCTEM
CYITyTHHKIB, KOPUTYIOTh IIPH HEOOXiTHOCTI MiCIIE3HAXOKEHHS CYITyTHUKIB
Ha opOiTi, iX Opi€HTAIi0 B IPOCTOPI.

CynHoBi craHmii po3paxoBaHi Ha IUIOJO00BY poOOTy. AHTEHa
KOXKHOI CyJHOBOI CTaHLii B Hepiox poOOTH aBTOMAaTHYHO yTPUMYETHCS B
HaTPSAMKY Ha OJIUH 13 CYIyTHHUKIB CHCTEMH Ta CTaHIlii aBTOMaTHYHO BEAYyTh
4eproBuil mpuiioM. Y pasi HagXOKEeHHS Bim Oyab-akoi 3 OeperoBHx
CHCTEM BHUKJIMKY CY/AHOBa CTaHIsl aBTOMATHYHO HAJAIITOBYEThCS Ha
3a3HaueHHUH y BUKJIMKY KaHal i BUPOOJISE CHIHAN CyJHOBOMY OIEpaTopy.
Ilepenane 3 Oepera MOBiIOMIICHHA MOXKe OyTH mpuifHATE i 6e3 ydacTi
oneparopa. llpaioroua CygHOBa CTaHIlis 3aBXKIU TOTOBa J0 Tepenadi
3aIMTy Ha BCTAHOBJIEHHS 3 OEPEroM JIBOCTOPOHHBOT'O 3B S3KY.

Mpoexr IPBU.03.01.00-06-386/11-00 MI-HTY TpaHckopaoHHuii 0mik aocaiaom Mporpanit o n Binop paina 20072013
33 KowTH € i Coloay & panax Eaponei y Cyciactea 1a Mapthepcrsa

Kepienuk npoekty: Napep npoexty:
NioBsiiHceKa MosiiTextika Tlyuskiil HauOHanHIT TexHiHIii YHIBSPCHTET < i
8yn. HagBuctumya 4A, kabiver 1001 sy flosiacera, 75, kabiker 12, g/~
20-501 Tio6riik, Monbya Tyusk 43018, Yepaina & )
Ten. +48 81538 4112, +48 81538 4579; dhakc +48 81 538 4220 Ten. +380 332 746 118; baxc +380 332 746 103 >
e-mail: PLLNTU@pollub.pl e-mail: pintu.cbc@gmail.com
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€aponeiiceoro Colozy

@) PL-BY-UA Crindhinancosand 52 paxyHoK kouwTia -

Puc. 12.10. CrpykrypHa cxema ojiHi€el 3 Mepex «[HMapcar

Beperosi craHuii ciykaTh NPOMIDKHOIO JIAHKOIO MK CYIYTHUKaMH
CCC «Iamapcar» i OeperoBumu aOOHEHTaMH, 3 SKHMH BOHH MOXYTb
3’€IHYBAaTUCS 3a MDKHAPOJHUMH 1 HAI[IOHANEHUMH TeNeQOHHUMH 1
Tenerpa@HUMU  MEpeXXaMH, a TakoX MepeX Imeperadi  JaHux i
IHTErpaJbHOTO 00CITyroByBaHHs. beperosi cTaHIii MOBHHHI 33J0BOJIBHATH
HacTynHuM crenianbHnM BuMoraM CCC «IHMapcaTy, 3TiTHO 3 SKUMH iX
(GYHKIISAMH €:

npuiiom Ta 00poOKa TMOBIOMIJIEHb CHUTHAJI3allii, MNeperaHnx
CYZIHOBOI CTaHLIl P BCTaHOBJICHHI 3B 513Ky (3alHUTIB);
(opMyBaHHS 1 Tepermada MOBIIOMJICHb CHTHANi3amii CyIHOBHX
CTaHIIi# (BUKJIUKIB);

KOMYyTAIlis MiIKITIOYEHUX 10 OeperoBoi cTaHIii TelepOHHUX i
TejerpagHUX KaHaiB;

perpaHcisnis TenepOHHMX 1 TenerpaHUX IIOBIIOMIIEHb B
HarpsMKy CyJHO-Oeper i Ha3al;

BBE/ICHHS CIHCKY CYJHOBUX CTaHIIH, NOMYIIEHUX 1O CHCTEMH
«Inmapcat»;

001K yacy 3aHATTS KaHaNiB 1 0pOpMIICHHSI PaXyHKIB Ha OIUIATy 3a
HaJaHi MOCIYTH CYTHOBUX 1 O€peroBuX abOHEHTaM.

Mpoext [PBU.03.01.00-06-386/11-00 [-HTY Tpanckopaokkuii o6 Aocsiaom Mporpani o n Binopycs-Ykpaina 2007-2013

P
0i03y B panKax E8ponelicekoro ICTpymMenTy CyciacTea Ta MaprHepcTsa

Kepignuk npoekty: MapThep npoexTy:
TNioGrincska MoniTexkika TlyusKitli HaLOHANSHIT TeXHiNHIT yHiBepCHTET
8yn. HagBuctwinga 44A, kabiver 1001 ey Jlosieceka, 75, kabiket 12, g1
20-501 Mio6iik, Monbiya TNyyek 43018, Yepaia
Ten. +48 81538 4112, +48 81538 4579; chaxc +48 81 538 4220 Ten. +380 332 746 118; caxc +380 332 746 103 o
e-mail: PLANTU@pollub.pl e-mail: pintu.cbc@gmail.com
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PL-BY-UA

Mpoexr IPBU.03.01.00-06-386/11-00 /1-HTY TpawxckopaonHmii 06MiH gocsigom Mporpamu

&

ChiBchiHaHCOBaHO 32 PaXYHOK KOLITIB
€aponeiicskoro Colozy

Skmo OeperoBa CTaHIS € KOOPIMHYIOYOK, TO BOHA IOBHHHA
BHUKOHYBAaTH DS/ JOJAATKOBUX (DYHKITIH:
- peTpaHCIAIS MOBIIOMIICHh CHUTHANi3amii MDK CyTHOBUMH i

OeperoBUMH CTAHITISIMH MIPYU BCTAHOBJICHHI 3B 5I3KY;

CIIKYBaHHSA 3a 3alHATICTIO TeleOHHMX KaHATIB Mepexi Ta

OTIepaTUBHUM iX PO3MOALT 3a 3amUTaMU CYIHOBHX 1 OeperoBmx

a0OHEHTIB;

BUIIPOMIHIOBAaHHUX CYITyTHHUKAMHU;

aHaisy;

- peryioBaHHs NOTYXHOCTI BUIIpoMiHtoBanHs 11I1C3.

ExcryaraliiiHuii KOHTPOJIbHUIT LIEHTP BUKOHYE TaKi QpyHKIIi:

- KOHTPOJIb XapaKTEePHCTHK KOCMIYHOTO CETMEHTA,;
- peajizallisi IUIaHIB BBEJCHHS B €KCIUTyaTallil0 HOBUX TEXHIYHHX

3ac00iB 1 IIIaHIB PO3BUTKY CHCTEM;

00K CYTHOBHX CTaHIIiH, IPOBIAHMH 3B’S30K B IOTOYHUIL Hac;
BUMIPIOBaHHS YacTOT, PIBHIB Ta IHIIUX NapaMeTpiB CHUTHANIB,

3aruc nepeaaHux l'[OBi[[OMJ'IeHI) cnrHani3aui'1' JJIA 1IOJaJIbIIOTO

- BUNIPOOYBaHHA BBOAATHCS B CHUCTEMY CYIHOBHUX 1 OeperoBux

CTaHIIIH;

- mepemavya BCIM CTaHIisAM iH(opMamii mpo MOTOYHHMA

CHCTEMU.

CTaH

Junst poGoTH Beix craHLiid B cuctemi «lHMapcar) BHIIIEHI HACTYIHI
YaCTOTHI Aiala30Hu:

Hampsam
nepeaayi
CC-UC3
HNC3-CC
BC-UC3
NC3-bC

Yacrora,
MI'1
1636,5......1645
1535......1543,5
6417,5......6425
4192,5.....4200,5

OCHOBHI TapaMeTpH, IO XapaKTepH3ye EHEPreTHKY paaioiHii
CCC «Iamapcar» Il CYHyTHHKOBHX PETPAHCISATOPiB, BCTAHOBICHHUX Ha
CyIyTHHKaX MepILIoro MOKOMiHH, HaBe/eHi Ha pucyHky 12.11.
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PL-BY-UA ChiachiHaHCOBAHO 32 PaXYHOK KOWTiB
507-2013 €aponeiicsoro Coloay

bC-HC3 HC3-cC CC-HuQa3 HC3-bC

Hapamerp npH npH np npn
e=5° e=5° e10° e=3° e=10° £=53°

f.ITn 6,42 1.54 1.54 1,64 1,64 42
PGy, 1bBt 60 18,0 18.1 37,0 37.0 -12.3
Ly, 1b 200.9 188.5 188.4 189.0 188.9 197.1
L, 1b 1,7 5.2 29 5.2 2.8 1.9
G/T,. 1b(K™) -16.0 -3.5 -3.5 -12.2 -12.1 32,0
P/Ny, abl'n 68.8 494 51.9 59.2 61,8 49.3
PiIy, abI'n 63.8 — — 63,8 68,4 —
P/(Ngtl), ibIm| 62,6 49.2 515 583 60,9 48,8

Puc. 12.11. Ocuosni napamerpu CCC «lamapcar»

VY Mexax LHUX Jiana3oHiB JUIs OpraHizaiii KaHalliB BCIX THIIB Ha
KOKHIA TUISHIN pajioNliHii MOXXYTh BHKOpHCTOBYBaTHcS 339 wgacTor,
HOMiHAJBHI 3HAYEHHS SIKUX KpatHi 25 k[ 1.

T'nobanvna cucmema cynymnuKko6020 nepcoHaAIbHO20 36’ A3KY
«Ipuoiym»

CCC «Ipumiym» BIiZHOCHUTBCS IO KJacy HHU3BKOOPOIiTATEHUX
CYIYTHUKOBHX CHCTeM 3B’s3Ky. PospobieHa ¢ipmoro «MoToposay
(CIIA), € r1100aJbHOI0 CHCTEMOIO MEpPCOHAIBHOTO pPajio3B’si3Ky 3
BHKOPHUCTAHHSAM IMOPTATUBHUX a0OHEHTCHKHUX TEPMIiHAJIB THUIy «TpyOKa B
pymi». Cucrema «Ipumiym» mnpusHadeHa Jis aBTOHOMHOI poOoTH B
paiioHax CBiTy, II0 HE MAalOTh PO3BHMHEHHUX 1 HaJIHHUX MEpEeX 3B SI3KY, a
TaKOX JJIs1 00CIYTOBYBaHHS MOPCBHKHX CYJZEH 1 JiTakKiB, KOPUCTYBAiB, II0
3HAXOAATBCA B EKCTpEeMaNbHUX cHUTyamisx 1 T.1. ot paifoHiB 3
PO3BHHEHOIO 1HPPACTPYKTYpOor0 3B’s3Ky cuctema «lpumiym» Moxke
JIOTIOBHUTH HA3€MHI MEPEXKi, y TOMY YHUCII i CTIIBHUKOBI.

CCC «Ipuniym» 3abe3nedye HACTYIHI BUJIU MOCIYT 3B S3KY:

- pyxoma  pangioreneOHHMH  3B’S30K 3 BHUKOPHUCTAHHSAM

Mpoexr [PBU.03.01.00-06-386/11-00 [1-HTY TpackopaokHiii oBmik Aocaiaom Mporpanit o n Binop paika 20072013
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PL-BY-UA ChiBchiHaHCOBaHO 32 PaXYHOK KOLITIB
Go7-2013 €aponeiicskoro Colozy

NEePCOHAIBHUX pajioTesnieoHIB B Oe3nepepBHOMY pexuMi 1 B
peanpHOMY MacmTadi 4acy, B TOMY YHCII 3 MOXJIMBICTIO BUXOMIY
Ha TesepOHHI Mepexi 3arajJbHOr0 KOPUCTYBaHHS;

- repejaya IaHuX 3a TUIIOM €JICKTPOHHOT MOIITH;

- 0OMiH IiI0BOO iH(pOPMAIIi€TO;

- TIEPCOHAIBHUH apIiOBUKIIUK;

- BU3HAYCHHS MICIIE3HAXO/KEHHA Ta Iepegada iHpopmamii mpo

MICIIe3HaXOKCHHS PyXOMHUX 00 €KTIB.

[NobymoBa cuctemu «lpmaiym» 3acHOBaHa Ha  HACTYIHHX
MIPUHINIIAX:

- MI00ANBHICTh OOCIYrOoByBaHHs: CHCTEMa HAJa€ MOXIIHMBICTh
3B’5I3Ky I8 OyJb-KMX IBOX a0OHEHTIB, y TOMY 4HCIi 1 IJIs
MOOIUTBHUX, PO3TAILIOBAHUX B JOBUIBHHUX pPETioHaxX 3eMi;
BIJIKPHUTICTh: CHCTEMa 3a0e3Meuye BiMMOBIIHICTh KOMYHIKAI[IHUX
MPOTOKOJIIB BUMOTaM MDKHApOJHHMX CTaHAAPTIB 1 CYMICHICTH 3
ICHYIOUMMH KOMYHIKaI[lHHUMU MEpexaMmu;

VHIBEpCANIBHICTD: CHCTEMa MIATPUMYE HAWOUIBIN IOIIUpPEHi
TIPUKIIAIHI KOMYHIKAIIiiHI CITy>KOW;

aJaNTUBHICTh: CHCTEMa Ma€ BIACTHBICTh II€PEHACTPOIOBAHHS
pecypciB CHCTEMH IIiJl TOTPeOM KOPHUCTYBadiB y 3aJeKHOCTI Bij
IHTCHCUBHOCTI TpadiKy;

KOPUCTYBaJIbHUIIbKA JIOCTYIHICTB: pealizallisi HIMPOKOro KIiacy
BIZIHOCHO JICUIEBUX MAaorabapuTHUX TEPMIHAIBHUX HPUCTPOIB,
1110 320€3MeUyI0Th IHPOKE KOJIO MOTped Pi3HUX KOPHCTYBaUiB;
MPOCTOTa BUKOPHCTAHHS: TIOBHA aBTOMATH3Aallisl IPOLECY 3B’ 3Ky B
peasbHOMY Yaci, MPOCcToTa i JOCTYIHICTD MOCIYI KOPHUCTYyBaueBi
Oyab-skoi kBamiikarii.

Bimmiganmu  pucamu  CCC  «Ipumiym» € BHUKOPUCTAHHS
MDKCYIYTHHUKOBHX KaHAJIB 3B’S3KY 1 CYIyTHUKOBHX PETPAHCIATOPIB 3i
ckiIamHOW 00poOkoro curHamiB. [lpm mpomy B CCC  «Ipumiym»
3a0e3MeuyeThCs MOXKIUBICTh 3’€THAHHA a0OHEHTIB CHCTEeMH 0e3 ydJacTi
HazeMHHX JiHIA 3B’a3ky. [Ipore, me Beme [d0 HEoOXigHOCTI
BHKOPUCTOBYBATH JOCUTH ckianHi i gopori LHIC3. [IpuHInmM ynpaBiiHHS
38’s3koM B CCC «Ipumiym» aHamoridyHi BHKOPHCTOBYBAaHHM B
CTUTPHUKOBHX Mepekax. OgHak, Ha BiIMiHY BiJl CTUIBHUKOBHX MEpEX, B
CCC «Ipigiym» pyxiuBi He TiNbKU aOOHEHTH, aje 1 cama 0a3oBa CTaHIIIs,
BCTAHOBJICHA HA IITYYHOMY CYIYTHHKY. I[IpomyckHa CIPOMOXHICTb
cuctemu «Ipigiym» ctanoBuTh 56000 myruieKcHUX Tene(OHHUX KaHAIIB.

Crpykrypa CcymyTHUKOBOI cuctemu «Ipumiym» (mamoHok 12.12)
BKJIIOYA€ B ceOe YOTUPH CETMEHTH:

- KOCMIYHHH CETMEHT;

- CerMEHT YNpPaBJiHHA CHUCTEMOIO, IO CKJIAJAETBCS 3 ILEHTPY

YIPaBIiHHS CHUCTEMHM, IIO0 BKIIOYAaE B ceOe OO0YMCIIOBAIBHUN

Mpoexr IPBU.03.01.00-06-386/11-00 MI-HTY TpaHckopaoHHuii 0mik aocaiaom Mporpanit o n Binop paina 20072013
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LEHTP 1 CTaHIIiO yIIPaBIiHHS;

- [IUTIO30BI1 3€MHI CTaHIl, 10 3AIMCHIOIOTh MIBUIKUH 1 eeKTUBHUN
3B’S130K CYIIyTHUKOBOI CHUCTEMH 3 Tele()OHHHUMH MepeKaMu
3araJbHOT0 KOPHCTYBaHHS.

‘,—’ Iridium Satellites -
-~
-~
-~
~« Lband Jﬁ ’
. 3 ’
N —&/Acronautical ,' Ka-band

Puc. 12.12. Crpyxrypa cucremu «Ipumiym»

Kocmiunmit komrmiekc «lpumiym» CKIamaeTbes i3 66 KOCMIYHHX
amnaparis, 10 PO3MIlIEHI Ha KPyTrOBUX NPHUITOJIIPHUX opOiTax 3 HaxuiioM 86
rpanyciB i Bucororo 780 kM. CymyTHHKH po3MimieHi B 6 opOiTabHHX
IUIOIIMHAX, B KOXHIiH i3 skux omHouyacHO 3Haxomstecsi 11 IC3. Kyrosa
BiZICTaHb MIX CYCiIHIMH OpOiTaJbHUMHM IUIOMIMMU cKianae 31,6 rpaaycis,
3a BUKJIIOUEHHSM 1 i 6 IJIOIIMH, KyTOBUI HaXHMJ MIX SIKUMH CKJIaJiae Oijist
22 rpagyciB.

Koxxuuit cynmytHuk mae Bary 1o 450 Kr i Ma€e TpH peTPaHCISATOPH,
MIPU3HAYCHUX UIS peaji3alii KOpHCTYBalbKOTO (a0OHEHTCKOT0) KaHaIy,
KaHaJly KepyBaHHS 1 CYMiCHOCTI i KaHAJTy MXKCYITyTHUKOBOT'O 3B S3KY.

KosxHMii CyIyTHUK Ma€ TpH KOMIUICKTH aHTEeH:

® OCHOBHOT'O IIPU3HAYEHHS;

® [IePEXPECHOr0 MIKCYIYTHHKOBOTO 3B’SI3KY;
® KEpYIOUOro KaHaly.

ABOHEHTCKI TepMiHaIH SBISIOTH COO0IO:

® MIOPTATHBHI i MOOLITEHI 3ac00H;

o teneoHHI OYAKH 3 COHTYHIMH OaTapesmu;

Mpoexr [PBU.03.01.00-06-386/11-00 [1-HTY TpackopaokHiii oBmik Aocaiaom Mporpanit o n Binopycs-Ykpaina 2007-2013
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e crienianizoBaHi aBiawliiiHi 1 MOpPCBKI KOpPHCTYBaIbKi
o0JiasiHaHHS.

OCHOBHI ~ XapakTepUCTHKH  IOPTATHBHUX  aOOHEHTCHKUX
TepMiHaiiB cucremu «lpumiym» HaBeneHi Ha puc. 12.13. AGOHEHTCHKHH
TEepPMiHAJI BCTAHOBIIOE 3B 530K 3 OJHHUM i3 CYIyTHHKIB, IO 3HAXOIUTHCS B
30Hi pamioTOCSHKHOCTI. AHTEHHA CHicTeMa KOXKHOTO CYITyTHHKa Gopmye 48
BY3bKHX TIpoMeHIB B L-miamazoni. BuxopumcroByBaHHI 66 CcymyTHHKa
3a0e3medyroTh TII00aIbHEe MMOKPHUTTS 3eMili 3 JormomMororo npuomusHo 2100
aKTUBHHUX TpoMeHiB i3 3168 3arampHoi KinmbkocTi. IIpomyckHa 3maTHICTB
KOXHOTO CcymyTHHKa B L-miamazoni cximagae 3840 kanamiB. BimHomeHHs
€Heprii CUrHajxy 10 CHEKTPaJbHOI WIUIBHOCTI IIyMy B aOOHEHTCHKOMY
kaHani L-nianasony cxmamae 6,1 1b. MMoBipHicTh moxubku B Haiiripmomy
BUIAJKy NpHW HE HaMKpaloMy po3TallyBaHHI aOOHEHTa BiJHOCHO
006cIyroByiouoro cynyTHuka cknanae 1072, cepenns Benmmuuna HMOBIpHOCTI
nomunku cknanae 104...1075,

TexHivHI XapaKTEPUCTHKU AT (mopTaTUBHHIA)

Miama3on yactoT, MI'11 1616...... 1626,5
IIBuaxicte mepemadi, Koit/c
-MOBa 48
-naHi 2,4
[MoryxHicTh nepenaBaya, Bt 0,6
EWUM, n5*Bt 1,4
Hobpotricte G/T, nb/K -23,8
HocTyn aboHEHTIB YPK/BPK, IIKT
Bun moxysmii OdM-4
VIMOBIpHICTh TTOMHUIIKH 10%...... 10°
ADY 8 cMm
Bxin-Buxin inpopmarii IIK tammy IBM PC-AT, RS 232
Maca, kr 0,65

XKusnenus AxymynaropHi 6aTapei un

Mepeka 3MIHHOTO CTPyMy

Puc. 12.13. XapakTepuCTHKU IIOPTATUBHUX AOOHEHTCHKUX
TepMiHaniB cucteMn «Ipimiym»
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MIDKCYNYyTHUKOBI ~ KaHadd  3B’S3KYy  KOXKHOI'O  CYyNyTHHKa
OpraHi3yloTbCs 3 YOTUpMa CYCIIHIMM CYNYTHHKaMH, JBa 13 SKHX
po3TamoBaHi B Wil ke opOiTaybHIN IUIONIMHI, a JBAa IHIIMX — B CYCIJTHIX
opOitanpHuX IomuHaX. CyIMyTHUK OJHOYACHO MOJKE IepeaaBaTH YOTHPHU
HECYYi XBHWII, IO ONHIN Ha KOXHHHU i3 CYCIIHIX CYIIyTHHKIB, 3 3araJbHOIO
MpOIyCcKHOO 3naTHicTI0 6000 KaHamTiB.

«lpuniym» mepeBakHa OUTBOIICTE 3’€JHAHD BCTAHOBIIIOE 3
BUKOPHUCTAHHSAM MDKCYIIyTHHKOBUX KaHATIB 3B’S3KY, SKIIO TiUTBKH
a0OHEHTH HE 3HAXOIATHCS B 30HI, IO OOCIYTOBYETHCS ONHUM IIPOMEHEM.
Tomy ans 3’eaHaHHS 3 HA3eMHUMHM 3aC00aMH 3B’SI3KY MOTPIOHO BiJJHOCHO
HEBEJIMKA KIJIBbKICTh MUTF030BUX CTaHIIIH. AJie Taka moOyIoBa CUCTEMH BEC
10 301UIBILEHHS JIOB)KMHNA BUKOPHUCTOBYBAaHMX HA3eMHHUX JIiHIH 3B S3KY i,
BIZIMOBITHO, 1O 3pOCTaHHS BAPTOCTI 3’ €IHAHHSI.

Ha cynytHuky «lpuaiym» mpoBOAUThCS CKIIaJHa 00pOOKa CUTHAIIB,
IO TMOJISIra€ B PO3JAUICHHI HAaJIXOJKEHHs YIIUIbHEHUX CUTHANIB Ha OKpeMi
IUPPOBI MOCTHIAOBHOCTI 1 ToAaibime iX o00’€¢XHAHHS BigNOBITHO IO
HEOOXigHOT afpecalliclo B BHCOKONIBHAKICHHH TMOTIK [UIA TIepenadi
MDKCYIIYTHHKOBUMH KaHAJIAMH 1 paJioiHii CYyITyTHUK — IIUTFO30BA CTAHIIIS.

AGoHeHT cucteMu «lpumiym» Mae iHAMBiTyadpbHHNH HOMEp, SKUH
30epiraeThCs 32 HUM HE3aJIe)KHO BiJl HOTO MiCIls 3HaXOoKeHHs. [Hpopmaris
PO MICIIE3HAXOKECHHS a0OHEHTA 3aBKIU MICTUTHCS B IIaM’SATi IUTIO30BUI
CTaHIlii, A0 AKOI MpUMHCaHUi aboHeHT. J[yis MOHOBJICHHs 1H(OpMAIT PO
MiCII€3HaXO0/PKeHHSI a0OHEHTY JOCTaTHHO CKOPHCTATUCS CBOTM TEPMiHAJIOM.
IMpu opranizanii 38°s3ky CCC  «lpuumiym» aBTOMAaTUUHO pPEECTPYE
KOOpAWHATH abOHEHTa.

I'nobanvha cucmema cynymnukoeozo 36’°a3ky «l nooancmapy

CCC «I'nmobancrap» pospobiiena psimom ¢ipm CHIA ta €spomnu i,
tak camo sk i CCC «Ipumiym», nmpu3HaveHa i opraHisaiii riodanbHOT
Pamio3B’sI3Ky 3 BUKOPHCTAaHHSIM a0OHEHTCHKHX TEPMIHAIIB THITY «TpyOKa B
pyui». Onnak, na BigMiny Bigx CCC «Ipuniym», CCC «['mobancrap» He
NIPETEeHAy€Ee Ha aBTOHOMHICTH BijJI HA3€MHHX TEJIEKOMYHIKAI[IHHUX MEpPEeX.
BoHna moBHWHHA JTOTIOBHIOBATH HA3¢MHI CTLIEHUKOBI MEpEki B perioHax 3
PO3BHHEHOIO 1H(PACTPYKTypOIO0 3B’SI3Ky, a TakoX aBTOHOMHO HaJlaBaTH
MOCIIYTH 3B’A3KY B MaJIOHACEJICHUX 1 B)KKOJOCTYITHUX paiiOHax 10 BCHOMY
cBitTi. Cnomyuenns CCC «I'mobanctap» 3 TenehOHHHMH MepeXaMu
3MIACHIOETECSL  Yepe3 MUTI030BI  cTaHmii. 3B’S30K dYepe3 CHUCTEMY
«I'mobGancrap» 3AIUCHIOETHCSI TUTBKM B THUX BHIAJIKax, KOJIW JOCTYI 7O
TenehOHHNX MEpeX HEMOXKIMBHH a00 yTpyTHEHHH.

CCC «I'nobancrap» 3abesmeuye mTpHOIM3HO OJHAKOBUN Habip
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PL-BY-UA Crischinacosano 3a paxyHoK KowTia B

€aponeiicskoro Coiozy

MOCITYT 3 CUCTEMOIO «Ipuiym», OfHaK B T OCHOBY 3aKIajieHi OiIbII BUCOKI
€KOHOMIYHI MOKa3HUKH. 3 METOO MiJIBUIICHHS €KOHOMIYHOI epeKTHBHOCTI
B CCC «['nobascrap» BUKOPUCTOBYIOTHCS TaKi MPHUHIIMITH, 10 JO3BOJISIOTH
ICTOTHO 3HU3UTH BUTPATH Ha PO3pPOOKY 1 eKCILTyaTalio:
- 3HIDKEHO KUTBKICTh CYITyTHHUKIB, SKi BUKOPHUCTOBYIOTHCS B Cy3ip i;
- crpomieHo  OOpTOBY amapaTypy 3a paxyHOK BIiAMOBH Y
BUKOPUCTAHHI  peTpaHCIATOpPiB 3 00poOKol0  cHWrHamiB i
MDKCYIIyTHUKOBUX KaHAJIB 3B SI3KY;
- 38’130k 3 aboneHTOM B CCC «I'mobancrapy» 3aiHCHIOETECS B IBOX
YJaCTOTHHX Jiana30Hax, a came:
- L-nmiamasoni B cmy3i 1610-1626,5 MI'y wa miHii «3emus —
Kocmocy;

-y S-miamazoni B cmy3i 2483-2500 MI'mp ma minii «Kocmoc —

3eMirsa».

Jlinii, mo 3a0e3meuyroTh 3B’SI30K MK CYIMYTHHKOM 1 IUTIO30BOIO
CTaHIII€I0 TPAIOIOTh B Jiana3oHi (DiKCOBaHOI CYMYTHHUKOBOI CIyXOW, a
came:

-y C-miamazoni B cmy3i 5025-5225 MI'm Ha mimii «3emmst —

Kocmocy;

-y C-miamazoni B cmysi 6875-7075 MI'm Ha minii «Kocmoc —

3emirsy.

ITig wac BukopuctanHs B cuctemi «I'mobanctapy cysip’s 3 48 IC3
NPOITyCKHA 37aTHICTh cTaHOBUTH 65000 nyruiekcHUX Tene()OHHUX KaHaiB.
Crpyktypa cucremu «I'nmobancrap» HaBeneHa Ha puc. 11.14. 3a cBoim
CKJIaJIOM CcHCTeMa aHajoriyHa cucremi «lpuaiym», ane BiaCyTHI
MDKCYIIYTHHKOBI KaHaJId 3B 53Ky, [0 MPU3BOAUTH [0 HEOOXIiTHOCTI
30UIBIIEHHS] KUIBKOCTI Ta YCKJIQJIHEHHS! KOHCTPYKIIii Ha3eMHHMX HIIFO30BUX
CTAHIlH.

Kocmiunmit  cermMeHT cKkiamaerbess 3 48  CYNyTHHUKIB, IO
O6epTaIOTBC$I mo KpyroBux opOitax Ha BucoTi 1410 KM HaJ MOBEPXHEIO
3emmi. Ix op0iTH 3HAXOmATHCS B § IUIOMIMHAX 3 HAXWIOM 52 TpamycH, B
KOXKHIM IIJIOIIMHI piBHOMIPHO po3TamoBaHi 6 CymyTHHKiB. Bara omHoro
CyIyTHUKa CTaHOBUTH Omm3pko 450 kr. Ha cynyTHHKY po3mimeHi 2
peTpaHCIATOpa, IO MPAIIoTh Y cMyTax yacToT L i S miana3oHiB (4acTOTH
- guB. Bume). llpuiimManpHi Ta mepemaBaidbHI AHTEHH CYIMYTHUKIB —
OaratonmpoMeHeBi aKTHBHI (ha3yBaHHSA PEIIiTKH, IO CKIagaroTees 3 61
eneMeHTa B cmy3i L 1 91 enemenTa B cmy3i S.
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Puc. 12.14. Ctpykrypa cuctemu «I mobanctap»

3eMHUI CErMEHT CHUCTeMH CKJIQJA€ThCsl 3 BEIUMKOrO0 4HCia
IUTI030BUX cTaHMii (mopsaky 200). AGOHEHTChKI TepPMiHAIN MOXYTh OYTH
TPHOX THITIB:

- TIOPTaTHBHI MEPEHOCHI;

- TIEPEBO3ATHCS aBTOMOOIITBHI;

- CTaI[iOHapHi.

INepmwi nBa THUNM MarOTh HE HANpaBJCHHI AaHTEHW, aHTEHH
CTaIioHApHUX a0OHEHTCHKUX [HA TPOXHU CKIIAIHIIIIE.

Jlo ckimajy 3eMHOrO CEerMEeHTa BXOZSTh TaK CaMO LEHTpH
ynpaeininns cuctemoro (LIYC), manyroui pexxumu JJisi KOXKHOI HITF030BOT
CTaHWil 1 Kepyo4i pecypcoM CYNyTHHKIB, X opOiramu i 3a0e3neuyroTh
TENEeMETPilo Ta Mepeaady KOMaHA Ha CYyMyTHHK B CMyrax 4actoT (igepHUX
JHIHA.

3. XapakTepucTHKAa CyNMyTHUKOBUX HaBiramiifHux cucrem

CucremMun CymyTHHUKOBOi HaBiramii Ta iX 3acCTOCyBaHHS SBJISIOTH
c00010 OHY 3 HaWOUTBII TUHAMIYHO PO3BHHEHMX Taly3ed. Y CTaTKyBaHHS
CYITyTHUKOBOI HaBiraIii 3HaHIIIO MHUPOKE 3aCTOCYBAHHS 1 PO3TIIIAETHCS B
SKOCTI IITAaTHOTO JJISI MOPCHKUX 1 MOBITPSHUX CyJZIeH, KOCMIYHHX amaparis.
BoHO Tak camMO IIMPOKO BUKOPHUCTOBYETBCA B 3€MIIEYCTPOI, IPHU
MOHITOPUHTY, 3WOMKax MICIIEBOCTI Ta TreoAe3uYHux poboTax. Buxin
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PL-BY-UA ChiBchiHaHCOBaHO 32 PaXYHOK KOLITIB
el €aponeiicskoro Colozy

BIZTHOCHO HEJOPOTHX CHOXXMBYHMX HPUCTPOIB 3yMOBHB IIUPOKE BXOJDKEHHS
B MOOYT MpocTUX KopucTyBadiB. Jly’ke IIMPOKOTO IOIIMPEHHS Ha0yIo
BUKOPHCTAaHHS CYITyTHHKOBOI amapaTypu Uil aBTOMOOUIBHOT HaBirarii.
OcTaHHIM YacoM CKJajlacs TaK caMO CTilika TEHJCHIlS JO iHTerpamii
mpuitMadiB CyITyTHUKOBOI HaBiramii i MOOiTEHEX TenedoHiB. CyIryTHHKOBI
mpuiiMadi CTaly BIPOBAKYBATHCI B 00JIaCTh 3B SI3Ky, 0OpOOKH 1 mepenadi
JaHWX, B iHPOpMaLilfHi TEXHOIOTII.

CynyraukoBi  Hapiramiiai cuctemu (CHC) 3acHoBaHi Ha
BHKOPHCTAHHSA KOOPAMHOBAT 32 PYXOM 1 BHIIPOMIHIOBAHHSM CHTHAJIB
Mepexi HaBiramiiHmx mrTydyHHX cymyTtHEKiB 3emni  (LIC3). CHC
3a0e3nedyroTh Oe3lnepepBHE 1 IMPAaKTHYHO MHTTEBE BHU3HAUCHHS MicUs
po3TalryBaHHs 1 MBHIKOCTI CHOXKKBAaya B MEpeBayKHIN OLMbLIOCTI pailoHiB
3eMHOI Kymi (ToOaiibHI CHCTEMH) 3 TOYHICTIO, sSKa 3a3BHYail 3HAYHO
MEPEBHUIIYE TOYHICTh IHIIUX HaBiramifHux cucrem. HaiiGimpin Bigomi B
Hamii kpaini cynytHukosi cuctemu — e GPS i [JIOHACC.

Cynymnuxoea padionagizayiitna cucmema I7TOHACC

Po3BUTOK BITYM3HSIHOI CYIYTHHKOBOI paJiOHABIraIliifHOl cHCTEMHU
I'IOHACC wmae Bxe Oinmpm, HiK 40-piuHy iCTOpifO, IOYaTOK SKOL
MTOKJIAZICHO, SIK HaifuacTillle BBaXKAarOTh, 3aIyCKOM 4 XOBTHA 1957 poky B
Papsuacekomy Coro3i mepmioro B iCTOpIi JFOACTBA IITYYHOTO CYITyTHHKA
3emuti. BumiproBaHHsS JOMIEPIBCHKOTO 3CYBY YacTOTH IepeiaBava IbOTro
IIC3 Ha myHKTI CIIOCTEPEkKEHHS 3 BIIOMUMHU KOOPAWHATAMH I03BOJIMIIM
BHM3HAYaTH MapaMeTpu pyXy I[OT0 CYHMyTHHKa. 3BOPOTHE 3aBIaHHA OyIo
OuUeBH/HE: 3 BUMIPIOBaHb TOTO JX JIOIUIEPIBCBKOIO 3CYBY IIpU BIJIOMHX
koopauHaTax LIIC3 BU3HAYMTH KOOPAMHATH MYHKTY CIIOCTEPEIKEHHSI.

[ToBHOMacuITabHI  poOOTH IO CTBOpPEHI Uil BITYU3HSIHOL
HaBITallifHOI CYMyTHHKOBOI CHCTEMH OyJIH pO3TOpHYTI B cepeauHi 60-x
pokiB, a 27.11.1967 poky OyB BuBeneHUIT Ha OpOITY MEPIIHA HAaBITaIliHHIHA
BiTum3HsiHUH cynyTHHK («Kocmoc-192").

OnHi€l0 3 [EHTpPAIbHUX MPOOJIEM CTBOPEHHS CYIyTHHKOBOI
CHCTEeMH, 10 3a0e3redye Oe33aluTHI HaBiraliliHi BU3HAYEHHS OJHOYACHO
10 JEKITbKOX CYIyTHHUKaX, € IpobjemMa B3aEMHOI CHHXPOHi3amii
CYNYTHUKOBHX IIKal 4Yacy 3 TOYHICTIO A0 MUIBSIPAHUX YacTOK CEKyHIH
(HaHOCEKYHI), OCKIJIBKH PO3CHHXPOHI3aIis BHITPOMIHIOBaHUX
CYMyTHUKaM{ HaBiramidHux curHaigiB B 10 HC BHKIWKAa€E JOJATKOBY
MOTIiPIICHICT Y BU3HAUEHHI MICIETIONIOKEHHS croxuBada g0 10—15 m.
PimenHs 3amadi  BHCOKOTOYHOI CHHXpOHi3amii OOpPTOBMX IIKal dYacy
3a)aJaj0 yCTAaHOBKM HA CYNYTHHKaX BHCOKOCTaOIIbHUX OOpTOBHX
[Ie31€BUX CTAaHAAPTIB YaCTOTH 3 BIIHOCHOI HecTaOuipHicTIO 1 * E-13 1
Ha3eMHOT'0 BOJHEBOT'O CTAHJIAPTY 3 BiIHOCHOIO HecTabutpHicTIO 1 * E-14, a
TaKOX CTBOPEHHS Ha3eMHHX 3aC001B IMOPIBHAHHS MIKAJI 3 MOXUOKOIO 3-5 He.
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PL-BY-UA ChiachiHaHCOBAHO 32 PaXYHOK KOWTiB
507-2013 €aponeiicsoro Coloay

[HI1010 IPOGIEMOIO CTBOPEHHSI BUCOKOOPOITANILHOT HaBiraliitHoOI cucremMu
€ BHCOKOTOYHE BHU3HAYCHHS 1 NPOrHO3yBaHHA IapaMeTpiB  opOir
HaBirauiiHUX CYIMyTHHKIB. JlocsrHeHHs HEOOXimHOI TOYHOCTI edemepun
HaBirauiiHUX CYIYTHHUKIB 3a)KaJajio MPOBEJCHHS BEJIMKOTr0 00CAry pooiT 3
00JIKy YMHHHKIB APYTOr0 MOPSAAKY MAajJOCTi, TAKHX SK CBITJIOBHU THCK,
HEpiBHOMIpHICTH 00epTaHHs 3eMili i pyX Il MOJIIOCIB, a TAKOXK BUKIIOUCHHS
mii Ha CYHyTHHK B TIONBOTI  PEaKTHBHHX CHJ, BHKJIMKaHHX
HETEPMETHUYHICTIO PYXOBHX YCTaHOBOK 1 Ta30BHAUICHHS MaTepialbHHUX
TTOKPHUTTIB.

JIroTHI BUMpPOOYBaHHS BUCOKOOPOITANBFHUX BITYM3HAHOI HaBirariiHol
cucremy, 1o orpumana Ha3By [ JIOHACC, Oynu po3nouarti B )k0oBTHI 1982
poky 3amyckoM cymytHuka "Kocmoc — 1413".

Y 1995 poui 6yi0 3aBepiero posroprands CPHC I'JIOHACC no ii
IITaTHOTO CKiany. Hamami depe3 HemocTaTHE (iHAHCYBaHHS Ta depes
BIZTHOCHO HEBEIIMKUI TEPMiH POOOTH CYNMyTHHKIB KOCMIUHE yrpyrnoOBaHHS
3HAQYHO 3MEHIIWJIO 1 CTAHOBWJIO B Jeski poku MeHie 10 akTHBHUX
CyImyTHHKIB. B ocTaHHI pokM poOOTH 3 HApOLIYBaHHS CYIyTHHUKOBOTO
yrpymoBanHs cuctemMu [JIOHACC Benucs TOCHICHIMH TEMIIaMH 1 B
JTaHW 9ac cucTeMa PO3rOpHYTa MPAKTHYHO ITOBHICTIO.

3azanvna Xapakmepucmuka cucmemu

Ocunoeue npusHayenHss CHPC papyroro moxoxinas [JIOHACC —
rnobajgbHa OMNEpaTHBHA HAaBIraliss MPU3EMHHX PYXOMHX OO0 €KTIB:
Ha3eMHHUX (CYXOIYTHHUX, MOPCBKHX, IIOBITPSIHUX) 1 HH3bKOOPOITAIHLHUX
kocMmiuHuX. TepMiH «riio0anmbHa OlEpaTHBHA HABIraIis» oO3HAdYae, IO
pyxoMuii 00’€KT, OCHAIICHWN HABITAI[IfHOIO amapaTypolo CIOXXHBadiB,
MOXe y OyImp-sIKOMY MiCIi NMPU3EMHOTO TPOCTOPY B OYIb-STKAH MOMEHT
Yyacy BM3HAUUTH (YTOUHHUTH) IapaMEeTPH CBOTO PyXy — TPH KOOPJIMHATH i
TPH CKJIAIOBI BEKTOPA IIBUAKOCTI.

Kocwmiunmit kommureke ['JIOHACC (pucynok 12.15), Takox sk i
amepuKkaHchka cucteMa GPS, moBuHEH BKIIOUaTH 24 CyITyTHHKA (3 HUX TPH
— pe3epBHi), fAKI pPyXalOThCs TpboMma opOiTamu (HAa KOXHIN opOiTI
PIBHOMIPHO pO3MilIeHe 1Mo BiciM cymyTHHKIB) Ha BucOTi 19100 kM. Haxwn
op6it, TOOTO, KYT M)XK IUIOIIMHAMH OPOIT 1 €KBaTOpa, CTAHOBHUTH OJIM3HKO
64,8.

Bucxinui By3am opbiT (TOYKH, B SKHX CYNyTHHUKH IIEPEXOIATH 3
[TiBniunoi niBky:xi B IliBneHny) posneceHi Ha 120. Tpeba BifzHauuTH, 110
noAiOHui BUOIp mapaMeTpiB opOiT OyB 3poOJICHHH JTaJIeKo HE BHITAJKOBO.
A oynHMM 3 HOTO IepeBar € oJHaKOBUH "IOrIsa" BCiX CYIMYTHHKIB 31 CBOIX
MEPBUHHUX OPOIT MiJ BIUIMBOM HEOIHOPITHOCTEH IOJIA TSXKIHHS 3EMIIi.
BHacnmimok  1pOro  aBTOMaTH4YHO  3a0e3leuyeTbcss  MaKCHMallbHa
JIOBrOTpHBaJia CTabiIbHICTh B3aeMHOTO mooxeHHs Bcix HIC3 cucremu.
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Puc. 12.15. Cucrema I''TOHACC

KoHnirypariss cynmyTHUKOBOTO Tiofisi 3abe3meuye  MOXIIHBICThH
CHOCTEPEKEHHs KOpUCTyBaueM Yy Oylb-sIKMH MOMEHT 4acy 3 Oy/b-sikoi
TOYKH 3eMJIi He MEHIIIe YOTHPHOX CYMyTHHKIB. KaniOpyBaHHS nux cTaHIii
3MIMCHIOETBCS  JIBOM@  KBAaHTO-ONTHYHHMH  CTAHISIMH  CTEXKECHHS.
LenTpansHuii cHHXPOHI3aTOp (TOJUHHHUK), 110 (OPMYE CHCTEMHHH Hac, 3a
JIOIIOMOT'OI0 CUCTEMH YIPABIIiHHS 4acoM 3a iH(POPMAIIIEI0 CTEXUTH CTAHIIS
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PL-BY-UA ChiachiHaHCOBAHO 32 PaXYHOK KOWTiB
507-2013 €aponeiicsoro Coloay

1 3a CHTHajJaMH CYNYTHHKIB IE€piOJIMYHO, LIOHAalMeHIe pa3 Ha a00y,
BU3HA4Ya€ 3pYLICHHS THMYAacOBHUX IIKaJ KOXXHOI'O CYyNyTHHUKA, SIKi
TPAHCIIIOIOTHCS HA CYITyTHUKH.

VY I'JIOHACC 3HaxoaaTbcs 06a Kanauu:

- cragnaptani (CT);

- pucokoi (BT) To4HOCTI.

Bonu 3a6e3rneuyoTh BU3HAYCHHSI KOOPAUHAT 3 NPUOIM3HO TaKUMU
x moxuOkamu, sk 1 B GPS. Curnan CT (ananoriuamii C / A-xoxy B GPS)
IOCTYNTHUM A7 BCIX CHOXHBadiB, OAHAK, Ha BimMmiHy Bim GPS, B
I''IOHACC He BHKOPHUCTOBYETHCS pEXHM HABMICHOTO BBEICHHS
JIOJIATKOBHUX TIOMWJIOK B CHUTHAJ CTaHAApTHOI To4yHOcTi. Poboui wyacrorn
cuctemu: 12501 1600 MI'.

4 Hasirauiiinuii kocMiuHuii anapart

3aranpHUM  BUIVIAA ~ HABIralifHOro  KOCMIYHOIO  amapary
npencraBiueHnit Ha pucyHKY 12.16 ocHoBy HKA cximamae mumiHApUIHUIA
TEPMOKOHTeIHep miamerpoM 1,35 M, B SKOMY pO3MIIIYIOTHCS CIyX)OOBI
CHCTEMH 1 CIeIlialibHa amaparypa. 3 BHCYHYTOIO (PO3KPHTOIO) INTAHTOO
MarHiTOMeTpa Horo JoBxkuHA ckianae 7,84 M. Ha "HmkHIN" (B mONT0XKEHH]
mraTHOi opieHTamii) cropoHi HKA 3MoHTOBaHa muatdopma 3 aHTEHHO-
¢bigepHUX MPUCTPOIB Ta MAaHEILTIO KyTOBUX BinOmBauiB. Ha «BepxHBOMY» —
nanuBHi  Oakm 1 mraHra MarHiTomerpa. Ha  OiuHiii noBepxHi
TEPMOKOHTEHHEPH 3aKPIIJICHI 1B MPOBOIM CUCTEMHU OJHOOCHOI OpieHTAIliT
COHSYHMX Oarapel, JBa CIMCKH, 10 PO3KPHBAIOTHCS Ha OpOITI pamiaTopa
CHUCTEMH TEPMOPETYJIIOBaHHS, JBa OJOKH JBHUIYHIB 1 JaTUMKH Opi€HTAIl.
XapuyBaHHsI BCIX IMiJICHCTEM IPOBOJUTHCS BiJ| COHAYHUX Oarapeif, mupuHa
SKUX B PO3KPUTOMY BHIJISI CTAaHOBUTH 7,23 M. 3arajibHa mMaca CKJajae —
1415 kr.

VY 4ucio 60PTOBUX CHCTEM HaBIramiifHOTO KOCMIYHOTO amapaTy
cuctemu ' JIOHACC BXxoaaTh:

- OopToBHIl HaBIraIiifHAH MepenaBay;

CHHXPOHI3aTOp («TOIMHHUKY);

OGOPTOBHIA KEPYIOUHIA KOMITJIEKC;

cUcTeMa opieHTallii Ta cradinizarii;

CUCTeMa KOPEKIIii;

cHCTeMa eJIeKTPOXKUBIICHHST;

cHCTeMa TePMOpPETYJIIOBaHHS;

3aco0u 3anpaBKH i 3a0e31eUeHHs TapaMeTpiB CepeIOBHUINA B
TepMOKOHTEHHEPI.
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Puc. 12.16. Hagiranifinuit kocmiunuii anapat [ JIOHACC

Yac akTHBHOTrO ICHyBaHHS Ha oOpOITI JUId amapariB IepUIoro
TTOKOJIHHS CKJIagaio 3—5 pOKiB, IUIA amapaTiB OCTAHHBOTO TOKOJIHHA —
10 i OiipIIe pOKiB.

Amnaparypa HaBiraliifHOro KOCMIYHOTO arapaTy HpH3HA4YeHa JUIs
BUKOHAHHS HACTYITHUX OCHOBHMX (DYHKITi:

- BUNPOMIHIOBaHHS BHCOKOCTAOUTPHUX HABITallilHUX CHUTHAIIB

CTaHIApTHOI 1 BHCOKOi TOYHOCTI B JEIMMETPOBOMY Iiarma3oHi
XBHJIb 0€3 HABMHUCHOTO HOTIPILIEHHS XapaKTePUCTHK;

- mpuiiom, 30epiranHs, (OpMyBaHHS Ta mepegada HapiramiidHol

iHpopMmaii (1anux);

- (opmyBanHs1, oundpoBKa, 30epexKeHHs 1 Iepeada CUrHaJiB Yacy;

- peTpaHCIAIis abo BUIIPOMIHIOBaHHS CUTHAJIB JUTSt

PaIiOKOHTPOIII0 OpOITH CyNyTHHKA 1 BU3HAYEHHs IOIMPaBOK [0
60pTOBOI MIKAJIOIO Hacy;

- TpuiioM, KBITIpyBaHHS, JemI(pyBaHHs 1 BiANPAIFOBaHHS Pa3oBUX

KOMaHJ(;
- MpUiiOM, 3amaM’sSATOBYBaHHS Ta  BiJNpalOBaHHA IpOrpamM
YIPaBIiHHS peKUMaMK (QyHKIIOHYBaHHS CYITyTHHKA Ha OpOiTi;

- ¢popMyBaHHA TEJIEMETPUYHHMX JAaHUX TMpo cTaH OOpTOBOI

amaparypu i nepefadi ix B Ha3eMHHUI KOMIIJIEKC yIpaBIiHHS,

- mpuifoM Ta 00pobOKa KoaiB Kopekiii i (pasyBaHHS OOPTOBOI IIKAIH

Jacy;

Mpoexr IPBU.03.01.00-06-386/11-00 MI-HTY TpaHckopaoHHuii 0mik aocaiaom Mporpanit o n Binop paina 20072013
33 KowTH € i Coloay & panax Eaponei y Cyciactea 1a Mapthepcrsa

Kepienuk npoekty: Napep npoexty:
NioBsiiHceKa MosiiTextika Tkl HAUOHANLHITT TeXHINHIiT yHiBepCHTET
8yn. HagBuctumya 4A, kabiver 1001 Byn.Nbsiscska, 75, kabiker 12
20-501 Tio6riik, Monbya Tyyek 43018, Yipaina
Ten. +48 81538 4112, +48 81538 4579; chaxc +48 81 538 4220 Ten. +380 332 746 118; dhaxc +380 332 746 103
e-mail: PLLNTU@pollub.pl e-mail: pintu.cbc@gmail.com

299




PL-BY-UA ChiachiHaHCOBAHO 32 PaXYHOK KOWTiB
507-2013 €aponeiicsoro Coloay

- BUpOOJIEHHS 1 repeiaya CUrHajiiB "BUKIMK HA3eMHOTI0 KOMILIEKCY
ynpasiiHHsa" npu 3001 a0 BUXOJI BaXIUBHX KOHTPOJILOBAHHX
rapaMeTpiB 3a MEXi HOPMH;

- aHami3y 1 KOHTpOJIb CTaHy OOpTOBOI amaparypu 1 BHPOOJIEHHS
KepYIOYHX KOMaH/I, a TAKOK CHTHAJIIB "cIipaBHOCTI" (I[LTICHOCTI).

Xapaxkmepucmuxu cucmemu IZ7TOHACC

Xapakrepuctukn cuctemun [JIOHACC Bu3Ha9amOTbCA piBHEM
OCHOBHHX  IOMWJIOK, CYIyTHIM  HaBiraiifHUM  BH3HA4YCHIM, 1
TCOMETPUYHIM PO3TAIlIyBAHHSM BHKOPHCTOBYBAHHX KOCMIYHHX amlapariB i
cnoxuBada. JlokmagHui aHai3 MPUYNH BUHUKHEHHS TIOMUJIOK, XapaKkTepy
iX po3noaiy HaBEeIEHO Yy BIANOBIAHINA JiTepaTypi MO CYMYTHUKOBHX
HaBiramiiHux  cucremMax. Tyr OOMEXHMMOCS  JIMIIE  OCHOBHUMH
pesyapratamu. 3 imoBipHicTio 0,997 (3 CKO) 3aragbHi MTOMHIKH
BU3HAYCHHS HABITAL[IHUX IMapaMeTpiB CKIAAal0Th:

- 3a KOOpJMHATaMH B TuiaHi — 60 M;

- 110 BUCOTI — 75 M;

- o mBuakocti 0,15 m/c;

- 3a gacoM — 1 MKc.

Crnig 3a3Ha4WTH, WO ICHYE MOXKIMBICTh WiJABHIIUTHA TOYHI
XapakTepUCTHKH 32 PAaxXyHOK HaKONWYeHHA iHpopmamii Ta i
cremnianizoBaHol 00poOKH.

[peacrapnsitore iHTEpec ouiHku To4yHocti cucremu [JIOHACC,
otpumani B yaboparopii Jlinkonea MTI. Ha mamonky 12.17 naBenmeni
NMOXMOKM BH3HAUSHHS KOOPAMHAT. AHAJi3 Pe3yJbTaTiB MOKa3ye, MO MPH
XOPOIIMX FeOMETPUYHUX (DAKTOPax TOYHICTH BU3HAUEHHS JOCHTh BUCOKA.
VY 50% BunaakiB HOMHJIKH 3HaXOJSTHCS B Mexkax 12 MeTpiB.

Cnig 3a3HauuTH, WO MPEJCTaBIEHI pe3yJbTaTH OTpPUMaHi B
cuTyarii, koimu kocmigHa yrpymoBaHicTe cuctemu [JIOHACC Oyma He
noBHOIO. CucreMa 3 TIOBHOIO YIpYINOBaHHSAM KOCMIYHMX —arapariB
3a0e3MeYuTh OUTBIIY KUTBKICTh OJJHOYACHO CIIOCTEPEKYyBaHUX CYITyTHHKIB,
10 B CBOIO Yepry NPH3BEJE 10 30UIbIICHHS TOYHOCTI BUMipIOBaHb (TIOPsiA
13 3a0€3MeUeHHM II00aIbHOTO MOKPHUTTS 3eMiIi).
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Puc. 12.17. ITomunku Micuenonoxenus B cucremi [ JIOHACC

Ha puc. 12.18 npuBeneHi nmoxuOKM BHU3HAYESHHS TOPU3OHTAIBHUX
CKJIaJIOBUX INBUAKOCTI. [Ipu iboMy BHSIBIIETHCS, 1110 B 50% BuaakiB BOHU
He mnepesepuyoTh 0,03m/c. [ns mux pes3ynbTaTiB Tak camMo BipHI
TBEpP/PKEHHSI TPO 30UIBIICHHST TOYHOCTI B pa3i poOOTH MIOAO0 HOBHOTO
yrpyMnoBaHHsI HaBiraliiHUX KOCMIYHHX amnaparis.
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Puc. 12.18. ITomwiku Bu3HaYeHHs mBUAKOCTI 3a cuctemoro I JIOHACC

5. CynyTHukoBa paaionasirauiiina cucrema GPS

3apa3 HaOULIBII BiJIOMOIO 1 IIMPOKO BUKOPHCTOBYBAHOIO Y BCHOMY
CBITI CYNYTHHUKOBOIO HAaBIiTallifHOIO CHUCTEMOIO € amepukaHcbka GPS —
Global Position System. Cnenmdika OCHOBHUX IIiJiedl BUKOPHCTaHHS
cuctemu GPS — jang  onepaTMBHOTO BHCOKOTOYHOTO — BHU3HAYEHHS
YHUCIICHHUMH PYXOMHUMHU BIHCHKOBHMU CHOKMBa4YaMH CBOTO
MICIIETIOJIO’KEHHSI Ha CyIli, Ha MOpi, B MOBITPi i B OMMKHBOMY KOCMOCI —
mpu3Bela JO HAsBHOCTI B CHCTEMi JIBOX KaHAaliB BHUMIPIOBaHb:
craggaptHoro (Standart Position System — SPS) i Bucokoi ( Precise
Position System — PPS) TtouHocti. TumnoBa moxubka BH3HAYCHHS
koopauHaT B kaHani SPS (3a tak 3Banum "rpyoum" a6o "Bimkpurum” C / A-
KOAy) cmoyatrky craHomia Onm3pko 100 M B Oymap-skiil Toumi 3eMHOL
moBepxHi. Came Iieit kaHan BUMipioBaHb i 0yB B 1983 poti no3BosIeHwIA 15
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BiIbHOrO (i OE3KOLITOBHOIO) BUKOPUCTAHHS OYAb-SKUMH CIOXHBauaMH
BCiX KpaiH. HacripaBai pocsraeTbest TOYHICTh BUMIPIOBaHb B IbOMY KaHaJi
JIemo BHIIA. Alle AN yCyHEHHS LBOro "TPOpaxyHKY' NpH CTBOPEHHI
CHUCTEMH, TICJIA TNeplmuX ii BUIPOOYBaHb, PO3POOHHKAMHU  OYIIO
nependaveHo BBEACHHS CIEUiaTbHAX TOMIIIOK (Ha3BaHHH 'peXHMOM
cenektuBHOTO moctymy" — Selective availability, S / A) B curnamm mis
BUKJIIOYCHHSI MOXJIMBOCTI 3aHAaATO TOYHOTO BHM3HAYECHHS KOOPIUHAT
"mHebaxannmu enemenramu”. Ilpote, 3 1 TpaBHsa 2000 poky mei pexum
Oyno BiIMiHEHO, i B MIICYMKY TOYHICTH BHUMIpPIOBaHB 3pOcCiia NPHOIH3HO
BaBiwi. Y kaHami PPS (BumiproBamHs mno "3axumenmMm" P-xomy)
3a0e3neuyeThcs TOYHICTh BU3HAYECHHS! KOOPAMHAT NPHOJIM3HO HA HOPSIOK
Buile, HiK y SPS, onmHak ueil kaHal BHUKOPHCTOBYETbCS TUIBKH 32
OCHOBHHUM IIPU3HAYEHHSM CHUCTEMH 1 3aKpUTHH Ui JOCTYIY CTOPOHHIX
CIOXKUBaYiB.

Cucrema GPS mnpusHadeHa a1 BHM3HA4EHHSA TPHOX KOOpPAHMHAT
MICIISI, CKJIaJIOBUX BEKTOpa IIBHAKOCTI 1 wacy. Cucrema po3poOiicHa Ha
3aMOBJICHHSI 1 3HAXOAUTHCS IIiJ] YIPaBIiHHAM MiHicTepcTBa oboporn CIIIA.

Puc. 12.19. Cucrema GPS (Global Position System)

Cucrema GPS sax 1 TJIOHACC cknamaerscsi 3 KOCMIYHOTO
CerMEHTa, CEerMeHTa YINpaBliHHSA (Ha3eMHHH KOMaH/IHO-BHMipIOBAIbHUH
komiuteke, KIK) i cermenTa crio>xuBadis.

KocMmiunmii KOMILIIEKC GPS YTBOpEHUIl opOiTaIbHUM
YTPYIOBaHHSIM, HOMIHAJIBHO, IO CKJIAAE€THCS 3 24 OCHOBHUX CYITYTHHKIB i
TPbOX AKTHBHUX 3amacHuX. CyNyTHHKH pO3MIIIEHI Ha IIECTH KPYroBHX

Mpoexr IPBU.03.01.00-06-386/11-00 MI-HTY TpaHckopaoHHuii 0mik aocaiaom Mporpanit o n Binop paina 20072013
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opOitax 3aBBUIIKH OJu3bKko 20 THUC. KM. i  TiepiogoM obepraHHs 12 4.°3
HaXWIOM iX IUIOLIMH BigHOCHO ekBaropa 55. Koopaunatu xoxxaoro HIC3
Ha Oynp-SKMH MOMEHT 4Yacy 3a3Jajieriib 3 BHCOKOIO TOYHICTIO
O00YHCITIOIOTBCS. 1 KOHTPOJIIOIOTBCS B HA3eMHOMY LIEHTPl YIpaBIIiHHA
CHCTEMOIO 1 NepeAaloThCsl CHOXKBauaM B HUQPOBiH (opmi (Tak 3BaHUIMA
"anmpMaHaX CcHCTeMH') pa3oM 31 CHEUiaIbHUMH  BHMIPIOBAILHUMHU
CHUTHAJIaMH, BUITPOMIHIOBAaHHMH Ha JBOX dacTtoTax: 1227,6 MI't ta 1575,42
MTI L.

Cuctema GPS mocninoBHO 6a3yBanacs i 6a3yeThCsl Ha HaBiraminHUX
KocMmiuHuX amaparax bmox-I, Bmox-1l, mo mocTiiiHO BIOCKOHATIOIOTHCS 1
T.1. Po3paxyHKoBHf TepMiH aKTHBHOTO iCHYBaHHS CYIYTHHKA Bill 5 POKiB
IUTA TIepIIuX Mojenei 1 7o 15 i Oinblne pokiB Ul OCTaHHIX MoAuQiKarliii,
110 OibIe, HiXk it cymyTHUKIB cuctemu [ JIOHACC.

Ho cknady b6opmo6ozo ycmamky6aHHs HAGI2AYIHO20 CYNYMHUKA
6X0051mb HACTYIIHI MiICUCTCMU:

- CHHTE3aTop 4acToT;

- Omnoku opmyBaHHS 1 IepeaaBayi HaBIraliHHUX CUTHAJIIB;
3aco0u CHHXpOHI3aIil THMYacoBoro 3abe3nedeHHs abo GOpTOBHIA
"TOAUHHHUK";

OOpTOBMIA OOYMCITIOBATIBHUN MPHUCTPIA Y CKIIAAI OCHOBHOI i TBOX

pesepBHux EOM;

- IJICHCTEMH Opi€HTAIlii B IIpOIIeci HaBEJCHHS 1 Ha opOiTi;

- ImacucTeMa TeleMeTpii;

- micucreMa OpUHOMY KOMaHJ Ta PpEeTPaHCIsIil  CUrHajiB
Ha3eMHOT0 KOMILIEKCY yIpaBJIiHHS;

- mijzcucTeMa TepMOpEryITIOBaHHS;

- miacucreMa eNeKTPOKUBIICHHS;

aHTEHHAa cHCTeMa JIiHIT nepenayl JaHuxX (BUKOPUCTOBYE KOHIYHI 1

CHipaJIbHO-KOHIYHI aHTEHH);

aHTeHHa CHCTeMa [UIi [iepefadyi HaBiralliifHMX  CHTHAJIB

(BUKOPHCTOBYIOTBCS aHTEHHI rpaTu 31 CHipaTbHAX

BUTIPOMIHIOIOUUX €IIEMEHTIB).

Takox Ha KOCMIYHOMY amapaTi € IBHUTYHH Ui KOpeKIii opOiTH i
JIBUTYHH CUCTEeMH opieHTanii. OpieHTanis B NMpocTopi 3MiHCHIOETHCS 3a
JIOTIOMOTOI0 CHCTEMH CIeliadbHuX JaTdyukiB. [limcuctema Ttenemerpii
BKITIOYA€ pajioiiHil mepeAadi B CETMEHT YNPaBITiHHSA TaHWX PO CTaH
0OpTOBOI anapaTypu. 3a UMH Ke JIIHISIMH 3 3eMJIi HaIXOISATh TIOTPaBKH 10
edemepuaaMu 1 MoKa3zaHHSIMUA OOPTOBHX "ToanH".

Jnst TOYHOrO BHM3HAuUeHHs OpPOIT CYIYTHHKa BHKOPHCTOBYETHCS
3alUTHUH METON, a Ha CYNYTHHKY — amapaTypa peTpaHCiLil 3aluTHHX
CUTHAJIIB, IO TOCHJIAIOTHCS 3 3¢MIIi. 3a BIAMOBIIHUM BHMIPOM 3aTPUMKH
LUX CHUTHAIIB 3JIMCHIOETHCS TOYHE BH3HAYEHHs IapameTrpiB opoiT i
napaMeTpiB  pyxy CymyTHHKA. IliIBUIIEHHS aBTOHOMHOCTI poOOTH
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JOCSTAa€ThCA 32 PaxXyHOK IPOTHO3yBaHHS Ta KOMIIEHCAlil MOXHOOK
KOOPJIMHATHO-4aCOBOr0 3a0E€3MEeUeHHs] CYIyTHUKAa Ha KOPOTKOMY 1
TPHUBAJIIOMYy IHTEpBajax poOoTH, 3a0e3ledyBaHHMX 3a PaxyHOK 3aIucy
BEJIMKOI KITBKOCTI JAHWX B MaM’sIiTi OOPTOBOTO KOMIT FOTEepa. Y MEpIIoMy
BHIAJIKY Yepe3 14 nHiB MOXHOKM BH3HAYCHHS MiCIIE3HAXOIKEHHS MOXKYTh
nocsratd 425 M (cepuuHa HMOBiIpHa TOMHMIIKA). Y IpYyroMy BHITAIKY,
gepe3 180 gHIB mOMMIIKA MOXKe TOCITTH BeTnarHH 10 kM.

CerMeHT yHpaBIiHHSA CKJIAQHAE€TBCS 3 MEpeXi Ha3eMHHX CTaHIIH
CIIOCTEPEKEHHS, PO3TAIIOBAaHMUX IO BCHOMY CBITY. Mepexka BKIIOYAE
TOJIOBHY (IIPOBiAHY) CTaHIIIO, KOHTPOJBHI CTaHMIi (CTAaHII CTEXKEHHS) i
TpHY 3€MHI CTaHLii BBEICHHS JJaHUX Ha HaBirauiiHi CyImyTHHUKH.

Xapakmepucmuku cucmemu GPS

JaHni mpo xapakTepucTuku HaBiramiitHoi cuctemu GPS B pisHmx
JoKepenax po3xonsarees. s nopiusHHS 180X cucteM (GPS i [JIOHACC)
HaBeJIeMO [aHi, aHAJOTiYHI pe3ysibTaTaM, HABEACHHM Y IHOIEPEIHBOMY
po3nini (madopatopis Jlinkonera MTI). Ha pucynky 12.20 mpencrasneni
pe3yIbTAaTH OIIHKU IMOXWOOK BU3HAYEHHS MICI B OCSX «IiBHIY-cXim». Ha
puc. 12.21 naBeneHi OMiHKY NOXHOOK BU3HAYCHHS CKJIAQJOBUX IIBHIKOCTI B
THX XK€ CIIOCTEPEIKCHHSIX.
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Puc. 12.20. ITomunku MicuesnaxopkeHds B cucremi GPS
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Puc 12.21. IToMunky BU3HAYEHHS IBUIKOCTI 3a cucreMoro GPS

IIpencraBneHi pe3yibTaTH OIHKM TOYHICHUX XapaKTCPHUCTHUK
cymyTHUKOBUX Hapiramiitanx cucreM GPS i [JIOHACC no3BonsroTh
3pOOUTH BUCHOBOK, III0 TOYHOCTI ITMX IBOX CHCTEM CITiBCTaBHI.

[IpoTte, Ha CHOTONHINIHIA IEHb BITUYM3HSAHY HAaBITaIliiiHy cHCTeMy
I'JIOHACC Bce me He MOBHICTIO po3ropHyTo. KpiMm TOrO, AN crctemu
GPS nHa puHKy mpexacraBieHo Habarato Oinblle KOPHCTYBAalbKUX
HaBITallifHUX TPUCTPOIB PI3HOTO NPU3HAYEHHS 1 MIHOBHX KaTEropii.
MoskHa NPUITYCTUTH, IO OUIBII TOYHUX XAPAKTEPUCTHK BAACTHCS JOCSITTH
B NPHUCTPOSIX, AKI OYIAyTh MpPAIOBATH OJHOYACHO B JBOX HaBIramiiHUX
cucTeMax 1 311HCHIOBATH CIUIbHY 00poOKyY iH(pOpMallii BiJ HUX.

1]

KOHTPOJIbHI 3AIITMTAHHSA

1. SIxa xnacudikarlisi CHCTEM CyITyTHUKOBOTO 3B’ 3Ky ?

2. HazBiTh NpuKIIay CyMyTHUKOBHUX CHCTEM 3B’ SI3KY.

3. Oxapakrepu3yiiTe CyITyTHUKOBY HaBirauiiiHy cucremy Ta il 0coOIMBOCTI.
4. HagiranifiHuii KOCMiYHHIA aniapaT Ta HOTro 0COOIUBOCTI.

5. SIxi ocHOBHI XapakTepucTuku cucteMu GPS?
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