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Knpaill

Xo3upru Oappia MHCOH Ba XaMUAT XxaéTHAa axbopoTiap KaTTa
YpuH osrajnaiiaM. AnoKa TH3MMH EplaMuia aloXMAa Mamilakatiiap,
KUThaJlap Ba KOCMOCJArd CTaHLMANAp OpKaid axbopoT aiMallvHamy.
Oxupru #unnapna CUMIM Ba ONTHK alioKa TU3WMilapu Ounad Omp
KaTopHa pagHoaloKka TH3UMIApH XaM KeHI pHBOMUIAHMOKIA.
AWbaHaBUil pamuopene Ba CyHbHit Hymmoln anoka TH3MMIIapH Omian
OHp KaTopaa pakamiay MOOHIT a110Ka Ba KEHT HOJOCATH PaflHOaNoKa KeHr
TAapKAJIMOKJA, PaKaMid PaiHO3LIUTTUPHIN Ba TEIEBHICHHUE KAJAILIHK
OunaH aHaIOT PANHOSIINTTHPHLI Ba TeNEBHAEHHE YPHUHH 3ra/lIaMOKa.

3amMoHaBHH 3NeKTpaNoKa KypHIMalapy Ba TH3UMIaPUHM ApaTHIIA
Hadakat 3aMOHaBHWHl pPaIMOBNIEKTPOHMKA HWMKOHHMATIAPH, IIy OMJIaH
6upra curHanIap y3aTUIl Ha3apHsaCH SPHILITaH IOTYKTapuiaH XaM KeHr
dolinananuimoxna, OyHOa Hadakar y3aTuiadrrad axbopoTnap
X@XMUMHHHT OIIMIINra, OGankn Kabyl KUJIMHIaH CHTHATHHHT cHdar
KypcaTrudiiiapira anoxuaa ystuoop 6epuimokaa.

OJleKTp alloKka Ha3apUsiCH CHUrHALIApra YNapHHHI IETePMHHAHT
bynxuusanap opkaa udopananyBud HucOaTan coAna MaTeMaTHK
Mozesutapy 6unaH 6Mp KaTopha, CHI'HAJI Ba XaJAKUTIapra Tacoamdmii
’apa&H HyKTaW HazapuJaH KapanaJWirad MaTeMaTHK MOJENIaplaH Xam
tdoiipananamy. CurHan Ba xanaKWTiapHHHr Tacomuduii >kapasu
WaKMard MaTeMaTHK MOZennapu CHrHam Kabyan
KYPHIIMaTapHHUHT ONTHMAI CTPYKTYpaBHH cXeMasiapy
ANTOPUTMIIADHHH sApaTHLIfAE, CHTHAHM TYPIH Yycyuiapia kabyn
KWITMIIHAHT  TOTEHHHaN  XanaKuTOapAOLUJIMIMHU  aHUKJIALIia,
CHTHAJUIAPHY KaiiTa THIUTAIl GuaH Oupra, Typid anokKa TU3WMIAPHHUHT
ax60poT y3aTHIll KOOMIMATHHY aHUKJIAll HMKOHHUATHHY Oepajy.

Xynoca kunub aiftraHga, 3NeKkTp ajioka Hazapuscn (DAH)
3aMOHaBHMIl anoka KypwiMaiapy Ba TH3HMIIADHHMHI PHBOMCTAHHLL
HyHanumnapuHu XaM k¥pcatu® Gepany.

Xo3upAa BNEKTpaIOKa  Ha3apUACHHMHT  TEe3KOpAMK  Ounan
pupoxutannmpga B.A. KorenshukoB (1933+1946 it), Kion Illexon
(1947 i), P.Xaptnu (1928 #), X.HaiixeucT (1928 i), A.1.Bepr (1928 i),
H.B.Arees (1935 it), A. 5. Xunuun (1938 i), A.H.Koamoropos (1941 i),
H. Bunep (1948 i1), A.Banpa (1950 i)napauHr xuccanapu xarra. bynap
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Y3ITYKCH3 CHTHAUTApPHH IUCKpeT IIAKIKAA Y3aTUIl, ax60poT MHKAOPHHH
aHUKJALHUHT JoropudmMuk OMpnauru, cursauiapan Onp-6upHman
YH3HIUIH ~ @KpaTHII Ha3apuAcH, NOTeHLHaTl XalaKuTOapaolITHK
Hasapuscu, ax0oOpoT Ha3apuACH, aloKa TH3UMHIA SXTUMOJIIHK
Ha3apHUACHHUHT TaTOMKH, CHTHAT Ba XalaKUTIapra KOppe/iLHOoH HILTOB
Gepum Ba X0Ka30.

AJTOKa Ha3apuACHHHHI kel{MHIH puBoXuTa A.A.Xapkepuuy, P.Paiic,
B.N.CudopoB, PJamnarep, X.Xencrpom, P.®ano, JIL.M.DuHK,
3.1.Butepbn, bx.Boszenkpadr, E.P.JleBuH, B.N.TuxoHOB,
O Knoscxuii, B.B.Ilectpaxos, B.B.lllaxruneass Ba Oup Karop
OJIMMJIap Ba MyTaxaccHcnap 3 XHccalapuHH KyLiauap.

Onextp anoka HaszapuscH ¢aHu OakanaBp Ba Marucrpiap
Taiiépnalnna acocuif YpuHMapmad OMpHHU Sraliaiid Ba 3aMOHaBHMH
aloka KypHJIMaIapd Ba TH3MMIAPHHHHT aHAIH3M Ba CHUHTE3M
MacananapugaH yyKyp Ounumnapra ara OyaHiInapiHi TabMUHIaHIH.

Hapcnukaa SneKTp anoka KaHayulapy OpKaid xabapnap ysaTvlnna
¢ofipanaHuna Urad CUTHAI TYpJapH, YIapHHHT MaTeMaTHK MOAE/Iapy,
JI0Ka KypPHJIMaJlapH aCOCHi KHCMJTapHHHHT HIIalll jkapaHy Ba acOCHH
TaBCAQUIApH, MONYJALMA TYpJapH Ba JeTeKTopjiap, CHTHAILIAPHH
IIaK/IaHTHPUII Ba yJjiapra HIUIOB OepHlll, CHUTHA/UIapHH oONTHMal
KOTEpEeHT Ba HOKOr€pEeHT KabyJ KMMINAa XalakuTOapAOIIMK, ajloKa
KaHAJUTapUHUHT ax0opoT y3aTHIl HMMKOHHATIApH, Xalaxurdapiaol
KOJJiap, CHTHa/UTapra pakamiy HOUIOB OepHIn Ba KyN KaHaUIM ajloKa
TH3MMJIapH, aJ0Ka KAHAJUTapH caMapaJOpiIMIHHH OIIMPHII Ba aI0Ka
TH3HMIapHAa ax60poT XaBCH3NMIA Macaanapt EpUTHIMAH.

Ymby mapcnuk  «5522100-TenepuaeHHe, paaHoanoka Ba
PaZUOSHIMTTHPUIIY, «5522200-TenexoMMyHUKAITHANY, «5140900-
Kac6nit Tapimm (TenekoMMyHHKalMA)» TabIuM HyHamMIwiapy O6yiinya
OakamaBpnap Taf€épnamira Mmymkaanrad Oyaub yHman «5524400-
Mo6un anoka tHsumuapm» Ba «5522000-PanHoTexHuKay HYHaTHILIADH
Tajabanapy XaM PaguoTeXHMKAaHMHT Ha3apuit acocinapun GaHUHK
yprauuizaa ¢pofnanaHuILTApH MYMKHH.

Vmby  papcnuk MyauindHMHr OHp Heda Huilap JaBoMuaa
Tajabanapra 3JeKTPaJIOKa Ha3apHACH KypcH Ba OHp Karop Typxoll
¢annapaaH yKuran Mabpy3allapH acocHa JaBlaT THUJINIA TaiépraHraH.
Myannud ymby napciuk Ma3sMyHM Ba YHAArd KamdWIMKIAp Xakuaa
(uKp-MyJoXa3anapuHu Gyvuauprasnapra aBpanjaH 3
MHHHATAOPYUIUTHHA OUaaMpaH.



1. AXEOPOT BA XABAP
1.1. AxGopor man6an Ba axG0pOTHA ACTebMOJ KATYBYH

Bupon Oup Bokea, xonuca Ba 0OBEKT XOJIATH XAKHIArH MabIyMOT
axbopoT ne6 atamagd. AxOopoT ManOanaH ax6opoT onypuMra &3Ma,
OF3aK¥ HYTK ILIAKINA3, ¥3rapyBuaH Ba y3rapMac TacBHp LIaKIMAA Ba
foliKa ImawuapAa y3aTHIMIKE MyMKUH. AX60poTHH eTkazu® Gepuimn
maid xabap ned aramagu. XabGapHu Typad ycyljlapAa y3aTuim,
TAKCHMJIAI, XOTHpPaJa caknall, INakIHHM ¥3rapTHpull Ba TYFpUIaH-
TYrpu axO0poT oyBuMra eTkasu6 Gepuin MyMkuH. Xabap arMalmuin Ha
dakar WHCOHNAp oOpacuza, Oanky HHCOH Ba aBTOMATHMK OOIIKapHII
TH3UMH YpTacuja, TypinH TeXHHK TH3MMIap, XM Ba >XOHUBOpIap
opacua XaM OynuM MyMkuH. XabapHH Mabiym Oup Inakija spatu®
6epyBun obbekT xabap éxu axbopor maHOau 1e6, yHH Kabyn KHIyBUM
ax6opoT onyBuH 1eb atanagd.

PafinoTexHUKa Ba 3NIEKTp 210Ka TU3MMIIapuzaa ax6opor Manbauaay
HCTEBMONUMIa TYFpUAaH-TYFpU (OeBocHTa), OMAMHAAH &3WiraH Xojija
éxn GOFIIOBYM MUHMSIAD OPKAIM y3aTHIMIIM MyMKHH. Bapda Typaarm
xabapiap MCTEBMONHMIApPra MabiyM OHp IapaMeTpd Y3aTHJIaéTraH
xabapra mMoc paBuIna ¥3rapyBuM (u3MK KaTTaJMK OpKaln eTka3ub Oe-
punagu. OuzHK KaTTaMK cU$aTHOa ENVMK EKTp 3amKUpIapuiaH yTa~
&TraH TOKHMHI &KM YHHHT OHp KHCMu OynraH mooiamMaZaH TOK YTHIOH
HaTHKaCU/la KyUIaHUITHHHT MOC paBHIIjia ¥3rapuimu MUcoa O0ynany.

1.2. DaekTpoMarHBT TYJIKHAHIAP

Pagnorexnukana xabapHu MaHOamaH MCTEBMOJTYMIa eTKa3uO
6epuIl YIyH SNeKTPOMAarHMT TYNKuHnapiaH dofpananunamm. Ky#uga
3NIEKTPOMArHUT TYIKUHIAp XaKuIa KucKaya TyuyH4a 6epamus.

MagbiyM y3yHIMKIard YTKasrHygaH TOK YTraHna, yHHHT aTpoduaa
CTAaTUK MarHdT Maiiionu naiigo 6ymagu. Arapia TOKHMHT KUAMaTHHH
acTa-CeKMH HONTaya xamaifTUpcak, YTKa3TH4JaH MabllyM Macodana
6ynraH MarHuT MalfJOHM KywWIaHTaHIMIH XaM KaMmalu6 Homra TeHr
6ynany. By XonHHM MarHUT Mafi[OH 3HEPrHACH TOK MaHOanra KafTran
ned TymyHunaad. Arap TOK Ba YHHHT HYHAIHITMHHA MabiyM Oup masp
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OpJINFHAA, Ma®JiyM Oup 4acToTa OWilaH ¥3rapTHpcak, IOKOpHAarura
yxioain MargHMT MaliioHy JaBpuii paBHIUAa nafino 6ynanu Ba Hykonamu:
TOK KHMMaTH OIIraHJa MAarHNT Mal{IOHM SHEPTMsCH OINaj¥ Ba TOK
KaMaiiranna MarHHT MaifiloH SHeprHACcY BJIeKTp MaHOawra KaiTamu.
Arap TOKHMHI ¥3rapMul 4YacTOTACHHM Ba WYHAIMIIMHH OLUMpCaK,
I0KOpUJa aitH6 YTwiraH jkapaéH Oomkaya mwakn oname. By xompa
3MEKTP SHEPTHACHHHMHI ¥TKa3rM4 arpodHjard MyXHTAa TapKaMIUY Ba
MaHn6ara KaliTHIIH, $Ga30HHHT YTKA3rHd SKHH aTpodUAard MyXUTIa pyit
6epanu. OneprusHuHr OMp KUCMHM YTKasrHHAaH Xap TOMOHIa
3NEKTPOMarHdT TYNKUH MAKTNAa TAapKalay.

OJIeKTpOMarHUT TYIKHHIAPHUHT Tapxkamm Tesnurd C ra TeHr
6ynub, yRUHT acocHii mapaMeTpu TYJIKAH Y3YHINTH XAcoOaaHamm. Arap
yTkasruymaH ¥ytaérraH TOKHMHr V3rapum yactotacu f 6¥mca, yHuMHr
y3rapumn maspu T=1/f 6ynamu. VTkasrud HypIaHTHpa&Trad 3J€KTpo-
MATHUT TYNKUHHMHT T BakT nuuga Oocub yTran Tyrpm Macodacu
TYNKUH y3yHIMTH 1e6 aTanann Ba y Kyliuaaruda aHuKJIaHau:

A=c/f (1.1)

MacanaH, 91eKTpOMarHHT TYNKUHHHHT BaKyyMJa TapKaiuil
tesmury Co=3-10° m/c Ba wacroracm £=3-10° I'm 6¥aca, yuma (1.1)
¢opMysara acocaH y TapKaTaéTradH TYJIKUH y3yHmurd A=10" M, arap
£=3-10° I'm=3 I'T'u 6¥nca, yana 2=10 cM ra tenr 6§naau.

Arap yTkasrudauHT Y3yHmuruad L ge6 xucobnacak, Tok MaHOau
SHEPIHACHHHHI acocHM KHMCMM YHH Ypab TypraH ¢asora TapKaIHIIH
yuyH L/A=l wapru Gaxapunumu kepak. By %onna nuc6aran mact
yactoTamy TeOpanumnapeu sdupra-gazora xaTtra caMapafgopiMkKAa
y3aTHII Y4yH KaTTa Y3YHJIMKIard YTkasruuiapaaH doiinanasumra
Tyrpu kenamgu. UIyHuHr y4yH paaHoTexHuxana xabapiapHU Y3aTHIN
ydyH HUcOaTaH KUCKa TYJIKHUH Y3YHIUIWra sra O¥iraH 3neKTpOMarHut
TynkuHnapaas Qoitnananunagu. by xonma 3neKTpoMarHuT TYJIKMHIAp
ymuammapn HucOaran kmuMk OYiaraH  yrTkasruwriap  €ppamMupa
TapKaTHUJagy. DJIEKTPOMArHHUT TYIKMHJIADHH IOKOPH caMapalopinK
OuNiaH TapKaTHII YYyH MYJDKaliaHraH YTKasrHuiap TH3MMH pagHo
y3aTUII aHTeHHACcH e aTatamy.

Xo3upru naBpia TYpAH pPaJHOTEXHHK Y3AaTHII TH3MMIapHAaru
agTeHHaap 10*+10" I'y auanasomzaru 3JIEKTPOMArHuT TYIKHHIADHH
Tapkataiu. By uyacToTanap IOKOpH HYacToTanap &kM paanoyacToTajiap
Je6 aTananu, 3JeKTPOMarHUT MalJoHNapH 3ca — PpaJHOTYNKHHIap aed
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atanagu. Typam dYacToTand pagMoOTYIKUHIAp €p aTtpodH Ba KOCMHMK
¢dazona Typnuva Tapkanagy. DoipanaHunanuraH pagHOTYIIKMHIIAD
4acTOTAaCH JIOHMXaNaHaéTraH paJdOTeXHUK TH3MM KypCcaTKHulapura
Karra TabcHp Kypcatamd. IIyHHHT Yy4yH paaHOTYIKMHJIAPHUHT
TapKaJIll XyCYCHsAT/IAapH YJNapHWU reHepalusUiall Ba XMcobra oJMHraH
XO0JIJa paguovyacTOoTaNapHu KyHHIarH AMana3oHiapra OYNUHMION Ba
atanumy  1.1-xaneanna kentupuarad. Bynpa#i TakcuMor Xankapo
anextp utTHdOoKH (XOU) ToMOHHAAH OeNTruiiaHraH.

1.1-xangBan
TP Panuouactoranap-| Uacrota Pannotynkun Tynxun
HUHT HOMJIaHMIIM | AMANa3oHu HOMH Y3YHJIUTH
Xaznas Tauikapu
1 [1aCT 4acTOTa 3,030 Ty JexaMeTpiaun 100+10Mm
(XTIIY)
XKyna xyna nact . .
2 wacrora OKKITY) 30+300 I'y MerameTpmu 10+1,0 Mm
3 Undpa nacr 300+3000 r . 1000+100
yactoTa (UI1TY) I'n CKTOKUIOMETPTH KM
XKyna nact . .
4 wacrora (OKITY) 3+30 KT’ MpupameTtpnu 100+10 KM
5 Ijaczﬁlgmm 30K+I§L(I)O Kunomerpnn 10+1 kM
6 yPT?;fITOTa Oi\?;l}'i;() I'exromeTpan 100+10m
7 IOKOI()}HO':;CTOTa 3’2;32’0 HdekameTpnn 10+-1,0 M
Xyna okopu 30,0+300 .
8 | wacrora OKIOW) | M Merpn 1,0:0,1m
ViaeTparokopy | 300+3000 .
9 wactora (YIOY) ML Jenmmetpinu 10+1,0 oM
VTa 10Kopu .
10 4acrora 3’?;1}0’0 CantumeTpnu 1,0:0,1 c™m
QIOKIOY) H
XannmaH Tammkapu .
11| roxopu 4yactoTa 30’?,?1?0’0 MunnmeTpian 10+1,0 MM
(XTIOY)
I'unep 1oxopu | 300,0+3000 .
12 wactota (CFOY) Ty Heuumuwinmerpm | 1,0+0,1 mm




Xo3upru  3aMOH  DaJWOTEXHHKACH IOKODH  YacTOTalapAaH
dofimanaHMII  TOMOH  pPHBOXJIAHMOKAAZ. ByHMAr  cababnapu
KyHuparunapaas ubopart:

1. YacToTa omraH capi YHU TapKaTyBY¥ aHTEHHaHWHT I'€OMETPHK
yayamiiapy KHYHKTANATY Ba YHUHT HYHaIraHIMK AMarpaMMAacH OLIajy.
By sca xarra amanmif axammaTra sra, 4yyHKM TeOpaHMII MaHGau
KyBBaTHHH OIIHpMaciaH TypuO, ax0opoT y3aTHIl MacopacHHH OINHPHII
MYMKHH.

2. TallKM TaBCHP OTYBYH OSJIEKTPOMAarHHT XalaKUTIap CaTXy
kamadanu (Oynap: MOMAakKaIAHpOK Ba IOKOPH KyWIAHHIUIM 3JIEKTP
y3aTHII  JIMHMSAIApH  paspsiJlapd; OJeKTp TPaHCIOpT-TpaMBaii,
Tposneibyc Ba 3eKTponoe3iap TOK OJMII KOHTaKTIapH (ylardtiapH)
KHIC TErMAC/IMTY HaTIKacH a naiijo 6ynagurad xanakuTiap).

3. bap3n xabapmap ¢akat HucOGaTaH IOKODHM  YacToTanap
IvanasoHuaas ¢olganaHmwiranga cudaTin  y3aTWIMIOH MYMKHH
(Macaman, TeNeBM3WOH CHrHaIap). YJQapHH  y3aTHIl  y4yH
PaIVOTYINKHHIADHHHT METpPIM Ba [JellMMETPIM [JHANa3OHJIapHIaH
doiimananunamm.

4.8 Ba 12 puanmasoH vacToTalapyH opauMFd KeHr. MacaiaH,
KHJIOMETPIIM IHana3oH keHrmra 3-10°-3:10°=27-10* I'u; cantuMerpu
IMANa3oH KeHrymrd sca 3-10'°-3:10°=27-10° T

ONEeKTpOMAarHuT TYNKuHiap xabap MaHOau xoMnamraH HyKTajxaH
(asora Tapkanagu Ba y xabap oxyBuH xofiaiiraH HyKrara etu6 kenca,
yHAaH Xxabap Tamysuw cudariia doiifanraHuimm MyMKUH. ByHUHT yuyH
MabiyM MapTiap 6akaphiIving WapT.

1.3. Ax0opoT y3aTHI TH3AMH

Ax6oporHu MmanbGaman ax6oporT omyBuMra erkasn® Oepumn ydyH
dofifanaHunagurad TEXHAK KypHIMajiap ajioka TH3UMH Aed aTananu
(1.1-pacm). Asoka TH3uMu: xabap Manbau (XM), xabapHu 5I€KTp
CUrHara aiiaHTHpuwl KypuiaMacu (XCA), curdan y3aTdil KypyHiMacH
(CYK), amoka muuusicu (AJl), curHan kabymnam xypunmacu (CKK),
snekTp curHandM xabapra afimantupum (CXA) KypuiMacu pa xabap
ucrebMomu (XM)gan ubopar.

VYMyMuH KYpHHHIILIArH ajI0Ka TU3HUMHHUHT CTPYKTYpasuil cXxeMacH
KyAujgary KypHHHIITa ara:



afy) uf) 51 x(t) u(?) a'()

XM » XCA CYK ATl —»1 CKK CXA |—| X1

Two a :

XAJIAKHAT

1
— AJOKAaKEHATH —— 3

-« AJI0Ka TH3UMR —

1.1-pacMm. AnoKa TUMMHHUHI CTPYKTYpaBHi cxeMacH.

XM - XaGap manGau;

XCA - XabapHu cHrHanra ajfinaHTHprad;

CYK — Curnan y3aTui KypHJIMacH;

AJI- Anoxa THHUSACH;

CK K — Curnan kabyanai KypaiaMacu;

CXA — Curnansu xabapra aiilaHTUprudy;

XN - Xabap MCTEBMOIYNCH;

AT - Aunoka TM3HUMH;

a(t) — VsaTwmran xabap;

u(t) — DBupnaamMum snexTp CHrHaIM;

S(t) ~ AJioka JIHHUACH OPKIH Y3aTHNaJuraH CHTHAN,
x(t) — Curuan Ba XalaKur;

v(t) - Cursan kabymuiail KypuiMacH YHKUIIKHIArA CUTHAT;.
@(t) _ Kabyn KMIHHraH Xabap.

1.4. Xa6apJaap Ba cErHaJLJIap

Xabaprnap Ba curHamnap Kyluaaruya GapkiaHanu:

1. Hlaxnu aBBanjaH Mabiym Xabap Ba curHamnap. Bywnpait
CHTHATaD MabJyM MareMaTuk ¢opMyna opKaid udosaiaHagy.
Macanan, rapMOHHK TeOpaHHIILIAp [AKITMAAr CHTHAIL.

u(t)=Ugcos(amot+o). (1.2)



ByHpall curHamHAHT Xap KaHpait ! BakTAa OHUH KuMiMaTHHH
aHUKIAIl MyMKMH. ByHAali cHUTHamiapiaH KypHJMaHH co3Jall Ba
TexiuMpHInaa goliaananunamy.

2. Taconuuii curmamnap. Bymmall cursHanmapsuur Gepuiran t'
BaKIZarM oHUH KuHMaTHHM OHpra TEHr JIXTUMOJUIMKAZ aHHKnab
6yiMafinn. Ynapuu aBBaifan MabiyMm OHp maTeMaTHK ¢opMyna GuiaH
xaM nionanab 6ynmmatimn. Tacomudmuii curnainapruya xabdap eTKasHil
KoOmnuATHra 3ra.

Xabapmap Ba curHamIap kyn Xolapia BakT (yHKIUACH
xucobnanany Ba KyHHIaru Typiapy GpapiaHamm:

1. Yamykcn3 xabap maciab ys3iaykcH3 curHaira aHiaHTHpHIand
(1.2a-pacm). Macanan, MIKPOOH ONAUAA A THITaH CY3, HXKPO STHITAH
MYCHKa YHHMHI OJTMJard XaBo 3MWIMIMMHH ¥3rapTHpaid Ba MHUKPO(OH
JMuadparmMacura TasCHp 3THO, YHHM Xapakatra keiatupaaH. Juadparmara
OMpMKkTHMpHITaH FanrTak (Karylika) ¥y3rapMac pajpal  MAarduT
MalifoHuaa >xoamraH OYiraHM y4yH YHHHI XapakaTH HaTHxacuaa
FaTTak KyTOGnapuia oSIeKTp IOpDHTHIN Kydd Xocun Oymamu. Emmx
3alKMpJArd TOK Ba IOKJaMa KapuIMiIuK Ry, [ard Ky4iaHuul KMAMaTH
y3rapamm. Ymby R, ZJan yraérraH TOK KHMMAaTH Ky4JIaHMIOHHHT
¥3rapuiiy MHKpPodOH ONIMIArM XaBO 3WUWIHNIHMra MOC paBHIIA
y3rapanu, akycTuk ©0cUM 3JIeKTp cHrHanra aftaHtupwianud. Bynmait
u(t) curHan awanor CHrHaj, sbHM Xabapra Moc, yxwam curfan ned
oputnnagy. fHa 6Mp MucoN, TeNeBH3MOH KaMepa ¥3 OOBEKTHBH
OJIAMAArN TAaCBHPHU Xap OUp HYKTacH EPYFaurd (paHru) Ba sxoHnaumm
KOOpAMWHATANAPMHU aHMKIaiigy Ba y3aykcws u(t, X, y) CHIHaIra
alinanTupanu. ByHOai curHan BHAeocHMIHasl (TacBHp CHrHaiIM) Aebd
IOPUTHUNAAM. VY3TyKCU3 CHUTHAINAD KHUHMATH YI3UMHUHT SHI  KHIMK
xkuiiMatd Upy, Ba SHr katta kufiMatu Up,, opaluFugard xap Kadgai
KaTTalluKka 3ra 6ynamm.

2. Yanywm (puckper) xabap AUCKpPET CUrHalra aiJIaHTHPWIAAH.
Macanan: ©Ompon ©Oup MatHgmaru xapgmap ymapra Moc Koiap
koMOuHauusich Ounan anMamrtHpwiagu. Kyn xonnapaa koanap
koMbuHanuscu Towm (1) éxu Tokcus (0) umnynbciaapaan (1.26-pacm),
éxn +1 Ba -1 umnynscinapnan ubopar 6ynagu (1.2B-pacm).
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u(t) u(t)

0 t

o []
t

6) B)

1.2- pacM. Xabap Ba cCUrHANTApHUHT TYPJapy: a) Y3IYKCH3 CHIHA,
6) maautuk «+1» Ba «0» UMITYIBCIN CUTHAN, B) MKKHIIHMK «+1» Ba «-1»
AMITYyTbCIH CUTHAIL.

Opatna 1; 0 Ba +1; -1 onauii curHamiap naBOMHHNUrH OHp XHn
TaHJIaHAH.

3. Bakr 6¥iiuua qUCKpeT CUTHAUTap KMItMaTH Y3WHHHI 3HI KHUMK
Upin Ba 3HT KatTa Ups KMAMATIApU Opackaary Xap KaHznai KaTTajiikka
ara Oy mumu MyMkHH (1.3a-pacM).

u(kAt) u(kAt)

-ttt
( l I Lm 1 _I—‘_L "I_:{‘T;!:km
At 3At 5AL At At 3At  S5At TAt

a) 0)

1.3-pacm. BakT pa caTx 6¥iiu4a quckper CHrHALIAp: a) BaKT
6yiinua nuckper curnan, 6) carx 6¥iinda IUCKpeT CHrHAI.

0

Opartza, BaxT opaymiru At Oup xun 6yaaan.

4. Baxkr Ba carx Oy#inua muckper curramap (1.36-pacm) neo,
xap Oup muckper kAt BakTna KuifMaTH aBBanjaH YpHatwiraH nAU
caTxjapiaH Oupura TeHr OynraH curHagra adTtunazu. byrama AU -
CHTHan KJWHW carxiapd opacupard d¢apk. Oparda, kAt — Bpaxr
opanukiapy 6up xun ypuarenagd, AU — OMp x#it EKH CUTHaJIHHHT BAKT
Oyiinya cexdH Eku Te3 y3rapumura Kapab Typnudya YpHaTHIHIIK
MYMKUH. At — BakT Oy#imda auckpernam Kanamu ae6 Ba AU catx
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6¥iinua quckpernam KagaMH ne6 aTamagd. Y3IyKCH3 CHTH&I BaKT Ba
caTx, 6¥#iHya JUCKPET CHrHalra alfTaHTHPWINILHN Ba YHHUHT Xap Oup kAt
BaKTAard oHuil KuifiMaTH Moc paBuuina nAU caTx kuifMaTnapu OuiaH
aJIMaIlTHPHITHIOH, caTX, KHHMaTnapy pakamiap 6unad GenrunaHummg 3
HaBOaTHaa pakamnap TErHILTd Koinap KoMOHHauuscu Ouiad
AMMalITUPHINIIH acCOCHAA XOCHJA OYaraH cHrHan paxamiy CHrHaI Aeb
aTanagy. Macanaun: 3At BakTAa curHan catxu SAU ra tedr OyncuH, y
X0nja 5 pakaMH Ko/ GWiIaH anTMalITAPUIANH, TEHU CaTXra MOC HMITYJIBC
CHIHaJUTap paKkamra ajJMAaIlTHPUIIaJM, KOMIaHa ¥ Ba MOAyIALMAIAHTaH
curan MKM-YM, HMKM-OM mawmaa aioka JUHHACH OpPKaIH
y3atunagn. Bynana oxupru Hxxu xapd doligamaHunaraH MOIyJISLMA
TYPVHM KypCaTaaH.

Y3nykcu3 cHrHUTHHHC kAt mUcCKpeT BaKTAard ouwii KuliMaTiapu
YpHaTHIraH caTx KuiMaTtura TeHr 6YnMaca, Oy oHMit KUHMAT HT AKUH
YpHaTHIITaH caTX KuiMaTH OMNaH aMalITHpUIad. byHIoa curHan oHuil
KUMHMAaTHHY YpHAaTUNIraH carX KuiMaty OuWjaH anMaliTHpPHUILary
xatouk E, , carxyap opanuk KMAMAaTHHHHT SpMHJAaH OLUMaiaM, AHHU
&x<AU/2 6ynamn. By xaToiuk anoka KaHamuaa KBaHTAall IIOBKHHH
maimaa mnaigo 6ymamu. Curmandd  carx  Oyifuaa anckpetnain
KBaHTJIaln e aTanaay.

AxcapuaT cHrHaUlap BakT  QyHkumsgcd  (s(t)) aknuga
Adonmananuiud MyMkuH. CHrHanra Moc MatremaTHk Hdoma &paamuna
CHUTHATHHHT acocHil XyCyCHATIIApUHY aHHKam MyMkHH. Kyn Xonnapna
TypId  CHTrHaUlap Y4YyH ymyMuil Oynran  kypcaTkHwiapu
(napamerpiapH) HM OUIMIU eTapiu XUcoOnaHany.

CHrHauTapHy aToKa KaHamapd Opkamd axOopor TauryBuu naed
xucobna®, yHu Oupon ©Oup OyloMHH OKyHaTHIIZard acocHit
Kypcatkuwiap (9HH, 6N Ba OanaHyMry)ura yxinar napaMeTpiapHHH
aHuKmaiiMu3. DBylOMHM >KkyHaTHINZA YHUHT PpaHTH, HOMIOOK &KH
KaTTHKIUTH 35THOOpra oNMHMaiiu.

Xap xanzaii curean BaxT QyHKI¥sAcH Xxucobnanaa, MabiyM 6up T,
BaKT AaBoMuitnuruaa ysatunaay (1.4-pacM). Curxan T, BakT 1aBoMHAa
§3MHHHT 9HI KMYKK OHU# KuiiMati Uy, OnnaH sHr kaTTa oHHH KuiAMaTi
Upax Opaiuruia Y3rapagu. CUTHaJHHHT 3HT KAaTTa KUMaTH Upa 3HT
KuuKK KuMaTd Upy, ra HucGam, apHd U, /Unin=D. cHraan guHaMux
Anana3oHu ne6 aranagn. CurHan T. BakT gaBomuzaa Y3uHHUHT Upg,
kuiiMatiaal Upin KUEMaTH opayuFuAa TYpRNH Te3NHK/a Y3rapajy.
CHIrHATHEHT Y3rapHIl TE3JIHTH YHHHI CHEeKTp KeHDHIu F, — ra Gornuk,
ABbHH KEHI CIEKTPIM CHIHAl TOp CIIEKTpAM CHTHaiIra HucbataH Te3
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Jsrapany Ba akcunya. Llynait kunub, curean acocaH y4ta KypcaTKHYH
6unan 6axonananu: T, — CHTHATHUHI JaBomuitinru; D, — curHanHuear
JUHaAMHK OUaIasony Ba F — CHrHA CieKTpy KEHIJIHTH.

1.4-pacM. Y3nyKkcu3s CUTHAIL

CUTHQIHUHT acOCHH Y4 KYpCaTKHYMHHHT KynalkTMacH:
T Do F=V, (1.3)

CHTHaJI X20KMH e aTanand.

Papuo éxu TenepnieHne CyXaHIOHM HYTK JWHAMHK AHana3oHH 25-
30 1B, yHua karrta 6¥nMarad amyna rypyxu 45-55 JIb Ba cuM$pOHHK
OpKecTp AuanazoHu aca 65-75 Ib ra tenr.

Xap xannali anoka kanamuga (oiinanu curnan 6op &xu HKmurngax
KaTbd Hazap Xajakut 6ymamu. CurHanHM KOHHKapnH cudar Oniad
y3aTHIl y4yH ¢oijayii CHrHayl KyBBaTH XallakUT KyBBaTHAaH KaTra
Oynmumu xepak. I[lynuur ydyH Oab3d XoJUlapia CHTHall JWHAMMK
AuanasoHd D, ypHMra, cHrHaT KyBBaTHHH XaJlaKUT KyBBaTHUra 6yiraH
HucOaTn P/Pyay=q man doiimananunamy.

CuHrHan chexTpu oJjaThAa XyAa KeH O¥nmamu. By xonga curnan
CIIEKTPH KEHITIMIH cHUaTHAa CHTHal KYBBaTHHUHT acOCHH KHCMHE
XOJmalmraH cmekTp KEHINMIM ONMHagH. baws3u Xomnapaa cUrHali
CNIEKTPH KEHITIUrH YHHM y3aTdll cudardra KyWHIraH TexHHK Tanab
acocHa aHMKIaHanu. MacajiaH: TenegoH OpKall MYITOKOTAa KyHuaaru
UKKN Tanab acocHia CIeKTP KeHIVIMIM aHuKIaHany: OMpPHHYHCH —
HYTKHUHT aHUKIWIH Ba HMKKMHYMCH HMKKA TeJiepOH OpKaIH
cy3namaérrad maxc, 6up-OMpHHM TOByIWIHAaH TaHMIIHN. By Tanabnapra
toBywHY 300+3400 'y opanukia y3aTHII OPKAiH SPULIHILI MYMKUH.

TeneBnaeHue TH3MMHUIA 3Ca acocHii Tanad TACBUPHUHT THHHKIHUIH
xucobiananyn. Taceup OUp kafpuHu 625 Karopra €HHIN Ba OUp KaTop
YTKa3ub TacBUpHM &M ycymuIaH ¢OMIanaHWIraHaa, TeJeBH3HOH
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CUTHaI crieKTpH 6,25 MI'1y Hu srayadiay. TeaeBU3HOH CHTHa CEeKTpH
TetedOH Ba DAJMO3IUATTHUPUII CUTHANH CHEKTPHJAH XXyHa KaTra, Oy
TeIeBU3UOH  CHTHAJl  y3aTHIl  TH3UMHHM Oup Hewa  Gop
Mypakkabnalrrupanid. Tenerpad CHrHand CHEKTp KEHIVIMIH CHTHaR
y3aTul Te3murura Gornuk 6Y¥nu6 F.=1,5v udona opxanu anuknanamm,
OyHpa v-tenerpadmamnr Tesnurd, bBoanapna 6axomaHagd Ba  BakT
6uMpnuryAa ysaTMArad Tenerpad 3IeMEHTap CHIHANNApH COHM OmiaH
anuknadagy. Arap v=50 bog 6¥nca, F.=75 'y 6¥manu.

Mogynsuuanadrad  curHaJl  CHEKTPH  MOOY/LHANOBYH  —
y3aTUNaauraH xabap CUrHamM CNeKTpHIaH KeHr 6yiaiu.

1.5. Anoka kaHaJAJapH

ANOKa KaHallmapd Xy[IM CHTHAIAPAEK acoCaH YHYTa KypcaTKu4
6unan 6axonauami. bynap: Ty — kaHan opkanmu xabap y3aTHNHIO BaKTH;
Dy — kaHan AWHAMMK IHANa30HH Ba Fy — xaHan CMrHau CHeKTPHHH
YTKA3UII KEHITIUTH.

Kanan ydra acocmit kypcarkuwiapu kymaditmMacH TipDyFi=Vi
anoKa KaHamM XaxmH 71eb aTanaay Ba KaHaTHWHT xabap yTkasa onuin
HMKOHMSTHHY Genrunaiinm.

CHrHaJHM 210Ka KaHaI{d OPKAJIH Y3aTHII YIyH KyHWAard mapriap
Caxapuminig Kepak:

Ty >T.; Dy=>D, ; Ba F>F. &k Vi >V.. 1.4)

(1.4) nan xypuHNO TYpMOAMKH, CHTHATHHHT éKH KaHATHHHT Oup
NapaMeTpPHHH HMKKMHYHMCHIa aIMamTHPUO ajioka KaHAald OpKaIH
CUTHANHM y3aTHII MyMKHH.

Xo3upAa TypnH paaMoanoKa KaHaLiapu MaBxynd. bynap y3yn Ba
KACKAa TYNKWHIM pajuoaioka KaHalap, pauMopene ajloka KaHaly;
CYHBHH WYNmoll OpKalH aloKa KaHay; Tpomocdepa aloKa KaHATW;
KOCMHK aJI0Ka KaHaj1i; MOOMJ aToKa KaHaaH Ba OOMIKaiap.

Xap kaupait anoka Kanamiap KyHuIard acocuii XycycHaTiiapra sra:

1. AJoka KaHaJNIapUHH YHM3HKIH TH3MM Oe0 xucobnam MyMKWH,
YYHKM KaHa! YHMKALIMOArH CUrHaJ KaHanl KHpHMIOAAArH CHTHAaJIap
AuruHIMCHra TEHT, AbHH CYTIEPIO3NLNA PUHLHUIKHIa OYHcyHamm;

_ )f:.ls‘(t)=k{slk(t)+52k (+t5,, 0] (1.5)
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2. Xap kaHpadf ajoka Kanamyna, oGoitzanu cHrHan GyaHIn
6ynMacinurviad KaTuit Hasap XajJlaKUT CHTHAINA MaBXyll, AbHH

X(t)=s(t)w(t). (1.6)

3. Curnan anoka KaHanujaH yrraiaa y 6Hpo3 KeuHnKagy Ba YHMHI
caTXy KaMasnH.

4, CurHa ayoKa KaHanuOaH YTraHja YHWHI IIAKIH Oy3HiaaiaH.
Mlynpa#t  xummb; KkaHan  YMKMAIKJArH  CHTHaN  Kylujaruda
ndoaTaHUIIH MyMKUH:

x(t)=pu(t)-s(t-tytw(t); (L.7)

OyHpa, P Ba T CHrHal CYHHIOM Ba KEYHKHUIIHHH KypcaTyBud
KaTTaIMKIap.

Arap p Ba T BaKT IaBOMHJa y3rapmaca, OyHIail anoka kaHaIH
JOMMHUI KypcaTkuunM kaHan neb atamnanu. | Ba T JapjaH Oupu &xu
HKKanacH BaKT JaBoMuAa y3rapub Typca, OyHmalf kaHan
K¥pcaTkuinapy ysrapyB4aH kaHan jne6 atamaau. MacanaH: ep ycTd
PalMO3IHTTHPHUII Ba TENSBHACHHE KaHAM KypcaTkHujaapH Y3rapMmac
KaHaura Mucon 6ymanu. XapakaTaaru anoka TH3MMH KaHaJUTapH: YAy
ayoKa; y4ya&TraH caMoyiéT EKd KOCMHK KeMa OuNaH Ba KUCKa TYIKHHITH
pajnoanoKa KaHaiu y3rapyB4yaH KYpCaTKUUIIM anoKa KaHaJura MHUCOI
6¥na onamgy.

1.6. Kopjam Ba MogysisamBs/Iam

Jduckper xabapHu paaMocurHanra adlaHTHpUII KOAJall Ba
MOIYILILUANIAII OPKaIY amanira omupian. Koanam curaaiig spaThi
acocuHH Oenrunmaifian, MOIYJNALMSNAIN 3Ca alnoKka KaHAIH OpPKAIH
Y3aTHUII Y4yH IAKLTaH THPUIAaUTral CHIHAN TYPUHH OWIAMpaH.

Juckper xabapHu MabnyM MaTH Ae6 xucobnacak, y xapdiapiaaH,
pakaMmiapial Ba THHMIO OenrunapuiaH ubGopar O6Ymamm. Juckper
xabapHuHr 6apya smeMeHTIapuHH pakamna® vHMKaMH3 Ba Oy Xonga
Xa0apHH paKamap Wakiuja y3aTHIIHYA aMajira OLIHPHIT MyMKHH.

Yunuk TH3uMAa xucobnamuuHr acocd 10 pakaMu xucoGnanaju.
Xap KaHnait N — coHHH KyHuaary maiia ugopananm MyMKHH:

N=a,10"...+a,10%+a;10"+2,10°; (1.8)
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Bynna, ag, ai, ....a, — ko3¢pduumentnapn 0 gan 9 raya xKuimMaTIapuu
onazu. Macanau: 375 conu 3-10°+7-10'+5-10° maxmna udopaTaHagy.

YMymaH xucobnain acocn KWiub xap kangad M COHM ONMHMILM Ba
N conu ky#innarnua udoaanaHAIIH MyMKAH:

N=a,m"...a;m’*+a,m*+a;m'+a;m° ; (1.9

Bynna, ag, a;, 8, a3 .... a; — KoddPuuneniap 0 6bunad m-1 opacunaru
KuiiMaTiapHU ¥3 H4YMUra oJjiagy.

Arap m=2 ©0ynca, yHAa MKKHIMK xucoOnam TH3UMHAAH
¢ofinananuil Ba Xap KaHzJall coHHH ¢axat nkku pakaM 0 Ba 1 opkanu
udomanaur Mymius. Macanan: 15 pakamu 1-2°+1-2%+1-2"+1-2°

Hxkuink TH3uMHIa apudMeTHk Xxucobnam xyaa coana. Macanan,
Kymum KydHpard xouga acocuna baxapunamm: 0+0=0; 0+1=1; 1+0=1;
1+1=10. Bynnan Tamkapu MKKMIHK MOJYN OmnaH Kymmumjga Kydumard
KOHWJara aMaJn KHimm xkepak: 000=0; 0©1=1; 1®0=1; 161=0.

Arap pguckper xabap sneMEHTIAapd KeTMa-KETIMTHHH HKKHIIHK
COHJIap KeTMa-KeTNUTH OWnaH aiMallTHpcak, yJiapHH ajloka KaHalu
OpKalM y3aTHID Y4yH (pakar mikkuTa | Ba O KOX CUMBOJIMHH Y3aTHIN
kudos xunamum. Mucon ydyH: O Ba 1 coOHnmapM TypnM 4dacToTa
TeOpaHuIIapy EKH TYpnH KyTOam («+» €ku «-») NOMMHI TOK KeTMa-
KETIMIMHY Y3aTHII OpKATM aMaira OWIMPHMIN MYMKUH. Y3MHHHT
coamanury OMTlaH MKKMIIMK acocka KOJJIalll TYpJiu anoKa TH3HMIIapuaa
Ba XUcOOIAall TEXHUKACHAA KEHT KYJUIaHUIMOK/IA.

Komramr HaTixacuiga IUCKpPET Xabap sieMeHTIapH ynapra Moc
comnap (koa cuMBosLiap O Ba 1 nap Tymnamu) GunaH arMalUITAPU/IaIH.
Huckper xabap xap ©Oup 531MeMeHTHra SJeMEHTap CHTHaUiap
XaMIurunaH ubopar komiap koMOUHanuACH OUPHKTHpWIAK. Juckpet
xabap Gapua s;semeHTnapbra MOC KEIYBYH KOAJMAp KOMOMHAIMACH KOX
jge6 aranamm. Kommam xommacHm opjatia KO OKaJBaM IAKIHIA
KEeJNITHpHIaAH Ba Xabap sIeMeHTiapura Moc KoAjiap KoMOMHaLHACHaH
nbopar Oynmagu. bBywra 1.2-xampanga KeNTHpUIraH  KOZNIap
KoMOuHauuACH Mucon 6yna onagu.

bup-Oupnaad ¢apk KHIyB4YHM KO CHMBOINApH kox andaBuTH aebd
aTanany. YNapHUHT COHHM — KOJl COCHHH TALOKWI 3Tafl. YMyMUi Xonaa
nuckpet xabap N Ta anemeHTnapiHy, N Ta COHHM m acocid XHcoOain
opKaiy HoJanall MyMKHH, TobHH N=m" akmmna 6ynanu.

Xap 6up xoanap KOMOHHALMACHAATH 3JEMEHTap CHMBOJIAP COHM,
YHHHT JaBOMUHIMIHHYE OUMpany Ba KUitMaTHHY KypcaTaau.
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1.2-anBan

Xabap

SHOMEHTH Kon xombunaumsnapu Cursan
A 10000 :|0|000
0 Ty To To To To t

B 00110 0jo 0
0 To t

B 01101 Atnntink
T, ¢

r 01010 l 0]0[7[0[T]0|
To

Xap 6up xoJ KOMOWHAIUACH 3JIEMEeHTap CUMBOJLIApH JOHMUMLIMIH
T Oyiica Ba y n Ta aneMeHTap CHrHangaH mbopar O¥ica, ynna komiap
koMOuHanuacy  y3ynmuru  Ty=n-t, OYnagm. Xap Oup xox
KOMOWHAIHACHJATH 3JeMEeHTap CUIHaJUIap JaBOMHUHIIMIHY To KaHYa KATTa
6¥ica €ku xomnmap koMOMHAUMACHAA OPTHKYa CHMBOJUIAP KaH4a KTl
6¥nca, IUCKpeT xabapHU alTOKa KaHAIM OPKAIN Y3aTHIN Te3/IMIM LIyHra
MOC paBHIIfia KaMasifii.

Komiap koMOMHaIMACHATH 3NeMeHTap CHMBOJLIAp COHHra Kapab
KOAJap MKKHIMK Ba Kyn acocauk Komjapra OVimmuami. ByHpan
TallKapH, KoAjiap koMOMHAMACH y3yHIury 6up xun 6ynran sa 6up xun
6ynmaraH Typnapra 6ynuHa .

Kon xombunauunsnapy xap xun 6ynrad xoara mucon kunr6, Mopse
KOJWHH KenTHpUil MyMmknH. By xomnma O Ba 1 ¢dakar mkxu 1maxipa:
6utragan 1 Ba O &xu yura 6up (111) Ba yura Honm (000) xonatuza
toiinananwiany. burtra 6up (1) Hykrta Ba yura 6up (111) Tupera Moc
Kenagy. burra HoAs HyKTaHM THPEOaH @KPaTyBYUM  3NEeMeHT
xucobnadamy. Yura Hongan (000) gan koinap koMOHHAUHACHHHA GHp-
6MpugaH axpatduiga $oiinananunagyu. 1.3-xagpanga Mopse KOQMHHHT
AMcKpeT xabap Oup Heya 3NMEMEHTHra MocCiap¥ KelTupuirad. byHpa
37IeMEHTap CHTHal cudaTHaa Oup KyTONmM  MMmynbBCIaphaH
doitpananuran.
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1.3-xanBan

Xabap Koanap
aNeMeHTIapy KOMOUHAITHACH

To 3T, 3Te
A o —_ mo 1Ji]r]olo]o|
t

Curnan

) 3To To To To
b coe 1[1]1]of1]o[1]of1]
t
To
E . 1]o] o]0

T,
T _ T lo]o]

1.3-xkansangad kYypuHUO TypuOIMKH, KomIap KOMOHHAIMsIApH
TYpTH HAaBOMHiUTHKka sra. ByHpa 3Hr Kucka kon koMbuHaumacu E
xapéura (41a) 3HT y3yH KOJ KOMOHHALMACH HOJIb PaKaMura -221y TYFpU
Kenaay. Mop3e komu €paaMuza pyc TWIMAATH MaTH Y3aTWITaHHA, Xap
6up xapdra ypraua 9,51, pakT ketanu. by 6ern sanementnn boxo xomura
(57) aucbaran uxxu 6apobap Karra.

Kommap xanaiurGappommvk kypcaTikuan Oyiinya MKKM Typra
6ynuHamy: onmMil XaTOHM aHMKIall Ba Ty3aTHDI MMKOHHMATHIA 3ra
OfnmMaraH Ba «KOppeKUWUIOBYM» Koinap. Ommmii Komiap XaToHH
aHMIgTAIl Ba TY3aTHII MMKOHMSTHra ora smac. byHpnaii kommapia xamMMa
Komiap KOMOHMHALMsACK HMCKPET Xabap SIeMeHT/Iapira OHpMKTHpHIITaH.
Bynpait xomnap koMOMHalMsAcHAa XanakuT Tabcupuaa 1 au 0 ra Ba O Hu 1
ra aiinaHu6 KormIiuy xabapHUHT OOLOKa AMCKPET NEMEHTHIa MOC KETyBYU
KO KOMOWHaUMACHHM aHIIatagy. byHnail xoanmapna opTHKYaIMK HOIra
TeHr. Macanan: ¥36ek T anudbocunaru 32 Ta xapdra kon acocd m=2,
xap 6mp Koap KOMOMHAIMACH 3MEMEHTap CHTHAIUIAp COHM n=5 6¥iraH,
s N=m"=2"=32 6¥ynaayu. Bynaa opTukya komiap KOMOUHALMACH YK,
Xamma kouTap koMOMHaLMsACHAaR xabap y3aTHil yuyH dofinanaHunany.

XaToHH aHHKNAWl Ba TY3aTMLI XycycuaTHra ara O¥ynran
(KOppeKUHUIOBYH) KON OANMii KOAra KyIUMMYa OpTHKYa 3JIECMEHTap
CHTrHAN KYIIMIO OpKamu xocun Oymamy. MacamaH: ommuii koxara 6urra
OpTHKYa CHMBON Kymucak N=2"=64 Ta koi KOMOHHauUsCH MaHjo
6ynann. By konm uKkura, ToK Ba Xy(pT TapTHO pakamiii KoIJiap
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koMOuHauuAcura OymuHamu. Xamma XyQT Koamap KOMOWHAUUACH
Juckper xabapHuHr 32 Ta Xapbura OupuKTHpWIagM — yhaap xabap
y3aTHil yuyH (offanaHWIUH pyXcaT THAraH Kolyap KoMOMHauMAcH
xucoOnaHaay. Toknapy ¢ofifanaHuIn y4yH pyXcar 3THIMaraH KoaJjap
KOMOMHAUMACHHH  TawWkua  stamu.  Arap  xydT  xomnap
koMOpHauuscugary 6up cumBon 1 &wm O xamakur TakCHpuIa
Teckapucura ainanca, 6y TOK koiap KoMOMHauMsACHHH OMIaupaiy.
Hatmxkaga 6upnvk xato aHHKnaHazl. AMMO YHH Ty3aTHII HMKOHHATH
fiYk, uynkn Oy KojA YyHAAaH aBBaNrH &KX KelfMHrH IKy(PT KOX
KOMOMHAIMACH OVIHMIIN MyMKUH.

Konnap xomOnHauuscuaary OHpIUK €K1 MKKHAIMK XaTOHH aHUKaLll
Ba OMpJIMK XaTOHH TYy3aTHIU Y4yH KOMIap KOMOHHALMACH COHMHY JHaxa
OLUHpaMU3, SbHU N=27=128 Tara erkazamus. bynna 1, 5, 9, 13 Ba x.K.
KOJUtap KOMOHHAILIHACK pyXCaT 3THATaH, KOJNTaHIapy pyXcaT 3THIMaraH
XucobnaHagd. ByHna xanakuT TawcHpHa pyxcaT STWIraH Komiap
KOMOWHALMACH pyXcaT 3THIMAraHra alinaHca, OHMpIMK Ba MKKIIMK
XaTonap aHMKIaHaAd Ba OMpNHK XaTonap Ty3aTWiagdu. 1.6-pacmma
IOKopHIary (uKprap §3 akCHHH TOMIaH.

Konnap Pyxcar Pyxcar Bupmik Uxianuk xaro
KOMOWHALMACK | STUIraH | 3THIMAraH | XaTo TYFpH- | aHHKJIAHTaH,

N=2’ K.K. K.K. JIaHTaH K. | TYFpujlaHMaraH

1 N

2 | e \\_: _______________ 1

K D - T B 3

4 | e éy ---------

5 5 - 5

6 | NS

7 | - }- ----- 5 7

8 | - (6=

9 9 Y -

10 | - Ny [ o 9

| N R 11

|2 — A | 9

13 1 ?’ A P—

14 -4 %— -

15 = -——13 15

1.6-pacM. Koppekuuanobyn Komiap AuarpaMMacH.
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Onmmuit kojIapiaH KOPPELMUIOBYM KoIjlapra yTuun koanap
KOMOHMHALMACH NABOMHUMIMIMHHN OIIMPanH, HAaTHXaja BaKT GHpIHrija
y3aTHira Koanap KOMOMHAUMSICH COHM, y3aTHJITaH Xxabap MHKIOpH
kaMasau. AMMO Kabysl KWJIHMHTaH KOIjlap KOMOMHALUMACHHUHI aciiura
MOCHHTH owamy. 1.7-pacMaa qUcKpeT xabap y3aTHIU anoka TH3UMHEHWHT
(bYHKIIMOHAJI CXeMacH KEJITHPHIIraH.

ut s(t x(1 v,

I XM HKonep,—' Moxyns- AJl Hemornyna —‘Z[elconepH XA I

TOp Top

w(t)
I Xanakut |

1.7-pacM. Paxamiu ajioka TH3HMHHHHT CTPYKTYpaBUii cXeMacH.

Huckpetnam HatKacuaa KaOyn KUJIMHraH KOANAp acocHnaa xabap
Kafita THKIaHagu. ByHnait Kypuama npexomep neb6 aramamu. Opataa
KOJiep Ba AeKoJep MaHTHK KypriiManap acocHaa spatunamm. 1.8-pacMaa
JUCKpeT XxabapHu curHajra ainadTHPHIN )Xxapa&HH TACBHUpJIaHTaH.

A ——01011——} [1[T1 ti(!)

|
|
|
[
1.8-pacm. Iuckpet xabapHu CUTHAIra aitIaH THPUIN.

1.9-pacMaa kabyn KwiMHraH x(t) cHrHanHM xabapra aifnaHTHpHI

JKapa&HH TaCBHpJaprax.
O T oo —a
H !

1.9-pacm. x(t) cHrHanHM xabapra aifJlaH THpUIL.

BUACOCHIHAT

x(1)

Xabapnap anoka KaHajinapd OpKAald fOKODH YaCTOTAIM TalllyBYH
&pramMua KabyJ KHIyBUdTa eTkasunagu. Xabap ysaTwiaéTranaa I0KopH
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YaCTOTAlM TALlyBYMHUHI MabiyM OHMp NapaMeTpMHHM y3aTHNagéIraH
HHcOaTaH MacT YacTOTaJM CHTHaJra MoC paBULINa Y3rapTHPUINHH —
Moysnus neb aramagn. Momyasauus xapa8HuHu OaxapyBul KypHaMma
MonysaTop neb aranamd. MomynsnMsiaHMara TallyBYM Xed KaHJai
xabapHu anT™Maliay, y ryéku €3yBcus, YH3MAcH3 OK KOFO3MP.

DJIeKTp anoKaja TallyB4d cHdaTHaa: IOKOPH 4acTOTaM I'apMOHHUK
CUTHaIJIap, TYFpH TYpTOypYakid HMIyJbciIap KEeTMa-KEeTIHIH Ba
IOBKAHCUMOH CUTHaINapAas doliananuiam.

Xabapuy y3ok-Macodara y3aTuinaa I0KOPH HaCTOTATH CHHYCOMIAI
TeOpaHHIUIapaH Goiaananuagm,

s(t)=Asin(wet+@y). 1.9

By TauryBuy ydra mapaMetp: A — aMIIMTYJacu; O — TeOpaHUIL
yacToTacd Ba @y—Ooumaurud d¢aszacu OuigaH 6Gaxomanagu. Ywoy
TalyB4H Xap OMp NapaMeTpUHU y3aTWaJ¥TraH NacT YacTOTANM aHajlor
KM pakamId CHTHAIra MOC paBHluja Y3raprupn®, aMINTHTYAacH
Mogynsuusananrad (AM); wuactotacu Mmonymanuanadrad (UM) Ba
dazacu moxayrsuusananran (OM) curHanan ommin mMyMikuH. LlyHpait
KUHG:

AM ma A(t)=AHAA-K-UQ(L); (1.10)
UM a2 o(t)= wetAm: k-UQ(1); (1.11)
OM ga ¢(t)= @atAe: k-UQ(1); (1.12)

6yHIa, K — IPONOPLUOHALTUK KO3 PHUIIMEHTH.

Arap xabap WKKWIMK KOX OpKanM Yysatuiaérran Gynca,
TamIyBYMHKMHT MOTYJSIUUSIIAHTaH ITapaMeTpU XaMm ¢akaT HKKH KuiiMartra
ora Oymamu, ynmapmaH Oupu 1 cumBONH, HKKMHUMCH O CHMBOJIH
y3aTHIlra Moc kenane. byHaa Mogynauns ypHUra ofatha MaHUOYIALMA
aTaMacH KyJUIaHWIAAH.

Arap TamyBuM cudaTHAAa HUMIYIbCIAP KETMa-KeTIHIHAAH
doitranannica, yaaa MoayaslsanaHaséTraH mapameTpra MOC paBHLIAA
AMH, xenrnauru Moxynsauusnauran KMH; ®MH sa UMU curnannap
neb atananu.

DnekTp aloKala UMNYIbCIH MoayJiaumanaH  doitaanaHum
Ouprnamun Monynauus xucobnanamm. MkiunaMum acocuf Mogynauuszaa
IOKOPH  4acTOTald CHHYCOMAaT TallyBYHZiaH  (oinanaHunazu.
Harvxana ukxn MapoTtaba momyniumsnanrai: AMU-AM; OMHU-AM;
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KMH-YM; UMH-UM Ba x.k. cHrHaIap Xocui 6yaamy.

Ban3u XoInnapja TallyBYHHHHT MKKH mapamerTpu
MoIynsumsanaHand. bynpalt Momymsuus apanam Mofgymanms neb
opurnnany, Oyupa#t  curHan UM-AM  wawmga — 6yiuo6,
pamionokamusaa hoiianagunanm.

1.7. JlemogyasnHs Ba XeKOAJIAI

Jemoxynauus HaTHxKacuaa MOTyIALMANAHTaH TaUTyBYMHHHT xabap
TallyBYX IapaMeTpH ¥3rapuumd axkpatu® onuHam. By xapaén
MOAYIALMA JkapadHWra Teckapu OFiaranu ydyH neMomynsuus ned
atanagy. Mogymauus Ba ZeMOIyIALMA KypuaMacH OGupranukia MogeMm
ne6 aTananm.

Arap ysaTminaétraH xabap y3mykcu3 6Yica, IeMORYIAIHA
HaTIOKACHJAa OJIMHIAaH CHUTHAI TOBYII &KM TacBHpP akC STTHPHIL
KypMiMacura  Oepunazaw.  MacamaH:  paguosMATTHpHIUIA & —
payokapHaiira, TeieBUIeHHe a KaOy KUIAIN KypHJIMacHra.

Xabap muckper Wawima ysatwiaérran Oynca, JeMomynALusiaH
CYHT, AeKoaall >kapaéHu aMajra OIIMPHINIH mapT. UyHKH Aexojep
YHKHDIMAA KOZEp YMKUIIMAArUra Moc KOJA CHMBOJUIADH KETMa-KETIUIH
xocun 6ynanu. Kox cuUMBoONNapu KeTMa-KeTJIUTH JMCKpeT xabap
3JEMEHTIIapura anMallTHpUIaaud. Arap AeMOOyNsLUs Ba AeKoall
wapaény OUTTa KypuiMaja amanra OUIMpHIca, KOJ CHMBOJLIAPH KeTMa-
KeTJMI'H MOC JHCKpeT xabap aneMeHTH OwiaH anMamanu. By xonar
«6yTyH wabyn kunum» ne6 roputenand. JeMonymsauus Ba AeKOIIAll
amoxuna KypwiIMajapAa aMaira oMppuiaca Jachiad  CHMrHal
9JIEeMEHTIIapU  aloXM/Ja-aloXyjia  TUKIaHAgW, CyHrpa  KOANap
KOMOMHAITHACH JOeKO[UIaHaiy, SMBbHH [JHCKpeT Xabap sneMeHTHra
aiinaHTHpHIIaLIH.

1.8. XajakmTt/ap Ba Oy3mammiaap

Amanza cUrHaUIap KaHalnap OpKalH Yy3aTHiAraHJa YJIApHUHT
mam Oy3WwnaiM Ba XaToNMK OumaH Kaiita akc OSTTHPHUIIAIM.
CurHajHHHT Xxatonuk Ounad kabyn kunpHWIMra cabab kaHan
KHpUTaUrad Oy3siHUIIap Ba CHrHaNra TabCHpP STYBYH XalaKH TIapanp.

KaHaJIHMHI aMIUINTyJa 4acTOTacH Ba BAaKT XapaKTEPUCTUKATapH
CHTHaNra YY3HKIH OY3HIHNDIAp KMPHMTaau. Bynnad tanikapd cHrHaira
KaHalJard HOYM3MKIM peXUMIOa HInaétraH (yHKUHOHA Yy3emnap
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HOYM3UKIH Oy3umuuuiapHy Kymaad. Yu3uKkIM Ba  HOYM3NKIH
Oy3wnuiuiap KaHanHWHI MabIyM llapaMeTpiapira GOFNHK OYNraHnurua
ydyH, naiino OYium ca6abu Mapnymiaurs cababnu  yinapHH
KOppeIysLIall OPKaM AYKOTHIN EKH KaMal THPHIT MyMKUH.

CUrHAIHM YU3UKIM Ba HOYM3MKIM  Oy3WnMIIAAAH, YHWHT
Tacogudmif xanakuT TabcUpuAa Oy3WIMINMHM axpara OWIMII IDapT.
UyHKHM XanmaKMTHHHI CHMTHAJra TabCUPUHH TYIMK KYKOTHII MYMKHH
IMac, YHUHT IlapaMeTpiiapi aBBajllaH MabllyM 3Mac.

Qoiinand curHanra Kymeand yHH  XaTONMK  OMJIaH  aKc
ITTUPIJIHIINTA 016 KeyBUH Xap Kanzxai TabCHp XalakuT 4eb aTamamy.
Xanakumnap nafizo Oynmimr caGabnapu Ba ¢u3mk xoccajnapu 6yiiuya
Typauda Oynagu. Xanakutiaap maifimo O6Ymumn xojtura kapab Wukk Ba
TalIKM XaNakuT Typura 6ynuHamu. Muku xanaxutiap pagdo3lIeKTpoH
KypUJIMaliap aKTHB Ba ITaCCUB 3J¢MeHTIapHIaH KaTbuid OHp KuiiMatra
ora TOK YTMaciury, sSbHA BaKT OMpIMruja yTkasruyaad yraérrad
3NEKTPOHNIap COHHU ¥3rapyBuaHnuru cababnu naiigo 6ynamu.

Tawku xanakutiaapra artMocdepana 103 OepagdraH 3neKTp
JKapa€Hiapy, 0y XyMIafaH, MOMaKaJAUPOKNIAp HATIKACHAA XOCHI
O6ynanu. By xanakuTnap KyBBaTH acocaH y3yH Ba YpTa TYIKHH
Inama3osuaa Tyutadrad. Ky xamakutnap nafigo Oymuuura caHoar
KypHiAMajapy Mimamu xam cab6ab Gymagu. Ymap caHoar 31ekTp
KypUiIManapuia TOK KHMMATHHHHT KECKUH ¥3rapuillyd, 3HeKTp
TpaHCHIOPT (TpaMBai, TpoiIefiOyc) 3AeKTp ONrUY KUCMIAPHHHHT MaHOa
CHMHUIa JKWNC &nNMUIMAciIMIY, 3JEKTp MOTOpiap, MeIHLMHA
JHarHOCTHKA (TalIXUC KHIMII) Ba AaBoJsiall KyPHJIMalIapH TapKaTaéTraH
3NEeKTPOMArHHT HypiaHWILIapu cabab 6ynany.

berona pajuocTaHUMANAp HYpJIaHALUIAPH, YJIap TOMOHHEAH
QXpaTUNraH HINYM dacToTanapiaH doijanaHumm KOMJAJapHHHHT
Oy3unuiM, M YaCTOTACHHHHI OGapKapopCH3NHUIH, HypJlaHTUpa&TraH
doiinany curHanm rapMOHMKAJapd Ba CyOrapMoHHKagapd KuiMatH
TeXHHK Tanabjardgad kOKOpwiMre cab6ab Oymamu. llynunrgek,
pamyoKaHaJIapa XallakuT — KyuMa MOy IALHA HaTHKackHaa XaM naiao
6ynanu.

YMyMaH onraHja, Xap KaHgafl 3neKTp aloka KaHanuja M4KH Ba
TalIKA  XadaKuTiap Maexyn  Oymub, ynmapHMHT  KaTTAIUTH
toiinanannnaérran paauodacToTanap ANana3oHura XamM Gornvk.

Xanakut w(t) doiiganu curnan s(t) ra UKKM Typla TabCHP STHLIH
MYMKUH, Arap xatakuT w(t) curaai s(t) x¥yiuunica, SeHH
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s(t)+w(t)=x(t) (1.13)

6ynca, OyHnail XanakuT ajUTHB XanakuT Jeb6 aramamgd. Arapja
XaJIaKUT TAbCHPUAATH CHIHAN

x()=u(t)s(t) (1.14)

MareMaTuk Hdoma OunaH akc OTrupHica, OyHmali Xxamakur
MYJITHILIAKATHB XaJakuT Je6 loputwinand. Bynma p — Xamakut
TabcupuAa (Qoiimand CHrHanm caTXH  ¥3rapuioMHE  KypcaTyBuM
koodduunent. Xanakur Oynmaranna Oy koadduumeHr Ompra TeHr
o6yaamn (p=1). YMymaH p=(-c0 +~ +o0) — OPIUFH Y3rapuiuM, CHrHam
caTXMHM KaMadumuura €KM KaTTaJallMIOura onu® KeMHIOM MYMKHH.
Arap p — dodimamn curHan s(t) ra HucOaraH acTa-cexuH ¥3rapca, 6y
Xoauca cyHHUILI ned aTanagm.

Pean kaHammapja xap HKKM TypHard Xarakumiap OHp Bakria
CHTHa/Ira TabCHP 3Ta[H, HATHXkaaa

x(t)= u(t)s(t)y+w(t), (1.15)

ABHA Kabyn KWIMII KypH/IMacH KUpHILMIa BaxT Gyfiuda caTxu acra-
CeKHH y3rapyBud Ba Xanakut w(t) KYunras x(t) CHrHaI TabCHP STaaH.

AxmuteB  xamakuTiapra:  QUIYKTyallMloH, MMIOYJIBCIM  Ba
KBa3sHTapMOHHK XaJlaKUTIap KUpaIH.

DyKTyalHoH XanakuT OOIIKa XalnaKHT Typiiapura HucOaTaH AXIIH
ypraHuiraH, y pagHOTEXHHK KypuiMmara Oup Bakrtaa Oup Heva
Tacomudui KaTTanMKAard, yjJap TAbCAPUAArH SNEKTP 3aHXXUPIApUAard
yTum xapa8Hu Oup-6upura Kymuin® keTHInM HaTwkacupaa mnaitno
6ynamu. Y xaMma vyacToTajiap AWana3OHHMJa yupaiind, YHHHT CIIEKTPH
JeKCH3 KEHT.

HWmnynecin xanakuT 6ap3an BakT OYHnua Tynnadrad xamakur ned
xaM atanagy. UyHkd y Oup-OupupaH aHda karra Tacomuuil BakT
OpaiMFia KUCKAa BakT JaBOMUMNMHMIUAa Kabysl KHIHII KypuiMacura
TABCHUD 3TaAW. YHHHI TakcHpMOa Kalynm Kuium KHUcMIapuaa 103
6epapuran yTHil xapadHum Oup-Oupura kyiunMaiinu, HaBOaTgard
HMIIYJIBCIIH XaNAKHT TabCHP 3TryHYa aBBAITHCHHUHT T2bCHPH TYTaiaH.
By Typhmarm xamakuTiapra caHoar KypWIMaNapHHHHT XaTaKHT.IapH
Kupanu: NaiiBanfanam ycKyHanapy; 3M€KTp TPaHCHOPT; aBTOMOOHNE JT
OJLAMPHII KHCMIIapy Ba 6olnkanap.
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XanakutnapHd GnyKTyallMOH Ba HMIIYNbCIH  XanakMTiapra
WKpaTWIMIIK apTiny Oynub, HMIyNbCIM XalakUT TaKpOPJIAHHULI
yactotacura Kkapab Top mnomocatn Kabyn KMIMIO KypHJIMacura
GIyKTyalHoH, KeHT mojiocany Kabyn KuIHIl KypuiMacH yIyH HMITYJIbC
XaJlaK|T cuQaTua TAbCHP ITHLIH MYMKHH.

WMnynmeeny Xamakut Ouckper Tacommuit rkapaén 6ymmb, maitmo
OVIHII BaKTH Ba aMIUTATYAAcH Tacomuduil Takcumianrad. MMimynbciau
XaJaKuT XaM Hazapuii HyKTau Ha3apaH YeKCH3 KEHT CIIEKTpra ara.

Kpasurapmonuk xanakutr 6ab3aH cnekrpd OyHuda xamilaHTaH
xanakuT neb atanamy, Oy XalakuT TYPIH paguo y3aTHII KypHJIMalapy
TApKATaéTrad »SISKTPOMArHHT TYJIKUHIAp, TOp MOJOCana XalakuT
KWIYBUYH TYPIH caHoat acb6o6-yckyHanapuaas ubopar. bynnait xamakut
paaMokabysT KIUTHIN KypUIMAacH YTKa3HuIl MOJIOCACHHH TYIMK dralialmy
MyMkuH. KHcka TYnKMH guana3soHMgard KBasHTapMOHHK XaJlaKuT
acocuii xanakut xucobnaHaam.

1.9. Kaly.1 KHJIHHraH CHTHA/IHHHAT ACJHra MOCJIHTH Ba
y3aTHII TE3IATH

Kalyn KunuHran CUrHajHWHT aciHra MOCIHMIH Ba Y3aTHIN TE3JIUTH
aloKa KaHATHHHHT Mionam cudaTHHA Ba BakT OMpIATHOA y3aTHiraH
ax00poT MUKIOPHHU aHUKJIAKIM.

Kabyn kunvHras cHrHalHWHI aciMra MOCIHHrHM Oy3miumiiap Ba
XaJaKUTIap TabCHpHA KaMasau. ANoKa TU3UMH KypWIMAaJI2apHHH TYFpH
JoiHXaNall Ba CO3NAlll HATHXKACHAA CHTHATHUHI acivra MOCIHIHHH
IOKOpH IapaXkajla TabMUHJAIN, XaTONMKHU KaMaliTHpMII MyMKHH. By
XONOa CUTHAlHMHT aciura MOC OMAaCIHIH — XaTONMK JapasacH
XanaKyIra, anoKa TH3MMMHMHT Xanakutrbapiouuiurura OOFIMK 1eb
xucoOnaHaay.

XanakutOapmouutuk e, omaTha anoka TU3UMHHMHI axOopor
y3aTHIIa Xanakurtra Oappmom Gepuin KoOmnuatura airunagv. Kabyn
KHMSIMHTaH CHTHATHHHT aCJIMra MOCIMIHHH YHMHT XalaxuTOapAOLIIHIA
opkamu  Oaxosall  MYMKMH. Anoka  TH3MMH  (Kypuiamacu)
XanakuTOApHOLLTUIY Y3TYKCH3 B2 IUCKPET CHUTHAIIAp YUyH Typiu4a
aHHKTaHaH.

Huckper xabap y3aTHIl TH3UMH y4YyH xamakutbapiounmk N Tta
y3aTtiirad snementap curHamwiap (0;1) man TYFpu kaOyn KMIHMHIaBH —
M HH, yMyMHi#i y3aTHiraH 3J€MEHTap CUrHaurapra HHucOGatH Ousan
6axonaHagH, APHH
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Pr=M/N (1.16)

6ynma Pr - T1yrpm  kabyn xwmmm  sxtamosuiMrd.  Opatia
xanakutOapgomnuk Pr HUEr teckapucu P, — xato xabyn kuium
3XTUMOJUIHTH OpKaTH 6axoaHamy, sbHH  P,=1- Pr.

V3nykcH3 aHayior xabapiapHy y3aTHIIIATH XaTONUK y3aTUAraH u(t)
CHTHaIHM Kabyn KwimHraH v(t) carHangad d¢apku &, OunaH

6axonanany. Kymuminnk Xonataa ypraya kBaJpaTHK XaTONHK

T
= fc[;iti—uiti] dt (1.17)
0

ITaKJIHAIA aHUKNTaHaau, 6yHaa E}% Talab KUITHHAOUTaH XaTONHK &, sz JaH

KHYHK EKU TEHT OYIHULIM KepaK, IbHH

£2<82, (1.18)

éxu E)% MabllyM SXTHMOJUIMK Japakacuzia ETZX JlaH KHYAK EKU TEeHr

OynmrIm Kepak
Q=P(82<72). (1.19)

Kabyn KUMHHraH CHTHANHHHT acjHra MOCJHMK AapaKacy ajioKa
KaHaJIMJaryd CHTHA KYBBATHHHU XanakurTra HucOaTura OOFnuK, AbHH

q=P/P;. (1.20)

XanrakuTHHHT MablyM MHUKIOpZa aciura MOCIMK xabap y3aTHInna
tdofimanaHunaérrad CHTHAIUIApDHHHT OMp-OMpujaH ¢apK  KHIHID
napaxkacura Gornmmk, Macanad: ¢aszach  MaHUNYJALHAJTIAH[AH
CHI'HAJUTADHUHT OHp-OMpHAaH ¢apkd aMIUMTYJAcH &KM YacTOTacH
MaHANYIALALNAHTaH CUTHATIAPHUKATA HUCOAaTaH KaTTa, WyHHHT Y4yH
&M curnan, AMn Ba UMn ra Huc6aTaH I0KOpH XalaKUTOapIOLLIHK,
acnMra MOCITHKHY TAbMWHNIAHIHA.

Aciira MOCIMK CHrHamHH Kalyn KUNWm Typura Xam OOFIMK.
Kabyn kuwnuioHH IOyH7Jali TYpHMHM TaHJall KEpakkd, Yy XajJakuT
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TabCHpUAArd CUTHAJUIADHUHT ¥3apo ¢dapkuHM Mioxd OGopuya sAXIIH
ajkpara OJICHH. TYFpH NoinxanaHrad xabyn KANum KypunMacu q=P,/Py
HH Ce3MIapiy Aapaxaja SXIUHIAlTHd MyMKHH.

Vanykcu3 Ba OHCKpeT xabap y3aTuin anoka TH3WMH OpacHIard
Kyliumarn katra ¢apkka spTHOOp Oepuin Kepak. Y3mykcus xabap
(curnan) nap y3aTHIO TH3WMHJA Xap KaHmgall xanaxut xabyn KWIMHraH
CHTHanHM [00OpUIraH CHUrHanaH ¢apKiIaHUIIMIa, XaToNUKKa OoiIub
Kenmamu. JIMCKpeT CHUTHAIap y3aTHII ajloka TH3NMHAZ XaNaKUTHUHT
¢akar doitnanu curHan snementnapu (1 Ba 0) H¥ YHMHT TecKapucura
alilaHTHPYBYM KaTTalMkla OYNMIUMIMHA XaTONMMKKA Oiub Kenanu.
Iuckper amoka TH3UMMHMHT Oy3uiraH cUTHANIapHU TYFpu KaOyn
KMJTHII XYCYCHATH — XaTOHH TY3aTHII KOOMIHATH 1ab aranany.

Xanaxutbapaowmnuk 6unan 6Mp KaTopia anoka TH3MMHHUHT xabap
Y3aTHII TE3NMWIH XaM YHUHT acocHi KYpcaTku4napuiaH Ompu
xucobnanagu. JluckpeT anoka TH3MMM YYYH Y3aTHID Te3nurd Oup
COHMAIA y3aTMIITaH HKKUIIMK CUMBOJUIAp COHM R Ounan ynyananu, sHU

R=logm/t, 1.21)

6yHOa, Tp — 3JIeMEHTap CHMBOJ A2BOMHIIMIH, m — KOI acocH. Arap
m=2 6yica, TbHH HKKMIUK KO YUYH

R=1/1o. (122)

Xap kaHZail anoka KaHan¥ ydyH OepuiraH yerapaBuil kuitMariapna
— 3HT KaTTa y3aTUll TE3JMI¥ MaBRXyHA, YHU aJ0Ka KaHAJIMHWUHT CHTHAII
y3atum KoOwnuathH ne6 aramazu Ba ojataa C  xapdu Ounam
OenruwiaHamy.

Amanza dofifataHdnanirad ajoKka TH3MMIApHAa y3aTHII Te3JUrH
R, xanan yzatum ko6unuata C xaH kuunk, #/6HM R<C.

R<C 6ynrampa, curran ysatmm Ba Kabynl KWIHIIHHHI OKOPH
Japaxana acinura MOCIUIMHH TAbMHHJIAI MyMKHHJTATH TaCAMK/IaHTaH,

Ha3zopat caBoJiiapn

1. Ax6oport, xabap, CUrHaJ ferasja HEMaHd TyLIyHacH3?
2. TynxuH y3yHAuMru Ba yacToTa OMp-OMpH Ounan Kaupaii ugor
OpKaii OOFIaHraH?
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3. Pagmodacroranap Heua Auana3zoHra 6ynuHran?

4. CurHawap BakT ¢yHkouscH cudarupa kaHAait Typnapra
oyminagu?

5. Curnanap kaiicu kypcatkudnapu OGuian 6axonaHanmu?

6. Paxamnu CHTHaI AeraHja HUMaH¥ TylIyHacu3?

7. CurHai XaxMH Ba KaHaj XakMH Huma?

8. ImckperH3auus Ba KBaHTJIALl HuMa?

9. AjoKa KaHAUIADHHMHT AacCOCHH XOCCalapyd HHMalapjaH
ubopar?

10. Kognami HuMma? Kom acocH JeraHja HHMaHH TyIIyHacu3?
Hexonnam Huma?

11. Onnui xox Ba XaTOHH Ty3aTyB4H KOJ HUMa?

12. Mogynsauus, AeMOAYNIAINs JeTaHAa HUMaHH TYIIYHAcH3?

13. Mopze xoau Bomo xoauaaH kaHpait dhapkraHamn?

14. TammyBun cuaruna kanzall curHamiappad GoiifanaHuim
MYMKUH?

15. Umimynsc Mogynanusacy HuMa?

16. XanaxkntOapIoLUIMK Aerania HUIMaH!| TYLIyHacH3?

17. XanakuTHUHT KaHall TypnapsHd Gunacus?

18. AnnquTuB XasakuT HuMa? XamakMTHHHI Kaiicu Typnapu
aJUTMTHB XaNaKuTra Kupaau? MynpTHIUIHKaTHB XaJNakuT HUMa?

19. V3aTum Te3mury AeraHfa HUMaHH TyNIyHacH3?

20. Anoxa xkaHaTHHMHT Xabap y3aTuIn KOOHWIHATH HUMA?
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2. DJEKTP 3AHXHWPJIAPHUHI TYPJIAPHA
2.1. Ya3HKJIH 3IEKTP 3amXKHpIap

Arappa snextp 3amxup anemeHtiapu (R, L Ba C) mapamerpnapu
nouMMit G¥iica, sbHM BakT HaBOMHKZA y3rapMac Ba ylapAaH yTaéTraH
TOK KM KywIaHUINTra GOFIHK 6¥nmaca, GyHAal 3aH>XHD YH3HKIIH BIICKTD
3aHXHp aeb atanamgm.

Kapumnk yayr OM KoHyHH acocumary um3uiuy 6ornanui U=RI,
[=U/R Ba I=GU 6axcapunany.

Varapysuan Tok YTyBun IOMMHil CHFEMIIH KOHIEHCATOD YUyH

i=4_2cy=c¥Y  sum  v=Ljia,
dr dt dr C
Oynna q=CU 3apaa Kymonga 6ynmu6 q Ba U opacMpa 4H3HKIH
OOFITHIJIHK MaBXCY .
JlouMuit MHIYKTHBNHUKIATH Ky9la HUIIT

v=224 - L
dr dt
Oynna ®=Li — MarHUT OKUMH ym6y HHOYKTUBIMK OpKai yTaéTrad
TOKKa IMpomopuxoHan. Yusukiu anektp 3amimpiapra (U93) Hucbarau
CYTIEDTIO3HINS NPUHUMIMHA KYJlalml MyMKMH, spHH Y33 kupurmmira
61p Heua curHan GepuNraHOard YMKHIN TOKH, Xap OMp CHTHaJI anoxXuia-
anoxpia Oepuiranjary YMKHII TOKIApH HHFHHIMCHTa TeHr. Macaan:
Y53 yraétran Tok KyHuaraH kyunanum Ounad i=aU udoma opkanu
6ornanras 6yncun Ba U=U+U, 6ynpma iy=a,U;+a,U, 6ynamn. Arap
U,=0 6ynca i;=alU; Oynamm Ba U;=0 6yaca i,=all; Ba Hux0AT
iy+iy=i,=a;U,+a,U, ra Tenr 6ynanu.
R

1
| — |

skn i=Lyuar,
L

U,
U;

2.1-pacMm. UHSHKIIH 3NEKTP 3aHXUPH.
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Y33 HuHT yuKMImuga kHpummra OepuiMaraH SHTMH CIEKTPas
TAWIKUN 3TyBYWIap Haifgo Gynmadimn. Yusukinm pexumaa HILIOBYH
AKTHB 3JIEMEHT BOJIBT-amiep TaBcu¢u i=al 6¥ica, KHpuImra

u(t)=Upcos(wot o) (2.1)
Ky'1naHHI 6epuiica, yiaaH
i(ty=aUgcos(@ot+o) 2.2)

tedr 6Ynran Tok yragu (2.2a-pacm).

2.2-pacM. UM3HKIH 31IeMEHTTa FapMOHUK CHTHATHMHT TabCHPH.

AKTUB HYHM3UKJIM 3NeMeHTAaH YTaéTraH TOK KHPHIIJAArH CHIHAI
LIAKJIMHYU TaKpopiaiIn.

Arap U3 xupuinura Typiau dacTotamu 6up Heva curHan 6epuica,
Yy OpKaJli 4acTOTanapd KHPHII CHTHAIM 4acToTracHra Moc 6¥iran 6up
He4Ja TOKHHHT CIEKTPall TalIKWI 3TYBYHIapH JTaau.

Arap 4M3MKIH 3neMeHT cudatuga L éku C nap onuHca, y Xonaa
TOK crnekTpu OGoinMaiiny, YyHKH rapMOHUK QYHKUMAIADAZH OJIMHTaH
XOCHIIa Ba HHTETpaJl XaM rapMOHHK (yHKUHUA O6ynanan. dakaT TOK ExH
Ky'UIaHHII aMILTATYZacH Ba da3ack ¥3rapaioy MyMKHH.
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2.2. HouH3BK/1H 3/IeKTpP 3aHKHPAap

Arap J7eKTp 3aHmKHpAa KypcaTkud KaTTalurd Yyraérran TOK
KifiMatit &k Gepunrad KywiaHuinra GoFNHK Odpop OHMp KapIIMIMK,
CHFUM EKM MHAYKTHBIMK 6¥ica, 6yHaall D3 HOIM3MKIM SMeKTp 3aHKUD
(HD3) xucobnananu. byrga R=®(u,i), C=0(u) &xu L=0(i) 6ymaam.

H33 ra HucOaTaH cyNeprno3HuMs NPUHLUIKHYE KYlall MYMKHH
amac, yyHku HO3ra O6up BakTma Oup Heda KUpHII CHTHAIH
Gepunranfary YHKHII TOKH, ylap ajoxuga-aioxyia 6epuirania naimo
6ynamurad Toknap HuruHAHcura TeHr Oynmaiimy. Macanan: HOpan
yTaéTraH TOK YHAAH YTaaurad Tox 6umaH i=aU? kypuuuwia Gornanras
6yncun. Arap U =U,+U, 6¥xca, iz=aU12+aU22+2aU1U2 6ymamu. Kupum
CUTHAJLIapH aloXMAa-anoXuaa depuica i)=aU,’ a i;=aU,” kuiiMatiapra
ara 6§nanm, i) Ba i, TOKNAPHUHT AMFUHTMCH i+ iy 6¥nagm Ba dapk
2aU,U, ra texr 6ynagu.

H33 pa suru chmexTpayn TalIKua 3TYBYMAAp XOCHN Oymaan.
Macanan i=aU’ pa u{t)=Uqcos(wot+@o) O¥rnica, Tok

i=aU,” cos®(wot+o)=alUo/2 + aUy%/2 cos(2mqt+2@0) (2.3)

naH nbopar 6ynamu. ByHaa Tok ¥3rapMac TalIKMJI 3TyBUM aU,’/2 Ba
KHPHLI CHTHATMHWHI MKKHHYH rapMoHHKacu OunaH TebpaHyBYH TOK
TalIKUI 3TyBuMcHaaH ubopat Oynamu. 2.3-pacMia KUPHIN KydNaHHIOTH
Ba YHKUII TOKH CTIEKTpNiapH KeNTHPHJIraH.

Uo aU} /2 | au} 2
[
|
o I !
Wy 0 Wy 2wy

2.3-pacM. Kupuni Ky4naHUIIY Ba YHKULI TOKH CIIEKTpIapH.
a) KHPULI CATHAMM  CNEKTpPH, O) YUKUII TOKH CIEKTpH.

HO3 pan curmamnap ytranga ToK TapkubMIa SHTH CHEKTpAT

TalIKUJI S3TYBYWIADU XOCHN OFAMINM D3JIEKTp aloKaga CHrHaIapHU
TypliM4a y3rapTpHiga keHr GodzanaHunan.
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2.3. IlapaMeTpHK 3/1eKTD 3aHKAP.JIAP

Arapga 393 pmaru R, L, C »sneMentTnapnan OGupOpTacHHUHT
NapaMeTpH KapIIMJMIH, CHFAMM &KM HHIYKTHBIHTH BakT Oyiimua
y3rapca, Oynnjait 3ar>xHpiap napaMmeTpHK 3nekTp 3amxupiaap (1193) ne6
aTanagm.

I193 uxxura: Kkupuim TebpaHHIN curHaa® u(t) Ba OOLIKApYBYH
Tebpannm k(t) curaanu Tabcupraa 6ynann (2.4-pacm).

i

u(y i)
o0—— JI33 |——o0
0| A alkt)]
l g
k)
a) 6)
2.4-pacM. ITapaMeTpHK KypUJiMa Ba YHHHT BONET-amIiep
XapaxTepHCTHKACH.

bynna 6omxapyBun TeOpaHHMIl TOK €KUM KywIaHHID OYJNHINM IapT
amMac.
BomkapyBaun TeSpaHKIO 37eKTP, MEXaHUK EKH UCCHIJIMK INaKIHaa

6ynuinu xaMm MyMKHH.
1193 yuyn Kyhnnard MateMaTHK uoJaHH KETTAPHIT MyMKHH:

i(ty=k(O)u(t). (2.4)

By udonanaH TOKHMUHI Ky4IAHUIOTA OHHMH OOFIHKIATY YH3UKIHN
6ynub, Oy Oornmuknuk y3atuii koddduipentd k HuHT BakT OYifuua
y3rapu6 Typuiuy HaTHXKACHUA UM3HKCH3 OOFNMHK OVm6 Konaau. ¥Y3aTu
kos¢duupenty K HuHr Bakr O¥iimua y3rapuum kUMK Oypyaru
a=®[k(t)] uuur BakT G¥itnya ysrapuinura cabab 6ynaau (2.46-pacm).

[TapameTpuk sneMeHT cudaTnia Kapllwiurd BakT Oyiiuya y3rapu6
TypyB4M pe3UCTOPHM oflaMu3. ByHna

u=R(t) éku i=WR(t)=G(t) -u (2.5)

6ynu6, G(t) — napaMeTpMK pe3HCTOp YTKa3yBYaHIWIH. Arap Kupuiu
TeOpaHUIIH
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U=U,+U, (2.6)
6yiica, napaMeTpHK dJIEMEHTAAH YTaéIral TOK
i=G(1)(U+Uz)= G(1) “Upt G(t) "Up=isH; 2.7
6ynamu. (2.7) udbonanan xypunub typubanku, I133 napra nucbataH
CYMepIO3ULINA TPHHIUMIMHAK KyIUTaln MyMKHH.

I133 pan YTaéTraH TOK CIIEKTPH KHUPHIN CHIHAIM CIEKTPHAAH
dapknadany, spHE OyHmaid O3 1a sHIW CHEKTpan TAKHII 3TYBYHIAP
nafizo GYnami. MacanaH: mapamMeTpuK pe3HCTOp YTKa3yBYaHIHIH (2.5-
pacM) BakT 6Yiinua rapMoHnK TeOpaHHLI KOHYHH OMaH Y3rapuiuy, SbHHA

G(t)= Gcosmet 2.8)
6y#inua y3rapca Ba yHUHT KUPHLOMIa

u(t)=Uncoswot 2.9)

rapMOHHK ¥3rapyBu Ky4naHHII OEpHIICHH.

G(Y)
{x‘ﬁ ! Un “mUml?  Cmm/?
(1Y) ,@ R, UV -[ ‘IV
L, — @
_ ®, W;y- Wy w;+ W,
a) 6)

2.5-pacM.a) napaMeTpyK 3NEKTP 3aHXHUP, 0) KIpHIN Ba YUKHIIIATH
TOK CIIEKTpJIapH.

bynaa I133 roxnamach R,, pesuctopaas yTyeus Tok (2.5) ra acocan
[=Gmeoswt -Uncoswat 2.10)

ra TeHr Oynamu. (2.10) dopMmynans TpHroHOMETPHK (QyHKUMANAD
KyTialTMacH IaKmMAa Y3rapTupeax,
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i=0,5GpUpcos(@yt-mt) + 0,5G,Uncos(wat+m;t) 2.11)
KYpUHMIIHHY OJIadH.

(2.10) ndonanan I3 nap KUpHID CHTHAIH CHEKTPHHH GoOfMTHIN
XYCYCHATH KYpHHHO Typubmu (2.56-pacm).

Hounsuknn napameTpuk 93ieKTp 3amdkupiapaard  pPe3ucTop,
HHIYKTHBJIMK Ba KOHICHCATOpJap MapaMeTpuK SleMeHT Oynuin GunaH
Oup BaKTZa HOYH3MKIH SJIEMEHT XyCyCHATHra ara. Arap 33 na mryHnaii
3neMeHTnapiaH 6upopracH 6ynca, y Xonpa Oynpait D3 HOUH3MKIM
IapaMeTpHK EKTP 3aHxup feb xucobnaHaay.

HIT33 napHu xucobnaiija Cynmeprno3dUps NPHHUMNHHHE Kywiab
6ynMmaliny Ba yTapHHHAT YHKUIINAA KHPHIIHAATH CATHALIAPHAHT CIIEKT-
py OOHHAIM, THHU AHTH CIIEKTPaN TAIIKUI 3TYBUKAAP Xocun G¥nanu.

AManzia dolinaraHunagurad 370eMeHTNap ApHM YTKa3THWIH IHOA,
BapyKan, OMIoNsAp Ba MaiiioH TpPaH3HCTOpJapH, BIEKTPOH JiaMmanap
HOYM3HKIM [apaMeTPHK DJIeMEHT cH(aTHAa KYJUIaHUIIH MYMKHH,
YYHKM ynap MacT caTXJM CHTHaUIZp TabCHUpHja OyIraHgapuna BOJIbT-
amMriep &K BOJIBT-KYIOH TaBCH(UIApH HACaJUIAIITHPHIHG UH3HKIH
Gornanmuga ne6 xucobnanann. YnapHuHr KupHIura 6up éku 6up Heva
6Mp XMW caTXTH, aMMO BOJBT-aMIIEP EKH BOJILT-KYJIOH TaBCH(HHHMHT
HucbaTaH KaTTa KMcMHMAaH (ofimataHuica, OyHaal 3JieMeHT HOUM3HKIU
JAed xucobnaHagu. Arapaa ynap kupuiuura 6up-6uprra gucbaran catx-
Jlapy kaTta GapK KunaguraH MKKW ciraan 6epmiica, Oy xonja ynmapaaH
KywidcH OomKkapyBuM CHrHag BasudacuHu Oaxapagu, OyHma Oy
3JIEMEHTIap XaM HOYA3HKJIN apaMeTpPHK 31eMeHT 1eb xucobnaHamm.

2.1oxagBanga  roxopuma  Kypub  YTWIraH — pagMOTEXHHK
3aH)KUpiapJary 3JeMEHTIapHUET IapTiK Oerujiapy KeNTHPUITaH,

2.1-xanBan
Maptan 6enrnianuinm
OneMeHTIap Hounsuxnu-
Yusuxnu | Houusuxnu | [Tapamerpux [ApAMETpHK
R Rgz;, Rg) t Ry
Pesucropnap I i
c Ca) cy | Cay
Konpencatopnap —- j¥_ -9 ; —-
L L) g | L4y
NugykTuBiux !
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Ha3sopar caBoajapr

1. DnexTp 3amxupiap ynapard EMEHTIApHUHT Xoccalapura
Kapab katicu Typnapra 6ymiHamu?

2. Kanpall snexTp 3amXMphap 4M3UKIM 3JeKTp 3aHkupnap Aed
atanagn?

3. Kanpai anexrp 3aHxUpliap HOUM3UKIM 3JEKTpP 3aHmupiap Ae6
atamaau?

4. Kanpa#l 3neKTp 3aHi¥@piiap NapMETPHK 3NEKTP 3aHXHpiap Aed
aTtanajan?

5. Hounsukiu-napaMeTpuK 3J1eKTp 3amkupiap Aeb Kanzaii anexTp
3aHKMpiapra aituIagu?

6. Kanpmail snemeHTnap HOYM3MKIM 3eMeHTIapra mucon Oyia
onaau?

7. IlapaMeTpuk 3neMeHTIap KaHAalh pexxumia NUTai u?

8. U33 map acocuif xoccalapuHX alTHHT (E3MHT).

9. HD3 nap acocuit xoccanapuuy alTHHr (E34HT).

10. I133 nap acocuii xoccanapiuHu alTHHT (E3HHT).

1'1. YnsuiH, HOYM3UKIN, NapaMeTpUK Ba HOYH3UKIM-IApPAMETPHK
alleMEeHTIap JIEKTP 3aHXupilapAa KaHiait mmaptind Oenrunap OunaH
Oenrunanamn?
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3. HOYH3AKJHA DJIEMEHTJIAP, YJIAPHUHI
XAPAKTEPHCTUKAJIAPY BA TIAPAMETPJIAPU.
HAPAMETPHK JJIEMEHTJIAP

3.1. Houd3BKJH Ba DapaMeTPHK 3J1eMEeHTJIap XaKaxa yMyMuix
TYUIyH9aaap

Howmsuxm asnementnap (HD) HoYM3ukiu 37MeKTp 3aHKHpiapH
TapkuOKra KMpajy, yJIapHHHI TapaMeTpiapy TOK Ky4YH €ku KydlaHuIra
6ormuk. HO napuu vk xytbnuk &ku TYPT KyTONMMK cudaruia Kapaiu
MyMkuH. HD Nlap akTuB XapakTepaari Kaplininkka ara 6ymamy.

Arapra HOYM3UKIH OSJIEMEHTNIapAa ylapfaH yTaérraH TOKHHHT
OHUWH KMHMaT¥ KMpHIIKIArd KyWwIaHdI OHUI KuifMaTHra Moc paByUIzna
KeuWKulmcus ¥3rapca, OyHmali oieMeHTIap HHepUUAcH3  Jed
xucobnanangu. SpHMYTKAsTHY OUOANAp, TPaH3UCTOpJIap Ba 3JIEKTPOH
JaMmnasapAad derapaBHif WINYM YaCTOTalaH [acT 4YacToTalapia
doitnananuiranna vHepIUACU3 1eb Kapau MyMKHH.

SpuMYTKa3rHWIM JUOA HKKH KyTOJHK XucoGnaHaau Ba Y TOK i,
kywianum U xuiimarnapu Ounan Gaxomadamy. TpaHsucTopriap TYpT
KyTOmiK 6§16, ynap KApHI TOKH i, Ba KywiaHUIIH Uy, YHKULI TOKH iy
Ba Kywranumu U, 6unaH, OyHnan Tamikapu GHp Heda Typmard BOJIBT-
amnep taBcudnapy dunax 6axonananu.

i
—

a) 3 6
3.1-pacm. a) apuMyTKazrud auoj, 6) Sumossp TpaH3UCTOP YIaHHLI
CXeMacH.

WHepuusam sJeMeHTIAapia YHKHLIZArd ToK OWIaH KUpHLIIAard
Ky4JaHHUII OpacHja KeUYHKHI mafino 6¥maan. MacanaH: ApHMYTKasru4
— TepMOpe3HcTOp (TepMUCTOP) OPKATH TOK YTranja YHHHI XapopaTH
macasiy, HaTHKala KapIIWJMr¥ Kamasgu. XapopaT NacalMiud acra-
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CeKHH coiup OynraHum y4yH, YHHHI KapIUMIHMIH XaM acTa-CeKuH
kaMasgu. DByHOa TepMUCTOpP  KApIUWIMTWHAHT  Y3rapullld  TOK
y3rapummnra HucOaTaH Kkedyukaid. DByHHMHI TeckapHcH HOYH3HMKIM
aneMeHT GappeTTeplapaa Ky3aTuiaiu.

Houu3ukii VMHAYKTUBIMK peakTHB 93JeMeRT  XucoOnaHamw.
MabiyMkd eppOMarHuT MaTepHaulap/ia MarHUT MHIOYKUUS FaJiTakIaH
yTaérrad Tok OUIaH HOUM3NKIN GOFaHUILra 3ra (3.2-pacM).

B L2}

0 i

3.2-pacM. HouM3nkiu HHIYKTHB SIEMEHT.

Muayxumon rantak ydyH MarHAT oKUMH @ MarHMT MHIYKUMACHra
TYfpH mpomopuuoHan Oynradd y4yH, MarHUT OKHMMHHHMHI TOKKa
OOFJHKINIY XaM HOYHM3UKIH. MHEpUHOHJIMIHK B2 HHEPLIHOHCH3IHK
TYUIYHYaCH HHIYKTHB 3JIeMEHTIapra HucOaTaH Ky/UlaHHIMaiay, TyHKH
MHIYKTHBIMK FalTakgaH TOK YTra"aa xXapopaT ¥srapHiiM 35Mac,
y3axHuHT peppomMarHut xoccacura GoFIIHK.

Houmsuimi KoHIeHcaTOp XaM pEaKTHB 3JeMEHT XucobnaHamaH.
Mucon y4yH, BAPHKOHI — HOUM3HKIN KOHIEHcaTop Oynub, yHna sapsan
MHKIOpH KOHJIEHCAaTop IIacTHHanapura OepuiraH KywlaHHIl OHaan
HOYM3MKJIH OOFNaHWIIAA, YYHKM BapUKOHAJA MUAJIEKTPHK cUdaTHAA
CETHETOREKTPHK MaTepHa Ky IIaHWTaId.

SpUM¥TKa3ry4 KOHJEHCAaTOp-BapHKaljga p-N JTHIOH CUFHMH
KydnaHuul (3apAl MHKOOpH) OMNIaH HOYM3UKIM OOFIaHUINAA YHAAH
6ourKapuiyByd EKM CO3JIOBUHM KOHJEHCATOp CH$arnia goinanaHunamm
(3.3-pacm).

Cw

Co

-u 0 - u
3.3-pacs. Bapukan dapana-Ky41aHHLI XapakTePHCTHKACH.

37



3.2. Houn3EKJIE 3/IeMeHTJIApHEAT TaBcH(JIapH Ba acocHi
napamerpJiapn

Howi3ukimi sneMeHTIap BOJBT-aMIlep xXapakrepuctukanapd (BAX)
opkam 6axonmanamu. BAX HDO Tyrpucmiaa Hespiu TYIMK MabIyMoOT
6epam. Mucon yuyH, spuMyTkasryd guoa BAX uu onaiinux (3.4-pacm).

i

i
2 | B
{
. Al
==
|
B
-U / U, U, U
0
3.4-pacm. SpUMYTKA3rU4 AUO] CTATHK KapUIMIMTHHY aHUKJIAIra
JOWP YH3Ma.

Arapna muoara Up xywianuin 6epcak (Up-CHIDKHII Ky4naHWIIH),
yHOaH 1o Tok Yytamu, Yy i=®(u) BAX s jguoara KyuiaHHII
OepuiraHziaru, YHMHI aKc TabcHpH xucobmanamu. Arap U; HEM i} ra
HUCOATHHH ONICAK, Y TMOTHUHI ¥3rapMmac Tok OyiHH4Ya KapLOuiIurid &xku
CTaTHK XapmuiuK ae6 aranagd, IbHH Rl_=R1ﬁ=Ul/i1. Huogra U,
Ky4naHum Oepcak, yHnaH i Tok yramu. SpHH R" =U/,. quomuunr
CTATHK KApUIMIMIH TYpTH Ky4IaHWIUiapia Typauda Oynamu, AbHH
Rl_;ER“_. CraTuK KapLIWIMKKa TeCKapd KaTTaJldK CTaTHUK YTKa3yB-
yaHmk Ae6 atanamu Ba G_ 6unan Oenrwnanany. CTaTHK KapIIvUIHK EKU
CTaTUK §TKa3zyB4YaHIMK Gepunrad KydnaHuira GOFaHK Oyica, 3JeMeHT
HOYM3HKIH XHcoOnaHaau.

i

Alz{i}___ : B
I
I
[

. A aU
g A 4y
!
U 1 uu U
3.5-pacMm. SpuMyTKa3sruy JHOA JUHAMMK KapIUWIHTHHY aHUKIaIra
OMJI YU3Ma.
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Arap mvogra U; xywianuiu OunaH Oupra y3rapyBuaH KyWwIaHHII
Oepcak, Ky4laHMIGUHMHI ¥3rapyBuyaH KucMu AU TokHH Ai ra

HUCOATHHUHT JHMHMTHHY OJICAK, ThHU A;ili OAUI/Ai1=du/di=RI~ EKH

R'd - HD muHr y3rapyBuad TokKa KaplIIHMIH &kM muddepeHUMan
(mMHamMBK) Kapinmauk Ae6 aramagu. duoara U, Kyd4laHum Ba KH4MK
yarapyB4an Kywianum AU 6e§)cax, y Xonaa B Hykra opcuparm
maddepenupan kapmumax  R''y # R'y 6ymamu. Varapyeuan Tox
KapLIMJIMTHHMHT TeCKapH KaTTAINIH ¥3rapyB4aH TOK YTKa3yBYaHIUIH
éxn mubdepeHman YTKa3yBUaHINK AeO aTanaay, SbHU:

1/R'=G", I/R" =G"_Ba G'. £ G"_ 6ynamu.

Hounsuxnm anemeHT BAX CHHHHT Typ/H HyKTanapura y3rapMac Ba
y3rapyByaH Kyunmaunuil Oepuica, YHMHT CTaTuk Ba muddepeHunan
KapIIHJIWKIapH Typnuya 6ymanu.

Hudrpeperunan yrrasypuannmuk G.=Ai/AU, HOUM3MKIH 3JIEMEHT
BAX cuuuur xyyranuin GepuiraH HYKTaJard KUAMUIH (KpYTH3HA)HH
Kypcatamu, y S=AVAU mawmpna anuxiadHagd. HOUHSHIGIM 31meMEHT
BAX Typiau HyKTanapUHHHT KHANMTH Typadta 6§mam.

3.6-pacMaa kextupunrad BAX HMHT Typanm HyKTajlapuaard
mddepeHnuan Kapuunurn €k KUAMIUrd TypiaM4a. 1 Hykraza
Iuddepertuan Kapiuidk Mycoar Ba MabIyM KHitMaTtra 3ra, 2 HyKraaa
R =, uyHkH KywlauuirHMHr AU y3rapuuid Tok y3rapuiudra oiau6
kenaMmaiau. 3 Hykraga R <0, yyHkd KyWIaHHIOHHUHT OWIMIUM TOKHHUHT
KaMaifiHimra oMo KejaMoKaa.

Manouii nuddepenunan xapmmmuk R Gu3HK kuxatnaH sHeprus
MaH6au xucobmaHamu. MycbaT KapImHIIMK 3ca SHepTrus MCTEBMOMHCH
xucobianamy.

2
3
1
U
0
3.6-pacM. Mypaxkab BoJbT-aMep XapakTepHCTHKAIN HOUN3HUKIH
3JIEMEHT.
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HD xupumyra rapMOHMK IIAKIIard KywiaHuin ud{t) Gepunrania
yHAaH YTagTraH Tok OMpPUHYM TapMOHWKAacu amrutuTynacd [, HuHT
yarapuion (GOFIMKINIH) HH aHUKNAI kepak Oymamu. By Oormuknnk
Yprava KUsIAK (CPemHsSs KPYTHM3HA) Sy, OpKaid Gaxonanamy. HOpan
yTaétraH TOK OMPHHYM rapMOHMKAacH aMIUIMTyZacd 1 Hu xupuuigaru
rapMOHHMK TeGpaHHII INAKIMAArd curHan amnaurtyaacu U, ra HuGaTu
OMpUHYM rapMOHHMKa O¥Hu4a ¥pTaya Kusmuk Ae6 atananu Ba Sy=I,/U;
ra Teur OYymamu. IllyHra ¥yx-1am TokHMHr OolnKa rapMOHHKanapu
O¥itnya XxaM KMAJIMKHM aHUKalm MyMkuH. byra:

Syp2=l/Uc, 85p3=l3/Ur , ..... Sypn=1e/Ur  6¥mamu.

Kyn xonnapma mynoxaza OMpUHYM rapMOHMKa O¥iiHya KUANHK
yctuga Oopca, ypraya KMAMHMK aTaMacuIaH (oiimataHunaif,
rapMOEUKACHHMHT COHM KypcaTHiIMaiktyiy.

HDO BAX 4M3HKIM KHCMHIA Sy,=Sg, SbHH MII HyKTaCHAard
KHAMMKKA TEHI Oynagd. VYpraya KHUIHK KHPHII  KyWI3HHLIH
aMIUmMTyAacura 6ofFnuK y3rapub Oopamd, abHu Syp=®(U;) 6ymmb, y
i=®(u) BAX HHHT KHPUII CUTHANM OHUH KuiiMaTH OMIIaH YUKW TOKH
aMmmuTymacuHd  Oormafinu. Kymrusa HD yd9yH KkupHIn CHTHanIH
aMIIATYJACHHUHT KatTajamumy BAX cum OouutaHFud Ba OXHprH
KHCMJIZDUMHM XaM sraiaiimy, 6ynna HOD yraérraH TOKHUHI MaxcHMal
KHUHMaTH OPTUIUY KUPHUIN CUTHAH aMIITMTYJACHHUHI KaTTaalliIIHaH
Kypa cexumwnamanu. by apaHaa HMKMII TOKH [HAKIM AacTiabiu
rapMOHMK INAKIJaH acTa-CeKuH (QapknaHud, TpameuUACHMOH,
TYpTOYpYaKCUMOH WMIYNEC [OAKIMHM ONaid Ba TOK OHPHHYH
FapMOHHUKACH KaTTAALINIIA acTa-CeKHH TYXTalau, TOKHUHT UKKUHYH [
, YUMHUH [; Ba X.K. rapMOHHMKATapH aMIUIMTYJacH ommubd Oopanu.
Hatuxkaja ypraua KHAIKMK KYPCATKHIH Syp KAMAsIK.

3.7-pacMaa Sy, HMHT KMPHLI KY4JAHHIOH Ur ra GOFIUMKIHK YH3MAacH
KeATHpUAraH. ByHna sy, Gouutamrmy xuiiMate BAX HEHr Kalicu
HYKTaCHTa KMPHMLI Ky4IaHUIIY GepHIraHinrura GoFmK.

I Syp So\_\ Syp
1 —_——

0 u Ur

. 6
3.7-pacm. YpTada KWUIHKHHAHT Mill HyKTachra OOFTHKINIY YM3Macy.

a) 1-uimyy HyKTa y4yH, 0) 2-MI049H HYKTa Y4yH.
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By pacmiappa: S‘o — BAX HuHr 1-HyKTacH CTaTHK KHAIHIH, S”o -
BAX HUHI 2-HYKTacH CTATHK KHSAJIHATH.

Houusukny akTHB Ba MAacCUB 3MEMEHTIAp XaKUAard Myloxaszajap
HOYM3HKIM MHAYKTHBIMK Ba KOHHEHCATOpJAp y4yH TerHuum 6ymuo,
MOC PaBHINZA TAIKHH 3TUII MyMKHH. ByHaaH Tamkapy, quddepennnan
nHaykTUBIUK L. Ba muddepennuan curim C. xamMMa Xoinapaa mycbar
KaTTanukna 6ynanu.

3.3. Pe3nmcrnn Ba peaKTHB HOYH3HKJIH 3J1eMSHTIapA2 NaPAMETPHK
JKapaénaap

Pe3ucTHB Ba peakTHB 3NMeMEHTIApAaH MabiyM OHp HII XonaTvia
napaMeTpuK 3neMeHT cupaTHaa ¢olinananunamu. Mucon Tapukacuna
PE3UCTHB HOUU3HKIN 3NEMEHT APUMYTKA3TU4 JUOJHH oNaimuK. YHUHT
BAX cu 3.8-pacMia KeNTHPHIITaH.

Juonra 6upH xatra KywiaHunuy 6omkapyBun ut)=Ugsino.t Ba
HKKHHYHCH HHcOataH mact kyunaHuuuid Uy(t)=Ugsinest Tebpanuimnap
Oepunran Oyncun. Bynzma OolikapyBYM CHIrHal HIOYH CUrHaIra
HucOaTaH CeKHH y3rapyByaH, SBHH ©q«® O6yncuH. J{oMMHA CHIDKHII
kywranun E; épaammupaa uin Hykracuuu auon BAX HuHr A HyKracura
ypHatamus. bynna UpU, 6Ynrann yuyn BAX nunr U, KywraHum
Ky#unraH KAacMuMHM uM3MKIA Je® xucobmam MyMmkuH. BolukapyBum
Ky4laHul U, 1Mo BAX HHUHT feApnM XaMMa KHCMHHM 3rajulaind Ba

3.8-pacm. Hounsukiu aneMeHTra 6Mp BakTAa Kyuny Ba KydcH3
CUTHAIHHHI TAbCHPH.

41



Kyycu3 MHIYH CHrHajHMHT BAX KyMunuin HyKTacHHH acTa-CeKUH
yaraprupagu — OGomkapaay. Xap OUp HIN HyKTacura MabiIyM OHHUM
KMANUK So TYFPU Kenamay.

W HykTacu 6olnKapyBuM KysJIaHUII U, TABCHpPHIA Y3raprauu yuyH
KASJTHKHHHI OHMH KHIIMaTH xaM ¥3rapamu, ssHH So(t) Oyyamu, BaxT
Oyiinua ¥y3rapub Oopamu. JMOAHMHI U, CHrHAITa a8KC TZbCHP TOKH
Ieapad CUHycoupan 6ymamm, aMMo u,(t) ra HucOaTaH auoa TaBcHbU
Kusnury Bakr OYiimua Y3rapub Typamu. IyHHHr y4yH JAHOAnaH
yTagTrad TokHH Kyfiuaarvya ngomanau MyMKIH;

I(t)=so(t) uu(t)=so(t)- Uysinwet, G.D

WyHgaid Kumub, KHYHK aMIUIMTYyJand MUIMA KywiaHHiora Hacbatad
YH3MKIN 3NIEMEHT XucobnaHany, amMMmo So(t) Bakr 6¥iiuuya ¥3rapubd
TypraHd Yy4yH JHOX YH3MKJIH-IIAPDAMETPHK pexUMOa HWImIaiy.
Houmsuiyin 3JeMeHTIapAaH IapaMeTpPUK JJIEMEHT XOCWI KWIHALINA
miray Ba Gomrkapypun kywianuinap HD 6uTra kupuinura ki Typiu
KHPHILIAPY —3JIEKTPO/Iapura OepsiMimy MyMKHH.

IOxopuparura  yxwam — NpHHOMNA2  HOYHA3HKIM  PEaKTHB
9JIeMeHT/IapHU XaM [1apaMeTpHK SNE€MEHTra aillaH THPHIT MyMKHH.

3.4. HouH3HK/IH PE3HCTHB Ba PeaKTHB 3JIEMEHTIAP
XapAKTepHCTHKAJIAPH

Houusuxin pesncTHB Ba peakTHB 3NeMEHTNAp HOLUIA NPHHIMIH
Typnu ¢U3UK xxapaéHiapra acocilaHTaHU YIyH YJNapHHHT BOJBT-aMiep,
BOJIbT-KYJIOH, MArHHT WHAYKOWICH (OKMMH) — Tokra OoriaHMil
TaBcuduIapy TypiH4a.

SApuMyTKasrud OHOJ BONbT-aMmIiep TaBcudu 3.9a-pacMua, TyHHeN
maox BAX cu 3.96-pacMpa, 6Mmossip TpaH3MCTOp KHPHIN, YTHII Ba
qukun Tascudiapu 3.10a, 3.106, 3.108-pacMnapaa Maitnon

i i

u u

——

a) 0)
3.9-pacM. a) ApuMyTKa3rHy QUOJHUHT BOJIET-AMIIEp XapaKTePHCTHKACH,
6) TyHHe JUOTHHHHT BOJNBT-aMITEP XapaKTePUCTHKACH.
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is i 2 i Is
Ex Is...
5 I
Ups Us, E,

a) 6) ’ 8) ®
3.10-pacMm. a) GunosAp TpaH3UCTOPHHHT KMPHII XapaKTepHCTHKACH,

6) 6UnoNAp TPaH3WCTOPHHUHT YTHII XapaKTEPUCTHKACH, B) OHIIONAD

TPaH3UCTOPHUHT YAKHII XapaKTePUCTHKACH.

“Uy 0 u, 0 U, -U 0 U
a) 6) B)

3.11-pacM. a) MaiiOH TPaH3UCTOPUHUHT KMPHII XapaKTepHCTUKACH,
6) MalIOH TPaH3MCTOPHHUMHT JTHII XapaKkTepuCTHKacH, B) Mail10H
TPaH3UCTOPHHMHT YHKHII XapaKTEpPHACTHKACH.

TPaH3UCTOPH 3aTBOP-CTOK, CTOK-MCTOK, CTOK-3aTBop BAX napu
3.11a, 3.116, 3.11B-pacmnapna kentupuiras. 3.12 pacmaa cTabUIHTPOR
TaBcHpu xentHpuirad. Houmsukmm snementinap Oup kuiimMatiu (3.9a,
3.10 Ba 3.11-pacmnap) Ba xyn kuifmMatTiu Sormanuum MymxuH (3.96 Ba
3.12-pacmiap).

»
>

u
3.12-pacM. CTabuIuTpOH BONE-aMIIep XapaKTepUCTHKACH.

Ban3aH BAX uunr kypunuiuura Kapa6, ynap N-cumon (3.96-pacm)
Ba S-cuMoH (3.12-pacm) neb aTananu.
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3.5. HoYHA3uKJIH Pe3HCTHB %JIeMCHTHAHI FApDMOHAK TeOpanmAMIra
aKec TabCHPH

Houmsuxnn  pesuctuB  sneMeHTHHHr BAX  3.13-pacmua
KeITUpWIraH. YHra E —cumiui Kywianumuau 6epud, uim Hykracuay 0
(Honp) HyKTagaH A HyKTara cypamu3. Y0y HyKTara IapMOHMK
TeOpaHHUII MaKIuIar

u(t)=U,sinwgt (3.2)
Ky'wianumrsu 6epamus. HO ra 6epunran ymymuit Kyunasum
Uy ()=Ec+Usinot 3.3)

Omnan udomamanagy. HDO yHKMIIMAArdH TOK ¥Y3rapHIl KOHYHHHH
reoMeTpUK aKc Kyuupum, fTbHM rpaduk MIakiuga kKypamus. 3.13-
pacMmad HDO ¥rysum OGomwranrmd 1ok — lgp , TOK JOMMMH TamIKui
styBuncd — I, TOk OHpPHHYM, WMKKMHYHM Ba X.K. FapMOHHKaJIapH
AMIUTUTYJa/IapyHu XucoOnab Tonwm MyMKHH. By ycyinga umiHuHT OHp
KHCMH 4YM3Ma LIAKTHA2, HKKUHYHCH AHAMATHK (MAaTeMaTHK) Xoiiga
Gaxapunralu yuyH Oy ycyn rpado-aHamTHK ycyn 1eb HoMmaHaau.

By ycyn ¥3uHMHT KypcatManu 6ynumu 6wnan 6upra, HO HuHT y
ki Oy okuxaTmaH O3HI MyTaHOCHO HIUIAIl PEXHAMHHH aHUKIALI
HMKOHMATHHH OepMaiiny.

i

100 ______ -

A4
!
3.13-pacM. HouH3HKIU 31€MEHTra FapMOHHK TeOpaHUHIHIHT TARCUPH.

4



3.6. Houn3uK/IH 3JIeMeHT/IAp XapaKTepACTAKAIAPHHE
anmpoKCcAManHAIII

Houusvkiu snemeHTnapHuHr BAX nmapn Ttaxpuba Hynmu Ounax
onmuuub, ofatAa rpadMk EKM >KaABaN IIAKIHAA KeNTHpHUIagu. Yuby
rpadux Eku skanBan IakauAa kentupunarai BAX napHM Teruuumi
mareMaTHk udonanap Oumnan amMawTupum - HD HuMHr  xupH
Kyd/laHMIINIa aKC TAbCHPUHH KepaKIMruia aHMKIMKIa, OCOH xucobnam
HMKOHUATHHH Oepuiu 6unaH 6upra y éku Oy HyKTau HazapiaH 3HT
MakOyJ1 MINIAL XOJIATUHH aHUKJIAll HMKOHUATHHK Oepann.

Houusuknu 3neMeHTHHHT rpaduk &kv jxanpan luaxinaa 6epuirad
BAX Hm aHamuTHk (Marematdk) wudoma OwilaH anMalITHPHII
anmpoxcHManuanan aed aranaim.

ATNNpoKcUMalUANTOBYH GYHKUMsIap Ky#umaru tamabiapra xaBob
GepHILH Kepak:

1. AnnpokxcuMalUaIoBYH PYHKLUHSA HJI0KH Oopuya ofmuii 6ynumu
kepak, Oy QyHkuus opkamM OakapuiafgMrad MaTeMaTHK aMaUlapHH
COAJanaliTHpany Ba UIN XaKMUHH KaMalATUpaay.

2. AinpokcUMalUANOBYH  (YHKIHA  HOYM3MKIH  SJIEMEHTHAH
yraérraH yMyMH#l TOK TapKuOWIAH Kepakid CHEKTpan TauIKui
3TYBUMIIAPHHY aHUKJIAIN HMKOHUATHHHY OepHIIHN Kepak.

3. AnmpoxcuMauuanoByn GyBkuMsA €pAamulia TONMMITaH TOK Ba
KyWIaHMIUIap xulimMaty GepunraH anukiuiaa pean BAX &xm axanpan
OpPK&JIM aHWKNAHANUraH KWiiMariapra tanab 3THAraH Aapakazga Moc
KeJIMIY Kepak.

ANMpOKCUMalUANOBYH GYHKUUA cudatuga KyHuJarn mMaTeMaTHK
$ynxumsanapgan ¢oifgananunanm:

a. N — JapaKaJH TTOJIMHOM;

i=ag+autau’+.....agu” 34

Ba YHHHT XyCyCHH WIAK/LNApH: HKKHHYM Ba YUYHHUM Japaxand
NOJIMHOMJIAPAaH, AHHH

i=agtautau’, (3.5)
i=agta utau’tar’ (3.6)

6abp3¥ Xo/UTapma YYHHYM Ba O€lIMHYM JapaXalH KHCKapTUpMJIraH
noJIMHOMJIapAaH XaM doiiaananunau:
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i=ajutasu’;  i=ajutasu+tasu’ . 3.7
6. DxcroHeHTaCHMOH QYHKIHA

i=Ae™. 3.8

B. Tyrpu umsuinap &pnamuna 6ymaxiab anmpoxcuMaumanam, 6y

ycyn 6ab3aH CHHHMK YM3HK OUJIaH anmpoKcHMaNHsLIall qef xaM atanami.

by ycyn Kynnanranja HOYM3UKIH 31eMeHT BAX cu 6up Heua (omaTia

2, 3 Ba Oab3aH 4) KMCMra axpaTWiagH Ba Xap 6up KHCMHM TypnM
KWANHKKA 5ra OYnran TYFpH YM3KKIap OUilaH ajiMalliTHPUIa H.

3.7. Houn3aKaH pe3ucTHB lemenT BAX cnan noamaoM GHIaH
anppPOKCHMANHNAALT

Houusuxin anement BAX cu 3.14-pacMaarn kypuHumna 6yincun.
ByHpait TaBcud snekTpoH nmamna guox BAX cura TYrpm Kemamd.
Tascuduu 3-mapaxany NOTHHOM OUIIaH aNpOKCHMALIUA KATaMH3:

i=ao+a]u+a2u2+a3u3 . (3.9

1

Too}’
1 2

1
UI UZ U, 3 U 4 u
3.14-pacM. HOUM3HIUIH 37IEMEHT BONBT-aMIIep XapaKTepPHCTHKACH.

|
|
|
|
[
|
|
|
|

>

Ymby annpokcuMauusnoBdM (YHKIMA 8y, @), & Ba a3
k03¢ PUIHEeHTIapHHHHAT MabioyM Gup kuiiMatuiaa HD peam BAX wura
Moc kemamu. YwmOy xo3ddurreHTIap KHAMATHHA TOMMII Y4YyH
taBcHpaa 6epuirad U, U,, Us Ba Uy KywiaHdmiapra Moc TOKHUHT |,
I, I Ba I kAiMaTIapuHK TONaMHU3, ABHU
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I;= ag+a,Us+a,U > +a;U,

L= a0+a1U2+a2U22+a3U23 5 (310)
L= ag+a, Us+a,Us>+a;Us” ;
I4= a0+a1U4+a2U42+a3U43 .

yidy TYpT HOMabIyMIH TYPT TeHrjaMauM Gupra eun® ao, a;, a; Ba a3
ko3QduIeHTIap KuliMati aHuknanaay, Oynma U,=0 kmiimatura HO
gaH YTypunm Oomnanrmd TOK lpp Moc kemamu, 49yHkH OyHOa
12=Ioo=ao+alU2+a2U'22+a3U23 . anmpoKCHMAlUANOBUH (yHKUMAOarn a;
k03¢pdurmedTd BAXHunr U,=0 kyunanuira Moc 2-HyKTagard Taecud
KUAIUTH S-ra Moc Kenmamy, a, Ba az KO3(G@PHLMEHTNApU KWAIMK S HUHT
OUpUHYM Ba MKKHHYM XOCHJACHFa MOC KeJlafil. ylap MOC paBHILAA
KyHupary ¥nyoB Gupimkiapuia OaxonaHamm:

MA/B; MA/BZ; MA/B>.

By ycyn Gepuiran Hykranap ycysiu aed xaM aTanagd.

Ymby Typnu annpokcumanuanamga BAX HHUHT kBagpaTHK KHCMH
MYyXHM axaMMATra 3ra, YyHKd Oy KMCMH MOXYJSAUMSIALI, AETEKTOPIALI
Ba 9acTOTa KyNMafiTHpyIN Ba X.K. xapaHiapyuia acocuii xucobnanany.

[IIyru 3cnatn® YTHUIN Kepakkd, arap n-Japakxad MOJHHOM OHilaH
annpokcHMalMsialiaay  ¢oiganaHuinca, YHHHT Koa¢dHIUeHTIapy
KuAMaTIApHHHA aHUKIal YYyH n+] TeHrnama Ty3ull Kepak, OepuiraH
Ky'I2HHLI Ba TOKJIAp COHM XaM n+1 TamaH O6YHLHN kepak.

3.8. Houm3ukiu pe3ncrds 3jieMeHT BAX cHHH 3KCHOHEHTa
6mJ1aH annpoOKCHMANANAIA LI

SpumyTkasrud guon Ba TpaHsucTtopaap BAX yapu GomumaHuin
KHACMH SKCTIOHeHLHaN GYHKUMA OpKATY AXIIN alNpoKCHMallWANaHaH.
Mucon yuys auon BAX 3.15-pacmaa Gepunran 6yncun.

-u u

3.15-pacm. SpuMyTKa3rya NU0J BOJILT-aMIEP XapaKTCPUCTHKACH.
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~u

3.16-pacm. DuIeKTPOH J1aMna A0 BOJbT-aMIEP XapaKTEPUCTUKACH,
BAX (3.16-péé'1;45 HHU aNMpOKCHMaUHUSUIOBYM GYHKIHA
[=Ape™ (3.11)

6unan comuuTHpuO Taxmuwi stamus. Bynma u=0 6¥nraHnma Tox i=ay, ag
k03$GULKEHT BakyyM AMOMIAH YFTyBuM Goluwnafud TOok lgo ra Moc
KeNnany, IyHUHT YuyH (3.11) Kyliuaara KypHHHIIHEN Olangy

i=Iooeau. (3 | 2)

(3.12) udonanarv o — xoodduIMEHTH KUMATUHM aHUKIAM YUyH
3.16-pacmua u=U, ra moc i=I; aHuKxnaiimMu3

Il=Ioe“”1. (313)

(3.13) renrnuknaH 4-xo3ddHUMEHT aHWKNaHaxW. SpUMYTKA3rHY
mion BAXwu BakkymM guox BAXcum xypunminugarn ¢apku u=0
KyWwIaHWII HykTacuna 6¥muob, Ompununcu yuyH i=0, HKKUHYUCH yUYH
i=lpo. [lemak, spuMyTKasrud muon BAXcu Kyluaarn 3KCroHEHIHOHA
udonara Moc Kenau:

i=Ag(e™-1). (3.14)

3.15-pacMpa u=- pe6 xucobnacak, AMox OpKamu I, ra TeHr
TeckapH Tok yTanu, yaaa (3.14) ndomanu Kyiinaarnda €3um MyMKHHE:

i= I (e®-1). (3.15)
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(3.15) udomanary o — ko3QPULHEHTH KUAMATHHU aHHKJAI Y4yH
U=u; KywIaHHLITa Moc i=I; TOKHH aHUKJIaMHU3 Ba

1= (e™-1) (3.16)

TEHINIaMaHH o ra HucbaTaH eqaMus.

SlpuMyTkasruynapaa o — ko3puUUeHTH KuiiMaTH APAMYTKA3rU4d
Marepuanura 60FIKK, repManuiing auon y4uyH 0,=0,4+0,5, KpemHuitnu
muon yuyH a,=0,6+0,8.

AnNnpokcHManMsIoOBYM SKCIOHeHUHan ¢yHkuua pean BAX ra
MOCIIHK JapaxaciHM anuknam ydyH 3.10 udoxmaum norapudmnam
OPK&IH YH3HKJIY IIAKIra KeNTHPHII ycynuaal (oiizaraHaMus.

Ini=Inlpe+au (.17

(3.17) upoma TOK NorapuPMHMHH Ky<WIaHHIIra TYFPH YUIUKIH
OornaHUIIJaTMIMAA Kypcatagu. Arap pean BAX skcrnoHeHuMan
dynxus  (3.10) ra awuk moc 6¥nca, (3.17) uusukin GornmaHuIuga
6ynanu, ymapHUHT dapKy XaToJIMK AapaXacHHM KYpcaTaiy.

3.9. Houn3nkin pe3ucTuB jieMeAT BAX cann TYFpu YH3HK
Oyaknapu OnJjIaH aONpPOKCHMAaNASJIALT

By Typnu anmpokcuManus HOUYM3MKIM 3ieMeHTiap Ba HO3HM
TaxJIWI 3THIIHK ocoHnamTupand. Bynga HO pears BAXcu 6up Hewa
KHCMJIapra axpaTWjiagd Ba Xap OUp KHCMM TYpNIH KHWLIHKIN TYFpU
yp3dkiaap OWiaH anmMamtupuinazd. Mncon yuys, 3.17-pacmpa
kentupunrad BAXwuH annpokcrMaumusnamn kepak 6ymcun. YOy
TaBcupHH 4 Kucmra 6yi1aMu3 Ba yJapHH TYFpd 4d3HKIap OuiaH
anmpoKcHMalHsIaiMu3.

1-kucmma i=0, gyHku u<U; Ba S=0;
2-kucmaa i= S-u, uynku U;Su<U, Ba S#0;
3-kuempa =g, yynku Up<u<U; Ba S=0;

(3.18)
4-kucmpa i= S;-u, uynkuw Us<u<Uy Ba S#0, 5,<0;
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3.17-pacM. Mypaxkkab BoNbT-aMIep XxapaKTepUCTHKAHH
anmpoKCcHMalHsIall.

Tyrpu uu3uk 6ynawiapu 6uiaH anmpokcuMaUiAiam CHHHK YHU3UK
O6mnan anmpoxcumanmsmami fAe6 xam atajagy Ba HOpman kyumu
KywiaHum Oepuin xonatuga, spHY YHUHr BAXcH yTa&Tran TOKHHHT
3HI KMYMK KHAMaTHIAH 5SHr kaTra KufMaTurada KHCMUAAH
¢olipanannirana KyuiaHagu.

Haaopa'r caBoJLIapH

1. HHepuuscHs 3NeMEHTHHHI HWHEpUHANM 3IeMeHTAaH apku
HuMaza?

2. Houn3auxmm xoHAEHCATOp, PE3UCTOp Ba HHIYKTHBIMKKA MHCON
KEITAPUHT Ba YJIaDHUHT aCOCHI XapaKTepHCTUKAJIAPHHY TU3HHT.

3. JdouMuii TOKK2a KapIUMNMHK (CTQTHK KapIIAIHK) KaHpaid
aHMKNaHaM?

4. VY3rapysuaH ToKka KapIIIIMK (IMHAMEK KapIIMJIMK) KaHmai
AHUKITaHaTH?

5. Houmnsuxnu snemenT BAXcu kusivry Kakicy KypcaTkyy GuaH
6axonanamn?

6. VYpraua kusiuk HuMa? Y KaHIall aHHKIaHAIN?

7. HO ypraua xuanuru Sy, KMpHII Ky4JaHMIuM OunaH kaHpmai
6ormanran?

8. JSpumyrkaszruu quox BAX cu kauna#i KypuHHUILTa 3ra?

9. TynHnen nnon BAX cu xaHna#t kjpuHmmra ara?

10. Bunonsp TpaH3ucTop kupuin, 4MkWm Ba YTHm BAXiapu
KaHpaa# GornaHrannap?

11. AnnpokcuManusa HuMa?
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12. AnnpoxcumauusanoByy  ¢yHkuusanapra kangaffh  Tamabmap
Ky#unann?

13. ApumyTtkasrua BAX cHHM SKCMOHeHTa OWJIAH amNNpok-
CHMaIMAIaHT Ba aflIpoKCAMAIUs kK03bGhULIMEeHTIApHHH aHHKJIAHT.

14. H3 BAX cuHM HKKMHYM Japaxaid IOJMHOM OmiaH
anmpoKCHMalUs KWJIHHI Ba alnnpoKcHMauusa Kko3¢HLUHeHTIapHHU
aHWKIIaHT.

15. Maiigon Tpausuctopu i=®(U;) BAXcHHM CHHUK Yn3uK OHaH
anmpoKcHMalus KWIMHT Ba aNdpOKCHMAUWA K03 QHIHEeH TIapHHY
aQHUKJIaHT.

16. HD BAX cunM cHHMK 4YM3dK OuiaH annpoKcHMAamusUlaligaH
Kaiicu xoJulapaa doiiaanaHiim MyMKHH?

17. Cumxum xyunandiud E; Ba H3 énuanm xyunaswum U
KaHzai ¢pU3MK MabHOra 3ra?
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4. HOYHU3HUKJIA JJIEKTP 3AHXHPJIAPHH TAXJIWI 3THII
YCYJLUIAPH

4.1. HJ poiiam peskamJapH Ba TAXJIEJI 3THI yCyJLIapd

Hoyusukny sneMenTnap Ba HOYMSHMKIN DJEKTp 3aHxupriapia
KHMDHII CHTHATH CHEeKTpHHHHr OoffMin Ba ¥3rapmin Xomucacd pyii
6epanu. BoifMran TOK CIeKTPMHMHI Oab3winapu ¢oinand, KoJraHaapH
¢oiinacus xucobnamaau. HO Ba HO3 napm xupum TtebpaHuiwiapu
(KMpHIN KyWIaHWIOH, CATHAJIN) COHHra Kapab:

MoHorapMoHHK — 6UTTa KHpHILI TeOpaHUIIH

w()=Uj cos(@ot+ ¢o); 4.1)
6UrapMOHNK — MKKH KHMPHII TeOpaHunin
u(t)=Uj cos(ot+ ¢)+Uk cos(mat+ ¢2) ; (4.2)

[IONMrapMoHKK — 6up Heva KupHIl TeOpaHHIny

n
Ui =2 Uim cos(@mt+o¢m) 3)

pexwumMnapu ¢apknaHam (m=1,2,3,-N).

ByupaH Tamkapu GUrapMOHWK pexuM TeOpaHHWIN YacTOTaNapH o,
Ba ©, TapHWHT ¥3apo HucOaTHra Kapab: CHHXPOH PeXHM, arapia ®; HH
@, ra Hucbarty karra 6§nmaran comnap nucbatuna O¥inca, sbHA

o234 &xm 211l
o, w, 234

ACHHXPOH DEXHM, arapfia ©; HM ®, ra HAcOaTd karTa OyamaraH
coHJiap HucOaTuaa 6§1Maca ne6 QapkiaHany.

HD Ba HO33 napuga VyraétraH TOKHH TapMOHHK TallKiUI
STyBYHjapra &HuIl Ba  YNAapHHHT  KufiMaTiapuH#  aHMKIAl
MacalacHHUAT TYPJH YCYJUTapyu MaBACyA:

I. Kappanu  apryMeHTIH  TPUrOHOMETpPUK  QyHKUMAIApAaH
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doitnananum yeynu. By ycyn H3 BAXu n-papakanu nonuHoM Ounan
aNNpPOKCUMALHANAHTAaH A KYJTaHUIaI4.

2. Kecum Gypuaru (bepr) ycynu. By yenman HO BAX uHM cHHHK
YH3HK OHJIaH anmpoKCHMalHANAHIaH[a HILIATHIIa N,

3. Becceny ¢ynkuuacuaan doigananum ycynd. By ycymman HO
BAX uHM 3KCITOHEHTAaCHMOH QYHKUMA OWiIaH annpoKcHMalKaaHraHaa
UIUTATUNAIN.

4. 3 Ba 5 opauHaTanap ycynu. by ycynnan ¢ofinananragaa HO
BAX uu annpokcumauusiam tanad stunmaiimm. Tok cnekrpan Tamkui
3TYBUMIApH Ipado-aHANMTHK YCYNIa aHUKIaHaH.

4.2. Kappajan apryMeHT]IR TPHIOHOMETPHK QpyHKNAANApAaE
doiizanagam ycyn

HD3 BAXH yuuHYM [Japaxald NONHHOM OHNaH anmpoxcHMa-
LUAIaHTaH OYncHH,

i=ao+a|u+azu2+a3u3 . 4.4)
YHUHT KApHLINTa OWTTa rapMOHHMK TeOpaHHUIT TAbCUP ITCHH,
w(t)=Ugcos(wott+ o). 4.5)
(4.5) nu (4.4) udonara Kyiub xamaa

cosza=0,5( 1+cos2a)
cos’a=3/4 cosa-+1/4 cos3a 4.6)

TPUTOHOMETPHUK opMynanapiaH ¢oiinananu6, HO nan jra&rrad ToxHH
CIEKTpal TAIIKWUI 3TYBYMWIAp HHFUHIMCH laknuaa Udonanaimus

i=aq+a; Uycos(ot+po) tarU%cos™(@ot+9p)+a3 U kcos (ot +po)=
=ag+ a,Ujcos(wet+o)+0,5a,U%+0,53,U% cos(2met+2¢g)+
+0,752;U° cos(mot+¢o)+0,25a;Ucos(3wqt+39p). 4.7

Yily TOK @ YaCTOTATH TAIUKUI STYBYUJAH TAIIKAPH, TOK JOMMME
Tamiun 9TyBUMCH (wo=0), UKKMH4YM rapMOHMKAa (2@) Ba YUHHYH
rapMoHuKa (3mp)Talliki 3TyBuMIapaad ubopar. By Tamkun 3TyBunnap
KyWupard kuitmatnapra sra:
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ig=ag+0,58,U% ;

i1=a1 Uk+0,75 a3U3k N

i,=0,5a,U% ; (4.8)
i5=0,25a,U°, .

ByHna TOKHMHT JOoMMMIf TAWIKWI  O3TYBYHCH Ba XKydT
rapMOHHAKANAPH ANIPOKCHMALMATOBYM MMOJMHOMHMHT Xy(]T Aapaskamm
TalIKWI STYBYHIApY Ba TOK TapMOHHKaJap¥ TOK JApaXKamd TALUKHI
9TYBUMAAPH Xucobura naimo 6ynamu, my Ouian Oupra aHUKTaHAIUraH
TOKHHHI SHT' IOKOPH TapMOHHMKACH aNNpPOKCHMAIHAIOBYM MOJMHOM
Jlapakacdra TeHr OYnamm. AHHUKIAHagWraH TrapMOHMKa COHH OLIraH
capy YHM KHifMaTH aBBanrmiapura HucbGataH kamaiin6 Gopamu. 4.1-
pacMmjia TOK aHHKJIaHTaH CIIEKTPal TAIMKAT 3TYBYMUIAPY KEJITUPHITaH.

I
I; ;
10 IZ 13
0 wy 2we 3wy @

4.1-pacM. UNKHII TOKH COEKTPaN TALKKUII STYBYHIADH.

BAXcH y4yrHYH Japaxamd noiauHoM (4.4) Ounan udomananrad HO
KVpPHIOHIa HKKWTA TeOpaHAII TahCHP STraH XONAaTHH KYpHO 4YMKaMus.

byrna
w=U;cos(m;t+ @) Ba uy=U,cos(@,t+ @) ; 4.9)

Ba yJIapHHHT YacTOTacH @, >®; O¥icHH.
(4.9) iturungucnuu (4.4) furunaura KysMuz Ba HO aan jraétrad
TOK HOTACHHH OJAMHU3

i=ayt+a,U 1cos(m,t+(p1)+a1U2cos(m2t+q>2)+a2[Ulcos(m1t+<g1)+U2cos(o)2t+
+95)J++a3[Ujcos(@;t+1 )+ Uzcos(@at+,)] . (4.10)

(a+b)?, (a+b)’ uu &iimm Ba

cosa-cosp=0,5cos(a+p)+0,5cos(a-B);

cosa-cos B=0,5cosa+0,25cos(2a+B)+0,25cos(2a-B);
cos’a-cosB=0,5¢cosp+0,25cos(a+2B)+0,25¢c0s(a-2P) TPHrOHOMETPHK
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dopmynanapnad ¢ofizananu6 (4.10) HM KyHMpgarm kypuHMIOra
KeTHpaMH3:
i=ao+alU1cos(a)1t+(p1)+a1Uzcos(m2t+(p2)+0,5a2U21+0,5a2U22+
+0,5a2U1cos(2a)1t+2(p1)+0,5a2Uzzcos(20)2t+2<p2)+azU1U2cos[(o)1+
02)tH@1 )]+ +a;U Uzcos[(w;-a,)t+(@1-92) ]+
0,75a;U° ,cos(o;t+9; )+0,752;U cos(w,t+¢,)+
+0,25a3U3lcosg3co1t+3(p1)+0,25a3U32005(3co2t+3q>2)+1,5a3U21Uzcos(m2t+
¢2)+ +0,752;U" Uscos[(@1-202)t H@1-20,)]+
0,7523U% U cos[(@1+2m,)tHg1+29,)+
+1,5a3U1Uzzcos(m1t+<pl)+0,75a3U1U 2€0s[2@+w)tH2 @ +¢o) ]+
+0,7523U; Ucos[(201-02)t H201-¢2)] - @.11)
(4.11) undomanarm HDO opxanu ¥1raH TOK CIEKTpal TaIIKHJI
STYBUHJIADU CIIEKTPHHHU 4M3aMu3 (4.2-pacM).

ARt

0 —_—
~
3

(<1 —

-~ ~

3 3
N

2w; —

3
w;-Zw/ —
W@ |——p
WHW ey
(l)z+2a) —
20wy
2w;+w1 —
3w,

e

4.2-pacM. Hounsuun ajieMeHTra ; Ba ; 4acTOTajlu TebpaHuLIIap
TabCUPUAA X0cun 6ynaaurad 9MKHII TOKW CIEKTPal TAllKHI
STYBYWJIADH.

Houu3uknu anemMeHT opkand ymMyMmHi Xonga: OUDHH4YH CHTHAJ Ba
YHUHT TapMOHHMKalapH (nw;+n@;); HKKMHYM CHTHAT Ba YHUHI
rapMoHMKanapu (mw,+m@,) xamaa KoMOHHAUMOH 4YacToTaIap
[(no;+ng,)(mw,+me,)] naiino O6ynamum. KomOuHauuoH dvactoTtanap
MypaKkkabnuru ynapHuHr Taptubu N=|n|+|m| opxanu aHukiaHanu (n Ba
m OyTyH HaTypan counap). Macanan ©+2w, — yuuH4Y¥ TapTHOIH,
201120, — TYpTHHuUM TapTHONM KOMOHMHALMOH TAIUKAN STYBYHIIAp
xucobnaunanu.

(4.11) udonanaru Tox Xap OWp CHOEKTpal TAWIKWI 3TYBYHIADH
KMiMaT (aMONUTYJacH) MOC YacTOTAJTH CIEKTpal TAlOKHJI 3TYBYMIap
AurunancH 6MIaH AaHUKIaHAIH.

4.3. Y4 Ba Gem opaAHHATAJAP yCYyIH

Ymby rpaduk-aHaNUTHK YCYJI HOUM3HKIH 3JIEMEHT OPKaIH YTaéTrad
TOK CIIEKTpal TALIKKN STYBYWIAPUHA TaKpuOaH xucobnalnaa WIwaTHiamm.

55



Y4 opauHaTa yCynd TOKHHMHI' JOMMMH TAlIKMJI STYBYMCH Ba
GHpHHYM, WKKMHYM TapMOHMKANIapH aMIUMTYJalapHHH aHMKIall
HMKOHUATHHM OGepamu. Bellr opauHaTta ycynu 3ca AHa KYIIHUMYa YYHHYA
Ba TYPTUHYM TApMOHUKAJIAPHHY aHHKIAI HMKOHHATHHH Oepanu.

Yu opauHara ycyymHu kypu6 unkamu3. HO BAX cu 4.3-pacmna
KeITHPIIraH Lakiaa 6YICHH.

S v Jyg

vor !
4.3-pacM. 3 Ba 5 opaMHaTa ycyaura OHJl UM3Ma.
YHUHT KAPHIIHra
u=Ucosmot (4.12)
rapMOHHK TeOpaHWLi INakiugark Ky<wianuwm Oepuiacus. bynna HO
JaH ¥TaéTraH TOK LIAKIMHHHI ¥3rapulIMHH Kypamu3. By Tox maouMuit

TALIKAJ 3TyBYH Ba KMpHIU TeOpaHHUINapH rapMOHMKacHOaH HOopat
O6¥nmanu, THHU

t(oty=Iptcoswot+lcos2mpt+. . .. +I,cosnmgt. (4.13)
Kupumn xyunannmuguar ot=0, ot=[1/2 Ba ot=II sakriapaarx
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KMMMaTJIapura MOC KEeJTyBUH TOKHHHT ira, 1l¢ Ba ipjn KHHMaTIapUHU
AHWKIaiMM3:

ima=lothtla;
ig=lo-Ip;
imn=lo-I1 12, (4.14)

6ynna cos0=1, cosn/2=0 Ba cosm=-1 3KaHIUIHHH Ha3apJa TYTHIO Kepak.
(4.14) renrnuxnapuu Oupranukma euub Iy, I; Ba I, napHm
KyHugaruya aHuKIafmMus

Io=0,25(imax+imjn)+0,5io;
Il=0,5(imax'imin); (4' 1 5)
1,=0,25 (isnaxHimin)-0, Sio.

Bemr opauHata ycynuaaH c¢olipanaHunraHga yd o opauHata
ycyiuAarura KyliEMYa paBUINAa KAPUID KyWIAaHHUIHHHHT ot=7/3 Ba
ot=27/3 onui KufiMaTnapura Moc TOK KHHMaTnapu i; Ba i, HH
aHuKIaiMHU3

ima=loth HHlsty; ot=0;
i=I4+0,51;-0,51,-15-0,51s; t=n/3;

i0=Io-Iz+I4; (Dt=7t/2, (4 1 6)
17=16-0,51,-0,5L+1,-0,51;  wt=27/3;

min=lo-T1+12-Ia+1y; ot=m,

6ynnaa cosn/3=0,5 Ba cos2n/3=-0,5 sxaHIMIY 36THOOPra OJIMHTaH.

(4.16) TenrnukiapHy Gupramuikga edud, TOKHHHT JOMMMHA TALUKHIT
STYBYUHCH B2 YHHHI OWpMHYM, MKKHHYM, YYMHYM Ba TYPTHHYH
rapMOHHKANApHHHUHT aMIUINTY JaJIapUHH TOTIaMH3,

16=1/6 [imaxtimint2(i1+i2)];

[=1/3 [imax-iminti-i2)];

570,25 [imaxtimin-2i0)];

[;=1/6 [imax-imin-2(i1-i2)];

L=1/12 [imaxHimin-4(iH2)+6io]. 417

V4 Ba Gem opAMHATANAp YCy/IM OuNaH TOKNap KUHMaTH XaTONHCH
KUPHILI Ky'WIaHHLIM aMIUIATYAACH OIUraH capu Kymaiub Gopaau. ynra
KapamacaaH, Oy ycym amamga [acT  4acTOTaid  CHIHas

57



Ky4al TUpru4iapi, MOIYJATOpP Ba JEeTEeKTOpiapia Xxocun Oynanuran
HOYM3HKIH OY3MIHIUIApHH TakpubaH aHMKIall MMKOHHATHMHH Gepaiu.
IOKkopunary Kypuimanap Ba IOyHra yxmiam KypHiMaaapia OysHiIuiu
Ko3pdunuenTd Kylimparn wudoga opkanu XxdcoGiaHag, Oy3uain
KaTTaluru rapMoHukanap koddduuuentn neé aranamu Ba douznapaa
6axonanaqm

JEsP v+ 1
Kk, =Yl teth a0, (4.18)

2 7

‘4.4, Beccenb pyaknuacHaan QoiAfanamAm ycyan

By ycympaun HD BAX cuHHM  3KCIIOHEHTa  OumnaH
anmpokcuMalslanraina  Qoiigananunagd. Mucom  yuyH, spuM
YTKa3rUWIN U0/ KUPHIINra '

u(t)=E.+Uycos wqt; 4.19)

cuipkuil Kywiannmy E; Ba Uy aMmiurynany rapMOHHK TeOpaHHUII
Kywianumu Oepwiran O¥iacuH. ABBan KypuO YHKKaHHMH3LEK IVMOX
BAX Hu 3xcrioHeHTacMMOH (yHKIMs 6HiIaH annpoKCHManusanaiMus

i=1p%-1). (4.20)

(4.20) udonara (4.19) Hu kysmus, OyHaa

b, b t
i=Ip(e Oee k0% ) (4.21)
ndoxaun onamus. (4.21) ndopa xydT dyHkuMa O6YAraHInrd yuyH,
yHIaH ¥TaétraH TOK ¢akaT KOCHHYCOMAaI TAIUKUI STyBUHIapAaH
ubopar 6ynaau Ba yHu Kyiunary @ypre karopura ERHII MyMKHH

i(oty=Iy+;coswgt+l,cos2wot+. . ..+ cosnmgt. 4.22)

HUdomamarn  koaddunmentnapHy aHukjgamwl y4yH beccens
¢$yHkuMACH HazapHachaaH (oitgananaMus. YHra acocaH

eEUco%t=50(aUk)+zk§:lsk(auk)coskmoz; (4.23)
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eEUSimbl=5 aUk)+251(aU k)sinmot +25‘2(aU k)si.n2m01+...+25k(aﬂ k)sinkwor (4.24)

Bi(aUy)-koa¢dunentnap kuitMaT MaBXyMm apryMmeHntiap Beccens
GYHKIHACK OPKAH aHUKIAHAH.
(4.23) uu (4.21) ngoxara xyiiub,

o o o
i=Ile ©5 (aU ]—1 420 e C-E(OU )com+21e C-EZ(aU )coszm+
ok T Nk 0T k
(4.25)
‘ic
+21Te -53[0Uk)cosiot+....

(4.25) ndonaman Tox crexTpan TaKuII ITYBIWIApH KAHMATIapHHu
aHuK1aiiMus, 6ynap:

Iy= ll[eaEc -BOQzU k)—l],

1, =217 5 U, ),
1, =21 .5 fau k) : (4.26)

Tok rapmoHukanapu amIuuTyxanapu beccens koadpuureHTIapira
MpOITOPIIMOHAN, IEKMH TapMOHMKA TapTHO pakamM oliraH CapH YHHHT
KufiMat kamaiiu6é Oopamu. By ycynman perekTopiap, 4YacToTa
KyTIafTHPrAYIap Ba 4YacTOTa Y3rapTHPIMWIAPHH TaxXJIW1 3THIraHaa
dolinananunanm.

4.5. Kecum Gypuard ycyian
By ycynman HO BAX CcHHHM CHMHHK 4M3MK Ounan

annpokCHManusiaranaa  Qodigananumamu.  4.4-pacMpa  HOuuHr
anmpoKCHMaIHsJIaHraH TaBCUbH KeITHPHIITaH,
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4.4-pacm. Kecuiu Oypuarn ycyiura ouj 4yu3ma.

VHUHT KMpHIIKra CUDkim Kywianuiny E. Ba rapMonuk TeGpaHHII
Ky'WiaHWIIH OepuiraH, FbHH

u(t)=E . +Ujcoswgt . 4.27)

CWDKMIN Ky4laHHIOM WUl HYKTaCMHM KoopAuHara Oowmngan E.
KaTTaJukka yHr tomonra cypamu. Uy — HD opkam yraérrad Tok i=0
OynamuraH KywiaHHLI, &mMnuIO KywiaHumu nae6 aramagd. Kupuin
kyunamumm Up maH karra 6ynranza HO opkanm Tok yTamu, KMpHLI
CHTHAIMHHHT KojiraH Kacmu HO opkanu Tok Yrummra omb kenmaiay.
Tox yTHmMHKAA KaTHaNIaguraH KMPHID KyWIAHWIOM Ba HUKHII TOKIapH
44-pacMpa wrTpuxnasrad. By pexumaa HO opkand  xupum
KywiaHMIOHHUHT Oup nmaspuaa (27) daxat 20 gaBoMupa TOK ¥Tai,
KOJNraH KACMH Kecunand. HO 4MKHIINAArd TOK KOCHHYCOMJAN HMITYJIbC
wakmaa oynub, uxku xypcarkadu L, Ba 8 OunaH xapakrepraaHalH.
Imex — KOCHHYCOMZAI HMMITYJIbCHHHI MakcHMan KHiiMaTtd, 6 — kecCHIU
Oypuaru.

Kecum Oypuarnm pme6, HD opkanu yTraH ToK JaBOMMINIMIMHHMHL
spMura €ku HD opxan¥ TOKHHMHI MHHUMAal KUAMaTIaH MaKcHMal
KuliMaTrayua y3rapuiu opanury KM TeCKapuCHra anTHIaLy.
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Bab3an HD émmnum xywiannmm Uy, KeCHll KyuwlaHuiy ned xam
atanagu. Kecum Oypuarunu anunam yuyd HO BAX cuHu Kylinpgarnya
arfnpoKCUMalsAIaiMu3,

i=ISO(Uk—U0), U, 2U
<

0
o, U, <Uq (4.28)
6ynzma: S —HD BAX Tox yTkasazuras KHCMHHHHT KUSTHTH.
(4.28) ra (4.27) ndonanu Kyiuo
i=S(E +Ugcoswot-Ug)=SE +Scosmgt-SUy (4.29)

onamus. By (4.29) teurmukaaH kecumin OypyarM cos@ Hu
aHNKIaAMU3 '

c0s8=(Uq-Ey )/Uy (4.30)

H3 opxamm jraérraH gaBpuii TOk MMOynbcnapu 3 Tapkubuna

KHpMII CHTHAJIM HacTOTaCMra TeHI Ba YHHUHT TapMOHHMKalapuia
y3rapysus Towiapaan ubopar 6¥nanu, AbHU

i(ot)y=Ijt+];coswet+lcos2mot+. . ..+l cosnwet. 4.31)

6 — Kecuin OypHaiM KOCMHYCOMIAT HMITY/JILC 3HT KaTTa KHiMaTH
Inax KyliDarada aHuKJ1aHaaq

I(t)=SUi{coswt-cos0), “4.32)
6ynna SU=I Ba @t=0 pa i=Iy,, H1 KypaM#3
Imax=1(1-c0s0). 4.33)

ToxHMHr JOMMMH TAIUKHI 3TYBYHCH Ba TapMOHMK TalIKWI
3TYBYMIIAPH KMAMATJIapH Kyinjaru4ya aHuKIaHaau:

1= %ii(a)t)dt _ il;il(coswt—cose)dwr ~1-7,0), (4.34)

61



I = % Ti(wt)cos ardt = % j;l(cosmz —cos@)cosatdart =1, - 7,(6), (4.35)
b h)

8 a
I,= l_[i(a)t)cosZaert= i_"](c:’os wt —cosB)cos2mtdat = I, -7,(6), (4.36)
P3A 73

8 &8
I, = 1 _"i(a)t)cos noude =1 I](cos ot - cos 8)cos naowdart = I, - y,(6), (4.37)
PEA P

Y0(6), v1(8), Y6), ... Y«(0) — xoCUHyCOMIaN MMIYILCHH FapMOHHK
TAlIKWI OSTyBYMJIapra axkpatHm KkoddduiueHntnapy &k bepr
koa¢durmentnapu xeb atanany, oynaa

n0)=2, n0-L, 102, ... 10k (438)

HD uin pesxcnmu yuyyH YHUHT BAX KMAMHrH S, KHPHID Ky'WIaHHAIOH
ammumtyzacd Uy, énunpm xywiaHdimd Up Ba CHIDKMIN KyUJIaHHIIH
MabiiyM O¥aranu y4yH, 0, I, xamaa I napau xuco6mab tonuw (4.30)
Ba (4.32) udomanapaan poinanannd, HO gan yraérraH TOKHHHT XaMMa
&K Kepaxiy KHiiMaTiapuHy aHMKTA MyMKWH

L=T76(8), L=I71(6), L=Iy5(6), ...... I,=Iya(0). (4.39)

Arap I, =1(1-cos8) sy apTHOOPr2 OJICaK, y X0naa

Yn(8)=au(8) (1-cos6) &xu an(9)=( Z"(B) ) (4.40)

ndomaHn onamu3. By wudomanap yu(0) xosdpduumenTnapmaH a,(0)
koadduunenTIapra Ba TeckapucHra YTHII UMKOHUATHHE Gepanu. a,(0)
— K03hPULIHEHTIADH OPKATH

B @ Gl 0 L=l dd e L=l (441)

udonanap opkauH aHUKIaHAIH.
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Yn(6) Ba a,(6) — Kuitmatnapu anabuér xamMaa gapciauMKIapAa XaJsal
Ba rpadpux wawimga kenrnpwirad. Iynunr yuyn (4.39) éxu (4.41)
udonanapnan doiigananu®, TOKHHUHT HCTAIraH TalUKWI 3TYBYHCH
KUAIMaTHHHI aHHKJaIl XyJa OCOH.

0,(0) — xoadpdunuentnapman HDI Vraérran KocHHycoujan
uMnyinscmap — makcuman — kuiimMatu  Ip,,  Y3rapmaran xonmpa
¢oitnanasunagn. bynra Ug &xu E; kuiiMaTHHM TaHialll HaTHXacuia
IPUILANATH.

To(0) — xoadduumentTrapman HD Yraérran KxocHHycomAan
HMIyNbCIap ~MakKcuMan KulimaTH ¥3rapyBuaH OFnran xonataa
dbofimanannnany.

Yu(6) Ba 0,(0) rpaduxiapu 4.5-pacMia KeNTHPHITaH.
Kecum 6ypuaru Uy, Uy Ba E, kuiimatnapura 6ornux 6§16 0+180°
opanuFuia 6y My MyMKHH.

a,(0)

06 o T ]
%

0,4 g 2

/T=<

T~ Jo/a
02 ] o 1
(5]
a4 N
[t/; & D o°

30 60 90 120 150 180

¥+(8)
1,0
T sl
0.8 2,0_ S /
04 |10 Yo |~~~ _J1i10
02
20 40 60 80 100~ 160 180
_0,2 1 1 1 1 ] 1 1 ]

6) 120
4.5-pacM. Bepr xoadduuenTapu a,(6) Ba y,(0) rpadukaapu.
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4.5-pacmparn  y,(0) Ba a,(B6) rapduapnan xypuHNO TypHOmHMKH,
kecum Oypyary 6 HHHr MabnyM OHp KuiitMaTiapuza v,(0) Ba 0o,(6)
ko3dduLMeHTIapy Y3NMapHHHHr 3HT KaTTa KWiimartura sra 6ynamu,
JieMak, [y kecuin 6ypuawnapuga HD opkany YTyBun TOKHMHT y ki Oy
rapMOHHMKANapH Y3NapUHMHI SHT KarTa — MakCHUMan KuliMamiapura
spumamaiap. Macanan, a;(120%=0,54; a,(60°)=0,27 Ba a3(40%=0,18,

ABHH & _120° KuiiMaTnapua; 71(180°)=1, 72(90°)=O,2 Ba

aonm

]
13(60°)=0,05, ABHU 0,,,,:180 KuiimaTiapuia Y3MapdHUEr SHT KaTta
n

KuitMaTnapura SpyInajiy.
4.6, Toxk coekTpu ¢oixaim TAMKAI 3TYBYRIaPHHA AXKPATHII

HD opkamu §T1aétraH TOK CHEKTPH EKM YH3MKIM pexHMIa
HILTaéTraH Kyda#THprudy S1eMeHTJIapi YHKHII CUrHAMOaH Oup KUCMH
doitnamu xonrannapu aca ¢ofigacus xucobianamy.

OnexkTp agoka KypuimanapAa TOkK (QoiifanM cliexkTpan TalIKHiI
STYBYMIAapH GUNBTPAAp EpAamMua axpaTtiud oaMHaIH.

Opatma fOKOpH Yactotajap 3Hr omaud Gunetpn cudatuma
napanen LC xoHTyprnapiaH (oiifanaHuiafn Ba MacT 4acToTa CHEKTp
Iy >KyMIagaH, QOMMHH TaIOKWII 3TyBYMJIADHHM aXpaTtud onumm ydyH
RC dunetpnapaas doitnananunany.

FOkopu gactora LC ¢uneTph 4.6-pacMaa KeaTHpIIITaH.

1

L C
Eg!

1L afk

Wr W0 Wyt @

a)
6) B)

4.6-pacm. Tok crieKTpall TAIKKI 3TYBYMJIAPHHHU aXXPaTHLI:
a) TOK creKTpH, 6) FOKOpH JacToTa GUNBLTPH, B) ITACT YACTOTA

¢bunsTpH.
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a)0=L dacToTara CO3JaHraH napajuiell KOHTYP KaplIHJINIA

Jie

MOy IH

R R
Z, = s T 4.42
To1+0%7  Jl+a? ( )

6ynub, 6yHna R, =% — mapanes KOHTYPHHHT Pe30HaHC YacTOTaCHAaru

' L
SKBHBAIEHT KApIIMINTH, Q=2— KOHTYDHHHI aCJUIAIH; p= ==
r
KOHTYDHHHI TYJKMH KaplMIurH; £=-2-2° _ xoHTypHMHr HMCOuMit
o, o

HOCO3JIMCH Ba O — KOHTYPHHHT YMyMJlallraH HOCO3MHIH. Pe3oHaHC
gacTotacuaa Z,=R,. O¥namy Ba KOHTYp OpKaIM TOKHHHI 4acTOTACH
pe30HaHc 4YacToTajgaH ¢apkura kapab acra-cekwH Kkamafiu® Gopaam.
IIyHMHT yIyH KOHTYP OPKAJH TYP/JIH 4aCTOTATH TOK ¥TraHaa, TOKHUHT
KOHTYp Pe30HAHC YacToTacura AKWH, SbHH YTKA3MII MOJIOCAcHUra MOC
KeTyBUHJIApDH YHJA acocMil KywIaHMII XOcHI Kuiaad. YactoTtamapu
KOHTYP pPe30HaHC YacTOTacHAaH aH4a ¢apK KUIraHJa 3Ca Ce3UNapiu
Ky4naHum xocun 6ynmaiinu. ITapannen LC KOHTYpHHHT Z, KapIUHJIHIH
MakcuMman xuiiMatuaan 0,7 carxra kaMaluimMra MoC KEJyBYH
gactotaslap <¢apkd KOHTYPHHHI YTKasWll [OTOCACH KEHIVIMIH
xucobiaHanu

2805, =%. (4.43)

HNapamnen ynmanran RC 3amxmp nact uacrotajap ¢QuisTpH
xucobnaHagn. YHHHT 3KBHBANEHT KapIUMIUTY

R

S S 4.44
J1+Q*R*C? ( )

6ynu6, 6ynaa arap Q=0 6¥nca Zzc=R 6ynamy, yactora omume Gunay
Zyc KuAiMaTH Kamaiiu® 6opamu, yHAa acocaH TOKHUHT JOMMHI TalKKI
STYBYMCH Ba MAcT YacTOTANW TAIUKWJ 3TYBUMNAPH KyWJIaHHII XOCHI
Kunaaunap. Z, HUHT 4acToTara 60fniuK kaMaituin kussiurd RC 3amxup
BaKT JOHUMHHAITHIUra OOFIHK,.

Zye =
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Hasopat caBoanapn

1. Hounsukian  3JeMeHT OpKaIM  YTaéTraH TOK  TalIKHJ
STYBUYWJIAPHHH Kaiicy ycysuiap 6WiaH aHHKIal MyMKHH?

2. CHHXPOH peXHM Ba aCHHXPOH PEXUM HUMa?

3. HD HuHr MOHOTapMOHHUK, ONTapMOHMK peXXUMH KaHAal pexxum?

4. HO BAX cu 5-napaxanu ITOJIMHOM bunan
anmpoKCHUMalsUIaHral Oyiica, TOKHHMHI KalfiCH CHOEeKTpan TAaIIKKJI
STYBYHITADHHH aHMKJIAIl MyMKHUH?

5. KombunauwoH Tamkuia 3TyBuunap HO wumer kaupait wim
pexmaMua xocun 6ynamm?

6.H3 BAX cu i=auw’ dynxums Gunaum annpoKCHMAlUATAHTaH
6yiica, y opkany JTyBYM TOK |-rapMOHMUKACHHH aHUKJIAl MyMKHUHMH?

7. HD opxam ¥TyBYH TOK IACT 4acTOTalM Ba HOKOPH HaCTOTAIH
¢ofigany TamIKin 3TYBYHIIAPUHM KaHAAH axpaTHO onuin MyMKUH?

8. Kecum 6ypyaru auma? V kaHiall opaiukia Y3rapHind MyMKUH?
Yusumm pexxumaa kecuil 6ypyard KMAMaTy HAMara TeHr?

9. ay(0) Ba Vn(0) xosdouumeHTNApH, | Ba I, EpAaMuma TOK
CIeKTpan TAallKWI STYBYHIApH KaHIal aHHKIaHa Iy,
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S. HOUM3HKJIN KYPIWIMAJIAP
5.1. YacToTa KynaiATHpradjiap

YukHIuMgard 4acrota KaTTAINTH ), KUPHIUMAArd 4acToTa (g
KaTTAMIMaH Kappanu mapoTaba kaTra OyiaraH KypuiMa HacToTa
kymaiitupruy (UK) ne6 aranamu (5.1-pacm). Bynna o,=nw, 6¥1amu.

(1) uft) | |
s T e S R Y B LN

L Usi

5.1-pacM. YacToTa KynaliTHpru4. a) CTPyKTypaBHii cxeMacy,
) anexTpcxeMacu.

Yacrora kynaftupuimau HD éxu 1D Gynran snekTp 3anxupiapaa
amalira OIUHPHII MyMKHH. 5.16-pacmzaa tpausucropny YK copnanamran
cxemacH kentdpuiarad. Tpawsuctop E; cumiumin kyuranumu Ba U,
KUPHII KydJaHWIOH aMIUIMTYJacy KaTTaNMIMHK TaHJIall HaTHXachpaa
HOYM3MKJIM PEeXKUMAA MIUTALN XOoNaTH TabMHHIAHrad. byniaa yHHMHr
KOJJIEKTOD TOKH HOrapMOHMK IIaxiiga 6§najy, KUpHIU Ky4JaHHIIHHUHT
rapMoHuKanapd xocun 6ynamu. TpaH3uCTOp KOMIEKTOP-3MHTTED

OpajqWfura KWPHII KyWIaHHIDMHHHT N — TapMOHHKACHra ®,=Ndy
coananran LC — konTypaa moc papumga  Ug=lZ(0g) 4dkum
Ky4laHumd Xocuwn Oynaau. byama I, — komlekrop TOkM n —
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rapMOHHKAaCH aMIUmMTyAacu, Zy(ws) — LC TeOpaHuIl KOHTYpH
SKBHBAIEHT Kapumiurd. YK duxumunary y &ku 0y rapMoOHUKATH
TeOpaHUII Ky4YNaHWIIM KecuIl OypuardHHHI ONTHMal KHAMAaTiaapuia
Y3UHAHT 3HT KaTTa KdiMaTura sra 6ynanu. Macanau, kecum Oypyarusu

N0
YacTOTAHM MKKM MapTa Kynaltupuiga Bom =60

Mapra Kymaitapuiaa Bueer =40’ temr KHMO TaHNall Kepak.

K¥n xomnapna wacToTaHd KynaiitTHpuiga Oup mapotabana 2, 3, 4
MapTa 9acrota KymadTupuin MymMkuH. YyHkH O6HppaHWra Kym Mapta
YJacToTa Kynaitupuica, UK unkummngara tebpanum korTypuaaru Uq(t)
aMIUTUTYRacH KOHTYP aciiurura GOFIHMK paBHInga acta CYHyBdYaH
Oynamu, ApHH

ra Ba 4YacCcTOTaHU Y4

U (6)=U,e™ -cosmyt (5.1

KoHyHH Oyiiuya cynanu; OyHma, . ='er=$ — KOHTYD CYHHIN

kos¢unuertd. Hatmxkana (5.1) aMmiutyaacu y3rapyBuan TeOpaHULI
xywianuimy HasOatnarn YK xupuimura Oepumica, YHUHI YHKMIIHAATY
LC xoHTYp maknujard oKiamMaja Kyw€laHull, Ha ¢axar aMIuTUTYAacH,
6anku ¢asacu 6yitmua xam ysrapysuan Oynmamn. Kym xommapaoa Oy
y3rapuiLnap 3apapiiy XxucobiaHaau.

5.2. CarmaJjiapan Ky9aiTHpHII

Kyuatitupum xypuimach (KK) kMpuln cMrHamy KyBBaTHHM YHHHT
LOAKITHHH caiaras xonaraa KynafTHpanH. Kyyaiituprag
KypHiMalapura KyHHmarl HKKY acocuit Tamabnap Kyiwnanu.
BUpHHUMIOaH YMKMIDI CHIHANH INAKIHHUHT KHPHLIJArura HucbataH
dapxnanumu (Oysunumu) mapaxacd K, Tamab mapakacuna O¥muum.
Uximnuupas  Kydadtpuin  KypuwiMacuHMHT  ¢ofimam M
K03 bHIHEHTH T) HI0XKH GopHya KaTTa OYIviIH Kepak.

Kyuafitupuim xypuyiMac anoxuna osiekTp MaHOau 3Heprusicu
xucobura kydalTHpuna&rraH curHan KyBBaTHMHH owmupann. KK 5.2-
pacMmza KeITHpHJITaH SKBHBAJIEHT cxeMa Ounad udoaananaiy.
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5.2-pacM. KyualiTHpHII KypHIMacHHUHT 3KBHBAJIEHT CXEMACH.

KK xupnmmra OepunagtraH KydyaliTApHIaJuraH CHTHal HYKH
Kapumra R; O0ynrad renepatop e(t) ran nbopar ned, yHHHT KHPHII
KapUIMJIMrA Z,Ba YTa8TraH TOK aMIUmMTyaacuHnm [, Jecak, yrpa Uy
aMIUIATYNan  Kywianum  xocun OYnamu. Ulyspa#i xum6, KK
KUPHUINAATH CUTHAJ KyBBaTH

R=0,5%-R,=0,51-U,. (5.2)

Ry — xupum KapIIMIMIHHHHT PE3HCTUB Taukwi 3TyBuucH. KK
YHKMII fOKIaMacH Z,, KapIUWMKKa 3ra, OpPKaIH okiama Tok l, oxuG
yTranu yuyH yuna U, kyananuiuu xocus 6ynamu. Arap Z,, rokiiaMasHu
pe3ucTdB Kapummuk ae6 xmcobnacak (Z,=R,), yHAa axpaja&rraH
doligan KysBaT

P.=0,51%Rys=0,51, Uy (5.3)

ra tenr 6¥nagu. KK P, >P, HH TabMHHIa1I Kepak.

KK xupuimmpgard curHan KyBBaTH Xya KWAuMK Oynub, yHHHr
BasH(acH HYMKUAIINAAZ MaKCHMan KyBBaTM Py HH ONHMII, 3JEKTP
MaH6GaunaH onuHaétran Py Hu GolkapuingaH nbopar. DneKkTp KyBBaTH
maHban cudatuia moumuil Tok Manbannad ¢oiinananwramgy. Hatmwkana
KK Hu xyycHs GomKapyBuH CHUTrHai €piaMujia AOMMHMH Tok MmaHOam
SHEPrUACHHM Y3rapyB4aH TOK 3HEPruiCHra aIMAaIUTHPYBYH KypH/IMa
ne6 kapam MyMkuH. By sxuxataan KK cuHu xuprmpard Ooinkapuii
Ky'WIaHWIIM 3JeKkTp MaHOamgaH wyukumr rokgamacd Ry, ra 6opa&rran
3HepruaHu 6owKapub GopyBur TYpT KyTOnuk ned xucobnaca Gymanu.
ByHHMHr y4uyH TYpT KyTONMWK HHepuHscH3 O6oIIKapyB 3JIeMEHTHIaH
ubopar OYmUIIN Kepak, YYHKHA Y 3JekTp MaHGamgaH ojuHaétraH Py
KyBBaT OHHMH KUIMaTUHH KUpWIZarH OOWKapyB CHrHaIM OHHHU

69



kuliMaTira Moc papumaa 6onikapu® Oopumy Kepak.

BomxapyBun aneMeHTH cHdpaTHAa KyUalTHPHIN sKapad8HH YH3HKIH
fymummra  KapaMacjaH, Kym  Xoinapia HOYM3MKIAM  aKTHB
aneMenTnapaaH (oinananunagy. OfaTia KUPHID CHTHAM CaTXM [acT
6ymrannga, HD BAX cununr doiifananunaétrad KUCMHHM YUKW
neb xucodmam Mymxus, H3 BAX CHHH TH3HKIAIITHPHIL MyMKHH.

5.3. UYn3aKiaH Ky9adTRpray
Maiinon  TpaH3HMCTOPHIAH  aKTWB  JNEMEHT  cHdaruga

doiifanaHunagural 4M3MKTH OKTamacu pesuctuB 6ymran KK 5.3-
pacM/a KeITTHPHJIraH. -

5.3-pacM. MaiiioH TpaH3uCTOPNIH Ky4ai THPUII KypHJIMacH.

Kupum GorkapyB cHrHamd axpaTyB4d koHueHcaTop C,, opkanu
TPaH3UCTOp 3aTBOpUra Oepmnamu. by cUrHan TabcHpHOA CTOK-HCTOK
3aKUpUIaH ¥TaéTraH Tok KuiimMati y3rapamu Ba R=R,, xapmunuruaa
Ky4nagyil xocun  OYmagu. Kupwin CHTHaATHHMHET 03 MUKAOpAA
¥3rapdIoH CTOX TOKMHHUHI KaTTa MUKAODJA Y3rapHINHra, HaTmxana Ry
Jary Ky*UIaHWII XaM YHra IIpOMIOpLMOHAN ¥3rapHipra onud kenagu. by
MaizoH TpaH3WCTOpPM éEpJamuja KywlaHum 6yimya xydafiTpuin
amMayira omupunraiuHu Ounaupanu. R.=R,, roxnamanarn xywiaHuiu
guKHI Kywiaguimdg U, ne6 xucobnaunamy.

KK »nekrp TabMHHOTH AOUMHMI KywraHuind E, Oynran manba
xucobura 6axapunagu. Y TpaH3HCTOp CTOKHMra R. KapMiMru opkainu
6epunanu. Illynnaii xmnun6 R, uxiyu BazpdaHH: TPaH3NUCTOPHH 3JIEKTD
MaH0Oan OMnan TabMHHNAN M Ba 0K1aMa Basudacuuu Gaxapai.

Ca1 KOHAEHCATOpH JOMMI KY'WIAHHIOHM TPaH3HCTOP 3aTBOPHIa
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G6epunmuumra Ba Cpy KOHZEHCATOPM TPaH3UCTOp CTOKMJArH MOMMHHA
kywranminad KK nman  kefiuarm  KypwiManapra TyIIMaCIUIUHU
tabmunnaiinn. C,; Ba C,o KOHICHCAaTOPNApHIAa HYKOTHMIUIAD KaMm
6YnuIuy ydyH ynapHMHT CHFUMIIAPH KaTTa TaHJIaHaH.

KK cxemacuza ajoxyja CHUDKHMIN KyWIaHHIUM Man6au HYK, 4yHKH
TpaH3ucTop BAX HHHr kepaliM KUCMHJ2 MII HyKTaCHMHH YpHATyBYH
KyUNaHHII YHUHT HCTOKMIa yinaHrad R, KapummMrujgaH yTaérran TOk
Xvco0uaa xocun 6¥namu. by pe3HcTop OpKajim CTOK TOKM yTamu Ba 5.3-
pacMia kypcaTuiraniek kKywiagum (+)M HCTOkka (-) M 3ca yMmMymuii
cuMra ynaHamu. Manduii moreHnuan R; KapIMIHK OpKalmH 3aTBOpra
6epunagu. LlyHzali xunub, TPaH3UCTOPHWHT 3aTBOP-HCTOK KHCMHIa
MaH(uit cumixuin Kyunawumy Oepuiiagu. By KydinaHMm aBTOMaTHK
CHJDKHMII Ky4NIaHHINY — aBTOCHUIDKHIN KyuNaHHMIUK fed aranajy, YyHKH Y
CTOK TOKMHMHI' JOHMHMI TalIKWJI 3TYBYMCH XMcoOura xocua Gymanm.
CroK TOKMHHHT y3rapyBuUaH TAIlIKWI 3TYBYUCH R, ra mappanen ynaHras
KaTTa CHFUMIK KoHJeHcatop C, opKamu yMymMuii cumra yTHb xetagu.

R, kapmunukiaa cToKk TokMHHMHT ¢oijam ¥y3rapysdaH TaUIKHMI
STYBYMCH YTHINN HAaTHOKacHaa, AOUMHER KydnaHuin 6unan 6upra KHCMaH
§3rapyBuaH KywiaHHI Xam Xocun OYnamu. CHIDKHII KydIaHHIOWHHHT
Oy ¥3rapyBuaH TAIUKHJ OTYBYUCH TPaH3HCTOD 3aTBOPUTa KUPHIL
curpzamn U, ¢azacura Teckapw dasaxa Ofnagu Ba yHM KHCMaH
KyYCH3JIaHTHpanu, HaTwxkala MaHbuit Teckapy OoFnaHMID maigo
6ynanu. By Teckapu GornaHHw TascHpH C,, KOHAEHCATOPH CHUFUMMIA
Oormnx 6§nu6, TeckapH OOFNaHULUTH KOHACHCATOPHHHI ¥3rapyBYaH

HH R,o PEIUCTOP KapLOIWIIHTHIa HUcOaTaH Xyna

TOKKa KapLUPIHUIH 1
QcC,

KaMJIHTHHH TabMUHIIAll OPKAITY 3PHIITHIa/IA.

KyualiTupunra KyunaHMim U, TPaH3UCTOp CTOKM Ba YMyMHid
yJIAQHUII CHMH OpacHia XOCHN O¥namy, SbHH OHD Y4H CTOKKa HKKHUHYH
y4d ¥3rapyBuaH TOK Yy4YyH YMyMHH cuMra ynaHrad, R=R,
KapuuuiMruaa onuHagd. Crok  TOKMHHMHI  ¥3rapyByaH — TaIlIKUJ
3TYBUHCHHUHI yMYMUH ynaHum cuMura YTHIIMHH KaTTa curuMin Cy
KOHJAEHCATOpH TabMHUHNaHau. bynna crox Toxu Qoiinanu-y3rapysuan
TaIIKWI 3TYBYHCH 3J1eKTp MaHbOau E. uaxy Kaprumnuruaad yrMaiau.

KK wnmnmamr npUHUMIIMHHM BaKT AMarpaMmacu &épgaMupa Kypuo
yukamu3 (5.4-pacM). TpamsucTop 3aTBOpH Ba KCTOKM OpacHaru
KyWIaHMII WKKH TAlOKWJ 3TYBYMAAH: JOUMUN CUDKUIT Ky4naHHmmn E;
Ba kApuul Kyynanumy U, nan ubopat (5.4a-pacm), AbHM:
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Uy=-E +U,sinwet. (54)

Kuprin curHany 4n3svKIH pexuMIa KyYadTHpHIraHAa CTOK TOKH
3aTBOpHAArd Kyd/laHHIOra NponopUHoHan ¥3rapamw (5.46-pacm):

I(t)=To+psinact. (5.5)

Owm xoHyHura acocal R=R,, roxiamanars KywIlaHMilu CTOX TOKM I
ra nporopuxoHan (5.4B-pacM)

u{(t)=UgtUnSinmot. (5.6)

IOwiama R, naru xyunanum up MaH6a KywiaHHINUIaH afipuiajy,
Ky9IaHULLIAPHUHT Oy (apku TPaH3HCTOP CTOKMAArW KYWIAHHINTa TEHT
6ynanu (5.4r-pacm).

llt=U{o-Sin(Dot. (5.7

bynna Uly=E-uor TpaH3UCTOp cTokEgardn Uy KywiaHwo
amiumrynacy, Upr IOKTaMajard KydJdaHUII aMiuinTygacd Upg ra TeHr.
(5.7) nponanaru Manmii Genry, TAKULI KyWIAHHIIN aMIIMTYHacH U,
HUHr daszacm kupum Kyananuiudn U, ¢a3sacura TecKapUIHIHHH
6wnmupany, SBHH yMyMH#E HCTOKIM MafiIoOH  TpPaH3UC-TODIH
KyJalTHPri9 KMpHUII CHrHaim $a3acHHu 180° ra altnaHTHpagu.

OHAM YH3MKIM pexxumpaa uuutaiiguran KK cHHMAT wWmuiaim
NpHHUMITHHA YHUHr BAX cu opkamM xypub amxamus (5.5-pacm).
MaiifioH TpaH3UCTOPH CTOK TOKHM i, HH YHHHT 3aTBOpPUAArd KywIaHHiora
OOFNHMKINK XapaKTEPUCTHKACH YHMHT VTHIN  XapaKTepHCTHKacH
xucobnanagu, sepHu [ =®(U3s). By XxapakTepHCTHKaHH CHHHMK YH3HK
O6unan anmpoxcHMaunHs KWiamu3. Vo HYKTaCHHMHT  CHJDKMIU
xkywiannm E; épnammpa BAX 49u3sMKIM KMCMMHHMHI ypTacHra
ypuaramus. Kupum xywiaHwmM ammintyaacd Uy,  UH3HKIH
KydyafiTupuir pexumuza BAX HUHT HOYMBHMKIH KuMcMmHra yTHO
KEeTMaclOHIu kepak, Oy ImapT OaxapuiraHia TPaH3UCTOP YH3MKIH
pexxumaa (A-pexumua), Kecuin Oypuarucus uimiaiiam Ba YTaéTras cToK
TOKH i(t) IIary KUpYII Ky4WIaHUIIHM Waxmra moc 6¥nann (5.5-pacM).
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5.4-pacM. KywaiiTpuil KypH/IMacH BakT AHarpaMMaiiapy.
a) 3aTBOpJary Ky4iaaHuin, ) CTOKAAry TOK, B) OKIIaManaru
KY4JIaHHUI, T) MCTOKJATH KyunaHWII BaKT IUarpaMManapu.

IOinama R=R,, naru y3rapypuaH Ky4JIaHWII aMILUTATYJaCH
Unr=In'Re=Unnax (5.8)
Oynamn Ba aMIIMTYJacH KHPHII KYWIaHHWIIHW U, HaH KaTra OYmamm.

Ky4yaliTupruunuar  kyuafiTupumn  Ko3¢duuueHTH — KyHHaaruda
aHHKIaHaan

K, =:~" =1, -R /U =S,-R.. (5.9)

r
kmax

(5.9) udomama S, Ttpamsucrop BAX cu dofimanauunaérran
KMCMMHMHT KMAJHMCH OYnu0 KUpUIl CHTrHaIM carxura OOFIHK 3Mac,
AbHH y y3rapMac Sg=const.

Crox TOKMHHHI OWpPMHYH rapMOHUKacH Tok ¢ofiganyd TamKuI
3TyBYMcH OYnub, KHpWII Ky4naHMIIATa MOC IIAKIAA MPONOPLIMOHAI
yarapanm, TeHU
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Im=So'Um (5 1 0)

YH3MKJTY Ky4al THPHIL Ky3aTUIaIu.

Crok ymymuit Toku ¢oiimamy OHpHHYM rapMoHMKacH I, — daH
Tanlkapy, Kepakcu3 AoMMME Tanmoul 3Typuucu [y — mowmmil Tarmkun
STyBUYHIaH HOOpPAT.

UW3HKIH peXWMMAA HLIUIOBYM KydJaHTHPrHYHHHT (oiipann M
koapduunenTHHn anuknaiiMus. Tox doiiganu tamkun 3tyBuHcH I
HHHT Ry, 1a axpanub yukaguraH KyBBaTH

P,=05I_-U,,. (5.11)

KyuafiTHprid aiekTp Manb6aujan o1aéTraH KyBBaT
Po=Ip'Ec. (5.12)

5.5-pacMaan KypuHHO TypHOIMKH, UMK PeKMMAA TOK OHPHHYK
rapMoHMKacH [, TOKHMHT HNOMMHH TalKMJ OSTYBYHCHJIAH KaTrta
6¥nmaiinu, apHu [< Ip . Ulynra yxmam ¢oiinany YMKULI Ky4IaHHUIH
Umne — aMIUIMTYAAaCH JJIeKTp MaH6aW KywlaHdMinupaH katra 6yna
onmaiigu, 7pHH U< E. .

In Ba Uy, HMHT 3HT KaTTa 4YerapaBuil KuiimaTtHHHU oncak, In=ly Ba
Up+=E. 6¥nagn Ba ®UK

p = Pr100% _ o LU 100% _ g0,
1::) IOEC

ra Teur 6ymamm. By osur karra OHK. Amanga odoiinany Hm
ko3¢ dunuenTn 6ynaan xam kam 6ynaan. GUK HEHT kmuuk 6Ynumura
ca6ab, TpaH3ucTOpOaH XaMMa BaKT KHpHILI CHTHAJIH HYK BaKTAa XaM
TOKHHHr JomMmii Tainkun 3TyBurcH Iy yti6 typamn. Ilynmer ydyn
KyJyalTHDTHUHHHT YH3UKTH pPeXKUMH (A-peXXHMH) KaTTa KyBBaTIH
Ky4afiTHpHII ~ KypUJiManapuga KaM Ky/UlaHWIagu. YMymud Tanab
KunuHran Py xysBaraal, ¢oitnanmu P, KyBBaTHHH dapku Py=Po- Po -
HYKOTHATAH KyBBaT aKTHB JJIEMEHT TPAaH3UCTOP TOMOHHIAH HCCHIJIMK
IMaKITH A aXpanajy.

Yn3HKH pe)kuMiia HILTOBYH Ky4yaHTHPrid KypHIMAacHHHHL aCoCHi
ag3aUMry  yHMHT KMPHUI CHTHATHMHH MHHMMan Oysuinuiuiap OunaH
Ky4al THpHILHAIMP.

(5.13)
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wl

w!

5.5-pacM. UH3HKTH pexyuMa HIINOBYH Ky4alTHPIAY BaKT
JuarpaMmanapH.

5.4. Houu3nkan Ky9ai THPrEd

(5.13) udopanan kypunru6® Typubamku, Kydaiituprawiap OUK
OLIMPUIIHHHT AroHa ycynH Oy TOK NOWUMHMH TalIKMJ STYBYHMCH Iy HM
KaMalTUpuil. ByHHHr y4YyH MII HYKTACHHHM CHIDKMIN Ky<WIaHHIIH
épnammna yan ToMoHra, BAX nactku Kucmura cypamus. Kyuaitnpruy
KUPHMIIHIArH KyWIaHAIIHH

u,(ty=U,, cosat (5.14)
IIAaKIHAA OJICaK, CTOK TOKH i, KOCHHYCOMIAN HMIIYNIEC/Iap KEeTMa-
KeTJIIUI'M IMAKIMHE oOjaiu. by KOCHMHYCOMZal TOK MMIYJbCIapH
TapkuOugary ToKk OMPHHYH TapMOHHKACH aMILIMTYJaCHHH Ba JOMMHH
TAllKWI STYBYUCHHH Kkecuil Oypyarm ycynmiaad doinaranud, v, —
ko3¢ dHLIHEHTNapH opkany aHHKIaiMu3. bynaa
Im=SO'Umk' Y1 Ba IO=SO'Umk' Yo (515)
6ynamn. Bynna ®UK kyitupariya aHuKnaHagu:

n=05taUex 1005 = 05- 28 100%. (5.16)
LE, 70(6)
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(5.16) adona xyqaditupruu GUK owmupuir yuyH 1‘% HHCOATHHHT
Yo

SHI' KarTa KdHMaTHra MoC KelyB4M KecHIm OypuarH 6 HH TaHJam
KEPaKJMIrHHA KypcaTHO Typuban.

\ic A ic(w’)
______ S —
| I
| y |
|
=U; MH ) L
00U, 5 0 :%044 e
Uy

!

wt
5.6-pacM. Ho4M3HKIH pexyMA2 HILTOBYH Ky4Yali THPIHY BaKT
JHarpaMMasapH.
T1/Yo
2.0

1.0

5.7-pacMm. Z- Hunr kecun 6ypyary 6 ra GOFTHKINK rpadury.

%o

5.7-pacmaa £* umnHr kecuin 6ypuary 0 ra GormuKIMK rpadUrH Keil-
Yo

tapwirad. Bynna Z-=2 sur karra kuiimatura 8=0 Tyrpu kenamu. GUK

Yo
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n=100% O¥ynanu. 5.6-pacMIaH KYpUHHO TYpUOIMKH, KHPHUII CHTHAJH
OynMaran BakTZa TPAH3HCTOP OPKAIH YTYBYHM TOK MOMMHIA TallIKHI
atyBuHcH [;=0 6¥manyn, MaHOagaH KyBBaT HCTELMON KUITHHMANTH.

Kyn xomiapaa kecuin 6ypuaru 60°+90° opacuia Tannadany. bynna
P, kamalump OMiaH HMKMII KyBBaTH P.. XaM Kamasad, aMMo
N=75+90% ra erumu MyMkuH. ByHnaH Taiukapy, KHUAK KecHLI Oypyary
0 HY TapMUHIAW YYYH KaTTa CHDKUI KywiaHum E, 6epuin Ba xupuin
Ky4/1aHUIIH (CHIHaIK ) aMILTUTYAacy Uy HY OIIMPHUII Tanab sTHaaqu.

Kecuw 6ypuaru xocun 6ynuimy OuiaH CTOK TOKM LIAKIH KMPHIL
CUTHAIM INAKIHAaH aH4a (apk Kunagu, Oy3uiarad xucobnanami. YyHku
0 kecuw Oyp4arMHM [; ammuTygamu KOCHHYCOMAAN UMITYJbCap
OMpHHYM TrapMOHHMKaZaH TaimKapd OWp KAaTOp TapMOHHMK TAIUKMUII
aTyBunnapgaH ubGopatr Oymamu. By cTok TOKM if®t) pe3ncTHB
IOK1aMazal yTca, yHIOArH YAKMII KYWIAHMII Ak ifot) y3rapumuura
Moc O¥namu, xaTra Oysunuim kKy3atunagu. CTOK TOKMIAaH YHHHT
OHpHHYH TrapMOHUKACHHH KPATUO ONMII Y4YyH PE3HCTHB IOKIaMa
ypHHUra TOK OMPUHYH rapMOHHKacura CO3JIaHraH Iapajnien TeGpadulu
KOHTypHAaH ¢oiimananuin kepak. ByHJa KOHTYp aciUTMrMHU InyHaai
TaHJalll KepaKKH, YHUHI CHTH& YTKa3HII KEHTJIMIHIa, KHPHII CUTHATH
CHEeKTpH KeHMIMIH Moc Oymummu kepax. Hatwxkana Oy xoutypaa
TOKHHHI (akar ¢oiifamy chexTpan TAKWI 3TYBYMNAPH XPanaju,
4yHKH Oy TallKUn STYBYMNZD YUYYH KOHTYPHHHI OSKBHBAIEHT
KapIIWIIMIH Kkatra OFnanM, TOK KEpPakCH3 TAIMKMI STYBYWIADH YUyH
YHUHT Kaplimiurd kam Oynaau. Hatukala 4MKMII TOKW KECHIMIIM
HaTIKAaCHAa XocHMn OYaraH TOK KEepaKCH3 TAaIIKMI 3TYyBYHJIApH
$HIBTPAAH DeApmu YTMaiiau.

PesucTuB OKJIaMaHM mapauien TeOpaHHII KOHTYpH Owian
a/IMAINTHPHIL HATIKAcHa Kydall THPIHYHHHT OOILKA TYyPH — PE30OHAHCIIH
Ky4JalTHpruuHm onamm3. Pesonanc kywaHTvpruu cxemacu 5.8-pacmpa
KEITHPUITaH.

C
Cay 1 ~

C N
o—1 3 [ ——
%1
Re C L
UA(t) EC _E_ Uv(t)

i o

Cn - +

—he

5.8-pacM. IOxopu wacroranap Ky4aTUpruyu.
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Cr1 Ba Cp KOHAeHCATOpJNapH CH/DKHII KyWIaHHIOH Ba 3JEKTp
MaHOad WUKHM KAPIIWIUTHAAH YTyBYaH TOK YTMACIUTHHU TabMHUHJIAHIH.
Cai Ba Cu; KOHAEHCATOPNAPpH Ky4aliTHPUII KypHJIMAacCHHHUHI PEXKUMHHHU
TallK¥ JOMMUH Ky4iaHMil KM TOK TabCHPHIaH cakiaiiay Ba TalmlKy
KyprwiIMaiap M peXuMura Y3WHHHI TabCHUPHHH Tanab Aapaxachia
KaMalTUpaau.

5.8-pacMna kupum curHam Ug(t)  3aTBOp-MCTOK OpANHFHIa
Oepunras 6§sm6, wukuin KyuiaHHIOH Upg(t) CTOK-MCTOK oOpamuFura
yJlaHraR napajuiesl KOHTyp-FoKnaManaH ONUHaaH.

Pesonanc KyvaifTuprud kywyafTupum kod¢pUIMEeHTHHH aHAKIAIl
yHayH JAacTinab, YMKHIO KydlaHMIUM aMIUTHTYJAacHHH aHMKIAIl Kepak.
CToxk TOKMHMHI OWDMHYHM TrapMOHMKAcH I, pe30HaHC KOHTYpHAa
KYHHAArd Ky'IaHHIOHU XOCHI KMJIaJu:

Une=In'Rax=S0 Ui Rox » 5.17)

6yHnna, R, — mapajuien KOHTYp 3KBUBAIEHT KapIIWITHTH.
KyualiTmpruvuunr Kywianmn 6¥iinya KyyalTupuin kosdpuiueHTr

K =om=5, R, (5.18)

6ynaa, So — BAX HHUHI KHSUTHTH.

Arap xoHTYp acimdrn Q»l O¥ica, R,»1/Sq Oynaxn, Hatmkana
K»1 6¥nanu.

Kygaiftupumpaa Tok OMpHMHYH rapMOHMKACH ammnuTymacu I,
KAPHUUI CUrHAJM aMILTHTyAAacHTa [MPOIOPLUHOHAN OYIMINH Kepakx, TbHH

Lo=®(Um)=K-Ung , (5.19)

Oynna, K — y3rapmac xaTTanuk, Ky9alTHpHIl K03 PUIIHEeHTH.

Arap cunkuin Kywiaiui E , Tpansuctop émmmui Kywianuimy Ug
ra Teur 6ynca, xecum Oypuarn 6=90° Gynamu. Bymnaii pexum B-
pexuMHu ned atanagu. B-pexumuza kecHil Oypyarm KMpUIll CHTHANM
aMmIMTyAacura Goenuk 6yamaiimm v;(90°) y3rapmac 6ynanu, HaTHXana
TOK OMPHHYM rapMOHHKACH

I;11=0,5:So"Upnk (5.20)
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SbHM KUPHIN CHTHAIM aMIUVIMTY#acHra I[ponopuuoHall 6ynanm.
Ky4aliTUPrU4HHMHT aMIUIMTYJa XapakTepucTHkacd uusuigm (5.19)
6ynagu. lemak, B-pexxumMaa curaan Oy3HIHIICH3 KydaATHPHIIAIH.

Arap xydaliTUpruy kecuiu 6ypyaru 0<6<90° 6¥:ca, Gynmai peXUM
C-pexumu  ne6 aranamn. C-pexdMHIa HIUIOBYM  KydalATuprud
KUpWILIMra ¥3rapyBuaH amIUIMTYNQTH KUpHID cHrHand Oepuica, 6y
YHUHT kKecdul Oypuard 0 HUHr Y3rapHiuMra, HaTHXana TOK OWpHUHYH
rapMoHukacy koadduunentn y(6) ¥3rapagu. By aca tok I, Hu Uy, ra
HponopLHoHan ¥3rapMmacnurura cabab Gymagm, xyuaiTHpuin curHam
wak Oy3unuioMra onud KeJagu.

[lynunr yuyn C-pexuMuzaH keHr dotligamanunmalizn. Yhpaa
KaTTa KyBBAaTnH Kydatupruunapna, acocuii Ttana® ioxkopm ®OHKaH
TabMHUHIAL YuyH oiiIanaHumagy.

B-pesxaimaa @PHK A pexumra kaparanna karra. B-pexaimMuna 6=90°

YUYH :—‘=7t/2 6ynamu. 5.16 ndonara acocan

n=05- g-loo% ~78,5%
6ynamn Ba A-peaasimura Kaparanga ®HK 1,5 mapra owmamu.

Lif W ir(wt)
/
/\I “““ N
E | y - |
0 Us ! " | o
0 05 0l 28—
Wl Uy
w2 |
! 8=90°
|

5.9-pacM. B pexuMuia NIUTOBYH KyyaHTHPruy BakT
AMarpaMManiapy.
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A, B Ba C-pexaamunapuzaH Tammkapu D-pexumi xaM ¢apKnaHazau.
D-pexxuMua akTHB 3MeMeHT (TPaH3UCTOp) MKKM XonatAa Oymamm:
6UMpHHYYM X0JIATAA CTOK TOKM MAKCHMAN Iimay , YHAArH KywnaHHW Uepin —
MHHHMall Ba AKKHMHYH XOJIATAA CTOK TOKM MUHUMAN Imin , YHIaru
kyunanum U,y — makcuMan 6§mamu. [Hysusr yays D-pesxuMy xanut
pexumu 1ed xaM artamagu. D-pexxumna sieKTp MaHOaM KyBBaTHHH
HykoTUnyn

P, = %j, (0r)-u_ (ot )dot (5.21)

udozna opkanu tomwianu. By pexumpa n=90+95% Tammkun 3tam. D-
PEXHMMH NAacT B2 FOKOPH YaTOTATH CUTHAUIADHM Ky4aHTUpPHIIAA KEeHT
Ky UIaHunanm.

5.5. YacTtoTa yaraprapraq

Yactora y3raprupum (YY) ne6, KupHII CHTHATHHE CIEKTpai
TAOKAN STYyBYMJIApd OpacHJard ¥3apo aMIuMTydaBuii Ba ¢asaBuit
HUCOATHH Cakiarad Xoja CUTHaIHWM 4actotanap OMp Iuana3oHuIaH
GolKacura CHDKUTHINTA aif THIaH.

YactoTa ¥3rapTHpHII (aKaT HOUMBHKIM EKH NapaMeTpUK 3JIEKTp
3aHXHpIIapia Maxcyc TasH4 reHepaTopd €pJaMuia aMaira OmHpIWIa .
YV wunr HD acocumarm cTpykTypaBmi cxemacu 5.10-pacmma
kentupunarad. HD  Hxkku  KyWwiaHHW:  Y3rapTMPWIYBYH  KHPHIO
kywianammi Ug(t) Ba TasHy reHepatopH KkywiaHuH Ugt). Hoausnknm
y3rapuir HatvkacHaa HO umiuiumaa OMp KaTop SHTH CIIEKTP TAIIKHI
STyBUMJapH malgo OYnagu. VYnapuumur Oup kucMu doiimamm,
Ko/lraHnapH kepakcu3 (Qoiinacus) xucobmanamu. Polinanu crnektp
TamKwui 3TyBYmnapy Guistp @ épaaMuna axpatib OJMHALH.

v U,
— HD o
1 U
T

5.10-pacm. HacroTa ¥3rapTUprud CTpyKTYpaBHil cxeMacH.

YacroTa y3rapTupHln xapa8HHHU OJIHI rapMOHHK TeGpaHuLI
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U,EUncosmpt (5.22)

MHCONMJ2 Kypamu3. TasH4 reHepaTopH 4HacTOTacH wp>wp Aed
xXucoOnaiimMus.

U,=Upcosat (5.23)

Hounsukmun snemeHT BAX CHHM UKKMHYM Aapakand TONHMHOM
6unad annpoKCUMalUATaiMU3, SbHH

i=agta,;U+a,U% (5.24)

H3 ra (5.22) Ba (5.23) xupulll CHTHATM Ba TasHY CeHEpPaTOPH
Ky4IaHHIILIapy TabCUP 3TCa,

i=a0+a1(Umxcoscoot+Umrcosmrt)+a2(Uchosmot+Um,cosmrt)2=ao+
+a; U pcosmot+a; Upcosmet+0,5a,U% 00,58, U ecos2mot+0, 5, U+
+0,5a2U2m,cosZmrt+a2UmUm,.cos(coo+mr)t+a2UmKUm.cos(coo-0)r)t. (5.25)

HO yraérran Tok cmexrpm S.11-pacMja kentupuirad. Ymby
TOKJIapAaH YaCTOTacH Mo+®; Ba Wg-Or Ta TEHNIAPU YacTOTa Y3rapTHpHII
HaTHXacH cMdaTuza Kapawr mymkuH. Konrannapu ¢ofiracus cnexrpan
TaIIKUN 3TyBYMJlap xucoOnanamu. YactoraHu pactnabkm kuiiMaTura
KaparaHja IOKOpHra &kd nactra Y3rapTHpHIN KepakIHrura Kapab
(wot®;) Eku (Wo-®,) 4Yactotamap LC — mapannen koHTyp épaamuna
axpatu® onuHagw, PUIBTP aMIUIUTYHa-4acTOTa XapaKTepPUCTHKACH
5.11-pacMaa KeTTHpHIIraH.

Tasny reHepaTopd 4AacTOTACHHM ¥3rapTUpUIl OPKAIH KHPHULI
CHUTHIM CHOEKTPUHM 4YacTOTanap JHaNa3oHWHMHT HCTAIraH Xoiura
cypuill (3KOMNIamITHPHII) MYyMKHH.

HJ uukui Toxuga (0g+o;) Ba (0¢-0) CNIEKTpal TAIIKAI 3TYBIHIAp
anppOKCUMALMSATIOBYM IIONMHHOMHUHT a,U” xamunaH Kenud YMKamd.
HMlynuur yuyH um HyktacuHu H3 BAXCcHHHHr 3HT KaTTa KBagpaTHK
3TPUIIMKKA 3r2 KMCMH A TaHJIall Kepak.

Ouau 6up ToH Q 6unan Moxynsursinanrad AM curaan

W ()=U gm(t)=Ur| 1+mcosQt]-coswgt (5.26)
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a)
i(w)
'ﬂ_ ] _ ]' ‘lr ]' - J @
5 g or 2w, 5 201
s 6) %

5.11-pacM. YacToTa y3rapTuprud: a) KHpMIIRAArd Ky'WIaHHILIap,
6) 9AKNIDHIArH TOK CIIEKTPIapH.

TalIyBYH YACTOTACHHH Y3rapTHPHIIHK KYpubd dukaMus.
(5.26) ndomanu Oup 03 coana makira KEITHPaMH3

U(t)=Uam(t)=Um(t)-cosmgt, (5.27)

6yuna Up(t) =Upy[1+mcosQt].

YacToTa Y3rapTdpuIn xapadHi MOTMHOMHMET a,U’  KBajpaTHK
TAUIKIT 5TYBYHCH acoCHAAa COAMp OY/IMIIMHM 3bTHOOpPra o6, i=aU’
ndonanan poigananamus.

i(ot)=a[U AM(t)coscoot+Umrcosmrt]2=aU2AM(t)cosza)ot+aU2mcosla)rt+
2aUam(t) Umr-cosmot-cosco,t=0,SaUZAM(t}FO,5aU2AM(t)0052cnot+O,5aU2m,+
0,5aU° prcos20t+aU ap(t) Unmrcos(@o-op )t+aU an(t) Upecos(@gto, )t (5.28)

(5.28) udomanaruy TOKHUHT (0¢t+0;) EKH (®e-®;) oiinamu Tamkun
3TYBYMCHHE YTkasum rojocack YUY xupummaars AM CHTHAn CTIEKTp
KEHIJIMTHra TeHr 6ymran mnapamnen TeOpaHHIN KOHTYpH &praMuia
axpatu6 omuHamy. (5.26) udonamarn TOK cnekTpu S5.12-pacMpma
xentupuiarad (5.12a xupumnary AM curnan cnextpu Ba 5.126 HO nan
yTa€Tran TOK CIEKTPH).
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coo-.Q
wo+S2

a) 6)
5.12-pacm. Yactorta §3rapTuprad unkumugara gofinanu cnexrpan
TaIKWJ 3TyBYHIIADHH aXKpaTHLUra OMJ Y13Ma.

YactoTa  y3rapTUprawiap CynepreTepoivH  CTPYKTypacujaa
KYpWIraH pajuo Ba Tene KaOyn KWTMII KypuiMalapuaa, pamdopene
anoka JNHHHANIADHAA, €p CYHBMH HyNJolH opKany axbopoT y3aTHI
TH3HMIIAPHI3, YMYMAaH WKKH HacToTa &pAamMuja Kepalid YYHH4YH GHp
YaCTOTaHH (®gE®,) ONUIIAA KEHT KYILIaHHIamH.

5.6. Yexnarnaiap

YexnarnwiapHUHT HKKH Typd ¢apknaHagd. BUpHHYHCH CUTHAI
OHUH KHMIMATMHH YeKJIaruuiap, WKKMHYHCH CUTHAT aMIUTUTYIacCHHH
yeKIaruysap.

Curnan oBMii KuUHMATIADUHH YeKidaruunap KyHAuparw Typiapra
OynuHaIu:

— CHTHaJI OHMHA KHAMAaTHHH FOKOpHAAH YEeKIaruy,

— CHTH&J1 OHHH KMAMaTHHU IaCTAAH YeKIaruy;

— CHUrHaJl OHUM KUHAMATMHM HMKKM TOMOHIaMa — IOKODHZAH Ba
[TaCTAAH dekJTaryH.

Curnan oHu# KMHMATHHH YeKJIarMWIAPHHMHI acOCHi XapakrepHc-
TUKACH YHHMHI YMKMIIMAArH CUTHAN OHME KUHMATHHHMHr KUpHIUIArH
CUTHanl OHMH KuiiMartura OoriaHrawmura xucobmavagn. Opatma
Yyerraruunap KMpHIIMra CatXy Aespid Japakaja KaTTa Ky4wIaHHILiap
6epunany, wyHUHr yayH HD BAX HuH CHMHUMK 4u3uK OunaH anmpokcu-
Maluuanam MyMkudH., Kupuin curHanvHuHr HO gpa dewnmann pexummu
OolLTaHUIIKMIa MOC KEJTYBYH caTXy uyekiai Oycaracu aed atanauy.

Xosupaa yewnarnwiapia HD cudatnpa acocaH SpHMYTKasTHWIH
Auojnapaad ¢odnamanunany. 5.13-pacMaa rokopuiaH (5.13a-pacm),
mactiaH  (5.136-pacM) Ba mkku TOMoHNama (S5.13B-pacM) wersarud
cxeManapu Kentupwirad. byHga R, rowlama KapliMaMrd AHOL OYHK
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X0naTH WYKM Kapmuiuru R, xKynma xarra Ba muod €NHMK XoJaTHIaru
HYKY Kapmumuruaan R, xyna kidank, spHH Ro«R« R, O¥muimm mapr.

.

4
" L]

Uy 1
- +: El

(+)

a)

Uy

E;

Uy

u,

+8E,
6) l
i
R
o 1 °
VD, VD
u,‘(t) uv(t)
EI-T _;_T E;

B)

5.13-pacM. Curnan oHH# KUHMATHHY YeKlardwiap. a) JOKOpHAaH
gexyiaryy, 0) macTAaH Yyeknardy, B) MKKH TOMOHJIaMa YeKIarty.

By y4 Typnu 4ewsaruwiapia derapanam carxu HO 3amxupra Eq —
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Ky4rianuiy 6epuil OunaH YpHaTUNAIH.

Hixn TOMOHNM Yeknarvunap rapMOHHMK TeOpaHMILIap INAKIHAArd
KY4NnaHHIIAAH TpanenuscuMOH Ba TYpTOyp4ak KypHHUINKMAArH
CHTHAJUIapHH ONTMILAA XaM KYlnaHaau.

Onuit yexnarnyiap YMKAMIMAAMY KyWIaHHII JHOANAH YTaSTraH ToK
INaKIAHM Takpopialiju, 4yHku R, NaH TOKHHHI XaMMa CHeKTpal
TAILKAJ 3TYBYHJIAPH YTaay Ba KyWiaHHLI XOCHI KUAaIH.

AMmHTyna dewitarmy  (AY) pged, kupummpars  §3rapyBuaH
aMIUIUTYJa/I¥ CUTHAITHK Y3rapMac aMIIHTYAaly CHrHaNra aliaHTHpUo
OepyBun KypunMara aifTunan.

5.14-pacMjia aMmIndTyga dYekIardH4HMHT  CTPYKTYpaBuil Ba
cojjanamuraH 3JekrTp cxemMacu kentupunrai. AY HU HoOIM3UKIH
3neMeHTIap (AMOl, TPaH3UCTOP) EpAaMHIA aMallra oK PHIIAIH.

AY 7a MKKM TOMOHJIaMa YEKJIAHTaH TPaneluscHMOH TOKAaH YHHHT
OMpMHYM TapMOHMKacH mnapamuien TeOpaHMII KOHTYpH &EpAamupma
aKpaTHO ONHHAAM, OYHAa WKKM TOMOHJIaMa OHMH dekiarud FoKJIaMacH
R, BasugacuHd R, SkBHUBaNleHT KapuiMnukka 3ra OyiaraH Ba TOK
OMpHMHYM TapMOHMKACH 4YacTOTAaCHTa CO3J[aHTaH Napajuiesl KOHTYP
baxapany. bynna xupuingary curnan u(ty=U(t)cosmot 6¥nca,

U1

R v
;9 o TALAATARAR.

]
B)
Vr
o i
.H Uv(t)
C L

) < I
-+ — o+
Ec d E

r)

5.14-pacM. CurHan aMILIMTYZAacH YeKJIarkvy. a) CTpyKTypaBHit
cxeMacH, 6) KUPHII CHIHATK BaKT AXAarpaMMacH, B) YNKHUII CUTHAITH
BaKT JHarpaMMacH, r) YeKjlaru4 >JIeKTp CXEMacH.
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qukpmuaa U(t)=Uycoswet O¥nagu. HD cudatina Ounonsp &Exu
maliion TpaH3ucTOpMiaH QolifjanaHAIraifa MOC PpaBHINAA YHUHT
KOJUIEKTOpPHTa Ba CTOKHra MaHOaznaH Oepunanural Ky<wnaHuw E, &xu Ee,
ynap ojatiard pexxumua GepunaaurasiaH 2—3 maportaba kam 6¥imamu,
YYHKH 6y KyWIaHWLUIapAa TPaH3UCTOPIAPHHHT EMMIHINA Ba TYHMHULI
TOKITapyHM TABMHHIIAII YYYH yJNapHUHI KupHiuura 6epuwnagurad U(t)
CHTHANl caTXd Kamasau, dekmam 6ycaracu Es ra moc kenagurad
KyWIaHMII caTX¥d XxaM kam Oynagu. AY smapHuHr acocui
xapaktepuctukacd 6ynub, AY dYewrarMd UMKWUIOWZArH CHUTHAN
AMIUTUTYAACHHHHT KUPHLIJArd CHrHAN aMILUTUTyJacura OOFIHMKIHK
XapaKTepHCTHKacH xucobnanamu (5.15-pacm).

Uy

Uk

O Es

5.15-pacM. AMIUTHTY A2 YeKi1arHy XapakTepHCTHKACH.

Ha3zopar caBoanapn

1. Yactora xymadTHpruy Huma?

2. Kadicu Typ onekTp 3amxmpiapia 4YacToTa Kymaitupui
MYMKHH?

3. YacToraHH MKKHI2 Ba yura KynaiTHpHIIAA KecHIl Oyp4aru 3HT
MabKynl KHiMaTH Heda rpaxyc OVmummu  kepak  (an(0) —
k03¢ dHIHEeHTIapH YIyH)?

4. YacroTaHd MKKHIa Ba yura KynaiTHpHIIAa kecdil Oypyaryd 3Hr
MabKyn KHiiMaTH Heda rpagyc Oynmmm  kxepak  (y,(0) —
K03 uUIHEeHTNapH yIyH)?

5. Kyualitupruwiap ne6 xaunaii Kypunmanapra aiminaau?

6. UYusuknu pexumaa vuuioBud KydalTHpruvHunr O®HUK Huma
yuyH 50% xam?

7. Houusuiyim pexumaa wnosun xydadtupruyagar ®UK sHr
KaTTa KuifMaTd HUMara TeHr?
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8. Kyuwaiitupum  xo3dduunenty HuMa?  KydJalTHprHYHAHT
aMIUIMTYy]a XapaKTEPUCTHKACH Kalicy KypuHHILAa OYH1IM Kepak?

9. A, B Ba C pexumnapuia kecuii Oypuard kuitmMaTH Kannai
6ynann?

10. AKTHB 3T€MEHTHHHT KAIUT PeXHMH KaHIal pexum?

11.Yacrora ¥sraprupruy KaHgai# KypunMa Ba YHAAaH HUMa
Makcayiapna ¢oitnanaHdin MyMKHAH?

12.HD BAXwu i=a1U+a3U3 maknupa Oynca, yHaaH 4YacToTa
y3rapTHpruy KyphuiMacuaa GpoiisanaHam MyMKUHMA?

13. OHmii Ba amMmuTyJaBuil uekjaruynap KaHzad BasudarapHu
Oaxapanunap?
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6. MOIXYJAIINSUIAHT AH CUTHAJLJIAP
6.1. Moayaanan

DJIeKTp aJloKa PUBOXKHUHUHT AacTnabky HHapuaa MOIYSIUA 1acT
YacTOTANN TOBYIN &kd Tenerpad) CHIHAJUIADHHH Y30K Macogara ioKopH
YacTOTA'd CHIHaIap OpKamM erkasunia ¢oiiganadunran 6ynca,
X03UpAa Kyiiuaarn Kyimum4a tanabnap Kyituiaran:

1. ysatunmaguraH HHcOaTaH macT yacToTalu  xabaprapHu
KpaTHIraH MablIyM pajUovacTOTaIap JAalla30HUTa KON THPHIIL;

2. @KpaTHIraH 4YacToTanap IUaNa3OHHIaH 3HI MakOys mapaxana
dolinananuin, SNeKTPOMarHuT MyXUTHH TabMHUHJIAL;

3. MoAyMAUHAHHHT MabJyM TyprapunmaH ¢oiinananub, xabapHu
HCTEBMONYMTA IOKOPH XatakuTOapaolmiMk OunaH eTkasum,

FOxopu yacroranu curHan (TaulyB4d) HH acocuii apaMeTpiiapyiaH
OupuHM nucOaTaH TaCT YacTOTANM  MOAYSLIMSUIOBYM  CHIHAN
ysrapuioura MoOC paBHIia Y3rapuiM MonxynanuA e aramangd.
TamyBUMHUHT MOAYNANMANOBUM CHTHAIra MOC paBMIUAA ¥3rapyBuu
nmapaMeTpH YHHUHT HHGOPMAI[HOH TapaMeTpH Aab atanaiy.

Kyn xomnmapaa TamyBym CHTHan cHarTiga: 0KOPH YacTOTaIM
rapMOHMK IIAKIIArd CHrHaUIAp; TYFpu Oyp4akiu MUMITyJbclap KeTMa-
KETJIMTH Ba ITOBKHHCHMOH CHTHAJUIapAaH QoHaananuiany.

6.2. AMILTETYJACH MOXY.IAMHAAJIAHIaH CATHAJLJIAp

TauryBun cudaTuia IOKOPH 4YacTOTANM TapMOHMK TeOpaHyBUH
curHamHH onamus (6.1a-pacm)

U(t)=U,cosmot. 6.1

MonynaumsinoBy CHTHAIHHHFP 4acToTacH £ ra TEHT TapMOHHK
TeOpaHyB4H cUrHan Aed xucobaakimus (6.16-pacm)

Un(t)=UqcosQt. 6.2)
Onatna we») 3THO TaHJIaHATH.
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(6.1) TamyBuuHUHr amruidTyAacH U, Moxynsauusinopdd Ug cHryan
aMIIUTYAacHra MoC paBHIIAa Y3rapaiu

uam(t)=[UytkUqcosQt]-cosmot, (6.3)

byuma, k — npomopuvoHamk  ko3puuneHTs  6YmHO,
MOZYNALUAIOBYY CHTHAJ aMIUIMTYJAacyl Yy3rapuimuHu Tamysdd U,
amruutynacu yarapuinu AU, ounau 6ornaiion, AU= kU, .

(6.3) nponanu Kyitugary mawira kerrupamus (6.1B8-pacM)

0y (r)=Um[1+Alj]“ coth]cosa)ot, (6.4)
Oynna, A:" =mped Oenrunab, (6.4) wudomawu Ky#mmard DIaKwIra
KCJITI/Ipal\:H?.
uam(t)=Uy[1+mcosQt]-coswgt. 6.5)
Uut)

YT

) 1
6.1-pacM. AM curHan BakT AHarpaMmaliapy. a) MOLYIAIHsIOBIH
11acT YaCTOTANH CUTHAal, 0) FOKOPH YacTOTaJlH TaUTyB4H,
B) MOIY/ISLMSAIAHTaH CUTHAIL.
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(6.5) oup ToH Q OwiaH MOAYNAUUAIAHTAH AMIUTHTYOACH
MOOyNALMAIAHTaH CHTCHATHHHI aHaTUTHK (MaTteMaTuk) Hdoaacu
xucobnanangy.

(6.5) udomana m — Moxymauusa kodbdunueHTH, onmataa y
MOIYJIALHSA YYKYPJIUTH e6 atanagu. YHUHT KHMaTH MOLYIALMSIOBYM
CHrHa Imariyd Kabyn KMHMIN KypMAMAacH YHKWIuAa Oy3uiaMacniaH akc
STTHpuIMIM y4yyH O+1 opamuFuma y3rapulud kepak, ssHH m=0+1,
texuuk ¢oiimanaunmaa y ¢ousnapaa 6axonanam, apaH m=0+1-100%.
Arap m>1 O¥nca, OyHaalk MOOYNALHA OPTHKYA MOIYJALMATA ONHO
KellaJ¥ Ba FOKOPHIAry X0JaTra oiHb Kemanu.

(6.5) udbonagaru AM cHrHaym CHEKTpal TalOKUI ITYBYHIAPHHH
aHHKIAIN YIyH KaBCHHM 04aMH3 Ba cOSa'COS TPOroHOMeTpHkK HboaaHu
éinmpan ¢olifananaMus, HaTkaa Kyiunara udoganu onamus;

uam(t)=Ugcoswot +0,5mU,cos(wo+Q2)t+0,5mUcos(@q-CQ)t. (6.6)

Bup ton Q Gmnan momymanusnaHraH AM CHrHaI ydTa TaIIKuil
3TYBUMAAH HOOpar: TaIyBUH YacToTa -Mo; (We+2) - macTku &H
CTEKTpall TAlKMI 3TYBYM Ba (M-2) - IOKOPHM €H CHNEKTpan TamKHi
3TyBYH 4actotanap (6.2a-pacm). bup ToH Q 6wian MomyIALUANaHIraH
AM cHrHall creKTpH KeHIHIH A®g=2Qmnma (6.26-pacm). AM cursHan
MOZYNALNUACHIA CUTHAN YacToTacH Quim+Qm, OpanuFuga yarapcea,
nacTky €H NoJI0cacH Ba IOKOPH E€H I0JIOCA CIIEKTPH Naiimo 6Ymann.

: AW ! | Awey |

) I

P Us | - o

i : : I1IET1 IOEIT :

0,5mU, 0,5mU,, ! !
' ®

T e i I B

3 S S 9 ¢ @

a) 8 8 5 § 8

6.2-pacM. AM curHan crieKTp AuarpaMMaiapi. a) Oup ToH 2 bunan
MOZYJIALMATaHTaHAArd CIIeKTpH, 6) Mypakkal curnan 6uias
MOYIALHAIAHIaH JAaTH CIIEKTPH.
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AM curHan BeKTop JuarpaMMacu 6.3-pacmia KeJITHPHITaH.

(we-S)ty

6.3-pacM. AM curaan BeKTOp qHarpaMMacH.
TamyBuxr  crmektpd  QpintQmax  OpPUMFUAA  OKoijamraH

MOZRYJALHUAIOBYM CHIHal OHWiaH MONYTAUMANaHTaH XOJNaTHH KypuO
gyukamu3. Bynna

n
up,(t)= kél U g 08 koot 6.7)

Gynanu Ba HaTHXKaBHH MOAY ALK KO3PULHERTH
M=Sm,, (6.8)
k=]

OyHza, my — MOZYJIALMANOBYN CHrHAN k—HYM CNEKTpP TALUKWI 3TYBUUCH
TabCHPHUa MOAYALMA KO3 PUIMEHTHHHUHT Y3rapuimy. ABBal 3¢IaTHO
yTraHMMHU3AeK HaTHXKAaBHH MONYMALMA IyKypaurd M<I1 6¥nuimn kepak.
(6.7) momynaumsnanran AM curHaniu Kyinaarada udonanan MyMKHH

n
um(t)=Um[l+Mk§1costt]-cos o - 6.9)

Mypakkab curHan OujlaH MOAyIsuMsanaHrad AM CHrHaJI CNEKTpH
6.2r-pacMpa kenrupuiarad. byHnali AM cHMrHam TamyBYM, FOKOPH &H
nojoca Ba nacT &H noyoca cuekrpnapuaas uOopar 6¥mub, cnekrpu
KEHTIMTH AW =2€2may TA TEHT.
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6.3. AM cErEa/uUIapHA OJHII YCYJLIADH

AM curHamap ojaTAa SpUMYTKa3rud AHMOL, TPaH3UCTOp &KH
snexTpoH JamnanapaaH HO cudarnaa doitnananuim opxand oMHHAIH.

6.3.1. Bap Takxtau apoann AM Mooy aaTop

bup Taktnm guwommm AM  Momynstop cxeMacm 6.4-pacMaa
KEITHPHIIraH.

VD

NI
wg v

i
uy(t) )

6.4-pacM. JIHOUTH aMILTUTYJa MOLYJIATOPH CXEMACH.

= Upna(t

Juon BAX cHHM HKKMHYM Japaxatd [OAMHOM OHiaH
anMpOKCHMALIUS KMJIaMM3, TbHH

i=ao+a1u+a2u2, (6.10)

yura tamryBud u(t)=Ugcosmgt Ba MOTymanHMsUIOBYH u,(t)=UgqcosQt
CHrHaJUlap HWFHHAMCH U=u;tu, TabCHp 5Tamu. Juoaman VraérraH
TOKHM aHHUKJIafiMu3

i=ag+a; U,ycoswot-+a; UgcosQt+0,5a,U%,+0,5a,U% 0+
+2a,U,UqpcosQtcosmgt. 6.11)

By ymymmii ToK cnekrtpuzaH ®p , @t ) Ba - yacToTATH
TeOpaHHILNADHA [Napannen KOHTYp é&pAaaMuua axpatub® onaMus.
IMapannen koHTYp ¥Tkasdm mnonocacd AM CHTHaN cHeKTpura Moc
6ymuim kepak. Ilapamnen koHTyp IowiaMa Ba3ugacHHH Okapand,
YHUHT 5KBHBAJIEHT KapIIWJIMIHHY R, ¥TKasuIn monocacuaa gonmuii ae6
xucobnab, yHmarm KywiaHum U(t) HH anukiadiMus. KoHTypaaru
KYWIAHUT U(1)=Ug(t) O¥1n6, aMmnutygacn Momynasanusiaurad 6ynanu
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U=y (t)FRoe(a; Ucosmpt+2a, Uy UgcosQtcosmot). (6.12)
(6.12) na a;U,cosmet HM KaBC TalIKapUCcHra YHKapamus
uam(t)=a;UgRoe(1+225/a; UcosQt)coswet. (6.13)
(6.13) udonana
2ay/a,U=m, 6.14)
neb 6enrunab, KyfugaruHu XOCHI KI1aMHu3
uam(t)=a;UgRge(1+mcosQt)coswyt. (6.15)

(6.14) nponanan kypuHuO TypuOAUKH, MODYNALMS KO3 HULHEHTH
m MOJIYJIALMAIOBYH CUrHaN aMiummTyaacd Uy, ra TYFpH MpONOpLMOHA,
ABHA MORYIIUKA Jxapaénu Oysuinumnapcus yramu. Up=const ydyH m
HUHI KMHMaTH 2, KoddduumeHTra GOFHK, Y KaH4a kaTTa O¥ica, SbHH
SIPHJIMK KaHua kaTTa 6yrnca m myHya karra 6ynaau. By 6ornanumnap
rpadury 6.5-pacmMa KENTTHPHIITaH.

Arap u=u+u; HD BAX CHHHMHT MKKMHYH Japaxal¥ I[OJHHOM
OMian anmpokcHMallUANaHraH KMCMHAH TallKapura 4MKca, y Xonaa
BAX HH yYMHYM Japaxaid TOJMHOM OWiaH ammpoxcHMallUslaHanH,
HaTWxaja sHa KYIIMMYa CIIeKTpal TallKWI 3TYBUMiap naino 6ymamu.
YiaapaaH (0¢in2) yacToTanu cHeKkTp TalUKHI 3TyBYWIAp Mapauiest
KOHTYD-IOKIIaMa yTKasMIIl mojocacura TYIIMIIH MYMKHH (arap

QmS%Qmax 6ynca), Haruxana Oysunnin naiigo 6ynagu, Tamysuu OHp

BakrAa €2, Ba 2Q; Ounan momynsuusiaHrad Oymanu. Mopynauus
koadduipeHTn 6y Xonaa KyHuaarnya aHuK/I1aHa |

a 3a
m=2-U, +=>2U
PR R PREE (6.16)

(6.15) upona rpadukiaapn 6.56-pacMa KEITHPHIraH.
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a;>0

a) * /¢
a; az<0
Un Un
0 a, > a i 0 —
a) 6)

6.5-pacM. Moy nsamus qyKypIurd M-HUHT g, Ba a3 allIPOKCHMALTUs
k03¢ uIHeRTIapHra OOFITHKIHTH.

6.3.2. TpaH3mCcTOPIA AMIJIATYA MOTYJIATOPHA

AM  curHamapHH = OJMIUAA  TPAH3UCTOPNM  MOXYIATOpIAp
MOIYMALUMAIOBYM CHTHA aKTHB 3JIEMEHTJIApHUHI KaiicH KyTOnmapu
opacura 6eprirannra Kapa6 dapkianaamnap.

1. TammyBuM curHanm uy(t) Ba MOOYJNALHAIOBYM CHTHAT - Up(t)
OMIONAp TPaH3MCTOPHHMHT 0a3za-aMuTTIEp opanurura Gepunran Gynca,
6a3za Mmoxynanusacy neb aTanany.

2. Tamysun curHanm uy(t) Oasa-aMuTrep opamurura ba
MOAYNALMMIOBIA CHUIHAT Un(t) KOJNIEKTOP-SMHTTEp OpaTMFHra
Hepunran 6¥nca, KOIIEKTOp MOLYIATOPH Ael aTananu.

3. TawryBum CHIrHal Uy(t) 6a3a-aMHTTED OpaJIUFHra,
MOIYJIALMANOBUM CHTHan OHp BakTHUHr ¥3upa 06asa-sMHTTEp Ba
KOJLIEKTOP-3MUTTep opanurura Oepunca, OyHmai MoqyRaTop Mypakkad
MOIYJIALHA Typu xucobnanamy.

MaiifoH  TpaH3HCTOpJIapH Ba  3JNEKTPOH  JlamMmianapjary
MOZYIATOPNIAp XaM IOKOpHOarmidpra yximam HoMiaHamwiap. MacanaH:
3aTBOp OPKAIH MOJAYJIALKSA, CTOK OpKalM MOIyJulus, 6olKapui TYpu
OpKaJTM MOIYJIALMA Ba aHOA OPKaNy MOXYJIALMA.

Mrucon TapukacHia MafZioH TpaH3ucTOpHZaH ¢oiizanarnd AM
CUTHAJI onum >kapadHu OwigaH Tanuimamus. Malinon TpaH3ucTOPNIN
MOIYNATOPHUHT HUcCOATaH COANANAITHPHIraH 3NeKTp cxemacH 6.6-
pacMaa KeJITUPHIITaH.
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Un(?)

6.6-pacM. MafifioH TpaH3MCTOPIM MOIYIATOPHUHT
COLAAAIITHPUIITAH CXEMACH.,

i(wt)

wt 3)

6.7-pacM. Maii1oH TpaH3UCTOPIM MOAYJIATOPHHHHT HIUNALUMIA OUJT
BakT qUarpaMMaiapH.

Tpansucrop  xapakTepUCTHKACHHM  CHHHMK  YH3UK  OHNaH
annpokcumMaumataiimMus. M nykracu E; — cuxdIll Ky4nanuilyd OpKaiH
OpKallM A HyKTaza ypHaTunrad. ty Honjgan 6ouwtad Uy(t) kywianum E,
6unan 6upra
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EX(t)=E,+Upycosnt, (6.17)

CekMH Y3rapysuM cudarHia 3aTBOP-UCTOK opanurura OepuiauO,
TaIIYBYH Uy(t) HU cUIDKMO TypyBdH M Hyktacu A muHr BAX Oyitnua
Typny xolstapura OepHIMIINEM TapbMUHIalM. UlyHuHr yuyHn 6yHpai
TYPp MOIYNALHA — CHIDKHII MOTYJATMACH Ae0 aTanamy. Uy(t) BAX Hunr
TypnM  HyKTanapura  OepwidmmM  HaTW)Kacuja  CTOK  TOKH
UMILYJIbCI2pUHUHT Oanaufnuru Ip., ¥3rapamgu. By Tok OHp Karop
CIeKTpal TAlOKHJ TyBUHIapra sra 6yaami, my xymnajnaH g, Oot+Cn
Ba -2, YacTOTAIM TAaUIKUI 3TyBUMiapra. TOKHMHT Oy TallKHJI
JTYBUHJIAPH FOKIIaMa-TlapaJuteNl KOHTYPAa KyWIaHHII XOCHN Kuiajaw, 6y
KY9JIaHHUII aMIUIATYAAacHu Y3rapHiid MOAYNALMAIOBYM Uy(t) KydunaHHII
y3rapuimura Moc kenanu (6.7B-pacM).

MoznynaTopnapHAHT Ml PEXKUMH Ba MOZY ALISIIAl CHMATH YHHHT
CTaTHK MOIYJIALHMOH XapaKTEPUCTHUKACH OpKamH GaxonaHamu. Kipunran
CHDKMII OpKalNM MOAYIANMA MOIYNATOPUHHHT CTATHUK MOAYJIALMSIIAIN
XapaKTepucTUKacH Aeb, CTok Tokd OHpHHYM rapMmoHUKacH [, HHHT
CIUDKHII KywraHuItY E, ra 6ornnK pasuinga y3rapuinura aiiTunany. by
XapaKTEpDHCTHKaHKM ¥yiyamga Ba xucobmad wumiumnaa Upg=const,
En=const 6ymunmm kepak. 6.8-pacMaa cTOk MOIYNIATOPH MOIYIALUOH
XapaKTepHCTHKacH KeNTHpHarad. by xapakrepuctukagaH KyHHparu-
JIApHH aHUKJIam MyMKUH:

1. MozmynsauvoH XapaKTepUCTUKaHUHT YM3HKIM KucMu MN B, 6y
opanukna L.i(E,) aespnu unsuxnm OornaHumga Oymanu.

2. Cratux moxynsauuoH xapakrepuctuka (CMX) uuar MN kucmu
ypracunaH abnucca yKura nepneHAUKyIp (THK) TYIIHPUO, NI HYKTacH
CMX nuHr ypracuma OYIMINMHM TabMHUHIOBYM CHJDKMII Ky<WIaHUIIHA
Elc KHMaTHHH aHUKIaliMH3.

3. M Ba N HykTanapuAad THK 4YM3HK Tylidpamus, ynap abuucca
¥KM GMIAH KecHIIraH HyKTa Ba E'; KaTTammk opacHJard Ky4IaHHII
¢dapkuHE aHuKTaiiMu3. Y Mopmymatopra Oepuin MyMkuH Oynran
MOZY/IALMANOBYY CUTHAT aMILIMTYAacura TeHr 6ynanu.

4, CMX wuuar MN kucmuigaH ¢oiifanaHunradia SpHIIHILUIHTH

MYMKAH Oynran Momyasuus MakcuManl KOIDOUIMEHTH  Mpgy

_ Al
aQHUKJIadaa¥, Myax— 7

el

el

5. CMX pan 3 Ba 5 opauHatanmap ycynuaaH ¢oiiganasu6,
Mogynaudana #ya kylinirad HounMsMKIH Oy3wium ko3¢¢HIIHeHTHHE
Xucobaly MyMKHH.
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6.8-pacM. AMILTHTY]a MOIYNATOPHHHHI CTATHK MOXY/IALIUOH
XapaKTepUCTHUKACH. a) MAEAUTAIITHPHIITAH MOXYTIALIMOH
XApaKTEPUCTHKACH: 0) XaKUKUH MOXYTALVMOH XaPaKTCPUCTUKACH.

Tamysumnu, Wkku éEH nonocany AM curHan Omp Kartop
KaM4UIHKIapra sra OynaraHm, ydyH, oOZzaTAa YHHMHI Ky#uaaru
Typnapuad Xam ¢ofinanaHunanu:

— MKKH 110/10cay TamyBuMcH3 AM cHraanm;

— 6Hup &H nonocany TamyBuucu 6op AM curaarn;

— 6Mp €KH MKKH €H MONOCAIM TAUIYBYHCH CATXH KaMadTUpHIIraH
AM curnan;

— OHp éKxM HKKH MONOCajd TAlYBYMCH YpHHMra HHCOaTaH nacT
CaTXJIM MUNIOT CUrHAN KyIuunrad AM curxan.

6.4. HacroTach Ba ¢a3lacn MOAYISNHAJAHTAH CATHAJIJIAD
Tebpaunim yacToTacH oHMii KuMAMaTH Ba oHMH (asacu 6up-6upu
fuMaH MaTeMaTHK XKMXATAAH XOCU/a Ba MHTerpai 6unan 6ornanran. By

KaTTamMiJiapAaH OMPUHMHI Y3rapuild HKKMHYHCHHUHI YHra OOFIHK
y3rapuiura onub kenamy, SbHH

o(t)= % Ba ()= im(t)dt +9g - (6.18)

HIyHuHr yqyH yacroTacH Ba $a3zack MOAYNALHAIAHTAH CHIHALUIapH
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6ypyak MoAysALWIAUIA cHTHaumap ne6 atanamn. Kyliunaa my mxxu Typ
MOJYJIATUAHY KYpUO YHKaMH3.
®a3a MOIyALMACH HATHXKACHA FOKOPH YaCTOTAIU TAIIyBYH -

U(t)=Ugcos(wot P )t (6.19)
HUHT ¢azacu Moaymanusaosun Ur(t) koHynu 6¥iinda y3rapagm, sbHi

)= gy +aUp(0), (6.20)

OyHJIa, @ — mponopuHoHALINK Ko3bduuuenTn. Bypuak Mogynsanuscuna
TaIIyBUMHWAHI aMIUIATYgacH Yy3rapmaiinu, spHM Up=const, HIyHHHT
yuyH OM tebpanuiau Kyluaaruda udoganam MyMKHH

ugm(t)=Uycos[mot+potaly(t)]. (6.21)
Arap MOIYJIAIHA NTACT YaCTOTATH FAPMOHKK CHTHAI
Un(t)=UpsinQt, (6.22)

TabCHPHJA aMaira omuprica, ®M cursansHuar dasacu oHuil KuiimMaTy
Kyliunarura teur 6mam:

Y(ty=oet+@ot+all,sinQt, (6.23)

(6.23) wudonmana OMpPUHYH BAa UKKMHYM TalIKWI STYBYHCH
MOIyNAlLMsUIaHMaraH CHUTHan ¢asacura TeHr, YYUH4YHCH (hasaHHHT
MOIYIALMA HaTwKacuia ysrapuinv 6.9-pacmpa ®M curhan BeKTOp

JuarpaMma Epaamiaa TYIIYHTHPHIITaH.

Bynna TAllyBHH BEKTOPH COAT CTPEJIKacH 6yiinya xapakatiaHub t,
OHJIa pacMJarH U’, xonatuuy sramiacus. (asa MogysuuscH ymby
exrop U’y — Hu y3uHMHr JacTiabku xonatuaaH Ag=aUpsinQt KoHyHH
6Viiu4a YHrra Ba yanra ofMIIWHY aHrhnarany. TamlyBYMHUHT SHT Hekka
xonatu Ul, Ba U', 6rnan 6earunanras.
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6.9-pacM. Bypuak MOIYIAIUAIH CUTHAITA OHJ{ YA3MA.

Monynauuinanran TebpaHuIn ¢azaCHHHHT MOXYJALMSIIaHMAaraH
Tebpanum ¢azacugaH OWp TOMOHra MaKCHMan CHDKHMIOM da3a
MoOIymAuMAcd HHAekcH ne0 aramamm.  Mopmymauma  MHOeKcH
MONYJAUMAIOBYM CHTHAJ aMmyaTyfacura Oormuk 6Ynub, yHHHT
¥3rapuiu yactoTacura OOFAMK 5Mac. AQmu=Maenv=aUyn HM 3BTHOOpra
omu6 (6.19) ndonann Kyliugars KypHHHILTa KEITHPaMU3

Uam(t)=Ugcos[@gt+po+msint]. (6.24)
OM cUTHATHHHI OHMI YacTOTacH Kylunarnya ysrapann
o(t)=wt+mQcosQt. (6.25)

yngait kunub GM curHan Typiad oHJapAa TypJiH4a HacToTara ra
O¥nanu, yHUHT TallyB4H YacToTacHIaH (apku

Aw=mcos At (6.26)

6ynu6, ®M curnanau UM curaan qed Kaparr MyMKHH.
Yacrora MakcuMan KuiiMaTH @ HMHT 0y OaH ¢apku Aw; JacToTa
ZeBHaUusAcH Aeb atanany, TbHH

AoF=m,Q  éku Af = Mo F. 6.27)

YacToTa MOAYNANHUACHHA aMmaira OILIMPHIraHAa TanryBYHHHHI
4acTOTacH OHMA KWUHMaTH MOKIYNALMAIOBYM CHTHAN Upy(t) ra Moc
paBMIOAa y3rapajay, AbHU

o(t)=wet+aug(t), (6.28)
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6yHza, a — mponopuMOHALIHK ko3¢duunenTn. YM CHrHAJIHHHT OHHIA
daszacu

¥l)=0y )+, +a;[)um (). (6.29)

UM cHrHaJIHMHI aHATMTHK Hdogack KyHumaruia 6ynamu
T
UqM(I)= U cos| @t + @, + at[)um(t)a’.t . (6.30)

Arap up,(t)=Up,cosCy O¥nca, y xonna

a)(t)=wO+Aa)ﬂ cos{Y, (6.31)

6yHma Aw, — 4acToTa JEeBHAIMSCH, ABHM TAIIYBYH YaCTOTACH (g
HHHI OGHp TOMOHIa MaKCHMaJl OIIWINY éku Kamaiuiny (6.10-pacM).

T dw, 4wy T
he— o
1 A
1 |
w
(Dg—A(D @9 (Do"‘Aa)

6.10-pacM. UM cHrHai yacTora AeBHALMACHHH aHUKJIAILTa OUJ
qu3Ma.

Ua(®)

6.11-pacm. UM curuan BakT quarpaMManapu: a) UM curaan
TAMIyBYUCH, 6) MOAYALMAINOBYY 11ACT YaCTOTAM CHTHAN, B) HacTOTACH
MOIYNALMAIAHTaH CHTHAJL.
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(6.31) um >pTHOOpra omm6 (6.30) um KyHugarm wakira
KeNITHPaMHU3:

Aa)ﬂ ]
u,_[M(t)=U0 cos| @ + ¢ +—o-sin (¥
(6.32)

(6.32) — UM curnanny Oup ToH Q OuNad MOAYNALMAIaHTaHIArHd

Ao
anarutHk udonacu. Bynna —Qisin().t UM MomynAlus HaTWKacHia

Aw
yHuHT (aszacu ¥3rapummHu udonpanaitnu. by UM curHanau m=Tﬂ

nHaekcH @M curHan neb xucobnaln MyMKMHINTHHE ORMIaMpany.

®M Ba UM curnamnap Gup xatop yMyMHii XycycHaTnapra srajap:

— yiap OMp XHJ aMIUTHTYJand Ba YacToTaln Uy, (f) Ounan
MOAYNAUMsTaHraH BaKTAa Oup-Oupuaan ¢apkiagMainn;

— Xap HKKM CHTHAJ XaM MOYNALXS HHAeKcH OunaH 6axonanay.

®M Ba YM curHannapHuHr Oup-Oupnapupan  dapxnapu
Ky#ngarunap:

— ®M curHan Moaynauus UHACKCH Mgy MOAYIAUMA YacToTacura
GOFIIHK 3Mac, YacTOTa AEBUALMACH MOLYIALHA YacTOTacHra GOFTHK;

— UM curHan yactoTa ZAEBHALMACH, MOXLYJALMAJIOBYM CHrHam
yactoTacura OOrmMK 3Mac, MOLYJALUMA HHAEKCH  MOLYNALUA
YaCTOTACHra TeCKapH INPOHOLHOHA.

UM Ba ®M curHawiapHd ¢apkd MOIYJIALMATIOBYM CHTHAI
Mypakkab O6Ynrad xoJma SKKoJI Ce3UNamy.

UM Ba OM curannapHy yprada KHEMAaTH ce3unapiu y3rapMmaiian

20) 4

y3
_1Tu Vs
p'ﬂ, R R’ (6.33)

E
6yHna T_Z—”

UM Ba CDM CUTHaJLIAp CHEKTPHM Ha3apu¥ JKMXATAaH YEKCU3 KEH.
AMMo Oy cHrHanmap y4YyH YHMHI CIEKTpal TallKHNl STYBYUJIApH
KyBBAaTHHUHT Aacocuii KHCMH »KOMTAallraH KeHIJIMIMHE Ky#ujary
Taxpubuit ndonanap opkamd aHHKIAU MyMKHUH.

UM curHasl CeKTpy KeHIJIHIH

Awcyy =2(M gy, +1)2. (6.34)
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M cHrHay CoeKTpH KEHTIIHIH

8O 0= Z(M " +1)Q. (6.35)

Arap UM curHan y4yH MW=A—(;"- Ba ®OM cursan yuyH

M b =A@y, OKAaHJIUrHHH 3bTHOOpra osmcak, UM cureHan cHexTp

KEHITMIN A®q o MOAY/LILHA YACTOTACH ¥3rapca XaMm ¥3rapHILCH3
Konagw, ©M curHan cCHekTpy ©3ca MONYJALUMA  4acTOTacHra
NPONOPLUHOHAN ¥3rapaay.

oM CUTHAJLaH Y3IyKCH3 CHTHAJINMapHA y3aTHIIza
doiiranaHunMali, 4YyHKM aKpaTWiraH 4acToTalap Auana3oHHxaH
dolinananum camapanopaura xyga mact 6ynaau. @M curHauiapiay
y3rapmac TesnnkAa JUCKpeT xabapnapHu y3atuinaa (oiimanaHdiany,
STBHH (a3acH MaHMIYJUILUAIAHIaH CHTHA Iaknka $oiinanaHunany.

UM curHamwrapgan YKT pguanasoHupga paguiosLIMTTHpHINAA Ba
Ooluka Typ anoka TH3UMIIapuaa keHr doliganaHunagm.

6.5. YacToTacH MOAYJIANHAIAHIaH CAIHA/JIAPHH OJHII
YacToTa MOLYIALMA HATHXKACHA FOKOPH YaCTOTAIH TallyBYH

up{)=Ugycoslogt +9, ) (6.36)

HAHI OHMH 4dacToTacH ¥srapumu kepak, Oy yarapuil Awpg
MOAYALMAIOBYY CHIHAT

up (t)=U,, cosQt (6.37)
aMIUTHTYAACHUTa TPOMOPLHOHAT OYauIIM Kepai, AbHH

a)(t)=a>O+Aw=(oO+kwum(t). (6.38)

YacToTa MOAYMATOPH HKKM KHCcMIOan uOopar O6ymummu Kepak:
OHPHHYHCH, ¢ YaCTOTaId TeOpaHHLUIap reHeparopd Ba HMKKWHYMCH,
reHepanUANnaHaéTra TebpaHum TacTOTaCHHH MOAYJIALMAIOBYY CUIHAN
opkand OGowmkapyBuH KucM. I'eHeparop Kypuiamach OHJIaH AapC/IMrH
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Maxcyc Gobupa TaHMlaMu3. Xo3upua reHeparopia YHHHI TeOpaHWID
YacTOTACHHH AHMKJIOBYM pe3onanc LC mapannen xoHTypu Gop neb
xucobnaitmMu3. LC — KOHTYp pe30oHaHC YacToTac Wy KyHUgarura TeHr

1
@g = N7k (6.39)

Jlemak, 013 mapannen KOHTYp MBAYKTHBAMrHM L &xu curumu C Hu
y3rapTupu®, YHUHr pPE30HAHC HacTOTaCH (¢ HHU Y3rapTUpNIMMUMH3
MymkuH. Harvxaga reHepatop dactotacu ¥srapamu. KoHtyp
napamMeTpIapiHU TYpJH ycyljiap OwnaH ¥3rapTupHili MyMKHH, XamMa
Xonga xam Oomikapyeyd 3neMeHT Xg(t) peakruB sneMeHt 6ymib, y L
gxu C ra TapCHp STUIIH Kepak.

6.12a-pacMaa yacrota MOAYAATOPH COJAAQNAlTaH CXeMacH Ba
6.126-pacMma OomkapyBuM sieMeHTH Xg(t) cudaTHia BapHKanjaH
¢ofinanaHuirad yactora MOAYJISATOPH CXeMacH KelTHpHIraH.

Xg(t) MOOYNALUAIOBUM KYWIAHHII Up(t) OpKalM OOIIKApHIaaM.
Bapukan p-n YTUIIM CHFHUMHHM YHra Kyiunrad xydynaHulira
Gormmxnik xapakrepuctiukacd C=@(U) 6.13-pacmMaa KenTHpUIIraH.

I [l

|
|
ol Un(t)
| m(L,
VZ 3 L l
u : Xe(1)
I Cl
Cens 3 | :
[ |
| |
- + |
- Ey Cén2 +E |
au)
E—j S
a) |
| An
I
T — L : 2§ | Un(t)
H .C 1
138 T .
__Clj g ' 1L -+
7 ‘ : - Er
-+ En Cﬁg:_ + ]
|
]

L
I3
3

)
6.12-pacM. YacToTa MOTyAATOpNAPH CXEMACH!:
a) cogmanalTUpUIrad cxemacH, 6) UM CHrHANIHU BapUKan
€pJaMHia OJTHIII CXEMacH.
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C(u) @

t
6.13-pacM. Bapukan épnamuna UM CHUrHaJIHU ONALITa OUT BaKT
JHarpaMMaiapu.

6.12-pacMaa DOYHKTHp 4YM3MKIAH dYall TOMOHM @y YacTOTAJH
TeOpaHuImap reHepatopm OY/m6, yura Bapukan VD axpartyBun
koHgeHcaTop Ca oOpkanmM ynadArad. BapHkanHHHT 3KBUBaIEHT
KapIuHJMIH Xap Oup oupga, yHuHr aoumuit xucmu C, Ba y3rapyBuaH
kucMH AC(t) nan ubopar, ABHH

C(t) =Co+AC(Y). (3.40)

Bapukan BonbsT-apaga xapaxrepuctHkacH (6.13-pacM) ma win
HyKTach yHra OepuiaguraH CHJDKMII KyulJaHMmH-Ep  opxamu
ypHatunamu. Mogymanusiopan kydnanumn Up(t) tpandopmarop TV Ba
apoccen Ly, opkann cumimm Kywraenmy-E; 6uman Gupra Bapukanra
6epunagn. By KywiaHupoutap —TascHpUAa  BapuKall  CHFMMH
Gomkapanagu. Cp — KAYKHK CHFMMIM KOHAEHCATOP @ YacTOTaNM I0KOPH
yacToTan TebpaHWIUIAp Y4yH KapIUWIMK KypcarMmailo, HarHkala
Bapukan pa LC kxoHTYp Omp-Ompura napamnen ynaHad. MKkuH4H
ToMoHAaH C, KOHAeHcaTopu MoaymanwsaaoBud Up(t) HM napamnen
KOHTypra yTkasMmaiimn. Bymman tamxapy C, CHDKHMII KydlaHHIOH
MaHOau Ep mHHM L-mnagyxktuBnuk opxam yTuimmura #Hyn Kyiimaiind.
Hpoccen L, nmapauien  LC-koHTypHM  JOKOpM  4acToTaja
tpaHcdopmatop TP Ba Ep-manba wuke kapmpiaurn — OuraH

VHTIAHRIIHWHY Oaprapad kuiazu.
Bapukanra KHYHK CaTXIM MOAYNAUNMMIOBUH KydnaHum Up(t)
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TabCHpUJA YHHHT cufuMH Cy(t) MOIYNSMUSIOBYM KywIaHHUIIra
nponopiuoHan y3rapanu (6.13-pacM). ByHHHT HaTW xachzua reHeparus
yacToTacH y3rapany, y Kyliuaarv Hdoaa opkanu aHUKIaHAIK

of)e——>L (6.41)

’L(C+C,ZZ (1)) ’
“’“FW' (6.42)

Bapukan 6Gounanryy carumu  Co, Ba mapamien  KOHTYp
KoHzaeHcatopy C cHFUMM OMpraiMkia TalIyBYWCH HacTOTacH W HH

E€xu

Genrunaiiau. Co=C+C, neb oJncak, TayBYM YacTOTacH

0~ J—
6ynamn Ba (6.42) KylHaard KypuHHIOHK OJlagH
w
-0 6.43
o —ic (6.43)
C'

Ilemak, mapannen KOHTYp CHFMMMHUMHI ACTa ¥3rapuilld YHWHT
YaCTOTACHHH A® y3rapuinura onub Keaamd, SbHU

ot) =@y +Aoll) (6.44)

6ynagu. YacToTa y3rapuiny Aw cUFMM y3rapuiod AC ra NpOMOPLUOHAN
Oynumm yqayH é—,c £0,1+0,20yMHmY Kepak.
0

Bomkapysuu peaxTyB SREMEHT cudatuna peakTuB
TpaH3uCTOpAapAaH xam ¢oiianaHunaiy.

YactoTa MOLYNATOPHHMHT CTATHK MOIY/ISLIHOH XAPaKTEPUCTHKACH
(CMX) neb6, uactora ¥3rapumd Ao HH cWDKHm Xywlanumu Ep ra
Gormuimurura  aiiTunamd, seHM Aw=®lEg) ByHna Up()=0 Ba

reHepaTop 3J1eKTp MaH6anapy KyunaHHIOM y3rapmac ae6 xucobnaHamu.
Ymby CMX opxanu MOAYNMATOPHHHI HIN XOJAaTH Ba MOAYJALMATAL
cudaty anuKIaHaH.
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6.6. ®azacn MOXYNHOAAIAHIaH CHTHAJIAPHE MAKLIAATAPHIN

Daza MOIYNALUWACH HATHXKACHAA JOKOPH YaCTOTAIH TalIyBUH
da3zacy MOXYIALMANOBYH KYWIAHHIN Uy(t) ra NponopiLHoHal yarapanu,
ABHHA

ot)= 0o +kum =0 o+ Ap(r), (6.45)

6ynna k—MOIynsAUUANOBYM KyunaHWUIN Un(t) HU ¢a3a ysrapummm Ag(f)
6wran 6ornoBun ko3¢pdunHent. Moxynaipa Harmxachaa OolInaHFUY
daza 9> Mp-ra J3rapamu.
®aza Ba uyacToTa MoAynaTopnapm Oup-OMpura OOFMHKIMIHra
KapaMaciaH, ynap TYpiH4a IaKulaHTHpunazn. Arap UM - na
MOAYNALMAIOBYN KYyWIAHMII Up(t) TabCHpHOA YHMHT 4YacTOTAacH
y3rapca, ®M ga 3ca YHHHr 4acTOTacH Y3rapMaciurd YHMHT (a3acH
Un(t) ra mnpomopouoHan VYarapumu kepak. Llynunr yuyn ©OM
MOIYJNATODHUHI OWPHHYH KHCMH TI€HEpaTop 5Mac, pe30HaHC
Ky4yaiiTuprid Oyiumu kepak. PesoHaHC KyyalTHPrUYHMHT IOK/IaMacH —
napamnen LC xoutyp ®M na acocuit YpuHHH srasuiaiay. 6.14a-pacMaa
OM copganainraH cxemacH Ba 6.146-pacmpaa mapauien KOHTYp ¢a3sa-
4acToTa XapaKTEpUCTHKANapH ¢(w)kentupuirad. 6.14a-pacmma Xe(t)-
folkapyByd peakTHB 3neMeHT. PeaktHB sneMeHT cHdartHaa
BapuKangaH (oiijanaHum MyMkMH. Y Xomga  6.14a-pacmaarn
CXEMaHWHI NIYHKTHP HYM3WKIAAH YHT TOMOH Kucmu 6.126-pacM ¥HT
TOMOHH OMnaH anMamutTupum MyYMKuH, Xg(t)-ymymuii xomga Oy
napaMeTpHK JJEMEHT OSKBUBaNE€HT CUFHMH EKM HHJIYKTHBJIUTH
MOIYJAUHANOBYN Ky4YNaHUII Ug(t) ra Moc ¥3rapamm neb xucoOnaii
MyMKHH.
oM MOIYJIATOP HuLIam wapa&HUHU ¢asa-yactota
XapaKTepHCTHKalapy épaaMuia Kypud qukamus. Arap KOHTYp TamyBYH
CHIHAJI 4acTOTacH Wy Ia CO3JaHraH 0yica, YHHHT KapIUWIHIH aKTHB
6ynanu Ba y opkanu yraétran Tok 6MpHHYM rapMoHskac [; yaaaru Uy—
KywIaHdm, 4ukHil xywiaHumy U, HH kentupu6 ymxapagu. [, Tok
tdasacy Uy—kywrannw asacura Moc kenamd. Llynmer yuyn 9©)
XapakTepUCTHKa ()¢ HyKrazaH ¥yrtaau (6.146-pacm). Arap ug(t)
Tabeupuaa Xe(t) ¥3rapu6 LC kOHTYp pe30HaHC 4acTOTacH @, kamaiica,
Oy KOHTYp TallyB4YM 4acTOTacH wp ra TeHr 6ynmaiinu. Hatmxana o)
XapaKTepHCTHKAa vanra CypuiagM Ba 4YacTOTa YKMHH (©; dacToTaia
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kecub yTagn. by Tok I; dasacu kontypaaru kywianunm Uy dasacunan

Ap, ra xe4 komammra omu6 kenamu. Ilapamien KoHTYp pe3oHaHc

JacToTacH @y kymaica Uy kyunanum tok Iy gan Ag, ¢asara Ked KoJIaaH.
Kouryp ¢lw) xapaxTepucTHKacH ¥HT TOMOHra CypHNamy,
a)pz)wOGy.na)w. Iynpait kb, ug(t) tabcupuaa Xe(t) — peakTus
KapLIMJMIY ¥3rapany, KOHTYP Ppe30OHaHC HacCToTacH @p TallyB4H

4YacToTaCM o ra Hucbaran y3rapub Typaau, HaTWXAAA YUK
kyynauuiwd Uy dasacu I; Tok ¢asacura HucOatan *Agp ra y3rapub

Typaju.

I
|
|
VT ¢© | Um(’)
|
(B L . | Xqft)
u(t) A Coni JE ‘
Wo :
- ]—+ !
E, - | 1+E Jl
CﬁaJ - -w:
|
a)
[}

6.14-pacM. a) dasza MOIYIATOPH COITANAINTAH 3IEKTP CXeMacH, 6)
OM cuHrHaiHH{ oNumra ouj Yu3Ma.

107



Ky4aiitupruy uMxumupaary Tok OMpUHYM rapMOHHMKacH [} yHMHT
KHMPHIIAJArH YacToTacH ®p Oynran kupum kyuranuumu Uy ¢a3zacura
Moc Kenagu. TallyBud KMpHIO KydnaHHMIIM u(t) aloxXuaa reHepatopia
IWAKTNAHTApUING, KydadTupuin Kypuiamacura Oepwragu. Ywmkuio
kywiaHumn Uy dasacu kupumn curHamm U, ¢azacura HucHaraH
MOIY/IAUHAIOBYH KyWIaHHUIN Up(t) ra Moc paBumaa {3rapub 6opanu.

CursanHuHr ¢asacu Ba 4YacToTacH ¥3apo GORMMKIUrd yuyH OM
CHTHAIHM 4acToTa MOAynatopu é&piamuma Ba UM curHanHm ¢asa
MOJIY/IATOPH OPKAIH OJIMII MyMKVH.

Ha3zopar caBoJiapr

1. Moaynauus numa?

2. IOxop¥ udacTOTAN# rapMOHEK IUAKSIAATH TaMIyBYMHUHT acoCHi
napaMeTpiIapuHH KYpCaTHHI. Ywby TalryB9H épnamuza
MOJYTALMAHMHT KafCH OU#i TyplapHHH amaira OHPHAIT MyMKHH?

3. Monynauusa 4YyKypJurH HHMAa Ba YHHHT KuifMaTé KaHna#
opayinKaa ¥3rapaau?

4. Bup ToH Q O6unaH MopymauMsNaHraH AM CHIHaJHHHI HedTa
CIeKTpaJl TAMIKHUI 3TYBYHCH OYnagd Ba YHHUHI CNEKTPH KEHIJIMIH
HUMara TeHr?

5. Mypakxab momynsaumsuioBud Xabap OunaH MOIYNALHANAHTaH
AM cHrHan cnekTpai KeHIJIATH HUMara TeHr?

6. Bup TakTIM mHOAMM MoxynsTopaa (arap i=a,U+a,U” 6yica)
MOZIYJIALHSA XapaKTepuCTHKa Ky pHHUIT KaHaaii 6ynany?

7. Arap HO BAX cu i=agta;U+a;U+a,U" nonmunoM 6uian
annpokCHManusutanrad 6ynca, yHMHr &pmammpa aMIUIHTYAacH
MOTYJIALUAIAHIAH CUTHAJT OTHIN MYMKMHMH?

8. Arap HD BAX cm i=a;U+a,U+a,U° nonuuom Gunam
anmpoKCHMallusiaHraH 6yica, MOAYJJUUd KOHYHH HHMa YUyH
Oy3unamu?

9. Kaupaii mogynsarop 6a3abuii MogynaTop ned atananu?

10. Kanpgaif Moy IATOp KOMJIEKTOP MOAYATOPH Ned aTanagn?

11.Cratuk MOZYTALMOH XapaKTePUCTHKA HHMa Ba Yy ODKalIH
HUMaJIapHH aHHMKJIAIl MyMKWH?

12. ba3aBu#i MOIYJIATOD CTaTHK MOAYJALHMOH XapaKTepHUCTHKACH
Huma?
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13. Konnekrop MOJYJIATOPH CTaTHK MOIYIALHOH
XapaKTepuCTHKacH HuMa?

14. TamyBun uactoTacu Ba (pasacH Oup-Oupm OmimaH KaHzail
6ornanuia?

15. YacToTa neBHauuacu HUMa?

16. dasa neenauusicu Huma?

17.YM Ba PM curHa coexTp KeHINIMIHM KaHpai ndona EpaaMmuia
xucobnanamm?

18. YM curHannapHH ONHi YCYJUIapUHA caHab YTHHT.

19. Yactora Mony/iaTopraa GOMIKApUIIyBYHM PEaKTHB 3JIEMEHT HUMA
Basundany Gaxapanu?

20. ®M curHan ONHII YCYJTHHY TYUIYHTHDHHT.

21. Bapukan époaMua UM curuan oiavil yCyJIuHH TYIIYHTHPHHI .

22.OM Ba UM curHauiapaa Ae, kM A9 HHM KaHJad kypunma
&praMuna 2, 3 MapTa OIAPHLIT MYMKAH?
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7. JETEKTOPJIAIL

Jerexropnaill >xapaéHd MOAYJsUMAra TeckapH >xapaén Oyuaud,
JETEeKTOpJiall HaTHXacWgd MOAYJALHANAHIAH CHTHaIJaH YHHHT
MOOyNAuMsANaHTaH UHGOPMALHOH IapaMeTpH  y3rapiil KOHYHH
axpaTHO ONHMHagH, SBHM Xabap axpatnd onuHagu. JleTeKTOpAaluHH
aMaJira olIMpaJurad KypiiMa AeTekrop e aranany.

JleTekTOpHUHT acocHit XapaxTepHCTUKAIAPU YJIApHHHT
JeTeKTOpJIAalll XapaKTepuCTHKAIAPH XMCODIaHaIU:

1. AMIIHTYRacH MOIYJALMANAHTAaH cHTHaap gerekropn (AJ])
JieTeKTop/iall XapaKTepucTHkacH ned neTeKkTop YHMKHMINKAArd TOK
JOMUMHUl TAIIKMI STYBYHCH lo KMAMATHHH YHHHI KHDHIUMIArH IOKODH
yacToTany CHrHan ammintygacu U, ra Gormukmry, [,=®(U,) ra
aTHnany.

2. Yacrtotacu MOmyJALUMSNIAHTaH cHrHamiap getekropd (Y)
JEeTEeKTOopNall XapaKTepUCTHKAcH fe0, YHHHI YMKUUIMIArH Ky4JIaHuWll
Uy Hu curHan yactotacd y3rapuimn Ao ra Gormikmury U~®(Aw) ra
aTUnagy.

3. ®azacn MoxpynAUWANAHTaH curTHaiap aerexktopd  (@7])
JEeTEeKTOPJIMII XapaKTepUCTHKAacH HeO, YHUHT YMKHIOTHOATH KydJIaHMII
U, HH curHanm ¢asacH ¥yarapumm A¢@ ra Gormuxnurd U.=®(Ag) ra
aliTHnagy.

Hetexropnain  xkapaéHu  Oyswnmuuiapcus  Oymumm  ydyH
JETeKTop/iall XapaKTepUCTHKANapH YW3HKIM OornaHumpa OYnuum
Kepak. Arap YM3HKnHIaH (apk Kuica, AeTeKTOpJIall kapaéHu Oy3FIIHIL
6unan 6yna€rranuHu OWimmpaad. Byswnmm xartranurm 3 Ba 5 —
OpIHMHATANHX YCyJ1OaH (oiinananub aHuKIaHamy.

7.1. AMOJIETYA3CH MOXYASOHAIARIaH CATHA/LIAPHEA A€TeKTOPJIaIl

JeTekTopnaill 10KOpM 4YacTOTANM MOMYNALMSIAHIAH CHTHATAAH
[acT YaCTOTAIM MOIYJLILHA NapaMeTPHHHU Y3rapHIIMHE aXpaTHO oMU
Ounan OGOFMHK OYNraHd y4yyH, SIHTH CHOEKTpal TAIIKWI 3TYBYH XOCHJ
THIN kapaéHu OYnaraHl Y4IyH JHeTeKTOp KypHiIMacHia, ajidarra
HOYM3HKIM €KM Uapamerpuk 3ieMedT OYNMUIIM apt. AMIIIMTYIa
JIETEKTOPU CTPYKTypa cxeMacH (7.1-pacM) 1a KeITHPHITaH.
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um(I)l = l l P Ium(t)

KHpHILI YHUKA L
a)

uUam(l, Unm(t,

2O me =%

KHpHII 6) UNKHII

7.1-pacM. AM CHrHaN JeTeKTOpapu CTPYKTypaBHii cXxemanapu.

HD &wm [ID okopy 4YacTOTalM KHUPHII CHIHAIM CHOEKTPUHHU
y3rapTupib, mMacT uacTOTalap CHEKTPMHM XOCHI KWiamu. By
y3rapTUpUID HaTHXacHJa mNacT YacTOTATd TOK CIIEKTPal TaIlKWII
STyBYMnapu Ouman Oupra, 0OKOpPM YacTOTATM KEPaKCH3 TaIlKHI
3TYBYMNAp XaM naino 6ynanu. dolifany mact YacTOTATH TOK CIIEKTpal
TAIOKAJI 3TYBYHJIApH MacT YacToTajlap (HUILTPH OpKaly axpaTHb
OJIMHA]IH.

Opmatma HD cudarupa ApumyTKasryy  AMOIApAaH  Ba
TpaH3HcTopnapian doiiananunany. 7.2-pacMaa AHOANY aMILUIATYHa
nerextopu (AJl) cxemacu kentupuirad 6yim6, 6y cxemanma R, Ba Cy
3neMeHTNapd OuprajiMkaa okiama, ©act 4Yacroranap (UIbTpU
BasH(acuun 6axxapany.

VD
NI
i

Ty, in
Uan(t) C l
9 il— Rla u.,(t)

7.2-pacM. JlHoanyN aMIIINTYAa AETEKTOPH CXEMacH.

Juonnan ytraH TOk i, macT Ba IOKOPHM YaCTOTAIH TamIKWI
3TyBUWIapAaH uOopaT 6yiraHy y4yH YHH WUADTIAH PaBUILAA [y=igytig
neb xucobnalu MyMKHH. TOK IOKOpH 4acTOTAIH TAUIKHIT 3TYBHUHIIAPH iigq
— Kepakcu3 6ynranu yuyH ynap C,, opkan ymymuit ynam chmura ¥Tu6
KeTajay, MacT 4acTOTaNd TAIIKWI 3TyB4YM acocaH R,, opkanH yram Ba
YHAA YHKUII KyWIaHMIIH Uqt) Xocun Oymmumra onn® xenagu.
IOxopuparn »xapaén pyi Oepumu yuyn R, Ba C, KuiimMaTiapu
Kyiugars waptra acocad 6axapyIMIIy Kepak.
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1 1
m«&o «Q_mC; . 7.1)

Hactma® nmHomIM [eTeKTOp MIWIall >KkapadHHHH Kylumaruda
TacaBByp kuiaimmk. ByHnma R,, xapmmnukHu jguon HIn jkapa&Hura
TRBCUPHHHA bTHOODPra OIMakMu3.

by oxapaénpa umuioBun AJ] BakT auarpammanape 7.3-pacmia
KeITTHPHITaH.

Ar iy 4 i@y

=, T

— |
=

7.3-pacM. AMITIATYJa AeTeKTOpH BaKT A¥arpaMMaliapu.

JIMoA XapaKTepHCTHKACHHH CHHHK 4YM3MK OHJIaH anmmnpoKcHMalus
kunamu3. Jerextop kupuinra uam(t) curHan 6Gepuica, JHOA OpKaliH
JTyBUM TOK XOCHJ OVIHINMIa KMPHLI CHTHANMHHUHT (akar MycHat Apum
naBpu cabab Oymamm. [luommaH ¥TraH KOCHHYCOMIAQT MMITYJIBC
aMIDIMTYSAaCH KHPMII CHTHAIM aMIUIATYAacH ¥3rapuiinra Moc
y3rapagu, kecumn Oypuaru 6=90° 6ymanu. By xocuHycoMzanm TOK
HMITYJILCJAPHIATH TOK JOUMHI TAIIKMI 3TYBYM OYnub, yHH KyHHparu
udona opKaIM aHUKJIII MyMKHH.

I, =%,(0)-5-U, (7.2)
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(7.2) na 6=90° Ba S, — OMOX XapPAKTEPHCTHKACH YH3MKIHM KMCMH
KUAMMTHHY Gunaupagu, Tok lp kupumr cursann ammmrtygacu U, ra
nponopuuoHan y3rapagu. Tok [y roxmama R, opkand ¥THioM
HaTHXKaCHAA YMKHUI KyY4JIaHHIIH

U,=7,)S,-U, R, (7.3)

xocun Oymamu. I, Ba U, KMpHUUIJard IOKOPH YacTOTAIM CHIHAT
aMIUTMTYJACH Y3rapuidra npornopuuoHan OYnrand y4yH AeTeKkropiaul
wapaénu Oyswiumnapcus yragu. AJl meTexTopiaml XapakTepHCTHKAcH
TYFpU YH3HK lIaKIuga 6ynaau.

A]Jl nap kupummra Oepunaértrad CHrHa/l caTXUra Kapab MKKH XMJ
XoJiaTAa uluaiay:

— KBaJIpaTHK pexuMa, arap kupui curHamd catxu 0,2+0,3 B nan
kaM 6¥ca, OyHaa auoJi XapaKTEpUCTHKACUHHMHT 601IaHFNY HOYM3HKIIH
KMCMMJIA IeTeKTOopall sxapaénu pyi Oepamy;

— YU3UKNU pexuMAa, arap kupuin curHanu catxu 0,5+1,0 B man
katta 6¥nca, 6ynga nuoa BAX cunm yifuaarnda anmpoKcHMAaLMAIALI
MYMKHH:

i=S¢U,, arap U, >0. (7.4)

Xap ukkn pexxuMaa xam AJl cxemacu y3rapmac 7.3-pacMmuarugex
cax/aHajy.

7.2. AMIVIETYNa 1€TEKTOPHHEHAT KBaJPATHK pesKEMIa HIHJIAMH
Juon BAX cx GolnaHFUy KUCMHUHH WKKHHYH JapaXaId MOJHHOM
OulaH annpokcUMaLUs KHIIaMHU3, SbHH
i=agt+aU+a,U? (7.5)
SPUMYTKA3rUy Quoj YIyH ag=0.
Hetexrop kupummra AM cHraan
U o ()=U,[1+mcosQt]cos (7.6)

TabCHP 3Tanu. (7.6) HY KyHuAaru maxira KeNTHpaMu3

U 0)=U. ()cosay (1.7)
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Oyuma U ()=U,(1+mcosw,t). (7.8)
(7.7) uu (7.5) ra xyitu6 nuon opKamu YTYBYHM TOK i HH aHHKJIaiMHI3

ilr)= ay+qUy (t)coswot + azUa,z(t)cos2 oyt =ay+aq U, (t)cosa)ot +

2 2 (79
+0,5a,U, o)+ 0,5a,Ug (t)cosZwot =ipy iy
(7.9) max TOK ITacT YaCTOTAIMIIADHHU &KPaTHO o1amMu3
i.()=0,5a,U2() &kt U,(0)=05a,U2()R,. (7.10)
(7.10) udonara (7.8) Hu Kyitnb KylingarunapHu aHukiIafiMus
i (0)=05a0,U2 1+ meosuT = 0,5a,U2 +a,mU? cosQt + (7.11)

+0,25a,mU? +0,25a,m*U? cos 20

AJl kupuimura uan(t) curgan Gepunuiny OMaH, TOKHHHI JOMMHIA
TaIKUN STYBYHCH Ba CEKMH, MOAYJALHMSA dacToTacH () Ba YHHHI
UKKHUHYH rapMoHHukacH 2€) 6unan y3rapysumnapu naiigo 6ymanu (7.4-
pacM). By Tok TalnKu 3TyBYMIapH oKIaMa R, AaH yTUmK HaTHKacuia
YUKHII KyWIaHUIIH Ug(t) Xoci 6¥manu. 7.5-pacMa nacT 9aCTOTAITH TOK
Ba YHKHIO KYyYTaHHIIH Ug(t) BAKT JHarpaMMaiap KeJITHPUIITaH.

Io
Ip
] I
0 Q 20 o

7.4-pacM. AMIUTHTY/1a IETEKTOPH TOK CIIEKTPJIapH.

iy

<rapMOHHKA

Ip

u(y)
Us

7.5-pacM. AMIUTHTY/Ta TeKTOPH YHKHIINAATH TOK B2 KyYTaHHII BakKT
JyMarpaMManapH.
(7.10) ndonanan KypuHUO TYpnOAMKH, AJ] YHKUIN Ky4IaHHIOH Ug
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(7.10) ndonanan xypuHub TypuOmukH, AJl YUKULI KyWIAHHIIH Ug
aMIIMTYJacy  KMpHINMJAarM CHTHal  aMIUIMTyJack  KBalpaTHra
IPOMOPLHOHAN ¥3rapMOKaa. YHHHI AeTeKTopjani XapaKTepHCTHKacH
(7.6-pacMm) xam kBagpatuk mapabosna wakmzaa 6ynamu. by pexumaa
UILUIOBYH ASTEKTOp KBaApaTHK aMIUTUTYAa AeTEeKTOpH e aTanaiy.

Uy

0 03B Uy

7.6-pacM. Ksagpartik AJl netexropiall XapakTepHCTHKACH.

Kpanpatuk A/l na 6y3unuin kodduuuenTn

K. - 02%amU;

F3

=0,25m-100% (7.12)

2
a,mU,

ra tenr. Mopynsanus dykypnuru m=1 6yica, Oysunuir ko3dpduureHTr
Kr=25,0% 6Yynamu. Bysunummm Mogynsuus uactotacH £) HKKAHYH
rapMoHuKacu (Qp;<2Q<Q..) Oyaran xongaruHa Oy3WiMlll COAUP
6ynanm.

7.3. AMIJIATYAA 1eTEeKTOPHEART YH3AKIA PeXXKAEM/a ANLIALIH

AMIIMTYJ2 JETEKTOPUMHUKI MILNall JkapaéHWHHM ypraHmmna
IOKIaMa KapWHIMK Ry, HY HOYM3WKJIM 3NEMEHT JUOJ HUI pexuMHura
TabCHPHHM IHTHOOpra onMaraH 5auK, OyHna kecum Gypuarn 6=90°
6ynub, KkocHHycOMAan UMITyJIbCNap amniMTyZacH kupuingarn AM
CHTHAl aMIUIMTyJacura Moc pasuinia y3rapagum ned xabyn Kdirad
SMHK.

Opatna Ry, KapIIMINIYA JHOXHUHT WYKH KAapITWMHIHAaH (TOK JHOX
opkanu TYFpH HyHanumma yTraH xonpa) O6up Heda 103 6apobap karra
6¥manm, wWyHUHr yuyH Ry, HH OMOA OpKaiH YTYyBYM TOKKa TAECHPHHH
xucobra osuilra TYFpH Kenaau.

AmmnuTysa aetextop (7.7-pacM) KHPHIOHTA rapMOHHK TeOpaHHLI
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KYPHHHIIU/ATH KyWIaHHII TAhCHP 3TCA, AbHH
U (t)=U,coswgt (7.13)
JWOAra Kyiunran KydJaHHII
u(ty=Ue(t)+ Uo (7.14)

6¥nagu, y R,,Cyo 3amkup 60pIUry yuyH KHpUINIark Ky4IaHUIo u(t) AaH
noumuii cwokdin kywiaHumu Ug=-IoR,, ra ¢apk kamagu. 7.9-pacmaa
muon BAX cM CHHHK uM3ydK OWiaH anmpoKCMMalVus KWIWHIaHja y
opkany yramurad Tok Up HY Xucobra omuHraH Xonna kypcatunrad. R,
KaTTa KuiiMarra sra 6yiranu yqyH ToK y OpKalii KHUUK KeCUIl Oypuaru
OaBoMuJga ¥Taau. JHom OYHK XONaTHJa y OpKamM Tok YyTub
koHaeHcarop C,, Te3ma 3apamiaHajy, yHpmarm KydinaHuimn Up OIIHIIH
Kysatuiamgu. Kvpuin Kyananuun u.(t) KongeHcatopaarn kyunaaum U,
IaH KaM BaKT opanuruaa nuop &muk 6ynamm. C,, koHIOeHcaTOp KaTTa
KapuniHK R, opkany acra 3apsacu3naHany, OyHOa 3apAATaHHII TOKU Iy
3apsACH3JIaHUIN TOKUAAH aH4a KatTa 6y namn.

7 | i [ j
Uan(t) i J Co +
_r R,o uu(t)

7.7-pacM. AJl cxeMac (H3UKIN pexxmaa unuiorun Allra onn).

(7.1) ra acocaH 3apaACH3JAaHHUII BAKTH T, ~R,'C,o , HKOPH

YACTOTANM TAILTYBHM JABPH T,=2% [aH aHYa KaTTa OYIraHd ydyH
a@,

0
KOHJIEHCATOpAAard KYWIaHWII Cce3wIapid jAapaxala Kamalimaiiau.
Kupuin kyunmanumum Uy , gukuin kyananwom Ug=U, Ba auon opkaiu
JTyBYM BaKT AHarpamMManapy 7.9-pacMmia KeITHpHITaH.
UHKMID Ky4TaHWION YHHHT Ce3WJIapid Y3rapMaciMMMHH Xucobra
omub gommuil kartanuk Up ra TeHr aed xucobmaitMu3 (IUTPHX NYHKTHD
qu3ukK). Hatmxana nuoara xyiuiran KywiaHAHNIHA

U=Ugcoswot+ IR, (7.15)
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neb xucobnaiimus. (7.15) man U=0 xonatnarn kecdi 6ypuary 0 Hu
aHuKnaiMu3

_LR, _U,
cosg === T (7.16)

Jlvon opxanu ¥TyBUM TOK JOUMHI TAUIKMJI 3TYBUNUCH

5s (6ing —cos8). (7.17)

I =
0
n

(7.17) um (7.16) ra kjiiub, xecum OypyarH 6 HM aHMKIAID
UMKOHUATHHM OepyBYM TEHITaMaHH 0JIaMU3

_r
:ge—e_SoR (7.18)

o

(7.18) udopmara kupuil cHUrHanu ammioMtygack U, KHpMaiiH,
neMak, O xupumn kywranump Ugt) ammnurymacura Gornmuk smac. Y
daxar C,, Ba R,, kuiiMaTiapy opKan aHuKJIaHATH.

Tox pgoumuit Tamikn ITYBUMCH J; KUPHII  Ky'WIaHHIIH
ammumutygacu U, ra nponopuuonan yarapamy (7.17 udonara acocan),
ZleMak, AeTeKTopnan Oy3HIHIICH3 aManra OlagH.

JleTexTopnam xapakTepHCTHKacH YH3HKIH OyiraH IeTeKTop
YU3UKIU JeTekTop ne6 atanany. ByHaa 4M3sHKIM AeTeKTOp HOYM3HKIH
KypUJIMa SKaHJUIH XOTHUpaJaH YMKMACHUIH Kepak, y kecHiu Oypuaru 0

O¥nran xosna HIIIaiIy.

Yuzuxau ALl y3atuia ko3 PUUHeHTd K = g

(7.15) udopasunr yur

TOMOHHKTa MOC Kenanu. JleMak
K=cosb<1 (7.19)
OpaTna YM3UKIH JETEKTOp KeCHIIl Oypyard 0=20+30° Hu Taunan

Kinaan. Kecun Oypuarn O up kufiMaTHMHM KyHujgaru takpubud udona
OpKaJIH aHUKJIAll MyMKHH:

0=32% (7.20)
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7.8-pacM. AMITNIUTY]a HeTeKTOPUHKHT YU3HIJIH PexXUMIa
HUUTALINIa OMJ BaKT AWarpaMmaiapH.

7.9-pacM. AMIUINTYJa AETEKTOPU KUPHIIKAArH Ba YHKUIIHAATH
Ky'WIaHHMII RAaKT AHarpaMMaJiapH.

7.4. AMDaETYRaCH MOAYJIANMSUIAHTAN CATHAJLIADHA CHHXPOH
AeTeKTopJaln

CuuxpoH nerekrop ned OupoH 6up mapamerpu (YTKa3yBHaHIIMIH,
XapakTepHCTHKACH KUATHIH, y3aTHII Kod¢QUIMEeHTH Ba X.K.) TallyB4H
yacToTacHra TeHI JacTtoTa OmiaH ¥3rapyBud IMapaMeTpHK JIeMEeHTIaH
doiinamasumra acocnadrad jaerexropra aiitunagu. CJII cxemacu 7.10-

pacMmia KejaTHpHITraH.
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(l)

>_‘_ R, w0

7.10-pacm. Cunxpon ne’relcrop CXEMacH.

Ul ’)

QF

U,

0 U
7.11-pacM. CHHXPOH AETEKTOpP AETEKTOpJIalll XapaKTePHCTHKACH.

CJI xupuuyra

U, (t)= U,(I)COS(Q)OI+¢) (721)
KywiaHum Gepunrad. [TapaMeTpik 3IeMEeHTHH YTKa3yBYaHIUTH

glt)= G;[l +m, cosa)ot] (7.22)

Hgopmara Moc paBHIIAa BaKT Oyinda y3rapu6b Typam.
(7.22) ndomana Go —6oulnaHFHY YTKA3YBHAHIHK, m, = g—G -

(1]
§TKa3yBYBHIMKEHH Y3rapuil Kod(pdHIMeHTH.
C/l pa roxnama KOHAEHCATOPH Ba KApLOIMIMIH Xymmu AJ] narvaex
(7.1) wapt acocnaa TaHJIaHAH.
ITapameTpuk aneMeHT g(t) HaH YTaéTrad TOKHU aHUKNAHMHU3

ity = g(t)-U o (t)= Gyt + m, cosat]- U, (r)cos(wyt + 9) =
=G,U,, cos(@yt + 9)+0,5G,m, U, (t)cos(2a,t + ¢)+ (7.23)
+0,5G,m, U, (t)cosp = i, +i,

(7.23) ndonanaH merekTopiaul HaTHXAacH 6¥NraH Mact 4acTOTUIU
TOK TamKUl 3TyBYMCHHH R, C, — foknama (mact dacrotanap Gunbtph)

OpKAJIM aXpatub onaMus
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iy =0,5G, - m,U(t)cosp . (7.24)

(7.24) ra acocaH YMKHNI Ky'WIaHUIITH

U, =0,5G, -m,U, (t)cos® (7.25)

ra teur 6ymaam. (7.25) naH xypuHub TypHORUKH, YUKW KydIaHULIH
¢=0, spHU cos@=1 G6¥nranaa Y3MHNHT 3HT KaTTa KHiiMaThra sra 6§nangu

U,..=05G, R, -m,U,(t) (7.26)

Ynkpm  xywiannme U, XupHImgarw KywiaHAmM U,(t) Ta
TIDONIOPLHOHAJ, AeMaK, JeTeKropyall OY3MIMINCH3 aMaiira OLULAH.
YHKHLI KyYTaHAIIHA KUPHIIAATH KyYIaHHII OUnaH napaMeTPHK 3JIEMEHT
yTKa3yBYaHTHIH YacToTacH Ba (pazacu Oup-Oupura TeHr Gynranza
JleTexropnam SHr Mak0ya xonatna amamra omaid. CUHXPOH AETeKTOp
¢ha3a Ba 7acTOTA TAHJIOBHAHJIMK XyCYCHATHIA 3Ia.

CJl épmammpa TawmlyB4McH3 Oup €k HKM &H nomocamd AM
CHTHAJLIADHH AETeKTOpJIall MyMKHH.

7.5. @a3zach MOZYNAMUANAHIaH CACHAIAPHHE JeTeKTOPJIam

UpkyInaard Ky<@IaHu KMpPHIIHOArd CUrHAl a3acH y3rapuimra
MOC paBHIIJA ¥3rapyBun KypuimMa ¢asa netexropu (OJ1) neb atanagy.

®azacu Ba yacTOoTacd MOAYNALMANAHTaH cHrHawiap moumml Up
aMIAUTyZara srajap, LOyHHHT Y4yH Y/IapHH aMIUIATYAa AETeKTOPH
épaaMuna fgetekropnab Oynmaliau, uyakd AJ[ nap wmKHI
Ky4JIaHHIIIapY YHUHT KHPUIINLATY CHTHA aMIUIMTYAacura Goruk.

Arap 6up BaktHMHT ¥VY3mpa AJl (7.136-pacM) xupumura
reHepaTopJaH TasHd KyulaHUIIH

ur(t)=Urcoswot (7.27)
Ba fieTekTopaaHaaurad ®M kyunanum
uom(t)=Uscos[wot+o(t)], (7.28)

6epcak, yHUHT KMDHIIH/IA
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ue=ur(tuem(t) (7.29)

Oynagn. By xonga 4M3MKIM pexumaa HUUIOBUM Al xupHIIMaary
KY'WIaHMII aMILUTUTY Jacu

[z
Uy = JUZ +UB 420U, cosol) 730

ra TeHr 6ymub, y o¢(t) ra Gornuk Ba ur(t) Ba ugm(t) cHrHajLTap

TYKHAIOYBH VPOBUHCHHHHI BakT Oyiinua ¥srapumy MIaKIHHH
Taxkpopnaiau (7.12-pacm)

Uy

7.12-pacm. a) @M curnan HH AeTeKTOpIAINra OMJ Yu3Ma, 6) dasza
JETEKTOPH CXEMacH.

Ugpm CHTHATHHHT ¢azacH @(t) cekuH ¥3rapca ut) kywraguimn
aMIUIMTYJacH ¥3rapajdl, HATHXaJa YHKUIN KY9YIAHAIH Ug(t) XaM
y3arapaau. Uq HEHT @(t) ra 60FNMMK Y3rapuind HOYU3MKIH O6Yaranu yuyH
Oup TaktnH ¢asa gerekropu (DJ]) karra Oysmauouiap OunaH
netexropnaiiay. LlyHnHr yuyd OyHzail AeTeKTopiap KaM KyUTaHaau.

OM curHamnapHu AeTekTopnamiga Wkkd Taktiu Ol map kenr
KynaHagd, y ukkuta 6up xun 6mp taktnu DJ[ zam wbopar 6ynub,
YHUHI YHKAM Ky4laHdwe Oup Taktnd DJ] 9qukmm KyanapuHUHT
afiupmacura Tteur. byupail uxku TaxTam DJ] omarma Gananc dasa
JeTektopH Aed atanany, 4yHkd 6y DI Aa: Ry1=Ri;=Ry ; Ci01=Ci0=Ci,
OUOMTapnapH OHp XHN XapakTepHCTHKAIA Ba TPaHGOPMAaTOPHHHT
HKKHJIAMYH YpaMy KOK YpTacHMra TasHY IeHepaTopH KywiaHWIm ut)
O6epunagu. bBananc @®JI smexTp cxemacH Ba  [eTeKTOpiall
XapakTepucTUkacH 7.13-pacMia KeITUPHIITaH.
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uou(t)

VD1
a
u, )
Uapr/2 Usoqr
Ugps/2 \ /
1 1 9

Uss 7r/2\7_r/ 32 _—~2=n
Uy \/ U2
6) B)

7.13-pacwm. a) bananciu dasa geTeKTopH cxeMacu, 6) OanaHciu
JEeTeKTOp MIINIallira OxJ] BeKTop JAuarpaMMaapi, B) banaHciu
JETEKTOP AETEKTOPIALI XapaKTEPUCTHKACH.

U 1 B2 U yp AAOIUIAp KaGH Ky'WIaHMLLIAP KOMIUIEKC aMILTHTYIacH

ol "7 2 |, (7.31)
U
. 5 dlM
U02—Uz+ 5

bup taxrimu @/ qukMIIapUAAry Ky<UIaHMIIIap

kU <K 202 .
Uugpor =Ko UOI—KOJUZ +U2 14+U,U ,, cospl):

& (7.32)
Uugon =Ko'Usg =K0\ﬁ12 +US 144U 5 cospl):
bananc ®JI unKuIIMIaTH Ky4IaHHLII
Usson= Uuon-Uvon=Ka(Un-Ur)- (7.33)
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Bananc ¢a3a nmerekToprami XapaKTepHCTHKAcH 9=90° Ba 270° ra
SKMH KACMM [eApiN YM3MKIM KYpHHHUIIra 3ra. JleTeKropiam Xapakre-
PHCTHKACHMHMHT yIGy KHUCMHAa AETEeKTOplail kaM Oy3unMiniapra sra
6ynage. ByHunr yuyH u(t)=Ucosmgt KxoHyHd OFiiuua ¥3rapea,
ugu(t)=U,, sin[@ot+@(t)] KOHyHH OHNaH Y3rapulln Kepak.

7.6. YacToTacH MOAYJISINEANAHTAH CHIHA/IAPHE AeTEKTOPNAIL

YnKyimpary KydlaHuil KHpHIIMAATH CHTHAl 4YacToTacura Moc
paBHLIga Y3rapyBuH Kypunma uyactota petextopd (4J1) ne6 atamamm.
YM cHrHanmapHu YM3HKIN 3NEKTP 3aHKMpiapaa JETEKTopiall MyMKHH
IMac, YyHKM YHHHT YHKHMIUAAA TOKHHHT SIHTM CHEKTp TAlIKUI
aTyBuMJiapu nafigo Oymmaiinm. Y/ muepuuacus HO3 ma xam spatu®
OYynmaiiin, YyHKM YHUHT YMKHIIHJard kecHw Oypuarm 6 6fnram
KOCHHYCOH ANl UMILyNbCap aMIUIUTYacH y3rapMaiian. Onaraa UM sa
OM  curHaiiap JeTeKTOpfap KHpUIMra OepunuINiAaH  aBBajl
aMILTHTYAa Yeklaruy KypunMacuias yTaiaunap.

UM curHaniapHd TYFpUAAH-TYFPH HAeTeKToplaHMaiau. YjaapHu
JeTeKTopiauiaad OJAMH MOZYIALHUA [UAKIMHA YH3HKIH TH3HM
épnamuga Y3rapTupunaad Ba cYHIpa MOC JeTeKTop &pAamuia
Jerektopnanami. Onataa:

a) UM curuan AM curHanra aitnantupmnany Ba Al &paamupa
IeTeKTOpIaHaIu;

0) UM curnHan ®M curHanra aiinantupunaau sa O] épaamunma
JleTeKTOpIIaHa/IH;

B) UM cHrran uMmynsciap KeTMma-KeTJIMIHW OpaIfFH ¥3rapyByaH
CHTHaNra alnaHTHpWiIaZd Ba UMIYNbC AETEKTOpH &piaMHia
JeTexTopIaHaIy.

Oparna fleTeKroprnall XapaKTepPUCTMKACH CHMMETPUK IMAKira sra
6ynran YJI napnad xeHr ¢oHaanaHunany, YyHKH yjiap YH3NIAra SKUH
JIETEKTOpIIall XapaKTepuCcTHKacura sranap. HaTixana ynapHUHI YAKHII
kyunaHunuiapy Ug(t) KuMpHII CHMIHaIM 9acTOTac Y3rapuiidra Moc
Kenajy.

7.6.1. YacToTa ¥3rapMImBHA aMILIATYAA Y3rapAmAra
AJIMAIUTAPHIITA ACOCIAHIaH YaCTOTa JETEKTOPH

bup mapannen kOHTYpiH 4acToTa AeTekTopH cxeMacH 7.14-pacmna
KeJTUPUIITaH.
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VD

DI
B ,
thZ: AY L—I C:EI? R C% u(t)

7.14-pacm. YactoTa ¥3rapuIlMHY aMIUIATYAa Y3rapaimra
aJIMalITHPHILra aCOCIAHTaH YacTOTa NETEKTOPH.

=

by pacmga AY-ammantyma udexnaruu  O6yiub, LC-xoHTYp
aMITIUTYJa-4acTOTa XapaKTePUCTHKacH YHT €KM 4Yall TOMOHHM JAesApid
YH3IMKIH KUCMHU YpTacuia KUpHINZAr# 4acToTacH MOAYJALHUSUIaHTaH
CMIHaJ 4vacroTacd ypraya KuifMaTura MoC KHJIMO HII HyKTacH
Yprarunamu (7.15-pacm).

AY yuxuMmEpard Toxk OWUPHHYMH TapMOHMKacH I; aMmiuMTyhacH
y3rapmaliny, aMMO YHHUHT yacToTacd A®, ra yarapumura LC-koHTYp
SKBHBANEHT KapIIWMIH Z,(®) HUHI Typiu KHHMAaTiapy MOC Kemanw,
Hatimkana LC-xoHTypAarm KywIaHMII aMIUIMTYJacu A, ra Moc
paBHIma Y3rapaid. YMymaH LC-KOHTypZarM KywIaHdII 4acTOTa Ba
amiMTygacH Oapobapura y3rapysBum HYAM reGpaHmmm xypHHHILIHAA
6ynamn. Konrypupary kywiandm U, AJ] épnamMuaa feTeKTopIaHazay.

y Z(@) I

[
[ P
1
y
7.15-pacm. Tebpanuin KOHTYpH co3jlaHMaraH 4acToTa AeTEKTOPH
HIITALTAra OWA BAKT AHArpaMManapy.
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Hetexrop xapakrepuctakacy waxmu LC-koHTyp AUX HHHT +Aw,
opanuKaaru KHCMH waxnua 6ynamm. by YJ1 unkuin Ky4iaHHIIH

(7.34)

6yuna, K; — Al ysatuin kxoadpduuments, og — UM cHruan yacroracu,
®, — LC KOHTYp pe30HaHC 4YacTOTacH, da,(e:i — KOHTYp cY¥HHII

Q
xo3dburmentH, Q — KOHTYP ac/UIHTH.

Ymby YJI nerexktopiaul XapaKTepHCTHKACHHU AHaAa YU3HUKIHPOK
KWIMII Y4yH YHHHT acinurd Q —HH KaMaiTUpUIn €xu TeOpaHMII
KOHTYpJapd pe30HaHC 4acTOTalapd KHPUII CHIHANH ypraya 4acToTacH
@y gaH A ra dapk KUIyBYM HKKH KOHTYpnu OanaHcnaHrad Y] naH
doii jamaHu Kepax.

7.6.2. TeGpanAm KOHTYpJapH ¥3apo collaHMaran 0ajaHCJdaHraH
9aCTOTA AETEeKTOPH

TeOpanmin  KOHTypiap¥ ¥3apo co3naHMaraH Oamanc YJJ
CTPYKTYPaBHii Ba 3eKTp cxeMacH 7.16-pacMa KeITHPHIIraH.

a) |—tll| [-enxacu
Alll
] i el | U
ugp(t) YMHunu U=ty -Uy
i [
Y3rapTupnm
[ [z - Uaa
VD1 II-enkacu
6) N

uw(t)] AU

Uy =Uy - Uy2

7.16-pacM. banancny 4acToTa ACTEKTOPH. a) CTPYKTYPaBHi
cxemacH, 6) 37eKTp CXeMacy.
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byngma L,C; koHTYp @p=w¢tAw Ba L,C; KOHTYD ®©p=~0o-A®
qacToTanapra CO3JIaHraH. Arap: KUDHMIN CUCHAWM [YacTOTacH W=
6¥1nca, xap UKKHM TeOpaHHMLI KOHTYPHJArd Ky'UIaHHII OUp-OMpUra TeHr
6ynamu, seHu Uy =U,, , Oynma umkmm xywranwmm U,=0; kupum
CHUrHaJM 4actoracu o>wg 6yica, L C; kouTypaaru Kywianam U >Ug,
6¥nanu, Hatikaza U, >0 B2 HUXOAT KHUPUII CHTHAM 4acToTacH ®<dg
6ynca, L,C, kontypaaru kywianuir U, <U,, , Hatwkana U,<0 6ynanu.
Y6y YJI nerexropaain xapakrepHcTukacH 7.17-pacMaa KenTHPHITaH.

Bananc Y]l nperekropnaml xapaKTepHCTHKacH, arapia TeGpaHHIn
KOHTYpH acumru Q Ba KOHTYpiap Opacuiary y3apo co3naHMaraHijHk
+A® TYFpU TaHJaHCa aMaliia TYFPY YM3HKIH Ba CHMMeTpHK O¥iamu.
Arap Q Ba +A® HOTYFpH TaHnanca Y]] nerekTopnam XapakrepACTHKACH
HOYM3HKIH OYIib Komamu.

Z31(w)

U, |
I

!
I I
I I
I I
[ — !

I
1 l

Aw pr[ wWp | wp; 4w
I e I
| }
I I
I I
i |
I
I )
232((0)
7.17-pacM. bananc yacToTa JEeTEKTOpH JETEKTOP
XapaKTepHCTHKACH.

7.6.3. S"aapo HEAYKTHEB OorilaArad, kapam YM caraanan
ypTada 9acToTacH Mg ra cosaanras UJ|

Vinby YJ[ wupuwmparn YM curnan mopymanuacuHE PM ra
Y3raprupumn Ba OJ] opxanH AeTeKTOPJALLTa aCOC/IaHraH.

KonTtypnapu y3apo uHaykTHB 6oryanrad UJ cxemacu 7.18-pacmaa
kentupuiran.  Oparma, ym6y YJI cxeMacHharH  3JeMeHTIap
KuiiMatmapd ©Odp xuia 3tH6 TamwiaHagM: AbHH Ry =R Ry
Ci01=C02=Cy, Ba HOANap 6Hp TypIH.
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uw(r)j AY

7.18-pacM. KonTypnapu ypraya yactoTara co3naHraH 4acToTa
JETEeKTOPH.
U,

-Uy2 Uy2
w>a)y

7.19-pacM. KoHTypnapu ypraua 4actoTara CO3JaHraH 4acToTa
OETeKTOPH HILAIIHra OUA BEKTOP JHArpaMMallapH.

L,C; Ba L;C, xoutypmap UM cursan jpraya wyacToTacura
cosnadraH. Kontypnap umkummra AJl; Ba All, ynanras 6ymm6,
yaapHUHT yuKummnaary Kywianunuiap Uqg Ba Uy, . Tok noumul Tamxun
styBuicH VD;— R, —L, — L) HUHT 10KOpU ApuM KucMH Ba VD, &muk
KOHTYP OpKalH; HKKMHYH aHoa opkaiH VD,—R,,—L; — L, HuAr
nacTKH ApUM KucMu Ba VD, &nuk KoHTyp opkanu ytamu. Ly, — amoanap
OpKalu YTyBYM TOK ZOHMMHI TalIKHJ STYBYMCH 3aH¥MPHHH EMHLI YYYH
Xu3Mar Kunaau. Yoy Y] na Maxcyc aitiMpyByYM KypuiMa HYK, YUKWALL
kywiandimn U,y Ba Uy napAu 6up-Ovpupan onauil  aifimpHin
HaTHXacHOa XOCUI O¥namu, SpHU

U=Uq-Ug; (7.35)
Oyunpa: U1 =UuK=K(U;+0,5U,) ;
Ui=UpK=K4(U+0,5U,) ; (7.36)
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(7.35) ndopara acocan U, Hu ammkjmam yayH Uy Ba Up HE
auMxnam kepak. JJuon VD; opkanu yTyBuM I0KOPH 4YacTOTAJIH TOKIap
Ky#iungaru émux 3amiapaan: VD —C —Cwn— yMyMH# YITaHHIN CHUMU
—Cg;—L,C, — korTYp —CA—L,C; x0HTYD VD,

Juox VD, ra uxkxm kywianudm: Oupunuyd L,C, koHTypmaru
UKIK}"{JIH.HPII.H Ba UKKHHYH L,C, KOHTypharu KywIaHHUIHHHI SApHMH,

gpHH 0,5 U Ky inaray. le KyWliaHWIOM IOKOpHM yacTorta Gyiuda L,C,

KOHTypra mapajuien ynauraH Lp, — npoccen axpanamu. Ly, — Apoccen
L1C, xOHTypra TasCHp 3TMaciHra YIyH L,,~10L,; maptu 6axaprinim
kepak. Xap 6up onnma U, Ba Uy kyunaHumiap 6up-OupHra Teckapu
Oymamm.

Bornanran Ba cosnadrad xkoHTypau YJ{ vimnamm NpyHUMIHHA 7.19-
pacMia KerTMpHIITal BEKTOp JHarpaMMaiiap 6MjiaH TYIIyHTHPHII OCOH.
Arap o=w¢ O6ymca (7.192-pacM), cHrHan Yypraya HacToTacH @
kontypinap L;C; Ba L,C, pe3oHanc wacroracura TeHr 6ymanu. Urd

Kywiagum ¢a3acHHH HOJb Ae0 oJicak, HKKMHYH KOHTYpAAard 3IeKTp
oputyBud  kyud (DIOK) Ez dazacu le dazacura Moc Kenaju.

Pe3onaHCa MKKHHYH KOHTYPAArH TOK 1'2 310K E2 6unan dasacu Gup

xun 6¥nagu. L,C, xoHTYpAaru kywnanuin U =1, -— 1 KOHZI€HCaTop
K2 2 _]a)cz

C, ra kydwiran 6ymn6, yHuHr dasacu 1'2 TOK (asacunan 90° xeu

KOJIazIH. Uz Ky4unaauirHUHr VD, ra Kyiunagurad apMu le ¢asacupan

90° ra optagd; VD, ra Kyitunagurad MKKUHYY APMH 90° ra xeuMKajm.
Juarpammanas Uy, Ba Uy nmapad  aHuknaiimus, Uy=Up, AeMak,
Uq=Ug Ba U.=0 6{namu.

7.196-pacMaa KHMpPHII CHTHAITK YaCTOTacH (>@Wy XOJNAaT YIyH BEKTOp
IHarpaMMacH KenTHpHIrad. ByHpa xam U;d HH acocuif BexTop Aaed

TaHJIaiMH3. E2=%'Ux1 6ynrann yuym ynunr gasacu U, dasacura
1

MOC Keflajiy. @>wo A2 L, _a—)CI_ TOK /, YYIYH MHIYKTHB XapaKTepra ra
2
6ynanu. ¥ E, Qazacura nucGaran ked konagu. U, , Ky-wUIaHHII ['2 nan 90°

ra ke4 xonagd. YHuHT GuprHyd spMu VD, IMoara Ba HKKUHYH ApMH VD,
Jnuoara bepunany. VD, garu KMCMH 1'2 nan 90° ra xeunkagy Ba VD, Jarn

KHACMH ]'2 nan 90° ra wrapwaim. le Ba 0,5 sz BEKTOpJIApHH KY1IHO
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U 5 B2 U 9y KYUNaHUILTAPHH anukjiafiMu3. JluarpamMmanaH KYpUHHO
Typubauku U,,>U, , 6yrina Uy>Uy Ba Hatwxaga Us<0 6¥nam.

KOkopunary Taptubaa w<wp XOJaTHW XaM TaxJIMN STHII MYMKHH,
HaTmxkaga U>0 6ynamu.

Tebpanuin koHTYpnapu Oup-Oupd 6unaH HHAYKTHB OOFNaHraH Ba
xap ukkana L,C; Ba L,C, xoHTypn kupummard UM curxan ypraua
yactoracura coijaHrad OanancnaHrad YJ{ nerexkroprnain xapakre-
PUMCTHKACH aH4a KEHT YM3HKIM KHUCMra sra Oynub, yHHHI KeHIJIHIMHH
L,C; Ba L,C, xouTypnap aciuurd Q ra Ba ynap opacuJar MarHHT
AHIYKUMACH M Kartanurura 6ormvK. KupHIn yacTOTaCHHHHT Y3rapHLm
L,C, xoHTYypaaru ('12 Kywianum OwraH OupuHuM koHTYp L.C, maru

Ky4J1aHUIO le opacuzary ¢azaHuHr 90° nas owmmKra k1 kKaMadUIIK-

ra ca6a6 6ynanu, Harwkaga VD, Ba VD, napra KyHuIraH Ky4IaHHLI-
nap U o1 B2 U 5p XuiiMaTnapu yarapazu. By 3 HaBOaTuxa YJI uuKumm-

jard Kywiahuml U; HM KHPHII 4acTOTacMra Moc ysrapumura omu®
kenagd. Yoy Y/ nerexkropnaiu XxapakTepHCTUKACH S — CHMOH LIaKiaa
6ynamu Ba +Aw ra opanuruaa Jaspuii YH3HKIN KYpUHULIIA OYiaau.

Hasopar caBoanapn

Jetexropnaw nuMa? Jlerektop kaHaai KypunmMa?

AJl neTekTop XapaKTepucTUKAacH HUMA?

YJT neTeKTop XapaKTepUCTHKACH HUMa?

&1 nerexTop XapaKTepHCTHKACH HUMa?

. Moaynanuananrad curHannap Oy3WNUIUIApCH3 JEeTEKTOpia-
HHUIUH YYYH YIApDHUHT JAeTeKTOopNaml XapakTepHCTHKANApH KaHHaw
KYpuBHOa 6¥nning kepak?

6. ANl nmapma R, Ba C,, kuiiMaTinapd KaHAadl ImapT acocHAa
TaHiaHagu?

7. AJl xy4cu3 cMruan TabCUpKA2 HIINAraHAa YHHHT JeTeKTOpiali
XapaKTepUCTHKacH  Kavjgail  KypuHuwga  Oymamn?  Bysunum
ko3¢ duurentn m=0,5 6§nranga Kannai KuiiMarra sra 6ynam?

8. Kywm curnan tascupuga AJlu xalicu pexumia HInaigym Ba
YHHHT IE€TEKTOpJIall XapaKTepUCTHKACH KaHAal KypuHHna 6ynamm?

9. M curnamnapHu Kalicu ycyn 61naH JeteKropiam MyMKUH?

10. UM curnanmnapuu Kalicu ycyiuiap 61iaH AeTexropriall MyMKUH?

11.Y/] napuuHr Kaitcu TypiaapuHu Ouacus?

N
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8. ABTOT'EHEPATOPJIAP
8.1. LC — aBToreHepaTop/IapHHEI HILIAIN IPAHOHIA

Kyuatitupnim KypHJIMaJlapH, 4acToTa KyTlaldTHpruwiap,
MOIyJIATOpAap, AEeTeKTopaap Ba wry kabu 6Hp KaTop KypHimaiap,
¢daxaT yrapHMHI KMpDHMLI y4iapHra Tallkd KypH/iMajapAaH CHrHajiap
6epuiranpa y3 YAKMIIIIApUJAA TErHIUTH aKC TABCHDP CHUCHANMHHU Haimo
kunand. Bympma#f kypunmanap opmatna MaxOypaH —KY3ranyBuH
Kypunmanap aed atanagunap.

AmMO wmyHnali KypuaMaiap OOpkM, YMKMIIMZArd TeGpaHyB9aH
Ky'IaHHLLUIap, YNApHUHI KHPHIUMIA TalUKapuIaH Xe4 KaHjad Tabcup
Ky4ianuinn OepunMaraHiia XaMm Xocha Oynaau. ByHnaii TebpaHuinnap
aBToTeOpaHmInap Je6 Ba yJapHH XOCHI KWIYBYH KypHIManap
asTorenepatopnap (Al") &ku reseparopiap ne6 aTanany.

TeOpanuinnapHu reHepamuanam ax6opoT TH3MMIapMaary¥ acocui
BasHdanapaaH 6upu XxucobnaHaau. ABTOreHepaTOpiap HOMMMH TOK
anektp Madabau (OM) KyBBaTHHH CYHMa#auraH naspuii TeOpaHHiLnap
KyBBaTHra afinaHTnpu® Gepaaunap. Al HHHI CTPYKTypaBuil cxemacH
8.1-pacMaa kenTHpuira-.

M AD TT |— HHKHII
r KYWiaHHIIH

MTA

8.1-pacM. ABTOreHeparop CTpyKTypaBuii cxemacH.

AT HuHr acocuit aneMeHTnapy: DM — aekTp MaHOal, AD — aKTHB
3neMeHT (TpaH3HCTOp, 3JEeKTpoH Jlamma Ba X.kK.), TT — TebpaHHI
TH3nMH Ba MTA — mycbar Teckapy anoka.

AL ¥3-Y3upaH Ky3ralHlIM yYyH Kepakiu IapTiapHy Oatadcuipok
kVpub wikami3. Byrunr yaye nactnab omanii [.C — napannen koHTypra
TaliKK TabcHp Oynranja yHIa OYnanvrad OM3nK xapa€HHU Ky3aTaMus.
Tamkwy UMIyasc Tascup 3traiga LC — kOHTypaa CHHycouzan 1naxiijia
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y3rapyBun 3jekTp TeOpaHuMmiapu xocun 6y¥namu. KouTtypmaru Oy
TeOpaHNII dYEeKCH3 JaBOM ITMaitny, acTa-CekuH CyHauM, YyHKH
KOHTYpAard MyKoTHILIap cababny yHmard 3HEprua y3nykcH3s Kamaiu6
Gopanu Ba HaTHXAJa HOAra TeHr 6ynann.

TeOpayminm KOHTYpuaaru teOpaHuuuiap cyumacnuru yuyn LC —
KOHTYpra HyKOTHIa&TraH SHEPrHAHH KOIUIOBYM 3Heprus G6epub TypHin
kepak. LC — koHTYpHHHT ¥3uha OyHpaii uukH ManbGa Hyxauru yuys,
yHH Tawks Man6a xucobura Komnain xepak. JnekTp MaHbau cudatnia
nouMuii TOk €xM KyuiaHH ManOauaaH ¢oamanmmangu. Ouau LC —
KOHTypaaru ¢pu3uk xapa&uay 8.2-pacM épramMuia Kypud YuKaMus,

1 2 Ro

[ .

8.2-pacM. ABTOreHeapTOp TeOpaHHIIMIa O YU3IMA.

LC - koHTypaa Ooumuianfuu Xxonaraa TeOpaHuiiap Hyk ae6
xucobnad K — KanuTHH MKKMHYM XoJarra yTka3scak, konneHcatop C —
kyunaium U,, rava 3apsamnaHagd. Cyurpa xanutaud 1-xonatra
yTrazcak, LC — KOHTypIa CHHYCOHJaN IAKIIMAATH 3PKHH TeOpaHuuiap
naitno 6¥naau. LC — koHTypaaru TeOpaHMIIAD HHIXYKTHBINK L HHUHT
HykoTumn xapuunuru Ry xucobura cyHMmacnuru ydyH, TeGpaHHLIIap
IJaBpura Moc paBHja xoHaeHcaTop C — HHM snekTp maHOam U, ra
yna6-y3ub Ttypamu3s. Hartuxana xoHpgeHcatop moumuii pasuinga ¥3
3apamuHd TYIaupub Typamu. LUyHuur xwmcobura LC — xoHTypmaru
TeOpaHuninap cyHMai .

Kamur K vy Tebpanuiiap Ounan cuExpos pasuinga U, ra yna6-
y3ub Typum GoLIKapyB 3aH)XHPH (TeCkapy aj10Ka 3aHiaaipH) OYmummy Ba

y xanut K HH y3uG-ynami Xakuaa kypcatMa OepHIIW kepak. by
1

JLC
Oepumun kepak. Yiuby oxauii cxeMa aBToreHepatop Moxenu cudatuia
Kabyn xuwiMHMIOM MyMkuMH. 8.3-pacMaa AD cudatHia MalaoH

KypcaTMaHH TeOpaHHMIILIap 4acTOTacH o, = 6ynran LC — xonTYpHM

TpaH3ucTopupaH ¢oiparapunran LC — aBTOreHepaTop cxemacu
kenTHpwirad. ByHma teOpanumuiap wuactotacuHum LC ~  KOHTYp
3eMEHTNapH KWiMaTiapu aHuknadnu, E,, — JouMmHi Kywianum

maHb6au Ba E;. — Tpam3ucrop 3arBopura OepuiaiuraH CHJDKMIN
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Kywianvind. Kanut K pasudacHHM TpaH3HCTOp 3aTBopH Oaxcapanu.
3aTBopiarn xywianum U, crox TOKMHH Gomikapamu. CTOK TOKHHHHT
y3rapypyaH Tamkuia 3TyBYHCH LC — KOHTYp 3HEpPrHACHBH TYIIUpanu.
Teckapr Mycbar Oormarum L 6unad uwHaykTHB Gormuk 6ymranm L, —
anoKa kaTylikacH é&pmamuja amainra ommpuiagd. L, Hm L ra
OOFIMHINIAIH  y3ap0 HHAYKUHOH OoFmHKIHK koddbduumentn M
KaTTanmury OwnaH aHMKnaHagu. TpaH3uctop Ha dakat kamur K
Ba3udacHHY OaKapamM, y «Teckapu OOFIaHMINray, Y3HHUHT
Ky4dalTpuin xycycuatu xucobura LC — koHTypra HaBbaTnaru sHeprus
KUCMWHH eTka3ub 6epamu. E, — &épaamMuia TpaH3UCTOPHUHT KEPAKIH HIL
pexxuMH Ba OGOINaHFUY HII HYKTacH YpHaTHinanu. AMMoO ¥3-y3maaH
redepativsa Xocws OYnuinu ydqyH KY3FaIdil Inaptd Ba TeOpaHuuuiap
aMIUIMTya XaMfia 9acTOTacMHM Y3rapMac Oapkapop cakiab TypHin
YUYH TYPFYHIIHUK IOapT/Iapy Gax(apnnnmu Kepax.

4] @.}E ic
: R
H C
us 1 C, ILA = Uy

e L
" Eom

8.3-pacm. MaiigoHnn TpaH3uCTOPIY ABTOTEHEATOD 3JIEKTP CXEMACH.

Hactnab y3-ysumaH Ky3ranuim kapa8HHHM KypuO YHKamum3.
Tabuuiixm reneparopaa Tebpanuuwiap fiykgan Oop OynMaiiny,
KaHOalgup M4Kky €KW TamKH TYpTku Oynmumu xepak. Ulynpmali Typrkd
BasudacHHM 3apAn TAlLyB4YH (PAEKTPOH, HOH) JADHUHT HCCHITHK
XapakaTd HaTikacuia mafao OynaguraH TOK EKM  KYWIaHHII
KMAMaTHHUET TacomqudHil y3rapulid — QIyKTyaluUacHHH Oaxkapaiu. By
diykTyauusnap KyBBaTH Jyaa o3 6Ymu6, mabiym Omp 1mapoutna
TapTUO/M Tebpanuuuap maH6au OYaumym MymkuH. ByHuHr yuyH 8.3-
pacMaard xypunmana E,, — oanextp MaHOam ynaHumd OWiIad coaup
Oynaaurad »xapaéHHH KYpHO YMKAMU3. i, — CTOK TOKH Ialjo 6ynuum
6wran LC — xoutyp konaeHcaropu C — 3apsamiaHalli Ba KOHTYpA2
SPKHH CYHyB4u TeOpanuiugap xocun Oynaau. UHayxtuemk L naH
yraérran i Tok L, FanTaruza y3apo HHIYKIUA HaTHXacHaa y3rapyBdaH
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KywiaHuml U, HM XOCHJI KMiaad. TpaH3uCTOp 3aTBOPH B2 HCTOKM
opacura xyiunray U, KywIiaHMII, CTOK TOKH i, HH OMpJaH y3rapuiinra
omu6 kenagu. by i; — Tokm ¥3rapysuan Taumkuia 3TyBuMcH LC -
koHTYpaa Uy Kyananum xocun kuwiagd. by U, Ky4iaHHIn 3aTBOp-MCTOK
opaturnaard U, xywranumwau K, Mapra xyqadiTupum HatHxacHd HeO
Kapaquild MyMKMH. 3atBopiarm TeOpamumimnap uactorack LC —
KOHTypAard TteOpaHMIUNAp 4YacTOTacura TEHI, JEeMak, I, — TOKH

Ll ra
. Jic
teHr. lllyaunr yuyn LC — xoHTypaa Toksiap pe3oHaHCH coiup 6ynanu
Ba KOHTYp Kapmunudru omub R, ra TeHr pe3HCTMB KaplUHJIHMKKA
SKBMBANEHT Oynamu. VY3-y3upaH Kysraqum yuyd Teckapd Myc6ar
OOFNIaHMIN KepaKTry4a KaTTa OYJIMIIA Kepak, akC XOJJa 3aTBOpAary
Ky4ucH3 KyuraHdm U, cTok TOKH i, HHHT ¥3rapyBYd CHEKTpaI TalIKu
3TYBUNCHHHMHI KyBBaTH LC — KOHTypAarM HYKOTHIraH 3HEPrHsHM
KOIJIAIIra eTapiyu 6YIMaciury MyMKHH,

ApToreHeparop OMp TOMOHZaH Ky4aiTHpHII KypHJiMacHra yxinari,
gyyHkn LC — kOHTyphnar¥ TeOpaHWIl Ky'WIaHWINHHUHT OHp KHCMH
Teckapd OOFJNAHUII OpKATH TPaH3WUCTOp KHUpHMIIUra OepunaiH, y
kydaiiTipunagn Ba LC — KOHTYpAa KywiaHMII XOCHJ KHNamH, AHA
TaxpopaH TecKapd OOFIIaHHLI OpKAJIM TPAH3UCTOP KHPHOIHra GepHianH
Ba ywly okapaéH KaiiTa-kafiTa Takpopnasanu. TeOpauuunap
aMIINTyJacH acta-cexuH ou®b Oopamu Ba MabiIyM KaTTallMKka 3ra
6ynranpan cyHr, satBopmaru U, Kyd4NaHMml KHYMK KuiiMaTiapuzaa
YH3MKIM PpeXHMAa HuUaéTraH TpaH3UCTOp, acTa-cekuH U, karra
KMAMATra 3pMIlraffiaH CyHI HOYH3UKIM pexuMra yragd, CTOK TOKH
TyAuHUII Toxkura TeHr OYmamu. Hatmkaga LC — kxoHTypma kaHya
SHEprus HyKoTca, yHra IyHYa MHKIODJAA SHEPrus CTOK TOKH OPKaTH
KeJlagy, TeOpaHuIILTap aMITNTy Jack GapKapopalany.

Hlynpait kummb, reHepatop ¥3-y3uZaH Ky3FaIMIIM YYyH Ba YHAArd
TeOpaHuILIap CYHMACIUIH YUyH Teckapy OOFIaHnIn Myc6aT Gynuinu Ba
YHHHT KHJMaTH KOHTypAa MYKOTHMNAETraH HEPrusHM TYIMK KOIUIALl
yJyH eTapiu O¥nuImn Kepak.

Arap teckapu Oornanum maHbuii 6ynca, Ha dakaT y3-y3upan
reHepaliua cogup 6ynuuy, 6anky aactnab 6ynran TeOpaHHILTAPHH XaM
cyuuiura ca6ab 6ynau.

‘yarapyaqu CINEKTpaJl TAWIKUJI 3TYBIHUCH YaCTOTACH XaM @, =
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8.2. ABTOoreseparopaapaara YHepreTak GoFIanAmIIap

LC — KoHTypA2 O3Heprus MHYKOTWIMMMHHHI acocuii cababu
HHAyKTHBIMK L HMHr xycycmil kapmuiaurd Ry xucobnamagu. Ymby
Kapuuink Ry fa #ykoTunaguran KyBBat

P-=05I;-Uy, 8.1
6ynna, I} — cTox Tokm 6UMpHMHUYM rapMoHMKacu ammnutypmacu, U, —
KOHTYpAard kywianuwt 6ymu6 I;)=U/R, ymruan Ba ¥3 HaBGaTHma

R, HH 3pTHOOpr2 OJIcak

=L
R.C
P_=0U /R, (8.2)
6§ mamy.
(8.2) udomaman kypuHu® TYpHOAMKM, P_ KyBBAaT KOHTypAaru
Kywiauuil U, HUHT KBaJpaTHIa NpoIopHHOHATT.

Onextp ManbaujaH KoHTypra OepunaérraH KyBBaT P, XaM KOH-
TypAard KywragMm U, HUHT KBafpaThra IponopLHOHAN, THHU Pop~Ug? .
P, Ba P napHuHr ¥3apo uucbarmapu LC — xoHTypAaru jxapa&HuuHTr
XOJIaTHHH B2 YHHHT PHBOXNaHWMUHY Ounnupany. 8.4-pacmua P, sa P
KysBatapuuar U, ra GOFTMKIMK rpadury KeJITHPHITaH.

P P"
Py

P!

0 Ul

8.4-pacm. P, Ba P- xymmatnapuuur U, ra GOFTMKIHK rpagury.

Arap P>P, 6¥nca, xoHTypaa dakaT cyHyBuH TeOpaHHII OVmaau.
P> P O¥ynca KOHTYp OpPTHKYA KyBBaT ONaAd Ba YHOAru TeOpaHuIap
aMIDTHTYJacH omaau. Tok (uyxryauuscHl HaTwKacuma Xocun Oynran
TOK Ba KyWIAHHIIHWHT KHYHK KUAMAaTiapu acra-cekHH omub Gopaaw,
TEHEPATOPHUHI KY3FAIHID MIaptH Oaxkapuyiamy, KOHTYPHH TYpPFyH
XonatAaH TeOpaHMW XonatHra kentupagd. O — HYKTacM TYpFyH
O6ynmaiiny, reHepartopa Ky4aliTHDHUII 5SJeMEHTHHHUHI acTa-CeKHH
HOTM3MKIU pexxuMra Ytumu pacmia® Py wuiimateHmar yeumueun
CEeKHHJAIOTHpaaM, HaTHxkaaa Pp=~Ffra spummiagy. TebpaHuimtap
aMIUTHTyAacu 6apkapopnaluagy.
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8.3. ABTOrenepaTopJIapHEAT HIIAI PEXXAMJIAPH

ABTOreHepaTOpNapHUHI HILIA PeXHMIIAPH YJIapHUHT TeOpaHHuI
XapaKTepUCTHKANApH Ba YpTaua KUAIMK XapaKTEepPHCTHKANApH OpKaJk
6axonanam.

Al' HuMHr TeOpaHHII XapakTepucTMKacH ne0, aKkTHB 3JIEMEHT
(TpaH3WCTOp, 3NEKTPOH JlaMma Ba X.K.) JaH YTaSTraH TOK OHpHH4H
rapMoHMKacu I; HHHT YHHHT KHMDUUIMIATH TapMOHMK IaKJJary
kyunanuin U, amrnutyfacura Gornukmurura adtunagm, seHu I;=0(U;).

P.

U,

8.5-pacM. a) IOMIIOK PEXUM Y4YH TeOpaHHII XapaKTepPHCTHKACH,
6) KaTTHK pexUM ydyH TeOpaHUII XapaKTepUCTUKACH.

8.5a-pacMzary xonataa U, xuiiMaTi Hoira SKUH XofarhaH To (a) —
HyKrara4ya P.> P, neMak, ¥3-y3ujaH Ky3ranuii reHepaius coxup 6ynam
Ba P=P_ (a) — Hyxrana TebpaHulLTap aMniMTyAacH Gapkapopnalnagu,
arap Gaw3u cababnapra kypa U, HUHT (a) — HyKTacura Moc KuiiMatu AU
ra ¥srapca, yHuHr KuiMaTi Oup 03 BakTAaH KedHH Y3UHHUHT (a) — HYKTa-
CHIa MOC X0NIaTHra Kaiitaau, YyHkH (a) — HyKranaH 4danga P> Py xxapaén
pHBOAUIAHMO (a) — HyKTara MHTUIAM, (a) — HyKTagad VHraa P.<pP_ 6yin6
6y XonaT y30K JaBOM 3TOMAiiH Ba sHa acTa-cekus P.=F- 6ynrau (a) —
Hykrara kaftagy. By pexum rommox pexum pmeb ropurunagn. By
pexwmmaa O — HYKTacH JHHaMUK pexxuMjia bapkapop sMmac, (a) —HyKTacu
OWHAMHUK pexuMpaa Oapxapop, Oy Xonar reHepaius NasoMuaa ¥3rap-
Maiiy, arap TalllK4 TAhCHP FeHepalusHy CYHANpHILTra cabab 6ynmaca.

8.56-pacmpa P. Ba P_ yu4 HyKTaja KecHuwand. bountanruy Hykraga
(O) P~=p_, arap, Gupon 6Gup ca6a6 Guman U,>0 ammo <U, 6yica,
reHepauus coaup 6ynmaiian P.<P_, 0 — HyKTaga pexxumu TypraH. (a) —
Hyktacuaa P.=P_, aMmo yHnaH wanga P.<P_, yurna aca P.>P_. Arap
(a) HykKracura MoC KyWIaHMIO KAHMaTH U, ammutygacu =AU ra
§3rapca, KypuiMa HII pexkumu Yarapaad, OyHaa (2) HyKTajgaH vanpaa
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P.<P_ OynraHu ydyn Oop O¥nranm TteOpanumn acta cyHagu, 9a)
HYKTaHUHr ¥Hr ToMoHMma PP 6ynranu ydyH y (a) HyKTajard
xonatuaaH (6) HyKTara MOC MIN XonaTura yramy. (a) HyKTach ZWHaMHK
pexxumaa bapkapop 3mac. (6) HyKTacu muHaMuK pexumaa 6apkapop (6y
XonaT IOMINOK pexuMzaard (a) HykKracura yxmmam xonat). 8.56-
pacMIiarH XoJjiaTia reHepalMa XOCWJI KMIMUI YYyH YHra TalllKapuOaH
ammntygacy U, naH kaTTa GY/raH TypTKM KywIAHHIM GepriIuIId
kepak. by Taxnuinna y¥3-¥3ugaH Ky3raayBid I'eHepaTop PeXHUMM KaTTHK
PeXUMIA KY3FAIHIO pekuMH ieb aTanazau.

I'enepaTopHuHr OMINOK &KHM KaTTHK peXuMmAa ¥3-y3umaH
KY3FalTHION — reHepalis KWINIY Uil HykTacd AD BAX cHHHMHI Kaifcu
KMCMHIa YpHaTHAraHanrura 60rmmx.

Arap Gourtanrud xXonaT MIn HyKrack AD BAX CHHMHT 3HT KaTta
KHAJIMKKA 5ra KUCMHUJa YpHATHNICca Ba Ky3ranui maptu Gakapuica, Gy
IOMIIOK pexaiMra Moc kenamd. bomnanrmu wimn Hykrack AD BAX
CHHHHT KMSUTHTH kKam 6Vnran GomuiaHrFud KucMura ypHatunrad 6yica,
Oy KaTTHK MO pe>KIMHra MOC KeJaIu.

8.4. ABTOreBepaTOpaAap Ky3FaJ ail APTH

Tpan3ucTop xupuiOuAaru Ky4iaHum YHUHT BAX cuHMHL XKyda o3
KHCMHTa Moc Kenca, ymOy HYKTa arpodHaa yHHHI XapaKTepHUCTH-
KaCHHM YH3MKJIM Ba KHUIMTH Sp 7e6 xucobnam MyMKHH, YyHKH
reHepauua Xy/Aa Ky4cH3 TOK Ba KywWIaHMIIap KHAMAaTHHHHT TacOAM-
¢uii Y3rapum HaTIKacHa ro3ara Kenajgu. ['eHepauus copup 6ynumu
’kapa8HUJa, YHH YU3UKIH JOMMHI napameTpra sra ne6 Kapanamy.

ABToreHepaTop TEHIJIaMacHHH TY3UIN ydayH Kupxrod KOHyHHOaH

doitnanaHamus. i
VT 3 i ic
" “/ug ! __I_.C Uy
Lysic L R l
-+
Esu
8.6-pacm. MaiifioH TpaH3UCTOPJIN aBTOreHEaTop CONAATaliral IeKTp
CXeMacH.
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TpaH3uCTOp CTOK TOKH i =i +i, 6Ynn0
i=S,U, (8.3)

ra TeHr. Tpausucrop 3atBopupard Kywiasdm U, ajoka
uaayxrusmarugard SHOK Ej ra tenr

U3=En=M—dTL. (8.4)
(8.4) nu (8.3) ndopara Kyino
dt
i=MS)—k (8.5)

HM onaMH3. CHFUM opkai ¥TyB4H TOKHH LC — KOHTYpAaru KywiaHHIH
Uy opkanu udonanaiiMus

.U
e =CZK. (8.6)

U, xywrasumu L wHOykTvBIMK Ba Ry jard  KydiaHMILIap
HHFYHANCHTa TEHTTTHTHHA 9bTHOOPIra 0JIcaK

di
e = Ryiy +L—L, (8.7)

(8.7) udopmanm nuddepeHunannab i; TOK ydyH KyHAugara udonaHu
olaMu3

di i
- L 2L
ic =R,C—L+ LCd poa (8.8)

i Ba i, ToKIap HUFHHONCH | HY aHHKIAHMH3, ALHH

. , 2.
di di di
L_; +RﬁC—L+LC L, 8.9

MSoar ='L ¥ RaC o +1C

(8.9) udonanmar xamma taunmn sTyBumwiapuuu LC ra 6ymu0,
KyHuaaru udofiany oaaMmu3
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d%ip (R MSo\di, o
= +[2‘Tc 2L 4o, =, (8.10)

OyHaa rog E - LC — koHTYp pe3oHaHC 4acTOTacH.

(8.10) TeHrmamMa TreHepaTOPHHHT Y3-Y3ujaH Kysraiuml M
pexwmuny  ubonanalimd. By uxkunuM pmapaxam auddepennuan
TeHraMa O6¥nu0, yHHHr Xamma ko3¢duumueHTIapn AOMMHI Ba TOKK
KuifimMaTura OOFIHK 3Mac.

Onmaunit mapaymen LC - rebpaHumn KoHTYpu Kyimmaru
Juddepennnan TenrnamMa 6unad udopanaHamu:

d? ’+zad +adi=0, (8.11)

R.
OyHna, 2o = T“ — KOHTYp CYHHII k03¢ GHLHEHTH.

(8.10) Ba (8.11) Tenriamanap Tysuaumy Oup xvn. Illynuur yayH
reHepaTOpHUHT CYHHII KOI(pHUIMEHTH TecKapH OOFNaHuIn KuifMaTura
6ornuK TeOpaHuiu KOHTYpH cudaTHaa Kapamuimm MyMkHH. By xomma
(8.10) um (8.11) ¥xmam kypuHUILra OMUO KENUIT MYMKHH,

d2i di
L Loy 2ie
2 +2a 2 Hep! 0 (8.12)

OyHIa, 3KBHBAIEHT CYHUIN K03 PUIEeHTH

20, =2 __MSO 8.13
a_LC (8.13)

(8.13) maH xypuHUO Typmbmuku, arap Teckapu OornaHum MycOaT

. . MS,y
6ynca, cyHUIN KO3(PUIHMEHTH @ KaMasgd, YYHKU To - Mycbart.

CyHum xo3duuHeHTH @ TeOpaHMIUHHHT CYHMID TE3JIMTMHMY, SHHH
SHEPrUSHUHI KApmnumk Ry pa #ykoTunum TesnuruHM Tascudpnaiinu.
Hemak, MTB (aycbar Teckapu 6ofnaHuI) opKkaid TeOpaHULU
KOHTypHra Kymmm4a 5Heprua omu0® xupunagy, 6Oy cyHMI
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k03P PUIUEHTHHE KaMaTHPH LI ReMaKIup.

u(t)

AN ~7~C t
VA VA Ve w4

uk(t) 2 a,= 0

(L,
uel) 2a,<0 -

8.7-pacM. ApToreHepaTop TeOpaHHUMWIMHUHT O, I'a GOFNUIJTHK
rpaury.

8.7a-pacMma @5- HUHT Mycbar KuHMaT/iapuna KOHTYpHAard

TeGpaHMIIHUHT CYHHMIN JapaéHy kenTHpwiran. Cyuum Teamuru 3 HuHr
abcomor KuiMmarnra Gormuk. Teckapu Gornanuuum M HE ommpHin
xucobura

2 M4 8.14
a3—2a—7—0 (8.14)

XoNaTra SpUIuMIl MyMKuH. ByHjga xodTypharm TebpaHuImiap cyrmac
6Ynann (8.76-pacm) Ba 3HeprHAHK HYKOTHIN TYIHK KOIUIAHTAH Oynamu.

Arap M xuiimatinu, apHE MTD KuAMaTHHE AHazja oluMpcak 2a,-
MaHouit 6¥maan Ba LC — koHTYpAark TeGpasuuULIap aMIUTUTY JACHHHHT
OLIHUINKra onub Kenaau, TbHU
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MS
0.9. (8.15)

25 =20"7¢

(8.15) ¥3-y3mpaH KysFaqull INAPTUHH AaHMKJIAIl WMKOHMATHHM

R-
6epamy. (8.15) ndonara 2a = T“ H¥ Kyiti6

MS
0
0<0 (8.16)

R
n
L

HH onamu3. By (8.16) udonaman M HHHT ¥3-¥3uMmaH reHepauus
Oynuny yyyH kepak KUAMaTHHA aHUKIaiMH3, THEHH
R.C
M>M=-4%—. (8.17)

So

Kyiiuga mycbar Teckapu OOFNaHMIIHHHT OOIIKA4Ya TalKAHWHH
kentHpamu3. (8.10) Tenrnamanu OollKa KYpUHHIIHAA

d2i MS, \di

L, p _M0%, 2. _

) +L[R,, a Jdi +agiy =0 (8.18)
Ms, .

(8.18) ndonana - KapUIMIUK YiIyaMura sra, YyHKH ymoy

TeHrJlamMagard Ry maH ¢axat ymby ¢usuk OUpAMKAArd KaTTalMKHU

afiupmin MyMKUH, SBHU __C—0=Rﬁ 6ynu6, xoHTypra sHeprus omubd

KApyBuM MycOaT Teckapu OofnaHuIn, ymby KOHTypra MaHQMid
KapmMWIMK = KUpUTWITawiurura TeHr Ofmamm. UIyHHHr  y4yH
reHepatopu LC — TeOpaHHIN KOHTYpHIa YHUHI HYKOTHIN KapLIHJIUIH
Ry ra xymmmua MaHQuii R KapIIHIMK KMPUTHIITAH SKBHBAICHT CXEMa
(8.8-pacM) xypundImHAa TacBupnam MyMKHH. ['eHepaTop ¥3-y3nman
KY3FauLIH Y9yH Ry+ R <0 &ku

R-I>[Ry| (8.19)
Oy1MIIH LWapT.
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8.8-pacM. ABToreHepaTop 3KBHBAJIEHT CXEMAcH.

Jlemak, LC —:-TeGpaHMIll KOHTYpHIa MaH(ui Kapmimuk R— mmmr
KUPDHTHIHLIMEY, YHTa YHJar# HAYKOTHNaéTraH SHeprusiHH KOILTOBYH
SHEprus KHpUTANIH Aed XUCOONaHHIIN MYMKHH.

8.5. ABTOoreneparopiapasHr 6apKapop pexAMH

ABTOreHepaTOpHH KyHuaary yMyMuil KypHHHINIA TacaBBYp 3THIN
MyMKMH. Y HKKM acocHH KuUCMAaH: KupHm cHrHangan K Mmaprta
Ky4alTHpYBYH KypHJiMa Ba Ky4yalTHpWIraH KyWIBHHIUHUHT Oup
KHCMMHY Teckapy GOFIaHMII XMcoOWra Ky4alTHpru4 KUpUIINra KaiTta
KUPHTHLIHH T2@bMMHIIOBYH KUCM.

U, Ky U,

U; KTB U,

8.9-pacM. ABToreHeparop 6apkapop pexMaa HULTALIMIa OHJ
CTPYKTYpaBH# cxema.

ABTOreHepatop 0apkapop peXHMI2 HUUIAIK YYYH YHHHT
YMKMINHAATH Kywiaduw U,, Teckapn GOFNIaMHII KACMHIA HeYa MapTa

Kamalirad Gynca, KyyalTHpHII KypHIMACH IUyHYa Mapotaba U, HH

Ky4aHTHpUIUM Kkepak. KydalTHpWID KMCMH Ba Teckapu OOFJaHMII
K03 PULMEHTIApHHH MOC paBHIIAA

Ke=K? @ pa k=K oo (8.20)
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neb onnmumn3 MymxuH. bapkapop pexxumaa
Ky Kpg=18Ki Ky Kps =1 Ba ¢ (0)+@.5(@)=02m (8.21)

mapT GaxapHITMIIN Kepak.

(8.21) udonma aBTOreHepaTOPIAPHUHI KOMILIEKC TEHIVIaMacu Jed
atamand. YHra OuHoaH A’ €NMK TH3UMMAArd YMYMH KOMILIEKC
y3atuin ko3bduuuent Ompra TeHr OYmHIIM Kepak &KM aloXHia-
ajloxy/a mapt cudataa, TbHU:

- A’ &énuMK TH3UMMIard Yy3aTHIl ko3gduumentn Oupra Teur
6y muim;

- Al énuK tH3uMupard ¢asanap ysrapuid Hurunaucu 0 (Hons) ra
€ku 2T ra TeHr GYIMmy Kepak.

(8.21) ndomanaru ¢aszanap Ganancu mwapri Oaxapunumy yuyH LC
— TebpaHMIl KOHTYDH &MHK TH3MMra onub xupaérran ¢asa ¢,.(v)=0

Oymumn  kepak. Ywoly mapTiad aBTOTEHEpaTOPHHHr TeOpaHMII
YaCTOTACH aHUKIAHATH, ABHH @p =0, =:/L1=C’ gyHkd (akat KoHTYyp-
HVHT PE30HAHC YacTOTacH[a, Y (pakaT pe3HCTHB KaTTAIHK 6Ynanu.

Xymoca xwmb afitranga LLC — reHeparop ¥3-y3uman Ky3ranuim
yuyn pactnab K, -Kp; >1 6ynuum Ba Gapkapop pexumua K -Kpz=1
6ynumm xepax.

8.6. Y4 HyKTaJH aBTOreHepaTopJjap

ApTtoreHepartopiapuy 8.10-pacMaa KenTHPWIraH S5KBUBANEHT CXeMa
opKaJii yprauuin MyMKUH. bynjaa AT axtus 271eMEHT TPaH3UCTOD CTOKH
Ba 3aTBOPM OpacHIard 3JeMeHTNap Z,; 3aTBOpP-HCTOK oOpacHiaru

3NEeMEeHTIap Z'2 BA CTOK-HCTOK OpacHJard 3JeMeHTiIap Z'3 3KBHBAICHT
KaTTaldkka ora jJe6 xucoOnamagy. Mabnymku, AIT  TebGpaHm
YacTOTACH YHHHT KOHTYpPH pe30HaHC 4acToTacHra TeHr 6ymanu. ByHuar
YYYH XaMMma PeakTHB KapUIMI#iiiap HHFUHAUCH HOJIra TeHr OVJINIIM
Kepak, sTbHH

Z,+Z

2, +2,=0 (8.22)

(8.22) mapt GaxapuisI yqyH:
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Z,>Z.BaZ.=2.+7

1 72 1 72°73 (8.23)

Oynuiun, neMax, Z'2 Ba 23 OUp XHJ peaKTHB XapakTepra sra 6ynummu

Kepax.
(8.22) Ba (8.23) ndonanu sxmbopra omub Z,, 22

TETHILIIN HHAYKTHB 2JIEMEHT Ba KOHASHCATOp 6unau ajiMalmTHpaMu3.

Z
Z;
Z

8.10-pacM. ABTOreHepaTop y4 HyKTalH 3KBUBAJIEHT CXEMACH.

Ba 23 NapHH

(]

=

8.1la-pacMna KeATMPWIraH MHOYKTUBIMK Y4 Hykra Al 1eb
HOMJIaHaJH, YYHKH, TPaH3UCTOPp — AD HHMHI y4 YJIaHUII HYKTacura
WHIYKTUBIWKIap ynanraH. L;, L, Ba C HUHr Maboym Oup
KuitMaTnapuga (8.22) mmapr 6axapunamd, seHH ¢asa 6amaHcH IIapTH
6axapunany.

8.116-pacMaa KenTWpunraH curMMIH Y4 Hykta Al neb
HOMJaHa 4, YyHKH TPaH3UCTOP — AD HHMHI y4 YJIaHHMII HYKTacura
KOHJeHcaTopiaap ynadrad, 6Ymu6 L, C, Ba C, HUHr MabiyM OHp
kuiimatinapuna (8.22) wapr Oaxapunamm. Ywby (8.22) wapr
6axxapunrad yacrtoraga A" tebpananu, HyHkH dasanrap 6anaHcH mWapTH
6axapunand. VkkuH4YH mwapr, aMiunTyganap OanaHcH IapTH JKyAa
OCOH baxapunamy, YYHKH X03UprH AD — TpaH3HCTOp/ap Ba ONEpaluoH
KydJalTHprusiap kaTra KydafTHpHIl KOOMIHATHIA 3Ta.

VT J—C VT

c c L J
3 3

% L ]

L,

:Cz

a) 6)

8.11-pacMm. a) y4 HyKTat¥ HHIYKTHBJIKMK aBTOIEHEpPAaTOp CXEMacH,
6) y4 HyKTaJIi CHFHMIIM aBTOT€HEPATOP CXEMAcCH.
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AT acocuif KypcatkudnapuaaH 6upy y TebpaHaéTral 4acTOTaHHHT

poumuiinuruy — Oapkapopaurnmup. AT TeGpaHmin yactoracH Gapka-
Aw

pPOpPNUTH aGCONMIOT Y3rapuiH +Aw Ba HUCOHMH y3rapuim :w— OpKaJH

0
6axonanany. A" yacToTacHHHUHT Gapkapopnurd oupuHyu HaBbatga LC
—-KOHTYp acmdry Q ra Oornmuk, MyHMHr ydyH Al TeOpauuin
YacTOTACUHH aCJUTMK TabMMHIaik 1 neb Kapanaiy.

AT TeOGpaHULI YaCTOTACUHKHT 6apKapOPIIMTHHHE TAbMUHIIALl MaKca-
mupa LC — xoHTyp ypHura keapig 4pe3OHaT0pJIapHIIaH ol nanaunnany,
YYHKH YHUHI acJUTUTH Q=10’+10* kuiu6 onuHuE MyMkuH. ByHnan
tainkapu Al” vactoracuHu 0GapkapopnainTHPHUIN YHyH 3nekTp Mauba E;;
— KyWIaHHIITHHY JOUMHH-Y3rapMac caxiau Ba AI' HM Maxcyc HCCHUKITHK
Ba HaMJTHK ¥3rapmac KoHTelHepaapra xofnaTHpuiaim.

8.7. RC —renepaTopiaap

LC —~ worTypmu Al é&pmammuaa mact YacTOTanM CHIHaJUIApHU
reHepausaIall KUinH, 4yHki L Ba C napHuHr KUAMaTiapy oliraH capu
LC — xoHTYp aciuru Q xyna kaMaiind keTaqu Ba aMIUMTyAa GanaHcH
mapta OaxcapunMaiiiy, MHIYKTHBIMK L ypamiapu omamu, HaTHxaga
HykoTHn Kapmmury Ry ma xkatra Tok KyBBatd capd 6ynamu, L Ba C
JapHUHT FeOMETPHK ¥Ji9amiiapu XaM KkatTa 6ynanu.

RC -reneparopnapia redepalsiiaHagirad TeOpaHMILIAD AaBpH,
ymby anementiap BakT gaBpuiimry T=RC Gunan ymuampomn. R Ba C
JIApHUHT KWiMaTiapd Karra OyiraHd OuNaH reoMeTpUK Yirdamiapu
KHYNK KWIKO TaHnall MyMKHH, HaTikaja TIeHepalus 4YacTOTacH
I'epusMHr MUHTAaH OHpHAaH Oup Heva 103 kI 1 6¥MHImN MyMKUH.

Xymmu LC AT mex, RC — reneparopiapna xam aMmmmtyga Ba dasa
6amaHcH uraptH Oaxapunume Kepak. AD — OWmoisgp TpaH3UCTOp
YMyMH# SMUTTEp €KM MaWIOH TPaH3UCTOPH YMYMHH HCTOK CXeMacy
OVitnua  doligaranunca,  yJapHUHT  YHKAIIAAArd — KyuJlaHWIN
Kpumparura HucOataH 180° ra ¥srapanm. Qazarap GanaHcH
GaxxapHJIMION YIyH YHM fHa * 180° ra cypu kepak. ®azanapHu 180° ra
cypuwan RC 3amxupyaiap opKajii amanira olEpHII MyMKHH.

8.7.1. da3a cypysdn RC 3aEKHpJIH remepaTopaap

ByvHpali  reHeparop cxemacH 8.12-pacmpma keatupwiran 6¥.m6,
MaiifoH TpaH3auctopu VT, YHHHT roknamacy Ry, Ba Teckapu GOFTaHUII
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samxupu Kg; man ubopar. @asa 6anaHcu 6axapuimu quﬂ TecKapu
6GoFNaHyIl 3aHXHPH ¥3 kupHmMAard Kywranumen 180° ra cypmmm
Kepak, HaTHxaja yMymwii pasa cypuinu 27 ra teur 6ynaju.

i<

8.12-pacM. RC aBTOreHepaTop 3JeKTp CXeMacH.

Burrta oxopu yacrora RC — 3amxupu (8.13a-pacM) KHMpHIDMAArH
Un, Kyunauumnu P rpamycra cypanu. 8.136-pacmaa 8.12-pacMaarura
Moc Oefrmiamiga BeKTOp JUarpamMma kenTHpuirad. ByHna acoc xunu6
TOK im ONMHrad, y OunaH pesuctop R narm kywiawum U m2 MOC

kenaau; koHumencatop C mard KydlaHHIN Umc ToK Ip HaH 90° ra

keynkagu. Kupuil KyuwiaHUIOH Uml YUKUII Ky4JIaHHION Umz Ba

KOHZEHCATOPJArd Ky4JaHHLI BEKTOp HUFUHAMCH IIAKIKAA aHHKIaHAOH,
0 o

Hatwkana Unpy ¢azack Uy, ra Hucbaran 90" ra cypunrad Oynaau.

RC — 3amiup da3a-vyactora xapakxrepnctikacnsn 8.1306-pacmaaru
BEKTOp AMarpaMMa OpKaJi aHHKJIaiiMu3

gp=ml o 1 (8.24)
8P=T T @RC )
m2
8.136-pacMmarn  RC -~ 3amixmp ¢a3a — wacToTa Xxapakre-

PUCTHKacHIaH KYPMHHUO TypuOOWKH, KUpUII Ba YMKHLI Opacwiaru
KywraHum ¢asack uactotara 6ornHK. Uactora Honra TeHr 6yiranna
tasa cumkmim 90° 6¥aanu. VinGy 3anxupHuHr y3aTHim ko3 dHIUHEHTH

Kye=-m2-_R __ 1 (8.25)
aC @RC




@

8.13-pacm. a) RC-rerneparop 31?e)Mﬂrrap RC-3anxupH, 6) RC-
samxiup $asa-yacrora xapakrepucTikacy, B) RC-3amxup aMnnuTyfa-
4acTOTa XapaKTepHCTHKACH.

RC — 3amiupHHUHT y3aTHIU ko3 QHLHEHTH =0 Aa HOAra TeHI Ba
w1l

Xap 6up RC — 3amkup KaHmafiigp 4acToTa ' Ja KHPHII
Kywianumu asacuru 60° ra cubkurca, ynapaad yurach 180° ra
cypanu.

1
Vb Ta RC — 3axupiyM TreHepaTtop o, =—=— 4YacToTana
Y y4 p paTop @, JerRC

TeOpanamu. TpaH3ucCTOpHUHr kyualiTupum kodhdumeHTH K29
6ynranga ammMTyAa banaHcy wWapTH baxxapuiany.
Arap mnact "actora RC - samxupuna (8.13a-pacM) R Ba Cncp

S"pHHH ?UIHIHTPIPHG yuta ojicak, resHepanuda 4acToTacH o, =% Ba

K,=18 6¥namm.

Ymby Typmaru reHepaTopiapia MabiyM OMp KEHI YacToTalap
IHAMa30HNHM Korulamr kepak 6ynca, y 6up Hewa amoxmpa JHana3oH
KucMiapuara 6ynmHagyd. ByHna xap Oup Auama3’oH W4YHAA TeHepauus
4acTOTaCHHHM y3raprupuil GHp BakTAa Xap y4 KoHpeHcatop C JapHMHT
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CUFUMUHM ¥3rapyBuaH KoOHJeHcaTop &paamuaa Oawapunamm. bup
yacroTadap  JAdana3oHujaH  Oowikacura — ¥TMIOD  pesucTopiap
KapIUMTHIMHHE AIMaIITHPULI XUCODHUra aManra OINPHIAIY.

8.8. ®dazabananciaosun Busn kinpakau RC — reseparopaap

(azabanancnopid BuHH kynpukiu RC-TeHepaTOPHMHI CXeMacH
8.14- pacMzaa kemTHpUIraH.

VT2

VT1 7
—

8.14-pacm. Pazabanancrnosynd Bunn xynpuin RC— reneparop
CXeMacH.

I'eneparop yMyMu# IMUTTEPIHK HKKHUTA Kackamid
Ky4alTHpruunad Ba Teckapu OoFNaHWIn 3aHxwpHiaH ubopar.
ManbtyMx# Xap Gup Kackan Kupuw curaany dasacuny 180° ra Gypanm,
HaTHXana vk kackan 360° dasa cypunuuMmm, seHH (asa GamaHc
1IapTHHH OaXapUIMILMHA TabMuHIaiau. KyvadTupuin kackanmapy
oiamanapy Ry Ba Ry Japiard  KywIaHHOUIAp —LIAKIH
TpaneuMacuMOH Gymamyu, uyHku OMp BaKTHUHr ¥3MAa KeHI CIEKTPIM
vactoTanap yuyH ¢aza OanaHcu imapth Oaxapunamd. Bynra ca6ab
foknamanap K Ba Ry TaHMOBYaHIMK XYCYCHSATHIa 3ra smaciiap.
Hactna® redepanus  4YM3MKIH  pexdMAa Oomnmanub  cyHrpa
TPaH3UCTOpJAp HOYM3MKIM pexuMia uubtaigu. Paza OGamancu
maptuad $akat GuTTa yacToTana OakapMIMUIMHH TabMHHNAI, Gouka
JacToTanapaa ymoy mapTHH OaxapunumnHy Gy3ull yuyH fapasuien Ba
ketMa-ket ymaHrad RC — zamxup VT, TpaH3HCTOp KOJUTIEKTOpPH Ba
YMyMH yNaHdII CUMHra yJiaHagd XamZa YHHHI napauien ynadrad RC
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— 3aH)KHPH Ba YMYMH#l CAM OpacHjard Ky4anaHum kucmu VT, 6a3acu Ba
yMyMu#i ynaHuim cumu opacura 6epunand. Opmataa R;=R, Ba C;=C,
xufimaTnap tanwnananu. Kerma-xer RC — samxup Ba napawien RC —
3aHXUpNiap KUpHTaguran ¢asa cypwiMIIn ¢akar OHTTa dYacToTana
Hoyra TeHr 6Ynanu, 6oImKa wacToTanapfard TOK TAIIKMJ 3TYyBYHIIADH
yYyH ymQy 3amXHpiap TypaM4a KaTtalndkiapia ¢asaHd cypaiuiap.
(aza cypwiHind TeHI OyiraH dactoraja reHepauus comdp 6ymand.
8.15a-pacmpa RC — 3amxupnap anoxuna xenrupunras, 8.156-pacmpa
RC - 3aHX@prnapHAHI aMIIKTyJa — 4YacToTa Ba ¢pasa — 4acToTa
XapaxkTepucTHKalapu xentupuiarad. 8.15a-pacMaa Uy, -VT; TpaH3HCTOD
YUKHIOUIAry kKywiandin Ba Up,-VT, xupummuparn ky4iaHdim 8.15a-
pacMIard 3a2HHp KHpHIIMra 4actoracH ®y—0 Kywianu Gepiwica,
KOHIEHCAaTOPHUHI KAPLIWIMIK PE3NCTOPHUHI KAPIIWINTHAAH XKyHa
karTa 6ynany, apHU

1 1
a)_CT»R' Ba oC, NR, (8.26)

6ysna, RC — 3amxup 10Kopd YactoTaliap GHIBTPY CHATHAA Kapaluily
MyMKiH. Arap RC — 3aHup KHpHIT Ky'WIAHHIIWHKHT YaCTOTaCH @— o0
6¥nca, (8.26) HMHT TeckapHCH 103 Oepaau, AbHH

1 1
ac, (R B2 2 (R, (8.27)

6ynamn. Mabym Gup yacToTazga ymoy KaplimimKIap TeHr 6ynanm

1 _
_a_)OTC_mORc. (8.28)

(8.28) uponanan reHepanus 4acToTacH aHUKIaHAIN

0, =1y = . (8.29)

Viby WKKH KacKa/UIH KydaiTpruyaa aMiummTtya 6anaHcH, HapTH
XyJna OCOH OakapumaaM, YyHKM MKk kackamnaH Kg=3 Tanab
KunuHag. Teckapu GoFmaHMin 3amxupd y3atHin kodddunueHTH Krp
onatna 6upra AKUH 6Ynanu.

Bunn xynpuiir RC — reHeparop aMaiuéTia KeHr KyyuaHagu. by
reHepaTopia XaMMma reHepalnsd KWIMHUINM Kepak OyaraH ymyMuid
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yacToTajap AMamna3oHu OMp Hewa Iuana3zonnapra 6ymuaxagu. Xap 6up
IOMara3oHYalap M4YHJa TeHepalusd YacTOTacH Xap HKKM KOHEHCATop
CUFUMHHM OMp XuJ KaTTANMKIA Y3rapTHpHIN XMCOOMIa JIPUIIMIANH.
Kenr wyacrotanap [OWama3soHMHH KaMmpail Xap HKKH De3HCTOPHM
KapLITHIH O6ollKa pe3ucTopaap OMaH alMaIlTHPUIN XHCOOUTa aManra
OLOMpUITATIH.

Ry

C’I} o

—] 3 N
Uni l CJ_ “ |Um2
1

8.15-pacm. a) pazabanancnopun RC-anekTp 3aH>XupHy,
6) dazabanancnopyu RC-anexTp 3amkupy aMIUMTYJa-4acTOT2 Ba
tha3a-yacToTa XapaKTepHCTHKANAPH.

Hasopar caBoanapsn

1. ABTOreHeparop KaHAai Kypuima?

2. Al garu LC — xoHTYp HHMa Bazudany bakapanu?

3.Huma yyyn LC — koHTypra Oepuira KyBBaT acTa-CEKHH
Kamasay Ba TebpaHuLinap cyHaau?

4.1LC — koHTYp cyHmm koddpduumeHTH HMMa Ba y KaHZOai
aHUKIaHa u?

5. AT na Mmycbart Teckapu OOFIaHHMII HAM2 YIYH Kepak?

6. A" na TpaH3ucTOp KaHnaii Bazugann 6Gaxapanu?

7.Kaiicu ycyn 6uman LC -~ xoHTypmarm TeOpaHuuiiap
aMIUIMTYRaCHHH 6apKapop KHJIHII MyMKHH?
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8. V3-y3upan Ky3ranum maptu HUManapaas u6opat?

9. AI" TeOpaHMLIIIapH 9aCTOTACH HUMAra TeHI?

10. AT' TebGpaHMIINapy 4acTOTACMHM KaHJal  y3rapTHUpHUIl
MYMKHH?

11. A" teOpammimn xapaktepuctukacu ne® xaHpafi OornaHuiura
aiituanu?

12. Al na amnnuTyza Ba ¢asa 6araHcH HEMa yIyH Kepak?

13. AT roMimox Ky3ranranjga OomntaHFuy MIn Hykracu AD BAX
CHHHUHT KalicH KHCMH/A TaHIAHUINY Kepak?

14. AI' xarTuK Ky3ranranga Oommanruu Mim Hyktach AD BAX
CHHUHI KaliCH KHCMH/Ia TaHIaHHIIH Kepak?

15. 3 Ta ¢aza cypysun RC anemeHTH renepaliva yacroracu Ba AD
Ky4aiTHpum ko3dHULHEHTH HUMara TeHr?

16. Bunn xyupum RC reseparop resepallui 4acTOTacH HYMara
TeHr?

17. Max6ypuit TebpaHHI! KypMIMalapHHHHI aBTOI€HEpATOp-
napnaH xaHgail ¢apk Kunagn?

18. LC — xoHTYpAars TeOpaHHUIll CYHMAcIHIMHY TabMHHIAUl YIYH
HUMa KHJIUIM Kepak?

19. Huma ca6abpan aBTorcHepaTop UHMKWINMAArH KyWIaHHIO
YeKCH3 KaTTa KHifMaTra spHia onMaiian?

20. A" Tebpanum 4YacTOoTacH HHMara TEHI Ba Yy KaHHaii IDapT
OpKaJli aHMKIaHagu?

21. IOmuiok Ba KaTtTHK pexuM OHp-OupuiaaH Huma Ounad ¢apk
Kunagu?

22. AT xys3ranuin INapTIapuHH E3UHT.

23. Kuputunysuu MaHpnit Kapiinnuk kanaait ¢pusuk MmasHora sra?

24. Ammutyna Oawmancu Ba ¢asa OayiaHCH [IapTiapH KaHpai
¢u3ux MabHOra sra?

25. ®asa cypyeuu RC — 3amxupnu reneparopia asa GamaHcu
mIapTH KaHAait 6akapriiaii Ba reHepalys YacTOTACH HUMAara TeHr?

26. Bunn xynpuknu RC — reneparopna 6a3a 6anaHc m1apTu Kanaa
Gaxapunamm?

27. 3-wykramu LC - aBtoreHeparop ne® kaHzalf reHepaTop
HOMIlaHa/M Ba HUMa y4yH?

28. RC — reneparopiapza reHepalys YaCTOTaCHHM KaHAal ycynaa

Y3rapTHUpHMII MyMKHH?
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9. CUTHAJUIAP BA XAJTAKUTJIAP
9.1. CarmajsapHHHT TaBCH}UIapH Ba TypJapH

Ax00OpOTIapHH y3aTHII Ba cakialll CHrHaUap &paaMpia amaira
ownpunagy. Anoka Ba 60IIKapyB TH3UMIAPHAR 3JIEXTP CMIHAUIApUAAH
tofigananunany. DNeKTpP CUTHAIH Ae0 3NeKTp 3aHKWpHAArd TOK (&ku
Ky4WIaHHUI)HUHT y3aTUNaéTran Xabapra Moc paBUILza ¥3rapyBuM Qusnk
KaTTIHK TYLIYHU T H.

CurnannapHs ynapHdHrT acocuit Oenruiiapura kapab Kyimpaard
Typnapra Oynum MyMkuH. Bynmap: y3nykcus Ba AUCKpeT CHrHajUiap;
aBBaNJ]aH ¥3rapHil KOHYHMATH ManlyM JeTePMUHAHT Ba TacoxnQuit
UIAaKJIIaT CHrHANAp; OJJUH Ba Mypakkab curHamiap.

JeTepMUHAHT — HAaBpUil TakpopllaHyB4YM CHTHAJUIAP MaTeMaTHK
HyKTad Ha3zapWaaH MabiyM Oup BakT OYHKIMACH IAKIMIA
HomanaHumy MyMKHAH. JlaBpuif TaKpopnaHypYd — JETEPMHMHAHT
CHrHan Xed4 KaHfaii ax6opoT 6epmaiiy, TamuMaii .

ANoKa TH3UMHHMHT acocuii BasMdacn axOopoT onyBuMra ysra
HOMabJIyM MabJIyMOTHH eTka3ub Oepurinan ubopar. Ax6opoT TaumysBun
CHTHATHWHT IIAKIH YHM KaOysl KWJIHLI TOMOHHAZ aBBailaH MabilyM
amac, y taconuuii kypuHumia 6ynagn. Xynnw ¢oiizana curHamnapra
Yxmab xanmakutiap XaM Tacomudui Iuakira sra HOOETEPMHUHAHT
O6ynanu. AMMO HONETepDMUHAHT CHI'Hal TyLlyH4Yacd HucOui Oynuo,
y3aTHnaérraH axbopoTra Moc y3rapyBYH CUTHAJHUHT IDaAKIH axbopot
y3aTHJIaéTrad TOMOH Y9YH MabiiyM GYnuO, kabyn KMIMII TOMOHH YYyH
HOMablIyM Oynmamu. AJsloka  KaHalHd  OPKaIM  y3aTHJIaéTraH
CHTHA/UTAPHUHI acocHi OWp Heua mapaMeTpiapumad Oump &km Oup
HeyacH KaOynm KWJIMII TOMOHMJAa aBBalfaH MabiyM Oymamu. Ywly
MaBJlyM MapaMeTpiiap acocHOa YHHHI' Tacomuuil wmaiiga y3rapyBqH
napametpu (6up €ku Oup Heda)maH ysartuiaa&rraH axbopor axpaTtn®
OJIMHANH.

Cursai Ba xatakatiap Oup-Oupuzaan tacomuumit sxapaéx cudaruga
npuHUMNUan dapiaHMaiday. XamakdTnap XaM  3MeKTp HyKTaM
HasapuAad curdan O¥mub, y ¢akar Oomka amoKka TH3MMHM EKH
Kypuimacd y49yn doiipanmu xucobmaHany, y 6up pamuokalyn KuaMin
KypuiMmacH YdyH <oHpamm curHan, OomKanapy Y4yH XalakuT
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xucobnanany. ®aszora TapkaTHnagrraH O6Mp Heda paaMOCTAaHIHUANAp
3NIEKTPOMarHUT TYNKUHIapupan ¢akar Ourracu 6up &ku OHp Heua
panroxkabyn KWIMII KypHIMacH YYyH ¢oiijaiy cUrHai, Kojirannapu
Y4yH xanakut 6ynn6 xucobnaHany.

Maremarnk udogacu BakTHUHr Tacoaubmii dyHKkumsacH OYnraH
CHUTHaJUTapHH Tacomudumii curawiap aeb artananu. XabapnapHu AMCKpET
pakamiii ysaTuiu tuspMnapuga 0 (— Tokcns) Ba 1 (+ Towid) 37aeMeHTap
CHTHaL1apaaH (ofpananunagy. YNapHUHT JaBOMHAIHTH — T oJaraa
6up xun 6ymanu. Bynnmait curHajUTapHHHET Xap Oupn anoxuma-aroxuaa
onmuit curHan (9.la-pacM) ne0® aramagu. Anoka KaHaJd OpKalH
y3aTH/aJurad 3JeMeHTap CHTHaIap Kyn Xojnapia HaBOMHMHIHTH To
6ynraH rapMOHHK CHrHajUlapAad ubopar 6ymamu. Opmuit sneMeHTap
CHTHaJUTapiaH TY3WIraH KoX KoMOHMHalusiapd Mypakkab cHrHaap
Ied aranamy. (9.16-pacm).

io0[1] , [1]o[1]o[1]

“Tg™ o™ T,
| 1
10 10 I !
t 4
I v h | | i
Ve T~ ~To~
a) 6)

9.1-pacm. a) onnuif curnan, 6) Mypakkab curaan,

CurHamnap HaszapuAcuaa cuUrHan 6asacu JeraH TYyLUyH4YaaaH
doinananunamyu. Curean 6asacu

B=2-T.F, 9.1)

ra tedr Oymu6, 6ynma T, — curHan gasomuiinury, F, — curxan
CIEKTpH Aeb TYIIYHHIANH.

Ommuit curHannap yuyH B=1, ImyHMHr yuyH oiauil cHrHamwiap
6an3ad TOp HoJOCANH, Mypakkad CUrHAJIap KEHT M0JIOCaM CHIHAIAp
Ied xaM atanaan.

IOKopuparunapaad TammkapH STAIOH KM CHHOB CHTHALIADH XaM
MaBxyA. Byinap: rapmonuk carnan (9.2a-pacm).
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s()=Asin(wgt+Qg), azap —0<t<o0;
yJnaul GpyHKunsAcH Exu 6upnux gysxaus (9.26-pacm)

10 = {0, azap =0, :
1 agzap t>0.

IenbTa hyHKUHA — OUpAUK uMIynse (9.2B-pacM)

azap 1<0, I5(t)dt =1
S(t) = q oo, azap (=0, , o
azap > 0.

8 ©

=

S(Kl
0

W ———— ——

6)
5(t)

9.2)

9.3)

(9.4)

9.2-pacM. a) rapMOHHK CUTHall, 6) ynam &xu 6MpiMK curnan,

B) AenbTa QYHKIIHSA.
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9.2. CarsHajg Ba XaJaKHETJAP — TacoRHHil Kxapaén

Xabap ysarmaraga kabyn KWINII HYKTacHJa YHUHT [HaKIH
aBBAIJaH MabIyM 3Mac, LIYHHHI YUYH YHH ONAMHIAH MabilyM OHp BakT
dyHKnMACH KYPHHHIUMIA TacBHpNab Gynmaiiau. Xyaau IIyHUHTIEK,
KaOyn KWIHMID HYKTacHOa X&IAaKMTHWHI Hafiao 6Ynuin BakTH, YHHHT
KuaifiMaTH aBBaNIaH MabIyM 3Mac, YyHKM Xalakutiap Kaficu OH3uK
WapadHiap HaTIKacHIa XOCHJ OYNHINMHH ONAMHIAH aHHK Oumut
6ynmalizny, y Tacopuduit KypcaTkuwiapra sra.

IHysnait Kummb, CHrHAMAap Ba XalaKUT/Aap MaTeMaTUK HyKTau
HasapfaH Ttacoau¢uii >xapaénnapmup. Tacomuduii >xapaéH BaKTHHHT
Taconuui QyHkuMACH 6unaH udomamaHany, BaKTHUHI Xap KaHnal
KuiiMaTiaa xaM YHUHT OQYHKUOHACH Tacoauduili KaTrammkka ora.
YMymaH, apryMeHT Xap KaHpnaidl KaTranuk OYiauInym MyMKHH, 3J€EKTp
CHTHAIUIAp Y4YH apryMeHT Ba3udacuau BakT Oaxcapaiy.

Tacoguduit >xapaH ¢ (¢) Taxpuba &ExkH Ky3aTHIl HATHXacHIa
KaHAal up aHuk ¢, (f) KypuHUI (makn)Hy onaau (9.3-pacM). Taxpuda
€KU Kys3aTHII HaTIkacuaa Tacomuduit sxapaén kabyn Kuirad KypHHHUII
— YHHHr peanu3aiuscH e atamagn. Taxpubanap &kM Ky3aTHILIAp
HaTWkachia Tacomuduii djxapaén Kabyn KWiradH KypHHHLUIAPHHHT
’KamjlaMacH — peaTi3anus ancaMbiau ne6 aramagy.

Taxpnbanan cyur Tacoaudmii xapaéH Kabyn KHIraH KypHHHIONAD
3HAM Tacoauobuit sMac, aMmo Oy Taxkpubazan cYHr Tacoauduil sxapaén
KaH#a# xypuHHILa GYmimuHu apBajgad 6ammopar a6 6ynmaiinu, y
TacoAHNHil KYpPHHHIIHU KabyJ Kunaau.

Taconuduii xapa€H xap Oup peammsaumsacH €k, peanH3auusIap
aHcam6su acocupga  Tacomuduii J)KapaéHHHHI  SXTHMOJUIHK
TaBCH(IaPHHY aHUKNAII MyMKHH.

ByHpai taBcugmap Tacoandmii xxapaHHIUHT TaKCUMOT KOHYHJapH
6y1n6, ynapau taxpuba acocuaa Ba Hasapuil xucoOjall HATHXKacHAa
aHMKIaHamgu. TakcMMOT KOHYHNapH HKKH TypiH, Oynap: HHTerpail
TaKCHMOT KOHYHM Ba quddepeHnyuan TakcHMOT KOHYHIapHaaap.

Tacomuuii xapaéH peanusammsnapu t; Baktoa  ((t), G(t),
Ga(ty),... Go(t)) kmitmaTnapra sra 6ymamu  (9.3-pacM). Tacomuduit
»Kapa&HHUHT t; BaKTAard KuitMaTu Tacoauduii kuiimarra sra 6¥nany.
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4 &@®
PN \)\/\v/ t
E(t)
: J\/\J :
1 &
0 \v/\_\r\/\\ :
N
: N N/

<7 V

b t

9.3-pacm. Tacomnduii xapaéHiiapHHMHT peany3alusIapH.

Bup ynuamnu uHTEerpan TaKCHMOT KOHYHHM acocHaa Tacomuduii
kapadHHWHIr t; BakToard kudimatw ((t;) Oepunran x; jgaH katra
6¥IMacnuru aHuKIaHagH, TbHH

Fon,t) = PIE() <x) ©.5)
(1) udomauuHr xycycuii xocunacu

OF; (x,,¢
%‘h B(x.1) (9.6)

Tacomuuil xapaéH ¢, (/)HUHT t=t; BaKT y4yH Oup ymyamm
TaKCHMOT KOHYHMHMHT 3HYIMIH aeb artamnaiu.
F(x,1;x,,t,) Tacomqudnit xxapaén ¢, (1) HHHT KWi{MaTH t; BaKTAa X,
JaH Ba t, BaKTAa X, OAH KUYMK OYNMUIOHM HKKH {I4aMJIA HHTErpaji
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TaKCHMOT KOHYHH I[eﬁ aTanagu, AbHHU
Fz(xl’tl;xz’tz)=P[§(’1)5x1;;(tz)5xz]- .7

Ukxn ynyammu 3xTUMOUIMK 3M4iurd (9.7) udonanaH HKKUHYH
TapTHOITM XOCHNa ONUIN OPKANU aHUKNaHAAK

2 .
ifzg‘x:’é;—f—’tzl=1’)z(xlatl;xzstz). (98)

Onunray xocuna tacoqupuil sxapagn ¢ (r) HUHI KHitMaTH t; BaKTAa
x;tdx; Ba t; BakTAA Xptdx; opacuia OYNMID SXTUMOIUIMIHHU
udopanainy.

Tacomuduit xapadHHUHr 3HC TYNHK TAaBCH(U YHUHT D-YIT9OBIM
HHTErpaJ TAKCUMOT KOHYHH OYnub, y Tacomuuif skapaéHHHHI n-Ta
UCTAIraH  OHAAarH  KUHMATNADUHMHT  TAaKCUMOTHHM  aHMKWIALl
HMKOHHATHHH Oepan, A6HH

Fo(x,t5%,,,5.%,,t,) = P[g'(tl) <x;6 () <x,5.8(t,) < x,,], 9.9

n-yI4amiIH HHTErpal TaKCHMOT KCOHYHH Hdonacu (9.9) nan
OJIMHIaH N-TapTHOIM XyCYCHil XOCHIa

8" F, (3,13 X, 530X, 51,)
ox,ox,...0x,

=P (X583 X558 5500%,51,) (9.10)

OpKaJu n—yﬂ‘!aM)’[H IXTUMOJUTHK 3UYIHTHHH aHUIKJ1alul MyMKHH.

Arap tacoguguil xapaéHHUHT Xap KaHZOail n-ta BakT ty, b, &, ... ty
Jap YYyH N-YI4aMiId TakCUMOT KOHYHM MabnyM OVinca, 6yHnmaif
TacOAM(HA >xapaéH aHMKIaHraH XucoONaHaiH. Arap Tacomuduii
*apaén ¢ (*) HuHr KuitMaTiapy BakT t HMHT Xap KaHnal KMMMaTH yayH
y3apo 6up-Oupura 6ornuk 6y¥nmaca, y xonaa

P (xp,0,50, 050500, ) = B (0 0) Py (5,5 8,) P (%,,8,) (9.11)

6ynanu.
JleMak, xap kaHnail BaKraard KuiiMatnapu Oup-6upura GOFIHK
O6ynMaraH Taconu(mil KapaHHUHr acocuif TaBcH(H YHHHr Oup
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{n4aMiid TakCUMOT KOHYBHIMP.

TakcuMOT KOHyHJIapd Tacomuuii >kapa€HHUHT 3HI TYIHK
TaBcudnapu XxucoOimaHamy. AMMO YJapHH aHHKHall yY4YyH KaTra
XDKMJArH Takpuba HaTiKalapura WINNOB Oepulu Tamab >THIALH.
ByHIaH TawKapH apaénra 6yHaai TynuK TascHd Oepuil xaMMa BaKT
xam, Tanab otunMaiizn. Kyn xomnapna amanuii axamustra sra
MacalajlapHi X1 KWiHInjga tacogubuii xapaéHHMHI TYNHK 6ynmaca
XaM CoAnapoK TascuIapHHy OHIMIN €Tapay XMcoOnaHamm.

Tacopuduil xapadHHHUHT WIyHAad TaBCU(IApH KaTopura YHHHT
ypraua KHAMATH Ba KOoppeaaLus GyHKUHACH KApaaH.

Tacogudmii xapaéHHUHT YpTaya KUAMATH (MaTeMaTHK KyTHIMa
KuiiMaTi) Kyiiuaary ngoaa opKayii aHHKJIaHaIH:

Xt)= [xRx.t)dx, (9.12)

OyHaa x(¢,) ycTHaard TYrpd 9M3UK Tacoauuit xxapaéy ypraya KuiMaTH
YHUHT GHp Heuya peanu3alldsUIapDHHUHT t; BAKTAATH KUHMAaTIapyd OpKaid
TOMMAraHNMrMHA  Oumuupagn. Tacommduit  xapaéHHMHT  Yprada
kufimatt  atpoduaa yHuHr Oomka KuiiMaTnapu rypyxJaHaad
(TYunanaou). S'v’p'raqa KMMMaTHHHT KBaApaTH KyHuarvuya aHuKIaHaau

x*(1)= lezpl(xl,rl)dxl , 9.13)
Iucnepcuas — Tacoguduit apaéuHuHr Oupop OHp peannsa-

LIMACUHUHT t; BaKTJarw KHHMAaTHHM YHHHr Yprada KHHAMaTuaaH
dapkuHuHT ¥pTaya KBaApaTH MIAKIK/a aHNKIaHa |, AbHH

Dx(t)1=[x(6) - %)) = [(x(0)-x@)Pdxdr,,  (9.14)

-

Jlucriepcuss MaTeMaTHK HYKTau HasapmaH Tacomuduil jxapa&H
KHAMAaTIIap¥HH Y3MHHHI Yprada KuifMaTi aTpodula TapKaliraHIMrHHH
(8iimnrannuruny)  6unaupyByu  (6axonmoBuM) KATTAIMKAMp. Arap

x_(ts =0 6¥nca, Auciepcus ypraya KuiAmatra TeHr 6ynazan:
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Dix(t)]= % () = o? (9.15)

f’prat{a KuiiMar Ba aucnepcus Ttacoguduil xkapa€HHH anoxunua
BaKTAapaard TaBcuGiapuaup.

Arap Ttacomu¢uii xapaH cudaruga cuUrHal Hasapma TYTUICaH
6ynca, y xonma: Tacomuduit kapaés YpTraua kufiMaTd KypUJIMaHHHT
MaBIyM KUCMUOArH Kyd4laHHIUl (TOK) ¥pTaya KHMaTHHY; ¥praua
KufiMaT KBagpatH 3ca Kapwmiaury maptau 1 Om 6§nran roknamana
axpanaérraH KyBBaTHH;, IMCIIEDCHA 3Cca CHIHal KYBBATHHMHT
y3rapyBuYaH KMCMHHH aHIJIAaTafH.

Tacoauduii xapa&HHHHT t; Ba t, BaKINapaaru KuiMaTiapy x(#,) Ba
x(r,) opacHgar# cTaTUCTHK OOFJIaHUII YHUHI KOppessLUs QYHKUUACH
OpKan¥M aHMKnagamu. By Oormamum x(r,) Ba x(f,) KuMMaTIapHAHT
yprada KuiiMaTH aKIKga aHUKIaHa |, SbHU

B (4,1,)=x()x(t;) = I J'xrszz (1,115 %5,1, )dx, dx, (9.16)

Hkku tacommdmii sxapaén x(#4) Ba y(f,) HUHr t; Ba t BakT
KuiiMaTiapy opacuharu CTaTHCTHK OOFNaHMII ymapHUHT  ¥3apo
Koppensuns GYHKIMUITApH OpKayil HdopanaHamy, TbHA

B, (t:t,) =3ty = | [oP(utsyt)dsdy 9.17)

Arap x(r) Ba y(t) Tacomuduil »apaéHnap ¥3apo 6ornuk 6ynmaca, y
XONA2 2-YmyaMiii TaKCUMOT KOHYHH 1-YIiamiu TakCHMOT KOHYHIAapH
KynaliTMacy 1IaxINHA ONajH, AbHU

Py(x,t;3:.0,)= B, )P(n.t,), (9.18)

Hatwxajga B, (t,1,)=x()y(1,), x(1,)=y(,)=0 Ba B,(1,,1,)=0
6¥namn.

Arap wkkmi TtacomMduit »xapagH Oup-Oupura craTHCTHK OOFJIHK
6¥nca, y xonna y3apo xoppenauus ¢yHKUHACH HOMAAH (apKiIaHamH;
TECKAPUCH XaM BaKT XaM TYFpu OYIMaiiay Ba KyIINMYa TaX/IUi STHILHH
tanad Kuiamm.
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Bab3u xonnapna KoppensAuus ko3dUIUeHTH, HUCOMH Koppensuus
TywiyHYanapuaH oiifananuinra sXTHéx ce3nnaim.

SroHa Ttacomnduil ixapadHHMHT t; Ba 1, BaKIapJard OHHH
KAAMaTiapH opacuzary GOFNHKIMK Koppenaums KodGQUIIMEeHTH tp-
t,=t#0 maru KuiiMaTHHHUHT, YHUHr =0 6YnraHgary xuiiMaty MakKIMAa
aHUK/IaHaIH

B (t,—1,) B(7)
B.(0)  B.(0)

R.(t,,) = R (1) = (9.19)

R_(r)onatna aBTOKOppemAuus kodd@uuueHTH Ae6 aTanagu Ba
YHHHT KdiiMaTi +1 Ba -1 opanurupa 6ynamu. Arap R, =1 6¥nca TYHK
6ormuKInK, R, =0 Gynca OormMKIUK YK, R, =-1 G¥nca GOFMUKIHK
KapaMa-Kapuy Teckapy 6ymagu.

Xynnu lokopunmard cuHrapu x(4) Ba y(f,) Tacogudui xapagH
opacuiarum OOFTHKIMK ¥3apo Koppemauus Ko3hHIMEHTH OpKaTH
HaxomnaHanu

B, (7)
B, (0)

xy

R;y(’prz)=R,y(t)= (920)

V3apo koppensuus kospduuuenty R, (r) xam +1 Ba -1 opaturuaa
6Ynamn. Byana R, =1 ukkn Ttaconuduit xapa€n Oup-Ompura TYIHK
OornuknurunM, R, =0 uxxu tacomudui kapagH ¥3apo 6OFIHMK
9MacIArHHA Ba R, =-1 nxxu Tacomuduit xapa&H ¥3apo Kapama-Kapuiu
KMiMaTra 5ra 3KaHIMrHHY OUIIHpanH.

Baw3u tacoguduii xapaéHnap, Wy >kKymaanaaH, HOPMal TaKCHMOT
KOHyHUTa 6¥HcyHyBuM Tacoauduii rxapaéniap y4yH yprada KuiiMaT Ba
Koppenaius (YHKUMACH eTapnd MabiyMoT OepyBud TaBcHdiap
Xycobnawany, amanga yupaidiguraH kyno Tacomuduif apagHiap
CTalMOHap JkapagHnapaup. Arap n-ya4amix TAKCHMOT KOHYHH N-HHHT
Xap kaHnail KuiiMaTuza t-tj KuifMaTnapu ¢apkura GOFIIMK Ba alOXUaa-
anoxuna KuiiMatnapura Oornmk Oynmaca, Oynpmali Tacommdwmii
Kapa€HlIap TOp MaBHOAArM craumpoHap Tacoduuil kapa&unap ae6
aTananm, ABHU

Po(x, 132550550 X, 0,) = P (3,8, 475X, 8, + T30 X 08, +7) 9.21)
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CrauMoHap Tacoau(uil >xapa€HIapHUHT 3XTHMOJIMK TaBcHIapu
Ky3aTHLI BakTH GOLIIaHHIIKra OOFNMK sMac, dakaT 1, -t; OpaiuKKa

6OFIIUK.
Arap Tacoauduii xxapa8HHMHT ¥pTada KuiiMaTH

x(t)= xR (x.4)dx, (9.22)

Bakira 6ornuk OynMaca Ba YHHHT KOppeJALUs QyHKUHACH ¢akaT
iy -t Ta 6ormuk, Oynca, OyHmali Tacomudwuii xapaéH KeHr mMamHoAa

cranuoHap tacoaudmii sxxapaéH aeb aTananu, TeHHU

B, (4,1,)=B_(t,—-t)=B,(r)= J- Jxlszz(xl’xz:T)dxj‘kz (9.23)

- -

Bynnan OyéH cranmoHap »>kapaH JeraHja, KeHr MabHOLAry
CTal[MOHAP XapaéHHHU TYITYHHII KepakK.

Cranyonap Ttacomuguii kapaHnap y4YyH amainfia Kyon XoJuiapaa
3proAMK/IMK TEeOpeMacHHH Kymram MyMmkuH. By Teopemara acoca
Tacoau¢uil ixkapa&HIApHUHr aHcaMOnM OYHH4Ya aHuKNIaHraH yprada
KufiMaTH T —»c XonaThna BakT Oyiinvya KuiMAaTiapHM YpTramalmiTHpHIN
HaTWXacHJa OJNHMHTaH KHHMaTH SXTHMOJLTHTH OWpra sKUH Japaxana
TeHr geb xpcobnaca 6Vnamm, seHU

x(7)= ij(x)dx—hm x(t)dt =% (1) (9.24)

x(f) = f ?P(x)dx = lim— fx ()t =x2(1) (9.25)

-

Ba(r) = XOX(+ )= [ JamPyx, . D)dnds, = Jim -

T . - (9.26)
J' *x(0)x(t + 7)dt = x() x(t + 7)

JProfARKIUK XOCcacH amManwuéT/ia KkaTra aXxaMHATra 3ra. by xocca
Tacogndud >xkapadH OMp Heya peanM3alUANapUHHUHT YpHHra OWTTa
peanu3alMsicHHM eTapiy JapaXaJard BaKT JaBOMHAA Ky3aThO, YHHHT
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CTAaTUCTUK TaBCU(IIADUHU aHMKJAml MMKOHUATHHY gpaTagu. Mucon
yuyH Oupop OWp pagMoTeXHUK KypHWSiMa YHKHIUMAATH LUOBKHH
XYCYCHATIIADMHH aHMKIall y4yH OHp Heuta OMp XHN KypHJiMaJaH
dofmananum Ypuura, OWTTa KypuIMa YHKUIIMIATH INOBKMHHH
HIDOHApJIH CTATHCTHK HATHIXa OJryHYa Ky3aTub aHuK/Iail MyMKKH.

Koppensauusa ¢yHKIMACHHIHT acocuii Xoccanapu:

— OpTroAMK IKapaéHHMHI aBTOKOppemauus OGyHKIMACH XyodT
dyHKUMA, IBHA B (7)=B_(-1);

— 3ProAMK XapadHHUHT r=0 OYNraHmard Koppeasuud QyHKUAACH

yiuby %apadHHUHT YpTaya KyBBaTHIa TeHT, abHH B_(0)=x’()=07;
— Koppemauus (yHKIUACHHUHI Xed OHp KMUHMaTtd YHHHT 7=0
6ynranparu kuiAMaTuaan karra 6y nmaiian, seHM B, (0) 2 B, (7), HyHKH

(@) —x(t + P =x2 () ~23(O) 3t +7) + 2 +7) = 2B_(0)=2B_(r)20;  (9.27)

— KopperauHusa GYHKIMACHHUAT HUCOUH kaTTanurd MoAynu OupnaH
KaTTa 6YAMaliin, AbHH Ry ()| <1;

— arap Tacoauuii xxapaéH aBTOKOPPENALHMOH QyHKUMACH 7=0 Ja
B (0)#0 ma [7)0 6ynranpa B_(r)=0 Oynca, y Xonga Ttacoauduii
Aapa8HHUHr X (1) Ba x(1+1) KuiiMaTiapn opacuia OOFIMKIUK OynmMaiimu.
Bynna#i Tacoaudmit xapagH TYmaK (To3a) Tacomuduii apagH
xucobyanany;

— arap OSprofMk Tacogudui oxapaéH TapkuOuaa aaBpuit
TAaKpOpJaHYBYH (NE€TSepPMUHAHT) TAIIKHI 3TYBYHCH OyiMaca, YHUHT
KOppeIALuMs QYHKUHMACH 7 — o O¥NraHia HONra HHTHNAAH, THHHU X(!) Ba
X(t+1) opanapuaaru OOFIMKINK aCTa-CEKHH KaMasi Ba 7 —« Oa HOJNra
SKUHNAII AN,

— arap J3proaux Tacoauduil >xapaéH TapkHOMza AoUMHIA
TaKpOpJIaHyBYHM (IETEPMUMHAHT) TAIIKWJI 3TYBYHCH O¥ica, y Xoinma 7 >
6ynranna, axyHuil KoppenAusa QyHKLUKS Bxx(r)=xg 6ynany, YyHKH

lim B (7) = Bm[¢(0)+x, ) (1 +7) + %) = x5 (9.28)
9.4-pacmma kyn xonatnapia ydpaiiauraH Sprogvk Tacoauduit

xKapa€H KOppeHOoH (YHKUHA XOCCanapUHH HaMORMIN 3TYyBYM YHU3Ma
KEeJITHPHJITaH.
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4 By(1)

9.4-pacm. Taconnduii xapaéH Ba NeTEPMHHAHT CHTHAT
KOppeILHOE QYHKUHUACH.

— naBpuil TaKpoOpJaHYB4YH apa€H aBTOKOPpE/ANHA GYHKIHACH ¥3
BaBpura TEHT xapaéx 6ynamu. Micon YUYH

[« o}
x(f)=Ay+ T A cos(kar+g,) Oynca, yHuHr Yprada KuitMaTH
k=1

T @™ a
B_(r)= % J' Y. 4, A, cos(kot + @) cos(not + @, )dl | 9.29)

0 k=0 a=0
n#kGynranfa KOCHHYCHAp KymafiTMacHNaH ONMHraH HHTerpai

HOJra TeHT OVIIafH Ba n=k# 0 X0NIar y4yH 6y uHTerpan %cossz ra TeHr

6ynaau, HaTiKaga

@© 2
B (r)=4+ Zﬁlz"—cos kor (9.30)
k=1
6¥nanu.

Ocnatu6 KyaMu3, koppemiuusa GyHKUHACH OWprnamuM JaBpuit
’#apaéH FrApMOHMK TALIKWI 3TYBYHJIapH ¢aszanapura OOFJIHMK Mac.

Koppensinga opanara. Tapkubuna meTepMHMHAaHT — TAIKUI
aTyBuKcH Oynmarad taconuduil xapaéH yqyH A7THHHT LOyHAal OPaIUK
KHAMaTHHM KYpcaTHIl MYMKHHKHW, arap r>Ar Oynca, Tacomuowuit
XapaSHHUHT X(?) Ba x(117) BaKTAaru kuiiMatiapn opacuaary GOFIHKIAK
kaMaiinG OGopam, yHHHr GoFIMKIMrH (KoppemsindaAcM) HyK Jned
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xucobnam MyMKuH. AT HuHr ymby KufiMaTd Koppenanus (GOFIHKIMK)
opaymru Aed atanamu. YHH omatna Koppensuus GyHKIWICH YH3MFY Ba
abuucca ¥xu GunaH derapanaHraH o3ara TeHr Xamaa 6ananaiuru 6upra
TEHT TYFPU TYPTOYpYaK acoCH KEHIJIMIH OpKaIM aHuKTaHaxu (9.5-
pacm).

T Ral7)

\

-T 0 At T

v

9.5-pacm. Tacomudmit xxapaés koppeauus ¢yHKUHACH.

Ar= 3 (O) IB (r)dr = .[R (r)dr (9.31)

9.3. ®ayKTyannoH XaJaKETHHHT CTATUCTHK TaBcHGIapH

ODIyKTyallHOH XanakuT cTauuoHap Tacoauduii xapa&H 6Ynuo,
aXTHMOIUIHK Hopman ([aycc) TakcMMOT KoHyHura 6yicynamu. YyHkn
GIyKTyauHOH XanakuT XyAa Kynm coHnu Oup-bupu Ominan Gornuk
O6ynmaran Tacomuduit kKaTTanMKIapHUHr HuFMHIRcHAaH uOopar
6ynraHy y4yH SXTHMOJIAK Ha3apUACHHHHT Mapkasuil verapaeHit
TeOpeMacura acocaH HOpMaJl TAKCHMOT KOHyHMTIa O¥iicyHanu.

Bup ¥ymyamnu 304MMK 3XTHMONIMK TakcHMoTH udozacu [aycc
xKapa€Hu yUyH KyWKAard KypyuHHINra ara:

(w-w)2
(w) W T (9.32)

6yuna, ¥ — Tacoambuil xapaéH ypraua kuiiMat#; 62 — Tacomuumit
*Kapa€H JUCIIEPCHACH.

OnyKTyalMOH XanakuTinap y4JyH WHHHr Mycbat Ba MaHuit
KuiiMaTiapy O6up Xunm SXTUMOJJIMKKA 5ra, MYHHWHT Y4yH w=0,

HUCTIEpCHA (52 XATaKUTHUHT BaTH P ra TCHT, XaJIaKHUTHHHI
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spdextur (camapann) KHiftMaTH U3p=«/1_° =6, . IOxopuaarunapuu

9bpTHOOpra OJHIN HATHXKACHIA XaIaKUT SXTHMOJUIMIH 3HWIHMH YYyH
Kylngary ubonaHu onamus:

1
P(w)= n. 9.33
W)= 5 e (9.33)
ByHra Moc paBuinga 5XTHMOJUINK TaKCHMOTH MHTErpan GyHKUAACH
KyHngarnya 6ynagu:

U, _u?
Fluy)= P(u<u0)——— j e 2 du-—[1+qb(u0)], (9.34)

6yHna, u= Sw_ XaJIaKUTHUHT HUCOHM KuiiMaTH;
n
,2

D(u ———ue 24t 9.35
(u) o) (9.35)

®(u)— IXKTHMOIMK HWHTerpam &xu Kpamn dyuxuuscn pe6
atanagy. Kpamn dyukiuacu Tox dyHkuus 6¥nub o(—u)=-d(u), Oyngan
TallKapH &(«)=1 Ba ¢(0)=0

9.6-pacmpa T'aycc >xkapadam wuHTerpan Ba auddepeHunan
TaKCHMOTH YU3MAIAPH KeITHPHIIraH.

9.6-pacm. [lubepenunan Ba HHTETpal TAKCHMOT KOHYHJIZPH.
OXTUMOJUIMK TAKCHMOTH KOHYHH aCOCHI2 XaJakMT KMAMaTHHHHT
6epuiran opammxaa 61D SXTHMOJUTMTHHM aHHKIAIl MYMKHH. MHCOJ

YYYH u) Ba u, OpAIMKAA OymHIIHHY:
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Uu
Pl <u<uy|= [Padu. (9.36)
“

(9.36) udomamarm P(u) ypuura (9.35) Hm Kyinb KyhAmpmaruHu
onaMus3:

P(u, <u<u,)= %[db(ul) o)) (9.37)

(9.37) udopara Uy =c0 BA u; =u, HHU Ky#u6, xanakuTHUHT OepuiIran

uo JdaH KaTtra mﬁmama 65711}{[11 IXTHMO/UTHIMHH XaM aHHK1all MyMKHH:
1 1
Pu>u,)= E[<z>(oo) - ®(uy)]= 5[1— &,)] (9.38)

(9.38) ¢dopmyna acocumma xucobnauuiap ITYHH KypcaTaJuKH,
XanaKMTHUHI GEpHNraH u, CaTXaH KaTra OYIMIN SXTHUMOIUIATH

KaTTaJlaliTaH Capy YHAAH Te3POK KIYHKIAlTa i,
XanakuT HucOuit caTx ug=1 NaH Kkarra 6ynum sxrumonnury 0,16

ra, u0=3 JlaH KaTTa 65"Jmm IXTHMOJIUTH 13x10™; Ba HUXOAT u0=4

HHCOMi caTxfaH kaTra O¥iMIin SXTUMOIUMIH 3,5x10” ra teHr. byHnan
Kypuuu6 Typubamku, xamakuT Y3uHMHr 3¢pdeKxTHB (camapazop)
KdiiMaTizaH 3 Mapra KaTra OYnMID SXTHMOIMTH JKyJa KaM.
XanaxkuTHHHI 9Hr Karra KuiiMatd YHHHr >ddexTHB KufiMaTnaan
3,5+4,5 mMaporaba kaTra, WYHHHT Y4yH (IyKTyallHOH XaTaKMTHH
UMITYJICCHMOH XanakutinaH (apkiupoK TeKHC Xanakur neb aranamd.
YyHKM HMIIyTECCHMOH XaJlAKUTHHMHT 3HI" KATTAa KUHMATHHHHT HT KHYMK
KuiiMatira Hiacbatu xyaa xarra (1 02+106) 6ynanm.

OnykTyauoH XaJaKHT TALIKUA STyBYWIapH Omup-Oupu Ounan
cTaTUCTHK OornaHuwura sra OynMarannurd ydyH OyHpma# xXanakuriap
«OK INOBKHH» XaJAKHTIIap A0 xaMm atanajd, YyHKH YHHHI CIEKTPH OK
paHr CHEKTpHUra yxmiam »yJa KeHr, Ha3apHil HyKTau Haszappad 0 faH o
opacuaa >xodmalurad. OIYKTYalMOH XaTaKHTNAp aBTOKOPPENIALMOH

dyHxnuanapn xoaddHUHEHTH Ril' =0 6Ymamm, arap i=; OYnca Ba
Rij =1 6ynanu, arap i=; Gynca.
QnyKTyauuoH XalakuT N-YJIHamin 5XTHMOJUTHK TaKCHMOT KOHYHH
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Ky#uparu udona opkasm anRKIaHanu:

L
1 e

F,(w,wy,wy,..w,) =1L[P(wk) = e (9.39)

—€
# a5y

«OK IIOBKHHY» IHaKIHAard QUIyKTyaiHOH XaJakdT SHEPIreTHK
CNEKTPH XaMma yYacToTanap IJuara3onupa Oup xun carxra sra. llynu
TABKHIAII KEPaKKH, «OK LIOBKMHY» TYIIYHYacH HAeaIalITHPUIraH
TymyHya 6¥mm6, XaKMKaTAa 9acToTa OLIMINH OUNaH YHHHT SHEpPreTHK
CHEKTpH caTXy XaM kaMaiin6b 6opamu (9.7-pacm).

G(o) G(o)

[T T

0 © 0 «©

a) 6)

9.7-pacm. a) OK IOBKMHHUHT SHEPTETHK CIIEKTPH, 6) XaKuKui
(IyKTyallMOH XalaKH THHHT 3HEPTeTHK CIEKTPH.

XynnoM IDYyHMHTZEK, (QIYKTyauMoH XalakuT aBTOKOPPEIALUOH
dbyHKuuscH A7+ 0 Aa MABIyM KaTTamkna Oynaa, SeHA A7 HUHT XKyna
KH9MK aMMO Honra TeHr O6ynamarad KuiMaTnapu ydqyH R,.j #0 6ynmann.

AManna uMIeUIAINTHPHNraH  I[akigad  (QIyKTyalHMoH  XalakKuT
KOppEeIALMA OpaluFH Ar pPaIHOTEXHHK KYDHIMa &KM TH3MMZA JTHIN
)apaéHu JaBOMHUMIHMIH ¢ JaH KAYMK OYNraHga, IbHU Ar <<t Oynranna
dofimananunagy &k padMOTEXHMK KypHWiIMa CHTHal1 $TKas3HII
NIOJIOCAcHA XallaKUT CNEKTpall TAIIKMI STYBYHMJIApH CaTXH Yy3rapMmac
neb xucobnanamm.

AMmanjarn ajoka KypHIManapH Ba TH3HMIApHia OKOPUAArd
IapT/iap ojaTja TaXMUHaH Oakapwnany, LIYHUHT Y4YyH ¢IyKTyalldoH
XaJaKuTiIapHu Oy XoJUlapAa «OK MIOBKHH» Aed XUCOOaau MyMKHH.

OnykryaiuoH Tacomuduil >kapadH CHEKTPN KEeHTJIMTH Y3UHWHT
¥prada yacToTacura HUcOaTaH kyJda KHYHK Gyica, GyHzail Tacomuduit
*apa&H Top nosocam Aeb atanamd. Bynngait taconudmnit xxapaéH rokopu
Ba OpalMK WacToTaJa WIIOBYH PpAJUOKYPHIMANAp YUMKULIMAA
Ky3arunamgd. Arap Top monocayin Tacoxudmii kapad8H oumsorpad
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S3KpaHUAA KYpWica, Y aMIUIMTYIacH Ba (a3acH acTa-CeKHH Tacomu(uH
¥3rapyBuM aMmIututyzacd Oyiinua MomyldsAuMsIIaHraH TeOpaHHIUTapHH
acnatagd. ByHna yHuHr yactotacu tacomuduit xkapaén cnekTpH ypraua
yacTtoTacy aTpoduna acta-cekvH yarapaau, aMILTATYSACHHUHT {3rapuin
Te3JIUru 3ca TaconH(ui >kapa€H CHeKTpH KeHraurura Oornuk 6ynamu.
Bynjpa cnextpH keHr tacoaMuil kapa€H crektpd TOp Tacomudmii
’kapa€Hra Kaparasia Te3pok ysrapamud. Top monocann Kypuima &ku
THU3HUM YMKMIUKMAAIH Tacoauduii xapaéH aMITMTYAacH Ba ¢a3acy acTa-
CeKuH y3rapaérrad: aMIuTynacn 6yiinya MogynsuusnaHras teGpaHULI
Kypunnimmaa 6ynamu. Top monocann taconuguit >kapadH KyHHOard
MateMaTuk ¢opMyina Ounan udomanaHaum:

w(t) = u(f) coslmyt + ()], (9.40)

OyHIa, o, — ¥pTaya 4acroTa, u(f) Ba ¢(r) Tacomuduit xapaHHHUHT acTa-
CeKuH ¥3rapys4u ¥poBuMcH Ba da3zacH.

Taconuduit xapaéunu (9.40 udona) TpuroHoMeTpHK EHHMITAPIAH
toinanann6 Ky#uaary KYpUHHUIITa KeITH PUILHMH3 MYMKHH:

w(t) = u, (1) cos(@yt) + u, (1) sin(,1) , (9.41)

OyHOa, u,(f)=u(t)cosp(r) Ba u,(f)=u()sing(r) OYNMUO, ymapHMHr Xap O6HpH
BakT O¥iinua acTa-CeKHH ¥3rapyB4H GyHKUHMS XucoOIaHaAN.

Tacomuduii >xapaéu yposuucu Ba ¢a3zach Kyitupgarn wuconamap
OpKaili aHUKJIaHATH:

u(0) = JuF O+ (0) ¢(1)=arcrg“28 : (9.42)
u

Arap 6upnamuu Tacomuduil xapaéH Hopman (I"aycc) TakcHMOT
KoHyHMra OyHcyHca, y Xonia YHUHT TallKWIL 3TYBYMIApH u, Ba , Jap
XaM Yprada KuitmMaTH HoJIra Ba IUCIIEPCUACH 62 Ia TeHI 6yirad HopMan
TaKCUMOT KOHYHHUTIa O6¥iicyHany.

Taconuduii KapaéHHHHT u, Ba u, TALIKHA STYBUMIApH ¥3apo
OOFIMK O¥NMaraHnuKIapd y4yH yNapHHHT OMPrajlmKAard SXTUMOJUIHK
SHYWINTY Ky3aTHUIAETraH BaKT OHHMM KUAMATIIapH w (1)Ba wu,(9)Jap YYYH
6up ¥nyamnu SXTUMOJITMK 3UUNHKIApd kyTaliTMacura TeHTr Gynamu,
ABHHU
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2
Plup )= re 2, (9.43)
¥4
n

Top nonocanu I'aycc Tacoaudui xapa&H YpoBUHCH SXTUMOILTUTH
3UWINTH Kyiugary ¢opMyiia opKaiH aHMKIaHalH:

PW)=2oe MR, w20, (9.44)
5?1

Xucobnanuiapaa ¥ ypoBuM YpHHra YHHHT §, ra HHCOaTH z=51 JaaH

doiinanannm Kynait, (9.44) udonara z=51 B2 dz:% KaTTaJMKIapHU

n n

KHPUTHO

22

P(z)= ze 2 , (9.45)

udojnaHH onamu3. By >XTHMOJUIMK TakcMMOTH Pene Takcumor
KOHYHH ne6 aramamm (9.8-pacm). Pene TaxcuMoT KoHyHHMHH Oy TOp
[0JIOCaH HOpMaJI Tacoau¢uit xapaéH YpoBuMCH KOHYHH O¥mM0, y 6up
TOMOHIaMa TaKCHUMOTTa 3ra, KEHT IMOJOCcany (QIYKTYallHOH XaJIaKuT 3ca
HKKH TOMOHJIaMa HOpMaJl SXTUMOJLUIMK KOHYHHUTa OYHcyHamm.

&

04

0|/

N

1 2 3

9.8-pacM. Pene TakcuMoTH rpadury.
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Top mnonocanmd Tacoauduii xapaéu ¢azacku ¥ HMHr Xamma
KUAMaTIapH YUyH YHHUHI 3XTUMOJUIMK 3MWIMIH TaKCUMOTH OHp XM
oynanu (9.9-pacm),

P =% s 0<p<2r). (9.46)
|>(q>)T
0 r Z;r; 0

9.9-pacM. Top nonocanu taconuduis xxapa&s TalIKHI
STYBHUNApUHUHT Oonutasrud asaiapu TaKkCHMOTH.

K§m xomnnapaa rapMOHUK [IAKTJard CUTHaN Ba XallaKUT KUFUHIACH
z(f)=s(t)+w(f) HUHT ¥poBudcH Ba (a3acH SXTUMOIIUIM TaKCHMOTHHH
aHuKmamn  Tanmab oTHUNaaM. Arap XalaKuTHU TOp Iomocamu [Jed
xucobnacak, y xonga

2(t) = s(r) + w(r) = (4, + A)ycoswyt + u, sinwyt = u(t)cos(a,t + @) (9.47)

6y1ub, 6yHna

u(t) = \/m 5 )= arctg———ul U

u()+4

CurHan Ba Xanakut HUFHHIUCHHUHT YpoBuucH Kyiumaru udopa
OPKAIK aHUKJIaHaIH:

_f12+A2
252
PW)=—L1, ﬁ;e " (9.48)
520 52

6yHna, L(*)_ Beccens HonmHuM TapTubMM MomHUKalUANIaHraH

2
dbyHkumscu, S, _  xamakut mucnepcusicu. (9.48) udona Pene
yMyMJIalliraH 5XTHMOJITMK TaKCHMOT KOHYHH &xu Paific Taxcumor
KOHYHH ne0 atamamu. Curnan ammuutyngacu A=0 6ynca (9.48) udona
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Pene TaxcHMOT KOHyHMra aiinaHamu. Arap z=5113a a=6i

n

Ieb

Oenrunacax, Paifc TAKCHMOTHHY KyHHIary IAKIra KeITUPHIL MyMKUH
a’ +Z=

P(z)=ze * xIaz). (9.49)

9.10-pacmzia 6y TAKCHMOTJIADHHHT g HHHT TYPJIH KHAMaTIapy y4yH

' 2
rpadniiapu kextaprad. bynaa a=ﬁi=——12_)£ 6ymo, P,=A7 - CHTHan

n n

KYBBATH B2 P, =57 - XaJJaKUT KyBBaTH.

Pz
0.6

o (TEAXKINLZIN
I8N AR

02
HIL/ \ \\
——

o 1 2 3 4 5 6 7 2

9.10-pacum. Pene yMyMItairat TaKCUMOTH.

Cdruan Ba XalakuT HHFHHIHCH ¢a3aapHUHT TAKCUMOTH KyHumaru
udoanap opKaliu aHUKIaHATU:

A2 sin2 @

252
n

_AZ -
252 [
P(¢)=Le n 1 Acosg|, . 5 Acose

2 2 \/27[53 [ 253 (9.50)

b

6ynna, ®(x) — Kpamn dyuxumscu. (9.50) ubonanan A=0 6§nran xonga
tasanapHUHT OMp TEKHC TAKCHMOT KOHYHH KeJO YHKAIH.

Ha3zopat caBosiape

1. Vanykcu3s curHan ne® KaHialt curHanra aifiTwiaau? Y3jyKcH3
CHCHAJI BAaKT AMAarpaMMAacHHH YX3HO0 KypCaTHHT.
2. Carx Oyiivya AMCKpeTnam JeraHja HuMaHu TymyHacus? Carx
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Oyiinua auckpernaml (KBaHTJIAHTAZH) CHrHaN BaKT JdarpaMMacHHU
YH3UHT.

3. Bakr Oy#inua guckperyall feraHfa KaHfgal  xapa&HHH
TyuyHacu3? Bakr O¥iiMua muckperiialll CUrHal BaKT AMArpaMMacHHU
YHU3MHT.

4, Pakamild CHTHal Jeranja KaHJall CHTHANHH TyMIyHacus?
Paxamny cHrHan BakT JMarpaMMaciHH YM3HHT.

5. HerepMuHaHT curHan ne6 KkaH#a#i cuTHaiapra adTHIAAH?
JlerepMyHaHT CHrHA1 BakT [UarpaMMacHMHH YM3MHI B2 MaTEMaTHK
ndogacuHu E3MHT.

6. Tacomuduii curnan ne6 kangait curnaira alTuiagu?

7. Opnwii Ba Mypakkab cHrHallapHHHr Oup-OHpupan (apKuHH
aiitub 6epHHTr.

8. CuHOB CHTHaIapu TypiapHHH caHa® YTHHr Ba YJapHHUHT BaKT
J¥arpaMMasapuHH HH3HHT.

9. Tacoauduii xkapa&y 6up peaTnsanuAcH KaHAal kypHHUIIAA
6ynanu? Taconudni xxapaéh rpadUr¥HH YH3MHT.

10. 3XTHMOIUTHK MHTErpajl TAKCUMOT KOHYHH rpadUTrHHH YH3UHT,
OMp YITyaMnK HHTErpai TAKCHMOT KOHYHH HUMAaHH aHInaTanu?

11. DxTumomnuk IuddepaHman 3UINTH KOHYHH rpadHuruHu
yu3uHr. BHp oH yuyH muddepeH1IHan 3UMK KOHYHH HHMaHH
aHIaTazgun?

12. Taconuduii >xapaéH acocuii mapaMeTpJapuHy aiTHO GepuHT.
Vpraua kuiimMaT Ba AMCMEPUHS HUMA?

13. ApToxoppekuus GyHKIMACH AeraHia HUIMaHH TYIIYHUIATN?

14. Y3apo xoppekius YHKIMACH Terana HIMaH) TYUIYHHIAAH?

15. Koppexuns ko3¢ ¢duuueHTH HIMa Ba y Kaujaail opamkna
yarapagu?

16. 3Spropuriuk xoccacd HuMa?

17. Bakr 6¥iinua ypraua KuitMat ¢opMyNnacHHH E3UHT.

18. ApToxopensuus GyHxuusacy GpopMynacuHy E34HT.

19. Koppenauus GpopMyiacuHH E3UHT.

20. Aprtokopensuns QyHKIMACHHHHT acocHii Xoccanapusy afiTHG
OepuHr.

21. Koppensuus opanury HAMa Ba Y KaHIaH aHHKJIaHaau?

22. Hopmain TakCHMOT KOHYHH rpatUriHU YHU3MHT.

23. HopMan TakcHMOT KOHYHH YMyMHUH GOpMYyJIaCHHH E3WHT.

24, DnyKTyaUMoOHNI X&JIAaKUT KaHCH 3XTHMOJUIMK KOHYHHMra
oyiicynann?
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25. Kanzaii xanakuT «OK ITOBKHHY INAKIHAArd XanakuT Aeb
atanamu?

26. Top nonocayu xanaxut HAMa? YHUHT MaTeMaTHK H(oaacHHH
KENTHPHHT Ba BaKT AUarpaMMacHHU YU3WHT.

27. Top nonocanu xanakut cuH(az Ba KBaApaTypa TallKUII
3TYBYHJIApY aMILIUTYAAacH KalcH KoHyHra OyiicyHanu?

28. Top nonocanu xanakuT ¥pOBYHCH KalicH KOHyHra OViicyHanu?

29. Pene KOHYHH rpadHriHHA YU3UHT.

30. dnykTyaunoH xanakuT da3acH 3XTHMOJUIATA KaHaai TaKCHMOT

KOHyHHra OyiicyHam?
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10. CHTHAJLTAPHH 3JIEMEHTAP TAIIKAJI
ITYBUMJIAPT A EMUIN

10.1. CarnanjapeH 3;1eMeHTAp TAMIKHAJ 3TYBYHJApra éinm
TYFpHCHAA yMyMAil TylnyHE9a/1ap

YMyMaH curHaulap Mypakkab kypuHuimra osra 6§mu6, xjn
XOonnapJa ynapHH OJUIMA 3JieMeHTap TalUKMI 3TyBYMJiapra Epuiura
axTréx naiino O6ymamu. Mypakka® curHannap xym XoiUlapia oaauit
CUTHAUTADHHHT  YW3MKIH  HUFMHAWCH  [HAKiWia  Ky#rparuya
nboTATaHUIIH MYMKHH:!

s(t)=§ak¢,(t) (o)

CHurHainap YM3HKIM QJ0oKa TH3MMIApUAaH YTHINMHHM TaxJIHiI
TUINAA YMapHH ONOUN SleMeHTap curHamiapra EWumn 6Mp Katop
Kynainuwiap sipatagi. bynjna uM3Hknu paarotexHuk 3amxup (UP3)
KUpHINHUIa ofaui aneMeHTap curdaiap 6epunaan Ba UYP3 akc tancupu
anuknadagy. Yukuin curdHany Uy, YP3 akc TabcupiapuHH MoC
ko3¢ dunMeHTnap a, ra xynaiitupub, yJlapHuHT HAFHHAUCH IOAKTHIA
aHUKIaHAH.

Opnnuii curHan g, (f) WyHAAH TaHJIaHAOWKWA, YAPHUHT Xap OupuHH
TEruuUTd MOC KOddPUUUEeHTNapUura KynaliTMacHHAHT AMFUHAMCH S(f) ra
AKAHIAUTMINE ~ Kepak. Ymby SKUHIMK — TEHINAIH — OfIui
CUTHA/UTApHH TaHTaIl Ba yJapHHUHT coHura 6ornuk. ByHaaH Tamikaps a,
K03 GUUHUEHTIAD OCOH aHHWKIaHHIIM KEpaK Ba YJapHUHT COHMHHHI
OLUMIIM 2BBAITWIAPUHMHI KUAMATMra TabCHp STMaCIMIM ILApT.
Kymmnaérran saru Ttawkun stysumnap (10.1) TeHrMHMKHMHr sfHaja
aHUKPOK OakapuiHIINra onub KeNHIIH Kepak.

FOxopunaru Tanabnapra —§<r<§ opamaruna @ (O:@:(0,0,(0s..0,(1)

GYHKUMANAPHAH OJMHIaH WHTerpain arap i7/ 6ymrampa Honra TeHr
63 nraH opToroHai ¢pyHkuUANap xapob Gepanu, SbHA
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%
000, ()dt =0,  arap i#f (10.2)

4

Ym6y ¢.(t), ¢2(t), (0,(!),..., ?, @ q:inKlIHﬂﬂapHHHI‘ xap 6HpHHHHF
KBaJIpaTH KaHAaiaup ¥3rapmac KaTTanukka sra 6¥mamu, spHu

Y % %
f[¢, OPdt=c,; f[wj OFPdt=c,; f [¢. (O]*dt = ¢, Ba XaKa3o.
4 o4 ]
(10.3)

By xonma xap Oup oamuif sneMedTap CUTHANHU Y3UHHUHT
KBaJIDaTMHWHI KBaJpaT MIJU3 OCTHAArd KufiMarura Oymicak, sHrd OHp
opTorosan GyHKUUANAp TYIUIAMHHE OJIaMHU3, THHH

20 . 2,0, 2 ga xokaso. (10.4)

AGE JC_ s '//j(t)=T5 Wt(t)z‘/c—
i y &

By sHTH v, (0.0, (0)....w, () GyHKIMsANAp TYTUIaMH HadakaT y3apo
opToroHal1, Oaik# ymapHHHr HUcOuit KuiiMaTimapn 0+1 opamurnia
6ynamn. byHnall ¢yHku@Anap TYnnaMd OPTOroHaT — HOPMALIALIraH,
KACKa4a OpTOHOpMal QyHKuuanap Ae6 IOpUTHNAgH. YIIapHUHT Xap

HMKKHCHHUHT OHp-Onpura kymaitMaciugaH —-§—<t <§ OpIHFHAA OJNIHHIaH

HHTCTpal, AbHH

A L
fwi(z)wj(z)dz={‘l” aeap 1) (10.5)
4 s azap 1=]

6ynanu. Hatikana s(r) Mypakkab CUrHall OpTOHOpMAT PyHKUMATAp
épmamua Kyiiugaruda udonanaHauu:

s)= 3 apw, (o (10.6)
1

k=

OyHIa, a, — OANMI 3MEMEeHTap CHrHAT MUKIOP Ko3¢pHIeHTIapH.
Muknop ko3ap¢HUMEHTIapH g, lapHH  aHuKkigam yayH (10.6)
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HbOJAHMHT Xap UKKH TOMOHWHH v, (f) Ta Kynaiitupub _1 __<,<_ opanuFHaa

HHTerpauiall Kepax:

%

%
fs(r)w,(t)dr Sa, im(r)m(t)dr

(10.5) udoganu 3pTHOOpra onMI HATWXKACHIA 4, HH aHHKIALL
udoJacHHH OnaMu3

7
a= [stw, @ (10.7)
%

(10.7) dopmyna opkanu aHHKnaHraH a, ko3dbguuuentiap Dypse
KATOPHHUHT yMyMiamraH koa¢duumueHtnapu aeb aramaan Ba (10.6)
dopmyna Oypee yMyMIlauiran Katopu aed atanaay.

AJIOKA Ha3apUACH Ba TU3MMIAPUAA aCOCaH Mypakkab CHrHaJLIapHH
UKKH TypaH: TPUTOHOMETPUK GyHKIMANAD Ba sinx/x QyHKUHANADH
KypuHMIIHOarn  oproroHan  QyHKOMMIapra  &iMm  ycynuaaH
dolinananunany. bupuHuM Typ opToronan ¢yHKuusnapra éimmga
curHan ogparnarh Pypee xartopura &EHmnTagM  Ba  UKKWHYHCH
B.A.KoTenbHUKOB KaTOpHra SHH JUCKpeT BaKINap y4yH  sinx/x
kypuHHinaary ¢pyHKuusanap katopura éiuu. Keiwnrn #minapaa Yoo,
Jlarrep, Jlexxannp Ba BeiieineT opToroHan GpyHKIHANApyUra EfUILIAH XaM
¢doiiranaHuIMOKIa.

Mypakkab curHa/UtapHy oanuii opToroHan dyHKiHsIapra &iunuraa
(10.5) ndoma mabmym OGepunraH, Tanab 3TUNAIWUrad XaTOMUK & aH
KarTa 6¥nMacnury Kepak, AbHU

%
F'< f [s0-X a0} dr. (10.8)

%

Xartomuk & Y3MHUHT 5HI KMYKK KHMiMaTura 3ra OYJIMILM YH9YH a,
xo3dduumentnap ymymnamrad ®Pypbe xatopu ko3dduUHEHTIApUra
TeHT 6¥nuiny kepak. Mypakkab cursan s(f) oqaui curnamiapra énmua
YHHHT TAUIKH/ STYBYHJIapU COH 7> O¥ica, XaTonmk £ HONra
HHTUNA U, HaTwkana [lapceBan TEHMIUIMHM ONaMH3, SHHH
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T/ @
fsz(r)=Za: =P (10.9)
_772 k=1

6ynaa, P, — mypaxiab cursan s(;) KyBBaTH.

Arap (10.9) tenrnuk 6axapuica, opronopMai ¢ynkmusnap (10.4)
TYnuK TywiaM xucobmaHamu. Ilyuusr yuyn (10.9) dopmynagaru
IMapTHUHr Oa’KapMJMINA Mypakkab® CHCHaJIHH OJAMiA slieMeHTap
OPTOHOPMAJT TalIKWJI 3TYBUMJIAapra EMHIN YUyH €Tapid Ba 3apypHii [apr
xucobnaHagy.

Tacoauduii makifarM CHrHaUlap Ba XaNaKHTI2pHH XaM Onnuil
3JIEeMEHTap TAMKAI STyBYMJIAapra EHMID MYMKHH, OyHZa MHKZOp
ko3 QHIMEeHTIapH a, JIAp XaM Tacomuduil KkuimMarra sra 6¥namm. Arap
Tacomquduii CHTHATHH _gg opacugarn peamu3aruicund (10.1) &ku

(10.6) ymymnamran Qypbe Kkartopura é&iicak, OyHma a, MUKIOpHil
ko3 duIeHTNap MabIyM 6Up SXTHMOJUTHK OuiTaH y €ku Oy KaTTaluKKa
ara 6¥naau.

10.2. CaraanjapHn cCOeKTPaJI TALIKAJ] 3TyBIRJIapra éinm

Mypakkal curHawlapHd TagkdK STHIIAa acocaH ynapHd Dypse
KaTopH kM WHTerpaM KypuHHIIuAa udoaa sTUIIAAH ¢oiifanaHHIanu.
Marematyk HykTau Hazappad [{upexune Tanadura xaBob Gepaguran xap
KaHJa#t CHTHan s(f) TPUTOHOMHK KaTop IHAKJIMAA TacaBBYp STIIHLIH

MYMKMH:

s(t)=ay+ Y (a, cos kot + b, sinkayt) (10.10)
k=1
Gynza,
2 2% 2%
@y="7>;, @ == is(t)cos kaogdt, b, == |s(t)sinkaat. (10.11)
T T 7, T3

(10.10) udomana a, - cUTHAT s(f)-HUHT ¥pTada KuiiMaTH 6¥1m0, yHu

CHTHATHHHI AOUMMI Tauikia 3TyBuMcH Je® aranamu Ba _T 7 BakT
2°2

opacu/a KyHunaru ¢opMyna OpKaJd aHHIJIaHaIH:
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=lf (Ot (10.12)
T : .

ban3u xomnapaa s(f) cUrHaHM komrieke Pypee KaTopM IHaTiaa
dudoanam KynaiiKiap TyYFAUpaay, SHHE

s(t) = ZA er (10.13)

k——a:

OyHAa, 4, =A™ =a, - jb; 4, =|4].
A, KOMIUIEKC KaTTaidk Oynub, y Kyliugard wudoma opkain
aHUKTaHaIu:
%

2
A == js(t)e_’k“"'dt (10.14)
T'%

(10.13) B2 (10.14) ndomanap Oypbe >YPTIUTHHH TAIDKKUI STamu.
By ndoganap &pmammpa, arap CHrHanl s(f) BaKT QYHKIMACH LIAKIHI2
MabiyM O¥nca, YHHHT KOMIUIEKC TalllkM]  3TYBYMJApH 4,
KaTTATHKIAPYHY aHUKJIAl MYMKHH Ba aKCHHYa CHTH&JIHHHT 4,
KOMIUIEKC TAlKHMJI 3TYyBYMJIapH MabiyM OVyica CHIHAn s(z) HM BaKT
dyHKuMacH wakaa udoaanai MyMKHH.

[lynn anoxmia TaskuInall kepakku, Pypbe karopura HadakaT
JaBpUil CHrHaIapHH, OaKK AaBpuid GYIMaraH CHrHaLIapHH XaM &ium
MyMKHH. ByHJa S() cHrHan kM XamakuT BakT dyHKuuscu cudaruma
JIaBOM 3TraH xamma Oymaru ‘%% opacunma Oepunran ¢yuxuus aed

xucobmanamy Ba Dypee Kkartopura Eilmnand, ApHA Ky#dumaru
KYPUHHUILHHA OJTaJy:
s(f) =ay + (@, cos kmyt + b, sin kayt), (10.15)

k=1

OyHpa, a, — Tacoguduii curHanm EkM XaNAKUTHHMHT Ypraya KuiiMaTu
xucoOnaHanW;, a Ba b, — Tacoauuit KuiiMaTnapra sra OymuO,
¢GAyKTyauuoH XalakKUT/IAp YYyH HODMal TakKCHMOT KOHYHHra
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6yitcynamu. ®ypbe Katopura EHHINAArd a, ko3dHIUEHTNIAp CHTHA
CTEeKTpaJl TAlKWJI 3TYBUUIAPHHUHT 3¢deKTUB kuiiMaTura TeHr Oynanm.
CHUrHaJTHMHT TY/HK KyBBaTH,

P=F (=1 fs(t)dt=2a:_ (10.16)

T, /2 k=1

Opnatna curHan Ba XalakuTiiap CIIEKTPH 4ekiaHraH Oynamu. By
XOJAa YHUHI CIIEKTPAJl TALIKWI STYBYMIAPH CUrHAN 6asacy B, =27.F, ra
Tenr OYmamu. ByHma F, — curHan cneKTpH KEHIJIMTH; 7, — CHTHAal
JaBOMHAJIHIH.

AManja cHrHan creKTpH YHMHT 95 &ku 99 % KyBBaTHHH TALIKHI
STyBYUM CIEKTp TAIOKWJ STYBYWIApH AKoinammraH mnonoca Omnnad
aHUKNIaHTaH.

CurHan crmexkTpd KEHIIWIH ajoka TH3MMM Basudacura Ba KaHAak
aHMKNIMKIa y3aTHmra Oynrad tamabnap Ba fgHa OMp Karop KyiIMmda
Tanabmapra Gormuk. Macanau: tenedon anokacu yuayH 300+3400 I'i;
Tenexypcarypwiap yuyH 0+6,5 MIlu; paaHOodIUATTHpHILNIAD Y4YYH
(Troudacura kapat) 30+15000I'y; pakamid (DMCKpeT) CHTHaUIAp Y4yH
ynapHU y3aTHUl Tednurura OOFIMK Ba Xokaso. Hasapuif Hykram
HasapfaH OWp BaKTHMHI {3uja curHan JaBOMMIJMIMHH Ba CIEKTPH
KEeHTJIMTHHA Yerapanam MyMKHH 5Mac, YyHKH NaBOMUHNIUIH YeKTaHraH
CHIHAN YeKCH3 KEHTI CIIEKTpra 3ra Ba CNeKTp KeHITIHIH HOJTa MHTHJICA,
YHHHT JaBOMMHIIMIH 9ekcH3 6Ynamu.

Honaspuii CUrHaiHM JaBpH 4YeKCH3ra MHTHIyBYHM (7 — ) maBpuii
curHan e TaxIun 3THIH MyMKUH. By X0omaa CHUTHaN CIEKTpH TallKMII
STyBYMIApU opacHiaru Macoda HONra MHTWIAAH Ba CNEKTpal TallKHI
3TYBUHJIAD aMIUTMTYAAcH 4YeKcu3 ku4uk O6ynagu. CHUrHamHH KOMILIEKC
TAIKWJI 3TyBUMJIApra €HHII Ba KOMIUIEKC TAUIKHI 3TYBYHJIAD OPKAIH
CHTHANHHU BaKT ¢YHKUMACH lIaxiuna THiam @ypse TYFpU Ba TeCKapH
y3rapTHpHLLIap, HONaBpui curHanm yuyH Kykiupmaru Pypre uHTErpai
TYFpHU Ba TECKApH Y3rapTHpHLLIAPH Xyraurura ainanamm:

s(t) = % Ts(jw)e""dw : (10.17)

—

178



s(jo)= fs(er=d, (10.18)

-

OyHOa, S(jo) — cUrHas crekTpd 3uwiMrd. CHrHaj cnexTpal TaBcHHU
KOMIUIEKC KaTTAIMK OYnraHM ydyH YHH KyHugarn KypuHHIOra
KEITUPHII MyMKHH

S(jo) = A(@)+ jB(@) = s(w)e™*®, (10.19)
OyHpa, A(w)= Ts(t) cosad, Blw)= T.\'(t) sinardt .

Crnexrpan tascud Momyiau Ba dazacu Kylujarnya aHMKIaHaIH:
S(@)=J|4@) +B@);  p(@)=arcig AE“’; (10.20)

HopaBpuit curHannapHuHr TapkHOWH TaWIKW — STyBYMIapu
yTNapHUHT aMIINMTYZa-4acToTa Ba (ha3a-4acToTa TaBCH(IApH OpPKATH
TYNUK aHuKIaHaou. Mucon TapuKacyia KYHFHPOKCUMOH KYPHUHHOIAArM
CUTHA CHEKTPMHH Kypub uMxKaMu3. KJHFUPDOKCHMOH HMIYNbC
Kyl#inmaru ¢opMyna opkanu ndonaiaHagu:

sy =—A e (1021)
a2z ) ’

Ymby obyHkuMsaHUHT axoiub XxycycusTiapuzaH OHPHM YHHHT
dypbe Y3rapTHpHIIN HaTWKACHA2 AHMKIAHTaH CHEKTPH (YHKUHACH
XaM KYHFHPOKCHMOH LIAKIIra 3ra, SbHH:

s(jo)=—r J_ Te {_WJ (10.22)

10.1-pacmma (10.21) Ba (10.22) Tyrpu Ba Teckapu PDypse
y3raprdpuiiapy opkamM OofiaHraH s(f) Ba S(jeo) TIpadHKIapu
KenTHpwiraH. Ym0y pacwmiapiad KypuHuO TypuOmumkw, a —
KYpCaTKUYHUHT {3rapyIuy UMITYyJbCHH KeHraiiMimura €ku Topalumura
onnd xenagn. KeHr wumnynbc CNEKTPH TOP MMIIYJIBC CIEKTpHIa
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KaparaHzga ToppokK Oymagu. By xaMMa Imaknmpard — curHai
AMIYNbCIIapUra TETUILIM, SBbHU CHIHAJIHMHT CHEKTPH KEHIJIUTH
HMIIyNBC KEHIVINTHIra TecKapd nponopuuonan 6ynamu. 10.1-pacmua a —
KYpCaTKHYHHMHI KWMMaTnapura kapa® curHan s(¢) HHHT Ba YHMHT
CIIeKTPH  S(jw) HMHI  ¥y3rapuilM  kentdpuirai. A Ba a
kod¢pulienTiapHMHr  HuUcGaTM  cakKiMaHraH  XoJija  yJNapHUHT
KMAMATHHUHT OLIMINY HATIKAacHAa MMITYIBC JOUMHUH CHIHAJl LIAKIIHMHA
ONlaj¥i, yHUHT YAcTOT2CH HOJIra TeHT OyIaau.

A
4 ft) A )
A
/% 7
-1/a 0 1/
S@)
A
ZZZ
0- .
5.0} ! S(@)

10.1-pacM. KyHFHPOKCHMOH MMIIYJIEC B2 YHUHT YerapaBHii
KYpYHHILIapH.

10.3. CaraaJj 3B€epreTak cCHeKTpH
Tacoanouii >xapaéHHH Mabiym 6up T BakT JaBoMHIa Ky3aTHII

HaTHXacujga YHHHI Iy KHCMHra TErMIUIH aMIUINTYya CHOEKTpPHHH
aHuKam MyMKHH, AbHHA!

S,(jo)= fs(t)ear. (10.23)

By (10.23) ¢ynkums Ttacomuduit 6ynamm, yHum Taconudmii
xapaéuuuur />T xucmura tat6uk 3TH6 GYnMainu. DHEPreTHK CIEKTP
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TYLIYHYaCHHH KHpHUTaMHU3, HaTHXaja Tacomquduii xapa€H y4yH YHUHT
cnektp ¢dyHkuuacy Tacoauduil 6¥nmacIurura 3pumamus.

Mabnaymikn  cranMoHap TacomMuH  OkapaSHiap  KoppessuMs
GyHKIMACH  YHM  TacomuMii  jxapa€HHHHT  KalicH  BaKTHJa
aHUKIaHHIUMra OOFJIMK 5Mac, ABbHM 1 Ba 1, JApHHHI aJoXHIa
KdiiMaTnapura GOFMHMK 5Mac. Arap r=r,-+ V3rapulilicM3 cakJaHca,
cTaiuonap Ttacomuuil jxkapa€H koppemsuus QYHKUMACH ¥3rapMmaiigu.
UlyHMHr y4YyH CUrHajl D3HEPreTHK CHEeKTPMHM YHUHT KOppeJiuus
bYHKIMACH OPKAIH aHUKJIAll MyMKHH, SHHH:

G@) = [BEedr (10.24)

@dypbe Teckapd ¥3rapTHpHILM HATHXKacHAa B(r) HM aHHKIaul
MYMKUH, SBHH:

B(r)= % Jot@edo. (10.25)

(10.24) Ba (10.25) udonanap 6up-6upn Ownan ®ypbe TYrpH Ba
TecKapH y3rapTHpHinnapH opkanu GonanraH 6§mub, ymapHu Bunep-
XuH4nH dopMynanapu ae6 aTanagd.

MawnyMkn xopperauda  yHrkumacH xkybr GyHKUHA, ABHH
B(-r)=B(r), IIyHH OobTHbGopra onraH xoiama (10.24) Ba (10.25)
topMynanapHp Ky#HJard [aKira KeATUPHID MyMKHH!

B(r)= % IG(m) cos oo ; (10.26)
Glw)=2 IB(r)wsmzdr. (10.27)

(10.25) ¢opmynanan doiiganannb G(w) QyHKUUSHUHET QHIHK
Ma3MyHHHHM aHMKNall MyMKWUH. ByHMHr y4yH r=0 Je6 xucoOnaiimms,
HaTWxafa Kyfuaardra spuLaMms:

B(0) = ﬁ [6@)do =P, (10.28)
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6yHza, P — taconuguit sxapa€HHUHT TYIHUK KyBBaTH.

(10.28) dopmynagan KYpUHAmZUKM, G(e) GyHxuus Ttacommduit
’kapaéH KyBBaTH CIEKTPHHMHI 3M-UIMIHHH Hdonanaliny Ba BT/T'1 ynuos
6upnurura sra 6ynmu6, xap 6up I'm nonocara Moc kemyBun Tacomuduit
xapa€H KyeBaTHHH Oaxomaiimu. Tacommowii >xapa€HHHUHT Oepuiray
Aw=0,-o, NOJOCANATH YMYMHH KyBBaTH G(o) HaH o, NaH o, rada
HHTerpaJl OJMLI OpKaJId aHUKJIaHA !, ABHU:

1“’2

Poe, =5 [G@)do (10.29)
@

OHepreTHx CHeKTPHH TacoAu¢Hii >Xapa8H aMaira OLIMPHIIraH
mapomuiinury T OYnrad xKucMmM y4yH KyHugaruda aHMKIam MYMKHH.
Iapsecan Tenrnmmrn &paamupga x(r) Tacoguduii xapaéHHUHr T BakT
JaBOMM A aXpairaH SHEPruiacH

! 1% - 2
E = sz(t)dt = ;J]Sr(jw)l do. (10.30)

Tacoauduif ypraya KyBBaTH E,/T OpKalM 7 >« HIAPTH YUYH
Kyluzarura Teur 6ymamu:

e B 1. 1% L2
P-hm——-;hm;aﬂST(jw)' do, (10.31)

Too T

(10.29) Ba (10.31) HM TakkoCNaml HATHXACHIAa G(o) (IHEPreTHK
CHEKTp) Ba S(jo) (AaMIUIMTYAa CHEKTpH) opacHiard OoFaHuIn
HdoJacCHHHU ONaMH3, THHH

G(@) = EM (10.32)

OHepreTHk CIIEKTp TYIIyHYacH Tacomubuii JKapaén
peami3anuAcuHM Yprada TaBcHduaiinu. Arap Tacomudmii dxapadd
9HEPreTHK CINEKTPH G(w) TMAcT YacTOTalap AMAana3OHHAA Koimaiirax
6ynca. Oy mpouecc CreKTpU G(m) FOKOPH YacToTanap AHaANa3oHHAA
woittamrad Tacomuduii kapaéHra HucOaTaH CeKWHPOK ¥3rapyBud
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6ynamu. Top momocand TacogU@Ui >kapaHHHHT 3HEPreTHK CHEKTPH
A@ yprauya wyacToTa o, aTpoduna koiinamrad Oymamu Ba Aw<<a,
6ynanu. By Tacomudumii rxkapagH aBBan Kypub yrraHMMH3ZAEK,
aMIUTHTYyZacH Ba ¢asacH acTa y3rapyBuM ¥pTaya 4acTOTacH o, I'a TEHT
6¥nraH rapMOHMK TeOpaHUIIHH SCIATa H.

DHepreTuk criekTp Ba Koppenaluis ¢yHKuMsacH Oup-Oupm Ounan
Qypee TYFPH Ba TeCKapy XKyhT y3rapTHpHIl OpKamd GOFNaHraHINTH
y4yH ynapra HucOaTaH cHeKTpal TaxJMl TeOpeMacHHH Kymam
MyMKHH. Ym0y Teopemara acocnaHran Oab3u Hamkamnap 10.1-
xajpanga kenrupunrad. Bynma =0, x() Ba x,() dyHkumanap ysapo
60FIHK 3Mac f1eb xucobnaHrax,

10.1-xcadsan.
x(8) B (1) G(o)
x,(8) 4%, () B(7)+ B,(1) G (w)+G,(v)
x(ct) B(cT) lG(Q)
¢ ¢
x(t-1,) B(r) G(w)
x(e ™ B(z)e™ G(w)+Q
%) %, BOB® | LiG 0 a—vdv
27 %

DHepreTuk CreKTpH G(a;)=%°— YacToTaNap JHANa30HU —~w<o<o I3
xoiinairan Tacoguduii xapaéH «OK IIOBKHH» TypHIArH (QIyKTYanuoH
Xajnakutra teruumm 6ynub, Oy crnekTtp WacToTa o,=0 ra HucOaraH
CHMMETPHK JKOMJaluraH, WIIyHUHT YYYH G(o) KUHAMaTH XaKUKWii
KuiMaTH N, JaH HKKA MapTa KHYHK KUIHO OJMHIAH. N, - XalaKUTHHHT

1 TI'm monocamaru KysBaTura Tyrpu kenagH. OK LIOBKUHHHHI
Koppensauna QyHKIUACH KyHHAArUTra TeHT:

_Lw Jaor _&m Jor
B(r)—zﬂ_;[G(a))e dm_Mle dr (10.33)
Tacognduit >xapa€Hnap y4yH YHMHT CIEKTDH KEHIJIMTH A/ Ba

KODPEJMLMACH OPDAIUFH Ar JIap Opacuja yMyMuil GOFIHKIHK GOp, ABHA
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AfeArzp~l (10.34)

6yupa, 4 — noumuii koadbunuent 6y1u6, TaxMuHaH 6upra TEHr.
DHEPreTHK CNEeKTp KEHIMHCH Af KOPPENALUNA OPaTHFH Ar ra
Yxamam ndosa OpKaM aHUKIAHANU:

Ao= ZW-mIG(m)dw (10.35)

Koppemsauus  dynkupmsica  B(r)=a’¢™™  ndoma  opkam
aHMKIAHAIATaH HKapaéH JHEPTreTHK CHEKTPH Kyiuaruya aHuKIanagy:

2, -als 2a’a
G(o) = 2Ia  cos wrdr = P (10.36)

Xapaén KyBBatH B(0)=a® 6¥:mO, TB(T)dr:zai Ba KOppessLus

opanuru Tabpudura acocaH Ar=2; CIIeKTp ZOMMHH TALIKHI STYBYHCH
a

2

KyBBaTH G(0)=% ra Ba yMyMuil KyBBaTH P j' sG(w)dw =2a*; CIIEKTP

KEHIJIMIMY Ao =ra, M:% HaTIDKaja Af -Ar=1.

10.4. Amayor caraajiapas aackperiam. B.A. Korenraakos
TeopeMacH

XakuKui curHamnap Ky Xo/UlapAa yJjapra KaHAaiaup MHILUIOB
GepuiaH onguH GxHIBTPAAH YTKazunagd. OUIBTD YHKUINHAA YHHHD
cnektpu 0+F,, 8ku F1+I, opammrunga 6ynaau. CurHan CHeKkTpH aloka
TH3MMH TypUra Ba TH3WMra Ky#unraH tanabnapra 6ornmuk. MacanaH,
JUcKpeT xabapnapHH y3aTHILOa — Y3aTHII Te3JMIUId, TeJEeKYpCaTyB
TH3UMIIapUAa — Kabyn KWIMHTaH CTaHAapTra, paJHodIIHTTHPHINAA —
YHHHT Toudacura Ba X.3. ra 60FIIHK.

B.A. KotenbHukoB Y3IYKCHU3 (anamnor) CHTHAJLTApHU
JHCKpeTH3aUUanal Xakujgard teopemacuHu 1933 fimnma «OuHK
(azoHMHI Ba CHMHHMHI CHTHANT Y3aTHII KOOWIATH» XaKuAard WJIMHH
HlUMJa KeNTHpraH. Yy Teopemara acocaH ClEKTpH I0OKOpPH 4acToTacH
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F JaH kaTTa 6§nMaraH y3nykcu3 QyHKUMA () Y3UHUHAT m:#, ceK,

opaUKIapUia OJIMHraH KuiiMaTiapd OpKalM KaliTa THMIIaHHMLIN
MyMkuH (10.2-pacm.).

U(kat)

kAt

N 3 s 7 o Sar<e

‘¢ »
N T v

10.2-pacM.Y3anykcu3 CUTHaIHU JUCKPETI AL

B.A. KoTensHHKOB TeOpeMacHHHUHI TAaCAWUFH KyHuJarniapaad
ubopar. Curman u«() cuexkrpu f,, Ouynan uerapamasrad Jae6
xucobnaimus. Yoy u(r) CUTHAI aMILTHTY A2 CTIEKTPH:

)= _{u(r)e"‘”‘dt; azap  |o|<27F, (10.37)
0; azap  |o|>2xF,.

CnekTpu -2aF,2aF, OWlaH dYerapamaHraH u() curHanHd Pypse
KaTopH Lraiutuna udoganaimus, ALHA

) 1@ 1 & 2
S(jo) =3 D 4e =5 Y 4e’rF (10.38)
k=—o

k=

(10.38) dypee katopu  KkodddHUMEHTIApH  KyHAHJarvia
aHWKJaHaOu:

.2 -2
4= ZL S(jw)e Fdw (10.39)

Q@ypse xy¢T Y3raprupnimaad dofiganaHud «(f) HA aHUKITAHMU3:
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1 ¥ : Jor _ 1 = o jot
u(t) = — _;[S(Ja’)e dw—g_zgow)ef do, (10.40)

6yHna, S(jw) KOMIUIEKC CHEKTp -27F,2zFJaH TallKapuja HOJra
TEHINIUHHH 3bTHOOpra onMHraH. Arap ys3JyKcH3 BakT !/ HHM YHHHT

IVCKpeT KHiiMaTiiapH r=% Ounan agMairTHpcak, Kyiuaaru udonanu

OJIaMH3:
k1 WS . e’%d
u(t)=u(z )=~ ZL (jo)e Fdo (10.41)

(10.41) ndopaHu A, OunaH T2KKOCHAlI HATHXKACHIA KYyHWIarKHH
aHUKTaiMU3:

=Ly oarran:
A,,_Fu( 21__) 201 (KAL)} (10.42)
Ba
_ = )
S(jw)=At Y u(kAr)e *F . (10.43)

k=—m

KoMrinekc crekTp S(jow) HH Y3IYKCH3 BaKT QYHKIMACH u(r) OPKAIH
aHUKJaml MYMKHH, IOyHra Yxmam S(jo) HH u(kAf) TUCKpeT (QyHKUUSA
opkanu aHHKIaml MyMkuH. by B.A. KoTenbHHMKOB TeopeMacCHHHHT
TacIUFH XUCOOIaHaau.

1 2xF At 2nF @® 1
_ . JU" - faort -jkoAl
u(t)= 5~ [S(jo)e " do = 2= [e'do Y u(kane™*  (10.44)

—-2xF -22F k=

(10.44) wdonanu 6aw3u y3rapTHpMUUIApAAH CYHT KyHHAard
KYpHHHINra KeJITUpaMHu3:

2aF

At N —-jo (t~ka1
u(t) = Ek;,"(km) [erde (10.45)

—2aF

(10.45) udonanary AHTErpaLIall aMajiKHN OakapHin HaTWXKacuAa
Kyiugaru ndomaHm onamMus:
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_ @ sin 27F (¢ — kA?)
u()=  Tulkan= o (10.46)

(10.46) udoma y3nmykcus QyHKUMA u(r) HH Sinx/X WAKIHIATH
oproHopmMai ¢yHkuuanap Epaamnaa B.A. KoTensHukoB KaTopura &iuim
HdomacuIvp. wu(kAr) KATTAIMKNAD u() (QYHKUMAHHHI JUCKDET kAf
BakKIjlapiard OHMH Kuiimatdra TeHr. Xap Oup KJuIHR KuiiMatiap
opacHjar# BakT As JUcKpeTiali oaumMu, 6ap3aH sca B.A.Kotenenukos

oaumu 1e6 xam aranagu. Kymaiitma Waca byHKUMA  u(r)
mr(r - 1

HUHT OHMH KkuiimMaTnapy o¢yHkuusacy ne6 aranami. r-kar=r Jeb
6enrunacak kAr BaKTJapAard OHMH Kuiimariap (QyHKUMACH KyHHmard
KYPUHHILHH OJlaH

sin 2aF 7
vin= 22 (10.47)

w(r) - dyHkuuaHuHT rpapury 10.3-pacmaa xerrtupuirad. OyHxuus
Y3MHMHI 3HI KarTa KddMatH | ra (=iAr Bakmiapaa 7= 0 6ynranga
SPUINAJK Ba ¢=(k+m)Ar BAKTNIapra TeHr 6ynaau, OyHna m=12,..

‘sinZI:F'r
2xFT
1
oL JL
A A I /N,
g \’1“0 A
1
—

10.3-pacM. Curxan onuii KuiiMaTH GyHKIMACH.

Oyukuua acocdif KUCMH  (ANPOKYACH)HHHT HOJNb CaTXWAArd
KEHTHUTH % ra TeHI. u(kAr) HAUCKpeT GYHKUUA OHME KuiiMaTiapH
CHEeKTpH —F,F opajufuaa 6up tekuc (¥3rapmac) Ba ymOy yerapafaH
TalKapuJa Holra TeHr. XaKuKaTaH XaM

- . 1 .
, sin 27F (1 - kAL) ;0 ——e % azap |o| < 274
S(jo)= ="y = 2 F . (10.48)
_L 27F (1~ kAr) 0; azap |o|> 22F
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(10.47) dyHKuMs CHEKTPH MOAYIH S(m):z—IF-. CHrHan »Hepruscu

Ky#npary ugona opkany aHUKIaHaIH,

E=iu2(r)dt= L Swean. (10.49)

fe=-m

Arap curHanm u(f) CIEeKTPH KeHIVIMIH Oexal KeHraiica, 4f
JUCKpeTH3alUsMIaII OJHMH HOJIra HHTHANAAH,

B.A. KorensHukos katopu (10.46) naru yHUHr xap Oup Tammxun
3TyBuUHCH GU3NK HYKTaW HazapfaH, derapaiail 4acToTacH F, ra TeHT
MacT 4Yactotra uaean OGUABTPHUHI YHMHT KHUPMINUTA (=kAr BaKTha
TaBCHpP OSTYBYH, 103aCH CHUIHAN wu(f) HHHI' (=kAr BaKTHard OHHH
KUHMaTHra MpOMOPLMOHAT XXYyJa KHCKA HMIYJIBC aKC TabCHpHra MOC
kenamu (10.4-pacum).

Vanykcu3s u(f) CHTHANHM Y3aTHMII YIyH YHHHT OHp XuWn N:#

opanuKjiapAa OHdH KuiimMaTnmapuHH aHuKnab, ymly oHuit kuifMatra
caTxd €KH 103acH HponopuuoHan O6YnraH KHCKa MMITYIbCIapHM aloKa
KaHami OpKaJH Y3aTHII Kepak. AJNOKa KaHATHHHAHT Kabyn KUIIHIN
TOMOHHJA I1aCT YacToTanap GUNBTPH OPKAIM YTKa3HUNagy Ba OHpIaMyu
Y3JYKCH3 CUTHaJl GWIBTP aKC TanCHpiapy iuruHAuCH cudaTHaa Kalita
THKJIaHaJH.

JaBomuitnuru T, GYnraH curdan Y3HHHHT n=£=2TF Ta OHHIt

KuiiMaTiiapy OpKaJii aHMKnaHagd. Hazapuii xixXatnaH NaBOMHAIHIY
9eK/IaHTaH Ba IOy BAaKTHHHT ¥3WJa CHEKTPH XaM HeKIaHraH (yHKI{UA
(curHaNM)HEHT OYmiIH MYMKUH 3Mac. AMMO JeSIpiH XaMMa SHeprusacu
MabiymM OHp BaxT opacura, CIOEKTpPH 3Ca 4erapajaHrad mnoyocajga
>koMIamran curdan Oy nunig MyMKUH.

Anoxka TH3uMuaa ¢oigamaHUIANMraH KYIMYWIHK CHrHajUlap
joKopuna acnatunran toudara xkupamunap. llyausr ydyH ysmykcus

curHanay B.A KorenoHukoB karopura €EHmm 6aw3m  Oup sz%

XaTONMHKIApHU KenTHpud uwukapajd. byHma, E — curHan TYnuK
SHeprusicd Ba AE - curHanHUHr QUIBTp IOKOpH 4YacToTacH F naH
TawKapy 6ynran KucMM SHeprusicd. byHIaH TalIkapu CHIHAJIHM Kafita
THKIANAa Xakukuii (¢oiinaraHnnagrran) nact Hacrotalap QIIBTPH
aMTUINTYa-9acToTa Ba (ha3a-yacrora TaBcHdiiapi HAean NacT 4acIoTa-
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i?(

o & an 3ar 4 sa 6ar

o
SN 2 B R B O

‘ A 4Ar SAr 6Ar ¢

u,— [MTUHO | —»
k Uy

n
10.4-pacm. a) y3aykcu3 curHai, 6) AMCKpeTIanraH CUrHan, B) CupiaM4u
CHTHAIHWHT KaiiTa THKJIaHHIIH, I) TacCT YacToTanap uaean QuibTPH.

nap TtaBcu(iapugad ¢apknaHUIM HaTHXKacuga KYIIMMY4a XaTOJUK
naitno 6¥namu. By xonna dofinananunagérran nact 4acTotanap GpunsTpH
(ITYD) uyMkMIMOATH akC TabCHPJIAPHHMHI r=(ktm)Ar BaKTJIapaar
anrebpank HuFMHIUCH Hoara TeHr 6YnMafinn Ba Oy Konguk KuiMar
{=kA! pakTAarM axC TabCHp CHTHAINra anrebpadk Kymmnamy,
matwkana curian “O) muar (=AA!  pakriarm KuiiMaTnapu acn
KuiMaTHIaH dapKiaHagy.

CnexTpy Ba JaBOMHILTHIM YexnaHTaH curHanHu Pypee Katopura
éitum Ba B.A. KorenbHukoB Katopura &iuiuna xam yHuur 7=2TF 1a
CIEKTpal TAIIKWI OSTyBUrJIapHJaH &k OHHMA KMiMarTnapuiaH
dolinananunagy.

KoTtensHUKOB TeOpeMacu y3NIyKcH3 Ba JUCKpET CHTHAJUIAPHH ATOHA
HYKTad HasapIaH TaxJuJ STUIl HMMKOHHATHHHM Oepamu. by Teopema
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XaMMa UMIYJIEC MOJYJISAIMSA TYPJIapy Y4yH acoc OYIub Xxu3Mar Kunamm.
By Teopemara acocaH MOZYLHATAHAAWIaH  HMITYJbCIAPHHHT
TaKpOpJIaHHIl ~ 4acTOTacH F,22F, INAPTHHHHI  OaapHIHIIMHH
TabMMHNAIMM Kkepak. Bynma F, - ysatunaguraH xabap SHT IOKOPH
9acTOTacH.

AlOoKa KaHaUIapMHHM BakT OYHnua 3uunmam ycymu, sSeHH Oup
KaHangaH BakT Oyiiuyua xeTMa-keT GHp Hewya ax6opor ManOanapuaaH
OJIMHTaH CUTHaJUTapHM y3aTHI ycynura xaMm KoTeneHukoB TeopeMacu
acoc 0yn1ub XM3MaT Kuiaau.

KoTeqbHMKOB  TEeOpeMacHHM  CHOSKTpH  4acTOTacH  HOJJaH
OoluTaHMaliAMraH CUTHAIIapHH XaM JUCKpET IHaKia y3aTHIOra Xam
Kymiaim MyMKHH. Ym0y TeopeMara acocaH CHOeKTpail TallIKMI
3TYBUMNAPU f + f, = AF HacToOTanap JUana3oHUJA >KOHNAIUraH Y3JIyKCHU3
CHrHan At=-2—(ﬁ5, CeK OpaJlMK/Iapua OJHHIaH KHHMariapH OpKaH
Xap KaHOda [OKOpM aHMKJIUKAA Yy3aTWIMIH MYMKHH. bBynaa

JUCKpeTNall OJUMH At:ﬁ 9THO TaHTaHaaW Ba Xap OUp OHJga CHIHAJ

aMIMTyAacH Ba dasacH aHHKIaHa M. Arap curHan nqapoMuiinuru T, ra
TeHr Oynca, yHH n=§t—‘=TF TA CHIHaJl aMIUTMTyZacH Ba ¢a3acHHM
aHMKJIall JUCKpeT BaKriapu Oynamu. YMyMuil aHUKIaHrad amMILTATyAa
Ba (asa KukiMaTnapn m=2n=2TF ra tenr 6ynany.

Cnextpu f, Ba f, vacToTajap OunaH 4YerapanaHraH OKOPH
4aCTOTAJIH S(f) CHFHAIHY KyHHAaru karop 6unad ndoganaim MyMKUH:

=3 S(L)s'“‘_”“Lé’m[m{,_&)w(Lﬂ, (10.50)

&L AF _ Kk AF
AF (=)

OyHua, s({;) Ba ;z{{?) - aMIUIHTY/a Ba hasaHuHr 4A! pakT opanurmaa

- > +
KEeTMa-KeT OJIMHTaH OHMil KuiiMaTnapu; m0=2n122—f‘ — CHTHan CIeKTpH
ypraya aiinanMa yactotacu. OHHH KuiimMarnap GyHKUMICH YpOBUHCU
0¥ maxmaa MOAYJIALHANAHTAH TAllyBYHCHHHMHT HaCTOTACH w, I'a TEHT
x

6¥nran wawxga 6ynanu (10.5-pacMm).
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sinx

10.5-pacm. IaKIuAary GyHKIS.

x

AJOKa KaHanlapd OpKal# y3aTHJaJWrad CHTHAJUIApP BaKTHHHT
Xakukuil GyHknuscH Oymamu. AMMo OMp KaTop CHUrHajutap y3aTHII
MyaMMOJapura TerMIUIM MacajlajapHd e4dlljJa CHIHATHH BaKT
¢yHkumAcH 6ynraH  sneMeHTap KOMIUIEKC TaIKWI — 3TYBYMJap
HAWFHHOMCH cHdaTHIa KapallHY TaKo30 3TagH &KH CHTHAIHMHT Y3UHH
TYNHK KOMIIIEKC QyHKIMA A6 TaaKUK STHIIIa SXTUEK TYFUNIALN, ThHU

$(1) = s(8) + j&A2) = u(®)e’" (10.51)

OyHAa, u(r) Ba w(r— CHrHaJ ypoBudcd Ba ¢asacu. By xonna Xakukui
CHMIHAJ KOMIUIEKC CHIHAl OPKAIK KyHuarudya aHuKJiaHaau:

5(2) = R_3(f) = Ru(t)e’*” = u(f) cosy (r) (10.52)

Curnanam 0y wawiaa udomanamiad TOp OJOCANM CHTHALIAPHU
TaaKUK KWIMIA keHr ¢oil Jananunay.

Arap s(¢t) Ba &) ['mnpbepr ¥3rapTupuil xyhTmura opkamd Oup-
6upura 6ornuk 6yica, s(r) CHrHAT aHAMUTUK CHTHAN Neb aTtanajgH, AHU

- (10.53)




mamga OornanraH 6Yimca, OyHpalt cuUrHan aHanMTHK CHCHAT
xucobnananu. (10.53) ndoxanapaarn unterpannap KomusuHr acocuit
kuiiMaTy cudatuga kabyn xunuHamgu. &) ¢ynxuma Ounan 'unpbept
6yiiuua Mocnamrad xucoOnaHamu. s¢) Ba €y HH [ MnebepT mapTtu
acocuaa TaHnaHrad O¥nca, y Xonja curHajy YpoBuucH Ba ¢a3sacd
KyHpmaruda aHuK/IaHaou:

u() = J[s@F + [€&0F . (10.54)

w (1) = arcig f% (10.55)

Arap s(r) CUTHAJI CIEKTPH KEHIVIMIH Y3MHUHT Yprada yactoracH %o
IaH knuuk O¥nca, y Xonga Oy CHTHaTHUHI aMIiMTynacH Ba ¢azacu
CUTHaN s(f) HHHI ¥3ura HUcOaTaH cexuH y3rapamu. [wibbepr T¥Fpu Ba
TeCKapu JKy(pT ¥3rapTHpHLUIapH acoCHAa s(f)=cosot CHUCHAIra
ft)=sinaer CHTHAJ B2 s(t)=sinw,z CHTHAJNTa 1) = —cos »,¢ CHTHAJI KOMIIJIEKC

MOCNALITAHJMIMHYA TacOMKJIall MYMKHH., XyOAu IOyHra yxumam
s(®) = Z(a,, coskaw,t +b, sinkayt) CHIHAN Ounan = z:(a,r sinkw,f — b, cos kayyt)
k k

CHTHAJI KOMILJIEKC Mociamral 6ynany.

lynnait kUMb s()= Acoswt OJUN rapMOHMK TeOpaHWNI CHrHAJTA
1) = Acosot + jAsin ot = Ae’™ aHATMUTHK CHTHAJI MOC KeJlajIH.

Arap curHan dypre UHTEerpany KypuHHIIaa 6yica:

s(t) = L TS(jm)e"”dw (10.56)
2z =,
YHHHT 4acToTa CIeKTpH Kyituaarnia udonaniadamy:
S(o)= Ts(t)e'/‘"a't = Is0)] (10.57)

s(r) BA €(/) CHUTHAJNIAPHMHI CNIEKTPH ¥3apo KyHuaaru GornaHuiura
ara:

[st)) = [- jsen(@)bs(o), (10.58)
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+1, qzap o>0;
Byl-ma sgn(w) =1 0, azap ©=0
-1, azap w<0.

lynnait kunu6, [HiasbepT Y3rapulMHE s(f) CHTHATHHMHI XaMMa
CTNeKTpal TAlIKUA 3TYBYHJIADUHU —% ra CypyB4Yd 3JEKTP 3aHXHPUIaH

yTumu ne6 xucobnaiu xepak. Yumby aneKTp 3aH)XHPHHHMHI 4acTOTa Ba
¢aza TaBcudnapn Kyiingarnua 6 nanu:

1

KGoy=-jsgn@),  hit)=—

(10.58) ndonanm (10.51) udomara xupHTHIO HaTHXkacd 1)
CHTHaJHUHT CHeKTPH S(jw) HHUHT «OUp TOMOHJIAMa» JKaHUHH

KypcaTtagu:

2s(jw), azap >0
s(jo) =1 s(0), azap w=0; (10.59)
0, azap o<0.

By aHanuTHK CHrHATHUHT XXYyJIa MyXHM X0CCacH Xucobnanany.

Haepuii curHan s¢) HUHr ['wisbepr maptu 6y#inya Mocnamras €()
GYHKUMACH XaM s(f) CHIHan OaBpura TeHr OViamu. s(:) Ba £(1)
CUTHaNNap yJapHUHT AaBpi T opanurmaa y3apo oproroHan Oymanu,
S'BHH

T

js(z)ﬁ(:)dt =0.

0

Arap s() Ba s,() OpPTOTOH&J] CHTHalIapfaH OMpPUHHM YHHHT
Iunpbepr  y3namTupWiuy  IMApTH  acocHia  MOCHALITHPHITaHHra
ANMAIITHPUATAHAA XaM OpPTOrOHAIMK XYCYCHATH caknanca, Oynpaii
CHTHANAp KydyalTHpHITan MabHOJA OpPTOTOHAN cHrHamnap Jneb
aTanajgy, AbHH
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~N |-
W

s, (0)-s;(0)= 5,()-s,()dt =0,

(10.60)

5(0)-£@® =% fs,(l)-ﬁl(t)dt =0, azap i#j
-

Bysnan Tamkapu, OyHnail cursawiapgan Gupund ywunar o
KOMIIJIEKC MOCJAlIraHura aJiMalITHPHIraHaa XaM ¥3apo OpTOrOHAJUIMK
XYCYCHATH CaKJIaHUO KoJlaay, TbHH

T,
s,(t)-sj(r)=% fs,(l)-s';(t)dt=0; azap iz j (10.61)
-

AHaTUTHK CHMIHal TyNIyH4YacH Xap KaHAall CHTHAJIHHU KOMIIIEKC
aKira KeJTHPHIl Ba YHHHI YPOBYHCHHH Xampaa GaszacHHH aHHK
aHMKJIAl HMMKOHHATHHM Oepamu. [letepMmrant Ba Tacomuduit
CHTHAN2p aHAMTHK INAaKira KeNTHpHUIUIK MyMKMH. CHIHaIHH
aHaNTHTHK [IaKTa KeJITHPUII HATHXKACHAA, YHHHT YpoBuMcH Ba dasacu
y3rapuilyHN aloXHMAa-aloXyMja TaAKMK KWIHII MyMKMH G6¥mamu.
Macanan, Ttacommuuii rxkapaéH TaJKHK STHITAHAa YHHHI OHHIA
KAfiMaTiapn OmijaH LIyFyJUIaHWIO YpHHra, YHHUHT YPpoBUMCH EKH
tha3acHHU TagKUK STHIN OMJIaH YerapalmaHHUII MyMKHH.

YMymaH onraHpma s(f) Ba €(r) >kapaéHJIapHHHI' CHEKTpiap¥ Ba
KOppeNALHOH GYHKUMSIAPH OUP XWI: G,(0)=Ge(@),  B.(r)=B(r). x() Ba
£(r) )apaEHIapHHHT ¥3apo SHEPreTHK CHEKTPIAPH G () = jG (@) ¥3apo
koppemalusa GyHKUIHACU Kyiunara udona opkalu aHMKIaHaIH:

B (r)=~B4(1) = %TG (@)sinodo (10.62)

Taconuduii skapaH TAKCHMOT KOHYHM OHJIaH YHHHI YPOBUHCH s(1)
Ba (asacH w(r) TaKCHMOT KOHyHNnapu Oup-Ouprnapura OOFIHK,
TacoMMGHHA KAPABHHHHT SXTUMOIUIMK 3UIHIH TAKCHMOT KOHYHH )
OpKaJIM, YHUHI YpOBYKCH Ba ()a3acH 3XTHMOIUINIH 3H'WIHIH TaKCHMOTH
KOHYHH P(s) Ba P(p) HM aHUKJIAII MyMKHH.
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10.5. Carean Ba xaJJaKATJADHART YA3HKIA TH3AMJIAD OPKaJIH
yrEma

KoMmuiekce y3aTuil ko3(pdHULHEHTH K(jw) BA UMINYJIBC akC TabCHPH
g(r) OynraH YM3MKIM TH3MMAAH acocHil TaBcuduiapu Mabaym Oyaran
TacoaudUil x(r) HUHT YTHINHHY KYpUO YMKaMu3.

YUnsuKIH TH3UMHHHAT KOMIUTEKC Y3aTUIN KodddHuUMeHTH K(jo) Ba
MMITYJIBC aKC TABCHPH g(r) Oup-Oupm Gmnan TYFpu Ba Teckapu Dypbe
KY(PT ¥3rapTUPHUIIK OpKaNK OOFJIaHTaH, TbHU

K(jo)= [ gte™dr; (10.63)
¢(r)=—= [K(o)e* do. (10.64)
27 -,

UM3HKIM TU3MM KHPHIIWIa x(r) CTallHOHap Tacomucuii rkapaéu
OepuiraHna, YHHHr YHKUIDUAATH y(r) Tacomuuit xapaéHHUHT acocmii
TaBcu(apHHK aHUKTal tanab stunamy. JroaMen TeopeMacura acocan

»0)=] gOxte-)dr . (10.65)

YH3HKnY TU3UM YHKHINMIOATH »(f) aBTOKPPETALUOH (PYHKLMACHHH
aHnKIaliMu3

B,,(5) = ¥(1)¥(to) = [ g(r)x(t, =7,)dr, - [ g(r;)x(t, ~ 7;)d; =
C ° (10.66)

[ &)e)xlt = 7)x(t, — 7, )dndr,

OyHna, r=t,-1,.

Mlynpaét  xumub, B (r) uMKMWUAard — Tacomuduil  kapaé
ABTOKOPPE/ALMOH QYHKUMACH 4 BA 1, JAPHUHT AIOXMAA KuAMAaTnapura
60FnuK 3Mac, y ynap opacuparn ¢apk r=t -1, ra 6orauK. Yusmim
TH3UM YHKHMIIKAATH »() KapaéH XyIA¥ KUPHLIJAruAeK CTalHoHap
Tacomuduit xapadu 6¥nanu Ba yHHHr koppemauuda yuxumsacu (10.66)
dopMyiia OpKaH aHUKIaHaAAH.
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Unkumpuard CHIHaN (), KOppersums (GYHKUMACHHHHI acocHi
Xoccanapura acocad koppensuus ¢ysxuusaca 7=0 6ynranna, saphu

5,(0) 6¥nranya tacogudmii xkapaéH KyBBaTHIra TeHI OYVnaau:

B, (0)= Tf g(r)g(r))B(r, - 1,)drdr, =P, (10.67)

Ymby udonanan uukum KysBatd Py=B,(0) HM anukmam yuyH
B,(0)=Py Hu G etapmu 3Mac, KUpUIL aBTO KOpPesIAla GyHKUHUACH
Bx(*) HE TYnuK GuymMIn Kepak.

Unxuin curHany W(t) HUHT SHEPreTUK CNeKTpUHM BuHep-XuHUHH
¢dopMyanapy opxany aHUKIaKMU3:

G,(x)= TBy (F)e'dr = T ﬁ g(r)g(r,)B (v 41, -1, )drldrz]e""”d‘r =
= TB,(: +1, - rz)e"'(""'"”dr-Tg(r, Ye /*ndr, -Ig(r, Ye " dr, = (10.68)
= g, (@)-K(-jo)-K(jo)=G, (wo)IKUm)IZ, 0
ABHHA
G,(® =G, (@Ko (10.68")

Onuuran (10.68) mdopagaH IMKMIU CHTHATH SHEPreTHK CIEKTPH
Gy(w) uM3MKIM TH3HUMHHHT ¢as3a TaBcugura GormuK smac. YHKpmI
cursam ¥(¥) sHepreTHk cuekTph Gy(@) YHHHI KMPHIIHJArd CHTHA
SHEpreTHK CneKTpH Gy(@w) HH YH3MKIH TH3UM y3aTHII KO3pHULHECHTH
MOJYJIMHUHI KB2J[paTHK KymaiiTMacura TeHr.

G )
S AV I
L oo —o [

10.6-pacM. UH3NKIHU 3NEKTp 3aHKUpUAaH Tacoauduii
xapaCHIapHUHT YTUILIMIa OMJ YH3Ma.
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Myucon Tapmkacuiaa komiuiekc ysatHin kxo3douumentn Kiw)
YU3HKIM TH3UM KHUPHIUHTA CIEKTpH OMp Tekdc OynraH “oK IIOBKUH

e N
Glw) =3 HUHI TabCHPUHM KYpuO unkaMu3. YH3HKIM TH3UM

YUKUAIIMAArd Tacoquduil xapaéH SHEPreTHK COEeKTpH 6w} = JIRGD? 1y
TeHr OYynamu. Gy(@)  CNEKTPH YM3HKIN TH3MM aMIUIMTYJa YacToTa
TaBCUGHHHHT KBaJIpaT maktuaa 6ynany. Yu3nkIu TH3NM YHKUITHIATH
IMOBKHH KyBBATH Ky#HIaruda aHHKIaHaJu:

1= No oo
P j 6, (@}dw = 22K o) Pdw (10.69)

Un3ukid TH3MM Yy4yH 3ddekTHB (camapamop) CHrHan YTKa3uIl
TYIIYHYACHHH KUPUTHO, YHH KODPEJillHA OPAMFM BAa CUTHAJl CIIEKTPH
s¢dexTuB (caMapamop) KEHTJMUIMHM aHHKJalra yXmam ycyJluHH
KyJulaliMH3:

Jo 1KGw)I*do

A‘l’;=27l’Af:— [K(iw)lzma:r . (10.70)

Yuszukam TH3EM 3QdeKkTMB mNoNocacHaard IOBKUH KYBBaTHHH
(10.70) ndpona épmamMuaa aHMKNANMHU3:

Aw,
2 WU, (10.71)

Poag, = Ng

YMyMaH 4HM3MKIM TH3MM YMKHIIMJArd tacoiuduit xkapa&H curHan
Ba XANAKUTHUHI 3XTHMOJUIUTH TaXCHMOTH KOHYBM YHHMHI KHPUIIMIATH
TAKCHMOTH KOHyHHAaH (apkiadaan. Paxar 6up xomarga, arap
KHpHlgars Taconuduit xapaéH HopMan (["aycc) TakCHMOT KOHYHHra
Oyiicynca, y Xonja YMKAILZarH Tacogudmii xapaéH XaM HOpMAal
TaKCHMOT KOHYHMra OyiicyHamy, amMo Tacomuuif  capaén
qucrniepcusicd (KyBBaTH) Ba aBTOKOppEMALWA (YHKIMACH Y3rapamd.
Arap YM3MKJIM TU3MM CHTHAN Y3aTUIU IIOJIOCACH YHTa TabCHP 3Ta&TraH
tacoquduii xapaéH cnektpura HucOaraH andya top 6¥ica, y xonga
ydKMLIAard Ttacoguduit ocxkapa€H HopMannaulagy, SBHM  HOpMan
TaKCUMOT KOHYHura OyiicyHamu. YyHiku O6yHJa 4YH3HUKIH TH3UM
KHpUIIUTa TabCHp OTraH Tacomuduii apaéH anoxuia TaIIKHI
3TYBUMJIApH YW3HKIH TH3HMIArd YTHLI >kapaéHH TabCHPHZA OMp-
6upHra KuUcMaH Kywmiauo, sHrM y3nykcus tacomuuil sxapagéH xocun
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Kunagu. MabsimyMky, Ky coHsid Tacomuuil kuiiMarinap HUFMHOMCH
SXTMMOJUIMK HA3apUSCHHMHI MapKa3sHi MHTHIHMLI TEOpeMacHra acocaH
HOpMaJl TAKCHMOT KOHYHHTa OyHcyHamy (MHTHIAaH).

10.6. Taconnmit :kapaéniapHEAET HOYH3AKJIH TH3AMIA TALCAPH

Tacopu¢mii curaan Ba XanakMTAapHHHT HOYH3UKIH TH3MMIIapAaH
YTHIIMHYE TAAKUKOTH YMyMaH onranja Mypakka® macana. MacanaHuHT
€4MMH KyWHaru Xo/uiapAa anda ocoHiamaay. bupuHuMaas HOIH3UKIU
TH3uM (HT) uHepuuacus, A-HU YHUHT YAKAIOMAArd curHan »{) daxar
XyAmM LIy BakKTAa KApwinjard curHan (& oHuli KufiMaTH OpKaiH
anpKIaHMmy kepak Oynama. Hxxwnumpan HT 6up  kuitmarim
6oFmanumra sra OYAMIIM Xepak, KUPHII CHTHATMHMHT OHpOH Oup
KAAMATHIH YHKHII CHTHANHHEHT (akaT OMTTa AroHa KWMaTH MoC
kenmumwd kepak (10.7-pacm). Houmsuknu Kypuiama yuyH y=d(x)
OGOFNMKIHK Ba YHHHI KHPHIOMAArH CHrHan  x(t)  CTaTHUCTHK
XapaKTepucTHKanapuan OepuiaraH ae6 xucodOnaiiMms., Houusuimu
KYpHJIMa YAKUIOKHAA ¥(f) YHMKAIIHIATH *KapaéH CTaTUCTUK TaBCU(IapHHA
aHHKNIaMm Tagad STHNany.

10.7-pacM. Houusuknu sneMeHTA2H Taconudmii xxapagéniap
YTHIOMTa OUJ YHM3MA.

Kupum cursamu Oup ¥mdamum TaBCHnapu, Iy >XKymiIaiaH,
KUpHLIArH TacoAu¢Mii XapaéH ¥ HHHI 3XTUMOJUIMTH 3HYIUTH P(x)
6epunrad, YMKUII CHUTHATH » HUHC 3XTHMOJUIMIH 3WwiMru PO) HH
aHuKIaNl Kepak. ¥ = #(x) 6up xuiiMatnu 6ornanumra sra 6ynca, y xonna
x= &) Oynanm, OyHIaH TallKapH X -HUHC KuiiMaTH (xo+dx) opanmkaa
6ynca wmkpm sxapaéum O +dy) opanukna Oyaamu. Jemak. Oy
Aapa&HIapHUHT 3XTHMOJUIATH 3UWINTH 6Hp-Oupura TeHr 6§nmanu, AbHU
P(y)dy = P(x)dx Ba YMKHIU CUTHAIM 3XTHMOJLUIMIH:
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p(y)=P(x)§=p[¢(y)]¢'<y) (10.72)

6ynann.

OXTUMOJUIMK 3UWIMIH MaHQui OYmmacnura  yuyn (10.72)
udopagary XoCHIaHUHI MOyNHaH (oHgaraHuIany.

HK vuyukummmaru taconuduil >kapa8HHMHT yprada KHMMATH
(moMMHMIA TALIKUI STYBUHCH) KyHHAarM4a aHUKIaHATH:

¥ =[Py = [T () P(dx (10.73)

HK vuukumuparu Ttacomu¢uil kapaéH TYMMK KUAMATH YHHHC
JOMMUI TaIIKWJ 3TYBUHCHHHHI Kapiiwaurd 1 OM 6ynraH roxnamazaa
Xpanajural KyBBaTU:

72 = [2y2PG)dy = [ 14(x)]? P(r)dx, (10.74)

Ba Koppenauus GyHKUMACH:

By(r) = [ Jooe ® (31)9{x2)P(xp 22 )dlry dx (10.75)

IIAKJIK A aHNKIIAHa H.

Yukummmaarn Ttacoau¢nii skapaH SHEpPreTHK chnekTpu Bumep-
XuHYHH HdoxacH acocuna Tacoauui KxapaHHUHT KOpPpEJALUs
dyuxnuncu (10.75) opkany aHHKIaHaIN, ABHA

6,(0) = [ By dt = 710 )0 IPley x )dxudrsesn. g (10.76)

HouMsuknyn KypuiMa YHKHIUHAArH CHIHaJl CIEKTPH  YHMHT
KUPHIIHJArH CHTHal CHEKTpUAAH Xyna kaTta (apk KHiIagu, YyHKH
HOYMBHKIU KypHJManapJa YHKHLI crekTpd Ooluniigm, OyHaa KHpHin
CHTHAIM  CNEKTPH  TalIKWJ  STYBYMJIapM TrapMOHWKAJIapH Ba
KOMOHMHALMOH TAlIKMN 3TyBUMNapu Naitmo Oynmamu. Unkum curnamm
SHEepreTHK CIeKTpM LIapTAM paBHINAa yd4 rypyxra Oymunamu (10.8-
pacM), Oymap HncbataH macT 4HacTOTa, ypTaya HacToTa Ba OKOPH
YaCTOTACH TAIIKHI 3TYBYUIIAPH.
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Gr(w) Gy(w) Gio(®)

10.8-pacm. Houmzukny KypriiMa YMKHIIMOATH TacoAUGMil xKapaén
3HEPreTUK CIeKTPIapH.

Arap Houn3uKIM KypunmMa tascudu N Ba S maiuijga 6¥nca, yHUHT
Xap OMp KHCMH Y4YyH 4YHKHIO OKapaéHIapH aIOXUIa-aJloXHia
aHHKIaHagu. Arap KHDHULI CUTHATH HOUYM3HKJIHM KypHjMa MKKU TYPIH
KOHYHHATra OY¥HCyHYBYM KHCMHIa TabCHp 3TC3, Y XOllJa YIapHUHT
acocuil KMCMHM aloXMJa aHWKIaHaAy¥ Ba HerapaBuil KuHMAaTIIapHHHT
TaXMHUHHUH TEHIVIMTMIA IDMUIraH YJAPHHUHI aKC TabCHpnap AUFUHIUCH
wamga aHukasagy, 6y xomaa (10.72) ndona Kyfnunaru KypHHUITHHA
oJlaH:

P& = Z P, [y 2 ‘”’*(”)
(10.77)
ByHga  HOYM3HMKIH KypunMa  Tascubiapu aNoOXMAa

anmpoKCHMAaLMAIaHTaH KACMIIapH COHM P:() pyHkuua ¥:0) pyHKuMAra
TeckapH QYHKUMA, SBHH YHKHII CUIHATH OPKAMM KHDHUII CHTHALIapH
KypcaTKuiiapy aHHK/IaHa |,

10.7. CHreajjapHA reOMeTPHK IMAK.1a TACBAPJIAI

Vyra *1.%2,x3 QHp ATOHA BEKTOPHHHT y4 {a4amnu ¢asaja srona 6up
BEKTOPHUHI KOOpJAMHAaTanapy [ne® TacaBByp OSTHIDI MYMKHMH. Arap
y3ykcu3s curHanHd n=2TI —rta anoxujga tamkui 3TyB4YmiIapu Oop ned
TacaBBYp 3Tcak Ba LIyHra ¥xmam jgasomuitmurd T, HOKOpH 4YacToTacH
F ra TeHr , YRYKCH3 CHrHAT Xaum KoTenpHUKOB TeopeMacH acocHja
y3uHuAr" = 2.~ 2Tcfo - 1a Gup-Gupura KuitMaTaapu GOFNAHMAraH TALIKILT
arquunapna.H ubopar aeb TacaBBYp 3TCak y xonxa, 0y CHrHaJUTapHUHT
xap OMp Tammkun 3TyBuMcHHM Vmdamnu ¢a3oza anoxuaa-aloxuia
BekTop Je6 xmcobmam MyMxHH, CHTHA/UIapHH n-¥iuamian ¢asoda
TacaBBYp Kwinii 2 Ba 3 ¥muammt c¢azona TacaBBYp KMIIMIIHHMHT
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yMyMIaliras makiu ne6 xucobnanazgy. ..
BekTop ¥ HUHr n-ymyamnM astomarm y3yHNHTH YHHHT HOpMacu
OpKany aHWKJIaHa[ ¥, TbHH

d=lxfl =

(10.78)

s(t) curHan y3yHnaurd d HMHT KBaApaTHHH 2F. ra kymafTMacH LIy
CUTHATHUHT SHEPTHUACHTa TeHT Oynanu:

d? = 2 FP = 2RE (10.78%

Hkku Bektop # Ba ¥ opacMumaru macoda yNapHMHI HOpMajapH
tapkura TeHr 6§ naau:

dE 7 =lx— JZ(xk ),
k= (10.79)

% Ba ¥ BEKTODJIAPHUHT CKaIAp KynafTMacy KyWHJarura TeHr:

G= k" Vi
P=Q n . (10.80)

k=1

X3,%2.%¥x BEKTOPJAPHUHI KOOpAWHATANapH, Y JIAPHHHI TETHILIIH
KOOpIMHATa YKiIapura coicH 1e6 TacaBBYp STHUIO kepak. Arap HWKKH
BEKTOp =i Ba ¥i opacuAard GypuakHH a«-OmnaH Oenruiacak, Kyiumaru
udonany onaMus:

&N
"R I5T (10.81)

i BEKTOPMHHMHI 7 BEKTOpra COSCH Ba TECKapHCH ¥ BEKTOPMHHHI ¥
BEKTOpra cOACH Kyiumarunapra TeHr 6ymanu:

cosa

(z-3
(331

&N
5] (10.82)

Izl cosa = 1 lylicosa =

YMymaH onraHpa, AaBoMHAMHrH 7c Ba o<t<T BaxkT opanapuzaa
Mamxyn GYnraH curHai 4ekcH3s KarTa yayamiapra sra. byHpait ¢asaza
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HKKH BEKTOP ckanap kynalitMacH Kyitnaard ugona 6usiaH aHMKIaHaoH:

L T
G = j D, (10.83)

BynaaH Ttawkapy, Oy BEKTOpPJApHWHI HOPMANApDH Ba CKaJip
KynaiiTManapy Kyduaaruda aHuKIaHa u:

T
el = , [ x@ar,
b (10.84)
T
4Gz = I -3l = f [ n@vora;
" (10.85)

Yexcus kyn ymuamnn ¢azo n-ynuamnu (a3soHHHr (n- =) ydyH
YMyMIAIOITHPHITaH Xonatn 6ymb, 6yHpma curHanm IOUCKPET TALIKUX
STyBUMIapH CcoHH oma 6opub, Y3mykcus apryMmeHT (yHKUHMACHTA
afuranamu. llyHr anoxpma TabKMIUIAIl KepakkKW, BEKTOPIapDHHMHI
HOpMaJIapy YJNapHHHT 3HEPrUACHHMHI KBAJpaT WNAW3JaH YHKAPHJIraH
KMiiMaTHTa TEHI Ba BeKTOpPJApHUHI CKamdp KynaitMack ynap
opacujaru ¥3apo xoppeiauus KuitMaTHHY Oenrnaiiny.

JaBomuitnurn T, ra Ba cnektpu F,, ra TeHr curHajuiap yim4amiu
tdasama TypiM BeKTOpiap LOaKIHAa TacaBByp >Twaaid. Mkku curHan
opacuiary ¢apk ynapHMHT BEKTOpJapH opacHxaru Macodanap opKaiu
anunadamt  (10.9-pacm). Hkku curHan  opacuparn  Macoda
BEKTOPIAPUHHMHI Y3YHIUTHIa Ba YJIapHUHT opacupary Oypdak cosa ra
6ormux (10.81). Arap mxku Bekrop 6up-6upmra oproronan 6yiaca, y
xonja w/2 6ynamy Ba ynap opacuIary Koppemsuus (PyHKUMACHM Honra
TeHr 6Ynanu, seHY GOFIMKIMK G Maiing.

i A ot

T
1
|
\
]
!
]
R Y Ep——

L pp——

0 >

10.9-pacM. CurHannapHyHI BEKTOp AUarpaMmanapu Ba
HOpMAaJIapUHU aHAKNALITa OMJ YU3Ma.
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Crniexrpu keHrnvrd ¢Qoiigamy CHrHan CHEKTpPH KEHITHIrH OnnaH
YekIaHTaH XalaKuT XaM n-yiruamid ¢asaga BeKTOp IMAKIHIA TacaBBYD
stunny MyMiuH (10.9-pacM). By xon1a XanakuT BeKTOpP KOMIaIIHINY
Tacoxuduit 6Yynub, xuiimati Ba iyHanumu XaMm Tacoaubuit 6Ymamm.
HaTwxama CHrHan BEKTOPH OXHPUJAA XaJIAKHUT/Iap INAapCHMOH (a3acu
XOCHJI 6ynazm By LIapCHMOH ¢dazo maknn ¢oinany CHrHAN B2 XalakuT
BEKTOPJIapH x=S+w KHAMATIap¥ 3XTHMOMIMIU 3HWIMTAra OOFIHK.
DnyKTyauHoH XalakuT yuyH Oy wapcumoH ¢a3o camapaid pagHycH
Z = J2T.F.Fs ra TeHr 6ynanu.

AJloka TH3UMH OpKalu y3aTunMaras xabap u(t) cnekTpu 4acToTacH
aHr KarTa xuitMaTy F,, Onnan yexsianras 6¥ica, yHu m-yruaminu gasona
BekTOp Wakmjaa udoa 3THII MyMKUH, OyHaa m = 2T.F., 10.10-pacmaa
uKkn 6omxka-6omka xabapnapra Moc KelyBYH U; Ba Uy CHTHAIIIAD MKKH
ymuamu sccu dasona KoinalrId KeNTHPHITaH.

10.10-pacM. Curaan Ba XaJlaki THHHT BEKTOD AMarpaMMacH.

MabayMkH, MOAYNAUMA HaTHXacHI2 HHcOaTaH MacT YacTOTaH U
Ba U, xabapnap Mogyasuus HaTixacuaa si(t) Ba sy(t) KYpUHHUIHY OJaH,
HaTixkana xabapnap ¢azocu u cursamap ¢asacu s GuiaH anmamamy. 5
Ba 51 BeKTOp/NAp KYPHHHUIOMHM onagy. YMyMaH OJraHia, MOZIYJIALHs
Hatwiacuna xabap n-Ynyammu ¢azond curHan m-yiadamid Qaszonu
CHIHAJIHH KenTUpuO unkapaau. Paxat 6Mp MHMHTaKalId aMILIHTYIAcH
MOAYJNAIMANAHTAH CHTHAUIAp Y4YyH 0n=m, ojguii aMIMTyZAa
MOAYNALMACH HATIXKACH/A CHTHAl MKKM MapTa Kyl KOOpAMHaraiapra
sra 6ymamn, spMH m=2n. vactotTa &ku ¢asack MOLYMANHUANAHTAH
CHTHayU1ap y4yH m>>n6ynaad. byHaa m HUHT n ra Huc6aTH 4acTota
éxu daza MonynmaumacH ko3 dpuuueHTH (MHASKCH)ra GOFIHK,

Doiiiany CHrHajra XajlakuT KYUIMIHIOA HaTHXacHia CHrHaiap
dazocu #=5 +W (asora aiinaHaJu, HATHXa/a S Ba S; CUTHAIAp ¥: Ba
BEKTOpPJIAp XONaTUHK drajuiaiau.

Kabyn KNI KypHJIMAacM CHTHaJ Ba XanakuT HuFuHaucH % =5+W
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ra unuIoB Oepuil HaTmxachaa mactTnabkn xabGapra yxwam V-xabapHn
aKc STTHpaju, AHY ¥ $a3oHu Kabyn KuiuHrad xabapnap ¢asocu U ra
afinaHTUpagu. Arap XalakKHT HoJira TeHr Oynca, kabynm Kumum
KypWIMacH akc 3TTHprai xabap AacTiaOkp MOLYJIATOP KHPHIIMra
Geprrad xabapra tenr 6y, sean U=U' 6§mann.

Arap doiiganu curHanra aoka TH3UMH OpPKaTH y3aTHINAA XaTaKuT
TaBCHUP 3TCa, Y Xouja kabyn xumui Kypunmaca % yprura ¥ xaGapHu
&KU TeCKapHCHHM akC STTHPHIIH MyMKUH. XaTro akC 3TTHpUII Kabyi
KHJIMHA8TraH ¥ BeKTOp, Iy BakTAa Y3aTMIMaéTraH CHTHAl OXHpHra,
y3aTWIa&Tral curHaira HucOaTaH AkuH OYmMIIK HaTHXKacuaa kenul
YMKaIH.

Kabyn kununaérran ¥ xamMMa BakT 5: BEKTOpH OXHpHIa SKHH 6y1ca
v; =U; Ba S BexTop oxHpura sxuH 6yica vz ¥ uzxabapHH aKc 3TTUPYBYH
Kabyn KW KypuiMacH fApaTdil MyMKHH. Bynpail kaOynm Kunum
KypmimMacu B.A. KorenpHukoB Hasapuacu 6yitnya unean kM onTHMAn
(¥yta MabKyn) kabyn KWIMII KypuaMacH neb6 artamagu. 20-pacMaaH
KYpUHAIWKH, S1 Ba 5: CHI'Hal BEKTOPJapd OpacHiard opamk d-kauda
KatTa Oynca, onTiMan Kaby/l KUTHIIJArd XATONMK LIyHYa KaM Oynamm.
By ajoxa kaHamimary xanakuT caTXpra Ba ¢oiifaNaHuiraH MOIyIAus
Typura 60FIKK 6Vany.

10.8. CarmajsapEBHET QapKJIAHHIIH

Ymymuit xonma xabapiap ysaTHIAa CHTHaUiap adcambiu
(MaxxMyacH, TYnnamu) AaH QolranaHunagy, spHH

$1(), $2(t)...5a(t) (10.86)

JvckpeT xabapnapHy y3aTHIU TH3MMIIApHAa KYI Xosuapia HKKH
xun KypuHuinnard curHawiap (0,1) man doitmananmnany, SbHHA KOA
acocH n=2 ra TeHr. Kyn xaHaJutn anoka TH3UMIIapHAa CUTHAJUIap COHH
KaHaJUTap COHUIa TeHT N=m.

Kabyn kunmm TOMOHMIA CUTHANIapHW OWp-OMpHIaH akpaTHUMI
yUyH ynap opacuna ¢apk 6ymuimn kepak. MasiiyMkn, Xap 6up cursanra
(pazona siroHa OuUTTa BEKTOp MOC Kenaad. Taxumapaa dapkiai Kepaxk
Oynran curHajutap qaBoMHMHIUIH, T- ra, cneKTpu KeHrIMru F, ra TeHr
Ba Oup xmn ne6 xucobnaiiMu3. Bup xydt sit) Ba s;(t) curnamnap
opacuzard macodanap KBaApaTH KyiHHIarira TeHr:

d3(5u5;) = Iy IS — S0P ar (10.87)
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CurHanmapiu ¢apkiaHHIIK yaap opacupgaru macodba d opkamu
TynuK GenrunaHaguy, d kaH4a kxatra 6yica ¢apkiaHHID mIyHYa Karra
6ynaau. (10.87) udonamaru xeagpat KOBycHU ounb Kyiugarn udonanu
oJlamMu3:

T 2 T T
2_ - {6)S; f
at= L Sie)dt-2 fo Si(e)s;(0dr + L e (10.88)

(10.88) ndomaHuHr ¥HT TOMOHHMAArK OMPUHYM Ba YHYHHYH TaLUKHI
STyB4MNapH si(t) Ba s;(t) CHUrHALIAD SHEPrAACHTA TEHT, HKKMHYM TaIlKUIT
3TyBuucH si(t) Ba sj(t) cHrHamwiap opacujar yaaPo KOppeALMAHA
aHuKnaiay. sit) Ba si(t) currawtap suepruscu £ = Jo 5@t g renr ne6
xucobnab (10.88) udonanu Kyitnmarn KypuHHIITra KENTTHPAMU3!

d?=2E-2 LTSi(t)S,-(t)dt = 2E(1 - Ry), (10.89)

1,.T .
6ynma, Fu=gh SIS _cyryannap opacumarm ¥3apo KoppenauusA
koaddunnenty. Ulynnali xumnb, ¢apknaHum cHrHaiap opacuparu
y3apo koppensuns (yHKUMACH opkand TymuK OaxonaHamu. [lemak,
curHayuiap opacuzarnm Macoda (10.87) d HonmaH daprnaHuIM ¢ =0
6y uinu wapT. ByHUHT yUyH:

T
[ s~ s> 0 (10.90)

€xu si(t) Ba s;(t) curHamnap sHepruacu 6up-6upura Tenr 6ynamaca
(&1 = &), y xonza,

T
z]o (05t < By + B vy =E (10.91)

6ynca, y xonaa

T
L S (O5;(8)dt < BG = ) (10.92)

6ynamm.

Oueprusnapu 6up xun 6ynraH curHaiapHu Qapkiam y4yH yJjap
opacuparu ¥3apo xoppensuus dynkumscd Ry (ckanip xymaiTmach)
ynapaaH OMPHHUHT SHEPTUACUAAH KWYHK OYnHINM kepak. Xyltoca KIHO
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afiTranyia, CHrHaJUIapHH GMp-6MpuiaH apKiall yuyH yJIapHHHT ¥3apo
opToroHay 6yymimuiapu erapiu mapT ned xucobnanamu. KOxopuparu
¢ukprap acocuaa cuUrHaNIapHH OMp-OMpHIAaH (apkiaam ¢apxiai
koa¢ppunmentTura GOFINK, AbHH

y=1-Ry (10.93)

Hxxu curHangand ¢oitnanann® xabap y3aTHil TH3UMUAA 3HI KaTTa
(MaxcuMman) dapkrasmin s;i(t) Ba si(t) curHawiap 6up-OupHra Kapama-
Kapum 6ynraHna, TeHU

58 = -5,(8) (10.94)

mapTH 6axapunradna, apkiaaum xo3p¢UIMeHTH ¥ =2 6¥namm.
Kapama-kapiu curHan cudatiia ¢aszacy MaHHIYIIUsIIaHTaH, (asacy
CHJDKHIIIHA Agp=n KapaJIMIIH MYMKMH. AMmuTyacu
MaHUNYJUIUHMSAIAHraH CHTHAN Y4yH ¥*=1 ra Ba  4YacTOTaCH
MaHunyJAUMATaHraH CHUTHan Y4YyH rv=1+2 opamrnma 6ymamn.
Qofifaym curHaira XxamnakuT TabCHPH HaTibkacula (apKmaHuin
Japakacd Kamasmu, Oy xamalull CHTHAl KyBBaTHHHMHI XaJlaKUT

KyBBatura (C/X) uucbarura ¢ =2-ra 6ormixk.
P

x

Ha3sopar caBosaapn

1. Oproronan dbyuknus neb Kangait GpyHxuusara alitunam?

2. OproxHopman ¢yHkims ne6 KaHmail pyHKuusnapra adTunagu?

3. s(t) curgan yuyH @ypee ymymnamrad Karopu (opMyiacHHH
€3MHT.

4. OproroHan ¢pyHkupsIap ko3¢ duieHTy Kanaai aHuKnadanu?

5. s(t) curnamau @ypbe Katopura EHuHT. Pyphe KaTOpPH a, B, Ba a,
—k03¢PUIMEeHTIapH KaHaall aHUKIaHan?

6. Oypbe TYrpH Ba TECKapH Y3rapTUPHILIApH GOPMYNIacHHH E3HHT.

7. s(t) curHan MoxyH Ba dasack KaHaal aHUKIaHaH?

8. DHepreTHK ceKTp HUMa?

9. AMIuuTy 2 COEKTpH HUMa?

10. BrHep-XuH4rH ¢GopMyJalapHHH E3UHT Ba YIapHHHI KaHpaai
GOFMUKINIMHY TYNIYHTHPHHT.
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11. DHepreT¥K CHeKTp Ba aMIUIMTYIa CHeKTpu Gup-Oupu OmiaH
KaHpaii 6ornaHMIOra sra?

12. OHepretuk cnektp 3¢¢eKTHB  KSHINIMMMHM  aHHMKJIAIl
dbopMynacHHH E3MHT.

13. KoTe/npHHKOB TeOpeMacHHH aiTHO GepHHT.

14. KorenrHuKOB KaTopy GopMyTacHHH E3HHT.

15. Jluckpetnam KajaMH KaHjaalt aHuK1aHaan?

16. Sinx/x xypunungark GyHKUHA rpaUruHH E3HHT.

17. Wpean [TUPuunr AYX Ba ®UX taBcHpuHM E3HHT.

18. AHamuTHK curHan ned Kaupail curHanra antiaau?

19. s(t) Ba £(¢) HE y3apo GornoBun ['mnebepr ¢opMynacHHH
€3UHT.

20. I'nnp6epT Y3rapTHPHIOHHUHET PU3HK MabHOCHHY TYIIYHTHpHO
OepHHT.

21. Tacogudmii xapa8H SHEPreTMK CHEKTPHHHHT  YH3HKIH
PaAHOdNIEKTPOH KypHIIMa YKHMIIKard HoJaCHHH KENTHPHHT.

22. Yusuin pagHosNeKTPOH KypWiIMa YHKHMIIHAarH yHKIHOHAI
XallaKMT KYBBaTHHHM aHMKJall GOpPMYIIACHHU E3UHT.

23. UnsukIn paguosneKTpoH KypHiIMa HMITYJIbC akC TabCHPH Ba
KOMIITekC y3aTul ko3dduuneHTn oparruaa Kauaaii 6oryianum 6op?

24. YusuxnaE paauodneKTpoH KypHiMa sddektus  YTkazum
ITOJIOCACHHH aHUKIaW GopMyIacHHM E3UHT.

25. UM3MKIN PagyiodneKTPOH KypHiIMara QIYKTYanMoOH XalaKUT
TabCHP 3TCA, YHHHT YHKUIUMATH CUTHAT KaHai y3rapanu?
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11. CHTHAJIJIAPT A HIIIJIOB BEPUII ACOCJIAPH
11.1. KaOyn KajnIll Kypu/iMaJapaaa cArHAJJIApra Huuioe Gepam

Curnajutapen KaOyn KWIHII TOMOHHZA OAaTAa CHTHAITAPHU OHp
€kl 6up Hewa acocHd K¥pcaTikw<iiapy aBBaTgaH (BIPHOPH) MabiyM
6ynnmu kepak. Macanas: yactoTacH, MORYJIAUMS TypH Ba X.K. Xamma
KypcaTkduiap aBBajijaH TYIMK MablyM CHIHAl Xed KaHjaad ax6opor
TammMMaiay, acocuii KypcaTKA'WIapd YMyMaH HOMablyM CHUTHAIIApPHH
kabyn  kwm6  6ynmadiam. CMrHaATHMHT  aBBAIJAH  MabiyM
KypcaTKM'WIapH YHH CHTHAll  X&TaKHT apanaliMacHiaH axpaTuG
OJIMLIHH OHCOHNAIUTHPanH, Kalysi KWIHII KypHAMAacH UIYHYAIMK
MyKaMMaJl 6¥iany.

CurnamHuHr y3aTtunraH ax0opotra Moc paBHIIAa y3rapysdu
napameTpu YHHMHr axbopor mapamerpu ne6 aranaau. Curnan ymOy
NapaMETPHHHUHT y3rapuiuy Kabysam TOMOHMIA aBBanjaH (ampuopH)
HOMabTyM Gynamm.

Kabyn xumvm KypHUiMacH, YHHHT ongura Kyihwirad Basugara
Kapab xyfiunarunapaad ubopat Gynanu:

1. CHrHaJIHH TOIIHMILI;

2. CursrannapuH Qapknan;

3. Curnan épaaMua yHY aci MAKITHMHA THKJTALIL.

Bupynam Macana eduuMu, Kabyn KAIMII KypWIMacH KMpPHIIHAA
aiinu BakTHa ¢doiigany curHan «bopyMu EkM «HYKYMH Jerad caBojra
xaBob Oepumpman wubopar. Mabmymkn kabymwram KypmmMace (KK)
KUpHIIHAA Xap oHAa: x=s+w &kH x=w O0ynagu. KK ymoy x(t) ra uuuios
6epub, yHuHT TapkuOuma ¢oiifam curHan 6op Eku HYKITUTHHM TaxJIAT
kunanu (11.1a-pacm). Arap KK &épnamupma curnan “6op” &km “UyK”
JleraH KapopHU KaOyJ KMAMII MyMmku OVica, y XoNAa maccuB Nay3anu
aJI0OKaHy, AbHH aMIUINTYJ2 MaHUNyJAuMsa éplamufa xabap y3aTHUIHH
Tamkun STHIN MyMkMH. Arap KK Kkupumupary CHrHamHH TaXJIdn
KHIIHO, L1y OHJa YHHMHT KUPUIOHJIA X=S5;+w EKH X=Sy+W HKKH CHrHaJiaH
Kaiicu Oupu Gopiaur¥HY Gapiiaca, akTHB [ay3alld CHUTHaN Y3aTHLIHH
aMajira OIMPHUIN, SBHY HacTOTacH €k da3zack MaHHIY/IANHAIAHTAH
cHrHan éppaMmuaa xabap y3aTHIl UMKOHUATH ApaTtunamy (11.16-pacm).
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v
x(t)=s()+w(t) CKK Gop .-
wK al
2 Sl
x=5+w CKK el
1 -
_”~
x=5+w e S,
6)

11.1-pacM. a) CKKHHHT xupumuza cursan 6op €xu HyxJIHrHHH
aHMKalra oua yusmMa, 6) CKK xupummnaru curnaunapuau G6up-
OvpuzaH ¢apkiamra oun YA3Ma.

Arap KK &pnamuna Oup Heva curHaiapH Oup-6upunan gapknam
MMKOHHMATH O¥nca, kyn KaHaUIM aloKa TH3MMMHH MIAKUTaHTHPHIN
MYMKUH.

YuuH4u BazudaHu Oaxkapuil, CHIHAIJIAPHH TOIUII Ba CUCHAUIAPHU
tapinanira kaparaggaa anda Mypakka6 6¥mu6, Oynma KK x(t)=s(t)+w(t)
ra munoB 6epub, doiimany curHan s(t) ra MOTYNALHA HaTHXAcHAA
KHpUTHAraH xabap u(t) naH wioxu Ooputa kam daprianysau V(t) HU
aKc STTUpUIIK Kepak O¥namu. MacanaH: pagMOSIIMTTHPHILAA TOBYIU
TUKJIAHHIUH; TeJeBUICHMAa TACBHD Ba TOBYLI ac/l IAKIM THIJIAHHLIN
kepak. bynaa V() = U() HOTEHIJIMK KaH4a KM4YUK 6¥ica, Kaiita THIOTAm
uryH4a cudatig xucobnaHamy.

11.2-pacMna mmckpeT cWrHaLUapH# KaOynnamja yapra HIIIoOB
6epuir 6ockuwiapy GyHKIHOHAT CXeMacH KENTHPWITaH.

X(t) |[Merexropnamray Jlerextopnamznan Kapop kabyn | Jlexoaep
—* HuLoB Gepum Aerextopt o cyr wmnos | keurypun Kyprama|—
Gepym KMPHILHIra

11.2-pacM. TucCKpeT CHrHaJUTapHU KabyJuialija yiapra HiLIoB
6epur 6ockuwiapu GYHKIMOHAI CXEMACH.
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ByHna xamakut tascupuaa 6ysunrad curdan x(t) aeTexroprnamrada
UILIOB Gepyin, AETEeKTOpJAII, XeTeKTOpJallAaH CYHITH HILUIOB Gepuiu
Ba HHUXO0AT Kapop Kalynm KHAMII KypHJIIMacd YMKUIUMIA OJIHHIaH
JUCKPET CurHauiap KeTMa-KeTINIH [ekoJiep kKupumura Gepunaiu Ba
nuckper xabap kaiita TuwiaHagu. Kapop KK kypunmacu um cudaru
YHMHI KMDHUIMJArd CHrHal-xanakut HHcOatura Gornuk. Curnannapra
HUUIOB Oepulll Kyl xoiutapja y €ku Oy ycya épaamuia ¢uibTpiauigaH
n6opat. CHrHauiapra umnoB OGepuiuia yrapHy Ky4adTHpHII XapaéHH
XaM aManra OIIHPHNAAM, YYHKH KYTIYMIHK (PYHKLMOHAN KypHIMasap:
IeTeKTOpJap; Kapop KaOyJNKHIHIL; aHANOT CUTHAIIAPHH paKamitura afi-
JIAHTHPHIN Ba PaKaMJIMHY aHajorra afnaHTHpHIl KypriMmaiapH Ba X.K.
KMPHIIINIa MabJIYM CaTXAArH CUTHaN OGepuiiran/ia HOpMan UimTaiu.

PaguosimuTTHpHID KypHIMaiapuza Kym XojulapJa CHTHajlapra
JeTeKTOopaprayia MILIOB OepHIl IOKOPH YacTOT2 Ba OpaldK 4acToTa
Pe30HAHCIM KyyalTuprud, pakamiud ¢UIBTpIam OpKald aMaira OLUM-
puiagy. JleTekTopiaapAaH CYHITH MUDLIOB Oepuil mact 4actoTanap Ky-
JAUTHPruyM éplaMKa aManra OMUpPUIagn, Kapop Kabyn KHIMII Kypu-
Macy BasucdacuHu paguokapHaii ki 0Bo3 E3WII KypruiMacy Gaskapamu.

Pakamnu (Auckper) xa0aprnapHM y3aTHIOA2 CHUTHALIapra HIIOB
Oepuin Kyitmmarunapjan uOopat: (QUIBTpIall, KOPpENAlMOH HIUJIOB
Gepuiu, wHTErpainam Ba ¢dofijamy CUrHaI+XalakATAaH MabiyM Oup
BaKTJa CHHOB OJIHIIL.

CurHagan cHHOB oJum x(t)=s(t)tw(t) ra HIIOB OGepHLIHHHT
ommuii  TypnapumaH OHpH  xHcoOilaHamM Ba  aMaiia  KeHr
doitpananunau. CMHOB OJIMIN ycynmu IIyHAaH ubopaTiu, x(t) AaH
YHHHT 9HT MIIOHWIA HaTHKa GepyBuM (kam Oy3Wirad) BakTHZa CHHOB
onmHanu. Opataa auckper Xabapnap TE3NWrH MabiyM Oynrany ydyH
3leMeHTap CWUTHANHWHT maBoMuitnuru T, Ypracupma cHHOB ONMHamH,
yyHku Oy BaKTAa KypuiIMajard YTHII japa&HM acocaH TyraraH Ba
3NeMeHTIapHUHT BakT O¥ifnua (ongura, opkara) Typnau cababnapra kipa
CWDKHMITH Oy KUCMUIa JAespid Tabcup 3TMaiiau. CHHOB ONHUII Maxcyc
OUCKpeT xabap 3neMeHTap CHTHalM JaBOMHMNMIHmaH OHp He4a
MapoTtaba kaM O¥nraH HMITynbC EpAaMK]ia aMara OIIHPUIIAIH.

Huckper CHTHAJIapra HILIOB Oepuinaa ¢unpTpNam
JleTeKTopialraya Ba JEeTEKTOpJallfiaH CYHT XaM aMajira OLIMpHIIamH.
CArHajiiapra HHTerpawiail ycyiuia MWILIOB OepHIUHM  YHHHT
KuiiMaTHHN Tymnam (HUFdin) €xu yprada KMMaTHHUHT aHuKnam ned
xucobnam MyMKUH. YMyMaH oNraija, CHMTHANHH (UIBTpJall
uHTerpayulam  ne6 KapamumM MyMkuH, YyHKM macT 4acToTanap
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CHTHAIHHY (unbTpnam Gup-Oupura napajien yaaHrad konaencarop C
Ba KapimHJIMK R; 1OKOpH uacToTanap CHrHaJIMHA HHTErpaUlall napajen
LC ©xoHTyp ¢&pmamupa amanra owmdpuwiamd.  HHTerpamwiaiu
JeTeKTopjalraya Ba YHJAH KeHMH amanra OIIMDHIMIIY MYyMKHH.
Curnawrapay  kabynm  KuiMiuna KyJIaHWIAAWra€  JAeTeKToplnap,
JeTexToprava Ba JeTeKTopAaH cyHr MuuioB Oepuul ycyjulapura Kapab
KyHAuarv Typjapra axparuiiagu:

1. Korepenr;

2. HoxorepeHr;

3. Koppensamms;

4. KoppensuusnaHMaraH.

11.2. Carsan KyBBaTHHA Tymiam (HHEFRIN) yCYJIH

Curnan KyBBaTHHM Tymnaw (HHFUID) YCYIH 3HT Ky KyJTaHHia-
JWraH Ba camMapacH IOKOpM ycynnapiaH 6upuaup. Yinby ycylnHWHT ach
MabHOCH KyHHparuzaH ubopat, y3aTHna&rraH xabap Oup Heda Maprta
Y3aTUITHIIK HaTWKaJlapd ¥3apo TaKKOC/IaHaJM Ba CHrHajl Xap Oup
y3aTHIN[A XaNakuTiiap TabCHUpPHAA Typiu4va Oysynuinauru spTHOOpra
onuHuO, y3aTHiran xabap roKopH HUIIOHWIMJIMKAA THKJIAHATH.

Byuma oHr oxamuit Mucon TapuKacuna, TeledoH OpKAM
cyanairaHza, aHInaHMaraH cy3napHu OMp Heda 60p TakpoOpl/aHHIUMIA
acocHH MaKCaJHH TYFPH TYIIyHHIIHHH KEJITHPHII MyMKHH.

Iuckper paxamim xaGapnapHu y3atdmpa Xap Oup koanap
KOMOMHHLIMACH €&kM HoTyrpu Kabyn KWIMHrad (HOTYFpH c¥3nap
KoMOuHuLIMACH) OHp Heya GoOp TaKkpOpJIaHMIIH HAaTHXKACHIAA TYFpU
Kapop KaOyn xuwiuHamm (anbatra MabayM OHp JXTHMOJUIMK OHNaH).
bynga 1 Ba 0 japHUHI XanaKUT TabCUpHJA TECKAapHUCHIa Y3rapHIIH
SXTUMOJUTHTH OUp xun ne6 xucobnab, kapop xap 6mp ycrynaa 0 &xu 1
JIADHHUHT COHM KYIUIMIH acocHaa Kaly/1 KHIMHaIH.

V3arunagIraH CMIHaIHMHI N—Ta HYCXacHHH N—Ta JIOXMAR ¥3apo
OoFnaHMaraH ajloka KaHaJUlapy OpKald y3aTu® dHacToTajap Ba BaKT
6yirda dapkiamn MyMmkuH éxu Oowmka Oup ycynmnap &paamuna Xam
OJIMLI MyMKWH.

11.3. Curnajnapra AEnioB Gepdaiaa CHHXPOH HEFAMI yCy. IR

Curpannapra (currar+xamakut) Oy ycynma uuuioB Oepuinyia
Japomuiinuru T, ra TeHr guckper (pakamiM) cCMrHamjlapiaH Oup Heda
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CHHOB OJiHHanH. Xap GHp OJNMHIaH CHHOBIA XANTaKUTHUHT XOccacH Oup
—Oupura OOFNIHMK OyNMaraHnurd y4yH YAapHH Ttymnam (Hdrdm)
HaTHXXaCUOa CHICHANM KyBBAaTHHHHI XalaKHTra HHACOAaTH OLIMINHra
spulmiam. Ymby ycynHHHr maBomuitmiury T, ra TeHr 6¥irad cHraan
s(t) ra xanakut w(t) TabCHpP ITraH X0JIaT YUYH KypuO YHKaMHs.

CHrHas Ba XanaKUTHWUHT HUFHHAHCH OynraH x(t) JaH n—Ta CHHOB
ollaMu3:

X1=5HwW1; Xo=stws; X3=stws,.. . X =S+Wp. (11.1)

Hatumxanga cuao BiIap puruRmICH

x=;xk=;(5+wk)=ﬂ$+;wk=b+€ 112)

Bynna, b=ns-kypHnMa 9YHKWugard ¢oiifad CHrHAN Ba Zi=:We
Tacopuduii xanakur. CHHXpDOH HHFYBYM KYpHIMa CHTHAIHHHT
KYBBAaTHHHHT XallakKUT KyBBaTMra HucOatH (c/X) Kyduparuda
aHMKJIaHATM:

b1 nZs? nzsz nis?

D TDW)  DW. o e (11.3)

Bynna xap 6up CHHOB BaKTHa XaJlaKUTJIapHUHT KUHMaTIapu y3apo
OOoFMMK 3Mac Ba OMp XWJN 3XTHMMONIHMKKA dra Jne6 Ba KypuiMa

KUPUIUHAATM CHTHATHMHT XanakpTra Hucbarn (c/x;) au ==
Xucobnaitmus.
Hatuxana cunxpoH HMFMIN KypWIMacH YHKUINHAA CUTHRIHHHT
Xanakutra HHcbaTH n—mapra omamu. ByHMHr ¢usuk MabHOCH
Hujarvpas ubopar, ¢olinany CUrHAHUHT KyBBaTH CHHOBJAp COHH
n'—Mapra omamy (KywraHHLIUIAp HHFWIaaM), XaJakMT KyBBaTH n-ra
HOpOIOpUHOHAT Oynagu. Arap XalakHTIApHUHT CHHOB ONMHI2H
BaKTnapaaru xuiimatiapy Oup-6upH Ouian OoFnuK (KoppeJiluara ra)
6¥nca, y xonna 9= kaMasay.

11.4. Caraajapra RETerpaJiam ycyjsaa HUlIoB Gepam

By ycynman c¢olinananmnranaa jgapomuiinurd  Teora  TeHr
curHangal x(t)=s+w(t) n—Ta CHHOB ONUILI Ba YNapHH HuruiO YpHHTa
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yHH 0+ T, AaBoMun2a PIHTCT‘E&J‘IJ‘IaHMHB

¥(t) = J'x(c)dt ij+W(t)]dt-SI dt+f W(t)dt—b+£ (11.4)

6yHna, b — MHTerpayIal KypuiaMacH YHKHIIAAary ¢pofinany curHan
KyBBaTH, £ - 5ca MHTerpaiall KypHJIMacH UYMKWIIHAArH Tacoauguit
XaJIaKHT.

WnTterpamnamy  KypuiMacH  YHKULIHJArH . dofimamm  curHan
KyBBATHHUHI XaNaKUT KyBBaTHTra HHUCOATH %= % HM aHEKIAI y4yH
nactnab taconuduil xanakuT AUCIEPCUSACHHY TOMULI KEPaK:

D = U u(t)dt] [ f [ n(t)w(tl)dtdt,_] f dr f Wt de

-j d:f Bu(t—t)dt, (11.5)

Oynpma, By(tt;)) — xamakur koppenauus QYHKUHACH. Arap XalakuT
CIIEKTPH KeHT Hosiocaga Oup Texuc 6ynca. Koppensuus opausu At T
6ynagu sa (11.5) popmynanapmaru udrerpan yerapanap 0+ 7 Hu 0 naH
®© raya OHNaH aJIMAIITHPHII MYMKHH, HaTHXafa KyiHugarn nponaHu
OJIaMH3:

[ ave-wans [ auoa=2] s (11.6)

6yHna, T =t-t; ne6 Genrunanran. XamaKUuTHUHT KOPpPeIALHs OPUTUFHHH
aHUKJTalMH3:

GO
ar= B(O)f Bt = 5oy (11.7)

CneKkTpy KeHTJIMIH F MabIyM OYiraH cHrHan €kd XanakdT YYyH
KOPpeJAIHNA OpaTHFy 4T~ = Ba B(0)=G(0)2F ra reur 6¥nmu6, HaTHKana

T
D = B(O)AT T =By 5, (11.8)

HdoraHu oJ1aMu3.
HHTerpannam KypuiMacH YHKMIUMZArM CHTHQTHH KYBBAaTHHH
XaJTaKuTra KyBBaTH HHCOATHHH aHHKIaiMH3:
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b s
T b~ Botr T oy e~ Ao (11.9)

Hlynnait xuawb, MHTErpajiall  KypuIMacd —THKHMILIMIArH c/x
HHUCOAaTH Yere, KUpHIUMJAArHAaH 2z MapTa kaTTa. IllyHM Tabkummam
KepakkH, OyHpa %=n XaJJaKUTHHHT Oup-Ompura Gornmk OyiMaran

Tamkun 3tyBumiapu coHd. (11.3) Ba (11.9) udonmamapuu taxxocnar,
CHHXpOH WWFHII Ba MHTerpaulail ycyjurapy OMp Xun Hamika Oepand,
aMM0O CHHXPOH MMFHIIHM aMmajira OIIMPHUI HHTErpauiall yCcyJaura
HucOaTaH aH4Ya Mypakkab.

Juckper cCHrHa/UTapHH JeTeKTOpAaH CYHI HHTerpauiamia
dofinanasunmrasga RC—samxupnan dodaananunam, 6y RC—samxup
JUCKpeT CUTHaJl JaBOMUHINTH Te BaKT Opalufuja 3apsjnaHany Ba t=T.
BaKTIa CMHXPOH Rz -OpKamd 3apsacusinadand (11.3-pacm). 3apsmanuin
oxdpu T. BakKTga WHTErpaTopiard Ky4NaHWI KUpUmAnard ¢oitmarm
curHan s(t) JaH ONMHraH MHTerpajira IIponopiMoHan 6ynagm.
Hetexropnamraya uHTerpauiam napauien LC-tebpaHum KOHTYpH
éphaMuaa aMaira OLIHPHIIaaH.

Ry K

C_|_I R,

11.3-pacM. JIucKpeT cHTHaJUIapHH JeTEKTOPAaH CYHI
uHTerpauiauza doiigananunaguran RC—3amxup.

11.5. CErsajHE KOT€PeHT Ba HOKOrepesaT Kabyam

CurHawutapii KOrepeHT KaOyiutall KypHIMacHHHHI yMyMIIalraH
cTpykTypaBmii cxemacu 11.4-pacMpa kentupuiraH 6ymub, y kmpui
curHamn x—uud reHeparop (I') uMmna® yuxapunran ¢o¥iganu curuan
Hycxach So Ounan xymaditprud (K) man Ba macT vacroTanap
¢bmsTpuaan ubopar. Arap Kepuinnari ¢oifjaid CHrHajl YacToTacH Ba
dazacu MapayM 6¥nca, Oympaif xabymnam KypuiMmacuja CHHXPOH
merextopiaH oitmanagmmm  MyMkuH. [lact wactotanap QuibTpU
HHTerpatop BasHdacuHH OaxapagW, YHUHI YUKMIOMAArH Ky4IaHHIN
y3aTYBYMCH KMPHIIMAArY IOKOPH YaCTOTaTH CUTHA YPOBUHCH IIAKITHHA

TaKpopJanIu.
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x=s+w xS
| ¢ |
So

11.4-pacm. CHrHawnapay KorepeHT Kaby/miam KypuIMacHHUHT
YMyMJIAllraH CTPYKTYPaBHH CXeMacH.

Hoxorepent kabymnampga kxabymnam ToMOHMIZa xaOyiiaHaérraH
CHrHall dasacu aBBalfaH (ampHOpH) MabiayM O¥nMaiiyn, WyHUHT YIyH
CHHXPOH JeTeKTopjail ycynumaH dofinananut Oynmaiiny, omnu#
aMIUIMTYAa JISTeKTOpHaaH QoHaanaHuIagy.

Kabymnam xypmnmacura doiizany rapMOHHMK LUAKIMAATH CHrHAN
5(t) = Agcoswt Ba xasiauT w(t) Tabcup 3TMOKHA neb Xucobnaiimus. Bynna
XaJIAKUTHUHT criektopu ¢oiigany curHan yprada wactorack arpoduaa
CHMMETPHK koinamran 6ynany, yHH KBa3sUTapMOHHK KYpHHMIOMIA 3ra
neb xucobnam MyMKHWH, TbHH:

w{t) = Y coswg + Ugsinwgt = Ucoslowgt + p{t)], (11.10)

Byuna u, Ba u, aucnepcusiapu of = V@) = T;() =Nof  HopMan
TaKCHMOT KOHYHHra 6ViicyHysuu Ttacomubuii kapan 6Ymu6, No —
XaJaKHT CIEKTOPY KyBBaTH 3uwmrd, F —xanakut cnexrpu s¢dekxtus
keHrmuru. CHrHai Ba XanakuT HAFHHIUCH KyHWJarura TeHr:

x(£) = 5(t) + wit) = (Ag + U Jeoswyt + Upsinwgt, (1111

(11.11)  ndonmanuur  BexTOop  Auarpammacu  11.5-pacmma
kentupwirad. 11.4-pacMpan kypuHaguku, xamakur w() ¢olgam
cdraain ${) ra Huc6aTaH MKKM TALUKHUII 3TYBYH, HKKH KBaAPATHK TIIKHI
STYBUMAAH: CHHXPOH U Ba OPTOroHAN U TALIKWJI 3TyBYMIapAaH Hbopar.
doiigany CUTHATHH CHHXpPOH Kaly/namjga XalakuTHHHr ¢akat
cuHbasanu (pazacH MOC) TAILKAI ITYBYHCH JETEKTOPra TabCHp KUJIadH.
ByHpa xanakuT KBaJpaTHK TalIKWJI 3TYBYHCH U° JETEKTOpra TabCHP
sTMaiau. By ycyn Ounan xabyanamja XaToJMK XalakuT CHHXPOH
TAlIKAA 3TYBYHCH aMIUIMTYHNAcM Tacogu(uii paBuMinga HopMal
TaKCMMOTH KOHYHH acOCHJa y3rapHily HaTHXXacAga XOoCHN 6 mamu.

215



11.5—pacu. CurHalLIapHUHT BEKTOp AHarpaMMacH.

Curan  x(ty=s(tytw(t) HM HokxorepenT Kalyn KWMuIa
XaJAKUTHUHT Xap ukkH () a U@ Tamkun atysuucH dofiganu curuan
S} ra tascup kunagu. Jlerekrop umkummaa x(t)=s(t)tw(t) curHan
YpoBumcura Moc KywilaHWm Xocun Oymamm. bynpa xatommk
x(ty=s(t)tw(t) HuAT Pose yMymiamTHpunraH KOHYHM acocupa
Tacoauuil ¥3rapyBus YpoBuHCcH UR) KuiiMaTiapura OOFIHK.

®doiigamm cUrHan Ba XaJNakUT AUFUHIUCUHY KBAJPaTHK PEXHUMAA
WILTOBYM JdeTeKTop ¢EpAaMuja JETEKTOpIalHH KypHO YHKaMHu3.
Jerexropuunr 6epuiran y=®(x) taBcu¢u acocua y Opkald JTyBIH
(TOX &KM KyWIARHHIIHHMHT) ¥pTaua KuiiMaTh (O HH aHUKTAHMU3:

¥ = |_&(s + wp(wa, (11.12)

YUHKNII CUTHAH DOMMEH TAlOK) 3TyBYMCHHM TONMIN YuyH (&) HH
BakT 6y#inya ¥praua KHHMaTHHH aHUKNAHMU3:

9= R0 = |_as +WIPw) e (11.13)

JleTekTop YMKMINMAArd CHUTHAMHUHT  (IIYKTYallMOH  TaLUKMII
3TYBHMCH ¢ =¥ ~—¥%, NOUMUIl ¥3rapysB4aH TalUKHII 3TyBYUcH b=y-y, ra
TeHr 6¥nub, netekrop uukumupary ¢oigany curHar Ae6 b HUHr mact
YacTOTald TallKHJI 3TYBYHCH EKM OEeTeKTOp KHpHIINIa CHrHajl
6epunranza yHUr JOMMHH TAIIKUI  STYBYMCHHHHT  Y3rapuiuu
tymynunagy. lyspad kunu6 [geTekTop YMKUIUKOArd CHTHATHH
Kyfinnmary fiurnaau cudataaa Hdomaram MyMKHH:

Y=y +b+y, (11.14)

(11.14) wndonma OUPHHYH TAMIKUI I3TYBYNCH Yo—UHKHMII CHTHAIH
JOHUMUl TAIIKUN 3TYBYHACH; HKKWHYHCH b—[aBpuii TalOKHI 3TYBYHUCH
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(doitgaym curHajg) Ba HUXOAT YYHHUYMCH ¢ —[eTEKTOp YMKUIOWOArd
XaJaKuT.

Hetekrop uukumuga ¢oiifiand CHTHANHH XanakuTra HHCOATHHM
mucnepcus D ¢ ra HucOatH 1maxivaa aHuKIaliMu3:

bZ
e =g (11.15)

JetexTopHuHr TaBcHdUHE y=9G*) makmmpa, abHA x(t)=s(t)+w(t)
JETeKTOp HOYM3MKIH DJIEMEHTHHH OOIITAHFUY KUCMHMIa TabCUP 3Taau
Ie0 xucoOIaiMU3 Ba YHHHT YNKHIINAATH P(t) HH aHUKIaiiMu3:

y{(6) =[S +w(p)]? = {Ancoswnt + U(t) coslwot + o (B)1)?

=43 -—= (t) + AgU(B)cosp(t) + Yre(t) = Yiou(e), (1 1. 16)

UHKMOI CHTHAJM Yy TAUIKHI OSTYBUHJIADH I1aCT YacTOTanap
dunsTpUAaH yTMAaiiaKM, HaTHXKAKa NacT 4acToTanap (GUJIBTPH YHKHIOHAA
KyHHIar# CArHaIHHA 0JaMU3:

A2 U (t)

¥ (t) =204

a + AU(Bcose(D), (11.17)

(11.17) udogaHUHT OUPUHYU TAWKHUI 3TYBYHCH %}ze doiinanu

v=(:)
CHrHAJ; HKKHHYH Ba YYHHYHCH ¢ == +AU@e0se)_perercrop

YHKAIIMAATH XalakaT. JleTekrop YMKAMNAary XanaKkdT JHCIIEPCUACHHU
aHUKJIalMH3:

8= (i-D? =03 + A%, (11.18)

(11.18) udomaun omumpa V(=20 pa Ucose()=0 sxamnuru
3bTH6Opra OJMHIaH.

KBanpaTuk pexuMaa HUUIOBYH aMILTUTYAa JETeKTOPH THKHLIA Al
CUTHAJ KyBBaTHHHHT XalakKUT KyBBaTHra HUCOAaTH KyHHIarura TeHr:

b? A} - af
Gous = OF " HoF + 300 14247 (11.19)

= A
Gynna, 7 2 — xMpHMILIAard CHIHAT KyBBATHHHHI XJIaKMT KyBBAaTHIa
HHCOaTH.
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Al
Arap feTeKTOp KMpHIIHIA ¢/X HAC6aTH % » 1 6¥nca %~ 2%, gucbar
a_

< 5, MKKH MapTa KaMasy 9« <, 6yica, 9 9% 6ymamu. Mucon yuyH
KMpHII CHTHaJIM HHcOaTaH Ky4cH3 Ba =10 6¥nca, q~=5 Oynagu Ba
9. =01 6¥nca, % = %01 ra tenr 6¥nanu. JleTeKTOpHUHT Oy HINl pexUMUAA
Ky4CH3 CHIHaJ XanaKdT TabCHPHJA YHHUHT UHKMIIHAA sSHA XaM
KydcH3naHa/H.

11.6. Cargajaan KorepeHT Kady./jiam

Curnan Ba XxanakuTHM KOrepeHT (CHHXpOH) KaOy/l KWIHINAA TasHY
reHepaTop Mumnab 4rkapa&TraH cHrHan so(t) ¢ofigamm curhan s(t) ra
yacToTacH Ba ¢aszacu Gyitmda Moc Kenuum kepak. JlerekTop yMKUIIHAA
KHpHII CHrHaJMM x(t) Ba TasHY reHepaTopd CHTHAMM so(t) KymadATMacu
xocun OVnagy, TeHH

K =8 -Sa€t), (11.20)

(11.20) uopara xkupuI cHrHANK Ba S:{) = Bocaswet JapHH KMPHUTHO
Kyi#ingarura sra 6ynamMms:

D) = {Agosogt + Ucos{ont + @{t)13Beoswnt = 4, Boosugt + ApJeostwgt » coslmgt + @()]
AgBy 1 Byl 1 g
== +EA.E°co.¢2w°t+Tcos(2@ot +9) + 3 ByUcosypit)
=¥m(D+Ve®,  {21) (11.21)

(11.21) ndonanan nact 4acTOTANM TAIOKHI STYBUMJIAPHH aKpaTHO
onamus;

AgBy

= fobo -
OyHna, b= _ yukumparu curaan dolimand TAMKKI 3STYBUUCH;
1
¢ =78aUc0s0(t) yyypin curpany TapKUGHAArH XanakuT.
Xanakut § qunepcuacH 25 HY aHHKIIaiMH3:

D¢ = 5 BEUcas"o(B) = 5 B = 3B ok, (11.23)

JeTeKTop UMKHMINMZArd CHrHal KYBBATHHH XallaKUT KyBBaTHra
HUCOATHHH aHHKIaHMH3:
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“Top T e (11.24)
KorepeHT (CHHXpOH) AETEKTOp YHMKMIIMAA Tw KHUpHINAArHAaH 2
MapTa xarta 6ynmn6, ¢oiigany cCurHam xajakuT TabCcHpHaa cycalimaiau.
KorepenT Kabyn KHIHIL IOKODH XaJlaKuTOApAOIUIHKHY TabMUHNARIN.
IOkopuna onuuran Hatikanap doiinanu curHan s(t) rapMOHHK
MaKid YyIyH ONHHraH Oynub, yHHHT HaTWyKanapd MOLYJALHANaHIaH
(MaHMNYNANUANAHIaH) CHTHAIUIAP YYYH XaM TaaJlnyKIHIup.

11.7. Careanam xoppeasimHoHl ycyaga KaGyanam

Koppensunon xaOynnam kypunMacy cTyKrypaBuii cxemac 11.6—
pacMIa KeaTHpWiIrad Oynu6, y TasHY CHrHaJiM reseparopu [, xupum
curHamy  x(t) TasHY TreHepaTOpH CHrHaNM So(t) KymadTupuin Ba
HHTerpaTopaaH HOOparT.

x()=s)rw(t) —? 52 y1t

11.6-pacm. Koppenauuon kabysam KypyiMacH CTYKTYpaBuii
CXEMacH.

CHrHanH{ KopejisiMoH KaOyn Kunimga MabiyM Oup Bakt T aa x(t)
Ba So(t) curHaLiap y3apo xoppenaumacu Y(T) ynuaHagu. Arap doiinam
curdan s(t) TasiHY cHrHanra TyaMK Yyxmam 6ynca, yHuma ¥3apo
KOpPE/IALHAHN KyHunaruya udopanau MyMKHH:

17 2r° 2T
r =1 fo S8 =1 j; DSt +72 j; St (1125)

6ynna, *@® Ba S(-apanutux curHan x(t) Ba s(t) ra moc 6yau6, S
byHxuusa s(t) OrunaH KOMIUIEKC MOCTALIraH CHTHa.

Yukuin CHTHAUTHHH pyiiXaTra ONUIN yCyJHra kapad KoppelasnvoH
KabyJnall KOrepeHT Ba HOKOrepeHT OYmumu MymkuH. KorepeHt
Kabynma Mabmym Bakt T ga ¥(6) QyHKUMAHRHr XakMKMH KuiiMaTH
xucobjaHagy, AbHHU:
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. 2 (T
ReV() =7 J; (- 5Ot (11.26)

Hoxorepent kabymnnma 70 OYHKUMAHMHT MOIYNIH XucobyaHanu,
SBHHU:

Wg.:;l [ Yﬂx(t)dt|= JUD rI(t)SCt)dt]z+U; Tx(t)-f(t)dtil (1127

Koppenanuos kabynnam KypuiMacu YHKAMKAAArH CUrHaN XaKUKHH
KUHMaTHHY UKKHA TAIKWT 3TyBYH HANFUHIACH IAKIHAa HdonanaitMus,

1 T
3,:?]; x(6) - S(E)at = b +¢, (11.28)

1 07T 1,07
6ynma, ? =7l S’®=F _ poiinann curman; ¢ =7l 5 w0t gaGynnam
KyPWIMACH YHKULITHIATH CHTHAT XaKUKHH KHiMATHHY - THCIEPCHACHHH
aHMKJ1aliMHK3:

14 2 T T
D{=[% fe S(t}w(t)dtJ =% L . L s(t)-s(t,}w(t)w(t,)dtr-dtz .
=% L S(dr L S(e)wDwit)dt, =?15 L St L B, (t— ty)dE (11.29)
Arap xanakuT cnektpd ¢oimand CUTHan CIEeKTpHIAH aH4a KeHr
6ynca, A7 -koppenAlMsA WUHTEpBANM >yAa KHYMK Gymamm Ba 6y BakT
HYM7a CHTHaN KuitMaTH Hmedapiu y3rapmaii xonamu. Illynu »pTH60Opra
omu6 (11.29) udonanu Kydugark KypuHHINTa KeITHPHIN MyMKHH:

T T
pES 2 j S*@)dt j Bu=t)dn, % TR B, (11.30)

6ynna P = B.{0)-Kaby/nalnM KypuIMacy KUPUIIMAArd XajlakuT KyBBaTH.
CHrHallHH KOpPpEJUILMOH KOrepeHT Kabyn KWIMHTaHAA YHHHT
qpkupparn C/X—auc6atu Kyiipgaruya aHMKIaHam:

¥ T
qd‘=D_f=Eqk’*’2TFz‘Ik (1131)

CHrHAHY KOPPEALMOH HOKOTEpeHT Kabyn KHIIMHIEHJA YHMHT
YHKUIIAAArH c/X—HucbaTH Kylfiunarura Tesr Oynamm:

T
i T3pp 2 T T (11.32)



HokorepeHT uinioB Gepyilfia XanakUTHHHT Xap HKKkH: ¢a3acH Moc
Ba OPTOrOHAT TAIIKUJ 3TyB4HCH (GoHZANHH CHrHaNra TabCHp KWIATH.
XanakuTOapROIIMKHH, KOIEpeHT HIIOB OepHinra KaparaHaa HKKH
Maporaba kamafiTupanu. CHrHaNMHH KOPPENALMOH Kabyn KWIHLIHH
HHTeTpAUIAll  YCYJNMHHM Xap KaHJad IIalijard CHrHaiapra
KYJUTAlIHAHT yMyMJIaUlray ycynd neb Xucobnam MyMKUH.

11.8. CErnaniapHn aBTOKOPPEJIANHOH ycyjiga KaGyiam

CurHajulapHH aBTOKOppeNsALHoH Kabyymam KypuimMacH (11.7-pacm)
KHUpPUW CHUTHAIM x(t) HY YHHHT T—BaKTra KEUMKTHPUNraH KuiMaTd x(t-7)
ra xynmadtuprud (X), x(t) cursanHu 4% pakrra keumkraprud (K) sa
UHTErpaTOpAaH ubopar. by ycynna keuukTHpuiran curHan x(t-7) TasHy
cursany sasudacuBn Oaxapay.

B.(9
¥(®)

/i B,
’
a

Bify

x{t)

Fa) t

VA

A
TV

(=)}

11.7-pacM. CurnannapHy aBTOKOPPEALHOH Kabynaim KypuiMack
(a) Ba BaKT AMarpammiap (0).

ABTOKOppenALMOH KaOymwrampa x(t) Ba x(i-7) cHrHawuiap
KynaTMacuIaH HHTErpall OTMHAIH, SHHH:

1 (T 1T
=z j; x{t). x(t— 1)t = 7 fo [S() + w(B)][S(t— 1) + wit —1)]at (1133)

(11.33) udonmanaru xkBagpar KaBclapHH 04H0, KyHHIarH HaTHKAHU
onamu3, Oynjaa 7« T ge6 xucoOnaiiMu3:
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17 1 17
y=—f S(t)-S(t—r)dt-l-—f Sft)w(t—T)dt-}—f S(t— 1) - withdt
T [} T 0 ’ T )

T
+ 1[ w(thw(t —1)dt = B (1) + B.(:) + By () + By (D = b +¢,
Tl (11.34)

O6ynma, t—0 xonataa Buw(O—doiimamm curnan KyeeaTH, Buw(0-
XaJIAKUT KyBBaTH, Bx~{0) Ba Bx(0) nap doiigany curHan sa Xaakutiap
y3apo Gornmuk 6ymMaraHMKIapH YUyH KOppenilHMoH (yHKIHUAIapH
HoJra TeHr 6ynamm.

ABTOKOppEILOH Kabymnarmd YHKMIOHAArd c/X HucbaTH Katta
6ynranma koppelAUHOH KalOymmam — KypuiIMacd — YMKMIUHMJarura
axumwtamans. Kupumga % €1 6ynca, asroxoppersinuoH Kabyrumaum
KypPHIMacH HHKHIOMIArH C/X HUcOaTH KBaApaTHK JETEKTOPIH
KaOynnamm KypuiMacH YHMKMINUAArd c/X HucOaTWra sKHMHJIAIIamu.
ABTOKOp-pelSIlIMOH YCyiJa CHUTHal KaGynNmallHUHT KOpPpeLiIUOH
Kabymnam ycynmura Huc6aTtaH XanakutOapAOLUIMIK KaMJIMTH aBTOKOp-
peisiivoH Kabynjma tasHd curHand cudartiuaa tapkudbujga xanakut 6op
x(t-t) curHampad dotigananumunanup. JIekKMH aBTOKOPpENSLMOH
KaOymnam ycynumaH Kabyn KHIHHaguMras curHan ¢asacH Xakunga
aBBaIJlaH MabJIyMOT O¥IMaraH Xonjaa XaM doligamranum MyMKHUH.

Miicon TapuxacHha rapMOHHK TeOpaHHII LIalmmpard ¢oinanu
curHan s(t) Ba ¢IyKTyalHoH xanakuT w(t) Huruagucu x(t)y=s(t)+w(t) Hu
aBTOKOppeJMLMOH KabysnalnHu KypHb unkamu3.

Yuby x(t)=s(t)+w(t) curaan koppeaauuoH ¢yHKIHACK KyHunarura
TEHT"

B7=15(6) + wi)lls (e — ) + wit — 1)l = B () + B () + Buu() + Bine®  (11.35)

doiinaym CHrHaN Ba XaJlakKUT ¥3apo MyCTaKWUIMTH, OHp-OMpura
6OFINK 3MacIHrHHA bTHOOpra OJcaK:

B.(1)=B_() +B,..(z) (11.36)

XanakuTHHHI koppessuus GyHKIMACH * > A7 Ja acTa-CeKHWH Hojra
HHTHIami. JaBpuit curHan s(t) HUHT Kopperalus QYHKUMACH XaM
naBpuil OYIMO, yHHHI TaKpOpiaHMII JaBpH CUrHANI s(t) JaBpUra TeHT
6ynamgu. FOxopunmarunapun pTHOOpra om6 (11.36) ndonann 4usMa
maxmaa npoganaiiMuns.
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11.9. Ceraajnn Mocjamirad GpuiasTPJIAp OPKaan Kabyaam

Kyn xommapga cHrHamHu kaOyn KHIMIIJA CUTHUTADHHM LUAKIH
aBBa/laH MabJIyM, aMMO Ky3aTWIaéTraH OHJla CUTHAJUIAPHUHT KaiicH
6upH Kabynnal KypuiMacura Tabcup 3TaéTranurd HoMasiyMm. [laum
aBBANJaH MabJyM CHUTHAUIapra: pakamid CHTHaJUlap; LIy XyMiajaH,
VKM cursayiapy; pagHoOKaluys CHIHAJUTApH; KOJIAHTaH CUTHajIap
Ba X.k. nmap mucon Ofnagu. CurHauiapHd Mocijalrad (QuUisTpnap
opkanM KkaOynnamjary acocHii KypcaTKud (UIBTDP UMKULIMAArd c/X
HUCOATHHUHT KMpHUIIMIArura HucOataH KaTranamMmuadp. Kupuingarn
c/x HucOatH Oepunranfa Y3MHHHT YHKHIIMAA Xamma Ooloka
¢bunbTpNapra KaparaHja SHT IOKOpH C/X —HHCOaTHHH TabMHHJIOBUM
¢uneTp onTMan (MyTaHocu6) Mocnaiurad GHILTp AcO aTanany.

OunbTp kUpHIIMra curian s(tf) Ba xanaxut w(t) HurMHAHCH
x()=s(t)+w(t) TtabcHp oTagu. Poiany CHUrHRT IDAKIH aBBaJJaH
MabnyM, Tacomuduit sMac nmeb xHcoOnaliMu3 Ba YHHHT CHEKTPH
3UWINTHHHE KyHngaruda udpoganaiimus;

S5(jw) = [ms(t)e‘fma = S(w)e e, (1137

Bynma, S(#) Ba ¢(«) —curHan amMIUIMTyna Ba ¢a3a CHEKTPH.
XanakuTHH «OK IUOBKMH» Tacoguduii cramuonap xapadH neb
xucobnaliM13, YHHHT S9HEPreTHK CIIeKTPH G-(«) =7 1e6 xucobuaiimus.

Yu3HKIM  QUIBTPHHHT  KOMIUIEKC  Y3aTHIU  K03(ULHEHTH
K{jw) = K(@)e™“) opxanu anuknaHany, Oynga K(«) sa ¥{(©) gpuasTpHuHr
aMIUTHTY/Ia YacToTa Ba ¢a3a yacrora TaBcuu. OPHUILTD YHKMIIAArH
y(t) doiimanu y.(t) Ba xanakur y,(t) 1aH TAIIKAJ TONraH 6¥namu, AbHU:

HO = 2O+ .0, (11.38)

®uneTpr  yukuIuAard  ¢olifany  CHrHaNHM  KyiiHnardda
ndoaanaimus:

70 = [ :S(iw)f((im) e = f_:stw) KlwleleTTde 1 3g)

MabnyM Onp to BakTAa Y.(t) y3uMHHHr SHT KaTTa KufMarTHra
SPHUILATH, TbHH:
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- 2
f_ SGu{(juw)e*Rdw

1
Pemar = lyc(tﬂ)lz = 44_2'2

(11.40)
XajakuT KyBBaTH 3ca Kyiunarura Tenr 6ynanm:
= -I& - 2
B K (11.41)

QHJ'II:Tp YHKHIIHAA tp —OHJAru CUrHal KYBBATHHHMHI XallaKUTra
HHACOATHHHA aHuKIaiMu3;

P |[2SGw)- K(e)erede|’
g =—2=
Tk iy 7, K> (w) dos (11.42)
OHAH, Y3HHUHT YHKUIIHIA C/X —HHCOATHHHHT SHT MakcHManl Kuii-
MaTHHH TabMHUHJIOBYH QHIBTPHUHT KOMIUIEKC Y3aTHIN KO3(PPUIMEHTH-
HH aHuKAaiiMus. Byrunr yuyn (11.42) udonara Bynskosckuii —1IBapry

TEHICHATHIUHH KJJuab, T yuyH Kyliuaard Hpoaaly onaMus:

LY@ Pde - [T IR Ge) de

q Lfﬂ:[.‘)'(jco)l"‘da.t
T N L RGTde | o) .

(11.43)

lynna#t xkumu6, GUIETPHUHT Xap KaHpai xapaxrepucTikack K(j«)
[la YHUHT YMKALIOMOArd ¢/X MakcuMasl KuiimaTugaH katta Oynmaiinu,
ABHU:

1o _2E
o= |G = (11.44)

6yHna, E — doiinann curHan TYIHMK 3HeprUACH.
OunbTp yMKMIIMAArN %—y3MHHHT MaKCHMaJT KHiiMaTura Kyiuzard
wapt OaxcapuiiraHia SpHINaau:

K(jw) = CS(—jw)eiom = CS(w)eTim+olal], (11.45)
6ynma, S(—jw)=5()e™? _ curyan cnextpu S(j @) GMMaH KOMIUIEKC
MocamraHs GpyHKLUNA, C—KaHAaf AMp XOXXUIIHA KaTTaluK.

(11.45) wudopmanu wuxkxura OynMub, amoxuma-anoxyna Xoira
KeJITHPUIIUMU3 MyMKHH:

K(@0)=CS(®); ?(w)=—le{w) +owt], (11.46)
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(11.46) pan Mocnamran ¢UIBTP aMIUTMTYAa-4acTOTa TaBcH(pH
CUrHajl aMIUIMTYyZJa CIeKTpH OunaH, ¢asza-dyactota TaBCcH(HM cHUrHan
¢aza-vacrora TaBcupu 6unan Ba “ty HUHI YH3HKIA (YHKUMACH OMIaH
JouMHuii kaTTamMk «C» —Taya aHWKIMKOa Oup-Oupwura TeHr Oymanmy.
Wlynpaéf kunub, ontuman (GUABTPHUHT YacTOTA TaBCUGH CHTHAJTHUHT
CIEeKTPH OpKaNM aHMKIaHamW, y OmiaH Mocnamrad OyavmmM Kepak.
lynunr yuyn 6ysnail dunetpiap mociairad ¢pumsTpiaap aeb atanamm.

CurHaHUHT GUIIBTP YMKHLIAAATH (a3acHHM aHUKIAHMH3:

8(t) = wt + plw)+ V) = vt + plw) - plw) —wty = wlt— 1),  (11.47)

OyHaa, ¢~ ¢ BakTAa 6 =0 OynamM, STbHU fo —BaKTHa CHTHATHHHT XamMMa
rapMOHUK TAlIKWUN STyBYMIapd Oup xun ¢asza Ounman apudMeTHK
#urMHau Ba ymOy BakTZa SHT MaKCHMal KuitMarra sra Oynmamu.
XamakuT CHEKTPH TAWKWI 3TYBYMIApH  QUIBTP UYHKHLINJArH
Tacopu¢mit ¢azamapra sra Oynaranu yuyH anreOpaMk KyLIMmaju.
Hartuxana ¢uasTp YMKHIINAA ¢/X HHCOATH MaKCHMAILIAIIAH.

®dyphe Y3rapTUpumy épaauMaa Mociailirad (GUIBTPHHHI UMIY/bC
aKC TABCHPUHH aHUKJIaliMu3:

Mocnamras GUABTPHHUHT HMITYJIBC AKC TABCHPH, YHIa TAbCHP 3TraH
curHanHunr «C» Ymuampiary t, onra HucbartaH ofiHa/Jari TaCBUpUra Moc
kenaad. 11.8-pacmama C=1 xunu6 onuHras.

® = j_:sow o der= L [ :s<-;w>e-f~<~u>aw= = f_:sow)ef«* @9dw
=CS(p—-0), (11) (11.48)

5
74 s " e
7 T ! 0 !

11.8-pacM. Mocnamral ¢UIBTPHUHT UMITYJBC aKC TAbCHPH.

11.8-pacMpar kypHHamnkH, Kapop kabyn KuiAm KypuJIMacH
KUPUINWra Mocnalnrad (uibTp YMKHIIMgard curran % =7 pakTaa
OepunaaM pa pyiixataaH yranu.

Mocnaiiran GUIBTP KHPHII CUrHAIMHHUHT YMKAIUMJA 3HT KATTa
KyBBaT OepajMraHnapHHN CITEKTp TAIKWI STYBYWUIAPHHU MaKcuMal
YTkazagy Ba CHEKTPOArH XaJakdT KaTTa TalKHi —3TYBYWIIapH
yTkasunMaiiny, QUIBTP YMKUIUKMAA CHIHAN Iakiy Yarapajgu, Oy yHUHT
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KaM4HJIMIH 3Mac, YyHKH MoOCHalnrad QMIBTPHHMHI BazH¢acH YUKUIIIA
c/X HucbaTHHY KynaiTHpUIILAaH HOOpaT.

Mocnamran ¢unsTp 4YHKMIDHZa t OHZArM Kyunanum Jlroamen
HHTErpaity acocHja Kyluaarnia aHUKIaHa Iu:

w1 = L,x(t - Dg{ddz=C L,x(t —2)S(ty ~ 2)dz = CB(7), (11.49)

Oynpa =t —tg,

(11.49) udonanan, Mocnamrad QUIGTP YHKUINHAATH KyWIAHHII
kabyn xwrum x(t) Ba ysaTuaraH curHan s(t) ¥3apo Kxoppemsius
¢yHkumscura npomopuuosan. By Hykran HasapiaH MociauiraH
$weTpHU KoppemaTop ned XHucobnalm MyMKKH.

Arap xpnimn curHany x(t) Tapkubuna xanaxut w(t) 6yimaca, yHUHT
YHKHLIMAATN CUrHAN KyHuaarura Tear 6ymamu:

54O = f:s(t— gz = € f:fft— DS(te ~ 2)dz = CBa(7) (11.50)

By xonpma uyMkuuimard cMrHan JOMMHE kymaiTMa «C» rada aHHK-
JIMKIA KUPDHIOI CUTHAMH S(t) aBTOKOPPEUMOH GYHKIMACHTA MOC Kelau.
Arap f—t =0 pe6 oncak, y xomga B(0) curnan snepruscu E-ra TeHr
6ynam, HaTibKana QUIBTP YMKUIMMJArY CHTHAT MaKCHMAaJT KUifMaTH:

5,(tp) = CBss(0) = CE (11.51)

6ynanu.
OUNETp YMKMIUMAATH CHUTHAN JABOMUAINIH KODPEIUNA OpPaIUFH
4t opkany aHuKIanagu. KaOyn kunuHa&trad curdan Typura kapab at<T
6ynuimn MymkuH (T —CHTHaN JaBOMUIAIMIH). A7 < T OYnrana CUrHauIHH

P

CHKHMII MMKOHM madgo 6ynamm. IllopkwmcumoH curHan yuyn 277 %
6ynu6, cukum xo3¢dureHTH curaan 6azacu

B =37 = IR (11.52)

ra TeHr 6¥nanu.
11.10. Mocaamran ¢aJIETPHAHRT ACOCHH X0ccajapH

1. Xap 6up curman wakid Y4yH y OuwiaH MocjaliraH srosHa
bunsTp MaBxyx 6¥im6, ymOy ¢UIBTP YMKUIIUAA C/X SHT MaKcHMal
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KuiiMaTHra 3puiuaaad. YHHHT KHiMaTH 9= f ra TeHr.

2. Mocnamrad GuWIBTp MII XONaTH YHMHI KHPHIINIA CHTHAl
fepunuin BaxkTHra 60fnuK sMac (MHBapuauT). Mocnamrad $GuiIBTpAaH
GbapKIMpOK KOppeNsTOp HIN XONATH CHTHATHHHT YHHHI KUPHIIHTa
Kaficu BakTAa GepumHmnra GOFIUK, YHUHT y4yH CHHXPOHH3aUUA aHUK
6aKapUIIMILK KepakK.

3. Mocnamran ¢UIETp Ba KOPPENATOP HYMKUINHAATH KydJIaHWLI
Gup-OupHra QUCKpeT 3JeMEeHTap CHIHaN Tyram BakTH T jga OHp xun
6ynaom.

4. Mocnamran ¢uneTp KMpuil curHanH x(t) Ba Y3MHUHT sAroHa
curHamy s(t) ra UMIYJILC aKC TAbCUPU OpacUlard ¥3apo KOppelsluaHu
xucobnatimu. Srona 6up xonga x(t) tapxubmpa PuAETp Mocnamrad
curdan s(t) 6ynrad TakaupaarvHa ¥3 YHKUIIMAA SHT KaTTa Ky'WIaHUIIHA
XOCHJT KHJIa .

5. Mocnawrad ¢wisTp cHrHan kaOyn Kuidinga OuMp BaKTHUHT
y3uma KoppenAToparu y4ra BasudaHM: TagHY CHTHANM T'e€HEepaTopd,
Kynaif THpru4 Ba HHTErpatop Basudacunu baxapany.

Mpucon Tapukacuia TYFpH TYpTOypyak IIAKIIAAArd MMITYJIBCHH
onTUMaN KabyJ KHAyBYd Mocaalirad QHIbTPHU CHHTE3 KUITaMuU3.

Bepunran cursan

s(t)=A, arap 0<t<T;

s(t)=0, arap t>0 6¥ca. (11.53)

(11.53) ¢opmyna Ounan wudoaanaHraH HMIYIBC AMIUIUTYA3

SGw) =2 (1 —einTy
CTEeKTpU P :

YOy curean 6unaH mocnawraH QHILTPHHHT Y3aTHII KOMILIEKC

K03 (HULHEHTH,

A R A .
i =— — gl g=ioT = i = C— - g=J&T
K(w) cj (1- &T)e 5Q¢o) cjw(1 e~i«T)

(11.54)

Vwby mocnamrad QUIBTPHHHT HMMIOyabe yTum TaBcudm g(7)
LIAKIIM CHTHAT s(t) maxmmaa 6ynany, AbHU:

g(t)=CA(T-t)=CA arap o=<t<T 6yica, a
g(t)=0 arap t<0 Ba t>0 6¥nca.

i
MabnyMki, CATHAINHH 9acTOTaIap MaXXMyacHJia f ra KynaiTdpHm

BakT GyiiMuya —* JaH +e rada MHTErpaiamra Moc kelamy Ba = ra
KyTaifTHpMLI 3ca, CHrHAMM T BaKTra KeUUKTUPHULI aMalIUHK OakapUIDHH
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6enrunaiimu. XakukaTaH XaM y3aTHII Ko3G¢HUIHEHTH (111.54) ndoxaa
6wran Oepwiran ¢uneTp: y3aTHm ko3ddHUMEHTH o 6y nran
VHTEIPaToOpAaH, y3aTuii KodpduuuenTs €7  6ynraH CHCHAIHH
KEYUKTUPAII KypuUIMacd Ba aliupyBuM KypuimazaH ubopat Oynamu
(11.9-pacm). OUNBTp YMKUIIHAA CHCHAN KaTeTlapy Oup-Oupura TeHr
yubypuax maxmpua 6¥nu6, acocu keHrnuryd 2T ra Ba 3HepruAcH CA’T
ra TeHr Gymanu.

S carl
A I
0 ! ol } y !
a) 6)
S@) I_J_I—jmm
AK

B)

11.9-pacM. BuaeonmIrynsc Mocialnrad (UIBTPH CTPYKTypaBHi
CXeMacH.

Hxxuryn Mucon cudaTiaa FOKOPH YacTOTalM PaAMOHMIIYJIEC YUyH
MocnamraH (UIBTPHY CMHTE3 KUJIHIIHH KYpHO YAKamMu3,
PagnouMnynscHA TYNANPYBYM IOKODM YaCTOTACHHH o, Ia Ba

JAaBOMHITMIHHK T-ra, aMILTHTYIaCHHH Ay ra TeHr Aed oJaMu3, SbHH

= . <t<7:
s(t)= dsinoyt,  azap  0<t<T; (11.55)
s(6)=0, azap t<0,t>T

MacanaHn OCOHNALUTUPHIN Y4YH paIHOHMITYJIbC NaBoMuitiuru T-

naBpra % HacTOTANH rapMOHMK TeGpaHuul curHanmuuur (27+D7=oT
TOK SIPUM JABPH XoMnaiuran fe6 kabya Kuiamus, y xonaa 6y opanukia
notnamran QUIBTp akc TabCUPH KyHHarura TeHr oymamn:

2(8) =CFsinmy (T —1) = CAsin[(2n+1) 7 — wyt] = CAsinays (11.56)
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(11.56) wudomara Moc KkenyBYM HMIOYIEC aKC TabCHPHUIa
#yKoTmmnapn Homra TeHr OynraH LC — TeOpaHMII KOHTYpHM O3ra.
Paguoumnynsc S pa YHra MOC KeyBUH E(®) yu nkxu O6up-6upura
HucOaTaH T-BakIra CHIDKMraH MMYIUTbCHap ¢papky Makinja aHWKIall
MyMKHH. LyHHHr y49yH pagHOMMITyNsC YHUYH MocHaiarad (HIBTp
3NEeKTPUK CXeMacu OJfMHA BHICOMMITYJbC MOcCHamraH (GHIBTPH dJIEKTP
cxemacuaaH RC reneparop ypuura LC xOHTYp LUaKJIMJard HHTErpaTop
O6ynuiuy 6unadn ¢apk kunagd. LC KOHTYpPHHHT AOMMHHNHK BakTH 7
panuouMnyiibe Aapomuiinurd T gaH Karra 6yIuLIH Wapt, S5HU r>T .

Arap paguoumMmnyiasc HaBoMuinurn T ra 10kopu o, 4acTOTalH
TeOpaHUILTapHUHT Xy(T APUM JaBpH xoilnamca, y Xojga cxeManarn
aiiupyBun KucM (A), kymysus (K) ra anmaimntupunagy.

S@)
A..— —— _
0 I t
V Vi
S,() Sa(0) -7
— T )
a
T S(t)
. car
0

11.10-pacM. PaguouMnynec Mocnamrad GUIbTPU CTPYKTypaBUi
CXeMacH.

OHau uxTHépuil wawnaard gaBomuiymra T 6¥iraH, curHan s()
y4yH MocnamraH ¢GuIbTpHH Kypub uukamus. By ¢mneTp Oup Heua
CHTHAN KEeYMKTUPrH4 YMKWIUIApUra sra KypuiMa &paaMufia amaira
omupunanu (11.11-pacm). Bysra acoc xunu®G pasoMuitnury T ra TeHr

BHICOUMITYJIBCHH £=n Ta, AaBoMuimMry 8! ra TeHr uMmiTyJabcnap
fiurnHancH 1e6 xucobnaw acoc 6ynamu. A! uMIynbCIap JaBOMUMIUTH

KoTeILHUKOB TeopeMacH acochia onMHamy, OyHna Af <A7T Gynuiuura,
AbHH QIOXMAA KHYHK MMIYJCOap OpacHiark ¥3apo KOppessuus

6yYnmacnurn kepak (Ar - KOppemdaLWs OpaldfH Ba At=2;_ , Fo-

e
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BUIEOUMITYJIBC CIEKTPU KEHITUru). Mocnamran ¢unbTp Kydnamary
KypuHHIlTa 3ra 6¥nanu (11.1-pacm).

S

Se(®) [
A T-BaKTTa KEUHKTHPYBYH KypHIMa B
-- Sm(t)
1 X (xymryBum) l'Ith

T
At

11.11-pacM. BugeorMmymnbe y4yH Mocnamral GWibTp.

Arap mocnawrad ¢puibtp (M) A xupuunra qasomuitnary A ra
Ba aMIUIUTyZacH 1 ra TeHr HMIyJbC Oepuica, YHHHI KEeYMKTHPHUII
xKypwimacy (KK) unkuiunapuia kupuin uMmiyiasca Af, 247 3Ar  nAt

BAaKITa Ke4uku6 xocun 6ynamu. By keunmkkan wmmyneciap 4, %,

%,..% - YymyosmM (KMHAMAT aHHUKIOBYM) KypUiIMalapiad YTraH
HATIDKANApH MWUFYBYM KypunMa kupumura, cyHrpa I1Udra yzatunany.
4, & 4 9% . KypuIMaIapHH aTTEHHIOATOpiiap &KH CHCHA
Ky4aliTHpYBYH KypuiMaiap ne6 KapamMIuH MyMKuH, Oydna -
CHTHAJHHK cycaiTHpuII EkH KydalTupuin ko> UIMeHTHHY aHTnaTaay.
9, arap curHan KuiiMaTi MaHduii 61ca — Kyyalitupum kodgduLEeHTH
Ba CHrHan Kuiimatu Mycbat 63’lnca, y Xoiaa cycafiTHpray BasH(acHHH
Gaoxapa,an Bynzau Tamkapy % KypuiMmanap KMpHLI CHTHaAMH (a3saciHu
180°ra 6ypanu.

By typnu M® 4Yu3MKIH peXHMIAa WIUIOBYM HMMILYJIbC PEaKLMACH
() ra rtemr Oynran TpaHcBepcan GHIBTp JAe0 aramampm. Arap KUpHIN
carHan MOuuar B-kuprunra 6epcak, YHHHI YMKHIIAAE A-KUPHITHTa
OepraHzia ONMHIaH CHIHAI s(f) HUHT KY3ryOard akCHHH onamu3. bynpaH
yuby GUNLTp KMpHII CHTHAH s,(r) YayH M® 6ymu6 xucobranazsu. by
Typmu MOnapaa kedukTHpUIn Kypunmanaps cudarypa Omp Heda
keTMa-ket ynanran LC dwisTpnapaad dofinananunagn. Ynapaa
CYHMIITAp XYyAa KaM 6Yn0, FOKODH MIIOHWIMKKA Ba KHYMK Xa)KMIH 3Ta
oynamn.

bab3u xo/napaa TYAMK MOCIALIIAH. K(@)=Cs(w) Bad y(w)=@(@)+w,
¢uwieTpnap aMmiadTyfa-4acrota Ba  (asa-yacrota  TaBcHGIapH
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Mocnamrad QWIBTP YpHHMra ¢akar aMIUIMTYyZa-4acTota TaBcHGbH
Mochamrad OQWIbTpIApAaH, ABHH MoOcCJallraHra sfkuH (¥xuam)
¢unbTpnapnad  ¢oiimanaHunagy. byHpma TypaH HMOyJIbCHap Yy4yH
KBa3HONTMMal MoOCHAllraH (UIETp MONOCACH KEHINIHIH, Kyhunoard
udona épaamMuia OCOHrHHA aHUKJIAHATH, THHH

s, 27 (11.57)

OyHaa, To — pagHONMITYJIbC HaBOMMMIIMIH.

Kpasnontiman Mocnamradn ¢uiasTp YMKHIOMAAZ c/X HUcGaTH
ontMan M® umkummgary c/x ra uucbaran 15+20 % ra kampox
6ynamu, ammo OyHAaH GMIBTPNapHM aMaira OWIMPUIN TEXHUK
KHXAT/HaH aH4a ocoH 66, Tau Hapxyu XaM HHcOaTaH ap3oH 6ynaau.

11.11. ¥31yKcH3 CHrHAJLIapHA ONTAMAJ (PBILTPJIAIT

Vanykcus  CHTHAUIapHM  ONTHMal  GUIBTpIAIIJa  YHHHT
KUPHIIAAArH x(f)=s()+w() ra HUUIOB OepulD HaTwxkacuaa Goimamu
CHUTHaT s(r) HaH 3HT KaM (apK KUIYBYM y(r) CHTHATHU ONHUILTA SPHIIHLI
kepak Oymamgu. By wmacama A.H. KomeMmoropo Ba H.Bunepmap
TOMOHMWJaH eyunraH 6ynub, y KyWumard nacmiabke yura LAPTHH
6axapuimHK TaTab Kunagn:

1) s(¢) curHan Ba XajaKMT w() JapHH CTalHoOHap Tacoauduit
*apaéunap 6y TULIMHY;

2) dumpTpnall — YM3MKIK 3IEKTp 3aHXKHUpIapH OpKaiM amaira
OLUVPHIAZH;

3) puaBTpMAIHUHT ONTHMANIMIH KMPHII CHTHAM s(f) Ba HHKWIO
CHTHAQJIM y(r) Opacuaaru ¢apk ypraya KBapaTHK XaTONUk (¢dapk) £ 3Hr
kaM (MHHHMAJT) OYITILAHA.

Qoiinamy CcHrHan s(r) Ba XamakHT w() CTallMOHap Tacomuuii
Xapa€H Ba YNapHUHI aBTOKOppesiuMsa (GyHKUMATIAPH By(r) Ba B,(r)
MabiIyM Jeb, YH3MIJIH peXUMIa HUUIOBYH (PUSIBTPHHHT MMIIYJIBC aKC
TabCHPH g(r) MabiayM neb xucobmaiimus. Y xonma myHpgad ¢yHkuns
Y(t) HM TOMMIO Kepakki y (PUILTPHUHT PEaKUMACH g(r) AaH 3HI Kam
(MuHuMan) dapk KUINIIH Kepak, SbHK

£ =[m-s0) (1..58)
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6ynna, x(1)=0 6ynraHma g(z)=0 Gymagu ne6 xabynm KWUIHII Kepak.
Unxua curHany J(roamen HHTErpald OpKai KyHuaarnia aHUKIaHaIi:

0= [ gttt (11.59)

Kupuiu cuTHamHM x(r) Ba XaTOJNHK £(r) Oup-6upura 6ormix 6ynMaraH,
y3apo xoppensiusa GyHKUMACH Holra TeHT 6ynranaa g(r) ontuMan aed
XUCOONaiiMu3, ABHU £(f)x(f-7)=0, XATONHK &(f)=y(f)—s(f) KUPHLIJArH
doiinanu curaanra 60raHK smMac ned xucobnaiMus.

Yuzugn GibTp yMKMIOMAard (oHIamd CHIHAN Ba XaJlaKUTHH
cTanuoHap Taconuuit >kapaH neb, yJapHUHT HEPreTHK CIeKTpIIapy
Gs(@) Ba G,(») MabiyM Ieb xucobnaiiMus. ¥V xoima () =y@)-S¢ XaM
cTauMoHap Tacomubuii xapa€H 6¥nany, XaTouK s(f) MAHUMAN OYIHIIH
y4yH, XaTONMK CHIH&QIM DJHEPreTMK CIEKTpU G,(») MHHAMAN
Oy IMILIMIHTa SPUINKIN KEPaK.

XaToJsHK ¥pTaya KBaZpaTH KHIMaTH £ YHHHT 3HEpreTHK CIEKTPH
G, () OpKaJli KyHHIaruya aHuKJIaHaou:

~2 _ ln
&= .JGS(w)da), (11.60)
6yHma, G,(0) — XaTOMMK QYHKIMACH (1) =y()-s(t—t,) OpPKAIH

aHMKJIaHalM, ¢, — CUTHaJI KeUMKUIN BAKTH.

Hactnab xaTomuk koppenAimsa GyHKUHACHHA aHHKIaiMu3:

Bs(@) =) - st —1)] Mt + 1)~ s(t —t, + 7] =3 S+ D)+ JH0) - st — 1, +7) + (11.61)
+5(t—1,) - At +7) +5(t—1,) - SE—1, +7)=B, (1) + Bs(1)+ By (1) + B 5(7)

Curnan xoppenauusa GYHKUHACH Ba SHEPreTHK crektpu 6up-6upn
6unau dypre TYFpu Ba Teckapu Xy(dT ¥Y3rapTHpHIIapH OpKaiH
Gornuknapuay 9pTHOOpra onu0 (BuHep-XuH4uH ¢QopMmyaiapH)
XaTOJIMK CHTHAIM £(f) PHEPreTHK CIIEKTPHHH aHUK/1afiMU3

G.(@)= ]B, ()7 =G, (@)+G;(w) + Gy, (©) +G 5 (@) (11.62)

Mabaymxd, 4M3HKIH GWIBTD YMKMINHAATH CHUTCHAN p(rf) CHIHAI
3HEepreTHK CNeKTpH KyHHaaruya aHuKIaHa u:
G, (@) =G, (@)K (@), (11.63)

6yHna, K(e) - YU3UKIH GUILTp y3aTHi KoadduuenTn.
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dolinamy curHan s(f) Ba XanakuT w(:) y¥3apo GOFNHK 3MacluTd yYyH

G, (@) = K*(@)[Gs(0) +G, ()] (11.64)
OHaM, S() Ba y(r) ¥3apo CHEKTPJIapH Gy (w) Ba G(@) HH
aHnKIaiMu3:

Gy, (@)= ]'B_‘, (De ™ dr= Ts(t ~1)y(t+ 1) dr (11.65)
Yusurin GUABTp YMKUIONAArH CHUTHAT p() JlroaMen HHTErpaiu
OpKalmM Kyiugarnya aHuKInaHaau;

y(t+1) =Tg(r,)x(t+‘r—r,)dr=Tg(rl)[S(Hr—rl)+w(t+r—r,)]d1, (1 1.66)

(11.66) udonann (11.65) ra kyiub sc—1)wt+r-7,)=0 IKAHITATHHY;
g(z) Ba K(jo) Dypbe TYFpY Ba TeCKapH Y3rapTUpHILIapH OpKaiu Oup-
6upura OOFMUKIMIMHY 3pTHOODra 01U Kyiinjarura SpuiIaMus;

Gy (@ = [[e)st—rstrr-m)|+[st-tme+ -7 )p "> drdr =
-0

= Jlg(Tl) IBs(t +h -7 )e—jm(ma_r')dw_j[w(r'_Io)]drl =Gs(@) Ig (r))e gl dr, = (1 1 67)
0 - 1]

=Gg(@)K(jw)e'™,
OyHIa, K(jo)=K(o)e " HH pTHOOpra oONCaK,

Gy, (@) = GsK(@)e ool (11.68)

OHepreTMK CcHeKTp XaKukuit xarranuk 6ynranu yuyyH (11.68)
ndonanary MaBXyM KYpcaTKU4 of, — ¢(w)=0 OYNHINN KEpakK, TbHU
oty = —p(w) (11.69)
(11.69) ndona mocnamran (ontuman) ¢uastp (asza-4yacToTacCHHH
KHPHII CHTHATM YacTOTACHIa MPONMOPLMOHAT OYINILMHYU Tanad Kuiagy.
Hlynpai kuauo,

Gy (@) =Gs(@)K(0) (11.70)

Xyanu wyHnai G (o) =Gs(@)K(w), Oy ¥3apo cnexTpaap 6up-6upura
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TEHITUTHAAH G,5(0) =G;, (o) Kenub YuKaau.
G, () = K*(0)[G; (@) + G, ()] uomacunn Ba (11.70) Hu 3pTH6Opra onubd
XaTONHK SHEPIeTHK CIIEKTPH YUYH KyHHIard TeHTHKHY OlaMH3:

G.(2)=[G;(@) + G, (@)K (@) + Gs(@) - 2G(0)K () (11.70)

OHIY K(o) HUHTI IOyHAal KMIMaTHMHH TONMIU KEPAKKH HaTIDKala
G,(») Ba £} Y3UHHHT SHI MUHUMAI KHiMaTHra SspMIICHH. ByBHHT yuyH
(11.70) nboaanu KyHuaaru makira KenTHpamMu3:

G (@) i G(0)G, (@)
=| K (@) — s s v .
G, (o) (0){Gs (@) +G (@ \/? )+C.@) + (@) +G.@) (11 70)

(11.70) ndonanuHr GUPHHYM TALIKHI STYBYMCH K(jo) I'a OOFIHK,
HKKHHYH TaILUKHJI 3TYBYUCH Oepmnran (MaBXyM) G,(») Ba G, (o) T2
6ormk. (11.70) mdona ¥3MHHHT 3HI KUYUK KHHMaTWra Y3WHHHT
OMpPUMHUYM TaIDKHJI STYBYMCH Honra TeHr Oynranpma spumamy. Bynunr

YiyH

_ Gs(w)
K, (0 =@ +0.@ (11.71)

éxu (11.67) nponanu 3rTHbGOpra oncax,

. Gy(@ -
Km(Jw)=Ta))ifai(—w)e fo (11.72)
(11.72) wudomamad (omTuman ¢GUIBTP KOMIUIEKC Y3aTHIN
ko3¢ uimeHTH) X, (jo) QUIBTP KHPHUIIMAATH CHTHAT Ba XaJaKUTJIap
SHEpPreTHK CHEKTpiapH OpKalH aHWKiaHagl Ba YHHHT (asa
XapaKTepHCTMKACH KHPHII CHTHAIM YacTOTachura IpOMOPLIHOHAN
6ynanu.
V3NyKCH3 CHTHAINAp YYyH XaTOJNMK JHEPreTHK CHEeKTPH MHHMMal
KHHAMaTH KyWHHaruya aHHKJIaHaTu:

__Gs(@)G.(@)
Gua@ =5t e (o] (11.73)

OntuMan ¢UIBTp YUKUIMHJATH XaTOJHK YpTaya KBagpaTH KUHMaTH
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(11.73) udona opkanu xucobnaHany,

Iy R COL G M (11.74)
™ 7 1Gs(@)+G, (@) )

OntuMan (MocnamraH) GHIGTD YHKHIOMAArH Xartonuk Z* daxar

XaJMaKUT w()=0 Oynranma Homra TeHr Oynamu, sBHH G;(@)G,()=0
Oynranna, dolizani curHan Ba XanakWT CeKTpiapH Oup-Oupu ycTura
TYIIraH YMyMH# KHCMH G¥IMaciuri Kepax.

Gs(@)
G.(®)
Kuupaiinbd Gopca, K(w) LIyHYa MOC paBMLIa kaMaHHOG GOpHLIM Kepak,
SBHA WIOKH Oopuya (olifany CHrHAl TAlIKHUI 3TYBYHMJIApUHH aXpaTHO
onuuu kepak. Gofifany curHan Ba Xa1akUT FHEPreTHK CIIEKTPJIapHHHHT
y3apo xofimammm xonatiapu 11.12-pacmpaa kearupuiras. Arap

OntuMan K, (jo) XapaKTepUCTHKamM HUIBTP KaH4a

G, (») <<G,(w) 6¥nca, E}=%fcs(m)dw=i; 6ynami, XaToNMK Xyla KaTTa
[

Oynamy, CHIHANHM acl XonaTAa TYFpU Kaiita akc STTUPUII (THKIAId)
MYMKUH O¥nmaiinu.

G(w) G(w)
Ki K((D)
1| Gs@) @ Gul®) 1{-.‘3_5.(9.)_( Gul@)
O /\ o \ )
o .
a) 6)

11.12-pacm. Curaan Ba XajlakuT SHEpreTHK CeKTpJIapUHUHE
JKOANALIHNIIY,

Oparaa anoka kaHail OpKal Y3aTHIKHIIK Kepak Oynran 6upnamyu
HucbOaTaH NacT 4YacTOTAIH CHUTHAHMHT CAEKTp TALIKH 3TYBYWIADH
aMIUIMTyJanapH MabayM OMp 4actoranaH Oouwnab xaMaiin6 Gopanu Ba
Oy y3aTuna&TraH 10KOPH HYaCTOTaJM MOAYNANMANAHTaH CHTHAJIMIArd
Gs(@)

J0KOPH 4aCTOTa CIeKTP TAIIKWA STYBMMJNapH YiyH Zt=
(@

- CHI'HaJ-
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XanakuT HUCOAaTHHUHr EMOHNamMmura oiub KenagWw, HaTHXAAa
CHTHATHH KaiiTa TUKJIALINArd XaTOJIMK OlIafd. By XonatHM OmgMH{
OJIMII y4yH y3aTWIaéTraH OMpIaM4M MACT 4YaCTOTAJIH CHTHAaJl Maxcyc
KOPPEKIUSAIOBYN (YM3UKIM BJIEKTD 3aHXXUpIap) KypuiMamaH yTka3uo,
Gs(@)
G.(2)
Kabyn KuArd4gaH CYHI y OXHprH akc OSTTUPYBYM KYpHJIMa
(pamuoxapHaii, KaOyJuiall TeJeBH3HOH TpyOKach, Ba X.K.) ra OepHInzaH
OJIMH MAcTAabKK X0IaTra KeNTUPHUIL YUyH TeCKapd KOPPeKIUd aMalira
omupunanu (11.13-pacm).

C}’H’BHﬁ paBHaLLOA HHCOATHHHI OLIHWPpHII TAbPMHHJIAHAIH. Curaan

G(CD) Gs((l))
. Koppexuus (ysatvin Tapaduna)
1 1
O Hactnabiu xonar
0 : Gw((’)) (4]

Teckapu xoppekuua (kabynam Tapaduna)

11.3-pacM. CurHanra TY¥pH Ba TECKapH KOPPEKIMA KUPUTHILL
Ha3zopart caBoanapn

1. EBxnp dasocu Huma?

2. Muckper curran s(t) HopMacH HMMa Ba y KaHaail ¢pu3uk MabHOra
sra?

3. Uxkxn guckper curHan opacugare  Macodpa d  xaHza
aHuKIaHaau?

4. Uxxu BekTOp cKanAp kymafitmacu ¢opMynacHHM E3MHI, Y
KaHpa# Pu3HK MapHOra 3ra?

5. V3nykcu3s curHan x(t) Ba y(t) ckamap kymaHitMacH HAMara TeHT
Ba KaHpaail ¢u3nk MabHOra sra?

6. Y3mykcu3 cursain s(t) HopMaCH KaHjaii aHMKJIaHa M Ba y KaHIai
¢u3uk MabHOra ara?

7. Ukku y3nykcu3s curaan s;(t) Ba s,(t) opacumaru macoga d kannait
aHWKIaHaau?

8. Mxam curHanuy 6up-6upHan ¢apiiam mapTHHY alf THHT.

9. Qapxnau ko3¢ ULKEeHTH HIMa?
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10. Kapama-kapimu curHamiap [JIe® kaHjad curHamiapra
alitunanu?

11. CuHXpOH HHFUIUI YCYJIHHUHT MOXMATHHH TYLNYHTHPHHT.

12. HHTerpannam ycyJMHHAHI MOXHATHHY TYLLYHTHPHHT.

13. CurHautapHH KorepeHT Kalynnain acocuil 1apTUHY afiTHHT.

14. CurHamiap Kaiicd Xo/Utapaa HOKOTEpPEHT Kabyn KMIMHAIU?
HokorepeHT kabymnam KypniMacH YMKHMIIMZA C/X KaHAaH KaTTamuK-
napra sra 6ynagu?

15. Koppemwsiunon  kabymmam  KypuIMacH  CTPYKTYpaBHi
CXeMAaCHHH YH3KHT Ba MIIUIAIU *apaéHHHH TYLIYHTHPHHT.

16. ABTOkOppersiUMOH KaOyinam KypUIMacH CTpYKTypaBuii
CXeMACHHH YH3UHT Ba UILIAII XApa&HUHH TYIIYHTHPUHT.

17. TapmorMk curHan Ba (YHKUHOH Xalaknt HUFUHAMCHHH
aBTOKODPENALMOH Kaby uiall BaKT JHarpaMMaNapyHy HH3HHT.

18. KoppensauuoH Ba aBTOKOPPENALHOH KalOyiuiaid yCyIJIapHHH
XaNaKuT 6apAOIITHIHHH TAKKOCIaHT.

19. Kanpali ¢uneTp mocnamran GunsTp Aeb atanaau?

20, Maxnmy Ma®iIyM CHrHan yuyH Mocjamnrad GUIbTp KaHjad
K(®) Ba ¢(w) ra ara 6¥nuum kepax?

21. VY3nykcus curHan ydyH omruman ¢unsTp Kaupai K(o) Ba
¢(w) ra sra 6yymimm kepak?
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12. XAJTAKMTSAPJOIIVINK HA3APHSICH ACOCJIAPA
12.1. XanakAaT0apAomIAK XaKHAA ACOCHH TymIyH9Iamdap

Kyn xomnappa xabyn KuMHMHamuraH CUTHa/UIap YYyH YJNapHHHI
TALTYBYKCH YaCTOTAacH f, JaH TAaINKapH, MOXYNALMA Ba KOIIall TYpH
MabayM xucobiaHaay. CHrHanra TallkKd Ba UYKHM XallaKUTHap TabCHD
9TraHAa YHM TYFpM KalOyn KHIMII SXTHMOJUIMIHHH, XanakutOap-
NOIUTUTHHM TabMHMHTAII Tanab »Twnagd. Mopaymauus Ba koJiall
TYpUAaH KarThH Ha3ap CHrHAIAD TYpPiHU ycyiuiapiaH ¢oiaanaHub kabyn
KANAHAIOH MyYMKWH. CHrHan kaOyn KWIHIIHMHP Kalicu ycymnapn
XaJMaKuTOApHOLLIMK HYKTau HasapugaH OSHI (MabKyd, MYTaHOCHO)
ontuMan xucobnaHaau? by caBomnapra B.A. KoTensHHKOB TOMOHHAAH
ApaTUITaH XanakuTOapHOLUMK Ha3apuACHAaH kaBoO TOMUII MyMKHH.

Kabyn xumuin KypuiamacH (TU3MMHM) HHHI CUTHAJTHH MabiIyM Oup
MyTaHOCHONMK (aHMKIHK) OMIIaH KalTa akc STTHPA OJIAII UMKOHHATH
(KOOWIATH) YHUHT XalaKUTOapIoMiury neb aTanany.

ANOKa TH3UMHHHHT TYIMK XalaKuTOapHOLUIIMIMHH aHMKIANI Ky
X0JLTapaa Mypakka® O6ynrasu yvyyH omaTAa YHMHr afipuM KUCMITapu:
Y3aTHII KMCMH, CUTHAIT Kabysl KWIHIO KypHIMAacH; KOJIall Ba JEKOAAI
€KH anoKa TU3MMHMHMHI MabJIyM HWKKM HYKTacH OpacHiard KUcMIapy
XaIaKUTOapIOLIMIY aHHKTAHAH.

XanakuTOapAOUIMKHUAHT SPUINMIHINA MYMKHH OyiraH sHr xarra
gerapaBuii Kuiimati KotensHukoB HbomacH 6FiiMua mnoTeHumMan
XAAKUTOAPIOIILTHK J1ed aTanaau,

Spatunran pean ajoka KypHJIMaJiapH —XalaKuTOapIOLUIIH
MOTEHIIHANl XaNaKHTOApIMOMUNHKAAH KAYMK, aMMO YHTa KaH4ua SKUH
Oynca, TH3UM EKM KypUJIMa IIyHYa MyKaMMarn XucoOraHaay.

Xaxuxuit (pean) XaJaKMTHH DOTEHIMAN XaJJaKuTOapIOULINK Ounan
TaKkkocnam TH3MM (KYpHIMa)HH MabiyM MOAYINMA Ba KOMJIaml
ycynuaaH ¢oiinananranga kKabysnl KUnMIl KypHIMacH KUPWIIHIArH
CHTHA/XanmakuT HHcOaTH OepuiraHjia YHWHr XajlaKUTOApIOULTHTHHH
MOTEHLHAN XaJNaKUTOADNOLULUTAKHY TabMHHJAITA  SKWHIAITHPHULI
KyIAMYa 90pa-TaA0upIapHHy TaHIall MMKOHHMATHHY Oepani.

Vimean xonatna, arap curHan xafymraml KypuaMmacwra ¢axat
¢doitpam curman s(t) Tabcup 3Tca, IbHA XarakuT w(t)=0 Oyica, yHIa
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Kabyn KUIMHrau curHan v(t) ysatumarad curHan u(t) ra TeHr 6ynamm.
ByHma KypdiMajard YM3HKIM Ba HOYK3MKIN Oy3wiHmuiap Hyk ned
xucobnaitmu3, CurHan kaOymnamm kypuimacH (CKK) kupuinura
pakaMiii MKKH XHJ 3JIeMeHTap cHrHai s;(t) Exu sy(t) Ba Xanakat w(t)
TABCHP 3TTaH XaIaKUTHH Kypub dnkamus (12.1-pacm).

x(1) = v
CKK Y

s(O)+w(t)

12.1-pacM. YMyMIalITHpUIraH CUrHan Kabyiuiamm KypHJIMacH.

CKK «kypuniMacu kupduimpaard x(t) curHanra uunoB Oepuim
HaTIKACAa KHPHULINATH CUTHATHUHT Y3aTHJIHIOY KyTHIAETraH si(t) Ekxu
sy(t) curHaznapaaH Kaiicu OupH kysaTwirad 0<t<T BakT opacHia yHUHT
KMpHUIDIAra TabCHp OSTraHiMrd XakuJarw anocTepuop (CHrHaTHH
Ky3aTHIll Ba MINNOB OepHIl HATHXXacKHJa) 3XTHMOJIIMCHHE Xyucobnab
Gepaay, spHH P(s51/X) Ba P(s,/X).

Arap s;i(t) Ba s;(t) CHTHaA/UTAPHUHT, LIy >XyMJIaJaH, XalaKUTHUHI
CTaTHCTHK Xoccalapu GepusiraH O¥nca, cUrHain KaGynmam KypHiIMacH
YJIapHUHT anocTeOpHX TAKCHMOT KOHYHNApHHH TaxJwmi 3THO s)(t) €xn
sy(t) curHajiapgaH OMpH YHWHI KHMPHIOHMIa TabCHpP JTraH¥ Xakuaa
MabIyM 6Up Me30oH acocH/ia Kapop Kabyn Kunaay.

MacanaH, ypHatunran - KkaOyn KWIMHraH Me30H acocuia
y3aTUIraH XabapHM SHI AXWIM IJaKIJa aKkc JTTUPHIUM Kepak. Yby
Ypuatunran, TaHnaHrad me3od acocuna CKK onruman xabyn kunruq
MabBIyM ycynpga ysaTwiraH XxabapHu kaOyn KHUIHUIZA SHT OKODH
XanaKuTOapAOIINNKHHI TabMUHIAIu.

Arap kaOyn KUIMHraH curHaimnap n ta 0ynuca, x;-103a n Ta KUCMra
6ynuHany Ba Xap ran x;-HHHI KMiMaTH X; [03a1aH OHpHra Moc Keica s;
curan KK kupummura tabCHp 3TAM, JeTaH AanOCTEPHOP SXTHMOJUIMK
P(si{x) Mabnym Oynagu. ByHIa kaHan OpKaiM XaKHKaTda S; CHTHAI
y3aTJaras 0yinca, y Tyrpu kabyn KHIMHTaH XucobiaHa M Ba XaTto Kabyn
KMITMHTaHJIMK SXTHUMOJUTHIH P, Ky#iuaruda aHuknaHau:

P, =Y P(s,/x)=1-P(s,/x) (12.1)

izf
(12.1) ndopmagan kypuUHaAMKH, CUTHAN S; HHUHI TY¥pH KaOyn
KUJIMHTAHITUCY  Makcuman KuiiMatHra xaro KabOyn KUIMHraH/Iury

239



KHHEMAaTHHUHT 3HI KHYMK SXTHMOJUTHIH MOC Kenau. Arap anoka KaHanu
Oyiinua ¢akat ukku xua curHam  si(t) Ba sy(t) ysatmnca (1 &xm O
pakamiu curHan), y xonaa (12.1) udona comnanamamy,

Pro = P (53/5) =1~ Pray s,/ (122)

Arap ajoKka KaHaIM KHUPHINHAArd Ba YMKHIOWAArH CHUTHAJIap
JquckpeT (pakamun) 6yica, Oynpait kaHan FUCKpeT &K pakaMiH anoka
KaHanu 7aeb artanany. AJNOKa KaHaIM KHPUIINWAArH Ba YHKUIUHAACH
CHIHaN y3mykcu3 Gyiica, OyHpail kaHanm y3JmyKcH3 KaHal Je6 atananu.
Arap KMpHII EKM YHMK{II CUTHAJUIAPUIAH OMPH JUCKPET HMKKHHUHCH
y3nmykcus Oynca, OyHmaif kaHanmnap JUCKPET-Y3TyKCH3, Y3IyKCH3-
JUCKpeT EKM apanalll CHTHaJUIap KaHanu Ae atanaan.

Huckpet (pakaMiu) ajioka KaHaTH yYyH KOJA KHPHII CHTHAJLIAPH a;
(i=1,2,...m) Ba umim curHamnapu §; (j=1,2,...m) cHrHan ysaTui
Te3nuru V Ba S; HU S; ra yrum sxrumonnuru Py=P(SyS;) masnym 6ynca,
OyHmali KaHaTHHHI XOCCATapH aBBAINAH MabIyM XHCOOIaHamM.
YMyMaH onraHna, KMpHMII Ba YHMKHIIJArd SJEMEHTNAp COHH OHp-
6upujaH GapkraHHUH (MFm;) MyMKHH.

Arap auckpeT (paKkamiIH) KaHat y4yH Sj HH Sj ra anqMain6 KomuInu
sxrumoiuru  P(Sy/S;) Baktra Gornmuk 6ynMaca Ba ymby asmeMeHTap
CHTHAIAaH XKaHJail »sJIeMeHTap CHUrHal OepHTaHmurura OGOoFIMK
6ynmaca, xotupacus 6up TypnM kaHan ne aramamm. Arap P(S/S)
BaKrra Oornmuk 6ynca, OyHpaii kaHan Gup Typmm GyaMaraH KaHan neb
atajnand Ba S; HM S; ra YTHIN 3XTHMOIUTHIH, YUIOY 3NeMeHT/aH aBBal
Kaiicu anemeHTap curaan depuiralirura 6orauk 6ynca, 6ynnait kanan
XOTHpanu kaHam JAe® aramaxm. ByHpait kaHan Metematux uogacH
MapkoB JHCKpeT KeTMa-KeTIHIHra acocjianras oynany.

Arap Oup Typn¥ AUCKpeT KaHaIWAa KUPHII Ba YHKHILIAPHAArH KOJ
CHMBOJUIapDH (dJIeMEHTNap) COHM Oup xun 6Ynub, ynmapHu OUPHHMHT
HKKMHYMCHra YTum sxTuMoiutur P(SyS)=Po=const 6ynca, Oymnaii
KaHanuap cUMMeTpHK kaHan e atamnaau (12.2a-pac).

Mucon Tapukacua HKKITHK JHCKPET KAHAHY KeNTHPaMu3.

ANOKa KaHaJUIapy OpacH/ia KMPHII Ba YAKHII KOJ CUIHALIapH GUp XHi
aMaciapd Xam ydpaitmy, 6yHaa kupum andasuta M <m' 6ymu6, xaMMa
N=n" komnap mkxy rypyxra 6yaunagu N=N,+N1. Xabapnap ysarum
yuyH ¢axkat N, - pyxcar 3TWwirad Komaap koMOMHaUMACHIAH
doiinanannmany Ba kabyn ToMoHzAa Nt - TaKMKIaHTaH KoJ1ap KoMOHHa-
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uuscy naiizo 6¥nca, xamakpTiiap TabCHPH HaTikacHma Oy Koiap
KOMOMHAIUACK «¥4Iupunanu» pylixarra onuumaiinu. Bynpgait amoka
KaHannapu «y4upUIINIY Kanannap ned arananu (12.26-pacm).

Py Py i
! a N a
5| o= - S L e 1
TNl Py -7 SIS~ Py T
S~ - ‘~P_11 — .
~a ——4 Vom e - ‘\‘ a‘
s< o - O
PlLf— S~ Pa_ .- R
- ~< N L
.- ~. PPy -~
- . -
5 v— —e 5, a; ge=ET e ~e a;
Py P
> A
a) Pu=Pn 6) P3;= Py,
Pr= Py Pp=Py

12.2-pacM. Mkknuk anoka KaHai¥ MIAIAHAHT rpad MK TaCBUPH.
a) CHMMEPTHK KaHall, 6) HOCHMMETPHK KaHall.

«V4upyBYH» XyCYCHSTIM anoka KaHawiapuaa gekomep Ny
TaKMKJIaHTad Koiap KOMOMHAMACHHY ASKOLIaMaii Iu.

Arap ajioka kaHanMga Xajakutinap #yk 6ymca (w(ty=0), y xonna
KAPHUII  Komiap KoMOMHALMACH ¥3Mra MoC YMKMII  KO;Iap
KOMOHHANKsCH Xocua 6 sxtiMonnurd P(Sy/S;)=1 6¥nami. Bynnait
Kopmap KoMOMHauMscd Jekoep TOMOHHIAaH JUckper xabap
3neMeHTIapuAaH 6Upy v; ra alnaHTUPWIAAK.

12.2. Carnansapag onTaMai Kaby/nail MelonjJapa

Kapop xabyn kuauin cxemanapuiaH Kaiich GMpH ONTHMALIHTHHK
aHWKjalnga, YJIapHUHr KaiCH MapHOJa (ME3OH/IapH) ONTUMaJUIMIMra
anoxupga 3btubop Oepuin kepax. Kapop kabym Kuimuin Me3oHnapu
Typiy4a 6§16, y anoxa TH3MMHUra KyiuiaraH sasida Ba yHHHI HILUTAII
IaponTHra GOFITHK.

CKK xupuiunra ¢oiiganu curaauiapaad 6upy s(r) Ba SXTHMOJLIHK
KOHYHM MabiyM OYnaran xanaxkuT w(t) aiuTUB KyuIuirad aed, seHn

x(1) = s()+w(), (123)
ned xucooOmaiiMus. CUrHaN s, (f)HUHI Y3aTUJMIN alpUoOp 3XTHMOILIUTH
tacomuduit 6ymu6 P(s,) ra tenr. CKK x(t) ra wmmmoB Gepum
HaTKacuAa S; CHrHauHM uYMKapamd. KupHm cHrHamm Tapkubupaa
xanakut w(t) OYnraHM y4yH YHUHT YMKHIOMJArH CHrHaN Sit) aHMK
kupuindaars curian smac. CKK kupumuaary x(t) ra uuwos 6epub x(t)

241



HH Y3aTHIMIIM MYMKMH OynraH curdHamapfad OWpH 2KaHIETH
XaKHJarH alocTepuop 3XTHMOJUIHK TaKCHMOTHHH P(siyx)Hn xucobnab
yuKag. Ym0y 3XTMMOJUIMK TakCHMOTH KOHYHHI2 acOcCNaHu®,
y3aTHJMImmM MyMKMH Oynrad curHaigan Kaiicu Oupn CKK ra
x(t)=si(t)+w(t) maxnuga KeJIraHnury XaKuaa kapop Kaby/n KHIAII Kepak.

Huckper (pakamMiM) CHTHaUIapHM y3aTHOAA KoTenbHHKOB
Tamofwnuaan keHr ¢Qoiinananunany. Ywly taMmoiinira acocaH Kapop
Kabyn KWIHID KypUIMAacH YHKUIIHAA afocTEpHOp 3XTHMOIIMIH SHT
KaTTa O¥nraH curHan sit) pyixatnan yramu (akc stamm), P(si/x)>P(sj/x),
i# 6¥Ymca sit) curHam akc STTHpWNIanH. Ymby Tamoitnnman
dofinanaHunraHfa XaToJNMK TYMHK OSXTHMONIMIM Py 3Hr kUMK
Kuiimatra spumiany, AbHH Py=Pynmin 6Y1anu,

P,= 1- P(si/x). (12.4)

(12.4) wudomagaH KYpHHAIUKH, AaMOCTEPHOD SXTUMOJUIHKHMHT
Prax(Si/x) Makcuman KafiMaTHra XaTOMMKHMHI MUHHMAT KHAMATH Py
TYFPH KeJIamH.

Arap CKK toMoHmnan sij(t) Ba sj(t) CHrHaJUIApDHHHI y3aTHIIMII
anpuop SXTHMOJUIMTH Mabiym Oymca, sit) &ku sj(t) cureaiHu
pyHixatman ¥Txa3uil XaTOMMTH sHaxa kaMaami. Baiic ¢opmymacura
acocal

P(s,)P(s,/x)

s s (12.5)

P(s, /%)=

(12.5) popmynanu KyHHaara Maxifa XxaM €30 MyMKUH:

P(s)P(s;/x)>P(s )P(s;/x) s, (12.6)
€xu
P(S,./x)_P(sj) BN (12 7)
P(s,/x)  P(s)) )

(12.5), (12.6) éxu (12.7) tenrcusnuiiiap 6axapunmarad xomnaa (S))
CHTHAJIH pyiixaTra onyuHaaH (aKc 3Tanu).

P(Si/x) ea P(Sj/x) nap x(t) HHMHr si(t) Ba sj(t) ra yxuauuigk
dyHKUIUIapy ne6 aTanand. Yximammk GpyHKIUACH KaH4Ya KaTTa 6ca,
x(t) HEHHT si(t) Ba sj(t) SKaHIMIUM 3XTHMOJUIMIHM LIyH4Ya KarTa Gynasm,
XATONHUK IMyHYa KH4UK O¥namu.
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P(s,/x)

P(s;/x)
KoTtensHukoB TaMoiuMiIM acocuja Kapop Kkabyn Kunuiuga Kyduparu
udomanan doinanaHuIl MyMKUH:

=A ¥yxwramnuk Hucbatm ne6 artamagm Ba YHra acocad

P(s;/x)
A>—P(sl./x) -5, (12.8)

(12.8) waprt Gaxkapuiaca S; curHan pyiixataan yramu. Arap Typiu
CHTHAUTApHM Y3aTHLI alOCTEPHOD 3XTHMOJUIMTH OHp Xun 6ynca, AbHu

P(Si) = P(S)) =$, OyHZa m-TypJH CHTHAJLIap COHH, Y XoiJa Kapop kabyn

KMMUI WaPTH (TaMOMMIIM) coananiamy;

A>1 -5

L (12.9)

Lynpmatt xunud, wumean Ky3aTyBUH TaMOMHMIM  YXINAUIHMK
¢byukiusanapuH  Takkocymawl OmnaH  anmamamy.  Ymdy  Imapt
yMyMHAHpPOK 6116, MaxcHMan YXIIAIUIMK TaMoituny 1e6 aTanamay.

12.3. UKxBJAAK a70Ka KAaHANJIAPHEAA CHIHAMJIAPHE Ka0yuiaumaa
CTATHCTHK XaTOJHKIAAP

AJNIOKa KaHa WM OpKaH y3aTumaauraH s;(t) Ba S,(t) curnamiap,
KOXHUHT UKKY a; Ba 2, 3NeMeHTap curiamapy | Ba 0 ra Moc kenaau ne6
xucobnaiimas. CKK kypunumigars curdan x(t) ra umoB Oepuin
HAaTHXKacHZa S| Ba S, HU aKC 3TTUPUII «OYcaray ycymHia Xail 3THJIaH,
OyHna x<x; 6ynca s; curHan Ba x=x, OyJca, s, CHCHAn pyifxatra
onuHagu (OyHma xo — Tpurrep Oycaracu catx KuitMatH). 12.3-pacMmpna
tpurrep (Tp) épaaMuna kapop kKabysl KMIKN KYpHJIMACHHHHI YA3MacH
KEITHpHJITaH.

x(1) oS
Tp I—

- e
1

12.3-pacm. Kapop kaOyn kuaum coqanalorad cxemMacH.

)
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x(t) curHanay Kabysnampa 2 Xu1 XaTONHK CORAp OYMHIIN MyMKHH:

1. s; CHrHan ysaTunradzas; ;

2. sp y3aTHJITaHAa $; CUTHAN py#xaTnaH YTuiun (aKkc STUINH
MYMKHH).

Y6y XaTONHIJIapHHHT COAUP OYIHLT 3XTHMOJUIUTH

B, =P(s,/5,)= ’fp[s;)dx (12.10
P, = PGs, /s,)=TP(i—')dx (12.11)
Xy

Y6y (12.10) Ba (12.11) HHTerpannap 3XTUMOJIIHKIAP TAKCHMOTH
rpadMIMHKEHT [03acH MaKIuaa Xucobnanumy MyMkuH (12.4-pacm).

Xo ] x
12.4-pacm. ETErpa 3XTUMOILIHKIAP TAKCUMOTH.
BUpHHUYM Ba MKKVHYH TYp XaTOJNHKJIAp S; BAa S CHTHAUIAPHUHT
Y3aTHIMIO anpHOp OJXTHUMOJUIMIHHHM 3BTHOOpra onMil HaTHXXacuOa
KyWyjard KypHHHIIHY OJIafN:
P, = P(s5,)P(s,/5,)= BBy, (12.12)
P, = P(s,)P(s,/5,)= BB,. (12.13)
Xato cogup 6¥mHII TYIHK 3XTHMOJLTHUTH

Py=Pr+Py=PP2+P,Py:. (12.14)

Arap s; Ba S CHrHaJUI2DHHHT Y3aTHJIHII alpHOp 3XTHMOJUIHKJIApH
P,=P, 6¥nca, y xonxa ymymuit XaTonuk
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A=2(BatPy). (12.15)

Ymymu#t xatonmuk Py anpuop sxrumoiuuinap Py=P; 6ynranpa
VY3HHUHI SHT KMYMK KuiiMaTura spumand, YHAA Kapop Kalyn Kumium
cxemacugard «6ycara» catxu x, ra TeHr Gynumu kepak. Yiby 6ycara
catxuna Po=P,=P,;. 12.4-pacmaa xaTonuk Py mTpUxiiaHraH 1o3ara TeHr.
Kapop xabyn kunuiu OYcaracHHMHI Xap KaHOal x#x, kuiiMaTHza
yMyMuit xatommk Py owmany.

KorenbHuMkoB Tamoiimmu Tabuuii cogjanmurura KapamacnaH
KyWHgary kaMyMJHKiapra jra: OMpUHYMZAH XaMMa XolllapZa XaM
CHFHaT KaOyJulall TOMOHAZ Yy3aTWia€IraH CurHaljlap ampuop
SXTHMOJINTHKIAPH MAbIyM 5Mac; TypJH XaToNukilap OHp XWn HaTHiKara
ara, 6up xun HykotHLiapra o6 kenaay Aeb Kabyn KUIHHTaH.

Bazu xomnapma OyHaall TacaBBYp XaTojMKIapra onu0 Kemam.
Mucon yuyH: KaHam oOpKand MabiyM OHp pakaMHH Yy3aTraHja,
PaKaMHHHT Kaficu OWp JymeMeHTH XaTo Kalysn KHIMHIAHH TYDIH
napaskanary (KuiiMaTtugard) #yxotuuapra onub kemagy. Macanan: A
Man3ungaH B mausmnra 1111 sxyHatunca KyduHIard Typ XaToiMwiap
comup 6ymauwu mymiua: 0111, 1011, 1101 éxm 1110. Kentupunrax
TYpT xXonataa x(t) Ttascupupa | HuHr 0 ra aMallMMmM TYpiH
okubatnapra omu6 kemamy. XaTONHKHHHT oKubatM  Typimdya.
Panuonokauusia Ba ¢aBKylIoAna XojiariapAa KOMaHJaHUHT ¥TKasHb
1000puUnHIIg Ba ENFOH TaHEPrapjauK 3BJI0H KHIIHIO.

VYMyMaH, Kapop KaOyn Kunumiga OWPHMHYM Ba MKKHHYM Typ
XaTOJMKJIADHUHI KaHOai okuOarnapra omub kenuuOvHH, anbarra,
sbTHOOpPra onuil  kepak. YmOy XaTonMK OKUOaTHHH Maxcyc
ko3bduunenTiap kUpuTHO 3HTHOOpra ONMMIN Makcaiara MYBOQHK
Oynany. BUpMHYM Ba MKKHWHYM TYp XaTONMKIapHUHT OMp-Ompura
myBouKamTHpyBun Ly, Ba L; kodddunueHTIapHH KHPHTHO,
KyTunanurad okudar (HyxoTumn) €ky ypraya TaBakkalHi aHHKJTaiMH3

=L 2P+ L1 Py=L12P P12+, PoPy; (12.16)

Kaiicu 6up kapop Kabyn KWIMII TaMOWMIM 9HT kaM yprada
HYkoTHil €KH TaBaKKAJIHH TabMMHJAcA, IMYHHCH OSHT ONTHMAI
xucobnaHaau, MUHMMA TaBakkal Tamoium bafic Me3onapH katopura
KUpajy.

Paguonokauus Ba ruaponokaimsga Heiman-TIupcon tamolinnunan
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dofinananvnagn. Ymby TtamMofiMNHK TaHmalnga OOBEKTHH MIean
¥1razn6 106opuin Ba EnFoHnaH cadapbapiauk BIOH KHIHIN OKHOAaTHAA
TypJIN4a SKaH/IMIHHY 3bTHOOpra ONMHraH, OyHIaH TalIKapu «O0OBEKT»
HHHI Nafino OYmuiN 3XTUMOJUIMTH aBBJJIaH (alpHopH) HOMabiIyM aed
xucob1aHagy.

Arap «oObexTHH» VTkasHb robopumr &EMOH okubariapra
(ityxoTmnapra) omubG kenca, y xonma &irroH Oe3oBra (cadapbap)
KHWIMII 5XTHMOJUIUTH s HY KUDHTHIO Ba Kapop Kabyn KHIYBUH cxema
TYFpr KaOyn KWIMII 3XTUMOJUIMTHHH MaKCHMAaJTAlITUPDYBYM XOJaTAa
HIMANMHYE TaBMHMHJIAI Tana® KUJIMHUINM Kepak, spHU Pr —ronmmm
(aHMKIAm) SXTHMOUIMIUHM OMUPHII &KH «OOBEKT» TONHIMACHHH
(aHMKIaHMal KONULOH) SXTHMOJJIMTHHE KAMAHTHPHLIN Kepak.

Hetiman-ITupcon tamoitumu 6yitmya CKK ontuMan ne6 xucobnam
yuyH, 6epunran «&nron» cagapOapiuk 3XTUMOJUIHUAA B, Aa, CHTHAI
OOpNHIHHN aHHKTAIIHUHT 3HT KATTa OSXTHMOJUIMTHHH TabMHHIIAIIH
Kepax, SEHM

Py=[PaIOE=p, B8 By 1= =1 |Pls)ds (12.17)

HefiMau-ITupcoH Tamofinnm KyHuparuda Xapop Kabyn KHIHII
TaBcHA STagu. «OObekT» KyHHMZarH Xolja aHUKIAHraH (TOIMIraH)
xucobranaau:

A=PEID ;. (12.18)
P(x/0)

6yHna, * — &nroH cabapbapiuk pyXcaT STHIIaH 3XTHMOJLTMIH OPKAJIH
aHUK/IaHYBYH KaTTAIAK.

12.4. lackper xaGap;rapHH onTEMaJ KalyJjuiam

Huckper xabapnap maHGau YMKMUIMAZ U, U, Us...U; xabapiaap
P(u1), P(uy), P(us)...P(u;) sxtumonnuk 6unan maiigo 6Ynamu. Ysarum
TOMOHUJZIA MOXYIALMA HaTikacuga ymby xabapnap MOC CHUTHalIap
$1(t), S2(t), s3(t)...si(t) curHamnapra alimaHTHpHIAOM, YIApPHHHT y3aTHUIN
KypHIMacd 4YHKUIOWAA Taifo OYNUII 3XTHMOIUTMIH U Uz, Uj...Uj
xabapnapHyur naifo OYTHIN 3XTUMOJUTMIHra TeHT, fbHM P(s;), P(s2),
P(s;3)...P(s)) ©O¥Ynamu. bBynga tabumiixm, s;(t), sa2t), s3(t)...si(t)
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CHTHAUVIADHUHT mnaiifo OYNMII 5XTUMOUINTH XaOapllapHUHT Naiifo
OYMIL arpHoOp SXTHMOJUIMIHra TeHr, sbHHU P(s1)=P(u,;), P(s2)=P(u)...
P(s;)=P(u;) 6ynaau. V3aTuiu xapad8Huna cursan si(t) ra xanakur w(t)
tTabcHp 3Tand, Hatikaga CKK xupnmmra x(t)=si(t)+w(t) maimamaru
doitmanu curHaiapmaH Oupura amaMTEB KymmnraH G,(@)=N¢/2
crektopu OViiMua GUp TekHMc TapKairaH KyBBaTra 3ra XajlakuT TabCHp
3TaaH.

doitganu curHan si(t) xamaxut w(t) Ba x(t) MasityM GUp opaiHk,
(0<t<T) ma MaBxyn OYJNraHjIdKIapd Y4yH YJapHH OPTOrOHAN TAlIKKI
3TYBYHMNApra aIOXHAa-aoxyuja ium MyMKuH, OyHaa

5(0=35.0.00; (12.19)
W)=Y w00 (12.20)
0= 50,0 (12.21)
6ynna,
T T
X =8 +tw5 s = IS, OIAGN W, =Iw(t)¢1(’)dt . (1222)

CKK kupnmpgarn xarakuT w(t) 5XTHMOJUIHK HOpMall TaKCUMOT
KOHYHUra 6¥HicyHrany y4yH w(t) HHHL OpTOrOHAJ TAlIKWJI TyBYHJIapH
@ypre koahbuIMeHTNIapH XaM ypraya KWHMaTH Hoira TeHr 6YiraH

HOpPMal TAaKCHMOT KOHyHUra OViiCyHany Ba YHHHT JUCHEPLHACH

2

N, .
8=w/="c rarenr Oynamu, ToHH
z

PO, (12.23)

)— Lex ..1’1_
v, U,

Curnan Ba XanaKATHHUHI JMFHHIMCH *¢ XaM CMTHan Ypraua
KuiiMaTH S+ GYnraH HopMmal TaKCHMOT KOHYHHMra OyiicyHamu Ba
JVICTIEPCHACH XaNaKUT AUCIIEpPUUACHTa TeHr 6Ynamy, TbHH

J_;V:exp[-w} (12.24)

NO
Xanakut w(t) TalIKWI STYBUWIapU W, Jap Oup-Ompura OGOFIMK

P(x,/s;)=
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6ynMaraHJMKIapH Y4yH X; HHHL KYI YT4YaMiid 3XTHMOJUIMK IHAPTIH
TakcuMoTH P(sy/x) yHuHr 6mp ¥nmuamiam TaxcuMomiapu (12.24)
KynalTMacura TeHr 6ynanu.

P(s,/x)= ﬁP(sﬂ [x)=mN;""? exp[— NLi(x, —s,,)’] (12.25)

o=l 0 =
Y6y (12.25) udonaun Batic dopmynacu

P(s,/x) S P(s) s
P(SI/X) P(Sj) ! (12.26)
ra kuputu6 KotensHukos ontiuman CKK maptu yayH Ky#ugaru
TEHTCH3ITHKHHA OJTaMH3

1 2
/) ”[75() ] P(s) (1227)
(s, /x) 1 i 2| Plsp) '
exp| —F (x; _sjl)

0 e=l;

(12.27) ndonanu norapudmialn HaTHxacuaa KyHHIaruHN OnamMus

g(x, —s,.,)'—gs(x, —s5,)? <Nom% (12.28)

(12.19), (12.20) Ba (12.21) udomanapuu 36THOOpra onud,

I’

3 (5, - 5000 = x(1) - 5,(0) (12.29)
=)

i.

3 (5, - 5,00, = X0~ 5,0) (12.30)

(12.29) Ba (12.30) udopanapHy KBajpaTra OLIMPHIN, BaKT Oyiiuya
YpTaNallTAPHIN BA ¢,(f) GYHKINAIAPHIUHT OPTOrOHANIATHHY 3BTHOOpra
oncak, Kyinnary ndogaHu onamus

T J2
[lx)- 5, OFd =Y. (x, - 5,)? (12.31)

e=4
IOxopunarunapur 3pTHOOpra onranga KoTelpHHKOB onTHMal
CKK wmaptu Ky#uaary makira Kejain,
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T T
flx)- 5,0t~ [lxy s, ar =, 26 (12.32)
5 3 P(s;)
(12.32) mapr 6Gaxapunraggma CKK 4dkMIIMZa s, (f)CUTHAN, aKC
XONAa s (/) CUTHAI aKC TaH.

Arap afoKa KaHalH OPKAIH y3aTUNaéTraH TYpPJH CHIHA/UIApHHAHT
y3aTHIHLI anpuop OXTUMOJLUTHKIIADH 6up  xwm, ABHH

(p(s)=p(sy) == p(sm)=$ ne0 xucobnacak, Kotenpunkos CKK ontuman

IIapTyu sHajaa cojaaianiaia
T T . .
[x)-s,@Fdt < [[xty-s,@00Fa, i*J (12.33)
] 4]

(12.33) mapr 6axapunranga CKK umkummna 549 curuan, axc
xonaa >® curnan akc sTanu.

Hlysma#t kuwinb  y3aTM/aéTraH  CHIHAUIADHHHT  y3aTHJIMII
9XTHMOJUTHIUIApH O6uMp xui 6yica, omtuman CKK gukuinuzga xabyn
wwmaran *O=5.O+wl)  nay  sur kaMm  Ypraua  kBampaTHK
dapxranysyu curaan 5«8 axc stamm.

(12.33) TeHrcH3IMK KBaApaT Ba KaBCIApHM OYMIN HAaTHXKacHJa
Ky#npgaru KypHuHHILHYA OJIaH:

oT T

T T T T
Ho)de+ | SA)dt—2| x(£5(Ddt < | «Dat+ | SHdr-2 £)s,(t)de
Joz(t) L i) jx 0 Jct(a J; (r Jer()j) ‘

12.34)
Arap y3aTHJIagHraH CHTHa/UIapHUHI 3HEpTHACH Oup xun 6yaca,

T T
S2(di_k SE()di_E, E, =E,
x‘anJ;?‘ =5 Jy s =5, T

AHaza cognaiamany,

6¥nca, y xonga (12.32) udona

f (95, (0de > J’Tx(:)s,, ©dr
: b (12.35)

By xonna Korenpuukop ontuman CKK unkumnzaa xabyn KuI¥Hrad
X()=S,(+W() cyryan Gmmad Hr KaTTa Y3apo KOppENAUMATA 5ra
6yaran, y3aTHIMIIK 3XTHMON 6¥nrad cMrHajUIapJad Gupy akc STajy.

Anoka kanam opkann :(Ppa S:()  curmamm  ysatunuum
MyJokannadran Oynca, (12.33) mdomana KeNTHPHIraH ajJrOpUTMHH
6axapuinra acocnmanraH KorenehHukoB ontuMan CKK  Kylimmark
KypusMiira sra 6ynanu (12.5-pacm).
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A

x(1)

(x_s.')

(-x_st)2

A

(x-5,)

KB

(x—s)"

(=]

]

f[x(z)-s,.]‘dt

T
|
0

|
~

T[x(t)_sj]zdt

12.5-pacm. Korensuukos ontuman CKK cTpykrypasuii cxemacu.
A-aliupuur, KB-xpazgparra ommpuin, TK-Takkocnani KypuniMaiapy.

Sy

Hkxunuk curHan y3aTHn amoka TH3MMH yuyH (12.35) ndomana
KEeJITUPWIraH alropuTMHM Oaxapuinra acociaHraH KortensHuKOB
ontumait CKK kyiiuaaru kypunuinra sra 6¥nam (12.6-pacm).

x(1)

fxs,

[]

e
~.

T

I,
Q

12.6-pacm. KotenbaukoB koppemanuos ontiMan CKK crpykrypasnit
cxeMacu. X-xynaitupruy, U-unrterpatop, TK-Takxocnam KypaimacH.

Ukkunvk curHan ysartum anoka tusvmuna (12.35) udomamarm
kascHd ounb Korenbnukos ontumamn CKK y4yH Ky#dupard LIapTHH
OJTMII MYMKUH,
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T T T T
—[ x(£)S,{t)dt -;-f 52()dt < —zf ={t)5,(t)dt -‘.-f s2(0)dt
[

] ] 4]

(12.36)
€K

fo(t) [$,(8) = S,(O)}dt > 1/2[E. —E,]
b . (1237)

bynna E; Ba E, curHannap S;(t) Ba S,(f) sHepTrusiapH.

Ukxunuk curHan ysaTtuimn anoka TH3uMH ydyH ontiMan CKK
(12.36) anroputM acocuaa amaira OLIMpWICA, KyWMOard KypMHHUIIra
ara Oynamu (12.7-pacm).

Lx__.m—. v

TK
As I_’ \sz

2E.-E]

12.7-pacM. Curnainapsu ¢apknamra acocnadrag ontiMan CKK
cTpyxrypaBuit cxeMacH. X-xynafituprud, M-unrerpawwram, TK-
TaKKochal!, A-alfupHIll KypUJIMaiapu.

By anroputM amanra omvpuiranaa TK uHTerpaTtop YMKHUIIAAArHU
KuiimMaTtHd S;(1) Ba S>(f) carHautap sHeprusanapn GapKWHHHT ApMHra
TeHr caTX OHNaH TakKocjall HaTiXacuia Kapop Kabyn xumamm. Arap
CUrHaL1ap 3Hepruacd Oup xun 6¥nca, ynma TK Takkocnam 6ycaracu
Honra TeHr Oymamu, omrteman CKK cTpykrypaBuii cxeMacH sHaga
cogpanatanu (12.7-pacu).

T T
f x(£)S,(t)dt <f z(t)S.(t)de =S,
0 0 (12.38)

Hlynnait xkum6, ontuman CKK onmuii koppeNfAlLMOH KOIepeHT
Ka0yn KWIHIIOra 3KBUBANeHT Oy nanu.

Ontaman CKKHM Mocnamras (ontuMan) Tpurrepnap €piaamuia
XaM aMajra OoUuMpHIL MyMKWH, OyHna xap 6up S)(?) Ba Sx(f) curaan
OuMmaH MocjalliraH, MMOYIBC aKc TabCHPNApH ¢,()=Cs(T-f) Ba
4,()=Cs,(T-1) 6ynran M®, Ba M®, napaau Ba TKaan nbopat 6ynanu.
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T
f xs,dt
0

\

x(t) TK

Mo I
T

J' xs,dt

0

12.8-pacM. Mocnawrran ¢unstpnap épaamupa onruman CKK
CTPYKTYypaBUH CXEMacH.

Arap kaHanm OpKAIM m-Ta TYpPIH CHTHaN s,(f) Y3aTHJIHIIH
pexanawripuirad 6ymca, ontuman CKK mmyHra Moc paBuiiga m-ta
KAHAJUIM KOppenaTopiapiaH &KM m-Ta MoOcCJaliraH (HIbTpiIapAaH
nbopar 6¥mamu. Byupalt ontuman CKK unkummpa xaiicw Oup
KOPpeNATOp YAKUIOKAa GomKanapra HucOaTaH 3HI KaTTa KHHMAT, sbHU
y3apo Koppeyslui HaTIKacH Xocun Oynca, &ku Mocnamrad m-
(UILTpNApHUHAT Kaiick OMpH YMKMIUMAA AHT KATTAa KyWaHMII Maimo
6¥nca, ury curHan pyiixarnad yragu. Ogarnary pakamind Tu3HMIiIapaa 2
XHA s,(f) Ba s,() curHan (0 Ba 1) AM, UM, HOM cursanap épuamusia
y3aTuiany, Hatwxkana onrtumar CKK nkku kaHam 6ynaam.

12.5. HKKRJIAK CHrHAJIJIAPHHA KOIr'epeHT Kafy/ulamaa XaToNHK
3XTHMOJIIHTH

WKkuIMK  CHTHAUIapHH  KOTepeHT Kalyinaliga  XaTOJNHMKHH
aHuKnaliMus. By xaronuk onmTHMan KaOymlalifard XaTONHKKA TEHT
O6¥namn. YmOy XaTONHMK SHT KMYHMK MUHHMMan O6¥nub, ywdy curaan
y3aTHI MONYNALWA TYpH Y4yH TOTEHIMAN XanakUTOapAOIIMKHH
6axonaiign. Pean CKK xamakuTOapIoluiMry noTeHUMan xanakutdap-
JIOIILTHKKA TeHT OYNUIIH MyMKHH, aMMO YHA3H KaTTa OynMaitmm.

CKK kvpHIIHIA s,(s) CHTH&N P(s)) Ba s,(¢) CHTHAN P(s,) 3XTHMOJUIUK
6wnan maiino Gynca, y xonma xaTomHK s (1) y3aTwirania CKK HuHT
YUKHIOHAA 5,(1) EKM TECKapUCH s,() Y3aTHIraHJA s(f) XaToJHK O3
6epuman wbopat 6§nagu. by xon yuyH KoTeanHHKOB Me30HY acocHaa
unuiopyu ontuman CKK anroputMu Kyfinxarunas nbopar:
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][x(:) -5Of dx-f[x(z) -5,(0fdt> N, ln% . (12.39)

By udoma x(r)=s¢t)+w(@ AMruHU 3bTUOOpPra oJcak, KyHHOard
KYpUHUIIHH 0a4

]:wz(t)a't - T[sl O -5, +w@)Fdt > N, ln% (12.40)

€Ky
T 1 P, 1}
[winrdds, () -5, ()} < FNoln =2 [ls,0-s5,0F at (12.41)

(12.41) ndonaru 6Mp KUCMHHH w(r), s,(f) Ba s,(f) JApHU OPTOTOHAN
Karopra éininnad ¢poaananud Kylingard KypUHULITA KENTTHPaMH3

T
50 = [w(e)dtls, (1) - 5,0 = Yw, (5~ 5) (12.42)

XanavkuT w() HUMHT Xap Oup ko3pdUIHMEHTH w, ¥praya KuiMaTH
HOJNra TEHI HOPM&J TaKCMMOT KOHYHHra OViicyHranm yuyH (12.42)
ddonara YHI' TOMOHHJATH HMFHHIM XaM HOpPMal TaKCUMOT KOHYHHIa
6yiicyHamy, ¢ - HUHT ypTadya KuiiMaTd HONra TeHr 6ynaau, AuCIiepcUicH
Kyltngaru ndosa opkaiu aHUKIaHAHH:

_ 1,7
Dg=5* =Zwlz(sll —5y)’ = ENOJ-[SJ(')_-":(’)]Id’ =°-: . (1243)
I3 [
Tacomuduil KATTANUK ¢ HUHT 3XTHMOJUIHIH 3HUIHTH
1 ¢?
P(g)= =exp| — - (12.44)
270, 20,

(12.41) ndomara MyBoduK arap s() aloKa KaHAIM OPKAIH
y3atuurad 6ynca, Kylinnard wapt 6akapunranna coaup 6ynaau:

c<a=tnnZ LT[0 -s0Fa (12.45)
2 [1] })I 20 1 2

5,(t) CHTHAJI YpHUTa s,(r) CHTHAJIHUHI pYHXaTra OJIMHHIIN XaTOIHK
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P, =Pc<A)= [P(g)dg = 1 J’exp[- g ]dg (12.46)

,/27&7: e 20}

XanakuTHHHT HUCOMI KaTTATUIH U =< TYIUIyHYacCHHH KHPHTUO B,
O,

[

XaTOJIMK YYYH KyHuJaru uhoaaHu onaMus:

B,= ——;;_J:exp(— u?)du = —;—I:l + d{a%]:' (12.47)

1 P, 17
=N, lnF—Ei’[s,(r)-sz(t)]zdr

aiz 2 i , (12.48)
‘ \/% [l )-s.oFar

Oymaa,

(12.48) udopann Kyiipparn GenrunaimnapHd KUPUTHO, YHH aHda
colfia MakKIra KeNTUPaMU3:

ot =ﬁ;ﬂs, O -s,@Fdr; (12.49)

ay=a+Ltni; (12.50)
22 P,

P =1~ (a, )l (12.51)

(12.51) udona opkanu s(r) CHTHaI YpHHra s,(r) CUIHAN p¥yitxatra
UM P, aHUKJIAHAIW Ba aKCHHYA s,(/) YPHHUIA s,(f) pyHxaTra ONMHHUII
3XTHMOJUTHIM P, KyHHAaruya aHHKJIaHaIH:

Py =5l1-0(a,); (12.52)
Gynna,
@y —a+nl; (12.53)
2 P

HMKiuK anoka KaHanmMaari }’M}’Mﬂﬁ XATOIHK
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P, =RP,+PPF,. (12.54)
EKu

A= lt-0(@, )+ 5[ 0(a, ). (12.55)

IOkopuaa onmunran (12.55) udomanas myHmalf xynoca YHKapHIN
MYMKHH, MKKWJIHK CHTHaUIapHH ONTMMan Kabyjamijard NOTeHLHas
XanaKuTOapIoILIMK @ ra Ba % ra Oornuk 6ymu6, Oymapman

[
GUPHHYMCH @ CHIHAl SHEPrusAcH (ApKMHHHI XalaKMT KuiMaTH N,
HUCOATH OpKANH AHMKJIAHAIH; WKKHHYHUCH %

1

xabaprnapHy y3aTHIHII

DXTHMOJIIMTH CTATHCTUK XYCYCUATIApUTra OOFIHK.

Arap s(1) Ba s,(f) CATHAJUIAPHUHT Y3aTHIHILI aipHOP 3XTHMOJIUIH
B=P,=05 0Oynca, MKKMIKMK KaHalJNard XaTolNMK KyHuparuda
aHUKJIaHaH,

P = %[1—¢(a)] (12.56)

Xanakur  kuiiMatn vk 6¥mca  (12.50) Ba  (12.53)
dbopMynanapmary MKKMHYH XaJHH 3bTHOOpra onmMaca Oymamu, OyHaa
(12.54) ¢opmyna (12.56) dbopmyna kypunumueum onamu. By xomnma
XaTOIMK JXTUMOJUIMTH F, Ba P, anpuop 3XTUMOIHMKIApra AEApIH
6ormmk OYnmaiinu. XamakuT kuiiMaTH N, KaTTajlamrad capy &
KO3(PULUUEHT KUYMK Oynaju Ba XaTOJIMK P, SXTUMOJUIMTH CHTHALIap
Y3aTHAHIN anpHop SXTUMOJUIMIH P, Ba P, ra OOFIHKINIH CE3WNapiu
6ynany Ba acta-cekuH karranammb Gopau.

lynpa#t wkunub, arap s() B2 s() CHTHALIAPHHHT Y3aTHJIALI
anpuop 3XTUMOJUIMTH P =P,=05 Oynca, curHan kabym KuMIIAarn
YMyMHH XaToNMK o KO3(h¢HIMeHTHra Ba XallaKUTHUHI 3IHEPreTHK
CIIEKTPH KyBBaTH N, ra 6ornuk Gynany.
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12.6. OnrEMan cArEan KabyJ/uiall XaJJaKHETOapAOIIIATAHART
MOXYJIANHSA TYPHra GOrNHKJIHIH

12.6.1. AMDUIATYAaCH MAHANY/IAIHSJIAATAH CUTEAJ)Ia pHEAT
Xa/JaKHAT0apIONLIATA

AMIIATYJacK  MaHUNYJALMUANAHTaH  CUTHAUIAp  épaamMuia
xabapnap y3aTHNraHga CUTHAUIApAaH OWPH s(/)=0, MKKMHYHCH 3Ca
Ky#uaarnya udonanaHaIu:

5,()=U_ cos(w, +@,), 0<t<T, (12.57)
6sz[a, U, — CHTHaJl aMIUINTYJacH, # — 4YaCTOTacH Ba ¢, — OolLaHFUY

¢asacu.
Ukxkn ¥Ynuammu o3ana AMD curHanHM BeKTOp KYpHUHHUIIHIA

Ky#umaruya tacBupiaaml MyMkuH (12.9a-pacum).

S

J2E - _
VE VE e VE
S) So JE % S: 0 S
a) 6) B)
12.9-pacm. AMrn, UMn Ba @M cUrHaLIapHHHT BEKTOP INAKIMIA

KYpHHHIIaPH.

AMI CHTHATHHHT KBHBAJICHT SHEPrUACH KyHHAarura TeHr:
T

Esp =E=|si(0at (12.58)

Arap s5() Ba s,() CHCHAUIAPHMHT Y3aTHJIAIL 3XTHMOJLUIMIH
P=P,=05 Oynca, xaro kabyn KWIMII OSXTHMOJUIMIH KyiMIaruya

- =1_@{ /Ei’ﬂ_cp[ 2], (12.59)
2N, 2

O6ynna, q’:% — ontuman CKK mupumdnarm cCHrHaig SHEpruscHHHU
“To

XAJIAKUT KyBBATH CIIEKTP 3HWIHIUIa HHCOATH.
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12.6.2. YacToTacH MaHHNYJIANAA/IAAIAH CATHA/JIADHAHET
XAJJaKHTOAPAOILIATHE

AMrn curHajuiapnaH ¢apKIMpPOK YacTOTacCH MaHHIYIAUMANaHTaH
YMn cHrHan akTHB Iay3alM CHrHan fAe0 aranaad Ba KyHHZaraua
udonaranagu:

5,(0)=U, cos(ayt +¢,) (12 60)
s(0)=U, cos(mt+@,) 0<t<T )

Oparna UMn curHayuiap s(f) Ba s,(¢) ¥3apo oproroHan Kuinb6
TaHNaHaJH, AbHU YJIApPHUHT CKaNsAp KymaiTvacu Honra TeHr G6ymamm,
SBHHU

(50:5,) =%}s0(t)s, ©dt=0 (12.61)
0

Arap w,=2,/TBa o, =2 /T (OyHIa &, B2 k, 6yTyH coHnap) 6¥nca,
@, Ba g, Nap Xap KaHJall KaTTalukka 3ra 6yimmmu MyMkuH. byHpaii
CUTHAJUIap OpToroHan Oynamd, YyHkH Xap OHp 3JeMEHTap CHIHAJ
JaBoMuitmury T ra TeHr rapMOHMK CHTHAJHHHI TYIMK 4 Ta JaBpH
ykoinawangy, THHHU

U2
A

1 T T
T I so(N)s, (Ddt = J- cos(@,t + @, ) cos(ant + ¢, )dt =
0 o

= l;fz I{COS[(G)O +o))t+g, +¢1]+COS[(”-’0 —@ )+ @, -9 ]}d’ = ’ (1262)

0

27T
ffarhrsnsa b o

[

5,(f) BA s5,(t) CHTHAJLIAPHMHT 3KBUBAICHT SHEPrHACHHH aHUKaiMHK3:
T T T T T

Ey = [l ~-s@f dt= [}t + [ s (ydt-2[ shrae[styar=E, + E, =26 (12.63)
[ o 0 0 0

Oxupru HHTErpan s(f) Ba s,() CHTHAIAP ¥3ap0 OPTOrOHa
Oynrand ydyH Hoira TeHr Oymamu. Mkkw ymuamid ro3afa s,(1) Ba s(¢)
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curHannapHy Oup-OMpura NepneHIUKYIApD HMKKY BEKTOp IIaKIHAa
tacBupnam MyYMKdAH (12.90-pacm). UMn CHrHaiHUHT TOTEHIHAN
XaJaKUTOApAOLLINIYA KyHHIarura TeHr:

Pay =1_m{\/%}=1_¢<@> (12.64)

12.6.3. ®a3ace MaHEOY/IANHMJIAHEIaH CHTHALIAPHAHT
XaJaKHTOapaoLIATH

YMn cursamwtap currapu ¢asacd Manumymanusuianrad (©Mm)
CHrHaJUIap XaM aKTHB [ay3and CUrHajiaplaH Xxucobnanamw. Opamii
OMn cur"annap tasacy y3aTiiaétraH Xabap Ko[Iapura MOC pPaBHIOAA
(1 éxu 0) dazacu 180° ra y3rapanm.

®Mn curHan anamtHk ndogacu (0;T) opanmkaa Kylmmard
¢dyHxMsIapaad 6upura TeHr 6ynanu:

5,(8) = U, cos(@,t +0); (12.65)

5, () =U, cos(ayt + @+ 7) =~U,_ cos(w,! + ¢);

(12.65) udonanan Ba 12.9B-pacMuaH sy (r), s(f) CUTHaIap Oup-
6upura KapaMa-KapIOWINTY TacIMKIIAHAIH, SBHH s,(f)=-s(7). DByHnail
CHrHaJUTap Kapama-Kapiny cUrHauiap Aed atanamy.

AMn, YMno Bsa OMn cHrHaulap BakKT JHarpaMMalapHHH
TAKKOCNAIl INyHH KypcaTaguKH, YMapHHHI 3HepruscH Oup Xun
6ynrauzga, ynap opacupara Macopa O®Mn yuyH makcuman (3HC KaTrTa)
6Ynagn. IlynwHr y4yH ajloka KaHalmWiaH y3aTWNa&Irad CHrHajuiap
3Hepruscy OUp XWwi Ba ynapra TabCHp 3TaéTraH UIyKTyalMOH XalaKUT
KyBBaTH Oup xun Gyaran xomma, OMn curhan Oolka MOIYJIALMS
Typjlapura Kaparagfa OKOpH XanakutOapJollmMkka sra Oymuimu
Tabuuit. ®Mn curHan SKBUBATIEHT SHEPTUSACHHH aHHKIAMuU3

Eoouss =f[so(z)+s,(r)]’dz=4]’s§(z)dz=45. (12.66)
o ]

Huckper xabap @OMn curHanap é&paaMuma y3aTHiITaszaa
DOTEHIINA XaJIaKUTOApAOIINKNK Kyl aruya aHuKIaHau:

e =1-°[Jf—5_;}=‘-¢W ] (12.67)
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AMn, UMn Ba OMN CHrHaMapHMHT XanakuTOAPAOLUIMIHHH
TaKKocNalll LTyHW Kypcataauku, Oymap opacuna YMn cursan ypra
ypuHHH oSrauiaiigy. YMn oproroman curHautapmaH dMn kapama-
Kapl¥ CUTHAJIapra YTHII YHHHT 3HepruacH 2 MapTa omupany Ba AMn
CHUTHaNTa YTHII akCHHYA UKKM MapoTaba kaMaliTipaau.

OMn curHan 10KOpH XaJakHTOapAOILTHIMHM aManja TabMUHJIal
y4yH KOrepeHT Kabyn yCyJNHHH TabMHHJAWHK Tanab kunaiu, 6GyHHHT
y49yH KalOyn KMIHHAETraH s(1) Ba s,(s) CHrHaLIap Ounad ¢asack Moc
KenyBud 3TanoH (TasH4) curdHamuan MKKna OYnumpHM TapMuMHAal
kepak Oymagu. IlyHu anoxuga TabKujialll Kepakky, Kabyn
KuvHamurad @Mn curHan Tapkubuza TalryBYM HacTOTacH f, - I'd TEHTr
CIEKTP TAILIKHII 3TYBYMCH HYK, LIYHHUHI Y4YH YHAAH TasgHY CHTHAIMHH
waknanTHpuinaa olinananub Gynmanu.

3aMoHaBHii  agoka  Tusumiapuaa @®Mn  cHrHauapaau
tdofimananunMaliay, 4YyHKM YHHM Kabyn kuidmpaa sHa OHp Hewa
MyamMonap maiimo Oymamu. Opauit OMn curian ypHura asacu
HUCcOuit MaHuyuuAnadran HOMn curyannappas goiananunaiy.

12.6.4. ®a3acn HACORH MARMIYNSNHAJAHIAH CHTHAJLIAPHAAT
Xa1aKuTOapAOINJIATH

H®Mn curHan ommmit ®Mn curHamiapra xoc OynraH Teckapu
HIIA XOMHCACHHU TYMHK HYKOTHLI UMKOHMATMHH Oepaau. ByHnia
y3atunaérrad xabap curHanu ¢asacHHUHT ¥3rapuiid, YHAaH aBBal
y3aTuirad sneMenTap curdan 1 éku O murura Gornuk. CurHan ¢asacu
«0» OmnaH MaHMTYNALMA KUAMHTaHOA YHHHC (azacH aBBaJITHCHIEK
Y3rapumicus xonaay Ba «1» 6MIaH MaHUMYJALHS aMalira oL PHITaH a
curan ¢asacu 180° ra yarapagu. Y6y MaHMNyIAmMAHM amaira
OLIMpMII KYPWIMAaCH CTPYKTYpaBHH CXeMacH Ba CHTHAIIAp BaKT
JuarpamMManapy 12.10-pacMia KeJITHPHIITaH.

HOMn nv xognami Ba ®Mn nme6 xapamr mymxud. HOMn na
KoJyiap KOMOMHALMACHZArM 3JeMEHTap CHMBOJUIAp KyfAMIarn Kouza
acocuaa KymnM4a Koajamdad yTaaH: a, =(0,]), k=L2.. KOAAAp a, =a,,
ra, arap a, =0 6¥/1ca Baa, =1-a,, 'a arap g, =1 6¥nca. bynaa mactnaOku
a, CHMBOI xabap TamMMaiiay, y kabynnamr xapadHUHH Goliam yqyH
kepak. YOy tanbupaaH keitus ogauii ®Mn aMaira omMpriIany,
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st) 4 a)

SHom(t)

12.10-pacm. a) HOMun cyrHan onum KypHWIMacHHUHT
CTPYKTypaBuii cxeMacH, 6) KMpHII CHTHAITH s(f) BA s,,,, (f) CHTHAILIAD
BaKT qAarpaMMaiapH.

OyHOa MaHMNYNAUMSIOBYM 37eMEeHTap CHrHa/uiap Ba3ugacuHy
KYIIrM49a KOJJIaHTaH 3JISMEHTap CUrHANIAp a, nap 6akapanu.

Ty¥nuk mMabaym HOMn curHamnap kalymram xypunMacH OMn
CHTHA/UTAPHU KOTepeHT onThMan Kabyluiamira yximmam Inakijga aManira
omupunand. bynnait HOMn curnamnap kapop Kabysutain KypHIMacH
KMpHIIMTra OGepHITMINNAAH aBBajl TeCKAapH KailTa WINJam >xapaéHujaH

fore]

yTanm, STbHY 4, g,,...a, KETMa-KETIUK 2-MOXYN OyHuya aBBajiry CHMBOJ
6wIaH TAaKKOCHAIl acocHaa XOocHn 6ynamu (a,=a4,®a,,, © - uxKm
MOJYJIH acOCHi KyIIMIO aMaiuHH aHriatagy). Teckapu xaiTa KIIIOB
6epuin OuTTa aBBaNrd T-BaKTra KEUHKTHDUJITAH 3JIEeMEHTap CHIHAaHU
a,, HU XO3UpJa KHWPHMIIZATH CHMBOJ 4, OMNAH TAKKOCNAIl acoCHAa
amMajira omwdpuiaagd. TakkociaHa&TraH 3JeMeHTap CHrHamap Oup-
6upura moc 6ynca «0» cuMBoIM KaHa 3THUIAZM Ba akc Xonja «I»
CHMBONM Kaiig sTunaaw. YmbOy acocma umuioBun CKK Takkocnam
ycynuna kabyynain ycyan neb atanagd. HOMI curHanimapHM ontuMan
kabymnalm  KypHjiMacH  cTpykrypaBuit  cxemacu  12.]11-pacmza
KenTHPUIITaH.
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x(t) X " K g t+T
AeKopepra
Do | soft)
Tasnu
CUrHAITM
Tpakm

12.11-pacM. HOMn curnannapuy ontaMman Kabysaln KypriMacH
CTPYKTYpaBHi CXEMacH.
X — kynaiituprug, Yl — uaTerpatop, T — CHrHANIHM KeUMKTUPriy, P
—~ MKKH Moayn Oyiuya xymmm, BK — 6ycaraeuit Kypunma, K — kamut
(1=T na gexoJepra yjiaHanwu).

Tasxu curdamm 5(t) KUHpHUII CHUTHaT YacTOTaCHHU HKKHI2

KynaitTupuil, ¢uUNbTprawr Ba WKKMra O¥inimn acocuza IIucTHIBKOPC
ycyndpa amanra omupunamu. HOM curHamwtapun Oy  ycynga
KaOymnamaa «1» HE «0» ra Ba akCMHYa y3aTHIa€TraH KOJ SJIeMEHTap
TAUWKWI 3TyBUMIapuiad pakaT OUTTack XaTo Kailn sTUnuMmura onué
Kenaau, KeluHrunapu Tyrpu Kaiin stunamgn. HOMn we omauit ®Mn
6unaH Taxkocnmam 12.12-pacmpa kentmpwiraH. By pacmpa crpenka
(Mun) rokopura ifyHanrad xonmar «0» ra Ba cTpenka (MMI) macira
ityuanran G6ynca «1» ra moc kemamd. Pacmuaru * Genrucu sneMeHTrap
curnan dazacu 180° ra ysrapu6 OMn xato kabymnam GoILLTAHIaH
BakTra Tyrpu kemagn. HOMn na sca dakar OMTTa sneMeHTap CHMBOJ
XaTo Kaija 3TMAaaY, KeHMHIWIapy TYFPH Kaida dTHIaau.

H®Mn OMn
Ax6Gopor a, 0111001010 0111001010
K¥1uMya koaaHran CHMBOJT 00101110011
aK
Cursan ¢asacu Pybdrttiy [Nt
KaOynga curnan gazacu Ty AVVIVVIVTY
Kabyn xunuHran cuMsosLiap 0110001010 0110110101
a’(

12.12-pacM. HOMn curnanau GMn cvrsaira aiilaHTHPHILTa OHJ
qu3Ma.
HOMn curdanra agutiB QIyKTyallMOH XalaKUT TabCHP 3TraHia
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YHHHT IOTEeHLHAN XaJaKuTOapIOIIIMIMHH aHHKIaliMHU3.

ByHzia XaTonuk a, — 3JE€MEHTAap CHIHAl XaTo Ba a,, — SJeMEHTap
curHan TYFpH KaOyn KHJIHHTaH Xxonja xocunl Oynmamu Eke akcuHua
xonataa cogup 6¥nanu. Y3aTHinaéTrad 3;JeMEeHTAp CHMBOJLIAD XalaKUT
Tabcupua Oup-OupHra G60FIHK O6YaIMaran xonaa xato ki TYFpH KaOyJ
KWIHHAOH, SBHH P, (1-P,,), Oynma P, — ®M CHTHOHHUHT XaTo
Kabymwranmn ~ sxtumoiurd.  Hatwxapa HOMno  noreHuuan
XanakuTOapAONUTHTH YUyH Kyiuaaru ugogaHy olaMu3:

Prost = 2Pna (1= Po) =21~ 0247 )27 )= 28, (12.68)

HOMn curpan noTeHuuan xaiakutOaproluturd opmuii OdMn
XanaxkuTOapAOILUTMIHIAH TaXMHHAH 2 MapTa KAYMKPOK, aMMo
XanakuTOapAOMNMKHUHT  KaMadumy oxmuit OMn  carHammapHu
Ka0yJnammgars TecKapH HIIIAIN XOAUCACH 03 GepMaiiau.

Juckper xabapnapHu ysatumga xabap xap OHp AHMCKpeT
3yieMeHTHra OHp HEUa IEMEHTap CUrHaUap KoMOuHanusacunan néopar
6Ynran kommap koMOuHamuacH Ounan anmairagd. Arap Kojamap
KOMOUWHANUAIapUAary M-Ta 3IeMeHTap curHaiap 6up-6upura GoFIMK
6ynmaca, y xonga Koi KOMOWHAIMACHHHMHI TYFpM KaOyn KILTHHHIIH
9XTHMOJUINTH KyHHIarn npoJa OpKaIH aHHKIaHATH:

Pog =1-(1-P,)", (12.69)

OyHna, P, —3NEMeHTap CHTHAIHY XaTo KaGyJ1 KHITHII SXTHMOJUTHIH.

IllyHs amoxuja TapKUUIAM JIO3UMKH, XanaKHTOApHOLITHK CHIHAT
OHEPIMACHHHUHI XanakuT KyBBaTH CIIEKTPH 3UWIMTMra HHcOartHra
Oornuk 6¥mu6, curaan mwakiura 60rIMK SMac.

Arap xanakuT SHEPIeTHK CIeKTpH dacToTa Oyiimua Oup Texmc
TakcCHMJarag ©OymnMaca, - CHTH&I CHOEKTPH, SBHH YHHMHT IHAKIHHM
yarapTipub xanakuTOap AOULIMKHH OIIMPHIIT MYMKHH.

12.7. Inckper xaGapiapHn HOKOrepeHT Kabyaiam

Hokxorepeut kabynnam CKK, kupuminga ¢oiigamM CHCHATHHHT
OomutanryY ¢a3acH aBBaIaH HOMabJIyM Oyaranga KymwiaHaad. Bynnan
TAalIKapd CHIHal s(r) $aszacH napaMerpinapu Bakr Oyiimua ¥3rapn6
TYpPYBUM KaHaijaH ¥yTraHzga tacomuuii [makina y3rapagy Ba YHH
aHMKTall ce3unapnd KuHMHUMIMKIapra omub kemanu, 6am3aH 3ca
CHTHAN s(z) JOWMHH NapaMeTpiH KaHannap OpKaJM y3aTHJIraH XollaTaa
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CKK cxeMacHHHM COMNANALITHPHLI MaKcaiuIa HOKOTepeHT KabyJail
ycynunaH doiinanaHunany.

Ontuman HokorepeHT CKK J1a KHpHID CHIHaIM x(f) HMHT
¢yHkuuscu Monynu (Yposyucu) xucobnaHany, seHHA

. (12.70)

}x(l).s",', 0)dt

aHWKJIaHAIU, Ba y, Kaiich Oup y3aTHIMIIN MyMKWH OymraH s, ()
curHai OuiaH =1, BaKT/a 3HI KaTTa KU#MATTa 3pHLICa Ty CHTHAN Kaiz
3THNAmU. Arap s () CUrHAnM y3aTinraH Oynca, xaromux y, <y,(0yHzna
k#1) Oynran xonataa cooup O6ynamy, SbHH

T T
[ 23] ()t <hi(r).§;(r)dt, (k#1,k=23,.m) (12.71)
0 [

(12.71) maprau amanra omupypud CKK cTpykTypaBuif cxeMacu
12.13-pacmaa xenrupunrad. by CKK m-ta mociawmrad ¢unbTpAaH,
aMIUTMTYa JEeTeKTOPUOAH Ba TaKKochall KypuiMacunmaH mbopar. Xap
6up Mmocnammrad ¢uasTp (M®) YHKHIDWIA KUDHUIO CHIHAIM  x(s) Ba
y3aTHIMLIA MyMKUH OYnran doiigany curHannap s, (f) opacuuaru y3apo
Koppenauusa (GyHKUMACHIA MPONOPLHOHAN YHKUIN KyHNaHHIIH XOCHI
Oynagu Ba ammuuTyZa gerektopu AJ] ywly KyWiaHMIIHAHT
YPOBUHMCHHH aXpaTaly.

x(1)

12.13-pacM. m-cHUTHaIapHA HOKOrepeHT Kabyiiam KypunmacH
CTPYKTYpaBH# CXeMacH.

(12.71) ManrymKH, CUrHaJITapHH HOKOTepEHT Kabyamna MabiyM
6up T-BaxTaa x(r) Ba s,() CHIHAJ MOLYJIM XHCOOIaHAAM, THHH

2 2

yi= =[2}x(r)s. (r)dr] +[zfx(,)gmm] (12.72)
0 ]

Ii(r)j; (")d!
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Arap s(n CHrHan ysaTwiran OVica, x(f)=s()+w Oyi1amd Ba
HaTmkaaa (12.71) Kyliugarn KypUHHIIHE OJIATH:

2
+

T

2([s,(n+ wn)JE, (s

0

+ 4[{ 8, (OE (Ndt+ _T[w(t)g (t)dl{

2

yi=

2j[s, Oy +w(®)]s, (1)at
° (12.73)

T T
4 js, O)s, (t)dt + J’ w(®)s, (O)dt

L] 0

5,() CHTHAJUTaPHHHT Y3aTHINLI 3XTHMOJUTAKIAapH OUp Xxui, 6up Xun
JHeprusAra sra Ba yinap ¥3apo kyualirad Japaxaaa y3apo OpTOroHal
(#bHH CHTHaJUTapJaH OWPUHH YHUHI KOMIUIEKC MOCJAallraHIurura
ajiMallragzia XaM OpTOrOHAINHMK XYCYCHATH cakiaHraH) 6Vica, y xonga

2

T 2 T
= [2 [wit)s, (t)dr] +[2 [ w0, (t)dt] =g +71;, (12.74)
o [ M

W =QE+g) +n%

T T
6ynna, ¢, =2[wt)s,()dr, 7, =2[w)€ (O)dr.
0 0

Tacoguduii kaTranukinap ¢, Ba g7, yprada KuHMarH HOJbra,
OMCIEPCHACH o’=0! =0, (o*=2N,E) Oymrai >XTUMO/UIMTH HOpMal
TaKCMMOT KOHyHura Oyicynama. IOkxopupmarunapra acocad y?=c?+7?
XaM ¥ypraua KMHMATH HONra TEHT, JUCIHEPCHACH o) =0’ =0;=2N,E Ia
TEHI HOPMai TAKCHMMOT KOHyHHMra OyiicyHamgu Ba Kylmparuda
udoganaHagu;

Y W
P =k -k
) 2N,E ex’{ 4N0EJ (12.75)

Tacomndmuii karranuk Y H vxxH BeKTOp HHFUHAKCH Ie0 TacaBBYD
3THII MyMKHH, OyiapaaH Oupu y3yHmurn L=2E 6ynub, UKKMHYHCH
Oup-6upHra Gorauk 6yIMaraH HOpMat TAKCUMOT KOHYHHTa 6YiicyHyBuH
JUCTIEPCUACH ol =2N,E Ta TeHr Bektopaup. LyHuHr yuyn »? Pene
yMyMJIaIOraH TaKCUMOT KOHYHHUra Oyiicyrany,

- i), (L
POV=2n E °"p[ INE JIO[ZNOEJ (12.76)
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Yi kuitmar, curHan  s¢r)=0 6ynca, CKK KapumHmard xanaxur
ypoBurcHra mMoc kenaau. Xamakut I'aycc koHyHura GyHcyHraHu y4ayH
y? Pene Ttakcumor koHynmra O¥ficynamn. Tacomadmii kaTranmk y,
CUTHAT s5,(f) BA XaJIaKAT w() JTApHUHT HUFUHIUCH YpoBumcy G iramwmuru
yuyH Pene yMyMmnamran TakcUMOT KOHyHHra OYHcyHany.

Oumgn  HokorepeHT CKK  garm  XaTonMK — SXTHMOJUIMIHHM
aHUKNaMI3, y yMyMui Xos11a Ky#ugarura TeHr:

P =1- P01 > ¥2,¥3 < V) (12.77)
Wxxunuk (6MHap) ajloka KaHany yuyyH m=2

Posr =1-P(y, > y,)=P(y, > y) (12.78)

5,() CUTHAIHWHT Xaro Kabyn KUJIMHHIOA  3XTMMOJUTHTHHU

XHCOOMall Y4yH y, HMHT MabiyM Oup KUHMAaTH Y4yH y,>y, HHHT

IXTHMOJUIMTHHH aHUKIaMu3. By SXTHMOINMK KyHMJard HHTerpai
OuIaH aHMKIAHAIM:

167 = [ PO, (12.79)

I(y,) - KWAMaTH y, ra OOFImMK OYmHO, yHUHT KUMMaTHHH, SBHH Ty-
JUK XaTOJUK KUHMaTUHU y, HHHI XaMMa KUHMAaTIapuHe P(y) 3UWIHK
TaKCHMOTHHH 2bTHOOpra oirad xoia/1a avukiananu. IyHxaé Kuino,

Par = POy > 1) = | T0DPOI, = [ POy - [Pty (12.80)

(12.80) udopmara P(y,) Ba P(y,) udopmanapu (12.74), (12.75) napuu
KHpATHO Ba MHTerpajiall HaTWKachaa ONTHMal HOKOrepeHT Kabymna
XaTOIMK SXTHMOJUIHIH Y4yH KyHuaarn udoaanu onamus:

1 2

Po=>e?, Gynma qo=N£° (12.81)

M-Ta CHrHan y3aTWIMIOM MYMKHH OyiraH anoka KaHamaa
CHCHAJIHA ONTHMAaN HOKOTrepeHT KalyJalm XaTONUrd Ky#uaarura TeHT
Oynanu:

m-1 -2
~_ 2
P = €

(12.82)
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M-nozunmsann  (Typad)  CHTHaUIQpHM  ONTHMAl — KOTepeHT
Kaby/alnparid XaTOJMKHH, YIUOY CHTHAJUTAPHH HOKOTEPEHT ONTHMA
kabynnawmm HaT/DKkalapHHH TaKKOCTAalll IOYyHW KypcaTagHkd, Oy
XaToONWIUIAp MKKWIMK KaHalJarM XaTONHWK YYyH Kyluaaru udonanmap
OpKaJIA aHMKJIaHa M.

Py, =(m-1)P,, (12.83)

12.14-pacMpa MKIGUTHK CUTH&JUIAPHM ONTHMAT KOTEpeHT Kalysutaun

Ba ONTHMAal HOKOTEPEHT Kalyiulauijard XaTONUKIAp 3XTHMOJUTHKIADH

YM3IMacH KENTHPWITaH. YOy OOFJIaHMIUNADHW TaXJIMIH OITHMAl

HOKOrepeHT  Kalysmard XaToJMK O3XTHMO/UIMTH ONTHMal KOT€pEeHT

KaOyJutanary XaTolMKk 3XTUMOJUTMIUAAH KyT ¢apk KunMaiimi. By ¢apk
g <! KHYHK Ba CHTHAI HOONTHMa Kabyn KHIMHraHa katra 6ynamm.

0 10 10 10 g

10"
107
I "\\
16* 6

» LI\

12.14-pacm. MKKiHK CHTHAILTADHH ONITHMAJ KOTEPEHT Ba OIMTHMAJl
HOKOTepeHT KaOyIUtainari XaToMKIap 3XTHMOJUIMKIAPH TU3MacH.

12.8. ¥Y31yKkcH3 cHrHa/IIapHA ONTHMAN KalyJLiaim

V3nykcus xabap u(t) Bakr 6Vituda yamykcu3 yarapaau Ba kaOyiuiam
KYpPWIMAaIapy KHPUIN CHTHAUIapH Y4YyH NHHAMHK JUaNa3oHU Opalu-
runa tacomumii KuiiMaTinapra sra 6ynagu. Bysnait xabap curHamiapu
TenedhOH KaHaNIapH OpKaM Xxabap y3aTHIINA, PafMO3IIHTTHPHILAA,
TeJeBUACHHAA Ba IMyHra yXuai xonnapra TYFpH Kelagu.

AloKa kaHamu opkamd u(t) xabap OKopM  HacTroTamu
MoaylauMsasiaHraH curHan  s(ut) éEpmamuaa  ysatunagv. bynaa
CHUTHATHUHI WH(OpPMAIIMOH MapaMeTpH y3aTuiaérrad xabap u(t) ra moc
paBunIaa BakT QyHKUMACH crdatuza yarapud Gopann.

CKK xupummara x(ty=s(u,t)+w(t) Tascup stanu. Basuda ymby x(t)
ra umioB Oepu6, Ompnamum xabap u(t) HEM Mnoxu Oopuua KaTra
aHMKNHMK 6uiaH Kaiita THKnaw, axc attdpumaad ubopar. CKK x(t) ra
uinwioB Gepum Hatwxacupaa P(s/x) ¥3HHHHT KMPHINJATH CHTHAJTHHHT
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s(u,t) armocTepHop YXUWIAIMUTH 3XTHMOJUIMIHM TAKCUMOTH 3HWIMTHHH
xucobnab 6opanu.

Ontuman CKK xucobnanran P(s/x) anocrepHop >XTHMOJUIHK
3UYINTH TAKCUMOTH acOoCHa YMKULIMAA u(t) HU aKc 3TTUPajH.

betic dopmynacura acocan ymby P(s/x) anocTepuop 3XTHMOJLTHK
Kylunarvda anukiaHagu:

P(s/x)=kP(s)P(x!s); (12.84)
Oynma, k — kodUIMERT [P(x/s)=1 WAPTH OpKaNM aHUKTAHAH, Gy

ko3ddHIHEHT al0Ka TH3MMH Typura Ba OaxapamuraH Basucacura
60oFNuK.

V3arunamuran xabap u(t) HUHr KHAMAaTIApHHH MAPTIH PaBHIIAA
+1 Ba -1 opamuFuma 6Up XuA TeKHUC TaKcHMJIaHraH aeb xwucobsacak, y
Xonma curHan s(u,t) HUHT TYpaW KUHMATinapu anpuop 3XTHMOJUIMIH
P(s)=const Gynamy.

JuckpeT curHanapHy ontuMan Kabyinain maptTuaaH ¢oiigananub
(12,84) ndonanu Kyiiuaars KypuHUIOra KEITHPaMH3

P(s/x)= kP(s)exp{— Nli[x(r)—s(u,t)]ldr} . (12.85)

P(s/x) HUHT anmocTepHOp 3XTUMOJUIATH 3HI KaTTa KuiiMatura u(t)
HUHT y3aTunrad xabap u(t) naH 3HT KaMm (papKIaHagurad KufiMaTH Moc
Kelamyl, SBHU

8 = [[x() - st D] (12.86)

Mynpaii xunud, ontuMan CKK y3uHHMHr uyukuimmma u(t) HUHT
INYHIad KUIMaTHHU aKkC STTUPMIIM KEpaKKH, YHMHI Ku¥iMarH u(t) mau
yprava kpampaTuk dapiaHuiy A? SHT KMUMK KHEMaTH GYIHIIN Kepak.
Xamaxkut w(t)=0 6ynca, CKK xabapuu Oy3unvmiapcus akc 3TTHPHII
Kepak, AbHH x(t)= s(u,t) 6¥nca, v(t)= u(t) Ba YpTaya KBaApaTHK XaTOIUK
A’=0 6ynamy.

Kuprin curHamMHMHrT onTUMal QWibTpiaml Ba JeTekroprnain x(t)
JaH y3atunrad xabap u(t) Xakmja MakCHMal MaBmIyMOT OJHMIU
uMkoHUHH 6epamu. OntuMan ¢wisTpmn CKK ctpyxtypapmii cxemacu
12.15-pacMza KenTApUIraH.
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x() V(1)
00 A

12.15-pacM. Y3nykcu3 cUrHalUIapHH ONITHMaN KaOyJuiam
KypuimMacH cTpykrypaBuii cxeMacu. O®-ontuman ¢punsrp, d-aetexrop.

Ym6y CKKparn ontuMan GUIBTp Y3ITyKCH3 CHUIHaJUIApHH
Mocrnamrad ¢uiIbTpralnia aHWKIaHraH KQoaa opkaiM aHMKIaHAIH,
SBHA

o G®) e
K@) = G @ (12.87)

OyHIa XaToNdK Ypraya KBafipaTHK KHIAMATH
2 _ lm Gy (@)G, (@)
Bo= !—Gs(m)mw(m) do. (12.88)

(12.87) ¢opmynamarn maprHn OakapyBun (HUABTPHH amaira
oLIMpUII Mypaxkka® Macajia, YyHKH ¢oizany CHrHan chekTpH (Gs(o))
xabap MasMyHura xapa® BakT Oyitmda ysrapyBuaH Gynamm, OyHIaH
TalIKap¥ XaMMa MOZY/LMSJIAHI'aH CHTHa/UTap TabHaTaH HOCTaLMOHAp
Tacoauduii xxapagunup. IIyHHHT y4yH y3IyKCH3 CHTHA/UIRDHH ONTHMAJ
kaOyJalrHUHT GOIIKa yCYJapiHy KypUO YMKHINTA TYFPU KealH.

(12.84) udopann Kyfnnary maknra KenTHpaMu3:

P(s/x)= kP(s)exp{— N%:sz (z)dz}exp{-NLO:jsz (:)dr}exp{Nio :J.Jc(t)s(u, t)dt} . (12.89)

Ymby (12.89) dopMynana OupuHYH Xan KUHMaTHHH «k» ra
KHADUTHII MYMKUH, HKKAHYH Xan x(t) ra ymMmymaH OOFIMK 3Mac, YHH OHp
KHCMMHH alpyop 3XTUMOJUIMK LIaKIHaa Kapai MyMmkuH. Kyn xo/utapaa
(12.89) dopmMyna MKKMHYM TAIUKUN 3TYBIH (exp(- £/N,)) ko3bPULHEHT
«k» xuiimatna xucobra onuHany (E-cHrnan sHepruscu).

IOkopuna kerrupmwiranwnap acocuzaa (6) udona KyWuzars Hx4am
LIAKITHH OJIa (M.

P(s/x) = kP(s)explh(u)], (12.90)

O6ynna
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h(u):Tj_}x(r)s(u,,)d:. (12.91)

(12.90) Ba (12.91) udonmanapaan xypunamnku, CKK ysatunaguraun
CHMHA anpuop S3XTUMoinurd P(s) Ba kupumr curHamd x(t) HUHC
Y3aTHIHIIM Ky3aTMIaéTraH curHan s(u,t) ¥3apo KOppensiusSCHHHHT
KynaiiTMacH LOaKIHa anocTepHop SXTUMOINUK P(s/x) HM aHUKmaiigu,
ymby CKK xoppensuus xucobnamra acocnadrad Oynagd. h(u)-
dyHkuns yzaTunagrrad curHan s(u,t) aHuk O¥ica, ocoH xucobnaHaiu.
By aman koppenatop €k Mocnawmrad GunsTp épaamuza Oaxapuiau.

V3nykcu3s xabapiaapHu ys3aTHLIAa CHrHaI S(U,t) HUHT KMHMaTiapu
anuK OynMmalind. AMMo ymby curHal Xakupa 0ab3u MabTyMOTHap
aBBaIjaH (anpuop) MabayMm gneb xucobnaiiMu3. Macanan: curHan
TAllyB4d, MOAYMALMA TYDH, CMEKTP KEHITHIH Ba Oolikamap Kym
XoJTapaa aBBanaH MawsmyM 6ymagu. Hatxana CKK épmamuaa s(u,t)
CHTHaJIHHHI 0aXOocHHM aHuKiam Ba ymOy 6axomam opkanu h(v)
GYHKUUAHA aHHKNTAI MYMKHH,

h() = Ni [*0)s(,n)dt. (12.92)

h(v) ¢pyHKUMAHH Ky3aTyBuYH (WIBTP EKHM Ky3aTyB4d KOPPEIATOP
épaamuaa xucobnam MyMrnH (12.16 sa 12.17-pacmiap).

Ymby cxeMmanapHUHr acocuif ysatwirad u(t) xaGapHHHT GaxocH
v(t) HM 4YMKapyBuM ax60poT KaHATWAAH TallKapH, fHAa TEeCKapH
OornaHuil kaHamu Gop 6YnuO, yHuHr épaamuga s(u,t) TasAHY CHUrHaMH
wawuiaHtupunaagd - (12.17-pacm) &€ ¢uubTp  nmapaMeTpiiapu
ysraptupunanu (12.16-pacm).

x(t)=s(l.u) +w(y) st

Mo A >

B3

12.16-pacM. Mocnamran ky3atysuu ¢pmistpau CKK cTpykTypasuii
CXeMacH.

12.16-pacmaa kentupunran CKKpa Goiukapysuu snemeHT (B3)
€piaMuna MocnaHradH OQMJIBTP NapaMeTpiapy KyTHJAa&TraH Y3ITyKCH3
curHan s(u,t) OMNIaH MOCJAaLUTaHIUr¥MHM TabMHHMalfiau. 12.17-pacMaa
B> ¢&pnamMupa TagHY TallyBYyH CUTHAJIMHH  INAKUIAHTHPAETraH
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reHepatop (I") Mogymauusiana&€TraH mnapaMeTpH Y3rapTHPHJIAIM.
Macanan, xaOyn KUIMHaETraH CHrHaJ YacTOTACH MOXAYMSLUMSIaHTaH
6ynca, TasHY reHepaTOpH YacCTOTacH, BakT GyitMua MOXyIAIMsIAHIAH
(BEM) curHannapun kabynnamaa BakT 6Vitnya cupkuiy s(u,t) ra Moc
paBuiuaa y3rapu6 6opamu. 12.17-pacmaarm nact yactotaiap QuUIbTpH
HHTerpatop  BasudacuHu  Oaxkapagd, YHHHT  Kypcarruaiapy
y3aTtanaérran xabap u(t) cneKTpu HacToTaliapy acoCHIa TaHIaHaIH.

(1) v(Y)
—_ s X myo

s(,v)

12.17-pacm. Ky3aryBun koppemsirmor CKK crpykrypasuit cxemacH.
X-xynaittupriuy, ['-TassHd cHrHaiap reHeparopu, b2-601mkapys
aneMeHTH, [TU®-nacT yactotanap GuiLTpH.

12.17-pacmpaa KEJITHpUITaH CKK KUpHLI CHUTHAJIH
MOXYNALUUAIAHTAH NapaMeTPMHH Ky3aTHUIIra acOCHaHTaHIMIH YdyH
YHUHT  CTDYKTYpaBH#l cxeMacu Kabyn KWIMHaguraH CHTHaI
MORyIAIMACH Typura Oornuk 3mac. Kysatum opkamn CKK
xanaxutoaprouuury ontuMan CKKaa TabMHHIaHHIIE MyMKHH 6%rad
MOTEHIHAT XANaKHTOapAOLLIAKKA SKHH OYnam.

Opnatna xanakut w(t) TabcHpuaa Kabysn KWIHHAETTaH curHan s(u,t)
catxu Ba (a3zacH y3myKcH3 y3rapub TypamW, Wy jXyMiafaH, XalakKUT
w(t) HEHT KHfiMaTH XaM ¥3rapypuay 6ymdimy MymkuH. by xonma CKKza
CHTHAJ CATXMHHA aBTOMATHK Oomxapuin Ba (a3aHy aBTOMAaTHK CO3JALI
kabHu kymuM4a jkapaéHiap aMaira OIIMPHIIMILN KepaK. Arap XalnakKuT
kuiiMatd Ny, Homabmym 6¥nca &k BakT Oyiiuua tacomuduii y3rapud
Typca, ¥ Xxonma CKK xanakuT caTXWHM MyHTasam ¥n4ab, kysatub
6opyBuUM Ba YHHHI TAapCHPMHM KaMaHTHpHUIHH aMmaira OUIMPYBYH
KHcMIapH XaM Gynuiuu kepak. Macanas, xanakuT w(t) cieKTpy MabIyM
6up mnonocaga 6ynca, yHu Maxcyc wibTp (pexekTop) &paaMmuia
yMymuil cieKTpfaH om0 TalInall Kepak, arap XajJakuT HMITYJIbCCHMOH
O¥nca, y Xonaa CUrHATHUHT WMIYTBCCHMOH XaJlaKUT TabCHP STaJuraH
KHCMI aKC STTHPMACIHry Yopa-TaA0MpiapuHy aMalra olMpHII Kepak.

VYMyMaH y3IyKCH3 CHIHAJUIApHH ONTHMAaJN KaOyJulall y4yH yJIapHUHT
UH(QOPMAIMOH MTapaMeTpJIapHHy Ba XallaKUT NapaMeTpiapuHM JIOMMHH
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paBHIIAA Ky3aTHI kepak. byHna kalOyi KunuHa€rraH cursHan x(t) HHHL
KaHya KYI mapaMeTpiapd Ky3aTWIMIN HMKOHMATH Oyica, yHM amanra
omupuwl kepak, Oynmaii CKK MocnaHu6 GopyBuM amanmTHB CHTHAN
kabyJunam Kypuiamacu ne6 artanamu. Agantus CKK xanaxutbapaoninuru
6omka Typ CKK xanaxurOaprolumringas 1okopu 6ynamny.

Ilynpatt  xunub, y3NykCH3 CUTHAUIApHM ONTHMal KaOyJaiu
KypHJIMacy YMKMINMJark curuan v(t) y3atunrad xabap u(t) gaH 3HT kaM
(dapknaHHIIMHEY TabMHHIaHM. Doiimanu curHan s(u,t) ysarwnaérraH
u(t) ra HoUM3uKIH GoFmuK 6ynrauy yuyH, ontuman CKK — HOUM3HKIM
CKK éxu Houusukimu ¢unstp Oynaum xepax. Houmsuxium CKKra
IOKOpH2 CTPYKTYpaBHil cCXeMacH KeJTHDHITraH Ky3aTyBuM KaOysulain
KypunaMacu mucon Oyna onazu. Jemak, ontuMan kabynnamn Hazapws-
CHHH ONTHMaJI HOUM3UKIM GUIsTpIiall Ha3apHacK e Kapall MyMKHH,

Xo3dpa ONTHMaN HOYM3HKIM (UIBTPIAIl YMYMHE Hazapuscura
acocaH KHMPHII CHTHald HOPMall TaKCHMMOT KOHYHHra OyicyHraH xom
ydyH spatunraH 6Ynu6, yHzaH ysaTWiraH xabapHM FOKOpH
xanakuTOapaomuk 6unad KaOynnamza doiiaananunany.

Ha3zopat caBoniapa

1. XanaxutOapaonutuk Huma?

2. Anpuop Ba anacTepHOp 3XTUMOJLTMK HUMa?

3. CnmMeTpHK KaHan ned KaHpa# kaHannapra aituiaaan?

4. bup Tapkubny xaHan Aeb KaHjail kananra altanagu?

5. Mpean kapop kabyn KHIULI Me30HH e HUMara aiTHIagn?

6. Baiic popmynacuHu &3MHI Ba YHU L1apxiab OepHHr.

7. Vxmauwmux GyHKuMscH HuMa?

8. Mk kaHanma KaHjaid xaronuiap coaup 6ynanu?

9. VMkkunvk KaHaniga yMyMuil XaToJMK HUMara TeHr?

10. Upean curHan kabysiam KypdaMacy HUMa?

11. Ontiman curian Kabynnai Kypunmacu aeb kanaail KypuiMa
TYIDyHUa M ?

12. KorenbHukoB ontuMan CKK cTpykTypaBuil cXeMacCHMHH YH3HHT
Ba MIITALU IPUHIUIMHYA TYLTYHTHPHHT.

13. Ukkunuk curHan y4yH ontuman koppemauuoH CKK ctpyk-
TypaBHil CXeMaCHHY YH3MHI Ba MIUNAII IPHHIUIUHA TYIDYHTHPHHT.

14. Uxxnnuk CcHMrHaUiapHd Mocnaimrad  ¢(unetpnap &Epramuna
onTMan Kabynnam KypHJIMacd CTPYKTYPaBHH CX€MacHHM YM3HHT Ba
HIIALI IPHHUHIMHYA TYIYHTHPHHT.
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15. AM,, UM, Ba ®M; curnajuiap onTuMan Kabyn KWITHHraHaa
XanaKuTOapAONUTHK KaHall aHHKTaHa ¥ Ba KMPHII CUTHAMHHHT KaifcH
Kypcarruwiapura 60ornuk?

16. Hucouit ®OM; curnannunr omamii ®PM; curramngag apku
HEMana?

17. HOM; curHanmum onrtuman KaOyiualml KypuiMacH  CTpYykK-
TypaBuii CXeMacCHHH YH3HHT Ba MINMAIN NPAHUMNHHEY €3u6 GepuHr.

18. AM;;, UM, Ba ®M, curHamnap xaJakuTOapIOIIIAKIApY ¥3apo
KaHjal MyHocabarna?

19. M- kasawm onriuMan CKK cTpykrypaBuif cxeMacHHM YH3MHT
Ba WULIAII IPAHLMIINHEY aiiTHO GeprHr.

20. V3mykcus curHaJUlapHH ONTHMaN Kalyiuram AeraHna HHMavH
TYIIyHacH3?

2]1. Vamykcu3 CHTHaJUlapHH MOCHAlTaH Ky3aTyBdd  GMIBTD
gpmamujga onTMMan Kalymiamn KypHiIMacH CTPYKTYpPaBHH cxeMacHHM
9H3UHT Ba HILIALI NPHHLUMNUHY afTHO 6GepHHT.

22, Yanykcu3 CHTHAJUIAPHA KOPPE/IHOH Ky3aTHII ycynuzaa kabyn
KWIAIN KypH/IMacH CTPYKTYPaBHH CXEMacHHH 4M3MHI Ba HMILIALI
NPUHLUITHEY aliTHO OepHHT.

23. CurnarHy «6axonaimn) JeraHaa HUMaHH TYLIyHacu3?

24. ABBanpjaH makJ¥ MablIyM CHTHAJIapra MHCOJIAp KENTHPHHT.

25. Mocnauran ¢unstpnap ne6 Kaunait ¢unsTpiaapra aiTHnam?

26. Mocnawrad ¢unetp y3atuin kosgdunuentr K(jo) Ba curnan
cnekrpu S(jo) kannaii Gornanwumra sra?

27. Mocnawrad GuIsTp UMIYJIBC aKC TABCHPH CHTHai s(t) OHiaH
KaHjaii GornaHuinra sra?

28. Buneoumnynbc 6Ounan Mocnawmnrad GHIBTP CTPYKTYpaBMif
CXEeMAaCHHH YH3UHT Ba HIINTAIN IPUHIUNHHY aATUO GepyHT.

29. Paguoumnynec OunmaH Mocnainras GHUIBTP CTPYKTYpaBHid
CXeMaCHHH YM3MHT Ba HULIAII MPUHLUIHHYA aiTHO GepuHT.

30. KBasumocnamraH ¢uineTp Aeb kanpait duipTpra aiftinam.

31. Vanykcuz cHrHannapHd —onTtUMan  GUIBTPIAIN  JeraHAaa
HHUMasap TyIoyHunagu?

32. Yanykcu3s curygan cnekTpd S(jo) Ba onTHMan GHIETP KOMILIEKC
y3atui xo3ddunuentu K(jo) xannail 6ornagumza 6ynuimm kepax?

33. OnTuman punsTpRaIlary XaToMHK YHHUHT KEPHIUHIATH c/X
HucOaTh GunaH KaHnai GormaHuIOra sra?
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13. PAKAMJUIN CUTHAJLIAP XAKHJIA ACOCUHA
TYIDYHYAJIAP

13.1. Y3nykcn3 xaGapinapau paKaMJiH INAKJA Y33THI

V3nykcn3 xabapiapHu pakamId alOKa KaHAUIADH OPKAIH Y3aTHII
MYMKMH. Y3nykcus xabGapnap Jjactiiab pakamim  CHUTHaIapra
alinantupuiaay. Ymby y3nykcH3 CHIHA/UIap CIEKTPH KeHIIUIH F, Ba

IaBOMUHAMIM 7, ra TeHr 6ynca, KoTelbHHKOB Teopemacura acocad

Y3UHUHT ms% OPAIMFUA aHMKJIaHTaH n=ALI Ta OHMH KHAMaTiapu

<

épIaMHa y3aTHNMIIM Ba KaliTa THKIAHWIIM MYMKHH. At<% KHJIHO

e

TaHnald, CUTHATHU IOKOPH aHHKIHKIA Y3aTHIIHK Ba KaiiTa THKJIAINHH
TabMHHJIAI MyMKHH.

Vanykcn3 cuUrHanHyur A! opanuKia OJMHIAH KUAMAaTIapHUHH
komnab, KoIJap KeTMa-KeTJIWIM paKaMld aloKa KaHallapH OpKaH
Y3aTHJIHIIA MyMKVH.

Pakaminu cHTHaIIap Y3NMyKcH3 (@aHanmor) CHrHaulapra KaparaHpga
6up Kkarop a¢3ayumknapra sra. bynmapnaH OHMpH, ynapHMHI IOKOpPH
Japaxkafa XanaKMTOapIoOUUTMIHANp. Y3IMYKCH3 CHIHANMa KydCH3
XaJlaKUT TabCHp 3TraH Oyiica XaM YHHM acl XOJHJAa aHMK THKJIAII
MYMKHH 3Mac. UyHKHM y3JyKkcH3 CMIHAl Ba YHIa TanCHp 3TaéTraH
XaJjakuT oup —OupmjaH waidian ¢apkiaHMaiay. Ynapuu 6up-Oupyaan
@KpaTUII MYMKHH 3Mac. Pakamii curHan MabiyM RHCKDET caTxJapra
sra 6YNramiMrd y49yH, XanakuT ¢(akaTr¥HAa XaJaKMTHHHI TabCHPHIA
YHUHT acjl caTxd OMpUIaH MKKUHYKUCHra YTraHAarvHa XOocus Oynanu.
ByHHHT y4yH XalaKUTHHHT KUIMaTH —CaTXM aH4a KaTTa OYnuIIm kepax.

PakaMIi CHUTH&UTADHMHT HMKKHHYM ad3aUmry, yJlapHH anoka
KaHand OpK&TIH Y3aTHIINAa XanakutOapoll komiapaaH ¢oifaanaHuim
MYMKUH. YYHUHYM a(3/LIury, pakamid CHIHUIapra Mo OepHuiaa
Mypakka® anropuTMIapHH (kapaéHJIapHH) amaira OWMpPHIN MyMKHH.
IOkopuparn 6up xatop ad3annuiiIapd acocHJa Ba 3aMOHaBMi
MHKPOPaJHO3JIEKTPOHUKAHMHT  IOTYKJIAapH acocHAa CHTHaUIapHH
paKam/H INaKga y3aTHIN Kelaxkakna xabaplIapHH Y3aTHILTHHHI acOcHi
ArOHa YCYnH OYIHIUN 3XTHMOJLAAH X0l 3Mac.
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13.2. Ammyabc-Koa MOTYNSIIIAA CHTHAJLIAPDH

VY3anykens CHIHALIADHM paKaMilM CUrHajuiapra afdnaHTUpum yd
fockuuza amanra OIUHpHIAAH Ba HaTHXala OHp KHCM axGopoT
AYKoTWIMINK, GapKIaHHLILIAPw(t) = u(t) COANP OYIUIIH MyMKUH.

Ymby yu 60CKHYHH ATOXHAA-2JI0XUAA KypHO IMKaMH3.

1. Juckpernam HaTWKacuja Y3MyKCH3 CUTHaI — JUCKPET
CHTHaJra adnaHTUPUIaiM, SbHH Y3JIyKCH3 CHTHAJHHUHI OHUH KuHMaTH
Xap At opaymkna FOKOPH aHMKIMKZa YiadaHamy. YinOy cUrHail CaTXHHU
TaHjall — XOTHpajall KypHiaMacHJa CHrHajl KMHMaTHHH aHvKnam At
BaKTH CHJDKWMIOIM Ba YHM KMHMAaTHHH XOTHpaJa cakiaumjgard 6ab3u
HOAHHK/JIHMKJI2p HaTHXaJa GapKIaHHILIap XOCWI OYIHITH MyMKHH.

2. Ksantnam HaTmxacula — NMCKPETIaHTaH CHTHAJHUHT OHMHE
KUHMATH pyxcaT 3THITaH IMCKpeT caTxiapjaH Oupura TaxMHHaH MOC
KemyBYucH OMian anMamand. Carx 6yitnua JucKperNamHM KBaHTJIal
ne6 aranaam. Onataa kBaHTIAp COHM aHMK Gepuiran 6¥au0, KeaHTIAIN
HaTWKacHaa  pakamwid CcHrHan  ymOy — caTxyjapiaH — Oupura
anMainTupunany. Vikku sHr AxuH catx opacujaru ¢apk Y -xsammmam
Kagamu ne6 aramagy. KaHTiam KaJaMUHWHI KHYHKIAIOWLIA CaTXJIap
COHHHHHI OLOHINHIa oKb Kenamy.

3. Kommamm HarmkacMha  KBaHTJIAHTaH  caTxjap  KoAnap
KOMOMHHIUACK OriaH anMaiauHam. Onataa HKKUIMK KOAIapAaH, SbHU
acocn «1» Ba «O» koxnapman doiinananmnany, GyHaa Moc Kojnap
KOMOMHAIMACH HKKHMJMK, XHCco6 ycynupa xucobmaHuG, carTxyiapra
onpukrupwragy. Komnap xombuHanmsacu TYFpHIAH-TYFPH  HKIMIMK
a7joKa KaHallM OpKAH IOKOPH YacTOTANH TAalOyBYHHH aMILTHTYIacH,
yacToTacH &kd (pasacHHH MOHMITYNALMIAIN HATHXKACHAA OJIHHIaH
curdan s(t) &pmammpaa ysaTHnafd. Y3JYKCH3 CHTHal anoKa KaHalu
OpPKaJIH Y3aTHITYHYa: KBaHTJIAHMaH HMIYJbCJIAp KeTMa-KeTIHTHIa,
CYyHIrpa koIyiap KOMOVHALMAIApH KETMa-KeTIWIMIa Ba MOJYNALMS
HaTWwKacuaa curHal s(t) xocun Gymamu, IIYHUHr Y4yH Oy cUrHamiap
nmirynbe -koa Momynauua (MKM) curnamnap ge6 atanaau. Kepaxmm
XOMMJa KymMm¥a MONYISINMA Typd XaM ymby KucKapTMara
KHpHTHIagE. MacanaH, HucOni daza MogynsuuacHiaH GoifanaHuIran
6ynca -MKM —HOM, mynra yxuram MKM —YM Ba x.k.

AMainia KBaHTIAIl Ba Kolaml aMawiapd OMp KypHiMaja aHajior—
pakaMm yaraptupruuuna APY amanra owmpuinaan. Pakamiu cursaitun
aHAIOr [NAKIWra KeNITHPHII pakaM —asator y3raptapum PAY
KypWwiMacHna amaira ourmpwiand. PAY mapna pakamnm xozmnadran
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CHIHAUTap JACKOJUIaHa[ ¥, MOC CaTXJap KBaHTIaHIAH KyulaHHWLLIapra
anMaIlTHpHIaOH Ba 3HHACHMOH WMIYNbCIAap KEeTMa-KeTIUId M[acT
yactotanap ¢puIbTpH Epaamuia TEKUCNIaHWG KaliTa Y3NyKCH3 CHTHANra
aiLTaH THPUITATH. PAY uMKMIINIary THKIAHTaH y3mykcds curaam *®)
APY xupumumaru curan “®) nam dapk xunagu. Bysunr caGa6u: a)
OMpPUHYKCH KBAHTNALATH XaTOJNHK KBAHTIALI IIOBKWHH; 0) HKKHHYHCH
y3aTHiaurad Koanap KOMOWHAUMACH XAJAKUTIap TabCHPHAA YHHHT
aneMeHTNap «1» Ba «0» HUHT Teckapycura anaMaIinImnza.

KBasTiHul moBkEHEA. KBaHTNaHraH CHTHAJIHUHT UKKH 3HT AKUH
caTxu opacuaary ¢apk Az, KBaHTJIAlll KafaMuHH, 6ap3ad A GunaH xam
Genrmnanagu. bympa y3iykcM3 CHTHANHMHT kAr BakTAard OHUH
KURMAaTH  u(kAr) KBaHTIAIl HAaTHXKAaCHOA YHra SHI fKMH caTxX OumaH

anMamand. HaTuxana kBaHT/Ialll XaTOMHTH —% Ba % opacuza 6ynanm.

2

YVby Ttacoin¢uif KaTTAIMKHUHI JUCIEpPCHACH lA_z 6ynagu. Arap

Y3IyKCH3 CUTHAN TaBcH(Iapy OK LIOBKHH TaBcudmapura skud 6ynca, y
XO0JIa KBaHTJIalll IIOBKMHH XaM OK LIOBKHH Iakivha 6ynanaw Ba curHan
6unas ¥3apo KoppemsumAcH Oynamaiizu. Keantnaw cudaTusH oiataa
CHTHAJ-KBAHTJAll IIOBKHHHM HucOatu 6unan GaxomaHagy, 6y LIOBKUH
KOJ| pa3pAavHM (3JeMeHTNapu COHH) 1-Tara OLNMPHIN CHTHAI-KOIALI
woskuHy (CKI) wucbatuuun 6 abra owupagu. lllyHu anoxupa
TabKUANAN KEPAKKH, KOJ KOMOHHALMANAPUIATH 3JEMEHTap CHTHANNap
COHHHHM OWMpHUII HadakaT CHUTHaIra pakamiad HIUIOB OepyBuun
KYpWIMaNapHUHT Te3KOpJHrura TanabHW ommpamy, 1y Guman 6upra
CHUTHATHH Y3aTHII y4YyH Tajiab KMJIMHAJUraH ajloKa KaHaid MOJIOCACHHH
XaM KeHrafTHPHINHH TakKo30 3Tagd. YYHKM KOIHaru oJeMeHTap
CHrHa/lap COHMHHHT OIUMILH YIApPHUHT Xap OMPHHUHT JABOMHUILITMIUHI
KUCKapTUPHILHY Taad 3Taau, SbHM CUCHAJ CIEKTPH KeHTasTy.

Amanmma HOTekMC KBaHTIaugaH kxeHr ¢olinananmnany. bynna
KBaHTNaIl KaJaMH y3aTHAaJAraH y3NYKCU3 CHTHAN u(f) HUHT Y3rapuin
Teanurura 60FnMK 6ynk6, y KkaH4ya Te3 ¥3rapca, KBaHT/IAID KafaMH XaM
myHy4a karra 6¥nanu (13.1-pacm).

Iyupalt kWb () HHHr KUYMK CTaxjiapy aH4a aHUKpOK
KBaHT/IaHalH.

Horekuc kBauTnammpgan doliiamaHumaad Makcaj KBaHTIALIAArH
XaTONMKHHU JespnM ¥3rapmac caknab typHminaH ubopar. Amanna
HOTEKHC KBaHTJIAIIHM Y3JIYKCH3 CHIHal «(r) HH KBAaHTIAJAH OJAHH
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u() 4

13.1-pacm. Hotexuc kBanTnam,.

KOMIIpeccUAnaIn (CHKHLI) CYHIpa KBaHTIANT; YHKHIIAArH CUTHATTHY
JKcnanaepAaH yTkasum (uy3um) acocupya Oaxapunagu (13.2-pacm).
Hlynna# KuIub HOTEKHC KBaHTIAIN aMaIUAa: KOMIIpECCHANaLl; OHp XU
(ommui) kBaHTNAWl Ba SKcnaHAepnamgaH ubopar. Kommpeccop Ba
Skcmanfep OHp-Oupura Teckapu amalapHH Oakapaid, HaTIXajga
HOTEKHC KBAHTJIAaHTaH pakaMiM curHa xocun Oynamu (13.1-pacm).

u(®) u(kAt) o(t)
w®) - kat ) ary

Komnpeccusanam Bup Texuc KBaHTIIAmM OkenoHaepnam (¥ium)
(crxum)

13.2-pacM. Hotexwic xBaHTIIaLL.

ABBan TabKMJIaraHMMU3ZIEK, HOTEKUC KBaHTJIAIAaH Makcal, Oup
X1 HUCOMIT XaTOMMKHM TabMHMHNAMIUD. BYHHHr ydyH KOMIIpeccop
TaBcuU JOTapuPMHUK Ba SKCIAHAEp TaBCH(QM SKCIOHEHTA WNAKIKAA
6y Kepak. AMMO JTorapuMHUK aKjard TaBcud y3iyKCHU3 CHrHal
KufiMaTH Ku9uKk Oynranga —< ra HHTHIaAM, OyHM amaira OLIMpHIN
KuitiH Ba Oy Tanabra >xaBob Oepmaitau. LLIyHuHr yuyH aManga CHrHaN
KaTTa caTXj1apHja AorapugMHiK TaBcu¢ Ounan tanab mapaxxacuaa Moc
KeJIyBYH Ba CUTHaJl KHYHK CaTXJIapua YU3UKIM O6YnraH MKk Tapkubmm
TascuHan doinananunagy. YnapaaH Oupu x4 KoHyHUra 6¥icyHyBdu
TaBcu® Kyiunaruda ndomanaHamm:

_ ln[l+;1(]x|/xm )J
y—ymngﬂx, (131)
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6ynna, # — Manduii y3rapMac KaTTaNHK, X Ba y — KOMIPECCOp KMPHIIIHA

Ba YMKMUWIMAArH KYWIaHWII (aMIIMTyAanapH); sgn(x) — OQYHKIHMA
Ky¥naaruda aHuK/IaHagu:
Sg]x:{l’ IZO. (13'2)
-1 x>0

4 - xonyHumaH AKII anoxa tusumnapuna doinananunany.
EBponana Kyiinpnaru udonanau doinananunany:

N TRl
| i = (13.3)
oy ——————SBN X <X <
I+InA4 A x

Oynma, A-mycbar moummii  kaTTamk, KoirawmapH (13.2)
udonanarunapra moc. (13.2) Ba (13.3) udomanap A=87,56 Ba #=1255
6ynranna 6up-OupHUra Jeapiu MocC Kelaau.

AManjja KBaHTJIallUIap CAaTXHHUHT COHY olaaHunaaural xommap
xomOnHarusacura 60FTuUK 6y manu.

13.3. XaTo aMAyabciIap IOBKAHA

Xato umnynascnap — CKK kupHIIMra xajlakuT TabCHpUAa Koiap
KoMOMHaIuAcHaaru MeMeHTap curiawiap «1» Hu «0» ra Ba «O» HH «1»
ra afinasummia Xocun OynraH kox kOMOMHAUMAIAPHHK AEKoANall
HaTHkacuna Xocun OYnamu. Ymly xaTo MMITyNbCIapHUHT KakiTa
THK/IaHAETraH CHIHAIra TAbCHPH, YHHHT KOl KOMOMHANVMACHHUHT KalicH
KHCMHZa oHnamraHura OOFIMK. Arap kol KOMOMHaLHACHAArH
CHUMBOJUIAPHUHT Ty3uTHUIA («1» HUHT «O» ra Ba akcuH4a «0» HHHT «1»
ra aiyiaHuuin) 6up-6upura Gornuk Oy¥mMmarad, SXTHMOJUTUIHM pP-ra TEHT
Taconuduit xapagd Oyica, y Xxoaga KoJ KOMOHHaIMACHIArx
3NeMEHTNap COHM m-Ta Oynca, k-Ta XaTONMMKHUHT comup Oynuiom
6HHOMHAN TaKCHMOT KOHYHHTA G¥iicyHaau

pky=Crp'-py™* . (13.4)

Arap 5XTUMOJUIMK p KMYMK 6¥nca, kKog koMOMHaLMACHAA KamMHOa
6utTa XxaTonuk nafizo GynuLIM Kylinaarura Teur 6ynagu:
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1-(A-p)" =mp, azap mp<<l. (13.5)

Tyrpn nofiMXanaHraH paxamiii ajloKa KaHaNWJa CHIHAI-XaJaKuT
HucOaTtura OOFIMK XaTONMUK P XKyda KUUMK OYaaiy Ba XaTONHMK
HMITYJIbCIIADMHY KBaHTIAIl LIOBKMHUIAa HucOaTaH XyAa KHUUK Ae6
xucobnab, spTHOOpra onMaca 6ymamu.

13.4. bBamopaTin Kogaam

Arap y3aTWIaJMrad CUrHam u(f) OK IIOBKMHIa yxuram 6ynca, S5HH
YEeKJIAHTaH 4YacToTalnap AWana3oHHJa CHEKTPH KyBBATH 3HUYIHIH Oup
xun Oynca, y xomga KorTensHMKOB TeopeMacH — acocHjia
JUCKDPETH3alWsaHTaH YOy CHTHaHHAHI kAr Ba (k+l)Ar BaKTJiapaaru
kufiMatnapy Oup-Oupura Oornmuk OyaMaiimy, ¥3apo KoppensILuACH
Hoira TeHr Oymamu. Baw3an, amanga y3aTHnajurad CHTHARN CIEKTPH
KyBBaTH 3HWIMrH OuMp xun O6¥nmacnurd Ba AUCKpETNAll YacTOTACH
KaTTa OYnmuInM, YHHHr aQJIOXHMAa-ajloXuJa KuUHMaTIapd opacuia
Gornanum, xoppemsiuua naiigo O6ymummkra onub xenanu. Illympait
KO, y3aTWnaéTral AUCKPET CUTHaN OpTHKYANHKKa oiHb Kemand Ba
anoka  KaHanugaH — Golimantaguin  caMapaJOpiMrd  KaMasid.
CHrHajuiapHy y3aTHII Ba KaOyJIMalmHWHT CaMapajop ycyJulapujan Onpu
6amopamin xKomiamw ycyau xucobnaHany. Bynnaa, muckper curHai oHuit
KdfiMaTnapd opacuja ¥3apo CTaTHCTHK Oormmkiauk 6ynca, ywmGy
OOFJIAKIMKHY YHUHT (k+1)Ar BaKTHArd KMHMATUHW kAr OHOArH KHMaTH
opKaiy Oamopat Kuiaui MyMkuH. ByHpga quckpeT curaanHusr 6amopar
KHJIMHIAH KHifMaTHga Xed KaHzadt ax6opor #iyk. Bamopar stuiarau
CHTHal KUHMaTH Xe4 BaKT aHMK OYnMalind, IOYHUHT YYyH IUCKpET
CHTHAJIHHMHT u(kAf) BA U[(k+1)Ar] GamopaT 3THIraH KuiiMariapy opacuia
xaTonuk 6op, ABHH

£, (A1) = ul(k - 1)Ar] - u(kAs) . (13.6)

AHa ULly XaTONHK ¢ (kAr) axOopoT AMCKpeT XabapHHHT (k+1)A
BaKTOard KucMd axbopotra sra 6ymm6, mry GammopaT XaTOJHIM anoxa
Kanan¥ opkam y3aTtwiaau. CKK CHrHaTHMHr aBBaird KuiMmatiapu
acocHaa IOy OHZarucu OamopaT KWIMHAJH Ba YHTa XaTONHK e, (kAf)
KYIOMIMIIN HaTHXKaCHJa, CHUTHAIHHHI XaKUKHA KUMMaTH aHHUKJIaHaIu
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(13.3-pacm). Arap kaHija Xamakut Oynmaca, YAKMIUAArH CHIHAN u(f)
KUpHILZArH u(f) ra Moc O¥Ynap 544, aMMO XalakKHT TabCcUpHAa (apk
naiifno 6ynamu, ABHU uo(f) = u(r) .

u(kAf) fgxlnl — E.[n]m kA1)
u,[n] wlrd
bamopariopun bamoparnoem &, (kAt)
Kypnima KypunMa

13.3-pacM. baiopatiosun KypiuIMany anoka TH3HMHHHU
CTPYKTYpaBHH CXeMacH.

Juckpery3anysiaHral CUTHATHIHT u(kAf) BAKTAa aHUKJIAHTaH OHMH
KUAiMaTiapyd opacuzard koppensuus OoFmaHMII KaHya katra O¥ica,
famopar KuIMIN IOyH4Ya aHuMK OYmagu Ba Gamopar XaTONMTH
nucnepcusch  (KyBBaTH) wyH4Ya Kuuuk Oymagu. Bynma#t  xonpa
MabBIyMOTJIaDHH anoKa KaHanM OpKaIM Y3aTHII YYyH KOJJap
KOMOWHAUMANAPUIArH 3JIEMEHTap CHMBOJIAD COHMHH KaMaHTHpHLI
MYMKUH, HaTkama kaHaijgad QoiijamaHuin caMapaJOplurd OlIagH,
ABHH KaHATHHHT Xabap yTkasum KoOmimatura tanad xamasau. Kyn
XoJnapaa 6aliopar KWIMID KypU/IMacH MIUIAll alrOPUTMHM HH3UKIH
6ynub, curnan HaBbaTaary Oalopar TWIAANIaH KAHMaTH, aBBAITH 6Up
Heya KUMMaTJIapUHUHT YM3UK/IM KOMOWHAIMACH MAKITHA] aHUKIaHAZM.
OB03 CHrHaIapHHM 4YM3UKIM OallopaT acocHa Koijall 3aMOHaBHH
MOOHJIb alloKa TH3MMITApU/a Ky IaHKIa 1.

bamopar XaTOMMrHHH KOAJAWl OpPKAJIM CHTHAJIHM  y3aTHIO
IuddepeHnyan IMOYNIbEC-KOJ MOAYMALMACH HOMHHH onraH (JHMKM).
bynjpali TM3MMIapia HoTekuc kBaHTiampgaH dojllaHaHUNAAH, YYHKH
KBaHTJIaHAE€TraH CHTHAJIHUHT KMYMK KufimMatmapra osra  Ofnum
SXTHMOIINTM Karra OYmmO, kymmmaa adsaumwnapra sra O¥manu.
JAUKM ycynuunar MKM ra Hucbatan adzamiurn guckpeTiiaHras
CUrHaj oHHi KMHMatT/iapu opacHMaard KOppenallHs kKaH4a karra 6yica,
MOC paBHLILIA IIYHYa OlIa/H.

JUKMHUHT copnanamrad XyCycH# MakUiapuiaH OHWpM [enbTa-
Moaynauus OYmub, 6yHOa KBaHTNAml CaTXM HMKKHTA Y3aTUNAIUrad
CHTHal aBBalrucura HucbartaH Karrajamca xaronuk +4 Ba
Kyiyukitamca —A 6ymagy, wydHra Moc paeuiga curHan +1 &xu -1
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6ynanu (13.4-pacM) Ba wu(kAf) CHTHan aBBairucura Hucbaran +1 ra
omanu éxu -1 ra kamaagu. JlenbTa-MOLYIALMAAAH AACKPETH3aLHsIIal
KaJaMH KOppelsL{s MHTEpBaNMJAH KWYHK Oynran  xowiapia
¢oiizananunany.

Henbta-MonynauuaHuer  ad3aJUIMTH  YHHMHT  KOAEpH  Ba
JeKomepuHMHT HUucOaTaH comnanuruaa. CHIHANHA KafTa THKIAI Y4YYH
+A(kAr)  CHTHAIAP  KETMa-KeTJIWIMHM  MHTerpaliall  eTapid
(mHTerpayamm 6y «O» Ba «l» nap keTMa-KeTIHI'HHH Tymnaii Ba Oy
KeTMa-KEeTNUITApHY 3MHACHMOH GyHKUWAra aiinaHTUPHIN Ba YHM Mact
yacToTanap GWILTPH EpaamMuia TeKWclamaaH udopar). AMMO JenbTa-
MOLYJIALMA HaTHXKacHaa ¥3ura Xoc Oy3unummnap o3 Oepamu, 6y
3MHACHMOH aNNpPOKCUMAUMAHUHI y3rapumy OUpIaM4M y3aTuia&TraH
curial QYHKUMACHIAH KeduiuimH (KHUAIMK 3§pUKHINN) HATHXKacHAa
xocun 6¥nany xamza CUrHaJ kaM y3rapraHza (MaiiJalaHuin MIOBKHHK)
KAcMIapaary Tebpanmnnapra cabab 6ynany (13.4-pacm).

u(n) a(n) a(n)
KsanTnam
—_ HTMACH AK > T¥mnam 4o

T¥runam

uy(n)
13.4-pacm. [lensTa MOIYNATOp CTPYKTypaBHii cxeMacH.

Vmby xaMYMIHKNApHH KaMalTUpHIN Y9yH KBaHT/Iall KagaMHHH
CHIHAN KYPHHMIIMIa MOCIAUITHPUIN (ajanTuBiami) Kepak. Arap Oup
Heda KYIOHH XxaToiMiiap Oup xun 6¥inca, 6y xonma ¢yHKUMS MOHOTOH
ycyBum, arap masnyM 6up opanukia Axaronukiap+A Ba —A keTMa-
keruruaa 6ynca, Oy Xonja CHUrHaj CekHH y3rapaay, 6y CHIHaTHWHT
MYAa KaM Y3rapaéTraHiaMriHu Ominupand, Oy xonja KBaHTIAII KaaaMK
KamasiJH.

Ha3sopar caBoanapn

1. CurnamiapHy pakamiH Y3aTHIUHHM aHaJIor INAKJIAa y3aTUIIAaH
ad3amuniapy HEMana?

2. KgpaHTnamm DIOBKMHM HHMMa? YHHM KaMaHTHPHII Y4yH HHMa
KHIHHI Kepak?
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3. Xarto ummynbcnap WOBKMHM HuUMa? Yjap KaHdad mnaiigo
6ynamn?

4. Kaiicu xomnappa Gamopatiu kollaml ycylTuaaH QoipanaHuin
Makcajara MyBohHK?

5. AKM curnan HuMa? MKM cursan BakT auarpaMMalapdHH
YU3UHT?

6. JlenbTa-Monmynauus Huma? [lenpTa-MoAaynsuusagaH — Kadcu
xosuiapna ¢oii falaHHIaau?

7. KommnaHpgepnaln HUMa Ba YHAaH HUMa y4dyH ¢ofinananuianu?

8. DOxcnanpepnamn HUMa Ba y KaHjaaH Ba3udaHu baxapaiu?

9. bamopamim anoka TH3UMH COAAANAIINaH CTPYKTypaBHi
CXE€MaCHHH YH3MHT Ba MLLTAIT MPHHUKIAHY TYLTYHTHPHHT.

10. JensTa-MomyIAmuAra acoclaHraH ajloka TU3UMU COJANIallraH
CTPYKTYpaBHii CXeMacHHM YW3MHI Ba YHHHT HIIJAll IIPUHLMINHHA
TYLIYHTHDHHT,
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14. K¥II KAHAJLIA AJIOKA ACOCJIAPH
14.1. CarsaanapHH aXXpaTHII HA3aPHACH acocjaapn

3aMoHaBHit TeNEKOMMYHHKALHS TH3UMJIapDH Ba TapMOKIapHHH
KypPHIU IOyHH KypcaTaiuky, yiby TH3MMIApHHUHI 3HT Kym Mabmar
cap¢IaHHIIMHE Tanab KHIaaural KUCMH a0Ka JTHHHANapuaup. Bymap,
kabe/UTH, ONTHK TONalH, COTaNIHM MOOHJIa aloKa, CyHBHH ynmoru
OpKaTH ajioka, paaxopese JHHUMIApH, Tporochepa anoKa JHHULIAPH
Ba Gowkanap. IllyHuHr y4ym anoka JMHUsSDIapUAaH QoliranaHuin
caMapaJoOpIMIHHM OLIMPHIN YYyH YJapHHHT Xap Oupu opkanu Oup
amac, 6up Heuta (x037ab, MuHrNab) xabapnapHu GHp BaKTHHUHT ¥3uzma
y3aTHINHKM TabMUHIAIN Kepak. AnbaTra, KyI KaHamH xabap y3aTHIIHH
TAbMUHJALI YYYH aiOKa KAaHAJMHUHI axOOpOT y3aTHII HMKOHHATH, Y
OPKaJIH y3aTHIMIIK Tanab 3tunaaurad N-ta axGopoT MaHOaHHUHF BaKT
Oupmurnga unuiab 4ukapaérraH axbopornapd HUFHHIUCHNAH KaTTa
OynumIM, THHA C'zil-[,: 6ynuiom apt, 6yHaa H, - axbopot maxbau k

k=1
HHUHT ax60poT Him1ab YHKapUID HMKOHHSATH.

Ky xaHauM amoka THU3MMIApH aHAIOr Ba pakamuy Oymuinn
MyMiuH., Ky KaHa/UTH aHamor anoka TH3UMIIApHHH YHUGHKanysiam
Makcazuaa acoc KHJIHO cTaHmapT TenedOH KaHaNM — TOHAT 4acTOTa
xaHany kabyn xunuerad 6ynu6, y 300+3400 I'u keHrTMKAarK cniekTpra
ara Oynran xabapnapHd y3aTHIOHM TasMuHnadiad. Kynm kaHauim
paKkamiil ajloka KaHaulapuaa 64 xOut/cex Te3anmukna xabap y3aTuinra
MymKaniaHrad KaHaap KaOyn xunuuran. Kym kanamnu ananor amoxa
12 ra kappanu xaHaJUTapHU OUpPNAINTHPHII acOCHAA IIaKIUTAHTHPHAALH.
Pakamin Kjn KaHaUTH aloKa TH3HMIIapH Kabys KWIHHTaH Hepapxusd
(6ockuy) TapTHOUra Kapab® waknnanTupuiaiu. EBpona mamnakariapu
uepapxuiacura Moc KMmMO OMpnaMyu Kyn KaHAJUIH pakamiM Y3aTHII
tH3umu UKM-30 xabyn xunvHras 6Ymub, y opKaid CHUTrHal IypyXHMHH
y3atnmn tesnurd 2048 «kbut/c. busma espoma wmepapxuAcHIaH
¢oitrananunany.

Kyn kanannu xabap ysaTHin cTpyKTypaBHil cxemacH 14.1-pacMaa
rexrupunrad. bynna xabap Man6anapu TuKMmMaars HucOaTaH nacT
YacTOTATH & (1), 5,(1), ... b(f), b,(r) CHTHaNIAp XycycHil MoayisTopiap
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M, My, ... M;,M, épaaMnia xyCyCHil CUTHAILIAP u,(f), u,(1), .. u;(f)s uy(D)
ra aimautupunagu. Xycycuif KaHan CHrHaUIapu Typyxiaml (HuFuim)
KypHIMacy €pIaMHa rypyX CHrHaIM u,.(f) Ta alinaHTHpUIaay,

ur =3 2,0). (14.1)

Ba HHXO0AT TIypyX CHIHATM u.(f) @KpaTUIraH 4acToTanzap
IHana3oHHra rypyx y3aTkuul MoIyasTopd M épaaMyia THHUSA CHIHAM
4 () ra ajinaHTHpuiIaau Ba anoka nuHHsAcH (AJ) xupuiunra Gepunamu.
Xo3upua, MacalaHH OCOHJALITHPMII Y4yH amoka karanu (AK) na
Xamakumiap HYK Ba KaHanja CHCHAWIap WAl Oy3wiMmaixau ged
xucobnaitMus. V xonna kabyn KMIMHTaH CHTHAN s()=Ku,(f) ra TEHT
6ynapu, 6ynma K — ajmoka kaHanuHMHT Yy3aTHwl ko3bduumMeHTH,
xo3upya K=1 ne® xucoGnaiiMus. CurHan kabya KuaMOI TOMOHMIA
JMHMAAATH CUTHAN s,(r) rypyX Kabymnam kypunmacu (I'KK) uuxkummnzaa
sp()=KU.() Ta alnaHTHpuNamM, cyHrpa Xxycycud Kabymnam
Kypuamanapn (KK) rypyx curHanu KU.() JaH Xap 6up kaHanmra
TEeTHLIH  s,()=KU,() NapHH axXpaTagd Ba YJIApHH JAeTeKropiiain
HaTWXacHIA (), u,(), ... u,(t), u,() CUTHAIAp Xap Oup xabap
ONyBUHTa eTka3zub Oepunanu.

KAA
M}
I (’
: o | o | X0
u,(r) 5, () KK, |
(
1 AT [ TKK g O [ I X0,
_____ 4__
N\ KK '
' bl(t
AEES 1l-> XOn
A, I

14.1-pacm. Kyn kanamu xabap y3aTHIll TH3HMH CTPYKTYpaBHit
CXeMacH.

283



KaHan y3aTkuyd Ba OupnamTupuil KypwiMmacH OwnaH Oupra
KaHasUmapay Oupnamtupuin annapatypacd (KBA) ne6 atamagu. I'ypyx
y3atkuau (I'Y), amoxka nuHusicu (AJI) Ba rypyx CHIHAIapHHH
kaOymnam kypwimace (CKK) 6upnuxnaa rypyx y3arum tpakta (I'YT)
ne6 artanamu. Kauanmapuu Oupnamtupumn anmapatypacd (KBA) Ba
rypyX Y3aTHII TPaKTH XaMZAa I'ypyX @KpaTHLI annapaTiapH MaXMyacH
kyn kanamwiu anoxka T3HMHHE (KKAT) rtamxnn sragd. KKATHHHT
xycycuit CKK kaHamy rypyx CHTHANH s.(f) AaH Y3Ura TErHILUTHM CHUTHAJ
b(r) HM aKpaTHO onanaM Ba TETMIUIH u,(s) JapHH xabap ONyBYMIapra
eTka3ub Oepamm. YmOy »xapadHiaapHH aMmaira OIINPYBYH XyCyCHH
CKKjtapr MaxMyacH KaHJLTapHH axparvin annaparypacd (KAA) neb
aTanajy.

OHIOW Ky KaHaJUIM ajloKa TH3MMJIapy opKaJii OUp-OHpura GOFnHK
Oynmaran xonataa ax6opoT ys3aTHMIn Y4yH (olfmanaHunagurad
CUrHaJUTapra kyHunaguran tanabnapHy kypub umkamus. Curaan
aKpaTHLI KypuniMacH OHMp Heya KaKan CHTHaIIapuHM OMp-OMpumaH
tdapknamu yJqyH yJapHUHT Xap 6upura xoc Genrwrapu 6yIHIIHA Kepax.
CuHycongan TallyBYHIapHH MOIYJALMANAIIAA YJIApHUHT YacTOTACH,
tdazacu Ba  aMILTMTYyJacy; UMITYbCIIap KeTMa-KEeTITUTHHH
MOOYNAUMATAIOAAa YHUHr BakT Oyduya XonaTd, AaBOMHIIUTH EkH
IIaKNd yHHUHT acocuii Genrmiiapy xucobmaHuion MyMmkuH. IOxopunaru
Genrunapra Moc paBHINJA CHTA/LTapHM KPATHII: YacTOTa, BaKT, (asa,
mmaxi Ba Golrkanap 6yiinda axpaTiinra acocaHagy.

MacanaH, Typyx CHTrHaLIapH yMYMHit TpakTH opkamu N-xycycuit
KaHaNIap CHUrHANApUHA y3atuin Tanad stuicHH. 'ypyx curHamiapu
yMyMHu# TpaKTH Xap OMp [-KaHT CHTHAY ,(f) HU Y3aTHII yYyH APOKIH
neb xucobiacak, y xonaa

u,()=C¥,(1), (14.2)

6yHna, ¥, — Tamysud GYHKUWACH, C,— y3aTHilarran xabapHu akc
STTEPYBUH ko3¢ duimeHT. XaMMa KaHaJl CUTHaINApH (TypyX CHIHAIN)
y4IyH Ky#iunary udoganu onaMus:

u,.(t)=5:u,(t)=iC,.‘P,. (14.3)

inl

CypyX CHIHalM JHHHS CHTHANMra aiMaHTUpHIagd Ba Y3aTHLI
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TpakTy kupuiura 6epunaau. CKK ToMOHMAA s,(f) CUTHAI KaiTa rypyx
CUTHAMM s.(r) ra ainantupunami. CKK tomMonmaa N Tta kanan
CHrHalIapyd Oup-OMpHIaH axparull y9yH N-Ta akpaTHL KypHIMacH
kepak OVnamu, 6yHaa xap Oup k-um axkparHil Kypuimacu ¢akaT ¥3ura
TErHULTH K-4H KaHaJl CHTHAIIMHY 2KpaTHO ONULON Kepak.

CKK O6axapanuraH Ba3H¢aHH axpaTHIl TaaOMpuHH I, OunaH
6enrunaiimus. Maean xonaraa k-un CKK uvkuinuia ¢akar ury kasganra
TeTMLUUIM  CHIH&J  QKPATHIIA  Kepak, KOoJiraH CHIHaUiapjaH
TabCUpNaHMaciurd kepak. Bynman Tamxapm CKK Tazbupu 4u3uimM
X0NJa aMaira OUIMIUM Kepak, AbHM y OHp-Oupura OofnaHMaraHiMk
NpuHUMNMra (Cynepro3unys) Oyicy Uy wapT:

(s, +5,)=1T,(s)+ T, (s,) - (14.4)

CurHan axpatiil Taabupd (NpUHLMIN)HH MaTeMaTHK Loaknga
dponanam MyMkHH. CKKCHHUHT A-uM KaHaMH YMKAIOAAATH aKe
TabCUPH s'(f), YHTa T'YPyX CUTHAIM s.(f) TAbCUPH HATIDKACHIA XOCHII

6ynanu:
1, {s (00} = 5;.(1) (14.5)

Xap Oup k-xkanan CKK kupminura Oup BakTda XamMMma N-KkaHan
curHanapu Tabscap 3tanu. CKK dakar §3ura ternmuim s, (r) ra cesrup
O6ynuiM y4yH Kylfingarya mapt OaxapHiIdIIN Kepak:

= P izk

sz(r)=n.{is.»<r)} N ATOE {S‘(') =k (14.6)
&xu xamMMa i Ba k nap ydyH

1.{5,0)= {‘*(” 1=k, (14.7)

izk.

(14.2) ndonanu (14.7) ndbogara kyiiud, KyiAunaruau onamus:

oW, (), i=k,
i#k.

Il 0)= { (14.8)
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Hamuxana s () =c, ¥, (t)-

OnuHTaH HaTHXXKaHW @KPATHII KYPHIMACHHHHT s(r) aKC TabCHPH
Oomixka makifa OymummM xaM MyMKHH, acocuiicu 6y KaTTaiuk
y3aTHJIaéTraH cHUrHan OwnaH Oup KuiimMatnu Oornmmy Oyauium Tanad
arunanu. Xycycuii Xonma s,(s) CHUTHajra akC TabCHp ¢, OunaH Gup
KuiiMariyu 60FNIaHraH KaTTaIMK y OYIHIIN MyMKUH.

s, O=11{s;(0}= {cha)} Zn e v.(0)= (14.9)
E€xu
— 71:: i=k>
H.{c.-*P,(t)}-{o’ ok (14.10)

(14.7) Ba (14.9) udonanmapaad Kyiuigard Xy/Jd0CaHH YHKAPHII
myMmiuH. CKK curHan s,(;) ra HucOaTaH TaHJIOBYAaHIIHK XYCYCHATHIA
sra. (14.7) Ba (14.9) udomanapmaru MaTeMaTHK aMauiap YH3HUKIH
3NeKTp 3alKMplIap acoCMAa aMaira OLIagH, WIYHHHT YYyH YHra
TErHlUI Ha3apus YU3KUKIH aKPaTUII HasapHiacu fed aTaraiy.

bus wu©pean axpaTUIl XONATHHM KYpub UYHKAMK, aMajna
CHrHaJUIAPHH aXXPaTUIIja YTUIN XanakuTIapy naino 6¥nam.

CHrHa/IapEE 9H3HKJIH aXKpaTHm mapra. Yusukiu axpatviu
ONepaTopH 11, HH TYPYX CHTHAIM s.(f) Ta TABCHPHHM CKAAp KymaiT™Ma
mamaa udoganam MyMKUH:

{5 0= Jsr @, (7)dr, (14.11)

OyHpma, 7#,(n7)— oneparop II.-ra Moc OYnran wmukmop (Ba3H)
koadunmenty. (14.4) ndogamarnm CUrHaTHH YH3HKIM KypUIMaiap
épllaMyia aKPAaTHINHHHT acOCHil INapTH YJapHHHT ¥3ap0 UM3HKIH
Oornanmaran OyiminM xucobmaHagu. By Kyfiuzmarn TeHrTMK IDapTH
6axapwiran xonarna pyi Oepamu, spHH XaMMa koa¢dunueHTnap OHp
BaKTa HoJra TeAr 6ynranna,

W, (1) 4+, ¥, () +..+ o, () + ey Py () =0. (14.12)
Xakukatad xam (14.7) Ba (14.9) wudomamap CKKuuHr
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TAHJIOBYAHIIMNIY Ba aXpaTUJMIIM wwapTd OYnub, KyHuparn mapr
faxapunraHia aMaira olamm:

OO0 =y  ik=12.N, (14.13)

6yHma, y, — @KpaTHII KypPUIMACHHMHI s(f) CHIHATa axc TabCHUPH
6ymub, v, =0 6ynamm, arap i=k Ba y, #0. I7, oneparopd 6unad (14.12)
udomaHHHT Xap HMKKana TOMOHMra Tabcup 3THO Ba (13) ndoaaHm
3bpTHOOpPra 06, Kynaariura 3puniaMus:

H,{ic,‘l’,.(t)} Zc,ﬂ .0} =c,74 =0. (14.14)

ial

AJloxa kaHaMIa Xanakumiap Oynmaca, Xap KaHmad HH3MKIH
OornmaHuuiia OynMaraH CHrHalap TYMiIaMH Kyn KaHaJUIM ajloka
tuzuMuaa doiianaHdIl YYYH SpOKIH. AMMO Xamma pean ajloka
KaHAIIapH/Ia XaMMa BakT XaJlakuTjap Oop, MYHHHT y4yH Goluka Xap
KaHAall cHrHainapra KaparaHaa ¥3apo OpTOrOHal CUTHAaJLIap IOKOPH
XamaKuTOapIOLLTMKHY TabMUHNANAU. By Xonnga kaHam CHTHa/UIapHMHU
aKpaTyBYW YMKUIIHAATH CUTHAN BEKTOPH, KAHAT CUTHANTUIA MOC Kelaau
Ba GyHzal axxpaTyByu (TAHIOBYH) KypriaManap oaauii Oynanu.

Y3apo OpTOroHan CHrHamtap TYMIAMMHM TYpIH YyCy/lap OHiaH
TaHnaill MyMKUH. Bynap/iaH SHr KeHr TapKajiraHH 4YacTOTa Ba BakT
6yinua axpaTHml ycynu 6ynmub, 6y cHrHaWIap y4yH OPTOTQHAILTMK
KaHa/lap CUTHaIM CIEKTp Ba BaxT Oyiuua Oup-Oupuaan axpamud

TYpajH.
14.2. Carsa;iapHA 9acToTa 6§iH9a axkpaTRm

Kyn kaHanmm anoka TM3UMM OpKanM y3aTWiaguraH xabap man6au
YUKHIIMIAATH CHTHAMNAD b,(f), b,(f), ... b(f) clekTpu OHp AMamnasoHna
wolinawran ne6 xucobnatiMus. Mucon yuyH TenedoH anokacHia xamma
Xycycuil kaHan curnauiapu cnektpu 300+3400 'y opacuaa >xoiinamras
6ynnb, xap 6up xananra 4,0 k['I[ KEHIMKAArd 4acTOTanap HOJIOCACcH
aKpaTUNraH. BUpiaMyK CHTHaIAp CHEKTPU  s,(f), 5()s - $(f)
O6upnaMyH TallyBYMNap j, -JTapHH MonyJ/AUMsnaiinu. By aman M,, M,, ...
M, MonyisTopiap &paaMMia amanra OWIMpHIagM. bupnamun
TaulyBYHJIap 4acToTacH Omp-6upumad 4xl'u ra ¢apx xunazu. Kanan
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¢bmneTpnapy ¢, &,, ... ¢, UUKUIIHIATH s,(f) KaHAT CHrHAIApH MOC
PaBHLIAA Af,, Af,, ... Af, YACTOTaNap MOJOCAIapHHH srautaiiny. Kyumun
KaHamap crnekrpH 6up-6upnaan 9001 kKeHIIMKAATM 3axUpa ITOJIOCACH
6unan axpanub Typamu. Yacrora 6¥iinua akpaTHIIma Kyn KaHaJUIH
ajoKa  TU3HMJapppa, ojatAa OMp  Homocand  aMIuIHTyAa
Monynauuacuaad ¢Qoiipananmiand. Hammxama xap Oup Oupnamuu
MOIYJIALUAIAHTaH CHTHAIUIAP CIIEKTPAApH 4, Af;, ... 4f, OUp-OUPHHUHT
ycTHMra TywmMaifmm, akpanu0 typamu. By xomma s, 50, ... s.0)
CHTHaJUIap ¥3apo oproroHan 6ynany (14.2-pacm).

BupnaMyun MOZYIALHA HATHXKACKA OJMHIaH CHTHAUIAp CIIEKTpIapH
5 s 5,(f)s .- §,(f) OupraMum xxaMnall KypriaMacuna Hurmwiaad a 6y
sr(f) CHUI'HAJI HKKMHYH TYPYX MOIYNATOPH M, kupuumra Oepunanu. By
MOZYNATOP YHKHIIKJA XaM MOXIYJLILUAJIAHTaH CHUTHANHHHT Oup &H
[TOJIOCacH KOJNAHPHIAAH, YHHHI IOJOCAcCH KEHTIUIH Af, = NAf O¥mamu,
Bynna ar - bupnamuu xabap CeKTpH KEHIJITH F, Ia 3aXupa 4acToTanap
KEHIJMIH Af, AWUFHHANCHTA TEHT, SBHH Af = F+4Af, =4ly. HKxumaMun
IrYpyX CHTHaJUIApH MOIYJISTOPH TALIYBYHCH Af. KyII KaHATIM ajloka
TH3UMH YIyH @XKpaTW/raH 4HacToTalap AMAalla3oHUra MOC paBHIIIa
TannaHaad. HaTikana s (1) rypyx CHUrHAIM f, 4acToTajgap JHIIa30HH[IA
wolnamub JMHAA CHTHAMH s,(f) XOocHN Oymamw. YMyMmMaH 4acToTa
Oy#uua akpaTHIl Ky KaHALUIM aI0Ka TU3MMHMIA OolIKa MOIynAuus
TypJiapujaH XaM ¢oiijanaHuin MyMKiH.

r SAN f\(./ )
’ ‘A:’F 7 N I-T-lr-:ﬁm o
540 s | Ao,
. . |
e R ]|
s o Fr=lo, | w
540 ) r‘“” !
g . === 1 !
° 4:’f '”4' T © J; 4; “
5N 13w !
A A]
>~ m‘] Ao NQ 8
14.2-pacM. CurHamapyay 4acToTa 6yiinua axpatiuira oug ceKkTp
Juarpammanapi.
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Curnan xabynnamm TOMOHHAA JHHHA CHUTHAIH s,(f) HA TYPYX
CHTHAJIM JAEeMOIYJIATOPM KUpWINWra Oepunaju. /1, JHHHA CHCHAIH
CIEKTPH s,(f)HH TYPyX. CIEKTPH s.(f) ra y3raptupub Gepamu. I'ypyx
CHTHaM Xycycu#l curHan kabyinam Kypunmanapy 7,, I,, ...II, Ba
ylapHHHr Moc (UIBTpIapd &, &,, .., EpIaMuia sHa 4Af, Japra
QKpaTHJIAMM Ba AEMOOYyATOp €pHamupua OupnamMum crextpiap s(f),
(), .. s$(f) Japra Ba ymap b(), b(), .. b() xabapnapra
alinaytupunamy.  Kanan — curhautapp  6up-6MpHra  xanakut
6epmaciuxnapy yuyH yTapHUHT Moc GUIBTpnapu ¢, &,, ...®, Jap
opkani ¢akar ynapra TEeruLUUTd 4f, CUTHAJl CIEKTPH TaioKuil
ATyBYMJIapH YTHINM Kepak, KOJraH XaMMa OOIIKa KaHan CHIHAJM CHEKTP
TALLIKHJI 3TYBYMIAPH QUIbTPIAP OPKATH YTMACIMKIIAPH Kepak.

Marematnk HykTau HalapAad uaean GuiusTp Epmamumia
cursaapiy axparuu (14.11) ndopara yximamm makaHH onamH:

5, ()= Tsr(r)q,‘(t—r)dr, (14.15)

OyHna, ¢,(f) — CHEKTpH KeHITINrH Af OYnraH cUrHanHd Oy3WJTHILIApCH3
YTKa3yBYH Wpeas I1osoca QUIBTPUHMHI MMIYJBC XapaKTE€PUCTHKACH.
(14.15) ndona (14.11) udoaara muxknop (Basn) koabduIeHTH
7.(6.7)=q,(-7). (14.16)
(14.12) udonanmary yacrota 6yiiuua EHUII aMamM rypyX CHrHaJiH
s, HH I-punbTp I — CUMOH y3aTULl (PYHKUMACUTA KYTa#TMACHTa TEHT
6ynanu (14.3-pacm).

R L¢3
0 '
A }ﬁ-F f
5 |
‘ pd
0
R
s L7 d
7
‘0
F S

14.3-pacm. Curnannapau dacrota 6¥iinya axpatuiaa OupraMyu
CHrHAJIHM KaliTa THKIAIIr2 OUA CTIEKTp AHArpaMMacH.
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Ilynpait Kunub, cArHa/UIapHK YacToTa O¥iinya uaean cudar Ounan
aXpaTHII YJYyH KyHHZard Imapmiap Oakapuiuiud Jo3uM: k kaHan
CHTHAJH CHEeKTIPH Wy KaHall ydyH aKpaTHiIraH moioca 4f, Aa TYIHK
wolinamrad 6Ynuimy  Ba akparyBudM Honoca GWIBTpNap &,
XapaKTepUCTHKajlapy upean Oynuimy kepak. AMMO Oy UKKH ILapT
amanga Gaxapuimaiiay, HaTIKaJa KaHANap opacuiary y3apo xanakuT
1o3ara kenagu. [lyHuHT y9yH KaHa/U1ap OpacHia Af, - XHMOsA II0JIOCach
KongupHnagu. Kymeu kasammap opacupga 900I'm xuMos Ionocacu
KOJILAMPHIMINY HaTHXXachia, 4acToTa GYHMYa CHUTHaUIAPHH aXpaTUII
Ky KaHa/UIM aloKa TH3UMHUAa y3atvin Tpaktuzad 80% camapa 6unan
doiinananunam (14.4-pacm).

sr{f)

Sy

NN IN NON

of

14.4-pacM. YacTtoTa 6¥itHua 3H\WIAIITHPIITAaH KYI KAHAIIH CUTHAaJ
CIEKTp AMarpaMMacH.

14.3. Carsa/iapae BaKT 6¥iiaga axpaTam

Kanan curHanapunu Bakr 6yiivya axpatuim (KCBA) xyn xaHalUIH
anoka tusumuaa (KKAT) rypyx tpaktd koMMyTatop K, €épaamuna Xap
6up xaHanra HaBbarMa-HaBbat ynanamu (14.5-pacm).

XM, l l N * U, X0,
1142
NY P B

~ 7
XM, | / \ / \ Ul [ XO:
\ / \ !
o A s N 1( L
XMy
MU [ A > U, [ xox
1
THT

14.5-pacm. CurHayuiaphy BakT O¥#y9a axxpaTuill KV KaHAIIH
aJl0Ka TH3UMKHHUHI CTPYKTYpaBHii cXxeMacH.
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bynza asBan 1-kaHan cCUrHauM, CYHIrpa 2-kaHall Ba XOKa30 OXUPrH
N-kaHan CHrHaid y3aTWNIafd Ba kapaH Iy TapTtHOaa aaBpufl f,
yacTota OwnaH takpopnaHagy. CurHan kabyiwraml TOMOHHAA XyIIH
myHAaif K, KOMMyTaTop Xap OHp KkaHan curHan KaOyJuiam
KypUIMaJapHHH HaBOaTMa-HaBOaT rypyx KaHamura ynaiifw. i-kaHan
KaOynnamm KypuimacH ¢akaT i-CUTHAN Yy3aTHITaH BaKTAa YyNaHaM,
KOJITaH xamMMa kaOymwiam KypuiManapH ysunamu. Cysrpa i+1 kaGysuam
Kypuimack ¢akar /+] CHIHaTHM y3aTHIl JaBpHAA yJaHanu Ba Oy f,
yactoTa OwiaH gaspuif TakpopiaHamu. TH3MMHHUHT OapKapop MiInaImy
ydyH CHIHal y3aTHll Ba Kabymjgamn TOMOHMAarH KX, Ba K
KOMMyTaTop/ap CHHXPOH Ba Moc ¢a3ana HIUIAIIapy Kepak.

Kanan curHaym cudartuga 6up-Oupunad Bakr 6yiivua axparuiaray
MOIYJALMAIAHIAH HMITyJIbClIap KeTMa-KeTnurujan ¢oinaianunan,
MacallaH, aMIIMTyacH OyHuda MOoLy/IsSUHsUIAaHIaH UMITyNIbCIap keTMa-
kernurd (14.6-pacm).

Xycycuil CHrHamnap s(f), s,(f), .. s() KETMa-KeTIUTH TypyX
CHTHAIHHMH s.(f) TAlOKWN 3Taan.14.6-pacMaa ¢akaT HMKKHTa KaHaj
CUTHAIIAPH s,(f) B2 s,(f) MHCOJ TApHKACHJA KEITHPHITaH.

il

5.0 1

N

a)

-

R ]
!
i

3
B

S, 6)

8)

14.6-pacM. CurHajiapHu Bakt 6¥iinda axxpaTuinra OHJl BaKT
JuarpaMmanapH.
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I'ypyx curHanm kaOyyulamm KypHiIMacH KOMMYTATOpH K, ra
Gepriany, yHH TETHILIM KaHAN CUIHAUIAPHHH y3aTHII KO3¢hHIMeHTH
Oupra TeHr OymraH BakT unsTpu Reb aramm MymxuH (14.6,6-pacm),
STBHH

K,(t):{:)’ e (14.17)

Baxr 6yitnua ¢unpTpnam HaTHXacua i-4d KaOylall KypHIMacu
yuKHmuAa ¢$akar -4l KaHan uMynbcH maiino Oynazu (14.6,B-pacm).
KabynnaHraH i-4n KaHan UMITyJIbCIIApH KEeTMa-KEeTJIUIH
JeMoaynauusaaH cyHr b,(r) xabap i-uu xabap OJfyBYNTa €TKAZHIIATY.

CurHawiapHu Bakr OyiiMua axpaTdiia XanakuTiap naiino
6YmmuMHMHr uKkuTa caGabu Gop. BupuHuUMgaH Xap KaHzall amanga
doliasaEuITaH aloKa KAaHAIM YeKIaHTaH YacToTanap II0JOCaCHHHU
§Tka3zazau, ynnad tamkapy yHUHT AUX Ba @UX upean smac. Hatmxana
9H3UKIH  Oysmmuuuiap xocua OYnamu. XakukaTaH XaMm y3aTHIIIa
MOJYNALMSIAHTAH CUTH&I CIEKTPHHHUHI JaBOMHUILINIH dYeKiIaHca, y
Xonja kabymuiai TOMOHUAA JaBOMUIITMIHM YeKNaHTaH HMITYJIBC YPHUra,
NaBOMUANMIY deKcH3 Katra OynraH ummynbcHH onamu3 (14.7-pacm).
Bomkada kuum6 alitraHaa, kaHaJulap opacuza ¥3apo xanakumiap naino
6¥nami. Bynaai xaTondikiiap CHEXPOHH3ALMA aHHKJIMTH EMOHIALITaHIA
XaM xocni 6ymaau.

D]

14.7-pacm. CurnajuiapHu BakT 6yiinta axpaTiniaary Oy3miamniapra
OHJ BaKT AHarpaMMmaiapy.
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V3apo XalakMTIApHM KaMaliTHDHII Y4yH KaHAJl CHTHAUIApH
opacHIa XMMOs OPaTHWFU KUPUTHIaAH. By ysaTunaérran mmmynbcnap
JAaBOMHIUIMTMHYM KuYpalitupyinra (KMCKapTUpUul)ra oJH0 KeNlaaw,
HaTHKaJa CUIHAT CeKTpU KeHraamu. Kym kasammy anoka TH3MMIIapHa
Tene)OH CUTHAIH CHEKTPH 3HTr IoKopu uacrotacH 3400 I'u 6¥Fnuo6,
KoTenbHHKOB TeopeMacHra aocaH JMCKpETH3alyslall YacTOTacH

f= ﬁ: 2F,=6800y. AMMO pean ajloKa TH3MMIIapHMIa HMITyJbCnap

TaKpOpJIaHHII YacTOTacH  f,=8000/y KumuOG onuHamu. ByHpaif
MUMIyNbciapHd OMp KaHA/LTM X0Jja y3aThil y4yH oHT kamupga 4 ki
yacToTanap mnojnocacd kepak Oynamn. Bakr Oyiiuua axparumra
acocyIaHra Ky KaHaJlli aloKa TH3UMIIapHJa BaKT opaiurd A Gup xui
6ynu6, KortenpHukoB TteopemacH acocuja (CHHXpoHu3auus OyHzaa
pTHOOpra ONUHMAaK M) aHUKaHAIHU:

a1
M= NTINE T3 (14.18)

OyHpa, F,=NF, 6Yynmu6 N-kanannu vactorta 6yiiuuya axpatuim KKAT
nonocacura TeHr. Hazapmit xmxarmaH YAK Ba BAK tHsumnapupa
yacToTanap mHonocacujaH doiigananum camapagopiauru 6mp xun
oynranu Oumnan, amanga BAK tusnmu YAK ra kaparanga nHucGartan
KaMpoK camapafiopnukka sra. AMmo BAK adsamnurn 6y ycynna xabap
y3aTdma ymymuii kanangaH HasGar Ounan dofimanaHum sxapagHupaa
HOYM3MKAM Oy3uiMmuiap HaTwkacuiaa YT XaJlaKATIapu XOCHI
6ynmaiinn. bynman Tamkapu Bakr OYiiuya akpaTviira acocjaHIaH
KKAT annapatypacu yacroTa 6yiinya axpatuira acocnadrad KKATra
HucOaTaH OCOH amanra omupunamy. Yacrora O6¥iinua axparHira
acocymanran KKATpa xap 6up xaHan ysaTuiiga y3 MOLyJIATOpHra Ba
KabyJiall TOMOHMZA 4acToTa Oyiimua axcpatyBum (GuibTp OymuImuHM
tanab xwragd. Bakr 6¥iinuya axpatuin KKATna momynsudsnaHraH
CHTHan JMHaMHK auanazoHu HucbaraH xuuuk. BAK KKATnan
y3nykcH3 xabapnapHM aHaror MOZRY/UILMATAHIaH  MMITYJbCliap
épnamuga (AWM, ©WM, [IHUM) y3aatumna sa MKM &pmamuna
xabapnapHH y3aTHLLIa KeHr dolinaraHunany.

[Uyuu anoxupna tabkuanaw no3uMku, KKATaa xabapnapHan Tanab
STHIAHra XaJaKuTOapaonUIMK OunaH y3aTHIO y9yH Tanab sTunajuran
CHrHanm yMyMmHit KyBBaTH £, , OMp KaHalUIl ajJoKa TH3MMHIArNra

HucGaran N-mapta katra Oynamn, uyHku KKATmarn ymymuii xanakut
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KYBBaTH P, =NP,=NN,F,, OyHla N, — XalakuT 3HEPIMACH CIEKTpal
3UIHIM, F,— OMp KaHal MONOCAaCHMHHHI KEHITIMIH. XaKWkatma 3ca
foxopuaary mapt 6axapwiranna xaMm KKAT xanaxurbapionumru Gup
KaHAUM ajfoKa TH3HMMM XajlaKuTOapAoLUIMruiaH kaMm Oynamd, 4yHKH
qacToTa O¥iimuya axparuira acocnanran KKATna cursan ymymmit
KyBBaTH F, HHM OIIMPHLI HAaTHXacMAa YTHIN XaJaKUTJIApUHU
kaMaiTHpu®O OyaMmalimy, YyHKM YTHID XalaKWTIAPUHUHT KyBBAaTH Xam
omamy, 6ap3u XoJUlapaa HOYM3HKNIM OY3WIHILIAp HATHXKACHIA XOCHII
Oynamuran xanakgTJap CaTXM CHTHaJI KyBBaTH OLUMIIMIa HHCOaTaH
Te3poK pyHi bepanu.

14.4. Curapaanapan maka 6ViATYa askpaTHII

CurHayyiapad yactoTa Ba BaKT Oyiinua akpaTuil ycyllapupjaH
TAWIKapy yJapHH Imaxuiapd Oyfinya akpaTMll Xam KeHMHIH BakTnap
KEHI KyJUIaHWIMoKAa. ByHpa# curHaiapHuHr Gapdacu OuMp BakTnaa,
CHeKTpIapH OHp-OHPHHAHT YCTHra >KOMIAINTaH XOJA2 Y3aTHIIHINHIA
KapaMacziaH, arap ¥3apo 4uM3uKmH Oornanmmmpaa 6¥nMaca Ba ¥3apo
opToronan 6yica, ynapau 6up-6upuaH axxpaTHUIl MyMKHH.

Curran tamryBuminap cHdaTHZa KeTMa-KeTJIMIHA Japakalid KaTop
Oynran mMnyneciaap Kyluaary mawiaz ndogataHai:

Fo=L¥,0=L¥,0=1,.} (©O<I<T). (14.19)

Vaatunaérran xabapnap C,,C,,.C, Ko3hHIHEHTNAp OpKaIH
aHUKIaHaJMraH TypyX CHTHAIM s.() HH Kyfunaruya upoganaim
MYMKHH:

sr=lc +Cot+vCut™)  0ses<T. (14.20)

(14.19) xaTop TamKUiI 3TYyBHHJapH ¥3apo OOFIMK 5Mac, UTYHHHI
ydyH yiapHad xed OupHHH OOUIKANAapMHUHI YH3MKIH KOMOHHALMACH
maknuaa xocun kw6 OYnmaiimu. bynu (14.20) xynm xXagnu iapTi
YHHHI KO3OQ(HUIHEHTIapHHAHAT XaMMacH OHp BaKTAa HOAra TEHD
6ynranga 6axxapuianm.

TamyBumnapausr Y3apo 6ormuk amaciaura (14.19) 1aprupan
CHTrHaANNapey Oup-OHpHzaH aKpaTHII acocH cHdartuia ¢oifzaraHamMus.
Mucon yayn 0=¢<T pakr opanufuaa UKKH KaHAIM CHTHAT Y3aTHLII
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sr(0) =50 +5,)=C, +Cyt =C¥,()+C,¥,(1). (14.21)

Arap muxnop (Ba3H) xodbduuuentnapu (14.11) Hu Kyiimzparmua
TaHJIacaK:

4 ¢

nl(t)—a,,‘}’,(r)+a,z‘~}’1(t)—i——6?t (14.22)

MmO =ay () +ag ¥y () =-T+12

Yy X0NnIa s, () HH 7, Ba 5, KOOPAHHATA YKIapHra NpOeKUUANAPHHH
TymupuO, 7 =1 BaKT y4dyH Kylinaard uogaHy onamMus;

T
I (s;)= Is(t)ﬂl(t)dl= 4, (P, ¥)) —b6c, (1, \P,) +4c, (., W) - 6¢, (W, ¥,) = ¢,
d (14.23)
nz(sr)=js(t)”z(‘)dt= 121.‘,(‘*‘1,‘{’2)-661(‘{"1,\PI)+124‘2(\[-’2,\]‘2)—64'1(‘{"2,‘-}’1)= Cs
L]

6yHna, (¥, %,)=1, (wz,wz)%, (w,,\yz)=(~yz,w,)=%,
(14.23) udopamaru aman 14.8-pacmna KeNTUPMAraH aXPaTHII
KYPHJIMACH OPKaJTH aMaJra OllHpHIaIHy.

T'eneparop ['eneparop

P.(f) ¥, ()
TanH9 TeOpaHHILIAPHH IAKILIAH THPHIL
up
.
M] > J‘ —> C]
s[‘ (t) A 4
M, [ G

14.8-pacm. CurHawiapuy maxs1 6¥HH4a yM3HKJI 2KpaTALITa OuI
CTPYKTypaBuii cxema.
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By Kxypwima &pmaMHAa OpPTOTOH&J CHMTHAIIAPHM aXKPaTHIL
KypunMacunaH  ¢apkiMpok g, Ba 7, Muxgop (Ba3m)
k0o3>bhUIHEHTIapUHKY aHMKIANl KYPHIMacH Oynub, y W) Ba ‘¥,()
gappad  (14.23) udomamarm uM3MKIH KOMOMHAUMACHHHM  spaTalu.
Ymymuii xonna Gepunran ¥y3apo OGornuk Oynmarad {W,()} TH3UMIOaH
€pIaMyH OpTOroHal BEKTOPIIAp OPKATH KyHnaarnda uboaaiaHamm:

L0=¥®-S (Fm)n 0, (14.24)

RG]

O6ynna, ﬂk(l)=ﬂ’_ﬂ i=12,.

I'pum-llIMMx =~ opTOroOHaLIAIITHPHII UTEpaTUB yCyIuAaH
doiinananu6 7,() OPTOHOPMAN TH3MMHH OJNHIO MYMKHH. Bupnamiu
{#,()} BexTOpNapHH YpHHIAPHHH AIMAIITHPHMII TYPAH OPTOHOPMAJ
TU3UMNAP {7,(H} HM XOocHN KwiHIOra oimm6 xemagu. Ymby aMalHUHT
HTEePDAaTHBIMIH YUyH, YHIAH OpTOHOpMal 0a3apmii GyHKUHUATAPHA
ApPaTHINA Ba XyNAM INYHWHTAEK, KOOPIMHATAJApH COHH HeKCH3 Kym
6ynra L,7 TaIDKHN STYBYWIAPH YEKJIAHTaH OpPTOHOpMai Ga3aBuif
(QYHKUMAHN XOCHT KHIHIN MyMKHH.

a1 6yiinua axparuwira acocnanrad KKATnapuna Tamys'winap
cupatuma (14.19) oproroHan JapakaaH KaTop TAIOKWJ 3TYBYHMIApHUIaH
¢dotinananum Mymxun, Ymby ycyn OunaH oONMHraH TaOryBYHIap
CNEKTPH Ba AABOMUIUINIA YEKIAHTAHIWIH YYyH YNapHH aHaior cxema-
TeXHHKA acocuja IMaKLUIaHTHPHID MyMxMH. Bynra Teckapu Yonu,
Pagemaxep — OpTOrOHaJl  JHCKPET KETMa-KETJIHUTH  acOCHJA
IIaKJUIAHTAPWITaH TalIyBYHIIADHH paKaMIH CXeMa-TeXHMKa acoCHIa
amMajiaa OIHPHII MyMKHH.

Yo ¢ysxusnapura Huc6aTaH MaHTHK ONepalisNapHHu Kutal
MYMKHMHIIMIY, YHH 3aMOHaBMH CHTHAIUTApHU WAKIM OYiinmua axpaTdll
pakamiin KKATnapunu spaTtiiufa KeHr KyuianMokaa. byHpan talukapu
6y KKATnxa curHanmnapHu WAK/UTaHTHPHII Ba ynapra MIIoB Gepulina
MHKpoIpoleccopaap/aH ¢oii gananum MYMKHH. 3amoHaBui
CHTHANNApHU Imakmu OYiiMda axparumra acocnairan KKATna,
CHTHANIAp CHeKTpd Oup yMymuif wacToTanap JuanasoHuna OHp
BAKTHUHI ¥3upaa oiinmawrad OYyagd, curHawiapHd Kabysurampaa
Mocnamman ¢uneTpnap €kM  yHra TeHr Kywin Oynran daon
KOppeALMOH cxemanapiad ¢oiifanaduiany, My ycysl OHiaH xalakuT
TaBCHPUAAry CUTHAN ONTUMAN KabyILiaHaay.
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14.5. llloBKHACAMOH CATHAJLIAP épIaMHAa xaGap y3aTHII TH3AMHA

Oxopuna iipu6 unxunrad typnu KKATnapaa oproroHan Ba 6up-
6upn OwnaH uH3MKIH OOFNaHMaraH OpPTOTOHA CHTHAJUIapAad
¢dolipananumra acocnaHran 0ymub, ynap HopMman XonaTja HIILIAILH
YYYH MabllyM Japaxaka CHHXpOHH3auuaHu, YAKnapuaa ysatTuinanuran
CUTHAJ CIIEKTPH KaHaJ 4acToTajlap moiocacura Mociuruid, BAKaa
CHTHAJl y3aTHIIJ2 BaKT HHTEPBANIAPHHMHT TYIHK Mocnuruiy, [NIAKna
TpaKT UHTEepBadH OOIIM Ba OXMPUMHH aAHWK OWIMIN YNapHH aKTHB
duneTpnap éEpmamupa  kabyinamga Ba  Mociamirad — (HUIBTpAap
€paamupa kabynnampga xap Oup d/MeMeHTap cMrHan  oHHH
KUMaTIapuHEY Y3aTHIIHII BaKTHHH aHHK OUTMII Tanab 3TUIanu.

Kym xonnapaa cMHXpOHH3ALMSIHM aHUK TABMHHJIALI KUHH. Mucon
Y4yH, xapakatnary obwextnap (aBromMoOun, caMonéT Ba X.K.) OunaH
anoka ypHatuuiga. Hlywra §xuram xonat cyHbsMd Hynmom opkaitu
anoKa TH3MMIIApHJaH pETpaHCIATOp wmwakmuna doiimananraHga xaM
yupaitnu. Illyspmait xomnapia acHHXPOH KYN KaHaM — ajoka
TH3uMIapuad QoiinanaHuiira TYrpu xenagM, OyHaa xamma aboHeHT-
JIApHHHT CHUTHAIIApH YMYMHI YacToTanap ITOJIOCacHIa y3aTHNagM Ba
KaHa/Ulap MIIM CHHXpOHM3alMsNaHMmarad Oymagu. Bynpait amoka
THU3MMIIapuaa xap OMp KaHaira yacToTanap mnonocacH, ¢oiganaHum
BaKTH OpaJUFd Ba BaKTH OWpUKTHpHIMaraH OVimmO, ymap xoxiarad
BaKTAa al0Ka ypHaTHuUiapd MyMKWH. ByHma# TH3umiiap anoxa
nuHuscuaaH ¢ofimanaHuiuy SpKHH (YeKIaHMaraH) &€KM KaHalnapy
aboHeHTNapra 6UpUKTUPHIMAraH ajoKa TH3NMIapH e atanagu.

doiifanaHdIly 4acTOTa Ba BakT Oyliuya yeknaHmaraH xap Oup
aboHeHTra MabiyM OMp maKIgard CUrHan OGUPUKTHPUNALM, Oy YHHHT
«agpecu» xucobmanamy. Opauit makn OyitMda akpaTHIOra acoCiaHraH
aJioKa TH3UMJIapKa OPTOrOHAJUIMK MAPTH XaMMa KaHaWIap y4yH TpaKT
MHTEPBAIH FOKOpH Aapakala CHHXPOHH3ALMANAHIraH OYIMINM, ymapHH
Ovp-OuprnaH TYMHK YH3UKIN KPATHII HMKOHUATHHHA Oepamn. YMyMmui
aloKa KaHanujaH 5pkud (oHmaaHMID TH3UMHIA OPTOTOHAJUTUK EKH
y3apo OOFNMMK 3MaciMK aJlOXMIa KaHa CUTHANIaDHHUHT Naiigo 6Fnuin
BaKTH Typian4a 6¥nraH xonaa xaM cakiIaHHIIM (TabMHHIAHHLIIN) Kepak.
Iemax, xap KaHmail MKKHM s(r) Ba s5,(r) CHTHAI YYYH OPTOrOHALIHK
[apTH OUMO GaxkapHiIMIUM KepaK, AbHH

T
Ts (05, (t-7)= [5,()s,(t-7)dt =0, (14.25)
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6ynummn kepak, 0<r<7T, Oyama T — aneMeHTap CHTHAN OaBOMHHAIMIH
6ynu6, wHTerpawiam xap KaHaalk ¢ OaH (+T BaKT OpalnFuzua
6axcaprnanu. (14.25) mapTH XaKUKHi CHTHAILIAp YYYH YJap OK LIOBKUH
maKmmaa 6YnraH xonatxa, S6HH yJap CIIEKTPU Ba AUCHEPCUSICH UEKCH3
KeHr Oynranga Oaxapunagu. By ImapT Xaxukuil CHrHaJmap YYyH
6axapunmaiigm. Illynra kapamacpan (14.25) 1mapT TaxMHHaH
6axapHJIMIINHA TabMAHJIOBYH CHTHAJUIADHH INAK/UTAHTHPULI MYMKHH,
6yHzail curamap yuyd s,(1) Ba s,((—r) CKamAp KymaitMacu BakT hapku
7 HAHI KAIMaTHAaH KaTbH Ha3ap alOoXu[a CUIHall SHEepPrusiCHIAH Kam
6ynany, ApHH

Ts,()s, (1-1) << ﬂsf " = ﬂsf " , (14.26)

LIapTH, arap 0<¢<7T O6¥nca baxapumagm.

byHnnaii curramnapHu Aespid oproroHan JAe® xucobmaca 6ymamu.
Jesapnd oOpTOroHan CHrHA/LIap Y3nMapuHUHI Xoccanapd OunaH oK
IIOBKHHTA AKWH/IAlIaNy, LTyHHHT YYyH YJIapH [DOBKHHCHMOH CHIHAJLIap
neb atanamy. YIapHUHT KOPpe/IALHOH (YHKIMAMIADH Ba KyBBaT CIIEKTP
3MWIHTH OK IMOBKUHHMKHTA AKUH. [IIOBKUHCHMOH CUrHA/UIap Mypakka6
CHIHa/UIap TypyXura Kdpand, yJaapHHUHr Oasanapu B=27F>>1 6ymub,
warmi 6yinya axpaTHTyBUYH CHTHAJUIAPHUHT PHBOXUIAHHIN HATHIKACH
xucobiananm.

IlToBkuncumon curHawiap (LICC) HHUHr KeHr TapKajiraH Typura
MMCONl KWIHO, MablIyM YCynAa LIAKUIAaHTHPWIraH TacoAu(HHACHUMOH
JUCKPET CHTHAUIAp KETMA-KeTIHIHMHH KENTHPUII MYMKHWH, YHHHT
XycycHuii KYpuHHINY [MaKN[a UKKWIUK Pa/IMOMMITYJIBCIAPHU KENTHPHUII
myMmkuH. Bynga IIICC 6a3zacu AMCKpeT keTMa-KeTIMKIArd UMITyJIbCIap
coHUra TeHr O¥mamu. Xap Oup kaHaira, Zespj¥ OPTOrOHaN MKKIIHK
HMIIYIbCIap KeTMa-KeTMru OupUKTUpWnanau, ymoy OHpUKTHpMIraH
HMIIYNbCHap kKeTMa-KeTiurd aboHeHT aapecd BasudacuHH Gackapany.
Harpxana acHHXpOH agpeciy ajloka TH3UMU (AAAT) HOMHHH Oajy.

AAATHHHT dHr karra adaammuinapunad Onpu Oy TU3HMTa
MapKa3suif KOMMYTallUsA CTAHIUACH KEepaK 3Mac, XxamMma aboHeHTnap 6up-
Oupn OmiaH xoxjaraH BaKTAa, CUrHamM y3aTHm Ba KaOysuraim
KypHUIMalapyi 4YacTOTANapHHH CcO3JaliMacaH ajloka YpHATHOUIApH
MyMEKHH (14.9-pacm).
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14.9-pacm. Ky kaHannu acCHHXPOH afipeciiv al0Ka TH3HMMHHHT
CTPYKTYpaBUil CXEMacH.

ByHna vakupuna€rraH aboHeHT «aApecH» Tepwica, SBHH aJpec
HMIYJBCITAp KETMa-KETJIMTH LAKIMHM Y3rapTHPHUIL eTapiu Oynami.

Yactora Ba BakT Oyiinuya axpatuiaamuran KKATna TH3nMra sHru
abOHEeHTHH KHpUTHIN (hakaT TH3MMAaH 6Hpop 6up aboHEeHTHU UMKapub
1060pulI 3Bazura amanra omupmiagyd. by Macana AAATnHa uucbatan
OCOH Xan KMIuHaaW. By Tusumna OMp BakTHHHI ¥3uma ymymuid Ny —
aboHenTnapaan N,-Ta aKTHB aNOKa YpHATHIIM MyMKHH. akTuB (Qaon)
aboHeHTnap COHU  Ng-Hu aHuknampa  (oimananunaérrad
CHTHAJUIaDHUHI TYJMK MabHOAZ OpPTOTOHAJN 3MACiUTH HaTHXacuia
yTHII xanakuTnapd (HOOPTOTOHANIMK ILIOBKHHM) malfino O6ynam,
yJapHUHT caTXi (aon aboHeHTNap COHH N,-ra OOFIMK paBHMIIAa OLIHO
6opaau. daon aboHeHTNIap COHU-N, doiinanannunaérrad WOBKMHCUMOH
curHan OaszacuWra, SBHM YHJAArM O5JEMEHTAp HKKHIMK HMITYJBCHap
couura OGormuk 6Ynub, curuan OasacH KaHuya kartta Oynca daon
aboHeHTNap COHM MIyHYa kyu Oynamu.

AAATparu aboHeHTnapHUHr Xap Oup BakT OMpaMragarn
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(ao/UMrHHA aHHKNa0, YHUHT CTATHCTHKACHHHM YpraHub, MUCON yUyH,
Ny=1000 xaHannu TH3MMHM TAlUKWJI 3THIU MYMKHMH, ynapmaH N,=50
TacH OMp BaKTHHHT ¥3UAa ajoka YpHATUINM Ba TH3UMAaH Qoiinananuya
MyYMKUH. ByH[1a TH3HM HMKOHHATHHH KaM ¢raon aGoHeHT/Iap XmcoOura
XaM OILLHPHIN MyMKHH.,

14.6. IIoBKHECEMOH CUI'HAJIJIapra MACOJLIIAP

Xos3upru BakTaa Oepunrad aBTOKOppeNALXA B2 y3apo KOPPEALIHA
KaTTAMMKIapura abo0 OepaguraH CHUrHaUIapHH ILHaK/UTaH THPHUII
(cuHTe3Nal) ycTHAATU HILUTap JaBOM STTHPIIIMOKIA.

n-Ta TYFpH Oypdaxin *1 MKKMAMK HMITyIBCIAp KETMa-KETIMIUHH

B(r20
TaxXJIW! STHIO HaTHXKacHAa $=n, M:L, E=nE,, WmapTHra
n
waro6 OepyBuUMnIapHHH ajoxuja axpatuml MyMkwH (6ynma, F—
CHTHAHHHT TYJIMK SHEpruscH, £,—OUTTa MMITyIEC SHEPIHACH).

Hactna6 bBapkep kerMa-ketnurusu aimi6® yrum mymiud (14.1-

JKagBa).

14.1-xcadsan

HNmmynsc- HMnynbc HoMepu AK® Hopmai-
J1ap COHH namrad MOIYJH
MaKCUMyMH
0[112|3[4]5{6]7]8]|9][10]11}12|Acocuii Kymumua
2 +1|-1 1 1/2
3 +1|+1{—1 1 1/3
4 +1[+1|-1}+1 1 Ya
5 +1[+1|+1]-1|+1 1 1/5
7 +1]+1+1-1]-1{+]1]-1 1 1/7
11 +H1=1[+1|+1[=1|+]1|+]1|+1|-1|-1{-1 1 1/11
13 U1+ ==+ L =1+ 1/13

bapkep nuckpeT WMIynbciap KeTMa-KETIHMIH, ABTOKOPPEALHA
dbynxnuacH mhpeanra skuH O0Ynub, &R AnpokYanapu COHH ! ra renr.
n
14.10,a-pacMua r=11 ummynbcnd bapkep ketma-xeriaurd (konu) Ba
14.10,6-pacMxa YHMHT aBTOKOPPEALIMA QYyHKIIHACH KETUPUITaH.
s,uy-curdanHy  kabynawn  (l-kanan  agpecd)  Mochalirad
TpancBepcan ¢unetp (14.11-pacM) éppamupa amanra OMIHPHUIALH.
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HNactna6 bapxep HMnNyiIbcliapy KeTMa-KeTJIMId OuMp uMnyiasc OMial
mocnamrad ¢uisTp M® ra kupuTHnamu, cyurpa xap A7 Bakr
KEYHKTHPHLIIa MOC KENyBUH YHKULIIapH 6¥iraH KeUMKTUPHUIL JTHHHACH
(KJI) kupmmura Oepunagu. VYHAaH keiivH ¢as3aHH Teckapucura
anMawrtipyByn  (-), ¢asaHu ¥arapmac caknosud (+) y3aTHIO
kodp¢guumeHT OMp xun O¥naraH kackaamapra Oepunaad, cyHrpa
xamnoBuyd (OKK) Ba Huxosar kapop kabymmam kypuimack (KKK)
knpuiura 6epunamn. dazaHu aTMalUTHPYBYM Ba ¥3rapMac CakloOBHH
KypuiMmanap n-ta 6§nu6, xabyn KWIHIIKM Kepak OYnraH mkiu KyTOmu
HUMIyJIBCIIAp KeTMa-KeTJIMIUra teckapu 6ynran Taprubpa yanpgaH yHra
Kapab xoiinamtupunrad (14.10,a-pacm).

$ sit)

+1 -1 +1+41 =1 +1 +1+1 -1 -1 -1

l

6)
r
9 -7 -5 A
NV VA VA VA 4 >

14.10-pacm. a) #=11 umnynscitu bapkep ketMa-keTauru (koau), 6)
Bapkep keTMa-KETIMIHHMHT aBTOKOPPEISUMS QYHKLUHMACH.

bupuHun xackag K3 kvpuiira ynanrad, OXMprucd YHHHT YHKUIIHIA
ynanrad. KaOymnampa n-ummynecnap kerma-xketaurd KJI  opkam
y3rapTupub pakamMMra MOC paBHIUZAa kAr-ra Cypwiagd. Xamma
uMnynecnap keTMa-keTnurH BasHnapu KJI Ba iamioBuyn KypHiMma
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opacujary kackaanap 6enrucura Moc 6yiraiza xaMMa UMITynbcnap OHp
oHAa Oup-6mpura xymmnamu. Hatwxaga KKK umkuimmnza sHr xatra
caTxJiy uMMnynsc naifino Oymaam, Mocnamraw ¢unstp MP 1-kanan
anpecuny scnab konaan. XaMMa 60IIKa n MMIYNbCIAp KeTMa-KETIUTH
Tapcupuaa KKK 4YMKMIDHAA caTxu 3HI KaTTa CATXAAH N MapTa KUYUK
CaTX)I HMIyNsC Thaifno Gymaau. Texumpuiluiap myHU KYpcaTaTuk,
Bapkep KeTMa-KeTIMTHOAIH MMIYJIbCaap cowu 7>13 6ynca, ymunr
aBTOKOppeAlUA OGYHKUMsUTApE EH AMPOKNAPDH CATXH SHI MaKCHMall

KMHMATHHUHT © JaH KaTTa 6Yna, IYHAHT y9yH GyHpaii XoJurapaa éx
n

ANPOKJIAp caTXy katTa 6§ aMIIura posu Oynumra TYFpy Kenam.

PN M® > KeunKmupyi TMHAACH

PPt

JKam0BUH KypHIMa KKK

ki

14.11-pacM. bapkep keTMa-KeTIUIH YIyH MOCIAIITHPHITaH
¢$uneTp.

Bapkep kerma-kernurura HucOaTaH 6Mpo3 EMOH aBTOKODPEIALMA
¢$yuxuuscura sra 6yauinra KapaMaciaH, agpec CHrHajulapd cuaTtnaa
YM3MKIM pekypeHT M — kerMa-kemmmwiap (YPK) man xam
¢ofimananunamy. VYnapHu 6abp3aH MakCHMal JaBOMHIUIM CypHIn
perucTpM YM3HKIH KeTMa-KeTJMrH nAed xam aramamgd. Yusukng
PeKypeHT M-KeTMa-KeTIUKIap YYyH aBTOKoppemiuns QyHKUMscH &H

ANPOKYAIAPH YHHHT MakcHMan (9HI Karra) KuiiMatura HucOatan V7
MapTa KH4HK O¥namy (n — KeTMa-KeTJIMKIAry MMIIYIbCliap COHH).
UMUK  peKypeHT KeTMa-Ke€T HMIynbclaap Tacomupuitinuk
XYCYCHATHIa 3ra. Arap gpaspn 7=2"-1 yvmyascmasm cymr
TAKPOPJIAHAZIWTaH YM3HKJIH PEKYPEHT HUMIyJbClap KeTMa-KeTIUrMOaH
xap 6upmaa u-Ta TAIOKWI STYBYM CHMBOJUIApJaH TAIIKWI TONraH
KACMIIapUHH  aKparcak, OMpHHYMJaH ynmap opacuaa Oup-Oupura
yxmamn OynmafinM, HKKMHYKMAAH ynap opacupa +1 Ba -lmap
KOMOHMHaMACHAaH ubopaT OynraH x-Ta TalIkui 3TyBYMiapu O¥namn
(Taxuknanran xammacH +1 pmaH nOopaT KOMOWHAUMAIAH TAUIKapH).
VHunr 6y Xoccacu tacoautuii MKIGUIMK CHTHAJUIap XOccacura yxinai
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OynraHu y4yH YM3UKIM PEeKYPEHT MMITYJbCIAD KETMa-KEeTIMIH TacodM-
¢uiicHMOH €KM IIOBKUHCHMOH KeTMa-keTnuk ne6 aramagn. Ymsniin
PEKYypPEeHT HMIyJbCclIap KeTMa-KeTIUTH aBTOKOPPENALUMOH (QyHKIUsACH
crekTpy OHpO3 uYeKNaHraH OK MIOBKMHCUMOH CHTHAN aBTOKOPpPENSLHs
dyHKIMsACHTa AKUHNAWAAM. UH3HKIN peKypeHT HMITyabclap KeTMa-
KeTJIUTH MKKAIMK HMIYNbCIIap TEeHepaTOpHAa CYpHMII pEerucTpujiaH
doiipanann® 1wakATaHTUpUNagd. YM3MKIM peKypeHT HUMITYJbCiap
KeTMa-KeTIUrH Mocnawrad ¢uiasTp &kl KoppemaTop €phammia
kabymnaaumm MyMkuH. Hmoynecmap TacoauuiicHMOH — keTMa-
KeTJIMMHHY IOKODH YacTOTallM alnoka KaHallapd OpKaIH y3aTdluaa ¢asa
&xy ¢azacu HUCOUH MOy IALNANARTaH CUrHANNapaaH doinanranumanm.

Anpecnd acuHxpoH anoka Tusumiapuga UICCnap opacuma
43acTOTa- BaKT MaTpula &pJaMHja IIAKJINAHTaH CHrHAUIAp aJoXuja
YpuH TyTaad. MabwiyMKkd, OpTOrOHan cHrHauiapiaH Qoiifananuna-
IUTaH aJloka TH3MMIlapuza Xap OMp curHan sHepruscu Omp-Ompunman
amoxuna axpamub Typamu. By xomHm wyactoTa-BakT 6yiiHua amoka
TH3UMHAAry yactora O6¥itnya (14.12,a-pacm) Ba BakT Oyinua (14.12,6-
pacM) aXpaTHII AMArpaMMallapuHH aJloXMAa-aloXuia KypwiraHpa
fHa/a UIIOoHapNH 6y nanu.

P
i

a)

14.12-pacm. a) Kanajutapau yacrora Cgﬁma axpaTuL,
6) xaHanapHu BaKT 6¥iiuya axXpaTUIn [uarpaMManapH.
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Bynnaii Tusumzaa xap Oup aboneHTra MabiiyM OHp uacTOTa Ba
BaKITa Moc KeilyBdH ¢a30 axparunand, 0y yHUHr agpecw (MaH3MIIH)
xucobnanaau. YactoTa-BakT Fx7 MaiHIOHHM KHYHK 3JEeMEHTap
MaifoH4anapra Kyiiugarnya TakcHmialn MyMKuH. Xap 6up anemeHTap
curHan T BaKT JaBOMHZA Y3aTHNay Ba yiiy BaKT Opacuza yHH IOKOpPH
YacTOTaNM TAlIyBYHCH MabJIyM KeMa-KeTIMKIa ¥3 YacTOTaCHHH
YMyMHIi YacToTanap Juana3oHuja y3rapTupamd. Y3aTUlNagurad xabap
ywmby Typiad uacTOTANM HMMIyNBCIAPHMHT 6HpOH OMp napaMeTpHUHH
MOIYJIALMAIALI OPKATIN aMalira OLIMpHIaan. YOy afipec UMITY.IbCIapy

b(’) A

Xabap cHMBOJUTapH

a)

B)

0 t
14.13-pacM. YacToTa-BaKT MaTpHLacH EpaaMuIa KyTl KaHaJUIH KEHT
TIOJIOCAI CHTHATHU OJIAIN AWArpaMMacH. a) HKKWIHK UMILyJIbcap
KeTMa-KeTiurH, 0) 6UTTa HKKUIMK HHGOOPMALMOH CHMBOJIHH TYPJIH

YaCTOTANMH PaJHOHMITY.TECIap OPKATH Hdoaanam, B) CHFHATHA
4acTOTa-BaKT MaTpUUacH maxnuna udomana.
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TYTINaMH 4acTOTa-BaKT JUarpaMMacH acocuaa Ty3unaad (14.13,8-pacm).
VnapHu TaHJaranjga €H AMPOKYANapH CaTXW acocMil aBTOKOPpEALHA
¢bysxuuscura Hucbatad y3apo Koppemuns GYHKUMACH HIOXKH Gopuua
KMYMK OYuinura anoxua 3sTuoop Gepuil Kepax.

AX60pOT TallyBYH UMILYJbC X0JaTHHK BakT O6yituda y3rapTupub pa
YHH TYINOUPYBUH 4YacTOTAlp KETMa-KETIMIHHHM Y3rapTupu6, TeXHMK
HyKla#l Ha3apfaH OCOHTHHa amJyiara oiHpHO, OMp Heya MHHI 9acToTa-
BaKT aJApeciapiHd OImMLI MYMKHH. An0arra XamMma 4acTOTa-BakKT
afpecnapd IOKOpM AapaXajd aBTOKOppenauMs (YHKUHMACHra Ba 3JHT
KHYMK ¥3apo koppensuuns QyHKUMACHTa dra OyaMaiimn. AMMO yMyMHii
ajpeciiapiaH N = FT TacHM Y4yH aBTOKOppensanus QYHKUHUACH EH ANPOFH

1 1 -
—_—— == oynanu. YacTtoTa-B MaTpHuLacH acoCHIa
Ty Oynan aKT TP ML

INaKIAHTHPUIITaH CHTHATap XaM M[aKid  Oyiiuda axpaTHIyBUH
cUrHamnap rypyxura kupamd. Opatna, 3pkuH (ofimanaHunagurasn
AAATnapuna 1000+1500 abonentnan 50100 Tacu daon abGoHeHT ne6
xycobnanany.

caTxu

14.7. Curaajnapaa KOMOAHANHEOH aXKPATHII YCYIH

Kjm kanamnu anoka TH3MMIapuaa yactoTa Oyitinda axparum (HBA)
BaKkT Oyiinya awpatmi (BBA) Ba makn Gyiiuua axpatum (ILBA)
yCyJUIapuiaH TallKap¥ TypyX CHTHaITapuHM KOMOWHAIlHOH yCynna
LWaK/UTRHTHPHILIAH XaM (ol raianuiaiy.

MacanaH, yMyMHii IypyX CHTHaiM y3aTHII TPakTH opkaiM N-Ta
JMCKpeT xalapjiapHd y3aTum Tanad J3THICHH. Arap i-4u xabap
3JIEMEHTH ¥3WHHUHTr m, Ta (i=12,.N) KMiiMaTuaaH Oupura teur Oyica, y
xonga N-xaHainn xabap MaHOau OUpIaWITHPraH 3NeMEHTIap COHM
M=ﬁm, O6ynamn. Arap xamMa xabap MaHO6anapu yuyH ynap kaOyn

i=]
Kuiagurad Kuiimatinap 6up-Oupura TeHr 6ynca, svHU m =m O¥nca, y
X0mnga N-kaHalUTH TH3UMAA 3JIEMEHTAp CUTHA/IAD yMYMHMH CORM M =m"
6ymann. LWlyHnail kunn6b, xkoMOHHAI(WOH 3Wunalnaa xap OWp oHpjaru
TYPyX CHMIH&IM M=m" Ta acocH m O¥ynraH komiap KOMOWMHaUMACH
€paaMuaa y3atHin MyMkuH. @apa3 KHNAJIIK acocH m=2 HKKWINK
koanaH ¢olinananné ~=2 Tta xabap MaHGaungaH OMUHAETraH NUCKpeT
xabapHu y3aTumn Tanab >THiacHH. By Xonaa rypyx xabap b TyprTa
KuiiMaTaaH Owpnud onagu, ynap «l» Ba «0» JNapHHHT TYpmH
koMOnHauusanapuaad ubopat 6ynamy. Arap kaHajinap cOHH N =3 6yica,
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y xonna 8 Ta xoMOMHamus Kepak Oynagu. DHmu ymby koMOuHauusa
TapTub6 pakaMHHU OUNIUPYBYM b. HH Yy3aTHII Kkepak OVnamn. VHm
JUCKPET MOAYJANMAHUHT Oupop Typmman doiimananub ysaTumagu.
CurHauiapi  KoMOMHaLWsIapura Kapab axpaTHII-KOMOMHAIHOH
axpatumm pe6 atanagd. KomOuHaimoH 3uunmaml Ba  axpardimnra
acocllaHraH KyTl KaHaJUIM ajJoKa TH3MMUY CTPYKTypaBHi#l cxemacu 14.14-
pacMiaa KeITTHpHJITaH.

Bynna, N-ta kaHan Gupiamun xabapnapu b,(1), 5,(1), ... b, () kozep
kupumnra Oepunamu. Komep kaHan cHrHaulapuHd OWpIaliTHpHIN
aManuHH Gaxcapanu. OnauHTaH rypyx Xabapu b,.(1) CYPyXJIaHI'aH CHTHAT
momynaropu I'M &paaMupa rypyx CHIHamd u.(s) ra alfJaHTHpHIaIH.
CurHan s.() KaOyjulall KypuiMacHaa AEMONYJAUMsA Ba JeKoamall
skapaéHupaH cyHr N-un xabap IaKk/UTaHTHPUIAIH.

Amanaa rKopHJa KeATHPWIraH ycynaa Wkku Kappamu UMn Ba
OMn, span UUMn Ba UOMn napaax kenr ¢oiipananmnagu. UM
curHan ommuii YMn wactora 6yiiMua axpaTuinjgary CHHrapu Tanab
3THNaJWraH XalakKUuTOapIOINIHKAH TabMMHIAIl YYyH OHp xXun
KEHIVIMKJIary YacToTajap nojocacd tanab stunamd, ammo MUMn na
HKKH MapTa KaM CHTIHasl KyBBaTH Kepak 6ynaau. ILIyHHHT ydyH cHraan
3Hepruscura 6ynraH TanabHu xamalitupum yayn HUMn kombuHaunod
3UYIALI Ba DKPATHLI YCyIuaaH dofxananunagy.

b () —n &)
b,()— cpx O3 O o 15:0 [y 60 CAK gl (0)
b(£)— — (1)
bu(t)_’ —>-6, (1)

14.14-pacm. KoMOHMHAIMOH 3U9Iall Ba a)KpaTHIITa aCOCIaHIaH Ky
KaHAJUTH anoKa TU3UMUHUHT CTPYKTYPaBHil CXeMacH.

CurnayinapHy koMOMHALMOH 3MWIAII Ba aXKpaTHUIN ATOKa TH3MMHIa
Mucoiap. KoMbuHanmoH 3u4iam Ba a)KpaTHil aloKa TH3HMMMIa MUCOI
TapHKacuaa ukku kxappanx UMn (MUMn) anoka TH3SMMHMHHHT HILIANI
MPHHLIUMHUEK Kypu6 dnkamus. DBynpma ukkn xabap ManHGampaH
xabapinapHH y3aThil ydyH «O» Ba «l» JlapjaH TalUKHJI Tonrad TYpTTa
KxoJ keMOUHaumsacH kxepax 6ynanu, 6y koanap KOMOWHAIMACHHMHT Xap
6upu f,, f,, f, Ba f, HaCTOTalapHH aJ0Ka JIMHHACYU OPKaIH Y3aTHII
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6unan amanra omupunand. Arap Hxkkwimk OMn éxm HOMn gan
doiinananunca TYPT Kox KOMOHMHALHACHTA HOKOPH YacTOTaNM TYpPYX
CUTHAIIM TAUIYBYHUCHHHUHI TYpPT Typid Ooimnadrud dasanapu ¢, ¢,, ¢
Ba ¢, Moc kenanu (14.2-xansan).

14.2-arcaosan

1 kaHan 0 1 0 1
2 xaHan 0 0 1 1
KombuHanusnap 1 2 3 4
HOMEpH
1aM A A /5 fi
oM 4 2 , 2

FOxopunaruinapan TymyHtipHim yuyH MUMn curHansn kaOyJurain
KypWiMacyaa axpaTHIuHH kypub unxamus (14.15-pacm). Bynna kabyn
KWIHHAETraH CHTHAN f, f,, f, Ba f, YacToTajlapra Moc &, @,, &, Ba &,
¢unpTpnap opkamw  yramu Ba [y nmuomnap  &prammaa
JIETEKTOpNaHa M. Arap ajoka KaHalld OpKaIM f, 4acToTa y3aTuica, 6y
CHrHan o, opkanu Vramu Ba [, [, muopnapra Oepunanm. Bywpa
OMpuHYM kaHan kupumMra «0», MKKHHYH KaHan KupHInMra «l»
9NeMeHTap curHai Oepunamy. KupHum CHrHanH 4acToTacw f, ra TeHr
6ynca, y o, ¢uneTpraH ytagm Ba OMpHHUM KaHan kupuinura «1» Ba
HKKHMHYW KaHan kupuimura «0» snemMeHTap curHan Oepmiagu. CurHan
KaOynnam KypuiMacH KMpHIINAA f, Ba f, 4YacTtoTainap maiigo Oymca,
IOKOpUAarura yxuiam ycyn 6unad 1 Ba 2 KaHan KUpUITHJArd 3NeMeHTap
CUrHawiap aHuknaHagy. MUMn TusuUMUJa CHUCHAUIapHH OITHMAI
Kabynnawi yqyn o, ¢,, ¢, Ba ¢, (puiAbTpnap YpHUra MocJaira
dbunpTpnapaay doiinanaHunagy.

Amanna ukku kappam ®Mn (MOMn) yprHura ukku kappam
HucOuii ®Mn (MHO®OMn) pan kedr d¢otinananunamn. HOkopupmaru
YCYJIHY MaHTHKAH KSHraiTUpHO K¥N COHJIM KaHaJUIapHH KOMOMHaIHOH
3Uynall Ba @KpaTHUIHM amaira OLIHpHII MyMKHH, OyHAaa Kyn
gacroramn YMn (KYMn) Ba xynm ¢asanm HOMno (KHOMn)
CHTHaJUTapIaH ¢omanaHuiIaay.
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14.15-pacM. Mxxu xkappanyd UM curaanHy Kabyrnaim cxeMacH.

KYUMn anoka TH3UMHJa KaHaUlap COHHM Kymnaiimmy OuiaH yHmaru
CHTHAJIAp OpPTOroHan OYNHUIMHH TabMUHIAII y4yH Kepak OymaauraH
yacToTalap I[ONOCacCH KaHauiap COHM  Kynadimmmra  Kapab
SKCHOHEHIHan GornaHmimaa omagd. XaTONMK 3XTHMOIMIM Xam N
Kynakumu 6unan omamu, ammo y acra owmany. lllynusr yayn Gynnaii
TH3UMNIapaH 4acTOTalap pecypcH KkaTra, aMMO 3HEpreTHKk
K{pcaTKy4Iapy 4exiaHrad 6ynraiaa doinananunamm.

KNOMn kyn kaHaWM aloKka TH3UMJIApHJa KaHamiap COHM-N
Kynafinim OunaH Tanab STHNamMraH 4YacTOTal IIOJOCACH Ce3HJIapiy
Japaxana KeHraiimaioy, aMMo XaTOJMK 3XTHMOIUIHTH KyIa Te3 OMIaju,
IIYHHHT YIyH XaTOJIMK 3XTHMMOJUIMIHM KaHaiap coHM-N Kynairanma xam
caKab KONHMII yJyH CHTHAN KyBBATHHH OLUMPHIUHH Tanad iwiam. ByH-
Jaif Kyn KaHa/H aioKa THU3MMHJaH 4acTOTaIap ITONIOCAcH KECKHWH uek-
JIaHTaH aMMO CHTHaJl KyBBaTH YeK/lauMaraH XoJuiapaa qoinanasnani.

Kypub mwmxumrar KUYMn Ba KHOMn anoka TH3HMIapH Ky XONaTid
CHrHaUTapmaH ¢ojinamann® xabap yY3aTHIUHMHI XyCycHil DIakiH
xucobmanamu. KUMn tusuMuaa kym 9actotanapaad, KOMn tusumu kym
¢dasamu curHamnapnaH ¢oinanadunany. byHnaH Tammkapu, 6Up BaKTHH
¥3una TaOIyBYMHHHT OMp Heya [TapaMeTPHHH MOMY LALMLIA MYMKHH,
MacajiaH, 4acToTa Ba aMIUTUTYAaH|, aMILTHTYAa Ba a3aHy.
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KefinHry BakTnapma aMmuMtyjacd Ba ¢dalzacw MOXyJALHMANAHTaH
(ADM) curnannappas ¢oiinanaHuiira KU3HKHMEI oumMoxna. Bynpait
YCYJIHHA KBaApaTypall MOAYIANMs EpAaMUJia aMara OIUHPUIT MyMKHH.
ADM anoka TH3UMIApUAa Xap OMp 27eMEeHTap CHTHal Y3aTIMIL
JaBpHaa YHUHT ammnutyfgacd Ba ¢dasacu kabOyn KWIHHraH AHMCKPET
KuiimMaTnapugaH Oupura Tenr Oynaau, OyHna#i cuUrHamHuHT Xap Oup
aMmuMTYAa Ba (asa AMCKpeT KuiiMatH acocu M =2" 6ynram Typyx
CUTH&IM KOAM KYM MO3MLUMANH CHrHal MabJiyM OHp makiura Moc
xenagn. AD cHrHanmm Omp-OupuiaH dasach »/2 ra (apk KuITyBuH,
KBazparypa OFiraH TainyBYHHM KyTI CaTXI¥ aMIUMTYJa Ba Kyn
KuiiMaT/u $as3a MOSYIALMSICHHA aMara OIHPHIN OPKATH ONHHAIY.

Arap TamyBud cuH(}a3 Ba KBaJpaTUK TAIIKKI STYBYHIAPUHH c,, = 1
6unan Mopynanusuiacak, yHmaH ondirai KAO®M-4 curman UOMn
CHrHajira Moc Keixagu. Arap TauryByd cuH(a3 Ba KBaJpaTHK TALIKUI
STYBYHJIAPHHH TYPT CaTXJIH CHUTHAN c, =+1,+3 OWIaH MOAyNiUuAnacak,
6y xompma 16 xomatim KA®M curHannu onamms. 14.16-KAOGM
CHTHANTHH KyHuaaru4a adoznanam MyMKHH:

Siiosers() = {4 cos(@pt+9,)},  i=12,.16

14.17-pacMpa 16-KAOM CHTHATHUHT aMIMTy1a-¢asza
KOOpAMHATAap TH3UMHUAA JXOWIAIIMIN KeNTHpuAraH. ByHpma Hupuk
HyKTajlap &pAaMuaa 4, BEKTOPDHHHT ¢ Ba ¢, KuiMaTiapH Y4yH
OWMaIMINK KypcaTwirad. YMyMaH onraija, xap 6up M kaHanmu
TH3UM y4yH TYPJIM CUTHA/LUTAp TYTJIaMUHM TaHall MyMKHH.

14.16 Ba 14.17-pacmnappa kypcaTWiran KsajpaTypaii TypT
6ypuaxna xoiyialiran curHajuiapiad TalkKapu ydO0ypyak ydnapuja Ba
JOMpAaNapHUHI TYPJIH HyKTalapHAa CUTHaJl BEKTOPH OXHPH koitamran

Ba Gowrkanapyu yprauunud, TexHuk GoifanaguIura TaBcusa 3THIMOKAA.
C2
+1

14.16-pacm. KAOM-4 &xu nxxunuk OMn curHan HyKTanapuHHHT
XoTalHIIY.
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14.17-pacm. 16-KA®DM curHai HyKTalapUHHHT JOHANALIHITH.

Keltunru itunnmapaa curaan-kon xoHcrpykuuacu (CKK) zasapuscu
puBoknanmMokaa. CKK amoxa kasajulapd opkamH Xabapnap y3aTHIL
Te3JMrHHU OLIUpanH, CHIHAJI 3HEPIrusACH Ba KaHaira aXpaTHIraH
YacTOTalap IONocacH YeKJIaHraH XojaTjapAa XanakuTOapHOUUTHKHH
XaM FOKOpH OYNHIIMHA TabMUHIaHIH.

Ha3sopart caBonaapa

1. Kyn kaHaum anoka THU3MMM CTPYKTYpPaBHH CXEMAaCHHHM YM3HHT
Ba YHUHT UIIJAII TAPTUOMHU TYIDYHTHPHHT.

2. Kyn xanamm anoka TH3MMUHMHT OHp KaH&UH anoKa TH3MMHIa
Kaparanja a¢3aUTHKIapHHHE aiiTHO 6epuHT.

3. KKATsa rypyx CHrHaIWMHM [DAKUCTAHTHPHII YYYH KaHal
CHTHAIIAPHHM TaHiainra 6yiran TanabnapHu TyIUyHTHPUO OepuHT.

4. CHUrHa/UTapHHHI YU3HIUTH OOFIMK 3MAcUry IIApTHHM E3UHT Ba
YHHHT GU3HK MasMyHHHH TYIIYHTHPHHT.

5. Uuzuxnu 60FIMK 6§IMarad Ba OpTOroHasl CUrHaUIap OpacHAar
¢apx HuMazna?

6. Yacrora 6yitumya axparuuira acocinadrad KKAT crpyxrypaemii
CXeMaCHHM YH3WHI Ba YHIArH CHTHAUIAP CHEKTp AMarpaMMaliapHHH
9310 KYpCaTHHT.

7. Kagan xabapn cnextpr 300+3400 I'm opachpma »xoiinamral
6ynca, xanawiap opacmaaru XUMOs dyactorajgapH kenrnurun 900 Iy
6ynca, 24 xaHALTH aJIOKA TH3MMH CIIEKTPU KEHIJMIMHY Xucobuanr.

8. Baxr 6yiinua axpatumra acocianraH KKAT crpykrypaBuit
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CXEMacHHM HYH3HHI Ba YHAard (YHKIMOH&I KHUCMJIapH BasupachHu
aiiTub GepuHr.

9. Yactota 6¥iinuya axpatuini Ba BakT OYlinua axpaTHLIra
acocnaHran KKATnapunu TakKocnaHr.

10. Curnannapun mawm O¥iinva axparuin KKAT crpykrypaBuii
CXEMacCHHH YH3HHT Ba HULTAIN IIPUHUUIHHE TYILYHTHPHHT.

11. Curnaytapuy an Oyiinda axpartumra acocynaHrad KIKATaa
CHrHamiap KaHaaH TaHiaHagu?

12. ACHHXPOH aApeciy aJoKa TH3HMUHUHT ad3aJUIMKIIapHHH aiiTHO
GepuHr.

13. AAATna curdHaiiapra Kannaait Tanabmap Kytinnaau?

14. Kannaii curHajuiap IIOBKHHCUMOH CHTHaILUIap neb atananu?

15. ICC curnan acocuii xoccanapuHy aitTu6 GepHHT.

16. Ky kanaynm BakT OyiiMya axpaTHIUra acoclaHraH ajloka
TH3MMHA2 YTHII XanakuTiapd Huma cababpau maiino 6ymamu Ba yHH
KaHjalt Kumnb kaMafiTHpHID MYMKHH?

17. KoMOMHaUMOH 3W4iall Ba aKpaTHIIra acoC/aHraH anoka
TU3UMH UILTAN NPUHIHNHHH TYIIYHTHDHHT.

18. Ksagpatypanu AM curnan ne6 xanpail cursauiapra aftuiaay
Ba yJnap KaHAa#l WauIadTHpHIagn?

19. KAM-8, KAM-16 cursan Bexrop AnarpaMManapyHH YU3HHT.

20. Ky xomatnn UM Ba OM cUrHaJUtapHH TaKKOCH2HT. YIIapHHHT
KaH[alf ad3annuiiapy Ba KaMynIMkiapu 6op?
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15. AXBOPOT ¥Y3ATHII BA KOJJIAII HABAPHSICH
15.1. AXGOpoT MEKAOPHHHA AHHKJIALI

Yukuinpga sxtaMmourd p(a;), p(az), ... play), ... p(a,) 6unan
maiigo 6y¥nuinm MyMkuH OyiraH a;, a,, ... a, ... 8, xabapnap maubanHu
Kypub uukamm3. Bynna OupuHaM Hapbatda a;, a;, ... 8 . 2,
xabaprapunan KaHmaiiamp OuTTacMHM KaOyn KWIIMHraHJa, Kadpaait
MEKIopAarn ax6opoT onaMu3 Jerad caBosl TYFHiIamu. Mucon ydyH
p(a;)=1 6yncun, y xonma p(ax)=0, k#2,3,..n 6ynamgn. By xomma a;
xabapauar CKK unxummaa naitno 6ynmumy aBBaifan MabayM O¥namm
Ba ymby xabap onu6 kesrad ax6opoT MHKOOpPH Hojara TeHr 6ymamu.
Arap xabapnap CKK 4uKkMIIupga TypiH 3XTUMO/UIMK OMnaH maimo
O¥nca, y X0JiAa Y3aTHIMIIN SXTUMOJUIMIM 3HT kaM Oynran xabGap 3HT
kyn axbopor onub kenamu. Jlemak, ax00pOT MHUKAODM YHH OIHO
kenaguraH xaGapuunr CKK guxumuga naiigo OYmum >XTUMOIITMIH
6unaH GoFIHK O¥nraH KaTTaMK 6YIUIIM KepaK, SpHH

Ia,) =¥[p(a,)]. (15.1)

By xonna Kyliugary Tabuuit TanabnapHUHT OaKapHIMILY JTO3KUM:

1. Ax60poT MHKIOpDH aJIMTHBIAK XyCyCHATHra dra 6ymuium
Kepak, #bHH Oup éku OMp Heua xabapnap Kabyn KUIHHraHJa OJNMHIaH
ax60poT MHMKIOpPH, yJIapHHHI Xap OHpH OpKaId aNoXuAa ONHHAJHraH
ax6opoTiap MUKIOPH HUFrHHIMCHIa TeHT O IMmM Kepax.

2. AssanpgaH MapnyM xabaplaH oluHagurad ax6opot Hojra TeHT
6ynumy kepak.

Ywly tanabmapra norapu¢Mux ¢yHKUHSA TYIHK Moc Kemaad. By
Xonna Kabynl KMIMHIraH KaHpmaimup a, xabap onub xenran axbopot
MHKZOpU KyHHAarnya aHuKIaHa M :

I(ak)=_]°g;p(ak)20. (152)

XakukaTaH XaM IOKOpHAa KeINTHpPUIraH HkkH Tanabra ymby
dyukuns xaBod Oepay, YyHKH:
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I(a,)=-log, p(a,)=0, arap p(ay)=1 6yuca, Ba
Ia,a,)=1(a)+1(a,) =log, p(a,)+log, p(a,)], OyHma i=k.  (15.3)

Bynna sorapuMHHHr acOCHMHM TaHJall MYXMM aXaMUSTra 3ra
3Mac, aMMo JorapupM acocH x=2 O¥yica Kynmait Oymamu, YyHKM
TeJIeKOMMYHHKALMA — 3JEKTP ajloKa Ba XMcoOnall TeXHUKACHAA acOCaH
UKKWIMK CHrHaUTapjan ¢oiinananunanu. By xonaa ax0opor MHKIOpH
Ooupmurn «6ut» neb atanamu (MHrM34a binary digit — MKKUNKK pakam
&x1 MKKIIMK OMpIIUry binary unit cy3napiHy KUCKapTHPUO ONHHTaH).

bar3an Hazapuii wnMmu#i  Wmnapaa  HaTypan Jiorapudmuan
dotipananunamy. ByHna log,e=1443 6T 6§nub, “Har” neb ropuTHIAIM.
ByHgan cyHr axbopoT MHKIODHHH aHMKIampaa norapudM acocHHH
UKKHra TeHr Aed xucoOyaliMu3, SBHH -logp(s,) KYPHHHIIHAATH E3YR
MKKIITHK JtorapudMIaH doiianaHiunaéTTaHTUIHH{ aHIaTaIy.

Xynoca kunu6 ajitraHga, ax00poT MHKOOPM TYLIYHYaCHHHHI
KUPHTHIIHLIM HaTHkacuaa axOopoT ataMacH MKKM MabHOra ara 6ynau:
abcTpakT Ba aHHK, AbHM cH(aT Ba MHKIOp Ma3sMyHHra sra 6¥nau. bup
TOMOHJaH, ax6opor Jeranja xabap OpKaju ONHMHIMAH MabiyM (aHHK)
6up axOOpOTHH aHriaTam¥; MKKHHYM TOMOHJAH YHMHT MHKIOPHHH,
ABHM OW3HW KU3UKTUpraH xabapnard OMTiap OpKanH OJNMHAIHTaH
abctpakr axO0pOT MHKJOPHHH aHTTaTaIu.

«Axbopor» ataMacHAaH aHWK ax0opoT TaspHdnanyia Ba «axbopot
MHMKIOpH» aTamacuaad xabap OpKald OJMHraH abcTpakT axOOpPOTHHHT
MHKIOPHHHU COHJAp opkay Hdoxanamaa doiganaHumagm.

15.2. Iackper xaGapaap YHTPONHAACH Ba YHHHT X0CCAapH

Ax6opor MaHbau gouMuil paBuInia (CTauuoHap) Xap OMpPHHMHT
Y3YHAHTH nr, OYnran N Ta Typau Auckper xabap umnad 4yukapaim.
VYnapHuHr xap Oupn ax0opor Man6aW uukuMumpa Tacomubmit
IXTUMOJLTHK p(ay), (k=2,3,...N) 6unan naino 6ynams. YMyMan xap 6up
N Ta puckper xabap Typnu sXTHMoJuMK OmnaH axOopor ManOau
yUKMLIMAA Tadgo Oynuiuim MyMkuH, spHE p(a;), p(az), ... p(an). By
9XTUMOJUIMKIaPHHHT HIFUHINUCH i pla,)=1 6ynanu. lilyHHHr yuyH xap

k=1
6up muckper xabap erTkasaguraH axOopoT MHKIOPH XaM Tacomumit
KaTTandk 6ymagu. Durponus — axbOpoT MUKIOpHHH Oaxonawr ydyH
Kynaif Tacud 6yim6, y axbopor manbau Hinad umkapaérraH ax6opoT
¥praya MUKOOPHHHU Taspudaiiy.
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Ymby ax6opor ypraya MHKIOpHHM OHTTa Xabap erkasaauraf
ax6opor Jyprada MaTeMaTHK MHKIOPH OpKal¥ aHHKIAIl Kabyn
KWIMHTaH:

N
H(4) = M{-log p(a,)}= Y p(a,)log—— . (15.4)
k=1 P(ak)

Ymby (4) ndonma ¢usnka ¢aHu TepMOAMHAMHKA HYHATMIINAATH
«HTpOnMA» Y4yH HPoma Ounan OMp xun kypunumpa 6ynub, y
TepMOJMHAMKKaa THSUMHUHT MabJTyM OHD BaKTAa HOBMAaNyM XO0JaTAa
OynumuHKM aHrnatagu. H(4) HM XaM xabap onuHryHua 6¥irad
HOAHMKIMK MHKIOpU e Kapam MyMkuH. Bomkaya xmmb afitraHna
MaH6a nmnab upkapa&traH xabapHHHT «KYTHIMaraHimK» &Kku
«aBBwLjaH Oamopar KMIMHAZ onMmacnui» Muxmopuzup. (15.4) udona
MaHb6a unuta® yukapaérrad xabapmap y3apo cratuk 6ornuk 6yamaraH
XONIaT y4YyH XakuWkuit xucoOnanamu. MacanaH, &3yB MalIMHKacH &KU
KOMITBIOTEP KJIaBHATYpacHHH TapTHOCcH3 OocHiu GyHra Moc kenami. AKC
X0Jija MalifHKa EKH KOMIBIOTepAa MabayM OHp MaTHHM Tepulliiary
JUCKpET 3NeMeHTNap OupulaH CYHI KeHWHTMCH MaHTHKaH GOfilaHraH
Xoyna nadimo 6ymamu. BupuHum Xonma auckper xabap 3nMeMEHTIApH
6up-6upura GOFIMK 5Mac — XOTHPACH3; WKKHHYHM XONJa HOAHUKIHK
KaMpOK €EKM TYFpu OamopaT Kufia ONHIOI  SXTHMOJUIMTH KYTIPOK.
Hatukazga 3HTponus KHMaTH KaMasi .

DHIM SHTPOINNA XOCCAIapHHU KYpUO YMKaMu3.

1. Xap xauja# xabap MaHOaUHHUHT SHTpONUACH MycOaT KaTTaIHK
H(A)20, YYHKH 0< p(a,)<l, logp(a,)<0, -p(a)logp(a,)20. Arap maHba
tdakar Ourra xabapuu p(a)=1 sxTuMOMNHK OWlaH 4YMKapca Ba
KOJITAHJAPH YUKHUIL SXTUMOJIUIY HONIa TeHr Oyica, y xonaa H(4)=0
6ynanm.

2. Arap xorHpacus xabap maHOaM yuKHIIMAa Typad N-AHCKpeT
xabapnap Gup Xmwi1 3XTHMOJIMK GunaH maitino 6¥nca, y xonma 6yHuan
MaH0a SHTPOIHMACH Y3UHMHI 3HI Karra (MakcuMan) KuiimaTtura sra
6ynanu, AbHU

H,(4)=log N, arap p(a;}=p(az)=...=p(an). (15.5)

Xycycnif xonna, arap xabap Man6an daxar 2 Ta xabap “1” sa “0”
HH YMKApCa, SHTPOINHUA SHT KarTa (MakcHMani) KuitMatd 1 GHTTa TeHT
6ynamu, seau p(0)=P(1)=0,5.
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Ym6by manba uxxkd xun auckper xabap umia® YHMKMIUHAATH
SHTponHuAHY aHuknaimu3. bynaa p(0)=P, p(1)=1-P ne6 Genrunaiimus, y
Xonza

H(A) = -p(0)log p(0)- p(1)log p(1) = —Plog P— (1 - P)log(1- P) . (15.6)

(15.6) udonanan xypunamuku p(0y=0 Ba p(l1)=1 Oynranna Eku

p(0)=1 Ba p(1)=0 6ynranna, osuHrponus H(A)=0 O6ynmamu. Arap

p(0y=p(1)=0,5 6¥nca, 3HTpomusa Y3IUHMHC BHr KarTa (MaKCHMal)
KdiMaThra 3pHlIany, SEHH

H,_(4)=05log2+05log2=1 OHT. (15.7)

Y6y xabap manbau sHTponusacHHUHT p(0)=1-p(1) ra GOFTHKIHTH
15.1-pacMza KeATHpUITraH.

P(0)

15.1-pacM. XoTHpacu3 UKKHIIHK Xabap MaHOau SHTPOITHACH.
3. Dutponusanap apudmeTnk Kymunamu. ¢ Ba 7 - uxxu 6up-6upura
6ornuk 6ynmaran ManGanap uiurab dukKan xadap. By ukky xaGapHUHT
OJIMHMIIM HAaTHXKACUIA SHTPONHA H(g,n) YNApHH Xap OUPHHH amoxuna-

QI0OXMAA ONMHMIOM HATWKacKJa «HOAHMKIMKYHHHT KaMaHHIIHHH
KY¥pcaTyB4H KaTTATUKIAp AMFUHANCHIA TEHT, THHU

H(g,m)=H(g)+H(n) (15.8)

By norapudmMuk ¢pyHKUHA X0ccacHaaH Kemub YHKaIH.
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15.3. Iackper xaGap ManE0aRHAHRT «OPTHKYAJHIE» Ba Xabap ammnad
YHKAPHII HMKOHHSATH

Xabap maHbOau cudaTUa KOMIBIOTED KIaBHATypacH OpKaJM pyc
TUIMZArd MAaTHHH KHPHUTHIOHHM KypHO 4ukamu3. MabiyMku MarHAaa
xapdnap Typiu 3XTUMOJUTHK OuijiaH yupadau. Macanad, A xappu L &xu
IO ra Hncbatan xynpox yupaiign. BynnaH Ttamkapu kyn xomnapia
HaBbaTHard xap¢ yHIOaH onAuWHIM Xapgra Oorymk Oynamu xamaa
MaTtHa Oup XappHUHT Y4 MapTa TAKpOPJIaHHII 3XTHMOJUIMIH XaM JKyAa
xam. [lynmait Kumn6, xotupanu xabap manOan wukvmuAa y €ku Oy
xabapHUHT. Maiigo GYNUII 3XTHMOJIATH, XoTHpacu3 xabap Man6auna y
€k Oy xabapHuur naiigo 6yyMID SXTHMONLTHrMra HucbaTaH katTa
6ynagn. Hatmxana MaTHmarm xap OMp Xap¢ eTkasagurad axGopot
ypraya MMKHOpy KamasnH. JleMak, XOTMpalnd Ba XOTHpacH3 Xabap
MaHOaunapuaan OMp XWn MMKOOpZAard axGopot ysatull kepak 6ynca,
xoTHpany MaHb6a YMKMIDEAArd Xapgmap E€KH CHMBOJNIAD COHHHH
OIDUPHII Kepak 6¥mamm.

Mlyupat kunub, xabap MaHOAUHMHT «OPTHKYAINTH» JeraH
TYIIyHYara aHWKIMK KHPHTHIO Ba YHH aHMKJIall WMKOHMATHIa 3ra
6ynank, y Kyfingarn ndoga opKkaiM aguKIaHagy:

sologN-H(A) | HA) (15.9)
log N log N

(9) udomamaH KypHHAAUKA, SHTPONMS KaH4a Karta Ofica
ODPTHKYAJIMK IUyH4Ya KaMm Oymagu Ba axcuH4a. ByHnaan Ttamxapu
oprukyanuk 0= 5 <1 opanuruna 6ynany.

Ymby opTHKYaIMK KaTTaIHrA Xapdnap Oup xui SXTHMOJUINKAA Ba
6up-6upnra OornaxmaraH OynraH Xonna, Mabiym OHp MHKIOpAAru
ax6opoTHH MaH6a MILab YMKApUIIH YIyH Tanab KUnuHaauraH Xapduap
(cuMBOJUTap) COHM Ny, r'a HUcOaTaH xabap ManOam Wnab 4HMKapras
xap® (cHMBou)nap COHU N HKCOATH OPKAIH aHHKJIaHA M.

OpTUKYATNKHY Ky#HHJarn4a aHMKIal MyMKHH:

B=(n-ny)/n=1-Tmn (15.10)

n

u=H(A) logN =2 gaTTamkHn cnkdw kusdduimentu uel atanajm.
n
By TymyHua y3aTHJaéTraH axOOpOTHH HYKOTMac[aH cak/JaHraHy Xojja
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y3aTHII y4yH XabapHu KaHAal KaTTaIHKIa CHKMII MYMKHHJIMTHHE
Kypcaraay. Mucon yuyH, Tenerpamma robopraijia THHHII OeNTHIIapH Ba
GornoBYMNIap y3aTHIMAiIH, aMMO MaTHHH TYFPH aHIVIall MyMKHH.
OpTUKYaIMK anoka KaHald OopKand xabap y3aTuil JaBOMHNATHIMHM
ollIMpany, kaHanjaH ¢oiigananuu camapagopauru kamasaau. Ly ounan
O6upra xamMMa BakT XxaM xabap MaHOaM OpTHKY&INTHIa YHH
MykaMMa/UlaliMaraHjaurd cabab ne6 kapamr kepak smac. baw3u
Xonnapza y ¢oiinanu xucobnaHagu. Mucol y4uyH, opTHKYa Xapd Exn
CHMBOJUIApAaH a&JlOKa KaHaTHJard XaJlakduTiap MablyM MHKIOpIaH
olranaa axoopoTHH TYFpy Kabyinam yuyH Gofganasuin MyMKUH,
Xabap manbamHMHr AHa Oup acocHil KypcaTkdwiapuaaH Oupw,

YHMHT ax0opoT HINab 4YMKapuUIl MMKOHHATH XucoGnaHamu. AxGopor

HImab YyMKapull HMKOHHATH arap MaH6a Mabiym Oup Te3nHk V, =TL

cHUMBo//cekyH, 6unaH xabGap 4uKapca, BakT OUpIMIHAa SHTPOMHAHUHT
Yarapumn cudatHia aHUKIaHaTH

H'(A)=V H(4). (15.11)

Arap 3HTponus 3Hr KaTTa (MaxCHMa) KuiiMarra 3ra 6ymb, logNTa
TeHr 6yica,

R, ='°§N, 6ut/c (15.12)

xabap maHOaWHHMHr ax0opoT HUUIA0 YHMKapUID TEJIMIH Jed
atanagu. AxGopoT nmuia® YMKAPHIN HMKOHUATH MaHOa OUp CexyHJ
Y3NYKCH3 HILTAIIM HAaTHXacHJa YuKapraH axbopot 6unaH 6axonaHaiu.

15.4. Y3xykcn3 xabap mag06an 3ETponAsAcH

Yukumuaa xap OHp oHma KuidMarH Y3rapyBuaH s(f) CHMTHAT XOCHI
6yyBuM y3nykcus xabap man6anun kypub uynkamms. Ymby curxamiap
YEeKCH3 KHUYMK SXTHMOJUIMK OMJIaH yekcH3 Ky KHiiMaT/iapiaH OMpHHU
Kabyn kwiagu. Arap xabapnapHu anoka kaHauiapd opkanu abGcamor
(xe4) xaTtocHs, Oy3MNHILUIADCH3 Y3aTHII MYMKHMH OynraHga 3[oH, ynap
4ekCH3 KaTTa MuUKaopmard axfopor erkasran OVmap amuiap.
Kanannappa xanakutnap Ba Oy3unmuuuiap coivp OYMMULIMTH y9yH
MaHOanad onuHaETraH ax6opor, ax6opoT ONMHraHKra4a Ba OJMHTaHAAH
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KelfuHru SHTponmMsiap ¢apkd OpKaJlM aHHKIaHagd. Ywmby dapk
y3nykcu3s xabap MaHb6am wmrad yukapram ax6opor abcamor
KuliMaTHgaH KU4KK KaTTanuk Oynanu.

Vanykcus xabap MaHGaujgan oiHHraH axGopoT MHKIOPHHM
aHUKJIAl YIyH IMCKpeT Xabapnap yd4yH OSHTPONMHS TYLIYHYacHAaH
TabuHH paBHIIIAa N >« Y4yH yMyMIalITHpaMu3. Xap OHp oHza curHai
s() Kabyn Kwiaaurad KuiMatiap 3XTHMOJUIMKIAPH 3UWIATH TaKCHMOTH
p(s;) HUHT KYypuHUINY 15.2-pacMzia KeITHPUITaH.

‘r P(s)

P(s)/As

/s,-

) AS )

15.2-pacM. Kabyn KMIMHagurad CHrHaIap 3XTHMOJLIMIH 3HWIHTH
TAKCHMOTH.

15.2-pacMaarn 03a S HH AS OpaMKaa FUCKpeTnaiimui. ByHma
CHUrHAI s,(f) HUHT KHHMATH MablIyM AS OpaldKaa OYIHION 3XTHMOILIUTH

KyHhunaruya:
P(s,)= p(s)AS . (15.13)

(15.13) udonanuHr OGaxkapHiIMII aHMKINTH AS OpPAJIMK KHAMaTHIa
Gornuk 6ynub, AS xaH4a Kuumk 6ynca, Oy 3XTHMOJUIMK LIyHYa KaTTa
OyYnagn. ByHna#t nMcKkpeTnaHraH CHIHal SHTPONMACH Kylmparuda
AHUKJIAHATHU:

M{ ()AS} Zp( 5,)ASlog (s,.)A.S" (15.14)

=l

(15.14) ndomamary AS Hu Hoara kenTHpHO (AS-—>0) Y3IyKCH3
CHUTHaJI SHTPOTIHACUHH aHNKJIaliMHU3:
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. I i I i ]
HS)= lim M{log P, )As}= A 2Plo ASIoB A5 implon s 2.pls )= (15.15)

= ip(s) logmd.w lim log— I ps)ds

Y6y (15.15) ndonmana Tp(s)ds:l JHUTHHHM 3bTHOOpra oaub, yHu

confanamTupaMus, y Xojiaa

H(S)= j p(s)log—ds+ lsl_mwlogg (15.16)

(15.16) udonanuHr OMPHHYM KUCMH IXTHMOJJIMK 3SHYWIMIH
TAKCHMOTH p(s) ra OoFmHk kaTTaymk 6ymu6, yHHm muddepeHmuan
sHTponus neb atanamu. Opataa, yHaaH xucoOnapaa épaMyi KaTTATHK
makmpiga  ¢oitnananunamu. (15.16) udomaHHHr HKKHHYH KHCMH
9XTHMOJUTMK 3MWIMIH TaKCHMOTHU KUHMATH p(s,)KaHmad OYiuimumaH
KaThb¥ Hazap, AS —0 Gynranpa uyekcH3TMKKa MHTHAAIM. By Auckper
CHTHAIJaH Y3IyKCH3 CHTHAIra YTranna 3HTPONNA YeKCH3 KaTTalamay.
By ysnykcus xabap kuiiMatuauar AS—>0  opamukaa  6ymuwm
SXTUMOJUTUTH YekcH3 kuuuk Oymamu. Harwkama, y3mykcus xabap
KHAMATIapUHUHT «(KYTHJIMaraniuK» EKd «onmuHaaH Gammopar Kunma
OJIMLI» SXTHMOJUIHIH KECKUH KaMasi .

Mucon cudatnpa, ypraya KuiiMaTH HOJNra Ba QUCTIEPCHACH o ra
TeHr [laycc KoHyHura OyHicyHyBud InOBKMH JuddepeHuran
SHTPONMACHHH aHUKNaiiMp3. By [NOBKMH 3XTUMOJUIMK 3HWINIH
TaKCHMOTH KyHuJarnya aHuKIaHa y:

!

o, (15.17)

p(w)= =
270

(15.17) wudomauu puddepeHUMan SHTPONMUAHH  XHcobiam
(opMynacura Kyiub, KyiiugaruHu oJlaMu3:

h(w)= jw(x) log[JZm:r exp(

log

D logﬁ!pmm (15.18)

I p(w)w'dw.
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(15.18) undomama OMpUHHYH HHTErpaT Tp(w)dw:l Ba HKKHHYH

MHTErpan Jucrepcus © ra tenr. Harwkana aunddepeniyan sHTponus
YUyH Kyitugars udoaaHu olnaMu3:

How) = log 270" + 252 = log V2o (15.19)

(15.19) ndonana xypunanukyu, [aycc wmosxkuHu uddepeHuan
SHTPOIHACH ()aKaT AMNEpPCHA o’ ra OOFIMK, YHHHTI OmHIM OmwiaH
y3IyKkcu3 ommub 6opamH.

Onnii xuiiMaTnapu xap kaHgail Tacomu¢uii TakKCHMOTH 3HYJIMIHIA
6yiicynyBur Tacomu¢uii kapadmnap wWumga (arap  yJNapHUHT
mucnepcuscy 6up xun 6¥nca) [aycc TakcUMOT KOHYHUra OViicyHyBHH
Tacomuuii rxapaéHnapHUHT AudQepeHnHan SHTPOMMACH OSHI KaTTa
KuiiMatra sra 6ymamm. Tacommduit xapads & HEHT Xap KaHmaif
SXTUMOJUTMK 3MYIHCH Takcumotd P(¢) 6¥nca, Kyliugaru udona xamma
BaKT cakIaHu6 Konaau:

h(¢{)= T p(g)log—(lad; <logy2meo? . (15.20)
- P

(15.20) ndonanarn tenrcuanuk Tacoguduit xapaéu dakar ['aycc
TaKCHUMOT KORYHHra 6¥iicyHranjia TeHIJIMKKa alimaHay.

15.5. Jackper KagaJ OpKaJA Y3aTHJIaAHEraH ax00poT MEKAOPH

Kupummnna A Ba umkuinHga B guckper xabapnap Tymiamacu
(ancaMbny) Gyyran XoTHpacH3 NUCKPET KaHANl OpPKaH y3aTHIALMIaH
axbopoT MUKIOPDHHH aHHMKIaliMu3. AHMKpDOFH a, xabap y3aTHirasja

Kabyn KunuHTaH b, Xabapnarm ax60poT MHKIODMHM aHMKIAII Kepak.
ByHna a, Ba b, napHuHr 6Mp BaKTAa COAUP OYNHIN SXTUMOJUTHIH p(a,b,)
Ba KaHaj YMKHIIKAA b, Xabap 6¥iranna, XakuKaTAa YHUHT KHPHIOUA g,
curHain 6YIraHy 3XTHUMOIUIUTH a4, 1e0 XucobmaitMu3. DXTUMOIHKIapHI
KyTmaifTHpHULI TeopeMacH acocua KyHnaars ndoaanH oaMus:

pla.b) = pla)pt,!a,) = p&;)pla, /b)) (15.21)
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[lapTa¥ >HTPONMSA TYUIYHYAaCHMHH KHPHTHO, yHH xabap man6Gan
SHTPONHACHHM aHMKJAaraira yxmam ycyn OmmaH, yHMHr Yprada
KuitMaTi opKaiy aHHKIaiMHU3:

1
H(A/B)-'Z;p(a,,bj)log " i5)’ (15.22)

lTapTan sHTpoNUsA KyHUaary xoccanapra sra:

1. IlapTiu 3HTPONHKA YYyH XaMMa BakKT H(A/B)20;

2. JldcKpeT KaHan y4YyH LIAPTIH 3HTPOMMS, YHUHI KHPHIODHAArH
MaH0a SHTPONMACHIAH KHYMK EKM YHIa TEHT, SHHH

H(AIB)< H(A). (15.23)

Bynna (15.22) udona dakar 4 Ba b, ¥3apo KOpPpEMLIMACH HONMra
TeHr OynraHga, SBHH acd Ba beB XaMMa KWAMaTIapu Y4yH
p(a,/b)=p(a)) OYNIran xonataa TeHTJIMKKa aiinaHand. byHu Kyiuparuda
TYLIYHHII Kepak: b, Xxabap oilMHrapma o, xabap TYFpHcHAa Xed KaHpail
ax0opot kemnb TymMmaiinu, AHHH HOAHUKIMK Kamasad. Ymby xonart
anoKa KaHaIMOard XanakuT Tabcupuia axGopoTHHHr  TYNHK
HyKkoTHIOMIa MOC KENaIH.

Ilaprmu  ax0opoTHM Kynm xonnapia KaHa/UIapAard —XalakuT
TabcHpuaa HykoTunrad, xabap omypuura eTH6 kenMarad axbopor
MHKI0pH 1e6 XaM IopuTHiagd. AXOOPOTHHHT TYIHK HYKOTHIIMIIH XKy Aa
Kam yupaiiguran xoauca, Xakikataa 6yHaail xonar xkyaa kam yupaiau.
H(A/B) HM Oab3aH «MIDOHUYCH3INHMK» Aeb xaMm aTtanajH.

DHAM aloKa KaHalM OPKAIM Y3aTWaH axGopoT MMKIOPH I(4,B)
HH, aN0Ka K2aHalM KAPHIIUAATH ax00poT MEKIOpHra TeHr 6yiran Manba
SHTPONHUACH H(A4) Ba [IAPTIH BHTPONHA H(4/B) - iyKotunran axbopot
dapky makTHAa aHuKIaiMu3. Bab3an 1(4,B) HU §3apo ax6opot 1eb xam
aTanajaM Ba Kyiiunard udoJa OpKaid aHUKIAHaIH:

I(4,B)=H(A)-H(A/B), (15.24)

Exu

1 1 pla,lb))
I(4,B)= - M{1 =M{log——t . (15.25
(“45) M{'°gp(a,)} {°gp(a,/b,)} {"g @) } (15.25)
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OXTUMOJUTMKIIADHY KYTIANTHPHII TeopeMacH acocuja KyHumaru
HoaaHU ONnaMu3:

104,8) = M1og PCOP@TED L\ ohyop PERE) | (15.26)
pb,)pa;) p6,)p(a)

(15.26) udoganu &iin6 y3apo axOOPOT YUyH CUMMETPHK H(oJaHU
oJIaMU3;

p(a,,b,)
I(4,B) = b )log— 217 15.27
AB)=2 2 b e e (15.27)

V3apo axGOPOTHHHT acocHit X0CCANAPUHH KYPHO YHKaMH3:

1. 1(4,B)20 6ymnb, Oy 3HTPOIUSAHUHI XOCCACHAaH KeTUO YHKATH.
Arap kaHanma y3uwnuin ro3 Oepca &KM XamaKuT TabCHpHIA XaMMa
ax6opot HykoTwica 1(4,8)=0 6ynany;

2. I(4,B)< I(B,4), AJIOKa KaHAINJI2 XanakuT iyK Oyica, y Xonga spHU
H(4/B)=0 O¥nranna TEHrCH3NHUK TEHIIMKKA alimaHany;

3. KAB=IBA=HB)~HB/4) yrary 6ynma H®B waman
YMKUIIHAArd SHTPONHsA Ba H(B/ 4) IIAPTJIM  3HTPONHUA. Y3apo
axOopoTHHHI Ym0y XOccacH YHHHI CHMMeTpUK H¢oAacuaaH Kemuh
YHKaI4,

4. 1(4,B)<H(B). Ywby xocca aBBaNry XoccaiaH kenud YMKagu.
H(B/ A)=0 6¥11Ca, TEHICH3NTHK TEHIJIHKKA alaHamy;

5. Arap ¥3apo ax6opot udomacuna 4=B ned xucobiacak, y xonga
H(Al A=0, Ba I(4,4)=H(4) 6Ynann. Ulynnait xumub, sSHTponusHH MaHOa
xabapmapy aHcabnu AHMHT XycycHii ax6opoTnapy MHKIOpH I1eb
Xycobnanr MyMKHH.

AJIOKa KaHaTH OpKain¥ BakT Oup/mruga axGopoT y3aTHII Te3JINTHHH
MaHOa xabap wunuab YMKApHII MMKOHHATHHM aHHUKNAINra yxmram
ycynnas oiinananud xamaa 6utTa Xxabap y3aTHII YUyH Kepakiiy BakT T
neb xucobnab aHnknaiMus

I'(4,B) = %1(A,B)= Y I(4,B), (15.28)

71— — Teuk, Oy OHp CceKyHI HRaBOMHIA KaHal

6)'1'“13, Vy=
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KHUpHIOMJATH D3JIEeMEeHTap CMMBOUIap COHM Oynu6, Out/cex OGunad
ymuananu.

15.6. lHcKpeT a/10Ka KAHAJHHAHT AX00POT y3aTHIN EMKOBHAATH

JlUCKpeT alioka KaHaJl OpKaIM y3aTHIaérraH ax60poT MHMKIOpH
Kyitumaruaapra 60FIHK:

— xabap Manban xoccayiapura &K YHHHT SHTPOIIMACHTA H(A);

— aJIOKa KaHAMapUHUHT H(A/B) WINOHYIMIMIUIA Ba YHHHT 6oinka
XOccajlapura.

Wynma# kuanb, ¥3apo ax6OpPOT MHKIOPH aI0Ka KaHATHHM Xabap
y3aTHII XyCYCHATHHH TYIMK nponanamaiimy. Kanamsusr xabap ysaruim
MMKOHUATH YHH HUcOaTaH TYnuK 6axonain MMKOHUATUHY Oepamy.

JMcKpeT kaHall KUpHIKIa TYpiIu ManbanapaaH, TYpil 3XTHMOJLTHK
TAKCMMOTHIa p(4)-ra OyiicyHysun xabap Oepuiaam neb6 xucobnaitmms.
bynaga xap Oup Man6a MaboIyM MHKIOpAard axGopoTHHM Yy3aTajd.
KananuuHr ax60opoT y3aTHII UMKOHHATHHH (aXOOPOT XaKMM) Y OPKaIH
YTKa3UNAIIN MyMKdH O¥JraH sHT karTa (MakcuMai) axGopoT MUKAOPH
OpKanu aHuknaHaae. byHzga kaHaTHUHT ax60pOT YTKAa3sHID MMKOHUATH
YHHM KupHiIMra xabap erka3ub 6epyBuu Typau MaHOanapHHHT (aonnuru
9XTHMOJUTHIH acochia XUcobnaHaxu

Crae =max[(4,B). (15.29)

Bakr 6upnauMruga kKaHam oOpKatH YTKA3sWIMIOM MYMKHH Oynaran
ax6opor Muxmopw ysatum Tedmuru C Gut/cex ja yiyaHagM Ba
Kyhugaruya aHuKIaHa u:

C' =V,c=maxI'(4,B), (15.30)

6yHna, ¥, — KaHaJl OpKaJI¥ CUMBOJUIAP Y3aTHIL TEXTHIHU.

AJloKa KaHaIMHHHI ax0opoT JTKa3WIl MMKOHUATH XOCCATapHHH
KypH6 4HKaMHu3:

1. €'20, xananna y3uwmum 6yaca, y xonga C'=0 6ynanu;

2. C'sV,logN (byupa, N— xabap ManHOam andaBHTH XDKMH),
KaHaJiJa Xxalnakutnap 6ynmMaca C'=v, logN 0Ynanm.

323



AJlOKa KaHaIMHMHT ax6opor y3aTHIl UMKOHHATH, Oy y opkamu
Y3aTHJIMINY MyMKHMH 6¥nraH axGOpOTHHHr SHT KaTTa KMHMAaTHra TeHT,
YHAAH OPTHMK HHPODMAIHA y3aTUIl HMKOHUATH YK, lllynnait kw6, y
KaHATHUHT ax0opoT y3aTHI dYerapasMii (MOTEHIHAT) HMMKOHMATHHH
Genrunaiiau.

Mucon  TapukacHIa, ~ HKKHIMK  xaGapmapEM  ys3aTdimora
MyJDKalUIaHTaH, XOTHpacH3 alokKa KaHAIMHHHT ax00poT ysaTuIin
UMKOHMATHHH aHHKIaiMK3. Y1IOy KaHas yuyH p(b,/a,) GepHIIraH, AbHH

p(b,/a,)={"=“”’ i=J (15.31)

P i#j.

Ax6opoT ¥TKa3MIl HMKOHHATHHH XHcoOnau ydyH, ¥3apo axbopor
Xoccanapunal doiinanaHamus:

C =maxI(4,B) =r;1(2:)([H(B)—H(B/A)]. (15.32)

XoTHpacH3 MKKIUIMK KaHall YYyH HApTIH axOOpOTHH MHKAOPHHH
aHHKJIaiMH3:

H(B/A):M{log }=(1—p)log$+Plog%. (15.33)

1
plb;/a)

(15.33) 3pTHbOpra oncak, (15.32) Kyiiunaru makira Keiamu:

c=r;x(z}:)([H(B)—(l—p)logﬁ-Plog%] . (15.34)

(15.34) wdonama H(B) SXTHMONIHKIAP TAKCUMOTHIa OOFIUK
6§1n0, y3aTnnaérran axG0pOTHHHT MaKCHMall MEKIOPH H(B) HHHT 3HT
KaTTa KdiMaTHra Moc Kenaia. H(B) HHUHI SHI MaKcHMal KudMaty
N=206ymranna log2=1 Out O6YnuO, b NapHUHT KaHal YMKMIUMAArH
SXTHMOJUIMKIapH OMp xun Ba ¥3apo Oup-O6upura 6ornux Oynamaran
XonaTra Moc Kenand. ByHpaH TtainkapH, a10Ka KaHam¥ KHUPHIUHIArH
CHMBOJLIap XaM ¥3apo OOrnuK O¥nMacauru Ba OHp Xuir 3XTHMOJUIHKKA,
SBHA p(a,) = p(a,) =0,5 OYIUINN Kepak.

T¥nux oxTHMoHk popMynacura acocaH:
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pb))= zz:P(ai)p(bj/a,)=O,SZz:p(b}. /a,)=0,5[(1- p)+ p]=05. (15.35)

ta] isl

by xonna max H(B) =log2 =1 OyMIun 1WapT Ba LIYHra MOC DaBHINAA

6up cumBon (OUT) yuyH ax00poT JTka3WII UMKOHHATH
C=1+Plog P +(1- p)log(1- p) (15.36)
éxu
C'=V,l1+Plog P+(1 - p)log(1- p)] (15.37)

IOkopuparn (15.36) Ba (15.37) wudopanap TaxIWIH [IYHH
Kypcatagu: arap p=05 O¥Ymca C=0, uyHku OyHIa HYMKHII
CHMBOJUIApPHHH TaXMWHaH TaHlall MyMKHH, Oy XonaT ajoka KaHaiujga
Y3UNUIIra MOC Kenaju. Arap p=1 &k p=0 Oynca, sbHHM KaHal
xanakuTcu3 6¥ica, yHaa KaHATHUET ax6opoT yTrasuul umxoHuaty C =1
Oynamu, uyHxku OyHma CHMBONHH TYFpu KaOymiam ydyH KaHal
YHKHIIKAAT CUMBOJUIAp KETMa-KeTJIMTHHH TECKapHCHUTa alMallTHPHLI
MYMKUH.

15.7. ¥3apo ax6opoT Ba y3.ryKcA3 2/10K2 KaHAJHHHAT axGopoT
yTKa3A0l HAMKOHUATH

V3rapmac napamerpnu, aycc xanakuti TabcHpuza Gy3wnran s()
CHTHaJI KaHaJl YHKUIIKA2 Kyiinaaruda udonanaHamy:

x(8)=s@)+w(), (15.38)
OyHIa, s() — KaHan YMKUWHAArd (hOHNAnyd CHUrHaN, w() — 3LOUTHB
XaaKHT.

VYamykcus xabap ManOau YHKUIOMOATH SHTPONHAHH aHUKIAlIra
yxmwam ycyn OuiaH y3NyKCH3 aloKa KaHald 9YHKMIIAAArH axObopoT
MHUKIOPDHMHHM aHHWKIaiiMu3. ByHHHr ydyH s() Ba w(f) CHUTHamap
KUHMaTIapuHM AS Ba AW aHUKIMKIOA KBaHTIaiiMu3. By xonna ynapHuHr
3XTHMOJTHKIIapH TAKCUMOTH Kyiiuaard KypUHHILIHYN OJau:

pP(s))=p(s, <s<s, +AS) =~ P(s)AS,
pw)=p(w, Sw<w,+AW) = p(w,)AW . (15.39)
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Kupumparyn s, Ba YHKHIIHATH w, CHMBOJUIAPHMHT OHp BakTaa
AWCKpETIaHraH KaHaJl 4YHKMIIMAA mnaiigo 6§ sXTUMOIIIHIH
Ky#fiHaarnua aHuKJIaHaIu:

(s, w)=p(s, <s<5, +AS,x, Sx<x, + Ax) = p(s;,x;)ASAx . (15.40)

AS Ba AW JlapHH HOJNra HHTHATHPUO (AS —0,AW —0) Y3NYKCH3 s(f)
B2 w(f) 1Tap opacHaaru ¥3apo ax60poT MUKIOpHHHU aHHKIANMH3:

— 1s p(s,.,x,)AsAx = p(si’xi)
I(s,w)= gli% M{log———p(Si)Asp(x’ )Ax} M{log —p(s)p(x)} . (15.41)

pis,w,)=pw)p(s/w) HA 3b6THOOpra omub6 (41) udopanu xyHuparu
IIaKIra KeJITHpaMH3:

PR)p(s/%) =M{. 1, ;}=
p(s)p(x)} o Epsin)

1 L) Tosiop_as- T
st Jrereszisa [frsows

I(s,w)= Algﬂ M{log
a0 (15.42)
1

pls/x)

dsdx

(15.42) ndopmanu OWPHMHYM TAIOKWI 3TYBYHCH aBBal XaM
aHMK/IaHTaH OYnuo yHH h(s) Ounad 6enrunab, muddepeHuuan JHTponusa
Oe6 araraH SAMK. VIKKMHYM TalOKMA STYBYMCHHM h(s/x) OpKaIM
6enrunab, yHu mwapran muddepeHuuan sHTponua ne6 araiimuz. YV
xonaa (42) ndona ypHura Kyinnara uxdaM udogaHH ONAMHU3!

I(s,wy=h(s)-h(s/x). (15.43)

Yanykcm3 kaHamgar# ¥3apo ax6opor ydyH KyHmpard xoccanap
Ypuunn:

1. I(s,x)20. Arap ajoKa KaHaIM Y3WIraH Oymnca, SbHH YHHHI
KMPHLIHK Ba YHKHIIA GUp-GHpHra GornanmMarar 6ynca P(S/W)=p()p(w),
I(s,w)=0 6ymamu;

2. I(s,x)=1I(x,s), Oy KaHATHUHT ¥3apo ax60pPOT YUYH CUMMETPHIJIMK
XOoCCcacHJaH KeNnuo YuKaay;

3. I(s,x)==. By Xom KaHamiarm XamakuT w()=0, SBHH x(1)=s(f)

6ynranga ypunin 6Ymam.
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V3apo0 axGOpPOTHMHT HKKHMHYM XOCCACHra acoCiaHub KyHumarm
HpoaaHU ONULI MyMKHH:

I(s,x)=h(x)—h(x/s). (15.44)
(15.44) udopa xypunaérraH aJAUTHB XaIAaKHTIH ajloka KaHaJM
yUyH Kyluaaru KypUHHLIHE ONlaau:

I(s,%) = h(x) - h(w), (15.45)
6yHIa n(w) — anmuTHB XanakuT AndepeHLIHal SJHTPOITHACH.

(15.45) ndopmamaH KyHuparn XynocaHH 4YMKapHIl MyMKHH. Arap
y3aTW/IaéTraH CUrHai s(f) MabiyM 6yica, yHHHT KaOyJ KMIMHMIIHIATH
HOAHUKIUK (aKaT XamakuT w() ra 60K,

Oumn vacrota yTkazum nonocacu Fy OyiraH y3nykcu3 anoka
KaHAIMHHMAT aXx00poT YTKa3HIl HMKOHHATHHY aHukiafiMu3. YHUM kxaHan

KMDMIIUAATH Ba YMKALIMAATH CUTHAWIAP s() Ba x(r) JAPHHUHT m:ﬁ
OpaJlMKAa OJMHraH OHMH XuitMarmapupmaH doitnanaHu®é amanra
ommpamu3. JlactnaG AA! paktra TYrpM kelyBu4M OHME KuiiMaTaaru

ax6opoT KuitMaTMHH aHuKIafiMu3. CyHrpa masommiimurm T, 6ynarad
CUrHaI oJM6 KenuIH MyMKHH OyiraH ax0opoT MHKIOPHHH YHHHT

n=% Ta oHMH KuliMaTnapn ax0bopoT YTKA3MI HMKOHHATIAPH

AUFHHAUCH [HAXIIHAA aHUKIIadMH3.

Kupui cMrHaMMHMHP 3XTHMOJJIMTH TYPAH TaKCHMOTJIapH OpKalH
YHHHr OMTTa OHHMil XuiiMaTH axOopoT YTKa3UIl HMKOHMATH MaKCHMal
KHHAMATH /(s,x) HA aHHKJIalMH3:

Cox = max I(s,x)= m(ag([h(x) - h(x/s)]
pls Pls .

(15.46)

Anoka xaHanunaH jraétraH ¢oitnaiu CUrHanl s(f) KyBBaTMHH P, Ba
ymby xawajjard XalakyT KyBBaTMHM P, ra TeHr aeb xucobnab, anoka
KaHATMHMHT ax0opoT {TKasHIl UMKOHHMATHHHM XucoOnaiimMu3. ByHMHr
Y4yH aBBa)l aHMKiaHraH [aycc Tacomupufl KaTTaIMKJIAPUHHET
IuddepeHiiuan SHTPOIUACH h(w) AaH ¢oitnananamus, spHU

h(w)=log27ep, - (15.47)
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(15.47) udomanu >pTHOOpra onud, (15.46) udomanwm Kylnparu
HIAKIITa KENTHPaMH3,

Cop = n}g.)x[h(x) —log2mep, ] (15.48)

CurHan Ba xajakuT ¥3apo OorMMK OynMaraHu yuyd YJapHUHT
KaHaJI YAKUIOUZArH JUCIIEPCHACH D(x)=p, +p, O¥namu. XamakaTHHHr
oupdepeHLMan SHTPOIMACH h(w) MabIyM Oymca, y Xoiga anoka
KaHAJIMHUHT MaKCHMal ax00poT YTKas3sUIl HMKOHHATH x(f)=s(f)+w(r)
l'aycc TakcMMOT KOHyHHMra OyifcyHran xonra TYFpH Kemamu. ByHHHr
Y4YH Ha ¢axar xanakuT, ury 6uinas 6upra sy xam [aycc Takcumorura
OViicynninn kepak ©Oymagd, MabmymMKku MKk [aycc TakCHMOTH
KOHYHMHMHI" AMFUHAMCH XaM ['yacc taxcuMorura OViicynanu. [llysnaii
KHITHO,

n:g(h(x) =log\2m=(p, + p,) - (15.49)

Gynamu, y xonna

Cox =log+27(p, + p,) ~log [27ep, = %log(l+£—‘]. (15.50)

Vanykcus anloka KaHATHHHHT  TYJIHK — axOopoT  yTkasumu
HMMKOHUATHHY, KOTEeNLHHKOB TeopeMacura acocaH yHUHI n=%=2F; Ta

OHMIl JUCKpeT KUHMaTIapy ax60poT y3aTHII UMKOHHMATIAPH HUFHHAKCH
cudaruza aHUKIaAMA3, THHI

C=2FC,, =Fnlog(l+&J. (15.51)

x

(15.51) dopmyna Illenon dopmynacu ge6 atanamu. by ¢opmyna
opkanu dYacToTa ¥yTkasum mnonocacu Fp, dolimamm curHan yprada
KyBBaTH P, Ba xanmakut KyBBaTH P, 6ynranaa ysnykcus [aycc kaHamu
OpKaH y3aTmjagurad axGopoT MukIopu xucobnanamu. By dopmyna
ax0opoT HasapHACHAA MYXMM VYpUH JSrajuiaiii, YyHKH Y CHUIHaI
KyBBaTH P, HM KaHaJ 9acToTa yTka3zuu nojocacu I ra Ba akcmH4a Fj
Hd P, ra anmamrtupuiunu ypcaragu. (51) udonmamaH kypwHaguxu,
KaHaJHUHT ax00poT y3aTHIl MMKOHHSTH YHHHI YacToTa YTKAa3WIl
nonocacH f; ra TYFpH MPOMOPUMOHAN — YM3MKTMN OOFfNaHMINra 3Tra Ba
P/P, Hucbatura sorapudmuk OormanraH. LIIyHMHr ydyH, curHan
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KYBBAaTHHM 4eknab, YHHUHT CHEKTPHHA KeraTHpWin camapajop
xucobnaHamm.

Kanan yacrora yTkaszuiu mojocacu F, HHUHT YHMHT ax6GopoT yTKa-
3MII MMKOHMATHIAZ TABCHPHHHM TYJMKPOK OWMIMIN Yy4YyH, XaJlaKuT
KYBBaTHHM YHHHT OMp TOMOHJIaMa CIIEKTPH KyBBAT 3HJIMIH N, OpKaIH

udonanaimus:

p.=F,N,. (15.52)
(15.52) wudomanu Illenon ¢opmynacu (15.51) ra k¥iub,
KyHHIaruHy OJlaMu3:

- P |_ P
C—F,,log[l+FN )—Flogeln[HFN ] (15.53)

] n'’0
(15.53) npomgaHMHr TaxXMIK WIYHU KYpcaTaAuky, Fy, KaTTalalldiHn
6unaH kaHaTHHHT ax6OpOT y3aTHLI WMKOHWATH AacTinab Te3 ouUIafH,

cyurpa Oy ycuim axO0pOT y3aTHII MMKOHHATH 3HI kKarTa KuiiMaTu Con

ra AKMHJaural capu CeKHHailaau.

C. =1imC =2 10gC ~ 1,44 2= Gur/cek. (15.54)
Fv N, N,

[} [}
(15.54) wudoma acocupa vuwmsuwaran C=®(F,) rpadurugan
KYpHHAOUKY, KAHATHUHT ax60pOT y3aTHII MMKOHMATH YEKCH3 KaTTa
6ynmaiian, y noumuii karranukka uaTunagy (15.3-pacm).

1,443

o " IS,

15.3-pacm. Anoka kaHanu ax60poT YTKa3KIl HMKOHHATA HUCOMii
KHAMATHHH YHUHT YacTOTa YTKa3uIll MOJIOCacHra OOFITMKIINTH.

Ilyunur yuyn Taycc amoka kaHanmHMHr axOOpOT YTKasuIn

HMKOHMATMHH OIIMPUII YYYH YHHHI HacToTa YTKA3HII IOJOCACHHH
YEeKCH3 KeHraiiTupuin camapacu3 xucobnaHamu. Kananm wacrorta
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YTKa3HII [OJNOCACHHHM TaxXMHHAH F,~ f; ra TeHr KWIKHG TamIain

o
Makcaara MyBoQHK Oynamn. ByHza axGopoT y3aTHII MMKOHMATH 3HT
KaTTa KMiMaTU CHTHaI-XalakMT HUCOATH OulaH aHWMKJIaHAaW Ba KaHAal
moyocacura GornK O6yMaiiam.
Xabapuu yzaruiu yayH T, Bakt capdnananu aeb xucobnab, anoka
KaHaIMZAry CHTHAI-XaNakKUT HucOaTmHM aHuknaiimus. By xonza
y3aTuiral axoopor yprada KuiiMaTi Kylunarura TeHr oynamou:

T.I'(s,%)<T.C. =";V—T=mge. (15.55)
o

Hatmxkaga 1 Outr ax6oporHy y3atumr yuyH Tanab sTHIaguraH
SHEPrus MUKAOPHHH aHUKIANMI3;

p.T. > N,/loge=N,In2=0,693N,, EKH ¢* >0,693, (15.56)

6yHna, ¢° = £« — KyBBaT CHrHAN-XaNaKUT HUCHATH.
P

x

15.8. XanakATJaH aJ0Ka kanaJn yayH llleron xoanam TeopemMach

Kanan ax0Gopor y3aTHIl HMKOHHATHHM YHHHI 4YerapaBHi
(HoTeHIHAT) MMKOHHUSTIApDHHH YMyMIallraH Imakiaa TaBcHadau.
Kananiuar  ax6bopor  yrkasumr — uMmxoHuATH — K.IlleHoHHMHr
TeopeManapuna TYiuMK Epurwiarad. Mactnab muckper xabap manban
Y4YH acocHii KoJIaml TeopeMacH HOMHM OHJIaH MablIyM TeopeMaHH
KenTupaMu3. Yby Teopemara acocaH «arap MaHOaHHHT xabap uuuiab
9UKapHILI HMKOHUATH H'(4) XaJaKUTIH JUCKPET aoKa kaHaid ax6opoT

¥Y3aTHII HMKOHUATHAAH KHYHUK, AbHU

H'A)<C', (15.57)
Oynca, wynjmail kolutaml Ba Jekojylall ycyn Maexyn Oymu0, xabap
HCTEbMONTUIa (OMyBYMIA) XATOJMHK SXTHMOJUIMIH § JaH KAYHKIHUTHHH
TabMAHIA0 eTka3u® Oepunamu. Arap H'(4)>C Oynca, OyHga yHuH
6epuiran ¢ xaTonuk GuNaH y3aTUID YYyH KOZJall Ba JEKOIALI YCYJIH
MaBJXyHI 3Macy.
IllyHu TapKMANAl Kepakky, ywmby TeopeMaia KOAdaml JAeraHzxa
xabapHH curHanra aiTaHTHPHLI Ba JEKOANAIl HeraHfa CHIHaJIHA
xabapra ajilaHTHpMIN HaszapAa TyTWIrad. Yy —TeopeMaaaH
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kypuHaauky, OyHaa axOopoT y3aTHII HMKOHHATH, KaHAT ODKAIM
axGopOTHY XaTOCH3 Y3aTHII TE3JNMCHHUHI YerapaBMifi — 3HI KaTTa
KUHMaTHHU aHrnaragd. AMMo Teopema OHpoH GMp aHMK Kommamr kM
JeKoqnanl yCynuHHM kypcatHo 6epmaiimn. Lllynra kapamaii, 6y Teopema
KaTTa axaMHATra 3ra, YyHKd Y LIy BakTrauya ax6opoT y3aTHII
TexHukacura 6ynran MyHocaGaTHi TyOnaH y3rapTHpaaH.

ABBaiapd, xaGapiapHH XaTocH3 Y3aTWUID Y4yH, an0batra, yHH
y3aTHII TETHTHHA KaMalTUpHII Kepak JeraH TyuryH4a Gop sau, AbHM
y3aTHII TE3JUIU ¥ -0 Oynranga p, -0 ne® ¢ukp roputunap 3gd. by
ycyn OMiiaH XOTHpacu3 KaHalnap opKaln axbopoT yzaTuinja Hurum
(xkamnaimn) ycynvaan doitmananut y3aTHIl AHMKJIHTHHH OLOMPHIN
MymkuH. By xyma ommuii ycyn 6ynm6, 6ynma xap 6up «I» Ba «0»
3MeMEHTHH CHMBOIUIap, OHp Heua «HOJ» Ba «Oup» napaaH ubopar o, Ba
a, KoJap KoMOMHaUHACH EpAaMUA2 Y3aTHUIIAIH, TEHH

a, =000...0, a, =l11..1,.
| =2 v el

«0» Ba «1» nmap anoka kaHany 6yiinda OUp XU SXTHMOJUINK GUIaH
y3aTHinagd, SBHH p(0)=p(1)=05. Kabymmam TomMoHMAa y3aThiraH
cuMBoiutap «0» Ba «1» JIapHHHI KoAymap KOMOMHALMACKAA KYILTHCUra
kapa6 pyiixarra onvHagu (6y yCyn — MOXODHTap KoAjall ycyinu neb
artananu). bynga xaro pyiixarra omum a4 Ba g, KOAJAp
xoM6uHauuscuaara «1» &wu «0» napaan 7/2 pa yHnaH KyTIH XalakT
TabCHpHJa Teckapucura anmaiica pyi Oepamu. [Jemak, komnap
KOMOWHAIIUANAPH a, BA a, JarH 3IEMEHTap CUMBOJLUIap COHUHH OLIMpPHO,
n— OYNraHza xap KaHjail OKOpDH aHMKIMK Ounad xabap y3aTHil

MYMKHH. By X0JlIa CHTHAN y3aTHLI TE3JIUId ¥ =1 6¥116, YeKCU3 KHUHK
n

6ynau.

IleHon TeopemMachaaH KypHHaIHKH, IOKOpUJArK HAFAI (Xamall)
ycynuzaH ¢oiigananMacian, xalap y3aTHIIHH CeKHHJALITApPMaciaH
XxabapHH IOKOPH aHHMKJMKIA y3aTYBUH KOMTAIl Ba AEKOMTAII YCYHH
MaBXxyl. AMMO TeopeMa KOANAIIHHHT aHHK OHp YCYJNMHH TaBCHA
sT™aliau. IIIyHHHr yuyH Kojnail Ba AEKOLTAIIHHHI aHUK OUpP YCYNHHH
aMaJira OLIMpUII KaTTa aXaMuMsaTra sra.

IOxopupa kentupunran llleHon TteopeMacHHHHr Hc6OTH aH4a
MypakkabiHr¥ yuyH yHu kentupMaauk. LlleHoH ymOy rteopeMacHHM
ucOoTnal HaTHXacKJa AeKOTAlIJard ypraya XaToIuK YYyH Kyiuaarn
ndonaHu onan
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p, <27Te-H@] (15.58)
6ynna, T — ysatuna&rrad curHan (komjmap KOMOMHALHACH)
JaBOMHANUTH.

(15.58) dopmynanan xypuHammku, T KaTrajalraH capu XaTOJYMK
KHIUKTainG Oopanu Ba Hoira MHTHIaOu. OcnatHO yTamMmu3 TeopeMa
lmaprTura acocal C’'-H'(4)>0. LIyHMHT y4yH, Komnap KOMOHHALHACH
KaH4a y3yH Oynica, XaToauk WIyH4Ya KU4uk Oynagm. AMMmo Oy xonma
xabapHu y3aTHin y4yH cap(uaHamurad BakT oOlDaJH, YyHKH KaGyn
KWIHHTaH KoAiap KOMOMHALMACHHY Aekomwiain kepak 6ynanu. Xabapuu
KEeYHKTHPMAacaH eTKa3ull Tanab STuiraH xoija anoka KaHam ax6opor
y3aTUIU UMKOHUATHAAH TYIHK (olinanaHMacinuk xepak 6ynany.

Illenon TeopeMacngaH HOUCKpeT xabaprapHH Y3IYKCH3 aJloka
KaHa/lJlapu OpKaI¥ Yy3aTHIOAa XaMm ¢ofigananum MymkuH. ByHzma
Y3IIYKCH3 CUTHAN s(f) HUHT AaBOMUANMIY T ra TeHr KUCMIIapd ynapra
MOC paBHIOAAa TaHJAHTaH CHUMBOJUIAD KeTMa-KeTJHrH OuilaH
anMamTepunagy. Jlexo[nam HaTHkacuia AEKONep YWMKULIMOa xabap
Mau6au ym6y T BakT JaBOMHItNUIHUra MOCJIapy OHTaH anManiTHPHIaIH.

V3nykcuz anoka KaHal¥ OpKaId IUCKpeT XabapiiapHu y3aTHIU
xakuparu [lleHoH TeopeMacH KyiWaarnda TabpunaHanu: arap
H'(4)<Cc' 6ynca, xap Kauma#f pguckper xabap umuiad YHKapHl
AMKOHHATH H'(4)MaHba YHKMIOHAard xabapHu Y3NyKCW3 CHIHAN s()
6unan xoxmab, yHu ax6OpoT y3aTHMIn MMKOHMATH C'Oynras kaHan
OpKanM Xap KaHpgaji KHMYUK XaTONMK OSXTHMOJUTMTH OHJIaH Yy3aTdIx
MYMKHH. Arap H'(4)>C' 6¥nca, Oynnaii nuckper xabapHH 3XTHMOJLIHTH
KUYMK XaTONHK GHiiaH y3aTnb 6ynMaiinu.

JuckpeT xabapiapHH y3NIyKCH3 aJIOKa KaHaJIM OPKaIM y3aTHIOZary
XaTOMMK 9XTUMOUIMTHHM XaM (15.58) cdopMmyna opkan aHMKnaln
MYMKHH.

VanykcH3 ka”Hauiapmae (apkid, JUKpeT KaHauap OpKaiH
xabapnap ysaTwiranga Komlall MKkM OOCKMYIa amanra OLUHpPHIIAH.
Hactna® nuckper xabaprmap KOX CHMBONJIApHM KeTMa-KeTNHIH OmiaH
aNnMalITHPWIAIH, CYHIPa Xap OMp CHMBOJ CUTHAN 3JIEMEHT/IapH bnnan
anMamTipunany. Jekomnall xaM Kk 60cKuYla aMaira OIMMPUIaNy.

V3nykcn3 ajoka KaHaJUlapHia Koaimaul HucOaTaH AXIOM HaTHkA
6epaau, ayHku OyHzaa KYIMM4a aIMaInTHPUIN O0CKHIM AYK, HaTHxaza
ax6opor kaM iykoTUnazp. AMMO Oy KOQJIAIHH amaira OIIUPHIN
Mypakkabpok, TIYHra KapaMmaclaH NMHCKpeT anoKa KaHATH OpKaTH
ax0OpoT/IapHM y3aTHIl HUCO6aTaH OCOHPOK,
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15.9. KoppeknasaoB9A KOAJNAPHAHHT TypJapn

XanakutOapmom KkoanapiaH QoimanaHdLl OMAMH  KkoAJapra
OpPTHK4Ya 3NEMEHTap CHMBOJUIAD KMPUTUIN OPKAJIH amaira OIUHPHIIaIH
Ba y3aTHNaéTraH xabapjapHHHI acJira MOCAHK AapaKacHHH OLIXpPalH.
Hatmxana xomnap KOMOHHAIMACHHUHI OpTHK4Yanuru xabap MmanOGau
OpTHKYaTHrura HucOatan omaxu. Haruxana ysatwiaran xabapparu
XaTOHM TOIIMIN Ba YHHU TY3aTHHIra UMKOHHMAT APaTHIagN.

Xo3upaa MaBbliyM 6ynrau TypiH XalaKHTOapaoII
(KOppeKIHsITOBYH) KOIUIap TypJIH XyCycHAT/Iapura Kapab oup-6upuaan
dapknanany.

Ywby 6GenrunappaH OupH KOZHMHI acocH — m O¥nu6, xomnap
koMOvHanuacugary 6up-OupuiaH ¢apkiaHyBUM 3NeMeHTap CHrHaUIap
coHy bunaH aHMKIaHagW, 6ap3aH xox andaBuUTH ne6 xam atanagu. OHT
KEHT TapKaJiraH KoJUIap HKKUAIMK Kou1ap O¥mub, ymapHUHT acocH m=2.

ByHpaH Tamkap# koanap, GlOKIIN Ba y3NyKCH3 Koanapra 6ynuHaau.
Brnoxnn koanapaa xabap Hasbarmars xap 6up OGenrucu Gup Heda KoOZ
CUMBoOJUIapd (Komnap KOMOMHAIACH, KO c¥31) OHJaH anMalnTHpUiaaIy.
Vinrykcus komiapAa  Koiyiap  anoxmpaa Onoxura Ba  cy3ura
axpaTunMaiiu. Bydana kommap cumBonm xabap Oenrmnapm keTMma-
KeTnury OunaH aHUKIaHAIH.

bnowin komnap yd4yH KO C¥3H Y3YHJIHIHW TYLIyHYacH ajloXuia
axamusTra sra. MKkuink koamap y4yH koj 6710k# [aBOMHIIMIH KoAnap
KoMOuHauusacugarn «1» Ba «O» nap conu OunaH aHHKIaHagy. Arap
XamMMa Koanmap koMOuHAauMAcH y3yHIUrM Onp xua Oynca, sAeHU
3/IEMEHTap CHMTHaJUiap COHM n Oup xun 6ynca, 6yHpaii kommap Oup
TEKHC KOJUIap, aKc Xojja HoTekuc koqinap ne6 arananu. bup Texuc
kopnapra MTK-2, MTK-5 Ba Hotekuc xozyapra Mop3e KOOH MHCOI
6ynanu.

Arap xoliap KOMOMHALMACH acOCH M T'a TEHT Ba YHAATH 3JIEMEHTap
CHTHaJUIap COHM n Ta 6¥nce, y Xxonaa

M<m?, (15.59)

KozJiap OJIOKMHH XOCHI KHIHII MyMKUH. Arap doiifaianunagmrad
KoJnap KOMOMHALMICH COHU JUCKpeT Xabap SNeMEeHTIapy COHNra TeHT
6ynca, Oynnait koanap oxauii koxnap ne6 ropurunamgu. Babzan Gywuaii
KOIJIap TexaMKop komiap Jneb xam artanagd. ByHnalh kopmap
Xanakutoapaom OynMaiiay, YyHKM ylapa XaTOHH TOMHUIa Ba YHH
TYy3aTHLIra XM3MaT KHJIaJUraH OpTHKYa CHMBOJUIAp HYK, XaMMa Koajap
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KOMOMHAIUsACHIaH AUCKpeT XxabapnapHu y3aTHII YYyH doiqanaHmnnamy.

Komnap koMbuHanMscH QUCKpeT xabap 3neMeHTIapH COHHMAH KTl
6ynca, OyHpaii kojiap OPTMKYaIM €KUM XamakuTOapAoll Komiap aed
atananu. ByHma xamMMa Komnap KOMOWHAUMACH HOUCKpeT Xxabap
3NeMEHTIapura  OVPDUKTHDUITraH —  pyxcaT AOTHIraH  Komiap
xoMOHHaMAcHTa Ba xabap yszatum y4yyH ¢oiinananunMaiaurags —
TaKuKJIaHraH xoanapra 6ynuHagu. Xabapuu kabymnam mexomnarn
TOMOHHJAa KaiicH Koiap KoMOMHauusiapuzaH xabap y3aTHII Y4YyH
doitpananuuumry Mapiaym OYnuiuu kepak. Poilimananumra pyxcar
ITHITaH Kojulap KOMOMHAIMACH XallaKUTjap TabCHPHAA TaKUKJIaHIaH
xoxyapra anMammHuG Koica, 6y xomma AeKomep XaTONHKHH TONATH.
Komnap xoMOuHanmscHaars opTHKYa SJIEMEHTIap COHHHH OINHPHO,
HadaxaT XATOJIMKHH TONHMM, OaNkM YHHM TY3aTHII MMKOHHATHHH XaM
ApaTUIl MyMKHH.

Komnap rokopuaa KenTupruraH Oenruiapy, KypcaTKduiapuIaH
TaliKapy fHa Oomxa xycycusrTnapy OmnaH Oup-Oupupan ¢apk 3THIIH

MYMKHH.

15.10. BJiok/1Aa KOPPeKNMAAJIOBYH KOAJAPHAHAT acochi
XapaKTepHCTHKAJApH (TaBcu(IapH)

Bioxn# KoppeKluanoB4H komnapHu (n, k) opkanu 6enrumam kaOyin
KWIMHTaH, OyHJa n — Kojjap KOMOWHAamUACHAAarH 3JeMeHTap
CHTHAJUIApHMHI yMyMH# coHH, k — ax60opoT TaluyB4M 3NeMEHTap
curHawiap coHd. KeHr Tapkanrad kommap xkoMOMHamuscH ONOKU eTTH
3JIeMEHTap CHTHaI#aH Ba ax00opoT TamyBuM TYpT SJNeMeHTap
CcHMBOIOaH ubopaT XeMMHHT KoY, Kyitunaruda Oenrunanam (7,4).

Xap KaHzal ONTOKIH KOppeKUMAIOBYM KOJA KOIJap KOMOMHAIHICH
r=n-k Ta TelamupyBuYM (OpTHKYa) BJIEMEHTap CUIHATapiaH ubopar
6ynagu. Ulynnaft xummb, ymymut M =m" xo/yap koMOWHaIMsICHNAH
daxat M,=m* TacK pyXcaT ITHIraH Koijiap KOMOMHAIHACHHH TAUIKHI
3Taay Ba KOJA XaKMHU e I0pHTHIAIN.

Kon teamuru ned, Kyiinnaru Karranukka af THIaIu:

R log M

nlogm

Arap xap Oup Koz cy3u OWp XuN BXTHMOJUIMKIA Ba OGup-Ompura
fornagmaraH xosA2a y3aTHICA, Y X043 logM - Xap 6up Kox cy3ura Moc
KeIyBUH Xycycuil axbopor (auTpomus)ra TeHr 6ynamu. By xomma R —

, arap m=2 6ynca, R=%, but/cum. (15.60)
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KoJ OHTTa CHMBONM Xycycuil uHbopMauuscy 6ynanu.

BroknH  KOANMAapHHMHT MYXHM KypcaTkuumapuiaH OupM Ko
CY3MHHHI Ba3Hdu OYnub, y komnap xoMOHHalMsAcHOard «1» jap COHH
Ouian OenrwiaHamy.

Wxiu ko koMOWHALMANApH opacuard XeMMHHT OpalHEH, KOAIap
koMOuHanuanapn Oup-OMpunaH ¢apknaHaguraH TMO3ULMANAD COHH
OuyiaH TakKociaHa&TraH Kojiap komOuHanuanapuaaru «1» sa «0» nap

HKKHMJIMK MOyJ1 I(y’lLIHJ'HfIIHH acoCHU @ aHHUKJIaHaH.
10011

Macanad: 01001
11010

XemmuHr opayiurd d=3, OyHZAa MKKH TaKKOCIaHa&étraH KopJiap
KoMOuHaluscH Oup-OMpuMaaH yu mMO3MLMAAa ¢apknaHagu. XeMMUHT
OPAIMFH TYPJM MUKKH KOAJIAp KOMOHHALMACH YUyH OMp XHJl KaTTaJHKKa
sra 5Mac. XaMMa KOITap OpacHJard 5HT KWYHMK OpaMK XeMMHHT
MHUHUMaJ opayFy Jeb aranamw.

Onnuit (TexkaMKop) Komiap y4yH XeMMHUHT opayury d=1. mynpait
KOPPEKUMSUIOBYM KOJyap OOpKM, yNapHUHT Xap KaHpJail WKKHATacH
opacnzard XeMMHHT opayuFi 6up xun 6¥nno, 6ynpakh xomnap Oup xun
OpaNMKIH (IKBHAMCTAHT) Konap xed aranamy.

CKK xanakuTOapAOUIMKHH aHHMKIAINTa Vxmam ycyJ Koniail
Hasapuacuia XaM JekoJep Kapop kalysJ KHIMII Me30HM acnura
MOC/IMKHHHT 3HI' KAaTTa KUHMaTU acocHJa aMajra OLIMPUJIaiu. v, -
y3aTHiraH koJ c¥3u 6¥nca Ba x() - KaOyn KWINHraH CHrHaap Onoku —
Ko koMOuHanuAcH O¥inca, y xoinia jAeKoIUIall KOMAACHHHM KyHupaaru
KYpHHHUIILAa HHOJA STHIT MyMKHH:

px/v)>plxlv),  i#j, (15.61)

OyHna, i=12,.M Ba j=12,.M &KH
max p(x/v,), (15.62)

Me30HH acocHja Kapop Kabyi KHIWHAOM Ba v, Ta MOC JHCKpeT
xabap aneMeHTH pyitxarra onHHaIH.

XaMma KoJi CY3JTapHHMHT Y3aTUNMHII dXTHMOJUIAIH 6up xun 6ynca
JeKoJiepyalll amMaJjid 3Hr KaTTa (Makcumaln) yprada TYFpdH KaOynnain
3XTHMOJUTUMMHU TAbMHHJIaHH.

XOoTHpacu3 CUMMETPHK ajloka KaHAJUIapHJa XaKKOHMH YXimaunink
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MaKkCUMyMHra XeMMUHI OpaJMf¥ MHHHMYMH aCOCHA3 AeKOoJIall MocC
KeNagH, YHH KyHugaru KypHHAOLa udoaanam MyMKUH:

v; =mind(x,v,). (15.63)

Ymby xoupma Oyiinua kabyn KWIMHraH KOZ CY3WJaH 3Hr KaM
thapxranyBuy Koz cy3u kabyn kunuHau geb xucobnaHamu. Arap aioka
KaHaTH XOTHpalH K1 HOCUMMETPHK O¥iica, y xonna XeMMUHT OpauFH
MHHHMYMH acocHia kapop Kabyn KWIHLI onTHMal OynMaiinm.

Komnamr HasapuicHpa xappaid XaTONHKJIAp TYLIYHYAacCH MYXUM
ypus srajuraiian. Opataa koqnap 6aoxuza / Ta cumpon Oy3wirad Oyica
y Xonja / — xappald XaTONHK cogap Oynaum ne6 afitunagu. YMymau
ONraHja KappaiM XaTojMk ne6 kabyn KUNMHraH Ba Y3aTHITaH KOJ
c¥anapu opacugary XeMMHHT OpaluFH TyLIYHUIA K.

KommapHuHT XaTONapHM TONMHII Ba TY3aTHII HMMKOHHATH KOJ
OpaMfH  MHHAM&J  KaTTAIMIM  OpKalM  aHUKIaHaau.  Arap
KOppeKIUANOBYM koA yuyH d>1 6¥nub, yHOaH XaTomMKIapHY TONULI
yayH doiifananmnca, yHia xamma /<d-1 xappanu XaTOIHKIAPHH
Tonuanioy kadonarmananu. Xakukar Xam, Kabyn KHIMHTaH KoJ cy3uga
kappann xatonuwiap / XeMMuHr opanufd d AaH KHYUK, YHM pyXcaT
STHATaH KO KOMOMHAUMsJIApH TYIUIAMHIa KHPUTHII MYMKHH 3Mac,
YYHKH y KONTaH KOATap KOMOMHAUMsACHAAH KOAMAap KOMOWHauHACH
opanury d maH kuuuk 6ynamm. Iemax, OyHpaif koanap koMOMHAUUACH
TaKUKJIAHTaH KoMIap KOMOMHALHACH TYIIaMHra KHpaJ# Ba XaTOJIHK
tonunana. Arap />d Gynca, y Xxonaa kox koM6uHaumsicu 6oinka 6up
pyxcaT OSTHNraH KkoJ KOMOMHAIMACHIra MOC Kenaid Ba XaTONHK
TonunMaiinn. AnbGarra, Oy xosnapaa 6ap3H XaTONHKIAD TOMUIADIU
MyYMKMH, ammo OyHra  kadonmar kam Oymamu.  Komnap
KOMOMHAaUMACHIArd Xap KaHjali OWTTanMK XaTONHKIApHM aHHUKIAll
yUIyH KoZnap KOMOWHAUUACH opacuard opauk d=2 O6ymiimn Kepax.

Koppexnuanosun xon xaTonuiiapHu kadonatnu Trpuiain

HMKOHHSATHIA 5Ta OYIHIIK ydyH, d — xydT OYnranma ls%—l 6y i Ba

d - Tox O¥ynranpa 15% 6ymumm kepak. Pakar uwry Imapriap

Gaxapunranfa XanakuT TabCHpHAa Oy3niraH — TaKUKIaHraH Koxuap
koMOuHalAcura yTraH KOMOMHaUMsANap JeKoAjail HaTHKacHiaa
XeMHHT OpalTuFu 3HT SKHH OYIIraH pyXxcat 3THIraH Koi KOMOWHaAUHUACH
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Onjnay anMamTHpuiIami. Ba HHXOAT, arap KOPPeKLUMANIOBUH KOA
XaTOJIMKJIADHY TOMMLI Ba YIAapHHM Ty3aTHII MMKOHHATWIA 3ra O¥muimu
y4YyH YHHHr XeMMHUHI Kkoj opaiufu Kyluparn Tanabnapra xaBoO
OepullM 1UAPT, ABHU d>2,+I, , OyHAa I, - TysaTunumm kadosaTiu
XaTOJNMKIAp COHM, [, - Ty3aTunMmaciadH Yuupmnagurad (pyiixarra

¢

ONMMHMAiIUran) XaToNNKIap COHHU.

15.11. XaTonnkJiapEH KOppeKNHEAAAN YIYH
YAIAKJIA AKKAJEK KOJJIap

Xo3upraya MabJiyM Ba AXIIY YpraHwiraH KoAIapaaH OUpH YH3HKIH
ON0KIM KOPPEKLHMAIIOBYH (Ty3aTyBuM) Koanapmup. by xoxnapuu KypHi
onuii arebpa GaHMHUHT AMCKpET 3NIEMEHTNAp TYIUIaMH Ba yap yCTHAA
6axapwiamuraH amajnapra acocnaHrad. Ymap OyHmaH —Tammkapu
paKaMJIH MaHTHK MUKPOCXeMaJlapH EpAaMiia OCOH aMajira OLHPHIa H,
IIYHHHT yuyH OyHzaail xognapaad ¢oifJanaHuil KeHr TapKairaH.

Qakar O6Mp HedTa Hoap keTMa-Ketauruaad wuGopar (000...0)
Kyniuk Ba ymly keTMa-KeTIUK Xap KaHjai Oup »yTHHHHT MKKHMITHK
Monyn Oyiinya HMFHHIOMCH XaM yuIOy KYIUIHK 3NICMEeHTH O¥namura,
Y3YHIUTH N ra TeHr OynraH HKKWIMKIAD KeTMa-KeTJIMCH TYIUIaMH
YH3MKIH UKKAIMK 6noxnu xon neb atanmagu. Baw3aH Oyupaii xoznap
TypYXJd Koanap AeO aTanamd, YyHKH YJap Y3yHIHIY n O¥nraH HKKAIHK
KeTMa-KeTINKIapy IYPYXUHUHT OUp KUCMWHY TAIKHIT 3Taxy.

Yusnknyn komnap opacupma (n, k) cHcTeMaTHK KoIap ajoxuaa
KA3UKUII  TyFaupaad. by komnapaa koanap KoMOMHalMscHAArd
Jactnabku k Ta cumBoiU1ap MHGOpPMAITHOH cUMBOJUIAp O¥nHMO, KoiraH
r=n-k cHMBOJUTap TeKWIHPYBYH (OPTHKYa) CHMBOJUI2Zp HMH(pOpMaIHOH
CHUMBOJLIap YCTHJAH YH3HKIM aMaulap (MKKAIMK MoZyn Oyituua
Kywum) 6axapHil acoCHAA IAKUIaHTHPHIAIH.

Unsuknyn OOFMMKMAcIMK TylWyH4Yacunad doiigananu® quM3uKIu

KOIJIApHHM KypHIL aCOCJAPHHH TYNIapoK Kyprb drkamus. Mabirymku, %
HUHT 6apya (0,1) naH Tamkapy 6owxa KUAMATIAPH a, =a,=a, =..=a, =0
6ynca, y xonga v, v,, ... v, KoJ KOMOMHaUMsNapH 9GU3HKIH OOFIUK
amMac neb atanajy, arap

av +a,v; +..+av, 20, (15.64)
IIapTH Oaxxapuca.
Komnam Hazapmscn yMymuit M =2' qusuiim Koj pyxcaT 3THAraH
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KOZ/ap KOMOWHANUMACH TYIIJIaMUIaH, XoXJlaraH k Ta 4u3uKmM OOFIHK
3MacIMK XoccacMra sra 6ynraH koanap KOMOWHALMACH TYILIAMUHU
TaHJIalm MyMKUH. By koanap koMOHMHAUWACH TYIUIaMH UM3HKIH Oa3aBuit
Kommap koMbuHanuscm ne6 aramagm. By axpatuinraH  Koj
KOMOWHANUsIapy TYIUIaMHM Xap MKKWM TallKH 3TyBUHIapH OHp-OHpH
OMNaH MKKHIMK MOZIYJIH acocuja KYIUWIHINM HAaTH)Kacuaa, SHIH KOX
KoMOMHanMANapH  TymiamMuHM  xocun  kunamu. bByHpmali  kon
KkoMOuHaumsiapy coHu 2° Ta 6Ynm6, pyxcaT ITHITAH KO
koMbuHauusnapy coHdara TeHr Oymamu. [lywpaif xumud, uyu3uKIM
6ot kox k Ta ymsuknu OornaHuuga O6yiMaraH 6asuc 3IeMEHTIIap
€pllaMi/ia aHUKIAHWIIH MYMKHH.

Bynpait kxonx komOMHauMsIapy TYFpH OypHawm G,, KenTHpub
YUKAapyBYM MaTpHLa MAKMIa &30 Kabyn KunuHraH. Ymby matpuua k
Ta caTp Ba N Ta YCTyHAaH TAINKWJI TomraH OymamgM Ba yHH Ky#ujaru
KOHOHHK LIaxiaa uoaanam MyMKHH:

Gop =1Bipsy |- (15.65)

Exu (15.65) Hu &ifiran makiu Kyiuaard KypuHumaa 6yaamu:

100..0  Bgu-bi,
010.0  byby,

G,, (15.66)

000...1
. blz.h.l _kbk.n

(15.65) udonana 1, - ymuamu k*k 6yaran Gupmuk Matpuna 6¥muo,
«1» mapu acocuit AuaroHanja Ba Gouika >xofiymapuna Hons 6yiaamu. By
MaTpHLAHUHT caTpriapu y3yHnurd k 6ynran xabap manbau wHiiab
YHKapaguras HH(OPMaLMOH 3NIeMEHTIIap KETMa-KETIHIHHH
udonanaiau. B,,, MaTpuLa caTplapd KOPPEKUMSIOBYH KOAHUHT
TEKIIHPYBYU CHUMBOJIMHY Honanaliam.

k Ta yu3uKIH GornuK GYaMaraH xox KOMOMHALMATAPHHA KEITHPHO
YHKAapyBY¥ KOJ MaTpulacy, KOHOHHMK INAKIOH E3MIMACINTH MYMKHH.
AMMo ymOy keaTHpu6 uMKApyBYM MATPULAHUHI  CaIpJlapHHH
y3rapTHpHLI, SBHH YPUH aIMalunain Ba MKKHIHK MOTYJ acocuzaa OGup-
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Oupura KywuL Hyny 6uiad yHY KOHOHHK HIAKIra KeJITHPHLI MyMKHUH.

Hlyuy anoxuja TabKUIJIall KepaKKH, arap MaTpUlia YCTYHITapHHH
Y3rapTHpHIL, ABHU YPUH ajMalLiall Ba MKKUIMK MOAYN acocuia Oup-
Oupura KYWWII HAaTWXKacHJa AHIM KOPPEKUHUANOBUM KOJ OJNUHAmH. By
KOJ Xoccanapy JacTiabKu YHU KeNTHpHO yuKapraH Koj XoccanapuaaH
dapk Kunagd. Arap MaTpMua YCTyHNIapH QakaTr¥Ha  ¥3apo
amMalutupuica, Oy xonna koa KoMOMHAUMACHHUHT Ba3HH y3rapMaiiu,
HaTHXkKajga JacTinabkura OSKBHBAIEHT OYNraH SHTH YU3HKIH KOJI
OJIMHA/IH.

Kentnpu6® umkapyBum maTpuua (koA c¥3napu) yCTHAA IOKOPHAA
Kypcatu® ¥yTHNradH amanmap, HoJlap KOMOHHaLMACHHM  Kenud
YHKHILAra ONMO KeMuImM MyMKHH, Oy Ko KOMOMHAUWsCH XaM
nJactinabku 6upnaMuu ko Tapkubura kupaad. Arap Honb 6§nmaran 6up

V.
Xy}t koa komOWHaumsiapy " Ba / HHM TaHiacak, y Xoiha yJap

d(V.,V.) -~ v
opacvjaaru XeMMHUHT OpaJIuFu Y07, KaHIAUIHUp YYHHYH ¢ KOJ

koMbuHauusacu BasHu P(Y+) ra Tewr Gynmaam, Oy koA KOMOHHAUMACH
XaM ¥3 naBbaTuia, ymoby nactiabku KoJ Tapkubura Kupaiy.

Kerma-keT TaHnmammnap acocHpa IIyHAal koJ KOMOWMHAUMACHHH
TONHWII MYMKMHKHM, Yy HOJNMHYHM KO KOMOMHanuscura HucOaTaH 3HT
KHYMK (MHHAMa)) XeMMUHI opanurura sra 6ynaau. bynman myHpaai
MYXHUM XYJ10Ca YHKAPUII MYMKUH, SbHH YN3HKIH KOPPEKIHUAJIOBUH KOJ
MHHHM&IT Op&IMFM YHHHI HoilapmaH uOopar OymmaraH koxmap
KOMOWHAIMACH Ba3HHra TeHr Oynanm, sbHH d=mind(v), arap v =0

6¥ca.

Hlynpait kumub, 4YH3MKJIM KOPPEKLMAJIOBYH KOI YYYH KOX
OPATHFHHUHT MHHMMAall KHMMAaTUHH aHUKiamm Tanab 3THica, yHM KO
KOMOUHanuAnapu Ba3Hy pyixaTH opkaiu anukIam MyMkuH. Hlyan xam
Ta@bKULIAII JIO3WMKH, KeNTHpHO YHKapyBYH MaTpHlia MawiyM 6yirad
YU3UKNH KOPEKUMSJIOBYH KOAJapAaH ¢oHmanaHHuIl, KoIaml >Xapa&Hu
MypakkabnuruHy kamaiiTupamu. XaKMKaTaH XaM KOANaIl KypHIMacH
XoTHpacua Xxamma M =2 naBOMHIIMIH N-CHMBOJAAH TAIIKKI TONIaH
xomHH &ku 12" 6GuT axGOPOTHH caKiaml YpHura, nk=logM  gyr
Xa)XXMIar Ko KeNTUPHO YMKapyBHUHM MaTPULIAHH XOTHPaIU ONUO KOIHII
eTapiM XucobaHamy.

Mucon yuyH, (7,4) YM3MKIH KOPPEKUMSIOBYH KOAHH XOCHI
KIWIHIOHY Kypu6 uukamu3. YHuMHr Tapkubuma M =2'=16 pyxcar
3THJITaH Kojutap KoMOHHanusck 6op:
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1.0001110 5.1001001 9.1010010 13.1011100
2.0010101 6.1100100 10.0101101 14.1101010
3.0100011 7.0011011 11.1110011 15.1111111 (15.67)
4.1000111 8.0110110 12.0111000 16.0000000

Honp 6§nMaras, kox komMOHHAMIapY Ba3HH PM)=3 | remax d=3.
neMak, ymOy kox OWTTa XaTONMKIApHM TYFpuiainra TYJIMK kadonat
Oepaau.

Ymby xomHu, KeNTHPUO YHMKApyBYM MaTpPULAacH KaHOHHUK
KypUHHINJa Oynran maxira onu6 Kenum yuyyH OHpHHYHM TYpTTa Komiap
KOMOHHANMACHHY TaHaiMH3:

(15.68)

O = O
o = O O
-0 O ©
—_ = O
—_ ) =
(=T

ByHaaH Taumikapy KOATAUl Ha3zapusacuia fHa OHp YCynJaH KEHT
¢doiigananunanym, yHMHI  aCOCHHM  TEKIDMPYBYHM  MaTpHIafaH
tofinananuin YCyNIH TALIKHA 3Tald:

H..,k = lA(n—l)kIn—kJ’ (1 5'69)
OyHza A = Biy = (n=K) caTp Ba k ycTynmapmaH wu6GopaT
Matpuia, T-Oemrmcu B MaTpunmaHu TpaHcmonupiam (caTp Ba
YCTYHIIapy YPHAHHW anMmalotTupuin), I, - Oy (n-k) catpnu Ba myH4a
YCTYHII GHUpPITMK MaTpHUIa.

TexnmpyBuu Matpuila EHMraH mawnna KyAHOard KYpMHHIIHH
oNagu:

a,..b, 100...0
aZ,l"'bl,k 010...0

Hop = : (15.70)
a(n:k),l"-a(n_k)_k 600...1

Kon TtexummpyBuYM MaTpHLIIACHHH Ky#Hngaruya KypHUIl MYMKHH.
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Hactna® 6upnuk MaTpuua /,, &3ujiagd, CYHrpa YHHHI Yal TOMOHHMIa
B, MaTpHlia YCTYHITapHIAaH OJHMHITAH CHMBOJUIAPHM aKC ITTHPYBYIM
4, MaTpula &Mnand. Ynby cuMBOMIIap kojtap KOMOHHaUHANIApHaa

TeKUHMpyBuH (OpTHKYa) XMcoGnananu. Kypuna&rran (7,4) xon ydyH
TEKLINPHII MaTPULIaCH KyiiHaaru kypaHumga 6ynaan:

1
H,,=|1

0
1
11

11100
01010 (15.71)
10001

TexkmMpysuud MaTpulanaH KyfMOaruiapHH aHUKIAl MYMKHH:
HonjaH ¢apKnaHyB4H, KOAnap xoMOMHAUMACHAArd axb6opoT TalmyB4H
SNeMeHTIapra MOC KeNyBYHiapH, TeKLUIMPYBYH 3NEMEHT Kalicu Oup
axbopoT  JMEeMEeHTH  acocHa  INAKUTAHTAHIMTHHH — OWMnpgupamy.
TexIMpyBYM BIEMEHTHMHT MOC TNO3KLMANApHAA “KOHIaliraH HOJb
Oynmaran sneMeHTIap, TEKUIMPYBYH O3NeMeHT Kalicu Oup ax6opor
3NeMeHTH acoCH/a IaKIIAHMaHNUTHHH Gunaupany.

IOxopuna kenTHpUIraHiapHu Ba 4HM3HKIN (7,4) KOO TeKIUPYBUH
Mmarputacu (15.71) Hu sbTHOOpra osraH Xonxa, Xap KaHAadl KoJ
KOMOWHAWATApUAA TEKIIMPYBYM SJNeMEHTIApHH  IJAKUIAHTHPHIN

KOMJACHHH, TBHH ¥ = VioVo-¥s pg 1=12,..16 yyyy:

Vs =V +V+v,,
Ve =V +V, +,, (15.72)

V=V 4y, 4y,

ByHna Ky aMand MKKUIMK MOIYJ acOCHAA KylOMIO KOMAACH
acocuna 6axapunanu. OnuHrad HatixanapHd 0101 keTMa-KeTAHTHHU
KoJyam y4yH Kyyuiaiimus, Komnap koMOnHanuanapuHUAT HHGOMAIHOH
anementnapu ¥ =GV =LV =0 =1 6y yonna Texumpysun snementap
Kyliugaru KuiiMarinapra sra  O6ynmagu: v, =0+0+1=1, v =0+1+1=0;
v, =0+1+0=1. lHynnai kunu6, 0101101 xoa koMOHHALIMACHHU OJIaMH3, Y
(67) udomanaru 10-un xoa xoMOKHauuscura Moc kenanu. KonraH xon
KOMOHHAIMANApY XaM LIy yCyl OWiiad TeKIIUpYBYM 3JIeMEHTIap OuiaH
TYNaupub YMKHIaIH.

Arap G pa H wmatpunanapra (15.68) Ba (15.70) sna 6up Ha3sap
TAallNacaK, YNApHMHT Xap 6upn um3ukid  Oorauk  6ynMaraH
KOMOHHaUMANapJaH Ba BEKTOpiapAaH TalIKWJ TONTraHJMIMHY KypaMus.
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IynuHr yuyd ym6y G Ba A maTpuuanapHu xap GUPHHHUHT Y3YHIUTH N
ra TeHr 6¥nraH BeKTOpJapIaH TAIIKUN TONIaH YH3HIUH (a3o Aed Kapain
MyMKuH. OyHnaH tamkapy G Ba H marpyuaiap y3apo OpTOrOHal, SbHH
G Mmatpuua caTpuHMHT H MaTpuia caTpura ckanfp kymaiT™acd Honra
TEHT, AbHH

HG' =0. (15.73)

Ilyuudr yyyH G Ba H Marpuualap YpHUHU anMamTHpUO G
MaTpHLlafiaH TeKWHpyB4YHM H MarpuuagaH axbopoT TalmyB4YM KHCM
mamaa ¢oiipataHuiaguran AHrM GHp KOX ONMII MYMKHH. Y1uGy
ONMHTAaH KOPPEKUMAJIOBYM Kox OwpnamMuucu OunaH nyan (MKku
TOMOHJIAMaJINK XoccacH) O¥namu. H  Martpumara Moc KelyBYd
BekTopnap ¢asocu G axGopor Mmarpuuacu Bektopiapu ¢asocura
HHucbaraH HOMMHYH (a3o gebd aTanaau.

15.12. Yr3aKaH KOGHH AeKOAJIAII

YU3MKAM KOATa TEKIDHPYBYM MATPHIAHM KYUIWJINIOM JeKodeplaul
aMaJMHH TYFpH Gaxkapuiu 6unan 6ornnk. ByHn xoa koMOMHanuAcHaark
TEKIIHPYBYH CHMBOJUIApHHM  KyiHzarn kypuHamga udomanaiu
HaTWXXaCHJaH OCOHIMHA KYpPHII MyMKHH.

vHT =0, i=12.M, (15.74)

6yHza, v, — kol KOMOMHauusnapuiaH OupM, H' — TPaHCIOHHUP-
JIAaHTaH TeKIIMPHLI MaTPUIACH.

(15.74) udopa xylimmarn MasMyHra 3ra: arap v, TeKIIHDYBYH
MATpHLIAHUHI Xap OMp carpura oproroHan 6ymca, y Xonma v,Kox
xoMbuHaumAcH (n,k) 6ok koara TernuutH Oymagu. YMyMaH onraHaa
(15.74) ndoaa YM3NKIN KOAHH AEKOLIall AMAJTHHH @HIVIATaH.

Kabyn KunuHa&TraH CHTHaJI BEKTOPH v, JEKOANAll KypHiIMacuia
YHHHT XOTHMpacHJa cCakJIaHaéTraH TPAaHCIIOHHPNAHTaH TEeKIUHPYBYX
Marpuuara kKymadtupunand, OyHHHI HaTHXXacuia «CHHIApOM» neb
aTamyBUM KOA KOMOMHAIMACHHM ONaMp3. Arap CHHIAPOM HOJIra TEeHT
6¥nca, xatomuk Hyknuruau Oungupand. Kabynm KWIHHraH KOX
KOMOHMHAUMACHIArH XaTONMK aHHKIaHMal KOoNraHAa XaM CHHIPOM
Hojra TeHr 6¥naaun, 6y xonna Oup pyxcaT 3THIraH Koj KoMOHHaUHsICH
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Ypuura 6oIUKa pyxcaT 3THJraH Ko KOMOWHaLMsACH pydxaTra OJMHa H
(mexonep YMKHIINIA Maino O¥nanm).

IOxopuaa kentupunrad ¢uxpnapuu (7,4) koam acocuga Kypub
YUKaMH3. MHco y4yH KaOyJl KHJIHHTaH CUrHal BEKTOpH v, KyHuzaru
KyprHUIILa O¥ncHy, 7 =0101101 y X01aa

S=vH" =0101101x =000, (15.75)

—_—E O O e

S © = = = o =
O - O = O =

SBHH CHHIDOM HOJIFa TeHI. by JexojnaHran kojJ KOMOMHaLUACHIA
xatonnk A¥kaurnad  Owngvpamu. OHAM  A€KOJiep  KUpHILWra
¥, =0100101 CHTHall BEKTOPH TabCHP 3Tamu Aeb xucobacak, y xonaa

S=v,H"=0100101x =110, (15.76)

S O = = = o =
O, O = O = =
—_— O O O = =

(15.76) udomamaH KYpHHAIUKH CHHIPOM HONEaH ¢apKiaHamgi
(s=110), Oy sca mexomnaHraH Ko KOMOWHaLMACHOA XaTo GOPIMIHHK
aHrnaragd. byHna xydumarn KM3uK ¥3ura XOCIHKHM KYPHIN MYMKWH,
arap teximpuin Marpuuacu (15.71) ndonacnnary ycTyHnapHM yanzaH
yHITa HOMepJacak, TYPTHHYM YCTYH OJMHraH cuHipoM s=110 ra moc
KeTWIIHHM  Ky3ataMu3. DByHpaaH  KYpHHAAWKH, XaTOJMHK  KOZ
KOMOHHALMACHHUHT TYPTHHYH CHMBOJIMIA TYFPH Keiaau. XaTONHKHM
ymOy TYPTHHYM CHMBOJNHHM TECKapUCHIa IMAIUTHPHII OpKalH
Tysatunaad. YOy xoccahu 6mpuHum O6Ynu6 1950 iiungma XeMMuHT
AHUKNIAOY, IDYHHHT Y4YH Ou3 Ypranun® uHMkKaH YH3UKIM koJ XeMMHHI
KOAM HOMHMHH ofrad. YMyMaH XeMMHHT KoanapH Ky#iunaru
napaMeTpiapra 3ra. Kom xomOuHauusa(cy3)napu y3yHIUTH n=2" -1,
TeKIIMPYBYM CHMBOJIIAD COHM I Ira TEHI Ba KO KIMOMHALHACHAaru
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ax6opoT TallyBYM CHMBO/UIAP COHH k=2"-1-r. XEMMHHT KOIMHUHT
MMHAMAT KOZ OpalufH d=3, WIyHUHT Y4yH OHUTTAlIMK XaTOJNApHH
TY3aTHII UMKOHMATHra 3ra. bus kypnb uukkaH (7,4) konupaH Tamkapy
(15,11) Ba (31,26) xomnapu xaM XeMMHHT HOMH OHJIaH OOFITHK,

Arap Texkmupum Matpuiacy H HHMHIC i-4M YCTYHH, YHMHI i-49i
HOMEpPMHH H(}OAANOBYH KO KOMOWHAIMACHTa MOC KENaJuraH KUITHO
Kypunca, y Xojia XeMMHHT KOoOu coAaiardHa udomaiaHHIIN MyMKHH.
Bynnman timxapu Honra teHr GYiMaraH CHHAPOM XaTo naizo O¥narax
pa3psal HOMEpHHH WMKKWIMK IIAKIHXAr# &3yBUra TYJIMK MOC Kelamy.
Yoy ycyn 6unan €unran (7,4) xoj TEKIIUPYB MaTpPHLaCH Kyinmaru
KYpUHHIIHY ONaJH:

—_—

0 1
H,,={0 : (15.77)
1 1

O - O
[=EN =R
o O =
S -

XeMMHHI KOHM WYH3HKIM ONOKIM KOJIADHMHI XYCYCHH XOJH
xucobnaHazn. YMyMaH onranga XeMMHHT KOMIapHAaH OOMIKa YH3HKIH
6moKTH  KOAJIapHM HOeKoUlall aH4Ya Mypakka® Oynub, ymapuwHr
CHHAPOMIIApH XaTONUK pyil GepraH paspsamiapHM aHUK KypcaTMalad.
CHHIOpDOMHHHT HONJaH (apxnaHMmy KoJ KOMOMHALMsACHIA XaTONMK
6opnurnuu anrnatamu. Kop daxaT XaTOJMKHM TOIHMII XyCYCHATHIA 5ra
Oynca, OyHHali KoANMapAard XaTONHKIADHH Ty3aTHIIl YJIYH TeCKapH
KaHaK 6op ajoka TusMMuAan doingagaHuin kepak OVmagu, Oy Xonnma
XaToNMHK ymby koMOMHAUMAHM Kaiita TaKpopnail y4yH CYpOB OpKIH
TaKpopaH Y3aTHIUIIH HATHXKACUA Ty3aTHIIaIH.

MacanaH, nexofep KHMpHIOMra KaHAaliaup v, CHMBOJ BEKTOPH
TaBCHP 3TCHH. by CHFHAN BEKTOpH XaJJaKUT TabCUpPHUAA ¥3 XOJaTHHH
y3rapTHpagM, SBHH 7, =v,+E, KypHHHUIIHU ojdagd. CHHIPOMBU
xucobnaliMus;

S=VH =(v,+E)H  =v,H" + EHT = EHT (15.78)

(15.78) wndomama vH"=0, HYYHKH CHHIpPOM ¢aKar XajakuT
TabCHpHAa  HOJJaH dapknanagu. Cunapom bakaT  xox
KOMOMHalMACHLArH CHMBON  X&IaKUT TabCHPHAA TecKapHucura
aiinaHuIy HaTHXXacKa HONAaH QapkiaHaiy.

Mynpga#t kumub, YM3KKIH OJMOKIM KOAHM JeKo4iall Kkapa&HH
KyAuzarnaad ubopar. Jlekofep xoTHpajiall KypUiMacHra Hojra TEHI
6¥nMaraH CHHApOMSAp Ba yjiapra MoC KeNyBYH XaTOJIMK/IAp BEKTOPH
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xampaiy E3unaau. Jlexomnawn ckapa&siupa KaOynl KHWJIHHASTraH Kom
KOMOMHAUMACH CHHAPOMM XUcODJIaHag¥ Ba YHHMHT acOCHIa XaTOJIMK
BEeKTOpU aHHKaHagu. CYHrpa XaTONMK BeKTOpd KaOymiaHraH kop
xoMOuHauHAcHra Kymmagd. Harikana xaTonrk Ty3unaiu Ba JUCKPeT
xabap ONyBYMra TYFpHJaHraH Koj KOMOMHalHscu erka3ud Oepuiand.
By ycnman GoijanaHuirania OEKOAEp XOTHpacHra 2" XaTONHMK
BEKTOpJIapH Ba IIyH4Ya CHHAPOMIAPp, LIy *YMJajaH, HOJ CHHApOMIIAp
®aJBajlhl KUPUTHIHIIH Kepak. By »xagBan Kucka komnap y4yH HucOaTaH
kuunK 6¥mamu. AmMmo LlleHoH TeopeMacupaH OniaMM3KH, axGopoT
yTka3ulija IOKOPY aHHKIMKHY TabMUHNAI YIyH KaTTa JaBOMHUANTHKKA
sra Oynrad kofnapipaH ¢ofinananmmn kepak Oynann. Hatuxana,
JeKOAep KaABAIH XaXMHU Ce3UIap/M Aapakaja Karranamand. Macanax
(63,45) xomm yuyn nekomep Xortupacuma 2'°=262144 ta xaromux
BEKTOPH JKafiBay OYNHIIM Kepak,

Kipu6 ymkmiran pexoanam ycynuiaH HucOaTaH KHCKa KOJUIapHH
JeKojnalll Ba XaTolap COHM YHYa Karra OynmaraH xonnapaa
dofigananun TaBcusa stunand. KeilvHrn Hviapaa caMapaaopiuru
IOKOPY KOZJall Ba J[eKOojnalll yCyjijnapu fApatuiarad G6ymm6, ymap
3aMOHaBHH DPaJHO3JIEKTPOHHKAHMHI JUCKpeT CXeMa-TeXHHKa Ba
MHKpoIipolieccopaapian  ¢oiigaranu® amanra olWMpHIafH. YIapHH
TYNUK YpraHHII 3MIeKTP A/I0Ka HazapHACH (aBHHT JaCTypura KupMaiiay.

Hasopar caBosiapn

1. Xabapnaru ax60poT MUKIOpH HUMara 60FIHK?

2. Huma yuyH ax0opoT MHKIOPH Xabap y3aTHJIMII 3XTHMOJLIUIH
6unan norapuMUK OOFIMITHKAR 6 nuLIN Kepak?

3. Oxrumomnury Oup xmn Ba Oup-Oupura Oormuk OyaMaran
Iuckpet xabapiap MaHOau SHTPONMACH HHMAara TEHr?

4. Xabap manbau an¢aBuTH OPTHKYAIMIH Neb HUMara alTHIaTH?

5. Mxxunnx xabap Manbau OpTHKHaNUIHHA aHMKIAHT, OyHzaa «0»
Ba «l» napuuHr mafino Oymum sxtumommurd p(0)=0,1; p(1)=0,9 neb
KaOyn KHAMHL.

6. Outpomnus neb HuMara adTnanu?

7. VanykcH3 xabap OSHTPONMHACH HHUMara TeHr? VY3IyKcHs3
CHTHaIHH Xabap YTKa3uII HMKOHHATH YEKIaHTaH aJoKa KaHAJH OpKaTH
AHMK Y3aTHIL MyMKHHMH?

8. /InddepeHunan 3HTPONHA AeraHaa HUIMAHH TyUTyHacus?

9. V3apo undopmaums AeraHaa HAMaHH TYUIyHacH3?
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10. Anoka KaHATMHUHT axOopoT ¥TKa3uIl HUMKOHUATH JAeraHja
HHMaHH TYIIYHAacH3 Ba y KaHZal aHuiJtaHaau?

11. Bup Heua ax6opoT yTka3uill HMKOHHATH TYpJiH O¥nran ajioka
KaHaJUlapd KeTMa-KeT YJNaHraHJa HaTwkaBuii ax0opoT ¥yTkasuiu
WMKOHHATH HUMara TeHr? Arap ynap mapannen ynaHca, yHWHI ax6opoT
YTKA3UII UMKOHHATH HUMara TeHr 6¥naau?

12. Vanykcus cHrHain AMCKpeTIaill OpKald y3atHinraHga axbopot
MUKJIOpH y3rapagiumu?

13. Huma y4yH ajioka KaHATUHHHT ax00poT y3aTHUIl MMKOHUATHUHH
Ounum 3apyp?

14. Ax6opor yTKa3uIl MMKOHUATHHY annknamra teruuum [leHon
dopMynacHHH E3MHT Ba YHHU TYITYHTHPHO OepHHT.

15. Xabap ysatum Tesnurm ne6 HMMara aiTHmanu Ba y KaHmai
aHUKNaHamu?

16. PapnosmnTTupun CHTHAJUIAPHHH axapiapapo Exkn
MaMJlaKaTiiapapo y3aTraHxa HUMa ydyH 6up Hewa TenedoH KaHaiapu
mapamnen ynanaau? Huma yuyH Ourra TtenedoH KkaHanmaad
¢ofinananum MyMKMH 3Mac.
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16. AIOKA TH3UMJIAPUHUHI' CAMAPAJIOPJINTH BA
YJIAPHH MYTAHOCHBJIAII

3aMoHaBHHi TENKOMMYHHMKAUMA — ax00poT y3aTHII  aJloKa
TH3UMIIADU  IOKOPM TEXHOJNOTHK CcOXa XHCOONaHHO, >KaMUATHHHT
PHBOXCIAHUUIM KYI JKMXaTHaH YHTra OOFNHK. AJOKa TE€XHHUKACHHHHI
SIHCH TYpJ1apH Ba aBJOJMHH APATHWIMINM, ynapjaaH ¢oiraNaHHLIHHHT
IOKOpH MallaKami HHKEHEp-TEXHUK XONUMIApHH Tanalb 3THIUKM AHIH
Ha3apuil acocia MIIVIOBYM Ba IOKODH TEXHOJIOTHK WIIIab YMKApUIraH
TEXHUKaHW SAPaTHIl IOKOPU KOHCTPYKLUHA Ba 0030p HKTHCOAUETH
mapouTiaa Kabyn KMnMHaéTras equMiIapHUHr cudaTira TanabHu sHaga
ownpany. MyTaxaccuc Typau anoka TH3WMIIapH Ba KypHIMalapHHHHT
acocHii TEXHMK KYpCaTKMWIapHHM  AXITM  OWIMIL,  YNapHUHT
camMapaIopJIHri, XanakuTOAp AOLILIIATH, ax6opor y3aTvm
XaBCHUTUIHHA  TabMHHIAII, 3NEeKTPOMAarHUT Mocnamys Kkalu
XycycHATIapura amoxuna yetubop Gepuiin xepak. FOxopuza scnatud
yTunran mMacananap 6unaH Maxcyc dannap wyryiuiaHagu. Ymby 6o6aa
tbaxar anoka TU3UMHHHMHI CaMmapaopiHrd Ba YHH MyTaHocuOnain
Macanaiapu EpUTHIITaH.

16.1. CamapajOpJHKHHHT aCOCHH KYpcaTKHYIAPH

Xap xaujadl anoka TH3UMHHHI Ba3ugacH: axOOpOTHM Te3poK Ba
aHUKPOK y3aTHIl xucobnaHaau. Ax60poT KaH4a Te3 Ba aHMK y3aTHIICa,
TH3MM LOyH4a Axiu xucobmanagy. IIIyHHHr y4yH anoKa TH3MMHHHHT
acocHii cudar kypcatkuunapuiiad OMpM YHMHI caMapamopyiurd 6ymm6,
y axOopoT y3aTHIU Te3NHId Ba aHMKIWTH ONHHradH ax6opoTHM aciura
MOCJIMIH Japakacu 6unaH 6axonaHagu.

Typnu anoka TH3MMIApH YYyH aHHKIMKKAa Tanad napaxacu
Typnuya 6¥nu6, TH3UM onzura k¥iunran asudara 6ornuk. Macanay,
JUCcKpeT xabapnapHu y3aTHINJa aHUKIMK — Yy3aTUIIAard ypraua
XaToJMMK OpKanu OeiardnaHagu, aHalor TH3UMIapia — Kabyn KMIMHIaH
xabapHH y3atunraH xabappan yprava kBaipaTHK ¢apknaHumu 6unan
6axonaHanu.

Ax6opoT ysaruimn Teznurd | OWT/ceKyHA napia YiyaHanu, yHU
CHTHA&I y3aTHILary TeXHUK Te3NHK OWiaH SHIIMIITHPMACIHMK Kepak.
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Texnux Tesnuk Oommapma VYnuamagu. Kanan opkand ax6opoT
Y3aTHIIHHHT SHI KaTTa verapasuil KuiMaTH, YHWHT axOopoT ysaTHil
uMKonuATH C-HU aHrnaragu. Ymby ax0opoT y3aTHIl Te3NUTMHHHL
qyerapasuii KHIMaTH YHHHT HMKOHHATH (TNOTEHHUHAI)HHH Oenrmiiab
Hepaan, yHra SKMHJALIKII KAaTTa Xapaxatiap Tanab kuinaad, 6y ydyH
XKyna Mypakkab Kozjepyiap Ba JeKojepiap, Ko[iam Ba fexoiall yu4yH
Y30K BakT Ba Gowkanap Tanad 3THIaau.

AlloOKa KaHaTMHUHT axOOpOT Yy3aTHII UMKOHHUATHAAH KakcH
Japaxajga oiifanaHuna&TraHinK qapaxacy — ax6opoT caMapafopiuru

n =é 6unan TascudaHagu.

SHru anoxka TH3UMHHHM JIOMMXATAWITHPHIINA JOHHXa YYYH
axpaTWwiral capg-Xapaxatiap MUKIOpH 4erapanasrad. lllynra yxurarn
TexHHK (olimananuin yuyH capd-xapaxariap, axO0pOTHH y3aTHIUJArd
Ba ONMIIJATH KeUMKHIIIAD MaKCHMAl BaKTH, 2XPATHTaH 4acToTajiap
JUana3oHd, 4YacTOTaJlap I[0JO0cacH, 3JEKTPOMArHUT HypJIaHMLIIap
pyxcaT 3THITraH CcaTXM Ba YHUHT paJHoaloKa Yy4YyH axpaTujrad
moyiocajlaH TalKapuaard catxu, MaxQHii y3aTHl Japakacd, ax6opoT
y3aTuIl XaBCH3NMUIH, KypuiMa EKHM TH3UMHHHI XaXMH, OFHPIMIM Ba
X.K. [lynnafi xumm6, noluxanauiga OXOpHAa KeNTHPWIraH Tanab Ba
yewkiauuiapra TYIMK JkaBo® OepaauraH Kapop kabyn xunmm — Oy

YeIlaHraH HMKOHMATIap#a — MyTaHocu6 Kapop KaOysnam
XucobnaHamu.
Camapanopiuk(cHGaT)HHHT TYPIN KYpCaTKUWIApHHHU &, k,, ... k,

opkann Oenrunab, AroHa BeKTOp &k HH, TH3HMHH cudaT TaBcHUHH
onaMu3. MKk Typnu TH3UMHH yuby k& BeKTOpNiap OpKalM TaKKoCJall
K¥N XoJulapAa, 3Hr AXIIKHCHHY TaH/all UMKOHHHH GepMaiiay.

Ontuman (MyTaHocu0) Kapop KaOyn KWIIHIL, MacalaHd €YMMHHH
TONUMI yJAPHUHT CKAJIp KymalTMACHMHU aHWKIAIN BasuGacHHH KyAad,
6y aHuKnaHraH xaTTaquKk MakcuMan (EKkM MUHHMaN) KUHMaTHHU
aHMKIam «Makcan» ¢QyHkuuack xucobjaHamd. bawv3zaH cudartHMHT
CKaAp KynafT™Macu cH¢aTiia BEKTOP & - TAUIKKI 3TYBYUIAPU YU3UKIIN
KOMOMHALMSJIADHHH Kabynm KWIMII MYMKHH, aMMO Oy XojJa YHMHI
TAIIKIWI STYBYAMIIapH MHKIOpUH Ko3ddHuIMeHTIapuHy Oelruialira
Tyrpu kenaau. Opataa XamMMma cuadaTr KypcaTKuwiapHiaH OHUTTa &Ku
UKKUATAacH acocuii XucobnaHagu Ba KOJNraH KypcaTKU4wiap YyJjgapra
Kyiunran Ttanabnapra, uyewnaHHuUIapra kaBob6 OepumH  Kepak.
Macanan: axOopoT y3aTuni Te3aury Gepiuirad 6¥nu6, KojaraHiaape XaTo
kabymwram sxrtemommurn 107,  ax6opor keunmiumm 0,1  cek,
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panuoarnokara axpaTwirad noioca keHrnury 10 kI’ Ba x.k.

Jloiiuxanamga xaMMa ciudat KypcaTkuwiapH 36THOOpra OJMHHIIN
Kepax, YyHKH yJiap OXMPrd HaTHKaBHH «MaKcaa» QyHKIHACHTa MabIyM
Japaxkafa Tabcup kypcaTamd. Arap «Makcan» ¢YHKIUACHHH
TabMUHJIALI Y4yH Ky COHNMM cudar kypcaTkuwnapu Gepunran 6ymnca,
6upuHuH HaBbOaTaa acocui cHdar KypcaTkUwIapd YbTHOOPra OnUHMO,
Makcaara WHTUIMLI Kepak. ByHna sroHa TH3dM sApaTHII XaKuJard
MacaJa XaJl 3TUJIaéTraHu JOMMO IMKKAT Hasapuja OYnulIM mapT, YyHKu
YHUHT KMcMIapn Oup-6upH OuinaH MabiyM Hapakajna OOFIHK: aTpod-
MYXUTHH TabCHpH; Oomika POBCHHMHE spaTHIIaéTraH TH3UMIa TabCHPH;
TH3UMZaH ¢oiifaTaHyBYWIaDHIHT Manakacd; ymoOy TH3MMIa yxiuail
THU3WMJIADHHHT APATHWJIMIN TapUXM, Kenaxkard Ba Oolikanap Xam
IbTHOOpHa OYAMIIK Kepak.

16.2. Anoka TH3IAEMJ/IapAHA MYTaHOCHOIam (ONTHMAJIJIAI)

AJlOKa TH3MMHAArH kKapaéHNapHU TYPJH OMNEepaTop TeHrnamarap
OunaH ndomatall MyMKUH, yJap CUTHATHY [AKJUIaHTHPHLI, Y3aTHII Ba
Kabymiam >xapadunapura OornuK Oynamu. Arap ajioka THU3UMH
COAfanamral CTPYKTYPaBHI CXEMacCHHH K¥3 OJIHMH3ra KeNTHpcak,
TacaBBYp 3Tcak, y Xxoiaa a xabap MOXyNiLMsAIaHraH CHIHAI
s(ty=m(a,f,(r)) ~omeparop TeHrnama Ounau ¢QapkiaHagy. CKK
KHPUIIMAATH CHTHATHHU x(f) = @s(t),w(r)] WAKIuaa Ubomatalml MYMKHH,
OyHIa w(r) aloKka KaHanugarn xanakut. Kabyn kundHaérran,
Ky3aTHIagrraH curHan — xabap 6axocu a= J[x(:)] aiimaHTMPHIAIH.

KOxopuna xentupniran 6vp KaH4a onepaTopiapHH AroHa onepaTop
maKkIiaa upoganaimus:

a= A[@{m(a, £,(),wO)] (16.1)

AJIOKa TM3HMUHHM ONTHMaN TONMXaNaliHWHC BasudacH TaHNaHIraH
Me30Hra *aBob OepaauraH cH@aTHM TabMUHIawAaH ubopat. MesoH
anoka TH3MMHHHHT OaxapanrraH Basugachra MOC KelMuid, Iy Guiad
Oupra comma 6ynumuM Ba JoHMXartaln jxapaéHuna GoLIKapWIIaJMIaH
(¥3rapTupunanuraH) KaTTanMiiapra 6ornuK Oynumm Kepak,

Apatunagrran TH3MMHU TYIHK ONTHMAaJllalll, YHHHT aJloOXHja
KHCMJIaDHHH ONTUMa/UIalll OPK&IM TabMHHNAIIH XaM MyMKUH. Arap
AN0Ka KaHAIH TYpU aBBanfaH MasayM O¥ica, miyHra MOC paBHILJa
MOAYJALMA Ba JETEKTOpJall YCYyNM TaHJIaHamd. Bynpa mopynsuus
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OIepaTopura s(t)=mia, f,(t)), TALIYBYH f,() HH TaHMIall, MOIYJIALIAA
YCYJHWHH, pafAMOy3aTKIY KYpCaTKH4IapUHH TaHJalll Ba YHU APaTHIIIaH,
curHaIra jgacmiabkm ummos OepHinmad (¢unpTpiammad) u6opaT
6ymama.

AMMO TH3MMHH TYNMK ONTHMMH3AUMANAIIHM YHUHI aJOXMIa
KHCMJIApHHH ONTHMAIVIAIITHPHII OPKaJIM aMaira OLIMpHIuJaru kabu
ATOXMJa-aIOXUd Macajiajap WIaKiHJa e4MIIM HATHXKACHAA TYIIHK
ONTUMaNn TH3UM YpHHMra KBasHONTHMall TH3HM SPaTHIMIIHTA ONUb
kenumd MyMkuH. UyHku xap Oup noifuxanasa&TraH TH3UMHHHD
ATOXUA2-aNMOXKHa KHUCMIApH YYYH SHT' ONTHMAll €YMM, TYJIHMK TH3MM
yIyH ONTHMyMAaH Y30K OYmumm MmymxuH. LlyHuHr yuyH ajoxa
TH3MMUHHMHT TapkHOMHHM aHUKJAIIJa YHra froHa TH3HM cHaTHIa
énmammMi kepak. KOKOpH 4acTOTaiM TalmyBYM f,(f) HH TAHIAIIAa aloKa
KaHATMHUHT KYpCATKU'IApU YHIArH XalaKUT w(r) HU 3bTHbOpra omui,
CKK typu (TypryH €kd Xapakatnard)ra xam Oorimk. (16.1) udonauu
anoKa TH3MMHHU KaTbuil onTHMalllanija yHra sroHa macaia Liakiaujga
Kapaln Kepak 6¥nanu.

16.3. Jackper XaGapJiapHH Y3aTHOIHHHT 9erapaBuii
HMKOHHATJIAPH

JlofiuxanamHuHr 6upuHYH 6ockudnIa, Tanad 3THNAETTad Te3NHK Ba
XaJIaKu TOapJOLLTHKAA ax00poT y3aTHIN MyMKHHJIHTUra KU YHHM amanra
ommupu® OYIMacIMra MacajJaCHHH Xal 3THil kepak. ByHpa Typiu
xanakumiapiaH ¢akat TH3HM KucmiaapHHIHT CKKHHHD HHKH [HOBKHHH
spTHOOpra ONMMHIAY, KOAep Ba AEKOJep Xap KaHmail 10KOpH Jlapaxcaia
Mypakka® Oymumu Mmymiud. Bywpma, arap wH'<c (H - axbopot
MaHOauHUHT UMKOHMATH, C — aJIoKa KaHATMHUHT axOopoT y3ara OJHII
AMKOHHMATH) 6¥nca, xomnmam &ppamuia xap KaHzali KMYUK XaTOJNMK
9XTUMOJUIMTH, THHH P, —»0 HH TabMHHJIAII MYMKHH O¥/m0, curHan
y3aTHUI TEXHUK TE3NUTH 1/T,. =C O¥nanm.

JMcKpeT KaHATTHUHT aX00pOT y3aTHIN KOOUNATH y capd KulaauraH
3Heprus Ba (oHmanaHaguran yacToTanap nojiocacura OOFNHKIHTHHHU
Jactnabku acocuit kypcatkuu neb6 xmcobnam kepak. Miaannk

3JIEMEHTAP CHMBOJIHH y3aTHLUI YIYH f; = peTac /N, =%‘f— - HUCOuU#t 9Heprus

0

Ba f,=F.T, vacToTajlap nonocacu Tanab srunamu, OyHna, P—curxan
KYBBATH, T,.— JIEMEHTap CHMBOJI JaBOMHMIINIH, E.—CHTHAl HEPIHACH,
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F. — CHTHAJHHHT CHIEKTp KEHIJUIH, N, — LIOBKMH KyBBaTH CIEKTP
3u4nMrd. Mucon ydyH, auckper xabap ysatuum yuyH ['aycc y3mykcH3
kaHannAaH ¢oiinanasamu3. I'aycc anoka kKaHaTHHHHI CHIH&J y3aTHII
KOOMIIHATH KyHHaarnya aHuKJIaHaqu:

C=ﬂlog(l+£‘}:ﬁlog(l+ijz/ ] (16.2)

m k70

F.=F,, UT,.=C He0 xucobnab ma f—‘-":;—f HH 2pTHOOpra onub
3C 0

1

=log(l+ ﬂ; J udonanu, yHpau ﬂL>log(1+ B:B,) HH OIaMu3 Ba

FTy FoTx r

HaTH»xana,
Bs = 8.0V -1) (16.3)

(16.3) wudoma Oup oneMeHTap CHTHAHH Y3aTHII  y4yH
capdnaHaurad HMCOMIT SHeprus Ba YacTOTajap monocacH Gup-Oupu
6unaH alipuOomnamn MyMKHHIMIHHE Kypcatagu. 16.1-pacmma (16.3)
dopmynara acocaH 4YH3WIraH B, = ®(fF,) OornaHdm rpaduru
KENTHpUIraH. Yoy rpaguk auckpeT xabap y3aTHIN Te3NUIH IIApTH Ba
YHH y3aTHIN y4yH capduiaHaJuraH 3HepTHAHH KaTTAIHTHHU Oaxomaifau
Ba [lleHoOH HMKOHHATH uyerapacH ne6 artamagd. 16.1-pacmpard
B: =@ (f,) YU3NFUIAH IOKOPHIArH Xap KaHOail HyKTara Moc KelyBud
TE3JIMK Ba 3HeprusA 6uiaH ouckper Xabap y3aTHIUHM aMaira OIIHPHII
MYMKHH. YOy YM3dKJaH nacTiard HyKTara MOC KelTyBYM JHCKPET
xabap y3aTUIUHM amaira OIUPHIT MYMKHH 3Mac.

By, ob
40
35

0 A\
2 [\
0 Y
15 \

10
5

1 10 100 B,

16.1-pacM. Y3nykcus xabapnapHu y3aTuuijag, He g, ra
anMaliTHPHIIL
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Arap g, >« 6ymca y m2=0693 (-1,6 nb) ra tenr 6yaamu, g, =1
6¥nca sHeprus capduamr comumrtupMma kKuiiMath 1 (0 zb) ra Tewr
6ynamu. lllynpaii Kb, alTITHB OX LIOBKHHITH aJI0KA KaHANH OPKAIH
nuckper xabap y3aTHUIa HacTOTanap IIONOCACMHM  capduiall
COJMIITHPMA KHAMATHMHM OWpAAaH OLUMPWIMINM 5SHeprus capgnaiu
CONMIITHPMA KWUIMATHHUHT Ce3WNMac Japakafa Kamafummura OJHo
kenagy. Illy 6umnan Oupra g, HMHr OMpAaH aH4Ya KHYMKJIALOMILH

SHeprusa capuiall CONMIUTIPMa KHIMaTHHHHT KeCKWH OIIHO
KETHUINHra O0Iud KeJanH.

16.4. Y3iaykcd3 CArHA/UIapHEA Y3aTHII TH3AMJIADAHAAT
AMKOHHATIAPH

Vanmykcu3 xabapHuHr BakT OyfiMda AMCKpeTiall HaTHXacuaa
onMHraH oHu#i xuiimatmapp HMKM é&EpmamMuaa MKKHIMK 3JeMEHTap
curHamnap épmamuna ysatunamm ae6 Qapa3 kunaiinuk. Byrpna xabap
Y3aTHII aHHKJIHTH KOJHHHT paspsgd m-OpKAIH TabMHUHIaHAmH. Arap
ywby HKKHIHK CUTHAIUIAp y3aTHII TE3JTHIY H! , KaHAI CHIHAT §TKasuIl
nmioruaTH C paH karra 6ynmaca, IlleHoH Teopemacura acocaH
Mypakkab koJytain Ba AEKOAIaIl YCY/IUHHU KYJUTall acocHIa XaTOMHK Xap
KaHmalf KMYMK KHAMaTH p HH TabMHHNAN MYMKHH. TH3UMHUHT
yerapasiii MMKOHUATIAPMHH KYPHII YYYH XaTOJNHK SXTHMOJUIMTHHH
Honra TeHr ne6 xucoOmaiimms, OyHaa XabapHH aHHK aKC STTHPHULI
MKKWJIMK JUCKPET CHTHAIUTAPHHU Y3aTHII Te3Jrura 0oFnuK 6¥mam.

Pean anoka kaHajUtapuja XanakdT TabCHPHAA CHTHAN Y3aTHII
TE3JIUIH KaMasa i, HaTikaja XabapHH acl LIakKJIira MOC paBHINa KaiTa
THKTAI cugaTH EMOHIIAINA TH.

XabapHuu OepwiraH aHHKIMK OWNaH  y3aTUIN,  HKKHIMK
CHMBOJUIADHMHT Y3aTHJIMII 3HI KMYHAK (MHHUMan) KuHmatn axbopot
MaHO6au 3MCUOH-3HTPONHUscUra TeHr. TacaBByp 3Tailnuk, y3aTuna&rra
xabap (-Fi;+f,) MHonocaga CHEKTPH 3HUNIMIHM KyBBard OHp TeKHC
TaKCUMJIaHaH Ba OXTHMOJUIMK HOpMaJl TAaKCHMOT KOHYHHIa
6yiicyHyBuH crauuonap tacomuduii jxapaéH OYncuH. Bynpali xabap

Y3UHHHT Az=2; , CEK OpalIMKIa ONWHraH OHMH KUHMaTiapH OpKaly

©

KaliTa aHHK THKTAHUIIA MYMKWH. XabapHu KaifTa aHMK THKJIaHUIIKHU

Oaxonaw yuyH HMcOuWil yprada kBagpar o =22 nn &xu CKK ynkumu-
Pc

Jark IIOBKWH-CUTHaN HUcOaTHHH KupuTaMHu3. ["aycc KoHyHUra GyHcy-
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HYBYH ax60poT ManOan y4yH 3IICUNOH-IHTPONMUSA Kyiuaarura TeHr:

H‘(x)=%log§—c. (16.4)

LIyHHHr Y4yH Y3MYKCH3 CHMTHAJIHM JUCKPETIAll HATHXATapHHH
y3aTHLI Te3NUTHHHY 5bTHOOpra 016, ax60poT MaHOAUHMHT UMKOHHATH,
H =~F,logo*. (16.5)

H,=C 1eb xucobnab, angnTHB oK IHOBKUHIN ['aycc kaHami yuyH

- F logo® = F. log| 1+-F<
SRS

] (16.6)
0l x
udonaHu onaMus.

V3nykcH3 — CHTHaUTapHH  y3aTuygard  gactiabku  capd-
XapaxaTIapHH aHWKIalW y4yH HucOuil TaBcudnapaan ofizananamus:

,B,,-NP;_ - KyBBar cap¢naml CONHIITHpMA KHHMAaTH; ﬂ/=_£c_ .

YacToTanap NMOJOCACHHM capdialll COJMIITHPMAa KUiiMaTh. Arap F.=F,
ge6 omub, (16.6) mdomaHd xap HKKM TOMOHHMHM F, ra Oyncak Ba
B I P,

= HY 3TUOOPra 0JICAK, Y XOJLIa
B, NoF. P Y

l%§:@@+%J (16.7)

By
0ynuo, 6yH;(aH = ﬂ/[1+—] Exu

m=4ﬁﬁyw-ﬂ (16.8)

udonanu onamus.
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20
15
10 —N]

0.l 1 108,

16.2-pacm. Jluckpet xabapnapHu y3aTHUlda g, HY f, ra aIMalITHPHUILL.

16.2-pacmaa (16.8) dopmynara acocaH o?=10" KHAMaTH YyYyH
B, =®(f.) GOFNMaHMIUM uM3MaCH KENTHpWIraH. ByHna g, Ba . HHHT
B,=®(f;) UM3MFUIAH IOKOPM KHHMATIapHHH TabMHHJIOBYH aloKa
TU3UMMHH SApATHII MyYMKHH. B, Ba f, NADHMHI MablIyM KMHMaTiapura
MOC KelyBYd HyKTa, ymby pg,=®(p,) YM3MFUra KaHda gkuH 6¥nca
aNoKa KaHanM MMKOHMATHJAAH IMyH4a saxmM  dolganaHmirad
xucobnaHaau.

Hazopar caBonyapm

1. Asoka TH3MMM CcaMapaJopiUrd acocuif KypcaTKMWIapHHH
aiiTu6 GepuHr.

2. Auoxa TH3VMHHHHT acocHil KypcaTkudiapuHy aiiTud 6epuHT.

3. IlleHOHHHWHI KaHAT CHTHAN y3aTHII MMKOHHATH ($OPMyJIacCHHH
€3UHT Ba YHM TYLIYHTHMDHHT.

4. I1lleHoH yerapaBuii KMiMaTH AeraHAa HUMa TYLIIYHHJIaOH?

5. Taycc xaHanu ne6 kaHAaii kaHaIapra alTHIaayu?

6. AJsoka TH3MMMHH NOHMXaialiga HAMaiapra aloxujia axaMHsT
Oepuin kepak.
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17. CHTHAJIJIAPT'A PAKAMJINA UIIJIOB BEPHUII
ACOCJIAPH

CurHajuiapra pakaMnd WuuioB OepulujaH Makcal TYpiIH
§3rapTHpHIIIAp OPKAIH yJIApHH caMapafop/MK OWIIaH y3aTHIn, Cak/am
Ba ax0opoTHH axpatu6 onumpnaH uHOopar. KeliHHrM BaKInapna KeHTr
pUBOJMUIAHT@H CHFHALIapra pakamiu WuuioB Oepuin ycymapu Oup
KaTop ad3annuKiapra ara:

— YMyMaH O/raHjJa CHUTHaiapra MULUIOB OEpHLIHMHI Xap KaHIai
Mypakkalb anropuTMIapMHH aMalra OLIMPHIL MYMKHMHJIMMM Ba yuwoly
CHrHaiapra HUUIOB OEepHIN aNrOpHTMIApMHHA peay BaKTOa amaira
OLIMPHII UMKOHHUATHHM OepyB4H anemeHTnap 6a3ack 6OpJIHIy;

— paKamiId KypuiMasap IOKOPH aHWUKIHKAA MIUIAL HMKOHHATHHH
6epyBuM aNropUTMIAPHUHT APaTHIraH)IMI¥ BAa MABXYUIUIY;

— Hasapui XMXATOaH y3aTunaérrad xaGapnapHH xalakuTOaproLl
KojulapaaH QofnanaHub, y3aTHII Ba caijall HaTHXKacHAa XaTOCH3
KafiTa THIUTALl HMKOHHATHHHHT GOPNHIM paKkamiIH CHTHAIIapra XoCAup.

IOkopuaarn ad3ammMiiapHy aMaiira OIMPHII JHCKPET CUIHAILIAP
Ba 3JIEMEHTAp 3aHXHpNIap XaKkHAard acocHi MablymMoTaapra ara 6ymui
Japakacura 60FTHK.

17.1. AucKper cArAa/JLIapaaAr Moae/LIapH

JlMCKpeT CHTHAJUIADHWHT KUHMatiapd Y3IyKCH3 CHIHaUIapAaH
¢bapKIMpoK, y3NyKCH3 BaKT OHMM KuiiMaTiapuia aMac, OalkiH MabiyM
At JHCKpPET BaKTjNapAardHa Mabjiym OYan0, YHUHT x(kAf) OHHMH
KUHMAaTIapH kAt JUCKpPET BaKTJIapra MoC KelazH.

JHMCKPETIOBYA KeTMa-KeTJIHKaAp. Opmatma  x(r) y3mykcus
JHCKpET CHTHaNaH OMp XWJ Ar OPATHKIAP, AHCKPETH3ALMA OPAUFH
€KW JUCKpeTH3alMs KajaMu Ae® artajyByd BaKDIiapia YHHHI OHHH
KUHAMATH aHMKNaHamW, OyHOa Ar=t, —t,, =t 1, =l .~1_ ., Ba XOKa30
6¥nanu Ba Ky Xonnapaa Ar=const, y3rapMac 3THO TaHIaHAIH.

JuckpeTnsaunsial JkapadHUHU, SBHU Y3IYKCH3 CHUCHAINAD x(1)
JaH JUCKPET CHTHA/LIAp x(kAr) ra YTHIOHK YMyMnalirad QYHKUMS n(r)
OpKanu TapudJall MyMKHH, S