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MYKALLAWMA

Xap KaHfjalh  MyCTakun Ba  PUBOX/IAHraH [aBnaTHUHT
MKTUCOAMIA Ba WHAYCTpWan K\ygpatura 6ax,0 6epuwlga YHWHI 3Hep-
reTMkacum  Ba 3Hcpropeeypcnapu (Kymup, HedpT, ra3 Ba X,.K.)
X,ucobra onvHagn. by mabHoga Y36ekucTaH Pecny6aMKaCUHWUHT
CaHoaTh, KULIMOK. XYXXanurum Ba Xak, (hapoBOHAMIM Tabuat 60ii-
NVUKNapura acocnaHraH 6ynun6, Tobopa pUBOXMaHYBYM 3HEPreTuKa-
cn 6unam TabMUHNaHWG 6GopaéTmp. AWHM WYy KyHnapga pecnyo6-
NIMKa MUKCCMAA YpHaTUAraH Ba Y3NYKCWU3 3MeKTP 3Heprus 6epysum
3M1EKTPOCTAHUMNANAPMMHT  KYBBaTW Kapuinb 12 MAH. KWIOBATTHM
(12x106 kBT)  Tawkwun atagn. WMun mobGaiiHMaa ynap wwnao
YnKaguraH anekTp sHeprudcu 70-75 MApA.KWMOBATr-coatra TeEH-
rovp. AMMO  pecnyb6/MKa axonMCUHUHT KUK 6olimra Tyrpu Ke-
naguraH, SbHW  vwWNaTUnaguraH nMnguk sHeprusicn 4000 Kuno-
BaTT-coaTAaH oOLwMailgm, OyHu 3ca EBpona Mamnakatnapugaru
ypTada kKypeatkuugaH (10-12 muHr kBr-coat) aH4a nmact geb 6u-
N Kepak. by pecny6nmkamu3 pecypcnapuHy sHaja Kynpok uwira
CONHO, 3MeKTP CTaHUUANapHWHI COHWHW Ba KyBBaTWUHW Tob6opa
Kynantupuwira maxoyp atagu. LUyHn ano”Bpa Tabkugnawl — Kc-
pakku, WNUPWUK UCCUKAWK Ba TUAPABAWMK  3NEKTPOCTaHUManap
KaTopuga Ky€lw 3HepruscM Ba CyB KyBBaTufaH (poligataHuiura
My/mKannaHraH KHYMK Ba [aTTO Maifa sneKTPOCTaHLMSANapHU KeLw
mMacwTabaa K,ypuw n03um.

ONEeKTPO3HEePreTUKaHMHI GyHaall cypbaTda puBOXNaHWO 6Gopu-
LWMHN YHUHT WIMWIA - Ha3apuiA acocu OyNMULL, Ha3apuii aneKkTpo-
TeXHMKacu3 TacaBByp kuHul) Oynmaingn. YMmyman onraHga 3nek-
TpoTexHuKa (WY >XymnajaH, Haszapuii 3NeKTPOTEXHMKA) XAMMa 3a
bloHaBWI 3NEKTPOTEXHUK WAMMUIA NyHanuwnap (31eKTpoMexaHnKa
Ba 3/1IEKTPOAMHAMMKA, 3/IEKTPOHUKA Ba APUMYTKa3rmy TexHUKacw,
aBTOMaTMKa, a/loka Ba XMcobnall TexXHWKacu, paguo Ba Tenesupie-
Hve Ba \.K.) yuyH dyHAameHTa.! haH Tapmoru xucobnaHagu. LLy-
HUHE yuyn XxaMm XX acpHuHr 30-nnnapupa 3neKTpoTexHuka (a-
HMHW Jerapanawl Makcagmja yHra Maxcyc (u3uK Ba MaTeMaTuK
cairkan  Gepunnub, acocaH 9MEKTP  Ba  3MEKTPOMarHeTu3m
K,OHYHMIapUHW  ypi aHULL Ba YNapHWHI HasapuanapuMHu Y”ypnal-
TUPULL TOMWWPKM IraH. HaTwxafa AHMM Ba Te3 KyHAa Tapak.Kmmn



TonraH Ha M pUMK 3NeKTPOTEXHUK U (paHn BYXya-
ra Kengu.

DNeKTPOTEXHMKA Hazapuii acocnapuHu ysnawTupmaraH WHXe-
Hep 3HepreTMka co™acmga 3amoOHaBWUIA MyTaxaccuc O6ynué eTuLIMLLIN
MYMKWH 3Mac. Y XO03Upru KyHna sipatunaétraH 3/IeKTPO3HepreTuka
Ba 9MEeKTPOHMKA ac606-yCcKyHanapuHu caBOA/M paBuLja wwnata
O/IMACANIN aHuK.. bBynaxak WHXeHep Y3 OHIM 6WunaH 3nekTp 3a-
HXUpnap Ba MarHuT MaiigoHnapgarn (GU3MK >kapaeHnapHu Yykyp
ypraHraH xongarvHa aon wxogkop 6yna onaguw.

JNeKTPOTeXHMKa Tapuxu y3 wungusnapyu 6unaH Kagum 3amoH-
napta Kvpub ketraH. Y myc6aT Ba MaH(uii 3apsanaHraH anekTp
3appavanap Ba o\aHrpa6o Temupnap (MarHWTNap) XyCyCUSTNapuHU
ypraHuwgaH 'éownaHraH. AMMO LIyHra kapamait, XIX — aepHUHr
6ownapura kagap, 300-400 nmn mobGailHMAA, X,.e4 KAM 3M1EKTP Ba
MarHuT *oauncanapuHu 6up-6upu 6unaH - vambapuac
GOKNaHraHNMrMHK aTnb 6GeponMaraH. AlHaH 3M1eKTp Ba MarHut
X>0aucanapy AroHa TabuaTaum 31eKTPOMAarHUT MalfOHUHUHE UKKU
TYPAW, WKKW TOMOHAW XYCYCUATW 3KaHIUrM ncboTnaHraHmwgaH
KeMH 3MeKTPOTEXHUKA  KyApaTaM  TexHMKa cox™acura ainaHa
6oLnagw.

BUpuHUM n3naHUWNAp - 3MEKTP Ba MarHUT XAAveanapuHu
ypraHuwgarn factnabku- loTyknap cababuunapu cudatnga WHrIn3
tusmrn Y.I'vnbbept (1544-1603 i.,), pyc onumnapn M.B. Jlomo-
HocoB (1711-1765 ii.) Ba @. 3Hunyc (1724-1802 ii.), dpaHuy3
tusnry  LW.KynoH (1736-1806 1i.) Ba OOl KanapHW KypcaTuLl
YPUHANAUP. Ynap Tydainnm WHCOHMAT X,aéT 6unaH 4vambapuac
fornaHraH TabUAaTHUHT  BYXYAW  Tyna-TYKUC  31eKTPOMarHuT
x.ogucanapfaH uwbopatamru mncbotnaHau. K,onaeepca, 6y onumnap
oyraH KOHyH-koupganap \o3upru 3amoHaBuii hyHAaameHTan aHnap-
ra \am acoc 6ynau.

1735 nnga LU.KynoH xap KaHfail MKKUTa ¢, Ba O* 31eKTp-
NaHraH 3appavanap (3apsgnap) ypracuga snekTp MaifoH Kydnapwu
xAocun GynuWIMHU UcboTnab, ynap ypracugarn y3apo TOPTULLMLL
(Bkn vTapuanw) Kyuu Wy 3apsgnapHUWHr Maccanapura Tyrpu npo-
nopuuoHan Ba ynap opacugary macoaHUHr KBajpaTura Teckapu
NPONOPUMOHANANINHN  KypcaTub 6Gepan. YHAaH Tawkapu KynoH
3NEKTP 3apsAfNapuHM TOK YTKa3rMYnapuUHWHE (akat cupTugarvHa
XOMnawnwvHn akTné 6epan. MarHWT MOMEHTW Ba 3apAgIapHUHT
KyTonauvium — Tyrpucugaru  MabaymotnapHu \am  ywéy onum
KONAMPraH.



1820 iuvnga paHusnuMk  dusnk  X.9pcten (1777-185J i)
X,ypakatgarn 3apsg (EKn 31eKTp TOKW) y3 aTpodumaa MarHWUT Maid-
JOHW XOCWUN KUAMWWHA Mc6o rnagu: 6y Xogmca 3NeKTp Ba MarHut

MailJOHNaPUHUHT y3apo 6ornaHraH Xonarfa BYXyAra KennwunHu
Taxpnbaga Tacanknagu.

Xynam yuia 1820 vunga paHuys onumu A.Amnep (1775-1836
) pymanok ranTak (coneHoupa) atpogmaa, ysrapmac TOK YTWLLK
HaTvxacuga, Xocun OynraH MarHUT MaifoHu Tabuiili  Temup
MarHUTNaPUHWHE  MaigoHWaaH  hapK, KWUAMAacAUIMHU  KypcaTau.
[Jemak ysrapmac mMarHWTNap MaifoHu flam ynap Tapkubsgarm Mo-
NeKynsip TOKMap OKUMMW HaTWXacupa ByXXyara Kenagu ge6 xynoca
Kungn onum. LLyHWUCKU KU3MKapAWKW, ep MarHeTU3Mu Tyrpucmpaarm
3aMOHaBWii Haszapusnap xam ep arpoduparn MarHWT MainfoHuHMW ep
to3uaary Toknap 6unaH 6ornaiigu.

KelinHrn yta myxum KawguméTt - 1831 Aunga TonunraH 3anek-
TPOMarHUT WMHAYKUMSA XOAMCAcK, AbHU MarHuT MalifoHmiga xapakat
K,MNaéTraH YTKasrmy CUM YeKKanapupa 31eKTp HpUTYBUM  Kyu
xocun  6ynuwmn  xucobnaHagu. by  usnkaBuin - hyHAameHTan
K,OHyHHN fpaTraH MHrAmM3 onumm M.dapagein (1791-1867 i.) saHa
O6up 6Op MarHUT Ba 3NEKTp XAagucanapn 6up-6upuaaH axpanraH
X,0nataa Maexyg 6yna onMacnimruHum ncbotnagu.

1833 iunga pyc onumn 3.X.JleHy, (1804-1865 i1.) anekTp TOKM
Kocun KanraH MarHuT MaligoHU KomMnac MUANHK
XNIPaKNTNanTMpuLWM Ba MarHuT MalloHefa Xapakatga 6ynraH
yTKas(Ja 3.10.K. Xocun Oynuwn KOHYHWATNapura froHa anek-
TPOMarHWT Ha y3apo TcCKapu >kapaéHnap ge6 6axo Gepgn. AMMO
wy 6wnaH 6upra 6y manaHmwnap X.OpcTteq Ba M.dapageii sipat-
raH KOHYLUTapHWHI 6up-6mpura 60rANKAUIMHA HaMOMULL 3TraH.

3nekTp MaHb6anapu fApatuiga Ba Ynap 3HEPrusiCUHWHE  nC-
TEbMONT KUAMHULIK, BOLIKA TYpAW 3Heprusnapra annaHvmM Hasa-
PUSACUHM MWNab YMkMwpa sHa Oup rypyx onvmMnap (aon wkopg
kunrannap. bynap wumga: utanbaH gusurn A.Bonbta (1745-1824
.) Y3VHWHI Kawguétn 6unaH AyHEAa OMPUHYM 3NEKTP KUMEBWIA
reHepatop spatraH (1799 i.); pyc akagemuru B.B. MetpoB (1761-
1834 1) Tapuxga 6upuHuUM 6ynn6 (1822 i.) anekTp éi Kawd aT-
raH; Hemmc dwmanrnm I.C. Om (1787-1854 iA.) 3aneKTp TOKUHWUHT
KYUMHW 3aHXUP Kapwunnurn 6unaH 6ornaraH (OM KOHYHW - 1826
.); Hemmc onumm T.P. Kupxrod (1824-1887 ii.) y3 BaTaHAOLUM
.C. OMHUWHI rasbBaHWK 3M1IEKTP 3aHXupnapura 6aruwinaraH Hasza-
puscMHM  MyBaakmaT 6unaH  gaBoMm  aTTUpMG, 1847 Aunnga



yauHunr manj\yp J Ha VI Kupxro K.onyHnaprr'»u sipatgn Haru-
Xaga XIX KPUUHT UKKAHYM apmmngaH 6ownad 3/eKTpoTexHuKa
Xam 'Hasapnn, \aM amanuin KuxaTaaH dKyfa PUBOXIAHUG KeTau.
E:kponaHHH1 ACMpP/M Xamma WupukK fasnatnapuna (PpaHuus, AHr-
nvs, Fepmanms. Poccnsd, WTanua Ba X.K.) CITHOAT 3HEPreTUKacu
OBK,ka Typa Oownagu: 3nekKTp Mawuuvanap. TpaHcdopmartopnap,
3MEKTP y3aTynun NuHWANAp Ba GOLLIKA 3HEPreTMKa TexHWMKacu apa-
Tnanwn aBx QA LWy 6unaH 6up Katopfa 3M1eKTp anoK,a TEXHU-
Kacu (Tenerpad, TeneoH Ba X.K.) Ba aBTOMaTWKa 3nemMeHTnapu
naiigo 6yna 6olunagu.

ONeKTPOTEXHMKA Hasapusacyu aca lhungaH-iinnra 6oiin6 6opau
Ba HUX0AT Mk mHrm3 onummn XX.K. Makcsenn (1831- 1879 i)
6y dawww. Tryna-TykHe ranaba KoOwHMWMIa acocuini cababum
oynan. M.dapageli acocnaraH 3neKTpOMarHeTusamra Teruwnm
nopnok roanap >X.MakcBenn wkpocufga sHrM Kyunu cudartnapra
ara 6yngn. Hatmkaga tabmaTHMHI OOLWIKa coxanapura xam 3/eK-
TPOMAarHuT Kaéda OGepunaw; LWy >XXyMaafaH epyrivk TapKaamwu
KOHYHMATNapuUra Xam 3/eKTPpOMarHuT caiikan 6epungu. Xynnac,
Kyn Annnap mobaiiHuaa x,ap Xun Uamuid iyHanuwnapaa TynnaHuo
K.OnraH Tana myammonap MakcBenn Hasapusnapu épgamuga eduna
oownagn. Pusmka Tapuxmga OUPUHUM MapTa “NEKTPOMarHuT
MaingoHn  (Ha3OHUHT LWyH4a BUMP KUCMUKWU, Y Y3MHWU Ba Y3 uunra
onraH MopafanapHu (HapcanapHw) anekTpnaHraH €ku marumtinaHraH
xonatga  ywnab  Typagu“ - geb  xynocara  KeIMHAW.
XK.MakcBennHMHI Mawxyp 6ynraH TypTTa guddepeHumnan TeHrna-
Macu 3NeXTpojUHaMuKa (aHWHUHT SiHaja PUBOX/IaHMLLIWIA acoc
oyngn. Uykyp rywyHyanap 6epub TyxTanmaraHga, 6y TeHrnama-
nap Termwnuya: [aycc Teopemacw,B 31eKTPOMAarHUT WHAYKUMS
X,04MCacu, MarHUT Ky4 4u3NKZapu Y3NyKCU3nUrm Ba Tyna TOK
KOHYHNapuHU andgepeHunan KypuHuLLAa akc aTTupasm.

XK.MaKCcBeNMHUHI  3M1EKTPOMarHMT MaigoH Hasapusacn XIX
AePHUHT oXmpu Ba XX aepHWHr 6ownapupa Oytok onumnap [eH-
pux Tepy (1857-1894 i4,), [MM.H.NlebegeB (1866-1912 i1.),
A.C.Monos (1859-1906 i) TOMOHMAAH amanuii TacAMKIaHMo,
3M1EKTPOMAarHuT TYNKWHNAp (paguo TYNKWUHAapuW) X.mcobura 3nek-
TPOTEXHUKA, Ppaguo Ba TeNneBUAEHMe BYXyAra Kenuwura cababum
oynaw.

ONEeKTPOTCXHUKAHMHT PUBOXIaHUWN XX aepHUHT 6ownapuja
(haH Ba TEXHWKAHWHI WAMPUK Ba amanuii  coxanapuHu Kawd
Kumw  6unaH HULIOHNAHAW.  ONEKTP  3HepPruaAcuHW  uwnab



YHKapuwfaa KatTa-KaTTa 3neKTporeHepaTopnap, yHM Macodara ysa-
TMWAA 3ca MMPUK Ba HOK.OpPWM  KyudnaHW WM  TpaHchopmaTopniap
Kawd swnan. nektp topmtrudnap (MoTtopnap) ;asog 'Ba (habpu-
Kanapga Oyr MallWHanapuHWUHE YPHWHWU 3ranfagu Ba CeKMH-acTa
TpaHCNopTAa 3/1eKTOp topuTMa BasuacuHu xaMm bakapa 6owniagu.
By 3ca aneKkTpoTexHMKafjaH “aneKTp MallMHa Ba TpaHcqopmaTop-
nap“, anekTp opuTMa“, “KOpXOHa Ba LIaxapnapHW 3NeKTpnawTu-
puw®, ”3anekTp CcTaHUuMANap, 3NeKTp Tapmokzap Ba cuctemanap®
Kabu AHrM WyHanuwnap axpannb Ynk.mMb, YNapHUHT Mycrakua ¢aH
coxanapura ainnaHuwura onmé Kengu.

Kyucus TOKnap 3/1eKTpoTEXHMKACKU 3Ca anoKf TexHukacu (Te-
netoH Ba Tenerpad), pagmoTexHuka Ba TefleBMAEHME, aBTOMaTWKa
Ba TenemexaHWKa, 3MeKTPOHMKA Ba \Mcobnawl TexXHMKacu Kabu
AyHaNMWNapHUHT  nailgo 6ynuwinra cababum 6yngu. Hatuxaga
3NEeKTPOTEXHUKA (haHW 4Yerapacu3 Ba KaTTa XaXKMAU WUAM Xa3uHacu-
ra alnnaHgnm Ba YHW coxanapra axpatmaefaH TYpuUO ysnawtupus
bynmaingmraH 6ynm6  k.ongu. LLYHWMHr yyyH XaM 3HepreTuMka Ba
3N1EKTPOTEXHMKA MyTaxaccucimknapuga ykuiAguraH ofnvii Ba ypTa
Maxcyc YKyB lOPTNapvHUHI Tanabanapu ydyH "Hasapuii 3nekTpo-
TexXHUKa (EKM 3NeKTPOTEXHUKaHWHI Ha3apwil acocnapw) “ pgerad
thaH yKuTUNagu.

Haszapuii anekTpoTexHuka (aHn Y36ekncToH Onuil yKyB OpT-
napupga acocaH 1930-1935 iimnnapgaH 6ownab ykaTuamné KenmHaé-
™Mp. Wnm-taHHuw 6y lyHanmwura Ypta Ocué mHgycTpuan WH-
CTUTYTU K, 0lUMZarn 3HepreTMka (akyabTeTuga acoc COSIMHIaH.
KOpTumnsgarn Gapya yKyB topTiapuja YKUTUNaAuUraH 3NeKTpoTex-
HUKa (haHW YKyB facTypnapugaH ypuH onmb, 6owka TexXHuK haH-
nap Katopuga MyXaHAWUCNAPHUHT WAMWIA CaBMSICMHM OWMpULLAA
y36ek onumnapn - npodh. F.P. Paxumos, npodp. X.®. do3unos
npog. M.3.XOMUAXOHOBNAPHUHI XM3MATNapu Xyfda Karta OynraH.
LLyHn xam aiTuwl NO3MMKWM WKKMHYM >Ka“OH ypywun hunnapuia
(1941-1945 ) CcOOGUK WTTUPOK,HUHI MapKasuii LiaxgpnapugaH
TOLWKeHTra BaKTWHYa Ky4yub KefiraH pyc onvMmiapuiaH - akafemuk
JLP- Heiiman Ba Akagemus myxoup awv3ocm M.A. LllaTeneHnap
XaM OMW3HUHI 31eKTPOTEXHUKA (aHVMU3HWUHI PUBOXaHWULLINIA Ce-
3Unapan xucca KyLurasnap.

"Hasapuini aneKTpoTeXHUKa# PaHWHM Y36eKMCTOHAA GUPUHYM
o6ynn6 Tanabanapra ypratraH, gactnabku naboparopusnap TawKui
aTraH, 6y co\aga Kynnab lOKoOpu Manakanu myTaxaccucnap Taviép-
naraH Ba HM\OAT y3nfgaH KelinH NAUPUK WUAMWIA MakTab Konguprad



onmMm - Y3bekuctaH DA myxbmp absocu, npodeccop ]-'otmp
PaxumoBuy PaxmuyoBamp. AWHaH Wy MybTabap onMM Ba Ta-
pakkuWwTapeap MMCOH Tyainm TOWKEHT MOMUTEXHUKA WHCTUTYTA
(xo3Mp 3ca TexHWKa YHUBepcuTeT) “Hasapuii 3neKTpPOTeXHMKA"
Kathegpacu Kyn KywHW faBnHTnap govpacuga (Poccusa degepaums-
cn, YkKpauHa, benopyc, KpsornctoH, KaBka3 gaBnatnapum Ba X.K.)
obpynn maopudg paproxura ainaHau. [Mpodeccop T.P.Paxumos
thaonuatn  Hatmxacmga Towl  cobuk, CCCP mamnakatnapu
MUK.Ecna Hasapuii 3NeKTPOTEXHUKAHUHT “HOuu3MK, 31eKTpoTex-
HWKa WyHanuwn® 6yinya namnii mapxasra annaugu.

Maskyp KuTo6Aa EpuTWAraH Hasapuii MabaymoTnap TypTTa
acocuii KHcmaaH néopartaup:

| knem.” ANEKTPOMATHUT MAWAOH, XAMAA S/IEKTP
BA MATMHUT 3AHXWPNIAPUTA OWNA ACOCUIN TYLIYHUA
BA K.OUOANAP

Il kvem. YNSNKAOWN SNEKTP 3AHXUWPIAP HA3APNACK.

I kuem. HOYM3UKAWM  3NMEKTP BA  MAIHUT
3SAHXWPNAP HA3APNACK.

Y kuem. /IEKTPOMATHUT MANAOH HA3APUACH.



i KCUCM.
INEKTPOMATHNT MAIZLI,OH XAMAOA SNEKTP BA
MATHUT SAHXWPNAPUTA OLNA4 ACOCUWN TYWYHUA
BA KOMOAJAP

| BOB.
3NEKTPOMATHUT MANAOH BA YHUHI
XYCYCUATIAPU

1.1. InekTp MaiifoHn (Knckaya TaBcud)

dunsmkagaH MablyMKWM, \ap KaHAalh 3neKTp Ba  MarHuT
XOfuMcanapu 3neKTp Ba MarHUT MaifoHnapBia cogup 6ynagw.

3Hr cofja MucONNapfa KypraHza, anekTp kenapu [eb, UKKu
3apag (Ekn 6up Heva 3apsgnap) ypracuga Xxocwun 6GynaguraH Kyd-
napHM TywyHamu3. By Kyunap MexaHUKaBWii Kyunapra yxuwa6,
y3apo Tabcup 3TYBUM 3apafnap MUKLopura Tyrpu nponopuuoHan
Ba ynap opacujarv macogaHWHr KeajpaTura Teckapu nponopuuo-
Han Oynagn (KynoH KOHyHW).

Y3apo TtoptuwyBun F,: Ba F:1, Fn Ba FM Kyunapu Teckapu
nwopanun 3apsagnapHu, abHW ¢, 6unaH q: HW Ba gj 6unaH g3 HU
Oup-6upura SKMHNAWTUPULLTA UHTUIAAW. Y3apo TapKanuw Kyuna-
pn FzB Ba Fj; 3ca 6up xmn mwopanu g2 Ba g3 3apsanapHu 6up-
O6vpyaaH y3okjalwTupuwira nHTMnagn. by kyunap tervwnmya - KL,

Rio M

1.1- paem



MN Ba ST uusHknapu 06yiinabd uyHanraH Oynagu. KyunapHuHr
y3apo F- =-F9) =-FV Ba F" =-FB OynraHuHu xucobra
0NcaK, ynapHu chakar abCconoT KuiimaTnapura MypoXkKaaT Ku/icak
Xavw 6ynagn. LyHpait  kumnmb, KynoH KouyHura acocnaHuo, ésa-
MU3:

Fyi - 44 - Urys
Fr, =Frf = 919805 g = fp < 0T,
2TENR A 2TO2R 23
F - _qlg3
P31 - 43 - » 1 2 -
2Eg 31

Arap 3apsanapHu 6upop aso numga UXTUEPWIA TapTmbaa KO-
nawraH Acb Ba ynapHWHI COHWHWM \<Ww WXTWMEPUIA Oe6 oncak,
YNapHWHT  y3ap0 TabCMpWM OCTWAA Kym TOMOHra WyHairaH Kyd
ywuknapy KL, MN, ST Ba A.K. X0CuMn OYAULWIN aHUKAUP. SHAU
(hapa3 Knnannuk, q , g2 ... ,gn  3apsgnap kohnawraH §aso,
AbHU 3M1EKTP MaigoH mumMgarn 6umpop “a“ Hykraga qc =1  3apsajg
\am >koinawraH (1.2-pacm). By wWwapTanm cMHOB 3apsigHM Gupra

1.2- paem

0
Tew' ae6 onamMuM3 Ba YHUHI MWUKOOPUHU LIJJyH‘-Ia.I'II/IK KUYnK [e6
\ncobnarimusku, yHuur qP q:,,..,qn 3apsagnap 6unaH y3apo Tabcup-
NaHUWN HaTwxkacmga Xocun GynraH Kyd FO dakar wy ¢o 3upsgHu-
rMHa \apakatnaHTupa onagu. AbHU 3apsg qo  6owWK,a 3apsanapHu
XoungaH cumkuta onvaign geé TywyHamu3. 0 CMHOB 3apsajra
TabCUP 3TYBUM HATWKABWIA Kyd Kyimparmya aHuKIaHagu:

= F, + F, + ~ + A

f + -~y + ,
4rrsyRy  4freyRy affr

AbHU YHUHT AyHanMLWIM Ba MUKAOPW (PA3OHUHT MIACK XoWnfa MaH-

un tonuwwura 6ormk,.  MacanaH, qy MaH3unu & HyKTa 6yrca,
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YHra TabCMp 3TyBUM Kyd /-0 ' ra reHr. Arap qi y3 XoiuvHn a'
JaH a" ra ysraptupca, yHra TabCup 3TyBUM Kyd FO" ra TeHr
oynagn (1-2-pacm). Tabuwmitkn, FO  FO'* F/\ uyHkn R, * R;

¥R/, Ro"R2Z2 "R:" Ba \.K. [emak, (ha3oHuMHT \ap 6up Kucmmga
(yyacTkacmga, HyKTacmfa Ba X,.K.) 3apsaf Xap xun xonatga. 6ynwub,
macoanapra 60rfvMK ysrapyByaH Kyunap Tabcupuga 6ynagu. Arap
3HAM \Hp 6Up HyKTagarn Kyd MUKAOPWHM Y6 CMHOB 3apsag o ra

AN

Fq am
oynraH HucbatuHm oncak, y — = EO0~ Y - %na,qm. Bv
H= 4nstRM
epga 1.0 31eKTp  MalAOHMHHHI KyunaHraHAnruHu - udogdanaigu.
MacanaHu coafanawTMpuil Makcagupa ¢ 3apsagM Xocun KuaraH
maligoHgarm R ra TeHr macodaga kohnawraH (o 3apsgra

f= 2 Kyuu Tabcup aTaerraH 6ynca, MaigoH KydnaHraHim-

m b0~ —q—=y ra TeHr 6ynagu. WdopgagaH KypuHué Typubam-
4aBaK~

KWF (i acocuili 3apsg g fdaH KaHya y3oKnaluca, yllaHya MaligoH
KyuynaHraHaMru  kamain6  6opagn.  ®PakaTruHa R = oc
oynraHgaruHa Fo=Eo0 =0 6ynagu, SbHW Q0 3MEKTP MaiiJoHWN TabCu-
pugaH 4nknb ketraH Gynagw.

JNeKTp MaigoHMMM  TaBCU(NOBUM NapaMeTpiapunHr  ynuoB
OMpnuKnapuHn Kyinugarmya mgoganall no3uMm:

- 3apag q [Kn] - KynoH; | Kn=1A 1c (Amnep ceKkyHa),

- BU3NEKTPUKHUHT abCoNT CUHIAMPYBYaHAUTA ea= €.*0 [D/M]
- dapafia TakCMM MeTp,

- poctnioBun macoga R [M] - meTp,

- Kyd F [K/m] - Xoyn Takcum wmeTp,

- KyuynaHraHnvk E [B/M] - BonbT Takcum MeTp.

1.2. IneKTp MalioHN Ky4ynapwv Ba ynap 6axapaguraH WL
dneKkTp noTeHUManu

FOkopnaa Kypub uukunraH opawiA anekTp mangoHmga (1.2'
paeM) OM3HUHI acocuii AMKKATMMU3 3MEKTP Kyd 4U3MKZapy Ba
MaiifoH Tabcupura TyLIraH CUHOB 3apsau g0 ra GepunradH agw.



Nekun  6u3  6Up  napcaHu
Xuncobra 0/IMafMNKKWN, arap

POKyun CUHOB 3apsigHblii Gup

HYKTafjaH  WMKKMHYM  HyKTara
CUMKNUTCA HUMa y3rapagn? Ta-
6uniikn, \ap KaHgain napaxat
nL HaxapuL 6unaH
onTukamMp.  bByugaH  3nekTp
mMaligoHugarn  xogucanap  Xam
6ynaaH MycTacHo amac. dapas
KUnainwe, CMHOB 3apagn qv "a“
HykTagaH V HykTara "T1“
HyK,ra OpKAnn onub yTtunaau,
Cumkunw  TpaekTopuscn a-T-B
HM X,ucobra onraHga, GUPUHYM
6ock,my dl, kKyd P\ ékn Kyu-
NaHraHnuk E AyHanuw-napura
HucbataH a 6ypyak ocTmgarv
Knckaua ityn éynmuw Al-~ dl

HW 6ocnb yTraH go 3apag - Fukl = F cosa-dl wwHu1 6axa-

pagn (6y epga A/ =dl). Arapga 3apsgHu “a” pgaH "B'rava
yTKasuwgarn 3nekTp MaiifioH capd KunraH 3HEPrus KU WLLHK
Tyna-Tykuc xmcobnainguraH 6yncak, yHma

b

A=|HT (1.1)

a

(6y epgpa F \ap 6up Hyktaga onuvHraH kyd sektopw; dl - xgp
6up 6up 6ocKMYga X.mcobra OnMHraH nyHanuwnam macoda KMCMm).

By WWHWHT CMHOB 3apsaan MUKAoOpUra HucbaTaH Kypub uumKcak,
yHAa

b_ - b.. -
O/ =JEdI, ekn A=|Edl (uyHkn gb=1) (1.2)
' n a

CWHOB  3apAfMHUHT  TpackTtopuacMHu W'  eKku
HyKTanapugaH yTULWWHKU X,1cobra onmMHraHga (1-2) ypHura

I_In

n_ b n b_
A- JEdI+JEdI, ékn A=|EdI +jEdi (1.3)



SABbHU 3/1EeKTP MailfoH TOMOHUAaH 6axapuna AuraH Ml UKKW HyKTa:
V'’ Ba "b” ypTacugaru iyn TpaekTopuscura (SbHU YHUHT LUaKIn
8K ysyHnurura) 60rnHK amac. MacanaH, 3neKTp MaingoH 6mpop q
3apsag Tydalinu xpeun 6ynraH 6ynca Ba Wy MaHb6ara HucbataH "a'
HykTa R, ra Ba "b” HykTa R: ra TeHr macocanapfa >koinawraH
bynca, g0 HM V'’ pgaH ’b" ra KyyHpuwra capgiaHraH uw

Kylingarura TeHr 6ynagu;

Y | 1l«=JL. J_ 1.

(1.4)
4ncal R ™ 4neB Rx R2

KypnHu6 Typubaukn, 3apsg o MaH6a g fdaH y3oKnawraHga
(R: > R,) 6axapunaguraH unw, A>0. Arapga qo "b" gaH V ra
yTKasunaguraH 6ynca:

/
1

<o,
4xea\R2 4,

AbHU OYHWMHI YyyyH MaH6a Kyuura Kaplim KHyHaaraH Tawku Kyd
(Bkn 3Heprus) captnaHuwmn Kepak. AltunraH gukp 1.3-pacMpgaH

*aM KypUHWO Typubamku: "m" HyKTafja KysaTunaérraH *apakat E
BEKTOpra HucbataH aT > n/2 6ypyak ocTuga G6axapunasnTtu, sbHU
OA = F cos amdl < 0.

FOkopuga kentumpunran (1.1) - (1.4) wdoganapgaH Kenub
UMKAAWKW, 3NeKTp MainfoHuaa >xoinawraH X.ap 6up HykTa ysura
XOC MOTeHLMan aHeprusacura, éku copganawitupramja, noT e H U
nan raasra. WyHnHr yuyH xam (1.2) 6unaH udofanaHraH o6up-
namuy (conMuwiTmpMa) MW noTeHUuMannap dapkwu
neb atanagu, SbHU

(1.5)
0

KypuHné Ttypubaukum, arap ga "b” gaH "a” ra kaliTapunaguraH
b6ynca (1.3-pacm) baxapunaguraH v €ku noTeHUMannap gapkm



&) "<Po ~<Pb = AbHU Yy (1.5) narura TeHr\ ammo

Teckapu uwopasa 6ynagn. bowkaya kunm6 aiTraHga q.b + i =
O, AbHM CUHOB 3apagu (o "a“ HyKragaH 4YMkKub, \<mp KaHgal Tpaek-
Topuanm iyn 60ocub fHa LWy HykTara KaWTub kenca, y 6axaprad
VW HoMra TeHr Bynagw.

AMMO noTeHuuannap apkugaH (SbHU Q- (b gaH) yNapHUHT
MYTNIOK, KWAMarnHu 6mnm6 6ynmaingm, YyHkM MaigoHgarn UxTué-
puii paBuLLda ONWHras Xap KaHgali MKKW HyKTa g Ba S Xam 6up

XWUN (hapkka ara 6ynmwm MyMKUH: <p M~ <, NeKUH ¢y *

(. Ba 94U @b ¢ VIKKMHYM TOMOYAAH, 3NEKTP MaHAOWWHUHI TabCcup
3TWLW 4erapanapu YeknaHraH Oy/nmaiign: MacanaH, fiKKanaHraH
MaH6aHUHr gD ra HucbataH

Tabcup Kyun FO  chak.aTruHa

R - oc Aa HoOAra TeHr
6ynagn. by anbatTa, Hazapwii
KaparaHga LWyHAaain; amanga
3ca uyap KaHgan Kyuynu 3apsg
XaM 4ekcu3 énunraH Mmaii-
JoHra  3ra  6ynonmangm.
LyHra  kapamait,  6upop
aHuK, HykTa “K" yuyyH Maii-
JOOH  MOTeHUManbl  Hasapus
acocuja TOMWAraHW MabKyn
ne6 6unamms. dapas K,wnai-
MUK, Wy HykTagaH qQ 3apsg
MaH6ara HucbaTaH 4eKcus
macothara 0/M6 uMKLLITaau.
YHia MaiifoH GaxkapraH ML

4
hirsX  4ne, p ¥

AbHM MaHba g AaH Tyrpu umsmnknm macodacu Rk 6ynraH V
HYKTaHWHI NOTeHLMaImn
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> 3~ %,K o
it ' it 4Z6uR~ 4ftEaRk

MoTeHumMan  €ku WKKU noTeHUMan apku ynyam 6upawm
Bonbt (B).

1.3. MarHuT mMaigoHun Ba yHULL XyCycCusATnapu

Tabuatga wyHaa moaganap \am yupaiguku, ynap y3 atpodu-
fa thakaT y3ura xoc 6ynraH Kyynap MaMwgoHMWHWN Xocun
KunagH. By Kyunap Xyamou LWyHAain OoWK.a Kyynap MaifjoHwura exu
yXlWall Ky4ynap MaingoHura HucbataH MeXaHWK Kyd 6unaH Tabcup

aTa onagu. byHpali kyunap MaH6au
oynvMuWw  mogfanap MarHuT - feb
.aranagn. dw  oaaviA MarHut 1.5
pacmfa KypcaTuaraH. YHUWUHT Kyd
/ ynsnknapn wwumon (L) kytéupaH
4ynKno, >xaHy6 (PK) Kyréura kupraH

t u Vi Oynagn. 3nekTp 3apag Xocun
K XK WM wuaraH  anektp  maligoHpaH mar-
HAT MaiigoHM Wy 6unaH da-

Vo |V PKAaHaLMKW, 3apsAaHUHT  Uwopacu-

ra kapa6, 3nekTp Ky4 u4u3nkKiapu

B €KW 3apsufdaH TapkairaH, €Ku yHra

1.5- paem Amrnnné kenraH O6ynagn. MarHut

Ky4 4M3nKnapu aca maH6aHWHT 6up

KUCMUAAH TapKanub, WKKUHYM Kucmura TynnaHagW, sbHU ynap
Y3MyKCU3aup. MarHUTHUHT WMKKU KyTbra OyNuHMLLM Xam LiapTau-
vp: anoxufa WWUMON Ba anoxmpa >KaHyb KyTbnap Maexys 6yna
onmaingn. MarHuTHM KgH4Ya napyanamaHr, 6apubup xap KaHpgai
oynumn aHa 6up 6opa WKKKM KyTogaH nbopaT 6ynmb Konasepaau.
MarHuT MalgOHUHWHT TabCUP KYYUHW WKKU ycyn OunaH cuHall
MYMKWH. BUpUHYMCK, MaiigoH Tabcupuaa OMpPOpP CUHOB MarHuT
maccacu T M, KM KOMMac cTpenkacu xapakatra Tywaan (1.5-
pacm). By xapakaT Kyy umaumknap Oyinab xocun 6ynagn. Xap 6up

HyKTagarm Kyd BeKTOpM F  Ba YHW XOCU/ KWMYyBYN MArHWUT WH-

AYKUMS B HWHI MyHanuWMHW KypcaTyBuM BOCMTa CU(aTMia KOM-
nac CTpenKacu WLLNATUANLLN MYMKVH.
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WXknHuncn. arap mai-
[OH MuMra 31ekTp TOKM
CUM 'KMpUTMUACA, acoCuii

MarHmT MaiiioHM Ba
Kywumya  (TMK  );ocun
KU/raH) MalifioH

ypracugarn ysapo Tabcup
KYYMHW Ky3aTULl MYMKWH
(1.6-a,6,8 paem). LlUumon
KyTougaH uMkmb XaHyo
Kytéura  iyHanraH Ba

B uHaykumsara na 6ynraH
acocuMin  Marumr Ky4 uu-
3MKNapyu MalioHUgaH oW
ONfaH CUM MnuMgaH TOK i
yTaéTraH Oynca,  YHWHT
atpotmaa X,0CUn
6ynaguraH B MHAyKUMSAW
KyLUMMYa MarHuT malifioHm
acocuini  MarHuUT MaifoHM
bunaH y3apo  x,apaxarra,
TyLuaau. 1.6 a-pacmgaH
KYpuHU6 Typnbaukm, cum-
HUHI Yan romoHuga B., Ba
Bj marHut uHAyKumanapu
6up-bupura KapLum
yHanraH 6ynca, CUMHWHI
YHI TOMOHMAa ynap 6up-
bupura wmoc TywraH. Ha-
TKafa CUMHWHT YHI TO-
MOHMAQ WWUIMHAW  MarHWT
Ky4 4YM3MKNapu 3udnaHagy,
yan TOMOHMfa 3ca - Cuu-
paknawagu. y3 Haeb6aTuaa
MarHWT MaifloHn Y3 Luak-
NIMHWHT 6ysunuwmra
Kapwunnk Kypcatagm Ba
Ky4y YM3MKNApW 3HI KKCKa
nyn opkann 6up KyT6aaH
MKKUHYM KyTbra ytuwla



WHTWIraHn Tyaknu “6eroHa” MarHWT OOBEKT CWKM6 YmK,apuna
oownagn: TOKNM CUM YHrgaH uanra \apakatnaHagu. TypTtub
ymkapuw  F KyYMHUW  AyHanMwun Ba KaTTasuru cumgarn TOK i
HUW  Kyusn Ba WyHHAMWMra 60rmK.-  KyYHUHr  AyHaavwwm
Tyrpucngarn xynoca 1.6-‘6"Ba'Y'-pacMnapgaH SK4ON KYPUHWUG Ty-
puban. Pacmnap ypracuparu fovpadanap CUMHUHI KyHOAnaHr Ke-
CUMMUHU wndoganaca, YNapHUHr unumgary Oenrunap - TOKHWHT
AyHanuwunHen - Genrvnaign.  Arap TOK OusgaH paem  “nuyura‘“
OKAETTHH 6ynca, yHM © , AbHW Hal3aHWHI OyMy Llakauaa, arap y
paeM "mumpaH" 6uM3rH Kapab okaeTraH Oynca, YHM ¢ SibHU Haii3a-
HUHF y4u LWaknvga TaceBupnaw ofatra ainadraH. Ly xonga Tok
aTpouia xocun bGynagurair y3 MarHUT Kyd UYM3MKNapyu Tervwinuya
coar Munura moc (1.6-6 paem) Ba Teckapu (1.6-B paem)
MyHanuwpa ypanrad 6ynagu. LLYHWHT yuyH GUMpUHYKM paemfja Mmaid-
[JOHAaH TEeKNW CUMHM 4uKapub TawnoBum Kyd F  uvanra, MKKuHUK
paemga 3aca yHrra iiyHanraH 6ynagu.

1.4. MarHmT oK,uM, MarHuT VHAYKUMA Ba MarHuUT
MaHAOHWUHWHT  Ky4Y/laHraHamru

FOkopuaa Kypub YMKMAraH MarHWT XyCYCUSTNapuHU YyKYppoK

ypraHwm kysga TyTunaguraH 6ynca, an6atta, GMpMHYM HaBbaTga
MarHUT MaiJOHWHUHT acoCUiA KypCaTKUUMapuHWU, SibHU YHW Tyna-

1.7-pacm
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TYKUC TaBCcU(MaigHraH MarHUT KaTTaMKNapuHY  ypi aHULWKMMN3
wapt. bynap sca - MarHUT oKMM ®, MarHUT MHAYKUMA BeKTopu B

Ba MarHUT MalfOHVMHWHI KyudnaHrawwru sektopu H gup. ®dapas
K,MnainmK, OAauiA  MarHuUT MalgoHWHW 6up  ypamaum  cumpaun
yTaéTraH TOK i Xxocun KwmnraH I.7-pacm). Hasapusra acocnaHras-
fa 6y MarHuT MaiiluoH (ha3ofa YCKCM3 XXoinawraH 6ynagn. Amanga
3ca X,ap KaHgaih KaTTa TOK / xam OMp Heya MeTpfaH y3okga Ta-
pK,anmaraH MarHWT MaifoHWHW XOCWUN Kuna onagu xonoc. LUyHpai
3KaH, TOKHWHI  MarHWT MalijoHn acocaH TOK YTaéTraH cumra
AKMH MacogaZa Tabcup 3Tafu Ba YHUHT Ky4 YM3MKAAPU TOKU CUM
AKMHMEA 3M4YPOK. Ba akCWHYa, YHAaH MMpokaa cuilpak  6ynagw.
AMHM Wy KypcaTKuy, SABbHW MarHuUT Kyd UM3HKNapuHunr 6npop
Xyfa KUYMK Ba MyHanraH kecum ds uwuugarv 3v4adrn MarHuT
WHOYKUUACUHUHT MUKLOPUHW Buaavpagn. YMymMaH — onraHja uk-
Kuta &HMa-H O/MHraH Kyd umsuknapy Xxam 6up lyHanuwga
Oynmaigunap, LWYHWUHT YY4yH MarHUT MaifOHWHWHI TabCcup Kyuu-
HUHT YHaNWIWLIWHU WHOYKUMA 6unaH 6ornap 3KaHMu3, KecUMUHW
MyHanraH f[eb6 onraHummM3  MabKyn. Ywoy Hykxau HazapgaH
KaparaHga, S ra TeHr 6ynraH MXTWEpWiA to3agaH YTaéTraH MHAYK-

umMa BekTopsiapu tynnamm "Bds = @  “MarHUT MHAYKUUA BEKTOP-
n
NapUHWHT OKUMK", €KW KUCK,apoK aiiTraHpa, “marHuT okumu“ p[eb
aTanagn. MarHut oknmu Bebepga ynuaHagu: I1Be6 = 1B-1c, éku
BonbT-cekyHa. MarHuT okMMuHM TacasByp kuauwga 1.7- pacmpaH
thoinganaHn6, TOKAM CMM YPaMMHWHT MYMAa XKOWnaliraH t3a S Hu
ONMW MYMKMWH' WYy \a/JIK.aCMMOH TellWMKKa nacTiaH Kupub TenagaH
ywL16 keTaéTraH 6apya Kyd umsnkiap TynaamuHu “marHUT oKumn"
fednw  MyMKuH. KyprHuG Typubamkn, XaMMa Kyd 4M3UKIapw
XanKaHWHI Tena Kucmmuga atpod asora tapkanaetraH 6ysnca, ynap
Wy Xa/IKaHWHI NacT TOMOHMAa KalTafaH Aurunagn. AbHU MarHuT
Kyd YM3MKnapm y 3Ny K CU3 LU P: Yynap xed KaepfaH 6owl-
naHmaikgn Ba \cuy Kaepga TamoM Oynmaiaunap. MaTemaTuka
HyKTan HasapujaH napanraHfa, mMarHAT Kyd YM3UKAaPUHUHT Y3NyK-

CU3NNIMHK j8ds = 0. TeHrnama 6unaH ngoganawl MyMKUH:
AbHM KecMmpaaB KecuMmra ytmb, 6epK KOHTyp 6yiinab MmarHuTt

OK/MIMUHM Ky3aTU6 YMKCaK, YHUHT WHTerpanu (AnrvHgucu) Homra
TeHr 6ynagn. byHn 1.7- pacmga 6carunaHraH S, Ba S:  KecuMau
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MM AT Kyd YM3MKNapU MUYnfaH yTraH MarHUT OKUMUHUWHT LUaKIu-
O<W nam Xynoca Kune* 6ynaan, YyHKM S, ra KMpraH OKHM S: faH
UHK.MG KeTANTW. JHAM Xyaau LWy paempary MyHKTUp GunaH
KypcaTuaraH Ba y3yHAury / ra 'reHr OynaraH MarHWT Kyd YM3UTUHU
Kypnb uuk,ainuk. ®apa3 wwaninuk, 6y rungmpakcMMoH Gepk arpu
UM3MK. Kyn TOMOHAW KynbypyakiaH Tallkui TonraH OyncuH. YHpaa
Xap 6Mp TOMOHHWHI y3yHAMrMHM A/ [e6 oncak, 6epK aiinaHaHu

XOCU/T K.MAraH MarHuT Kyd umsuruHu  jSd |1 =T , ra TeHr feb
/
xucobnacak xam 6ynagm (6y epgma M/ =dl —0). by wuHTerpan
vtar-ait OKjtMirm yxulaws ckanap mnkgopra ara, seHu jM =Bl
|
YYHKM aiinaHa Oyinnab onuvHraH 6epk WynHWHT \ap 6up HyK,Tacuaa
WHAYKUMS BEKTOPUHUHI MOAyNnu Yysrapmac fe6 X,ucobnaHraH. by
Kyd UMSUTVHUHT TabCUp MWKAOPUHM TaBCU(allga YHU XOCWun
KnaraH TOK Kyyn | Ba MarHuT MaigoHugarn MyXuT XycCycusiTu
6unaH 6ornaw Tabumingup. XXyga Kyn Taxpubanapga KypuaraHura
6vHOaH x.akukatgaH “am Bl =jui (1.7-pacm yuyH). Arap MawuT
MaigoH w-ypamnu rantakga Tawkun o TonraH  Oynca,  yHga

BI- fjwi ek B- M ~fjH .By epga: H—"' -marumrt

MaVI,CI,OHMHI/IHI' KydYynaHraHnumrm Ba /Il wmart

HUT CUHTAQUpPYB yaHANUT K pae6 atanagw.
. do
YnyoB 6upnuknapura ytaétraH 6yncak Ba B — ds HU
X1cobra oncak, WHAYKUMS - 6y MarHuT MalfOHWHUHT  aHUK;

HyK,Tacugarv 3umunurn - e bep Ta.K, CUM MeTp KBafg
par, ékn T e cn apgayndaHagn (1 Tn=1B6/mM2). MarHut maii-
JOHVMHUHI KyunaHraHaMrm sca amnep TaKCUM Me
rp A4 aynyaHagm (A/m). ByHOaH KypuUHaZWKW, MaluUT CUHTAUPYB-
YaHAUTX P YNYOB BUPAUIK KyiAnaarnya Tonuaagu:

Th B-c-m Om-c T /
_____ - , = ez — reHpu/mMeTp).
A M M- BA M M (retp P)

MarHut MaiAOHWHWUHT  XapaKTepucTUKanapuHu TabpudnallHm
TyraTuwaaH onguH siHa 6Mp MapTa TYKWM 3cnaTull SI03UMKKW, yMmy-
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MW Tap3ga ONWMHraH MalAOHHUHT WUXTUEPWUIA HyKTacuaarn marHuT
MHAYKUMS Ba KyUNaHraHAUK BEKTOP MWUKAOPMapavp. Ynap opacupa-

rm 6ornaHnw xam B ~ juH  fge6 ésunuwun wapr.

1-5. MarHuT maigoHmngarn xapakaT/aHyBUM 3NeKTp 3apsd.
JlopeHy, Kyuu

Arap 6upop ysrapmac MarHuMT MaigoH MaBXyfa 6ynraH asoga
UXTUEPUI MUKZOpAarn q 3apsj dxoinawraH 6ynca Ba y X,apakarga
Oynmaca, MarHuT MaifoHW yHra X.e4 KaHfai Tabcup KypcaTtmaigu.

AMMO Wy 3apsguu 6upop Tawku kyd /, = qE  (MacanaH, anekTp

KyunaHraHnurn E ra TeHr 6ynraH anekTp MaigoHun) V Te3nukaa
XapaKkaTnaHTupaguraH 6Gynca, yHfa MarHuT MalifloHM Xam 3apsiara

KylwiMya / 2 Kyd OunaH Tabcup Kuna 6owunanm.
Arap MarHuWT MaingoHu uHAykums BekTopu B 1.8-a pacmga

KypcaTunraHfek 3apsig xapakatnaHaétraH T1e3nuk Vv (Bku Kyd ]\)
AyHanuwimra nepneHAuKynsp WyHanraH 6ynca, MarHUT MaijoH

TabCUP KypcaTaétraH Ky4 ~ .Makéuman KuiimaTra aTa

6ynagm Ba y3 HaB6aTMaa B ra xam, V ra xam nepneHauKynsp

AiyHanraH 6ynagn. YMymuii x,0nataa Te3Mk V BEKTOpU WHAYKUMS

BekTOpn B xoinawraH 4msmk N 6unaH uxtuépuin a;* 90 06yp-
YarvHU TalKWA 3TUILIM MYMKUH (1.8-6 paem): YHAa MarHuT Mmai-

[OHUHMHT TabCUp 3TYBYUM KYUMHUHT BEKTOpM ]2= YHUHT



mogynn aca  f: = qv, B--—--quBSina. AbHKM 3apag XapakaTunmx
AyHammwin N uMsvK, RyHanuwnra sSKMHAAWraH capyu MarHuT Kyyu
t\  Kamaiinb, Honra WHTMNA 6ownaikaM, 1.8- a Ba 6 pacMfiaH

KYPUHNG TYpUOGAMKW. Kyd BEKTOPW /2 KaHAail KaTTu Oy/nMacuH. y

B Ba V Bckropnap CTraH TEKUC/MKKa HucbaTaH ,\amma BakT

nepneHAVKynsap 6ynraHu Tydaiinn 3apsg Te3nUrn' v HU y3raptupa
onmaign. By Kyd (hak,aT ¢ 3apsg XApakaTnaHaétraH TpaekTopus-
CUHM  y3rapTupagu  xonoc. LUYHMHr ydyH xam  3apsifiHu

XapakaTNaHTUPYBUM 3M1eKTP MalgoH Kyun /, 6unaH MarHuT Mmaid-

OOVVHUHT Tabcup Ky LU /, HUHT NUMKONCH
[ 7flaly- +VB) ~ JlopeHy Kyuwn, ae6 atanagu. HAHa 6mp
6op acnaTamlKW. MarHut MmaingoH Tabcupum f: (hHKATIMHA

XapHKaTaa 6ynraH 3apsf yyYyH MaBXyaaup; YHAaH Talkapu Xyaau
Wy yHanuw Ba Te3NUK OunaH Maskyp MarHut MaiigoHuga maHguii
3aps4 XapakaTfaHca, yHra TabCup 3TyBUM MarHWT Kyuum f2 Teckapu
AyHanuwpaa xocun 6ynagu. JlopeHy, Kyuyum TeHrnamacupjaH sHa 6up
KM3WK Xynocara Kenuw MyMKWH: arap MarHWT KyYuHuHr mogynu f:
=qvB 6ynaguraH 6ynca, gemMak MarHWT WHOYKUMACH

B=~-

w
[Ocvak, uHgykumsra 1.1-ga GepunraH TaBCU(HM  Kyimaarmnda
TYNAMPULL MYMKUH: MAaTrHWUT WUHAYKLWUACKU MarHwu
T MAaWAOHWUHKNM TaBCU® NOBYUYM WwyHAaah B
EKTOpP KaTTalWKKW Yy MAarHurT TabCcup K
YUUHUHT 3apajum Ba YHUHT XxapakaT Te3n
mrm KynahTmacura 6y
ne V nravH mukopuin Huc

6aTUHWM KypcaTagwu.

Kypn6 umkunraH JIOpeHU, TeHr-
naMacuiaH faHa 6up Myxum Xyroca
ynmpuwl MYMKWH. dapas
Kunaiinnkkn, 6mup Tekuc \apakatga
bynraH 3apsg q O6upop BakT MO-
6aiHMaa KaHOakaump 3neKTp CUMK-
jaH  ytmb  6opaangn  (1.9-pacwm).
[Jemak, ysrapmac TOK Y4yH 3apsf



Mukgopu q=It 6ynca, WKKMHYM TOMOHZaM YLy 3apaf 31eKkTp
CUMMHUUWI 1 ra TeHr 6ynraH KUCMUHW Wy | BAKr numgy ytraH pgeb

oficak, Xam 6ynagn, fbHM 1 - v-t. Y xonga / 2 —qvB ypHura:

|
/, =1-t-yBBU pfAe6 ésuw MymkuH. By wudopa aca

y3rapMac TOK 1 YTKM3a8TraH Ba 1 Y3YH/IMKKH 3ra OyfnraH 31eKTp
cMMU B MHAYKUMAAM MarHUT MalifoHura >KohnawTupunraHga. y
MarHuT MaigoHum TomoHupaH F=BI1 Mwuk.-gopra ara MexaHuK Kyd
TabCUPK OCTWUAA OYyNMWAnIuHK KypcaTagu.

YnyoB Gupnurura yTcak,

Bo B mC Koy.
B f I AN e n 0Oy.4
= M mMeTp

~\Hblo/nou\

1.6. SneKTpomMarHnT UHAYKLNA Xoamcacu

By MyXum  3MeKTPOMAarHWT  Xofguca MarHUT  MmaligoHuga
XapakatnaHraH anektTp  yTkasrmya (cvumpa)  3.100.K.  Xocun
OYNMWWHM HaMOWMLL Kuniaan Ba GUpMHYM mapTa M.dapageit To-
MOHMaaH 1831 unga Taxpuba acocupa mcbortnaHraH. HOkopuga
Kypu6 umkmnraH JlopeHy KyunapuHu xucobra onraH xonga 1.10-
pacMia KypcaTuaraH XOnaTHH ypraHainuk. dapas Kunainuk, 6w~
pop y3rapmac MarHUTHUWT KOKOPW TOMOHMAa >koiinawradH N - Tu-
MON KyT6u @  MarHut OKMMWHW XOCWN Kwunagw. [emak, MarHuT

KyTOU sAKMHMAary HykTanapfa WHAYKUMs BekTopu B Tuk Tenara
AyHanraH Oynagn. 3HAM OKuM & Tapkmbuparu MarHuT Kyd uu-
3MKNapUHU KyHAanaHr yHanuwaa pamka (Typtoypyaknu 6epk cum
Xanka) V Te3nukpa Kecub yTCMH. Bu3 6unamusku, pamka metan-
NAaH  VWnaHraHnurn Tydainm YHUHT WYKW Tapkubuparu 3pKuH

9NEKTPOHNAP XuUcobura o 3apsp XKoi onaan Ba y pamka GunaH v
Te3NMKAa MarHUT MailgoHuga XxapakaTga 6ynagW. YHra Teruwnm

NopeHy kyun / 3 = {lo[v\5] ra TeHr 6ynagn. AMMO Oy XogucaHu
Ky3aTyBuM pamka OunaH 6up Xun Tesnukaa xapakatga 6ynca, yHra

Maskyp Kyu/, =</0[vS] 6ynub, ryé kydnaHraHiurm EO ra TeHr

OynraH TallKW 3MeKTP MalifjoH Tabcmpuaa Xocun GynraHiek Tyro-
nagu.
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LUYEWWUr yyyH Xam XHpaknTgarn PpamMmKHUUHT  Ky4dnaxK a™nuru
EO~[ bynraH 3nekTp MalifjoH Tar>cupupa pge6 xueobnail

MYMKWH.
OHAM At BaKT uMuMga pamka AX opanurura cypungu

Ax  dx
nebxucobnacak, YHWHr Te3nmrm v = E{ « “

- 6ynnb umk,agm Ba
at Y. an

rdx
TallKW CYHbUIA 3NeKTp MaigoH KyuynaHraHairn EO - *B

L
oynagn. VMKKUHYM TOMOHAAH, paMKa eypuiull HaTuxacuja MarHuT
Ky4 4m3nMKnapum Kecub yTaétraH kKecum AS“ A-AX mnkgopura,
MarHuT okmmu sca AP - B As mukgopura ysrapagn. MarHUT uH-
OYKUMACMHM Ba paMKa Te3/IMIMHN KOHKPET WyHanuwira ara akaH/iu-
TMHW, ABHW BEKTOP COH GynraHanruHn Ba [l « dl, Ox » dx, AP «
dd xamfa TEHINMKIHPHU Xucobra oncak, KynuaarmHu ésuw Mym-
KWH:

d0«*Bd§ "B 1] =-<\[(1xBVi ™
(O'xvprn ndogagarn nwopa ysrapuwin BeKTOp KynaTmacugaru
KynaiTUpyBYM BEKTOpAap YPHW anmaluraHu xucobura o6yngu). by
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TeHrnaMMHUHT MKKana TomonuHmn dt ra Gyncak.

P B dl JEOd I, & 4Endi =P
~ - , €Kn ndi - -
dt dt E dl
oynagn. KypuHu6 Typmbamku, nonrn Tew sMac Ba 1.2. ga 6Ge-
puaraH Hasapusira 6MHoaH Maskyp udogaHu noTeHuuan TylyHMa-
cura TemrnawTupu6 6ynmaingn. femak, 6y pamkamMu MarHWT Maii-
Jovmparn xapakatnaHTUpyBUM Kyd 3Basura YHUHr cumu Oyinab
3NIEKTP HOPUTYBYM Kyd X,0Chn Bynagu:

%'E'Od'l a0 **)
e = . *%
dt

MarHuT MalifoHnga XapakaTiaHyBuUM Xap MHfAai yTKasruu.
YHUHT WaKnM Ba 6epK 3aHXWUP XOCUN  KUAWULL-KUIMACNUInaaH
KaTbu-Hasap, OMpop  MUMKLOpAM 3.l0.K.ra ara 6ynagu. Xocun
OynraH, ékM M H A4 Y K L U 8 1 aH T aun 30K KaTTanmrum
YTKa3rMyHUUr  x,apakar Ttesautura 6ornmkaup. MacanaH, 1.10
pacMaa KypcaTwiraH Basuarga 93.10.K. paMKaHuur akaT “ar Ba
“68" KucMnapuga xocun 6ynaguM, 4YyHKM “ab“ Ba “Br Kucmnapwu
MarHWT Kyd UYUM3MKNapuMHU yMyMay Kecub yTmaiign. BaxonaHku,
‘OB KMCMMAA XaM 3.H0.K. Xyfda KAYMK MUKAOpAa, €KW Myrnako
HoNMra"reHr 6ynMé UMKUWKN MYMKUWH; 6y 3ca paMKaHML Y30K Yek-
Kacu MarHut MaigoHu 6unaH CcycT pasuwga 60nTaHrananruHm
Kypcatagu.

TeHrnama (**) gaH KypuHu6 TypumbAMKW: YTKa3rMy KaH4ya Kart-
Ta Te3NMK OunaH MarHutT MalifoHMHW Kccub yTca, yllaHya KatTa
3.10.K. xocun 6ynagn: 6up TEKWUC ysrapMae Te3nukaawl Xapakat
yuyH e=const, TyxTab TypraH pamka yuyH e=0. LUyHM Xxam
rabkugnall no3nMKW, paMKaHu Kecub yTaeTraH MarHWT OKUMU

®(Y) Bakr mobaiiHmga owwnb 6opca Kdo oY, NHAYKUMANaHTaH

3.10.K. abconoT Kuiimatu HongaH Katta 6ynu6 ysrapub Typagw.
amuo0 YHUHI MuKaopu maHdguidi 6ynagu. Arapga ®U) Bakr 6yiinabd

. (do
Kamainmé 6opca  --—-<0 _, WMHAOYKUMSANAHraH 3.10.K.  mycbat
Vdt )
MuKgopnapra ara 6ynu6, ysrapub Typaau. by xyga Myxum
KOHYHUSTHUHT  MasMyHU LWyHAaH Kn6oparku, MarHut — MaingoH
OKVMWHUHT MUKAOPUIA Y3rapuiyM MarHUT — 3HEPrUSICUHUHI pamka



aTpodmaa  y3rapulUMHW  akKC  3TTUPAAWM:  MarHUT  OMIMUHUHT
3ypaiviyM  MarHAT MaigoH 3HeprusicMHM  pamkara HucbaraH
Kynanmwmra onub KcnaguraH Oynca, yHga X,0cnn OynraH 3.10.K.
TecKapu MyHanraH 6ynub, 3HepreTMK MyBO3aHaTHM Caknalira WH-

TunagnM. MarHut okumK kKamainb 6opca . ywoéy 3.10.K.

y3 ULIOPaCUHW Y3rapTupub YHU 0nnG KUpraH SHEpPrusicuHu cakaab
Konuwra "apakaT Kunagu.

AHa OMp HapcaHM ainTM6 yTWW KepakkK, tokopuaa Kypuo
YMKMAraH xguuca akaTrMHa pamka X,apakatga OynraHga 3mac,
BaxONaHKW, >XohnAaH Ky3raamac pamkara Huc6aTaH ysrapmac mar-
HUT (CKM TOKNM pamka) xapakatga 6ynca \am cogup Gynasepagu.
LLyHpaid x,0nat \am 103 6epuin MyMKUHKW, YTKas3rmy Enunk KOH-
Typ (pamMKa) y3rapyB4aH TOK KOCWA KWAraH MarHUT MaigoHaa
Napakarga 6ynagn. HaTwkaga WHAYKUMAMIaHraH 3.00.K. WKKUTA
TalWKWUA 3TyBUMAAH Tapkub Tonagu, SbHU:

By epgpa: (-3®/i1) KysranmMac pamKkagarn MarHuT MaiigoOHUHWHT

y3rapuLuu:

nocun GynraH 310.K. KACMHAMP.
JHAM (**) KypuHMWIAAryn TeHrnamara KaiTmO Kencak Ba 6epk

KOHTYpfa naingo OynraH 3.10.K.HUHT Ma3Kyp 3aHXxupga TOK i
ANOCMN KUNUWKHKU 3bTUBOPra oncaK, yHAarn ypuH ONraH KyunaHui
u=e=R-/ 6ynub uukagn. by epga R - 3aHXUPHWUHI aKTuUB
Kapwwunurun. LyHgai knnno,

] 0 ) d<P
ékn idt = - — 6k dg — --
R ~R
o Ad
AViHaH WyHra AKAH  Wakauga,  Tyrpyporm  Agq —-, R

KypuHMWAa ywey K.OHyHusT M.dapageii TOMOHMAAH aHWKAAHTaH
3an. Onum @ TywyHuyacura 6Up Heya MarHUT Ky4 YM3UKNAPUHWUHT

AN
AN y3rapuwvHA TeHrnawTupraH, sibHM e ~ ~~~" 6ax,0 “ep-

ran. by wudopa 6wUnaH 3NeKTPOMArHWUT WHAYKUMS KOHYHUSTUHM
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TYLWYHTUPULWAA WY XKOWH KynanKu, MarHuT MaigoHWHUHE Kyd 4m-
3UKNAPUHN Kecub YTYBUM YTKa3rny GepK KOHTYPHW TaLLKWU 3TULLIN
wapT amuc (macanaH, B,v Ba EO BekTOpnapu 6up-6upura Huc-
6ataH neprneHaukynap 6ynranH Tydainu ea=vBlL;:). YMymuii
NonatgM  GMp  TEKUC  MarHUT  MaijoHuga Vv Te3nuK  bunaH
XapakaTnaHyBuu Ba / Y3YHAMKKa 3ra OynruH ytkaswunap yynapu-
Ja e =VvBIl ra TeHr 3.10.K. Yocun Gynagn. YHWHT AYHaIULWWHA Y hi
Kyn koupacu 6unaH aHuknaca 6ynagu.

tOkopuaa Kypub uukunaraH HasapusgaH LWyHfjad — xynoca
YMKapWLL MYMKWH: 9N1eKTp Ba MarHuT MaigoHnapum 6up-oupugaH
MYTMaKo aiipuMm Xpnatnapfa Masxys Oyna onmaigunap, ynap
y3apo 6Guprawl TMpyBUM YMYMWIA 3/1IEKTPOMArHWUT >KapaéHnap 6GunaH
yambapyac 6ornaHraHnap.

1.7. nawiraH marHuUT OKUM. Y3UHOYKLUNA Ba
Y3apoOHAYKLUNA 3.10. Ky4dnapu

MabiymMkn, \ap KaHAali MarHWT MaioHWAAa MarHuT Ky4y 4u-
3UKNapyu YeknaHraH macoaga TapkanraH 6ynmb, 6epk
TpaekTopusnap 6yina6 >oiinawraH 6ynagn (1.7-pacm). Mas-

®.B

Kyp MalfOHHWHT MXTWMEPWIA XolWAa ynyaHraH MarHuT OKMMMK Ky4
yMaMKnap ‘Tewnb* yTaéTraH Ba UXTWEPWIA paiinwuga TaHNad OfuH-
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ran kecum “SK‘ ra 6ornukgup, seHn @d.K ~ |BdS. Ammo 6ump
ypamnm TOKNW CUMHW (KOHTYPHM) MarHuT MalfOHUHUHT MaH6am

feb oncak, ryna MarHWT OKUMWHM - | BSpe6 onuwummns

v

wapt (6y eppa Sl acnatuaraH TOKAM KOHTYPHUHT t03acu). 3HAU
(hapa3 Kunainuk, rokam cum 6Mp Heya ypamnu rantak Llaknuga
TysunraH (1.11-a paem). Ly ca6abnu MarHutT Kyd 4nM3nKnapu
Mynuga xap 6up ypamra Termwnu kecum $“ 6up Heua MmapoTaba
yupanan. YugaH Tawkapu, MarHuT Kyd 4nM3vkiapu X,ap Xun Tpaek-
TopusinapAaH yrraHu Tydainm aipum ypamnapra HucbaTaH 6oluka-
bowka 3MunMkKga Kecub ytraH (waptnM umsmknap 1,2,...,7). Pac-
MaH KYpuUHWUG6 Typmbamku, i TOKIM Kyn ypamaum MmaH6ara
raftakka HucbataH MarHUT OKUMUHH P-BS pe6 onnb 6ynmaiigw,
UYHKM Ky4 YM3UKMAPWMHUHT COHMHM TOKKa nNponopuuoHan geb
X,ucobnacak, xap Oup SHMKM ypam 3basura Oy 4msMKnap Kappanu
Kynainé 6opasantu.  LUyHpad kunub, X,akKMKuiA MarHWT OKWMU

w

®2 =B” Sk, ekn y/ —dr = v>dP—wBS (6y epga w -ypamnap

COHW). HaTmxaBuil, EkM KappanaHraH MarHUT OokuMn Yy=\y®
MonawraH MarHuT OKMMMU [eb atanagn. Opauii
MarHuT okumu @ peb, 6up ypamra (macanaH, >Praflarn YPawmra)
TEWLWAN Kyd YM3UKNAP AUTMHAMCUMHM Xucobnaiimm3. Arap MarHuT
OKMMM ynnfa Maxcyc MarHuT yTKasrumy Temup Yy3ak >KoinaliraH
bynca (1.11-6 paem), W - ypam/inM rantakHUHr *ap 6up ypamu fe-
apnn 6up xmn okum ®=BHA 6unaH wnawrad 6ynagu. rantakka Te-
FMWIN naalrad MarHAT OKMMMW Y4YyH onuHrad y =\yd  udoga
X,aKMKaTra fHaga SKWHPOK Oynafun, YyHKW [eapau XAMMa MarHut
Kyd 4m3mknapm “S* Kecumnu Temup y3ak unumfa mxdam onnawmo
onagu.

FOkopuga (1.6) KypcaTunraHuiek, MarHut OKAMMK MarHuT Kyu
UM3NKNapU  3UYAUFOHU  TaBCU(aiauraH  KypcaTkMygmp, SbHU
\y®=1" LUyHUHT YyuyyH wnawraH marHut okumu \y=bl=\y¢p Ba
YHUHT BakT MobaiHuga \ap KaHfai ysrapuwy Kyn ypamium KOH-
Typda (rantakga) 31eKTPOMarHUT WHAYKUMA KOHYHMsTUra 6uHOaH
Kyingarn MUKLOPAN 3.10.K. X,08UN KWnagu:

dN du/ <t

S= =W ()

dl dt dt



WnawraH marHWT OKUMW Tyna-TYKWC ranTakfjaH yTaeTraH TOK-
Ka TyTpu nponopuuoHangup, AavHuM 4/ =1/. TlponopunoHannnk

KO3IpMUMeEHTM L - Xy CcCyCmMiAn MWHAYKTUBAUNK CKM
TYTpUAaH-TYrpu UHAYKTUBAUK [e6 aTanagn. YHWHT yn4yoB Gupauru:

OT -c- I(rcHpwn)

WHOYKTUBAUK MarHWT MaigoH \OCWUA KW1yBYUA WHAYKTUB KOH-
TYPUHWHT (rafiTaKHUHT) reoMeTPUK YA4YoBAapu g Ba MarHUT Kyd
uynsnknapu  EnlmnraH  MyXUTHWHT  MarHuT  CUHIAUpYBYaHAMrura
6ornnk,- abHK, L--f(g, u). WyHpaid kmnnmb, nnawraH mMarHWT OKMMU
BaxT y3rapuwm Hatwxkacuga \ocun 6ynagwaH (MHAyKUuAnaHagn-
raH) 3.10.K., IbHU Y3MUAYKLMUA 3.10.K.

XaMm, TOK /, Xavm WHAYKTUBAWK L y3rapyBYaHAWUIU X,Mcobura

BY)KyAra Kenuwy MyMKuH. Arapga L=const 6ynca e ——1L

«0ynaay.

1.11-a pacMmfa KypcaTuaraH MarHuT MalifloHu aTpod-myxuTaa
LYHAAA >KOMNalraHK1, YHUHT Kyd 4Yn3uknapu (akat maHb6a ponu-
HW YAHOBYM WHAYKTMB rantak ypamnapu 6unaH unawraH. JlekuH
WyHAan Xam OynulnM MYMKWHKW, MarHuT Kyd 4msuknapy iynuga
OOlK.a MHAYKTMB KOHTYpWM (EKM KOHTYypnap) >oinawraH 6ynagw.
Y3ra KOHTYPNapHWUHI Xxycycuii (y3 MaHbGamgaH YMKKAH) roknapu
Oynuwn ékn BynmaciurufaH Katbu Hasap, acoCUii MarHuT maingo-
HUHUHT Ky4 4YM3MKIapu Yylla KOHTypnapHu Kecmb yTuo, ynapaa
3.10.K. X cun KAAMWwy Xam MyMmKuH. Mwucon ydyH 1.12-a Ba 6 pac-
MAa KypcaTuiraH MarHWT MalijoHnapuHu Kypuo udukaiinuk. Arap
ypamnap COHW v/, TeHr 6ynraH WHAYKTWB rantakgaH i, TOK
yTaétraH 6ynca, y *OCWN KWAraH MarHuT Kyd uusmknapy 1.12-a
pacMaa KypcaTuaraHfek, KACMaH ,w; Ba W, ypamiuM UKKWH4YM Ba
YUMHUM MHAYKTUB rantaknap 6unaH wnawraH 6ynagw.

Tabuniikn, 3Hr Kyn Kyd Yu3MKNapM W,  ypamau acocuii
rafTak 6unaH 6ornaHraH Oynagu, UYyHKW YNapHUHT Tanad Kucmu
W2 Ba W- rantaknapra etué 6opmacnuru aHukgup. KaHpgai
OynMacuH, arap MarHuT MaigoHwn akat /, TOKM Tydaiinm X.ocun
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6ynca, yHpaa ianTaknapra MnawraH MarHuT  OKLMANAPLHUHT
mukaopu Kylngarnya aHuKnaHagu:

OUPUHYN KOHTYP YuyH =Ln j)|

VKKVHW KOHTYpP Y4yH Ui =M| jij

YUMHUM KOHTYP Y4yH yaA= Ma i, Ba\K.

by eppa: wfi;, if, Ba - TCTULLNW KOHTYpra unawraH marHut
okaww, L,| - GMPUHYM KOHTYPHUHT (>anTakHUHI) WHAYKTUBAUIK,

M:| Ba M3 - Teruwnuya GUPUHYM Ba MKKUHYM, \amga OGUPUHYK
Ba YYMHYM FantaKnap opacufjarm ysapo MWHAYKTWUB N U
Knapwu. VIKKAHYM Ba Yy4uMHYM KOHTypiapfgall ToKnap Hojra
TeHr 6ynca xam 0), MasKyp rantaknapfa ysapo WUHAyKuuA
3.10.K.1ap x,0cun 6ynagu:

dl

dt

6)

1.12- paem

Arap (¥, (** Ba (***} wudoganapga  KenTupuarau
3.10.K.NAPHUHT (-) (MMHYC) MLWOpacuHW TyLWYHTUpWLWra yTcak, 6y
3. X.JIeHL, 04raH MyX,MM KOHYHUAT, SbHW 3 T € KTPOMAT HMUT
MUnepLun s KOHYHUATN BunaH 6ornaHraHgup. AbHWU Xap kaHaai



WHOYKUWANAHTaH  3.10.K. Y3 KOHTYpUAM LWyHAAA TOK  XOCWUN
KUNaguKy,  YHWHTr  napakatv  GOWKA  MarHUT  OKUMW HUHT
y3rapuwira kapama mpwn iyHanraH 6ynagu: OKMM Kynauwwura
WHTUACA, WHAYKUMANaHraH TOK YHW cycaTupuwira  X,apakar
KUnagn, OKWM KaMaiunwura WHTWACA, MasKyp TOK YHU  3eKu
MUKLOpZa Ccaknab K.onuwira x,apakar Kuiaau.

Y3apo MHAYKUManaHn6 \ocun GynaguraH 3.10.K.J1lapHW Tabpud-
nawja WyHW Xam anTué yTuw N03MMKK, By Xofuca 3NeKTp 3Hep-
TMACMHM MarHWT MaioH BoOcuTacufa ysaTuwga yTa MyxXuM pofib
yiHailan. 1.12-6 pacMga Yy3apo WHAYKTMB 60OrnaHraH w, Ba W2
rantaknap AroHa Temup ysakka ypHatunraH Ly cababnu marHut
Kyd u4mM3MKnapu aTpodp-MyxuTra TapKoK OynmaraH xonga Aespau
ryna-Tykuc rantaknap ypamnapy 6unaH unawiraH. xap 6up ypam
KecumMmn «S» faH 6up xun 6ynraH MarHuT oK,umum @ yTub TypraHu
Tyhaiinu, rantaknapgary wnawiraH MarHWT OKMMapu Teruwnuua
vi=w,® Ba yy,2Vwmd ra Teur Oynagu. [anTaknapgaru UUKu
KapwwunuknapHn R,=R3=0 pfe6 oncak: ynapHUHI KucMaapuaarm

Clo (1o

KyunaHuwniap ux - W —t~ BA M2 =——2=W2 e AbHM
a

3/1EKTP TOKMHW GUP.KOHTYpAaH WKKWHYM KOHTYpra MarHut MaiAgoH.
OpKanun.(AbHW 31eKTP YNaHULLCK3).Ba-YHUHT Ky4ynaHuwwnapuHu U, :
U:=wi:w2 Hucbatga y3raptuputd Typub, y3aTul MYMKWH 3KaH. by
a(heKT TpaHcdopmarTopnap Hasapusacuia KeHr KynnaHunagu.

1.8. TYNNK TOK KOHYHU

FOk,opuga (1.4) KypcaTUNAuMKW, Xap KaHAal TOK YyTa’TraH
yTKasrmy (CumM, KOHTYp, ypaMm Ba X,.K.) atpotumga MarHUT MaingoHu
xocun 6ynagu. Y3 HaBbatuga LWy MarHWT ManfoHUHW TallKun
3TYBUM MarHUT Ky4 um3nknapu (MarHut OKWM iynnapu) Maskyp
TOKNAW CUMHWU KypLliab onraH 6ynagm (1.7- paem). Bupop uxTnépuii
paBuLAa TaHNaHraH Kyd YM3UrKM y4yH MarHUT X0faTHU

\BdIl =fji *)
TeHrnamacu 6unaH TaBcudnaca 6Oynagu. Arapga MarHUT MaiifoHu

6Up Heya TOKMM KOHTYpnap WIITMPOKWMAA TawKwa TomraH 6ynca,
MarHAT Ky4 4M3MKNap LWaKAIapu Xam aHya Mypakka6 6ynagu Ba

ynapHu TaBcu(ioBUM GepK uHTerpan $Sdl  mMukgopu TaHnaHrad

TpaekTopuam 60rnuk bynagu.
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dapa3 kunannnk, 6upop MarHUT MailgoHu i, i- Ba  TOKnapu
yTaéTraH 6up ypamaum KOHTypnap aTpoduaa Byxyara kenraH (1.13-
paem). ApPMM MarHUT MaigoH MaH6anapu atpodmgarn 'MarHuT

i.in n*i, i,tn N4b bin nt'

Xanatura 6ax;0 GepaguraH Gyncak, KyimpgarunapHu  ésuwra
XAKAUMU3:

Benn - /1, Bdl ~-/ui2 Ba NBdl =/n3,
aa dech dad
KypnHnt Typnbankn,
g Bdl+ j Bdl+ j Bdl= jJEdI=WL([-i2+i3),
amha . abeda oend amhenda

J
UyHKM 6epK KOHTypnap OyiiMya ONWHIraH WHTerpanfapHy yua-
cTkanapra (kucmnapra) énnb6  rypub, Kywuw  HaTuwkacuga
a h ¢ C

\M + [M + JBdl +jSdl =0 uukagn. WMKKUHYM TOKHUHT
b a c (¢ ]

MUHYC wuwopan (SbHW, -i:) ONUWUMWIHWHT cababu WHTErpan-
nawga OonuHraH  RMyHanuw 6y  KoHTypgarm B2 uHAyKums
MyHanuwnra Kapama-kapwiu oynraHaurugmp. Arap MHTerpannawl
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IpaekTOpUsAICM MXTUEPUN iAyHanraH / .. [ kTOoKnap Kow ypna-
puHK Kypwab onram 6Gynca, tOK,0pugary TeHrnava
K

KypuLLHLAA C3WUMLLW NO3UM.

AManga, SbHM MarHUT MaifoHWHU  X,MCO6-KUTO6 KMAMLWAA,
OV3HM KynpoK, MHAYKUuMA B 3amac, 6anky MarHWT MaifoHu KyunaH-
raHamrn H kwusuk.rmpagy. LWyHUHr yayH B —jiiH  udopgagaH
torganaHuné, (*), (**) Ba (***) ypHura Teruwnmya

bHdl =/ n
indr i, i2+i, ()
Ba
K
(H1)

I-111 TeHrnamanap TYMMK, TOK K,OHYHWHW akc 3TTUpPafu, AbHU
oupop 6epk KOHTyp Oyiinab OnuMHraH Ba MarHWT Ky4naHraH/IMKKa
TErMWAM WHTErpan LWy KOHTYp KyplaraH KecumpgaH ynaH 6apua
TOKNAPHUHT anrebpavk MuruHgucura TeHraup. Toknap AUrnHAucK
[eb, Kyn ypamnu WHOYKTWB ranTak éppamuga Xx,0cun 6ynraH mar-
HAT MaigoHM y4yyH Si=wi HM Kabyn kanuw ypuHangup (1.13 - 6
paeMm). By X,0nga TYNMK TOK K,OHYHU Kyiungarnya €3unagu:

(V)

LyHaain 6ynmwn x,am MYMKUHKKW, WHTEerpan OnnHaétraH 6epk
TPaekTopus TOK YTraH CUMHWHI KECMMWHH Y3 MuYMra KMCMaH ofiraun
oynagn (1.13-B paem). byxpnga TynmK, TOK K.OHYHU

by eppa: 6 - cuM Kecumuparm TOK 3UY/IUTN BEKTOPU
ds - KOHKpeT iyHanuiigarn anemevTap to3a Bektopu, A/ -
cumgarv Tyna TOK / HUWHT MHTerpan jovpacura TyLraH K,MCcMmu.

MarHut 3awxupnap aHanmsmga j Hdl épgammpa Tonwnrad

MUKIOP MATHUWUT KWPUTYBUYM Kyuy (MI0.K) cudatnga



\aM uw.yatnagn. M.K0.K. YYyH ONMHaAMraH WHTerpan 6epK KOHTYp
TallKUA KUAUWW WapT 3mac. MacanaH, UXTUEPUIA WKKU HyKTa A
Ba b opanuryga Maskyp KaTTanvK Kyiugaru KypuHuwga Gynagu:

TynuK. TOK KOHYHVWHW ypraHul Hatukacuia siHa 6up 6opa Ly
Xynocara KenamusKku, 3nekTp MaigoHuga cogup OynaguraH
KaHAali x,0fuca y3ura oug MalluT X,04uca ByXXyAra Kenuwwura ca-
6abun Oynaan, Ba akCWHYa, 3NEKTP MaidoHW MarHuT MalifoHWaaH
MYCTacHO BYXyfAra Kena onmMaign - x;amma \ogucanap anekTpomar-
HWT Tabuatra aragup.

1.9. JneKTp TOKK Ba YHUHT Typriapu

FOkopuga (1.1) anekTp MaligoOHVHKM Takcupnawl >xapaéHuia
acoCuin  AMKKaT-3bTUGOPUMU3HM  3N1eKTP 3apsgnapga  TyxTaTraH
34MK. XakKukaThaH X*M 3/1eKTP KyuYlapuvHUHT  Herusuga 3apsgnap
Typagn. AMMO 3apsafnapHuUHI 6up-6upura 6ynraH TabCcup Kyynapu-
HW 6aéH 3Ta Typub, YNapHWUHI X,apakatgarn XyCcycusTnapuHu éput-
MaraH 3auk. Ly cababnn 6U3 Kypub YMKKanM 3M1eKTP MaigoH
Kysraivac 3apagnap MaigoHu 3gu: OyHaainl anekTp MaingoHw - 3 N
eKTpocCcTaTukK MailnpgoH peb atanagw.

JHAM thapas Kunainumkku, MaH6a 3apsgn q Tabcupuga go cu-
HOB 3apsfM X,apakatra Kefagu, SAbHU y 6up HykTagaH At BakT
MUMZA UKKWHYW HyKTara yTau. Jlemak., 37eKTp MaifoHugarn my-
BO3aHaT Oy3ungu: 3apsgnap Tysymmga /=Ag/At ra TeHr y3rapuiu
naiigo 6ynau (6y epaa KWMYMK 3apsg q = o 3ca INekKT
pPp TOK éku 3apagnap OKWUMULUNDP) . 3apsgHUHT
OMp XOMAaH MKKUHYM XOMra yTuULM 3ca BUPUHYN XOWJa 3NeKTp-
HUHI Kamailuiun, MKKUHYKM XKoiaa Kynauwmra onné kenagu. by

3aca 3NeKTP 3JHEePrusicuHMUr anmawinHyBura cabab 6ynagu.
LWyHpain kunnb, anekTp TOKW - By 3apsgnap X,apakaTUHWHE HaTw-
xacmamp.

LYTKa3syBYanmnmukK TOKWNU.

JNeKTp MalfoHuMAaru 3apagnap xapakaTu, SibHU 3eKTp TOK
\ap xun cababnap 6wunaH 60raMK GynuwM MyMKUH. BynapgaH 6u-
pU - yTKa3yBYaHWK omiuin. Mabnymku, X.ap KaHgain
mMaTepusBuiA Moafanap artoM CTpykTypara ara Oynagwnap, SbHU
YNapHUHT 3appadvanapu atomnapgaH uoopar Gynagw.
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ys HaBbatm[a \ap 6up atom myc6aT f4p0 + wu YHWUHI aTpogu-
fa XoWnawraH 6uUp Heya -  3MEKTPOHMapfAaH TalKWa ToMraH
oynagw.

Agpo  (Ekm npo-
TOH) Ba 3MeKTPOHNap
anemeH-rap  (oggwin)
3NEKTP 3apagnapra
ara byna-gunap, amMmo
ynap-HUHI  nLIopacK
Xap Xun 6ynraHu Ty-
thaiiin atom Xaxmupja
3apsAf poMHU  yTau
onmaii-aunap
(+g.npor + Qg-anck
=0). JleknH By 3anekTp
MyBO3aHaT MyXTa/Inru
MOAAHUHT  KUMEBWIA
XycycuaTna-pura 60rnuK: aiipum X,0n1apaa MyBo3aHaT Oy3navium
Xam MyMKuH. Mwucon cugatvga meTannapHu KenTupuw MyMKWH:
Oy KWEBWIA 3nemeHTNapfarn aTom 3appadvanapu y3 37eKTPOHNapu-
JaH OMp KMICMMHM TallKW Kyuynap TabCuMpuaa — MacanaH, bLU3uL,
HYpAaHWLW Ba 3MEKTPMaHWLL HaTwKacuaa) WyKOTULIU MYMKWH.

LLly cababnu y3 atom opbutacMHuM Tawnab umk,ub KeTyBuU
ANEKTPOHMAp -3 PKUH 3NeKTPOHNap pJeb atanagw.
AHM Wy Hasapusaga 6u3 Kypub u4mkgumMraH TOK acoc TOMraH.

dapas  KMNalAMK,  Xap Xu1  UWopaiM  MKKWATA  3apsag
g, =0. Ba 2=Q+ opacuja MeTann, SbHU 31eKTP YTKasyByYaH MoAna
XohnawraH (1M14-pacm). Tawkn MaigoH Tabcupuga — MeTann
aTOM/IaPVHUHT 3fleMeHTap 3appavanapu ”~apakaTra Kenagu; anek-
TPOHMap g+TOMOHra, MPOTOHMAAp 3ca §. TOMOHra MHTUnNa bownai-
an. Hatwkaga 3pkuH 3anektpoHnap (1,2,3.4, Ba *.K. ) artomnap
opacupaH YHr TOMOHra topa 6ownaiign. AMMO YNapHUHT XAMMacu
g+ 3apsagra etne 6opuwmM WwapT amac, Ba’onaHku, eTn6 Gopmaiigm
Xam. Ynap iynga ydparaH 60WwK,a atoMm opbuTanapugarn 3pKuH
3NeKTpOHNapAaH GyliaraH >XoWnapHu arannangn. HAbHW, 3N1EKTPOH-
NAPHUHT  YHITa Cypunuwn  TWKKa Ba EHMa-8H  TepwiraH
KAWTNAPHUHT  OMP-6UPUHN  TYNKUHCUMOH  AMKUTULIMIA  yXLaLl
XapaéH Xx,ucobnaHagn. dakaT 31eKTPOHMap topuw Te3NUrN Aespnu
Hyp Tesnurura TeHr Oynagn. LLyHW xam acnatuil Kepakku,  ra
Takg/nraH karnamfga atomnapfaH YMKub KeTraH 3pKWUH 3MEeKTPOHNap
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YPHU LWy Tawky MaHpuin 3apag \ncobura konnaHagu. LUy Tydalii-
o ToK [/ -dqg/dt ytraH capy (- MaH6a 3apAAVMHUHT abcontoT
KuimaT  Kamaimb  6opagn.  Xyaaum  WYHWHIAEK,  MeTann
YTKa3rMYHUHE TalKW 3apajg g+ ra TakairaH karnammugaru OopTuk,uya
Ba MaH(puii 3apsgivu SpKWH 3NEKTPOHAapu LWy MycbaT 3apsgHu
KMCMaH HenTpannaigm sa KyucusnaHtupagu. AbvHW, ¢ 3apsgHUHT
XaM abCcontT KuiimaTu Kamainb 6opagu. Arap 3apagnapHuHr
K,MAMaTnapvHu TYXTOBCU3 TUKNab TypaguraH Kyd - BocuTa (Maca-
NaH, 3N1eKTP HOPUTYBYM Kyd) Oynmaca, TOK CEKMH-acTa kamasgu Ba
HONra TeHr 6ynm6 konagu. Mwcon cudaTvja KUMEBWIA 3neMeHT-
napgaH TalKWa TOMraH ysrapmMac TOK OGaTapesnapuHy KenTupuLl
MYMKWH.

LLyHn xam acnatuwl NO3UMKW, YTKa3yBYaH TOKHUHI Kartainru
g+Ba g 3apsgnap X,0cun KWaraH Ba MeTall YTKasrMUHUHT yuna-
pugaH yPuH onraH - <9 noTeHuwannap (apkira Ba
YTKa3rMYHUHT  Kapwuanrura 6ornvkgmp. LUyHn xam Tabkugnaw
Kepakku, TOKHWHI KaTTalMry KaH4yanuKk OopTM6 6opca, YllaHya
KYMpOK aTtom/ap 3pKWH 3M1eKTPOHMap YMKapuifa MIITUPOK 3Taau
Ba aKCMH4Ya. TOK g+fJaH (. ra MyHanraH 6ynagu.

1.14-pacMra Kypa, X,apakarfnaHraH afnemeHTap 3apagnap (SbHu
TOK) MasKyp YTKasrMUYHWHT KeCcUMMUZaH MabiyMm 6up 3uunuk bunaH
yTné Typagn. Arap acnaTunraH KecumHu “S  geb oncak Ba

. dqg
yTaéTraH TOK 1~ ~  HW CKanap MuKop feb X,ucobnacak, Xx.ap

6up anemeHTap tosaya AS pgaH yTaéTraH 3apagnap KOHKpeT
MyHanuwra ara 6ynagm (1.15-pacm). HO3aya AS  KAgHYa KWMUMK
bynca (AS -> 0), ywa fjapaxkaga yHra Teruwnu ToK Kucmu A/
KOHKpeT WyHanuwra ara 6ynn6 Gopagn. LLIYHWHr yuyH xam 3apsig-
NAPHWHI  YTKa3rMy unyunga XonnawraHnurn Ba YAapHUHT X,apakar
AyHanMwnapuHy aHuMKnaw Makcagumga TOK 3UYU-TU Be
KTOPpW TyWyHYacU KUPUTUNALM.

By BekTOop MycbaT 3apsgfiap XapakaT KunaétraH TOMOHra
yHanraH O6ynagu. Arapfa yHuWHr WyHanuwm dS to3ara Hopman
oynraH N um3mk 6unaH @ Oypya-lIHM TalKWA 3TCa, Tyna to3a S -
[laH yTaéTraH TOK.



S JS cosfids = Jtfd? (

»—_— Ly napea Xam
dS N mabnymKu,
ds arap yTKasrmy 6up TeKuc
moafadaH mbopar 6ysnca
(ABHN, oup  XXuHcn
yTKaszyBYyaH My\UT TallKun
1.15- paem aTraH  bynca)  ysrapmac
XapakaTim wapoutga T OK
3nununrn TalwekHwu
3N eKTpP MSAOgO0OH
Kyynaw aHaAurur
a MPOHOpPUMOHATN

Owvp:
S ~yE

By epgarv  nponopuuMoHanauK  KoauumeHta y -
YTKA3MMYHUHE CONM W TUMpPMa yrkKkasyBYaH NUTK.
YHUHr ynuyos 6upaurn [1/Om-m]=[Cm/M] -[CumcHc/meTp]. YHra
Teckapu 6ynraH CON MW TUPM a Kapwunnanuk p—1ily
[OmM] kaTTanurugaH oliganaHn6, 3nekTp Ky4ynaHraHAUrHA

E =pé

TeHrnamacu 6unaH ngoganal MyMKUH.

YTKa3yBYaHIMK TOKM acocaH MeTannapfa, apum CylKINK Ba
rax™apfa Kysatunagu.

.CunxXunmw T0K MK

dapas Kunaknuk, 3neKTp MaligoHUHW \oCWMA KunyBuKM g+ Ba q.
3apsagnap opacura AWANEKTPUK, SBHW YTKa3yBUYAHAMK XyCycusTura
3Ta GynmaraH mogja >KohnawTvpunarad 6yncuH. Arap Tawku 3apsg
MaHbGanapyu AW3aNEKTPUKKa OGUpMKTUpUAraH Gynmaca, sibHM @, + Q2
= 0 6ynca, TOK YyTKasMac Moffa aTtoMnapu pactnabku TUHY
Xonatnapuga Konaeepagn (1.16-a paem). by uxtuépuin 1-I', 2-T,
3-V Ba XK. WwapTan (Hasapwuil) katnamnap &kuM 4Ymsmknapra Hucoa-
TaH \CY KaHgail aneKTpnaHUW KysaTuimaiau, femakgmp.  Tok
Honra TeHr (/-0).

OHON Xyaan Wy AmanekTpuk 1.16-pacm derapanapura q Ba o°
3apsagnap OMpPUKTUPANK, SbHU YHW TallKu MOTeHUMan MaHbGaura
ynaiinuk (1.16-6 paem).
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/ * ) [ 42 -0

/ r : 2 j 3 /

AN3NEKTPUK

q+

[NaneKTpuK yTKasyBYaH/INKKaA 3ra 6ygmaraHu cababnu, AbHK
YHVWHT aToMMapy 3pKUH 3/1IeEKTPOHNapra ara 6ynMaraHnuru Tydadnm
Y3MYKCU3 OKaAsrHW ysrapmac TOK nNaigo Oynmaign. AMMO TallKu
3NEKTP MalfoHWHMHI TabCUpPMW OCTUAA BornaHraH (SbHWM opbuTacu-
fJaH 4MKN6 KeTa osfMaiguraH) 3neKTpoHMap g+ TOMOHra WHTUNA
oownaingn. dnekTpoHnap 6up 6Gornampa kKona Typub, y3 opbuTa-
CUHM WKKW TOMOHra u4y3u6, poipa LwWakimiaH 3AAUnc Lakiura
Kentupagn (1.J6-6 paem). Hatmxkapa 1-I', 2-2' Ba X.K. yuu3vknapra
HucbaTaH 3MeKTP MyBO3aHaT Oy3unagu: Xap KaTnaMHUHI WUKKWU TO-
MOHW >gp Xun 3apsgra ara 6ynmb6 konaau, SbHU ynap opacuga b
noTeHUMann naingo 6ynné konagu MyBo3aHaT OYy3UAWULIN 3M1EMEH-
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Tap 3apsgnap >Kohnawmwmn TapTuou OysunraHn Tydauwnm 6ynraHu

yuyH, 6upop At BaxT uumfa Aq 3apsf TawkapugaH Kupub Kenuwim

WwapT 6ynagn, YyHKW WYKW 3apagiap CUMKWLIW TalluKu 3M1eKTp Ky-

uyn xucobura 6ynuwn MymkuHamp. LUyHpailt kKnnnb, anemeHTap

3apagnap (aTom 3NeKTpPoHNapu) CUMKMWKM HaTwxKacupa Ba aiHaH
A dq

Ly XapakKaT gaBpupa i‘ _“K?: _dt cnnxXxumumw TOKMUN Ky3sa-

Tunagn. by TOK chakat 3/eKTpoH opbuTanapy gedopmaumanaHaér-
raHga (abHU op6uTa uysunmwm MobaiHMaa) okaan xonoc Ba £4¢
= (@ - ¢? O6ynuwmn 6unaH Honra sKMHNawaau (6y epga Op -
Katnamnapga xocun 6GynraH MuKponoTeHuuandyap, P = ¢, - o: .
g. Ba q 3apsaiapy XOCWN KUnraum Tawku KyylaHHWAnp).

[uvanekTpukgarn anemeHTap 3apsgfiap Maxcyc TapTubia >Xoid-
nawraHanrn - Tygainm  (1.16-6 paem), atomnap Tapkubuga 3 n
EKTP KyuynaHwuWw coaup bynagn. Xap 6up monekyna am-
nof, SbHU WKKU Xap Xun uwopann g+ Ba q.° 3apsgnap Xygptu
Tap3nga Kapanmwnm MyMKWH. [W3NeKTPUK MYXUTHUHT KYr6iaHULwm
japaxacm KytTb6naHraHauk P Bektopu 6unaH nhogana-
Hagn. Y3 Hae6aTmga Oy BEKTOP 3M1EKTP MaiJOHUHWHI KyuiaHraH-
AUrura NponopLmoHangmp, SbHU:

by epga: X=XHeD - abcontoT ANINEKTPUK KUPUTYBYAHINK
[®/M] = [Papag/meTp], XH - HUCOWIA AN3INEKTPUK KUPUTYBYAHIUK
(ynyoBcu3 COH) €0 - AU3INEKTPUK goumunii [D/m].

1.16-6 paemra KailTap 3KkaHMWU3, TallKW acocuil 3apsag g+ ra
3HT aKuMH OynraH 3-3 katnam arpogugary gunon Kyténapu g+
(yan TOMOHAA) Ba . (YHr TOMOHZAA) >KOMNALIrAHAUIUHWU Kaiig
Kunamms. Ly KaTnamHUHr Kecum to3acMHM S fgeb  oncak,
XYTONaHWLL HaTwKacuga danra CU/MDKUraH 3apsanu  Kynuparuda
ngoganaiMms MyMKUH:

q; =jpd8

KaTnamHWHI YHT TOMOHWUra CU/MKUraH 3apsag sca

UYHKWU AWN3NEKTPUKHUHT Xap 6Up MoNeKyna Ba aTOMW Y4YyH 3/1eKTp
MyBO3aHaTV JOWMM CakMaHWG KOMULLIM NIO3UM, SibHU g+ + (.= 0.
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[Jemak, HaTwxXaBuii anekTp MalifoH E KyunaHraHairm cogup
oynuwmura g+ Ba (/ 3apsagnap cabab 6GynaéTtraHAMrMHU MHoGaTra

0Jicak,

jsOEd§ =q++q_, =qg+- jPdS

KYPUHMLLAATN TeHrNaMaHu é3u ypUHAW Gynagn. YHWUHE acocuia

+ E)<#? = q+

ra ytcak xam Oynagn. SHam D = £0E + P udoganu BekTop Kabyn

KnnamMus Ba YyHMW 3 NeKTpPp cunxumw BekTopwu D
pe6 araimus. LLyHpaid kunm6

"Dds =q¥
\%

Tap3farn TeHrnama (Eku ymymuii xonga ~D ds—q”) Makcsenn-
HWHT 3/1EKTPOMarHUT MalifloHUra oug Ty3raH acocuii TeHrnamana-
pugaH 6upn xucobnaHagh. MakcBenn nocTynatTwu
HomMura xam ara 6ynraH Oy TeHrnama, xap kaHgan 6epk to3a S
nuMga dKoWnawraH XaxmpaH TapKanaéTraH 3/7eKTP CUDKUL  Bek-
TOpNapu OKUMK WY XaXMAaru 3pKWH 3apsgra  TEHUTUHW

KypcaTagn. DNeKTp  CU/DKWLW  BEKTOPUHMU D- DO+P

KypUHAWMAQ XaM é3Ul MYMKWH Ba YHUHI Tapkubugarn DO Bek-

TOpU BakyyM Xonatuga naigo 6ynaguraH anekTp 3apagnap cun-
XULWWHW KypcaTagu.

Arapga snekTp 3apagnapHu (3pKuH Ba 60rnaHraH 6ynuwngad
KaTbWn Hazap) BaKT MobGaliHMAa y3rapuiMHU Xucobra oncak, xap
6mp HyKTagarn TOK 3U4Uru

- 19 4 d .
6" =A ' A dt
(6y eppa: 80- Bakyympaarn CW/DKMUW TOK 3UYAMIU BEKTOpK, 8 '-

GOKNaHraH 3apsanap TaWKUA KWAraH TOK 3UUNUTUHWHT BEKTOPK).

CWMKMLW TOKM acocaH KOHAeHcaTopfiapra Xoc »KapaéHaup, e~
KAH Yy aliipum xonnapda OyL/MK LuapouThga Xam  KysaTuauiu
MYMKWH.
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. Kyuma rok
Kyuma TOK (BKM Kyunll TOKM) YTKasyBYaHAMK Ba CUIDKWNLL
TOKMfaH Wy 6unaH  QapknaHagukn, y dakatTuHa  3apsij
XapakaTugaH mbopat 6ynmainan. Xap KaHaalk TOKACK Oy TOK X.am
3apAOUVHE BaKT Mumfa y3rapuil TesnuruHu kabyn atagu. AMMO
Kyuma TOK 3apsgnapy 6upop KMMEBMWIA 3nemeHTNap BocuTacuga
X.apakatga 6ynagu. $HAbHU 6y TOK 0nnbG ynaum MycbaT Ba MaHguii
3apagnap Tervwnu4ya 3apagaaHraH (MOHMauraH) KUMCBWI 3appava-
nap épgammga Ky 4 um punaraH 6ynagn. LLUYHUHT yuyyH xam
YHUHT HOMM K Yy 4 M a (BKM Kyuuw) ToKugump, By dwmsuk
XOAUCAHWHI  Ha3apuaCUHU  Kyinaary muconga sKKO/  HamoWuLL
KAWL MYMKWH.
dapa3 Kunannuk. 6upop Maxcyc umauwra Muc Kynopoc
apuTMacu Kyiunrad (1.17-pacm). KKME HaszapusicugaH MabayMKK,
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4
1.17-DacM

muc Kynopoc CuSOj cakmy katpoHu (H2S04) 6unan muc (Cu) Ba
MaH(puin  (SO.,) wuoHNapuaaH Tawkua TonraH 6ynm6, Kywma
Xonatga 3apagra ara 6ynmaiau, SibHU HeidTpan Oynagmnap. Arapga
pUTMa  nuMga OKOWNAWITUPUATAH WKKWUTA  3NeKTpoAra  TallKu
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3NeKTp MaHb6an ynaHmaraH 6ynca (1.17-a paem) 3puTma Xap
KaHAall 3MeKTp XapakatnapfaH MycTtacno 6ynub Konaesepagu. SHAU
3NEKTPOANAPHUHT BGUPMHYMCLIA MycOaT Ba MKKMHYMCUra MaH(WiA
3apsgnap 6epamns (1.17-6 paem). Hatmxaga Monekynanap napda-
NaHa 6ownaingnm Ba MaH(UiA 3apsgnaHraH kucnota kKongurm (aHu-
OHNap) Yan 3neKkTpoara, MycbaT 3apsignaHraH muc atomnapu (ka-
TWOHNApP) YHI 3MeKTpogra Tapkana 6o]unaingu. by aca anekTp TOK
yTa 6ownaraHngaH gapak 6epagn. Maskyp Kyuma TOK K,aH4Ya Y30K
BaKT OKSIpPKaH, LUYHYaNMK Kyn MWKAOPAA WKKW 3MeKTpod KUMEBUIA
mogdanap Cu Ba SO 6unaH konnamagn. Kyuma TOKHUHI By Xycy-
CUATW 3MeKTpod cudaTuga wwnatunaguraH 6up Typau  MeTann
OYIOMNapHUHT MKKUHYM Typau MeTannap 6wunaH konjawja wwina-
TMnagn (MacanaH. ranBaHuK >kapaéHnap). Kyuma TOKHWUHI 3nek-
TPO4, to3acura HucbataH 3UYAUTM 3PUTMAHWMHE  (3NEKTPOAUTHUNT)
XOKMUIA 3apsf 3UUNUTATa Ba MOHNAPHWHE XapakaTt Tesnurura npo-
nopLMoHanamp:
5b +-p+v++p v

By epma: p, - KaTMOHNap XaXMUA CONULITMPMA 3UYAUTK
[Kn/m3
p. - aHWOHNap xaxmwuit conuwTupma udnurn  [Kji/m”J

vt - Tervwnuya mycbat Ba MaH(UIA MOHNAP Kyuull TEe3Nnr;

5= s TOK 3uunurn Bektopu [A/M"! S - anekTpog tozacu [ m:]

1.10. ONeKTP TOKUHWUHT Y3/TyKCU3NIUTUTa OUf Hasapus

MarHuT MalilOHUHWMHT Kyd 4Yum3vknapu (MarHut OKumK) Kabu
ANIEKTP TOKM XM Y3NyKCW3 Tap3fa HaMOoE&H Gynaam: anekTp 3apsj-
nap OKMMUHWHE 6O0LUMaHUL HKOWKM XaMm, OXWpWU Xam Oynmaiigu.
Ma3skyp MpUHLMNHKU (Ha3apuUsHU, KOHYHUATHW) y3rapmac TOK yTuLl
XapaéHW MUCONUAA HaMOWWLL KWAMLW MYMKWH. dapa3 Kunannuk,
6UpOpP HOTEKUC KecUMIM yTKasrmygaH / TOKW yTaéTraH Oy/CuH

(1.18-pacm). Arap MXruépuii paBuWAa ONMHFAH Kecumnap s, * s,



AbHU 6Up-6upura TeHr Gynmaca, ynapHu ‘“Telum6" yTaértraH 3apsg-
nap OK,UMWHW Kyimpaarnya udgoganainMus Kepak éynagw:

/, - - Ba i2=- . )
A N
UyHKM S, ra KupaétraH 3apagnap MmaHquid, S: gaH 4uMKaETTaH
3apagnap Mmyc6at \mcobnaHagu. VIKKM Kecum opacuparu yTkasruy

\aXXxmMu “abBr* - anekTp 3apagnap maH6aun fe6 k,apanraHu cababnu,
[/, Ba 12 TOKnap Yy3 MuKgopnapy O6unaH apkiaHca, SAbHM

| [ il bynca,
MasKyp XmpKMaarm
3NeKTp MyBO3aHaT

N Bysunagn.  MacanaH,

liix > |/:! 6ynca

j§ Ba TOKnap Yy30K BakKT

faBomuga okub Typa-

auraH 6ynca, S, Ba

S2 Kecumnap opacu-

1.19- paem Ja 3apagnap TynnaHa

bownalign Ba ynap-

HUHT  \aXXMWU  YeKCU3NMKKa WHTWNagn. by 3ca raiputabunii

X,ucobnaHagn. Xypaum wyHuHrgexk, |/,|<|/,| 6ynraHga Xxav
KynpokK, 3apsgnap onné ketaétraH TOK i2 ra TOK i, 3apsagnapHu
eTka3nb Geponwaingn. Arap AroHa TOK | yTKasaéTraH OepK 3a-

HXVPHUHT X,ap KaHJali yyacTKacMHW ONMainuk, yHra kupub kena-
€TraH TOK YyHAaH 4YMKM6 KeTaéTraH TOK OunaH TeHr 6ynagu, sbHU

i* =0, ékn /,=-{4=1 HOk.opugarn (*) ndogara Kaiitcak 0Oy
Kounga (aHUKpPOrun |;0HYHMST)
- J5|ds + je2ds =0, ékn  jsds-0
S, S2 S

(6y epma 5 - ymymuin TOK 3uunuru BekTopu). TeHrnama (**)
anek!p TOKUHWHT Y3/YKCU3UIUFa Ouf KOHYHWUATHWU (NMPUHLMNHNK)
uoganangn. Y LWyHU Xam Kypcataguku, Oumpop 3apsafg yTaéTraH
UXTUEPUIA X,@KM OoNnMHaguraH 6ynca ( 1.19-pacm), ynm KonioBum S
I03aCUHWHT  X,@p KaHAall KucmiapugaH Kupub KenraH 3apsgnap
MUKOOPW YLla 03aHWMHI OOLWKA KUCMAapugaH 4YuMkub KeTaéTraH
3apsgnap Mukgopura TeHrgup. KypuHuG TypubauMKW, TaHnaHraH
XKM Kacura KaHya TOK Kyu/iapu uu3nknapu Kupub Kenaétrad
bynca, Ur'Hya yYMsmMKnap YMKMG6 KetaeTuoam.

42



TenyfaH yuyuHuM 6ynraH TOKHM XucobnamauraH Gyncak, Y

Knpuw xonatnga /, = ~Sxds= |d cos[ ds <o. YyHKK 3, > ™2,
|
Ba YMKuW xonatmpa /, = jEtds = jVcos/?," >o.
'l )

NeknH /, +i2~ 0, uyHkn jdds =o0.

SHon aHUKpPOK
(KOHKpeT OGynraH) Mu-
CON cugaTuga 3aHxmp-
HWHr  TypTTa  TOKK
TapMOKapuHK 6up-
NAaWTUPYBYM  TYTYHHM
Kypainnuk (1.20-pacm).
TyryHra 6ornaHraH
CUMIAPHUHT  KECMMUHM
S|, St, S} Ba S4 pgeo6,
ynapgarn TOKnap 3uu-
mrnHn 5, 52 Ba
84 [peb6 kabyn Knncak,
TYTYHHWHT  KOMNJI0BYU
to3acu S ra HwucbataH
ONMHraH 3apagnap OKs-
MUHUHT MyBO3aHaTu
Kyhngarmda udogana-

1.20- paem Haaw:

+ 7S2ds + ~S.ds-S”ds = ~Sds =0 (***)
J ) N} &

By TeHrnamaHm 6owkava Kuamnb ésraHga, iri-i,+i4=0 uukggw:
AbHU TyryHra 6ornaHraH 6apya TOKNapHWHI anrebpavk AUrMHAUCK
Honra TeHr (KupxroHUHr 1-kKoHyHuW). [emak, 31eKTp 3aHXupu-
HWHI MyBO3aHaT TeHrnamanapugaH O6upu 3MeKTP TOKHWHE Y31yK-
CU3NIMK MPUHLMNUAAH KeNnb uMK.ap 3KaH.
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Il BOb. 9/1IKK I'P 3AHXWPJT AP HASAPUACUT A
ona rytlyH4dA BA KOHYHUATNAP

2.1. INeKTp 3aHXMP Ba YHUHI Tapkubugarn naeveHnap

KnToHIANT onguHrn 606uga KypcaTHAAUKWA. \ap Kamnai anek-
rpoMal MuUT xoguca (asoHUHr 6upop KMemmaa \ampga a3nekTp Ba
MarTn >XapaeHNapuvHWHT 4ambapyac 6ornaHraH Xxonatufa KysHTW-
nagn. Ly ca6abnn anekTp (EKM MarHUT) 4ogucacu 3Heprus
y3rap'THpuwm (am-amMHyBm) >xkapacHu 6unaH 6ornaHraH  6ynmo,
6vpop 6epK KOHTYp (TpaeKTopusi, UXTUEPWUIA um3uk/w iyn) 6yiinab
Ky3aTunagu. MacanaH, MarHut MainfoHun (EKM YHUHT Kyd ui-
3MKNapn) Mabfym 6up Mypakkab 6epK 4M3MK OunaH YeknaHrad
6ynn6, y3 hynuga \ap Xun MarHuT Xycycusitura ara GynraH MyxuT
Ba 3/IEMEHTNApHM Kecmb yTagu. Y3 HaBbaTMga MarHWT MaigoHu
ovpop (Bkm 6up Heya) maHb6anap Tydainm xocmun GynraH 6Gynaguw.
Maskyp MailgoHHUWT ywby \onataa ywnab TypraH 6apya MaH-
6a, MyuuT Ba 3MEMEHTMaPp M a i HUWUT 3aHXUPMUHU
Talkua 3Tagu.

Lynra yxwaw anektp xogucanapu \am 3anekTp 3apsagnap (Exku
Toknap) \ocmpa KunaguraH maH6anapugaH 6ownab, \ap xun anekTp
Xycycuarmra ara 6OynraH MyxuT Ba 3feMeHTIap Tydainm aéH
Oynagn 3nekTp 3apagnapu xapakatu HaTwkacupa ByXXyara Kenra
Toknap 6up Heva (ekn 6mpop) 6epk KOHTypnapgaH H6opaT 6ynraH
3NEeKTP 3aHXWUpP OpKaum OKaau.

AlTuaraH TylwyHYanap acocuga Kyhmgarm UKKUTa  Myxum
Tabpuguii xynocara yTul MyMKWH:

1 MarHuT topuMTYBUYM Ky4 Ba MarHuUT OKAMW Kabu TyllyHuyanap
époaMmpa wdofanaHagmraH, Xamga MarHuT, >XKUCMiapiaH TalKui
TONraH X°p K.augain Kypunmanap rynnaMm MarHMWT 3a H XK
p n fgeb aranagw.

2. DNeKTPOMArHWUT XapaéHnapyu 3NeKTp HpUTYBUM Kyd, TOK Ba
KyuynaHul Kabwu TylwyH4yanap épgamuga wdoganaHaguraH xampga
TOK YyTULW WynnapvHU TabMUHIOBYM Xap KaHJalh Kypuima Ba BOCU-
Tanap TynnamMum 3N eKTpP 3aHXup u geb atanagu.

AMMO 3neKTp 3aHXupra f[ovip Tyna-TYKAC MabaymoTra ara
OynmacgaH Typub, YHUHI XYyCYCMSITNapuMHW ypraHn6 oynmaign. Y-
JaH TawK,apy 3MeKTp 3aHXupnaparu 3neKTpOMarHuT xapaéHnapu
3NEeKTPOMEXaHMKa Hazapuacu Yy4yH (yHAaMeHTan TylyHYa Ba
Kouganap mMaH6angmp.
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ONEeKTPOMarHMT 3Heprus maH6a.(apH. 3. CKTPOMarHuT 3HepLus-
CUNN y31apTMPYBYM i@ Y3aTyBUM KypuAManap Ly 3HeprusmMm Kadyn
(MCTebMON) KMAYBYUM OObLEKTNIAPW 3NEKTP 3aHXUPNAPHUHT acocuii
3NeMeHTNapn xucobnaHagm.

ViccuKanMK. KUMCBWIA, SAPOBUIA. MEXaHWK, Aape CyHnapu Ba
KYCL 3HEeprumnapuvHi  3NeKTPOMArHUr - aHeprusicura annaHrupué
GepyBUM reHeparopHp 31 e KTPOMarlrHMWI 3Heprus
M aHOG6anapun cupatmga nMsmat Kunagn (NOTUHYa:
"generator” - nwnab uynkapysum).

MacanaH, HCCUK/IMK 3HepruacufaH QonjanaHraHga, AactaBBa
CyB McUTNIMG OyTra avnaHTupunagu, 6yr 3aca 6yr ryp6uHacuHm
Karta TesMkaa adnawmpagn. YwWpaH OfMMNraH MexaHWK 3SHeprus
3ca 3MeKTp reHepaTopy OpK,aM 3MeKTP 3Hepruscura annaHagu.
ByHfali anekTp reHepaTopu TypboreHepatop fe6 atanagu. Aapo-
B Ba KyELl 3HeprHsanapu \am acocaH CyB Oyru BocuTacuga Typ-
6oreHeparopnap OPKAAM 31eKTp 3Hepruscura ainaHagu. LUyHm
\am aiTM6 yTuW KepakKu, AYHC MUKEenMaa WLLINab 4ymKapuiaguraH
6apya 3MeKTp 3HeprusHUHr 85% pdaH 3vEaM WCCUKAWMK 3HEpPrusacu-
JaH onuHagw.

KnMmEBMiA anekTp MaHbGanapura \ap Xun ranbBaHWK, SbHU KU-
MCBUIA peakLmsaiap Xmcobura TOK XOCWA KHAYBYM 3/1EMEHTNap Ku-
pagn. By KaTopra 3neKTp 3HEPrUACMHW HaKTUH4Ya >kamrapu6
KyKWwun snekTp aKKyMynaTophnapmW Xam Kupagu.

YMyMaH OfiraHfja MexaHUK 3HEeprusiHi cyB TypOuHanapu, LWa-
MO/ Mappaknfipu. Kyunu [eHrus TyNKUHAapu Ba Wy Kabu Kyunap
Xucobura onuw MyMKMH. Xap 6up \onga xam MexaHWK 3Heprus
6apubup 3neKTp 3HCprusicura anaHagu.

DNEKTP TOKMHU y3aTyBUM NUHUANAPHW, 31eKTP TapMoKaap Ba
ynaruy-ysruynap  afeKTpoMarHuT €ku copfapok Kunvb aiTraHfa,
3N1EKTP 3HEPIUsiCMHW Yy 3aTy B Y U INeMEeHT nap
(kypunmanap) geb atanagu. DN eKTpP 3Heprus CUHU
y3rapTtTumpuiwpga 3caxap xun tpaHchopmarop, MHBEPTOP,
TOK Tyrpunarud, 4acrtoTa ysrapTupruy Ba LWy Kabu annapat Ba
acbobnap kaTHawagu. bynap wuumpa macanaH, 3Hr Kyn TapkanraH
TpaHcopmaTopnap épjammia y3rapyBuMm TOK Ba Ky4JaHULLNAPHUHT
amnAnTyfanapuHn UXTUEPUIA MUKECAA Y3rapTupul MYMKWH. Apum
YTKasrnuaM Tyrpunarny ysrapyByaH TOKHW y3rapMac TOKKa ainaH-
rmpca, MHBEPTOP LUYHra TecKapy BasugaHu baxapagy Ba XK.

Ba HUXOAT 3M1EKTP 3HEPIUACUHM M CTE€ bMOA K WY B-
4 M aneMeHTnapra yrtaguraH 6yncak, 6vpuvHYM HaB6aTha MeTan
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cyMnapgaH ficairaH akTWB KapLUWMKNApHU ONWLLIMMK3 Kepak. By
Kaplwmnuknapga (éku pesucropnapfa) 31eKTp SHeprusicm UCCUKANK
3Heprusicura alnaHagu: 9NeKTp namnanapw, 31eKTp  nednap
(yyoknap), aneKTp [Ja3mMonfapyM Ba CyB KaliHaTruunapum OyHra
AKX0N Mucon 6yna onagu. SnekTp UcTebMonuunapugaH sHa éupu
3NeKTp topuTruunap (MoTtopnap, fABuraTennap)aup. Ynap anektp
3HEPrUACMHN MeXaHUK 3Heprusira annaHTupagn. INeKTp 3Hepruscu
nctebmonuunap épaammuia sHeprusiHUHr fHa 6olik.a Typnapura (pa-
OVO OpKann - TOBYLI 3Heprusicura, akkymysnsatopfa - KAMEBWIA
3HeprusAra Ba X.K.) annaHuWu MyMKUH. YMyMaH ONraHfa anekrtp
3aHXUP 3NeMeHTSapu Kyn (PyHKUMOHan (SbHM Kyn Basuda bGaxa-
pagiiraH) 6ynraHum ca6abnu ynap 3MMMacura Typau  Tanabnap
(sHeprusHW aHuK, Mukgopaa ysraptvpuil (Eku ysatuw), yHU cudga-
TMHW caKnawl, to*opn goinganm uw KoshguumeHTara Ba AaBOM/IM
M Gaxapull KobunuaTura ara 6ynuwl, WLWOHYANAMK TFapoBM Ba
X.K) KylunraH 6ynagu. Xap kaHfalh Mypakkab 31eKkTp 3aHXwup,
y3 Tapkubupary 37eMeHTNap COHW Ba yMaHWLW LWaKInMgaH Karbu
Hasap, acocaH WKKW Typkymra OynuHraH O6ynagun. Arap 3aHXup
(BKM YHUHT GUpop KNCMW) y3 Tapkmbura 3.10.K. €kM TOK MaHb6ana-
PUHKU onraH 6ynca, 6yHaai 3aHXUp (EKM YHWUHT KNCMWM) aKTMUB
XucobnaHagu. Arapga YnapHUHI Tapkubwuga anektp MaHb6anapu
bynmaca, (ékm 6yna Typmb, 6Gup-6upura Kapama-Kapliui Ba TEHT
Tabcupnu 0Oynca), 3aHXup (KM YHWUHT KAemMu) na c C U B
XucobnaHagm.

12
2J1-paem 2.2-pacm

2.1-pacMfarv 3aHXup akTUB Ba MacCMB KucMnapgaH ubopat
Ynap Termwnuya A Ba I xapgnap 6unaH 6enrvnaHraH.

Arap 3amwxupHu “1-2% umsmk. Bpgammpa MKKUra axparcak, MK-
Kifra MycTakmn - akTMB Ba MacCUB 3aHXupnap uvKagw.
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ByHzai 3aHXupnapHu aKTMB Ba MNaccus n K-
KU KyT6nuknap peb xav aditamus.

KypuHub Typnbamkn, Kytbnap (BKM TallKu 3aHXupra ynaHyBs-
U4 cumnap) WUXTUEpPMIA Gynuwn MymKuH. MacanaH, 2-2-pacmga
aKTMB YUYKYTONUK GunaH naccue GelKyTO/IMK AroHa Mypakkab 3a-
HXUP TalKWA K.LUTraHnap.

2.2. JNeKTP 3aHXUPNAPHUHT NapameTprapu
Ba y/TapHUHI TaBcudnapu

JNeKTp 3aHXupnapga 3M1eKTp 3SHEPrusACMHUHr 6owk,a Typ (Mc-
CUKNK, BpYrInK, MexaHWKa, KUME Ba GOLLKA) 3Heprusiapra aina-
HULWKN Kabu Mypakkab >xapaéH pyin 6epafu. byHpain y3rapulHWUHT
MYXUM KypCaTKU4YM 3aHXMp-farn 6upop 3MeMeHT-HUHT (UMK Xy-
cycus-tura 6ornu” 6ynnb, 6OLIKA Typra annaH-TUpuaraH sHeprus
3aHXMPHUWHI aHa Ly 3/1eMeHTUra MUKLOPWIA XuxaThaH 6ornnkamp.

MacanaH, 3MeKTp 3aHXuUp KeTMa-KeT ynaHraH K.apmnuk (peo-
cTar) R, uHAykTvBnuk (rantak) L Ba curum (koHgeHcatop) C faH
Ty3unraH 6yncuH (2.3-pacm). MaHb6a TOKM &KW KyudnaHWLIK-
HUHI BakT 6yliMya ysrapuwimMra 3aHXWpPHWHT Xap 6uUp  3n1eMeHTU
napameTpUHWHI Tabcupu Typauya Oynagn. YTKasyBuM 3/1EMEHT-
HUHF Kapwuaurn R (napameTpu) yTKasrmygarm 3pKUH 371eKTPOH-
NapHWHT  TapTn6M Xapakatura  Ba  YyTKasuw  ToKuga
KaTHalwMaéTraH 6O0TUK 3NEeKTPOHNAp Xapakatura TYCKUHAWUK
Kunagu. OPKWH Ba OGOMNMK. 3NEKTPOHMAPHWHI Y3apo TyKHaLIWLIK
HaTwkacmga MexaHUK MWW 6axapunmb, MLIKanaHWWw Ky4yu XOocwn
bynagn-ga, MCCUKAMK axpannb uukagn. by uw R anemeHTaaru
U/ R KyunaHuwra 6ornmk,. Arap 60rvK; Ba 3pKWUH 3EKTPOHNap-

R L
0 5t TYY—
Ur ulL C
mn 4
2.3-pacm
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HWHF  TYKHALIWLWAApM 3XTUMONN 3PKUH  3TEKTpOHfapra 60rnnk
Oynmaca, yTKasruunapfarH TOK YHWHI Kuemfapuaars Ky4naHuil-
HWHI Tywysura nponopuuoHan 6ynagu. by xonna 6yHaail 3ne-
MEHTHWHI BOMIbT-aMNep XapakTepUCTUKIEN na MapameTpu YU3MKIU
(2.4-a paem) 6ynagn (1- TaBCcKd).

XakKuKnUin - Wwaponrifa YTKasrMYHUHT  Mpwuanrn R yHAaH
yTaéTraH TOK Kyun /[ ra 60rnmK. UyHKW 0K KYUYUHUHT OpPTULLK
6unaH WCCUKNMKKA ailnaHaéTraH 3Heprus Ba Yy OunaH 6Goramk
3NEKTPOHNAPHUHT KAPLIMAMK KypcaTul Tabempu Xam opta 6opa-

oM. ByHaaH Tawlkapu, YyTKasruuygar TOK 3WYAnrM BekTopyu 5
CONULWITMPMA YTKA3yBYAHNMK Y Ba 3/IEKTP MalloH Kyu4naHraHauru
E ra 6ornmk 6ynmb, ynap opkanu Tok / Kyhmgarunda mudoganana-
an:

i ~ j*6ds,

Oy €pAa

8 -~ TIE 1. =(__1 )=*{L
v )

O At * M

Ba YTKA3rMUYHWHI KYWAAnaHr KeCUMWU S HUHT TEOMETPUK YNYamaHpu
O6unaH xam aHuknaHagu. LUyHgain kunmb, R napameTpu cOMMLL-
TMpMa YTKa3yBYaHNUK Yy, xapopaT t° Ba reoMeTpuK ynyamnapu g
ra 60rnuK pasvwaa 6upop QyHKUMS Tapauasa udoganaHaim:
r=f (y t° 0
Arap y, t° Ba g TOK / ra Ba MaigoH Ky4ynaHraHiurn E ra
6ornuk Oynmaca, y xonga R napametpy umsukan OGynagn. AKC
Xonga napameTp arpu umsuknu 6ynagm (2.4-a paem) (2-tascud).
VHOYKTUWIWIK  3aHXUPHUHT  napameTpu Tap3uga rantakgaH
yTaéTraH TOK XOCW1 KWIraH MarHuT MaifoHHWUHT  3UUAUTUHN
(ranTakHM Kypwab onraH ¢asoga) 6ungupagu. [MapameTrp L
(FUTTaKHUHT Y3UHAYKUMA KO3 (ULMEHT) KaH4Ya/MK KaTTa 6ynca,
Xap XwWn KAAMaTharu TOK y4yH MarHut okuMm @ LWyHYanMK KatTa
6ynaau:
b=L*/
DNeKTPOMArHMT  UMHAYKUMS  KOHyHMra OMHOaH,  WHAYKUWS
rantakgarm TOK | HWHI Xap KaHfai ysrapuwim Teckapu (kapama-
Kapwy WyHanraH) 3.+0.K.HU XOCWN Kunagu:
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c - ch_ I ——
dt dt
By j.ioKHHHr ranrak kucmanapura OepuaraH KyunaHuLl

", l. KOMNeHcWwW nsanampgH. 2.10.K. hhhi M\Hannwm (AbHN
di

nwopacu) rantakgall! TOKHUHT ynapHL Te3aMrura Ba MyHanuwnra

Munnk. Tok opTa 6opraH capu Xi.K. MaHuii 6ynmnb, rantakgaH

TKHU UM yTULLIUIA TYEKUHNMK Kunaau. ToK kawm;id 6opraH capu

j.h).k. Myc6aT 6ynu6. rantakgarn TOKHWLI KAAMarMHU pactnadku

MHKAOpUAA Tyru6 Typuwra wuHTMNAAM.  KUPXTOMHUHT MKKMHYM

KOHyHWUra 6uHoaH e = -ul, AbHKU 3.10.K. ranTakka bepunraH Kyudna-
HULIHX AOMMO MyBO3aHaTnangw [lemMak, TOKHUHT y3rapuil TC3/IUrK
d//dt (Ekn okam ydyH édp/dt) yeknaHraH 6ynagu. ManTakgarm TOK
XaM, YHUHI OKUMW XaM cakpab y3rapmaigun, SbHM MarHuT Mai-
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OOHHUHT  XOCUN  Oynuwn  Ba  AYKOAWULWIW  WHEPLMAIN  KapaéH
xucobnaHagn (JleHy npuHUmMnn).

Arap rantakgaH BakT Oyimua ysrapmac Tok | = const 0kun6
yTCa, TeCKapu 3.10.K. € Ba YHWHI KUCMaapugaru KydnaHuw Honra
TeHr 6ynagm (UL= O), AbHW ranTakHUHI Kapluanru ysrapmac
TOK YYyH Hasapuii >XuxaTfaH Honra TeHr. PanTak TOK yTkasyBuu
MeTan/ cumnapfaH ypanraHum YyuyH y xycycuid  (OM KOHyHwura
O6MHOAH) WYKU Kapwuauk T, ra ara. byHga U=lo.rn KyuynaHuw-
HVHI nacaimiim xocun 6ynagu. by aca y3VHUHI abCconoT MUKAOPU
XuxaTnfaH TOKHWUHI BaKT Oyinua ysrapuwu Tydaiinm (MacanaH,
3aHXWPHIA 3NMeKTp Tapmorara ynawl Ba Y3uwW naituga) Xocun

di
bynaguraH Teckapu 3. 0. K. e =-L ;t JaH xap foum 6vp 03

KWYMK. MIHOYKTMBAMK L acocaH ranTakHWHI reoMeTpuK ynyamnapu
(ypamnap COHMW, YHMHI M4YKM Ba TalKW AvaMeTpu xamga cumnap-
HUHT  KyHganaHr KecumH Ba XK (g) ra Ba raatak TOKWMHM
Ky3raTraH MarHWT OKWM TyTawraH MYXUTHWUHI MarHUT KUPUTYB-
yaHnurn (p.) ra 6ornuk'.

¢o- v (4, 9)

by katTtanuknap ysrapmac 6ynub, rantakgarm TOKKa Ba MarHut
OKuMra 6ornuk 6ynmaca, y xonga napameTp L ysrapmac Ba YHWUHT
Xapaktepuctmkacu umsmxnm (2.4-6 paem) Oynagn (1-taBcud).
Amanga L HWHT OpTULIM YYYH MarHWT CUHTYBYaHAMIN (KUPUTYB-
YyaHnurn) rokopu OynraH eppomarHuT ysaknap wwnatunagu. by
y3aknap opKaau ranTakHWHT MarHUT MalijoHU OKMMMW Tyralwagw.
Ammo 6y xonga i = fO bornaHuw TYAUHWUW addekTn Tydaiinm
arpy umsmkam 6ynagu. LyHuHrgek, napametp L xam 6y xonga
arpn umsnk bunaH ngoganaHagn (2.4-6 paem) (2-Tascud),

KoHgeHcaTOpHUHT  curummn C 6y 3NeMEeHTHUHT  y3u[a
KaHganaup q Mukgopgary Mycoar Ba MaH(MWin 3nekTp 3apsgnapuHu
Anra onuWUHKN (KOHUEHTpauMsanapuHN) TaBCU(IOBUM NapameTp
XwucobnaHaaw.

KoHgeHcaTop KucMmnapugaru KYUYNaHWULWHWHT  MUKLOpY
y3rapmac 6ynraHu xonga, YHMHr C curuMm KaH4yanuk katta 6Gynca,
KOHJeHcaTop Konnamanapu opacuia WirunaétraH ¢ 3nekTp 3apag-
napu xam LWyHYanuK Kyn 6ynagu, SbHu

g=C *u

3apsag  ysrapuwm  6uaaH  KydnaHWW M XaM  MUKAOPW  Ba

MyHanuwmn 6yinnya ysrapagu. bolika TOMOHZaH, 3apsg g HUHT Xap
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KitiTali y3srapuiim 6Mpop MUKAOpAArvn 3MeKTp 3apsguvHM MaHbafaH
curumra €ku curuMmpaH ‘maHbara onmb ytuwm 6unaH 6orvk,- An-
6uTTa Oy XKapaeH 3MeKTP 3aHXupga i TOK Xocun K.mnaaw; 6y coH
XH\aTngaH Ag  3apsa4 YCULIMHUHT - At BakTra Huc6atu 6unaH

ndoganaHagun:
a

q
. . du
= | = *
! I'Illr/ln o At dt ¢ dt "]
Y X,0Ma KOHAeHcaTop KACMAapuaarv KyunaHuiw:
n = L f \dt
C J

Arap KOHJEeHCaTOPHWHI KUCMAapu (Konnamanapu) faru Kyuna-
Huw, uc=Ue=const (Bakx Oyiinya ysrapmac Oynca), y xanga (*)
nogara 6MHOaH KOHAeHcaTopgary TOK Honra TeHr 6ynagw. LLy-
HUHT YUyH y3rapmac TOKAa KOHAEHCATOPHUHI KapLIWAWUIKA 4Yekcumsra
TeHr. KoHfeHcaTop KucMnapuiaru KyunaHun[ ysraptupuaradga
(opTTMpUnraHga €ku KamamTmpunaraHga) axeson GupmyH4ya 6oLuKaya
Oynagn. MacanaH, 6ownaHruy 3apsau q = 0 6ynraH KoHAeHcaTop
C ra R kgpwunmk opkanu U KyunaHuw OGepunca (2.5-a paem),
jactnab t=0 OynraH nanTaa YHWHT KapwuAurM  HOAra TeHr
(KyTONaHUWHWHT  6ownaHuwn)  6ynuné, yHAaH 3yanuk 6unaH
lo=U</R TOK yTa Gownaign (2.5-6 paem). By TOKHMHI MUKLOPW
KOHAeHcaTopra 6epuaraH Ky4IaHWLLIHUHE Ba YHra KeTMa-KeT YyfaH-
raH R KOPWWIMKHUHT KUAMaTWM 6unaH aHWKdaHagu. ¢ 3apsgnap
KOHZAEHCATOp AW3NeKTpUruaa snekTp MalfoH XOCWn KAAraHauru

R
Ur I
Ur Ur! I

a
qu:)a|7|n3| 6y TOK (KOHAEHCATOPHWHI 3apsig TOKW) Bak,T yTuwn 6u-
NaH Te3da rohimb 6ynagn. KoHgeHcaTop niacTUHKanapw -opacvparvt
noteHumnannap anmpmacu Uc =g/C ra eTrainga uc = U0 kuiimaTtra
puwimnagn, TOK ramomunia iyk, 6ynagu. SHOM KOHAeHcaTopfaH
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TaWwky L, KyynaHUW HA aXpUrnw MyMKWH. Y Xonja KoHAeHcaTop-
Ja WvruaraH g 31ps4  Hauyapuid - KMKaThaH YeKcn3  Yy30K BakT
caknaHagu. Arap 3nHxupra U, KydnaHuw ynadram xonga (2.5-a

paem) I'g = (v  KuiiMaTraya KamalTHpWACca, 3apsd ( HWHT Ba

KyuynaHuw uc =g/C HMHT KaMailuwy KOHAeHcaTupgarun 3MekTp
3HEPIUSHUHT BMP KUCMUHAN fAHAa MaHbara KaiTapyBYH kapama-
Kapwu iAyHanuwgarn ToK (KOHAEHCATOPHHHI 3apsAcusfaHull To-
KW) naigo Oynagn. Tallkum KydynaHuLl Y3/yKCU3 paBuLlfa OpTTu-
pn6 Ba KamaiTMpn6 Typwaca, CUMrMM TOKM \aM MWKAOpPU Ba
AyHanuim 6yiinya ysnykcus ysrapagu.

LLyHaali  Kuamb, KOHAEHCATOPHUHI GepuaraH  KydiaHuulra
(Bkn TOKKa) KypcaTaguraH Kapwnnmru Kapama-KapLuu
AyHanuwigary 3apsacusnaHvl TOKUHUHE Tabcupu 6unaH 6enruna-
Hagu. By aca WHAYKTMBAMKAA TeCcKapu 3. 0. K. HWUHI  KOCuN
oynuwwura adiHam yxwaw (3kBmBaneHT) Oynagu. LUyHra Kypa,
KOHAEHCATOPHWUHT  *apsfACu3NiaHuLIN  Ba YHUHI  Konjamanapugaru
KyuynaHuw cakpab ysrapa ofMaigu, AbHW 31eKTP MalJOHUHUHT
nango 6ynuwn Ba NyK 6YyNMLLN UHEPUMANN XapaéH xucobnaHagu.

KoHaeHcaTOpHUHT  currmMn C acocaH  YHWUHT  reo MeTpUK
ynyamnapura Ba KonfamanapuHUHE Ty3uauwmn g (nnacTMHKa Ho3a-
cW, LWaknu Ba 6OLIK.)ra Kamfa njacTuiikanap opaeura >XonnawTu-
pUNraH AU3NEKTPUKHUHT  OUSNEKTPUK  KAPUTYBYAH/IUTH e ra
60rnuK, SbHU:

C=f (.0
MacanaH, ficCM  KOHAEHCATOPHUHT (2.6-a paCw) curu-

mMunC :6—: , CDEPUK KOHAEHCATOPHUHT  (2.6-6 paem) curumm C =

49*e*ro Ba UWIMHLPUK KOHAEHCATOPHUHI (2.6-B paem) cuUrumu

q q
s la
c 2net 6
= ndoganap 6unaH aHUKnaHaau.
inr2/r, (oAanap a
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Arap AUINEeKTPUKXKLWT AUINEKTPUK KUPUTYBYAHAUTM C Ba ie€o-
MCTPUK ynyamnapu 3apuj q y3srapuwu 6unaH ysrapmaca, y 4otga
C cnhfhm Yy3rapmac 6ynub, YHWHT TaHcugu (2.4-B paem) TyrpH
MU3MKAaH wubopaT 6ynaau.

Arap cutum 3apag mukgopura 6ornmk. 6ynca (t>v;.ir), Ky.noH-
BONbT TaBCUMU 3rpu Ynumknum 6ynagun (2.4-s paem) (2-taBcud).

AneKkTp 3aHXup cxcmanapuga alpum C,, C:, ..., C, KOHAgH-
catopnap (curumnap) anox,mpa-ano\nga ysapo napanncn (2.7-a
paem) \ampga keTma-keT (2.7*6 paem) Ba apanaw (2.7-B paem) yna-
Haaw.

C*Y- n,
’ "
C, C, (@] . k» C' Vl,
cr
Hh
a) gn U, 6 B)
2.7-pacm

BuprvHun x,0nga curumaap 6mp Xun KyuYnaHUWHWHE Tabcupuia
6ynn6, 6up-bmpnapugaH MUKLOP >KuxaTudaH (apK, KunyBuu Q,
=Cu, g2 =C2U,-., qnCnU 3apsgnapra sra 6ynagn. LLIYHUHI yuyH
b6apya 3apAgnapHUHT AMrMHaucn £q=03 O6YTYH 3aHXUPHUHT 3KBU-
BasleHT curumu C3 ra TynnaHagH. Jemak,

gs=¢q, +092+ .. +4q, ékm CaU=C, U+C: U+ ...CnU,

y xpnga (2.7-apacm) farv 3aHXUPHUHT 3KBWUBAJIEHT CUTUMMU:

9=C, +C + .. +cCn [**}

KoHaeHcaTopnap KeTMa-KeT ynaHraHga o6up xwun TOK (Aemak,
6up xun q 3apag) 6unadH 3apsgnaHagn. AMMO KydnaHuwnap U,, LU

Un y3apo tapknu 6ynub, ynapHuHr aurnHgmcn C3  3KBMBa-
NeHT curumra Gepunagn. femak,

U=un+wmn + + U
Exu
S
c N 2 ~n
2.7-6 paemparv 3aH>XXUPHWHT 3KBUBANEHT CUTUMMU:
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[**] ka [***]nap xucobra onuHraH xonga (2.7-B paem) pgaru
apanawl ynaHraH 3aHXXWUPHWUHI 3KBUBAJIEHT CUTUMU XycyCuid Xonja
Kyingarnya 6ynagw:

g =CJ|(C2+C3)
g +c2+c3

FOk,0pga anTunraHuaek, CUrUMHWHT yn4oB Gupnurn dapaga
(P)=KynoH (K) : BonbT (B) 6ynmb6, 6y >Xyaa KaTTa MUKAOP
XucobnaHagn. AMMO amanga uvwnatunaguraH KOHAeHCaTOpfapHUHT
curumnapy  dapagaHUHr  MWAAUOHAAH €KW  MuAAvapguaH oup
YAYWNapuHK, AbHU Mukpodapaga (MK®P) Ba nukodapaga (ndP)Hu
TalKua aTagu:

] ® = 106 MK® = 102 HD-

2.3. Myxaccam (W MK) Ba TapAoK. MapameTpan 3aHXupnap
TYTpHenga TyllyH4yanap

FOkopupa yu xun koHkpeT (R, L, Ba C) napameTpnapra ara
OynTaH 3aneKTp 3aHXUp KypunraH 3gu (2.3-pacm). By 3aHXup My
XaccaM@KNW ANTUK) napaMeTpnu 3aHXUp
XncobnaHagn, ALHWU YHUHr \ap Oup 37eMEHTU AroHa XycycusTra
aTa feb kabyn kunuHraH. Kapwmamk R ra curum Eku WHLYKTUB-
NNK XOC 3mac, WMHAYKTUBAMK L ra aca CUrMum Ba akTuB KapLUUInK
X0C 3aMac Ba XK., AManga aca aneMeHTnapHu 6yHgain wngean (my-
Kamman) Kunmb KypcaTull XaK.MK.aTHM Hasapus HyKTau HasapujaH
Oysnwra onub kKenagu. YyHkM acnmga skka XyCYyCUSTAWU 3/1EMEHT,
aHWKpPOrn KypcatuiaraH napametpim Oylom  (peocTar, WHAYKTUB
rantak €ku KoHfeHcaTop), Taiépnab Gynmangu.

MacanaH, peocTaTHU onainnuk. “Y ¢akaT akTuB KAPLIUIMKKA
ara“ pe6 xucobnab 6ynmanam. YyHKM YHUHT cumnapy LWAUHAPUK
t03a4a ranTakCMMOH JKoinawraH 6ynagu. [emak, peoctar aTpo-
thupa Kyyems Oyncaga marHuT maigoHu xocun 6ynaaun. by - “peo-
cTaT Lr WHAYKTUBAMKKA 3ara“ geraHnaump. OHAaM xap 6up ypam éH-
JoW ypaMjaH yTkasruy OynmaraH BocuTa épfammia axpatunt Hu-
HU (M30nduMAnaHraHnHM) Xucobra ofcak, ynap ypracuga 3nemeH-
Tap (Kyga KWUYMK OynraH) chenm Cr  naingo OyaMWMHU WHKOP
aTM6 6ynmaian. BbyHAaH 4YMKAAWKW, OLAWIA peocTaT yvuyana napa-
MeTpra xam 3ara 3kaH. AMMO MaxCyC MmaTtepuangaH sicanraHu Ty-
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(halinn  aKTMB  Kapwuauvk WyH4yanuk R - napameTtpra 60i
6ynagunkun, yHuHr onguga LRBa CR napameTpnapu xucobra onub
oynmaiguraH papakaga Knypaiunb ketagn. LLUyHu xgm Tabkuanab
yTUW Kepakku, peoctaTHMHr LR Ba CR napameTtpnapu acocaH
KaTTa (6Mp Heya 103 KWMOrepL/n) yactoTanapfa cesvnagu Xonoc.

LLyHTa yxwalw; UHAYKTUB rasTak cumfiaH scanraHi yuyH y RL
aKTMB Kapwimaurura ara 6ynmacgaH wnoxu iyk- PeocTtaT Kabu
ypamnapapo CL - curumpaH xam 0304 3mac, Ba Hu”™oat, auanek-
TPUKAAH MbopaT KoHAeHcaTop uiean curum 6yna onmaign. YyHku
yHa 6upo3 Oyncaga yTKasrMu  TOKUM  (3PKUH  3MeKTpOHNap
*ncobura) bynagn. Oemak, yHia Rt kapwunuk, €kum Tyrpupot gc
yTKasyBYaHANK WyK. amac. SleknH RL, CLBa gc mapameTpnap yra
KNUMK MuUKaopaa oynraHm cababnu, ynap 6unaH
Xucobnawimamangu.

Myxaccam napaMeTpau 3aHXxupnap TaBcuUgU KypcaTkuy-napu
pean anekTp 3aHXupnapra >xyfa fKuH 6ynafu. YHAaH Tawki-pu
anpuMm  fapaxafa 3aHXup napaMeTpnapuHu  ugeannawTmpuL
mMakcagra MyBOQUKAMP. UYyHKW 3aHXUP TaxNWAUHW TananruHa cog-
janawtupagn Ba Wy 6unaH bupra *ucobnall aHuWKIWrMra  Kyn
TabCUp 3TManaN.

AMMO LWyHAan 3aHXupnap 60pKW, YNapHWUHI napameTpiapuHu
3aHXUPHUHT Yy EKn 6y Kucmmaa >kovnawraH pne6 *mcobnab
6ynmaiign. Mucon cudatnga anekTp ysatuwl Eku TenethoH AUHWS-
CUHU KypcaTul MyMKWH (2.8-pacm). JIMHMA 6GUp Heya KUIOMETP-

P
. m q 2 w Lo
Y —0--- 0— N4 -
I 13
Ri
-
r S 2’
2.8-pacm
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naH 6ownab. 6up Meya 103 Ba XaTTO MHHrnNab Ku.lomcrp.Tapra
yysnaraH Oynvwn  MyMKWH. TabHHNKW. NUHUAHWHT  6oLlimaald,
MaHba ynaHran 11 H\M itiip opacmgar u KyynaHuiw 6nfaaH -
HUSHUHT oxupuaarm R:  Kaplwuavkgaru, MbHW 2-2 HyKTanap opa-
eHgarH u?= R: |: KyunaHWWHW TEHrNaWTHPUG Bynmaian. YyHKu
ypTanarm 6opnwl Ba KanTW eMMAAPUHUHT KapLUHAMNTW HOMra reHr

amac. Ynapga /W ra TeHr KyuynaHuw Xocwun 6ynagn. sbHU W0, -
Lk = Jn. MekuH 11 Ba 2-2 opaamrugarmM nuHMsAga R: fgaH 6o0LWk.a
HCbTEMONYWM ynammaraH 6ynca \am /, Ba /; ToKnap y3apo reHr
avac. Cababy wWymnaaku, NUHUSAHWHT WKKana CUMK Yy3apo SIKUH
XoinawraHH — Tydaiinn  ynap yPtacu®a XaBO OpKalm  Xam
YTKIOYBYaK-LUK., XaM CUrMM TOKMapu yTub Typagu. By Toknap 6up
Heya MeTp  Mucogacga  xucobra — onuwra  ap3umainnraH
MHKAOpAa 6yncaga Kyn KWIOMeTp/IM  opanukga WUruM naH
MHKAOpAa Tanaih 6ynnb uHkodW. YHAaH Tallkapu Xap 6up TOKu
CUM aTpoHAa MarHWT okum @  maexyn (2.8-a paem)- Ly cabab-
AN Y*YH vHUA atpodmgary MarHWT MalfoHW Ce3nnapav WMHAYK-
TUBAMNK TalWKWA 3THWW  paBwaHanp. Lywpahk  kunub, nnHMS
6yiinab xap 6up TaHnaHraH ydyacTkaga (KMumk opanukga) R, Ba
L, TEHI KapWIWK Ba WHAYKTVMBAUK YPWUH OnraH Oyfca. YHWHI Xap
K,aHdaih macodagarn HXTUEpuid HykTanmapu (m-n, g-s Ba \.K.) opa-
cuga yTKasyBYaHAMK /C Ba CUMMM TOKnapu okum6 Typagu, Ly
cababnM OYTYH NUHMS YYyH YMyMUWIA OynraH Kapliumnuk R, , WH-
OYKTUBAUK L,, yTKasyBYaHNUK g, Ba curum C, napameTpnapy aco-
cnda TyslWnaH My)accam MapameTpiay 3KBUBANEHT 3aHXWUPUHU Ty-
3M6 Oynmainan Y3yH NuHuanapgary napameTpaap macodga 6unaH
yambapyac OokaaHraH Oynagu Ba Macoa KWAMHagMraH Xucoob-
KUTO6 MHOGATra ONMHULIN LWapT. DKBMBA/IEHT CXemara KearaHga, y
2.8-6 paem pga kentupwnrad. YHgarn RQ Lo, go Ba C,, napametp-
nap AVHUSHWHT JIX (MacanaH, J KM) KUCMUra XucobnaHraH. ByH-
Jail ycynga Taxnaun KUAVHagWraH SnekTp 3aHXupnap T a p K 0 K
map a-MeTp /1M 3aHXMWpP N ap Karopura Kupagu. Ynap
TYrpueHaarn 4ykyppok, 6ynraH MabaymoTnap KelimHrn 606napaa
KenTupunagu.

2.4. DNeKTp 3aHXuUpparn afneMeHTNapHUHT TOK
Ba Ky4/saHuLnapu

Y4 xun  napaMeTpaM  3Hr  OAAMA  3aHXuMpra Kantué kenap
3kaHMn3 (2.3-pacm), ynapgary TOK Ba Ky4naHuwnapHuw y~po
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6onaHraHnumrun Tydpwucmpga aHWK, TywyHya O6CPHWMUMMKU3 N03UM.
M H<Kkyp iiiH>Kiip keTmMa-kKeT ynaHrawnaurn Tydaih w YyHUHT \ap
Kiiiicit ancmMeHTM y4YyH ATHa 6ynraH ; TokuW yTagn LWYHHHT yu4yH
INeMeHTNap 4YekkKanapupga lkmcma wpupa) TynnaHradH uR u, Ba nb
Ky4. )aHHW N<pHH ywo6y TOK OHnaH 6ornaw mmaumcajgra MyBoOpuUKAUP.

OM K.OHYyHNnpaH doipganaHraH *onpga pesuctopaarum (€KuM aKTuB
KapwwunnkgarHt KyynaHumw kAyiiugarnya npopganaHHW M MYMKWUH:

uK =R

\% wy j.ieMeHTHIiiHi KapwuwnuraHm eHrunoé yTuno, TOK
/ ypHaTunwra cap KunnHagu.

MKKUHYX 3NEMEHT, AbHU NHAOYKTUBINK L napameTpuTa ara MH-
OYKTUB TaiTaK. KUCblaslapuia X,0CUn 6ynraH Ky4/laHULL uL Hn TO-
nuwaa aca OM KoHyHupaH 6GeBocuTa (hoipanaHu6 6Gynmaiign. by
Ky4ynaHuil TOKHK Yy3ura 3amac, 6anku YHUHT y3rapuil Te3nurura
60FI'II/IK,EI,Hp. lan WyHAaKn. WHAOYKTUB TaTaKiaH yTaéTFaH TOK
YHUHT anOCbI/IAaFI/I MarHuTt M&VI,EI,OHI/IHI/IHF MUKOOPUHU pOCTﬂ&VI,CI,VI,
YyHKM Oy MaliloH XOCWMA KHAyBUM WnaliraH MarHWT okumn vii=Li .
Tok y3rapraH capu rajatak Kucmanapuga

di
e =~ — == -
dt dt
KMWiiMaTra ara 3.l0.K Xx,0cun Bynagu. ByHWM Konjaw  yuyH
A
W, —-c, —L - ra TeHr TaWkKun KyynaHuw Tanaé atmnagn. LUyH-
dt

Jai Kunnmb, UHAYKTWB rantakga x,0cun 6ynaguraH KyuynaHuw GunaH
TOK ypTacuaarn 6oblaHuLl KyiAngarmya ndoganaHagm:

, di ¢ Ne AT d<e>
m. =L —=— =W — .
dt dt dt

Arap TOK ranTak KyufnaHuw wura 6ornuk 6ynca:

i- *|uldt +i(0)
Lo
EKn
i i
Li- 47= JfiLdt+ L mi(0) = Auldt+ Y40 (0)
0 0
{6y epma: (0) Ba L/(0)= W(O0) * ToK Ba wnawraH MarHuT
OKUMUHUHT t"O oHMaarn K,uiAimatnapw).
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YUMHUM 3NeMeHT, sibHM curum C  napameTputa ara Gynrad
KOHZIEHCATOp KUCManapuaa X.ocun GynaguraH ut KyuynaHuwwu X,am
3Heprua (aHMKpoM* 3NeKTp 3apagnap 3Heprusicu) ysrapuim Gunau
Gornmkaup. KoHAeHcaTop TOKM YHUHI KOBWUKNapy opacuaaru 3a-
pagnap X,apakatvi Te3NUrM 6unaH aHWKnaHagu, sibHu:

CI\
dt dt
Ly cababnm KOHAEHCATOPHWHI 3apsf Ba KyunaHWLWWUHU Te-
TALLNYA:

i
q- Jidt-#(0)
0
Ba
1vVv 3(0 1V
7 ='D'—=— dt (—) - | idt +u (0)
c c

(6y eppa: g(0) Ba u (0) - KOHAeHcaTOpAarn 3apsg Ba KyudiaHWULl-
HWHF t=0 oHAarn Kuimatnapu) aed ésamms.

2.5. OKOK Ba ToK MaHb6anapu

dneKTp 3aHxupupa TOK (TOKNap) YTULWIKM YYyH YHWU 3NeKTp
3Heprusa MaH6aura ynaw lwapTaup. Y3 Haebatuga maHba 6upop
y3rapmac (BkM HucbaTaH y3rapMac) WYKU KyudnaHuw (3.10.K) Eku
TOKKa ara oynuwmy kepak. LUy KypcaTkuunapra Kypa 371eKTp MaH-
6anapu 3.10.K. Ba TOK MaHb6anapura 6ynuHagu.

“9IOK maHbGan" pe6 wyHaalh MaH6a TyWyHUNaAuMKu. YHAaH
3HEprus  ucTebMON  KMaTraH  3aHXupfaru  TOK  KAHYa/IUK
y3rapmacuH, MaH6a Kucmnapugars 3.00.K. (KyunaHuw) ysrapmai
(Deapnu ysrapmaid) K,onaBepagu. 3aHXWPHUHT KUPULL  KACMUZArK
TOKHM | Ba KyylaHUWHW W fAed onraHga, MaHGaHWMHI TawK.u
BONbT-amnenp TaBCMuKGM 2 .9-pacmaa
KypcatunraHgek 6ynagu.

TOKHWHI MWKAOPW HoMgaH Gupop My/KannaHraH MyBo3aHaT
(HOMMHan) i H KuiAMaTMraya ysrapraH LWapouTAa KyynaHuw u ge-
APN ysrapmaiigu, SbHU U € . Arap MaHb6a wuwxu KapLWIUIW TH
=0 O6ynca, TaWKM KyynaHuw u = e - const Gynagu: sey X,0nda
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3.l0.K. MaHb6au 4ekCM3 KyBBaTra ara 3nekTp MaHban Eku wugean
3.lL.K MaHb6an xucobnaHaau.

Pean a.l0.K MaH6anm (fbHM 1, ~ 0) TaWKW 3aHXKUPHUHT
Kapwunurn  aroHa  (akeuBaneHT) RIT (9bHM  UCTEBMOJIUM)
Kapwunurura TeHr ge6 onuHran \onatga 2.10- a paemparn cxema

2.9-pacm
2.10-pacm

KentupuaraH. MctesMonuu  Kapwuavmkgarun — Tawkum — KyydnaHuLw
u=e-rM/ =RHI | . MaH6aHWUHT WYKU KapWAUTU T HU UCTEBMOYN
Kapwunury R 6unad 6upnawtupcak WapTanm ugean 3.10.K. MaH-
6an unkagn (2.10-6 paem):

U-~("uct+m)' ~e

Tok maH6ay fgeb wyHgak MaHb6a TyWYHUNAAWKKW, YHra ynaHrad
UCTELMOMUUHMHT  Kapwmanrn R, ékum  yTkasYBuaHnurn qHT
KaHYyanuk ysrapmacuH MaH6afaH 4YMKaéTraH TOK | Yy3rapmaii (ge-
ApNn y3rapmaii) KonaBepagu, AvHU [ = const.

MaH6aHWHT WYKU YTKa3yBYaHAWUIKM HOAra TeHr 6ynuw éku
bynmacnurmra 60rAMK TalwkMm aMnep-BOANbT Tas-
cuaown 2.11-pacmpa KentmpunraH. TOK MaHOGAUHUHT WYKK
Kapwuanrn Aesapam yekcus 6ynagu, SbHU R, = <X EKU YHUHT UYKK
yTKasyBYaHaurm gH = 1/Ri = 0. LUyHMHr ydyyH \am MCTEBMONYM
Kucmanapuga xocun éynraH KydnaHuw U=I1/gléel kaTTa gnanasoHpga
y3rapuil MyMKWUH Ba YHWHI HOMWHaN KuiiMatu LWy MCTEbMOAYK-

HUHI Kapwunurura 6oramkamp, svHm mid =R, T |. Arap TOK
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MaHb6aMHMHI MYKW yTKasyByaHnaurm £ -0 6ynca, TalKn 3aHXuppa-
M Tyna TOK MaH6a Tukura TeHr 6ynagum (/ = | = const) Ba 6yH-
jam MaHba mgean TOK M a H 6 au xucobnaHagu. Arap maH-
6aHHHI MYKWM yTKasyBYaHIWrM HongaH tapk kmaca (g, * 0), wuc-
rebmonyHra 6Gopaértram ToK / MaHb6a TOKMAaH KWUYUKPOK 6Gynagun
(/ < 1. by Tapsgarm mamba Ba UCTEBMONYM ynaHHWKU 2.12- a
paeMpga Kypcatu;TaH. McTebmMONuM KapWWIUTUHUHT KicManapuja

xocun bynraH kKydnanumw V =/ :(g@+ g llcr) 6ynagn, AbHU wnpean

MaHb6aHukngan dapk kunagn (ugean man6a yuyyH U=Il:gR). Ken-
TUpUAraH exemagarn peaj TOK MaHO6auHW uaeannawTUPMOKYM

byncak, YHUH NYKU YTKa3yBYaHIUTWHK ncTeLMOoNYM
yTKasyBYaHaurn 6unam 6GupnawTupuwnmms kKepak 6ynagn (2.12-6
paem). OHAM ymymun TOK i ~\= const rye wugean maHb6agaH

ynkaéTtraH 6ynub Tyloudagn. Pean TOK MaH6au WapTau wugean TOK
MaHb6aura avnaHagm.

2.M-pacm 2.12-pacm

2.6. JNeKTp 3aHXNp cxemanapu (Wakniapu)

JNeKTp 3amKMpnapuHu xucob-kntob umMsma  BocuTanapupa
rpaguk TacBupnawl MabHOCMAA cxemanap, éku lwapTnu 6enrunap-
fJaH ubopat waknnap 6unaH wngoganaw ogatra kumpraH. Knckava
Kanu6 aiTraHga, \ap KaHAal 3aHXup Mabfym 6up cxema Epgamu-
fga wdopanaHagn. Y3 HaBbatuga, xap KaHgall cxemMa WMKKUTa aco-
CUA KypuUHMLWIAA TY3UIMILUM MYMKUH, SbHW AroHa TapkHOGAM 3neKTp
3aHXUP XaM CTPYKTypaBuii, XaM 3NeMEeHTAN CcXemanapra ara
Oynuwn MyMKuUH. Mwucon yuyH 2.13-a Ba 6 paemparu cxemanapHu
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Kypnb uHkginnk. HKOm'pupgarm 2.13-a pacMgaru CTPYKrypasuii
CXemMafa 3aHXWPHWUHI aHpMM TalWKWA  3TyBUMMapW  KUCManapu
(byHKUMOHAN anemeHTnapu) pakamnap 6unaH 6enrunadrad: | -

O— O0-"M 3Cb— TH«UN=1
s e CEHR
6) 2.13-pacm
ysrapyByaH  Tok  (9./0.K.)  MeEHepaTtopu,  2-  Ky4YNaHWLLHW

y3raptTupyBumn (KyTapyBumn) TpaHcopmartop, 3 Ba 4~3MeKTp y3aTys-
un AnHusnap, 5 Ba 6 - KyuynaHWWHMW nacaiTMpyBYM TpaHcgopma-
Topnap, 7 - SpUM-yTKasruuam Tyrpunarud, 8- Ba 9. - 1oKnama
K,apwuavk 1ap (3Heprus ucTebmMonumnapum). 3arXUPHUHT  Maskyp
KYPUHMLUMGAH YHUHT Tysunuwmy Ba 6GaxapaguraH BasuanapuHm
aHMKgaw MyMKWH. AMMO YHAarn 31eKTpOMarHuUT Xogucanapra
MUKAOpKUIA 6axo G6epnbd Gynmaiam, SbHU OOLIKaya KMAMG aiTraHaa,
yHAArm Tok Ba KyYJaHWLWAApHW XWUCOo6-KMTOG Kuaub 6Gynmaingw.
ByHra cabn6 - sarwxupHuHr napametpnapu (R,L,C) Ba y3apo >oii-
nawuw Tantubnapm 6y Tomdagarm cxemaga HoaHWK; 6ynnb KanraH.
3aHXupgaw 3n1eKTPOMArHUT XofgucanapHu Taxaun KWAuW  YYyH,
YHAArn TOKAap Ba Kyu4faHMLLapHU Xucobfal yuyH 3aHXup Taw-
KW 3TraH 3/IeMeHTNapHU KOHKpPeT napameTpnapra ara 6ynraH
Kapwuivk WHAYKTUBAWK Ba CUTMMAapra anmalTUupuil Nosumaup.
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HaTwxkaga xocun 6ynraH cxema (2.13-6 paeM) anMalW UHYB
€KMW O9KBUBaAaNeHT cxema [eb atanagu.

JKBUBANEHT exemajarn 3jeMeHTNap napameTpiapu Kyiamngaru
KOHYH-K,omganapra (npuvHuuniapra) acocnaHu6 TonuaraH Ba Ty3wn-
raH. MeHepatop 1 ypHWra 3.l0.K. MaH6aM €, Y3WHWUHT WYKU aKTUB
Kapwuaurn r, Ba uHAyKTMBAuru L( 6unaH 6Guprannkaa OMHIaH.
TpaHcopmatop 2 - aBcd HykTanapu opacupa >Koinawirad
TYPTKYTOAMK LWaknmpa KypcaTuiraH Ba YHWHI aeoeuii napameTp-
napu cudatma akTue Kapwuianmk 12, 6upnamMun YynraMmUHWHT WH-
OYKTMBAMTU L:), MKKWIamMuu uYyaram WHAYKTMBAWIrM L2 Ba ynap
opacugarm MarHuT 6ornaHuw Kypcatkuum M: (y3apo WHAYKTUB
NNK) KEeNTUpWUAraH. SNeKTp ysatuw nuHuanapu (3 Ba 4) termwnu-
ya "ce“ Ba “fd“ HykTanapu opacupga onnawraH 6ynu6, sKBMBaNeHT
napametpnap r3 Lj, C3Ba r4 L4 C4 épmamnga wudgopanaHrat.
TpaHcgopmaTop 5 Ba 6 Termwnuya r5, L8, M5 Ba rt, LG, MR
napameTpnapra anMawTupunraH  6ynm6, 6upu  Tyrpunarud
“kynpurn" - BTl , B7> B73 B7 (BeHTunnap) opkanm R9- C9 ok-
namara (MCTEbMONYMra), MWKKMHUYMCK - 6GeBOCUTA WCTEBMOMYU
Kapwuaury Rs ra ynaHraH xofiga KypcaTuirad.

CxemaHn 2.13-6 paemfja KentupuaraH waknga onuwagaH
Makcag - GepwunraH napameTpnapfaH donpganaHmb, Mabaym KaTTa-
AMKparm  9.10.K. MaHban Tabcupupa 6epuniraH 3aHXWPHUHI XamMmma
afnemMeHTnapuga  Xocun  6yaraH  TOK  Ba  Ky4JaHuULWnapHu
aHMKnawpamp. XXymnagaH, acocuii aHUMK4aHYyBYM TOKnap cudartuga
Rg Ba R9 kapwwunuknapfaH yTaéTraH Toknap xucob6naHagu. LUy-
H/ XaM Tabkugnab yrtuw nosumku, B7, - B74 6enrunum BeHTUNNap
arpy  YM3MKAM BONbT-amnep TaBcunapra ara Oynagu. Ynapaad
yTraH TOK Yy3rapyBYaHfaH Yy3rapmacra aiinaHagn Ba Wy ca6abnu
HOYM3UKNN TeHrnamanap éppammupa aHuknaHagv, by macanara Te-
FMILAN Hasapusa KUTOBHMHT Maxcyc 606mupa KenTupunrax.

JNeKTp 3aHXWPUHWM  YMYMWIA *Taxaun 3TUW  Macananapura
yTaguraH Oy/nicak, YHWHT XamMMma Ty3unuw 6enrunapu Ba XyCyCuAT-
napuvHu 6atagenn kKapab ynknwnmmus nosmmamp. Ly makcagpa

2.14-pacmfpa KypcaTuiraH Kyn MmaH6anu Ba Kynm 37eMEHTAN WX-
TUEPUI 3aHXWPHM Kypub umkainnmk. Maskyp Mypakkab Lwaknim
3aHXMWp yuTa 3Heprus maH6an (e ,e Bal) Ba yH yuta R, L Ba C
napameTpfapra ara 3fieMeHTnapgaH TawKua TonraH. 3aHXUPHUHT
xap 6up yyacTkacufa (KMCMMAA) YHUHT y3ura Xoc MUKAOpLa TOK
yTagum Ba TeruwauMya KyunaHuwnap xocun 6ynagn. 3aHXUPHUHT
TOK yTKaszaéTraH WynnapuHWHIr 6up-6upu 6GunaH 6ornadrad, 6u-
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pUKKaH >olnapu Ty T ryH [geb aranagw. 2.14-pacmparn 3a-
mKupga MacanaH, 6ewTa TyryH 6op. bynmap - a b, ¢, d, e
HyKTanapaup. WXTuépmnin 6up >Xy(pT TyryH opacuparn xap KaHpgal
MYCTaKu/ TOK YTKasyBYM Wynnap “3aHXwup Tap- MO KN
apmu éku Wwaxob6wuyanapwu* peb artanagn. MacanaH,
2.14-pacmpgarn 3aHXxumpga TYKKu3Ta Tapmok, (lwaxobua) 6op: “a“ Ba

"b“ TyryHnap opacupga -r,, L,, ¢, anemeHTnapaaH néopat (Toku i)

V Ba “c" TyryHnap opacuga - ToK maHb6an | Ba R: 3nemMeHTIN
(Tokm i 2 ) MKKMTA MyCTakuni TapMok;

“c“ Ba “d“ TyryHnap opacuga - fina MKKMTa MyCTakun TapMOK,
AbHM 13 TOoK Ba R3 Kapwwunukka ara Ba R5 , L3 C: anemeHT-
napra ara (Toku i);

“d“ Ba “e“ TyryHnapu opacuga - i 1ToK Ba R4 Kaplinankka ara;

“e“ Ba "a" TyryHnapu opacmga - 17 Tok Ba R7 Kaplwmnmkka ara;

'‘a'l Ba “d4 TyryHnapu opacmga - e2 MmaH6a Ba RS, L2 3neMeHT-
nappaH méopat (Toku / 6);

“b“ Ba “e" TyryHnapu opacmga ~R, Ba C, anemeHTnapgaH unb6o-
pat (Toku T,)

Arap TyryHgaH TyryHra ytub, Tok iynnapuHu 6upop 6epk Tpa-
eKTopus 6yinnab alinaHnb, siHa KaWTWM6 60WWNAHINY TYryHra Keacak

6epk aNeKTpP KOHTYpP wudpoganaraH 6ynamms. KoHTyp
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Tallkna KANMWAA ainaHnil AyHanuwm UXTUEPUIA 6ynuwmn MyMm-
KWH. MacanaH, 2.14-pacmparu cxema ydyyH O 6enrucu 6unaH
KypcaTunraH 6epK KOHTyp coaT MWUAMra MoOC alifiaHu6 OJIMHTaH.
Hatuxafga KOHTypgaru sfemeHTnap: 3.lo.K. ej, rj, Lj, Rj, Cj Ba
R7 keTma-keTnukga kenagu. LWy 6unaH 6up BauTga ainaHuw
MyHanuwun 3.10.K. Ba \amma Toknap io, ij Ba i? liyHanuwnapura
MOC Tyl agu.

3aHXXUPHWHT  alipuM yyacTKanapuja YHWHT 37eMeHTnapu
y3apo0 KeTMa-KeT €KW napannen ynaHraH OynauwyM MYMKWH.
KeTma-KeT ynaHradH 3aHxupga (EKM YHUHT OGupop Tap-
MOrmaa) ynaHuWWHW TaWKua Kuarad 6apya anemeHTnapgaH froda
TOK yTagu. KeTma-KeT ynaHraH 3aHXupnap uartopura macana,
2.3-pacmgarn R, L Ba C aneMeHTNN 3aHXuUp Kupagu. Ketma-keT
ynaHraH Tapmok, cudatmga 2.14-pacmparu 3aHxup yuyH /5 Tok
yTaétraH R5, L3> C2 TapmMormHu k”pcatuw MymKuH. Mapan -
nen ynaHraH TapMoKnap fAeb 6up XydpT TyryH opacu-
farn Mycrak.un Toknapra ara ukkuta (Ekm 6up Heya) rapMoHuM
anTagunap. 2.14-pacmgarv 3aHXWpPHW MUCOA KUAnG onraHga, yH-
parn ij Ba /5 roknapHu, €ku Ba / TOKNapHW 3TKa3aéTraH Tap-
MOKYTp y3apo napanien ynaHraH xucobnaHagu. bBup xun TyryHnap
opacmpaa xohnawraHn Tydannm napannen ynaHraH TapmounapHUHT
KyuynaHuwm 6up-6mpura TeHr 6ynagn; 4yHku 6y KyuynaHuwnap Ty-
ryHnapapo Ky4naHuwnap gemakaup.

2.7. JneKTp 3aHXu1pap Tornosornsaci.
Cxema rpagm Tyrpucmnga TyLLyHYaiap

JNeKTp 3aHXUPHM cxXemanap épaamuaa TacBupnawga 6up
KaHua wapTtnu 6enrunap vwnatunmwmn \ammara mavnymaup. Ly
benrnnap wumpa TyryHnapHu avpuk (KanwH 6ynraH) HykTanap 6u-
naH Genrmnaw ojatra KuMpraH. ¥YMymaH aca LWyHAah HykTtanap 6u-
NaH NKKUTa (BKWM GMP HeuTa) 3/eKTp TapMOKNapuHUHT 6up-6upura
ynaHraH >oiun 6enrnnaHagu. LWy Tydainm cxemanapgarn \amma
HyKTanap \amMm MyCTaku/ HyKTanap ponuHu yiiHainBepmaingn. Maca-
naH, 2.13-pacmpgaru cxemaga c, d, ¢ Ba f HykTanap MycTakun Ty-
ryHnapra yxwab TysunraH: amMmo c Ba [, WyHWHrgek, d Ba e
HyKTanapu ypracuga x"4 Kadfai K pWwauk ynaHmaraH, sbHW ynap
y3apo TyQuaaH-Tyrpu OGUPUKTUPUATAH Ba MYCTakun TYryH 6yna
onmangn. AvHm “c” 6unaH “f* Arona TyryHgup (“d” 6wunaH “e”
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Xam xygpav wyHpangup). Ly HykTam HasapgaH KaparaHga cxema-
NapHWHT 3N1eMeHTNapuUHM akKc aTMaraH Xxonga, (auaTt TyryH Ba Tap-
MOKnapHu Genrnnaw iWAam 6unaH  mdoganaw  yCynuHU - Kypub
ynkuw  macagra  mysodukaup. bByHpgak  TONONOrMK  ycyn
INeKTp CXemManapHmu rpatgnal ycyn ura
Kapawnuamp. CxXemMaHWHT Ma3Kyp K PUHWULWWN -- YHWUHT rpagu aebd
atanagu. 2.15-pacmpa 2.14-pacmpgarv Mypakkab 3aHXWPHWHT rpa-
thun kentupunarad. TONAOrMK CXemaja 3HT aBBan K/ 3ra TawnaHagu-
raH XycycusT — 3.10.K. Ba TOK MaH6anapu MyTnakp Kypcatun-
mMaian. YHAaH TawkKapu, TOK MaH6aum >KoWnawraH TapMOKHWUHT
YTKasyBYaHAUIM HOMATa TeHr OynraHauru Tydainm, TapMOKHUHT
y3u Xam rpaduk Tacemppa Kentupunmangm. Oaanin cxemara yxuai
6y epia xaMm TyryH Ba rpag tapmounapu ge6 atanaan. dak;at cxema
rpagpmpa TyryHnap ainaHa uwuuga onuHraH pakamnap 6unaH 6enru-
naHagu 2.15-pacmpa 2.14-pacmparu a, b, ¢, d Ba e TyryHnap YpHura
Termwnunya 1, 2, 3, 4 Ba 5 KenTupuaraH. Ynap opanapuparu Tap-
MOK™ap Tyrpu €ku 3arpu umsuHyrap 6unaH KypcatunraH — 6ynap
Tyainnm rpagp 6ornaHraH fgeb xucobnaHagu. Arap cxema
rpathm TysunaétraHga Tapmoknapgarv TOK Ba 9.10.K. nap nyHanuwmu
Mabnym 6ynca, y xonga rpa MyHanuwwnwu: pgeb atanagu.

Y3 HaBbaTmga rpag épgamupga TacBuMpfiaHraH cxemanapga Tap-
MOKnap oaawi pakamnap 6unaH 6enrmnaHagu: 1, 2 .., 8 (2.15-
paem). Xap KaHfain rpaHWHr gapaxXT WU, SbHU Xamma TYryH-
NapHu y3apo 60rf10BYM 4uU3NKZap nuruHgucm bynagn. Cxema rpa-
(DUHUHT JapaxTu KajuH pok;
yn3nk, bunaH GenrunaHagu.

KypuHn6é typnbankn, dadg
fjapaxtn 6ol ava wWwaknga,
macanaH, 7, I, 2 Ba 3, ékn
8, 2, 7 Ba 4 Tapmok”™ap
épgamuga \am  Tysunuu
MYMKWH 3am. [Japaxt
Tapkubura Kupmain KparaH
Tapmoknap —rpa ano - " 6
Kanapwu geb atanagu. 2.15-pacm

Arap rpap “p” Ta
TapMoOK Ba “Q” Ta TyryHra
ara Oynca, YHMHr papaxtu (g-1) TapmoK xucobura TysunraH
6ynagwn, anokanap coHum n-p-(q-1) ra TeHr 6ynagm.
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2.8. JneKTp cxemagarv ynaHvinap marpuyacu

SHAM H>K.opuaa KypuaraH Ba 2.14-pacmja TacBUp/fiaHraH 31eKTp
3aHXUpK 3NemMeHTNapUHUHT Yy3apo yfnaHuwun Ba 6GornaHulHra ma-
TeMaTukK cuiimo 6epunb Kypaiiuk.

Xagsan
Il 2 3 4 5 6 7 8
+
1 ] 1
+ +
1 J 1
+ +
1 1 ]
+ 4
1 1 \ |
+
| | 1

AbHM yHAAry 3NeMeHTMapHUHT MapameTpiapufaH K.aTby Hasap,
3aHkmpgarn (cxemagarn) 6oTaHuwnap Taptmbura abTMbop Gepaii-
kK. WyHgan kafgsan Ty3alnMKKW, YHWHT KaTopfiap COHW rpadiu
CXEMaHWHI TYTyHfiap COHMWra, YCTYyHNiap COHM 3ca - cxema rpadju-
HUHT TapMoOKfap coHura TeHr OyncuH. Kartopnap Ba YCTyHMapHu
Ternwnnya TyryHnap Ba Tapmokarap TapTub6 coHnapu 6unaH 6enru-
namMms.

TyryHnap Ba rapmokfap COHWAan KarbW Hasap, XafBa/lHUHT
MXTMEPWIA KaTak4vacu ‘§“ k.atopga Ba “K“ ycTyH 6Oyiinab >oinawiraH
oynca (jk) ge6 x,ucobnavagn. Ly wnxTuépuii kaTakyara arap, "j*
TyryH 6unaH k' Tapmok, 6ornaHraH o6ynca [+1], éku [-1]
pakamuHu Kysmu3. Ly 6unaH 6upra Kyiugarn Kougara puos
Kunamu3: arap TapmoK anok,a 6enrmcu (MyHanuwwn) j TyryHgaH Ta-
WK,apura KaparaH 6ynca, [+1]; TyTyH TomoHra kaparaH 6ynca f-I]
onvHaau. Arap ‘§" TyryH ‘k“ TapmMok 6unaH anokagop 6ynmaca,
TErnwnnm katakya 6yl Koauww no3um (MacanaH, >afBanumusga
[14], [251, 138] Ba X.K. KaTaknap).



P=8 Ta ycTyH

Konpanap wuura wy xam KuWpaguku, XafBanHWHI X.ap 6up yc-
TyHMaa (akaTrMHa WKKUTa Katak Tyngupuarad Oynagu. LWy Ty-
(halinn maskyp »xafBanfaH maTpuua MabHocuAa oiganHuW Mym-
KWH.

YnaHuwnap martpuuacu cudatmpa wyBgain Tyrpnbypyak Mat-
pruua onuHWLLIM KepakKu, YHWUHT KaTopfiap COHW exemagaru TyryH-
nap coHupgaH 6uttara kam 6ynu6, yCTyHnap COHW TapMoKgap co-
Hura TeHr OyncuH. MaTpuua aneMeHTnapyu Teruwiuya: arap TyryH
TapMOK, 6unaH 6ornaHmaraH 6ynca, HOAra TEHr, NAC Ompra TeHr;
arap 6ornaHraH xonga TapmMoK MyHanuwu TyryHaaH YuMKKaH Gynca;
MyHanuwun TyryHra KaparaH 6ynca, MuHyc 6upra TeHr. Yuwoy
wapT-wapontnap OGaxapuaraH xonga 2.15-pacm  rpagm  y4yH
Kylingary martpuua Ty3uamwu MyMKUH:

Okopuga Kentupuarad mwucongarm wmarpuua Taptném (q-1)
p=4 8 ra TeHr (6y KynaiTma LapTAuAMp, AbHU MaTpuua TapTubm

4 «8=32 3mac). HuxoaT Maskyp Mmatpuuamu TecKapu Yrupunarad
(argapunraH) WaknMHW Kypub ymMkainnuk: 6y Tysunauwpaa katopnap
Ba YCTyHnap >oi anvalllagn (pycua - TpaHC NOHUP
OBaHMWE MaTpwuuy b)) 2.15-pacmgarn rpad argapunarad

maTpuua:
1 2 3 4

O O O O o

oo oo —¢r

- 1

1

©C 0O R o —
e

-

WaKnaa Ty3unraH 6ynuwiy Kepak.



2.9. DneKTp 3aHxuMpnapvra ovg KoHyHnap

JNEKTP 3aHXWPUHWUHI X.ap 6up K.MCMKU (3N1EMEHTbI, TapMOKMU,
yyacTKacu) YYyH WKKWTa 3M1eKTPOMarHWT TaBcudg (EKM KypcaTKuuy)
- TOK Ba KYYNaHUW HWHT MaBXyaaurungump. Arap “OUpuMHYM
KypcaTKn4 (AbHU TOK) 3aHXWpAarn 3MeKTp 3apAgiapHUHT MyBO3a-
HaTMHW akc 3TTupagu", fecak; WKKMHYMCK (AbHMW, KyuynaHuw) 3a-
HXWUPHWHT aipuM  3neMeHTNapuiarun 3Heprusa ainaHuw cypbaTu-
HUHT TaBcutuM nncobnaHagn. Y3 HaBbaTMaa WKKana KypcaTkuy
\aM 3aHXupra ynaHraH 3Heprua MaH6anapy Kyuura Ba 3aHXup
3/IeMeHTNapPUHUHT napametpnapura 6ornuk oynagm. Ly
KOHYHUATNAPHWUHT MUKLOpWIA MyHocabaTnapuHu Hamonmw
kKomwpa ' KNpXropHWHr  GUpUHYM  Ba  WKKWHYU  KOHYHMapw
KynnaHunagu.

KWPXTOMHWUHT  BGMPUHYM  KOHYHU TOKHUHT  Y31YKCU3UTVHW
akc atTupraH 6ynu6 (1.10), 3aHXWPHUHT Xap KAHAalk TyryHuparu
6apya TOKNApHWHI anrebpank NUTMHAWCWA HOMTra TEHrAUTMHW 6un-

2.16-pacm

avpagn. Mwcon cudatmga 2.16-pacmpga KypcaTuaraH Mypakkab
3NEKTP 3aHXUPWHUHT 12,3 Ba 4 TyryHnapu opacumia >XolnawiraH
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6upop KOHTYpHU Kypmb wikMaiiimk. Yhhi 8 ta naccus R,L Ba C
anemeHTnap, 2 Ta 3.10.K. Ba 1 TOK MaH MU KupraH. 3aH>XWPHWUHT
WYKU (SBHU 3NEeMCHTNApU aHWK KypcaTunut) kvemuga [/ i:. i
/4 Ba | TOknap oOKacTraHuHu ‘labkupnucak, YHWHT TWlLKW Tap-
Moknapuga /5 i ... rn TOKMap OKWWMWHK Xucobra onunwun-
MU3 NO3UMAND.

KUPXTOMHUHT BMPUHYM KOHYHMUra 6HHOaH TypTTa TY;YH Y4yH
KyiAungaru TeHrnamanapHu ésmi MyMKUH:

l-i,-/4+ 1/, +i(-/\=0 (1-TyryH yuyH

/1-/:+ /8- iu =0 (2-TyryH yuyH)
i2+/,-/,0 +/, =0 (3-TyryH yuyH)
1o+ /a4 o+ i1, o+ 713 =0 (4'TyryH yqu)

WNKKNUHYM Tapmokparu i: TOKnu, y3 HaBbatuga, ydTa napannen
ynaHraH Tapmokpgapgarm /L , /k Ba /@ ToKnapgaH xocun
6ynraHnHnM xucobra oncak, Kupxio@HUW O6GUPUHUYM KOHYHUHMW SiHA
6up mapTa uwnaTcak 6ynagu, SbHU:

i2- il ¢ IR- ic -0, Bkm/L + isr+ iQd ~ =

WyHpait  kunmb; TyryHra 6GornaHraH Tapmokgap COHuAaH
KaTbWiA Hasap, TOKMAPHWHT anre6-pamk MUTMHAWCKA *amma BaKT Ba
\ap 6up oHfa Honra TeHr 6ynagun. SbHU

(6y eppa: K - TapMOK COHM TapTubu, u - Tap-
4=1
MOKAap COHW).

KUPXTOPHUHT  UKKUHYM  KOHYHW 3NEKTP TOKNapu yTaéTraH
UXTUEPWUIA KOHTYypAa Xocwun 6ynraH KyynaHWWAapHWHT anrebpank
ANTMHAMCK ylla KOHTYpAa >KOoWnawiraH 3.00.K. nap hurmHgucura te
HIIUTUHKU KypcaTagu. 2.16-pacmparn mypakkab 3aHXUpHUHT 1,2,3
Ba 4 TYryHnapu opacuja XohnawraH KOHTYP Y4yH KWpXToQHUWHT
Oy KOHyHWra oufg Kyiugary MyBO3aHAT TeHrnamMacuHu Ty3uw MyMm-
KWH:

(TeHrnamaHu Ty3ulia KOHTYPHW coaTr mMuaura mMoc ainaHuu-
ra HucbaraH ONUHraH KyunaHuwnap KenTupuaraw).

Acocwnii TeHrnama (*) ra Kywumya 2 Ba 3- TyryHnap opacupjaw
napannen ynaHraH R; , L: Ba C: anemeHTnap y4yyH siroHa OynraH
KyunaHumiws U  yuyyH KyAngarnku KenTupuwl MyMKWH:
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(**)

AMMO wWwyHn \am ainTm6 yTtuw 3apypku, KuUpxroHWHI WKKUH-
YW KOHYHWra Owuf TeHrnama Ty3uW YYyH TaHnaHraH KOHTYyp
thakATrMHa TOK yTraH iynnap opKanu GepKMTUAraH Oynuwmn wapT
amac. MacanaH, 2-16-pacmgarn 3 Ba 4-Tyr7 miap opacuparu Kyudna-
HULWHK

lWaknga Kypcatcak Ba yHW 4- TyryHaaH 3- TyryHra iiyHanraH [e6
0/1CaK, Ma3Kyp KOHTYPHWHI TallKW KUCMWU 3aHXUPHUHT K,aicu ane-
MEHT/IapUHN aiinaHmb YTTMHWHWUHE \e4d KAHZAR axgMuaTn iyK. YH-
JaH Taak,apu TapMOKHWHT WWUTHAW Ky4YnaHULWUHK ~ w3—e3
Tap3fa, AbHW YHAarW 3.100.K. HW nyura onunb, ésmnnwn rpag ycynu-
HU uwnaTuwaa Xyga Kyn Kenugw.

WyHgain kunnb, \ap kaHgaihi Mypakkad 3aHXWUPHUHT UXTUEPUIA
TaHMaHraH KOHTYpW Y4yH KUPXTOGHWHT UKKWHYK K,OHYHU

Tapsfja émnuwun nosum 6ynca, wy UGOJAHUHUHE Y3UHU Trpad) ycy-
nura mocnaraHga,

(6y eppa p - TapMOKnap COHW) WaKnaa KenTUpuw MYMKWUH, YYHKWK
X,ap KoHgan Taptubra ara “k*“- TapmMokHM UK KyunaHuwga YUMHWHT
Tapkubuparn 3.10.K. nap Xx.mcobra onvHraH éynaau.

Xypon WwyHra yxwaw, TaHnaHraH TapMoK. TOK MaHbau ou-
naH napannen ynaHraH 6ynca, rpag ycynuaa Taxnun onumb 6opuna-
éTraHfa Tapmokgaru TOK i4 = ik+ lkbynagm Ba yHra HucbataH
KNUpXTOQHUHT BUPUHYM KOHYHWM K Angarnya Ty3unagu:

p

|
MacanaH, 2.16-pacmgarv 3aHXWPHUHT 4- TapMoru y4yH rpag

Tokn M= (/A—1) ra TeHr Gynaau.
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2.10. 3aH>XMp TOKIAPUHUHE TYrYH TeHrnamanapu
(rpath-cxemanapu acocmaa)

SHAM 1oK.0pufa KenTupuaraH Ba rpag-cxemanap y4yyH Moc/aH-
raH KupxroHuHr 6upuHum KOHYHU acocupga 2.l4-pacmparu 3a-
HXUP TOKNapUHWHI MaTpULacuHu Ty3ahnmk.

3aHxupga =5 Ta TYy"H 60p. AMMO ynap Y4yH q - 1=4 Ta
MYCTakua TeHrnama Ty3uw MyMKUH. YyHKu \ap KaHgain 6elwmnHumn
TeHrnama ONAWHIM TypTTagaH Kenub umkxaH Oynagu. YHpaH Ta-
WiK,apy, X,ap KaHpjain “k*“- Tapmokgarn 1K Tok, “kKI TyryHnap
opacupa xoinawraH 6ynca, y TYTYHAapHWHT GUpMAaH 4uKKb, WK-
KuHuncura kupub ketaeTraH 6ynagn. YMymuii xonatga WXTuUEpuid

TapMok. Toku a kik —+4 tap3ga émnuwmn nosmm 6ynaam (6y eppa:

ajk = +1, ékm 0; arap TaHNnaHraH TyryHra TacoAudguii OnuHraH
TapMOK, TOKWM anok.agop 6ynmaca). Maskyp waptnap 6GaxapuaraH
xonga Kupxro@HUHT 6MpPUHYN K.OHYHN KyiAugarnda tabpudnaHagu:

C =0 G Phusu. @D

AHa 6up MapTa acnatammsku, “K'- TapMoKaaru TOK i  Teruuw-
navya - TyryHgaH uumkpétraH 6ynca ax =1, yHra kupaétrad
bynca -a ~-1, Ba HUXOAT Maskyp TylyHra anokauop 6ynmaca - a

=0 6ynagn. Mwucon yuyH 2.14-pacmparn 3aHXWp Y4YyH EKW YHWHT
2.15-pacmparu rpad cxemacu y4YyH Kyiaugarunap maHcyb6gup:

1-TyryH YUYH -6-/M7T+4=0 ap=-1I.
=— —1
2-TYTyYH yuyH /,+4 +4 =0 a2 =1
o2 — 15<¢®8 —"
3-TyryH YUYH -4 +4+4-~0 a = —
«,3=-1A4%=1
4-TYyTyH YUYH -4~h~4+B% N ~

/\46 LLEVAN /\45 ~ ~N /\46 —N
Maskyp Kpuganap 2-8 fa KentupuaraH mMartpuua  Ty3uLl
K.onganapura moc 6ynraHu Tygainu rpap-cxema Y4yH Xam TOK-
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napHu 6up yYCTyHAM MaTpuua Wwaknmga W katopra clhinb
KypcaTULWMUMN3 MYMKWH:

(k=1,2,...p)

ByHfali  YCTYHCMMOH  MaTpuuaHuHr Taptmbm (Px1) pe6
X,ucobnaHca, y pyndyamnum BeKTOp [feb xam atanagu.
Ywb6y maTpuuaHuHr \ap 6up KaTtopyu Y4yH HOMepW TErumwam TYryH
HOMepura Tyrpu kenraH Ba KupxXroHWHTr GUPMHYM KOHYHWUra ong
TY3UnraH TeHrnama KoahuuueHTnapuaaH TysuaraHanp.

Bowkaya aiTraHga, WXTUEPWIA TYryH yYyH Ty3unaguraH Ty
ryH TeHrnanammacmuw MaTpuuyaBuin KynanTMma Lwakauga
Kyhngarnya 6ynagm:

' = + -i, t..+#-in =" i -
s " |_ a | a. i, #Jple Za.ﬂ_l« O

jk »

Arap TyryHnap coHu q 6ynca, 6yHaain TeHrnamanapgaH (qg-1)
Ta Tysuwra TyFpn kenagu, AbHU Katopnap coHu (g-l1) ra TeHr
bynagn. 2.15-pacMaa KenTupunaraH rpadg-cxema y4yyH Kynaugaru

MaTpuuaHu Tysuw MymkuH: Ai = 0, éku

2
12 3 4 5 7 o
i6 8 L in in{
1 g c1-11 o
Ai- 2\1 1x Pt s o
3 1 1 X -12+B3+ /5
T ! P+ +1-L

OXUpru TEHTNaMaHWHT X,ap 6Mp Katopu TEruwnum TYryH YdyH
KUpXroQHWHT BUPUHYM KOHYHUHM aKC 3TTUPAaW.
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2.11. 3aHXup rpag-cxeMacvHUHI KOHTYP TeHrnamanapu.
KoHTypnap maTpHLacu

Xap KaHgah Mypakkab 3aHXWp YYyH YHUHI KATOpnapura
ypHaTUnraH  KyunaHuwnapra ouj  KUPXTOPHWUHT  WUKKUHYK
K,OHYHWUHW Kyfinap 3KaHMW3, 3aHXupfarn MyBo3aHaT Tyrpu akc
ATUNUILIN YYYH Ty3WnraH TeHrnamanap ysapo MycTakai 6ynuwu
Kepak. By aca, y3 HaB6aTmaa, TaHNaHraH KOHTYPNapHWHI Yy3apo
MycTak,un 6ynuwmnHn Tanab kunagn. Mabnymku, 6yHpaid TanabHm
fakapull Y4YyH TaHfiaHraH KOHTypnap Xxey OynmaraHja ysapo 6uT-
Ta AHIMM TapMoK,K.a (apknaHuwmn wapT. WKKMUHYM TOMOHAAH, 6u3
AXWKW O6UNaMnU3KK, Taxguara Kepak TeHrnamanap COHU HOMab/iym
TOK/Map COHWra, AbHW TapMOK/iap COHWra TeHr Oynuwun Kepak.
Arap 3aHXWPHWUHT TYryHnap COHW ( Ba TapMOKfap COHM p Oynca,
KWUPXTo@HUHT 6MPMHYM KOHYHU acocupa (q - 1) TeHrnama, MKKWH-
4ynm KOHYHWM acocupga aca [p -(q - )] TeHrnama Tysunagu.lFOk,opuaa
anTM6 yTunraH (ukpra kKypa, Maskyp macana 3aHXWPHUHT rpad-
cxemacura HucbataH Xyfa OCOH euumnagu. XakuKATAaH LWYyHAaR
aKaHnurn 2.14-pacmparu  3aHXUpHUHT  2.15-prcmgarn  rpagexe-
MacuaaH KypuHuo Typubamn: rpaHWMHr fapaxTu K,aHgain TysunraH
O6ynmacuH, y O4MK. KOHTYp 6ynm6 konasepaau. Lemak, 6y gapaxT-
HUHT (KW YHUHT TapMoKfnap KWUCMWHKW) 6upop rpag anokn Tap-
mofh OuUnaH 6epkuTCa, Aapxon MyCTak,ua KOHTYp TallKui Tonagu.

ByHu 217-pacmpa KentupunraH Myctakan rpagnm KOHTypnap-
faH Kypca 6ynagn. 2.17-a paem 1-HUM MyCTakg/a KOHTYp AapaxTu-

2.17-pacm

HUHr 2,3 Ba 4- Tapmoknapura 1-rpa anoka TapmMoru K,ywuauiim
HaTuxxacuga xocun 6ynraH; paem 2.17,6 5- MycTakun KOHTyp fa-
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paxXTUHWHT 3-TapMorn Ba ~paHWHr 5- anoka TapMoru ypracuga
X,0cun 6ynraH; 2.17-B pacmgarn 6- MyCTakua KOHTYP AapaXTUHUHT
8,2 Ba 3- TapmMoKgapuHu 6- anoka TapmMorm 6unaH GEepKUTULI Ha-
TmKacmga Ba. 2.17-r pacmgarn 1- myctakun KOHTYyp Tyna gapaxtra
7-anOka TapMOK Kywmauwmn Hatwkacuga \ocun 6ynraH.

WyHpaid knnmb, 6mM3 Kypub umkaéTtraH 3aHxup yuyH (2.14-
paeM) n=p-(q-1) =8-(5- 1) =4 Ta MycTakKun KoHTypra
HucbataH KWPXTOHUHT WKKUHYM KOHYHW acocupa TeHrnamanap
TY3UW MYMKWH. 3HAW Tpad-exemanap Y4yH KOHTYp TeHrnamanap
Tysaiinuk. by TeHrnamanap 1,5,6 Ba 7- KOHTypnapra Teruwnmaup.
TaHnaHraH KOHTYp muura KupraH MXTUEPWUIA “K*- TapMOKHUHI Kyu-
naHnwuHn uk pge6 onamMMs Ba YHWHT WLWOPACUMHW  ainaHuL
MyHaniwura 6ornaiimms. Maskyp MyHanuw 3ca anokKa TapMOKHWHT
MyHanuwira moc Kenagu, SbHU WUXTUEPUIA TapMOK Ky4naHWULWN
BXKnk = tii*Tap:3ga émnnwun nosmm 6ynagm (6y epga b,k= 1, ékm

0; arap “K"- TapmokK V ‘- KoHTypra Kupmaca). HaTtuxkaga, Kupx-
FOMHUHT MKKWHYM KOHYHU rpa-CXxemMa yuyH

P

2>,4 =0y s=q-p

Wwaknupa ésnnagu. MacanaH, 1- KOHTYp Y4YyH (2.17-a paem)

n w W —(X6]| —1, 62 »
BEWWHYM KOHTYP YuyH (2.17-6 paem):
“wp+ —0, j— 1 BB~ lm

ONTUHUYM KOHTYpP Y4YyH (2.17-B paem)
w 4w +u, +b6+ 18= 0; 662 =5 1, bey = 1, hM = 1,

b=V B=b
ETTUHUM KOHTYP YuyH (2.17-r paem):
Ww+uw+umd+uw +w =0; b2 - 1, bn ~ 1,
T4 N — ~8 =

AHan koaduumell ThapgaH WyHAalk >xafgsan-matpuua B Ty3a-
MU3KW, YHWHI Katopnap COHW MYCTaKw/ KOHTypfiap COHWra, YCTyH-
nap COHW 3ca - TapMmoKfap coHura TeHr 6ynagu. >Xagsan karakna-
pugarn coHnap +1,-1 Ba 0 6ynuwn MymKuH: 6mpuHumn x,0nga “k%
TapMoKdarn WyHanmw “s“- KOHTyp MyHanuwmra MOC, WKKUHYM
xonga - ynap 6up-6upura Teckapu Ba YyuuHuM Xx,0npa “K't Tap-
mokV - KOHTypra kumpmaraH 6ynagu.
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ByHoah maTpuua - KOHTYypnap MaTpuy ac u geb
atanagu.
Arap TapMoKnapgarum KyuynaHuwnapHu 6up ycTtyH Ba “P"
KaTopfaH mbopaT maTpuua Wwaknmga ugoganamokyn byncak, yHga
"1

n 2

WaKNAM MaTpuuaHuHr Taptubum (pxl) ge6 xwmcobnavagu. LUyHpait
KUn6, UXTMEpuin KOHTYp (KATOP) YYyH Ty3unagumraH KOHTYP TeHr-
namacu maTpuuaBuii KynaiiTma LWaknupa Kyhvparungek oynagu:

Kr

BekTop Katop (PxI) Bektop-ycTyH (PxI) matpuua (1x1).

Ma3Kyp TeHrnama MXTUEPUIA MypakKabniikka ara 6ynraH rpad-
CXemMa Y4YyH - ajiokaim CTPYKTypanu maTpuua Ty3uwpaa ULNaTuin-
WX MYMKWH.

HatwxaBunii matpuua ymymuid xganga Bit kypuHuwga ésunagu.
2.]4-pacmparn cxema yuyH Kyimngarnda ndoganaHagu:

Ml
U2
12 3 45678 i, M- U2- M3- M=0 0
. 511- 1- 1-1] P .
n= ,
6 111 1 1 W2+12+MA+I6+v8=0 0
7 111 11 n2+ui +nd+u +v8=0 0

By epgarn bu matpuya KynadTmacuMHUHI \ap 6uo katopu Te-
FMWAN KOHTYPHUHT KUPXTOPHUHT MKKUHYN K OHYHW acocupa é3nn-
raH TeHrnamacuHu akc 3TTupagu. fAHa 6up mapTa WyHW 3cnatub
YTaMWU3KW, 3aHXUPLArk 3.10.K lapHU TErUWAN TAPMOKHUHT YMYMUiA
KyunaHuLmn y3 numra ojraH: uk=uk-ek
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Il KNCM.
UN3NKNWN INTEKTP 3AHXWPNAP HASAPUACKU

111 BOBb
BUP ®A3ANIN CNHYCONOAJT Y3l APYBYAH
TOK 3AHXUPTAPA

3.1. CuHycoudan ysrapyByaH 3/1eKkTp
IOPUTYBYKX Ky4d Ba TOKJ/1ap

AManga 3neKTPOMarHUT 3Heprusmu 6up TypgaH 6owka Typra
aliNnaHTUPULLIHMHT 6apya (M3MK >KapaéHnapyu X,03Upru 3amoH 3/eK-
TPOTEXHUKACUHUHT (3N1eKTP MalluHanap, 3NeKTPOHWKa, pajgnmoTex-
HWKa, anoka, 3NeKTpoaBTOMaTWKa, SPUM YTKasruuynap, X,ucobnaiwl
TeXHMWKacu Ba OOLWKanap) acoCMHWM TalWKUA 3Tagu; AbHU 3.10.K.,
KyYynaHuw, TOK Ba 6O0LWKa 31eKTPOMArHUT MUKAOPNAPHUHT Bak,T
byinya ysrapuwmn 6unaH 6ornuMk. 6ynagn. byHpalh MuKgopnapHi
y3rapyB4yaH TOKHWHI acOCUil TywyH4Yanapu 6unaH ymymnawTupumo,
y3rapyByaH TOK KOHYHMSTAapW WYHra yxwaw  ysrapyBdaH
MuKgopnapra \am TaannykKnum 3KaHJAUTUHW ainTub yTamus.

YMyMaH, y3rapyByaH TOK BaKT OyiiMya MablyM KOHYHra Kypa

3.1-paem
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y3rapagu, ibHW TOKHWUHT MUKOPW BakKXHWHT YHKLUUACUAMP:
i=m

OyHAa | - TOKWWUHT OHWIA KuiimaTw, | - BakT»

Y3rapyByYaH TOKHMW yuTa Typra 6ynuil MyMKWH:

1) mukgopw ysrapyByaH, amMMoO KyHanuwu ysrapmac (nynbca-
uusnaHyeuym) 1ok (3.1-a,6 Ba B paem);

2) MuUKLOpM Ba WyHanuwwy ysrapyBdaH TOK (3.1- rg Ba e
paem);

3) faspwid ysrapyByaH ToK (3.1- B.4 Ba e paem).

[aBpunii ysrapyB4YaH TOKHWHT OHWIA KuiimaTnapu gaBp feb6 arta-
nafvraH TeHr BakTnap uumja mabAyM KOHYHWATNap 6unaH Takpop-
naHn6 Typagm, SbHU:

i=F(t) - F(t+kT), (k=i,2,...n)
MacanaH, 3.1- e pacmpgaru gaBpuii CUMHycomaan TOKHWUHT udo-
facu Kynugarmya:

i=Im sin2x/tT t=
6yHpa f = UT - TOKHMHr 4yacTtoTaen (Takpopuitnurn), (repu): 1 Iy
- l/cek.

By x,0nga, TOKHWUHI WyHanuwmn 6upuHum apum gasp ( 0 <t <
T/2 ) paBomunga mycbat, UKKUHYM Apum gdasp (T/2 <t < T ) paso-
Muga mMaHduin ge6 xucobnaHagn. Bakt t = O, T/2, T Ba X.K.
OynraHfa 3aHxupgarn TOK HOMra TeHr.

dnekTpoTexHuKaga uwnaTUnaguraH LaBpuil TOKNAPHWHI yac-
Toranapu fgovpacu >ypa KeHr 6ynub, repuHUHr yHpaH 6GupupaH
TOpTMO, TO MuAAnapgnapra TeHr OynraH KuiMaTnapHu TawKun
aTagun. JNieKTpoTexXHUKagarn crtaHgapt 4vactotanap Ypra Ocué Ba
Esponaga 50 Iu, AKOXga, Ocué Ba Adpukagarn ainpum mamna-
Kkatnapga 50 - 60 'y yacToTa MWANATAAULIN Kyhinaarunap o6unax
oornuk,: vactotanapHuHr 50 - 60 'y faH KWYMK KuiamaTnapupa
3NeKTP MalluHanap Ba TpaHCHOPMATOPMapHWHI ynyamnapu Karra-
nawmn6, TaHHapxu opTagu. LUyHWHrAexk, a3fekTp famnoykanap
EPYIUTMHUHT NUNWWawWy Kysra cesunapnm 6ynagu. YactotaHu 50
My gaH 6MpMyHYa OpPTTUPULL 3MEKTP MaluMHanapuga aHeprus wuc-
poduHMAr opruwura cabab 6ynub, xocun OynaguraH y3mHAYKUKA
3.00.K. Ba 9MEKTp curamy  x,04ucanapu  ysrapyByaH  TOK
K,YPUIManapuHUHr uwura canbuii Tabcup Kunagu.

CvmMInM anoka TexHMKacumfa Ba caHOaT 3NeKTpPOHMKacupga uyac-
ToTHen 100 lepugaH 10 000 lepuraya 6ynraH Tokfiap wuwinatuna-
uM. PagmoTexHWKa Ba TefneBuAeHWeAa 4acToTaenm yHNab Kuiorepu
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Ba merarepuniaprava (1 m I u 10 ly) 6ynraH ToknapgaH toligana-
HUnaau.

3.2. Bup hazanu cuHycomaan ysrapyByaH TOK

O 3rapyBYaH TOKHWHI 3HT Kyn TapKanaraH maHb6anapupaH 6upwu
MeXaHWK 3HEepLISHU 3/1eKTP 3Hepruacura anaHTupub' 6epysun
(cvHxpoH) reHepaTopamp. Kyskanmac MarHuTAn (31eKTpoOMarHuT-
NN) 31EKTP MawuHa oaavii 6up hasanu ysrapyB4aH TOK reHeparto-
pn  6ynnb, YHWUHr MarHuT MaingoHuga pamka KypUHULIKAATK
ypamnu rantak 00" yk aTpodwupa ainaHagm (3.2-a paem),
rafTakKHWHI WKKana yuu ainaHaétraH X.afkanapra ynaHraH, 06y
X.ankanapra sca 1-2 Kucmanapura ynaHraH 4yyTkanap Terub Typagwm.
3.2-6 paemga 6uTTa ypamaaH mbopaT pamMKaHWHI KyHAanaHT Kecu-
MW KypcaTuiraH, y Oypuyak Te3numk 6unaH coaT MWAM RyHanuwura
Teckapu WyHanuwga ainadca, pamkKaga YHWHI to3acura nponop-
UnmoHan 6ynraH 3.l0.K. e = -6(/dt xpeun 6ynaan, 6yHga & - pam-
Ka to3acura TUK yTraH MarHuT okum. Wdopga onaugarn MaHgpuii
nwopa 3.10.K. HUHT YHIA X,0CUN KWATaH Kyura Huc6aTaH Xx,ap 4OUM
Kapama-Kaplwu WyHanraHaurmHu 6ungupagn. Y pamHUHT  HOKOpK
KecuMmugaru o nwopa LWaptam paBuwga yHAa WHOYKTUMBAAHTaH
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3.10.K. MYHaMLIMHUHT pacmgaH 6u3ra, MacTKM KCCMMHAAru uwopa
® 3ca 6u3gaH pacmra GynraHuHW 6ungupagu.
PaMka TEKUCAUIU TOPM3OHTa BasWATHWU 3rannaraHga (pamka-

HUHT 6ownaHrny 6ypunuw Gypuarm T = 0) yHuHr4 3aciiHm
MarHUT OKUM Ky4Y YM3UKNapW 3HT Kyn MHKAoOpAa Kecu6 yTub, mar-
HUTaBUA OKUMHUHI OHWIA KMAMATU paMKa TEKMCauMrura HucbaTaH

h=pTaxco8">
K,OHYHMAT 6MnaH, paMKaHWHT ainaHnwmn xucobnaw ykn MQ ra

HucbartaH L/ 6ypuyak ocTmga OynraHga ainaHa 6ownaca,
A= + Yl (byHga PT ~DTX) KOHYHMAT 6GunaH
y3rapagu. by okum Kyimngaru 3.10.K.HU WHAYKUWANAAaM:
do . .
e = — — = codTSin(cat + V'J = Emsmfto/ + WJ (3.1)
at

byHga: Em =codw - 3.10.K, amnauTygacu, YyHkn @ [1l/cek] HWHT
oknmra kKynaintmacu (1 B6=1B*1cek) ynyoB 6upauru 6yiinua, 1
BonbT. By epfa: @ - ysrapyBYaH CUHYycoOWZan 3.10.K.HUHT Bypuak
yactotacy (pag/cek); (cot+Mit) - t BakTAarn 3.10.K.HWUHT asacu; Ve
6ownaHrny asa, avHU t=0 6ynraHgaln gasa.

Arap reHepaTopHUHIr 1-2 Kucmanapura roknama KapwuanrmHm
ynacak, yHAaH Kyaugaru TOK yTa 6ownaingu:

i - ImSin (cot -« W) (3.2)
6yHga Im- Tok amnnauTygacu; \y, - YHUHT 6ownaHruy gasacu. HOK-
nama KucmanapHga Xocun 6ynraH Ky4laHWULWIHWUHT TYLYBU:

u=UmrSin (ot + Ijlu) (3.3)
6yHga: Um - KyunaHuw amnautygacu; \Vju - YHUHT 6ownaHruy
thasacu. KOKkopmpa KypeaTwnraHuWiek, ysrapyByaH TOKHWHI 6ypuyak
yacToTacUHW Kynuparmya é3mw MyMKWH:

2 T 0 r
0O = —— = 2nf (3.4)
(6y eppga: f = LT um3mknm vactoTa, €KW coppanawiTvpunraHga -
yactota). by udopga ysrapysuaH TOK (hpasacMHUHT 1 cekyHAda Heua
paavaH ysrapuwinHn' Kypcatagn. MacanaH, f—50 'y vactoTa y4yH
bypuak uvactota =314 pag/cek. Taxpuba LWyHWM KypcaTaguku,
j.Jo.K., KyunaHuw Ba TOKNap OHWIA KUIAMAaTNapUHWHI BakT Oyiunua
ymac, 6ankum cot (pag) 6ypunuw 6ypuarura (pasacura) 60rnauk
paBuwaa rpaguknap (amarpammanap) éppgammnga Kypuw
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Kynaiipokgmp. 3.3-pacmra Kypa Mmyc6at 6ownanruy gasanap (\ju>
0) koopaunHaTanap 6owwugaH 4yanra, maHhuinnapyn (u/;<0) aca yHrra
K,yinnuwmy  Kepax. byHga MaHuii  KnlimaTnapgaH — Myc6ar
Kniimatnapra yryw HyKTacugaH (DYHKLMS HUHT mycbat
MyHanuwaarn cuHycomaacu 6olunaHagm.

Arap nkkmTta 6up xun vactotanam u, = Unl sin cot Ba i=1Im
sincot cMHycomgan Mukgopnapu 6up xun 6ownaHpuy \yh = =0
(hasanapra ara 6ynca, ynapHWHI nyHanumwnapu asa XuxgraaH Moc
aeiimnagn (3.3-pacm). Arap CuHycougan KyuynaHuiwnap w: Ba ©3
HUHT 6olunaHray gasanapu dapkag /L2 - + A ra TeHr 6ynca, y
Xonga, ynap Kapama-kapwwu asanu geiunagn (3.3-pacm) Ba
HuxoaT W -\j/l, ékm Vj- \/B= £ n/2 6ynca,y xonga ToK i Ba

KyuynaHuw un;  (8km un3 kBagpaTypaga (3.3-pacm) Oynagn. 3.3-
pacMgary xonja u Ky4IaHWLWHUHT OHWIA KUIAMaTh T TOKHUHT OHWIA
Kniimatura HucbataH (p =u/m - 6ypuanca yTtagu.

KOkopuaa anTunraHmgek, GU3HUHE XanK Xy>Xanaurumusga uwina-
TUNnaguraH 3nekTp Tok 4actotacu f=50 lu. by ysrapmac katTa-
NMKKa 3ra bynraH napameTp 6apya 3nekTpocTaHuusanapgarn rede-
paTopnapHWHI aknaHuw Te3nury xap xun oynuwnra kKgpamachad
6up mMebvéppa ywnab Typunagu. 3..2-6 pacmpgarn 6up Xyt KyT6/1
reHepaToOpHUHT TOK XOCW/T XUMYyBYM paMKacu y3 yku aTpoduga J
CeKyHf Bakr mumga 50 mapTta alinaHca, yHgaru ToK (3.10.K.) 4acTo-
Tacm f = 50 Ty 6ynagn. Xygaum wy Te3nukga (abHM nO =50
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ann/cek, ékm n0 =3000 amn/MuH.), NCCUKIMK 3NEKTpPOCTaHumAnap-
pgarn TypboreHepatopniap 6yr rypbuHanapu épgamupa annaHtupum-
nagn. AMMO Oy Xyda KaTTa Te3IMK XucobnaHagu Ba Xap KaHpaain
WwapouTnapfa MexXaHWK 3HEPTUAHWUHT 3eKTp 3Heprusra ainaHu-
WWHKN By TesnukAa TabMuMHNab Oynmainan. MacanaH, Xyga KaTTa
Kygpatra ara 6ynraH Ba fape cysfnapu épgammja uwnanguraH cys
Typ6buHanapu (rmapoTypbuHatapyn) XamMm MUHYTUra SHr Kynu OunaH
6up Heuya 03 mMapTa aiinaHa onagu, xonoc. Jemak., 3.2-6 pacmparu
reHepatop roku OyHpali KMumk Tesnwcnapga 5-15 Iy gaH owwuk,
yacrotara asra 6yna onmaingu. eHepaTop uwnaw MNPUHUANWGAH
KYPUHUO TYpUOANKU, YHU XOCWUA KunaéTraH 3.t0.K. (EKM TOK) uac-
ToTacu (akArrnMHa awnaHuw Tesaurura 60OrnnMK Oynmai, 6anku
MarHuT KyTbnap coHura xam 6ornukaup. 3.4-a pacmga Kentupui-
raH 6up xygt (p-1) kyTbra ara 6ynraH reHepatopga f=50 Iy uac-
TOTaM TOK ONMW Y4YyH pamKaHu 1 CekyH wuumnga 311K MapTa
ainaHTupuw Kepak 6ynca, MKKM XydT (p=2) KyT6AM reHepaTopga
(3.4-6 paem) 6Mp cekyHa uumpa rhnrvpma 6ew mapTa ainaHTUpuULL
Knoa. XAKMKATaH XaM, pamKaHuWHr Termwnuya N, Ba S, (AbHu,
WKMMON Ba >XaHyb) KyT6nap Tarmga >xoinawraH A Ba X TOMOHMa-
pn 6up mapTa Tyna ainaHub 4MKNG, y3 >Xolimra KAWTUG Kenca,
ypamgarn TOK WKKW Tyna faBpau ysrapuiifaH ytagu.

AbHKU, 6Up XM Te3NMKAa ainaHyBYM pamKa WKKW KyT6/u

a0 -~ P=2ne=15000 3 = 10002

Pl=1« WH MUWH MUH

3.4 - paem
reHepatopra HucbataH TypT KyTOAM reHepatopfa 4acToTaenm WKKU
6apobap kaTTa 3.10.K. (EKM TOK) Xocun kuna onagu. JIeKuH TOK
yacToTacu WMKKana reHeparopfa xam 6up xumn 6>nCuH fecak, TypT
KyT6nM reHepaTOPHUHI TOK XOCW/T KWIYBYM ypamiapuHU  UKKK
MapTa KWYMKPOK Te3nukaa ahnaHtupuw Kepak 6ynagn. Xyaam
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WYHAAN reHepaTopuUHr KyTbnap coHu ontuta 6ynca (3.4-B paem)
O6up KyTO6NM reHepaTtop 6unaH 6up xunga vactota uwnad ymMk.apuLl
YUYH YHUHT Te3nrmHum ydy 6apobap KampoK, OnvLW NI03HM Ba X.K.
ByHAaH 4MKaAWKW, TeHepaTop TOKMHWHI 4acTOTacu YHUHI KyT6nap
COHM Ba TE3/IMIN 6unaH Kyimnpgarnya 60rnaHraH:
f = Pn o
60

(6y epga p - XydhT KyT6nap coHu, nO - aiinaHuW Te3Uru;
ann/muH).

XymnaHun akyHnab, wWyHW 3acnatmb yTamu3ku, KyT6iap COHU
OWraH capu reHepatop wnuupa ainaHyBuM pamkanap COHWUHW XaMm
ownpnd 6opull Makcaagra MyBOMUKAMP. Ynapgarn 6up Xun 3.10.K.
ra ara 6ynraH anemeHtap pamkanap (A, x, , A: x2 ... Ar xp)
y3apo KeTMa-keT, &KW Mapainen ynaHraH xonga  wwnaé
ynkKapunaéTraH yMyMuiAn 3.10.K. EKUW TOKHM 3ypaiTupuwra cabab
6ynagun.

3.3. Y3rapyBYaH TOKHMHT 3(D(heKTMB Ba ypTaya KuiimaTnapu

Y3rapyBYaH TOK XaM Yy3rapmac TOK Kabu 3neKTp 3aHXupga
MabiyM WLWHW bGaxkapagu: CUMMAapHU Ku3gupagu, MarHuT Ba 371eKTp
MalifoHNap XOCWA KWNagwu, 3AeKTP'KyynapuHW XOCWA Kuauwra
cababuH 6ynaam Ba X K. Kyn xonnapfa 3nekTp TOKu GaxapraH uu
Wy TOK KyyYuHUHr Keagpatura nponopUHOHaJWHp. MacanaH,
Kapwunurn R 6ynraH yTkasruugaH T BakKT JaBOMWUAa y3rapmac TOK
| yTraHga axpannb YmkgaH UCCUKAMKHUHT GaxapraH uwim

A = 1RT (3.5) bynagu.

LWy s3aHxuppaH ywa T BakT (aBeaarura TeHr BakT) AaBoMuMAa
MUKOOPM y3raPmMac TOKHWHT WCCUKANK 3PDEKTUHM  BepyBUn
y3rapyByaH TOK yTraHfa yHUHI 6axapraH uwiu

7

A = | [/ 2Rdt (3.6)
0
6ynagu.

Arap t BaKTHM AaBpuWil y3rapyB4YaH TOKHWHI gaBpu T ra TeHr
Jecak, y Xofja ysrapmMac Ba Yy3rapyBuaH TOKNapHWHI 6GaxapraH
nwnapn 6yimya 3KBMBANEHTINK LWIAPTHU:

T

J2RT = \i2Rdt
0
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eKN

- 7 _Rk_'%
__|7c|)3

OyHAaH: r~ 1127
i
By cuHycompan (y3rapyByaH) TOKHUHI YyPTa KBajpaTuK &EKu
aeKTMB KMiimaty feiivnagyM Ba LWyHAal MUKAOPAarn ysrapmac

TOKKAa 3KBMBaNeHT Gynaau. CuHycompan Tok i =11 sin (co t +vj>)
Y4YH

=1 [7"si"20*+f'~ =|rr * ~cos(2&*+2Vv'Ne =

L, L (3.8)
2 V2

\

YYHKM J*cos(2ti;/ + 24™ )</l = 0, abHU cuHycompa (EKM KOCUHY-
0

compga) MycbaT Ba MaH(PUIA ApUM  TYNKUHNAPU  t03anapUHUHT

ANTUHONCK HONTa TEHT.

LWyHaah knnmb, cuHycompan TOKHUHT 3(hdeKTUB KAahmaTu
YHUHT amnauTyga (makcuman) kuiAimatngaH V2 wmapTa KU4YuKK.
LyHra yxwatl, cuHycoupan 3.10.K Ba Ky4YnaHULINAPHUHT XaM 3(-
(heKTUB KuAMaTnapu Terunwinmya

E I/
BAa W — « (3.9) 6ynagu.
VvV 2 V2
CuHycomaan MUKAOP aMNAUTYLACUHUHT  YHUHT 3 (eKTuB
MlwmaTura Hmcbatm ka-42 amnnanumTtypga Koad wu-

LMeHT n peb atanagu.
UnwxnpgaH ysrapys4yaH TOK YyTraHja YBI®
(

(1
\Y

q = Fozd t
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Kyingarn MWKLOPAAru 3MeKTp 3apsag anaHmb (LupkynaumnsanaHuo)
topagu:

By KaTTanuMk COH >XuxaTufaH TOK cuHycompacuHuHr (3.1-e
paem) t =T/2 BakT Opanurn yuyyH OAMHIaH SpUM TYNKOW 6umnaH
YyerapanaHraH tosara TeHr. AMMO Yy3rapyByaH TOKHWHI Tyna [aBpu-
fa 3aHXwupra kaHga MuKpopgaru 37eKTp 3apsgum  KenTupumnaca,
MaH6ara LyHYa MUKAOpAarn 3nekTp 3apagu  Kahtapunagu. Ly
Tyainnm sanekTp 3apagnapu MUKAOPAApPUHUHT AATUHAUCHK:

T T r 2n-
Ztf = Jidt ~ jImsin{o)t + K )dt =- M =0
0 0 1 m

Jemak, y3rapyBuyaH TOKHWHI Tyna [aBpu ypraya KuiMatu Hoi-

ra TeHT; YYHKM

TBJm sin( +Y ,- K =-~j:|cos(at+ ¥it =0

Arap ysraP¥YBuau TOKHUHI  MKKana MAyHanuwmpga  X,am

KaHgaignp  MHKZOpAa 3MeKkTp 3apagu onmb ytunumwm xucobra

0/INHCA, Y X,0M4a YHUHT

ypTaua KWIA-MaTUHK

yllaHfah BakTha LWyH4a

MUKLOpAarun 3nekTp 3a-

pagu 0516 YyTYBUU

y3rapmac TOKHUWHT

ypTaya Kuiimatu 6u-nan

CONMMWTUPULL  Makcagra

MYBO( UK. MacanaH,

y3rapyB-4aH TOKHU (3.5-

pacMm) ys3raPmMac TOKKa

alnaHTMpuLL 3aH-

Xupnapuga ysrapys-yaH

TOKHWHT  [aBpu  Y4yH

ypTaya Kuima’tn acocu

3.5-paem T oynraH TYyrpu

TypTOYypUYaKHUHT 6GanaHg-

ANTUHU ndofanaian, YHUHT t03acy 3ca TOK i - Insin<ot HWHT Mmyc-
6aT ApuM TYNIKMH YerapanaraH to3acura TeHr, AbHU

2 T/2 2n/2
3"2 - 8 Sn ayt *dt = -—-ﬁ—---l = °'a (310)
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LWyHaain kunnb, ysrapyB4YaH FOKHWUHI ypTaya KWAMaTUHU Myc-
W ApuM TYNKUHHWHT GUPAWK BakTW YuyH, AbHM (3.10) OGyiinua
\ncobnaw Kabyn KuamHraH. TOK 3((eKTUB KMIAMarvHWHI ypTada
KnimaTtura Hucbatu I: | CUHyCcOMfa LWAKNAUHWUHT  3rPU-nTHK,
gbHU popmMa KoappuumeHnT u Kb Hu nbopanaingn:

=r 7 = /T " 1,11 (311)

LUyHra yxwauw 3.l0.K. Ba Ky4YNaHWULIHUHT ypTadya Kuiimatnapu:

P ~ h Ba Uu— P =—"— U
AmManga pfaBpwii  ysrapyByaH MarHuUT oOkuM (P)gaH Kocun

OynraH 3.10.K. HWUHI ypTaya KuiiMaTu unawraH MarHuT OKUM Wy -
HUHT MaKCUMan Ba MWHWMan Kuiimatnapyu opkanu udoganaHagm:

2772 2772 epy 2 ~min
E \edt= \ (-E1N)<*=-- -
Y T 0 7 0 dt TV maks
) 2EIC¥maI<'s _*Fmi_n ),
YyHKM 340.K. W  =fmax Ba V = \Wm Gynranga Hon

KuimatnapgaH. yTué, MarHuT OKMM MakCMMyM Ba MWHUMYM opa?
NvMKaa ysrapraHga y mycbatr 6ynagn. CUMMETPUK 3arpuv umsmk, L
Cost) yuyH: WuMc =- y.., =4/T >Y *on* EP Ur =4f w o |,
byHga W * 3.10.K. MHAYKTWBNaHafguraH 4ynramHWHI ypamiapu co-
HN; @ - MArHUT OKUM.

By 3.10.K.HUHT 3PheKTMB KUAMaT Teruwamnya:

E=Kp*Eyp = 4,44 fw O (3.12)
6ynagu.

Tyrpunarmy cxemanu MarHMTO3NEKTPUK cucTema ac6obnapmpaH
Gawkapu (6ynap ypTaya KUAMaTHWM ynyaigm), ysrapyByaH TOKHW
ynyaw yyyH MymkannaHraH Gapya ac6o6nap (3N1eKTpOMarHuT,

(ckTpoguMHaMuK Ba 6.) YHUHT 3PEKTUB KMAMATUHU yn4yaingu.

3.4. CuHycongan yHKUUANapPHW alinaHyBun BeKTopnap
epgamMmnga  mndoganawl. BekTop guarpammanap

CuHycouan ysrapyBYaH TOK 3/EKTP 3aHXWpNapuHu X,ucobnatu,
ynapMac TOK 3aHXUpnapuHu xpacobnawl Kaby TPUrOHOMETPUK
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hyHKUMsinapgaH unoopaTr Typau anrebpank amannapHu (macanaH,
TOKNApHW, Ky4ynaHWWapHW Ba 3.10.K.J1apHW Kupxrod KOHyHnapu
fyiinya Kywuw Ba aivpuw amannapuHu) baxapuw 6unaH 60rnuk.
XaTTo 6Up XM yacToTanu MKKUTa

/, = sin(ot+ ) Ba i2=Imsin(co(+p?2)
CUHYyCcOMZan MUKLOPHW OfAviA ycynga Kyvwww (8ku anpuw) ynap-
HUHT X,ap BUPMHM CUHycOMZan Ba KOCUHyCOMAaNn TalKun 3TyBYU-
napra axpatuw 6unaH 60rnmMkK 6ynraH Mypakkad TPUrOHOMETPUK
anMawTupuwnapHun Tanab kunagu. MacanaH, HOKOpuAarm MKKuTa
cuHycongan MYHKUMAHUHT AUTUHOWCUMHW OfCak,

[=1 +/2=(,, cosy', + /w2cos”2)sinftV + (/,,,, siny/, +

+1n2sin”2)"cosB* - hn +v\
oyHga Im " V'ml + ' m2 +21m1'm2 cos<T | " * 2) -™KHUHT
amnanTygacu,
«l ImSindr'l Hlr 22”2
T = arctg — -

- ~YHWHT 6oLliaHrny hasacm.
Iml MS Y, + ImJC0S4"2

By \onga, TOKHUHI amMnAUTygacumu Ba 6O0LINAHTMY (Pa3acUHU
aHWKnalW BEKTOpMapHW TFCOMETPMK KyluwaaH unbopat 6ynagu.
Y NapHUHT MOAYNM TOKMAPHUHI amnauTygacura TeHr 6ynué, ToK-
NapHUHT  GownaHrny asaCUHMHIE  CUMKULW  Bypyaknapu 6upop
YKKa HucbataH onuHagm (3.6-pacm).

3.6-pacmMaa KenTupunraH BekTop Auarpamma i, 12 Ba 3
i . Mi2=ImSin(cot+\|/)
DSin(wt+H/2)
! ™MISIKO!
/1 "K
n A
‘Ar X -
'nAl,
3.6- paem

86



TOKNapHUHr t=0 BakTAa ONWHraH amnauMTyga Ba (pasa HucbaTnapwu-
HUHT reoMeTpuMK udogacu 6ynaan. BakT y3srapuwim 6unaH 6y TOK-
napHuWHr asanapn 6up xungarn rot 6ypyakka optnb 6Gopaau. by
jca ymuana BeKTOpnapHuMHIr +1 ykxa HucbataH coat cTpefikacura
Teckapu RMyHanuwpaa 6up BakTAa cot Gypuakka Oypuanwura TeHr.
Bowkaya knnub aiTraHa, TOKNapHUHT BakT OGyliMua xapakaTuHW
bypyak uvactoTtara TeHr @ 6ypyak Te3nuMk 6unaH alinaHaéTraH
BEKTOPNAPHUHT fdaBpuii yHKuMACKM Tap3mpa wdoganawl MYMKUH.
ToK BeKTOpfapu xapakaT TPaeKTOPUACUHWHI MPOEKUUACUHMN |
ykk.a /[ (t) [Ekm [ (cot)] arpu umsmkpap Tap3uga Tywmpub, CUHY-
covjan MUKLOpMapHW ainaHyBuu BekTopiap 6unaH anMawThpuL
MYMKUHAUTWTA TyNa WLWOHY XoCcun Kunammus (macanaH, K HykTagaH
K' HykTaraya yTULWHW KypuHr). [emak, cuHycoupan 3.10.K. Kyuna-
HUW B3 TOKnap (COHWAAH KarbW Haszap) ycTuaa Xap KaHpaaih anre6-
pavk amannapHu (ynapHu 6epuaraH LWapTaM BekTopnap 6unaH
anMawTupm6) bGakapuwl MyMKMH. BekTopnapra ytuwjaa Kyiugaru
WapT Ba KomganapHu LOuMO égaa TyTWL Kepak:

1 BekTopnapra akaT 6up Xun © 4vacToTanu cuHycoupgan
Mukgopnap 6ynraHgarmHa yTuwl MyMKUH.

2. Wdopanosun BekTopnap Hasapuil MexaHukagaru kabu gaso-
BMIA BeKTOpnap OynmacfaH, BakT Oyiuuya ysrapaguraH BekTopnap-
anp. Y napHuHT mMogynnapu Ternwanya amnanTyaasuii
MUKAOPNapHU wudopganaca, nyHanuwnapu opacugarn 6ypuyaknap
6epunraH cuHycougan MWKLOPNapHUHT (BakT Oyiunuya) QasaBuii
CUMKMWKUHU ndoganaingn. MacanaH asa /2 HM Tawkun 3tca,
y3rapysun Mukpopnap T/4 paspra cu/mKuraHuHu 6ungvpagm.

3. Bektopnu wudopara t-O pa yTtunagu, 6Gapya Teruwnu
xucobnawnapHu (O yacToTaHM Xucobra onmMachaH 6axapuw Myw-
KWH; YyHKM xap kaHgain t @ 0 ga BeKTOpPAapHWHI y3apo >KOnaHu-
Wwn ysrapmaingm (3.6-pacm, cot =cot hasagaru X0naTHU KYpWHT).

3.5. Pesnctop, MHOYKTUB rantak Ba KOHAEHCATOpP KeTMakKeT
ynaHraH 3aHxupgaru TypryH (ypHawraH) ToK

Mapametpnapn R,L Ba C 6ynraH Ba Kerma-KeT ynaHraH OfAwii

3aHXup u ~ Umsin (cot +wyu ) cuHycompan Ky4ynaHuw maHb6aura
ynaHraH ge6 tapa3 kunanuk (3.7-pacm). by KyunaHuw Tydainu

{amkmpgan /= Im sin (cot +\y,) ToK yTa 6ownangu.
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3aHXup mnapameTp

napm YN3UKAN

0— £ éynraHaurn  Tydainm
R L TOK CUHYycoMAan KOHYH

byiinya y3rapagu.

YMyMaH onraHfa, 6y

XU c TOKHUWHT (pasacum MaHGa
nc KyynaHuwmn  ¢pasacura

HucbataH ¢ ~\Niu - w,

bypuakka CUMKMTaH

oynuwm  MyMKuUH. by
Oypyak ¢ M N X K LW
bypuyarwmu h ae6 atanagu. Xucob-nawHKM cogganawiTmpuil
makcagmpaa -0 (Ekm WM~ &) ge6 onamms. Y xonga 3aHxupgaru
TOKHWUHT amnaAnTyAacuHm Ba 3aHXup aneMeHTnapugaru
(Kncmanapugarn) OHWIA  Ky4naHULIApPHU  aHWKAalW OCOHNallagu.
KUPXTOPHUHT MKKUHYM KOHYHMTa Kypa

UR+ UL + Uc =U éKu

3.7- paem

(3.12)

byHga: UR - pe3ncTtop R garm Ky4naHWLWHHHT uacaivwu; ul
rantak L HWHI Kucmanapujarv KyunaHuw; uc - KoHpgeHcatop C
HWHT Konjamanapmgarvn KyunaHuw. (3.12) TeHrnukga i- Im sinoot
neb onuHca, Kyhmgarn Kenmb ymnkagu:

[
RIm sin oH + 0)LIm cosa>t— — coscot = 1Jm sin(*y/ + (p) =
coC

- V mcos#? sin<y/ + Ums\n(p -oosoft (3.13)

(3N13)TEHIIMKHMHT Yam Ba YHI K/ACManapuiaru CHUHYC/iM Ba
KOCUHYC/IW TallKWM 3TyBUMMapumu Gup-6upura TeHrnalwTmpcak,

R!' T - U TCOS 9
(3.14)

oynagn. (3.14) pgarm ¢ OypyakHM WHYyK KWAWLW MaKcaguaa YHu
KBagpaTtra OWMpcak Ba KylleaK KyWuAarmHU XOCWUA KWiam U3

/; R2+ (&L - ry2 -u
0)C
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CKKn

J— r- (3.15)

It : + (@& L -——----):
co C

By y3rapyByaH TOKHWHI amniuTyfa Mukgopu 6ynu6, Ketma-ket
ynaHraH 3aHkup ydyH OM KOHYHMHU wudoganangn. 3ddekTus
KuiiMatnapra yTcak,

[ U (3.16)

R2+ {coL ~ —)!
o C
Oynagn. Mngus octmgarv udoga 3aHXUPHWUHT Kapwuink o6upnvru-
[a ynyaHaguraH Tyna Kapwwunuru (Z) pe6 atanagu:

Z ="R2(xt ~x("2- Vr2+)C2 (3.17)
6yHga: R - aktuB kKapwuamk (Om); x=(XL- XC) - 3aHXMUPHWHI pe-
aKTUB Kapwunaurm (Om);xt = coL - ranTakHUHT WHAYKTUB KapLluu-
murn (Om); xc=1/coC -KOHAEHCATOPHUHT curum Kapwunuru (Om).

(3.14) JaH KyunaHuw u 6unaH ToK | opacmpary asaBuii
cumKMW 6ypyaru

So* o oL
9 = urcfg = mmmmmemmmeeee &-£— (3.18)

6ynagn. WyHuHrgek, (3.13) gaH avipum R, L Ba C anemeHTnapga-
M OHWIA Ky4NaHWULWAaPHUHT KUAMATNapUHU aHWKnaw MyMKWH:

U, - Ri = Rf,Sina)t = UKui*Sin oot (3.19)
u| - I #7- - wlLl mCos o)t = U LnexSin (tot + —)
| 1 { (3.20)
u=— fidt = -——-- ttCos <ot = UcnadSin (cot --)
C @C |

By KyunaHuUWANapHUHI a3anapuHuM ToK [/ = Im sinwt HUHT ha-
3acu bunaH Takpgocnab, Kyuuparu xynocara Kenu MYyMKWH. Pesu-
eropfaru KyuynaHuw @asacu TOK (pasacu 6unaH Moc Tywafau, WH-
OYKTMBMK Ba curmmpgarn ul, uc KyuynaHuwnap aca y 6unaH Ksag-
patypaga 6ynagu.

byHaa mHAYKrMB KyunaHuw UL rokgaH T2 6ypyakka (Eku
BakT Gyiuua T/4 pgaBprta) y3mb 6opagu, curum Kyunadmw Uc aca
ToKAaH ,7/2 6ypuyakka opkaga Konagu.
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3.8-pacmfa TOK Ba KyunaHMLWAapHUAT 3(eKTUB MuUKLopnapu

YUyH BEKTOP Auarpammacu Ba OHWI KuAMATnapu Y4YyH arpu uu-
3nknap GepunraH.

PacmpaH akTuB Kapwuank R*0 6ynraHfa 3aHXup ydyH 6epun-
raH Ky4YJaHWWHWHT 6ownaHruy Qasac UMM = (p peakTus ane-
MeHT/apfarn  Ky4YnaHWWAapHUHT  Hucbatura 60ramkK . 6ynuwm
KYpUHNG Typnbam:

1) U>UC (ékm XL > Xc) bynraHga, y myc6at (¢ > 0) 6ynu6,
3aHXupgarn ToK 6GepuaraH KyunaHuwgaH ¢ Oypyakka opKaga
Konagu;

2) UlkUC (ekm XL < Xc) bynraHga, y maHguii (b < 0) 6ynuo,
3aHXuUpgarn ToK 6GepuaraH KyunaHuwpgaH ¢ 6ypyakka ysmb 6opa-
an;

3) UL= Uc (ékm XL = Xc) bynraHga, y Honra TeHr (¢ = 0)
6ynub, 3aHxupgarm TOK OepuaraH KydnaHuw 6unaH ycTma-ycT
Tywagw.

BMpMHUYM xOonga 3aHXWp akTUB-WHLYKTMB, WKKUHYM XOfja ak~
TMB-CUTMM Ba YYMHUM XONfa 3cCa aKTUB pe3oHaHcnu feb atanagw.
Pe3oHaHCAn xonaT KeMMHpoOK Kypub uumkunagu. WyHpain kmnmb ¢

bypuyak - —<P- /2 opanukpa (ycrapaga) ysrapagu.

3Han (3.14), (3.17) Ba (3.18) TeHrnamanap acocmpa aktme R,
nHAYKTMB XL Ba curum Xc Kapwunuvknap KeTMa-KeT yfaHraH 3a-
HXWUP YUYYH KylingarnnapHu 3w MyMKWH;

90



m=Ju> Ur -~ T+{", -0,y -K

m.- IX,\WUr =/1",Ba 0\ =DC- /(X, -,1\) (3.22)
£E/"-Ucos {/, =Usinip Ha |_|_||_|>.:6'
(3aHXMp KUCMAapuaaru KydiaHuwnap y4yyH);
ZMN4r2+ X2="R2+(x,-Xr)2- |A2+fryE- —
\ \ £0C
X/ - coL;Xr - — Bor/l = T, > (3.23)
coC

X
R -Z Qo$<p\X - Zsin pea lg(p ~ —

(bapya 3aHXWUP Ba 3NEMEHTNAPHUHT KapLUUINKIAPU YUYH).
*
3.1-mucon. 3.7-pacmparn 3aHxupra MW - 1605/V|)(314/ + _9

Ky4ynaHuw 6epuaradH. R - 20 Om, L = 0,1 I Ba C = 48,4 mMKOD;
3aHXUP  3nemMeHTNapuMgarMn TOK Ba  KyYnaHWUWAAPHUHT  OHWIA

KUiiMaTnapm aHUKIaHCUH.
E 4 u w: 3aHXUPHUHI WHAYKTMB, CUITMM Ba Tyna Kapliu-

NVKNapyn MOC paBulIfa Kyiiugarura Tewr:
X] =<»1 =314-0,1 =31,4n1,

= — = 66M,

X = — — =
caC. 314 48,4

~0

2 =fit- +(XL- Xt.)2=JtO1+(31,4-66)2 = 40Mm.

Cumkuil 6ypyaru
XL-Xc¢ -34,6 I\ oA
(p: arctg-—-- - - = arctg N3l =9

Jemak, 3aHxupgaw TOK:

. Um ( A no . (_.n 7

i= ., -A>? 314/+ 7 - P\ = j&wl 314r + " n
r
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3aHXuUp 3fleMeHTAapuaarn KyudnaHuwnap:

. ( 7jr
un =Ri =Z0Sin 314/ + —
f | 12
n |/ A l- 1256,Sm; 314/ m J}
oo \V 2 217 | 12

) T =l . T
ur - ImXn SMf314/ H-——- - j= 264sinl 314/ + -
C V 12 2] 1, 12

3.6. Pe3uctop, ngykKr»B rasitak Ba KOHAeHcaTop napasnen
ynaHraH 3aHXxupfaru ypHawiraH ToK

AkTup YTKasyBuYaHAUIM g GynraH pesucTop WHAYKTUBAHK L Ba
KoHaeHcatop C paH

...... > Ty3unraH 3aHXup
u =UTsin&>/ cuHy-

o
coungan Ky4YnaHuLL

maHb6aura napannen
ynanraH  (3.9-pacm).
KupxroHuHr 6un-

pUHYK KOHYHWra
6WHOaH, alipum na-
pannen Tap-
i MoKaapgaru Toknap-
3.9- paem HUHT anrnHancn
MaH6afaH KenaéTraH TOKKa, SbHW | ra TeHr:
n+/, +1-=1
6yHga: / =gu pesucTtopgaru ToOK; i, = fodt WHAYKTUBAUK L
pgarn ToK (4yHkm u = Ldi/dt); i=Cduldt - chfrm C garu Tok
(4yHKM u=— "i’dt). 3aHXup  napameTpnapu YN3NKNN

bynraHnurn Tydainm wnrmHgM TokK / \am 6epwunaraH Kyd-iaHuuw
Kabwn cuHy-compan 6ynagu, ammo yHAaH hasa Oylinuva ¢ Gypuakka
(apK Kunagu, suHU
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/= ImSin{o)t - <p). (3.25)
M =Umsincot HM xmcobra onraH x.onga (3.25) HM (3.24) ra
Kyiné, KyimgaruHu onamms:

gU Tsin cat - ot Uwcos (dt +coCU cos cot - Imsin( ojt - <) =

~ Imcos (pmsin rot - !'msin g>cos cot (3.26)

(3.26) HUHT 4Yau Ba YHI KMUCMAapugaru CUHYCNU Ba KOCUMHYCAN
TalWKn 3TyBYUIAPHU BUp-6upura reHrnawTmpceak,
gUm - f incos(p |

L <146j0m - Imsin & (3-27)

bynagn. (3.27) TeHrnamaHu KBagpartra KyTapub, CyHrpa Kylicak,
yHAarun ¢ iykonagu:

EKN

/* =vA~ g2+( i~ aC) a28)

(3.28) HUHT MKKana TOMOHUHU N2 ra bynraHpa

[ =nn™ 2+(~/ =n'y 329>

6ynagn. by TeHrnama G6YyTyH 3aHXUpP Y4YyH TOK Ba KyYNaHWULIHWHT
3 (hekTMB KumaTnapu opacugarn 60rnaHUWHN wndogananim Ba
CUHyCOMAan TOKHWHI napanien 3aHXupu yyyH OM KOHYHWUHUHT
ugopacu bynagu:

7=~ =f 24 i r ffI) = "~ Tb2- a30)

ONvHraH MUKOOP  YTKasyBYaHAMK ynyamu  (1/Om) 6unaH
ynyaHraHamru yuyyH g, L Ba C aneMeHTAM napannen 3aHXWPHWUHT

ryna yTkasyBuyaHnuru pgeb atanagun. byHga b=br - bc = -0)C
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peaKTI/IIB/ 5TkasyBuIWIK  6ynu6, y3 HaBbatuga, WHAYKTUB
b; ~ Yo" Ba curum bcf')C yTkasyBuyannuknapura 6ynnHagu.

(3.27) ra 6uHOaH, (hasza cumkuwuy Bypyaru:

b} -hc b
(p ~ arctg —-------- = arctg —
S

8
3aHXXMUPHUHT alipuM THPMOKNapuaaru oHuiA Toknap:
lg="M= sin cot = Ignsin cat (3.31)
. . n
i, = — fudt =- - - coscot = sin) cot — (3.32)
L aL m
. _du r m\ A
ir=C— -cotn coscot=L. sin= + — (3.33)
r dt w | 2

Lemak, pesuctopgary TOK [/ 3aHxupra 6epuniraH KyudnaHuuw
6unaH asa 6yinya ycTma-ycT Tywagu (AyHanumwm 6uUp Xwun); WH-

AYKTUBAUKAArM TOK [/,  KyynaHuwpgaH 6ypuakka opKaja

Konagu; curumparn Tok /r  aca ywgau bypyakka y3mnb 6opa-

an.  3.10-pacmga 3aHXup TapMokKnapugaru TOKNAapHWUHI BEKTOp
gmarpammacu Ba arpy 4msmknapu 6epuarat.

n“ Unsinu)t
i = Insin(cot-<p)

> = ILmSin((Ot-n/2)

LV:;coCU

3.10-paciv
Arap ymymuit xonga g"O 6ynca, hasa cumkuw 6ypyaru (> pe-
aktue Toknap I, = I/wLU Ba Ic -coCU HWHr Hucbatnapura

60rNuK, AbHU:
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1) IL>IC (Bkn bl>bc) 6ynranga >0 6ynnb, 6yTyH 3aHXupaaru
TOK | 6epunraH kyunaHuw U gaH ¢ 6ypuakka opkafja Konagu;

2) IIIC (ekn bl<bc) 6ynraHga <0 6ynub, 6yTyH 3aHxupparu
TOK | 6epunraH kyunaHuw U gaH ¢ 6ypyakka y3mb 6opagwu;

3) 1b=1c (ékm bl=bc) 6ynraHga ¢=O 6ynnb, ToKk KyunaHnw U
6unaH hasa Oylinya ycTma-ycT Tyllagu.

By nonnapga 3aHXup Teruwanya akTUB-WHAYKTWUB, aKTUB-
EHIMM Ba aKTWB pe3oHaHCAM feb atanagn. Pe3oHaHC X,0Matn Keid-
MHYanuK ano™mga Kypub Kkypub umkmnagu. LWyHpgain kunm6, R, L
Ba C 3fneMeHTNapy KeTMa-KeT YynaHraH 3aHxupgarn kabu g, L Ba
C anemeHTNapu nap;Wien ynaHraH 3aWxupga xam 6Oypyak

71 n
—~ < (p < — opanuruga ysrapagu.

3.10-a paemparn BeKTOp guarpammara Kypa aktue g TUBAYKTUB
bL Ba chfhm bc yTKasyBYaHnuknap napanfen ynaHraH 3aHXup TOK-
nap y4yyH acocuii HucbaTtnap Kyihupgarvya éunagu:

= 1+1b =Vt +<*| “ [C)3 =rU

1 =bLU,Ic =bcU,l, ®bU - (bL -bc)U (3.34)
IK=gU = Icos ¢;1b = bU - Isin &;
o> = 4/1g

YTKa3yBYaH/NUK/IAP YUyH 3ca:

Y- VS2+h2=\t2+(b). -bc)2=1Jg (3.35)
bL = y y ,bC :COC]b =bL-bc 9= YCOSg;b= YSII’Up

3.2°Mucon. 3.9-pacmparu 3aWxumpra u=141Sin314t Ky4ynaHuw
6epunraH. MapameTtpnapu g=0,04 1/Om, L=0,01 'H Ba C=159 MK®
O6ynraH 3aHXWPHWHI Mapannen Tapmo”apuparu le, IL Ba Ic TOK-
NapHUHT 3G (eKTUB Kuiimatnapu Ba OYTYH 3aHXWpAarn TOKHWHT
OHUI KWMIAMATU TOMUICUH.
Eunw: 3aHXWPHUHT WHAYKTUB DL Ba bC yTKasyBYaHIUK-
napu Typnuya

- 0,08,
L <oL 314 0.04

6- =toC =314 159 -10 6 - 0,05
3aHXup KucMmanapugarv aheKTUB KyuiaHuL:
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n= -[-=w08 =
>2

Tapmokgapgarn ahgpcKTUm TokKnap:
[A=gU =0,04-100 - 4.4,
/, =bfU =0,08 100 = 8/1,

/r = &,.£/=0,05-100 = 5*,
3aHXWPHUHT TapMOKAaHMaraH KucMmugarum (yMymuid) Tok
| = MNAT + (8-5)r =5/,
KyuynaHuw U Ba TOK | BeKTOopnapu opacugarn asa CUMDKMLIK

bypuaru:
6 0,08

-0 3
qQ=4drc/g- = - arr = arc/&- = 36H50'
g 0.04 4

BYTYH 3aHXWPHWUHT OHWIA TOKKM (MaH6GagaH KenaétraH TOK)
i =Imsin(314t- ¢) = n/2 -5sin(314t - 36°50°) -
=7,*07sin(314t -36° 50").

3.7. 3aHXunpgarn cMHycomaan ysrapyByaH TOK KyBBaTu
3aHXkupra x,ap KaHgaih cuHycompan ysrapyBuyaH TOK i bBe~
punraHga v KydynaHuw Ttabcupupga t BakTAa
t

A —J uidt
0
nw Gaxapunagn. by v MUKAOP XMKATUAAH Ky4flaHUwW W, TOK
/ Xampa BaKT t HWMHI KynaihTMacu 6unaH aHuWKAaHagu. HAbHM,
MWHUHI MHTEHCUBAWTN P=u i KynaiiTmara 6ornmk 6ynn6, maH6agaH
3aHXupra KenaétraH (UCTEbBMON KWIMHAETraH) KyBBATHUHI OHWIA
Kniimatn fe6 atanagn. Arap ymymuin x,0nga

n = Um sin cot Ba i=Imsin{cat~cp)  6ynca,
P = Umimsin cat -sm(o>t u,jA cm(P~cos(2cot- <p\=
=t//[cos (p- cos(2tfY - cp)\ (3.36)

bynagn, SbHM OHWIA KyBBaT WKKWTa TalKua 3TyBuMgaH wubopat
6ynn6, ynapgaH 6upuHuMcKM BakTra 60rnamk 6ynmai, WKKMHYUCK
BaKT (faBp) uumna MUKAOP Ba WyHanuw 6yiiMuya WMKKUMaHraH 4ac-
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ToTa (2c0) 6unaH ysrapanu. P>0 6ynraHfa 3aHXup maHb6afaH aHep-
rma kKabyn kunagu. P<0 6ynraHfga asca Kabyn KLWLWHIaH 3Heprus
mMaHb6ara (KucmaH, &ku Tyna) KawWtapunagu. Arap

bynca, 3aHXwupra KenaéTraH 3Heprus KaWtapuiaraH aHeprusigaH
JovMO opTuK 6ynagu. (3.36) pail KypuHub Typmbaukun, dakat
== xonga 6y  ynywnap  6apaBapnawiafu:  UyHKU

Illcosp—0 Ba p = xUlIs\n 2cot.

WyHpain kgnnb, maH6agaH kKenaéTraH 3Heprms kKyeeatu T
[aBp uMuMga Y3WHWUHT ypTuMya Kuiimatn atpodmpa ysrapagu. by
KninmaT COH XnxatmngaH KyVIVI,U,aFVIHa aHnKaaHagwn:

T
jeos(2<*tf -<p)-dt ~ 0.
o

AbHW, KYBBATHWHI ypTaya Kuiimatu:
P~Ulqglc<p (3.37)

By KyBBaT CMHYycOougan TOK 3aHXWUPUHWHI aKTuB (Eku doliga-
nn) KyssaTu fe6 atanagu. CW cuctemacupa aktvMe KyBeaT BaTT
(BT), kmnosaT (kBT) Ba meraBart (MBT) xucobuga yndaHagu (6y
epga 1 kBT = 103 BT Ba 1MBT=108BT). KyBBaT COH >XMXaTugaH t
BaKT 6GUPAUrM MuYMfa 3NeKTP SHepPruACUMHUHT 6owka Typ (MUc-
CUKNINK, MeXaHWK, KUMEBWI Ba XK.) 3Hepruanapura anaHuw WH-
TEHCUMBAUTUHW aHuknangu. KynaiTupyBum coscp Ky BB aT K
oapPpumuymeHTwn [eb atanagu. YsrapyByaH TOK 3aHXupwu
3Heprusa TynnoBym peaktuB L Ba C anemeHTnapra ara OynaraHanru
Tygaiinm xamma BakT coscpcl (Ekm P<U1) 6ynagm. LLyHra kypa,
y3rapmMac TOK 3aHXxupupaH (apknu ynapok, cuHycompasn TOK 3a-
HXWUPUHWHT KyBBaTW Kyn Xxonnapfa Tyna KyBBaT [Jeb
atanaguraH S-UIl mukgopgaH Knumk 6ynagu. Tyna KyBBaT 3Heprus
KypunmanapHu (3fieKTp MalwluHanap, TpaHchopmaTopnap, ysaTuu
AMHuAnapn Ba X-K. HUHI) uMwnaTMw BakTMAAa KyuynaHWWw Ba TOK
byiinya Gepa onaguraH HOMWHaAN KuiAMaTnapuMHu udogananan.
Tyna kyBBaT S CW cuctemacuga sonbTamnep (BA) (acocuit 6up-
nvK), kunosonbTamnep (kBA) Ba meraBonbTamnep  (MBA)
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xucobuga ynuaHagm (1 kBA = 103BA, 1 mBA = 10* BA). (3.37)-
TeHrnamara 6uMHOaH KyBBaT Ko3a(duumeHTa cobp Tyna KysBaTgaH
thoriganaHmw 3 MEKTUHUHT Me30HU XxucobnaHagu; 4yHkmu coscp=l
oynraHga KyBBaT S 6yTyHnai ww 6Gaxapuw ydyH capd 6ynagu.
AKCWUHYH cos(p KaH4Ya KWYuK bGynca, 6up xun MuKgopgarun WwHW
6axapuw y4yH S HUHT KUIAMaTUHM KYNpPOK KuUAnG onuw Kepak
6ynagn. MacanaH, U=500 B kyuynaHmwga P=4,5 kBT 6ynraH ak-
TMB  KyBBaTHM  TabMWUHAAW  Y4YyH  TapMOKAaH ncTebMON
KunuHagurad 1ok | TeHr 6ynuwim Kepak:

cos(p=I bynraHga 1=9 A,
cobh=0,9 6ynraHga 1=10 A,
co6p=0,6 6ynraHga 1=15 A,
co$h=0,5 6ynraHga 1=18 A Ba XK.

LWyHpaii Kunné  3aHxwupgaru
L I oigann MWHW TOKHUHT (hakaT 6up
KucmMmullHa, AsHuM Ig=l coscp ra TeHr
6ynraH aKTMB TaWKUA  3TYBYMCK
U 6akapagu. TOKHWHT peakTWB TallKWn
aTyBuMcK ls=blng 3n1ekTp Ba MarHuT
MaliOHWHN XOCU KWAMLW YdyH capd
6ynn6, ynapHuHr sHepruscn L Ba C
afnemeHTNapfa  Aaspui paBuwga
3.M-pacm nurnnm6, sHa maHbara kKanTapunagw.
LIy ca6abgaH «peakTUB KyBBaT»
TyWwyHYacu KUpUTUAMG, y COH XuxaTugaH Kyiugarnya Kabyn
KWUAVHTaH:
Q -U I sin#?
by kyBBaT CW cucTemacupga peakTuB BonbTamnep (acocuii
6upnnK), KunoBonbTaMnep, MeraBofbTammep Xucobupga ynyaHagw.
KeTma-keT Ba napanen ynaHraH 3aHXupnap Y4YyH Ty3uiraH Huc-
6atnapra acocnaHub KyWugarumnapHu €3 MyMKUH:
P =Ucos p=Un/ = /24,
Q=Usingp=VxXx =/1x (R/l- Ba C 3aHXuNp yuyH),
S=u =/52,
P=U cos = Ux - gU 1,
Q=Usintp=VIt=bU: (g, L Ba C 3aHXup YyuyH),
S=U - YU
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Joumo myc6bar 6ynraH P Ba S napgaH (apkiu ynapok, peak-
nH; Q kyeBaT (>0 6ynraHga Myc6at (MHAYKTMB pexum), (p<O
fynraHga aca MaHguii (curuMm xonar) Aup.

3.3-mucon. Akt rL Ba XL Kapwunankam WHAYKTWB ranTak,
yactotacm f=50 Iy Ba 3apdekTMB KyunaHuwm U=130 B 6ynraii
mManbaga 1=2 A TOK WCTebMON Kunagu. Arap Ly ranTakHUHr y3u
y3rapMac KyuynaHuuira yfaH-ca, uarapuw 1ok 1=2 A ypHatunuwu
yuyH U=50 B kudpos. Mantak WHAYKTUB/IN-TUHWU TOUMHI.

Eunw. MantakHUHT Tyna Kapwuiuru

n 130
2 = — = = 65 Owm;
1 I 2
FanTaKHWHT aKTWB KapLUWAWIU y3rapMac TOK Y4yH:
n, 50
r,=20=— =— =250m.
*0 N
FanTakKHUHT WHAYKTUB KapLWANTK;
xl=VzR~rl =1 =600M™ -
FanTaKHUHT WHAYKTUBMUTH;
x} 60
= — = - = 0,101 1.
co 2n-50

3.8, 3aHxXunpgaru cnHycomgan ysrapys4yaH TOK.
TOK 3HEPTrUACMHUHT TebpaHULLKN. 3aHXNP 3nemMeHTNapuiaru
OHWI KyBBaTNap

FOKopuga KypcaTunraHuiek, akTuB Ba peakTWUB 3NeMeHTNapaaH
Ty3uaraH 3aHXupgarn CuHycomgan y3rapyB4aH TOK KyBBaTy
Y3UHUHT ypTada Kuiimatn P=Ulcos<p aTpodmaa 2(0 ra TeHr yacTtoTa
6unaH ysrapagn. dHAM 3.9-pacMpa KenTUpPUAraH 3aHXUPHWUHE 3fe-
MeHT/apugarn 3HepreTMK MyHocabaTnapHuM TaxAun  KUnanauk.
KWPXTOQHUHT BMPUHUYM KOHYHMTa Kypa MaH6ajaH KenaéTraH TOK

y/ du

i-ig+h. +ic =gu +T¢Ca

oynagu; 6yHga y/ = Judt rantakgarm iL ToK xocun KunraH mar-

HUT OKUVH/MHT wmnawuvwn.  3aHXUPHWHT  31eMeHTnapuga OHMi
KyBBaTnap Kymupgarumya takCuMmnaHagm:
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JaH Kenumb YMKALUUKW, aKTWB YTKasyBYaHNWK ¢, Tapmokgaru pf=gu:
KyBBaT [OMMO HONgaH kKatta Oynnb, 31eKTP 3HEPrusiCUHWHI MC-
CUKNWUK 3Hepruacura akaT KalTMac Tap3garvHa ainaHuWuHN
KypcaTtagu.

NHOYKTUBNUKAATN

dfLi2"
12L) ~dt{ 2)

KyBBaT rafitak MarHUT MaifoHW O6unaH maH6a opacupgaru 3sHep-
TUAHUHT  UUPKYNSuMAnaHuwmy — Te3nurmHu — kKypcatagn: p, >0
bynraHga MaHb6ajaH KefaéTraH 3Heprus WHAYKTUBAMKAA MarHut
maigoHra ytagn: p{ <0 6ynraHga aca MaHb6ara KaiWtagu. Xyaau
LWYHWHTEK, curnmaa Anrnnagunran OHMWIA KyBBaT

_d (ICMZ’\ d F g2}

dt\ 2 ) dt\2C
opacHfa 3HEeprusHUHI LUPKYNALMANAHUILNA TE3NNTUHW aHWKNnangm:
pc>06ynraHga maH6agaH KenaétraH 3Heprua curumparv 3nekTp
MaigoHra ytagu, pc< O6ynrHaga aca, y maHbara kantagu.

Arap ymymuii xonga napannen sawxkupra (3-9-pacm) 6epunaét-
raH KyunaHuwHn U - OTsinadApge6 oncak, 3aHXWPHUHT  alipyum

TapMoKkgapugarn (3nemeHTTnapgarn) TOKNapHW Kyhugarnya ndoga-
nanmms:

YHUHT 371eKTp MalgoHu GunaH MaH6a

"
lg =gUmsmat, 1 ~— - couw Ba ig~a€gUmcoT.
dlL
Y *onga 3aHXWPHWUHT TapMoKnapuaaru OHWi KyBBaT Teruwanya
gif(\-cos2”) =fllcos#)(1-cos2”r) (3.39)

u2 . T .
Pi ~uh —----C-(-)—LsmoM—Qoscot =-blU~sin2# = --£//, sin 2cot  (3.40)

pr =uir =coCUI, sin cot mos cat ~ - blU 2sin 2cot - Ulcsin 2c0t  (3.41)
b6ynagn. PeakTuB 3N1eMeHTNAPHUHT MUTUHAN KyBBATWU:



Fh ' Pi +Pt ~ ~KW sin2fflf =-b if sinlet - -Ulsm<p-sin2cut (3.42)
BYTYH 3aHXWPHWUHT OHUIA KyBBaTU:

p =Pg +Pc =+ Pfo~ Ulcosp-C/7sin*>%iri2&f-
- G7cos<pcos2ft)r = Cl/[cos<p - cos(26>f - #7)]

(3.40) Ba (3.41) udopgnapra Kypa, 6uMp fgaBp Mumga peakTus
3fleMeHTNap KyBBaTNapMMapWHWHI ypTaya KuWiAMaTh HoMra TeHr.

byHra Ba/r TOKNAPHWHI Ba KyuflaHWUW «HWUHT BaK;T bylinya

y3rapaguraH guarpammanapuHu kypu6 (3.12-pacm), uwoHY \ocun
KWL MYMKWMH.

AKTVUB 3NeMEHTHUHT Pn oHWiA KyBBaTu (3J2-a paem) ucTarad
oHunii BakTaa [u —iy~0 {art =0,Kb2K Ba X,.K) faH Tawwkapu]

nongaH kaTtta 6ynu6, ysmHumHr yptada P =UIl -COb(p Kwniimatm
atpomga MKKWNaHraH 4yactoTa 2wW 6wunaH ysrapnb Typagu. YHWUHT
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6yHaain ysrapuwm (3.39) gaH Kennb umkagu. ByHWHr cababu Lwy-
KW, 1 TOK WyHanuwm KyuynaHuw u WyHanuwm 6unaH ycTma-ycT
Tywagw.

WHAYKTUB 31eMEeHTHWHT OHWIA KyBBaTU P, =UiL (3.12-6
paem) x,ap 4yopak (T/4) paBpAa Y3VHWHI MLWIOpacuHW Teckapucura
y3rapTupagu: Ky4naHuw W Ba TOK iL HUHF RAyHanuwnapum Mmoe
fynraH vopakfiapfa YHWHI uwopacu Mmyc6ar, ynap nyHanuwnapm
Kapama-Kapwu 6ynraH 4yopakga aca MaHhwuin 6ynagu. U Ba iL nap
HONM KuiimaTnapgaH yTraH OHWiA BakTnapga KyeeaT p{ - 0. Kyuna-

HMW 1 Ba TOK iL HMHT opacupa asa cumkuwm Gypyarm Tr/2  ra
TEHr OyNraHW y4YyH OHWIA KyBBaT P HWHI Mycb6aT Ba MaH(puii Spum
TYNKUHNApW Y3ap0 TeHr, SbHU TaATakKHUHT MarHUT MaigoHura
KaHya 9aHeprus Kenu6 Tyuwea (mycbar ApUM  TYNIKWH), YHAaH
yllaHya 3Heprus maHbara kKantapunagu (MaHQUin ApUM TYNKUH).

Xypou WwyHra yxuwaw, CUruM 3nemMeHTnapugaru oHuil kyeeaT p{

(3.12-B paem) MHAYKTMB KyBBaTra Kapama-kapwu hasaga ysrapagu.
KelnHrn mnkkn \onatga, wyHuHraek (3.40) Ba (3.41) TeHrnamanap-
ra Kypa, KyBBaTHWHI ypTaya KuiiMatu Honra TeHr. MarHuT aHep-
rma  rantakga TOKHUHT MyTAOK MWKAOPU OpPTraH dopakniapga
Aurnnmb, KamairaH uvopaknapga MmaHb6ara Kailtagu. Curumparm
9NEKTP  3HEPrUSHWMHT  ailnaHuw MyHanuwn  aca  YHUWHT
KorTnamanapugarm KyuynaHuw MyTA0K KWUAMATHWHE OpTULWIN €KW
Kamainuwmy 6unaH aHuknaHagu. JHeprus TYMJOBYUM 37eMeHTNap-
HUHT peakTWB KyBBaTW WuTMHAMcM 3.12-pacmpa KypcatuiaraH. WH-
AyKTuB IL Ba curum Ic TOKNapHWUHT 3G eKTUB Kuitmarnapu 6up-
6upura KaH4Yanuk AkuH 6ynca, Oy WWIMHAM LWYH4YaIMK KaTTa
b6ynagn. by xo0n (3.42) TeHrnamagaH KypuHu6t Typmbau. Huxoat
IL-1c 6ynraHga, 6y KyBBaT Ho/ira TeHr. [lemak, ran-TakKH

MHI MarHWUT MaMfOHW OSHEPrmMAcCKM KOHSA
EHCATOPHMWHT 31€eKTP MamlnpgoHM 3Hep
rmacura pgaBpuii paBuwpga yTajgu Ba ak-
CMHYa: 6> xonga MaHb6ajaH MCTEBbMOS KWAMHaBTraH sHeprus gakat
aKTUB YTKa3yBYaHNMKAArn 3Heprus cappuHM Konnawra KeTagw.
3.12-5 paemga /,>/,. xonaTu Yy4YyH OyTyH 3aHXWUP OHWIA

KYBBaTUHWHI y3rapuwl Aauarpammacy 6epuiraH, yHAaH KypuHUG
TypubamMku, MaHbafaH KenaéTraH 3HepPrusHUHT 6up Kuemu ysura
Kavitantn (3.42-TeHrnama) ra 6uHOaH, KaliTapunaétraH 3Heprus
Kucmmn  (KyBBaT) COH kuxatufgaH asa CUMDKUWKN <P HUHT
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Mukgopura 6otukaup. 3.12-r pacmgarum p(cot) KyBBaT CUMHycOu-

Jacu TYNKMHW NacTKW KUCMWHWHI t03acy MaHbara KanTtapunaérraH
SHCPrusHM Taceupnaman. Cuaxuw OGypyary KaH4Ya Katta 6ynca, oy
3Heprva WyH4Ya Kana 6ynagn. [OaBp wnumga MaHb6a KyunaHMLLW
(Bkn mucTaraH Tapmokgarn TOK) 6up mMapTa ysrapca, 3aHXup anpum
anemeHTnapgarn (3.]2,a,6,8 Ba I paem), LWYHWHIgeK, OyTyH 3a-
Hxupgarn (3.12-4 paem) OHWI KyBBaT Tyfna WKKW MapTa y3rapagu.
[emak, OHWIA KyBBaT 3aHXWpAa Ba YHUHI 3MeMeHTNapuia UKKUnaH-
raH uactota 200 OwnaH y3rapagn. HOkopuaa KentupuaraH wy-
noxasanap R, L Ba C anemeHTnapum KeTMa-KeT YynaHraH 3aHXup-
napra xam Termwnuaup. Xap KaHgah KeTMma-KeT yaHraH 3aHXup-
HW napanfien ynaHraH 3aHXupra éku Teckapucura aamawTupuil
MYMKWUHAUTU Kylinaa KypcaTuirat.

3,9. KeTma-KeT Ba napassies ynaHraH cMHycomgan ysrapysyaH
TOK 3aHXUPNapuHU 3KBUBAJIEHT 3aHXupnapra
anMalwITupuLw  MpUHANNIN

Bup tasanu maHb6agaH TabMWHNAHaETraH Yys3rapyByaH TOK My-
pakkab 3aHXupnapu Kypub umkunaéTraHfga saHxupra 6epunaetraH
KyunaHuw u, UCTEbMON KWAMHaéTraH Tok! Ba pasa cumkmw 6yp-
yarm <P HUHI MUKAOPU Ba MyHanuWM acocuil napameTpnap
xucobnaHagn, Arap 06y 3aHXWPHW KaH4alkguMp nNacCuB  WMKKK
KyTONMNMK Tap3upa TacaBBYp Kufcak, y KeTma-keT (3-13-a paem)

3.13-pacm

Ba napannen (3.13-6 paem) ynaHraH, 3aHXWpnapHWHr 6up Xun
AXTUMONNNK Ba aHUKAMKAari wudogacu 6ynagu. Arap 6y 3aHXump
yayH V, f Ba<p kuiimatnap wmabiym 6ynca, Yy Xonga WKKK

KYTONMAMKHANT  NapaMeTpnapu 3aHXup KUCMAApUHUHE  Kapwiu-
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NMKNapn €Kn yTKasyBYaHNuWKnapu Oyiinya aHUKnaHagu. BupuHun
Xonga,

ZJU R - Zcos(p; x =xf- .1 - Zsin

(6ynga (>0 6ynca, X, > Xr,Ba (p<06ynca, XL< Xc). Ynap
acocmga kKeTma-keT (3.13-a paem) Ba napannen (3.13-6 paem)
ynaHraH WKKUTa  3aHXWUPHUHT  6up-6upura  3KBUBANEHTAUIM
aHMKnaHagn. BYHUHT yuyH KyWhAugarn SKBMBANEHTAWK LIApTAapu
faxapunuwmn Kepak:

Z = Ba Y— , AbHH 7 ~— (3.43)
- | n' -y
sinp=>- 2 (3.44)
VAR
cos(p— — (3.45)
Z y

Apanaw ynaHraH Mypakkab 3aHXupnapHu xucobnawpga, 6ab3aH
3aHXWPHWHI  Gapya 3NeMeHTNapuHW KeTMa-KeT EéKu napannen
ynawra kKentupuw 3apyp 6ynagu. By kentupuw (3.43) - (3.45)
TeHrnamanap acocuga 6axapunagun. Arapfa Yy, g Ba p 3KBMBaNeHT
OynraH KeTMma-KeT 3aHXUPHWHT KapLuanknapu

. 1> 29 r-m-A
y y y y Yy

AKCMHYa, KeTMa-KeT ynaHraH Ba 2, XBa R kapwwunuknapu
Mab/lym OynraH 3aHXup 6epunraH 6ynca, yHra sKBUBaNeHT napan-
Nen 3aHXuUp yTKasyBYaHIMKNapW Kyhuparuya Tonwunagu:

2

1 R X
y -3, g=p- B b-p.

bab3aH, amanuii xucobnapfa WYKU ylaHWLW CXemacu HOMab/lym
3aHXUPHUHT  3KBMBANEHT Kapwunurn (€KW yTKasyBYaHNUrn) Ba
cumkmw asack (p HWM aHWKnaw Kepak 6ynagu. by xonga 6epun-
raH 3aHXWUPHUHI TawkKu kucmaapu 1 Ba 2 6wunaH 6GenrunaHuo,
naccmMB WKKM KyTonunuk T (3.14-pacm) waknmaga Kypcatunagu.
BonbtmeTp V, amnepmetrp A Ba BarTMeTp W Kypcatuwnapu
byiinuya kyunaHmw U, Tok | Ba KyBBaT P HM aHuknaiimms. Arap
6yHga P <LlU o6ynca, O  6ynmb, YHWHT MYTIOK KUAMAaTK
Kyingarnya xmcobnaHagw,

104



®- arccos
ul

<P HWHI uwopacuHn GasomeTp Eppamuga, (asometp 6ynmaca,
Kylimgarmya aHvknaw MyMKWH. TeKWuWpunaétraH 3aHXWpHUHT 1-2
Kupuw Kucmanapura asaHu aHuknosum curum C ynaHagu (3.14-
pacm): 6y curumpaH ytaguraH TOK YMyMWiA TOK | HUW y3rapTupuwin
Kepak. Arap 3aHXuWp WHAYKTUBAMK XxapakTepga b6ynca (p=>0),
WHOYKTUB TaW KW 3TYBUYMHM KWCMaH KOMMNeHcauuanaw xucoéura
ymymmin  Tok < | raya kamasagu. Arap 3aHXup axkTuB-CUTUM
(< 0) xapakTepura ara b6ynca, peakTWB cUram TOKMHWUHT OPTULUK
xucobura ymymuii Tok [>1 rava opTtagn. HOkKopupaarmgek
aHMKpawWaa Taxpuba HaTUXACKM 3aHXUP  3/IEMEHTNAPUHU  UKKK
KyTOnmMAukK uumga ynaw ycynura 60rank 6ynmangm.

w
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IV BOB
Y3FAPYBUAH TOK 3AHXUPMNAPUHW KOMMJIEKC
YCYNAA XACOBNALL

4.1. X,ucobnawHMHI KOMNNEKC YCYy/n Xxakupa TywyH4a

Mabnymku, CMHycOMaan  ys3rapyByaH TOK  3aHXupnapupa
TypryHnawraH xonatnap (9.10.K., Kyu4naHuW Ba X,.K) Audge-
peHuMan TeHrnamanapHWUHI Xycycuii eudmmnapugaH wubopaTt 6ynuo,
ynap 6unaH 3aHXWpPNapHWHT MyBO3aHaT X,0f1atnapu TaBcudnaHagu.
MapameTpnapu u4m3nMknu OynraH 3aHXupra ysrapyBuyaH KydnaHuL
6epunraHga YHWHI XxamMma TapmoOK/iapu Ba Kucmnapupa Xyaau
WyHAan wakngaru peakuua pyin  6epagn. Bowkava Kunub
aniTraHfa, 3aHXMWPHWHT MyBo3aHaT xonatm Kupxrod KoHyHnapura
6MHOaH y3rapyByYaH 23M1eKTp Ba 9/1EKTPOMArHUT MWKAOPNAPHUHT
6anaHcu 6unaH wugofanaHagun. Mypakkab cuHycoupgan ysrapyBuaH
TOK 3aH- )XWpnapuHuW ofgauin maTtemaTuk ycyn 6unaH xucobnaw
HOKynalh Ba Kyn MexHaT Tanab Kunagu Ba YyHAAH amanui

4.1-paem
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xucobnawpa QoiganaHnw KuiinH. ByHpah xucobnawparu acocuid
HOKynannuk xap 6up cuHycompgan Mukgop (3.10.K., KyynaHulw Ba
TOK)  Y3WMHUWHI amnauTygacum Ba  6ownaHray  asacum  6unaH
aHMKAaHuWmMaaH  Kenmb  uymMkKagu.  YsrapyByaH  MUKAOP-NapHu
reoMeTpuK ycynga aifaHyBuYM BeKTopnap Tap3uga wudopanaw (3.4)
XaM y3 HaBb6aTtuga Mypakkab 3aHxupniap Yy4yyH OGaxapuw KWAWH
6ynraH Mypakkab BekTOp Auarpammanap Ty3ulWHW Tanab aTtagu.
LyHra kapamacgaH 6y ycyn ysrapyBuyaH TOK 3aHXWUPNapuHW KO M
N e K C ycynga XMcobnawHWHI acocu kKunmb onuHraH. Komnnekc
yCyn, SAbHU ailNaHyBYM BEKTOpPMapHW KOMMNJIEKC COHNap épgamuga
ngofanaw reoMeTpuk sdcawnapHu Tanab KKNmain, KOMMeKC
COHNMlap ycTuaa amannap 6Gaxapuwra WMKOH 6epagu. 4.1-pacmja
xakukuin  (+1) Ba maBxym (+j) oOpTOroHan yknappa KoMMnekc

TEKUCNUK Kypcatun- raH 6ynub6, yHga AB Ba C KOMMAeKc
COHNMlap TacBupnaHraH (3afnekTpoTexHukaga OyHpaih  BekTOpnap
HyKTa 6unaH 6enrunaHagun). by COHNapHWHI  TacBMPM KOOpAMHaTa
6owmn O pgaH umkm6, A,B,C mopynnapra ara 6ynraH BeKTOpnapHu
npoganaingn. BekTopnapHuHr xonatm +1  ykgaH 6ownab coat
Muaura Teckapu WyHanuwpa xucobnaHraH 6ownaHruy a, p Ba y
thazanap (aprymeHtnap) 6unaH éxku 6y BEKTOpPNAPHWHT Ternwnu
yknapra 6ynraH npoekuusnapu: a[ Ba a2; b, Ba b2, C! Ba ¢
opkanu 6enrunaHagun. bBupuHum xonga BekTOpnap Kyihungaruya
KypcaTKnunu waknga 6epunraH ge6 xucobnaHagu:

A = Aela , B = BelP Ba C = Ce* ,

byHOa: e - HaTypan norapuMmaapHuWHr acocu , j= V— 1 ¢« VIKKNUHYM
xonga Tacsup anrebpamk (EKM TPUTOHOMeTpPMK) LWaknga 6GepunraH
xucobnaHagm:

N = ax +ja2 B - 6% b2 Ba C=c +jc2
EKun

A - A(cos a +j Sin a), B - i?(ant +] Sin/?) Ba
C~C(cos/ + j sinO.

KentupunraH wakngarn ésuwnap OWNepHUHT KOMMNIEKC COHMap
yuyH 6epunraH gopmyn an apufaH Kenub ymkagu, AbHU:

er~=C0S Z +jsin z
e-h = cos Z -jsin z
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A- Aea=an+jaz2 KOMMAeKc COHNnap  Y4yH Kynngaru

HUCHaTNapHN KeNnTUpULW MYMKWH:

. [ 2 >

A = pla, -ba”, a - arctg-"=-
al

6yHpa: a,=A cosa=Re(/4) - KOMMNEKC COHHWUHI X&KWKWUA KNCMU-
HU ungoganaingn, a2=A sina=Im(y4) - KOMMNEKC COHHWHI MaB-

xym KVOWHA noganaiign.
Xycycuin xonga:

1) a=0 6ynca, A = A=a, ; a3=0
2) a=+n/2 6ynca, A= % jA = %ja2; a,=0
3)a=x1 6ynca, A=—A =-9,;02=0 Ba XK. LyHuHr-geK,

Jtni2 __,; . 2 1 £ — 4 1
e j-~>» J =b J J B Y 71

3KaHAUTW KYpUHUO Typuban. IHAM 6usra KoHAaAAMp KOMMeKc
COH bGepunraH 6GynCuWH:
LeHAX) =/Tcos((ot+ YL)+ jI Tsin(ft>r + U»,);

YHU Kyiingarmua €3vil MyMKUH:

I pj(wt+n) ,  jot i jooct
I rric 1mc c imc

By aca 6ypuyak Te3nuk 6unaH aiinaHaétraH 6upop/| BEKTOPHWUHT

TacBupugup. bowk,a TomoHgaH Ime j(cot+\y,) BEKTOPHUHI MaBXyMm
KUCMU OAAMIA CMHYCOMARAUP, AbHWU:

Im [Imej(0,,+4"')J= Imsin( cat + V ).

Jemak, 613 60ownaHrMy ¢asacu Ba amnauTygack \T 6ynraH
yacToTany CUHYCOMAAaHW KOMMAEKC LWaKnga TacBupnaguk. Arap
CUHycomMgan ysrapyB4aH TOKHUHI OHWMIA KAWMATUHWHI XyAAW aHa
WyHAalk Waknga KypcaTuanLWmMHN Xucobra oncak, KOMMNIeKC COH

T j o jaat

Im mc
ToK i= Imsin (tot +\1) HWUHI CUMBONMK TacBUpWU OGYNM6 uMKadw.
by epga InrIm - TOKHWHT KOMMnekcnm amnautygacu. Kynali-

TUPYBYM  ei@ KOMMNEKC COHHW  Y3WHWUHT  OOLWAaHTUY  YKK
aTpotuga ysrapmac 6ypyak Te3nMK 6wunaH ainaHaéTraH BEKTOP
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3KaHMMWKM Kypcatagn, 3.3 fga KypcaTwWaHHACK, 6up xun
yacTbTanapgaru 37eKTp MUWKLOpAap BEKTOPNapuUHUHI O6Up BaKTAa
aunaHuw n 6y BekTOpnap opacugary hasaBuii xamga amnanTygaBuii

nucbatnapHm 6ysmaingn. femak, i- Im sin (cotb TOKKa
KOMMAEKC Tekucnmkga Im amnantyga Ba L, aprymeHT  6unad
aHuknaHagurad 1ET BEKTOp MoC kenaau pfeb6 \ucobnaw

MYMKWUH. Xyaaun WYHWHIAeK 3.10.K. e=Em sin (a>l+ye ) Ba
KyunaHuw u-Un sin {OtHjlu) yuyH Teruwnmya

Ba

ra ara 6ynamwms.

Xaknkuin xucobnawga Toknap, 3.00.K.1ap Ba Ky4naHULAaPHUHT
3heKTMB KuiimaTnapu bGepunagu; y Xonga TErULIAX KOMMNAeKcnap
KyiAngarn KypuHUWAa e3unnagu:

LUyHpaid Knnmb, KOMNAEKC ycyn cuHycoupan dyHKumusnapgaH
(opurnHannapgaH) KoMnnaekc coHnapra (ynapHUHr  TacBUpMUra)
YyTUW MMKOHWHK 6BCpaan.

Arap sHAM ywby ycyn GYyHKUMALAH, SbHU  OpUTMHaNgaH,
KOMM/IEKC TacBMpra yTUIWHKW X  6Gearucu 6unaH wudgoganaingurad
byncak, yHaa KyhugarnnapHui é3uwl MYMKUH:

/ =/, sin( 1 + vy ,)x |ITe T
ji(ot . jcot
n = UT sin( cot+LI*1/|)xUTe"(( +yu):vl-,-cjco
j(<ot+yc) jat

e = ET sin(at + '¥u)xEme Em e

Ba X.K.

JMEKTP  3aHXMpPNapuHM  KOMMJeKC  ycynga  xuco6nal
KapaéHupa TOK, KyuyfiaHMW Ba 3.10.K. fap dakaTrmHa BakT
(yHKUMSACU Tap3uaa amac, Gasku YHUHT XOCWUMACU EKU WHTEerpanm
Tap3uga yupalim MyMKuH. MacanaH,

at Z
ACMaK, Ma3Kyp QYHKLUMUSHWHT TAacBMPM Kyuuparuya TOMUNagM:
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71 (4 +-)

01 sin(cot+ w,+ —)<=> colme 1 =
, jeoly 'y -e”™ = io>imen
Jemak:

d i

ABHU KOMMMEKC YCYnM KynnaHaéTraHga (yHKUMsAaH X,0cuna onuiu

ywby  (GYHKUMSHUHT  TacBupuHuM  "j®" ra Kyna#tupuw
OHepaumsacura Typpu Kenagu. Xyaau WyHra yxwaw, GQYyHKUASHUHT

N -HYN fapaxkaam X,0cunacu tacBumpu
d ni

KYPUHULLAA TY3WWLLN aHUKAUP.
SHAW Wy TOKHW WHTerpannawra yrvcak,

q(t)= ?Iidt: ﬁlmsin(cot~h )dt—l—cos(tBt +il/j) +q(o) =
0 0

= sinfcot+ ~ _ +y
o ( , Fue)

(by epga: q(0) - KOHAEHCATOPNW 3MEMEHT Y4YyH OOLINAHTMY
3apag).

Komnnekc ycynu ¢akaTrnHa ysrapyByaH (aiHaH cuHycomga:!)
MuKgopnapra HucbataH WWNATUANWN MYMKUHAUTUHKU 3bTUbOpra
oncak, q(o) HM Xx,mcobra onmainmus. LWy waptm 6unaH
WHTerpannaHraH TOK TaCBUPW Kylinaarn KypuHuwpga oynagu:

I . T 1 jitt+T--) T CA—)
fidt=— sinBt+T: e 2 = me 2 "=
o (00) 2 (0] ©

- Llle 22.ek* 141
© jo>
Ldemax, KOMMNAeKc waknga GepunraH x.ap K.aHgaid cuHycougan

GyHKUunaHuHr  Tacempn / T CJ f 6ynca, y (YHKUUSHWUHT
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WUHTerpaauHn TacBupnaw (QyHKUMA TacBupuHU "jw" ra O6ynuul
6unaH 6apobap 3KaH.

4.2, Om Ba Kupxrop K,0HyHNapUHUHI KOMMJEKC LWaK/ija
ndofanaHmn. Komnieke BAPLUUAIMKIAP Ba YyTKasyBYaHINKIAP

BepunraH 6upop naccuB 3amwxup u=Unsin(cot+i4u) KyunaHuw
MaHb6aura ynaHraH ne6 thapas Kunamnuk. 3aHxup
3N1EMCHTNAPUHWHT  yNaHUW YyCynnapuiaH KaTbuii Hasap, OyTyH
3aHXMPHUHT TOKMHM i =Insin(cot+\|/i) pccak, Ky4ynaHuw Ba TOK
3)(heKTUB KUiMaTNapUHUHT KOMMeKcnapu

U=U merv“ Ba I =1-ejV
bynagn. OM KOHyHUra 6uHOaH, Oy 3aHXWUPHUHT Tyfna Kapwuanru
KOMNAeKC wWaknga Kyuugarnya ésunagu:

_Z:~|: I =Ze* =R+ jX

o6yHpa Z - =R +jX- 3aHXWPHUHT KOMMMEKC KapLWanry;

R, X Ba Z - MOC paBuWIa 3aHXMWPNApHWUHT aKTWB, peakTWB Ba
Tyna KapwWaHKNapUHUHT Moaynnapu (MyTnak Kuimatnapw).

3aHXWPHUHT KOMNNeKC YyTKa3yBYaH N u r
M XaM Xygau WyHAal aHukpaHagw:

Y=~/ - ye'fh=y *coscp - jysin9=g- jb,

6yHaa g, b Ba y - 3aHXMPHUHI MOC X0nja akTWB, peakTMB Ba Tyna
BTKa3yBYaHMKNAPUHWHT MOZYNNapw.

LWyHpain knnn6, OM KOHYHMHM YMYMWIA KypuHUWAA KyiAnparu
Wwaknnapga ésm MyMKUH:

u (6] u = 1Z; l=YU Ba 0=1J
7 Y’

Arap 3aHXWPHWHI 3N1eMeHTNapu Ba YfapHW ynaw ycynnapu
Mabnym 6ynca, Y Xonga KOMMAeKC KapwuankHu (KeTMa-KeT ynawl
YUyH) KM KOMMMEKC YTKaszyBYaHAMKHWM (Mapannen ynaw Yy4yyH)
AHaja aHWK Waknga &3uw MyMKUH:

X=R+jx =R+ j(o>L - )=R+jwL +J —
taC jcoC
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KUpXro@HUHT BUPMHUYM KOHYHU KOMMEKC Lwaknga Kyihuaaru
KypuHuwaa ésmnagu:

AbHW  3aHXUP TYIYHW YYyH KOMMNAEKC TOKMApPHWUHI anrebpaunk
AnrMHaucn Honra TeHr. ANpMM KOMMAEKC TOKMApHUHI OnAuaarm
uwopacum  exemagary  TOKNAPHWHI  WapTanm  Kabyn  KWAWMHraH
MyHanuwnapura 60rnuk; MacanaH, TyryHra kenaétraH TOKnap
TY|yHAAH YUMKMO KeTaéTraHnapu 3ca uuiopara ara.

TaHNaHraH KOHTYp YuyH KUPXTOPHUHT WKKUHYM  KOHYHU
KOMMEKC WakKnga Kyngaruda e3mnagu:

TEk=1uk=zikek

AbHW  KOHTypra KupyBum 6Gapya 3.10.K. JIAPHUHT  KOMMJIEKC
AHTUHAMCK wy KOHTYPHWHT KeTMa-KeT K,MCMna-pugaru
KyuynaHuwnap naca-amnnHULL KOMMIEKCNapu ANTUHANCUTA TeHT.
4.1-M nc o Nn. 4.2-pacmparn 3aHxupra cuHycomgan u=107,5 sin
(400t -306) B KyunaHuw GepunraH. 3aH->XUPHWUHT napameTprapu:

a
a 0-

uo

4.2- paem b
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ro=0,6 Om, r,=5 Om; L = 0,0125 I; 1215 Om Ba C=125 MK®-
Komnnekc ycyngaH QoiganaHu6b, 3aHxup  TapMokiapugarv
TOKNApHUHT OHWA KuiimaTtnapu Ba KucMmnapmaaru
Ky4/laHULWNAPHUHT nacaimniy aHUKLAHCUH.

E 4 nw . 3aHXUPHWHT Tyna KapLwuiuru:

Z2=20+Z b - +-M. =06+ (5+ . =
- e B Mz T B 0 gs

- 6,8+y'34=17,6eJ15030 Om

MuwHAN ToK 3hdheKTUB KMAMATUHUHT KOMMAEKCH:

1, = — = -J°— - e = 10 e "6"30" (A]
y4 ni2 m7 6el '

TapMOK,qap,qarM TOKNTAPHUHT KOMMNEKCNnapu:

i, =i _ il _ =10-j*=3«".iLJ?0 = ,0 j72»50
1 0Zi +22 20 - jI5 1]

i2=i0_, =lo-56'3 0 . _=i0-",*[A]
Zi mZ2 20 - jI5

rO Kapwwunmkgarn Ba ab TyryHnap opacuaarv KyunaHUWAapHUHT
KOMMeKcnapy Teruwnuya
mo=1i0r0 = 10 e~j5 730 0,6 = 6e 56 °30" [BJ
Uad = i02Z ™~ T0e--*56°30'5n/Te’2840" =

= 50 V le-j27C50 1 J
bynagu.

TOK Ba KyYNaHWULWIAPHWHT  OHWIA  KUAMaTnapura  yTuo,
KyiungarnnapHu Xocun Kunamms:

TOKNap Y4yH:

/0 =10 n/2 sin( 400 /- 56 °30") [A]

i, = 10 -4/lsin( 400 t- 72 “50") [Al

ij = 4 sin( 400 t+ 25 720") [A1

Ky4d/laHuwnap y4yH:

u0 = 6VIsin( 400 t- 56 “30") [B]
an = U. - u, =100 sin( 400 t- 27 °50") [B]
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4.3. KyBBaT KOMMCKCHU.

CuHycomnpan TOK 3aHXupugarn akTuB, peakTWB Ba Tyna
KyBBaTnapHu KyunaHuw U Ba ToK | HuHT GepunraH addekTus
Kuimatnapu,  WyHWHrgek, 6y  MWKLOPNapHUHI  BeKTopnapu
opacmparun da$a cumxkuwm  bypuarm (P~ ¥u- Y’ opkanwu

Xucobnaw wKopupa KypcatunraH 3sgaum, sibHu P=lJIxcosg>, Q=UI
sin9 Ba S=Ul. AMMO KyBBaT KOMMJEKCHbIA Xxucobnaw Mmakcagupia

kyuynaHmw U = Cle/d* Ba Tok / ~ le BekTOopnapuHu TyrpugaaH-
TYyrpy KynaiTbpcak, Tyrpm wmogynam S=Ul 6unaH 6up katopga
hn3nkK pean (xakgkwin) 6GynmaraH aprymeHt <pg = ¥wu+ 47 ra

ayyop 6ynamns. Arap S ~ Ul kynaiTmaHuHr komnnekcnapu U

(ekn /) paH GMPOPTACUHUHI aprymMeHTW TecKapu wuwopanu Kunmb

O/IMHCA, KynainTMa BEKTOPUHWHI aprymMeHTW icp ra TeHr Gynagw,
SBHN:

S=Ui=Ue-~ L*len' =Ule-~ =
- Ulcosgp- julsinp=P- jQ

= 1=ue f“*le % = yle '
Ul cos o|o+JUI sin ¢ = P+]Q

WyHpait knnno, KyynaHuw Ba TOKHWHI uwopaja OJfIMHTaH
aprymMeHTIn  KOMNAeKcnapyu, SAbHU apryMEHTHWUHT  ULLIOPACUHU
CyHbWIA paBuWAa TecKapucura anmalTupuil KOoMmMnekca S HUHT
Mogynura TeHr Tyna KyBBaTHM Ba YHWHI akTuB P, peaktus Q
TalKWA 3TyBYMapUHU GUP BaKTAa Xucobnawira MMKoOH 6epaan. by
xonga P Ba Q Ternwnmya ofiMHraH KOMMNAEKC COHHWHT XaKWKWiA Ba

MaBXym Kucmnapura TeHr. Fapum U Ba /  KOMMIEKCAAPHUHT
MKKana y3rapTUpuL BapuaHTU TEHT Kyunu 6ynca Xam, 3aHXup
XapaKTEPUHW auUKNAWHWHT Kyingarn KouganapuHu €aga TyTuw

S

nosum. Arap KyunaHuw komnneken U = Ues™ HUHT ypHUra
A

U = Ue~j™ HM oficak, MaHpuii  maBxym -Q Kuem
3aHXWPNAapPHUHT WHAOYKTUB XapakTepura, +Q Kuem 3ca Ccurum

a
xapaktepura, ToK komnnekcu 1 = 1le”** HuHr ypHura / - le

HW O/icaK, akcMH4Ya -Q KUEM 3aHXWPHWHI CUTMM Xapaktepura, +Q
3ca MHAYKTWB XapaKTepra ara aKaHAWrura moc Kenagw.
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4.4. Opanii Ba MypaKKab 3aHXMUprapHU KOMMJIEKC
ycyn 6unaH Xxucobnatu

KapwmunmknapHuHr KeTMma-KeT ynaHraHgaru KOMMJIeKe
KypuHuwu (ugogacu).

KeTma-KeT ynaHraH KapwuivknapgaH Ty3unraH ogauii 3aHxMp
y3rapyByYaH KyunaHuw MaHb6aura ynaHraH fe6 apas Kunainuk
(4.3 paem). 3aHXWPHUHI 6apya 3NemMeHTAapu Y4yH YMyMuii 6ynraH
ToK X> B— X Kapwuanknapga Ternwamya KyynaHuwnap Xocun
Knaaau:

n, = 1Z

By KOMNAEKC Ky4ynaHuwnap BEKrOpPNAapMHUHT  FeOMeTPUK

AMWHAMCKH MaH6a  KydnaHMwuHWHT U KOMMNJEKcWra  TeHr.
Komnnekc 6Genrunalwinapra yTWaraHga yHW Kyidupgarmya ésuul

MYMKWH:
byHaa Zk=Rk+jXEt Kk-KUCMHUHT KOMNAeKc Kapwwunuru. Arap Tyna

Kapwunmknap
-1 2

A r
Z ~ a7 F ), HuHr Tawkun 3TyBuunapu GepunraH 6ynca, y

xonga OYyTYH 3aHXUPHWHI KOMMNEKC KapwliWruHU KyiAungarnya
xucobniaw MyMKUH:

Z=1z =ZRKkK+JjEXK=R + jX

6yHga R - OyTyH 3aHXUpHUHT aktms Kapwwaurm (R, R;,
R, KapWWAUKNapHUHT anrebpavk nurnHgucura TeHr); X - GyTyH
3aHXUPHUHT peakTUB Kapwuauru [Myc6aT (MHAYKTMB) Ba MaH(uii
(curnum) xb X2 ... XN KapWWUAMKNAPHUHT anredbpank WUrmHaucura
TeHr].

KyunaHnw U Ba TOK | HWMHI BeKTOp/iapu opacuparu CUmKULL
6ypuarurd =arctg X/R.

Arap U = UeM* kKomnaekc KypuHuwgarn KyynaHuw 6GepuaraH
bynca, y xonga 3aHxupparun TOKHUHI KOMMIEeKCK



bynagn. JHAN 3aHXUPHWHI ailpum Kucmanapugarn U, =12,.

U —7z2 Ba xx A PeKTUB Ky4uNaHULWNAPHUHT KOMNNEKCNapu HU
aHUKnawW KUinH amac.

Il YTKa3yBUYaHAMWKANApPHN napannen y
nNaHuWwwarar KOMMNDINeK-C KYPWUHNWMN
(nhopacnm).

Mapannen ynaHraH Y, Y2

Yn yTka3¥suaHnuknaPOgH
Ty3unraH OLAUA  3aHXWp  Ba

y3rapyB4aH Ky4naHuL U
mMaH6an 6GepwuniraH (4.3-pacm).
3aHXUPHUHT 6apua
3NEMEHTNApN  Y4yH YyMyMWii
6ynraH U ahhekTmB
Ky4naHuL TapMOKIapPUHUHT

yTKasyBYaH/IMKNapura nponop-
umoHan 6ynaraH 1,=Y|U, brY-,
4.3-pacm _IrrYnU ToknapHu Xx,0cun
kunagu. By Toknap 3((eKTUB KuiiMaTnapu BeKTOPAAPHUMHT
reoMeTpuUK WUTMHAMCKU 3aHXUPHUHT TapMOKMaHMaraH kucmugaru |
3h(heKTUB  TOKHWHI  BeKTopura
n TEHT.

Komnnekc 6enrnnawnapra
li h yTn6, yHM  Kylngaruua  é3uu

MYMKWH:

| l‘.'f?z lIq_\(ku =Ul§_iYk:YU

oyHpa: Yk=gk- jbk - "k" - Tap-
MOKHWHI KOMMJEKC YTKa3yBYaH-
nmru.

Arap Tyna yTKa3yBYaH-nuknap

y.="bj.~y.=VE£+b2
HUHT TallKuN aTyBUMUNAPYU

bepunrad Oynca, y \onga 6YTyH 3aHXWPHWHI KOMMEKC YyTKa-
3YBYAHNUTVHK Kylingarnia xucobnatu MYMKMH:

4.4-pacwm

Y =2 yl=2 St- YEbk=g-jb
K K
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6yHpaa: g - OYyTYH 3aH>KMPHWHI aKTuB YTKasyBYaHIMT'M (anox,uga
TapMoKfap aKTUB YTKalyBYaHAUKIAPUUUHT WUTMHOUCUra TeHr); b -
6YTYH 3aH>XUPHUHI peakTUB YTKasyBYaHMrn [Myc6at (MHOYKTUB)
Ba MaHuii (curum) - peaktmB b,, b2 .. bn yrkasyB4YaHAMKnap-
HUHI airebpavik mywHaucmra tewd].

Kyunannw U Ba TOK / HUWHI BeEKTOpnapu opacugarn cun-
XU 6ypuaru: <p=arctq b/g

Arap KOMM/eKC KypuHuwgarm U —Velv KyunaHuLl
6epunraH 6ynca, y x,0nga 3aH>XUPHUHI TapMoOK~aHMaraH KucMmuaaru
roK Kommniekcu

| = YU =ye ~p* Ue = le ™

oynagv. Tcruwny TapMokiapaaryu TOKNapHUHT KOMIIeKcnapu:

1 w 4]’ 2 Ba N.K.
. Apanaw ynaHraH 3a HXUp.

Apanaw ynaHraH
3aH>X1pnapHn (ABHNM
anemMeHTnapn KeTMa-KeT Ba

1 m?2 napannen ynaHraH
) Z3 3aHXXnpnapHn) KOMMNiaeKc ycyn
" 6unaH *mcobnawiga Kopuga
v -

6aéH KUIMHTaH Kouganap
3aHXMP aipyUM KUCMIapUHUHT
ynaHuw  ycynnapura  Kypa
n. =n acoc kmnnb oguHagu. Mwucon
Tapukacuga Kydynanmwmn U
o6ynraH MaHbara (4.5-paem)
napannen (Z0 Ba KeTMa-KeT
(Z2 Ba Z3 ) ynaHraH ydrta ZNARAXN ), ZAR2X2, ®3) Ba
Z3R3 X3 dB.K,apumnvkgaH Ty3unraH 3aH>XUpHU Kypub uuK,ainuk.
BYyTYyH 3aHXXUPHUHI TOKM 1( Ba L TOKnapHWHI AuraHaucura TeHr;
U;=I1,Z: Ba U3=13Z3 Kyuna-HULWNAP TYLUYBUHUHI WUrMHOMUCK 3ca
MaH6aHWHI Ky4ynaHuwmn U ra TeHr.
By KomMnnekc Laknga wyHaam ésnnagm:

4.5-pacm

I =1, + 1 M =un, =umz+un. -1 z2+1,2

6yHpa 1, = U /Zj OUPUHYMN TapMOKHUHI  KOMIJIEKC TOKMWU;
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723 = + 73 (h2 + Y+ ~2 + ) KeTMma-KeT
3aHXXUP KUCMUHWHI KOMIMNEKC KapLUWInmu.
MKkana TeHrnamaHu O6upnawitmpub,  KynmgarvHu
Knnamuns:
I =i,+i2=uy,+tuy38=u(y, +ty2B) =uy
6yHaa:
1
Y=V, +Y~, ==
1 23 U ?72+7?3 R,+jX,
=g~jb
(R +/\)+”/\2+/\3/\

- BYTYH 3aHXXUPHUHF Tyna yTKasyBYaHIUIUY;

1 -R X
Y, = R - _'— J-.-F =81 - b
R. + X, Z; Z, 9
6VIpI/IH‘-II/I TAPMOKHUWHI KOMIMJIEKC YTKa3yBYaH/IUTU;
r2+r3 X2+ X3
YB:
+R 3" +(X2+x3)2 (N2 +~y3)2+(X2+Xj)2
“e3 A3

TapMOKHWHI KOMMNIEKC yTKasyB4YaHNUTN.

ynaHraH

Kocun

3aH>XNPHUHT TapMoK/aHMaraH KucMumgarv KOMMiaeKc TOK:

1=YU = (Y, + Y3&B)U
KyunaHnw U Ba Tok | BeKTopnapu opacugarvi CUmKuLL
oypuyaru:
<$ = arctg — - arctg —-~ 3
& S| s 3

TapMoknapgarn Toknap Teruwuimya

/, =Y Tfi =Y]le~"u
YI = yfsT + b: >$1 = arctg

h =Yawu =y2ie ™ U

Ys - + b\], ,(pn - arctg
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o6ynaan. 2nemMeHTNapu KeTMma-KeT ynaHraH 3aH>XWUPHWUHT Ky4naHuLl
KOMMNEKCU:
m2=1222=i2(R2+ jx2)Ba U3 =i,(R3+ jx,)
Jemak, ynaHuw cxemanapu Typanya O6ynraH 3aH>XupnapHu
\ucobgawira oug roKopugarm muconnapra mMyBoUK, cuUHycomgan
y3rapyByaH TOK 3aHXWUpAapuHU X,Mcobnatl yyyH KOMIJIEKC YCyn
TaTbMK 3TUAraHga ysrapmMac TOK 3aHXupnapugarn kabm ToK Ba
KyynaHuiwira owg ylwadgaih opgguii maremaTtuk — amanapHu
b6akapuwira Tyrpm kKenagn, pfednl MyMKUH. AKTUB Ba peakTuB
Tawkun'l aTyBUMSAAPHU, LUYHUHTAEK TOK Ba Ky4dnaHuLUaap opacmparu
haza cumkuMWwnM  BGypyarMHu  x,Mcobnall  aBToMaTUK  pasBuvLLAa
6a>kapunagn; 4YyHKu 6y aman KOMMAEKC COoHnap Ty3uivwm Ba
Taxgunm acoCUHUHI TalKWa Kunagu. Y3rapmac TOK 3aHXuprapuHu
XNCOBGNALWHWHI  y3rapyByaH TOK 3aHXXUpnapuvHu  X,ucobnawugaH
hapkmn wyHgakn, Rt R2 ....Rnkapwunmknap ypHura Z, =RI+jX],
Z2=R2+jX2 ... Z,=RnrjXn Tyna Kapwuivknap  onuHagu,
WYHWHIgeK, TokK Ik Ba kyunaHmw Uk KOMMIEKC COHNap

IK—Ike*¥ Ba Uk= nee”™n Tapsavga Kypcatunagu.

4.5. 2.10.K. MaHbanapuHu KOMMNMeKC ycynaa ToK MaHbGanapura
Ba TOK MaH6anapuMHu 3.10.K. MaHbanapura anmawiTmpuLl

AmManga 3.10.K. Ba TOK MaHb6anapuvHm (2.6) anmawuTmpuwira
VMKOH 6epyBuun, HOngaH apK KunaaumraH MUKW napametprnap (r o
O Ba g * 0) maBxyg; Wy Tydainm ynapHM y3apo 3KBUBAIEHT
anMawTmpumwl  MyMKWH. MacanaH, 3.100.K. MaHb6anapuHm  TOK
MaHb6anapura anMaluTUpULL TYFYH KyudnaHuwinapu (noteHuwannapwu)
ycynnga TeHrnamanap cuctemacura acoc Kuamb onuHraH saw.
D.10.K. Ba TOK MaHb6aNapyHNHT 3KBUBAJEHT aIMalUTUPULLIHUHT
Mypakkab 3aHxumpnap TYy3WIULWLMHW CcOAA4aNalUTUPULL  UMKOHWHN
6epuin Kyhinga kypcatunagm. MacanaH, 3.l0.K. E maHban 6unaH
reHepaTopHUHr ZH =ru4XH wvukmn kapwwrngaH (4.6-a paem)
néopat mMypakkab 3aH>XMPHUHI M-n Tapmorun 6epwuaraH OyncuH. LW-
M TAPMOKHUWHI TalWKK KUcMaapugarn Ky4dnaHull tokiama UCTebMon
KunaétraH TokK Kyuu | ra 60rnmk, sibHU:

7 - E - iz n

Y3 Hasb6aTMga Tawknm 3aHxupra 6y MaHb6a 6epaéTtraH TOK
Kylingarn KypuHuwiga ésunagu:
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i u Z_

JHAN Y A MUK/ yTKasyBYaWIMKKa 3ra bynraH kKaHgaiamp | Tok
MaHb6avHu (4.6-6 paem) onaiinMk. Y Tawku 3aHxupra Tok | 6epub,
Xygon 3.10.K. MaHban (4.6-a paem) Kabu w-n kKucmnapga U
KYYNaHULWHW *O0CUN KW/ICUH.

m m m

6ynagu.
By VMKKM MaH6aHW y3apo anMaliTUpuW tokKnama ToKu 7/ HUHT
y3rapuil KOHYHUSITU Ba YHUHT KUCManapugaru KydnaHwuil

U oknama KapLuanruHUHE MUKAOPW Ba xapakTepura 6ornmk
6ynmaraH \ongarMHa MyMKuH 6ynagn. [MOemak, (*) Ba (**)
ndoganap 6up xunamp:



-J; E=T/j Ba — =y (**)

£»' m z
e, BA E2 s.0.x. MaHGaaapn 6ynraH WKkKuTa napannen

TapMOKHU (4.6-B paem) 3, Ba 32 TOK MaHbanapun 6ynraH

napannen TapMOKKa (4.6-r paem) aiMawTupul YyyyH (***)
nogagaH doiganaHammi. Arap 93.10.K. MaHbGaNapHUHI  UNYKU
Kapwunuknapn Z U Ba Z U 6Gepunrad 6ynca, (***) ra 6uHoaH,

Y .un - , Y 21 = Ba Tervwunamya

3 . =Y ,ul ,, 3 2 =Y 2gfj 6ynagn.

OHAM TOK KOMMAeKcnapy Ba WYKM  yTKasyBYalllLKiaPUHU
Kywimniw nynn 6unaH (4.6-r paem) ga KypcatuiaraH 3aH>XHpAaH yHra
3KBMBaNeHT b6ynraH ( 4.6-6 paem) TapMOKKa YTULL KUAWH 3Mac:

3 =3,+ 32 & y,,:YU|+YZJ

AMMO 4.6-a paemra 4.6-B paemM 3KBUBAIEHTAMUP, Y Xonga:
E-3:YU=(3, +3a):(¥,, +Yau=(E, YU+ 12Y2U <YIu + Y 2u).

Lybxacns, WKKuTa Mnapannen 3.10.K. MaHbanHu o6utTa
3KBUBa/IEHT MaHb6ara anaMaluTUPHLUHWUHE oKopuga 6aéH KuanHrad

YCYIN WUKM Kapwuavknapu ZIH Z3, ..., Zmeynran E},E2,....

MaH6anap y4yH xam TaTOUK KUIMHAAW. DKBUBANEHT MaHOaHUHT
3.10.K .Kylingarmya aHukgaHagu:

S BkYk
E=1\L4 +.,+P O):(X,+ \ +...+X,)= M,
ZYkU
YHUHI MNYKX KapwuankKnapm aca:
1
1 U

oynagw.

4.6. FOnay3 Ba ydbypuyak tapi™a ynaHraH TapmMokiapHu
y3apo anMallTUpuLL ycynm
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Mypakkab aneKTp 3aH>XupnapHu Typnn ycynnap 6wunaH
x,ucobnawiga  6ab3aH  3aHXKUPHUHT €KW YHUHT  KUCMWHWHI

SKBUBAJIEHT KapwuinrmHn

(akBMBaneHT yTKa3yYBYaHIUTNHN)

UXTUEPUIA ONIMHTaH WKKUTa KuUcmara (TyryHra) Huc6aTaH aHuknail

3apyp 6ynaau. AMMO

4.7-paem

6apua nonnapga X,amMm Mypakkab
yNaHULIHW  oAani  KeTMa-KeT

B)

Ba napannen ynaHuw 6unaH

anmaluTupumno oynmangn.
MacanaH: 4.7- a paem pgaru
3aHXXUPHUHT SKBUBANEHT
Kapwuamrmin (a-6 kmcmanapra
Ba 3.10.K. MaHban E ra
HucbaTtaH) yHuHr A,0, B Ba C
TyryHnapu opacugaru

31eMeHTNapUHUHT  KapLWInK-
napuHu  6up-bupura  KywuL
6unaH aHnKnab oynmangn.

XakukataH xam 6y epaa
ynaHraH KapLnanknapHu ysapo
KeTMa-KeT EKU napannen

ynaHraH ne6 éynvangwn.
MacanaHn xan sTul Y4yH
A, B Ba C TyryHnapu opacuga
tongys ycynuga ynadradH (4.7-a
paem) Z3 Z4 Ba Z5 Kapwwu-

NMKNapHN y4ybypyak ycynupa ynaHraH Z34, Z4 Ba Z5% (4.7-6 paem)
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Kapwunmknap 6unaH anmawutmpuil Kepak. bolwika BasuaTga aca O,
B Ba C TyryHnapum opacuga (4.7-a paem) ydbypyak ycynmga
ynaHraH Z4, Z5 Ba Z6Kapwuinknap-H1 yHra 3KBUBaNeHT GynraH
ongys ycynmpa ynaHraH ZD ZB Ba ZcC Kapwuinknapra
anmMawuTmpcak (4.7-8 paem), Xyaam asBairugek addexkt onuu
MYMKWH.

OHAM  tongy3  ycyaMgad — yybypyak ycynura Ba  ydbypuyak
ycynmaaH 1of4y3  ycynura YTULLHUHT  3KBUB&IEHT LUAPTIAPUHU
aHVKpannnk. dapas Kunannnk, ymMymMuin xonga 3aH>XUPHUHI 6upop
KUCMU onay3 ycynmga ynaHraH Z,, Z: Ba Z3 Kapwuavknap
6ynnb, ynapTa TalWKuM 3aHXuipgaH uxtuépbi 1, 1 Ba 13 (4.8-a
paem) Toknap KenaétraH GynCcuH.

OHAW yHra 3KBMBaNeHT OynraH ydbypyak ycynuga (4.8-6 paem)
ynaHraH 3uHXup, Kapwwuivknapn Z)2, Z23Ba Z3L 6bynaraH 1, 2 Ba 3
TYryHnap wuuuira >KownawraH 6ynm6, cudartaH SHru pexumga
vwnangur nekKuH 6apya  3aHXUPHUHT  aBBa/iflM UL PEXUMUHUN
y3rapTmpmMangn. ByHaaH wyHAaih Xynoca KUanl MYyMKUWH:

1) 1,2 Ba 3 TyryHnapra kenaétradH [,, 12 Ba 13 TOKnap
Y3MapUHUHI aBBairM MNyHaIMwinapu Ba MUKAOPNapUHM cakaalluu

Kepak.
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2) TyryHnap opacuvga Y12, 02 Ba U3 KyunaHuwnap
y3NapUuHWUHT aBBarn MyHanuwnapm MUKAOPapuHn
y3rapTmpmacinknapu Kepak.

BvpuHun wapt 4.8-a,6 pacmparn TOK Ba Ky4dlaHWULLNapHWUHT

6epwunraH nyHanuwnapm oyinya Ty3unraH TeHrnamanap
CUCTEMACUHWN Y3 nuymra onagu:

/, Ap - Tar
12 (4-1)
"3 n» N23

MKKUHYM WwapT byrnya:

/7.2 = /] -N
A2+ 13+A] O N3 ~ N2 — T (4.2)
n=n-yVv

OHAn (4.1) Ba (4.2) TeHrnamanap cuctemacura kypa, Hnays
ycynmaaH ydbypyak ycynumra yTull wapTnapuHn €3anfimk:

frj2 — - n2n 2 “KoAd

(4.3)
=/,(?,+22)+1322
N23~"2 L, ~23=(~A _ ~

_ (4.4)
=“0122—-13Z2+Z3;

(4.4) TeHrnamara acocnaHu6 Ba /3  TOKUMHM /3  OpKam
6enrmnnab,
| _ W 23 + 1 12_: (4.5)
£-2 + Z3

(4 3) n Kyingarn KypuHULLTa KeNTUpaMms:

U n
[ z2+ 723+ " = (4.6)
D ( 3 D
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byHpa: TeHrnamaga

ngoganaHraH mMmypakkat KacpHUHI YMYMWIA Maxpaoku.

(4.6) TeHrnamMmaHu Xxucobra onraH xonga (4.5)TeHrnamaHn Kainta
é3amus:
Z .
/, - -U 2 (a.7)
i2 2 "o D

Bowka  TOMOHZaH, tongy3s  ycyamaa  ynaHraH — 3aHkup
TOKMApPUHUHI  yubypuak Yycynuaa yhaHraH 3aHkuip Toknapura
HUCGaTUN Kyingaruya:

h=i2-hi=uw2-— b'3, — - - MW 12— + (N 12+ N 23)--- -
~N2 £42 (48)

_— + U235

VA7 31 Z3

) U3 Wy (UI2 + i 23) _ 1723
b - bi “ b31~ r ~ N

r~1 ! X

= ~12 ~ n3 —  t

Z-3 vz3 23

(4.6) TeHrnamaHun (4.8)teHrnama 6unaH Ba (4.7) TeHrnamaHu

(4.9) TeHrnama 6unaH conMWITUPKUG, KyAuJarnnapHu Xocuin
KUnamMms:

1 1 2 +?3 1 1 J
- 2 (4.10)
212 Z3L D 223 23] D ?31
JHAM 6ynapfaH K \pUHaAUKW:
1 _1_ u . ~2
22 o D
eKun
D .
z. Zl zi
Z- Z, (4.11)
D Z 2z,
2, -
Z , Z,
D Z, 7,
Zm - -=Z,+ Z,
> Z 2

WyHgain knunnb, 6GepwunraH ydTa longys  ycynuga ynadrad
3aHXKUp Kapwunuknapn Z ,, Z : Ba Z %06yiinua yHra 3KBUBaNeHT
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6ynraH ydbypuyak ycynupa ynaHraH 3aHxup Kapwuvavknapmn Z 2
Z 3 Ba Z 3 aHuKnaHagn. Xyaaum wyHpan nyn 6unaH y4dbypuyak

ycynuga ynaHraH 3aH>XUPHUHT 6epunraH kapliumnnknapm 6yhinya
yHra 3SKBUBaneHT O6yfnraH ongys ycyimga ynaHraH 3aHXup

Kapwunvknapn Z it Z, Ba Z 3 HWaHuUKgaw MyMKuH. (4.11)

TeHrnamagaH:
2 ,22£3
(4.12)
272 3 =
~n2 2-3
[Jemak, tonay3 ynaHuwaaru KapLumamknap:
Z ,Z 4
r. 7
=12 +2287% ;3
27,
(4.13)
Z 4,3 F
Z 23 Z 3)

7
L2+ 23 T

HOnay3 Ba  y4bypuak ycynuga  ynaHuiwnapHu y3apo
anMawTupuLlaaH hakat 3aHXUp 3NeMEHTNAPUHUHT
cogganawiTupuarad apanawl ynaHUWWHW oNnul MyMKWUH 6ynmnbruHa
KoniMacgaH, 6anku lKopugarm ycynnapHuHr 6upoprtacm 6unaH
MypaKkKab 3aH>XXMp \ucobnaHraHga YHUHT KOHTYpW® Ba
TYTYHAAPUHNLL COHMHW y3rapTupuwaa xaMm doniganaHmnagn. LWyHu
acaa TyTULL KepakKu, 6yHaa 9KBMBANIEHT ynawHUHT
KapLumiamknapugarm Toknap 6oLunaHrny ynawHWUHIr pean
Tapmoknapugarun (6epunraH) ToknapgaH capk Kunaan. BownaHrny
YNaHULLHWHI pean TapMokKnapuparu TOKNapHU aHuknaw ydyH (4.1)
Ba (4.2) TeHrnamanapra 6MHoaH, TOKNapHU KalTa xucobnalwl Kepak.

LWyHn xam acga TyTULL KepakKu, lngys ycynmpaH yudbypuak
ycynura yTKasuvll MpUHUUMUHU SHaja MypakkKabpok - Kyl y4nam
onay3 Ba Kynéypyak ycynuga ynawura Tatouk KUamw MyMKWH.
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4.7. KNpXro KOKyHApPUHU 6eBOCUTa TaTOUK 3TULL yCynn

By ycyn 6unaH 3neKTp 3aHXup TaxAun KWIMHraHga anpum
TapMoKnapugarn TOKNapHW Ba Ly TapmoKaapary KapLivnmknapga
KYUTaHULWHVHT  nacaivwmHn - X,ucobnawl  yuyyH  KupxrogHWMHr
OMPUHUM Ba MUIKKUHYM KOHyHUra OuMHOaH 6GepuaraH 3aH>XUPHUHT
TeHrnamacu (3MeKTp MyBO3aHaT TeHrnamacu) Tysunagm. Ty3uarad
TeHrnamanap COHM HOMablyM TOKNAPHWHI, SbHU TapMOKIapHUHT
COHMUra TeHr 6ynmun kKepak. MacanaHuWHr wapTtuvra 6uHoaH, 3.10.K.
(Ekn Toknap) MaH6aaapuMHUHI Ba 3aHXUP KapLUWAWKIaPUHUHT
MUKZopnapwn 6epunagn. Arap 3aH>XWPHUHI TapMoKfiap COHW p ra,
TyryHnap coHu ¢ ra TeHr 6ynca, y x.onga KnMpXroHWHr 6mpmHumn
KOHYHU 6yinda (q-1), WMKKUHYM KOHYyHU 6yiinuya 3ca (p-gq+l1) Ta
3aHXKVPHUHI  MyBO3aHaT TeHrnamacu Ty3unagum. TeHrnamanap
CUCTEMaCUHM OGupramkga edunll HaTwkacmga p Ta HOMabaym

/,A , TOKI/ap aHuKIaHagn. 3aHXXUPHUHT 6P KUCMU YUyH

4.9-paem
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OM KOHyHUra 6uMHOaH WXTUEPUIA Z K Kapumavkia KyYnaHULIHWUHT
TywyBn U k = 1 kZ k HM aHUKgaiimua.

®dapa3 Kunainmk, wukkmta EX Ba E2 at0.k. MaHGangaH
TabMWUHNAHAETraH yd TyryH Ba 6ewlTta TapMoKgaH Tapku6 TonraH
(4.9-pacm) mypakkab 3aHxup GepunraH 6yncuH. Z Y Z ey LN

KapwunmnknapgaH yrtaeTtraH TOKNapH” /, ./2 VIXTVIépVII7I

paBmwiga (4.9-pacmga KypcaTuiraHuaek) myHanTmpamms.

Arap TOKNAPHWHI MyHanuwnapm yNapHWUHT X,aKNKUI
MyHanuwmnra Teckapu 6ynca, yHAa KucobnaHraH Toknap uLliopacu
MaHuii () 6ynnb6 uukagn. Ammo 6y wapTam  AyHanuw
Kuncobnawga xartora onmb kKenmangw.

TyryHnap coHu yuta (a,6 Ba B) 6ynraHm yyyH KupXroHuHr
6VPUHYUYM KOHYHUTa Kypa

/l - 72 - /3 = 0, (4.14)
ys“ K + 1 =o0 (4.15)
0-KM B" TYryH y4dyH Ty3sumaraH —I[ + 12 + 14 “ |5

TeHrnama (4.14) Ba (4.15) TeHrnamanapja TakpopnaHraHu yudyH
MycTakun 6ynmanigu.

Homabnym Toknap coHmgaH (ynap 6ewiTta) TeHrnamanap COHM
Kawm; wy cababnn KunpxXrodHUHIH MKKMHYN KOHyHUra kypa 1, Il Ba
Il KOHTypnap Yy4yyH cxemaja cTpenka 6wunaH KypcaTtuiraH
MyHanuw 6yiinya TeHrnamanap Ty3amu3, SibHU

n2i1+ "2—2= "1» (4.16)
- i222+.13Z3 +i4z4=0, A1)

"MA—A+ N5 5 = 2% (4.18)

(4.14) - (4.18) TeHrnamanapHu o6upranvkga eumb, HoOMabiym
/j,/2,— ,/5 TOKNapHM aHuKgaimms. bBynap opkKaim 3ca
v, =1jz,, U2=/2z22,.., Ub5=/sZ5, KyunaHUWNAPHUNHT

TYLWYBNapUHN *aM aHuKnaimmna.
AmmMo kYTl TapmMoOKIM 3aHXUpnapHM Xucobnawpga 6y ycyn
HOKynaw Ba Mypakkab bynraHaMrmgaH Kam TaToukK KUanHagw.
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4.8. KOHTYp, TOK/Napu ycynm

By ycyn 6epunraH 3aH>XUpHU KUPXTOPHUHT MKKUHYU KOHYHUra
OMHOaH  Ty3uaraH TeHrnamanap 6yhnya  Taxamn Kuamwra
acocnaHraH. 4-9-pacmparuv |, Il Ba Ill KOHTypnapgaH dakaT KOHTYp

Toknapu pae6 atanaguraH lk,, 1K Ba 1K, Toknap yrtasnau Ba 0y

TOKMAp 3aHXXUPHUHT  KAPLWWIMKIAPUAA KYUNaHULLIHUHT TYLIYBUHUN
X,0cUN Kunaaw, aeiinnk. Arap 6upop Zk Kapwiuamk opkanu dakaT

6utTa 1K KOHTYpP TOKM yTca, 6y TOK WY TApPMOKHUHI X,aKUKWUiA

TOKM XxucobnaHagu. Arap Z4 KapwuankgaH WKKUTa KOHTYp TOKW
yTca, ycTnaw (Cyneprnosvums) npuHuunura Kypa, X,akukuia 14 ToK
(MyHanuwnapn WXTMEPUIA ONNHIaH) ylwa KOHTYP TOKNapWUHUHT
anrebpamk nWurnHgncura TeHr. MacanaH, 4.9-pacmgarn 3aHXuvp
yuyH /n , 1K Ba KOHTYp TOKnapu — A5 XOKUKWIA
TOoKnap 6unaH KyWmnpgarngek 6ornaHraH:

h =1k h =h2'U =*k2 +1k3 Ba 5 = 1k 3-

Arap TeHrnMknapgaH i2Ba 13 ToknapHu |(,13 Ba / 5ToKnap

6unaH anMmawlTupcak, ydTta HOMabaym TOK  6ynmb6, yudTa
reHrnamagad Ty3wuaraH CUCTEMaHu XOCUN KAAULW MYMKUH:

+52)""k2?72 =M1

-ikjz2 +ikR(z2+z23+z4)+iKxZ 4=(n (419)
k2?4 +ik3(?4 =E2 J
By TeHrnamasiap KOHTYpP TOKNapPWHWUHT Te

Hrnamwmanapwun peb atanagw.
YMyMUii Xonga KOHTYP TOKIapu TeHrnamManapuHUHI COHU (p-
g+1l) ra TeHr pe6 xucobnaHagn. by epga: q - 3aHXKupgaru

TYTyHNap COHMW, p - TapMOK/ap COHWU.
Arap 3aHkup N Ta KOHTYp Toknapura ara 6ynca. YHUHT
TeHrnamanapu Kyhungarmya Tysunagu:

A,In t ™2Z +... —Ewm

.,-I-Z,, + Z 2+ .. ~ A22

h,z,, + n-=2 +-o mem+iknZn, =
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ByHga Z I - N - KOHTYPHUHI XyCyCcUi Kapwumnurn 6ynmo,
MUKAOP  >XuxaTuiaH aHa Wy  KOHTypra  KupyBuM  bHapya
KapLUWAUKNAPHUHT  WUIFMHgUcUra TeHr; Z & - (- Ba S- EéHgoLl

KOHTYPNapHUHI y3apo Kapwunurn 6ynmé, MuMKOOp >XuxatugaH Luy
MKKana KOHTypra ymymuii 6ynraH TapMOKHWUHI KapLIMAWUTUra TeHr.
By TapmMoK opKann 6up BakTga EHAOLW KOHTypnapHuHr Ik Ba 1b
ToKnapwu ytagun. Arap EHOOLW KOHTYP TOKIAPUHUHI yHamwin moe
b6ynca, TApMOKHUHI Kapwunurn (4.20) TeHrnamanap cucrtemacura
(+) vnwopa, kapama-kapwiH 6ynca (-) vwopa 6unaH KupuTunagwu.
EmM- n- KOHTYPHUHr Xycycuii 3.10.K., Y MUKAOP >Xu\aTugaH Ly
KOHTYpZarn 6bpya 93.10.K.JJapHUHI anrebpank (KOHTYP TOKUHUHI
AyHanMwmHu Xx,ucobra onraH xonga) WurvHgucura TeHr. Arap g -

KOHTYpAa aHeprusi MmaHbaun iyk 6ynca, Eur0 ge6 x,ucobnaHagw.
(4.20) TeHrnamara aHUKIOBYM Ba MUHOpnap YCYIMHU TaTOuk

knnmé, 1k)Jkz...... 1K, TOoKnapHu Kyhngarngek Tonamms:
n
12
k1 K 2t + E
A A A
A 21 A 22 A 2
Lz - E.. + 2 * + E
A m [
En +
il
6yHAa:
Z . Z_ ...z1n
Z 2 b_o ZL2n - 60Ol aHWUK/IOBYM,
oz

A* =Ag)- 60 AaHMKIOBUMHUHI anrebpavik TyngmpyBuucu (MUHOPK)
6ynn6, - HUHr g-Katopu Ba S-YCTYHUHU (EKU akKcuH4ya) yumpub.
(-1) ra KynaWtupuwl NWynn 6unaH onuvHraH. MacanaH, 4.9-

pacMgarn saHxup yuyH En= E[YE2=0 Ba En = E2 xawpa
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(z, +7Z22) -z, 0
n- -z2 (Z:423+24) Z - (Zt+Z2)(Z2+
Z4
+Z,+Z24)(Z4+2Z5)-Z j(Z 4+Z5)-Z;;(Z1+Z2)

n, — —4

~ (N2 + n "N + — .
- s+ Bh ~2 r N )'N?4 + Z5)—Z4;

-Z Z
AL2 % A 21 ~ b_Q 24135:'2 2(24+25)(-1) (+2>=

J 12 ?22+73+r4]_

n13* n3L42fe 7.
(Zi+ Zj) 0
=(Z,+22XZ22+175);
0 (Z4+25H
(Zj +Z2)-Z 2

r23 A2 - =(Z,+22)Z4(-1)5=

Z4
_ {Z]+Z22)z4;
(zj+z2) -z 2
A= Z22+Z3+z4

=(?.+z22XZ22+z}+z4h-z\

SHAn /Ay, 1K KOHTYP TOKNapuHu
KUAWH aMac, sibHU

U:ﬂllE +/\:ISp
’ n ' a E=

MH
A A 2

13)



b A 3

4.9. TYyryH Ky4dnaHuwinap ycynm

WyHoaih Kyl 3neEMEHTIM  Mypakkab 3aHXupnap  60pKwu,
YNapHWHI TapMoOK/iapu COHW TanaWrmHa Oyncaga, TyryHnap COHWU
yeknaHraH O6ynagn. bByHpgail 3aH>kumpnap  ydyH — TyryHnapapo
Ky4/laHUWUIapHM TONMW OCOHPOK XmcobnaHaan. Xwucobnawl ycynm
aca TYTyH KydynaHuMuuwnapwm ycynwn pgeb
aTtanagm.

OHAN -UXTUEPUIA 3NeKTp 3awkupgarn g=(n+l) TyryHnapgaH
6utTacuHm (MacanaH, (N+1)- TYryHHW) &aXpatnb o0nub, YHUHT
HMUCOMIA KyunaHUWKVHW Honra TeHr Aae6 oncak (Vi ~ UO= o), y

X,0nga KonraH 6apya TYTYHNApPHUHT KyulaHuULWM aHa LWy TyryHra
HucbaTaH aHMKNAHMLLM OCOHMallajn Ba KyhnganuHwu 6epagw:

Llo- Yo - 0, vad=u@- Q... 0= - nQ
ByHOa g Ba S TyryHnapu opacura >ownawuraH g-s TapMOKHUHT

KucManapugars  KyydnaHuwniap — aivpmacu vV N—

oeynagn. UIQ, £/20, ..... TYTYH KyynaHvuwiiapy Mabfiym
6ynca, ynap opacugary aivpma x,ap AOUM LyHAaW aHuKnaHagu.
SHAN KUPXTOHUHT BUPUHYUYM KOHYHUTra 6UHOAH, 3aHXXUPHUHE "Mr-
Ta MyBO3aHaT TeHrnamacu Ty3unagm. TeHrnamagarn Teruiiunm
TapMoKfiap TOK/IapMHU LWy TapMOK YTKa3YBUYaHAUTMHUHE YHUHT
3NEMEHTUAAIUN KYUYNaHULLIHWHE nacaiviuura KynaTmacu Tap3uga
ncogananmMmmns.

MacanaH, 4.9-pacmparn 3aH>Xup YydyH OyHAal TeHrnamanap
COHU WIKKUTa, SAbHW (4.14) Ba (4.15) 6ynagn. TyryHnapHWHI
Ky4naHULINapMHM MOC paBuLLga

Ua=Uw, mo=wuri Ba B=C0
opkanu 6enrmnab, OyTyH 3aH>XUPHUHI TOKAapu Y4YyH Kyhugaru
TeHrnamManapHu Ty3amms:

/, =-=-(£, - U -0 10
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I,=J-(E, -wn,). YH-U, tE,)’

éyHoa: Y;, Y-, .. Y5 -3aHXXVUPHUHI Tervuwnu TapMOKAAPUHUHT

KOMM/IEKC YTKasyBYaHIUKNapu
By ToKnapHuWHr kuiimatnapuHu (4.14) Ba (4.15) TeHrnamanapra
K,YNG, KynmaarvHu Xocua KAnamus:

Y,(E, - U0 = Y2U 10- Y3(U I0- U20) =0,
Y3(U,0- UM)=Y4UM + Ys(E2- UM)=Q
eKun

AW (A+Y2+Y3)-1n20Y3 mY ,E(=3,

(*)
-UioY3+U20(Y3+Y4+Y5)=Y5E2

Kyhingarn 6enrvnalunapHu KMpuTammas:

YPPYAYA+Y [ - OGUPUHYN  TYTYHHUHI XYCYCUW YyTKasyB-
YaHnuru (1/0m)
Y®=Y3+Y4Y5 - NKKUHYN TYTYHHUHT Xycycui

yTKasyBYaHamru (1/0m)
Y12=Y21=-Y3 - GMPUHYM Ba UKKUHYU TYTYHNApPHUHI Yy3apo

yTKasyByaHAurmn (1/0m).
Ynap Tydhaiinm (*) HM Kyhngarnya cogganawiTmpuil MyMKWH:

PaBwaHku, Xyaau Wy Tap3ga N Ta TYryH KyudnaHuwwinm
UXTUEPUIA MypakKkab 3aHXXWp Y4YyH  TeHrnamanap CUCTEMACUHU

yMyMaallraH Kypu=uw/a kynngarvda Ty3vwl MyMKUH:



TeHrnamaHMHr 4an KkKucMmga dpakar 6uttagaH U Ko YKK
Myc6at KyHaliTma. konraHnapy W KypuHuLLAaru maHguii

KynainTmagup. Xap 6up TeHrnamMaHuHI YHr Kucmuga "K” TylyHra
6eBocuta 60ruK, O6ynraH 3Heprus MaHb6anapugaH KenaéTtraH

TOKNAPHWUHT UUTMHAMCK 3, é3u/raH.

Arap 3.l0.K. MaHb6am 6ynca, y \onga 3* ra 6apya 3.l10.K.
NapHWHI  ynapra  ynadraH TapMoknap  yTkasYBuyaHnmknaPu
Kynali.MacuHWHr anrebpamk nuruHancu kupagu. E  YQ HuHr
XOCUN K,uiraH TOKM TyryHra Kapumb WyHanca, KyrnanTMaHuHr
vwopacu mycbaT Ba TyryHfaH KeTaétraH 6ynca, mMaHduii 6ynagw.
Toknap MaHb6aun  maBXyn — 6ynraHga 3* ANTUHANCUHWHT

MUKZOP/apy TapMOKHWHI yTKasyBYaHnurura 6ornvk, 6ynmamam (k-
TyTyHra Huc6ataH AyHaIMWIMHK X,Mcobra onraHga arap s TyryHra

3.10.K. XOM, TOK MaH6anm xaM Tervuwnm 6ynmaca, yHga 3K=0
6ynaau).

KoHTyp Toknapu ycynura yxuwaw, 6y epga xam (4.20)
TEeHrnamaHuHI e4ynMn aHuKZoBuUMnap épgammga Tonunaguv, SbHW:

mw=" 5,+ 3,+..+ 3, 6yanaru
A a - AT
n2
>
o= 21 22 2n - 6ow aHMKIoBYN
Yni Yn2 Y'm
=Ag] - YHWHI MUHOpnapun 6ynn6, wwopacn (-1)ws

KynanTupuw HynM 6unaH aHuKnaHagw.

TapMokaaparn Xx,akakuii Toknap Kylhvgarvya aHuknaHagw:
ABHU K, (...,S TYIyHNapHM HOMMHYM TYryH 6unaH ynoBuu
TapMoK/ap yuyH

JI ig—0 qQvqg, j S = UsOYs
Ba Xyoau LWyHaalh K Ba g, q Ba S Ba X,.K TYryHIapHU Yynosuu
TapMoK/ap YuyH

i* =U bY1 =(Ulo-U,,)Y 1,
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y\¥(, (™ gqo A v0) Mgs Ba X.K.

lOkopuga KentupuaraH ycyn amanga 3Hr  Kyn TapkairaH,
9NEKTP  3HEpreTMK  TapMOKAAPWHWHI  ypHawraH  TOKAapuHU
\uvcobnaiwuga >kyga Katta Muugcaa >opuii atunagm. Kyn Tapmoknm
3NEeKTP Yy3aTyBuUM 3aHXXUPMApPHUHI LaKIyM MablyM CTpyKTypara ara
oynraHnuw cababnn wmaskyp \ucobnawnap rpad-cxemanap Ba
Matpuuanap épgamuga bakapunagu.

MacanaH, wuxTnépmin "kK"- Ba "T"- TyryHnap opacuga
KonawiraH "s"- TapMOKHM onaguraH 6yncak (4.10-pacm), yHaa

ypHawraH  Ky4naHuul TyryHnapgaru UKW Ba Un®
KyunaHuiwinap aimpmacura TeHr 6ynaam, sibHU:

m. = =unumu nQ ask A0 asmmQ (*)
6y epga: ak=1uyHkn U, BekTop cudatuga "K"-gaH UYMKAAH,

otam=-1, uyHkn Uy "T"-ra MyHanraH).

Arappga (*) TeHrnama Ty3uauwl  KougacuHu  mMaTpuuanap
TYynampuwl K.,omgacm 6unaH TakKocnacak, WyHU AKA.0N KypamMusKWu,
rpacnaHraH CxXeMaHWHI TapMokaapjaru KydnaHuwnap YCTyH-
MaTpuuacu TYTyH KyudfaHuwinapum YCTyH MaTpuuacura HucbaTaH
Kylingarn kynaiTma opkKanm mdoganaHagn:

ulo

mM=a'mo=a'Y2w

n

XaumkatgaH \am A1 MaTpuUUaHUHI KaTtopnapwu rpadaHraH
CXEMaHUHI TapMoKaapu CoHura, YCTyHnapu aca cxema TyryHnapu
coHura 6ornmegup, LWy cababnn rapym TaHnaHraH Tapmok, "0"-
TyryHra (abHM 6a3uc TyryHra) ynaHraH 6yn-maca, Teruwiim kartop-
fJaH ((pakaTTaHa WKKW-Ta Kapama-kapLuy wuwopanv 6upnamym
aneMeHT >Koi onagn. bBbyHpal K,aTop-mMaTpu-UaHUHE  Tervwunmya
TYryH  Ky4dlaHuiwnap  YCTyH-matpuuacura HucbataH  OnvHraH
KynaiTmMacu MKKUTa TyryH opacmgarn KydnaHuwiHu 6epagm.

Kepaknu TeHrnamanap  CcuUcTeMacuHW  Ty3uwlgaH  OnguH

KyunaHuw U HUHF y3ura Tervwnnm TapMOKHWUHI akTMB Ba MaccuB
3/IeMEHTNIAPUHUHT  MapameTpnapu opkKaim  6ornainuk:  UYyHKu
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yMyMUIA  X,0Nga TapMOK Tapkubmga Xxam 2.10.K.  X,am, TOK
MaH6anapu 6ynmLIn MyMKUH.

LWyHaak Kunune, U=U-E /-/ +3 Ba /=Y.

KUPXropHUHI  GUPUHYM  KOHYHUTa acocaH rpag-CxeMaHUHr
TYrYHNapu yyyH KyAngarvHu €3uily, MyMKWH: .

Al-Al+A3=0, ékm AYU=-Au

NekmH U-=y +E~A'LL0o+ K Hn xucobra oncak,

A bl ‘Lo = -A(3 + YE)-

KypuHné Ttypmoaukn, AYA' - NXn TapTménu  TYryH

yTKasyBUaHIMKIAp KBagpaT MaTpuyuacu Ba YHU  Kylivgaruuda
ndpoganall MyMKUH:

411 0~pacm
)ﬁV' ¥« - m
AYA'= 12 1o ™ v a2on
V., Yo
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(6y epga Y K- "K"- TYrYHHUWHI Xycycuii yTkasyByaHnuru, Y kn- "kK"
Ba "T"- TyryHnap opacumgarm ymymuil yTKasyBYaHINKAUP).
WyHn xam acnatamusku, A3- nxl TapTn6an ycTyH-marpuua

BA YHWHI 37eMeHTNapu y3 HomMepnapura Moc HOMepnu TyryHnapra
6ornaHraH TOK MaH6anapy TOKNAPUHUHT WUrMHAMCUMAAH TaluKun

TonraH 6ynagu. A(YE) aca - wyHgaii nxl TapTuénu ycTyH-
MaTpULLAKN, YHUHT 3eMEHTNapU CyHbUii ToK MaH6an {YE) , sbHM

3.10.K. MaHbanapngaH TapMoOK yTKasyBUYaHIUIM Y OPKAAN Termwinuv
TyryHra kKenaétraH Toknap WVunrnHgmceuamp. LWy Tydhannm

- A(3 +YE) =

6ynagw.
Ywoéy ycyn 6wunaH TawKun TonraH TeHrnamanap CUCTEMACUHU
eunwl  HaTwkacmga xap 6up rpad-cxema TapMoknapuaaru

kyunaHuwnapHn U ~ A1U O opkanm, naccmB anemMeHTnapgaru

KyunaHuwnapHu (¥ = E + O_ opkanM Tonuvw KuiivH Gynmaiian.

Xyaau wyHra yxwiawl afemeHTaapgaru Toknap /= YU_ Tap3uga,

3y 4.11-paem

137



yMyMnii TapMmok, Toknapu aca / = | +J KypuHUwmMga TonuanLim
Tabnnnanp.

Mwcon cudatnga 4.9-pacmgaruv cxema YUYyH TYIYH
KydnaHuwinap YCyiuHW ywby cxemaHuHr rpadura HucbataH
MaTpuuaBuii  TaxgwinHN  Ky3fgaH Keumpanimk. BYHWHI yuyyH 3Hr
aBBa/l0 CXEMaHUHI rpamHn Kypannuk (4.11-paem). KypuHuno
TYypnbankun, 6y rpad-cxema YyuyyH 6GornaHuwnap —marpuuacu
Kyhngarnda 6ynagu:

A~ 1 4

2 1

KyunaHuw, 3.100.K. Ba TOK1ap MaTpuuanapuHu argapwuaraH
Laknnapu
|
M =\N,N21M>bN, N,

\EX OOO E 2, r=diag (YtY, Y3Y4Yy),

He « llu g U 20

AY - wmaTpuuaHuHr XycycusiTnapuHu Ba Y~ MaTpULaHUHT

AnaroHaT XapakTepra arajMrmHu X;ucobra oncak, KyhingarvHm ésm-
LVMU3 MYMKMH:

=a 1 2 3 4 5
AY — -y, Y3
Y,
2 -Ys y 4 -y5
1 Y~ANYnh-Y, -
AYA' = v
2 Y3 Y3+Y4+tYs
WyHra yxwaw (YE — Yi E, OO0 5A2
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A(3 +YE)=.1J-Y,E, M
2-y;e, ul

YYHKM TOK MaHb6an 3aHxupga Myk Ba J =0. Xamma ésyBnapHu
yMyMAaWTUPULL HaTKacuga KyhngarmHm onamms:

, r't N
YulUn Y 174 0 g'®
lemp10+Y22vazo_~2
AbHM lOKopupa (**) 6enrmcm 6unaH KypcatwuiraH TeHrnamanap
CUCTEMACUHU TaKpopaH XOCUN KUNAUK, YyHKM Y]j=Yi+V2+Y3

Y2=Y3+tY4 Y5 Y|=Y2F-Y3,wyHuHrgek j, = Y Ba Y. = YE2

A(B3+YE)=1-Y.EJ
2r Y52

UYHKN TOK MaH6aun 3aHxupga hyk, Ba J =0. Xamma €ésyBnapHu
YMyMAaLTUPULL HaTmKacmga KynngarmHu onamuns:

% :I:I.\!dJ m *+ Y 12,] m = 31 )

YU, +y'2u = 32,
AbHU oKopuga (**) 6enrmcu 6unaH KypcaTunraH TeHrnamanap
CUCTEMAaCVHM TaKpopaH XO0CUN KUIAUK, YyHKN Y mn=Y,+YHO(\,

Y2sYA+Y#YS Y 2=Yii=-Y3 WwyHnHraek  jj = YA\ Ba

4.10. Cynepno3vnuma éku ycTnawl npuHUnUnm
Ba YHUHI acocuga Ty3umaraH xmcobnaiwl uounpanapu

HOkopufa Kypub uUMKWAraH 3MeKTP 3aHXXMpnapuHu Xucobnaiu
yCynnapu LWyHU KypcaTaguku, Xap KaHAal 3aH>XUPHUHT UXTUEPWUIA

TapMOK  TOKMU | Kuiy 3aH>XMpHUHI 6Gapya 3.l0.K. Ba TOK

MaHb6anapuHUHI Tabcupuga xocun éynagn. femak, Maskyp TOKHUHT
MUKAOPM Ba HyHanMwnM aHukKgaHuwmpga xap 6up MaHb6aHuHE y3
ynywun 6op pge6 xucobnaw kepak. Ly HykTanm HasapgaH apas
KUnamnukkn, anoxmga onuHraH MaH6a ynywmn ywby maHbagaH
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wbowika 6apya maHb6anap oMb TalwnaHraH wapourga aHuknaHau.
BYHUHI y4yyH KyWngarn WKKuiTa 3.10.K. MaHbara ara 6ynraH cogpga-
rMHa 3aH>XUPHM Kypuob unkamnnk (4.12-a paem).

Arap HomMabnym ToknapHu 1X 12 Ba /3 peb onagm-
raH 6yncak, ynapHuHr E] Ba E2 wmaH6anapgaH Kocun 6ynraH

TalKWUA 3TyBYMIApPUHM MOC paBuLLga /" Ba [T xawm-

Z, /..' /I r-

ha /f Ba I" 6unaH akpatamms. 4.12-6 paemga
Tyna  3aHXkup  (akaTrmHa Exrabcmpyga  kocun  GynraH
L. /] Ba |l Toknapra asra. 4.12-B paempaa 3ca pakaTrmHa

MaH6a E2 Tabcupupa okaétraH /" Ba /" Toknap
KypcaTuiraH. Arap 3aHXuUpHU Tyna KypuHULLMra KanTaguraH
oyncak (4.12-a paem), yHparn Kakukumii Toknap "ynywl Toknapu"

6unaH Kylingarn MyHocabaTaa eynagn:/; = I[ —I1 7,

/2 =-/2-/7"" Ba /3= 7"'-Y3

(TOK TalKua 3TyBUYMNAPUHUHI ULLIOPAcU acocuii TOK yHanmwinra
60rMMK ONMHraH: Moc KefnraHga (+) 6wunaH, Kapama-KapLun KenraH-
pa (-) 6unaH). ToknapHUHr 6y Tap3ga E3unmwun Ccynepnosvuus
(Bkn ycTnaw) npuvHUMnUra acocnaHraHgmp: 6y npuHUMN YU3UKIN
3aHXXMPNapHUHT 3HI MyX. 1M KOHYH-KouganapuaaH 6upu
X.ncobnaHagy. dHAM MasKyp MPUHLUMIMHUHE X, aKUKNATUTUHU MMUCON-
nap 6unaH TacaAuKNamnK.
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4.12-6 pacmpgarn cxema yuyH:

Z, + — -=1. =Ej{z2+23):[z,22+Z2.23+23Z,]1= . ii

z2+ z3J
N
te=ft—— =—2&  Ba i3-i) bl"2.
D 22+23 D
(6y eppa: D=2Z,Z2+27273+23Z,)
4. 12-b pacmpgary cxema y4yH:
r-E : _E2Zi+Z3 i - "3 Ba
k7
21 +73 D D

zZ,~z3 D
XAKUKWIA Toknapra yTcak:
i|=ii-i;=[Ei(Zj+Z])-Ejz3:D (¥
h =-i2-i; =W , Zj +E2Z, +Z3)]: D (**)
j3=ii-i3=(E,Z2+E2Z1):D (»**)
6ynnM6 umk.agM. By TOKNapHM aHWK, TOMWIraHura MWLIOHY  X,0CWN
KWL YYyH acoCUii 3aHXXUPHU (4.12-a paem) TYryH KyunaHuinap

ycynm 6unaH x,ucobnab Kypamnmk. AroHa mMycTakun TyryH (1) yudyH
TeHrnama Kymugarmda KypuHuiwga éynagu:

Elzj+E.zZ
eKu <V, + Y2+ Yj,)U D 12} reh

ex UD=[E, Z2+E2Z,] U -

Jemak, z 1 kapwwmkgary 1ok | =y.ii.» = E|£; I1_;)I 2-1 AbHU (***)
jarn ndogaHn Tacanknangmn. LyHra yxwaw 6upuHUYM TapMmokgarm
TOK i, - Y|(E, -Ywy. UcK i,:|l-|I-I\/IIIDE2L= ID[1E|(22+Z,I--E22,I
AbHU (*)garn undogaHn Tacauknangu.
MKKMHYM TapMoKaarn ToK i2=Y2(E2 - i1 (0), eKkun
Zz1 E,zZ, *E,Z,

2 fi2 n
AbHU (**) garn ndiogaHn Tacauknamau.
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4.12-a pacmgarm UKK1U MIHMOQU 3aH>XUPHU MKKU MapoTaba 6ump

MaHb6anm knnmnb Kypcatuwl (4.12-6 Ba B paem) xap KaHgaih "n" Ta
MaHb6annm Mypakkab 3aHXuUpHW coppanawTupuiwga  KygnaHuamwm
MYMKUH. Ly 6unaH 6up BakTga LUYHM 3c4a ryTULL Kepakku, 3a-
HXUpgarn NyK Kunamb KypcatunraH 3.10.K. MaHb6a ypuHnapu arap
YNApPHUHT MYKN KapLuuanknapyn Hofnra TeHr Oynca Kucka TyTallyB
wakmmga onMHuwWKM no3mm. MaH6anap coHu Kyn 6ynmaraHgarvHa
ycTnaw NPUHUMNM  3aHXUp  Xucobnaw  ycynm cundatmnga

KynnaHuInwm MyMKUH. AKC xonga "ynywnu" Toknap TonuauLim
Mypakkabnawaan Ba CyHbUA (6up mMaH6Ganu) cxemanap COHMU
Kynaiiné ketagw.

4.11. MyTanocmbnmk nNprMHUMNM Ba YHUHI acocujga
Ty3uaraH Xxucobnaw Komganapu

Un3nMKNM 3aHxupnap ydyyH MakcBenn KUpuUTraH My T a H O -
CMB6IMK RNPUHUURNKN Taanykmanp. By umpuHuunra

Kypa: xap KaHdali Mypakkab 3aH>XMpHUHI "aB" rapmoruga >Xow-

nawiraH = E a3.0.k. maHbGan 6owka maHbGanap 6ynmaraH Lia-

pouTaa Wy 3aHXWpHU y3uparn uxtnépuin "cd" tapmormga Ibl = |
IOK XOCWUN KuaraH 6ynca, LWy 3.10.K. MaHbauHuw y3m "cd" Tap-

Morura KyudupunraH xonga (Hanm Ebl - E) 6upnHum Tapmokaga

lih= 1 TokHuW xocun k>naawm.
By KOMgaHW XaKKOHUWIUrMra KOHTYp TOKAap YCYIMHW wuwina-
VM6, unWoMY XOoCul Kunamms. "aB" TapMOK 3aHXUPHUHT "LU"H4Yun

KOHTypura, "cd" Tapmorm 3aca "s"-HUM KOHTypura KupraH geb da-
pa3 kunanuk,, LUyHpal 3kaH, KOHTypnapgarn KOHTyp ToKnapwu

i/lb—igBa = 6ynaan Ba 3.00.K. MaHbaMHUHI >KoWnaluraH
TapmMorvgaH Karbuii Hasap ynapHWHI MUKAOpnapu Termwnuya:

A, n

HU Trawkun 3atagn. KypuHuné Ttypubamkn, /(- /W= 1, uyH-
KMA = AW Ba Termwnu Hucbat EaNtj ~ Ectl:lth= E:1 "q" Ba

"s" KOHTypnap opacugarm ys3apo Kapwuink ZZ4BHu bepagw.
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AiTnaraH HasapusiHM Taegukniawl Makcagmga 4.10 garm MHcon-
ra MypokaaT KUINLLIVMMWU3 MYMKWH, Wy LWapTu 6unaHku, 4.12-6 Ba

B pacmgarn cxemanapga E{—E, ~ 1, abHn maH6a 6MpMHUM KOH-

TypAaH WKKUHYM KOHTypra Kyuupunagu. By xonga E}—E 6u-
puHUM KOHTYpAa >KolnawraHzia, UKKMHYM KOHTypJarn ToK

| =— E m- -E [D=A=Z Z +Z2ZZ +Z22Z1
A D D

Teckapn xonga, svHu E2= E ukkuHun kouTyppga >koinawiraHaa,
6UPUHYM KOHTYypZaru ToK

1, - z3 E
1 A * D D
abHN | =] 2:j: ' e " MyTanocubnmk MpuUHLUNAU TacauKnaHaw.
' D

4.12. DKBUBA/NEHT reHeparop ycynm

By ycyn 6unaH 3neKTp 3aHXUpHW Taginn KAWL KOMMEeHca-
uusnawl Tyrpycugarn Teopemara Ba ycTnawl (Cynepnosviuunsg) npuiH-
umMnura acocnaHraH. OHeprus MaHb6aura sra 6ynraH WXTUEPWUIA My-
pakkab 3aHxup (4.13-a paem) bepunraH ge6 apas kunannmk. By
3aHXXUP TapMOKNapUHUHI 6upungaH yTaétraH TOKHU ywby ycyn 6u-
NaH aHMnknaw Kepak (macanaH, ZAK ynaHraH KUCMUAa).

3aHXXUPHUHI  3.10.K. (KM TOK) MaHb6aim 4Yan Kucmm Zad
Kapwunmknm "a-B" KuUcMaiapura HucbaTaH akTMB WUKKUKYTOIMANK
A Tap3uga Kypunmwm MyMKUH.

VKKUKYTONUAMK A HUHI  3KBMBA@IEHT 3.10.K. MUKOOPUHU
aHuKnaw ydyyH "a" Ba "B" KuCManapu opacuparv TawKu 3aH>XUpHU

y3nb, xucobnaw (EKn Taxkpuba iynn 6GunaH "a" Ba "B" (4.13-6
paemM) HyKTajlap Ky4naHuwinap avmpmacu (canT wuwnawl Ky4naHu-

wu) UO aHuknaHagw.

Arap "a" Ba "B" (4.13-B paem) nyKTanap oOpaeHra Teckapu
riyHanraH a.lo.K. E’ = ~UO kuputuwl opkaiv TapMOKHU KaiTagaH

ynacak, TapMmokgarn ToK /@ - 0 (pe>Xum) ysrapman Konagw.
Arap wMukgopn E'-U Q 6ynraH sHa 6utTa 93.10.K. MaH6aun

{nyHanmwn C'O6mnaH Moc 6ynraH) (4.13-r paem) KuMpuTcak, 3aH-

143



XXUPHUHT (YMyMaH TapMOKHWHI) HOpMasi pPeXuMm Kanta TUKnaHa-
On. SHAW TecKapu 3.10.K. [-1i] HU aKTUB MKKUKYTOMMAUK A HUHT
namra KmpuTtcak, TecKapu WyHannwnam 3.10.K. UKKUKYTONUANKHUHT
SKBMBANIEHT 3.10.K.HM KOMMeucauusanawiym HaTmkacuga akTuB UK-
KUKYronuamk "a" Ba "B” KuUCManapura HucbataH naccmB 6ynm6
Konaan (4.13-p paem).

OHoM (MaHbGanap apaTtuiaraH XxonaTtaa) WKKUKyTenumnuk Tl
HVHr 6Gapya KapLiuinknapuvHm Zéh ra HucbataH MYKU X,UcobnaHraH
(4.13-e paem) KaHgangup SKBUBaEHT Z, KaplwWiMK 6unaH an-
MawTMpuwl MyMKUH. By x,onga Zd& Ba Zn Kapwwuanknap KeTma-

E ~Up E-y

4.13-pacm

KeT ynaHraH 3awxupga MaH6a E —£/0 x,0cun  kuaraH Tok
KylingarvuHm 6epaau:



By TeHrnama akTMB WKKUKYTONUNMKKa oug Teopema (EKu
3KBUBANIEHT TeHepaTop X.aKkugarh Teopema) HUHI MaTeMaTuK
ndogacnamp.

Ywoby TeopemMagaH 3aHXUpnapHW X,ucobnawiga canT  uvwinail
KyYlaHULIWMHK Xucobnawl y4dyH 60LuKa ycynnapra acocnaHraH My-
pakkab xucobnawnap Tanab aruamaraHga Ba TOKWM M3naHaéTraH
TapMOKHN aXKpaTuwl, TeKwmpunaeTraH 3aH>XUPHUHI TyryHnap Ba
KOHTYpnap COHM KCCKMH KamanTupwuiaraHga doig.wanvnagn.

OKBUBa/NeHT reHepaTop ycynu 6unaH 6ollka ycynnap acocuga
TonuaraH TOKMNAPHUHI K.MAMaTnapu Tekwwupunagn. MacanaH 4.9-

paemga 6GepunraH 3aHkupgary /, TOKHW aHuMKAall y4yyH Ly TOK

yTaétraH "a-6" TapMOKHM cXemMadaH axkpaTcak, samxup Ejsa E2

MaH6anapn 6ynraH WKKMTa MyCTakAn KOHTypra awnnaHagu. Cant
vwnaw  pexuMmmaa 6y  KOHTYpRapHUHE  TapmoKnapugarn Toknap
Ternwnuya:

fo ~ Do ~ &={?]

No ~ do ~ uNs)

Cant nwnaw kydnaHuwm U3~ OD—£/10, sbHU
4.= a0~ ~on (L +HO0-07?, (2 +Z,) "a-8"

TapMoKAaH rawkapuga YyHra HucbataH Xxocun 6ynraH — UK-
KUK, YTOMMIMKHUHT UYKU K,apLUnnr

2 = _—1—-2 + —4'_5s
"uU Z! + N2 24 ~ —5

6ynagn; a-B TapMoKgarn /3 TOKHU aHUKOanimuns:

j Eiy"+~-E.g.g.+Z,)

3 Z,+7N  Z,Z,(Z4A+Zi)+ZA/S5(N +Z22)+ZYZ, +ZyqQg, +Z5)

4.13. "HayKTmB 60EnaHraH 3aH>XupriapHuU xmcobnaiwl ycynnapm

JneKTpoMarHUT MaifoH Hasapusacura Kypa, *ap KaHgali TOK-
MWK YTKa3rnmy yHaarm TOK XOCWUN KanraH MarHuT maiigoH 6unaH
K,ypwanraH. By TOKHUHI (WYHMHIAeK, Wy TOK XOCWUA K/iraH mar-
HUT MaN[OHHUMHI  X,.aM) BaKT OyliMuya Xxap KaHgar ysrapuwiun
yTKasrmyga ysmHayk uvs 3.10.K. \ocun Kgnaau:
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dg

di
eT = — —-= -L —
L dt dt
. Arap wy TOKAM YTKasrmMy XOCWU/J Kuiram MarHuT mMaigoHaa
OoWKa yTKasrmy xam 6ynca, YHUHI KucManapuna Yy 3 a p o
MNAYKLWNANT any BY UM 3.10.K. Xocun bynagm:

I 4.14-pacwm.

d

N BUPUHYMN yTkasruufarn TOKHUHI «aKT Mob6aliHuga

e --M
y3rapuin 6I/II'IaH, NMKKKUHYN  yTKasrnygarn wuwHayKuunAanaHraH
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j-10.K. opacmpary NpornopumoHanIMK KoadpuumeHTM y 3 a p o
LHAYKTWBAN WK MM peb6, )TKasrnunapgaH TyswiraH 3a-
MXupap aca MHAYKTWUB 60r-nAaHraH 3aHXWUpPAN
ap p[eb6 aranagw.

Mwucon Tapukacuga ypamnap CoHM w, Ba w, bynraH WHOYKTUB
6ornaHraH WMKKUTa KOHTYPHU Kypub 4YmKainuk. Ynapgarn i, Ba b
ToKnap Moc pasvwpa ®un iia @2 mMarHUT OK,MMIapHU  XOCWU
knunagn (4.14-paem). BupuHuUM xonga WKKana KOHTYPHU i, TOK
\oCcun KuaraH MarHMT MaigoH K.ypwab onrHH Ba i>=0" pge6, capas
Kunammni (4.14-a paem). Y \onga wnawraH mar-HMT OKUM Ba
Y3VHAYKLUUA KOIhPU-LMEHTU MOC Xonja

Yy',=1* 11 Ba L,=~U.

6ynagw.

3aH>Kupnapapo WHAYKTUB 60rnaHvl waptm bynmya ymyMui OKum

®un HUHT d:) ra TeHr 6ynraH kucmm (®:1 <d®M w: KOHTypZa

vnawraH MarHUT OKUMHUHT y3ap0o UHAYKUUACUHU XOCWUN KWUnagu:
% | =" 2

Y COH oKuxarmgaH ys3apo WHAYKUMA — KoadduuueHTn  6unaH

aHnKgaHaau:

‘I
Xypoan wyHra yxwaw i29 0O Ba /=0 (4.14-6 paem)
6ynraH xonga wunawraH MarHUT OKMM Ba y3apo WHAYKUUS KOo3-
dULMeHTU MOC paBuLLaa

Yy 2 = wW3oeon Ba **2 =

oynaan. byHga ymymuii okum D2 HuUHr @ .2 ra reur K \cmu
(®,: <P KoHTYpAa wnawraH MarHUT OKUMHWHI Y3apo WHAOYK-

WUSICUHU  XOCUNT Kunaawu: 2 ~wlp12 Y COH >uxaTugaH y3apo

VHAYKUMA KoahpuumeHTN 6unaH
VIHUKNTaHaawn:

Y3apo marHut okumnap @ :: Ba ® ! 6up xun macodaga mMarHUT
KapLmnmrm 6Up Xmnn GynraH MyxmT opKanu TyTallaau; Aemak,
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byHpa
W~ 2

™~ yunk,an

1N, SbHW Yy3apo MHAYKTUBAMK M=M,2=M:, mncranraH \ap 6up WuH-
OyKTUB 6ornaHuwINn KoHTypnapga 6up xun 6ynagn. KoHTypnap-
HUHI XyCyCU WHAYKTUBAUKAApPM L r Ba L: goummnii mycbart, UyHKWU
i, BA b Toknap ® M Ba ®:2 MarHUT OKUMMapura LwwapTin pasuLlga
Mocavp (yHakah napma Kougacu). Y3apo WHAYKTUBAMK M HUHT
vLiopacm 3aca KOHTYpPAapHUHI y3apo ynaHWL cxemacura 60rnvk.
Arap i, * 0 Ba i: * O 6ynraHga, y3apo MarHUT okumnap @,, Ba
® |, KOHTYpPNapHUHI Xycycuii okumnapu ®,, ea P2 iiyHanmwm 6u-
flaH MoC Tywica, byHAail KOHTypfiap MOC paBuvllga ynaHraH gcvivna-
an Ba M>0 6ynagn. Arap y3apo MarHUT OKUMAAp KOHTYpPMapHUHT
XyCyCuih OKMMnapura Kapwuv iyHanraH 6ynca, OyHpaii KOHTypnap
KapamMa-Kapuwmwu ynaHTaH Jehinnagn sa M<o0
6ynagu.

Xycycnin HaykKtmeanknapy L, Ba L2 y3apo uHayktuenmrun M
6ynraH WKKN  KOHTYPHUHI  VHAYKTUB  GOMMUKAUK  fapaxkacu
6ornaHuw KoappmnmeHTn KK opKaim aHUKNaHaawu:

M
y/TyTr/
ByHpa poumo K&Sr< L uyHku ¢ T>d3a  Ba h2>d ]!l abHU 6UPUH-
UM KOHTYPHUHT XYCYCUIA MarHUT MaifoHU UKKUHUM KOHTYPHU Tyna
Kypwab ona onmangu.

4.14. NHAQYKTUB 6ornaHraH 3aH>kupnapgarv TypryHnawiraH
xonatnapHu (pe>XxmmnapHu) xmucobnaw

Mwucon Tapukacmga, 6utta MaH6agaH TabMWHNaHaéTraH, ane-
MEHTNapu VHAYKTUB 6GOrnaHraH 3Hr oaauii 3aH>XXMPHU XmMcobnatl HW
Kypwno6 YMKaNnK (4.15-pacm). BrpuHun xonga aKkTVB
Kapwuivknapu r, Ba r: , UHOYKTUBAMKNapu L, Ba L: y3apo WH-
OyKTMBAMIrM M 6ynraH WKKU TalTakK y3apo KeTMa-KeT ynaHraH
Xamga ysrapyByaH Ky4naHuwl n maHb6aun 6unaH TyTawTumpunraH, geb
apasz kunanmk (4.15-a paem) (MIkkana rantax MOC ynaHraHga



KAPVLL KUEMalapyiHU LIApT/IM paBulLaa tongysda 6unaH 6enrunaii*

MUK3). MIHAYKTUB GOrflaHraH 3/1eMeHTNapu MOC yNaHraH 3aH>XXMPHUHT
TeHrnamacu:

|/|—uj+|/|§—(I I'|I. II_|d—|+i\/Igl l)44_(rTi+LT9~\Mﬂ_—
dt dt i. " dt dt]
- (rl+r2) O'l + +2M)~"
(byHpa: eL1 =-L ~ Ba el2 =-L2j- y3nHOYKUUA 3.10.K.). ByHu

KOMMMEKC Lakiga Kynmparmda *am esvill MyMKWUH:
U=U[+U2=(ri +r2)IMC+ jw(L] +L2+ 2M)[moC =

[n N EATA N | ~2 2 M )}Moc — Z moc -tMoC
{éyHopa Z MOC - 3aHXXVPHUHI KOMMJEKC Tyfna KapLumnuruy,
EM = JciM1MK - KOMMNEKC Yy3apo MWHOYKUMSA 3.10.K.; 1ML -

KOMM/EKC TOK),

3aH>XMp aneMeHTNapn Kapama-kKapwunm ynaHraHga (4.15-6 paewm) (L,
ranTakHUHI KUpULL KUCMacu Ba L2 ranTakHUHI YUKW K/ICMacKu
ynaHuLW cxemMacuga tongysda 6unaH KypcaTuiraH) ysapo WHAOyK-
UMsAHM X,ucobra onraH \onga 3aHXUPHWHT TypryHaawuraH pexxkumaa-
r MyBO3aHaT TeHrnamacu:

u=ul+u; =i +Lr*-M A +[r2i+L2] -M ~j =

“(ri+r2<+ (b[ +b2-2M )_CF’

CKM KOMMJEKC Luakaa:

M=un, +n2=(MN+r2)lxk+M L +4y -2M)iK=

—[(r, + 2) +jco(LL+ L2- 2M) ]| K== m KK
byHoa Z - aneMeHTNapuM Kapama-Kaplun ynaHraHgawl 3aHXkuvp-

NMUHI KOMIMJIEKC Tyna Kapwunmrun, /KK - KOMIMEKC TOK.

KentupunraH Huc6atnapra Kypa, 3/leMeHTnapu Moc yfnaHraH
cxemaga 6yTyH 3aHXXMPHUHT KapLMAWUIA Y3VHUHT UHAOYKTMB Talu-

KUn yTyBuucm 2X,, =2coM MuUKAOpAapun opTuULLM X,ucobura 6mpmyH-
Ya opTagu. dfieMeHTNapun K.apama-kKapLiy ynaHraHga, akcuHya WH-
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OYKTMB  Tawkun  NyBUsMHUHrT  2X,=2(0M MUKAOPW  Kamaiuim
X,ucoomra  3aH>XUPHUHI  KapLuuanmru  Kamasan. DfeMeHTnapm Moc
ynaHraHga KOHTypZarm MarHUT OKumMAap y3apo Ky4alinob, TOKHUHT
BaKT >XmMxaTugaH ysrapvwunga WHAYKTUB 3/CMeHTNapHUHT yMyMWii
peakuuacKn opTaan Ba 3aHXupgarn ToK Kamasgu. Kapama-kKapLum
ynaHraH cxemafa aca KOHTypfapgarn oKumaap ys3apo Ky4cusnaHa-
an; ByHUUr HaTwkacugja rantakgarm Teckapy 3.10.K. Kamanmb, 3a-
HXXUpgarn ToOK opTagH. Tyna Kapwuimk bko7,KK (IMD < thak-
TUAaH WKKUTA VHAYKTUB 60rnaHraH KOHTYPHWHI YnaHWLl CXemacw
YCYNMHW Ba Yy3ap0 WHAYKTUBAUTN MUKAOPU MHU 3KCrepuMeHTan
aHuKnawiga donganaHul MyMKuMH. MacanaH, 4.15-pacmgarn 3a-
HXXUP YyuyH GepunraH kydnaHuw U pga IMC Ba 1N ToKnap 3Kcrnepwu-
MeHTan pasuvllga ynyaHuo, cyHrpa
n_

- mee Tr
XucobnaHagn. Ys3apo uHAYKUMst KoathpummeHtn M Kyhngarmya
aHvKnaHaau:

M=(Z,ac ZKK:4co.

uyHKN — (AL A2 +2M)
Li
r?
4.15-pacm.
Ba =1 +r2)+ ja"l ~2M)

SHAn 4.16-packKwiaru MypakKab 3aH>XUPHU xmcobnawu
Makcaanga KupxroHUHI GUpUHYUYM Ba MKKUHYM KOHYHnapura 6u-
HoaH TeHrnamanap. cucTemMam MHU Ty3alvK. Cxemaga
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1. /£ Ba /3 TOKNAPHUHI  KaByn KAaivHran iAyHanmwnapum

6yiinya L, Ba L; rantaknap moc ynaHraH (M,,=M p >0), ammo L,
Ki nak L, Ba L, napra HucbataH Kapama-Kapwu ynaHraH (M 13=M I
<0 Ba 0). Aiap 3aHXMpHUHI 6oliKa napamMmcTpnapu

| |
K.Mopuvua y3apo UHAYKTUBTUKHUHI XaMm a6comoT mukgopy \Mu\

1 . | |
V3| Ba J/3lbBepunraH 6ynca, TeHrnama Ty3unraHga 6y

MHKAOpnap onguparn uwopa raiTaknapHUHI ynaHuwl cxemacura
Kypa aHuknaHagn. Y xonga 1,2 Ba 3- TyryHnap ydyH KnpXroHWHr
6UPNHYN KOHYHUTra BMHOaH:

1)-H12 — —0 —I2+14 — +b +i6=0

KUpXropHMHI MKKMHUYM KOHYHUra 6uHoaH, |, L, Ba Il KoHTypnap

yUYyH (cTpenkanap 6unaH KypcaTuaraH WyHaniwnap 6yrnda ainna-
HM6 YMKUB) Kynaarn TeHrnamanapHU XOCUN KWIamms;

H, —(Rj +jo)Lj)ij + jcoN~L]2"2 —j© M 3,i3 OV3 —
f 1



=(/?_+ -r jo)M /. - [ToN/ /, + </?.,+ jcoLN)/N -
2 i 1 /. il ij i 17

jcoMy2  ~ A+

O - RJt - +
v JCO”s)

OnuHraH TeHrnamasap cucrteMacura Kypa, ywia HOMablyM TOK-
NapHWHI CcOHUra 3aHXup alpum anemMeHTnapu opacugarmn ysaP°
MHOYKTMB  6ornaHvwl  \mcobra onuMHraHga ysapo  VHAYKTUB
3.10.K.HVHI Kmncobura x,0cun 6ynraH Kywmmya Ky4dnaHuw TyulyBna-
py  3aH>XXMPHU MypakkabnawTmpagn. WHAyKTnB 6ornaHuwga my-
pakkab 3aH>XVUpnapHWHr okopuga 6aéH  KWIMHIFaH YCynnapHUHT
6upn 6unuH xmcobnaHaaw.

4.2-mucon.  MNapameTpnapn 6up xun  6ynraH, WHOYKTUB
6ornaHraH WVKKUTa Kerma-keT ynaHraH, asBan U0=12B y3raPmac
KyynaHuw MaHb6aura ynaHraHga ToK 10 =1 A HW TalwKua 3Tagw.
Wy 3amxkmp addektns kuiimatm U =60 B 6ynraH cuHycomgan
y3rapyByaH KyulaHuWw MaHbaura ynaHradHga 1,0=3A (rantaknap
MOC ynaHraHga) sa 17~4 A (rantaknap Kapama-kapluy ynaHraHga)
ucrtebmon kKunagn. WHAYKTMB 6GornaHuw  koadhduuneHtTn KGr
aHVKNaHCWH.

Eunw: Anox,upga onuMHraH xap 6up rantak ZFErFjXj. Kom-
NneKc Kapwuinkka ara geb, ysrapmac ToK 3aHxkupumga XF -0
9KaH/IMTUHN 3bTUBOPra oscax:

27 = - 12 owm,
*0
AbHM *ap O6UpP TranTakKHMHI akTuB Kapwwuaurm rF =6 Owm.
Y3rapyByaH ToKAa 3ca 3aH>XUPHUHI Tyna Kapwwuinrm Moc ynaHraH

7 e =jL - ?0

ha OM Kapama-KapLuy ynaHraHga aca
7

T — o —AN

— ™ J -'OM O6ynaan. By pexxumnap yuyH 3aH>XUPHUHT
35

VHAOYKTUB KapLinanrn Ternnmya:

= 20>(L+ M) = IxI* ~ ='6 Om,
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mXK20KL-M) = §xi-4r- =9 Om.
Xap 6up ranTakKHWUHI XyCYyCUIA NHAOYKTUB KapLUWINTU:

1
x1 = = - (xm + ) = 6,25 OMm

Xap 6Mp ranTakHUHI y3apo WHAYKTMB KapLUWIWIn:

X,=<»M =" (XX - XNo) = 1,75 Owm

MHayktuenuk L,=L,=L xwucobra onmHraHga 6ornaHul KoaghpuLm-
eHTUn

X.. =- ~"— =— =171 =0,28
WL .L! L  6'25

4.15. ¥Y3akcw TpaHcdopmaTop. TpaHCOpMaTOPHUHT XXHUBA
NIeHT cxemMacu Ba BeKTOp Aumarpammacu

Bupop 3aHXupga 3.10.K.HUHT VHAYKUMAnaHUwn dak,at yamaarm
TOKHUHI BakT Oyiinya y3rapuwim HaTmkacugarmHa O6ynmacpaH,
6ankun y 6unaH MHOYKTUB 6ornaHraH 60wlKa 3aHxXupgarn TOKHUHT
XaMm ysrapuvwim HaTwKacupa BY>XKyAra Kenvuwm lokKopuga aniTunraH
3gn. By xonga 3aHxupnapgaH OMpPOPTACMHUHI XYyCYCWUIA 3Heprus
MaHban 6Gynmaca, 60LIKa 3aHXupgarnm TOK TabCupupaH WHOYKLUUS-
NaHraH ysapo VHOYKUMA 3.10.K. YHUHI y4yyH MaH6a Ba 3Heprus et-
Ka3nb 6epyBUM BasudacuHM 6Gadkapulin MyMKUH. LUyHpgar kunmn6,
6Up 3aMmKMpaH WMKKUHUYM 3aHXupra 3aHeprus dakaT yTkasru4dnap
BOocMTacuga ysaTuimar, 6aiku MarHut MaigoH 6unaH 6unBocmuTa
6ornaHraH Ly 3aH>XMPHWHI 3/IEMEHTApU OpKanm xam y3aTunagw.

TpaHcdopmaTop  (y3rapyByaH Ky4yJaHuWl Ba  TOKMNAPHUHT
MUKOOPWHWN Yy3rapTyBUM CTaTUK Kypuima) UHAYKTUB 6GornaHraH 3a-
HXUpnap opacuga 3SHeprusiHn ysaTuwl acocumpa wuwnasgn. Oaanii
TpaHcopMaTop  YMyMUIA  MarHUT  OK.MMM  6UNaH  UMHAYKTUB
6ornaHraH (4.17-pacm) ypamnap w( Ba w2 6yaraH WKKUTa
Ky3raimac rantak (dynram) pgadH wbopat 6ynagn. Yynramnapapo
VHAYKTMB 60rnaHuUWLIHN saxwuvnawl mMakcaguga, dynramnap w, Ba w2
6up-6upugaH m3onAaumanaHnb, rnkKa 3N1eKTPOTEXHUK nynaT TyHY-
KanapfaH pactanaHraH ymymuii deppoMarHuT y3akka Kuhigmpuna-

an.
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Y3rapyBuyaH TOKHUHI HOKOpM (YH Ba 103 KW/IOrepl) 4dactoTana-
pyga TpaHcdopmMaTop y3akcu3 Kunmb sdcanagn. 3aHXup TaxauanHu
KynamnawTnpuiwl ydyH Xyagau LyHgan Typgaru TpaHcdopmMaTopHU
Kypno umkannuk (4.17-pacm).

Pacmzga KypcaTunraHuek, TalTakKHUHE Xap 6up KyrénapuHu
toguy3ya 6unaH 6entna6. napameTpnapu r, Ba L, 6ynraH 6up-
flamMym w, 4dyaramMHM W, CUHycougan KyudnaHuwra ynaimmaga,
TpaHc(OopMaTOpPHMHI MyBO3aHaT \ofaTu TeHrnamMacuHu Ty3amus.
MapameTpnapy T2 Ba L: oynraH MNKKUaamMin w; yynram
Kapwuanrm ZMra TeHr lKlamara ynaHraH. Xap 6up Jyntamgad
yTaéTraH i, Ba b TOKnap Ternwnmn4ya Ky4dnaHuiud MaHb6aun N, HAHTI Ba

w2 uynramga i, TOK WHAyKUuSAnaHraH ys3aP° uWHOYKUMSA 3.10.K.
dix
eM — M —] HUHr TabcuMpum HaTwkacuga nargo 6ynagu.

KUPXFOHUHT UKKMHUM KOHYHUFa Kypa O6upnamun Ba WKKU-
namuym 3aH>Xupnap ydyH KyivgarvHm é3amuma:

dt dt
0 = r2i d LM od o+
Codt ot

(6yHpa: u: - HOKNAMaHWHI Z7 KapLuavri KucManapugaru Ky4na-
HUW). By TeHrnamanap KOMMJeKC Laknga Kyiugarvuua ésvnagn:

Ul = YHi1+ jOL ,ij + jOM i2
O=MR12+j L2 + jWMij+ 1J2
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lOknama KapwuimrimHn Z kK = R N jX N KypuHUWga onamMus
Ba Kyhungarn 6enrmnawunap KMputammua:

oL ~X , 1 +R =r ; aL +X =X Ba 0)bl~X»K
1 1 2 n 2 n

oK oK M
DHOU TeHrnamanap CcUCTeMacuKM Kyhmgarn KypuHULLIra Kentumpa-
MWN3: '

U1l= (N+ jX 1)11 + jX Mi2
~ jX Mij = (rn + jX mn)iz2
ToknapgaH i2=-3JXMij :(rn+jXn) Hu Tywmpuo, U. Ba /(
NapHUHI opacugarn 60rNaHuLLHN X,0CHT KNI1amuns:
X m
MH+ Ne n
YHua mypakkab 6ynmaraH ysrapTupuvlliapHu KUputué, KupuLl

U, - (ri+jX 1)+

TOKM /j  HUHT TpaHcdopmaTop napameTpnapura 60TUKAUTUHU
aHVKnaw MyMKVH:

Ul
TR AU XM (ra+X1)T$cx XM 'Xwm'{Iy +Xap
Vl
Hp

TpaHChOpPMaTOPHUHI KUPULL KUCManapugaru Tyna KOMMIeKc
KapLumnnk
. A X, X
n "% K + X

/ - -

MmAXasz u + XA
KyynaHuw mMaH6amgaH uctebmon kunmHaétraH 11Ttok chakat 6up-
namMmyn 3aH>XUPHUHE T, Ba Kapwwuairura 6ornmk 6ynmain, y 6u-
naH WMHAYKTMB 6ornaHraH WKKWIaMun 3aH>XUPHWUHT M Ba X,
Kapmnamrura x,am 60rinK aKaHIMrmHu Kypcatagu.

TpaHCcOPMAaTOPHUHT  UMKKana 3aHXUPUHW SAroHa TeHrnama
6unaH OGupnawTUpuw HaTmwkacuga Kocwun O6ynraH Tyna Kupuwl
Kapwunimrm ZKpHUHI akTmB Ba peakTtuB (Ar Ba [Xx) opTTupmanapw,

P)H%(M Xt Xwm

apHm  Ar = — 11 Ba AX ~ - —j-—--—-- Tervnmua

rf, +X + X

AKUp Mkup YAKUp

155



TPaHCHOPMATOPHUHT K U P U T MU N TaH aKTUB Ba pe -
aKTMB Kapwwunmknapwu pgeb araiagu.

DHOU TPaHCOPMATOPHUHI ONANHIM TeHrnamanap cucrema-
CUHN KyWhngarmnda éscak 6ynagu:

Uj= /] + jco(L\ —A/7)y71+ + /2)
0-ri2+jo(L2- M)i2+jcoM(i, +i2)+z™ip
HAdemak, TpaHcopMaTOPHUHT CXemMacuHu NHOYKTUB

60TaHNLWICN3, SAbHU 3aHXMP dNeMeHTNapu opacuja Tyrpu anekTp
6ornaHuwnn (4.18-pacm) 6Upop IKBUBAIEHT cxema 6unaH anmall-
TUPULW MYMKWH.

156



3KBUBaNeHT cxemycura kypa, Tok 10= / + 12 TpaHctopma-

TOPHUHI canT vwnaw pexxumusarn (ZWeoc Ba 1,=0 6ynraHga) mar-
HUT OK,UM ® 0 HUHI MUKAOPUHU aHuKnaign. Acnvpa U, KydnaHuw
MaH6angaH WUCTEBbMON KUAMHAETraH canT uwinaw TOKK

u ,
r, + j (oL,

6ynagn Ba YHUHI MUKOOPU /2 TOKKa 6ornuk. 6ynmanign. Okum @0

yynram wj 6unaH ryna wnawraH 6ynu6, yHaa canT mwnawra moc
TecKapu 3.H0.K. HU XOCWUJl KUNaau:

A0 = “J&L o
Oknm @0 HMH! d M ra TeHr 6ynraH 6MpP KMCMU W2 4YyaramHu
Kecn6 yTumb, YyHOA TrecKapH Y3VHOYKUUA 3.10.K.HU UWHAOYKTUB-

naigm: E m — —j O M 10
AMMO pean wapoutaa M<1, 6ynraHugaHn \Ewm | < jf,0]

6ynagn. 3.l0.K. nap aimpmacn E[0—EM —Es= —x j{ Tawkn
TapKairaH OKuUMra Aowp xycycuih vHgyktmeimk Ld =(L, -M) pgaH
vnawraH oKum

.0 = WILIflHMHr T n, - w ,N1TLY, ra TeHr 6up-

namum w] dynram 6unaH unawiraH KMcMmgaH xocun éynaguraH sa
TapKairaH okmmra capnaHaértraH TeckKapy Y3VHOYKUUSAHUHT 3.10.K.
ne6 atanagn. LUyHaai Kunmb, sKBMBaNEHT anMallTUPULL CXeMacu-
para (4.18-pacm) (L, - M) Ba (L: -M) VUHAYKTUBAUKNAp W, Ba W:
ranTaknapgaru L Ba Ls wvHAyKTUBAMKNApHU wudoganaign. Tok
/2 HWHT MUKAOPW dBktar bupnamuun 3aH>XMPHUHE napamerpnapura
6ornnkK Oynmaini, MWKKuUnamuu 3aHXVUPHUHE napaMeTpnapura xam

6OrMUKANTU oKopuga anTuiraH 3gn. Jemak, /2 TOKHUHI OpTuLIn
(macanaH, q®> 0 N aKTUB-UHOYKTMB toKnamaga /, TOKHUHI Xam

opTuwmra onne Kenaaw. AMMO nurnHan TOK
/0 = /1+ /2 y3rapMacgaH Konmwiu yyyH /t Ba /2 ToOKnap-
HUHI opacugarn b6ypyak 90° gaH katTa 6ynagn. 4.19 - paem, a ga
aKTUB-MHAYKTUB XapakTepiu toknama ZI} =Ze & 6unaH toknaH-
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raH Tpamcop-MaTOpHMHI TOK Ba KyunaHuwinap BEKTOp Auarpam-

MHOM GepunraH. [Ouarpam-maga /, Ba /, TOKMApPHUHI BEKTOpP-

napv [gOesipAn  Kapama-kapwm  asaga, Aemak, |, TOKHUHI  X,ap
KaHpali opTuwM  (EKM  Kamaiuwm) TpaHcdopMaTopHUHT U, Kyu-
NAaHULWWINW  MaHGanaaH MWCTEbMON KWUNAETraH 10 TOKUHWHE  XyAau

ylwaHgan ysrapuwimnra onmb kKenagu: 4YyHKM TOK 1, Ba y XOCUN
KuaraH okum @0 ysrapumuicn3 KOAuuL Kepak. 4-18,6~pacMga ak-

Tne-curam toknamanm (ZIgj —Ze >PA) nu  TpaHCcHOPMaATOPHUHT
TOK Ba Kyu4laHuwnap BeKTOp Awuarpammacu KypcatwuiraH. [Ana-
rpaMMaga Kvpuwl TOKW 7,  TpaHcOpPMAaTOPHUHI hakaT nctebmon
TOKM MuKAopura 6ornuk bynman, dasacmra \am 6ornmk. [emak,
/3 CUIMM TOKMHUWHI aH4yarvHa katra (“miimaTtnapuga, TpaHcdopma-
Top (3NeKTpO-MarHUT annapaTr 6ynmwimnra Kapamail) TabMUHNOBYU
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TapMmoKna HucbataH aKTUB-CUTMM lOKnaMa X,McobnaHnm MyMKUH
(¢, < 0).

HOknaHraH TpaHcdopmaTopga acocuii unawraH okum W, «® o
6VIp}'IaVIl—II/I Ba WUKKUNamMyin MarHMTnoByYm KyudlaapHUHI TabCcpuaaH
xocun 6ynagu:
lbw ,+ i2w T = i(w, i,w, = -i2w 2+ i(w,, (*)
AbHU 6MpnamMyn TOKHUHI MarHMUTAOBYU KyUM UKKUIAMUU TOKHUHT
MarHuTcu3nawl TabCUPUHU MyBO3aHaTnab, WKKana u4ynram Y4yyH

yMyMUii 6ynraH okuMm D0 HU MUKZOPUIA >KXUXATLAH Yy3rapuuicu3
ywnab Typagn. TeHrnama (*) HM TOKnap reHrnamacura Kentuvpa-

.ow2 .t . ! .
Mu3: /j ~ -/2— + /0= /2 + /0, 6yHga O = —2n - kentn-
w\
w,
puiraH MKKunamum ToK; M= — Hucbat TpaHchopMarop-HUHr T

paHchopMaumanaw KosdpdhdpuuyumeHTwn

Arap pean wapoutga io « I, 6ynMwnHKU Xxucobra oncak, y
\onga
. W l I
éekm I, * 12—L=—, ékn T l2—w2:wt,
w, n

SAbHW  JyAramjapgarn  TOKNapHUHT  Hucbatu  TpaHcdopMaTop
yynramnapu ypamnap COHWHUHI Hucbatura Teckapu Mponopumo-
Hanauvp.

Bolka TOMOHZaH, calT WuWialW pPeXXnmMmuaa TpaHchopMaTop-
HUHT Tervwinya 6upnamMym Ba VKKUAaM4yn dyiramiapuaa VHAyK-
TUBNAHTAH 3.10.K. NTAPHUHT 3EKTUB KuiMaTnapu

E,= 4,44wtf ®0 Ba E2= 4,44w3f $o
&K

E 2 W2

Arap 6y pexxumga Uo = E2 Ba U0« E, Hn (Xd « XmBa 1
« 0 6ynraHum y4yyH) x,ucobra osncak,

w 1

U 10 : U 20 = n
w 2

[e6 €3M MyMKWH, SibHU TpaHcdopmaTop 6upnaMun Ba MKKUNaMuun
yynramnapy  KydnaHULNapUHUHE HUCGaTW LWy Jdynramnap ypamnap
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COHMHUHI HUcbaTuUra ryrpy nponopuuoHan (Ekn TpaHchopmauus
KoahpmumeHTura reur). [emak, TpaHcOpPMaTOpPHUHI TpaHcdop-
Maumsa KO3MMULUUCHTHHM eTapinya aHuKIMK 6unaH cant uwnaiy
pexxvumngaH Tonuwl MyMKuH: n = Um: U:0 .

TpaHcopmaTopga 6ynaguraH GU3NK >XapacHNapHUHT  MyXUM
XycycusaTnapugaH 6upu LWYyKW, YHUHT épJaMmuja 4YuKuiw KucMmuga
y3rapyByaH TOKHW KaMHATMPULL Xucobura KyulaHWLIHW OpTTUpULL
MYMKVH Ba akCuH4a:

ABHN UIlT * U2b

ByHUHr cababu LuyKn, TpaHcopMaTop 3aH>XXUPHUHT Y3 3Heprus
MaH6an 6ynmaraH naccvB SneMeHTUAMP, AbHU Yy MaH6agaH 6up-
namym  3aH>Xumpra KenTupuiaraH SHeprusHn TaxMMHaH yllaHgamn
MUKOOPAa WKKunamyn 3aHXkupra ysatagn (TpaHcdopm auuvsnanign).
TpaHcopmaTop dakaT TokK |, Ba Ky4ynaHuwl U, HUWHr
MUKAOpnapuHU Ternwnmya 1? sa U2ra y3raprupagu, NekKmH Kentu-
puvnaéTraH sHeprus MMKOOPWUHW y3rapTyponmaingu.

MaH6agaH KentTupunaétraH 3HeprusiHUHI MUKLOpW TpaHcdop-
MaTOPHUHI YMK.MLL KUCMUAArn toknama 6unaH pocTnaHagu.

TpaHcdopMaTop 3MeKTPOTEXHUKA coxacuga 3HI Kyrn TapkajiraH
annapargup. YHWHr épgamunga Typin 3HEPTrUs MCTEbMONYUNAPHUHT
KyunaHuwinapun crtaHgapt (0,22 kB, 0,38 kB, 1 kB, 3 kB, 6 KB,
35 kB, 110 kB, 220 KB Ba XK.) KyunaHuwnapra kKentmpunnt 50
My, yacToTann mMaH6a KyynaHuwinapm 6unaH mocnaluTupunagn.

KaTTa KyBBaT/M TpaHccopmaTopia w, Ba W: yynramiap mMaxcyc
MarHuT yTkasrmd (nynaT ysak) opkanm 6upnawtupuiaraH 6ynm6, y
opK.aiv  Yyynramnapapo WHAYKTUB 6ornaHuvwl  Xocun  KOTMHaaW.
Ynapgarn m3snK >kapaeHnap HOKopHAa Kypub6 yTuaraHnapra Hucba-
TaH aH4ya Mypakka6baup. By Tyrpuga Tervwnu mabiymoTnap KenuH-
rm 6ob6nappa 6aéH KunMHagw.
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V BOb
QNEKTP 3NMHXUWUPANAPUNAOATWN PE3OHAHC XOOAWNCAJTAPU

5.1. TebpaHuLl cuCTeMacu Ba pe3oHaHC Xxogucacu
(YMyMUii TyLwayH4Yanap)

PesoHaHC XxopgHeanap TebpaHuW cucTemManapuja, SbHU 3Hep-
rMAHUHI TebpaHub ysrapuwin pyH GepaguraH aneMeHTNU (3Heprusi
TYyrwoB4u) cuctemanapga cogHp bynagu. MaTemaTukK MasTHUK 6u-
naH 23nekrp TebpaHWLl KOHTYPU TeXHMKaja 3HI Kyn TapkairaH
TebpaHul cuctemagap'm xucobnaHagn (5.!-paem). MasTHUKHUHI
xgpakatyn (M WKanaHWW KydnapuHu *mcobra onmaraHga) kynugarm

TeHrnama 6unaH wndoganaHagm:

£/7/74
x=0
t
im
i=o
uc=Uo
to -0
x=0
i
] L md \
i=o0 i=1Ir i-0
+
m~C uc--Uo mmC
uc-U q
t4=T

5/1-paem
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o d2x
m i - mgx 0 (5.1)

6yHAa: m - MaATHUKHUHI Maccacu (Kr); t - MasTHUKHWHI y3yLiur*
rm (M); g - epHUHI TOPTULL Kydu Tes3naHmwun (m/c); X - oruwl 6yp-
yara (pag.). (5.1) HM Kylingarn KypuHMLga KaTa e3amus:

+ col X = O @ = 9 (5.2)

OYHUHT eynmmn aca

X ~ A mex cos cogt = X . COS @ 't (5.3)

;nﬁ(

6ynagn” AbHM TebpaHMa xapakaT xawm pObBb/-) uvacTtoTanu

CuHycouan KOHYHUAT 6unaH y3srapagn (5..2-pacwm).

Xypam wyHra yxwauw, C curmmra 6ownaHrud qo=CUo (Uo -
KOHZEeHcaTop Konjamanapugarn 6ownaHrny Ky4ynaHww) 3apsg 6e-
punran L-C  TebpaHuLl KOHTypupa 3neKTp yuwlaHaan TcbpaHagw.
3aH>XXMPHUHI MyBO3aHaT XonaTu TeHrnamacu
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CkKM - ~ + (0j)Uc - O, (5.4)

oynagn; 6byHga - u - C curumgarm oHui Kyudnanmw (B); L - KOH-

TYPHUHT uHaykTuenwn (MN); C -curum (®); w, =1V JI.C - KOH-

TYPHUHI Xycycui TebpaHuw yactoTacu (pag/c). (5.4)HUHT eynmn
mc = A wax COS ot = U () COSG)0t

o6ynagn, sibHM C curumgarn’ KyuaaHULHUHE TebpaHuwin aBBairn
nongarmra yxwaiw 4actota 6wunaH cuHycoujan K.OHyH acocumja
y3rapagn (5.2-pacwm),

MKkana cuctema y4dyH xam to=0, t:=T/2, t4&T Ba \.K. nainitnap-
[a CUCTEMAHWHI 3HEeprusicu noteHuywan 6ynmb6, t,=774, u=3T/4 Ba
A\K. nainTnapga ynap KMHETUK LWakira ytmwm my\umgup.

ONeKTp KOHTypuaa KOHAEHCATOPHWHI 31eKTp MaigoHu 3Hep-

rmacu W j - T

5.3-paem
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FanTakHUHI ManwTaBuii maligoHn 3sHepruscu WM- L -A'N Ta

JaBpuii paBuwiga avinaHu6 Typaam. AMMO pean TebpaHWULL cUcTe-
mManapuga (5.3-a paem) TebpaHMLIHWHI  amnautygacu A,
y3rapmai Konuwmra Kapluivk KypcaTtyBuM Kyynap OOMMO Mas-
Xyn. By aca uvwkpgnaHuw Kydnapy Ba TebpaHUll  KOHTYPUHUHE
aKTVB Kapwuvamru Tydannm MCCUKINK mepodn bynagn gemakaup.
AHa wynapra cuctemaga TynnaHraH SHEepPrusiHMHE 6Uup KUcmm capd
6ynagn. by aca TebpaHULl aMnAUTYOACUHWHI Xap 6up uuknga
MOHOTOH Kamas 6opuwura onmb Kenagw, AbHU TebpaHuW C Yy -
HYyBUYUM Teb6GpaHwWW pgeAnnagw,

lOkopunpga 6aéH KuamMHraH TebpaHUWl cucTemanapuga Tcbpa-
HUWNap KaTbWii, aHWK  4acToTaga cogmp 6ynmb6, by yvactoTa cuc-
TeMaHWHI hakaT UYKW MapamcTprapugaH aHUKNaHmo, Tallkn 3sHep-
s KNpUTraH 60oLNaHrmy MMNynbCHUHI MUKaopura 60rnmMkK amac.
LUYyHWUHr ydyyH 6yHpali TebpaHuwnap S pP KW H Teb-paH
Muwnap p[eb araragn.

TebpaHuL cucTemManapugarv 3pKuUH TebpaHunapHun y3r"PwmiC
amnaurygann Kmanb TyTub Typuwl yydyH yHAa wuepod 6ynaguraH
3Heprus  yYpHWUHM  Tawknm  MaHb6agaH TYynanpuné TypuL
Kepak. Arap mMaH6aHWHI TabCuUp 3TyBYM & yacToTacu TebpaHwuLL
CUCTEMACUHUHI XyCyCuUi TebpaHulunap 4acToTaenm 10 ra TeHr
6ynca, y \onga TebpaHuwnap TawkKapugaH MUHUMa 3Heprus wuc-
TebMON Kuanw xucobura caknaHagn. by aca pesoHaHc x,onatn ge-
Makoup. LWyHaaih kuamb, pes3oHaHcnuM TebpaHuLnap cucTtemacu
JeraHga Xycycuii TebpaHuLUnap 4acTOTaCUMHUWHI TallknM  Ky4dnap
(aHeprmna maHb6amn) 4vactoTtacu 6unaH Moc Tywmw \ogmcacu TyLuly-
HUnaawn.

OHAM  KeTMa-KeT, napanien Ba apanawl YynaHraH, 3Heprus
TynnoBun | Ba C 3NeMeEHTNIN 3NEKTP 3aHXMpnapga pe3oHaHC
x,oamcacu  pym  GEPULLMHUHT  alipyM  XYCYCUATNapuHu  Kypub
YMKannk.

5.2. R, L Ba C anemeHTNapum KeTMa-KeT ynaHraH
3aHXMpAa pe3oHaHC (Ky4dnaHuwnap pe3oHaHCK)

u = Umsiruot KyunaHuw MaHGaura akTuB T, UHAYKTUB xI=ad
Ba CUIUM Xc:—C Kapwuanknap KeTMa-KeT yfaHraH 3aHXup
«

6epunraH, pne6b
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*1

5.4-paem

hapa3 kunanuk (5.4-a paem). 3aH>XUPHUHI MyBO3aHaT TeHrnamacwu
(KNPXTOPHUHT MKKUHYM KOHYHUra Kypa)

eKn

m dCIZ X2 mgx (5.5)

TeHrnaMa KOMMMEKC LUAKN4a e3unraHga

ri + j coLi + - = U (5.6)
6ynaan. 3aH>KVPHVHI KOMMNEKC KapLUWIUMK:

Z-:+ /( ool - toe ) - r+jX:_de

3aH>XKypga pesoHaHC X,0gMmcacu cogump bynraHga, yHra 6epunaértraH
KyuyflaHuW aKTUB mMpliunnmkgarn U,  KyYnaHMWHWHI nacainiwimHn
rynaHpunmé TypuLIM Kepak:

7] = ri = n
By w Ej_- Eﬁ 6ynraHga, EKU
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cob = b , SIbHN peakTUB 3NeMEHTNapHUHI KapLWMKIapu y3apo
i

TeHr (X~=xg 6ynraHga MyMKWUH. Pe3oHaHC Baktnga Ba

(p=0 6ynn6, 3arxumpgarn ToK | 6unaH maHb6a KyunaHuwm U 6up
Xun aszaga Typagn. PesoHaHC nalTyM ydyH TOK Ba KyunaHulinap-
HWUHI BeKTop pAuarpammacu 5.4-6 pacmga 6epunraH. Pe3oHaHC
xofaTura acocaMm WKKuUTa ycyn 6unaH apuimnnagun:

a) TebpaHULl KOHTYPUHUWHI napameTpnapu y3rapmac (L=const
Ba C=const ) 6ynraHga, maH6a 4yacToTaen @ HU ysrapTtupué (POCT-
nab) xycycui TebpaHuLnap 4actoTaeu 6unaH TewnawTumpwuna-

am: @O ~ o ekn

1 ?
aa = — —, oc0OLC= 1

6) MaHb6a uyacToTaenm ysrapmac (co-const) 6ynraHga Teb6paHuLL
KOHTYpU napameTpnapy L (kum G) OUPOPTACUHU y3raPTuPus.
Kylngarn TEHMIMK *OCUN KUINHaAW:

1 1
T — N —mmmemmmeee
(0] 2 0 — ™™
& C co L
1
ByHpa @©O—C»-—r=; yacToTa pe3O0OHaHC YacToTa
vV LC

C WU pgeinnagn. Pe3oHaHC BakKTuZa 3aHXXWUPHWHE Tyna Kapluanrn
MUHUMan K,uiAmaTra spuwaan: bo¥l = 1 , (XL - Xc = O 6ynraHu
yuyH). By Bak,Toa MaH6agaH MakCMMyM TOK WUCTEBMOS KWIMHALM:

U
A M akc ~ p €@y r
By Tok y3 HaBbaTmga kartta mukgopparn peaktms UL = | xL

Ba Uc-1 xc KyynaHumwinapHu \ocun kKunagn: 6y KydnaHuwinap maH-
6a KydnaHmwnm U pgaH 6ump Heya MapTa Karta O6ynuwm MyMKUWH.
KyunaHuwinap pe3oHaHCU Jeiuil xam aHa LUyHOaH Kennb YMKKaH.

PeakTmB Ky4unaHuLLNap MWUKZOPUIA >Kux,atogH MaHb6a (EKU ak-
TUB) Ky4ynaHHWIAaH Heya MapTa kKaTtTa oynuwiura 6ornvk. Pe3oHaHC
BaK, TUaA
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SBHU raiTak BA  KOHAEHCaTOp  peakTVB  KapLUTUTUHWHT
Mukgopnapn (L : C) Hucbatra 60rnmk:

P = Om

By Hucbat Kapwminmk 6mpnmrmn yndyamura ara éynranmpgaH Te6-
paHULW KOHTYPUHUHI T Y N KUH Kapw mna mniun peb atara-

an.
Peaktne kyudnaHuwnap U0 =U® HUHr U gaH Heya mapTa Kart-
Tanurn Kymmparn HucbaTgaH aHuKnaHagwu:

O=Ulo = ¥Yco.= =£
U U r’

OyHOa: Q - KOHTYPHUHI capXuninmrwu ékm cudgart
KoadduumuumeHTN [Aelinnaan, yHra Teckapu GynraH MUKAoOp

d=-L =~ /
o p

KOHTYPHWUHT Ccy Huwwu gelimnagw.

5.3. KeTMa-KeT ynaHraH pe3oHaHC 3aH>XMPHWHI YacToTaBuii
XapakTepucTukanapu (pe3oHaHC 3rpy Yn3nkKnapH)

5.5-pacmga 3aHXXWUPHUHI Tyna Kapwuamrn Z Ba YHWUHT
TaWKnn aTyBUMnapu r Ba X, WYHUHIAeK, bypyak cumkuwun ¢  HU
MaHb6a 4YacToTaCMHUHI y3rapuwm €0 —Var ra (MaH6a Kyuna-HULIN
y3rapmac U-const 6ynraHga) OGOrMMUKAUTUHUHE 3Py Yn3uKaapu

KypcaTuiraH. Z(m) = Lot \eoL -1 QYHKUMANM 3rpU UMBUK, M

HUHF 0 JaH <X rama yarapraHga r(w) TyrpyM u4msmk Ba X(<0) arpm
UMBNKNAPHUHI KoopAMHaTaNapuHN reoMeTPUK K,yLLUMLL HaTmKacmaa
xocun kunuHraH (5.5-a paem).

AKTUB KapwminkK r HWHIK KUAMaT TOKHUHI 4acTtoTacura
6ornmk amac (byHgaH paguo YyacToTanu 3aHXupnap MycTacHOo),
AbHM {ro) abuuccanap ykmgaH r mMacodaga >KomnawuraH Tyrpu um-
3UKOMP. X peakTUB KapLWAWMK -oc faH 4cC rada ysrapagu, sibHU
X(0)=- * Ba X(oc)=x 6ynraH X(oc) arpu uum3urH 6unaH wndo-
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ndoganaHagn. Pe3oHaHC naiiTunga fw=cu(@. wt---—=0
m(Ic

oynraHn yuyH X=0. LWy Tydainm Tyna Kapwmnmnk 2{C0) HUHI
MaHb6a u4acTtoTtacura 6otamknmrn Z(0) - -oo. Z(0)t) r Ba 7(oc) Te-

rMwnnya Hom, pe3oHaHC Ba YEKCM3 KaTTa 4yacTtoTanapra Moc KenyB-
UM yuTa xapakTepnum Kunmatra ara. LyHra moc paBuwiga oasa

cumKMLLK bypyarn ¢ kam ysrapagu:

toL ~ —

¢ = arctgy oC

By 5.5-6 pacmparu d@>) arpy umsvkgmp. Arap co=0 b6ynca, 3aH>Xup

n
CUIMM XapaKTepHra ara, sibHU C->@ ga Yy WHAYKTUB

n
xapakTepra ara, fibHU ¢-» -. Pe3oHaHC HykTacuga (Ww=0)Q) 3aH>Xup

aKTUB XapakTepra ara, sibHM @ = 0 6ynn6, roK MaHb6a Ky4naHuLin
6unaH dasa >kmxaTugaH yctMma-yct rywagu. LyHpaih knnnb, co-0>()
HyKTacmaa 3aHXup XapakTepu curumpaH wHayktuera y3s|aPalu-
OHeprus  ucpod b6ynmangmraH wnpean (r=0) KOHTyp Kypub
ynKmaraHga 3aHXkup XapakTepu cakpawl 6unaH ysrapmb, (M=0)o)

HyKTaga cumkuwl Obypyarn . =- LaH 1 raya ysrapagwu,
2 2
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AgbHU "dhaza TyHTapuiwumun” cogmp bynagu. 3HoM Tok 1(co) Ba Kyd-
nanmw U.(o B1 UL(co) napHUNr 3aHXup KuUcManapugarn Kydna-
HUW 3dhdekTMB KuimaTtn ysrapmac (U=const) 6ynraHga, ynapHUHr
MaHb6a 4vacToTacura 60rMMKINIUHU Kypub dmkamu:;.

Arpyn umsmk Z(co) ra 6mHoaH (5.5-a paem) TOK

r- n: Ierz w(, - LY Yactora w=0 oéynraHga, Z(0) =ocbynraHu
\ v wCj

y4YyH Hofara TeHr. HongaH 6owna6 1(co) arpym 4msurm co=co0 HyKTaga
MakcuMyMra apuiagy; 4YyHkm 6y epga Z(0)0) = r, SbHU MUHUMaN-
avp. WyHaan cymr Z{co) -+ (5 6-pacm) Tydhanm Honrada MOHO-
TOH Kamasi 6opagw.

5.6-pacm

arpu umnsmnk U/<fl)=rl(co) kaHpgaignp y3ra macwTtadbga 1(w) arpu
UN3NKIN TakKpoprangn Ba YHUHI MaKCUMyM U 6ynraHga (peso-
HaHC) KMpUW Ky4ynaHuwun U ra TeHr. VHOYKTUBAMK Ba curmmgaruv
KyYnaHuwnap Tervwnmua kKyhingarn dqyHkumsnap éunaH wdopana-

Haau:



m =_1L= = Uc (w).

(oC. rr5+(coL - ! /j

\Y | «C j

YactoTa Ww=0 Ba «-0C OynraHga ynapHUHI MUKAOPU Terninuya
UL0)=0; Uc(0)=U Ba UL<x) =U, Uc(°c)=0 6ynagn. ByHWUHr cababu
Kyhngarnya: «=() 6ynraHga TOK 1=0 Ba MaHb6aHWHr 6apya Kyuna-
HULWIN KOHAeHcaTop C HUHI KMcManapura TynnaHagn; YyHKU YHUHT
KapLmnnurm ysrapmac TOK 6yiinya ra TeHr. Yactota m -» o ga
TOK $Ha HoONArada Kamarinb, MaHGaHWMHI KyuynaHUuwM  rantak

Kncmanapura TynnaHagu; YyHKW YHUHT Kapwunurn X, =«L  uek*

cn3 kKatTta 6ynagm. PesoHaHc HykTacmpa (cc™cOo) UL Ba Uc Kyuyna-
HUWNAp y3apo TeHr Ba 6UP-BUPUHWM KOMITEHCAUMANanan, UYyHKM

IXL=IXc—p, MaH6aHUHI Ky4ynaHULLIW 3ca aKTUB KapLUMINK T HUHT

KncManapuga Ttywaan. TynkuH kKapwwuamrn  p> 1 (Q>1 Ba d<i)
oynraHga, UL=UC >U 6ynnwu tokopuga avtuiaradH saun. [emak,

Ul(co) Ba Uc((0) dyHKUuuanap aéH undoganaHraH mMakcumymnapra

ara 6ynmwmn kepak. by dyHkumanap Ul(co) Ba Uc(co) akcTpemyMm-
NnapyHU MaBXXyj[, LapTnapygaH aHukKiaw KUAWH 3mac:

dr:'='i o U 1Yc(£)=0 1
do> 11 dco L J
By TeHrnamanapHUHI euuMnapy Kyiingaruva:
, wo B ooc =omJi- 92
- R

Jdemak, UL(00) hyHKUNAHUHT Makcumymun ool > a0 Ba Uc(co) doyHK-
UVSHUHT MakKcuMymmn ac<co(HacToTanapra Tyrpu kKenagm (5.6-pacm).

Arap d >1 6ynca, UL (co) Ba Wc (cO) napHWUHI 3rpm 4msmknapu
MOHOTOH XapakTepra ara 6ynm6, aébuuccanap ykm 6unaH U=const
TYTPWY YM3NK OpaiMrnra ><omnawuagu.

5.6-pacmpga kentupunraH [(co), UKto). UL(co) Ba Uc(co) napHUHT
60TnaHMLWNIapn pPe3oHaHC 3aHXUPUHUHIT YyacToTaBui xa
pakKTepuncTmkKka €éKM pe3oOHaHC 3rpm 4YM3uUK
napwv pgehvnagn.

NH>xkeHepnmK \mcobnawnapga 1(w) srpy YMSUTMHUHE 4YacToTa-
BUA xapakTepucTukam I/Iref(r]) kynpok amanuii axgmusaTra ara.
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0
AbHU TOK | ypHura 1/1,, HmucbaT, yactota @ YypHura aca /; -

1
Hucbat onuHraH (6y epga /0= — Ba 00— ); Yy X,onga:

e L b0

i dv ay
5.7-pacMga 0< d <2 K,uimarnapn yyyH KypunaraH I/Inef(TA) vacTo-
TaBUii XapakTepucTukanap b6epunraH. MU UYMINKNAPHUHT LWaKIn

akaT KOHTYPHMWUHT CY H W LW N T abornmkiurn da-
hHKAAH KYpUHMG Typmban. KOHTYPHUHI CYHULIM KaHYaMK KaTTa
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6ynca, I/1=f(r]) arpy 4ym3amkK LwWyH4YaNUK ETUK, Bynaam Ba akKCUH4a,
KOHTYPHUHI cyHUWwH d knumk 6ynraHpga (Ekm Q katra 6ynraHga)
PE30HaAHC 3rpyu YU3NKAAPHUHT TUKAUTU 6Up MyHYa opTagun, SbHU
YacTOTaHUHI y3rapuiunra TOKHUHT peakuMsACUCEKMHPOK bynaan. By
nonnapja pes3oHaHCc aéH mdoganaHraH 6ynm6, ULea U( KyuynaHwuL-
nap mMukgopu o>kum\atugaH MaHba KyuynaHmwmaan KeckuH  diapk.
Kenagn. By TebpaHMW KOHTYpPUHWU MaHGaHWHI yMyMWI 4dacToTana-
pu crnekTpugaH 6upopTa aHWK, 4YactoTara cosjaraHga Myx.Um
axgMudaTra ara.

5.1-mucon. [lMapameTpnapm j-0,5 Om, b=0,01 Ba O 104 o®
6ynraH 3arxupga (5.4-a paem) KydynaHuwinap pes3oHaHc!i mMaBXxy/.
3aH>kupra 6epunaérraH KyudnaHULIHMHI 3chdekTmB K.uiivatn U=1B.
3aH>XUp aneMeHTMAarn TOK Ba KydlaHWL MaH6a TOKWMHWHI 4acTo-
Tacu, 3aHXXMPHUHE TYNKMH KapLuWIuiM p. KOHTYPHUHT aeiK Ko-
adhpuymeHT (Q) Ba cyHUw (d) aHMKAAHCUWN.

E 4 n w. Pe3oHaHC nanmTujall 3aHXumpgaru ToK;

m=4 =_1=2a
0 r 0,5

3aHXUpHUHT . L Ba C a3neMeHTaapugarm KyunaHuwnap Te-
rMLInya;

UL=IxL=1 (onL=1 p=2 -—j =20B

Uc - U, =20B
MaHb6a TOKWHUHI 4YacToTaeun

- 00 - ----y 4 - O3 Par/
VLC VIO 2 1074
TebpaHULL KOHTYPUHUHT TYJIKUH KapLUWUAWIK:

p = = Vio7 =10 om

TebpaHULW KOHTYPUHUHI aennnkK Koah(pUUMEHTN Ba CYHWLUH
Tervwnmya

Q=-=--=20. 4= =0,05
Q

6ynagun



54. 9, L Ba C anemeHTnapwu napasnnen ynaHraH
3aH>XXUppa pe3oHaHC (Toknap pe3oHaHCcu)

YTKasyBYaHAuknapu Tervwnmnya g, bl=l/ooL Ba bc=«C 6ynraH
aKTmB, WHAOYKTUB Ba CUITMM TapMoKnapfaH Ty3wiraH napannen 3a-

HXUp u=Unsino)t Ky4ynaHuw MaHb6Gaura ynaHraH (5.8 a-pacm) ae6

hapas Kunanuk. 3aH>XMPHUHE  MyBO3aHaT XonaTu TeHrnamacu
(KNpXrohHUHr 6UprHUYM KOHYHUra Kypa):

1=Jg + IL + EKM
i- gu +%jfudt +(~:gu__ (5.7)

di
(5.7) TeHrnamaHu KOMMeKC WakKnga MiTa éscak,

guU + + jooCU - i (5.8)
jco L
3aH)KI/IpHVIHF KOMMNeKC Tyna YyTKasyBYaH/IUTN:
| /'t n
Y- —=9~j] -——- ®C
U coL
Pe3oHaHC waptn O6yrnya O6yTyH 3aHXXMPHUHI 4YoKM | akTuB
TapmMmokaarum TOKKa TEeHTr:
ig = gu =i

By hakT rastak Ba CUTMMHUWHI pPeakTUB YTKasyBYaHIUKIAPU TeHr

(bl=br) 6ynranHga, ssbHM b:Et—L wc% =0 pga MyMKWH Gynagn. Y
(0]

xonga Y=g Ba =0 6ynaaw.



JemMak. pes3oHaHC HHHTMAA 3aHXUPHUHT  Tapmok/ian MaraH
Kucmmgarn 1ok | maHb6a KyunaHuw U 6unaH hasa >kuxatungaH yc
TMa-ycT Tywagn. Pe3oHaHC nairm ydyi TOK Ba KyYNaHULLHWHE
BeKTOp Anadammacu 5.8-6 paempga 6epunraH. dnemMeHTNapm KeTma-
KeT ynaHraH 3salxupparn kabw, napannen ynaHraH 3saHxupga \am
pe3oHaHC MKKW ycynaa:

a) 3aHXMpPHUHT napameTtpnapy L Ba C ysrapmac (L=const Ba
C-const) 6ynca, MaH6aHUHI poCTnaHyB4YM 4vacToTacuHu (co) Tebpa-

1
HULL KOHTYPUHUHT Xycycuii yactoTacura (coO= r=-~) pocTnail;
L

6) TebpaHMLl KOHTYPUHUHI 4YacTtoTaem o0 HM L (Ekm C) napa-
MeTprapugaH 6upopTacuHM y3rapTmpull X,ucobura maHba 4vacTtoTa-

CN @ HUHI KuAMaTurava L= (Ekn C- ) 6ynaguraH
0)'C ci'L

K,Winb ysraptmpuwl ycynm 6unaH \ocun KunnHagwn. ByHpa @ = 0)0

- pe30HaHC 4acToTacu.

Pe3soHaHc maiitugs (bL- bc)=0 6ynraHun yuyyH 3aH>XXUPHUHI Tyna
yTKasyBYaHIMIM MuHuMan Y nireg kuiimatra spuwaan. by Baktga
3aHXXVUPHUHI MaHb6aaH WCTCbMON KunaéTraH TOKU XamM MWUHUMan
6ynaau:

min - pHK ~

AMMO y3apo KomrneHcayusinaHraH |L—J/col Ba lc~coCU peak-
TUB TOKNap MUKAOPNapW >XuxatungaH MaHb6ajaH KenaétraH ymymuia
TOK | gaH 6up MyH4Ya OpTUO KETULLIN MYMKUH. LUYHUHr yuyyH X.am
6y xoamca TOKnNap pe3oH aHe un paeb atanagn. Peak-

TUB yTKa3yBYyaHNUK bL Ba bc nap kaH4yaimk kartta bynca, IL Ba ic
Toknap \am LyH4YanMK KaTTta 6ynagu:

e AT

6yHAa y - pe3oHaHCAM napanfien ynaHraH 3aH>XUPHUHT (Te6paHuLl

KOHTYPUHUHI) T Y N1 K U H yTKas3yBYaHAINTMN
aevinnaan.
IL0O = lco HUHF | = 1pi gaH Heya Kappa KaTTaimrn Kyhangarn
HucbatgaH aHuKnaHagw:
Q= +4+0 _ 1cO _ vyu _ Y
| | gu g
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6yHpa: Q KOHTYpHUHr c ap\ m inumrun ékm cumdpatT KO -
shdPuMuyumneHTBl, yHra TecKapyu MUKAOP

o y
KOHTYPHUWUHT CYHUWWMWKU AeAnnagu.

5.5. Pe3oHaHcAM Mapannen ynaHraH 3aHXWUPHUHE YacToTaBWUi
XapakKTepucTuKanapun (pe3oHaHC arpu 4YmsmkKnapmu)

5.9-pacMaa 3aHXWPHUHT Tyna yTKasyBYaHAUIN Yy Ba YHUHT

TalWKWa aTyBuYMNapu ¢ Ba b, WYHMHrAeK ¢asa cumxkuwm bypyarn o
HUHT (MaH6a Ky4ynaHuwmn ysrapmac U=consl 6ynraHga) ysrapyB4aH

yactorara co=vai‘ GOrIMKJAUIMHM KypcaryBuuM 3rpu uyumsmkgap Ge-

puaraH. 9rpu 4umsmk y(0>) ~ — 0>C] uvactota © HUHr O
\Y

)

JaH oc rava ysrapywunjaH Kenub 4mkkaH Tyrpym uumsmk. g(0)) Ba ar-

pu 4M3nK b(co) NapHWHT OpAUHATaNapuHU FeoOMeTPUK KYLIULL



HaTmXxacmga onumHagH (5.9-a paem). AKTMB YyTKasyBYaHIUK (¢
HUWHT KMiAMaTW MaHb6a TOKMHWHI YacToTacura 6ornmk amac (byHgam

paguo 4yactoTanu 3aHXupnap u4ycTacHo) fAbHM  g(co) abuwuccanap
yKugaH g Macodaga oKohnawiraH Tyrpm  4usmkaup. PeakTuBs

yTKasyBYaHNINK b=--1— bIC, Db(0)- 0 gaH b(») - -<» rava
11

y3rapagmn Ba 5..9-a pacmparu b(0>) arpu umsmkgaH ubopat bynagw.

PesoHaHC nahTuga (co=a>n  6ynraHpga) c=0 6ynraHu

YUYYH Yy Honra TeHr. Wy Tydannm Tyna yTkasyBYaHAuMK Y (co) 6unaH
MaHb6a yacToTacu opacuparu 6oTnaHuwnap
Y(0) =qo, Y(fax0) =g Ba Y(oc) =oc TeruvwnmMya HOJN, pe30OHaAHC Ba
YeKCM3 KaTTa u4acToTanapra MOC KelyBYM ydTa XapakTepnu
Kuiimatra asra. LyHra moc paBuwga ¢asza cu/mkuwun 6bypyarm o
X,aMm y3rapagu:

b|l. - bC
b - actg °
g
Ba 5.9-6 pacmparu ¢ (0) arpu umsmkpaH ubopat 6ynagu. Yactota
A
I=yU-Vg2+ (i/to-coC)2 « U
C >

5.10-pacm.
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Q-0 6y/.raHga 3aHXuUp WMHAYKTUB XxapakTtepra (p=Tr/2), a»— aa
aca y CuUrmm xapakTteprm ara (¢p=-17/2) 6ynaau. Pe3oHaHC nantmnga
(0)--co0) 3aHXMp aKTUB XapakTepHa apuwagn (<p=0), 6yTyH 3aHXup-
HUHT TOKM MaH6a KyunaHuwun 6unaH ¢asa 6yiinya ycTma-ycT Ty-
wagn.  KyunaHuwnap  pc3oHaHcum — Kabu  yacToTaHMHr  co=wo0
HYKTacugaH yTULIN 3aHXUP XapakT epu HUHT y3rapuwun 6unaH 6up-
ra cogup 6ynagn. AmMMO OyHAa 3aHXUP WHAYKTMB XapakTepgaH
CUIrMM XapakTepura yTagun. AKTWB YyTKaszyBYaHnuk @g=0 6ynraHpa
(ucpohcms KoHTyp) 6y yTuw cakpawewumoH 6ynagu. PesoHaHc
HykTacuga (co=«0) ¢asza cumkmwmn 6ypyaTt ¢p=n/2 fgaH ¢--1/2 rava
cakpab ysrapagu, fbHM (pasa "TyHTapuauwH' cogup 6ynagum. MaH-
6a KydynaHuwun 6unaH  3aHXWUPHUHI  napameTpnapu ysraPmac
(U-const, L=const sa C-const) 6ynraHga Ba maH6a uacToTaeu
co=0-KX rava ysrapraHga onuHraH [(co), | (co), Mw) Ba lc(<i) Kabu
yacToTaBUii  xapaKTepucTuKa;rapu. (pe3oHaHC 3lpu YH3MKgapw)
5.10-pacmpa KypcatunraH. AKTUH yTKasyBYaH/auMkgarun Tok lg u4ac-
ToTara 6ornmk 6ynmaraHm Tydannm L-const Typwu umsmkaup. WH-
AYKTUBANKAArH ToK ft-L70)L MaH6a WKWHWHI 4yacToTacura TecKa-
py nponopunoHan, AbHM 0)-0 6ynrauva.:, YeKCusNMKKa TeHr Ba
w -» oc jga Honra tywagu. C.ummgmn' TOK 10=coCU wyacToTara
Tyn nponopHuoHar! 6ynu6. YHUHr Ob;garrmwim Tygu uUusmnk, 6u
naH wdogananagn. Y3HHUHT TawKua yn <;ynnapugaH dapku

ynapok,, Tyna TOKHUHI 3adu uyumsnru I(w) - U-~Mg2+ --coe]" pe-

30HaHC Hyk,Tac.mga to=co0 yactoTara MOC KenyBuYM aéH VICbO,CI.aﬂaH-

raH MUHMMyMra ara Injn = Ug; © -0 Ba 00 —0c ga 1(CO)HWUHr
KNiAMaTn YeKCU3NNKKa WHTUAAAWN.

5.6. dnemeHTNapn KeTMa-KeT Ba Mapasien ynaHrad
PE30HAHCNN 3aHXMPAA IHEPTUSHUHT TebpaHULLIn

TebpaHull cUCTEM alapn Pe30HaHC pexXunmufa ysura Xoc Xycy-
cHATra 3ara 6ynu6, 6y cucTemManapHWUHI 3Heprus TynjaoBYM 3fe-
MeHTnapuga (TebpaHuMw KOHTYpuMHUHT L Ba C a3nemeHTnapmpga)
3Heprus MaHbara KalTapunamacgaH, 3/ieMeHTNap opacupa aiinaHub
topagu. byHra saHxupgarn TebpaHUWHWHT 6up faspu mnuunga L Ba
C oancMeHTnapfa OHWI KYBBaTHWHI Yy3rapuwuHW Kypub 4YuKunb6
WWOHY XOCWU/ KWUAMW MYMKWUH. MacanaH. afeMeHTNapu KeTma-KeT
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ynaHraH saHxwupga (5.4-a paem) KyunaHuwnap pe3oHaHcu pyli b6ep-
raHga oOHWI  TOK  iMlNsincot  MaH6aHMHT  OHMIA  Ky4jiaHuLwu
i“U~sincot 6unaH (asa 6byinmya ycTma-ycT Tywagu. PeakTus 3ane-
MeHTNapfarn KyunaHuwnap Kyiumaarn KOoHyH 6wunaH ysrapagw:

di |
M - L— =cooLImcos «01 BA UC = - — _-cos ot
dt onC
AbHW Kapama-Kapwwu asaga Oynagn. WHAYKTMB Ba CUIMM  ane-
MeHTNapuaarn OHWiA KyBBaT/iap Teruwnu4ya Kyiugarnda oynagu:

PL —uti— (LI fmsin (0t mos w()t = 0)<)LI > sin 20)(t = Uj Isin 2w (t
. 2 . . 12 . .
P- - Li(d ~ ----— sino”T «C0S0.jt - ---—-sin2<x>Qt = - U ¢ Isin2©Qt
©oe “0”

AMMO pe3oHaHc nalitmga 4§ 1 =UC6ynraHn yuyyH uctaraH Baktga PL
+ Pc =0 6ynagn. Bow K ' romoHgaH. OHWIA KyBBaT/Iap

pL o Lrru® o 24T {0 Wy
<& di

21 d
An r dwmi’m dw,.
Pc 4—ttur5i SRR !’11‘—5t
MUKAOP XWUX,aTWfaH rantak varus . .MnAnoHm [w 2 Ba KOH-

e T

OEHCATOPHUHT 3N1eKTp MaigoHMra \w A~ | ] 3HEepPrUsiHUHT KUpUG

2
Kenuw Te3nuru 6unaH aHuKgaHagu. f) Yy ,g-\-g-/H- + g-\é\t-/r. =0 EKKn
t

WMHW, =const, sSbHM MagoHnap 3HeprusiapuHUHT HWNTUHAKCK

nuctaraH BakKTAa ysrapmac gemakaup. 5.11-pacmpa rantakgaru Tok if
cUrMmaarn KydnaHuw u Ba MHAYKTMB L Kampga curum C 3nemMeHT-
napuvga TynnaHraH 3Heprusnap OHWA  KuliMaTAapuHWHT  y3rapuu
KOHYHUATNApU KypcaTusra.

3Arpy 4usmk wMt) Ba w3t) napfaH OHUIA KuiimaTnapu WUTUHAUCK
y3rapmMac 3KaH/Auru SKKoA KYpuHUO Typubam:

W 4w, =2Mgho fit + QUL 52 Hm clem oot
m o2 W 2 u 2 2
UYHKM 4acToTa co=a>0 fa
L
C
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KOHAEHCATOPHMHI 301eKrp MaingoHn sHepruscn to =0. U =T/2.

t4 -T Ba XK. (KyunaHuw uc(t) Y3MHUHI amMnauTygasuii +(Jan
KuiimaTura 3puwrad) nadTnapuga MakCUMyMmra 3puiiagyn, SbHu

=C KyuynaHuw uc(l) HongaH yTaéTraH naiTaa

IOKOpuga KypcaTuiraH 3Heprua Xam Honra TeHr. [anTakHWHr Mmar-

HWT MaiiioHn 3Heprusicn t,=T/4. t,=3T/4. u=5T/4 Ba X K. NaiTna-
puaa,  SbHU i(t)  TOKHUHT  M'N -UMyrngapuga  MakcuMmag

Wm L 1lxj 6ynmb6, 6yryH 3a'\.<UPHWHT OHWIA TOKW HOAra

TeHr OynraHga, y xgMm Honra TeHr ,5.! 1-paem). KoHpgeHcaTopgaru
KyUnaHuw uc MyTNOK KUAMATUHUHI Kamas 6opuwin GunaH anekTp
MaiifoH aHeprusich W, xam Kamas 6ewnaign, aMmmo W, HUHF Ka-
Mas GopulIM HaTuMXKacufa MarHWT MaigoH sHeprusicn WM HUHE
opTa 6opuwn 6unaH 6up BakTha [aBOM 3Tagu Ba akCuHYa. LLyH-
fall Knamb, TebpaHUW KOHTYPWHUHT 3EKTPOMAarHUT MaifoH 3Hep-
TMACUHUHT  AnrmHauen  LI'=CUc2=const  6ynub,  y3rapuiueuns
Konagw, SbHW 3Heprusa rox KoHAeHcaTopfa, rox rantakga Has6art-
Ma-HaBbaT TynjaHagu. AKTVB KapLIWAWK T fa UCCMK/MKKA aiinaHa-
€TraH 3SHEPrUSHUHT YPHW MaHb6ajaH Yy3nyKcu3 Tynaupunué Typagu.
LLyHaain kunmb, OyTyH 3aHXWMpHUHT KyBBaTM P = Ul = Ud = 12
3/IEMEHT T Aa MUCTEbMON KUMaéTraH akTuB KyBBaTra TEHT.

Mapagnen TebpaHUW KOHTypuaa \aM 3HEPTrUsHUHT aiinaHno
HOpULL KOHYHNATU tokopuga 6aéH aTunraHnapgaH xed KaHgan apk,
Kunmamnan.
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5.7. DnemeHTNapn apanall ynaHraH saHxupja
pe3oHaHC xogucanap

YMyMaH aiiTraHga, pesoHaHC xaaucanapu Tapkmomga L Ba C
3HEpPrus TYNAOBYM 3neMeHTNap (YNapHUHI COHWM Ba yNaH UL YCynu-
[aH, LWYHHHTLEK, Pe3nucTopin 3N1eMeHTNapHUHT COHU Ba YNaHWLK-
JaH K,aTbW Hasap) 6ynraH X,ap KaHAak Mypakkab 3aHXupga naingo
Oynuwn MyMKUH. Apanawl ynaHraH pe3oHaHCNW 3aHXupnapfaH SHr
Kyn TapkanraHnapu Tapsumga 5.12-a pacmpa GepunraH cxemamu
Kypr6é  uvMkainuk.  ByHAail  3aHXUPHUHT  Tyna  KOMIMJ/eKc
KapLumanru:

KacpHuMHT  cypaT Ba  MaxpaXMHM

Kynantnpmb, Mypakkab  OynmaraH  y3rapuwnap  KuUputuo,
KyingarmHn \ocun Kuamw MyMKWH;

OyHga:  Ba X, - OYTYH 3aHXWPHWHT 3KBUBANEHT aKTUB Ba peakTuB
KapLumavknap.

Xap KaHAal 3aHXupga pe3oHaHC \ocMn OYNMLIUHWUHE acocuii
Genrncn BYTYH 3aHXuMpgar TOKHMHI MaHb6a KydnaHuwun 6unaH
thasa Oyinya ycTMa-ycT Tywuwmgup, Wy Tydahnm Kypub
YMKMNaéTraH 3aHxup ydyH X.=0 wapT 6aapHAWLIW NO3UM, SbHMU;

Jemak, 5 12-a pacmgarn 3aHXWPHUHI pe30HaHC YacToTaew:



Kerua-keT r;i napannen ynaHraH ofavidi arxupnapfaH gpapmu
yaapoK. Oy vacTora (akaTrmHa 3sHepws TyHAOHYM |- Ba C ane-
MeuTTapgaH napametp.lapura 6ornuk 6ynmacgab. I, Ba I, akTuB
KapwunHknapra \am  6ornuk.  Pean  TeGpaHWW  KOHTYPWUWH
\ncobnawpga OyHWM OUAMLW MYXMM axamusaTra ara, YyHKu wpean-
nawiTUpuaraH  ;amxHp[ M KaHgaih xycycuat Gepmainuk, 6apu 6up
pean mHAykTMB Fa.nak L Ba cukmum C umgean ¢asa enpkuwmnra ara
oynmaingn. Amanga  \ap KaHZali WHOYKTVUBAMK CUMAAH YypanraH
l-anTak 6ynunb, YHWUHI aKTMB KapLiMAWUIK HOoWa TeHr 3amac. [ro0,
LUYWMNHIOeK, pean KOHAEHCATOPHWHI Konjamanapu opacujaru xap
KaHJall OuaneKTpuK 6up 03 OyAcafa, akTWB YrkasyBYaHMKKa 3ra
(gc/i)). MyxaHgucnmk xucobnawnapupa 5.12-a paem pga 6epunraH
3aHXUpLaryM aKTMB KapLwWauK T HU KynuH4Ya Hon fe6 OAvHagw,
abHm  i\-0. Y xonga (*) Kyihmparm KypuHuwra ara 6ynagw:

o N M

*%x
Jlc Vvi-C 1/ )

AKTUB Kapwiunuknap r 6ynraH xonaT anoxuia

r Vc
Kuankiw  TyTaupagu. (*) TeHrnuk 6yinya pe3oHaHC 4acTtoTacu

0]
... Nnoanunknuk, AbHU 3aHXUp MaHO6aNHMLL Xap KaHpan 4ac-

ToTacmfa pe.doHaHc Oyna onagm. By r(=mr \;é lwapTura puos

KHANHraHga Do12-a paemparn  3aHXxup MaHbGaMHMAr vacToTacura

k2
N v'e

5. 12-pacm 6)

6ornuk Oynmaid, aKTMB XapakTepra 1 a Oynuwun TabMUHMIaHagW,
pemakavp. by xonga 6\ ryH 3aHXXUPHUHT KapLUWAWUTK:
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7, .- . o — o N LMYHKN

fwl+ 1 v

wlcC?2 \Y; WC
i l,.+ 1

L <c Y Ojf )

Arap 3aHXWPHUHT KMAPHW KMem3apnjaaT KydnaHuw U - L
6ynca, y xgafH 6yTyH 3aHXupgaru TOK:

i i, ,h . Le' It «];e U

Chfhm C garum Ky4naHuiu:

daHa cumKMW Gypuyakniapu o, Ba (- uYermwauua

L 4| arelgOOL arctg y-Lé

r
Ba P7 ~ arctg\f ———————
raC
CKM tgtpi = -Ctg(p2 = tg|~ 2 +J
n
gemak, ®] —®d2 + N AbHU |- UHAYKTUBAUKAAH YyTaéTraH TOK

/ !
ij % w1 Ba C curumpgarm KyunaHuw Ur —Jy'\Q‘“ \

.(hazanapu 6byiinua yeTma-ycT TYLUAAW. DHepreTuk WyK.Tau HasapaH,
raNTakHWHI MarHuT MaifjloHM Ba CUTUMHWHI 3/eKTP MaijoHuzaru
3Heprusinapu 6up Haknga (cuHdasaBuil) opTagu Ba Ka.masgu. 5.12-a
pacMaary 3aHXuWpHUHT L Ba C 3Heprusi TynjoBYM 37eMeHTIapwu
opacufa 3Heprusa anMallMHULL XapaeHu coaup 6Gynmaiign. MaH6a-
JaH ofIMHaeTrau 3Heprusi 4opak [aBp AAaBOMMLH FafiTak Ba KOHZAEH-
CATOPHUHT 3/IEKTPOMArHUT MaiifjoHnapuga TynnaHuG, KHemaH T, Ba
r. KOpWWaMknapaH capgnavagn. Keduuru dopak fpaBp faBoMuja
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XaM MaH6afjaH yla MHKAOpAa 3Heprus ONUMHUG, T, Ba T. 3/1EMEHT-
napupga cap¢ 6ynagu. ABBaAru 4Yopak faBpfa rantak Ba KOH[eHca-
Te) p4 a TynnaHraH 3HEPrUAHUHT 6MpP KMeM M iuy yopak faBpga I, Ba
[\ anemeHTnapmpa capcp 6ynagum. Y4UuMHUYM 4YopakK pasBpha OGUpUHUYK
yopak fgaBpuparum 3sHepreTuk >xapaéH TakpopnaHagu, TYpPTUHYM YoO-
pak faBpfa 3ca HKKWHYM 4YopaK faBpjaru 3HepreTuk >apaéH Tak-
popnaHagnM Ba XK.

5.12-6 paempga GepunraH apanaw  3aHXup y3 Xxapaktepu
XuxatugaH 5.12-a paempgarum 3aHxup 6unaH 6up xun 6ynub, peso-
HaHC XONMaTUHUHT reHrnamanapu okopuaa ONWHTaHnapra
yxwawanp. MacanaH, ailipum napannen KOHTYPHWHT 3KBWBANeHT

peakTuBs Kapwunnnknapwu Ternwnmnya

no( o> 1J

's =blL :gr + T e Ba \_, - , - ~2~7jr2
1+ d)1 »e g- + bc g2 +00 L-
6ynagu.
PesoHaHC waptu 6yinua a1 T ABHN
‘2 1 T1I x>l
coy g, +-,--, | ®,7>T
cet!™
6yHAaH pe3oHaHC 4acToTacu:
> C
V.C
Kapwwunuknapu r, - r, - j A o6ynraH 5.12-a paemgarum 3aHXup-
ra Xoc Xxycyeumatnap yTkasyBuyaHAuknapu g2 =g, -jy 6yaraH 6y

3aHXupra XxXam Terunwnunpgup.

5.8. MHAYKTMB 60rnaHraH 3aHxwupnapgarum pes3oHaHC
xopuncanapu

TpaHCOpMaTOPHUHT HOKNAHFaH pexumparyn BeKTOp pfuarpam-
macura (4.19-pacm) Kyp;'., 3aHXWPHWHT KUpULW-KMUCManapmaarn TOK
6unaH KyuynaHuw opacupary Gasa CUMKUW  Bypyarm MNKKUnamuu
3aHXuUpAarn KKnamaHUMHI xapakTepHra 6ornumk xonga mycé6ar (¢, >
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0). ckn maHpuin (0. < 0} 6ynuwwIM MyMKUH. JlcMakK, WKKuIaMuu
'‘ALKMP nNapameTp.'lapmun

hlip R Klip = =0 Ba (P =0

KUNnb TaHNaw MyMKUH. PeakTuB Kapwunvk X1Mp=0 6ynuwn yyyH
WHOYKTVB 6GOrnaHraH WKkKana KoHTypaaH 6Gupoptacuga C, (Eku
C:) curum OGynuwn Kepak. Taxgun KU Kynaid Oynuwim yuyH
NKKMNaMun 3aHxupga vepod 0'MF0) yk: Bymnama CUKUMUIA KOM-
neHcaums aca WKKana rantakga \am 6op, fAe6 ¢apas Kanamus
(5.13-a paem).

5.1.3-pacMm 0

Pe30HaHc mz}?Tmp,aH 3aHXWPHUHT  KMpUW  KUCMKUZA

Xu = X| S 0 ra asra 6ynamHs. AmMMO
[
X. =coL, ------- Xv-10oM Ba X =glL
mMC, 2 (oC2
oynraHn yuyH wl ! (02M
Y. y4y : 0C | eKn
o L] ----(—(—Ib(’n oo ]-w-M2 *)
oynagn. Arap L, Ha C,, | Ba C, napHmeTpnapHn WXTWEpWiA aeb

ONneHK, (*) HWHr M ra HucbaTaH e4YHMH MypakKkab pe3onaHCHK
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HOOOANOBUMN AC.04 -b BCO2 + C - O BUKBAAOPAT TEHTTAMA BVUNAH
BOTNTAHTAH BYNAOQWN. aHAN AMANUNA AXAMUATIA 3rA XyCyCun
XONNAPHMN KYPWUB UYNKAMUS.

B WP WHUYMN Xon. cCurmmM. € = O AA PE3OHAHCIA C, HW PO-
CTNnAW HYnun BUNTAH sPpnmwmnnAon. Yy XOnaA XYCYCUM PE3BOHAHC

KYNUOATU UYACTOTALA XOCWUN BYNALW:

HO0L
K
BYHAOA: oa - - - m KOHTYP L, = C] Hunuw XYCYCUN TEBPAHNW
YACTOTACWK; u ( = J cCO L 1 BOrNAHNW KO3®OULUMEHTA.
M K K 1MW H YN Xon. CHFHM CP =0 OA PE3OHAHCIA C2 HW PO-

CTNAW WNYNW BUNAH 3PUWUNALW. OSHAW XYCYCUWN PE3OHAHC

PE |

OA PYW BEPAAU; BYHAA  COO2------mmmmmmmmm oo KOHTYP L2 -C2 HUWHT

XYCYCUN TEBPAHWIW YACTOTACHU.
NKKANA XONaA XAM PE3SOHAHC HYKTACUOA TOK/AP MAKCUMYMTA

IPULWAA U:
~ u, , 11.COM
1 MAX 2 Max
r, rax2
Y4 MW HUYMXON. CUTUMAAP C,n O BA C2® O AMMO L, -C,
BA L, -C2 KOHTYPNAPHUHI XYCYCWUW TEBPAHWLW UYACTOTANAPU Y3APO
TEHT:
1 1
CO0 m _====-=.
-\/L1C 1 -yjL 2¢c 2
Y XONAA MAHBAHWHI UYACTOTACM CO = COO BYNTAHAA XKI6 =-<X  BA
I, =0 BYNAAW. PEAN 3AHXWPNAPAA MO O BYNTAHW TY®GAWNMW |, BA 12
TOKNAP HONFA TEHI BYNMAW, TEMUWANYA BA Pmin _ MUHUMAAN
KUAMATIAPTA 9PUWAALN. (5.13-6 PAEM). ATAP TO ® COO UYACTOTAAA
XM =0 WAPTIA 3PUWMUNCA, 3AHXUPAA
« O

—, EKW AHUKPOT U



yacTtoTnlapja KyudaaHuwnap pe3oHaHC xogucacu cogup 6ynagw.
Tok | Ba 1. napHuWHr' maHb6a vactotacura 6ornukaurn 5.13-6 pac-
MAa KypcaTtunraH. bByHpa:

U\ (OM11\
[,« =*"“nm *5 [2,00= - DY -
Al 12

5.9. JNeKTP YaHXupnapgaru pc3oHaHCAapHUHT
amManuii  axaMusaTu

FOkopuaa 6acH 3TuaraHnapra Kypa, KydnaHuw Ba TOKfiap pe-
30HAHCUMHUHI cababu - maHbGa ysrapyB4aH TOKM 4acTotacu Tebpa-
HUL KOHTYPUHHHI XyCycuii TebpaHulLnap vactotacu 6unaH Moc
TylwraHga ynapgarn peakTuB KyyfiaHuW Ba TOKnap TebpaHull am-
NAUTYaNnapuHUHT optuwmanp. femak, L Ba C napameTtpnapuja
poCTNaHaguraH TebpaHWLL KOHTYpuUAarn pe3oHaHCAaH aHWK, 4YacTo-
TN CUTHANNAPHU KyYaHTUPULL YYYH (POUALUILLHULL MYMKUH. AroHa
3aHxupga 6upnawnbd wunaétraH Typau YacToTanu CurHannapgaH
(ToknapnaH) Kepaknu yactoTalu curHasmHu axpatub onuw Xyamm
aHa LWy xycycusTra acocnaHraH. LlyHra kypa, 6apya paguo Ba Te-
NeBU3NOH MPUEMHUKNAPHUNT KUPULL KUCManapuaa Tallku aHTeHHa
6unaH ynaHraH TebpaHuw KouTypu 6Gop. by aHTeHHa pagvo Ba Te-
NEeBU3NOH CTaHuuAnap TapkaTaéTraH 3n1eKTPOMarHUT TyNKHMNap
MaifoHLIAa >XOHNALWMNG. NPUEMHUKHUHT L-C TebpaHuWW KOHTYpHAa-
M WHOYKTUBVKAWM 3.10.K. Xocun kunagwu. lMapametp C HM (Ekm L
Ba C HM 6up BakTga) 6uMp Tekmc (PagunorrpmémHMKnapga), €xu
nokoHann (Tenesusopnapga) poctnab, TebpaHULW KOHTYPUHWUHT Xy-
Cycuil TebpaHuwnap 4acToTacu TaHNaHraH CTaHAUSHWHT 4acToTa-
cura MocnaHagu. by, pesoHaHC Xxpgucacu xucobura, NpUeMHUKAA
Kabyn KHAWHAETraH CTaHHUSHUHI CUTHIMHUW OAUMHAAH Ky4vainTu-
pn6 6Gepagu. CyTpa CUrHaN MaxcyC 3MEKTPOH Ky4yaliTupruynap
épmammpa fHa \am  Kyvadtmpunmb, \ampa xanakut 6GepyBun ya3ra

CUrHannapgaH "To3anaHm6" NPUEMHUKNAPXLUT UYUKNLL
KMCManapura ToBYyLl €KW TacBup Tap3uga bepunagH.

Kyn kaHaum y3ok macodann TefeoH asiokaeHAa \am Kyuna-
HULLMAP Pe30HaHChl X,0aucacum acoc Kunub onuHraH. byHpa ysatu-
NaéTraH TOBYLU CUTHaNNapu 4acToTanaprnuHr amuanTygacu ysrapuil



KOMYHUATU OyliMya y3rapyBuu (3NTyBuW.) uacToTanapra ara 6up
Meya TOK OMp Xy(pT cumpaH tobopunagn. Ax60poT  Kabyn
KUNNHaéTraH oinga tobopunaétraH curHan (ToK)nap Teruwanya
"3NTYBUM™ yacToTanapra Co3/aHraH anoxuaa Pe3oHaHC KOHTypfapu-
Ul KUpagy Ha Xxanakut 6epyBuMm CT CUrHannapgaH "To3anaHun6",
Y3NapUHUHT  KaHannapu O6ylinya 'Ternwnm aboHEHTHUHT TenedoH
alw/apatuta 6epHnagn. KyunaHuwnap pesoHaHcu xogmcacu 50 Iy
yacToTann 3MeKTp TapMOKAAPUHWHI alipuM KUCMJapnga Xam cogup
6ynuwn MyMKuH. By Xonfa WHAYKTMB rantak ponurm \ap xun
TpaHcqopmaropnap (peakrtopniap), KOHAEHCATOP POSIMHW 3ca Y3ar-
KUY CUMMap Opanwmamrn cutam, Kabennapra YHWUHT cuMiapy opa-
cugarn curum, KabenuuHr y3um GunaH cp opacujarv curum 6Gaxapa-
oun. ByHpaii xonnapfa pesOHaHC XOAWMCAcU yTa KyunaHWL XOCWn
KNG, 3NeKTP TAPMOKHUHI HOMWHA/ Kyu4naHULLIMra My/mKannaHraH
3MeKTp annapaTniap, MalvHWTap Ba CUCTEManapHWHIr 6oluka ane--
MeHTNapn 6ysunuwmra cabab 6ynagn. Pe30HaHCHUHE ONAVHN OMNLL
YUyH XyCycuili TebpaHuwnap 4vactoTackaa Xocun GynaauraH Tebpa
HWW  KOHTYPUHWUHT  "CO3MHM Oy3uw" Makcaguga 3nekTp Tap-
MOK/Mapura  CyHbWA  paBuWja  peakTMB  Kapwuauvknap  Ba
YTKa3yHYaH/IMKIHP KAPUTUNAAM.

AKMUrya, TOKMap pPe30HaHCKM XOAMCacK 3ca 3/EeKTP cucTcMaa-
PUUMH] MWwnawy yuyH 6Up MyH4Ya Kynail 6ynmb, aHeprus maHb6ana-
PVHUWHT KyBBaT MMKOHWUATUAAH 'Tyfa omaanaHuwra épgam 6epaim
Toknap pesoHaMcuia peakTusB aHeprna akat L Ba C anemeHTnap
opacuja UupKynsumanaHu6, wwyHra kKypa "maH6a" - "nctebmonym"
y3aTUL JIMHUACUMHM KyllMMm4ya TOKnap 6unaH toknamaign. Maca-
naH, kyeeatm P~600 KBT Ba KyBBaT Koa(duumeHta cos(p=0,8
OynraH WHAOYKTUB XapakTepnu 6up tasanu uctesmonum L (0+3 kB
HOMUHaN KydnaHuwga 1) = 25 A TOK MCTEBMON KUnaétraH
OyNncuH. Arap YHUHT peakTWB KyBBaTW napannen ynaHraH C curum
6unaH KomneHcauusnaHca, OyTyH KypuIMaHWHI KyBBaT KO3(h(u-
umMeHTa costp'-l rava kytapunub, aBBamu hoilganm KyBBaT 120
A TOK Kyunia Xam TabMuHMaHagu. by xonga WCTEbMONYUMHUHT
TabMWUHNAHAETraH 3MeKTP Y3UTWUW AuHuAcK, aBeanrn 125 A ToK
O6unaH sHAMMKAa fHa Kywwumya S ur3000x5=]5 kBA coiiganu
KynHaTuu y3ata cnagu. LUyHpaid knnmb, Toknap pe3oHaHcu (BKu
peakTMB  KyBBaT/MapHW napannen KoMMe-Hcaumsnawl) Xogucacu
3MIEKTP 3HEPruACuM reHepaTopapvHUHE Ba 3NeKTP y3aTuw IMHUA-
napuHuHr (YY) kyeeaT MaHbGanapugaH Tynapok oiganaHuil um-
KOHMATUHU 6Gepagn. By xopmcagaH amanga KeHr rapk.anraH CUH-
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xpon KOMJeHcaTtopnap cavoaT a\ammaTtura 3ara 6ynrad avepl CTuk
KypUnma;MpPUUHE  KyBBaT KO3P(UUMEHT)! cosip HM owwupulga
Kynpok coiganaHunagm.

5.2-mucon. KyHBatn Pw=[,65 KBT 6ynraH 6up asanH acuH-
XPOH topMTKuY (MoTop) U,,=220 B HOMWHan KydynaHuwan MaHb6ara
ynaHraH. KyssaT KoathuuueHTn com?, - 0,75 Ba TapMOK 4acTo-
Tacn f-50 Iy 6ynraH ywby KypusMa TOKNap Pe3oHaHCu pexumuaa
(coscp'-1) vwnawy yyyH moTopra napannen KaHgain CLUNMAW KOH-
JeHcarop ynaw Kepak?

Eumw; MOTOPHUHT MaHb6agaH MCUYCHMON KWnaeTraH TOKW:

fl, -Pwu :(1J ecos(pH) - 1650 :220+0.75 =10 A

Curumparn TOKKa TEHT OynraH FOPUTKUYHWUHT KOMMEH-
cauusnaHaguraH peakTuB TOKM:

Ip “ IH osin (pn = 10 -0.66 - 6,6 A.

KoHzeHCaTOPHUHT Kapmmnmrm:
1]H 20

-:— - 3> Om

Xc -
Cc 1P 66

Bypuak uactota =22 3M paf'c fa KOHLEHCATOPHWHT
EMKNMK

C-- - ———-—— -955¢106 op 95.5 MK®.
0)xr 314.3.13
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VI BOb
Y4 ®A3ANN Y3IrAPYBYAH TOK 3AHXWPNAPU

6.1. Kyn pasanm ysrapyB4yaH TOK 3aHXupriapu
\akupa TywyH4a

Mctebmonum maHb6agaH Y30k, Macoaga OynraHga, 3nekTp
SHEPrusacCvHN y3aTuW yuyH 6GOLWNaHrMy hasanapyu Typamya, ammo
yacToTa \amfa amwwTyganapym 6up xun 6ynraH 6up HedTta
y3rapyByaH 3.10.K. MaH6anapuHu AroHa cuctemara 6upnawiTupuLL
aH4ya camapanu 6ynagu. byHpain y3TapyBuYaH TOK 3/1eKTP 3aHXMp-
NApUHUHT AnrmHaMen kyn G as3as3anum 3NeKTp cuc-
TeM acu feiimnagn. 6.ba paemga e,, €2 ..CLI 3.10.K. NapHUHT
Kyn (asanim cucTemMacu KypcatuiraH. YnapHuHr \ap 6upwu
Y3MapUHWHT aBTOHOM Z,, Z2 .. zm WCTebMONYunapura 6opull Ba
K,alTULLI CUMAapy OpK<LWWM yfnaHraH XamfH Teruwnu reHepaTopnap-
HUHT  GownaHrmy (6, 5:, Sm Ba oxupru (O,, 02 --0Or)
KucManapura TyTawTupunrad. bByHgalii kyn asanm  cucTema
6ofnanHmaraH cumcrtema [eiAnane, 3HePrUsaHM uc-
TCbMONYMra y3aTuwl ydyH 2T Ta NMHWUA CUMU Kepak 6ynagu. Ak-
CvHYa, 6.M> paemfa KypcaTunraH 3.10.K. JIAPHUHT Kyn asanu
cucteMacu 6ornaHraH cueTeMa feivnagn. by xoama
3.10.K. MaHb6anapuHuHr cucteme.! 3unaH wuctebmonum (T+ 1)Ta
NUHMA cuMnapy épgamuga 6ornaHraH. byHga (T+1) -cum "He i -
Tpan cum" pgeb atanagw.

YMymuin *onga xyn (pasanu cuctema, 3.10.K. (EKu TOK) MaHb6a-
JapupaH TysunraH 6ynu6, 6Mp Xun 4acTtoTasin TOK XOCW/ KWraH
xonga 6up-6upnapmgaH amnauMTyda Ba GownaHrny asanapn 6unax
thapk kunagu. byHpain cuctema Kyn ¢Gas3anum HoOCUM
METPUK cucTema [eb atanagn. Arap ymymuin Kyn ga-
331K cucTemara KUpyBuM 3.10.K. nap 6up xun amnnuTyganapra ara
O6ynnob, xap 6Up KeluHrn 3.l0.K. eK onguHrn ew.J( ra HucbataH

2n
(hasa byimnmuya — < Oypuyakka cumkuMraH 6ynca, y x.0nma 6yHpaait
m

3.10.K. nap cuctemacm CUMMETPUK CVvCcTeMa febd
atanagn (byHga q=I,2,.m - aipum 3.t0.K.nap azanapuHUHL an-
MalMHUW TapTubu). MacanaH, T-hasanu 3.10.K.JaPHUHI CKUM MeT-
puk cuctemacn =l yuyH (chasanapHUHr Tyrpu KeTMa-KeTimriu)
Kyingaruya ésmnagu:



€, = ETsillfttf,

e, = Bmst( an--20]
| T

. ( 4nn
e, = ETsin\an- —
T
2it .
sin X—=  _- :,{*Sr:(/\'J,gA
m vV m)
€KW KOMMNEKC LWakKnga
E\ =E ... ; E., -.Ee ,
o
E2 = Ee : E{) ~Ee »

24
AbHM \ap 6UpP KeHIV ®B.10.K. ONAMHIMCMI™ HucbaTaH

T
Oypyakka opkaga KpnraH 6ynaan. LLlyngH4 kunu6, 6.1-6 pacmpaaru

ew 0;
2 R 2
—®—v-CZh
e2( f 2z
02 ]
VAR e S
VA]
w(r> i(m Zm
----------------------- — M>FE I
°T ()
or 1 VI
a) 6.1-paem

6)
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kyn (Dasann 3aHXWPHUHT \ap 6Up TapmMorn Y3MHUHI UCTEBMOMUNCU
6unaH aBTOHOM 3.l0.K. MaHbGaura ara Oynub, YHUHI TOK Ky4u
6olliKka TapMOKMapHWHI Ha napameTpnapura Ba Ha yHgaru
3.10.KHVHT MuKgopura 60rnmK.. AWpUM TapMOKAbPHUHT 3.10.K.Jlapu
thakat 6ownaHrny asanapy 6unaH (apk. KWaraHu ydyH, ynap ta-
3a 9.10.K.lapn feb, TapMoknapugary Toknap aca pas3a TOK*
napwun .pe6 aranagn. Kyn ¢asanu cuctemanapgarn aBTOHOM
MaH6a Ba MCTebMONYMCK OynraH TapMoknap KynuHya ¢ a3 a [geb
aTanagn. by x.onga kyn hasanm CUCTEMAHWUHT (hasacu AennraHaa,
3.10.K.fapHMHT (KM TOKNApHWHI) BEKTOpfapu opacugarn asa
CUMDKMLUN TYLIYNUAMACAAH, LWy CUCTEMaHW TaluKUA 3TyBUM alipum
3aHXup (TapMok,) nap TyLWYHWUNALW.

Kyn (hasaM  CUMMeETPUK  cucTemManap  ydyH  hasa
3.10.KNapPUHUHT  AUTUHAMCU  HOMra TEHr 3KaHAUTUMHW - KypcaTuLl
MYMKVH (6.1-6 paem;, iibb»

S ek = 0 ek X E Kk "™ 0,
K- | K=1

YYHKW 6y MUKAOPNAPHWHI BEKTOpMapy WWUrMUUMCK HOAra TeHr
6ynraH m-HypiH CUMMETPUK HONLY3HW TalWKua 3'bign (6.2-a paem).
Bew Hypau cMMMeTpUK HONAY3HWUHT BeKTOpiapn asa 3.10.K.1apu)

£, . E5 6up-6upnapn 6unaH KyHnnneé, énmk, (MyHTasam)
bewbypyaknnK x,ocun Kunagn (6.2-6 paem), AcMmak
.{. —OH- 4n 68  -wBW—



®asa 3.10.K.napupaH dapknu 6ynrad Tapsga, Kyn gasanm cum-
METPUK CUCTEMACUHWHI (ha3a TOKnapu 6up-6upupaH y3napuHUHT
amMnauTyga mMukgopnapu, \ampga oownaHrny asanapu 6unaH gapk
KA WM MYMKWUH. By ailpyum  asa WCTEBMONYMNAPUHUHT  napa-

MeTpnapura 60TuK, 6ynmo6, YMyMUiA nonga

[, +12+..+/(n,= £ [, 6ynagun. Ly cababnu 6.2~6 pacmpgaru
K =i

3aHXUp  yuyH: /[, +/- + /0,9bHM  (haza  TOKMapUHWUHT

AnrnHamcu HeliTpan cumgarm TOKKa TEHr. Arap

Z(=Z2= =ZWcH" 6ynca, asa Toknapy Xam y3napuUHUHT

OHWIA MUKaopnapu 6unaH CMMMETPUK CUCTEMaA XOCWU/T Kenagw:

i\ ~ "m s*(ot)- ¢ ),

l%\ ilm sin (ot) - m ® 10 y

1<m ) 1m sin M@ o+ 2 & D 1
\% m )

Ba YNapHWHI WMIMHAMCU Honra TeHr 6ynagu. Heitpan cumgarm
TOK 10 = 0 6ynraHu Tygadnm m dasanm CUMMETPUK cucremaga
reHepaTopnap ucTebmonywWiapra m Ta CUM 6GWnaH ynaHuwn MyM-
KVH.

6.2. Y4 (haszanu ysrapyB4aH TOK cUCTeMacu

Kyn ¢asanm cucTteMaHUHr amanga 3Hr Kyn TapKairaHu CUHy-
coudan ysrapyBuaH y4 hasanu TOK cuUCTeMacugup, Yy dasanu cuc-
Temara acoc Kunmb. yd pasanm reHepartop onumHraH (6.3-pacm). by
reHepaTop wuuura ydta 6up (pasannm reHepatop >XoWnalTmpwuira
CUHXPOH 31eKTp MalmnHagup. MaluuHa nasnapura reHepaTopHUHT
yuta uyynramu (thasanapu) A, B Ba C xolnawtvpunraH Kysraamac
UMANHAPWK cTaTopfaH Ba (0 Gypyak Te3nMK 6GunaH ainaHysum
poTop (3NeKTpoMarHUT) AaH n6opaT. MallMHaHUHT WWnaw MpuH-
LUMTIUHW ypraHuwW Kynaii Ba aeH Gy/nMLUM y4yH TeHepaTOPHUHT *ap
6vp ((asacy CTATOPHHHI AuameTpasl Kapama-kKapwu nasnapwura
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XonnamnnpwunraH 6ynub6, 6utta ypam \oeun KunyBun Xyd] cum-
nup Tap3mnga Kypcatunarad. CTaTOpPHUKr ong TomoHuga \ap 6up
ypaM CUMIHPUHWUHE Yynapu TervwaMya reHepaTop avipum asana-
pnHuHT 6ownavmw (A,B,C) Ba oxupru (X,y,z) Y4lapuHU TaluKun
atafn. CTATOPHWMHI OpKa TOMOHHAA 3ca fpUM Yypamnap TallKu
cumnapra ynadraH  (6y 6.3-paemMga NYHKTUP  YM3MK, OGunaH
KypcatuTTaH). byHaa alipum asanapHuHr ypamnapu  LyHAai
xolrwnwrtnpunradkn, B
hasaMu Ur ypam TeKuc-
arn A asaHnHr ypam
TEKKO Mrnura HucbaraH
(coat cTpenkacu 6Gyimn-
ya) 120°, C (pasaHWUHT
ypam Tekucnurn yca B
(has3aHUHr ypam TeKuc-
nmwra HucbartaH  ywa
MyHanmwpga 120°ra ta-

3e Oyiinab cumKMraH.
eHepaTopHMW (ha-
3anapuga asa uynram -
napuun  potop 6unaH
aiinaHaétraH ysrapmac
(poTopHM  marHuTnab
TYpy'BUM Yy3rapmac TOK
XOCUMT  KWy4un) Mar-
6.3-paCM HUT OK.MMHM Kecnb
yTuILn HaTmxacuaa
3.10.K. xocun Oynagn. POTOPHUHI yynraMy W UKKUTa KOHTaKT
XaNnKa Ba rpaput 4yTka épfamuia TalK,M Yy3rapMac KyunaHuLl
MaHbaura ynaHagu. byHgail KOHCTpykums.™ mawmnHa \ap 6up da-
33fla ANeKTPOMArHUT MUBAOPUHUHT TebpaHuM 6up Xwun vactoTa
Ba aMnAnTyga OyNuUWMMK TabMMH 3TafW. YYHKU POTOPHWUHI Tyna
Ovp mapTa ainawiiw aipum asanapgarv 3.10.K. HUHM Tyfna LuK-
nUK (CUMHycompa KOHYHW 6yiimuya) y3rapuiim 6up gaBp T ra TeHr
BakTAa coguvp 6ynagnM.  AMMO  reHepaTopuuHr  (hasanapugaru
(uynramnapugarv) 3.00.K. HWUHI OHWUIA MWKZOPW POTOPHUHT (ha30Buii
YpHY, 6upop uynkw (ypam) 6unaH wunawiraH MarHWT EOK,UMHUHT
MyHanuwn Ba MWKLOPW 6GunaH aHuKnaHagu. Arap pPOTOPHUHT (ha-
30BUIA ypHUra A (hasagarv 3.10.K. HUHT Makcu MymMm Tyrpu kenca, B
(hasafa I3TO.K HUHI Xy4OW LUYHAAA MakCUMyM ura pOTOPHWHT yyjaH



6up mapbl alinaHuwungaH (Eku T/3 wakTpaH) Kcin," 3puwiHnagn
(6.3-paem).

WyHra yxwaw C dasaga ,\aM 3.10.K.HUHT MaKCUMyMuN fHa Yu-
jaH 6up paBp 2T/3 paH cyHr \ocun 6ynagn. LWyHgan kunnb,
A,B,C aszanapga 3.100.K.HUHT Yy3rapuwmu cuHycounga KOHYHM
byinya cogup 6ynca, ynapHn TacBMpPQIOBYM CUHYycoupanap xam
BakT O6Oylinuya T/3 kagap cwmkuran 6ynaan (6.4-pacm) dasa

3.10.K.NapriWwHr - BeKTopiapu CAMBONMK  (KOMMAEKC)  Laknja
Kyingarnya évnagu:

47
fon=1L.EB -Ec . E ~Ee
daszanapgaru OHWIA 3.10.K.lap Ternwnmnya
e\ - MMmsino>t. eB = sin®wt - J ec - Fmsin®ot-y j

Oy:>agn. Y4 hasanu 3aHXUPHU Taxgun Kunuwpaa KynuHya A gasa
- 6upuHUM asa, B hasza - MkkMHUM hasa, C asa - yuuH-
uv has g
neb onuHagm, y xonga:
] N *
Cl —1p sincot; ¢~ ~bm  “cot — -Dji es - g~ sinlcot—éj];jl

CKV KOMM/EKC LUaK/ja:
J1 2
H - \1 B2=Ee 3* Ba FE”"-Ee ®

oynagn (6yHga 3a GyHgaH KeiimH A,B,C azanap Ternwnmya 1,2
ma 3 pbikamnapu 6unaH 6edrnnaHagm).
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FOkopupa kyn asanum CUMMETPUK cUCTeMa 3.10.K. (KyunaHuL,
KXXNnap) BEKTOpfapu cucTemacupaH wbopaT sKaHaurm Ttypucmpa
Tabpug Oepu MaHWACK, Xap 6Up KeWMHIM BEKTOP ONAUUrucUaaH

%n?—ﬂGypanKa opkaga kKonagw (T cpasanap coHu; g=0,1,2,3;...,m).

LLly HykTam HasapgaH yd4 (haszanm CUMMETPUK CUCTEMAHW aipum
(hasa 3NeKTp MMKAOPMapu BEKTOPAAPUHWMHI Y3apo >Kolinawlysura
Kypa Y4 XuNl KeTMa-KeTnuKaary cuctemMara axpatuil MyMKUWH.
bowkaya aiTraHga, asanapHUW anMaluVHUW TapTubuW g HUHT
Kuiimatnra 6ofemk  MacanaH, =1 O6ynraHga dasanapgarm
3./0.K.Jlap MakeHMyMgaH Kyhmgaru TapTub Homepnapu Oyinya
ytagn (1,2,3; 1,23 Ba x.K.)  (6.5-a paem), q-2 b6ynraHga Teckapu
TapTnbaa 6opagu (1, 3, 2; 1T3, 2 Ba X,K.) (6.5-6 paem) Ba HMXOATr,
g=3 6ynraHga (éku q-O ga) hasa 3.t0.K.NapPUHUHI BEKTOpAapy Moc
Tywagn (6.5-8 paem). By BEKTOp/apHULW CUMMETPUK CUCTEMACK
Tewwnuya "Tydu, Teckapu Ba HOM KeTMa-KeT/mkaarn cucrtema-
nap" pe6 aranaam.

BekTopnapHM KOMMMEKC LWaKga Kucka ésuw yyyH “ctasasuii

2z

Kynantupysun" ne6 atanaguraH a —e

KMpUTUNagn. Y xonga:
a) TYrpii KeTMa-KernmK y4yH:
E|-E. E2=a2-E Ba E3=a*E
6) Teckapu KCTMa-KeT/IMK YuyH:
Eq E2=a-E Ba E3=a2-E,
OyHaa:
E E

A
q AAA

6.5-pacm.
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17 7T ll:_
a -f -e , a ~e - 1 g f =y Ba

\.k. LUy mabHOga: atal+a'~0, ékm 1+o+a' - O

LLyHpali Knnnb, BeKTOpAapHU a ra KynaTupuwl. YHW coat
cTpenkacy Mnynanuwmga 21r/3 Oypyakka 6ypull geraH MabHOHU
oungMpagn; a: ra KymaHTupwm 3aca yHu ylwa ihyanuwga 4n/3 o6yp-
yak, Bk Teckapu MyHanuwpaa (-24/3) 6ypyakka Gypuil aeMakamp.

Xyoan LWyHra yxwatwl amanHu Xap KaHgak 6owka (KydnaHui,
TOK Ba \.K.) BEKropnapHUHr yd asanm CUMMETPUK CcuUcTemacu
6vnaH X.av 6axxapuil MyMKUH.

6.3. Y4 (hasann 3aHXunpnapHu ynaw ycynnapu
"HOngys3-tongys” waknamga ynat

Y4y (hazaun cuctemaga jeHeparopsapHu Ba UCTCHMONYUNAPHU
ynaw  ycynum - MetcbmonuM - pasacuHUHT HOMUMAN  Ky4/laHWL
KWAMarn, SbHU 3Heprus MCTCbMOMYUCMHUHT HOPMan UL PCXMMU-
HW TabMWULLIOBYM KyunaHULI 6WNaH aHUKNaHagu. 6.6-a pacMga Hon
cumn “rongys-tongys” ycynmaa ynaw kKypcatunaraH. byHpa yd da-
31 TeHepaTOPHMHI Xap 6up (asacM MWCTebMONYUHMNT  (hasa
Kapwuamrn  6unaH  6esocuta  GornaHuwga 6ynagu.  eHepatop
yynramnapy  1ongy3  WaknMga - ynaHramja  YHuHr - 6oLinaHwiy
kucmanapu (A, B Ba C) Tewwnunya 1,2-, Ba  3-IMHWUSA cuMaapura
ynaHagu. Oxupru (X,y,/.) KHCManapunu 3aca firoHa O TyryHra, Luy-
HUHrJeK, epra ynaw MyMkuH. By xon as3a 3.10.K.1apuHUHT
MUKZOpnapn y4 Qasanm MCTCbMONYMHUMHE (ha3a  Kucmanapugaru
KyuynaHuwra (ekM ynaw CUMMAPUHUHE  KapLUIWHTMHKU - Xucobra
ONUW Kepak OynraHfa) TaxMuHan TeHr felinl MyMKWH OynraH
X,0N Y4yH spoknuaup. Arap ynaw (IvHWS Ba HenTpan) cumnapu-
HVHI Kapwwuamrn Honra TeHr Ae6 xucobnaHca, y xonga Hoknama
KapLumnuknapugaru (haza KyunanninapuHuUHr apekTnB
Kuiimatnapu Ut, U: Ba U3 Tewwinya hasanap 3.10.K.J1apuHuHr E,,
E: Ba aekTMB KuiAMaTTaplla TeHr. by Komnnekc Laknga
Kylingarmya ésmnagu:

-5 : ?”
O, -b, T Il ¢c 1m. n3-r;3- K(c

LWyHpadi  kunub, reHepaTop Ba MCTEBMOMYMHWNT  HelTpan

HykTaTapy (HeiTpannapu): 0 Ba O HM AroHa TyryHra ynaw yd
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(havanm ncTebmMonuMaa KyuynaHuw HuW asanapu 6Gyiinya cUMMET-
PUK TakCAMAAHWULLMHA TabMUHNARAN, AbHU:

n, =mn2=un3-1)gp, O6yepga U+=ii+.
I, 2' Ba 3' TYrYHNapHWUHr Xap 6upyn 6unaH uctebmonuunuHr O
HeTpann opacupa coamp b6ynraH (6.6-a pacm) £/,, U2 Ba (/1

6 6-pacm

(ha :a KyynaHuwnapugaH Tawkapu sHa I, 2' Ba Y TyryHnapugaH
uctaraH HKKATaCMHWMHI opacuaa Xxocun 6ynysun (6.6-6 pacm)
L’,, Ba U- mHMA Kyunauuwnapu cogup 6ynagn. JInHus

KyunaHuwnapy a*a Ky4naHWLWNapuHUHT aiiMpMacH XucobnaHraHu
yuyH (asa  KyyaHuwnapugaH  Y3NapuHHHI  MUKZOpNapu  Ba
AyHanMWK XuxatugaH Gapk Kiunagu.
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®aza KyunaHuwnHpHHHMT (U,. £/1 Ba U.) BCcKTOpnapu 6.6-

a pacMaa KypcatuiraHH Oyiimya I, 2' Ba 3' TyryHnapgaH LUapTau
"Hon Ky4ynaHuwnan" (CUCTEMaHWHr 0 HyKTacu cpra ynaHraHga) O
HyKTara ynaHraH 6ynagn. Arap U!, U:3 Ba Ij\, anHna KyunaHuL

NapUHUHT BeKTOpnapuHW Teruwnuya ' gad 2' ra, 2' gaH 3' ra Ba
3" pgaH I ra yHanraH ae6 kabyn Kuncak, y xonja Kyiugarura ara
6ynamms:

r7’s
Up u, -U2= -a2)=n31 +1 =U,e

U, =I; M- ud@2-a)=.0 \!b=Ue 2.

. 3
ma 11j-U, =u»(a-1) =V3U,

FOkopupgarm topmynanapra kypa, U,:, U,. Ba U3 nuHua Kyu-
NaHULWNaPUHUHT MuKLopnapu y3apo TeHr, LUYHHHT [k,
6'i?, £/n Ba b',, BeKTOpnapy xam yszapo 2tJ3 Oypuakka CUMKM-

raH. KentvpwunraH Huc6atnapra GUHOaH,. yd hasanu KyunaHuwinap-
HUHF CUMMETPUK CUCTEMACWAA NIMHUA KyunaHWKM (hasa KyunaHu-

wugaH A maprta katta, gbHM Ut =" n e

LUyHra yxuwaw MyHocabaTnapHW TeHepaTOPHUHT 3.10.K. Bek-
TOP/IApN YYyH XaM E3Urn MyMKWH:

1 T

12 ch - 6 n31
li,, 1Ll Ba IlI- BEKTOpNapUHWMHI XaKNKWiA WyHanwnaapura Kypa

6.6-6 pacMa Kabyn K.HAMWraH KyudnaHWLLIapu vHr LWapTaum 6enru-
NaHWWK Xypga Kynail fe6 xucobnaw MyMmkuH. Hy aca 6.6-a pacmpa
KypcaTuiraH BEKTOP/IAPHUHI y3apo >XOWnanlyBMHU Oy3maiigu.

®asza KYUNHHULLNAPUHWHT TabpupuigaH MCTEBMOMYUHUHT (asa
Kapwunuknapuga Ih L Ba 13 hasa Toknapu xocun 6ynmb. ynap-
HWHI KuiimaTnapu z,, Z: Ba z3 KapLWAWKIAPHUHT MWUKAOPAMpUra
6ornvk Ymymuii \onga (pasa Kapwuavknapu Mogynnapu Ba apry-
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yeHrnapyW >kv\atmugaH 6uUp Xwun 6yAMaciMrM  MyMKWH. Yuna 6y
TOKMAPHWHT BEKTOpAap» Kyiiuaarnya 6ynagu:

v "o w0 . s
Z 2
n > 2 (4 p?
- 1de
{44

By TOKnapHWHI WurMHaMcn aca HeiTpan cumga 0' HykTagaH O
HyKTara OKu6 yTaeTraH 10 TOKHW X,0CU1 KWUNaW, YHWHT BEKTOpU
jeal,, “ Ij + [2 + bynagn. ®daszanap OyiiMya HOCUM-

METPUK tOKMaMa YYyH TOK Ba Ky4/JaHWULIMApHWHT BeKTop Auarpam-
MaMm 6.7-a pacMpa KypcatuiraH. Bektop guarpamMmam Kypa HON
cumpary 10 TOK BEKTOPUMHWHE WyHanuwuv Ba mMogynu *ap 6up da’a-
Jal TOKHWLW XapakKTepura Ba mMukgopura 60TUK

Arap azanap Oyimya HOKIOBYUM Kapwuauknap Z;. Z: Ba Z3
mukgopli 6up xun Bynmaii, xapakTepbl xuxaTugaH 6up xun 6ynca

K
(macanaH, 0 £ (pX®cp, * ¢ < ), TOK 10 HAHT MOAYNN JOUMO 3HT

Kana (asa TOKugaH KuumMk 6ynagm (6.7-a paem). By XycycusTtgaH
amManga yd asanvm TOKUM TYpPT CUMIM NINHUA GUNaH y3aTWLifa SHT
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Kyn doigavyaHunagn. LLUYHWHT yuyH paHraM MCTainapHyu Texall
Makcaguga Hom cuMm guameTtpy hasa (MMHMSA) cumnapura HucbartaH
61p 03 KMHWMK KUAnG onvHagu. Arap toknama asanap Oyiunua \ap

Xun xapakTtepnum 6ynca (macanaH. <9 -0, 2~ ~ B @' 9~
Hazapuii XXuxaTaaH TOK IUY3MHWHT MUKAOpWM Oyinuya X.ap KaHgaw
(hasa TOKMAaH OMPMyHYa KaTTa 6ynuwn MymKuH. daszanap 6Gyiivua
CUMMETPUK toKnama (Z, =2Z =Z, ~Z\YN oynraH
\onga /,, 12 Ba (basa Toknapy (hasa KyunaHuLLIapu BeK rop-

NAPUHUHT CUMMETPUK CUCTEMAcK Kaby ylla KeTMa-KeTIuKaa TOK
BEKTOPMIAPUHUHT CUMMETPUK CUCTEMACUHU TalKWA Kunagw, SbHU:

R I p
1 Zp
g ( 2n
5 - g B= 1IMe
VAT
l4n
q. U2 e\ T

By \on yuyH KypwnraH BekTop Aauarpammaga (6.7-6 paem) dasa
TOKNAPUHUHT AUTUHAWCU HOMra TeHr Oynub, HeilTpan cumpa TOK 10
6ynvarign. by aca aHa Wy y4 (hazanM MCTebMONYMAAP FPYHHana-
PVHWUHT 371eKTP 3HEprusicn 6unaH TabMUHAALWHKA (akaT y4 CUMIM
3NEKTP y3aTuW NUHWANAPU OpKanu baxapuiira UMKoH 6epagn Ba
y4 CUMAM cUCTeMada OuTTa AIMHWA CUMU Texkanagu. Y4 dasauu
CUMMETPUK MCTEBMONYMIAP KaTeropuscura amanga KeHr TapkKanraH
y4 (asasiM  aCMHXPOH [ABuratenfiapHu, KaTTa KyBuat/in (Ky4nm)
TpaHC(OPMaTOPArPHW,  3MEKTP  NeunapHW, ysrapyByaH TOKHWU
y3rapmac rOKKa ainaHTupyBuu TyrpunarnunapHu Ba 60LLKanapHu
KUPUTULL MYMKUH.

Y4 hasanm TOKHW TypT CUMAN JIMHWSA OWAaH yyaTuwwgaH aco-
CaH, 3NeKTp épUTULL TapMOKNapWHW, Mauluii KOpXOHanapHW Ba
Typap >KOlinapHu 3NneKTp 3Heprusacyu 6wnaH TabMuHMawga doliga-
NaHnnagn. Y4 ¢3anm MaH6aHM y4 asaiym ucTebMonum GunaH

"tongys-tongys” ycynuga ynawga nvHuS cumiapugarn Toknap (nm-
HWS  rOKnapH) 6uMp BakTAa WCTEbMOMYMNAPHUHT (hasa ToKapu
xucobnaHagH, fbHu I, =T
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6.4. Y4 pasanm UCTebMONUMHM "yuybypuak™ LWaknmga ynaw

Yy (hasanm ucrebyonum "yubypuak" Lwaknuga ynaHraHga, ¢asa
KapLWWNNKNapHUHT GOy Ba OXWpWU TerMwnuya yd asann reHea-
patopgaH  KenaétraH JWHWA  CUMMapuHuWHr - -2'. 2-3, Y-I
KnucMmanapura ynaHagu (6.8-pacm). JHAWM reHepaTop YynramiapuvHu
ynawl ycynuiaH KaTbW Hasap. MCTEBMONMYM TOMOHMfaH (hakart nu-
Hua U U;, Ba M3 KyuynaHWLWIAPUHUHE cUCTeMacu xocun Gynagu.
By KyunaHuwnap 6unam 6up BakTAa yd (hasanm toKnamaumuHr gasa
KyunaHuwinapm \am xucobnaHagu. Arap 3.10.K. Ba /IMHWA CUMNa-
PVHUWHT KapLimnnukiapu xucobra ONMHMACUIN MYMKUH 6ynca, K-
nama Kapwwuamknapn (Z)2 N Z23 Z3 ~0) HWHr  uCTanraH
Kuiimatnga nvHua  (hasa)  KyuIaHWLWNapUHWHT  CUMMETPUACH
caknaHagn. VICTEBMOMUMHUHT (hazanapu OyiiMua HOKnama HOCUM-
MeTPUKALWM  akaT reHepaTtop aipum  (hasanapuMHUHT  KyBBaT
Oyiivua Typauua KKnaHuwura onn6 kenagu. VctebmonuunapHu
yubypyak ycynufa ynawHWHr fHa Oup ad3aniurn  LWyHAaKu. uc-
TebMONMYH MaHbGara akat yuyta cuM OunaH ynaHagu. O.10.K.J1apu

2r 2T,

r-gem 12 Tvmib 4, I's—mwH > 6ynraH reHepaTOPHUHT
YyAramMuHW ynaw ycynm WUCTebMOMYMHUHE (hasa Kapwunamru kKaHgamn
HOMWHan kydnanuwra (L. M mymkannaHraHnur ura 6ornuk. Arap
row. - -V3fw TCa. TEHepaTopHMHI uyaramu (hasanapu)

tondy3 waknuga ynaHagu (6.8-pacMm, MyroH umsuknap). Arap yd
(hasanM UCTEBMOMUYMHUHT (hasa KyuynaHuwK asa 3.00.K ra TeHr,
AbHM -Ed 6ynca, y x,0nga reHepartop ¢hasanapu yubypyak
Wwaknmga ynaHagn (6.8-pacMm, MNYHKTUP 4M3nKnap). 3aHXUpnapHuUHT
TaX/IWLIHY OCOHMALITMPULL Makcaguaa reHepaTopHuHr 1,2 Ba 3
Knemanapu opacugarv AMHUSA KyunaHWWwaapuHu “"CUMMETPUK Ccuc-

TeMaHuHI hasanapu™ ge6 xucobnalimus. By cuctema
.29 2r,

ne=11--Um I'=3-Ule 3 B U3l-1-M 1
fJaH wnbopaT 6ynmb, ynapHWHI BeKTOpnapugaH reHr TOMOHAM Y-
6ypuaknuk xocun 6ynagu (6.9-a pacm). 6.8-pacMaarn 3aM>XUPHUH-

raHWW  cxemacura Kypa wuctebMonuunapHuw 1:, 128 Ba 13
(haza TOknapy KUPXHOGHUHT BGUPUHUM KOHYHWra Kypa, fMHuA
eHmnapugarn |, 12 Ba 13 ToKnap (MHMA Toknapu) 6unaH
KO ngarnya 6ornaHraH Gynaau:
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J -1]2~131, b " b3 _"™2 h “ hl 723
MbIT NIMHUM TOKMAPUHMX TEOMETPUK uwunHamem \ap Joum Honra
TeHr. by aca reHepatop (pasagapu tongay3 ycynmga ynaHraHga O
TYryHZArH TOKNapHUHI 6anaHcHAaH \am kKenué umkagu. Hy xynoca

rasma / p, Z, Ba Z. KapWWAMKNApPHM Yy4ybypyaK LIaKIKn-
JaH Z,. Z} «a Z, KapnwnuknapgaH wbopat 3KHUBaNEHT
"tongyyY' waknura anmawTupuw  6unaH \HM Kenuw MYMKWH.

by \onga xocun 6ynraH HoauHum TyryHga L + /, + [/, = O

LapTra pumsa KuauHagn.
6.9-6 pacmpa yd (asanm eueTeMaHWHI (ha3;wapu OYHWYH HO-

onr -0

)
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CUMMeTpUK toknama (Z , N Z,,.™ Z . ) xonaTu yuyH TOK Ba Kyd

NavHLLNAPHWHT BEKTOP Auadammacy KypcaTuaraH. YubypuakHUL
TOYOHNAPUHM TaWKUA 3TYNUYM Tapmoknapugaru TOKNap, sibHU ¢hasa
TOKNapu Teruwnmya

''m i21 =y11 «@ 1, "
12 23 J3!

6ynn6. O6up-6upuaaH mnkgopnapu \amga Gasanapu KuxatvugaH
thapK. Konagn. Arap UCTEbMOMYMHWMHE  Xap Oup  asaCMHWHT

Kapwuamrm Za~Z e bynca, (basa TOKNapm Yys3apo TeHr
bynagun. AbHU:

112 ~ 123 = "33 ~ 114 »
By hasza TOKNApUHWLL HCKTOP/Japu 3ca CUMMETPUK cuUcTeMa Tall-
KUn aTagu:

) . Sifpo N2 [ . —jl ®0 -~1:

122 ~Jpe * 5 *23=|de ° '51 ¢ 'dC

ékn 6.9-6 pacmfpa TacBMpgaHrab BEKTOP AuarpammajaH
112= 1mfb wo, 123=%K112 Ba 1Bj=aij2

6ynnb, 6y BCKTOPMAPHWUHT AUTUMHAMCKU HOAFA TEHT, YYHKW:

2 Lins €isi -0 +a2+a)l,.e W=, .
Nuuuns Toknapn A, /2 BO /, HWHI BeKropnapu CuUMMeNr-
PUK tOAY3 TalWKUA KUNaAKW, YYHKU:

( n [ m
-NPw-C Bl I VAR
i NiB=iy =i RA-a)=Ahe e
I >
2=1a - 1,2 ITe'J:(a“-1)-le 1 6"
7 “/PAL|

13 —1 ~ I(a_H )= 1C

ByHla Kypa, lOKNama CUMMeTPUK 6ynraHia NUHWSE cumnapuja-
M TOKNap MUKZAOP >XUX,aTAaH y3apo TeHr 6ynu6, ynapHWHT Bek-

Topnapu (hasa 6yiinua 6up-6upura HucbataH 21r/3 6ypuHkka CW-
XUUAW. UYYHKU NUHWS TOKUHUHT MWUKAoOpW hasa TOKMAaH y3
mMapTa KatTa: |I. - \,/¥Y\ - - LY 6unaH 6up Baktga n =LL.IF
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6.5. TypT cumaun y4 paszanm HOCUMMETPUK KOKAamanun
3aHXNPHN Xuncobnall

6.10-a paempa (asanapupa lKnama kKapwunuknapun Z,', b ' Ba
ZV 6ynraH yu (hasanu 3aHXuWp cxemacu KypcatunraH. Pasanapgaru

nn,

ZrVU,T*z31i,
0_u

a)
6.10-pacm

loKnaMa Kapwuiamknapum NUHUSA CUMAAPUHWHE bn  Kapwuamknapu
opkKanu wngys ycynupa yd (asanum reHepatopHuHr 1, 2- Ba 3-
thaszanapHra ynaHagun. NctebMonYHHUHT HON (O) HYKTaCUHW reHe-
paTtopHMHr 0 HeldTpanm 6unaH  ynoBYM  HelNTpan  CUMHWHT
Kapwwunurn ZN ra TeHr. By xwucobnawpaH Makcaf, reHepartop-
HWUHT KucManapupgaru  KyuynaHuw mMabnym 6ynraHfa, 3aHXxup Tap-
MOKnapuaarn TOKNapHWHT Ba 3aHXWp Kucmanapuparm KyudaaHuUL-
HUHT TaK.CUMNAHWIWINHN aHUKNaWLunp.

3aHXWPHW Taxaun Kuauw Kynain 6yamwmn ydyyH yd dasanm re-
HEPATOPHUHI Ky4YfNaHWLWNAPUHU CUMMETPUK, NUHWUA CUMAAPUHWUHT
KapwuamkKnapuHu aca ys3apo TeHr fe6 kabyn kunamus. bBupuHumn
wapTra Kypa reHepatopHuHr 1, 2 Ba 3 ¢asanapu 6unaH Hehtpan O
opacufa TabCup 3TyBUM (Pasa KyuynaHuwnapu

2n 2K
0,=no. mn2=nde> 03 = wnde>.
oynaan. Aemak, NUHWA 60W KuUCManapupaarm NUHUS KyuynaHWULK:
124q .n
U.2 - >/3ude U.e s, U23 = nl2e '3 2.

U3l _ Ul2e 3 =yn 6
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3aHXUp TaxnunuHu 6ownawpgaH aBBan YHM cofpanawiTupuL
mMakcagmpa xap 6up dasa yuyyH Z =Z, +Z,. Z:. =Z..,.+Z,'BaZ,=Z.
+Z,) WHIMHAW KapwuAuKnapHu xocun kunub. 6.10-6 paempgaru
3aHXupra anmawTupammns. 3HAM 0" TyryH yuyyH KWUPXTOQHMHT 6u-
pAHYN KOHYHMUra 6MHOaH:

I, o+ 12+ I3 = In, (6.1)

KVUPXTOMHUHT MKKWHYWN KOHYHIM a 6UHOoaH (asa-HeldTpan KOH-
Typnap 6yiina6):

JA = wn]0o + (7a (6.2)
U2 = 3320 + JJy , (6.3)
Ba u3=unl0+uYy . 6.9

daszanapgaru ToKnap Teruuwinuya

JI Y\U 1O 2 =1 20 B A3 = JI3A30
6ynraHu yuyH, (6.2), (6.3) Ba (6.4) ‘KHrnamanapHu xucobra onraH
xonga (6.1) TeHrnamMaHWHT ypHUra KyAnparnHu E3uwl MYMKWH:

> (4 - N)+r2 02- C\V)+); (N,- N, )=)\C\. (6-5 >
6yHpga: ¥, =1/Z, , Y2 = /Y2 Ba Y3 —/Y., - (azanapHUHr Komnaekc
yTKasyBYaHnuknapu, ZN = 1JZN - HeliTpan CUMHUHI Tyna KOMMAeKc
yTKasyByaHnuru, (6.5) TeHrnukka ™ pa, 0 Ba 0 HykTanap opacu-
farn  KydnaHuw BeKTOpWU, &KW HeTpan cumgaru KydfnaHuil Ccun-
XUWWHWHT BEKTOPWU:

3Ham m(, =U, -UN, U2,-1.; -UN Ba U30=U3--UN Huc-
6aTnapgaH £/5 (¥,° £/, KyuynaHnwnapHWM aHuKAaw KWUAWMH 3mac.

FOknama Kapwunuknapgarun ¢asa KyunaHuwnapu Teruinm-

vau, =i,Z2,”-Y.Z2°,0,0, U2 =2z -Y2Z2 U20 Ba N3 =bA”BO-
6ynagm.

Nuuusa cumnapupaarn kydnanuw 1apHUHT kamaiinwuHm (nepo-
hnHN) 3aHXKnp Knem n yuy)' Om KOHYHMra 6uHOaH

no, -i|z, AU2 - 122- Ba \1!3=13r.8e6 aHuKAaal



MYMKWH, EKU KUPXTO®OHWUHT NWKKWUHYN K,OHYHWUTA BUWHOAH

AU, =wunl0-U, , AU2 =n 20 -n 2, 6ynagu.

6.11-paemaa HeWTpan CUMHWUHI Tyna Kapwwunurm 6ynu6, 3a-
HXWP MCTEbMONYMAAPUHUHT (asa Kapwuaumknapu

Zi=z,el*” Al<<p,'<0J), [, /|’ C - [p2-=-y].

Z'3=2z3eN" ('3 <0)
CUrMM  XapakTepura Ba AVHUA  CUMNAPWHUHT  Kapwwuanknapwu
Z, =ze'>" (<zA > 0) WHAYKTWB XxapakTepra ara 6ynradH \on

YYyH TOK Ba Ky4YjlaHWIWNApPHWHI BEKTOP fAuarpammacy KypcaTuiraH.
By Xx,0n amanuin xuxaTpaH kaTtTa axamuaTtra 3ra 6ynnb, HOCMMMeT-
pWK toKnamaga HenTpan CUMHWHT Yy3W.TM6, Te3-Tes 6ynu6 Typagu-
raH aBapus XO0naTUHM akKc I3TTupagum By xonga ‘tknamanapgaru
(haza Ky4naHWWNapUHUHT acCUMeTPUACKH 3HT KaTTa Oynagu.
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Tonorpaduk fe6 atanagurad 6y AuarpamMmagaH tOKAaMaHWHT
dhasa KapwunuknapuHuHr aur Hokynaii (Z[:2'22\) Huc6aTnapuga
YyNnapHUHT xapakTepnapu 6up xun 6ynca xam, 0 HykTa yu6ypuak 1-
2-3 HWUHT nNuMAa KOAMWMUHM Kypull MyMKWH. ByHga dasa Kyuna-

Huwnapun OY, U? Ba U3 y3 mukgopnapu xuxatujaH [OUMO
reHeparop NNHNA Ky4ynaHuiingaH KNynk 6ynagu.
2, ', 2] Ba Z\ KapWWAWKNapHW WyHAalk TaHNaW MYMKUHKMN

(macanaH, ¢'? <0 Ba ¢'3 >0), HaTuXkaja OKNamMaHWHT HeinTpanun O

yubypuyak 1-2-3 HUWHI Tawkagpucura UYukun6 Konagu. by tknama-
HUHF 6uTTa (EKM WKKWTA) (pasa Ky4YnaHUWU TFeHEepPaTOPHUHI NUHWUSA
KyynaHnwwnpaH kaTta O6ynuwwura onu6 kenagu. bByHpaid xonnapga
HeliTpan CUMHWHT y3WAMWIWIa cupa Nyn Kyuumo OGynmangun.

AHa TekwupunaéTraH 3aHXUPHUHI WKKUTa XapakTepau uuw
pexummura TyxTab yTamus.

1 Y4y ¢paszanm wknama CUMMMeETpuUK, AbHu Y,=Y:=Y, =Y,, am-
Mo YN ®O0.

2. Y4 (asanm wKnama HOCUMMETPMWK, HelTpan CUMHWHT
Kapwwunurm aca zN =0 (YN =oc).

(6.6) wupopara Kypa > uMkKkana xonga xam UN=0, SbHK
ul=uU,, U =0, Ba 1 30=m3 EKM WUCTEBMONYHHUHT (hasa-
napugarn Uj -- = Ne = TIM KyynaHuwnapu 6up xun.

BupnHum xonpga dasa KyynaHWWNapUHUHT CUMMETPUACU Hel-
Tpan CUMHWHI Kapwwuaurura 60rAMK 3amac; YyHKu i, +i3+i3-0.
MKKNHYM xonga asa KyuynaHUWNApUHWHT cuMMeTpuacu aliHaH zN
=0 6ynraHu Tydahnm TabMuHNaHagu, YyHkm i, +\2 + 13 = 1IN *0.

6.6. Yu hasanu 3aHxupgaru ysrapyByaH TOK KyBBaTW Ba YHWU
ynyaw ycynnapu

YMymuii xonga yd4 (asanum HOCMMMETPUK 3aHXUPHUW K dasa-
cuparn OHWI KyBBaT Kyiuparmya aHukpaHagw:

pk ---uki, = ¥21nk8T1(col + v|/k)V214, sin(cot + vj/k ~ ¢ K) A

=1J0 K 10 KtC S<DK-cos (2cc* + pK-pK)]
6yHaa; wpk Ba Ne K - (a3a TOKM Ba KyUNaHUWMWHWUHT 3 PeKTuBs
Kunmatnapu; \\), KYYNaHWIWHWHT 6ownaHrny ¢asacu; ¢k - ndx Ba
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14K opacuparn Gasa cuaxuwun bypuarun. JlHa wy (asagarn
KYyBBATHWHI ypTaya €KW akTUB KuiimMaTu:

I
fK JU Kk ikdt = U ®kldk e+ cos @

BYTYH 3aHXWPHWHT KyBBaTM aiipum (asanap KyBBaTNAPUHUHT
AMrmHgucura TeHr:

6.12-pacm

P=P, +P2+ P3-udldlC 0 LU+ undldecoscp2 + ndIdsc 0 L

FOknama cummeTpuk GynraHvpa,

U>1 = Ap2 "UP3= LL " ut = 12 - 103 = 1o

6ynnb, OYTYH 3aHXMPHWHTI KyBBaTW 3ca
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P=3P® =3ndld-co8to
By KyBBaTHM Ky4flaHMW Ba TOKHWHI JAWHWA KuiAMaTnapu
opkanu udopganacak, a) "onays" ycynmpaa ynaw Y4YyH:
U-
3T3™
6) "yubypuak" ycynupa ynaw Y4yH:

pa =3(7, -A-cosO>, -y/3u.1.cos
\3
AbHU KyBBaTHUHI O6GYTyH cucTemMa Y4YyH OyHAah KypuHuwwmnparm
thopmynacu ngy3 Ba yubypuak ycynnapupa ynaw ydyH 6up Xxun.
Y4y  (asanum  CcUMMETPUK eueTeMaHWHr Tyna Ba peakTuB
KyBBaTnapu Xyaau WyHra yxwaw udgofanaHmium MYMKUH:

S = 35, =3Uly=y/3UlL,,

Q = 1'"¢1, * " <P> = &n-l- Sn

FOKopupa kalf KunuHraHnapra kypa, 6up dasanu 3saHXup nap-
HWHT OHWI KyBBaTW WKKUMAHTaH 4actoTa 2co 6GunaH TebpaHyBuM
Tawknn atyBunnap p=Ulcos(2cotA) ra ara. byHaaH dapknu
ynapok yuy dasanm CUMMETPUK 3aHXWUPHWHI OHWI KyBBaTM BaKT t
ra 6ornuk 6ynmali, Kyiugarmya aHuknaHagw:

uk[k = 3UJI’ cos (p = P - const.
|

UYHKWM WUTaHAMHWUHT Ky#dupgarm Tawkun  3TyBuYMNapu Honra  leHr,
ABHU:

2>* =Y *' L2 <) + e\ 2u m P--—-- +—"' o< =0
3,

ByHgait cuctemanap "mMyBO3aHaTnawraH cuctemanap" fge-
Aunagn. bynap a WKKW (as3anm OpTOroHan CUMMETPUK cucTemajaH
Tawkapu T>2 o6ynraH 6apya m (asanu cucTemanap Xam Kupagu.
6.12-a paempga tonam "wongys" ycynga ynaHraH yd asanM CUMMET-
PUK 3aH-XWPHMHI KYBBaTWHW Yynuall cxemacuW KypcatunraH. bup
thaszanu BatTmMeTp W HWHI TOK uynramu, amnepmeTtp Kkabu, dasa-
napfaH 6upop’l icnra KeTma-KeT, KyuflaHWW Yyaramu aca wy asa-
HUHT Kyynannwwura napannen (macanaH 6.12-a pa mpa
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KypcatunraHmgek, 1 - asa 6unaH 0 opacura) ynaHraH. BarT-
METPHUHI KypcaTuwy Wy (asaHUHr 11h KyynaHuwura, 1 ToKura
Ba CO5(, KyBBaT KO3PPUUMEHTM A nponopumoHan 6ynagn. ByTyH
3aHXUPHUHT KyBBaTUUW aHMKNaWw Y4yH ynuaHraH Pd=udrih*cosadk
KyBBaTHW ydra Kynaitupuw kugos. Amanga maH6a TOMOHAA Heid-
Tpas CUMCU3 CUMMETPUK cucTema Te3-Te3 yuypab Typaau. HOknama
yybypyak (6.12-6 pacM) €KW HOMNWM TallKapura uYmKgpunmaraH on-
Oy3 yeynuaa ynaHuLwm MyMKUH.

ByHgali xonnapga BaTtTMeTp ydyH O CyHBbMIA paBuLIga ONMHW-
N MYMKUH. ByHWH!'" yuyH yyta 6up Xun Ba KatTa Kuiimatam R
KaplWWAVKHW  tonay3 yeynuaa ynab, (akaT ynuaw naitugarvHa
ynaHaguraH Kylmmua 3aHXup XOCWUA KUMHagw.

613-a pacmga Honnm “tongys" ycynupa ynadrad yd dasanm Ho-
CUMMETPUK OK/IaMaHWHI KyBBATMHW ynuall CXemacu KypcaTWunrad.
ByHgaii cxemaga xap 6up asaHuHr KyeBaru anoxuga WH W, Ba
W3 BaTT™MeTpnap épjaMuga ynyaHagu. ByTyH 3aHXUPHUHI KyBBaTU
yyania BaTTMETP KYPeaTULIUHWHT WUTMHAMCUra TeHr Oynafu, SbHU
p=pi+p;+p3 KyBBaTHM OyHAali ynyaw ycyim y4 BaTTMeTp
ycynu peiannagn

3HAKW, OKNamanapHu ynawl ycynuaaH Katbu Hasap, yd asanu
3aHXUPHUHT kyesaTuHu WKKWTA BaTTMe+p épfammia Xam yndaiwl
MYMKUHIMTUHN  KYpWUO umkaiinmk. XakMkatfaH xam yd  hasanu
MaHGaHWHI  OHWIA  KyBBaTnapy  WUTFMHAMCK (6.13-6  pacm)
Kyiinpgarnua 6ynagm:

P=Pi+p2+P3~u\h+uih + v~s
6yHpa: u|, W, Ba W, - reHepaTop hasa KyunaHUWAapUHUHE OHWIA
Kuiimatnapu; /,. Ba /,- CUCTEMAHWHI fIMHUA CcUMAapuaaru

OHWIA TOKnNap.
Heiitpan  cum  6GynmaraHga,  /IMHWMA  TOKNApWHUHT

VIVII'VIH,D,VICVI,CI,OI/IMO HoMra TeHr /, +/2+ =0 6y1'IFaHVI Y4yH KyBBaTt
p wudoga cugaH TOK [/, HW Tywupub Konaupwéb, Kynuparura ara
oynamms;

p=unij +12'j us (~i| - «2)=(lljm 33)i +(u2 - u3l)j2 =

NUul3 M+ 1123 2

By Aemak, TX uynramnapu /, Ba L NMHWMA Toknapu 6u-

NlaH TabMUHNAHAETNUH WKKUTa BaTTMETPHHHI TErnwnnm Ky4dnaHull
yynramnapu y|; «a Uli AMHWMS KyuynaHuwnapura ynaHraH 6ynca.
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6y BaTTMeTpnap OyTyH 3aH)XMPHWHI KyBBaTUHW ynuyail onagm (6.13-
6 paem). YMywmaH aiiTraHfa, BaTTMeTpnap TOK Oyiuya wuctanraH
WUKKUTa (hasara ynaHraH 6ynm6, KyunaHuw uvynramnapu y3 gasacu-

6 13-pacm

[aH Tallkapu TOKW BaTTMeTpAaH yTMaétraH (asara (IMHWUS CUMK-
ra) ynaHuwmn kepak. KyBBaTHW ynuallHUHT GyHAaA ycynm M KKK
BAaTTMeETpP YCym Aeivnagn. YNualHWUHT GaéH 3TunraH
cxemanapy ak,ar y4 CUMIM enmeTeMaHUHT (hasa uUcTebMonymnapu
WXTUEPWUIA ynaHraH HOCUMMETPMK (EKM CUMMETPUK) HOKnamacu
yuyH doiiganaHunagm. Amanga y3 wuura MKKATa BaTTMETP XKOM-
NalTUPUATaH AroH4d KOHCTPYKUMSAM  yd  (hasany  BaTTMETp/ap
KYHPOK, MWnatunagn. byHaaih yy asanu BaTTMETP WKKMTA TOK
yynramu (rantak) 6unaH MKKWTA KyulaHuw Yynramura aragp.



6.1-mucon. JiHna kyunaHuwy L1.=380 B 6ynram CUMMETPUK
y4 (hasanm reHepaTopra Tervwiamya HOM CUMAN «HONLy3» Ba «yu-
Oypyak» ycynuaa MKKU rypyx WUCTEBMONYM ynaHraH. 6.14-pacmparu
NCTEBMONYUNAPHUHT (ha3a Kapwunuknapn: Z,—55 Owm, Z2- (33-

j44) Om, Z3= (44+]33)Om, Zv = ZB =273 =Za= 38c'6 Om (7n-
HUS  Ba  HeWTpan  CUMNAPHUHT  KaplWavKnapu  abTubopra

KyBBaTnapn aHWKMaHCUn.
Eumw: 1) TeHepaTOpHWMHI (a3a Kyu4naHWULLAQPUHUHT  KOM-
nnekcnapu:
,2T.

U, =220B, U2-220e 3 B Ba U3=220c 3B

u. 380

WHKA un- = 220 e,
V3 “ yla

3aHXUPHUHT  KMPULL KUCManapugarn NvHWUA KydiaHuwnapu-
HWHI KOMMieKCnhapu aca.
n a 5n

01r—35(jfer. U27- 38Cb ~ Ba 031~38Gh N «Yubypyak»
yCynmaa ynaHraH HCTebMOMUYUNAPHUHT (hasa TOKNIapu:
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38e b
4) HOknamanap UCTebMON KuMaéTraH AIMHMS TOKNapu aca:

3 73
DN- 12 ~b| ~10(1- &) - It a] ® - 10-Y3e'A,

3 .3 r- -l
22\ -i23- hi "<az2-1)- 10 - HOnf3e 6 A,

1N 1(-4W0(@- a)=1q)"//3)= loVV'U,

5) «HOngy3» ycynupa ynaHraH UCTebMON4YMnapHuHr (asa (m-
HUA) TOKNapu Teruwnmya:
] 220
4 A;
* 7 55
n 2 2206 + 1120 166°50
2n \/i Ol 4 A:
Z2 55e "J"
2u'
220e ;1 L
V) - Je y83 10 A

zZ 55enb T

r cumgarn TOK:
_ -j66°$Q" /83710
\ 1ﬂ+l§’,&+/'fﬂ 4\) +e
- 4(1.513 + /0.07) = 6A.

6) NHns  cumnapugarn AnrmHay (KM reHepaTOPHMHI (asa
ToKnapm)

. .-.-1301 -/24*30"..
1 -\ 1\ ~ —20,8¢e A.



12 ~ 127 N -J3,42 - /12,33 - 18,3~ Z7133"30 A

13 - 13A+/.4 20,48 +./21,26 ~ 21,3eJ9°° A

7)CeHepaTOPHUHT  thazanapu Bylinuya KyBBaT/MAPHWUHI KOM-
nnekcnapu:
a)
S=Ui =220-20,8r"724 =4180- /1900=P - /O, =
111 1 1

= 4580e_;241'30,

[P,=4.18 kBT, Q,=1,9 KkBap (MHAYKTUB Xapakrepnu) Ba S,
=4,58 kBA];

6)

S =220e}]20° \S3e~j137°30°=4026~j17(m> -

=U _I
2 22
=3840 - j\208

[P2= 3,84kBT, Q: =\2 kBap (uHA.xap) Ba S:=4,03KBA 1.

B)
$3=U3i3 =220e~/Ll ° 2}3e”90° - 4686"730° = 4060 -y2343
fP3 - 4,06kBT, Q3 =2,34 kBap (MHA.Xxap) Ba Ss=4,69kBA].

) BYTYH 3aHXWPHWHI ryna KyBBaTu:

S =S, +S2 +S3 =13,3 KBA.

BYTYH 3aHXWPHWHI aKTUB KyBBaTU:

P =p, +p: +P, = 12,08 kBT.

BYTYH 3aHXMPHUHI peakTMB (MHAYKTMB XapaKTepnu) KyBBaTu:
Q =Q, +Q2 +Q3 =5,45 kBap.

6.7. Y4 (hasanu ToK épfamuga anaHyBun MarHUT
MafoH XOCU  KWUIULL

KOkopupa aiiTunraHnapra kypa (6.2), ysrapyB4aH TOK reHepa-
TOPUHUHT MWNaW APUHUMAML YHUHT Ky3ranmac 4y/aramiapuHu  ai-
NaHMa X,apakarga OynraH  MarHuT MaifOHHUHT Ky4 UM3NKIapy
Kecnb yTraH™a (SM1eKTPOMarHUT  WHAYKUMA KOHyHMra 6uHOaH)
3.10.K. VHAYKTUBAaHWWWUra acocnaHraH. LUyHuHrgek, y4 davanm
TOK TreHepaTopuia 3M1eKTPOMarHUT (poTop Tap3vaa) Y3VHWHT aii-
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faHMa X,apakaTu [aBoMuja ainaHyB4YaH MarHWT MalfoHW XOCWN
Knnagu. YHAarm ainaHyBuM MarHUT MailfjloH 3/71eKTp 3Heprusicura
alnaHTUpMnaeTran TalWKW  MexaHWK Kyd Tabcmpuga  X,0cun
KWAnHagn. Arap LWyHAal MalumHa! MHr cTatop yynramnapu yd ga-
3aMM 3.10.K. MaHGaura ynaHca, TallKapugaH WCTEbMON KWAWMHAETraH
TOK Xucobura yHAa XyCyCWid aiinaHyBuM MarHWT MaingoH \ocun
6ynagn. By MarHWT MaliloH POTOPHWHI Ky3rajiMac MarHuT Maigo-
HW 6unaH y3apo rabcupnawagn, POTOPHW CTATOPHUHI  MarHuT
MalioHW MyHanMwmaa ainaHuwra makoyp 3TyBUM MEXaHMK Kyu
X,0CUN KUnagn. By pexxum KO PUTTIMY pexXxummu  geiiun-
nnmb, Gapya 3NeKTP MallMHanapra XoC KaWTyBYaHAMK MpuHUMAMra
Jaxngopavp. CUHXPOH Ba aCMHXPOH Yy3rapyByaH TOK HOPUTIMAYMa-
PUHWHT MLIMAWKM aHa Wy NPUHLMNra acocnaHraH. dHAWM 6up Ba yd
(hazan MawwuHanapfa ainaHyBYM MarHUT MakgOHWHUHT \ocun
KUIMUMW  >KapaéHWHN Kypub 4Ymkamnnuk.

LMNynbcayuma NaHyBYM MArHWUT Mal JAOH.

6.15-pacm

6.15-a pacmga O6up aszanm y3rapyByYaH T[OK MalUMHacK
KypcaTunraH. (yHu yd4 asanm MalWHaHWHT 6up asacu [aeb
Kapaw MyMKuH). Kypn6 umkmnaétraH OHAa CTaTOPHMHI TaLUKW
MaH6aura ynaHraH uvynramnapvpaH yTaétraH TOK YHWHI YHI TOMO-
Hugarm fApuMm  ypamnapuga kupu6 6opaétraH (Kpectyanap), uan
romMoHgarn fpuMm ypamnapuga asca 4YMkub kenaétraH (HykTanap)
OyncuH. Y \onga dynramnapgaH ytraH TOKHWMHT MarHuWT MalifloHu
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Kyd uu3MKnapu napma kKompacura OGWHOAH YHWHI YHI TOMOHWAA
coaT CTpesikacu xapakaTu MyHanuwmupa 4van roMoHuga 3ca coat
cTpenkacura Teckapu nyHanuwga 6ynagu.

Aiap Tawku cuHycoupan TOK MaHbGan XOCUA KWIraH MarHuT
NMHAYKUMACK b=Brncoscot KOHYHMAT acocupa ysrapagu fe6 Kabyn
kuncak, y \onga 6.16-pacmpga akc arrmpunrad t-O BakT navTuga
y BT ra TeHr 6ynnb, nactaaH tokKopura WyHanraH 6ynaau. BakT
YTUWN BUNaH MarHUT WHAYKUWSHUHT OHWIA KWAMaTW Ba MyHanuLm
y3rapagn. MacanaH, cot=7/2 fa y Honra TeHr, cot—A fa 3ca MaKkcu-
MyM Oynub, TecKapu MyHanumwira ara. Arap b=Bm coscot HM KOM-
nnekc waknga ngoganacak,

B, = B (< + 2 2

m

6ynagn, femMak YHW 301eKTp MalluMHa mumpa Xocun OynraH mar-
HUT MaiigoHn a) Ba (-ro) Oypyak resnmknap 6unaH Kapama-kKapLuu
MyHanuwpaa ainaHaetraH WKKMTa mogynu BT/2 ra TeHr 6ynraH
VHOYKLMA BEKTOPW Tap3uia TacaBBYp KUIMLL MYMKWH.

BynapfaH Xap OWPWHWHI ainaHyBuYM MarHWT MaiaoHW y3ura
Teruwnm ainnaHyBuM MOMEHTHW XOcCWUN Kunagn. AMMO 6y MOMEHT-
NapHUHT  AyHanuwun  6up-bupura Kapama-kapwy OynraHu y4yH
XapakatnaHyBunM Kyd xocun 6ynmaigu. LUyHpaih kunn6, 6up dasa-
NN y3rapyBYaH TOK reHepaTopu ABuraTeflb peXxumuga Wwinain on-
Maiign. Amanga vwnatunagurad oup dasanu gsuratennap maxcyc
paBuwga sicanraH 06ynu6, ynapgar 6Up NyHanUWAW alinaHyBun
MarHUT MaigoHra C Y H b M A ( a 3a ra obyimw iynm 6unaH
apuwimnagm.

JHAM, t BaKrga MalmnarruHr ctatopu ainaHacu 6yinaé 6up
(hasann TOK XOCUNT KUAraH MarHUT MaifOHWUHWHI TaKCUMMNaHULLWNHN
Kypué umkaiinuk. CTaTOPHUHI MYKM aiinaHacu TOMOHMAA Hopman

MN ra HucbataH a() Bypyak xocun Kuamb xolinawraH 6upop A0
HYKTaHW TaHnanuk. MarHuT WHAYKUUAHUHT  BakT >KuxaTuaH
y3rapull KOHYHUArMra Kypa, Ly HyKTagarm WHAYKUMS MUKLopU
b - BT cos oyt *cos a 6ynagw.

CTaTopHUHr XankacuHu ukpaH nN ra 06ynaMmusga, YHM

6.15-6 pacmaa KypcaTunraHugex. a-(-a) yK  byiinab
«Tyunalimms». Y xonga 1=0 BakKTAA MarHWUT WHAYKUUSHUHT
TaKCUMMAHMULL KOHYHUSITU CUHYcCOMAan Liaknaaru Yyanykcus adu

Yn3nMK GunaH TacBupnaHagu-ga, MakcMumymu 0=0 ra Ty(*)VI Kenagn



(MN  umsmk. 6yiina6). Bam | ra O gam % raya (éxku of1=h AaH

1=211 rava) Typam Kuiimatnap 6epn6, 6up Hedta cuHycompa aghu

YywmnkNapHn (NYHKTUP LWaknga KypcatuaraH) X.0cul Kiblamus.
By aca MarHWT WMHAYKUMSHWHT CTaTOPHUHI TYpAU HyManapu y4yH
6up xun 6ynmaraH (MycbaT Ba MaH(Mil) MakCMMyM/apu opacuia
TebpaHuUL NHW KypcaTaau. byHgaid MarHWT MaigoH Ny n b c a y
Ma-naHyBYM MalhjgoH fgelimnagu.

2. AlinaHyBYM MarHMT MaWJoH. JHAM Y4 dha-
31 9NIEKTP MallMHaMUHI cTaTtop dynramnapuiaH yTtaétrad (asa
TOKMapUHUHT 6Up BakTAarn TabCUPW HaTWXKacuga X,0cun BynraH
MarHutT MaifoHMWHI naiigo OynuwnaM Ba YHUHr  (ha30 - Bakr
Xux,atngan y3rapuwnHu Kypuo 4uk.ainmk.  6.'6-pacMaH LyHAal
MallMHAHWHT MOAENM KypcaTuiraH, YHUHI CTaTOpW WYKW aiinaHacu
byinnab ykgapu 6up-6upupaH ¢asoBuii 120° BypyakKa CU/MKMraH
yuta CUMMEeTpPUK A-X, B-y Ba C-z (hasa uynramnapu >Komnawitu-
punraH. byHga B Ba C (Qasanap uynramMnapuHuWHC  GUpPUHYK
ypamnapu (6own) XoinawraH nasnap (KOHyCCUMOH
apviK,4anap)HuVHr pagvan yknapu a asa 6upuMHUM ypamu NasvHUHT
paguan ykwmra HucbartaH (coat CTpesiKacu xapakaTu TOMOHUra) 120
Ba 240 O6ypuaknapra Cu/mKuraH.

MaluMHaHWHT .CTaTOp Yy/araMiapuHy CUMMETPUK Y4  (hasaim
KyuynaHuw  MaHbaura ynacak, ynapfawl TOKNapHWHI CUMMETPUK
cucTemacu xocun 6ynagu:

by Toknap y3 HaB6aTMda WMHAYKUMSCU Kyimpalw KOHyWUsiIT 6unaH
y3rapyBuM MarHWT MaiAioHM XOCWN Kuianu:

WHayKums oHWii kuiimatnapyu bg, bB Ba bC  HWMHI AUrMHAUCK.
Xyaom 14, iB Ui ic TOKNapHWHI WWrHMgmMcura y*waw> uctanraH
BaKTAa Honra reHr. AMmo Oy (hakaT BaKT »ux.aTugaH pasacu cun-
XWUraH Toknap yyyH T)'gu 6ynnb, \am BakT Oyiinya, \am haszaBuii
CWDKWUFaH WH (YKAUA YUyH Tyrpu Kenmaingu. X,ak.mkataH Xam A-X,
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B-y Ba C-z (asa uynramnapuHuWHr ykaapu (asaBuil  CUMDKK-
MaraHgarm t=0 Bak.Tga MarHut wuHgykuusnapu bJEB.,, bs=B]
cos((ot-120,)=BTJ1cos(-120°) Ba br=Bmcos(at-240°) =B,,, cos(-240°)
6ynn6, ynapHuHr runwamen 2 b =() 6ynagw.

Bu3 Kypnb umkaétraH \onga 4ynr'amiap CTaTop aiinaHacu

byiinab aszaBuii cHmKUraHauru Tydaiinm (6.16-pacm) MarHuT
NHOYKUMSANap KOMMJEKC TeKUCAMKaa (hasaBuini BekTopnap 6unaH
Kypcatunagu:

+1
cot=0 M
cTaTtop
w K/
+

N

6.16-pacm

BB /1 B Te*°” Ba Br =18B,, e’

Ey BEKTOPMaPHUHT ﬁMFMHnmeM
~~3L SVIL Lb
: i v 2

6ynagn Ba (=0 BaKT YUYyH MyHanuwwm xuxatmgaH +1 yK 6unaH moc
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Tywaau. McTanraH BaKTAa MarHmT nHaykyuanap OHWNIA

KI/II‘/JIMaTIIapI/IHVIHF IZI/IFVIH,EU/ICI/I X-~/--BM -const 3KaHNUTMHK XaMm

ncéoTnawl MYMKWH. AMMO MWWTUHAW WHAYKUWS BeKTOpM B HUHT
AyHanuwmn BaKT yTuwm 6unaH alinaHuw KOHYHW O6ylimya 6mpop YK
atpoupga ysrapmac Oypuyak Te3nuWk co 6unaH ysrapagu. ByYHUWHT
YUYyH HOKOopuAa nynbcaluMsinaHyBYM MaWAOHHU TaxXNWn KUNULW  YUyH
KeNTupunraH MmynoxasanapgaH ¢ovganaHammns. Xyaaum 6up ¢asanm
MallMHanapgarura yxwaw yy ¢asanu MallMHAHWHT cTatopuja xam
MN ykka (+1 ykka) HucbaTtaH a, Oypyak Xxocun Kunmb6 >Xonnaw-
raH 6upop AOQ Ky3ranmac HYKTaHW TaHnainmus (6.16-pacm). Aipum
hasa mHpykumsnapun bA, bBBa bc HWHI Oy HykTara Huc6aTaH (paso
Xamfga BaKT XuxaTupaH TabCupu KyilAmpgaru KpHyHuaTnap 6unad

ngpopanaHagn:
bA =BIl cos o t ¢ cos A 0,
be = Bmcos( wt - 120 ") « cos( ao + 120 °),

b( = Bmcos( cot - 240 ") o cos( a0 + 240 °).
CTAaTOPHUHT TeHr TabCUp 3TYBYM MArHWUT MaAWLOHU WHAYKLUA-
CUHUHT UUTUHANUCHK

= Bm JAos tot cos a g+ cos (cot - 120°) e+ cos (a Q+ 120°) +

+ COS (coT - 240") cos (A Q+ 240" 6ynagu

cos X * COS r = [Cos (A- + Y) +COS(X' Y)]

dopmyna 6ylinya TPUTOHOMETPUK Yy3rapTupuwnapHu 6axapu6,
YHU KyWngaru KypuHulira KentTupamus:

bQ = [cos(cot + a Q) + cos(cot - ag) + cos(cot + CXQ) + cos(cot -an -
- 240°) + cos(cot + UQ ) 4 cos(cot - CXQ - 240°) = —Bm cos(cot + 0.)Q

YYHKMN cos(cot-a°) + cos(cot-a°® - 240°) + cos(cot-a°+ 240 ) =0
bynmwn Xyaam Teckapu KeTMa-KeTAMKAArm CUMMETPUK CUCTemMaHwu
XOCUN KWUNYBYM yuTa BEKTOPHWHI WUTUHAWCUHW TacBupnaihgu.

IWyHpgain kunm6, A0 HykTa cTatopfga Kysraamac 6ynn6, MN
ykka (+1 ykka) HucbataH CX° 6ypuyak xocun Kunub >xoinawraH
oynca (6.16-pacmM) MarHWT MaWAOHHWHT WWUTMHAW WHAYKLMACKU YHra
HucbaTaH KyiWugarn KOHYHWAT 6GunaH ysrapagu:



b(- B, - ~Bals{ Ot+«()

JHAM 6y HYKTHHM cTatop Oyiinab [00j bypuak Te3nukpa aina-
Hagu, Oe6 hapas Kuncak, y xXonga a0 =-cot Ba TEHI TabCUp 3TYBYU
MarHuT MaioOHHWHI WHAYKUMACU WCTanraH BakTda A0  HykTara
HucbaTaH y3rapmac Ba MMKAOP >KWX,aThdaH

)5 =B, = ~-BT - com 6ynaau.
[emak, Mukgopu Xu\atugaH yarapmac MarHut — MHAYKUUSHUHT
BEKTOPU /20 CTATOP YKM aTpoduaa coaT CTpenkacu xapakaTtu To-

MoHra (+co) Gypuyak Te3nMK OwnaH aiinaHagH. Hatwkaga malluHa-
HUHF cTaTopu Oyiinab ainaHyBuM MarHUT MalifoHW Xxocun 6ynagu.

MaH6a TOknapn iA \H Ba ic (hasaflapUHUHT KeTMa-KeTnK
TapTnbm ysraptupunraHga (6yHWHr yyyH, MacanaH, B Ba C
YynramMmaapuHMHE yYnapuHn Tawkn MaH6aHnHr C Ba B chasanapura
ynaw Kugos) ANTMHAM WMHAYKUUSHWHT OHMNA KWMAMAaTW  Kyihngaru
KYPVHWLLHW Onagu:

b0 = B m [oscot ecos a 0 + cos( cot + 120 °) +

4-cos(cot-1207)cos(ctQ - 120”) ]= BT cos(cot-aQ),

AbHW TEHr TabCUP 3TYBYUM MarHUT ManfoOHHWHT WMHAYKUMS BEKTOPW
Y3UHUHT aifnaHuw RyHa/MWMHN TecKapucura y3raptupagn, YyHKm
a=col 6ynraHga bh0=3/2Bm-const 6ynagu.

[demak, y4 hasann MaluMHaHWHI cTatopuga \ocun GynraH aii-
NaHyBYM MarHUT MalOHHWHT alinaHuw AyHanuWWHU Y3rapTupuLl
YUYyH CTaTOp 4ynramnapuHy yd gasanm KydnaHuw maHban 6unaH
YNOBUM yuTa (hasa CUMNapuian mcraraH UKKMTacCMHW MaHbara yna-
HULL XXOMNapuH1 anMawTupuw Knudos.

3 Mwnauw NMPHHUMNK Ba alWnaHyBYwun!
MarHmTtT MallgoHra acocnaHraH y3rapysu
aH TOK puUuTKMUYnapm.

Kyn ¢hasann (xycycaH yd chasann) ysrapyByaH TOK 3aHXupna-
PUHUHI acocuii  adzannuknapugaH 6upn  wWykn, 6yHaa ynap
y3rapyByaH TOK fJBurarefnapu spaTtull ydyH 3apyp GynraH aina-
HYyBYM MarHuT MaiigoH \ocun kunagu. 6,17-a pacmpa yd asanu
04U ABUraTeNHUHT MOAEeNM KypcaTuiraH, YHWHT alinaHyBuu Mar-
HUT MaiifoHWaa udynramnapyu (pamkacu) Kucka TyTawraH poTop
onawiraH.
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6.17-pacm

dusmk YapaéHnapHWHr TafAKUKNUHA coafanaluTmpuLL
MakCcuauaa, CcTaTopHUHr A-x, B-y Ba C-z uynramiapuvHu sAroHa
ypamnap 6una» anmawtupamw. YynramnapHuHr 60w yunapu A,
B, C Tawkn yd4 hasasim MaHbara, OXUpru ydnapu X, y, r OHrTa
TYryHga ynaHraH 6ynu6, 0 HeWTpasHU X,0CUN KUNnagu.

Potop uynramm 6urra ypam Tap3uga KypcatunraH 6ynm6, Te-
KUCUTX BepTUKaN YK 6unaH Moc Tywagw. 6.17-a pacmga bl =
BT, b4, =B71/2 Ba b,[0) =-BT1/2 (xypau wyHpain BakT 6.15-a pac-
Mda KypcaTtuaraH) OynraH, t=0 BakT YYyH AUrMHAM mMHAyKumsacu Bo
6ynraH mMarHut MaijouMHUMI TacBUpPK KypcaTuaraH.
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«Avmnan MHAYKUMS BekTopH B0=3/2 BT ysraPmac @ AYP"
yak Te3NMK 6unan coaT CTpefikacuM XapakaTu TOMOHra ainaH-
MoKaa» fe6 o0nmb, Topmo3faH/raH POTOp YyNraMUHWHE Kys™uLiac
6epk yTKasrmuuira ainaHyB4” MarHUT MaiJOHHVHT TabCUPUHM
Kypno umKailnmk. AlinaHyBYM MarHUT MalJOHHWHT  GepuaraH
AyHanuwga ainaHuwn - 6unaH  CTATOPHUHI Ky3rajMac MarHuTt
MaifoHuMga poTOp PaMKaCMHWUHT fpUM ypamiapuaa 3.10.K. WHAYK-
TUBNAHALW: TOKHWHI MyHanMum 3ca YHr Kyn kougacura 6GuHOaH
loKopy  yTKasrmyga 6usgaH. nacTkucmupa aca 6usra  Kapab
MyHanagn. Y3 HaBbaTuga 6y TOK XOCWA KWiraH SHIM MarHWT Maii-
OOHHMHI Kyd 4M3MKNapy tokopmaa coaTt CTpefikacu topaguraH To-
MOHra, nacTfa aca yHra Teckapu iyHanuwga Tytawagu. by marHut
MaifOHHWHI cTaTtop MaifoHW 6GunaH y3apo TabCupW HaTUxacuia
AMTMHAW MarHUT Kyd 4YM3MKIapu poTop YTKa3rMUMHWUHE Yamn Ba YHT
TOMOHNapuga 6up TeKUc TakcumnaHmaraHamrn Tydainm  {6.17-a
pacMra KapaHr) MarHuT MalfOHHWHT 60LUfaHrUY KypUHULLIKU 6up-
MyHYa JedopmaumanaHrad 6ynagu. CtaTtop MarHUT ManfOHUHUHT
pOTOpP MarHWT MalfoHM TOMOHMZaH JedopMalusnaHuLLIN cTaTop
yynramnapuaH ytaeTraH TOKHUHI opTuwnra Ba Wy 6unaH 6upra,
MaHb6afjaH fiHa KyllMM4Ya 3Heprus Kentupuwura cabab 6ynagu. by
KylwnMya 3Heprus BO WHAYKUWAHWHT facTnabku KuiMaTWHWM Ba
MarHuT Ky4 UMU3UKNAPUHWHT SHA aBBailM TaKCUMMAHWULLIMHWU TUK-
nawra captnaHagu. Hatwkaga CTaTOPHUHT  MarHuUT — MaifoHu
Tabcupuga TOKAM YTKa3rM4HM Cypub uUmKapull >KapaéHu cogup
Oynagu.

PoTOp ypaMWHWHI CTaTOPHUHT aiinaHyBuUX MarHuT MaikgoHu
MyHanuwinga oypuwira uvHTUAYBUM Fh XydpT Kyy xocun 6ynaau.
HaTwxkaga pamka aiinaHyBYM MarHUT MaifOHHWHI aiifaHuLL Te3nu-
M n, ra AKWH 6ynraH n2  Te3nuK 6mnaH cTaTop MaigoHu
MyHanuwmnga alinaHa 6ownaign. byHaali ailnaHyBuM MarHuT Maii-
JOHHUHT ainaHuw Te3nmrn n, =60f,/p TapmoK, TOKAHUHI 4acToTa-
cu f, ra Ba CTaTOPHMHI Y4 (hasanu uyaramu X,0CW1 KUAraH XyqT
KyT6nap COHM p ra 6ornvk. Kucka TyTawraH pamKaHuWHT (gsura-
TeNb POTOPMHUMHE ) TE3UIM 3Ca aHa Ly MUKAopniapra 6unsoewra
OOrnMK,; UYyHKN X,apakaTnaHaéTraH pamKaHWHI MeXaHWK Kyuu Ly
pamkafaH YyTaéTraH TOK Kyuura xam 6ornuk 6ynagu. Kucka Ty-
TawraH pamkaga (6.17-6 paem) TOK \ocun OynuLLIM ydyH 3Heprus
MaHb6an pamMka sfpum yPamnaPUHWMHE CcTaTop ainaHyBuuM MarHuT
MaifoHW Kyd YM3MKNAPUHU Kecub YTULIKM  HaTuXKacuia Xocwn
bynraH 3.00.K xucobnaHagn. [emak, ainaHyBuM MarHuT MaifoH
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MyHanMwHAa paMKaHWHE  Te3uru optTM6 GopraH capu 6y
3.10.K.HMHI MWKOOpPM Kamasi 6Gopaawu, n~n, 6ynraHga, y Honra
TeHrnawagH. by pferaH cyy, pamkafgarm TOK Ba Y XOCWU K,WiraH
MKKUMaMyy MarHuT OKUM XaM Hofira TeHrnawagw, gemakaup. bu-
HOBapuWH, M:-M, PeXuWM Xe4y KayoH coaup Oynmaigu, YyHKu OyHra
pOTOP YKWZa HOMra TeHr Oy/nraH ainaHyBuuM MarHWT MaigoH Tyrpu
Kenagu. Kucka TyTawraH uynramay POTOPHUHT Te3nuru AoumMo
ainaHyBYM MarHUT MaAOLWILIHI aifaHnW re3nurngaH KUYmK, SibHU
M, < n, 6ynagn. CTaTOPHWHI aiinaHyB4M MarHUT MaijoHW Tesnuru
6unaH BakKT >XuxaThaaH Oup Xun OynMaraHauru Tydannm 6y xun
KOHCTPYKLMSAAW Yy3rapyByaH TOK MallMHanapM a c M H X p 0 H
MaWwwnuHa nap pfeb aranagn. ACMHXPOHNUK [apaxacu cupna-
HUW feb aTanyBum Kyidmparn Hucbat 6unaH aHUKNaHagu:

S= 11 - w3,
111

[OsuratenHu toprusuw nantnga n =0 Ba S=I 6ynn6, cant wuw-
naw pexumunga n: —n, S 0. byHaa poTtopgarn TOKHWHI Yac-
ToTacn fo=f, * S 6ynm6, y cTaTopgarn TOKHMHI 4acToTacura Ba
cuprnaHuwmra  6ornMk. By  acMHXpOH  MallMHajaH — 4actoTa
y3rapTvpruy 3fekTp MalunHa cudatuga Xam oiganaHuwl Mym-
KWH, femakamp.

FOkopuga 6GaeH KununraH ysrapyByaH TOK [ABWUraTtenm poTopu-
MUWHr Yyfnramy ysrapMac TOK MaH6aura ynaHca, y — n2~n, pexumMja
Xam wwnaidi onagn. by Xonga poTop dynTamugaH yTaéTraH TOK
XOCW/T KWAIraH ysrapMac MarHuT MaifoH aiinaHyBuM MarHWT Maii-
joHra 6onuk 6ynmaingn, ynapHUHr asojaru ys3apo TabCcupu
KaTbuil aHuk, 6ynmb., ctatop Ba POTOP MarHWT MaligoHnapu 6up
XWNn Te3nnkK 6GunaH ainaHagu. LUYHUHr yuyH OyHgain psuratennap
CUHXPOH pABurartvennap p[eb aranagn.

6.8. HOCMMMETPUK CUCTEMANTaPHUHT TaLIKWA 3TyBYWIapW.
CUMMETPUK TallKWA 3TyBUMNIAp YCyn

Kyn ¢asann (WyHUHrgek, yd asann) xap KaHgaidi HOCUMMET-
PUK 3.10.K., KyunaHuW Ba TOKNap BEKTOpfapu cuctemacu asana-
PUHWHT KeTMa-KeT/UK rapTMbuHU onfuHAaH GenrunaHTH TapTue-
[a anMawunHaguraH cUMMETpPUK cucTemaap WnurmHgucu bunadH an-
MaLLITUPULL MYMKVH.
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ByHW ymymuiA xonga HoOM, TYrpu BA Teckapu TapTmbaa-
rm(Ao=Bo0- CO)cummeTpuy  TalKHA  3TyBYMMapra axpartuu

MYMKWH OynraH yd (asaim HOCUMMETPUK CUCTEMaap MWCO,LUna
Kypué umkamus. 6.18-a pacmpga WUXTUEPUIA yd a3anm HOCUM MET-

puk cuctema A, B Ba C Bektopfap cucrtemacu Ttap3uga ugo-

fJanaHraH. by cucTemMaHW CUMMETPUK TallKui 3TyBUYMiapra axpa-

THW Mak,cagupa yHgaru xap 6up BeKTOpHM y3 HaBbatuga
n—ny+A 4A-,

B=B0OfB +B2 Ba C--C0+C, +C\ Tawknn 3TyBUN BeEK-
TOpnap MArMHAMCKU Tap3vaa TacaBBYP KWAMLW MyMKUH. LUy 6unaH
6vp BakTAa Kyhuparu waptnap 6axapuauiwiu

Kepak fe6 6unamus:

Ao ~ ~ *
B}" a2A(;C, = aA{? (6.7)
B2= aN2\ C2= a2/t
(ByHpa
1 . V? . | . V3
a-e ~ = —+ [ - ;a-=e¢ —
2 J 2 2 12

3KaHNUTUHW 3cNaTnb ytamms).

Ymymuii xonga 6.18-a pacmpa 6epunraH A, B ékm C Bek-

TOpNapHU CaHOKen3 Kyn (MXTUEpWUiA MyHanraH) BeKTopnapra axpa-
MW MyMKUH. AmmMo (6.7) mdofafa KenTupuaraH Lwaptiapra puos
KN/MHCA, BEK FOPNapHUUT  My/DKannaHram WyHanuwpa axpatuil-

HWUHI AroHa BapuaHTbl uyuMkagu. byHgpa A, B Ba C BekTtopnap-
HUHT Teruwnu Tawkun 3TysuMnapu  HonmHum (10, B~ C\),

Tyrpn  (N1,, B] Ba C,) Ba Teckapm (12, Bs Ba G ) KeTma-
KeT/MKgarn CUMMETPUK CUCrCMaiapHu xocun kunagn. C n wm -
MEeTPUK TaWKWA 3TYyBYM nap ycynu febH
HOM aHa LyHAaH Kennb 4YMKKaH.

Y4 (pasaiM  HOCUMMETPUK CUCTEMAHM CUMMETPUK TalluKun
3TyBUMMApra aHaIMTUK Xamga rpauk ycynga akpaTHLI MYMKVH.
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1 AHanutunkKk ycyn . bepunran A, B Ba C Bek-
TOPNapHWHI  aHUKNaHafWraH KOMMOHEHTaNapUHUHT  GanaHCuHU
Kyingarn TeHrnamanap cuctemacy KypuHuwmga udogananmms:

A —Ao mA, + A2>

B=B(l+B, +B2, (6.8)

V- -0 v:il+-2>

(6.7) gHrn wapTnapHyu Xx,ucobra onraHga (6.8) HM Kylhmparuya
C3ULL MYMKWH:

A- A(+A| +A2»

B=Ao a_A| +aA", (6.9)

~ A0 1aAjT3’AT.
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AHan A0, Af JI2 HM aHMKNaW Yy4yyH KeTMa-KeT y4yTa aMaiHu

baxapamT:
1) (6.9) TeHrnamanap CUCTEMACUHWLL YHI Ba Yan KuWeMapuHU

Kywunw Hatmkacnga A+ B+ C = 3[) ra ara 6ynamms, ! + a + &
=0 6ynraHun yuyH:
J5,(1 Ha2+4a)= A2(1 + a a2)=0.
LyHpai knnun6
Ao - A+ B+C) {6.10)
KeNnb umkagu.
2) (6.9) emeTeMaHVMHI MKKMHYM Ba YUMHUM TeHrnamanapuHu Te-

rmwnuya 4 Ba a: ra KyﬂaﬁTVIpl/I6, Ly eneTeMaHuHr 6I/Ipl4H'~II/I TEeHr-
NamMaeura Kylulleak, Kyl\/JIM,U,aFVIHVI X,0enn KNnamus:

A +aB (a1C - 3/ 1. (6.11)
YYHKM Ao(l+a+a2)=Au(l+a2 a4)-0
Jemak, A, - A +aB + a2C) (6.11-a)

3) (6.9) emeTemMaHWHI WMKKMHYM  Ba YYWHUM TeHrnamanapuHu
TerMwiMya a2 Ba a ra Kynamtmpub, wy emeTemMaHuHr GupuHYu
TeHrnamaeura Kylleak, KyiugarmHi \oeyn Kunamus:

A a B+aC —3Ay,

A, = X (1 + a*B + aC’).

LLyHpad knnnb, (6.7) HWM xmcobra onraH \onga (6.10) - (6.12)
napra 6uHoaH, A, B Ba C BekTopnap Mmabiym  6ynca.

A0, N, Ba A2\

50, Bx Ba B2, wyHuHrgek CO, C, «a C2 NapHUHT
CUMMETPUK TallKWA 3TYBUMNAPUHU aHWKIALW MYMKWUH.

2. Fpadwmk ycyn.byycyn A, B Ba C BekTopnap
OunaH GaxapunaguraH anrebpavk amannapHu YNapHUHT TEKUCINK-
fJarv Tacsupnapu 6unaH GaxapunaguraH reoMeTpuK amannapsbl
*IMALUTUPULL UYKOHWHW OGepagn. By xonga 6aéH KWAuHraH wyd
aman 6.18-pacmua KenTupunaraH reoMeTpuK amannapgaH unbopat
oynaaw.

1) B BeKTOPHUHI 6Gowm A BEKTOPHUHI oxupura, CBeKTOp-
HUHT 6own B BeKTOpHMHI oxupura (6.18--a pacmga B Ba (

6J12>
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BEKTOPMAPHUUT  SIHTW  BasuATAApPWM  TYHKTHP  4mM3uknap 6uniaH
KypcaTuarad) Kyunpu6 kysmus. Wurungm Bektop 3A0 6ynu6,

ynap acocumga Hon KeTMma-keTnmkga WyHanraH AO, BO Ba CO
(6.18-6 paem) CMMMETPUK CUCTEMAHM Ty3ULL MYMKWH;

2) A BeKTOpPHWHI OXMpuiaH coaT CTpefnKacura Teckapu
MyHanmwaga 120" 6ypyakka GypunraH B BekTOopHM Kysamu3 ( 6y
A - aB amanra Tyrpu Kenagu). byHra fHa coaT CTpenkacu Xapa-
KaTu WyHanmwmra 120° 6ypyak 6ypunraH BekTop C HM Kyllamu3
(6y aca BekTOop a2C HM Kylumwra moc kenagn). MuruHam sekTop
34, 06ynnb yHuHr acocmga, (6.7) HM xucobra onraH xonga, Tyrpu

KeTMa-KeTnnkaa iyHanraH A}, B} Ba C, (6.18-B paem) cuMMeT-

PUK CUCTEMAHW TY3ULI MYMKWH;
3) MKKMHYM NyHKTAarura yxwaiu iyn 6unaH (6.12) TeHrnamara
MoC reoMeTpuK AcallnapHm HaxapunLl HaTuxacuga

A. a2B Ba C BektopnapHu Kywmu6, 3A ra TeHr BEKTOPHMU
xocun kmnamuz (6.18-a paem). Cuctema (6.7) MM Xxmcobra onraH

Xonga. A BEKTOPHWHI MWUKAOPW Ba WMyHanWLWIMHWM 6uAnb, Teckapwu
KeTMa-KeTAnKAa WyHasraH CUMMETPUK cucTemaHu Ty3amu3 (6.18-r
paem).

SHAM XaKWUKWIA yd (hasanu anekTp 3aHXupnapga 3.10.K., Kydna-
HULL Ba TOKMapHWHI cucTemManapuja HOCUMMeTpUs naingo 6ynuium
MYXUM (DM3WK XapaéH 3KaHNurn Xx,akupa Tyxtanué ytamus. ByHpa
Xap KaHfai yy (paszanu ysrapyByaH TOK CUCTEMACUHWHI 3HI SXLUW
vwnaw pexuwmy reHepatop 3.10.K.JJapMHUHT UCTebMONYM (hasanapu
Tyna (y3atuw fIMHWA CUMMAPUHUHT Kapliuavknapum 6unaH 6upra-
NUKAR)  KapWWAWKNAPHWHT  TamoMuaa CcuUMMeTpusaga  Gynuwiu
XucobnaHagn. by xonga 6apya NMHMSBUIA Ba (ha3aBU 3.10.K., Kyu-
NaHWLW Ba TOKNAPHWHT BEKTOPNapu CUMMETPUK EnNuK yybypuak Ba
Y4 HypAu tongy3 xocun kunagu. ByHpain cucTemanap Tapkubupga
HOM Ba Teckapu KeTMa-KeTAuKAa MyHanraH TawKua 3TyBYMnap
oynmaingn. AMMO KaTTa KyBBaT/M 3MeKTP cucTemanapga OyHpaw
naean peXnMHW amanga Xocun Kunub Gynmaiigw.

1CHepaTopHUHI (hasanapu Ba 3NeKTp y3aTuw nnHusnapn (Y
(13rL) cummerpusaga GynraHura KapamacfgaH, cMcTeMa HOCUMMET-
PUK, YYHKWM YHUWHT (pasanapuga Tyna KapwuaukKnapHUHT MUKLOpY
Ba XapakTepu Xxap Xun. Y4 asanu reHepatop!wHr asanapuga
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loKfaMa Kapluuauknapum acuMMeTpuscu naigo OyNMLLIMHWMHE aco-
CuiA cababu Wyku, yd4 asanm cucTemaHuw aipum dasanapura
yNaHraH KApWWAukKiap Typauya Ba Kynuuaurm 6up asanm uc-
Tebmonuunap (MHAYKUMOH neunap, Oup dasanu HpuUTKUYNap,
3NeKTp épuTu cucTemacy, MaulUMini KOopXoHanap Ba 6GoLukanap)
bynagn. Ly Tydannugasa Ba NMHWMA TOKMNapW KECKUH acMMMET-
pUs PeXXUMWHM Tawkun aragn. dasanapHWHI napameTpnapu 6up-
bupnaaH KeCkuH hapk, KuiraHga asa Ha IMHWA  KydnaHuwnapu
BEKTOPNApPUMHWMHI cucTcMacuaa Hon (hasa KyunaHWWAapy YuyH)
X,aMOH TeCKapy KeTMa-KeT/imkaa MyHairaH TalkKua 3TYBUUAAPHUHT
yaywn ceaMmaapau fapaxaga optagn. dasa KyunaHuwiapu BeKTOp-
napu cuctemacufa HOMMHYM KeTMa-KeTAMKha WyHanraH TalKun
3TYBUUNAPHUHT OYNWLLIM reHepaTop 6wnaH WCTELMOMYUHUHE HON

Hykganapu opacmgarn UN~ Uw Teckapy KyynaHWWHWHT nNaigo

oynraHnurnHn 6ungupagn (6.10-pacm). Teckapy KeTMa-KeTnuKga
MyHanraH CUMMETPUK TalKWA 3TYBUMMAPHUHT OynuIM  31eKTp
Tapmorura asanapy Taprubu TecKapu KeTMa-KeTnukga OyaruH
AHIM yd4 (haszann MaHbGaHM ynaw 6unaH 6apaHapaup. by, y3 HaBbGa-
™Maa, OyHAall HOCMMMETPUK CUCTCMajaH 3MeKTp SHEpruscu uc-
TEbMON KWAyBUM Y4 (hasanu y3rapyBYaH TOK ABuratennapuga aco-
Cuii ailnaHyBYM MarHWT MailgoHAaH Tallk,apu, siHa YHTa K,apama-
Kapliu RAyHanuwgga ainaHyBuM MarHWT MaWgoH X.0cun  Kunagu
(TOPMO3/10BUM MOMEHTHU BYXyfAra kentupagu). ByHpaid wapoutaa
KyunaHuwiiap, LWYHWHTAEK TOKNap CUcTeMacu Y4YyH MWKAOp/apu
aH4yarmHa O6ynraH Teckapu KeTMa-KeTimKaa MWyHanraH —TalliKui
3TYBUUNAPHUHT Bynuiunra Wya Kyimé 6ynmaingu. Yu gasanu cuc-
TEManapHUHI pean uwiawu wapoutuga (asa Ba NMHUA TOKNapw-
HWHT CUMMETPUACUMHM aManga 6up Tekuc ywnad Typull WUMKOHWS-
T Gy/MaraHAUrngaH, TeruwaM CUMMETpUSAaW LiapTiapu asa Ba
NMHUA  KyuNaHWLLIapyW cucTemacura HucbaTaH Kyiunagn. OnekTp
SHEPrUACUHUHT 6y My\UM cudaT KypcaTkKnum acum- MeTp
Mg KospoduumeHT © paeb atanaguraH KosppuuueHT
6unaH aHuknaHagu. by koathMUMEHT CUMMETPUK CUCTeManapgaru

Teckapu KeTMa-KeTnukga WyHanraH £/, TawkKun 3TyBumnap 6u-

NaH TyYrpu KeTMa-KeTimkaa iyHanraH Tawkun atysumnap Utl)
3h(PeKTMB K,MIAMATNAPUHWUHT HUCBATUra TEHT, SibHU
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Xypom wWwyHra yxuwaw idyn 6unaH TOKNap WeKTOpPNapUHUHT
acummeTpus  KoagpduumeHtn £ = Ir,y1() aHukpaHagn. Katta

KyBBaT/IM Y4 (pasanu CUCreManapHUHI [IMHUA  KyYfiaHuLiapu
acuMMeTpus  KoahpuuueHTUHUHr FOCT Oyiinya MyMKWH GynraH

3Hr KatTa Kuiimatn EXUR(C=0,02 6ynnb, TOK aCUMMETPUS KO3d-

9]

(UuyMeHTN 1 (anoxmpa X,0nnapAaH TallKapu) aHWK Yerapara ara

3mMac.

JNeKTP 3Hep| MACUHMHT cuaTu Ba 3HEpProcucTeMa KyunaHuiu
Ba TOKMAPUHUHT MYbTafWIIUIN MaxcyC aBTOMAaTWMK Kypuimanap
O6vnaH HasopaT KWIMHaAM Xamfa Ky4/jaHWW Ba TOKapHWHI  acuMm-
METpMS fJapaxacu TeXHWK ynyaw acbobnapu epgammaa Kaig
KnanHagu. By Kypunmanapra ¢ M M M C T p U S 1 0 B -
yn TawWwWKUnN 3TYBUMNAPHUHT 3NEKTPp
humnblnapwun acoc KNIN6G ONUHTaH.

6.9. CUMMETPUK TalKNA 3TYBUUNAPHUHT
ANeKTp MnbTNapn

CYMMETPUK TallKWA 3TYBUMMAPHUHI 31eKTp (unbrpnapu ga-
3aHW CUMKUTULL  XycycusaTura ara 6GynraH snekTp 3aHxupnapgaH
néopat 6ynm6. yd asanm cMCTeMaHUHT GMPOP CUMMETPUK TallKWA
STYBUUCUMHUHT MUKLOPWHM GeBOCUTA ynuall Mak,ca,Huia 6y TaliKun
3TYBUMHM aXpaTn6 onmwaa doinganaHnnagn.

IHONMHYNM KeTMa-KeTNMUKAU TaW- KW
n aTyBYuMNapHWUH T dunbrpnapmu, 6.19-a
pacMa Kways ycynuia ynaHraH HOCMMMETPUK Y4 hasanu cuctema
KYUNaHULUVHUHT  HOJIMHYM  KETMa-KeT/IMKAN  TalKun  3TyBYU
(OUNBTPUUUHT  CXemacu  KypcaTuaraH. Kypunma — KyuynaHULHK
ynyosunM ydrta 6up xun ukkn dynramnm KT TpaHcgopmaTopgaH
néopat 6ynn6, YHUHr Gupnamuy 4vynramum w, HKAaMaHWHr z,,
Ba Z ha3a Kapluunmknapura napannen ynaHrat.

TpaHCchOpMaTOPHUHT  MKKUMaMuy  Yynramm W2 MOC KeTMa-
KETNWK 6unaH TyTawTupwarad 6ynmb, ouMK, Kucmaapura BOSbT-
mMeTp VO ynaHraH. ®asa KyunaHuwnapy Tyna CUMMeTpusaa
6ynraHga

n, +n,+wn3 -0, n, =i,Z,, n, mj2Z,, U3 =j3Z3
O6ynm6,  MKKMNamuum  uyyaramga  MHAYKTUBMAHTaH — 3.10.K.HWUHT
AMTMHAMCK XaM Honra TeHr. ByHu BonbTMeTp V, Kypcatagu. @dasa



Xy4naHvwnapu ysapo TeHr 6ynvarad (U, * U; * nJs) xonga UKKu-
naMyy uynramparv 3.10.K.HWHT WUrMHOMCK HONJaH (hapK Kunagu Ba
n,10 BEKTOPHUHT- MOy ra HpOMNopLMOoHar, ABbHU

U ~t/, +U, +U. - 3C( HOAMHYM KeTMa-KeTAnkKaa yHaraH

TALIKUA 3TYBUUNAPHUHT Y4ynaHraHaurura Tew 6ynaau. Arap ynuai
TpaHCHOPMATOPUHUHE Yynramy ypamaapu coHn w;:w2=3 nucbatga
KUnné TaHnaHca, BONbTMETP VO KyunaHuw US> HUHT HOMIMHYKM KeT-
Ma-KeTMKaary TalKua aTyBuMnapuHM 6esocuTa ynyanigu.

6.19-6 pacMga HOAMHYM CUMAW ONaY3 yCynuaa ynaHraH yd ga-
321 HOCUMMETPUK CuCTemMa TOK/MapPUHUHT  HOJIMHYM  KeTMa-
KeTnuKaarn 3nekTp (QuabTpaapuHUUr cxemacu KypcatunraH. Ky-

1T 17

Vv
n W,I_*gl
’ 13 L ?
N“n
© g wn "

9

a) 6.19-paem.

Kypunma ydyta 6up xun TOK yn4yoBum TpaHcgopmatop (TT) gaH
néopaTt; TpaHchopmaTopnapHWHT Bupnamun yynramiapu toknama-
HUHF (ha3a Kapwuavknapu bunaH KeTma-KeT YnaHraH; WKKunamyu
yynramiapu aca ys3apo napannen ynaHuwo, ymymuidi amnepmerp
A( ra TyTawTmpunrad. Xygam KyudnaHuiw gunbTpugarn kabu (6.19-

a paem) amnepMeTpHWHr  kypcatmwm  1{+/?+/, =3/0* O

6ynraHaa HongaH Gapk Kunagu. TOK  TprHe(hopMaToOpUHUHT
TpaHedopmauusnall KoapUUMEHTUHN Ba amnepmeTpra yraHaau-
raH LYHT KapLWAW'VHW TaHnaw 6unaH yndyaHnw TOKMapHUHT Ho-
NINHYM  KETMa-KeT. lKaarn 1) TalWKun STyBUMNapu 6unaH amnep-
Merp A, KypCcaTULIMHWUHT 6Up XWN GYnuLIMra 3pULLIKALL MYMKUH.
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2Tyfpu Ba .Teckapwm KeTMa-KeT- nn
KNW TAaWKWAN 3TYBUYUNAPHUHT (GUAbLTP-Na
p v . by Typfarn uAbTPAAPHUHT aCOCUHM HOMMHYM CUMCU3 HONLY3
yc>nufa ynaHrad, ¢asa Kapwunuknapu Z,, Z2ea Z3 HOCUMMETPUK
6ynraH y4 asanu WCTCbMONYWMap TalKun atagu (6.20-a paem).
®dasza Kapwunmknapun Zs Z2 Ba Z3 HUHT MUKLOPW Ba Xapaktepu

Ba U: = 12 Z: KyuynaHuwwnapu TeruwiiMya Tyrpu Ba Tec-
Kapyu KeTMa-KeTnvkgarun numHua kKydnanuwnapum U)3 Ur, Ba U,
HOCMMMETPUK CUCTEMACMHUHI TallKWA 3TyBYMNapura TEeHr Kunnb
ONMMHUWIN KepaK. Bowmua aliTraHga, Z, Ba KapLimnnnknapra
napannen ynaHraH V[ Ba V: BONbTMeTpiap aHWKAaHaguraH Tall-
KN 3TYBUMNAPHUHT 3((EKTUB K,MAMATUHN GeBOCMTa yn4alum Ke-
pak. Arap AMHWA KyuynaHWULINapyu cuctemacu CUMMETPUK 6ynca Ba
YHUHT (hazanapuHUHr TYyrpu anMalmHuL TapTmném

uR=u.,, ~a2ld U M—aU( nap 6unaH wudopanaHca, Yy
X0nga BONAbTMETP V, HWHI KypcaTWulW WA ra, BOMbTMETP V: HUHT
KypcaTULIKM HoAra TeHr 6ynagn, AHa Wy CUMMETPUK CUCTEMAHUHT
(hasanapu Teckapu TapTubaa anmallnmHuG,

bynraHga BONbTMETPHMHI KypcaTulun Teckapu, abHu U, =I! Z| =
OBa U: =L Z: = U, 6ynagn. Oemak, Z, Ba Z2 MpLUInMKnap
y3apo TeHr Oynuwn Kepak. LyHgaidi knamb, HX.0puga Kaig
KWIWHraH waptnapra 6uHoaH, 6.20-a pacMparv (UNbTPAapHUHT
3aHXMpP napameTpiapuMHU  Xucobnaw TeHrnamMacuHu  Ty3uLMMKU3

MYMKWH. 6', Ba U2 KyunaHuwniapra Tyrpu KenraH IMHUS Kydna-

HUWMAPU CUCTEMACUHMHT Tyrpy Ba Teckapy KeTMa-KeT/IMKAaru
TalWKWA 3TYBUMMAPUHUHT TEHINIMTUHU Kyingarnya ugoganaimms:
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U411l - -j[U 2 +al'25+a“1'?1]- U1 (6 13)
AG) " FR+a B Tull3l=- C2
KU

3U| - Uj —UTeea(Wi-W3)+a(U3-UJ|) 14)
3U2=U,- U2+a2(U2- Us)sa(Us- U)

(6.14) TeH!'namanap cuctemacugaH b\Y{+U222+ N ~O0O
3KaHNUTMHU Xucobra ofcak,

Uj(Ys-aY,)+U2(Y3-aY2)=0 (6.15)
oynagn; 6yHpa K~ — Y'=m——Ba K - -' - (UNbTNAPUHUHT
ynap yHAa K zZ } Z ) 73 ¢ p

(hazaBuii KOMMNEKC YTKasyBYaHAWKNapu. AMMO Y, - Y2 LUYHUHT
yuyH (6.15) pgaH Y, -a¥Y, =Yj- a¥2=0 , ékn Yt = Y: = a:¥Y, éku
Z| = Z2 = aZ* skaHnurn kenub umkguu. MacanaH, yumH4umM (pasa-
HAUHT  KapWWAUTVMHU  CUTUM  XapakTepura 3ra [ecak, SbHU

Zy —~jxc~ n;e 2 6ynca, y Xonga CUMMETPUK BGUMPUHYM Ba MK-

KUHYM  (hasanapHUHT Kapwunmknapm Zx- Z2—Xce 1-e'

V3 1
=X(e 6 --Ac¢ - +/ '2'-) oynagn. [Oemak 6y asanapgaH xap
v ,

2
GUPUHUHT KapLIUANT aKTUB-UHAYKTVB BY/MLWIN Kepak, SbHU:
Z,=2Z2"“rL+ jXL

OoyHgaH T; :J—?’-Xc XL:-l Xc

byHaali napameTpan  (MALTPHWMHI cxemacn 6.20-6 pacmga
KypcaTuiraH.

6.10. Kyn thazanu cuctemanapHuHr asanapyMHn napyanatl
Ba aCMMMETpPHSANALL Ha3apusacura ouf TyLyHyanap

Y3rapyBuaH TOK WUCTEBMOMUUNAPUHU 3NEKTP 3Heprusic bunaH
TabmMunaawga sHeprusi MaH6avHWHI (haTanapu 6unaH MCTEbMONYM-
HUHT (da3anapH COHWHH MOCNALUTUPWLL KYNTMHA MYXaHAMCAMK Ma-
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canajapn wumga myxmmaump. BuHobapuH. caHoaTga 31eKrp auep-
wscupgaH dgoganaHUWHUHE KyNnuMAnK Xxonnapuga MaHb6a (reHcpa-
Topsiap) Ba  WUCTebMONYMAAPHUHI  (MOTOpANap, Tyrpuaawynap,
TpaHcthopmaTopniap Ba X-K.) asanapm ysapo CMMMETPUK cucTema
TaWwkna aTraHnaurn Tydainm ynapHUHr gasanapyM COHUHWU y3apo
MocnawTupuw yvapyp 6ynmanignm. AMMO pean wapoutnapga yd da-
31N CUMMETPUK Kyd/saHuwiap cucTemacura kKatra KyBBaT/aum 6up
eKn WKKKW dasaim uctebmonuymnap ynaHuwu MyMKWH. BynapHu
6up haszann MHAYKLMOWM rMednap, 6up Ba UKKKU asann ysrapyB4yaH
TOK OPUTKWYNapu, onTU Ba YH WKKKM dasanu Tyrpunawynap Ba
6owkaNnap TawkKun atagu.

Bab3aH y4y asann TapMOK,HUHI WYKAUTU EKN yd cuMpaH ¢oii-
fanaHunw mabKyn amacnumru (y4 gasowvm 3nekTp napmanawl MoTop-
napu), éKn MyMKWH 3mMacaurun tydaunm ydy dasanm acuHXPOH Mo-
Top/aap HA 3NeKTp 3Hepruscu 6unaH TabMuHMAW Y4YyH 6up dasanm
mMaH6anapgaH goliganaHuwira Tyrpu Kenagum. YMymMuin xonga m
hazanim cmnmmMeTpuK (KM HOCMMMETPUK) cuctemagaH n dasanu
Ky4/laHNW Ba TOK/IAPHWHI CUMMETPUK (EKM HOCUMMETPUK) CuUCTe-
Macura ytmw y 3rapyBuYaH TOK G «n anapwuwHM
y3raplupwuw paeb atranagn. Arap m<n (reHepaTOpHUHT
hazanapu COHW WUCTEBMOJSIYMHUHI (hasanapu coMHAaH Kam) 6yrca,
(hasa ysrapTupuw >kapaéHuga rcHeparopra etmwmoByn (n-m) da-
3aHN CyHBUW RNyn 6unaH \,ocun KUNTKU «h a3 aH U rrapya
naw (6 ynwuuw)» geimnagn. Arap T>n 6ynca, n gasannm re-
HCpaTopHM m dasanap opacupa 6up TeKUc TakcMmnalwl >apaéHu
CMMMUEeTpPpUAanauw gelimnagn. CnHycomgan ysrapyByaH TOK
3aHXupnapmga asanapHu ysrapTupuwinm muconnap 6mnaH Kypub
unK.amus.

1 Bup daszanum ys3rapysByaH TOKHMU yu
as3anmnm rokKka amnaHTWpPp n W «Y4ybypyak» ycynmaa
ynaHraH y4 dasaqim CUMMEeTPUK WUCTEbMONUYUHU 3JIEKTP 3IHEPruscu
6unaH TabMuUHMAaW y4dyyH 6up dasann U,. y3rapyByaH Ky4jlaHULWIHU
1V, U,, Ba U3 yy dasanim cMMMeTpPUK Ky4ynaHuwra annaHTUpuLl

nosum, pe6 dapas kwanmk (6.21-a paem). dHam 0'n Ba (42

KyuynaHuw BeKTopnapu opacumpga 120° ra TeHr 3apypuii ¢asa 6ypu-
NNWHWN rabMUHNOBYM (pa3a Oypuwl 3nemeHTAapUHUHI (PB3J) na-
pameTpnapvHn aHuknanmma (6.21-6 pHcm). BepunraH 6up dasanu
KYUYNaHUWWNWUHT 3hdekrne kuimatn | i: = 11, ga Ba OKNaMaHWUHT
y IkaszyByaHnmrn Y we=ghjbH pga d¢asa 6ypysBun 3/1eMeHTNapHUHT
napameTpriapu Kyhmgarn waptnapHu KaHoaTnanTMpum 103UM:
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0:, +yn)un = (yn+ Y~?N)i',2.
eKun

[(gK.+ gi:0-Xblo+bl?)]u.eJ3 4 (g 10+g32H (b,+b32)]JU e 3 (6.16)

6yHpa: Y,,-=gl3-j B, Ba Y1 =gr- -jbi; ¢dasa - 6bynybun ane-
MCHTNApPHUNT KOMMJeKC Tyna yTKasyByaHInKNapu.

3aHXupgarn Kywumya KyBBaT MCPOMUHU AYKOTULI YUyH
Siz = =0 pe6 kabyn kumnamus. Y .yonga (6.16) wndogaHuHT
ypHUra KyimgarvHm onammus:

[0 -j:blo +bi3)Y M (6.17)
Opauii ysrapTupulinap épaammga toknama napameTpnapu 6u-
nak asa G6yfnyBYM I3NEeMeHTMAPHUHI  MapameTpfapu opacugaru

Kylingarn myHocabaTtnap X.0EuMn KunmHagu:
= vTaqg
b3 = - nl3 g .
«Y4 (pazann MCTebMOMUYUHUHT X,ap 6up dasacngarn kKnama
aKTuB yTkasyBuyaHnuk g,(bw0) paH mnbopaTt» aeb dapas Kunannmk.

Ynga (6 18)-ucopara 6uHoaH, 6up Gasanm rokHm yd gasanm TOK-
Ka ainaHTupuuy YUYH 6UpPUHUN CYHBUN hasza 1-3 ra

(6.18)

yTkasysuaHnurn b. - s g, bynran wvhayktveAuk L, MKKuHUK

CYHbUI ¢asza 3-2 ra yTKasyBuYaHnurm bt ~ -~J3gin oynraH

curnum C ynaHagwm.

2, Bup dpaszanum wKnamagarum yu pasa-

nM emeTeMaHWUHT NUHUS TOKANAPMUHM CUM
M e T p M a n a w Y4y (asanum  KydaaHuwnap
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(t/p, act f/;]) cummeTpuk cucTtemacuHuHr (6,22-a paem)
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2- Ba 3-(hasanapu opacura yTKasyBYaH/IUIU
yA:yK):)E,K)'ij)'Ye HR
6ynraH 6up ¢asann wknama ynaHraH (ymymuii xonga -90° < ¢ <
90°). pe6 apas kunaiinuk. Konram MKKU ¢y3aga K,yBeBaT UCTEBMO-
m RyK (Yi: = Y-) -0) pgemnuk; y Xxonga nvHUA cumnapugaru
Toknap
/, = o, [, =0nDr, = /3= -l«,

6ynun6, ynapHUWHI BCKTOp/Japu HOCMMMETPUK CUCTeMa  XOoCun
Knnagn. YyHku ynap 1}=1/; [/, —a2l Ba [/, = al wWwapTHU
KaHoaTnaHTUpmaligM, amMmmo LWyHra KapamacgaH, 6y TOKAapHUHT

cnm.meTpusicura, xatto Y ;. *Yr, * Yt 6ynraHga xam aspuwiunl
MYMKWUH 3KaHJAUTMHW Kypca rmw KuivH amac. BbyHpa tokopugaru
wapTtnap Kyhungarmya bynagu:

\2) - 1l ba2i2 aiz O

CKMn Y ]2 + 23+ a"~"n"31~n (6.19)

3aHxupgarn Kywmmya akTue MepodHU HyK Kuauuw ydyyH dasa
6ynyBuYM 3/eMEHTNapHUHI YyTKasyBuyaHnWknapu Y1 Ba Y3 HU
hakaT peakTmB pfeb6 Kabyn KuabiMu3, SbHU  Yu - *jb Ba
Y, = 2jbll.. ®Bb3 MuKLopu Ba XapakKTepu HXX/amMaHUHI napa-
MeTpaapu acocuvpa aHuknaHagn: Y25 = Yio - ~jbjn=YMe~K'n

Arap Yo =gw 6ynn6, Y|;=¥n=b 6ynca, (6.19) wndogara 6mHoaH
Kylingarn Hucéatra ara 6ynamus:

bo ¥ €Yg +a2yn =0

71 2E I 2x
J2 | J> " A
C HC + e W eC
CKN Vs* = g, sIbHM CyHbUIN (hasanapgarn toknap HKIama-

jarn ToK 1HO- U Xn pauv N mapTta Kuuuk. LyHuHraek, (6.20)
TeHrnama dakart

/x f. . @/
2 b/.e 2 B a >731 -e 2 bL = b( -~
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6y.'maHgarnHa K.anoat/iaH WPHWM MYMKUH 3KaHAUTMHU KypcaTunob
yTamms. (6.22-6) pa TaHMaHraH Xycycuil xof Y4YyH BeKTOp Aguna-
rpamMmma KypcatuaraH.

6.2-MUCOMT. 3aHXUPHUHI peXXUMm daBkKymorga ysrapuwl Haru-
xacuga Kyhiumpgarnda MUKLOPAapuun TalKWa 3TraH NIMHUA  Kydna-
Huwnapu Termwnmya U '~A-U '3=0.8U, Ba U,:=U =UHDr Yu ¢asanu
aCUHXPOH ABurartene 6epunraH Ky4YaHUWHUHI acMMMeTPUSA KO-
apurumneHT Ba MOTOpP HPUTKNY Banura (ykura) 6epuaraH MO-
MEHTHUHI HUCOUI KamMaliHWKN aHUKNaHCUH.

Eunw. 1 JInHMA KyynaHuwnapu CUCTeMacUMHWHI Tyrpm Ba Tec-
Kapun  KeTMa-kKeTnmkgarun CUMMETPUK  TawWKWa  3aryBYMNapuHu

aHuknaw yuyyH (/12 act 63l BeKTOpNapHU KOMIMNEKC TeKUC-

nukpga 6up-6mpwa HucbaTtaH 6.23-pacmpa  KypcaTuaraHfek
Knnmb >onawTtnpamms. BekTop guarpammara 6MHOAaH:

(

Jr«+
Ul “U ,U@2 —unovm ~-m1p -08en
6ynagn. by epga a = arcsin 0,625. 2. JIMHUA Ky4yaHuwapu cuc-

TEMACUHWNHT TYyrpu Ba TeckKapu KerMma-ketnmKgarm CUMMETPUK
TalW KN atyBuYnnapum ternwinnya:

- («-4
Ug L Y 1408 vo,8e 58
=0861)—
42) —g'I\EU +a“b B An3( - 1-0,8e -0.8e("+A
.
3

3. JIMHUS KYUYSTaHULINAPUHUHT aCUMMMETPUA KO3 ULUEHTK:
m @ 014
ITAU * 0,86

0,163 Ba K,» - 15.3%

4, MoTop Banugarn MOMEHT CTaTop 4ynAramsaapuHUHT cumaapu-
Jary Ky4JaHUWHWHT KBajpaTtura npornopLuoH a, sibHU
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AHOM ~ 4~ ~ cummeTpus  Kocun  BynvwiM maTtukacmaa

(yTpn ainaHTMpynyum MOMEHT

M - K u-" =K, (0.86 V )" - 074 M
1 M n(!) M i| HOM

Kagap Kamaumgu.
LWyHaahn énnnb. asanapumHr acMuMmmeTpusicu Kucobmura asura-
Tenb Banuparn MOMEHTHUHT HUCOUI KamManmwun (HOMUHaN pexunmra

M | ~ N
HuUcbataH) — ---------m-mmmm- = 0,74 Hu TaWKWUN 3TAU, SbHU MOTOP-
M  Hom

HUHT TOPTULW Ky4uun 26 % ra Kkamaigu.

238



VIl BOBb
HOCUHYCOUAAN OABPUN KYUNAHUW BA TOKJIAP

7.1. YMyMuUiA TywyH4anap

Jespnun 6apya x,0nnapga AaBpuil y3rapyBuyaH TOK feiuaraHga
Xap AOMM CcUHycOoMaan KOHYHUAT 6unaH y3rapyBum TOK TyllyHwuna-
v  AMMO, acocaH caHoaT uJactoTacuparu 3.10,K., KyyiaHuw Ba
ToKnap CcuHycompan waknra ara 6ynaam. YyHKW MUKAOPAAPNMHT
OyHpali faBpuii  KOHYHUAT 6yiiMua  ysrapuwuy UYM3UKAW  3M1EKTP
3aHXupnapga 3/M1eKTp IHEePrusacMHUHI 6oliKa Typ SHcprusira awna-
HUWW YyuyyH Kynaih. Arap a/eKTpoTexHuKara oujg paguoTexHuka,
3/IeKTPOHMKA, anoka, aBToMaTMKa Ba TefleMexaHuka, xwucobnaw
TeXHWKacu Ba aBTOMATMK 6ol Kapull coxanapuHu onmé Kypcak,
6ynapga oliganaHunaaurad ysrapyByaH 3/1eKTp MUKAopsapu fe-
AP/IM Xe4y KauoH CuHycompan 6ynmaigu. 7.1-pacMga HocuMHycompar

B)
7.1—paeM
neb6 aranaguraH 31eKTp MUKAOP/Sapu TOKNAPUHWHI XapakKTepsu Ba
Te3-Te3 yupab TypaguraH arpm UYM3nkKiapu KypcaTu/raH.
By ys3rapyB4aH MWKAOPAAPHUKI OHWIA KWAMaTnapu YymMymui
xonpga i=f(t) KOHYHUAT 6uMaH ys3rapvwm MYMKWH. HocuHycompan

239



Mukgopnap \amMm Mab/lyM BaKT opanuruga yTa (asaja Kanta Tak-
popnaHraHnnrn yuyyH y gaBpuini xucobnaHagu. sibHu 6y F(t) = F(t +
KT) wWwapTHM KaHoaTnaHTUpPyBUYM opmynia BakKT QYHKUMSACUAUP.
ByHga T - wy ynNnKUMAHHHI gaBpu; K - Xxap KaHpjan 6yTyH myc-
6aT coH. MacanaH, TyrpunaHraH yarapydaH Tok i(t)=i(t+kT) (7.1-a
paem) Tupuctopnap 6wunaH 6owkapwuiaguraH cuHycompasn MaHba-
HUHT KydynaHnwun u(t)=u(t+kT) (7.1-6 paem) WYHUHIAEK, aMnanTy-
fa - UMnNync Mogynaumsa Hatmwkacmga aBTOMOM  MHBEHTOPNAPHUHT
Tawkn Kucmnapuga xocmn bynraH acdwu uymsukgap (7.1-8 paem)
aHa wynap >XymnacmgaHgup. [aspuii 6ynmaraH mukgopnap (cur-
Hannap) roudacnura MUKPOPOH OpKanu 3NeKTp Ty/NKMHNapura ai-
NaHTUpUAraH TOBYLW  TY/IKUHAQPUHW  KUPUTUW  MYMKWUH  (7.1-r
paem).

Onuii maTtemaTuMka KypcupaH MabnymMKu, [LOupuxne wapTuUHN
KaHoaT/MaHTUPYBUYM Xap KaHpgah y3nykcma paspuii pyHkuymsa f(t)nn
dypbe KaTopura ENMl MYMKUH:

f(t) - AQT Al sinwt + a])+ AZsin(@wt +a 2) +... f Aksin(cot+ak)u .. (7.1)

ByHga: A =y |i )i - y3rapmac TaWKun  3TyBYW,

o
A,sin(fot+a() - acocmin éku BMpuHuUm rapmoHuka; Aksin(ku>t+ak) -

K" - TapTnbnum wKopun rapmMoHumka (Eku "K”- rapmoHuka), AK Ba

a* - YHWHr amnnmtyga Ba 6ownaHruy dasacu; co=2a/T Ba T -
bepunraH YHKUMSAHUHI OypyaK 4yacToTacum Ba ys3rapuw gaspu.

Amanpa 3N1eKTp Ba 3/IEKTPOH 3aHXWUPNapHUHI 3fieMeHTapuja
xocmn  6ynraH 6apya fgaBpuii  HOocMHycompasn — 3/1eKTPOMarHuT
Mukgopnap (3.10.K, Ky4/saHuw, TOK, MarHuUT okgm Ba 6owkanap)
Avpuxne wapTUHW KaHoaTnaHTUpaau.

LUYHUHT yyyH ®ypbe KaTOPUHMU XOCUA KWUYBUM y3rapmac Ba
CMHYycoMgasn TawKun 3TyBUYMNap 3KBMBaIeHT Tap3fja aamMawTupu-
nvwn MyMKWH. Haszapuii kuxaTtgaH onraHpa, ®ypbe KaTtopu Yek-
cn3 (k-»a>) 6ynm6, amanga xap KaHgaii yta Mypakkab pgaspuii um-
3nKAapHW eTapnnya Karta aHukNvkga (Tawkun 3TyBYuapu COHU
yHTagaH OpTUK bynmaraH) dypbe Katopm 6unaH Kypcatuwl MyM-
KWH.

dypbe KATOPUHUHT KOIPPULMEHTUHH aHuMKNaw yyyH (7.1) Hun
Kylingarn kypuHuwpga €samus:

f(t) - Aq * Al ccsaj smtot - Aj sinuj mcoson + A" sm2»1+ A2 Mn 1*2 fj
meos2coi- + AN coba k msm kcH + A ~sina” cos kf>; = A"-i BjSiikil - \ ' mE)
+ B2 sin 2it- . - sin kio! - .. 4--»0| ros t>t m cos It + ..+ Cj.Ccskoi
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SHAn K-TapMOHMWKa TalWwKunn 3TyBYNNAPHUHT Ky|7||/|,qar|/|qa 9KaH-
NINTUHN Kypuil KWANH 3mac:

21
T 4

Tawkun atyBumnap Bk Ba CK HUHI mMukgopsapuHu 6unrad,

B, » M(t)ysin k(G t di Bsa ck - 1ﬁ|f(i>c05 kK« i <n

"K"-TapMOHUWKaAHWUHT amnaunTygacuHn Ba 6ownaHrny  gasacuHu
Kylinpgarngek aHukgarnmms:

Nk - + ¢ kBaa k = arctg
MK

WyHaah Knnub, HocMHycoupan 3.10.K., KyynaHull, TOK/apHUHT
OHUI K,MiAMaTnapww Kyimgarn aHainTUK WUTMHAM KypUHULWLIKMAA
ndoganawl MyMKUH:

e=Cq+C}+e2+ + cn
U= Ugq + Uj +u2+--+ u”n o+
i=i0+1, +i2+ ==+ jk +

By kaTopnapgarv 3.100.K., Ky4/naHull, ToKnap rapMoHuKanapu-
HAW  TapTubu Tervwnm Karop XagWHWUHT  UHAeKcu  6unaH
KypcaTunaraH. AHa Wy rapMoHukanap Tabcup 3TaéTraH 3aHXup
UN3HKNM bGynca, ycTMma-ycTnaw (cynepnosvumsnail) yCcyanmHW TaT-
6K 3TN6, bepunraH curHan 6Gylimya \ap LOUM YHWHr alipum ane-
MeHTNapu peakuusACMHU aHUKFaw MYyMKUH. AMMO SITOHA FapMOHWU-
Kanm 3anu..K Ba TOK MaHb6ann 4u3nkan 3aHxupra HucbataH Typauya
yactoTanap cnekTpuM Tabcupuga 6ynaraH 3aHXup peakuymsacm yuby
3aHXNP 3/1EMEHT/IapUHUHI rTapameTpriapura Ba ynaw ycynnapura
(3aH>Xunp cTpykTypacura) 6ornuk Arap R, L , C anemeHTnapmu
KeTMa-KeT yfnaHraH 6upopta Mypakkab 3aHXup

m=u0+wnJ sin(tol + 4u2) +1n2m sin(2«t +yu2)+ ..

..t ukmsin(W + 4/uk) + ...

Ky4ynaHuw Tabcupuga 6ynca, maH6agaH MUCTEbMON KWUAMHaETraH
]

ToK i —” 1Kk 3aHxupra 6epunraH KyuynaHuwpgaH 3rpu YU3MTMHUHT
0

waknum xunxatngaH apk, kmnagu. ByHUHr cababum wWykKu, rapMoHu-

Ka Tapkumbm 6up xun b6ynmangn. By 3ca 3aHXWUPHWHI Tyna

Kapwuanru Typan rapMoHMKanap y4yyH Typavuya sKaHnmrugaH ke-

nné unkpon.

MacanaH, «K»-rapMoHuKa TOKUHWUHT OHUN K,uimaTun
Kynngarmya oynagwn:
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h = h,n Sm™k(0t + Vek ~ oK )*

ByHaa IlkrUkmZk - TOK amnnanTygacu Knimatu;
! f 1 r
Zk=JR2+ kw L --------- - 3aHXXUPHUWHT «K»-TapMoHuKagaru Ttyna
y \ koC)
. _ IT, 11, .
Kapwunurn; <k =arctg ku)L-—— ":R - kyunaHuw ukBa TokK ik
KoC)

opacmparu asa cu/mKMWwnM Gypyaru.
By wndopanapra kypa, R, L, C anemeHTNnapu KeTMa-KeT ynaH-

raH saHxupga Z» - drFT (0 -go)" =cobynraHum y4yH Tokga y3rap-ac

Tawkua IATyBunnap 6ynMangn, YyHKM ysrapmac TOK Y4yH co-0.

7.2. HocuHycongan anekTp MUKLOPAaPHUHE Makcumarnt,
<»(JXeKVB Ba ypTada Kuiimatniapm

HocnHycomgan 3.10.K., KyudaaHWW Ba T[OKAM  3aHXWUpraapHu
xmcobnawga HocUMHycomaasn 3nekKTpP MUKOOPAAPUHWHT 3aHXUp ane-
MeHTNapura Tabcupu gongann 6yNMWKUHN Gunuwga aaBpuii GyHK-
UUAHWHT  amMnauTygacu Ba YHUHI  3ddekTuB x,amga ypTtada
K/MmaTnapMum aHuknaw Myxum a\amusTra ara.

Jaspuini  HocuHycompan dyHKuma f(cot) HMHr  amnantyga
Knimatun yuyyH 6up gaBp mumgaru ysrapuiim Hatuxkacmja spuiurad
OHNW KWAMaTnapupaH 3HI KaTTacu onnHagwu.

dyHkyuna f((jot) HUHr acddekTnes kuimatn p[ebd, cuHycompan
hyHKumnsanapgarnra yxwaw 6ynraH 6up paeBp uvuugarm yprada
KBajpaTUK Kunmatu onmHagu:

N - - (7.3)
V1o

YMyMaH, HOCUHYycoMAan 3.10.K., Ky4Y/JaHuw Ba TOKJApPHUHT
Mukgopnapu \akmga ranupunraHga, f(cot) dGyHKUMAHUHT (7.2.
tbopmyna épgamupa TOnNWAraH KuiiMaTu TywyHunagu. OJeKTp
ynyaw acbob/apMHMHI KypcaTUM aHa Wy Muagopra mocnaHraH
6ynagw.

NxTnépuii paBpuii HOCMHYcOMAan KyYJaHULWHWUHT y3rapuil
KOHYHUATWN Ba CNeKTp Tapkubu GepunraH, ae6 dapas Kunaiguk:

m(®1) = £ n kKn sin( KOt + vy ku)
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(7.3)-TeHrnamara 6uHOaH 6y Ky4ynaHUWAapHUHI 3 deKTmB

ML.MaTU KyWhugarnya 6ynagu:

I I ot 2~
w o= T 0o 0 ' Ku + ¥ Kkm} dt = {1n0)
ee T 2 2 ' 10T
-1 11J0kmsin <taX+VkJdt+- | __jUgm Usmsin™Jt +vqu>dt'Sin”~ol4 vsu)dt
ffo quo,b
=0,
q*s

3.3 fga KypcaTuiaraHugek, unamus octugarm ngojaHMHT UKKUHYK
Jemak, 6epwunraH

TalWKNA 3TYBUYUCUHUHT WHTerpanu Hosara TeHr.
Kyhngarmnya

KyynaHuw 3h@eKTUB KUHRMaTUHUHT KBajpaTu 3HAU

oynaau:
T _ 7
2 001 y” i =i i-
RS AR VIIE 9GOt 24kl
OTO m ku TO U 10

YyHKM \ap 6up KO 4yacTtoTasim FapMOHMKAHWHT 3h(peKTUB Kyuna-

HUwM uk= u-'i’\-.

Arap KyynaHuw Kyhingarn KypuHuwpga 6epunraH 6ynca,
u=Uq + Uj sin(cot+ij/lu)+ U2m sin(2a>t+ 42u )+ ..
tukmsin(Ut + Hku)+ ..
y xonga adgdektus kuiimat (7.5) ra 6MHoaH:
(7.6)

A~\MOo+ AT+ U2+ + UM+ -
Kuiimatnapu LwyHra

D.10.K. Ba TOKMapHWHI 3ddeKTUB

yXwaw iyn éunaH xmcobnab tonunagn:

E=yjsff+ +EZ2+-.-+Br+.. (7.7)

I- Mo +1f + 2" +U + (7-8)

HocunHycomnpgan paspuii yHkuma f(a)t) HUHP ypTada KuiimaTtu
1
yMyMUii xonga A_, = r-JTf(o t)dt, (7.9)
0

AbHW 6y KulimaT acocum T pgaBpra TeHr 6ynraH wapTauM Tyrpu
TypTbypyYakKHULW 6anaHgnurura b6apobap. by TYrpmn
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1.2 - paem
TYpTOYpYaKHUHT 03K 3ca (toU -tot,)= coT opanurunga f(c»t) arpum
YM3NK 6unaH derapanaHrau 3anapHUHT apuPmeTukK NUrnHAucura

TeHr. Arap f(o)t) arpy um3mk cot ykumra HucbataH CUMMETPUK
6ynca, y xonpa:

2 -
Ayp = — |/ (syt)d( = (7-10)
¥ 0

7.1-mucon. 7.2-pacmpa a3nekTp 3amwxkupura u{mt) = 60 +

+ 100sin-100/ + 80sin(300f - 60°)5 HocuHycoupgan Ky4yaaHuw

6epunraH. 3aH>XWPHWUHI napameTpnapum r,=80m: r—12 Owm, L=0,16
[ Ba C=50 MK® Oysca, 3aHXUp K,ucMmanapugarn TOKMapHUHT
OHWI Ba 3(peKTMB KuimaTnapm aHUKAAHCUH.

Muuw. 1. AsBan rZ HM f-antak L: HWHI Tyna Kapwunuru Z:
HUHI aKTMB TalWkKun 3tyBuyncn pJe6 \ucobnab, rapmMoHukKanap
6ylivua 3aHXUp KUCMANMPUHUHT KOMMEKC ryna KapwuankiaapuHu
aHNKpanmns:

—](Q"'" - ~N _ NSV‘,@ no_ oo
YYHKMN (CD—O,

z1(1) =rt =5;22(1) = 2 tjcojL2 = 12+ j16 = 20e353° 10
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z- S RV, TR Q. “ -/200
ub A <~0) 100 50

YYHKM o),—lOO;
vio, =N=8:z2@G - 27jo2L2- 12 + 348 = 49,0e t76°

Z3(B»" “Ixc3@) - -j* TT-="166-7
(273

yyHkn W; - 300.

2. Tapmokpapgarn TOK/IapHUHI Ba 3aHXWUp Kucmanapuparu
KyYynaHUWNapHUHT 3 (eKTnB Ba OHUIA KAWMATNapUHU aHuKaw
YYYH Tervuwam rapmMoHuUKanapHuUHr 6yTyH 3aHXup YUyH Tyna

Kapwunnmru KoMnsiekcnapuHm tonamus:
~r +r =8+12=20n?"

y _y N2(1) 13(1) _a 20ey53°10 'Te~ '90°
_(]) -10)+/2(1)+£3(]) + 12+j\(y-y200
=21 +y'17,4=27,3ej39° 6 ;

2n} £203)-"3C) 4 4 A = 5o«
_JU) 22(3) +2Z3(3i 7 '

3. Tok i( HUHT rapMmoHuKanap 6ylimya Kommniekcnapu:

i - SA L% L3Aj 100 -
Uo> I<0) z0 20 Iy zZ() /2 27,3e.>39° 36

, 2.6e-1i39°36'A,
i JOoen - NANT102%

U3> V2.|56e.i42°
TOK i, HAHT OHWI KuiimaTtun

*1=4(0) + +'in ~ M1+ 'Im(;3>Sir,(3cot + 'Mu-<?13> ¢
=3+3.67Sm(100/ - 39°36’) + 0,515SwW(300/-102°)A
TOK i; HUHT 3apbheKTUB KunmaTn aca

/[, = yfi2+ 2,62+ 0,364 2 = 4/
N Kapwnnmkgarn oHWM KydnaHuw
ul =11 -24 +29,48sin(100t- 39°3b ) + 4,12sin(300t - 102°)B
6ynun6. yHUHT apdekTms kniimatn: O, = ry [-=8-4 —32 B
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5. FapMoH Mkanap 6yinMuya KoHAeHcaTop KO6MK Kucmanapuaaru
KOMMNAEKC Ky4ynaHuuwinap:
“no, =b'y-(,,, = 60-24 = 36 B

n>, Aan,, - n,l, = -S 2.6¢c = 56,5c 11; 10 B

J2(3) = LIL3, - "1,3) " ".e--'60°-2.9e--"102° =2*.9- ,46.2=
- 54 5e °48 'B
By KYYNaHWUWHWHT TETULW/IN OHWI Ba aPPeKTUB KuiimMatiapu:

M2 = 36 + 8(>sin(l00r + 13"30") + 77sin(300r-58"48")J?,

n2= + 7~ b+ w5 = ni367~ 56,52+ 54,52 - 85,7B.

6. AKTUB-UHAYKTUB TapmMmokgaru i: TOKHUHT rapMoHUK TalKunn
3TYBYUUNAPUHUHI KOMN/eKcapu Kyﬁm,qarmqa aHUKaoaHagu,

*2(0) ~ 12(0) ~ 36 :12 = 3A

A<0D = 5 = 56,5eJ]rw :20e'bl0' = 2,S25e~J3r4n'A

Z2()
By TOKHUHT Teruiiiv oHWii Ba apeKTUB KuiiMaTnapu:
i2- 3+ 4sm(100/ - 39"40') + 1,54 sin(300? - 134 "48")/*

12 = .13* + L~i=_j + 1,09 2 - 4,25 A,
3T

(200 =0 XF) : Z2(3) = 54,5*"'58MB>: 49,6e-'76' - LI)9<I;M4"*8 4
7. Cmfhm Tapmokgarm KOMMNJeKC TOK i, TrapMOHUK TawKun
aTyBUMnap b6yinya Kyhumgarnya aHukKpaHagu:
"3((I>- 113i0l= "~3(0) ;0 =
il1) « ¥ »x = 56>5cn3u()m. 200e-jWNe = 0,28.
-3.1)

i33) = U23 :Z33) = 54,5-e“jsx4X :66,7 .e-jR°12 = 0,815¢ej31°i2A
By TOKHWHI OHWI Ba 3aP(PeKTMB KunmMmatiapu:
/, - 0,4 sinf 100/ + 103"30") + 1,15sin(300/ f3M2')/1,

= +/ii) =Vv~28" +0,8152 -0.86/4.

8. 3aHXUPHUHT KUPULW  KUCManapugarm KyyYnaHUWHUHTE 3d-
G eKTUB KM MaTu:
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7.3. OaBpuii HocMHycomgan TOKHUHE KyBBaTu

3aHxkupgarm (6KU  YHUHT aiipum  KucMnapupgaru) ysrapysuyaH
KYUYNaHUWHWUHT OHWIA KyBBaTWM TOK i 6unaH (3rpy 4YM3uK LWakImMgaH
KaTbM Hasap) Yy *0CMM  KUAraH Kyd/laHuw U TYWYBUHUHT
KynanTMacura TeHr, ssbHU p=ui. By KyBBaTHWHI 6Up JaBp uuugaru

ypTaya KuiiMaTtu €Ku akTUB KyBBarT:

p = — &uidt
1

Arap HocMHycompan y3rapyBuyaH Kyu/laHULW Ba TOK KUAMaTUHU

WKKMUTa TPUTOHOMETPUK KaTopra élicak,

I o
u=ul+¢ Ukmsin(kot + VJuk) ,i = lu+ X I kmsin(k<ot+ V/ik)

k=1 k=
6ynagn. KyeBaT Kyhugarmvya mndgoganaHagu:

ITa
=L)0 16*5_1LI, J1 COStPkdt™ UOIO +u,.li G5t +U 212coscp2 + ...+
+ U KkIk COS(pk + Pg+Pj+P2+...+Pk+...

Typnu gco Ba ScO  4acTOTaslapHMHT CUHYC TalWKua 3TyBUYMNapu
AUTMHOUNAPUHUHT UHTerpanu Hoara TeHr G6ynraHu yuyH (7.2):

1T 00
P=U0'0+J L £ £ ukmlkm(cos<Vuk - &ik)-cos(2(M + u-LK + V;k)Jok =
| T @
=Uo'o Uksk” "kX =LVo 4Ukrkastb+v 2[2 cosf2 +- +
AT~ cos@ i =Pq+ PR (7 . 1 1)

SABbHU AaBpuii HocMHycouaan ysrapyBY4aH TOKHMHE aKTMB KyBBaTU
KyulaHuw Ba TOK CcMAeKTp/aapura KWpyBuM y3rapmac Ba TawKuWi
3TyBUM Gapya rapMOHUKAAPHUHT aKTUB KyBBaT/apu WuUrnHgmucura
TEHT.

CuHycomnpan Tokpgarura yxuwauw, sHa Ty/la Ba peakTus
KyBBaT/ap XAKUAArn TyWwyHYaHW KUPUTaMWU3;



S=wul =yju- +U; +U; yT; + U; + +...+£/:-K..; (7.12)

Q-0]*C2f"w ~k K" ~ + {;217 "n<p'y+ e+ ((/MI(.S'NPj. + == (7.13)

AKTUB KYBBAaTHMHI Tyfna KyBBaTra HucébaTuHW a 6unian Genru-
nacak:

a=- = . R) +pi+p3s+- +pk~ (7.14)

s TnefW +mmvi+-\Ao +1? tmm+ %k

YHU A aBpPUIK HO CM HYC OMpAgan y3 rap- yBUYaH
TOK M 3aHXWPHWUHT KyBBAarT Koaddwuumnm-
eHTMN fe6 atanmni. [JaBpuii HoemHycompan ysrapyByaH TOKAU
3aHXNp KyBBaT KoapduumeHTMAaH dapkKan pasBuwiga a KyudsiaHuil
6unaH TOK opacuparv ¢asa CU/DKULLIKM BypyaruHWHI KOCMHYycura
TEHT 3mac. 3aHXupgaru KyudjaHuw Ba TOK  HoOCMHycoupzasn
y3rapyByaH 6ynraHun Tygahinum "dasa cnmxkuwmn' TywyH4acm (usnk
MabHOra ara b6ynmaii konagu. LUyHra kapamacgaH MyXaHAUCAUK
xucobnapuga "KocUHyC pun" ypHura, KynmHua

p

a = cos B - -—-

s
ndoga wunwnatunagn. by epga: 0 - (7.6) Ba (7.8) 6ylimya HOCUHY-
congan y3rapys4aH Ky4naHuLL Ba TOKHUHT ahekTmB

Kuiimatnapua 3KBUBa/IeHT Ky4y/JaHWW TOK CUHycouaasnapu opacu-
fary WwapTtaM cu/mkuw GypyarmHu 6unaupagu.

Xap KaHgai uxTuvepuit napamcTpnapra asra 6ynraH 3aHxwupra
y3rapyBuyaH HOCMHYcOMAas Kyu/naHull Ba TOK rabcup aTca, 6y 3a-

HXXWUPHUHT Tyna KyBBatun s > y[p~+Q2 oynuwn (7.11), (7.12) Ba

(7.13) paH KypuHu6 Typmban. 3aHXup akaT pesuctopaaH mbopat
oynraHga Q=0 6ynraHu Tygannm, AabvHM S - P O6yaraHun yuyH
KyBBaT KO3 hUUMeHTN a =1; KonraH 6apya xonnapga a<l
6ynagn. LWyHpah Kunnb, KydynaHuw Ba TOKAAPHUHE 3rpu  4m-
3nknapuga IOKopvi TapMOHUKanaapHWHI O6yNuLWIW  3aHXUP KyBBaT
KO3 hMUMEeHTUHMW nacanmwmra onmb kenagun. LWy HyKTam Ha-
3apgaH KatTa KyMBWUT/IM 3MeKTpPOo-3HEepreTUMK cuctemasnapga maHb6a
KyyYnaHUWKN 3rpU YULWITUHUHT WaKAW W0XKKM 6opuya cuHycompara
AKUH OGYyNIULWIN MYyXMM axamuaTra ara. JJIeKTp 3HEePrMMCUHWUHT Ccu-
thaTtura 6ynraH 6y Tanab MUPUK CUHXPOH reHepaTopnAapHW Nonu-
xanawpga xucobra onuHagu.

7.2-mucon. 7.l1-muconpga 6Gepw/lraHnap acocupga 7.2-pacmpgaru
3aHXUP YYYH aKTMB, peakTUB Ba 3aHXWPHUHI KUPULI KucMacugaru
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ryna KyBBaT, LWYHUHIAEK, GYTYH 3aHXWUPHWHI KyBBaT Ko3dhduuun-
EHTU aHWKJTaHCUH.

Hunw. 1 3aHXXUPHUHT KUPULWL KUCManapujaru akTue KyBBarT:
/" - po + p\+ pb = (V o Jr (1) '(1) COSs« |
=60 « 470,7 2,6 cos 39736' + 56,6 m0,364 cos 420 = 336,3BT

2. MaH6a 6unaH 3aHXuUp opacuaarn UUpPKYNAauUsanaHyBunM peak-
TUB KyBBaT:

Q=Ulwfl)ysin +Uf) w0)sin <pi =117 + 13,8 - 130 8 sap
3. Tyna KyBBart: 5 - 07, = 108,63 «4 =4344N

4 . 3aH>XUPHUHT KyBBaT KOah(puumeHTn- u 1 .L- o1~
S 434

7.4. HocnHycompan y3srapyByaH TOKNWU 3aH>Xupgaru
pe3oHaHc xogucanapu

Pe3soHaHC xpgucacm Tabpudgura kKypa, "pe3oHaHc" pgeraHga Ho-
CMHYycomnpan ysrapyByaH Ky4d/laHULWAM 3aHXupga TebpaHul KOHTY-
pyY XyCYCUW 4YacTOracCMHWHI MaHb6a KydnaHuwun (KM TOKM) 4acTo-
Tacm 6unaH MoOC TywyBuM TywyHwunaau. YacTtotanapHuHr 6yHpaan
MOC TywyBWu dakaT acocuii rapmoHumkaga coamp bynmacpaH, 6anku
Nap KaHjan lKopu rapMouMmkaga ,\am pyi 6epuwin MyMKUH. Arap
R, L Ba C 4YM3UKNIU 3/IEMEHT/IAPN KeTMa-KeT Yy/aHraH 3aH>XWUPHUHT
KM yacTtoTacmpa Tyna Kapluamk

> 2 = \[H +\!/|<a)L- oG
bynca, wy yactotaga pesoHaHC X.ocun bynraHpa
kOL- — 5 e k20 "LC - 1 (7.3 5)
KcoC
6ynagn. FapMOHMKaNapHUHI TapTUbnM K, AbHU YNapHUHI yactoTacu
Koo aBBangaH 6epunraH 6ynca, L Ba C napametpnap kcoL”l/kcoC
wapTra Kypa TaHnaHagn. Pe3oHaHCAW rapMoHMKaga 3aH>XWPHUHT
MPWUANTN MUHUMAN (Z/~-R), YHUHT TOKM 3ca Makcuman 6ynagw.
Arap akTuB Kapwwuamk R Kumumk 6bynca, K rapmoHmkagarn peso-
HaHC nanTuga O6YTYH 3aHXupgarn TOKHUHI 3pdeKTUB Kuimatm

I =V + 124,42+ .. 6up 03 opTn6 Gopaan. PesoHaHc HaTWKa-

cuaa K-rapMoHW Ka TOKM HUHT amnanTyjacy 60w Ka rapMoHMKa TOK-
NapuHUHT  aMnauTygacujaH aHya opTu6 KeTUWwuM MYMKUH. By
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-Yonga 6YTYH 3aHXUpP YMYMUA TOKUHUHT 3pdPeKTUB Kuiimatu aco-
caH K-rapMoHMKa TOKMHWHT amMniauTygacu G6unaH aHuKiaHagu:
%
K

AKC Xx,0nga Mypakkab 3aHXWUpMapHWHI napameTpnapu LwWyHaamn

GyMWKN MYMKUHKK, GyHAA KO3 Pe30HAHC vacToTanu 3aHXUPHUHT
Tyfna yTKasyBYaH/AUTU aManja Honra TeHr 6ynn6 Konaau:

n =g * O

Y \cnga 6y rapMoOHWKaHWHI TOKW 60OWKa rapMOHUKasapHUHT
ToKMra HucbaTtaH Kucobra onmacnmk fapaxaga Knumk bynagn. by
MKKana asdgekTaaH ¢oiganaHub, 4YacTtoraBuii (UAbTPAAPUHUHT
cxXxemanapumHu kucobnawja UCTeEbMOMUMHUHI 3aHXUpuia TaHMnaHraH
CUTHa/M yYacToTaslapMHUM axpaTuvl Ba YHM Ky4dyanTumpuw Xx,amga uc-
TEBMOMUYNM YyuyH "6eroHa" bynraH (xanakuT 6epyBYM) yacToTasiapHu
TyTn6 KoMuw wuwnapu baxkapunagu.

7.5. Yu thaz&1VToK 3aH>Xupugarv toKopu rapmMoHMK
TalWKna 3TyBUMIap

CaHoaT uacToTacumparm katra KyBBaT/M y3raPYH4aH TOK «eHe-
patopnapuja VHAYKUMAIaHaéTraH 3.10.K. HWHI LWaKIM cuHycompara
AKWUH 3KaHNWUIM lKopuaa antuaraH sgu. OUT MyKammas KOHCTPYK-
umann yd dasanm reHepartopaap xaMm ugean waknjarum cuHycompan
3.10.K. X,0cMNn  Kunmakgn. Arap 3aHxupga TaBcudnapu UusMkKau
6ynmaraH anemeHTnap 6ysica, UCTebMON KUAWHaETraH TOK TapKu-
6npga lKOpM rapmoHwkanap fHaja Kydasgu. Tascudnapu 4usnkam
6ynmaraH afniemMeHT/Iap HocMHycompgasn TebpaHWULWNAPHUHT MaHb6au
3KaHAUIMN KelMHPOK anox.mga Kypcatunb ytunagn. Yy dasanu
y3rapyByaH TOK 3aHXwuprapuga lOKOpU rapMOHUK TalKua 3TyBYUM-
NapHUHr 6ynuuwn y4d dasann 3aHXWpNapHUHT alipyum XycycuaTtna-
PUHW ypraHuWHN ranab atagu.

Y4 dasanu 3aHXupnap cMMMeTpuK bynraHu Tydannm, yddana
thaszaga rapmoHMKanapHuUHr aMmnanTyfasnii  Ba 4YacToraBuii
Tapknéu 6up xmn bynaan. dasanapgarn 3.10.K. NAPHUHT 3rpm 4m-

3nkKnapu ysapo 2n/3 bypyakka CKW HOCMHYCHAan ¢yHKuma T uas-
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pUHUNT y4ygaH 6Gupura cuxkuraH. faep T 6up BakTga O6MpuHYM
rapmMoHMKaHWHT \am pgaspu 6ynraHu ydyyH K - Taptumbgaru 1oK,0pu

271
rapMoHuKanap KyWHU MKKana (asaga K m~~ ra Kagap (EKu BakT
3

1

XuxatmgaH ~K7 ra Kagap) cumkuraH 6ynagu. WyHpaii Kuamb,

K- Ba (- rapmMoHuKanap y4yH reHepaTOpPHWHI UKKUTa KyWwHW ¢a3sa-
napungarn ¢asa cum/KuwM bypyaknapu reHr o6ynmangu. MacanaH,
A dasaHuMHT dasa 3.10.K. Kyhmgarmya rapmMoHUK TawKua 3TyBYUU-
napra asra gennuk:
eA EXT + + " 3) + E5T sin(b<y™ + u/”) +
+E£E?2msin(7™ +77)

(Bcnatma: cuMMeTpUK yd (hasanum cuctemanapga Xyt rapmo-
HUKanap Ba y3rapmac Tawkwuna 3TyBumnap bynmangu.)

Pasza 3.10.K. €B HUHI ef fgaH 271/3 ra kKajgap opkKAfa KANUWWHK

Ba eC HMHI eA ra HucbataH 2n/3 6ypyak ONAUH KenuwWwWHW 6unrad,
KyringarnnapHu ésa onamms:

eB OlL~y )+ Ebrsin( 3cot + 23 “ 3y ) +
! 2n- v L 2T uy

+ E5T sin( 50/ + W5 - 5—- )+ Elm siri ( TO01L +y/? - 7 — )=

=EXTrsin( m - U~ )+ E37 5 1,01L+~"3 )+

+ E5T sin”"S™ + 75 + Elm sin ~7®/ + y/? - ~~

¢cC = E\T sin( W+ J ) + E371 sin( 3oit + ) +

+ £ Dm sin( 5aa + y/N --~~ )+ EIm sin( lcot+yly +y ).

dasza cumkuwniapugarn dapk alipum rapmoHuKanapHWHI dasa-
napH anmawuHuw TapTnbm 6up xmn amacnurm cabab 6GynraHuUHU
é3unraHnapgaH Kypuw K.UWiMH amac. MacanaH, TapTubu yura TeHr
8KM YyHra kappanm oynraH (K=3, 6 9, 12, 15 Ba X,.K.), TapMOHWU-
Kanap HOMMHYM KeTMa KeT/nKAarm CUMMeTPUK CUCTEMAHU X,0CU
Knnagu, A”HM 6y rapMoHUKasiapHWUHI OHWIA 3.10.K. Napu y4dana oa-
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'aldiga daa KumKaTmgaH Moc Tywagu (cuHdasanu 6ynagu).  Arap
rapmMoHMKaHuUHr Taptuéun K 6ynmb Ba (K—l) yyra 6ynuHca
(k-4,7,10,13 Ba X,.K.), 6yHAanm TapTM6G/N rapmoHuKanap Tyrpu KeTt-
Ma-KeTamkKaarm CUMMMCIpUK cucremanu kKocun kunagu. by rapmo-
HUKa Yy.U_.K. NapuHUNr BeKTopaapu 6UpMHUYM rapMoHMKa Kabwm 6up-
6npugan ywaHpjan kKeTma-KeTnukga cunxkuraH 6ynagwu.

Arap (k + 1) yura 6ynuHca (k =2,5,8,11 Ha \.K.), 6y rapmoHu-
Kanapgarn ¢asa 3.10.K.J1apu Teckapun KeTMa-KeTnmkgarn CUMMMeTpuk
CucTeMaHu X,0cun K,unagw.

OHAM Kopuaa Kahg KWAuMHraH xoccanapra 6uHoaH, cCUMMMeT-
pUK y4 hasanm 3aHXUPHWUHT y3ura Xoc 6Up MHYa KyCycUATIapuHu
Kypcatub ytamums.

Y4 asanu reHepa ropHuHr casa uynramnaapum “tongys" ycynuga
ynaHraHga asa Ky4JaHUWWHUHT 3D eKTUB Kuiimarm

Hd F+L1*Trd*Ul+Uu+ Uji +um
bynca. asa KyynaHuWNapuUHWHI Tapkunbura KUpyB4YM yyra Kappa-
nn rapmoHukanap NUHNA KydynaHuwnapwu Ans"~n"NB>
usc- UH- Oc Ba MCA- Uc *nA NapHWHI  Tapkubunga

oynmanan. LWYHWUHr Yy4YyH JWMHUA  Ky4YlaHUW UHUW 3 PeKTUB
KUMMart u:

n = ypamy/tif + 0 + 1. { f J] f 0+ n

AbHU

UA < V3 mU

6ynagn. Tapkmbuga TOK. IOK,0pM rapmMoHu Kanap 6ynraH 3.10.K. MaH-
6anvra Ho/n CMMCMK3 ONAY3 Yycynupa ynaHraH yd dasanm CUMMMeTpuk
UCTEBMONUYUHUHT hasanapuparn KyuynaHUWHWHE Tapkubuga X.am
yyra Kappaau rapmoHukanap 6ynmangu:

u,. =JVvF+1IS+n74 U3 +..

ByHUHr ca6abu wWwykKW, ydra Kappanm rapmoHukanap 6ynraHga
thaza Toknapu MUTMHAWUCKM HoOMra TeHr bynmainan. By rapmoHukanap
reHepaTopHWH (asa 3.10.K. Jlapu Tapkmbupga OynraHn YyuyyH 3a-
HXunpgarn mysosaHatT, KUPXTOPHWMHI WMKKWHYM KOHYHUra 6UHOaH,
reHepatop 6unaH mcrtebMoA4YMHUHI O Ba 0 HykTanapu 3-, 9- Ba
X,0Ka30 rapMoOHMKaslapHUHI Kocuma 6ynuuwun x,ucobura ByXKyara Ke-



Anp yy dasanm wuctebMonum kKon cumnum “tongys"  ycynumga
ynaHca. YHWHI (hasanapuaarv Ky4naHuw Y3UHWHI FrapMOHWKa Tap-
TGN Oyikinya reHepaTOPHUHI as3a 3.l0.K. Aapu 6unaH 6up Xun
bynagu:

puyfy\hbb+Lb+. «

Xynaun 1wy rapMmoHukanap ¢asa (JIMHUA) TOK/IapUHWUHT TapKu-
6upga xam 6ynapgu:

If - 1n - ylj" + 17 | €

ByHAa CUMMeTPUK pexummaa TOKAapHUMHI acocuii yacrotanapwu
Ba ydra Kappanu OynmaraH 6apya OKOPW TrapMOHMKanapu OHWUNA
KUiMatTnapuHUHI WUTUHAWUCKM HOMATra TeHr, YyHKW ynap Tyrpum Ba
Teckapum KeTMa-kKeTnukKgarm CcUMMETPUK CUcTeMa X,0CUN  Kunagw.
Yura kKappanu 6ynraH TOKMapHWHT rapmMoHmKanapu HOAUHYNU
KCTMa-KeTAMKgarm cuctema X,0cua Kuamb, HelWTpan CcuMM OpKasu
TyTawaau. By MUrMHAM TOKHUHT 3apdeKTUB KuiimaTtn aca betapad

Ky % 3yjlj - [9 + 1 4
bynagwn.

Y4y pasanu reHepaTOpHUHI as3a uyynramnapuHm ydbypuyak ycy-
nnga y.yaraHfa rapMoHuKatapu ydra kappauu GynraH a.o.k. Jlap-
WHUT MUTUHAUCW HoAra redHr 6ynmalign. Arap 4ynramnap BO/bT-
MeTp 6HMaH KeTMa-KeT y/faHca, yHAa BOMbTMETpP ynuaraH Kyuyna-
HULIHUHT 3 eKTUB Kuiimatum

Uv ~ 3"\ +  +AR
6ynagn. By KyunaHul, FeHepaTop lK/AaHraHAUrMgaH Katbu Hasap,
YHUHT udynramnapy loKopu TapTu6/aM rapMoHMKanu TOK Tabcupuga
6ynaan. ByHTa WCTEBbMOMUMHUHI KWUCManapugarv gasasuii Kydna-
HULWap Kam, NIMHUSBUIA Kyd/laHuwiap X.am ydra Kappanau rapmo-
HMKaTapra ara amac, Bax,0/laHKW, 6y Xun pexumra reHepaTop
yynramnapuHUHE OPTUK,POK KU3ULLIK X.Mcobura apuiimnaan

7.6. [aspuin HocMHYycoMAan QYHKUMSANAPHUHT CUMMETPUKITUK
anomatnapv. HocuHycompan cMMMETPUK 3rpyu YN3NKAAPHUHT
rapMoHuKa Tapkubnapu

Amanpga ydpaliguraH gaBpuii HOCMHYycompasn y3rapyB4yaH 3/1eKTp

MUKZopnapu GepuaraH KoopauHaTtanap cucTemacupga 6uMpop CcUM-
MEeTpUK asiomatnapra sra 6ysaraH arpy uuwknap 6unad udgognaHa-
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nv. KyiHaa KaHgan KypuHuwgarn CUMMCTPUK 3rpu YM3UKAAPHUHT
Tes-Te3 yupab rypaguraH Typnapu Ba ynapHm ®ypbe Katopura éu-
VWHWHT XycycnaTtnapu 6aéH KuanHagw.

Arap L) HocuHycompan paspuin ysrapyByaH QyHkuma f(t)=-
f(t+T/2) WwapTHW MHoaTnamTmpca, YHUHr 3du 4um3meT abeuwucca-
nap ykwura HucbataH cummeTpuk \ucobnaHagn. 7.1-B pacmparu
3hM uUM3MK, aHa WyHAal CUMMETPUKAIUK anomatmra 3ra, YyHKu
YHUHT MaHOUA ApuM  TYIK.MHW SpuM  gaBpgaH KelnHru mycéart
APUM  TYNKUHHUHT akcugup. Pypbe KaTOpUra éiiraHga arpum 4yu-
3VKHUWHI rapMoHuKanapu Tapkmbuga y3rapmac TawKua 3TyBymnap
Ba Xy(pT rapmoummkanap 6ynmanign. XakukataH n dasa Ccu/mKuwmn
6ypuarura Moc Apvm pgaspgaH CcyHr (7.2) dypbe katopmparum TOK-
HUHI 6apya rapmoHuKanapu wuwopacu Teckapucura anmawinHuo,
f(t)=-f(t + T/2) wapTHM KaHoaTnaHTMpagn. Ys3rapMac Tawkun
aTyBuUMAap Ba XXy(pT rapmoHukanap Hon Eékm 6yTyH 6up paspra
CU/MKUMA XaM Y3UHUHI aBBas/ifM MLWOPAcUHW cakjawun Tydanam
loKopugaru CcUMMeTpUs LWapTUHU KaHoaT/aHTupmaiaun. [emak,
ynap abuwucca yagara HucbataH cumMMeTpuK OynraH a3u  uym-
3NKNapHUHT Tapkubuga yupalhign. Arap f(t) gaBpuii HocuHycoupgan
y3rapyByaH QyHKunsa f(t)=f(-t) wapTHM KaHoaTnaHTUpca, YHUHT
ahu YN3NTU opAnHaTanap yKura HucbaTaH CUMMETPUK
x,ucobnaHagn. 7.l-a pacmgarn 9OduM UYU3UK aHa WyHAAR cCUMMeT-
PUKNNK anomaTtura 3ara, YyHKW QYHKUUAHUHT MaHduin apum  (-(.)
BaKT yKufaru TacBUPW YHWHT YHI ToMmoHugarum (+t) mycéart apum
TYIKNUH TacBupu 6unaH 6up xun. 3dun um3sakHu Pypbe KaTopura
éiraHga, (7.2)-teHrnamara 6uMHOAH, YHWHI rapMoHuKanapum TapKwu-
6uga CUHYCIM Tawkua 3TyBumnap 6ynmaign, 4YyHkm y3raPmac
Tawkmn 3TyBYM A  BakTra 60rnvMk 6ynmali, KOCUHYCAM TallKun
3TyBUYMAApPN KYWWAraH CUMMETPUK LWapTHU KaHoaT/aHTupagun: xap
gonm CKos ktot=CKos(-k<tft). [emak, opguHaTanap ykura Hucba-
TaH CUMMeTpUK 6ynraH a3au 4umdsukgapHu (7.2) KypuHuwpgaru
KaTtopra énraHga, cMHycompaan TallKuWa 3TyBuYMap amnanTyganapu-
HWUHT HOMra TEHINIUTUHN KypamMus, SAbHU:

B,=B2=..... =BK=........... =0.

Arap f(t) HocuHycompgan paBpuii yHkuma f(t)=-f(-t) wapTHu
KaHoaT/naHTMpca, YHWHT arpu 4u3nw KoopaguHaTtanap cucrtemacu-
HUHT MapKasuii HyKTacura Hucb6aTaH CUMMeTpPUK XxucobnaHagw.
7.1-6 pacmparn 3du 4YM3MK aHa WyHAan cummeTpusa 6benrucura
ara, YHUHr u(t) QyHKUMACKM opKanu TacBUPMaHYBYH  OHWNA
Kumatnapn mycbaT Ba MaHuUii uwopanu BakT ykgapuga abconwoT
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MUKgopnapu 6ylinya 6up xun 6ynub, wuwopanapu >xmxatugaH
Kapama-kapwugmp, abHu u(t)=-u(-t). dypbe katopura éihinw (7.2)
dopmynacnmga CcMMMeTpUA WapTnapuHu  GakAT YHUHT  CAHYCAW
TalWKnWa 3TyBYMMApU KAHOAT/aHTMpaaun, SbHU

r(t) - B,sin 0l +B, sin 20t B*sin 3n1*m .+ Bksin Ko ti ..

Xakuk.aTaH X,am, y3rapmac Ttawkua 3Yysuuiap Bak,Tra 60rnuk
6y Mar, KOCMHYCNU TallKun 3TyBUYMIapu apryMeHTUHWHI uwopacu
y3rapraHga X,.avm Y3WMHWHI uwWopacuHu y3raPTuPmaiun, sAbHU
CKoskcot=Clcos(-kcot). [emak, KoopguHatanap ykiapu mapkasuTa
HucbaTtaH CcUMMETPUK OynraH arpm uymsnknap >Pypbe Kartopuga
y3rapmac Ba KOCMHYCAW TalWKwua 3aTyBYmaapra ara bynmangw.

7.7. JaBpuin YeKNnaHraH HOCUHYycougasa arpyu YmMsnkiap.
Mynecauma. MogynsauuanaHrad TebpaHuiap

Bup paBpuii TebpaHnwwura 6owkKa JaBpuii  TebpPaHULWUUHT
TabCUpU HaTmXKacmga ofiIMHraH TebpaHuwl 3arpu yusuvkgapm " g as -
PUM YeKNnaHTraH 3rpm 4Yusunk, n ap" penunnagn. by
rcopaHuwinap Tawk,u 6enrnnapu Ba AaBPURNMK XyCycUATNapu >Xu-
XatngaH HocuHycoupgasn QPYHKUUANapHUHE anox,uja TYPUHW TawwKun
3Tagu. Mwucon Tapukgenpa nynbcayusHUM Ba amnauTygacu 6yinnya
MogynsumnsanaHran cuMHycomgan TebpaHuWNapHn Kypmué ymkamus.

1. Mynbcauywusa. MNynscaums-amnantyganapun 6up-6upura
TeHr 6ynraH, amMmo 4actoTasiapy y3apo SK.MH, JIeKUH TeHr

6ynmaraH (co,>LW;) cuHycoumpan TebpaHuwWwapHUHI 6up-6upnapura
ycTMa-ycT TYWWLWW HaTMXacuja OfIMHraH fJaBpuili TebpaHuwnap-
HUHT Mypakkab Typu xucobnaHagu. lynbcauma arpym 4YmM3nrm BakT
XuxatungaH Kynumgarm K,0HyH acocmpa ysrapagw:

f(t) = A m(sin ojjt + sin co2t)- (7.16)

TpuroHomeTpuk dQyHKunanapra oumg Sn +drt , =2“ oze haH
origanaHraH x,onga (7.16) HM Kylingarn KypuHulra Kentmpamms:

f(t)-2A m-cos— +sin™""— = 2Amcos£2t-sin(ot (7.17)
oyHga: <o=uw” ° 2 - dyHkyma f(t) HuHr oHwWii knitmaTtuHK y3rap-

TupaguraH 6ypyak 4acTtoTa; 0 = -w2j- HocuHycompan f(t)
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HUHT acoCuii TYNKUHUHUHT amMnanuTygacuHu yarapTupagw aH 6yp-

Yyak vacToTa.
WyHpgalhi  KunaunG. MUKAOPU KUXATUAAH AaBpuil  ysrapyHuaH

KynarTyBuM cos Qi HM amwwTygacH 2A,,, ra TeHr 6ynraH arpu
umsmk, f(t)miHi Bak.T >XuxaTmgaH ydrapyByaH KoappuumeHTn p[eob
Kapanagw.

Harumxasuii arpm umsuk (7.3-a paem) gaBpu T - Ba Tebpa-
w

HUW aMnauTygacu KocuHycompga 2AntosQt 6unaH 4eksaHraH
CMHYycoumpgaHun wudgoganaign. f(t) dyHKuus f(O paspuii 6ynn6é, \ap

7.3-paem
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6up TeHr T. BaKTAaH CYHr, sincot PYHKLUACUHUHT aptyMeHTMAaH

71 BT >
Kaotbn Hasap HongaH 3/Ta,qm, YYHKM /=EQ,— - Ba

2 2

uakaga oHnapgn  yHkuma 24 cos M/ =2A cus" mk:; - (L
V2 j

AbHU Monra TeHr. "lMynbcaynsa pgaBpu" aeb6 atanaguraH xyaam LWYH-
fanm Tt~ ¥YQ BakT opanurugaH cyw f(t) dyHKUMA Y3VHUHT Mak-

cMMman amnamtygacm 2AT ra spuwaau. KywwnnaguraH cmHycompa-
NapHWHIr  4acToTasapu c” Ba y3NapuuuHr  MUKgopnapu
XuxatmgaH 6up-éupmpaH KaHdyanuk kam dapk, Kunca, nynbcayuns
faspu T, WyHYanuK Katta 6ynagwu.

2 AMnanunTtypasuiih mMmogagynsauywnsa by ysrapmac
ool uactorann cMHycompan yHKUMSa amnauvTyjacuHu asBangaH 6e-
punraH Anm(t) KoHyH 6yiinya 6owk.apuw gemakgup. Bak,T 6yinua
y3rapuiwl K,0HyHUW, sbHM An(t) amMnanTygaHWHT MOAYNALUACU YMY-
MWiA  nonga wuxtunepunn 6ynub, paBpuii eku paBpuin amac. Opauii

Mucosn Tapuk.acuga amnamtygacn  Aufl) = (1 + mCOS Qt) =AG/

KOHYH 6yinya ysrapysum f(t)-A,,Sino)0t dyHKUMAHN  Kypub
UMK,aMU3:
1(1) = noi(l + m cos Qt) mSin cobt (7.18)

6yHaa ool - y3rapTupuiaeTraH CUrHaJHWHI acoCcuini éKn 3nTyBYUM
yacTtoracu; Q - aMnAuUTYyJaHWHI y3 ypTadya MukKgopu artpodugaruv
y3rapuuw 4yacTtoaTcu; m mMoAynaumanaw KoshuuneHTun (0<m<J J.
7.3-6 pacmpa 4acTtoTanlapHWHI Hucbatum oX: Q— 3 Ba mopynsa-
unanaw koapdununeHtn T=0,25 6ynraH mogynsuusanaHraH Ttebpa-
HULWNAPHWHE 3rpy 4Yu3Nrm KypcatumnradH. MogynauusanaHraH cur-
Hannap xocun OBYyNUWWMHWMHT 6apya amanuii  xonnapuja 1<l
6ynraHu YyuyyH paBpuii 4veknaHraH A0r(1+T cosQt) BaxT ykura
HucbaTtaH HoNgaH yTManguraH 6up >XXYXPT CUMMETPUK I3rpu  uu-
3MKHU undoganaign. AMNANTYAaBuin Mogynsaumusanawl anoka TeXHW-
Kacuga, paguopa, TcnesupeHuepa, axbopoT ysaTuw aa o06bekTAa
6ol KapuLL CcUrHansgapuHuU X,0CMN  KUAUULWLA 3SHI Kyn TapKaarad.
7.4-pacmpa TOBYLW CUTHaIWHW pajuokaHan opkKanu Yy3aTUWHWHL
cogpanawTmpunraH 6a0K-ynsmacu KypcaTuaraH. Amnnutyga-
BUA  MogynsaumanaHraH TOBYyLW TebpaHuwaapu HKOPW 4vacToTanu
CMHYycOMgan curHan Tap3vga ysaTku4d opkanu adupra Tapkanagw.
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3dmpra TapkaTunraH 6y curHan KelMHYanMK aHTeHHa OopKANu
NMPHEMHUKHWHI L - C TebpaHuw KoHTypura Tywaagn (1 6510K).
Y3aTunaéTtraH CcuUrHan Jactotacum 6unaH pesoHaHcra cosfnaHrau
TebpaHULW KOHTYpu 60w Ka paguvocMrHannap TynnamujaH Kepaknu

CUTHANHU axpaTtub, YHU cuHycompgan 3.10.K. - e(t) Tapsmuga pact-
na6ky KydahTmpuw umamacura ysatagu. CyHrpa curHan geTekTop-
naHagn, AbHU  Tyrpunadue, HaTMXKafla  YHWUHT  AyHanuwm

y3srapmaign Ba MUKAOPW NynbcauusanaHysum o6ynagun (11 6n0K).
CyHrpa curHan KyBBaT 6yliMuya Ky4yantmpmnmb, ysrapmac Tawkun
3TYBUYMHWN ywnab KOAyBYM KOHAeHcaTopan &KW TpaHcopmatopnwu
hunbTpnapgaH ytagm (111 6nokK). TMpUCMHUKKaA KupraH 6oub
naHrny curHannap 6eroHa curHannapgaH "tosanaHuwmn" HaTuxXKacu-
fa dak,at doigann TOBYLW CUTHaAAW KOMAUPUNNG Yy AWMHAMWUKKA
(paguokapHamra) ysatmnagu.

7.8. HocuHycomngan ysrapyByaH (QyHKUUSA 3rpyv YM3smkgapumu
dypbe Katopura EMULIHUHT rpaduk yecynm (Hebnwes ycynn).

Mabnym wapountga f(t)=f(t+kT) Typgarm 6apuya AaBpuini y3nyk-
cM3 yHKuManap Gakat aHanUTUK ycyn 6unaH amac, WYHWHTAEK,
rpacuk ycyn 6unaH xam dypbe Katopura énmmnnagu. Npadguk ycyn-
NapHUHI  3HT  Kyn Tapk.anraH TypnapugaH 6upu, abeuucca
yKgapura HucbataH CcuUMMeTpuK OynraH GQYHKUUS  3rpun  yu-
3nKNapuHun enwpga Tatomk KunuvHaguraH Yebuwes ycynugup. by
YCY/l CUHYycOMAanapHUHI KyWhugarnm Xycycumsrnapura acocsaHraH.
Arap a=AMsino)t cMHycouMpgaHuWHr K Ta Tyfa pfJaBpu p ra TeHr
Kncmnapra 6ynmHca, y xonga 6ynuvHULL HyKTanapugaru opauHata-
NapHuUHr anre6pamk wnurnHamcnm (6yHMHr yuyH Kk/p 6YyTyH COH
6ynmacnuru wapTt) Honra TeHr. MacanaH, WKKuTa Tyfna faspauv
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CMHycompganum beuyrra kmcmra b6yncak (7.5-pacm), opguHaTanapHWUHT

7.5-pacm
nurnHgucn (a, +a: +a3+a4Ku,)=0, YYHKM a,=-a4, a:=-a3 Ba
ab=0. Arap k/p Hucbat 6yTyH coH 6ynica, 6ynuHuMw HyKxanapumga
HonjaH dapk, KunaguraH ysapo TeHr (6yHWHI Y4YyH 6ynuHuW
HyKTagapun CUHycoumganapHWHI HOAIW KWAMaTnapugaH yTmacauru
wapT) opgmvHaTanapHu osiamus.

WyHpan knnub, koopauHatalap 6owwnra HucbataH KaHpangup
oypyakka kagap (7.6-a paem) CU/DKUTaH WXTUEPUIA TOK p[aBpuii
HocuHycougan f(co 1) dyHKUMSAHM onunb, YyHUW p Ta TeHr Kucmaapra
byncak, y xonga OynuHUW HyKTanapujarun opauvHatanapHumr
AnrnHgncn akaTt yHUHr p ra TeHr €KW yHra kKappanu rapMoHWKa-
napum ydyyH Honra TeHr 6ynmamaun. Mwucon y4dyH "p 6Gewra TeHr",
ne6 apas kunanuk. Y xonga (7.2) dopmynara Ba 7.6-a pacmpga
b6a>kapuaraH oynuHuwiapra 6nHOaH, opAvHaTanapHuUHr
nuruHgncm M<;’\~Ia 6elWnHYM Ba yHra Kappanum KocuHycompganap

q
opAVMHaTanapuHWHI ANTUHAMUCUTA TEeHT. SHAW 6epunraH arpyu 4YmMsuk
f(wt) - HM 7.6-a pacmpa KypcaTunraHugek, TypTaaH 6up paspra

cypu6, yHU sHa GelwTa TeHr KucMmra 6yncak, y xonja, opauHarta-
5

NaPHUHT SHIM  AUTUHAUCKM K* =£bC. ylWla TaWKua 3TyBYUIapK
T

rapmMoHuKanapu cuHycoumpanapu opavHaTanapuHUHT RWUHAUCUT
TeHr 6ynagwu.
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NXxTunepni cnmmeTpuK TOK QyHKLUA
/{om) mBtsin tot + sin 3aM + B, sin +

Y..r(\COS(f4c ,h COS3wW + (\ COSS5ft) 4 ...

yuyyH 6y XOMHW yMyMaawTupu6, 7.6-a pacmaa TacBupnauraH arpu
UMBUKHUHT  KaHfalh  rapmoH uMKanapfgaH  TY3WIraHaurMHu — Ky-

hnpgarnya aHuknanmms. o)t:0 fa b6apya rapMoHuMKanap opauHartana-
PUHWUHT AUTUHANCK + +C3+ C5+ =ab; 6y aca arpu
YN3UKHMN 6up paBp wnumpga 6upra 6ynumw gemakaup. byHpa f(cot)

3N UYTAKHWHI CUHYCAU TalWKWA JNyBUMAApPU HoAra TEHr. 3rpwu



munuk f(<ot) HM yuyTa TeHr KucMmra 6ynub, 6ynnMHUW HyKTanapuga
opavHaTanapwilHr yyta TawWKua 3TYBYUCUUWU 0NaMuU3, YyNapHUHT
nurnHaucn aca

v , - 3(C., + 9y + ( 15+ ...) =~ a ,

oynagu.

Xyagn wyHra yxwaw, arpym 4msuk f(u)t) HuM bew, eTTn, TyKAU3
Ha X.K. Kucmnapra 6ynraHga Tervuwnaum paHuvllja Kyuugarunapra ara
oynamms:

Mb=5cCs+ch=ec. = X a,
I- 1
7
M7=7(C, +C, +5+..) =X a,,
|
4
M9 ~o9(C9+cCca +CHBb...) =" ; Ba XK
-1
3rpu umsmk f(cot) HUHT CUMHYCAM TallKua 3TyBuYMIapugarun B,
B.. Bk kKoahduuMeHTNapHMW aHMKAalw Y4YyH YHW KoopAuHaTa-
nap 6owwura HucbartaH al2 oypuyakka (Eku ryptgaH 6up paspra)
cypammns (7.6-6 paem). 3HAM OGepuaraH arpm UYU3UKHUHT 6up pas-
puHW 6upra, ydra, 6ewra, eTTHra, TYKK/3ra Ba Xako3a Kucmnapra
bynraHga AHTN 6y NMHNLL HyKTatapuga Moc paBuwga
Kynungarunapra ara 6ynamus:

b, —/{*) =B,-B,+a - B, +£,+...= B..
N, =X-B,+B, -B, +...)=X b,
vV, =5(B, -B, + B, L) =£E />,

nl7- 3(~1?7-a,, - o +-) =£

1

Ba X.K.
KOKopu TapTubaarv rapmMoHMKanapHUHT aMnauTyganapu yH4a-

NINK KatTa 3MaciUrMHU Xucobra ofiraH xosnga, arpyv UYU3NKIAPHU

EHUWHWHI eTapanya aHUKAUMWK TabMWUHAOBYM N-TapTM6AN rap-
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MOHWK aHM Kypuwl 6unaH 4deknaHamus. MacanaH, K=9 im Kylingaru
HucbaTnapra aramms:
M, —C| +C] +Gi +Cy +Cug, N| = B( Bj +Bj—B[ +Bg;

ni3=3(C3+C,), JT, =3(-6, +6,)

JN/5=5C,, W5=5i95;

M7=1C7, N7=-1B7:

n/, =9C,, NV, =95y,
6ynapgaH K-rapMOHWUKaHWHT CUHYC/IM Ba KOCUHYC/W TalKua 3TyB-
ynnapugaru Bk Ba CK KO3((ULUMEHTNApHN OCOHTMHA aHuKnau

MYMKWH, geMak, 6y rapmoHuKanapHUHI Tyna cuMHycougacura yTul
MYMKWH!
/,{cot) = Ansin( kcot + y/n)

oyHaa: A, = y[B1l + C] N <apMOHNKAHUHT amnauTygacu,
wn arctgC / N-rapMOHMKaHWUHT 6ownaHrmny an:51cm. ByHaa An

faH dapkniu, ¢hazacu Cnsa B, napHUHr mwopanapura 60rnvk,,
ABHN 3rpym UYM3UKHU p-Ta Kuemra 6ynuiwl HykTanapsgaru Koopawu-
HaTanapHuWHr uwopanapura 6ofiuk 6ynaau.



Vil BOb
MHFMK, YJTHAMJTIN SJTIEKTP 3AHXUPJTAPOAT U
YTKUHUYN XXAPAEH/IAP

8.1. YmMymunii  TyluyH4anap

ONeKTp 3aHXUPMapUHUHT 6UTTa Typ*yunawraH xonatmpgaH 60~
wKacmra yTuw MHKW udonanoBym »apaéH Y TKU H 4YuMXapa-
8 H peb aTtanagn. 3NeKTP 3aHXMPUHWUHI acocMii wuw xonaTtu (pe-
XUMW) Kyhngarn omunnap: maH6ara ynaHMWW Ba YHAWH aXkpaTu-
AVWN, 3aHXUP YynYamAapuHWHE KeCKUH ysrapuwun (lokJlamaHuHr
KCCKWUH OpTULWIM eKu Kamanmwn), nwnaétran saHxupra Kywummya
MaHb6anapHumX ynaHuwun, 3aHXup TapKUOUN KUCMAAPUHWUHT KUCKa
TyTawysun, anoxumpga TapMOKAAPHWHI Yy3nnuwun Ba 6owkanap Ty-
ainn  ysrapuwmn MYMKUH. DNeKTp  3aWXUPNapUHUHT  UnU*
xonaTtnapuHu ysrapuwira onnb kenyeuum 6apuya cababnap oganin ra-
BUWAA KOM MyTauunmsa EKM KOMMYTaUuMOH Xd-
p a & H N1 a p Hatwkacmpa ByXyfAra kenagu. MyxaHauenuk
\uncobnapunpa, 3anekTp 3aHXupgaruv ypraHunraH \osiaT KomMmyTaums
coaup 6ynraH oHAaH (3aHXupra loknama ynaHraHgaH éku y3usraH-
[aH) KelnH o6ownaHagn, A[e6 TaXMWUH KuanHagn. AmMo OGyHaarn
TaXMWH 3aHXup dakaT 6upruHa akTuMB KapwwuankgaH wunbéopart
bynraHgarnHa Tyrpu, arap 3aHxupga 6utta 6ynca xam 3Heprus
TYNN0BYM 3/IEMEHT (MHAYKTUB/IMK €KW curum) 6ynca, byHpald Tax-
MWUH HOTYrpu xucobnaHagw. lan wyHAaku, WHAYKTUBAWK Ba CUTOM
YyY4yH 6up TypryHnawraH xonatgaH 6owkacura yTulinm LWy ane-
MeHTa apHUHI MarHWT Ba 3/1eKTP MalgoHnapuja TyrnjaHraH 3nek-
TPOMArHUT  “HEPTUACUHUHI  MUKAOP  >KMXaTupaH  ysrapuwwura
60rNMK. SHEPrMAHUHI COH >XMXaTufaH YeKIn MukKgopra ysrapuiu
6up 3ymga cogmp 6yna onmacaurnm - T>awil  3aHXWUPHUHT
TypryHnawraH xonatfaH 6owkacura yTuwum mabnym (HongaH dgapk
KunaguraH) BakTHM Tanab aTagn. JINeKTp  3aHXUPMIapUHUHT
YTKUHYN XO0flaTU peakTuUB 3neMeHT: L Ba C napHWHI Xxycycuarna-
pugaH Kenué YMKyBUM  KOMMYyTauMa Koumnanapwm (KOHyHsiapu)
opKasn unsoxnaHagu.

KoMMyTaunaHUHT OUPUHYN KOHYHU. X < p KaHQ/aal
MHOYKTUWBANAMWKEKA 3ra TapmMoKpagarmu TOK
Ba MaMHMWTI OKWUM KOMMYyTaumsa nanTtwunpga
V3MHMUH{ KoOMMYyTaumnsara Kagap 6yniat
KnmMmMmaTtTumnmHm caknawgwm Ba 6yHAaAaH C\HT
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aHa WYy KnhhmatnapwmwpgaH 6ownab6b y3ra-
pagw.

By x,0n mMaTemaTuk Kylingarmda udoganaHagu:

il (0+) il (0-) Ekn dPOT)- ®(©O

ByHW MHAYKTWB ranrakHu ysrapmac KydnaHuw maHb6aura ynaw
Muconmnga Kypub udiikamuns. Arap uarapum (KommyTtauuara kgaap)
rantakgaH Tok yTtmaraH 6ynca |i,(-0) ~ O Ba ®(-0)=0], kKommyTa-
uMa naiATuga rantakgaH yTaéTraH TOK Ba YHWHI XOCU  K.MaraH
MarHUT OKMMW Honra TeHr 6ynagu |i(+0)=0 Ba ®(+0)-0]. by

MWKAOPSIAPHUHT HongaH ro 6apkagpop kuiimatnapu X Ba @' rava
6upgaHura opTnb KeTUWIWM Hasapuil XmxaTtgaH MYMKWH amac. YyH-
KM OYHUWHI Y4YyH TFOK Ba MarHUT OKMUMWHWHI Yy3rapuwl Te3nmknapu
yekcM3 KatTa 6ynuwun Kcpak; 6owkada KANMb6 ainTraHga, KOMMYy-
Tauma nantuga ul(0)=(.Ldi/dt)=00 6ynunwmn nos3um. IDNIeKTp 3a-
FOKUPUHUHT MyBO3aHaTW HyK,Tau HasapujaH aca KUPXTOPHUHI WK-
KWHYN KOHYHW 6y Knnagw.

OHepreTuK HyK.Tau HasapfaH 6y K.OHyW rantak MarHuT mainpo-

HW  3Hepruscu j’\Liz HUHT  6GupgaHura mab/lym  MUKAopra

y3rapuwy MYMKWH 3MacnmrugaH kKenub uyukagu, 4YyHKu 6y xonna
MaHb6ajaH 4YeKCH3 KaTTa KyBBaT Tasab KuaMHagw.

2. KOMMYTAUHAHUHT UKXWHYN KOHyHW. X a p K a wn g a i
TapMoK/aga cnrmmpgarmn KydynaHwuuw Ba 3a-
psa KoMMyTauwus naiTmpay3snWHUHT KOM-
MyTaumara Kagap 6ynrat KUAMaAaTMHM
caknanmpgun Ba O6GyHAgaH CYHT aHawy KWN-
MaTnapwuwgadt bownab y3rapHagw.

By Xon MatTemMatuk KyI7IVI,q8,FVI‘-I& mtpop,anaHa,u,m:

M.0) = wun-0).a(+0)=a( 0)

ByHun cufhm C Hm y3rapmac KyynaHuw MaHb6aura ynawi MMWCO-
nvmga Kypmb6 uumkamus. Arap KomMMmyTauusra Kagap KoHaeHcatopga
\eu K,aHgah 3apsn 6ynmaca [Uc (-0) =0 Ba q(-0)=0], kommyTauus
namtTnga KyynaHuw kabw 3apsag xam Honra TeHr 6ynu6 kKonasepann
|Uc(+0)‘”0 Ba q(J)>-0]. Kyunannw Uc Ba 3apag q HUHT t=0 naiitna
6upfaHura ysrapuwim MYMKWH 3mac. YyHku 6yHpaid  xongH

l1-d% t-[c-dfj =2C o6ynuuwun Tydainnm 3aHXMWPHUHT MyBO3aHaT

xonatu 6ysunagn
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OHepreTMkK HyKram HasapugaH 0y KOHYH KOHAeHcaTop 3/1eKTp

MangoHm 3HEPTUACUHU Ic,,2 HUHT 6upgaHuca cakpab
2 c

YNapUWUHUHT  MYMKWUH 3Macaurn 6unaH TacguknaHagun: UyHKu
mMaH6agaH 6y Xo/ifa YeKcu3 KaTTa KyBBaT Tasiab KUIMHagw.

8.2. YTKMHUN, TypryHaailuraH sa 3pKuUH xonartnap
yakuga TyLwlyH4Yauiap

lOkopuga Kypcatmb yTunaraHugek, 37eKTP 3aHXXUPUHHHI 6up
TypryHnawraH xonatgaH 6owka xonatra ytuwum 6up 3ymga coamp
6ynmacgaH, aHeprus MaH6anm  6unaH  3aHXUPHUHT  3Heprus
TYNA0BYM 3NeMeHTNapuW opacuparn 3sHeprusiHUHr TaK.c>Mnannw
>Kapaéunura KeTraH BaKT Kajap faBoM 3tagu. Mofom uku, 4verapa-
BUA OHWI BakTaa (KoMMyTaumsa nantuga t:O) 3N1eKTPOMarHuT
3HEPTUACUHUHT OHUI MUKAOPAapM KomMmyTauusara kagap 6ynraH Ba
YHAAM KelWHIruM TypryHnawraH pexHmnapfa ys3apo TeHr sMac 3KaH,
JemMaK 3aHXupga aHa Wy 3Heprna MQapKuHW KOoMMeHcauuanosyu
Ky4 MaBXyg 6ynuwmn kepak MacanaH, pesnuctop R Ba MHAYKTUB L
KeTMa-KeT YyfnaHraH 3aHXWPHW y3rapMac Ky4ynaHull U0 man6anra
ynaul =0 yerapaga 6up-6upura TeHr 6GynmaraH MKKNTa
TypryHiawraH TOK Yy:iapo "TyTawysu" Kepak. bynap Tteruwnnya
KOMMyTauusara kagap Ba YyHAaH KennH iB-0)=() Ba inFU,/R
KuimaTtnapra ara. KommyrauyuMsaHWHr 6GUPUHYM  KOHYH Ura 6uHOoaH
i(-O)-j(0)~0; femak, YTKMHUYM TOK Bak;T 6yinya yasrapyByaH sHa
6uTTa SPKUH Tawkumn 3TyBuMm igKt) ra ara 6ynagn. YHWHI OHUIA
KnHmatn t=0 narituga iipK0)=-U (/R 6ynagun. By xonga KommyTayus
K,OH\HN WHAYKTUB/INK TapMOK Y4YyH Kylhungarvya é3sunagwu:

(_0) = i(0) = /Ttyp (0) + mpk (0) = 0.

BakT yTuwKn 6uiaH TOKHWUHI 3pKWUH TallKWUa 3TyBYUCKM Kamas
60pnob, t=00 oynraHga Hosra TeHr 6ynuwun Kepak. YUyHKu 6y
BaKT Mumga 3aHXupja 3HepPrusHWHI KalTa TaKcu MiaHuwm Ba
YTKUHYM >KapaeH TyrannaHagn. TOK 3pKWUH TalKW 3TYBUYUCUHUHT
eKn oa4AnA KNG anTraHga, 3pKMH TOKHUHI y3rapuw Ba CYHWUL
TE3/IMTUHUHI KOHYHW TalKW TabCUPHUHT MUKAOPW Ba XapakKTepu-
ra 6ornuk 6ynmai, 3aHXup yndamnaapura 6ornukgup. By KOHYHHNM
Ba YHAaH Kenub6 ymkagmran MWKLOpPAApHW aHuKnaw y4dyyH bGepunraH
3aHXXUPHUHI gunddepeHunan MyBo3aHaT TeHrnamacu Ty3uaraH Ba
eunnraH Gynuin Kepak.
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M Hcon ‘lapukacmpa akTMB Kapwu-nMK R, MHAYKTUBAHK L Ba
curum C KeTMa-KeT YynaHraH ;aHXWPHMHI Ky4yfaHuw wmaH6aun l4(1)
ra ynaHuwuHn Kypub uymkamw; (8.1—pae|v|).

BepunraH 3aHXUWPHWHI 31eKTP MyHoO3aHaT TeHrnamacH Kupx-
FOPHUHT UKKWHYU KOHY-HUra GUHOaH:

Ri +L— + - idt - u(t) (8.1)
dt c

6ynagn; O6yHpga: i -
tokHunr t=0 haH To =00
raya OynraH BakTgaru
OHUI Kuiimatu Eku opf-
ann Knnné6  aiTraHga,
YTKUHYM TOK: u(t) - maH-
6a Ky4YnaHUWWHUHI aHa-
NNTUK KYPUHMNLWAATH,
Bakrra 60rfnK y3nykcus
hyHKUMACK (macanaH
urUmsSir~ot+H'J.
3aHXunppa YTKUHYMN
8.1-pacwm XapaéH Tyrawum 6unad
MaHb6a  Ky4naHULWWHUHT
y3rapuw KOHYHW u(t) ra 6yilicyHaguraH TypryHnawraH maxoypui
pexxum 6ownaHagn. Y xonga (X.]J)HUHT ypHuUra

1r
+ ¢ )Ir dt = “(0 (8.2)

HU E3UL MYMKMUH.

AMMO YTKUHYW TOK i MWKOypuin iTp TypryH Ba 93pKuH i5K
TaWwkun atyBuunappaH mbéopat; AbHWM i=iTypri,p,x  bynca, yHpa (8.1)
naH (8.2) HU alinpno,

- o (8.3)

EKU

HMU XOCWUJT KUAaMU3, SIbHM KyunaHuwnap TYWyYBU SPKUH TalKun
3TYBUNMAPUHUUT  AUTUHAUCU OKW  KYUNAHULWHWUHI 3PKUH  TYLIYBU
HOMra TeHr. [lemMak, KyunaHuw maH6au 3aHXupga 3pKuH Tebpa-
HUWNap Xocuna Kunmaigu. Acniwp 6yHpalh spkuH TebpaHuwnap
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KOMMYyTauus nantuga 3aHXupparn 3Heprusi >Kam/ioBYM  3/1EMEHT-
NapHUHT TalKW Tabcupura 6ynraH peakumsacum HaTmxkacuga nango
6ynaan. WyHpam kKuaub, 3aHXup anemeHTNapujarn YTKUHYM Kyud-
nannwnapHu xXyaaum TOoK Kabwu. TypryHnawraH Ba 3pKWH TallKu
aTyBuUMnappaH noopart geb kKapaw MYMKWUH, AbHWU:

UR + 1 KTYO
uf = Up - Uy

nc = MESpK * M£T>'p

AHAn 8.1-pacmpa KypcaTwuiraH 3aHXxXupgarn YTKUHUM >KapaeH
ngogacuHU oNuW Y4yH, (8.3) TeHrMamMaHWHT edyMMura Mypoykaat
Kunnamma. BYyHUHr yuyH (8.3) TeHrnamaHu aBBajs  Kyiingaru
KypUHULWITA KeNTUpu6 onamMmus:

i3dk ,

.0y 4 R-Mipy o 0. (8.4)
dt2 L dt LC
26 = §/ Ba COE— Y 6enrn iap Knputub6, TaBCcUpUn TeHTa-

Mara ytamuns:

a2+ 2Sa + aq =0 8.5).

YHWUHT nngusnapu 2— -St oynagwn.

LyHpanm Kunub, 6up >XuUHcAm audgepeHymnan TeHrnama (8-4)
HUHT YMYMWUIA eYNMU:

iapK = Jl,e*' 1+ A<?2\
6yHaoa A, Ba A2- KOMMYyTauums KOHYHNApPWUHWHI 4YerapaBuii (6oL -
NaHrny) wapTtnapgaH Kenub yvkaguraH uHTerpannaw goHmMmuinapu.

OPKUH TOKHWHI y3rapuw KonyHu ijp,(t) TaBcmdwuin reHrnama-
HWHT wungu3napyn a,, a2 HUHI KuiimaTum Ba xapakTepura 60Kauk.
AmMMO igKt) pyHKUMa gonmo t -> jo Aa Ho/Arada CyHYBUYW 3arpu 4Um-
3K 6unaH wndgoganaHagn.

3aH>xupnap Mypakkab 6ynraH capm  YTKUHYWN >KapaéHnapHu
X.mcobnaw sHaga lKopu TapTubanrn guddepeHumnan TeHrnamanap-
HM cumwra onn6 kenagn. MacxmaH, WyHAaR 3aHXUPHUHT K-
Tapmormgarn yYTKMHYM TOK n-Taprubnu auddepeHuymnman TeHrnama
6unaH wndopganaHagw:
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d'\ dn'‘ik d\ di
a,—--m+atll — f+...+ a> ,-4a. - (8.6)
di' dt" ~dr dt
OpPKUH TOK 3ca Kyhumparnya éyganu
o .ait , a apg
1Rr,,p = Aje 1 + A 2e 2 + ...+ A ne (8.7)

3aHxXupgarn YTKUHYM HKapaéHnapHu x,ucobnawmmnr gmndde-
peHunan TeHrnamanapuvHu Taxgun Kunuiwira acocsaHraH ycyn knac-
CUK ycyn gdehnnagn. By ycynHu KyhWugaru Mucongapga  Kypubé
U/KYMA3.

8.3. VIHAYKTUB pantakHu y3rapmac KyynaHuwra ynat

8.2-pacmpga BakT t=0

Ja ysrapmac Ky4/aaHuu

o J— - . U, ra ynaHaguraH r, 1

ynyamiapra ara WHAYK-

TUB ranatak cxemacu 6e-

punrad- AHa Wwy 3a-

Uo HXupgarn yTKUHUYM XKa-
paeHrHN Tekwunpamns.

3aHXUPHUHT  Ang-

(hepeHuman TeHrnamacu

n o+ L U

8.2-pacm 6ynn6, yHTa Moc 6up

XUHCNN TeHrnama

L - n + r/ — O kypuHuwra 3ra. by TeHrnama

épaamMnga 3pKWH ToK igK aHUKNaHagu: YHWHT TaBcuduii  TeHrna-
macu

L mC + T 0 6ynagwn, v 6upruHa \akukuii Ba MaHhwuii
a- -1rj wnagmsra ara. J[lemak, 3pKUH TOK KOHYH 6ylinua
y3rapagn Lk A e — A B TyHpga: \a\—! - CYHULW KO-
ahpunneHTN, yHra reckapn kuiima! (c) - Bak! goumwuiicu.
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MHTerpan-naw noHMMICA A HU aHMKNaW Yy4dyH 6ownaHrmy
wapTnapra MypoxaaT KuiamMus, SbHU  KOMMyramusara Kagap 3a-
HXupgaH Tok yTmablH [i(-0)=0]. [emak, 3aHXWpHW ynaw nantuga
\am y Honra TeHr 6ynraH i(0)-0. 3aHxupga YTKUHYM >KapaéH Ty-
raraHfaH CyHr, akat r HUHT Kapwunurun 6unaH aHWkKnaHaguraH ea

MUKAOPU >XumxaTugaH b6apkapop 6ynraH'tok i = (JO:r 6ynagwu.

LUYHUHT YUyH:

WyHpahi kunué, A=-Un/r 6ynmnb, yTKMHYM TOK i 3ca

(8.8)

6ynagn. 3aHXWUPHUHT aipum a3nemMeHTAapuaarn YTKUHUYM Kyu-
naHuwnapHu (8.8)-TeHrnamara Kypa, Kylhiungarvya aHuknaw Mym-
KWH:

(8.9)

e r ~ £/0)¢e T (8.10)

8.3-pacMpa KypcaTuaraH i Ba UL HWUHT y3rapuw Tpaduknapu

n 1

><- >
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HoMgaH 6ownaHyeun Ba KaHpakaup ysrapmac MuUKAopra MHTUAYBYU
eKn Tcckapucu bynraH 6up xunga (MOHOTOH) Yy3rapyBuM 3Kcno-
HeMTanapHu udoganarian. Arap t-O ga ul(t) arpy 4YM3MKKa ypuHMa

yTKascak, y t ykuga BaKT goumuiicm T ra TeHr KcCMaHu axpa-
du, / n /|
Taau; YYHKWN ncraraH BaKTAa yn - - 1 x

6ynagn. XakumkatgaH \am  KydnaHuw  ul(t) HUHT  6UPUHUN
xocunacu ul'(t) t=0 pa:
cius \
—-c' - - - tg (90" + 0 ) = -ctgfi

dt . n r Uo r

6ynagun; 6yHgam ctgfi = ”;/,_'I_I'.éKI/I T~ \J0tg/3. By aca rpaduk-

JaH XaM KYypuUHWG TypH6aM. BakKT T uumaa YTKUHYU KydsiaHuw
uL = UQe r HWHI OHWIA MUKAOPWU e=2,718... mapTa Kamasaau, sibHU

t-x oynraHga by (r) - UOle'’ - ByHOaH KeluHrn X
BaKTAa YTKWMHYM Ky4daHUW SHa ywaHya MapTa kamasagu. Ly ca-
6a6nn nnrnHom BakT t=kt pgaBoMuga uL MMKAOP eK MapTa Kamas-
an. BakT pgoumuiicn T akaT t=0 HykKTaga ypuMHMa ocTugarm uu-
3UKHUHT y3yHAUrn 6ynm6 KonmacgaH, uxtuepuin t=t, ga \am i3K
~yyH  8.3-pacmpa  KypcatuniraHgek gaguk ycynga tonuiagu.
YTKUHUYMN mMukgopnap i(t) sa ul(t) HWHI y3rapuw rpadguknapura
Kypa, 3aHXupgarm yTKUHYM >XKapaéHHUHI SaBOM 3TUW BakKTU akaTt
Hasapuii xucobnawnapga 4ekcmsra TeHr. Amanga aca 3aHXxupgaru
TypryHnawraH \onat 6up Heya T TeHr, HucbataH >yga Kucka
BaKT opanuruga coamp 6ynagn. MacanaH, 8.2-pacmparu 3aHXUp
napame rplapMHMHr mMukgopnapu termwnuya: r=50 Om Ba L=0,1
M’ HM Tawkun 3atca, KydynaHnmw Uo=200 B pga 3aHxXupgaru
TypryHnawraH rok iMEIO=U{i-200/50=4A HU TawKuna 3tagu.
Haszapuii >xmxargaH TOK 6yHAaalr KuiMatra 3aHXup ynaHraHgaH
r X\
KernH t-co BaKTAaH CYHT 3puwagn, YyHku i- 1 : ByHAa

T = L/r - =0,002 cek. Amanga aca yTkuHuYm TOoK t=5i=0,01 cek.
fgaH c\w i=4(l-e?= =4 0,99325 = 3,97 A mukanpra apuwuno,
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T\]:KyHnamraH Knnmatu.-n 1 % paH KaMpok dapkK Kuiagu. AMMO
w>Hgai r, L aACMeHTAM aHXupgary L HUHT UNAYKTUBUTU KaTTa-
nv;n  (MacanaH, WWPUK LWEKTpoMarHuTnap €ku KaTtta KyBBaT/v
3/1eKTP MallMHa/IapHUHT Ba TpaHcopMaTop/iapHUHT yynramnaapu)
Ba I KAPWUANTUHUHT KUYMNKAUTU Tydalinn BakT [JOUMUIACUA CEKYHA-
nap xHeobumpa ynyaHu6, oyHAalr 3aHXupgary yTKMHYM >KapaéHnap
Xarro 6Mp Heya CekKyHj iaBOM 3TULIN MYMKMH.

8.4. NHAYKTMB InnTakHM cuHycounjan ysrapys4yaH
Kyy/laHuw MaHbaura ynat

AKTWB Kapwwuauru r Ba WHAYKTMBAUIM L 6ynraH rantakHWHT
cuHycomgan kKydnanuw u=U,Bsin(o)t+X¥H maHb6aunra ynawparum yT-
KHHYM >XapaéHHW Ky-pH6 unkamus (8.4-pacm). ByHpalh 3aHXup-
VUHT andgdepeHymMan Tew iamacu Kyhungarmya 6ynmo,

L~ +ri = UmSin(<ot + ju),
dt
XYCYCUIi euynMMun TypryHawraH ToK

iu—p =""-817(0)N -u/n ~P)
ra TeHr 6ynagwu; byHga:

Z = Vr2+ a 2L2

rL
3aHXUWUPHUHT Tyfa Kapwu-
nmru:
-n<
P = arctg wly/

Ut

KyuynaHuw U Ba TOK iT
opacuparv cumkumw  6yp-
8 .4-pfiCM yarmu.
onavHrn rraparpad-
JaH MablyMKW, TOKHWUHT 3pKWUH TawKua aTyBUYUCK
/

i = Ae T
SpK
6ynagn. [Oemak, 3aHXupgarm YTKUHYM TOK KyhAugarm KOHYHUAT

oynnya ysrapagu:
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(/
1= 'T-,+ 1% I ™ 5l(at +y/,- po+ Ae (

MHTerpannaw pgovmuiicm A HU aHUKNaw y* yH 6owaHrmy
wapTiapra MypoXaaT  Kuiamums: KOMMYTanumanuHr  6upuvHuYn
KOMyHUra Kypa

U
I 0) = /(0) = - -~sin(</l, - ()b J1 =0 .

AbHU  J1 = - f:}_y—{*i sin(™t - <p). LWyHpgah kwwml>, 3aHXupgaru
YTK,MNYU TOK:

n n
ffl
1) = - = sin(cot + ylu ~<p)~—sin{y/n ~<py '  (8.n>

PanTakHUHT Kncmanapugarm yTKUHYN UHOYKTUB Ky4Y/laHULIW:

di(oL r -T
ur-L — = — Umecos(ft* +ym- (p +- IImsm(™z - (p)e =
dt

Um (8.12)

MHOYKTUBAUKX ar YTKUHUYM TOK Ba KyuynaHuwnap y4YyH OJIVH-
raH ndoganapHWHI Tyrpunmrura BakT t ra 0 gaH °0 raya uerapaBsuii
Kuniimatnap 6epué WMWOHY X.0CMA KUAWW MYMKWH. MacanaH, BakT
=0 6ynraHga (8.11) TeHrnamMaHWHI YHI KWUCMW HoAra alinaHagn, y
aca WHOYKTMBAM TapMoOKAarH TOK YYyH KOMMYyTauums KOHYHW 6unaH
TacamknaHagn: i(-0)=i(0)=0. YTKUHUN >KapaéH TyraraHjaH CyHT
(t=00, i=iyp=Uilz sin(0)i+4yJF(p); 4YYHKMN h=0. (8.12) TcHrnamara
Kypa, KoMMmyTauuma nantuga

U].(0) = Um[sin(p cos(vjJ:l —h) + CO5ch msin(vi/u (p)] = Umsinvj/6yna
OV, ABbHWM BakT t=0 ga rantak Kucmanapmparu KyudnaHwuil 3a-
HXupTa 6epunraH Ky4YJaHUWHWHE OHWW KMmiAmaTura TeHr. 8.5-a
pacmga ¥>0, (p> 0 Ba ‘P- < 0 pgonnap y4dyyH 3aHxwupra bepun-
raH KyuynaHmw u =Unsin((ot+4/l) HWHr (NYHKTUP 4YM3UK) Ba
YTKUHYM TOK i HMhi (MyroH 4u3uK) 3rpu 4YM3nknapu KypcaTuiarad.

|
BynapgaH KypuHagukun, 3pKWH TOK i - "y syUn - e

272



HUHT MUKO0PU Ba  iyHanuwm KOMMYyTaLus HalTmuaarm

TypryHnawraH TOKHWHI 6ownawmny cdasacn W= xp,- ¢ ra 6ornmk.
Arap KomMmyTauumsa nahTuga 3aHxupra 6epusraH KyunaaHULWHUHT

6ownaHrny asacu cnmKUW  bypyaruvra TeHr 6ynmb konca, y
\onga YTKUMHYM TOK | akar TypryHnawraH TOK inf, HWHT

KuiimMatnapugaH u6opaTt 6ynagu; 4YyHKu 8.11 TeHrnamara 6GUHOaH
Boe0. By, 3aHXUpHW ynaraHfaH CYHT Aapxofn yHAa Xcd KaHpaah

opanunK 3pKNMH TebpaHuWwNapcnus cuHycomgan Tok i= ~N"y~s\n cot

TypryHnawiagmM Ba akcuHuya, AcMakKaup. Arap 3aHXUpHKM - ynaul

n
\p —(pt N ga cogup 6ynca, 3PKUH TOKHUHI 6GowsiaHrmny

YalKanuwun y3MHUHT MYMKWH 6Gy/siraH 3HT OKOpW KuiimaTtura apu-

u /
wagn /)pk(0) = = (8.5-6 paem). Wy Tydainnm saHxupra 6e-

punraH KyuJaHuw AABPUHWUHT sipMUra TeHr 6ynraH BakTAaH CYHT
YTKUHYM TOK XaM Y3UHWHI 3Hr KatTa kKuiimatu INKC ra aspuwagwu.
AMMO Hasapuin XumxatgaH TOKHWUHI 6y MaKCMMyMu XaTTo BakT
JOUMUIACU T HUHT 3HT KaTTa KuimaT/apupja Xxam TypryHnawraH TokK
amMnanTyfaBuii KUMMaTMHU UKKWUIaHraHugam optManau.

8.1 -M u ¢ o n. [lapametpnapu rl=10 Om Ba L=0,2 [ 6ynraH
MHAYKTUB ranrak t~0 ga U(=100 B ysrapmac KyudnaHuw maHb6aura
ynaHraH. YTKUHYM TOK OHWA KuihAmMatuHuHr i(t, )=7,5 A 6ynuw
BAKTU @aHWK/AHCUH.
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E 4 n w. 3aHxupgarn yTKMHYM TOK Kylhunpgarn KOHYH 6yiunuya
y3rapagm:

(U
= Il 10( - *-m")
/.
byHpa: i=L/rL =0,02 c, t, BaKTgarm YTKUHYN

Tok /(/,)- 7,5 = 10- 10e 7] o6ynagn;, 6yHgaH e 'QL =0,25 é&kn

e?h' = 4. flemak: /, - 1n/» = A"A/50 = 0.0277 ceK.

8.5. K,onavk Tokka ara bysraH MHAyKTuB
rasitakgarm Kucka TytallyB

dHAn, 6ownaHrny (Konguk.) Toku i(0)N0 6ynraH rantakHu
KUCK.a TyTallraHfa BYXyAra KeslyBUM YTKMHUYM >KapaéHnapHu Kypub
ynkammni. By 3aHXUp KoOMMyTaumara kajgap y3srapmac TOK MaH6aun
10 ra ynaHraH 6ynu6, t=0 nanTtuga Kucka TyTawagu, Ae6 dapas
Kunainuk (8.6-a paem). Arap KoMMmyTauusira kKagap TypryHnawirax

Tok 10 6ynca, KomMMyTauumsagaH CYHT Y HoOAra TEHr, YYHKWU KOHTyp
MaHb6ajaH axpasnraH 6ynu6, wunrapy rantakka Tok 10 onu6 Kupran

MarHmnT MaVI,ﬂ,OHHVIHF 3HeprusacH WM = raNTakKHUHI aKTuBe
Kapwunurn r ga UCCUKNUK 3Heprusacura amnaHwnb, acta-CeKUH HON-

raya Kamasau. YTKUHUM >KapaéHAarn 3aHXWPHUHT auddepeHumnan
TeHrnamacu
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d «
+ " - 0 yTKMHYM TOK 3ca i~ /gb = Jle ;.

MHTerpannaw goumuiicn A Hu i(-0)=i(0) wapTmgaH TOonamms:
AbHM  A=10, wyHgah KuUnuno

/= 1 (8.13)
oynagn.
MHAYKTNB rantakgarv Ky4dnaHuil:
di
uL =L — = -n0e ' (8.14)
dt

AbHW Y MWKAOP >KUXaTUAAH KAPUWAWUIA [ gawl  Ky4YJaHULWHUHT

TywyBu: wur ~r* =rile r ra TeHr, wvwopacum Kapama-K.apLiu

6ynaan. KommyTtauma nantunga YyTKUHUYM TOKHWUHT aBBanru Kuiimatwu

j(-0)=d(0)=10 HM cakparaH TOK i gaH dapkgu, rantakgarm UWHOYKTUB

KyuynaHuw ul(-0)-0 pgaH ul(40)=rl0raya cakpab6 y3rapuwm MYMKUH
di

(8.6-6 pacm). Nantakgarm s.lw.k. e{ = -L - HUHI KyT6 nwopana-
dt

pM KyunaHuwra Ha TOKHWHI BakKT 6ylinya ysrapuwwura 60rnuk:
arap VHAYKTUBAUKKa
K O ara TapMmoKgaru TOK
res opTa E(opca, 3.10.K.
HWUHT nwopacun el--ulL
MaHpWni (8.3-pacm),
rL kamasa 6opca, mycé6art
6ynagn (8.6-6 pacm).
WyHpah knnmb, WH-
OYKTUB rantakmu
L y3rapmac Ky4naHuL
MaH6aura ynaw Ka
akpaTuw HaTukacuga
WHOYKTUB Tapmokga! H
TOKHWHI X.ap KaHjan
*pacm y3rapuwm 3.10.K.HK
xocmn  Kunuwra ia
YHUHT 3aHXupgary 60wnaHrny MyBo3aHaT Xo0/aTuMHW cak,»ab T
puwra ca6a6 6yn.u (M

1
40 #
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OHAN VIHAOYKTUB TaNTakKHW 3Heprnsa mMaHbampaH axparraHja YH-
jarn KommyTtauuara kagap TypryHnawraH Tok 10 6unaH yHu wnx-
TMépuii Ro KapwuinMkka KaiTa ynawl >apaeHuW KaTop Xxonnapga
Hasapuii mMacanafaH MyxaHAUCAWK uwnapn mMy\um 6ynraH amanui
Macanara amnaHuwmHu Kypub umkammi. MacanaH, XyCyCUA akTuBs
Kapwwunnurn rL 6ynraH pean WMHAYKTUB KanTaK TypryHnawraH TOK
10U ,/rLBa t=0 ga uyku Kapwuaumrm rv=R(» r L 6yaraH BoNbTMeTp-
ra Kalita ynaHraH 6yncuH (8.7-pacm). Y xonga (8.13) mndogara 6m-
HOoaH KoMMyTauusa nahtuga (t=0) BONbTMETPHUHI KuUcManapuga wun-
rapyu 3aHxwupra 6epunraH kKydnanmw UO gaH R(/rL mapTa opTuK
6ynraH kKydnaHuw uv(0)=ROI0 6up 3ymaa naiigo 6ynagun. By kyuna-
HUW akaT BOMILTMETP Y4YyH XaBhaum 6ynumb kKonmacgaH, radrak
YUYYH Xxam xaBhnuaup; 6yHWHr cababwm wykun, (8.14) TeHrnamara
6MHOaH, ranTak KucMaaapugarm Ky4YnaHUWHWHI KWAMaTun 6uppaHu-
ra I"Rg raya opTub KeTUWWN MYMKWUH. [antakHM MaHb6agaH TOKNWU
3aHXUpHM 6GeBocuTa y3umw 6umnaH axpatuw MHaga xaBdnau, 6yHaa

10 ToKNMW WHAYKTUB TapMoK R Kaplwuankka ynaHrangek
6ynagn. bByHpalhi xonnapga rantak Kucmanapuga nanpgo 6ynrad
XafjaaH TawKapu KaTtTa 3/1eKTp WPUTYBYM Ky4 (yTa Ky4siaHuw)
YHUHT 4yynramnaapu U30AsUUSACUHU eMUPULLN MYMKUH. YynramHuHT
VHAYKTUBAUTM  KaTTa 6ynuM6, aMM0 aKTUB KaplwWinrm KUUuk
6ynraH KatTa KyBBa 1ln 3/1eKTp MaluHanap xamga TpaHchopma-
Topniap 6mnaH KOMMY rauymoH wuwnap 6axapwrraHga 6y xoguca \ap
JOoMM Xmcobra OIMHULIN Kepak.

3HAM 8.6-a pacmparu 3aHXupga Kucka TyTallyB XxoAucacu co-
avp 6ynraHfaH Kelium r KapwwuankgaH UCCUKAMK Tap3nga axp<winb
UMKKaAH 3HEprusiHn xucobnarmms. 3aHXXUp KUCKa TyTawysB nantu-

JaH 60WwNa6 To YTKUHUYM >KapaéH TyraryHuya Tok / —10e T KOHYHMU

bynunya ysrapmwun Tydainm aHukgaHaéTraH aHeprus

L

6ynagu; 6yHga: T= ~ KWcKa TyTawraH KOHTYp T, L HWHI nakT
r

LOMMUCK.
Wcemknukka — ar knaérraw JHEPTUAHUHI  KaTTa-Kn4uk nilu
6ownaHrny BakT (t=() ga 10 ToKKa ynaHraH WHAYKTWUB rantak nuHr
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aKTUB Kapwwunurura 60rnuk 6ynmaii. mMarHut MalfoHHUHT 3Hep-

rmacu = L V? wmMukgopum 6unaH aHukKiaHagw.

8.2 - M n c o n. Mapamerpnapu r = 40 Om Ba L=0,022
6ynraH WHAYKTUB rantak t=0 Baktga U-J20 (3141- -30°)B CUHY-
compan ysrapyByaH Ky4ynaHuw maHbawmra ynadHraH. Ammo t=0,01 c.
JaH CYHTI MHAYKTUB rantak mMaH6agaH axpanub, 3aHXup Kucka Ty-
rawTHpuaraH. LWy MKKWHYM KOMMYyTauusgaH KenuH ranTtakHUHT rL
Kapwnnuruga axpairaH uccukNmk MuUkKLopu aHUKIaHCUH.

E 4 n w . 1 TantakHWHr y3rapyByaH ToKAaru Tyna
Kapwuiamnrn:
Z = yjrf + 0SIT = V40T + 69.1! = 80 Om

2. 3aHXwupparv TypryHnawraH TOK Ba Ky4y/JaHuw opacugaru
cUmKULW Bypyaru:

0)1 69.1 0
¢ - arctv —— - arc tv -———- - 60
r h 40

3. 3aHxkuppgaru TypryHnawraH rok:

:
Sin(3141-30° -<p)= 1,5Sin(314t-90°)

SR z
4. TOKHUHT 3pKWUH TalWKuWA 3TYBYHCU:
1
5,5-10
byHaa A — (0) ——15sin(-90") —15
5. 3aHXupgarn yTKUHYN TOK:
10 4°
i='b-p + " = b5 sin( 314 r- 90 ") + \,5e ~

6. 3aHXMUp KUCKa TyTalwTupuiraHgaru yTKUHUYU TOKHUHT OHWIA
KnmaTtu:
\o ia*itr2
55 1 i . (Pa-0,01 J'I|h 55

2n ) I 5e
002 2

i(tj) = !,53ir(l— tj- - pLBe

= I'SSind +1,5e_172 = 15A
7.  WVIKKUHYM  KOMMyTauusijaH KelinH  raaTakHuHr T,
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Kapwuanrnga axkpanraH WNCCUKTNK aHepruscu WHAOYKTUB
rafTakHWK MarHUT MalifloHU 3HepPrusicura TeHr:

LIl 0,22 -1,5:
=w. - —L= s 0,2475 = 0,25 SKoyn

| 2

YYHKU KMCK,a TyTalyB rraitugarn 6upnamym Tok:

lo = (<) =

8.6. KoHaeHcaToOpHW pe3ucTop OpKaun ysrapmac
Kyu/siaHuw MaHb6aura ynau

8.8-a pacmna BaKTHUHr 1=0 nantmga R, C anemeHTNnapu Kerma-
KeT ynaHraH ”“aH>XupHu y3srapmac KydnaHuw UO wmaHbaura ynaw

a)

CXemacu KypcaTtuaraH. QHAW aHa Wy 3aHXupgarn yTKUH4YU Xapa-
6HHM TeKWwwupamm3. BYHUHT YyuyyH curMmgara KyuyaaHuw W. HK
y3rapyBuyaH xuco6n1a6, 3aHXWPHUHT AnddepeHLunan TeHrnamacuHu
Ty3amums:

RC du ' 4+ u =n
dt

dg du,.
byHaa: i~— ~¢€ " KoOHOeHcaTop C K.OHNamanapugaru
YTKUHYN TOK.
Curumpgarm yTKMHYM KydnaHuw ut=ulVPrruQGK Hu 6unrad, ap-
KWH X,0M1aT YYYyH 3aHXXUP TeHrjiamacuHu rysamms:
dwm



ByHra moc TaBcuuii TeHrnama RC '& + 1 = 0 pgaH uac-

1
TOTa Y/40BM C. ra sra bynraH a —— —; WIAU3HM Tonamns. C vy
RC

-HU W K03 ® ® MW LUumMmeHTMW HAHF nwopacura Kypa,

v t

curuMmparn 3pKMH Ky4ynaHuw wt - Aed Ae n BaKT

yTmwmn 6unaH (Hasapuii xmxatgaH t=o00 ga) Honrada kamasgu. WH-
Terpannawl AOMMMUIACUMHU aHUKAALWl YYYH CUTaM/IM 3aHXUP K.MCMU
YUYH KOMMYTauus KOHYH/AapugaH Kenmé uUuKauuraH 60wWwnaHrHy
wapTtnapgaH cdomnganaHamui. LLyHra 6uHoaH uc (-0)-unc (0) 6ynagwu,
ABbHU:

“0-0) = 0= «,w(0)+ rPK0) =m0+ A, ékm A =-un,

YYHKM KOMMYyTauua™ kagap cuMrmmgarv KydnaHuw Hosra TeHr 3aun
[ne(0) = 0j. YTKuUHUM >KapaéH TyraraHgaruv TypryHiawraH Kydna-
HULW uCni,=U0, 4yHKM y3raPmac  TokpgaH KOHOEHCATOPHWHT
Kapwuanrm co ra TeHr. s3aHwxupgarnm 1ok / ,=0. WyHaan knnm6,

CUTUMAArn yTK'MHYM KyuynaHuL:

- ( -
mc=wn_o_p+un_.,gp- n0-ntk T=LWL0 1l-e r (8.15)

\ )
oyHpa X~RC - YyTKUHYWN >XapaéHHWHI WHTEHCUB/IUTUHW TaBCU®DI0B-

4ynm BakT goummuicu (c), T KaH4ya/lMK KaTTa 6ynca, KoHgeHcatop C
HUHT 3apagnaHulin WyHYanmK ceKuH 6opaaun Ba akCuMHua.

duc
YTKUHUM TOoK / ~ ( — (8.15) TeHrnamara 6MHoaH
at
| .
i- co 0 Yi o (8.16)
R C R

bynagn. (8.16) TeHrnamagaH 3aHXUPHWUIAT KWCKA TyTawyBu Mantu-
fa Tok i(0=1.J0 /R) makcmman 6ynuwmn, maHb6aHWHI 6apya Kyuna-
HUWMK Kapwunmk R jii Tywuwun, cnrum aca KAc*.a TyTawiraH Cum-
OeK 6ynmb KonmMwnm KypuHuo6 Typmban. 8.8-6 pacmpa Tekwupuna-
éTraH 3aHXupfgarnm Y4YKUHYM Ky4ynaHuw Ba Tokgap rpaduknapu
KypcatunraH. [padpuk mpgaH, curumgarn KydnaHuwjgaH dapknm
ynapok,, YTKUH4YM TOK i KOMMyTaums nantumga HongaH UO /R
K.MimMaTraya cakpaw (MmaH opTUWMHKM 6unca bynagw.
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8.3 -M 1 c o n Curum C=100*10'6 & OynraH KoHAeHcaTop

Kapwunmrn R--40 Om pesuctop opkanu UQG=200 B y3rapmac Kyu-
naHnw MaHbaura ynadHraH. Arap ynanraHguH keimH ta=0,001 c.
BaKT yTraH 6ynca, KOHAEHCATOPHWHI 3apsa4u Ba Ky4d/aHULW N KaHya
oynagn?

E 4 un w, t BakT4a curumgarv yTKMHYU Ky4dnaHuw

200 1- e 410 ' - 200 0,22 =1448B

6ynagn (byHpa T=r-C =40-10 4 =0,004 c.)
2. Ywa BaKkT jaBoMuja curumpga TynaaHraH sapsig:
q(t,) - Cn, (tj)~10 4-44-4,4-10'3 Kn.

8.7. KoHpeHcaTopHM Pe3ncTop opKanm cuHycomgan
y3rapyByaH KyusaHuLl MaHb6aura yna

R, C anemeHTnapu KeTMa-KeT yfaHraH 3aHXWPHW CUHYycougan
KyynaHmw wn~ UTsin(W +y 1) wmaHbanra ynawga (8.9-pacm)

x,0cun  6ynraH  YTKMHYM  Ky4naHWW Ba TOK/JApPHWHI  y3rapuul
KOHYHAAapUHW aHWKNaw Kepak, feb6 dapas Kuiannmk. YTKUHUU
Ky4YslaHnw unc=unclyp+tncT UKKUTa TalkKun atyeBumgaH méopat 6ynub,
ynapjaH 6MpPUHYNCK 3aHXUpAarn TypryHnawraH Tok iTp ra 60rnuk,

MKKUHYMCK 3ca M.~p — Ac T ra TeHr. 3aHxupgaru TypryHnawras

3aHXWPHUHI Tyfa Kapwwunuru; &= ad, C) - YTKUHYM >Xapa-

éH TyraraHfaH KCHWH 3aHXupaarum KydnaHuw 6unaH ToK opacupa-
m cumikuw 6bypuaru.
Curmmgarn TypryHnaw um KyuaHuL.

YYHKW Yy TOKAaH /2 6yp'mMKKa opkaja K.onaantu. LyHpan kunwmb,
YTKUHUYM KyunaHuw Bak! >kuxatujaH Kyhmngarm KoHyH 6yinya

iN]



|/|HTe].paJ'U'IHLLI gommMuniicn A HM aHmmaT ydyyH 8.6 ga Kentu-
punraH 6ownaHrvy wapinapgaH gong&yaHamms:

L 0 K \
n_(0) = - — sin\yti--@p- =i+ J1=0,

z roC \ 2
eKun
A - - - -sin[y/, - <p- K
z ot \Y 2
KyuynaHuw uc yyyH Kyhupgarn ucogara 3aramus:
uc®_ YMsmlogs _(——-——sm/p>_o n e kc  (8.17)
. mC ~ 2) ac*? V 2
BynpaH yTkuHum Tok /¢ - HU Tonamiu:
al
t
u ./ \ U 1 . f nl on
1= sin(mt Y;u'm ~ P )+ —-—oemee—- smm|m -0 — -e 14 (8.18)
z ze RwC \% 2
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8.9-6 pacmpa KypcatuaraH YTKUHYM MUKLOPAAPHWUHT 3rpu uu-
3uKnapunaH cUurumfarv yTKMHYM KydynaHuw ut YTKUHYM  >KapaéH
JaBOMUAN Y3WHUHT OHWUI KuumaTu byiunua (xygam r, L 3aHxupga
Ky3aTunnaétraHgek) TypryHnawraH pexummga yuwby KydaaHuw am-
NANTYANCMAAH aHya OopTULIM MYMKWH; aMMO Hasapuil >Xuxataad
MKKUAaHMNW aMmnanTyga KAAMarungad kamamruyda kgnagu. AMmo 6y
KYUaHULWHWHT y3rapuwl K,0HyHu (8.17) dopmynara kKypa, 6epun-

n
raH KyuylaHWWHWHI 6ownaHrmy dasacm knnmbé y/m= (p+ — TaH-

nadca, HUCOMIA yTa KydnaHuw ymyMaH nango 6yamaciurm MyMKUH.
By \onga 9pkuH TebpaHnwsap Tamomuna Obynmangn;  UYyHKu
WJIPK=0 curnmpgarn TypryHsawraH pexmnm KoMMmyTauusagaH CyHr
6upgaHura cogup bynagn. BuHob6apuH, YTKMHYM TOK i HUHI nango
6ynuMwKn Ba YHUHI XapakTepu 9pKWUH TawkKua 3TYBUNUCUHUHT
y3rapuw KOHYHUW 6unaH 6ornuk,. (8.18) TeHrnamara 6uHOaH, 0y
3PKUH TaWKWU/ 3TYBUMHUHI MakKcuman KuimaTtu

UT I/tC . ( n '

CUHYCHWUHT aprymeHT dak,ar EYI/I- P - Z;Lj\ ra 6ornuk, 6ynmai

1/ coC
_— 8kn  Xc/R HucbaTnapra xam 6ornmk. bopau-io,

yl - (p- 0 6ynca, t=0 KommyTauma naitTmga YyTKMHUYU TOK

i(0)
z R

AbHU TypryHnawraH ToK VJZ HUHI amnnaumtyga mukgopugaH X<oK
mMapTta opTuK (8.9-B paem). By aca curummn ysrapmac Ba ysrapyB4aH
KyuynaHuw wmaHb6aura ynawgarun gapkgaH wubopat. Xt/R kKaTrtanuk
Tervwnm MyxaHaucnuk Xx,umeobnapuga abTubopra onuHagn. ToK
Te6paHUWMHUHT 3HT KaTTa amMHAUTyjacu XAp KaHjal wapouTtga
\am In=UniR kniimatgaH opTu6 KeTmaiigu.

8.8. 3apsapnaHraH KoHAeHcaTopHW pesucTopra ynatu

®dapa3 kKuiannuk, 6ownaHrny (Konguk) Kydnanmw UO ra ara
6ynran KoHpeHcatop C kapwmaurn R ra TeHT pe3uctopra ynaHCUH
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(8.10-pacm). Curumpgarn TypryHnawraH xosiatga TOK Ba 3apsagHUHT
nonra TEHTAUTUHU 6unaray, YTKUHYU eKW 3pKUH Kydnanuw UQ,
YUYyH Kylhugarun mndogaHn E3amns:

e wn-s0p = A€ T(x = RC)
WMHTerpannaw govMuinicn 6owniaHrny waptnapgaH SbHU
c(_0) - wuc(0) - UO

haH aHukgaHagn. Oemak, uc(0)=A=UO0 6ynagwn, ékun

U = n, (8.19)
3aHXupparm yTKMHYM TOK 3ca:
du,.
i = - C - (8.20)
IpK ~ dt R

MKKana YTKUHYUM MWUKAOPNap BaKT YyTUWKW OunaH 3KCMOHEHTa
KOHYHU Oylinya CyHMWN Ba t=00 fJa HoAra TeHr 6ynuwun SAKKON
KYPUHUG Typmban. AMMO Ky4naHWULL uc AaH apkan ynapok,
YTKUHYM 10K ongugarn MaHuili uwopa KOHAEHCATOPHUHI 3apsg-
CU3NAaHUWWHN 6unaupaan. YTKUHUYN Ky4dnaHUW WUC Ba TOKMAPHWHT
y3rapuw arpu ymsurm 8.10-6 pacmpga KypcaTusraH.

YTKUHUM >KapaéH (AbHM t=0 pgaH t=o00 raua) faBomuja
Kapwuank R ga axpanumé YMKxaH UCCUKIUK IHEprusicu
2(
cu
dt -

6ynagun. [emak, KOHAEHCATOPHWHI 3apsAcusnaHuwmM naitmaa yH-
JaH aXxpanué 4mkaéTram WUCCUKINK 3IHEPTUsACU MUKAOPU 3apsfcus-

-T-¢cb -
I

ucl 1 .C

283



NaHUW KapwWiurnHWUNG MuUKgopura 6ornuk 6ynmar, KoHpeHcaTop-
HUHI 3apsafjensnaHuwimnrada  yHpa TynnaHraH 9/1eKkTp 3HCPrusacu
WAC UQ072 HUHT MuKgopura 60rnvkaunp.

84-m m c on. Curumm C=400 mMkK®P GynraH KoHAeHcaTop
6ownaHTy KydynaHnmw Up=4G0 B raya 3apspniaHmb, cyHrpa 3aHep-
TMAHUHT  MaHb6aujaH axpaTtuaraH. Arap KOHAEHCATOPUUHIE UYKK
Kapwwunuru y =100 kKOm 6ynca, YHUHTI y3-yBuAaH 3apmaensnanuiim
HaTmXacuga KydnaHuwu U(Q=10 B ra nacaiiryHya K,aH4a BaK,T
yTagn?

E uwuvw 1L Curmmgarv yTKUHYN KyuynaHuULU:

Z I/0e’ T = 400e~°'025
UYHKU r- roC - 105=4 m10~4 = 40 c
2. t, Bak,TAa KyuynaHunw uc = UO = 10 B, gemak,

uc(t,) =400e 00,4 - 10.AfLJ ¢ 0°25" - 40Ar1~ 0,025t j - In40; 6yHOaH t,
=401n 40 = 148 c. - 2 MUH. 28 ¢

8.9. KoHgeHcaTtopumnHr R, L yaH>Xupra 3apsagcusnaHmium

3apagn Honra TeHr 6ynmaran 1q0 (0)~0] C eHrumnm KoupgeHca-
TOPHUHT pe3ncTtop R Ba MHAYKTUBAUIM L ra TeHr rantakka KeTma-
KeT ynaHuwH 8.11-pacmpa kKypcatunraH, KoHpeHcaTopuuHr “apsag-
cM3naHuMWw  KoHyHM Ba R, L xavmga C napameTpiapHWHT
KuiimaTtnapu rypnuvya 6ynraHga YTKUMHYM  >KapaéHnap  KaHpaaw
OYyNMWMHN Kypub UYMKamInK. YTKUHUW >XapaéH TyraraHgaH CyHT
KOHAEHCAaTOPUNHT naekTp

MariaoH 3Hep! nsacun

R pa TamomMuna WCCUKNUK
aHeprusacura annaHagn Ly
Tyhanm saHxupgarm MX Ba
KyuYnaHuwnapHMHr - T\ pryH-
nairaH KuiAmatnapu nonra
TeHr. [Jemak, 6apq.1 yT-
m.11l-paem
KWHYM Ba 3pKUH MuKgopgap
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ypTacuga x.ed KaHjan capk, 6ynmaingn. YsrapyBuyaH MUKAOP “PKUH

YTKUHYM TOK i O6ynica. 3aHXWUPHUHT auddepeHyman TeHrsavacu
E—I ~ /I Ld 1+ ' - 0 KypuHuwga cnumnagu:
di | dt LC

25 - 'Ba (00 = 1/VLC 6enruwnawnapHm Kupuw H6, (8.21) ra

MOC TaBCU( WU TCHrIama Ty3amu™®.

oc" + 28a + a)g -0, (8.22)
YHWUHT ungunsnapu a, - -5 by62 Ba 0:?"-5-
6ynagw.
Aemak, YTKUHYUN TOK: i= AjC 1 + . KommyTauyunsa

nantuga WHAYKTUBAMK L TOKHMHI  cakpab  y3rapuwwuira  unyg
Kynmacnurn cH6abnum i(0)=0 ékm A,+A:-0 ekn A,=-A:=A.
KoMMyraumsaHMHI WMKKWHYM KOHYHUra 6WHOaH, Xygau wy BaKta
ul(0)=U.]|~"0 6ynagn. KuUpXFOPHUHI MKKWHYM KOHyuura Kypa

uktu(+uc=0. Oemak, 1=0 BakT yyyH !Ri + L +ncm - 0.
L n JIf
abHn il _nl =-n.()) =-U«Irm LA TJaic°r-u2eU'1 , --11,m
m dtd. a
ByngaH A - -U OL(al <a,) 6ynub6, yTKWHYN TOK:
I pail_ pa2l
i- - —- Foooeme (8.23)

L a, - a?z2
VHAYKTUB rantakaarn yTKUHYM KyulaHuWL:
u Lai= _uo0id £~ on, (8.24)
dt “ al]-a
Cl/lrl/lM,ﬂ'arl/l YTKUHYN KyY/TaHULWHW 3aHXWUPHWUHT 3/IEKTPUK MYy-

di I ¢
Bo3aHaT TeHrnamacm Ri + L@+ : i\idt - 0 pgaH aHuknaimms.

€
LyHra Kypa:

MR

dt a] ~a3 r e ).

(—ec] -O0)n0'1 )+aUJea] -a™~eN1]
(/1—a ?
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YYHKM R;L=—orJ+cc2)- 26..

3Han (8.23) - (8.25) wndoganap opkanu tacsupiaHrad i(t),ul(t)
Ba uc(t) N py umsmkgap KypuHMWHUWT (8.22) TasBcuduini TeHrnama
nnausnapn 6unaH 60rNMUKANIMHUN KYpuUb 4YnkKamms.

Bowkaya aiTraHga, 3aHXupgaru yTKMHYM >KapaéH Tamomuna
R, L Ba C napameTpfiapHuWHIr MuKgopnapm Hucbatm 6unaH
aHuknavagn. by HMCO6ATHUHT y4yTa BapuMaHTUHU Kypub UYMKamums;

1) a, Ba a: nngusnap XAKUKMA Ba Typauya, SbHn b2 we > 0;
2) a, Ba a-, WiAgu3nap X,akKMKuUn Ba TeHr, AbHM 5~ —oof] = O;

3)52- 0,2 <0; 6ynraHgaa, = -5+ jn'S2 ~w2 Ba a2=-6--j*/5' —a>
nnansnap Kywma (6ornnk) KomnsckcnapgaH méopar.

AacTtnabkm WKKW BapuaHTAa KOHAEHCATOPUWUHI 3apsacu3naHu-
WX HOogaBpWIi paBuwga yTca, YYMHYM BapumaHTga 6Oy >kapaéH pgas-
puin (Ekn TebpaHma) 6ynagwu.

A. KoHAencaropHMWHT HOJQ aBp Ul (a
punounguk) {apagcumsnaHumuwmu.
OHAN YTKUHUYM >KapaéHHU 5 >co0, éKun éxyn,
2- VIV
ro> 2vii( KN R > RWK ponnap y4yyH Tekwwupamni (byHgaa
RKrF2 yL - KOHAEHCTAOPHWHI HogaBpuii Tap3ga 3apsacusnaHu-

wuHu cakla6 KonaguraH uderapaBuii Kapwunuk). LyHgah kunub,
*aKUKWUA Ba Typ/auvda ungusnapra ara 6yiamMmus:

aj=-6+pa62-w3 Ba a2=-5- -"52-W wy 6wunaH
6upra, &j <0,a2<0'Ba («2]>jet! |. Ky y3 HaBb6atuga (8.23) wudo-

para KupyBum (V'" —ear<) aiMpMaHUHI CYHUW KO3PAPULUNEHT a-
pvaaH KeCKMH (apK KWUAyBYM WMKKUTA IKCMNOHEHTAHWHI anmnmpmacu-
HU ndoganaan (8.12-a paem).

Ammo (a,-Un) > 0; Uo>0 Ba L>0 6ynraHu yuyyH K i HUHT
(8.23) wndopgaparn wnwopacm uUcTanraH BaKT YYyH MaH(@HAAUrmya
KO/aan.

LUYHAHT Yy4yyH i(t) 3¢pM 4M3UK (MYHKTUP UM3KNK) Ekun, 60-
wKavapok, MacwTabga uymsunraH Ri(t) ahm yumsmknap, BakT ykum t
OCTHAA »>KolnawraH 6ynuwn Kepak (8.12-6 paem). ( ArumgarH
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YTKUHYM KyunaHulW TokKAaH (apkanm ynapok, MUKAOP >XMXATuaaH
\amma BaKT myc6at 6ynub6, mMakcMmymra ara 6ynmai, Honrada 6up
xunga kamaa 6opagu. KyynaHuw UC HUHT MYCOUTINTU Ba YTKUHYN
TOK | HUHI MaH(pUANNTN 3aHXnpparn KOHLEHCATOPHWHT 3apsafacus-
NaHUWNHN 6ungnpagn.

ByHpali 6up roKwHnama 3apsgcusnaHull “HogaBpuii  3apsgens-
naHnw" pgennnaan, Kantak Kucmanapugaru KydnaHuw ul HUHT (u,,
Ba i napgaH apkau paBuwiga) BakT b6yilinya ysrapvwm 6upmyHuYa

60 KavyapokK,. YTKMHUM Ky4dnaHmw ul(0) =- UO kuimatgaH 6ow-
nab, HonMraya KeckuvH Kamasam [ul(t)=01, cyHrpa KaHgalhigup
Mab/lyM MaKCcMMymra spuwimb, sHa Honrada MOHOTOH Kamanlnb6 6o0-
pagn (8.12-6 paem). DPyHKUUA ul(t)  HuHT aKcTpeman
Kuiimatnapura moc Ba t2 BaKTNnap KyWnugarm LapTtnapgaH
aHVKMaHagu;

1). ul(t])=OCékn alea'l -a 2eflj,’ = 0,ckn e(a

8 .12-pacm

oyHpaH tj =[In(a2/a))] (a(-a 2);
2 u(t >11=t |=0€kn afeg- a =0.ékn eQadJI =( ™ j2
2 a(

2 In
6yHAaH ' 2t, — —- a1l
a, - a2
Oemak u, ~LOIN oynraHn Tygainm ul(t9=:0 pa t=(,

6yna,q|/1 Ba TOKHUHI MaKCMMyM 6yr|raH navtura moc Kenagn. Ymy-
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MaH, TeKwWunpuaaeTraH 3aHXupgarn 3apkun >apaéH BakK,TUHU MKKUTa
5i3ura xoc gaBpra axpatuw MYMKUH:

a) 0 < t<t, 6ynraHga, TOK i MYTNOK KMAMaTK XuxatugaH
Y3VMHWUHI MaKcu Mymmrada optagu; KydnaHmw ut 3ca UR=RI Ba

“- L% KYUYNaHUWHWHT  Tywysn 6unaH MyBoO3aHaTnawagmu

(KOHOEHCATOPHUHT 3/1eKTP 3HEPruUACUM akKTUB K,apwwuink R pa uc-
CUKAWK 3Heprusacura arhnaHu6, 6up KACMMW rantakga MarHUT 3Hep-
rmsacm Tapsupa TynnaHagu).

6) t] <t < oo 6ynraHpa, TOK i Ho/nraya MOHOTOH Kamanlmb 60-
pn6, KydnaHuwnap », Ba uL sca kyuynaHuw Tywysu UR=Ri 6unaH
MyBoO3aHaT/awann (KoHgeHcaropgaru Kpaguk. 371eKTp 3Hepruscu
KabH, rantakga KucmaH TynjaHraH mMarHuUT ManfoH 3Heprmscu pe-
3ucTtop R ga MCCMKAMK 3Heprusacura alinaHagw).

B.HopaBpuih s3apagcmsanaHmMLl HUHT 4ye-
rapaBumin xonartwn

lOk,opnpga kKypcatunraHumgek, R=R " _ZJiI 6ynraHga X,aM

HOAaBpUIA uvapafcuM3anaHuw pyi 6epagn. AHa wWwyHAa GU3UK XapaéH
y3rapmaca x.am, amMmmo ungusnap a, =a2=-6[5=co()] HUHIr Hucobar-

napun mukgopu 6upmyHya 6owkaya O6ynMWMHWU KypcaTnb yramus.
Xonbyku, YTKMHYM MUKAOpAap Yy4yyH onuHraH (8.23), (8.24) Ba
(8.25) wndopganap”™MHr cypbaT Ba Maxpaxnapu Honra TeHr
6ynraHuga HoaHUKAMKKa o0nunb6 kKenagw. JlonuTan KompacupaH
thoiganaHH6, 6y HOAHUKAMKAAPHW evyamu3. YHaa (8.23) Hu
Kyingarmya ésmw MyMKUH:

1= - _I{I__’_ Y|m ﬂ’ (*_*"_- «:.;) = - 9’ te ”
I («,-»*: (a,- a2) L
AbHW &, HW y3rapyBuM xmco6nab, yHm a2~ - 5 ra UHTUNYBYN
ne6 dapas kumnammi. (8.26) wudoga 6ylimvya uL Ba WE HK
aHnKnanmMmns:
M =1.«-U O0(e-8t-6te'5,)=-U 0(lI-5t)c (8.27)
U.- -R —uL-y-U=e A+ Uo(l - St)e“R - (8.28)

=uUoc (261-6t 1)- i (@ +5)e“0
KoHAEeHCATOPHUHT 3apsacu3naHunLl xapakTtepu HoAaBpUiA
6ynun6, i, uL Ba uLnapumHr BakT 6yiinya y3rapuwl KOHYHMU 8-
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12- pacmpga KypcatuaraH arpyv 4ymsukgapra yxwaw 6ynagn. byHpa
= %- 0Y..agn.

ONIAVIHIM XongaH apkun, /,
KoHAapeHCAaTOPHUWUHT gaBpuin

B.
Ma) 3apagcuM naHWLW W
(8-21)-TeHrnamaHiiHr wnagnusnapn Kywma Komnaekc O6ynraHga

3apag-

(Trc 6 paH-

S < , KM T < 2y— ponsap Y4YyH KOHAEHCATOPUUHT

XapaKTCpUHU Tekwunpammns. [emak:

cM3naHunLL
a —™6+ ~§ ~ i v -~ j(0 --0 qC
X =~6—"5 ~"6 — ~ jw = NoN * gyHpa:
0= arctg™- g-J. Bypuak 901 <0 <180°, YYHKN

Sin0 I:%>0 > (XCosO - - /%/H <0.
BynapHun (8.23) mndogara Kynunb, KynmngarmHu Xocun Kunamms:

uo _e-Ste-je* L,
. e~N =

1= _ _.v
L (-5+jaf)-(-S~jcJ) co'L 2j

(8.29)

=.. Y?-e” -Sinot =-If)e n -sino't

oL

(8.29) HM xmco6ra onraH xonga, MHAYKTUBAUKAAW YTKUHYMU

Ky4/siaHuw
di Uo [ -w a gt M
n —ly—=—== mit 8§ e siot)]- — - e-
-—'IVIII————?— smco t +—f—)— cosmi - _ €c0Ss-cos W't «binl=
1 0)0 wO 0
Uu o "5l «sinft-j’i =*0) (8.30)

LJ
6ynagn. Curnmparn yTKUHYM Ky4naaHuw uc — (a(ea2 -a”e®2)
a, -a-

6ynraHn yuyH
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IO -Re ~0|s Tt nQI-)c_St — sinw't *— (-usctt _ E"ro V\DéSt
&/ o
f 2. , Ss. . o ! -gif 5 1 N
——————— SlnoiI———————SInCOH———————COGOt)--Ll,]c:qﬁnegll— —sinut—E coaotl(—
v Vo @w-J 'w I1vo W
=-U0 4 c'’nSt(sincvi-co™-cosal/t sin0)=— U sinn't-0) (8.31)
0 it

Mpamkga (8.13-pacm) 6y YTKUHUYM MuUKAopaap TebpaHuw pas-

2K )
pn T ——"'06ynun6, amnamtyganapum BaKT yTuwm 6unaH e'’
(o))
KPHYH 6yinya KamalByuM  CcuHycompanapHu wudogananan. ByHpa
Ri, uL Ba wu, OHWIA KUUMaT-TapHUHI  netanraH BakTAaru

HUBLWIANCKU  HoAra TeHr. 8.13-pacmparu  arpy  uusmknapgaH
KypUHagukKun, ToK i 6uniaH peakTWB 3nemMeHTapgarn KydynaHumw ul
Ra uc opacuparn asaBuii cu.WMW TypryHaawraH X,0natgarmgek
90° ra TeHr 6ynmaii, 0 > 90 o6ynaguM. ByHNHr ca6abu wyKwu,
YTKUHYM Ky4/JlaHWW M Ba TOK \ aMOAnTyjanapuHUHI KynahnTma
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KoadppuumneHT C'bl 6ynagn. LWy Tydawm x.akMkuii amnavTygana-
py BakT Oyinya cuHycoumpa ApUMM TY/IKUHW aCOCUMHWHI ypTacumiaH
yanra cwopkuradH 6ynagun. LWyHra kapamacgaH, TOK Makcumarn
6ynraH nairtnapga KyuynaHuw uk HongaH ytaam, KyuylaHull ur HUHT
MakKCMMyMK 3ca BaKT OyiiMya TOK i HUHI HOAra TEHr OynraH nanT-
napvra Moc kenaaun. byHUHr cababw BakKTHUHI ucTanraH nantga

ul =La Ba i-C 'éjt_ 6ynagn. WyHpan kunmb, KOHAOeHcaTop-

HWHI aBBasigarv 3apsgacusnaHuwmgad (R > R pga) apkgn
yNnapokK, YTKMHYM TOK | BakT yTUWW 6WAaH Y3UHUHT OHWIA
MUKAOPVHN Xam, MyHa/MWWHW XaM Takpop ysraptupagan. T O K-
HUHT cunfumm opkanum mycbaTtT MyHanumuwm
KOHAEHCaTOPUWMUHT 3apaAgcuUM3NaHNWMUHMNM
6nnpnpca, YTKUHYMN XapaéH ranTtack
MarHuT Malhi OOH N S HEePrMACUHUHTI AaB-
puihi paBuMwpga KOHOEHCATOPUUHTI 30eKTp-
MalhnpoHwu 9Heprmacumra yTHWMW 6Gnnar
Kys3aTunapgnesa aKCMHYa. TOKHUHI MKKana
yHanuwupgarn paspHH TebpaHuwpa ydypanguraH kKapwunmk R
HUHI MWKOOPU KaHYIIMK KWuuk 6ynca, KoHAeHcaTtop 6up uumkna
TebpaHMWaa LWYHYaIMK KaMm 3SHeprus mykotagu, YTKUHUM >kapaéH
WYHYannK y30K AaBoM 3Taan, KoHaeHcaTopumHr 6yHAaali 3apsacms-
NaHuWw >kapaéHu aaBpuii €K TebpaHMa YTKUHUYM Xapakatu [Oein-
nagn. TebpaHMa YTKMHYM  XAPaéHHWHI CYHULW  AapakacuHU
YTKUHYM MUKOOPHUHI y3apo 6up gasp T =2% bl macodaga >Koii-
nawraH WKKUTa KYWHW  MakCUMyMAapHWUHI  Hucbatm  6unaH
aHuKnaw MyMKWH. by Hucbéar Teb6paHMUW AeKpeMeH
U Oe~* BT.
T n [e6 aranagy Ba y " 63~ﬂ:|-’?'\ ~e ~ "  eynaaw.

KynuHuya Te6paHULIHUHT N0raputMmnK AeKpeMeHTr

In4 =Ine6l =A4T'
naH oviganaHunagn, T~TO pga In 4 -9</1 6ynaau.

ByHoa ] =R:”~ - KOHTYPHUHI CYHUW KO3((PULMEHTU.

Jemak, 3pkuH TCOpPaHULINAPHUHT CYHULL Te3nuru curumparuv
6ownaHrmy  Kyuynanmw wug0) 6unaH aHuknaHmacaaH, 3aHXUPHUHT
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napametpnapm R. L Ba C 6unaH aHuknaHagu. Arap R-O 6ynca,
SpKNH TebpaHuw lap uyekcus y30K, A4aBOM 3Taan. XakukataH R=0

éynraHga 5 =0; a,: = ij(00 co=oo) 0=90° ra asramH3. [emak,
YTKUHYU TOK
i - - —=sin co0t = -1 sina>t)t
coOL
6ynagn, WHAOYKTUBAMK Ba CUrMMZArM KyunaHuluiap MOC pasuiiia

uL = -

uc =-U Os‘mf\a)Ot A

3aHxumppaa 6ynaguraH
6apya CcyHMac Te6GpaHHLLI-
NapHUHI B6ypyak uvacToTacwu

0=¥vLC Ba [Oaspu
T) = 2My/bC 6ynraH

cyHMac (cuHycomnpgan) Teb-
paHnwnapavp (8.14-pacm).

8.10. Mypakkab 3aHxupnapgarmv yTKuHumn
XapaéHnapHu xucobna

8.15-pacmMaa j jo.k. c, MaHb6Gara 3ra OGUpP KOHTYp/W 3aHXupra
t=0 BakTga R2>L: TapMOK OpKa/in WKKUHYMN Yy3rapysyaH 93.10.K.
mMaHban €2 - sin(atf mLY2) ynaHagurak mypakka6 \onar
KypcatuaraH. 3aHXVUPHUHI  napameTpiapu, LWYHUHIAeK, 3.10.K.
B\ ~ E X sin(fij/ + ) HUHr mukgopu 6epunraH 6ynu6, KommyTa-
UMs HaTuxacmia 3aHxuppa nango 6ynraH YTKUHYM TOK Ba Kyy-
NaHuwapH1 Tonuw Tanan aTunaaw.
KylinnraH macaniaHM KOHTYp Toknapu it Ba 1y (Toknap-
HUHIT AyHanuuwmn éncmmMmon umsuknap O6umnaH KypcaTtunrad) ycynam

6unaH eyaMw  KUPXTOMHUHI  WKKWHYM  KOHYHUra  GUHOaH,
3aHXUPHUHI 3/1eKFrp MyBO .TaTW TeHrnamacu Kymugarvuya oynagu:
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8.15-pacm

! <8.32)

i I,
IK, mKmll, =] — V Jid +kVu +- mi I~ mc
ot cT (i

(S.33)

L4 ----tfrr ol

Mopgomukn. (8.32) Ba (8.33) gudepeHyman Tclw-namanap uv-
WwKNn akaH, anddepeHuymannaw onepavuscu djdl Hu p cumsonu

R Tfi | m— Jllds—(R2+R1)tM h L
Cc1 ~ 4

6unaH, WHTerpannaw onepauusmMu Jdtmm aca 1/p cumBonM 6unad
anmawTupmnG, ONMHraH TeHrnamanap CUCTEMACUMHW KaHTa &.4amus:

(Iiij—Réq pLi +m3ji! IiRé+m3—jiir —e|7

("Fl4z 1jl_!+rQ2+R;-tp|lJ+ 1 Fu L (8-34)

pe“T | p(. )
(8.34) cUCTEMAHUHI GUPUHYM TEHrNaMaeugan OfIUHFaH TOK-

wwil kwumatm jo*
K, pC

KMHYM TeHrnamara Kyiuné KynmgaruHu Xocun Kunamus:



(8.35) TEHITaMaHWHI MKKana KUCMWHW P ra Kynantmpmé, my-
pakkab 6ynmaraH ys3rapuwnapgaH CyHr Kyhiuparvura ara 6ynammas:

I_l\

[(n2 N+ + + (1972 +R|"3 +k2/3 ~“ 1Ly
3y
" L pore] 412+ e +7ve] * KRR <75 o2
&G _di h A ® e
a3 + aZ2—. +a(__+ =" .+, — +  -c,— ~Y)P2, (S.36)
by eppa:
_ Rj -R3 +2R2 m
a( - r d\ ~ RIR-j +RiR-" ¥R2R3 me—
........ | -
-(r2~R3%j *<R R37"273—1L2;b0 . +R3)
3

3 ?
[ 3 di, 9 d “l diK
b2=L2;c00=.-;c1=R3p ., =-}-;P = .- "Ne 1 =%

WyHpan klWm6, (8.36) TeHrnama OGUPMHYM KOHTYp TokM 1 ra
HucbataH 3-TapTmbnn anddepeHuman TeHrnamagump. by TOKHWHT
KOMMyTaumsaaH KeMnHIn TypryHnawrax Knnmatm

if_p~ I\ sill(6%74ey/N) (8.36) TeHrnamaHWHr XyCyCWUiA CHU-

Mn 6ynnb, yHuHr amnnutygacu |!m HuM Ba 6ownaHrmvy dasacu
HM TomamMm3. YTKMHYM TOK ij HUMHI 3PKUH TawKwuia 3TyBUYMIapU
(8.36) TeHrnamaHuHr yHr KUCMWUCWU3 euynwl nWynn 6unaH Torwnaaw,
BYHWHT y4yH aBnan YHUHI TaBCUdWiA TeHrnamMacuMHu Ty3amus:

ald'+azxa2+ata +al- 0. 8.37)

YTKMHUYN TOK ii=iiTypHiiPK aKaHAUIMHM 6unray, Kymmgarmra ara
oynamms:

h = IXrTSI™N(N +¥n )+ A]€al + N2eal + A3eal (8.38)

VHTerpannaw AOMMWANAPUHU aHMKIAW YYyH KyhAngaru apT-
napgaH ovganaHamms:

*)il(=0)=i[( vO); 2)in(_0)-0; 3)uc™(0) =uCTyp(_0).
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BUpuHuUM WwapTra Kypa, KoMMmyTauusra Kogap TypryHaawirad
TOKHWHT K.MAMaTVW Mabiym 6ynuium f03uMm:

i, <_o0)3i=sin((at+li, -9)= -
L\\ | ( 2
ri+rP oiL-- =
1 coC
oy eppa:
1
coL, -
® 1 =arctg— @M i(l* - Ej

R,HR3 'm z
WyHpah kunm6, (8.38) ra 6uHOaH, OGUpPWHYM WapTra Kypa
t=0 pa:

i[(0) =1, m sin pjj +Aj+A2+A3 = sin(VI -(pp (8.39)

Al +A2+A3=I{llsin(Vi —® !)- I ,msinu/n
VKKNHYN KOHTYPMNMWHI TypryHaawraH TOKU Kuimatu (KommyTa-
uuagaH KeMmHrucum)

*H -p = I2,nsin(ex1+V,2)
mavnym pgeb, i) R3+-—|=e, - R| +R3pLi-—— ij TcHrnamagaH
I RCJ I PC3
YHUHT aMrmTyaisiill kuiimati 12m v Ba 6ownaHrud dasacu W,
HM Tonamm3. AHa Wy MyHocabaThAaH MKKUHYM KOHTYPHWUHI 3PKUH
TOKWHU aHUKNanmuns:

a,t ant a’t a.t ay ant
M ~Ne  +72e +"3e  =k|Ale 1 +k™MA2C z +7373e
apr
6yHOa
t

Rj+R3+(xiL1 >

P — S p— ouc

Ri +R3 +o0t311 +

ki —
R, +1
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Wy Tydahnn. MKKMHYM 6Ol MaHTy wWwapT KyhugarnHn eunnm-

pagt ijj (0) =12usiny/2n K]A] +k217+k31, =0

C, curmmnn TapMmokKpgarH TypryHnawraH (KoMMmyTauusgaH Keii-
WHIN) TOK

‘Sm*_ .+ N -, ~dnstnwl 1y, [>+ [2lsin(«l 4 vj2) - witt SifU)l 1v~,)

JcMak, cukMmga)'ym TypryHnawraH KydaaHuLl:

N

u = - Sll’j atd~43
coC3' v
curMMmaarn 3pkuH KydnaHuil aca:
Nic.apk -=~r-113 jpFdl = -\11jpK dt + f1,LapK dt =
Atk 1 + A ik 2 « Stk ax
— -fk,)c + + e e
«,C i nx3 * a3 ( 3

(KoMMyTauma™ kngap) TypryHnawraH KydiaHul KuiimaTtu:

Ve p exj"SIN<L+u/'"'<0, 2
Wy cababnu ~wunym 6GoOWwIaHIMY WapT KyhngarvuHn 6eungvpa-
an:
bl an +i K271 ks +1
MO)‘&:&HR = A 2 T am
( n\ (8.39),

(8.40) Ba (8.41) TeHrnamanapHu 6upraaMkga euyvw wuuTerpannaw
povmuiicn A|, A2Ba A3 napHu Ba Wy 6unaH 6upra. 6apya 3pKVH
YTKUHUYN TOK Ba KyunaHWMUIaPHW aHuKnaw MMKOHWUHU 6cpaan.

8.11. /Ixrnépwuii wak !galn KyunaHmw TabCuUp 3TraH 3aHxupgaru
YTKNUHYU XapaéHnapHu yucobnaw ([roamen nHTerpanm)

MaccmB 3aHxupnap ysrapmac (EKM CUHycouaan) KydnaHuwra
ynaHraHga 6ynaguiraH yTKMH4YM XapaéHnapHu X,mcobnaw HucbataH
OAOMIA, YYHKM KOMMYyTauMaghi KEWWH TypryHnawraH LWYHWUHIACK,
3pPKMH TOK Ba KyuJaHuWNap oaavii Xamaa SXTW  ypraHwuiras
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KOuyHnap 6yhuuya y3rapagn. JIeKvm MambaHWHT Kyu4/JaHHLIW BakT
XuXarmgaH nXrnepyn KOHyHra Kkypa Yysrapca (8.16- pacwmma
KypcatnaraHmgek), Maeana 6GupmyHua Mypakkabnawagn. AmMMO
ana wy KyudJaHull ra ynaHaguraH naccue 3aHXUPHUHT CTPYHTYPHen
Mabaym 6ynca, y \ongn 6y MacaslaHH KynWmgarvya Xai Kunamw
MYMKMH. MacanaH, wy 3aHxup t~0 BakTda KaHganamp ysrapmac
KyunaHnw wu(ra ynaHraH, geb dapas kunaiinuk. 3aHXup WUCrebmon
KnnaguraH YTKUHYM TOK wy KYyYNaHULWHWUHT YTKUHYMN
yTKasyBuYaHINK [eb atanaguraH Y(t)ra kynamTmacuHuW udoganosun
KaHfdanaup BakT dyHKumsacKu Bynenn:
no ya) -v It.

dyHKUMAa  Y(t) damT 3aHXUPHUHI CTpyKTypacura 60rnmK
6ynun6, 6GepwunraH kyynaHmw UO Huw mMukgopura 60rnMK amac.
MacanaH, naccmB WKKW KyTONMAMK KeTMma-KeT ynaHraH R Ba L
snemenTnapgaH néopat byrca,

/(/) - U, .rT(l) m ' - - . )
Ba TOK i(t) HWMHI y3rapyw KOMyun Yoy 3aHXup YTKUHYU
YTKa3yBYAHAUTUHUHI  Y3iNpHW KOHyHW ) (/) - ¥ /(1-C '| Ba
akc aTtvpunraH 6ynaan. KyuynaHmw UO HUM fAroHa (seHM | B ra

leHr 6ynraH) umnynbc 6unaH aamallrmpcak.

/(/)=- 1 Y(/) -Y(O
ia ara o6ynamm3. Y(I) wuctanran naiTaa YTKUHYM TOK i(t) HUHI
OHNI KNAMATUHWN COH XmMxaTgan auukniangu.

XyAAn aHH Wy XycycuaT 6epuaraH Kyu4JaHULWHWHE Y3/1yKCU3
dyHKUMacn u(t) HM (8.16-pacM) BaKTHUHI Mabiym AX  opa-
ONTMpaH CYHI WKKW Ky4y6nHAuKKa 6epunajliaH noroHanm yuk-
LMAHWUHI 3N1leMeHTap uMnynscu . JIn ra cakpawnu Tyrpu 6ypyaknap
6unaH. anMawTUpHWIra WMKOH 6epagn. BownaHrny wapTnapHu
HOMMH G6ynraHpa, waxobyanapgarn 6apya TOK Ba KyunaHWUWOapHU
HoMra TewpdawTnpub, 3aHXUPHUHE oKopuaaTt Au VM nysbcra
ynaHnwiigarm yTKUHYM dXKapaeHHW BakKT »>kuxaTuhaH 6up Heuva
6ypyaknapra éamm3. KyunaHuw wn(0) HUHF OBUPUHYM cakpawmn
YTKMHUYM TOK i(t) HMW u (O)Y(t) ra TEHr GUPUHYM TalLKWUA 3TyBUAN-
cnHM Gepagn Opanmk  AX BakTAaH CyHr Au ra cakpaw 6ynu6
VTKUNUYU TOKHU  'An*Y (1 - AX) TawKun aTysBun 6wunaH Tyngupagy.
OpanuKk X BakKTAaH CYHr yTKMHYM TOK Y (I_ u, «l HH XOCun
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KWUNyBYM HaBGaTgarn cakpaw naigo 6ynagm Ba X.K.  (6y >kapaéH t
= @ ga xam gasoM 3Taau). KyunaHuw u(t) HUHC 3aHXupra Hatu-
XaBWUiA Tabcupu Kyhimpgarm yTKMHUYM TOK 6unaH mudoganaHaau;

&1 AN
i({)=mO)-Y(f) + £Y (t-x)-——-[ (8.42)
-0 AX

OpTtupma JIn Ba AX KaH4YanuMK xuuuxk Oynca, (8,42)-ucona
YTKUHYN  KapPaéHUMHT  XaKMKUA  MaH3apacuHW  LWyHYaInK aHuK

ngoaa atagu.

Ax 0 6¥nca, n{x) = m o ~~’V~d£5 -

6ynaan. dHAM (8.42) wndoJaHVHT ypHUra KynngarvHu €3 Mym-
KWH:

/(/) - ~0) =40 +f - X)" v'(X)dx (8.43)
o

OnunHraH wudopa “[Arwamen dqopmMynacu €Ekum uHTerpanun” paeb
aTanaan Ba 3aHXUpP UXTUEPMUIA Wwakngarnm KydnaHuw u(t) ra ynaH-
raHga  okopuaa  KentupuaraH — YTKUHYM  TOKHUHT  y3rapuy
KOHYHUATAHW aHWKnawra UMKoH 6epaauw.
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85 -M 1 ¢ 0 1. BakT xuxatgaH y3/NyKcu3 yarapyByaH Kyusia-

HULW HUHI Tabcupuga 8.17-pacmpaal

(UO=100B, U,=220 B Ba T = 0,02 c) R, C samwxumpga xocun
OynaguraH YTKMHYM TOK aHUKNaHCUMH. Arap 3aHXWPHUHI napa-
MeTprapyn R = 10" Om Ba C = 80 MkK® Oynca. YTKMHUN >XapaéH
JasoMuaa R Kapwunvkga WCCUKAMK Tap3vja axpanmbd uYuKKaH

aHeprusa Mmkaopu \am X,Mcob6naHCuH.
E uwn w 1) 3anxkup R, C HUHr YyTKMHUYM YyTKa3yBYaAHAIUTK

Kynugaruya:
Y(t) =ie"!
oyHaa:
T=RC =0.08c.
2) 3aHXVUPHUHT KUPULL KUCMIapuaarn Ky4laHULWHUHE y3rapui
KOHYHW:

u(t) =Ut-((/, -{/0)e""t
CKWNn 6y X,aM BAKTHUHI HOMab/lyMm opasinrn X HUHT beHKLI,HFICI/I,D,a

\

nx)=¢, - €/, - nle r=220- 12 *

6ynaau.
3) [Otoamen dopmynacura 6MHOaH KyingarmHm XOocus Kunamus:

t uo - tl1 ~ U,
i(O)=U0) (1) HIY(f -X) UND=—e 1+fDe  mM———e * =
0 R OK T
Tttt 1
Ue " -(t'l-U« Y ?2.eV -1U
R T 0 R R(T-1)

=0le-|2’4 120 CMkr -1251 _, -MItl 0<26c-125 _ 0 16e 50t
\ O3 .06 L J
3aHXUpPHW  ynaw  nantuaa  WUCTebMON  KUMMHAETraH TOK

Makcumasn 6ynaam, SbHU
i(0) =026 - 0.16 - 0.1A

YTKUHUYN Xapa€HHUHI OXupuga y Hosjara TeHr, sbHu i(co)=0.
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8/12. UM3NKAN 3/CKTP NaHXunpnapgaru yTKUHYN KapaéHnapHH
onepartop ycynmaa Xucobnail

YTKUHUYN XapaéHnapHH Knaccuk ycyn 6wunaH xmcobnawna aco-
CAN KUAVHYMAMK LWYHAAKW, 3aHXUp MypakkabnawraH capu, YHUHP
MyBO3aHaT XONarHHW aHrnatyeumM amdipepeHuman'- TeHrn1amaHuHP
JapaxacH opTta 6opagn. by aca mHTerpasnaw goumwuiicn N,, A:,...,
N™napHn anukgaw 6unaH 60rnvk 6ynraH xmcobnaw mwnapuHuML
opTa 6opuWwHUN 6ungupagu. YTraH aepnuHr ypranapyga pyc Ma-
Tematuru M.E. BawuyeHKO-3axapyeHKO u4u3nKau auddepeHymnan
TeHrgamManapHu edynwHWHr Jlannac anmawTmpuw  dopmynacura
acocnaHraH CWUMBOJIMK YCYNMHW TaBCUA 3Tagn. YHUHI MO*UATU
wyHOaH wubopaTku, BakT GyHKumacu 1U) HUHF MHTerpansaw Ba
avddepeHunannall ypHura yHUHr onepaTtop TaeBupu ae6 atanagn-
raH yHkumacu F(p) 6unaH anrebpavik amannap 6axapwnagu. Arap
CUCTEMaHWHI MyBO3aHaT XojaTuHW udofanosun aunddepeHuman
TeHrnama umsvkgu O6ynca, Oynaaid YTULWHWHE XaKKOHHWAIUIM uc-
6oTnaHraH. byHaa TeHrnama XxaggaprHuHE  KoadduuueHTnapu
y3rapmac CKu y3rapysyaH Oynuuiun MyMKUH.

" WyHpan kunmnb, opurvHan paeb aTtanyBuM  Xap KaHOal BakT
dyHKumacn T(1)HM yHra 3KBMBA/IEHT Oy/raH KOMMEKC y3rapysyaH
p—sHco aprymeHTnn F(p) dyHKUMA 6unaH anmawTpull MYMKUH.
Wy 6unaH 6wupta opuruHan QyHkuua f(t) HUHE raceup yHKLUUACK
F(p) ra TeHr 6ynmaii, 6alikm MoC OYNUMWHW 3cAa TYTUL JIO3UM.
By \on marematmk KypuHuwaa Kynuparmya mdoganaHaau:

/Or F(p) éwmn F{p)~ f(n

bepunraH dyHkuus f(t) HMHr TacBupH F(p) "Nannac anmawTum-
pnwwn”’ peb atagaguraH gopmyna

F(p} — je~pt wf (t)cH (8.44)
i)

6unaH aHuKgaHagu, by dopmyna Oyinuya anMawTUPULLHK - Xap
KaHga t<O ga dakaT Honra TeHr Ba NMpPOoBaph4 OpafHK BakTaa Ou-
puxne wapruHn kKaHoatnaHtupyesunm (O yHKuUMANap y4yyHrmHa
6axapuyw MyMKWH. ByHaa BaKTHUHI uCTasiraH nantuga opuruHan
GyHKUMM f(t) HUHr MYT/IOK KuiMaTtun Oyiinya y 6unaH conmwTupu-
OaguraH 6owka QyHKUMM Me St OaH KUUYMKIHIM4YA KOMMULIM Kepak

(abHN  [f(t)] <MeNt;, 6y epga S = S, > 0). by wapTnapra puos



Kuimw  Jflannac  unHTeanmMHM  aHUK  Kuimatam  pyHkuua  geb
Kapanuwura UMKOH Gepaan.

OpuruHan f(t) gaH yHuHr Tacsupun (p) ra ytmw ydyH “Kap-
CoH-XeBucaig anMawTmpuw n’' geb atanyBum

cp(p) —p Je _pl - (8.45)
o

dopmynagaH xam conganaHunagH, 6y cdopmyna (8.44) dopmyaanaH
onepaTtop Kynamtupymum 6unaH dapk kunagu. byHga o(p)= pF(p)
9KaHMUIMVHU KypuWl KWUAKMH 3amac. AMMO Oy epga Ba OyHAaH CYHT
(Xncobnaw macananapmnga) 6ms acocaH Jlannac anmawitupuliapu-
OaH coiiganaHmio.

8.13. Opaunii hyHkananapHu Jlannac gopmMmynamm
6yiinya anmawTupull

BepunraH opgauin dyHkums f(t) - U(, 6BynraHga YHUHI TacBupwm
F(p) Hn Tonuw Tanab atunagun Ae6 dapan kunamnmk. YHpa (8.44)
opmynara 6uHoaH

F(p)= fL'oc"1 dt = - "“'r -—
0] P 1 0 P
Oynagn, AbHU y3rapmac KaTTa/lIMKHUHI TacBUPU WY KaTTa/IMKHUHT
oneparopu p ra 6y/IMHraHura TeHr.
WyHWHraek, akcnoHeHuman dyHkuus f(t) = e'a HUHI Tacsmpm

Mp) =Je “le N d - 11 "uy :
p-a p-a

oynagn, AbHWU C:IT’“\ -mXyaon WyHra yxuwatl, KyhaugaruiapHu

\am nc6oT aTUL MYMKUH:

1) =- — e 2),_¢c v L« ;
"pta p p-0 p{p-a)
3) _elkeM_ ™ _
p-jw’
el«l _C",M 1/ 1 1 0)
4) Smcot = - -—~=y.2 - - om

p-jfi p+jto p +w
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e"l+e~"" 1 | | _], P
5)Coscot - — - -/y.—— +m—— T- Bg *-
2 P +jwj Id’ =(O-

Kylingarn xagpanga YTKUHUYM XapaéHnapHu xucobnawga KyH
yrpab TypaguraH BaKTAM QyHKAMSAap Ba YAapHWUHE TacBupiapwu
KypcatunraH. Xapasan BaKTNM QyHKUuanapugaH ynapHWUHI TacBU-
pura 6csocuTa yTULW MMKOHWHW 6epaan. T«cBupnap 6wunaH Teruvu-
nn onepauuanap 6axapunraHgadH cyHr opuruHannap f-(t); f:(t) sa
60wk PYHKUMANAPHUHT OpUrMHasinapura K,aita yTuwm MyMKWUH.

SHAW BaKT XUXATUAAH X ra CUWDKUraH OpuUrnHan (MYHKUUSHUHT
(6yHpali  YHKUMAHM  YTKMHYM  yTKasyByaHAuMK  Y(t - X)
KypyHUwWHAa [Jioamvens wHTedanupa ydparaH 34M) TacBUPUHMU
Kypub6 umkamuni. WyHpaii kunu6, arap f (t) 4+ F (p) 6ynca, 8.44-
opmynara 6UHOaH,

r(-x - cJof(t —x)e pidt =e~p>cJ0 f (t - x)e "purd(t - x) =
o (0]

-e_pylf(t')e ptdt' - e“pxjf(t)e ptdt =e"px =F(p)
(0] (0]
eynagn, svHn f(t - X) ~e~r'F(p) (Bynga tx =t >0 - saHmM
koopnuHatanap 6own t + x = O pgaH X.ucobnaHaguraH LwapTiv
BaKT, WynmnHraek (t-x) HongaH KNYMK BynMac/inrn Kcpak).

8 ] -xapan.
OpruHan TacBup OpuruHan (acnw) Tacsup
(acnn)
A A/ sin( ot t W) p sinvy +oocosx/
N p24CD2
e -at cos( Ot + V) pcosy-r-sinxv
p+a > CD7
1 e ul a e~a' msin cot p +
(9]
p(p +a)
1 ()tld > e-w e“almcos ot (p +a)2+aR
R p+a
) p - jco t
sin ool (p +a)2+co2
tot
cos I02+©2 te'ul Yy
/p
P
p2+®2 (P+a)2
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8.14. dyHKLMA XOCUIacu Ba UHTErPasIMHUHT
Nannac 6yiinya Tacesupu

BepmnaraH xocuna QYUKUUACUHUHT [f(t)] =T'(1) TacBupnumn
dt

TOHNW Tanmb aTunagn, Aeb gapas kmnannuk. (8-44) ra 6GMHOaH:
n
(1) - jf'(t)<e_ptdt . *)
o
Kncmnap 6yinya vHTerpasiall K.ouaacm
i i i
J(uv)'dt =Juv'dt + Jvu'dt
( 0 0
JaH doinganaHnb, (*) udogaHWHr ypHUra kKyingarvHm ésamus

f'('f)-j'e x f(i)B- Jf(t)(e_ptydt - pJf(t) <*ddt - f(0) - pF(p) - f(0)
(0] (0]
YYHKU
ff(t)e d dt - F(p),[f()]< Mtea [e g f(£)]~x -0
6

ra 6uHoan J (f),™ ~ co. Arap f(0) = 0 6ynca, v xonga

f\t) =pF(p)

6ynaan, swuiiH-4'U) gaH Xocunia ONuvWl YHUHI TacBUPWUHW ornepaTop -
p ra kynantunpuw'éunnaH 6apobap.

Xyoam wyHra yxwaw, opurvHan f(t) HUHI MKKMHYM Xocunacu
Kylimgaru TacBupra ara 3KaH/UIMHU XaMm KypcaTull MYMKWH:

/(0 /(0
£(t) =pF(p)~ p/(0)- /(0) =p* F(p)- . -] p\l
f(t) pyHKuMA gaH N -xocuna

MUp>_ «0> _ 1®|o» _
< P P P1
oynagn. YyHoHum, t-O nantga QPYHKUMAMUHE y3M Ma YHUHI Gapya

xocunanapn O ra TeHr 6ynca, ~ YO~P ~(p) 6bynagn. Arap

<
aHom f(t) dyHKUMAOaH uvHTerpas onvHaguraH 6ynca. <pt) =ff(t)dt:
(o]
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YHUHT Jlannac 6ylinya racsupu, (8.44) copmynara GUHOaH:

y(p) - J(t)eddt (**)
(0]

bynakna6t MHTerpannaw Kompgacura  6uHoaH  (**) HN
Kylnparnya kanra %eésamms:
) t—p 1 ~  Q0e_pt-fn'l 1
i(/(p) =----—- b+{—-—-—-—— —dt =0+-F(p).
P o o P P

[e 93
WyHUHT yuyH cp(t) ~ Jf(t)dt - F(p)/p, SbHU QYHKUUA MHTOpa-

o]
NWHUHI  TacBupu  (OYHKLUMA  TacBUPUHWHI  orepatop p ra
OyNIMHraHnra tchi. BUPOK WYHN Xucobra onuwl N03UMKK, 60LL-
naHrny waptnap Honra TeHr 6ynmaraH [0)TIO xonga, yHKUMsA-
HUHI WHTerpaivga 6y ysrapmac kattanumk [(0) xam kKaTHawww fo-

nmet. ¥ xonga (**)ucdopgara ¢(E) Tap3vga I_J]I‘(t)dt -l-f(O)J!' PYHKUMNSA-
Y7 1

HA KNPUTULW Kepak 6ynagu. YHUHI racBMpu 3ca Kyihnpgaruya udo-

AanaHaaw:

W) « J’QP)"'F—F(O-)—
P P

t
Curnmgarm kKyunaHmw uc —lJidt +uc(0) HM aHukTawaa GyHaawn
o
KYPUHULWIOArM WHTerpan wirapy xam ydparaH 3gn. Arap ymymuii
xonga u (0)—O 6ynca. 6y KyynaHULWHUHI TacBUpW:
Mp) =W +MO).
P P

8.15. Kupxrocg Ba OM KOHYHNapUHWHI onepaTtop
wakngarn Tacsmpu

KUPXrOMHUHT GUMPUHYM KOHYHUra Kypa, 3aHXup TYryHwugaru
TOK/ap OHWUIA KUIMaTNapuHUHI AUTMHOAUCU HOMra TEHr:
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Ammo \ap kaHpai Tapmokpgaru ik(t) TokHu IKp) Kabu onepatop
waknga ndoganaw mMymkuH. WyHaan skaH, KNpXroHUHr 6upuH-
UM KOHYHWHWU onepaTtop lWakKaga Kyimparmya esa onamums:

| 1k(P) = O

K =\
KNPXTOMHUHT nkkunum K,OHYHUra Kypa, 6epK KOHTYPHUHT aii-
pUM  KucMapuzarv  KydnaHuwnap AWrMHAMCKM Wy  KOHTypZaru

n m
3.10.K. nap nmrmHpgmcura TeHr Y] uk - £ ek . Jemak,
k¥ k-1
loKopugarura yxualtl, orieparop wakimga KynmgarmHu ésa onamus:
n n
Z U k(p)= ZF.k(p)
k 1 k=l

By TeHrnama KuMpXroHUHI WKKWHYM KOHYHWUHW oOrnepatop
waknga ndogananan

HAM KyunaHuw u(t) Taveupugarn R, L, C 3aHxupra kantamms
(8.1-paem). By  3aHXVPHUHI  guddepeHunan TeHrnamacu
Kynngarnya 6ynagw:

Ri +L +—Jidt +unc(0) - u(t 8.46
q Fch (0) - u(®) ( )

Ymymuin \onga BakT Oyiinya ysrapyByaH TOK i(t) HUHI gudde-
peHuvan TeHrnamacu (8.46) pgaH JlanjiacHUHI onepaTtop TacBupu
6ylinya anrebpavk TeHrnamacmra yTuil MYMKWH:

()} © 1Dt
R ji(t)e pedt+L jio (t)e“p dt+— 1 Jidt e“pt-dt +
o o C olLo

+fuc(O)e“p -dt —J u(t)e“p dt
( o

ByHu 8.14 pa 6aéH KWIMHFaHMHU Xucobra oOnraH X,0n4a,
Kyingarnya kanta e3nl MyMKUH:

Ri(p) +pi/1p) - IO ™+ =U(p). 847)
pC p

uyHKM (8.44) ra 6uHoaH, i(t) - 1(p) Ba u(t) = U (p).
(8.47) TeHrnamagaH KynngarvHu aHWKOanMms:

U(p) +Li(0) - Uc(0) U(p) +Li(0) - Uc(0)
P , P
f(p) = — 5+ L= e B48)



byHpa: Kp) Ba U(p) - 3aHXUPHWUHI Ternwnm  Kupuil
KncMnapugarn TOK Ba KyYNaHULLHUHE Oonepatop LWakiu;

Z(p) =R +pL + 1/pC -0onepaToOp Kapuwwunnmwuk
WyHganm knnmnb, (8.48) TeHrnama OM KOHYHMHUHI oOnepaTop Lwwa-
Kngarn ndogacnamp. Apum 6owwnanruy waptnapaa

(p)=U(p)/
HPi /Z(p)
6ynagn; by acia R, L, C 3aHxupHu i(0) Tok Ba 1 (0) KyuynaHuw
HOMra TeHr 6ynraH xonga u(t) KyuynaHuwra ynaw >kapaéHWHW Tac-
BUplanapn.
Kapwwunuknapm

R, 4pL, +~/C|%c€ Z2(p) =R2+pL2my cC oéynraH

VMKKUTA napanien TapMok KyunaHuw U(p) ra ynaHraHgarv ymymuii
ornepaTtop TOK

U(p) +L,i,(0)- Ud<0) U(p)* [.,.,(0) - U 2(0)

r

IP) =11+ bP) =— o= 55 +1pC, R1Fp2" "
OynnbG, yHU opawii Xonga 3aHXUPHUHE Tyna yTkasyByaHamrun Y(p)
HUHr U(p) ra kynaitmacu, ge6 O6ynmangn, YyHKU KacpiapHUHT
cypatnapn 1,(p) Ba L(p) 6GownaHruy waptnapu Honra Tew
6ynmMaca, y3apo TeHr 6ynmangun; ammo i,(0), 11°Y0), i:(0) Ba uf£d0)
Honra TeHr 6ynca,

Kp) =UM) yzt(p)+YZ3) =Y PILYie) +Y20)]

6ynagn: 6yHga Y,(p) Ba Y:(p) - TapMOKIapHUHI onepaTtop
yTKasyBUYaH/ANKNapW.

By \onga 6yTyH 3aHXWPHWHT 3KBMBAJIEHT OMEpaTop KapLuninurm
Kyhinpgarvda éynaau:

Z(p) = 2.<p)-Mp)
z,(p) +z2(p)

8/16. YTKMUHUYM XapaéHnapHW onepaTtop ycynm 6unaH
Xncobnawra [onp muconnap

YTKUHUM  KapaéHNapHWHI  uarapu Knaccuk ycyn  6wunaH
XucobnaHraH 6ab3n MUCOMNAPUHH KYpub uymMkamms.
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1 i,L SUHXUWPHN y3rapmac KyuyanaHWMUWM
njra ynauw (8.2-pacm). 3aHwxmpparn yTKUHYM TOK i(t) Om
KOHYHUra 6uHOaH, oneparop Lwaknuga

Kp)- n°()=wun» p=wunl__ 1 _]=
Z(p) rfpL r. [p(r +plLj r P P+

6ynaawn, 6y aca opurnHan j(g =-la {j _e <]ra moc kenagw.
r

2. nL 3aHXVMPHW CcuMmHYycoOMmpgan KyunaHwM
wra yna w (8.4-pacm). 8.1-xaaasira 6UHOaH, 3aHXupra
6epunraH KyunaHuw u(t) HUHF yHKUMACK Kylinparn TaceBMpra mMoc
kenagn: nu(p)~mn N TYy

p +uw"

Jemak, onepatop wakiMparm yTKMHUYM TOK

v Py .. p sin W/ =m0 cos W Um L (psir W+ aocos \9

Kp A Nm 9 n) — = - " " T-

(p) < +w Mr+PL) (p +jo))(p- jorfp+ *]J

Kypn6 Typmbmunskm, 6y ucoga opurmHangaH 6esocuta rac-
BMpra yTulwl y4YyH WMKOH OGepmaiigMraH 3a  KUCKapTupuo
6ynmanguraH mypakkab TacBupauvp:

FHP) = bpp"1+b,pT 1+..+bT (8 49)
F1(p) arpl<ajpn l+.an
(Gyrpa n>T).

ByHpali xonnappa onuii mMatemaTvMka Kypcuga Mabiym 6ynrad
éinw TeopemacHgaH gonganaHunnagn. YHWUHE MOX,UMSITU WyHAAKN,
nnamsnap ysapo TeHr 6ynmaraH Kyn Xaanm qyHkumsa F:i(p) HUHT
nnan3napuHn énnob, yHW opaaunii KacpiapHWUHI AUrMHAUCKU Tap3nga
ndoganawl MyMKUH:

(P) A, A 2 A aoa n A k__ (8.50)
12 (P) P - Pj P - Pj P-Pn k 1P - Pk

oyHga Al, A:. ..., A, éhinw kKoahguumeHTnapmHn udoaanoByn
opanii X,akukmin coHnap; ph p2 .. , pnaca F ;(p) = 0 TeHrnava-

HUHT nngmsnap]r
KoahpuumneHTt Kylingarvya aHuknaHaan



(byHpa JlonnT&Tb KOMJacuaMH fHa  onganaHunagn, 4YyHKm

lim —P- PK na 0/0 Typunparn HOaHUKIUK X,0cun 6ynagwn).
prpx F.{p)
Kypn6 uunkunaétraH Muconga TekwupuniaétraH onepatop
dyHKLMA Kynungarum KacpHwu ncoaanakow:
Ap) ~ _um L(p siny +w -cos y
M p) (p +jo=XP - iw)(P +r L)
MaxpaxHuHr F:(p) wnamsnapu: pj = -jco, p2=jca Ba p3 r/L.
Jemak, (8.31) ra 6uHOaH, GM3HUHI MuUconga einw Koadpuun-
eHTnapu Kyhnpgaruya 6ynaawu:

. . Uumw ..
(-jw)smv+ | cosy jsiny)

f3 2 .5 2

1 gpp-tw] AT TP

! =<

um L—ioe'JV Hme __ng/\ Dlm(CrKAum)
2<oL+jr) j2ze~1> j2z

1 f 3 r 2 2 2 ry,
p + p tw n+co Kl

201" +2fei

Um -io(cos|/+jsin4/)

2j(r+jot) j2zelV j2z
8p 42" poy j(r+jot) j i
pkANW.
U bf- smiy+ ™ cos
m y U m(rsin W -wLcosxy)
A3 =—
3p- p+=
1J mz(sin Vi mos - cos W*sin N
(SNl ® ® msin(u—<p).
(6ynpa z=vr”™ (N1 ’ - 3aHXUPHWUHI Tyda Kapwunuru, éku zZeX
HUHT  Moaynu, wy cababnm Z - i +j«L, 1 =2Z cobp Ha OA

= Z sin<).
9Han (8.50) ngogata 6UHOAH;



I(p)  Fl(P) _ .:mf . |~9) ( W) L'msin@d/ -¢)
F2(p) J2z(p +j(0) j2z(p-jw) n r
L
8.)J-XaAHangaH oaavii kacpnap WUrMHAUCUHUHT \ap 6up Tall
KU 3rynumucmra mMoc OpUrMHa/IHU MNaHNaim n3:

i(D)-MMe-Ku'-y». <% +YT<KU'+®). , * * Ls
j2z 2z z
urn T —A_e=H@A=Hk T_ MM sin( -t
j2z L J z

" sincot+\W- @) -sini/- e~ L*1

by wudgogaHunr wunrapu (8.4) wundogaga ONMHraH HaTwkanapu
ounilll 6up XUNUrn KypmuHuo6 Typmban.

3. R,C 3aHXUPHMN KUCKa TyTawTwupwuu.
(8.10-pacm).

3aHXVPHUHI YTKUHYM pexunmaarn gnddgepeHumnan TeHrnamacm:

Ri +—fidt -0.
c
byHra moc anrebpavk onepartop TeHrnama

R.((p)+IW .M O )=o0
pC p
I[W OO xan 6ownaHrny wapT HoAra Tew OynmaraHugaH naigo
6ynan; 4YyHKM KOMMyrayusira kagap CUruMm 3apsigiiaHraH 6ynu6,
6ownaHrny KyvynaHuw u,.(0) =U0 agu].
WYyHWHT y4yyH 3aHxupaarm oneparop TOK:

P{K ch P KC
8.1-xagBaiggH WY  (PYHKUUS HUHT  OPUMTH&/IMHM  TONamu3:

U -1
Up) - i(t) - — R~e Ry 6yHga RC -T.

6y 8.8 pat (8.20) mndopma 6unaH 6Mp XUAAUTU SKKOA KYPUHNO
Typnoan.
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4. R, L3aHXupra KOHOEeHCATOPHWUHT HOA
aBpuun 3apagcumsnadHunwn (8.11- paem).

3aHXXNpHUHT anddepeHunan Temrnamacn Ri +L& +EJ idt - 0.

ByHra Moc anre6pauk onepaTtop TeHrnama:

R«(p+ pLI(p) - Li(0)+ - 0.
pC P

i 0O) - 0O Ba ud0) = U 3KaHMIM GowaHrny WwapTtaaH
Mab/lyM.

Jevak.
__ ")y 1 L(t F(p)
PR - pL+ I pCj L P2+26p+a)2 L Fi(p

oyHga F;(p) = | Ba Fqp) = p2 + 2ftp + w2 élinw Teopemacura
MocnawTmpunral QyHkuuanap. FAp) = 0 HUHT ungusnapu:

p, - -it+\ja2-uP- a, Ba p2- -6- o2 ~aZ2.

PYyHKUMA F2Ap) HuHr 6upuHun \ocunacum aca F\(p) = 2p 4

26, WYHWHT Yy4yyH éhnw  KoathpuuMeHTNapuHM  Kyingarmya
aHNKNaNMn3:

. ' Ba A2 -m
A (pa, )al+2) ™ "R (p-a2)@a?+2)
3H,EI,I/I (*)yHKLI,I/IﬂHI/IHF OpVIl'I/IHafIl/IHVI AHI'M Ba yHra SKBUUBaAJIEHT
TaCBMp,an I/I3]'Ial7|MI/I3:

N 1 1
[(aL-a2)(p-ax) (a2-al)(p-aZ2)
ug__
L((a -a2)[(p-a,) (p-a2)
2u, +26=2a] -aj -a2=at| -az;
YYHKA 2a2+25=2a2-—cy-a2=az2 = -{oy - ol2).
OyHKUMA 1{p) HUHI TacBMpura KaparaHga, YHUHI OpUrMHaIn

KP> ~

u, .
1(p) = KO = eait — e’
® e, =0

oynaau; 6y aca S.9 paH onuHraH (8.23) mncogara mMoc Kenagw.
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IX BOB
TYPTKYTBENMNKNAP HASAPUACKN ACOCNAPK

9.1. NMaccuB TYPTKYTONMUKNAPHUHT acOCUIi TEHr1amacu

MKknta Kmpuw 1-I Ba WMKKUTaA YUKUW 2-2' KUcMmiapwu
(kyT6napwn) 6ynraH \ap kaHga Mypakkab 3/ekTp 3aHXump Ty p T
«KYyTOn unk peé atanagn (9.1-pacm). TYPTKYTOANKHUHT KUPWULL

KyT6napun (1-T) kyynaHuw maH6an Uj ra, unkuw kytbnapu (2-2'

9.1-paem

3ca 3/IEKTP 3HEPTUSACUHUHI Kabyn KW/yBYM tOKama KapLininrn
2K} ra ynaHagn. Kynkytonuknap (kKM OU3HUHI MUCONMMM3AA
rypTKyT6/1MK) KypuHUwmngarm Mypakkab 3aHXMpAapHu
ypraHvwpgaH acocuii Makcag, KynkyTonuknap (TypTKyT6nuvknap)
HUHT WYKN TY3WIULWLAAPUHN TalKWUa 3TYyBYN 3IEMEHTNAPHUHI UL
pexvumnapugaH Karbu Haszap, N3aHXUPHWHI  KAPULW Ba 4YUKUL
KUcMmnapu opacugarn yHKUuMoHan 60rnaHuWHM aHuKgawgaH mbo-
pa”\ bowkaya kunub antraHga (TypTKyTonuknap 6ynraH xonga),

OYHMHI MabHOCKM MaHb6aHWHI KyunaHuwun £/, Ba TOoKM /t

Mabiym 6yfica, UCTELMOMUMHUHIE KydnaHuwm V2 Ba TOKM /2 Hu

AHUKNAWHWHI KOHYHUATNapunmM Ba O6OrNaHUWMHU ToNUW AeMak-
OMp.  3aHXUpP  WUYKM  napaMeTp/lapuHUHE  TaBcudnapura Kypa,
TYPTKYTOIMKHUHT KAPULW Ba UYMKULI KUCMasapuHW OGOr/I0BYM TEHT-
nama UYM3MKNM EKN HOUMBUKAN OYyNWN MYMKUH. LUYHUHT yuyH
TYPTKYr6NnK GUPUHYM X,0N0a YU3UKIN, UKKUHYM X,0Mda 3ca Houn-
3nmknu  6ynagn. Wuykum TapMoknapuga 3.10.K. Ba TOK MaH6au
6ynmaraH  TypTKyro6smk nmn H C C u“ B oynagw.
TYPTKYTONUKAAPHUHT By TYPKYMUNM MKKMTA CUMIN 3NEKTP y3aTull
Ba asloka fMHuANapu, TpaHcopmaTopnap, TYrpuiarnyHUHr Kynpuk



cxemanapu, TeKUCNoBYM UbTprap Ba XoKasonap Kupaau. Arap
TYPTKYTONMMKHUHT nunga Xypa 6ynvaraHga 6utta aHeprusi maH6am
6ynca, y akTuB 6ynagu. Kylinga umsmkam napameTpnapra ara
6ynraH cakat naccus TYpTKyTGAMKNAPHU Kypu6 Ynmkamms.

dHAN Kyhngarn Hazapuii MyaMMOHM Xan 3TamMus3: Mypakkab
naccue 3aHXup MM HUHr (9.1-paem) napameTpnapu Ba YHUHI KW-

puw  kucmnapugarn  kyuynadwuw - U{  6ylinya  yHKUMOHan

6ornannw £/, —F (JJ2sm Ba /1 —I\NPT >J1) 11 aHvknaiimms.

By Mypakkab 3aHXUPHUHI WUXTUEPUA TapMormga KyuaaHwuw Ba
TOKHW WapTAN paBuWaa  TYPTKYTOAUKHUHE UYMKULWL  KUCMAapuaa

Kyingarn kyunaumw U, Ba Tok 12 ra TeHr pe6 dapas Kunamus.

BYHUHI yuYyH 3aHXWUPHWHI TeHrnamanapu CUCTEMacUHU KOHTYp
TOKNapu ycynuja Ty3amus:

2, A TZ\X7+ =0,
zon +Zal2+ -+z2in=0

n +zZj:+ =0

6yHga: /,,/2,..., 1N - n ra myctakmn KOHTyp 6yiimuya ynaHraH
KOHTYP TOKNapPUHWUHI KOMMieKkcnapu; ZK- “K” KOHTypra KupyBsuu
6apya KapWwUWAWKNAPHUHT WUrMHOMCUra TeHr OynraH, Wy KOHTyp-
HUHI XYyCyCWUIA Tyna KapwWiUrMHWUHE KOMMAekcu; Zg -q Ba S -
KOHTYpP/iapHUHI opacuga Xxocun bynraH éHgow TapMok; (Z ¢ =29
6apya KapwWINKNApHUHT AWrMHAMcura TeHr OynraH ysapo Tyna
KOMMJIEKC KapLiWInK.

3anwxunppa £/, paH 60wWwkKa Xe4y KaHAal KyynaHuw MaHb6Gaun

OynmaraHu y4yH, (9.1) TeHrnamanap cucTeMacMHWHI 6apuya YHI
Kucmn (6upmnHumcngaH 6olikanapu) Hoara TeHr. AMMO oKopuaarm
wapTra Kypa HomMabnym 6ornosum (9.1) TeHrnamazia cuctema UK-
KWHYN TEHINIaMacMHUHI UKKWHYM Xagura KupraH owkop 6ynmaraH

Kyu/aHuLL U2~ IZKK xam KaTHaWWlIM  Kepak, YyHKW,

Z22=72'212+ZW/:. WyHUHr yuyH (9.1) cuCTeMaHM
Kylimgarn KypyH/iWwAa Kainta é3amus:



byHpa: Z':: = Z2 -Z\K - nctebMonun ZMK Kapwuinrucus umk-
KMH-4M KOHTYp 6Gapya KaplWANKNapWUHWUHT WWTHHOWUCUTA TEHI KOM-

NnAeKc Kapwwuiuk. Z':: Kapwuink 2-2' K.McMmanapra HucbaTaH nac-
CUB TYPTKYTO/MNK T HUHI nunra  KUPYBUYU UKKUHUYM KOHTYP XyCy-
CUA KapWUWIUTUHUHE 6UP KUCMW.

(9.2) cncremaHuHr

Z,i .. e .
r2 Z\2.

r., --Z’m

Tyna aHWKNOBYNUCUHU Ba YHUHI Ok XxXavga A = A Taps3ugaruv
anrebpavk TynoUpPYyBYNCUHU X,ucobnab, KOHTyp Toknapu /, Ba /-
HU TONamus:

éKMn
/, =YnUIl+YnU?2'
i2=Y2U I+ YZUK (9-3)
i X T YVl N VoL NPy ~gﬂa“”c'

6aTnap YTKasyBYaHAWK  ynyoB 6Gupnurura ara. (9.3) TeHrnama



TYPTKYTONIMKHUHT Y -napameTpnap OpKasn E3uiraH reHrnamacuHm
ngoganaign. byHaa naccuB TYPTKYTONIMKHUHIE MapamMeTpaapu uv-
3nknn éynraHnurn Ttydannm Y i:=-Y:i; uyHkun O12=[021

(9.3) MyHOcabaTHM KapluanK ynyamnapuHu KypcaTtyBun Z-
napameTpnap opkaam x.am udoganawl MyMKVH, y X,0n0a:

AN~ AN I\+Z[2'12

(9.4)
U2 =2Z2\=n1 + 2722 12
oy epnoa:
Yn eY2—Y ,2eY2] Yn sY2-Y,2<Y2i
le— —————————————— 22 =————— N VT Z|2=-221
Ur Y2 y12 \Z y||-y22 Y12 my 2|

SHAN  TYPTKYTO/IMKHUHT  KUPULW  KOMIJIEKC  MUKAOop/apu
U]lBa 11HMHr uiK.MW KOMMJEKC MuKAopnapw: f-Ba |, 6unaH

6ornaHUWMHU 6GesocuTa I/Id)O,CI,aI'IOBLIM MKKNTa TeHrnamasiap curte-
Macura ytmul MYMKUH:

re . 1 . K, . 1
M, =—-=-n22+— /2=— n22+— 12
Ya Yo Yp
(9.5)
Lo == Y+ o/ = y 2+t gL/,
~21 ) 21 7L
€K P1=AN2+Bi21 (9.5,9)
Il =CU2+DI2 1]
oyHaa: A=b =M ,B=l,c¢c =~11li2]JI,D =~
Y2 ar A2l n12'a il

TYPTKYTOIMKHUHT AouMWiA napameTpnapu. bynap xam (abHu A, B,
C Ba D) Y Ba Z napameTpnap kabwm KOMMEKC COHNnapauvp.

(9.5) TeHrnamagaH B napameTpHUHr yn4yoB 6upnurun Owm, C
napameTpHUHr yn4os 6upnurn 1/0Om akaHnuruHu, A Ba D napa-
MeTpMapHUHI YyN4oB OGUPAUTM 3ca WYKIUTUHW KypuLl OCOH. by
napameTpnap Kyihmgarn TeHrnama Bocutacuga ys3apo 6ornaHraH:

AD -BC =1 (9.6)

LUyHWUHT y4yyH OynapgaH ys3apo 60rnaHuwcuM3 dakat ydTacu
6epuInwn MyMKUH; TYPTUHYUCUHWM 3ca (9.6) TeHrnama éppgamuaa
aHunknaca 6ynaaw.
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(9.6) TeHrnamaHuHr Tyrpuanrura A. B, C Ba D HUWHrC

KuiimaTnapuHm YyNapHUHT QHWK/TOBUYNCH Ba anre6pavk
TYNAVPYBYMCU OPKaIN KyANG MLLOHY XOCU/T KUAUL MYMKWH:
AD-BC = — A" A =

Az Az A2 nz2:'n
Arap kydnaHuw maH6am O] TypTKYTEAUKHUHT YMKULL KUCMM
2-2' ra, oKnama ZHKra aca yHUHr Kupuw kKucmm 1-I ra ynaHraH
bynca, y xonga, asBairm ToKk /, ypHUra UCTEbMOJYUHUHI TecKapu

MyHanuwunparn Tokm - (—/,) OKuM6 yTagn. byHAa TOK 1 HUHT
YPHUra 3aHXUPHUHI aBBa/Ir YMKULW (XO3UPIN KUPULI) Tapmorm 2-
2' ra kyynaHuw £/, 6epaétraH ToK (-/, ) mabnym 6ynagn. LWy
cababnu (9.5) TeHrnaMaHVHI ypHura Kyingarm cuctemaHum onamus:

Uz2=Aly,

-/2=cn, -Di,
TcHrnamanapHuw 6upranmkgarn ednmMmu:
UI——M—2—1——B]1—U9+—B Cu wly
A A D D
eKu
BC\ I . B
1J'V~ AD)~ AUI* ADh
Ammo AD -BC =1 6ynraHu yuyH
m,=du2+Bi2

i =—u, +—i, =Cu2+ — +—Ji2=cu, +Ai, (97
1 D D - ~b D

6ynagun, AbHUM KyunaHuw maH6anm U |HWM TYpTKYTGAMKHUHT  UYNKALL

Kncmm  2-2' ra, woknama ZVWK HM aca Kupuw kmcmu 1-I ra kanTta
ynaHraHga (9.5) TeHrnamagarm A Ba D napameTpnap ypuH aiva-
waan. Arap Oy napameTpnap y3apo TeHr 6ynca, 9.5 wudoga y3
KYYMHN cakyab, TYpPTKYTONMK “KUpUW—YUKUALW” HyHaamwnga Ba,
WYHUMIAEK, Teckapu WyHanuwiga 3Heprus ysatuwga Y3uHU 6up
xun TyTagH. [MNapameTpnapn A=D 6ynraH TypTKyTO6nmMknap cum-
MeTPUK XmcobnaHaam
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9.2. NMaccuB TYPTKYTOAMKAAPHUHT anMallWHULW cXemMacwu
Oylinya napameTpriapuHM aHUKIaLW

dneKTp MawwuHanapga, TpaHcopmaropiapAa, 3/1eKTp ysaTtull
Ba a/loka NuHuANapuga Ba 60WKa amanuii xonnapga ydpaigurad
hn3unk XXapaéHHUHT Tax/MANHN KynannawtTnpuwl YUyH
TYPTKYTONMK Tap3vga Kypub umkunaétraH KypuiMaHuHr pean
CXEMaCUHUW YHra 3KBMBANEHT Oy/iraH anMallTUpULL cXemacura Kes-
TUPUW  MYMKUH. Ty3unuwm xmxatmgaH sSHr ogauii cxema [ -
waknnm (9.2-pacm) Ba MN-waknnu (9.3-pacm) anmMalMHULL CXemacu
6yrnya Ty3unraH y4 3NIeMEHTIN TYPTKYTOANKAVP. By
TYPTKYTOMNKNAPHUHT UYKMN TY3UNULWLNHN TawKnn 3TyBUM
KapwuankK Ba YTKasyBYaHAMKHWUHI GepuniraH Kuiimartnapu opkaau
aHnknaimms. 9.2-pacm 3aHXuUp Y4YyH KMPXToHUHI KOHyHnapura
6MHOaH Ty3w/araH Kyiuparm TeHrnamanap CUCTEMacuHW OflaMu3:

N, =N2-HZ2+H,z,

i =i2+(112+i222YO0
MKKUH4YN TeHrnamagaH | HUHI KUAMAaTU HU 6I/IpI/IHHI/I eHrnamara
Kyiicak,

9.2-pacm

U=UZY+iZ+iZ +/ZZY=(\+ZY)L): +(Z+Z +ZZ}y.

xocun 6ynaan. OnuHraH HaTwkaewuii udogaHn (9.5) TeHrnama
KypuHMWInAa Kalita é3aMus:
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£, =(1+ Z,KO)(/2+(Z, +22+Z,Z2¥)12=AU 2+ £/,

.= A + (i+ oz 2KO0)/2 = a > , 4 d i2

by epga moc pasuvwiga:

Wynpan knnnb, TYPTKYTONMK-HUHI napameTpnapy T-Lwlaknim
anMawm-HMW cxemacu Oynn-ya 6eBocuTa MaccuB TYpPTKYTOIMK
Tap3vga 6epunraH 3aHXuUp WUYKW 3NeMEHTNapu KAPLWUANKIAPUHUHE
Ba YrkasyBYaH/MMK/IAa-pPUHUHI KUAMaTnapu-gaH aHukgall MyM-KUH.
AMMO, KyMuHYa TecKapu Macaia Kynn-nmb, 6yHOa W4YKKM Ty3u-
nmwn  Mmypakkaé 6ynraH naccmB  TYPTKYTO/IMK-HUHE  G6epunraH
A,B,C Ba D napameTpnapu 6yinya YHUHI T-wwakaam anmallnHuLL
cxemMacuHu Ty3mb6 (9.2-pacm),Ba YHUHI YuyyH Z,, Z2 Ba Y OnapHuUHT
KUAMaTnapuHu aHuknaw Ttanaé 3tunagn. K)k,opuparn TeHrnama-

napra Kypa:
Z

Arap Z,=Z26ynca, T-

1 1 Zc 2 Waknam cxema CUMMET-
0O—»

M-waknnn anmawm-

hhgj cXxemacu (9.3-pacm)

U Yi Y2 u, YUYH kyhupgaru TeHrna-

Manap cucrtemacura ara-

nr > MU3:

U, - U2+Zo([2+ Y2U2),

6y TeHrnamanapHm 6up-
9 .3-pacwm ranvkgarm  eunmun  (9.5)
cucteMa  KypuHMwnaarm
ngoagaHn Gepagu:
U] =(l +ZoY7)U2+Z202—AU? +Bl==
i, = (Y, +Y2+Y,Y2ZO)U2: (1 +Y,Z0)i2 =CU2+ Di2,
ABHU:
A= 1+7Z0Y2.B~Z0,C-Y| +Y2+Y,YZO0Ba D= 1+Y,Zb

317



Arap wy napameTprapgaH doiganaHnt, TYpPTKYTOANUKHUHT
M-waknnn 3KBUBA/IEHTUHW Ty3uwW Tanab aTunca, y Yonga:

Y =D :1Mp_A"1 7 =B

M-wakninm anMawmnHUW cXemMacu Oyindya TYPTKYTOAMKHUHT
cummeTpusa waptm Y, =Y: Amp, 4yHkM 6yHga A = D.

9.3. TypTKYTONUKNAPHUHI NapaMeTpiapuHn
Taxpuba Hynu 6unaH aHMKnaw

MaccuB 3aHXUpPNapHW, YMyMaH onraHga KyrnkyTonumknap, Xycy-
CUA  Xpnpa aca TYPTKYTONUKNap HyKTam HasapujaH Taxiavn
KAMWHWHE  acocuii  ad3aniirn  Wykn, 6y  KynkyTéamknap
(TYPTKYTONMUKNAP)HUHT WUYKN Ty3uimwungarn Mypakkad 3aHXup Ba
afiemMeHTNapHn ano\uga Taxauna Kuamw wapTt amac. Vuku 3aHxmp-
NapHWHI KaTTanuknapu ysrapmac Ba vapameTpiapuHUHE Xapakrep-
napn umsmknm o6ynraHga (9.5) TeHrnama 6wnaH aHWKIaHagurad
TYPTKYTONMKHUHI KMPULW Ba YMKMLWIMAArM KaTTamknap opacugaru

6OrnaHnW 3aHXUPHUHT Xap KaHgaii vw pexnvmnpga U{,/, Ba

(Y,,/2 napHVHI MUKAOPWIA HUcBATNapHU TaBCUMIOBYN KaTbUA

MatemaTuK KOHYHUATra ainaHagn, sbHU TYpTKYTONMKHUHT A, B, C
Ba D napameTpnapu 3aHXWUPHUHI \ap KaHgai uw pexunmmga, Ly-
HUHIAeK, canT wuwnawmga Ba Kucka TyTawraHga \am (arap 6y
pPeXuM TYPTKYTOIMKHUHI WYKW  CTPYKTYPACUHUHUHI y3rapuwmra
cabab Oynmaca) ysrapuwicms konagu. CanT uwaw Ba KuUcka Ty-
Tawunw Taxpubanapn acocupga A,B,C Ba D napameTpriapHu Tax-
pvba yTKasuw MWynun OGunaH aHMKgaW Y4YyyH aHa Wy BasusaTAaH
doriganaHamms.

Cant vwnaw Xx,onatmpga ZIK¥=o Ba 1c= 0 b6ynca, (9.5) cuctema
ypHUra kymmpgarn mdogaHn onamms:

V,c=AUlc;

(“c” wWHAOeKc Tervuwnu KyuynaHuw Ba TOK/IAPHUHI  KapLWianrn
ZRK=0 Oynné, TYPTKYTONIMKHUHE CcanT wuwiaw  pexuMmuga
yNYaHraHINTNHU unaupagn).

K.mcka TyTawmw  xonarmga 3aHXMPHUHE  Tawku  (YMKKL)
kncmnapmga ZVWK = 0 6a U;k = O 6ynca, (9.5) cuctema yPHura



KynugarvHu onamms: M 1r B|b
I 1k = D 12k

(“K” uHOEeKC Termwnu TOK Ba Ky4dJaHUWIapHU TYPTKYTOAUKHUHT
KMUCKa TyTalWwuw pexvumumga ynyaHraHauruHu eungupaaw).

WyHaah kmnmb, TYpPTKYTONMMKHUHT MapameTpnapu Kyhupgaruda
aHUKNaHUWWN MYMKWUH:

A= = Ba D =bl 1.
n 2c b K n 2c 12k

By napameTpnap TYypTKYr6/MKHWUHI KUPWUW Ba 4YuKulnapuaa
TypryHnawraH KyuynaHuw Ba Tokniapra 6ornvk 6ynmaraHnurm Ty-
harnn wkopugarn TaxpubanapHm kKydynaHuw U, Ba TOK |,  HUHF
ynyawra Kynai OynraH xap KaHgan Kuimatnapuga baxapuwl Mym-
KMH. Ymymunii xonga A,B,C Ba D napameTpnap Kyhumgaru
KypUHMLWANAArn KOMMAEKC COHNnapavp:

A =aelV', B =beln ,C =celV' Ba D =deiVj,
tokopuga GaxapunraH ynyawnap 6y MuUKAOpPnapHuHr &, b; ¢ Ba d
MOZYNNapuHU aHukKnawra MMKoH 6epaan. y v, B Wc Ba iY/d apry-
MEHrnapHu aHuknaw ydyyH 6y TaxpumbanapHu 6o0lwKa uvacToTaga
6axapub, onuHraH HaTmxXanapHuW Takkocnab, HOMab/ym HapameTp-
NapHW aHWKAAWHWHE Tyna KOMNAeKcura y ruil MyMKUWH.

YmymaH A,B,C Ba D napameTpnapHM 3KCMepumMeHTasl aHuKniawl
TYPTKYTONMKHUHT UKKUTA UXTUEPUIA MLIYM XONatu Yy4YyH Gaxapun-
raH ynyawnapHM TakKKocnawra acocfaHraH 6ynuum MyMKuUH. By
xonga, (9.5) cuctemara 6UHOaH KyWupgarmra ara 6ynamus:

M, =an 2+Bi21 Ba u/ =Au/ +Bi/l

I, =Cn2+di2 i J, =cu2+Di2 ]
By TeHrnamMmasiap cncreMmaCuHMHIr 6V|pran|/|K,u,ar|/| eynmMmn:
A= -ul/u2b=

U 212 * A 2 A2 n2n2 — U272

c M3 ~h b g = U2 ~ U2 1
6yHoa u, il Ba U2/2 - TYypTKYT6AMKHUHT KMPULL Ba 4MKawmgaru
OUPUHYN  UXTMEPUN XOonaTAa YyNyaHraH KydnaHuw Ba  Tok/ap;
Ui i, Ba U2 12 - 6owka unxtvepunii pexummga U, ékn ZKK HUHT

y3rapuium Tydannun tosara KenraH Karttanmknap.
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9.4. TYPTKYTONUKHUHT y3aTyBUYaHNNK DYHKLUACK
Xakyga TyllyH4ya

TYypTKYTONMKAApHU auddepcHUManiaw Ba MHTerpannaw
XycycusaTnapu

TYPTKYTOAUKHUHT kupuw (Y, /, Ba unknw U 2 /2 kattanuk-
napuy opacugaru 6ornaHuWnM  UgoJasnioBYM  acocuii  TeHrnamacu
6ynraH (9.5) TeHrnama wWyHgan ysrapTUPUINLWLN MYMKUHKK, BGyHAa
TYPTKYTONUKHUHT 6epunraH A,B,C Ba D napameTpnapuga uc-
TEBMONUMHUHT ZRK Kapwuamrmga yHUHr 6UTTa Kupuw Ba 6uTTa
UMKULW KaTTanmknapwu opacugarn 6owaHuw 6eBocuta mdoga aTwul-
raH 6ynagn. U2=12Z2 6ynrann tydannm (9.5) cucteMaHuUHr

ypHUra KynngarvHu €3amus:

e N
U = A+B Uu2=f,(U2) ékn U2=F(co)u!
W= +pyp2 =M2(b) CKM 12 = F2(jco)U| *
( 1 &)
= C+D U2=f3U2) &kmu U2=F3jo)l

i, =(czK +D)i2=f4(i2 &u i2=Fjoo)i,

6yHpaa:
F,(j«) =Fl(0))eia’ =— ,F2(jco) =F2((o)eja>=—
(i«) (0)) A B Zur (jco) ((0)ej Az 4B
F3(jco) = F3(co)e - ;F4(jco) =F4((o)eja<=—
3(jco) (co) C+D 7K (ico) ((0)ej Cur 4D

-KOMMJIEKC KynaiTyBuMiap; ynapHUHr épgamuga bepuniraH Kupuil
KaTTaIMrngaH HOMab/lyM YUKW KaTTanurura ytunagu.

YMyMaH, Mypakkab 3aHxupnap Taxaumn KAanHraHga 3aHxup-
HWHI KaHpahgup Tapmorura 6epunaraH (mabaym) TOK i,(t) €kum Kyu-
naHnw U (t) Tascupupga 6owka Tapmokiapga xocwun 6ynraH TOK
iAt) HM EKM KyuaHWuL U:(t) HM aHuknaw 3apypatn Tyrunagw.
BUPUHYN TapMOKHW KaHOanamp TYPTKYTOIMKHWUHT KUPULW Ba WK-
KUHYMN TapMOKHW 3Ca 4YMKUW Kucmiapu aeb kabyn kunub, 6epun-
raH Ba HOMabyM KaTTa/MKiap opacugarv 3apyp 60rnaHuvHu
oM ydyyH (*) TeHrnamanap CUCTEMAacUMHUHI GupoHTacugaH ¢ovi-
AanaHnw  MyMKuH. Knpuw kattanauknapu i,(t) Ba u,(t) napHu
ymymnawraH cyHkumsa x:(t) opkanu, ymkmw kattanuknapu i:(t) sa
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u:(t) Hm aca x(t) opkanu 6Genrmnab, 6y yarapyByaH KaTTaauknap
opacuparn 6ornaHvWHN  ndoJanoByn Ba y3aTyBYaH/INK (DYHKLUA-
cn pe6 aranagumraH F(t)=xZqpt): x,(pt) HU Tomamwm3. Arap X,(t) Ba
X:(t) HUHIr ypHWUra YynapHUHr oOnepaTop TacBupu OnuHca, 6y
60ornaHnW onepaTtop wWakinga Kynmpgarmvda ésmnagw:

r/, u x2(p)
p(p) = - fm **)
x [ (P)
6yHaa F(p) - onepatop waknugarn ysaTyBYaH/INK YHKLUACH.
(&) Ba (**) ndoganapHn Takkocnao, KOMMJ/1eKc

Kynavtupysumnap F,(jco), F:(jco) Ba xokazonapHuUHr p=jco ga F,(p),
F:(p) Ba XxOKaso ysaTyBYaHIMK (YHKUMANApPM MabHOCUMTra ara
OYNWNHN KypamMus.

dypbe KaropuHu 6esocuTa anMallTUpULL LWaKJIUHN ONnoG,

F(jco) = JTI(t)e ~g -dt
o]
yHU BakT t<0 pa f(t)=0 wapTHM KaHoaTNanTUPYBYN BaKT (DYHKLUSA-
cn yuyH Jlannac anmawTnpuLlmn

F(p) =" if(t)e g -dt
o]
HW TakkKochnawaaH KernH xam LWyHAalkh Xynocara Kenv MYMKWUH.

(*) Ba (**) wncopanapgaH KypuHaguku, TYPTKYTONUKHUHT KU-
pvyw  kMcmnapugarm - KysnaHuw o u,(t)  gaH  YHUHT  YMKULW
KMcMnapugarn kKydnaHumw u; (t) ra ékm T1oK i,(t) maH Tok idt) ra
yTywaa ysaTyBYaHAUK  (YHKLLMACK F(jco)=F(p) HwuHr ynyamwm
Honra TeHr. Arap x:(t)=i,(t) Ba x:(t)=u;(t) 6ynca, y xonga F (p)
hyHKUMA Kapwunmk ynyamura ara O6ynmb, TypPTKYTO/IMKHUHE KW-
pyuw Ba 4YMKUW Kyrénapu opacmgarn ymymaawraH (onepatopsin)
y3apo KapwunmkHu wudoganangn. Arap X,(t)=u,(t) Ba xJAt)=idt)
6ynca, ysaTyBYaHNMK ynuamura ara 6ynm6, Kypmb umknnaétrad
3aHXVPHMHI  KUCManapu opacugarn ymymiawraH (onepartopsiuv)
y3apo yTKasyBYaHIUKHWU udoganaigy.

Okopuga KNpPUTUAraH TyLyHYanapHUHI KapLmnmrm
Z,=Z:=j(oL Ba yTkasyByaHnurun Y=jcoCO6ynraH T-waknInm KOHKpeT
CUMMETPUN TYPTKYTONUKHUHT (9.2-pacm) muconupa Kypamus. by
TYPTKYTO/IMKHUHT napamMeTpnapu

A —1+ZjY(, — +jcoL 4coCO0—1—a)"LCO;B =Zj +Zj +ZjZ™"Yq—j2(oL -
- jto 1 Cqg=jcoL(2—o LQj);C —joCH D—A —1-© LCq
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6ynagn. TYpPTKYTONUKHUHI 4YMKULW KyT6napugarn NpUEMHUKHUHT
Kapwunmrnin Z (@ oo geb xmcobnab (cant uvwnaw pexumn) (9.4)
CUCTEMaHU KenTupwiaraH Z-napameTpniv TeHrnama opkaiam 6y Xon
YUYYH MYMKWUH 6ynraH 6apya ys3aTyBYaHAUK (YHKLUUACUHW wmdoOa-
nanmms. TypTKYTONMKHUHT (9.4) cuctemacu 6yimya €3uiraH TeHr-
naMacuHMINT onepaTtop TacBMpwu Kyhugarunda 6ynagwu:

Ui(p) =Zu(p)Il(p) +Z12(p)12(/?).
U2(p) =Z2(p)I1(p) +Z2Ap)I2p).
6yHOoa ZH¥= oo Ba 1dp) = 0 6ynraHu Tydaiinm

(P) =U2(P) I Z21(p) = 1 J 1
p "r pCoJd

6ynagn, ammo (*) ra 6uHoaH:

F, &05‘ = _____];___ = —1: ——— — F____
A+B Zm A l-mo LCo
p =jco 6ynraHga F (p) 6unaH F (jco) 6up-6upura myHocu6
6ynaan.
TYypTKYTONIMKHUHI  KUPUW Ba YUKW  KyT6rapum opacugaruv
yMmymMmawraH (onepatopsan) y3apo KapLuWnrn:
3P+ 2P) =23 () =
6v aca (*) ra 6uHOaH:
F3(jo)) = 1 1 1
(jo)) C+D C jooC)
3aHXUPHUHI  yMyMaliraH (ornepatopsin) y3apo YyTKalyBYaHMIUIUN

F2(p)= 12(P-"0, WYyHWHrAOeK, F,(jo)=-—-—-——- =0 emMak,
(p) U|Ep) y a (jo)) P (A

3aHXMPHUHI  yMymAnawraH (onepatopnuv) y3aP° kapwwuiurm Ba
yTKasyByaHnuMru 6mp-6mpura kapama-kapLim KaTTasmkiap amac).
Y3aTyBYaHANK PyHKLMACK

F,,(p)=|(p) F"(jco):czwf+d

TOK |:(p) = 0 ékn ZVK = co BynraHngaH Hosra TeHr.
HAM  TYPTKYTONIMKHUHI  KAPUW  OMepatop  Kapluauru
Tyrpucnga TylwlyH4Ya KUpuTamua; LiyHra Kypa,
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z ifu =1/ P 6Y aca b(p)= *
p(P) s (p) 2ur Q

GynraH ymymuii x,onga, (9.8) gaH Kyiuaarmya aHuknaw MyMKWH:
V Y Z1|(P)-21<P)- 1 i(p)Z2A15)+Z P(p)-Z2 ,(p)

W p)= 4> )-2z2p) .

lOkopuaa KenTupwuiaraH MWUCOM YYyH (CanT pull  pexunmuga
vwnaétraH T-wWakiim CUMMEeTPUK TYpTKyrénumk) (9.8) ra 6uHoaH,
Kyhngarnra aramms:

Zirtj. (p) =—I I((A)— =Z, Il(p) =pL +;CO

€KV KOMMEKC LwWaknga

w Y | . 1 o, 1
ZKp(P)=7~ 5%Z|1I=Z, +— =JCOL+— ~ -=j coL— -

1 Y0 joocd \ ™ oo,

WyHpan TypTKYTONMMKAAp Kypuw MYMKWHKW, YNAPHUHT YUMKULL
KMncMnapugaru KydynaHuvwinap BaKT XUxatungaH Knupu
KUCMAapugarn KyynaHUWAapHUHE XOCUNaCUHU €KW  UNHTErpa/iNHn
G6epaan.

By TypTkyT6nuknap anoxmga toudaHn Tallkun atagn. Ynap 4
ndpdpPpepeHULMannoBYUM Ba MHTeEerpannoBUYM
3aHXuupnap p[eb atanagm Ba ynyaw Xamga xucobnaw Tex-
HMKacuaa, aBTOMaTukKa Ba 3/IeKTPOHUKaZa KeHr KynnaHunagu. 940
a,6 pacmga R,L Ba R, C napameTpnapgaH Ty3unraH oaauin (MKKwu

3/1EMEHTN) angdepeHymnannosum 3aHXnp TacBUpiaHraH.
i R i2 2 1 ii C 12
_>_

. R

ui (t) uz(t)  (t) u2(t)

1 1°

9 .4-pacwm

TYPTKYT6/IMKHUHT YMKULWL KUCMMapuaaru kapwunnk ZWK= o Ba
TOK i: = 0 pe6 onvHraHga (pean 3aHxupnapga b O 0 6ynaau,
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aMmMO b « 1). 9.4-a pacmparu 3aHxupga 6y Honan 6owniaHrmny
wapTiapura 6uHoaH Ba (9.8) uopaHn xmcobra onraHga Kyhngaru
6ornaHunW MasXxyn;:

U2(p) =22 (p) =U(p) =pLl, (p) = mP> U, (p)
K +pL

By 6GornaHuv 3ca yTUlW (YHKUMACU OpKaiu amanra owmpu-
NNWN MYMKUH:

v\ mn pL
P U.,(p) R+pL’
Arap R,L 3BEHOHWHr BakT goumwniicm t=L./R yH4Yanuk kaTTa

6GynmMaca, SbHU KyunaHuw u,(t) HUHT ce3unapnu ysrapuwim yuyH
KeTraH BakT MWHTerpamgaH 6MpMyHua kKam fAe6 onuvHca, y xonga

_ Utip)

TaxmuHad  1(p =5 0e6  kabyn KuAMW  MyMKUH. [Je-

mak, U2(p) =—pL (p) Ba F(p)=Ep éynagn. Honnu  6o0Lw-

v

d
navruy waptnapga p ul(p) =— ul(t) skaHnurmHm x,ucobra onraH

Xonaa, KyiuaarmHu é3amua:
L d
Q.

AbHN TYPTKYTONMUKHUHT 2-2' yuknwmngarn kKydnaHuw u,(t) yHuHr 1-
I kmpuwmgarn KydnaHuiw u,(t) HUHE X,0cunacura NponopuyoHasn
(9.4-a paem).

Xypau wyHra yxwaw, 9.4-6 pacmparn 3aHxup ydyH (9.8) cuc-
Temara 6uHOaH

U2(p) =22(p) «I,(P) =R — IM~-,F(p) - R
R + IpC R + lpC

HN é3HW MYMKMH R,C 3BeHO BakT fgoumMuiicm xX=RC HUWHI eTapin-
Ya KMYMK KniimaTnapuga

1|(P) =pCU(p)*Ur(P) =RCpLj(p) Ba F(p)=RC p  pAe6  kabyn

KUNUW MYMKUH; gamMak u2(t)sRC--U|(t) 6ynagu, AbHWU 3aHXUp-
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HUHT YMKWULW  KUCMAapugarn KyunaHuw u;(t) 9.4-6 pacmpa Xam
YHUHT KUPULW  KACMAapuaarn KydnaHuw u,(t) HUHC Xocunacura
nponopgmuoHa’.

9.5-a,6 pacmga R, L Ba C wmapamcTpnapgaH TyswaraH opanui
(UKKW 3N1eMeHT/IM) UHrerpasfioBun 3aHXup TtacumpnaHraH. Anddc-

L | |
1 4U-Try x '
r
ni(t) u2 (t) Ui (t) “U2(t)
1 2
9.5-pacm

peHumanHn TaTéuk, 3TN6, 3aHXUPHUHT KMPULL Ba YMKULL KUCMAapwu
opacmngaru KatTaMKnapHUHI 6ornaHnwmnHN ndo[anoByn TeHrnama
Ty3amus.
9.5-a pacmpgaru 3aHxup ydyH (9,8) ra 6uHoaH,
R

U2P) =22/(P)-IIP) = ¢ . L PP) Ry pL

9.5-a,6 pacMagarn 3aHXmp y4yH X,am
|

ney =25 UE -4r- TP gy o P

pC R+% c = 'pc
9.5-a-pacmgarn 3aHXxupga R HUHI KMYMK KuiAMaTnapu yyyH Ba
akcuHya 9.5-6 pacmparn 3aHXxumpga R HUMHK eTapamya  KaTtTa
KniimaTnapu yyyH 6UpUHYM XOnga TaxMUHaH

U2(p) =7--Ul (p) Ba F(p) = ~
L p pL
neb, MKKNH4YM Xxonga 3ca
U2(p) = *U,(p) Ba F(p)=—
RC p

pRC

| <
neb6 Kabyn Knanuw MYMKWH. AmmMO —U,(p)=fu. (t)dt
P ]
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6ynraHn yuyyH 9.5-a,6 pacmparn 3aHxupga KUpuw KyudaaHuwu u,(t)
HU MHTerpannaw xapaéHu cogup bynaaw.

Xynoca Kwuambé anTuwl MyMKUUKW, KAPULW KydnaHuwm u,(t) Hu
anddepeHurannaw Ba WHTedannawHUHr addgektura R, L Ba C
napameTpnapHUHI MUKOOPUA HUcbatnapwn Oylrnya KyhunraH wapt-
ra Kypa KMpuw CUrHa/IMHUMHI aHyarvHa CyHWLWMW HaTuxacmga spu-
wunagn. WyHUHT  yuyyH  aHWK, wWapoutga asacnm Oyhnua
y3rapTupuaradH KydnaHuw udt) HWHI loknamara ysaTuwaaH asBas
Kyyantmpuw no3vm 6ynagu. [MapameTpnapvHui TaHnaw HyKTav-
HasapuiaH KyWuaraH wapTnapHy  K.aHoaT/aHTUPYBYM 3HE MXLUM
onTumMan cxema 9.4-a pacmparn anddepeHumansioBun 3aHxup, 9.5-
6 pacMparn MWHTEerpajsioBuYn 3aHXUP XucobnaHaaw.

91-mmncon Arap Z, =3 +j4 0Om, Z: =5 +jl2 Om Ba YO =]
0J 1/Om wmabnym 6ynca, T-waknnuM naccuB TYPrKYTONUKHUHI
(9.2-pacm) napameTpnapu aHWKIaHCWH.

E 4ywnuw.
A=1+Z,Y0=1+(3+j4)j0,1 =0,6+j0,3 =0,67 1€ 12<ft0
B=27, +22+7| Z,YO0 =8+jl6+6,5ej21f £’ =2,4+jl2,7 =

ayi™ n Eunm-
= 12,9¢] ;C=Y0=j0,!=0,le

D=1+z,Y, =-0,2+j0,5=0,54¢jl 11480.
HU Tekwwnpuw: AD-BC = (0,6 +j 0,3)-(-0,2 +j 0,5 - 2,4 +j
12,7-j 01 =-0,12 -j 0,06 +j 0,3 -0,15 -j 0,24 + 1,27 =1
9.2-M M Cc O . Kyunannwmn £/, =220 BONbTAXM MybTagun
MaHbara nmnaccms CUMMETPUK TYPTK.YyT6NUK (9.1-paem) ynaHraH,

YHUHT 2-2' uuk,mw K,ytomra Kapwwiwrn ZW =30e/8 Om 6ynrad

loknamara ynaHraH. HomuHan pexumpa y opkaam /2 =—y4 A TOK
OKM6 ytagu. lOknama axparumnradHga (cant vwnawaa) 3aHXUpPHUHT

umK,MW  Kncmnapuparn kydnadwuw UZZX = 180e /B . Kyiimgarunap

aHWKnaHcuH: 1) TypTKyT6mMkHUHT A,B,C Ba D napameTtpnapw;
2)TYPTKYr6NMKHUHI canT wuwawl, KUckKa TyTawul Ba HOMUHas
pexumniapaa YHUHI KUPULL KapLnanru;
3) TYPTKYTONMKHUHT HOMWHAN pexvuMuaa YHUHT y3aTyBYaH/INK
PYHKLMACHK;



1 A napameTpuHU Kyiimgaru wapTtgaH Tonamus
Ult=AU2(i2=0)

E un w

LYHWUHT yuyH
A=n"~-=-— =|,22e O * =0,61+jl,05
Uux 1806 "

6ynagwn.
2. HomuHan pexnmga U2=ZKH?2

xonga U2=30e” -4-e 50 =120c> ra sra 6ynamus; gemax,

3KAHNUTUHWN BunraH

Uu, =AU2+B12.
by eppaH

B = = 2207 m20elll =29 tejsf*
/2 42 M

3. TYPTKYTOANKHUHT cumMmeTpuknurn (A=D) x,ucobra osiMHraH

x,0onga  60ornaHuw  TcHrnamacn AD-BC=1 paH kyhWuparura ara

6ynamus:

C=-2- JAN-A -2zVWg =0.07"F378=j0,074 4
B 206el 206 1©

TYPTKYTOIMKHUHT KUPULL KapLUWINTK:
a) canT nwnaw pexummuaa:

Zirmijp- 122- 83— =16.6e~)0'™m"
1lc C 0,074e'
6) Kucka TyTawml pexumMmaa:

Zirrilp = =—=2962eP0- =24.1e-'82Mm"
M Lk B 1,22e)

B) HOMWHAN pexumaa:
", = 220el¢

-mu - - (CZK, +D)l, (0,074cjfl" 30e*™ +1,22e" ‘T4

=——-7F - 21Be"MNI'M"
10)e'sl
4. TYypTKYTONUKHUHT  HOMWHa/T pexumaarn ysaTyBYaH/IUK KO-
ahpruneHTr:
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a) KyynaHuw oyinunya:

. u7z 120e”
Fu(jco) =-"- =
i 220

KN onepatop waknuga:

6) TOK 6yinya:

€KMn oneparop waknunaa:

[30°

=0,54¢ 137’

FMp) =0545 5 /5

,-,90"

7ifl
1 10,1 e

F.(p) =04 -0,5-#P
2(0

B) YMyM/iallraH ysapo KapLiuiuru:

F,(i»>>)-y * - IMc
=) )f‘l 10,1'a

eKn

r) ymymnaturad
U  de-'

Y
-11*11.9 05-j

Fn(P) =W M 05 -
|

on
3

2 )

y3apo YTKa3yBYaH/IUT !



X KOB
BAHXWNWPCNMOH (KACKAANMWN) CXEMANAP BA
UACTOTAAXPATIVUY SNEKTP ®UNNBbTPOAPNU

10.1. 3aHXWUPCUMOH cxXemanap Ba y/JapHWHI acocui
TeHrnamanapu xampga Tascudnapu

Bup KaHuya MyxaHOUCNMK Macananapumga (anoka kaHanm 6yiinab
axbopoT ys3aTull, 3NeKTp y3aTul JnHuANapu Ba X,.K.) Mypakkab
3aHXUPNapHN Taxnua Kuavwpga YAapHUHT  alipym  3BeHONapuiHU
(3aHXVMPCUMOH) ynaw 3apypatm Tyrunagn. KynuHuya 6yHaan
TYPTKYT6NMKNap naccms 6ynub, Xxap OUp KacKagHUHT YUKWULL
KACMU KEWWHIM KackagHWHI KUpUW Kucmn xucobnaHaam (10.1-
pacm). ByHaalh 3aHXupnap “3aHXWUpPCMMOH cxemanap” aeb atanagw.
Xap KaHya 3BeHONM 6Gapya 3aHXMPCMMOH CcXemanap Kupwull

KncMiapura £/, Ky4ylaHuUW Ba /, TOK, uumKuuwl KUCMnapura aca

U/AH kyunaHmw Ba 1rt] TOK TabCcup 3TaéTraH froHa TYPTKYTOG/IMK

neb kapanmuwm MyMKUH.

ByHpai TYPTKYTONTUKHUHT napamMmeTpnapuHu 9.3 aa
KypcaTunraHuaek, Hasapwuii Xx,ucobnawl wWynm 6unaH, LWYHUHIAEK,
Taxpuba iynm 6unaH aHuknaw MyMKUH. TYpTKYTOGAMKHUHI 3Be-
HOCKM anoxaua Kypub umkmaraHga wy 3BEeHOHWHI WMYKU CTPYKTypa-
cura 6ornuk 6ynraH A,B,C Ba D napawmertpnapra sra. WyHaai
knnmnb, k-Hum naccuB TypTKYTO6MK TK Kynmparn 60rnaHuw TeHr-
namacu 6unaH udgopanaHaan:

OK=A, -0~ ,+Bj"

h =Ck-OM +DIM
By 3BEHOHWHI KMPUL TOMOHWAATU Tyna KapLWIWUIn:

=f£+, = A*x ~Z~' + B=*
KKV /, CkZkH + Dk

1 2 3 n (n+1)

10.1-paem
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oyHga: z ,+, = | li-~..1  TypTKYyréonmk MK HUHI YMKMLW TOMOHWAA-
*K &l
m kapwunurn; Ak Bk CkBa DK - wy TYpPTKYTOAUKHUHI OOUMWIA
napameTpnapu.
WyHaam knnnb, [OMMO Xap 6Up KeWVHru 3BevofaH ONauHIv-
cura  ytuw  Hynu 6unadH  6apya 3aHXuUpnu  cxemaHuHr - 1-1°
KncMnapmura HucbartaH KMpuW KapluiaurMHW aHukKnaw MyMKWUH:

7 n N "Z2+ B\

Kp 1l 7, C.,Z2+ £
byHpga A,, B , C, Ba D, - TypTKyT6AnK 1, HUHI BUPUHYMN 3Be-

0 '
HocWM napameTpnapw; Z 2 = '\A/ -3aHXXUPCUMOH  CXeMaHuHr 9-9

KUCMMa-pura HucbaTaH  KUPUW  KapwWuauru  éku  6UpUHYK
TYPTKYTOMIMKHUHT YAKULWINAATU KapLUUIAT K.

3aHXUPCUMOH  CXEeManapHWUHI  3BEHOMAPUHU  MOCMALITU-PULL
amanga KEHT TapKaaraH, ABbHU anoxuga O/IHIaH
TYPTKYTONUKAAPHUHI  MapaMeTpriapuHn  6yHaali  TaHnaw  (10.1-
pacm), 3aHXUPCMMOH CXEMaHWHI YMKWLW TOMOHWUAArN KapLlWInK

Zny HU KyunaHuw maH6av Ut 6unad, kyunaHmw madban Un
HM 3ca Kapwunuk ZX="Y\ “~unaH anMawtmMpcak, KydnaHuLl

KOMMNEKCNAPUHUHI  TOK  KOMMJekcnapura Hucbatnapu 6apya
Kucmnapga, 6y Mypakkab 3aHxmp MaHbara Tydu yraHraHuAaek
y3rapuwicus konagn. bnpuHum TypTKYTONMMK yuyyH Oy KyhWunparviHu

ounaupaau:

L = B1_ ~ (TVFpH ynaw), (on)
/, CUr+io,72 c.,z, + D,
or DIUL+Biil D.Z. +B, = Z (teckapu ynawy), (10.2)
/2 c,t/, - Alll C,Z, +A

6yHpa: Z,=Zlc Ba Z2=Z:C 3aHXXUPCUMOH CXema MOC pasuviga uvina-
raHga TYPTKYTONIMKHUHT KMPULW Ba YMKULW TOMOHNapuaarn TasB -

cngpuin * Kapwunanvmknapwu.
(10.1) Ba (10.2) HM yHYa Mypakkab GynmaraH y3rapTvpuvwl Ha-
Tuxacmga KynmgarumnapHm onnw MyMKUH:
— a,b, _ B|D]| ) _B;!..7 y _n r) (*)
yC,D,’n%_VA|C|' n2(c—7CT Z k -'c-nl ul vy
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TypTKYTONMMKHUHI  mapameTpnapu opacugarm A ,D,-B|C,=1
6ornaHnw TeHrnamacura moc 6ynraH Chx/=AD, Ba Sh3/=B,C, 6en-
rmnawnapHn Knputnb Ba XapakTepUCTUK KapLliuaukiap opKam
Kypn6 umkmnaétraH KalTyByaH TYPTKYTOMMKHUHI napameTpiapuHu
aHMKyawra WMMKOH 6epyBuM Kynugarn MyHocabatnapHu &sa ona-
MU3:

“TYPTKYTONMUKHUHT y3aTulwl ynyoBu” pAe6 aTanyBun napameTp
YyMyMUA  xonga Kommnaekc Mukgop 6ynmb, kyhiunpgarnya udopana-
HUWN MYMKWH:

y=a +j3, (10.3)

6yHAa: a - TYPTKYTOAUKHUHI CYHULW KoadhduumeHTn; P - dasasuii

KOahpmuUMeHTH.
TypTkyTONMK cummetpuk (A, = D,) 6éynraH xonga, (**) ra 6u-
HOaH, 3aHXXUPHUHI YMYMWUI TaBCUUIA KapLUUINTN

6ynaan.

By kapwwunvk, 6owkada aitraHga “TYPTKYTONIMKHUHI Takpo-
pyiA Kapumnmrn' pe6 atanagm, YyHKU Y TYPTKYTG/IMKHUHE HOKNa-
Macu cuatmga ynaHraHga KenvHru TYPTKYTOAUKHUHE KUpUW To-
MOHMAAa Xyaau wy Zc  Kapwuiankka ara 6ynagu. Arap 3aHXupcu-
MOH CXeMaHUHI 3BeHonapu (10-1-pacm) chakaT mMocnaHraH 6ynmain,
CUMMETPUK XaM 6ynraHga tokKnamaHuHr kapwunurm ZW = ZC
6ynca, 3aHXUPAM CXEMaHWHI KMpWULW TOMOHMAArn kKapwuinuru Z,
Xam Zc ra TeHr 6ynaauw.

Ymymunii xonga Z,, * Z2Z 6ynraHga, OnpuHun TYPTKYTOINKHUHT'
y3aTuwl  KO3qphuuMeHTU Yy HU Kyhmgaru HucbaTiapgaH Xam
aHnKnaw MYMKWH:

Ba

BynapHu 6upnawtupu6, TeHrnaMmaHm XOcWus KUIamms:
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7~~L=A,C,Z:xe +A,N, +B,C, +B,D, -i--
u 212 LZC

~(VAID| +vBJ|C, )" =(chy +shy)2=e%
YYHKU chy =~(eY+e r) Ba shy="(er -Cc~f)

WyHpai K.unnbé Homabiym napameTprap

Y= *In -in[Va .D, +Vb.C, ]
z u 212
oynagn. TypTKyrénmk cummeTpum 6ynraHga, avHu A, = D, Ba
mlL wn, ga y=in(g, +JB,C, ) 6ynagn. AmMMO
l- ” ij — ]
1 A=11+ =1+ 121 B -p-=A|+7B|C|

6ynraHn Tydainu

y =1In M2=In—]5, CKMn M2=—I_I32—=e‘

HU XOCWUn Kunammi. AMHAUTYZdaBuii Ba (dasaBuil  HUcOGaTnapHU
Xucobra onraHga

~NL c -0..7)
U2 U2
Ba 3HAM (10.3) udoga ypHUra KymmgarmHm €3mul MYMKWUH:
. £/.
y=a +JP =In =In + -Yui) (10.9)
2
KoahpnuMeHT Yy HUMHI X,akuknii kmcmm a = In (U,:U2 kupuw

KyunaHvmwm U, (Ekn Toku 1,) Kypmb umkmnaétraH 3aHXUpPCUMOH
cxemagarn (10.1-paem) M, TypTKYTONMKAAH yTraHza YHWHI MoAy-
NN KaH4Yya ys3rapuwuHu kypcatagum. TypTKYTONUKHUHE KMpULW Ba
YUMKULL  KUCMNapuaarn OHWi  KyunaHuwniap u,(t) Ba u;(t) HUHC
6ownaHrny dasanapun alimpmacura TeHr Oy/nraH MaBxXyM KUCMU
P =ufA - (7 TypTKYyrénmkka 6epunraH KyuynaHuw asanapu-
HVHI y3rapuil gapaxacuHu 6enrunnangu.

CyHuw kKoapdpuumeHT a Henep (Hen) ékm pgeuubenn (a6)
Xxneobuga, hasanap koachpuumeHtTn P aca pagmaH (pag) xmcobuga
ynyaHagn. CUrHanHuWHrC 1 Hen CyHMULWW YUKW KyynlaHuw Moaynm
U: HUHr (Bkn TOK |, HUHr) kupuw KysnaHuwm U, (ékm TOK 1,)
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MoaynvaaH e=2,718 mapTta KUYUKIUTUHW 6ungupagu, SbHU u,/n2
= I|/l, = e. CyHuw O6upnuknapun | HeH 6unaH | 06 opacugaru
6ornaHuw Kymmparnya aHuUKnaHagm:

| Heli = 8,086 nap6, ékn 1pa6 = 0.115 Hen.

10.2. YacToTa aXpaTyBUYu 3nekTp hunbtpnap

9.4 pa KypcaTub yTunraHupek, ryprkyToMKHULW KApULW TO-
MoHMgarn X,(t) curHan 6unaH YHUHT YMKULW TOMOHMAArn peakums-
cn x:(t) opacmpgarn MUKOOP Ba cudaT Hucbatnap ysaTyBYaHIUK

dyHKUmsacKM F (joo) 6unaH aHuKnNaHagu. Y3aTyBuYaHNUK (PyHKUUACK

F (jo)) HUHr vactoTacu y3 HaB6GaTuga TYPTKYTONMKHWUHI WYKL Na-
pametpnapy R, L Ba C ra 60Tuk O6ynagu. [MapameTpnapHUHI
WwyHparm HucbaTuHm TaHaw MYMKUHKK, 6yHAa ys3aTyBYaHIMK
dyHkumsacn F (jco) curHan x,(t) 6unaH KupaétraH arpum vactoTa-
nap Ba yacToTanap Xyayau y4yH TaHnaw xycycuatura ara. YacTtoTa
TaHnaw Xxycycumatura ara 6ynmb, anpum TypTKyTOAuMknap éku 3a-
HXUPAX cxemanap Tap3vja Ty3waraH KypuiManap 4 a c T O T a
axXxpaTyBuwmn 3neKTp dGunbTnap p[peb atanagn.
bab3u uyacTtoTanap y3 gmanasoHn O6unaH aHUKIaHMG, y TKa 3 u W
yerapanapumw (EBKWNTMWHMUKANUK 30HAaacwm) aeb
aTanagvuraH xygynna anektp wunbTp curHan X,(t) HUHr 6ownaHwy
aMnINTygacuHu Aedpnn kKamamtmpman (byHaa cyHuw Koadduuum-
eHTn a —=0 6ynagun) yTkazagu. AKCUHYa, TyTM6G KoNuw Xyayouaa
(AbHKW, yTKasMw yYerapanapuaH Tawkapuaa) CUrHaZHUHE CYHULIN
Makcuman 6ynub, UABTPHUHI YMKULW TOMOHMAA curHan X:(t) HUHC
amnnaurygacu curHan X[(t) HUHr amnautygacura HucbataH Xucobra
O/IMac/IMK gapaxacuga Ku4YuK Oynaan. IMeKTp (unbTpriap anioka
TexHukacuga, paguorexHmkazga, asToOMaTMKa Ba TesieMexaHukKa
KypunMmanapnga Ba 60wkKanapga KeHr Kynampga uvwnatmnagn. Ma-
canaH, yTta ce3rup 4actota ¢unbLTpy 6uUp XyqpT CMM OpKanu 6up
Heya yHTaya TeneOoH CUrHaNNapuHU y3aTullra, SbHU Kyn KaHam
a/loKaHW ama/ira owupuuira MMKOH 6epagn. ®uUNbTpAapHUHI TaH-
NaHraH CUKWK 4erapasjapv 4YactoTasiapura TabCupu wax,ap pagvo
TapMoKnapu OpKa/iv Y4 KaHa/M pagmo y3aTtuiira Xam acoc Kuiamb
OJINHTaH.

Y3UHNHr Ba3udacy Ba CXEMaHWHI Ty3UMWIK  XuxaTugaH
aneKkTp unbTpnap 1) Kyin yactoTanu; 2) Kopwu 4vactotann; 3)
Xyayanm (dactotanapapo) Ba 4) TycyBuu cunbTprapra 6ynmHagwn.
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YacToTa axpaTyBuM (UALTPAAPHUHT ULWAW MPUHUMNW UHOYK-
TMa/IMK  Ba CUTM/Ap  KapWWIVKIApPHHUHT  (EKM  yrKasyB-

YaHAWKNAPHWUHF) CUrHa/ 4acToTacM O Kuiimatura 60TUK, Xonga
y3rapulimMra acocnaHraH. YactoTa axpartyBun (QUIbTIAPHUHT peak-
TMB anemeHTM L Ba C napfaH Ty3WIraHAUMMHWHI siHa 6up ca6abu
WYKW, ynapAa akTuB 3Heprus ucpogu MuHuMan Gynagu.

10.3. K,yiin yactoTta hunbTpnapun

HonpaH (00 raya 6ynraH uyactoTanapgarv cCUrHaanapHUHC 3PKUH
(6emanon) yTvWKWHKM TabMMHNab, yactoTacm 6Mp MyHYa HOKOpPU
OynraH CUrHanNapHUHI yTULLIUTa TYCKUHUK KUNYBUYM DUnbTnap K
ynunm yuacTtota dpunbTtpnapwu pa[eb atanagu.

K,ylimnraH wapTtiapHM OKOPW 4acToTa/iM TOKNAapPHUHE Makcu-
Man CYHULWMHU TabMWHNOBYN KeTMa-KeT WHAYKTUB Ba napasiien
CUIMM  3aneMeHTnapugaH Ty3unraH TYpTKYyTonnk  dunsTpnapu
KaHoaTnaHTupagn. 10.2-a Ba 6 pacmaa Teruwivya wmaean peakTtus

ZB Zc

L
Li-*- — »-0-
10" :cl2 :cl2 n Znp- Zc
6)
r 2’
10.2-pacm



anemeHT L Ba C pgaH Ty3unraH “T” Ba “I'T - waknan K\yim yacrorta
uneTpnapu KypcatuiaraH. by TypTKYTONHKAapPHUHT duabTpiaw
XYCYCUATUHUN aHuKNaw YYyH YNapHUHI CyHUW Ba (hasanap Koad-
OULMEHTUHN, LWIYHUHrAeK, TaBCcUUii KapwuanknapuHu GuibT-
prapHunr  KMpuw  TOMOHMAArM  CUFHa/IHUHT  vyacToTanapura
BGOTUKNNTUHN TeKwmnpammi. TaBcudunii Kapwuunuk Zak=Zc ra
IOKNaHraH CcUMMETPUK Ba MoOCNaHraH T-waknam TypTKYTOInK
(10.2-a paem) yuyH (**) chopmyna 10.1 ra 6uHOaH,

A =chy =ch(a +jp) =chacos(3 +jshasin(3 (10.5)
6ynagn; 6yHoa A — TYPTKYTO/IMK OOUMUACI.
9.2 fa 6aéH kunuHraHura 6uHoaH 10.2-a pacmparu T-Lwaknam

TYPTKYTO6UK YuyH
A =1+Z[Y( =1+jco) L/2 mcoC - 1- IO

ra sra 6ynamns. Acmak, (10.5) TEHrnMaMaHVHI MaBXymM KUCMM Hosra
TEHT, LLUYHUHI YYyH:

a=[_ =cha =cosp (10.5,a)

TUHNKNNK (3PKWH  yTKasuw) 3oHacuga QOUIbTPHUHE CYHWULU

koappuumeHtTn a = 0, gemak, Cha =1 (10.5,a) HUHr ypHura
crLC ’

A=l — =cospnn e3uw mMymkuH; A-kattannk -1 gaH +1 raua

(I13=0"11) y3rapa onagw.

to~-LC
AHAN -1<1---~— - * Hucbatra acocnaHmb6, TCKWU-

pPUWIaETraH (WILTPHUHI KaHOal yacToTasiap [Ayana3oHMaa LLaET—
raHVMHN aHUKNaLL KUAH aMac.

®dunbTp <0=0 gaH 17O 0)0 = raya AguanasoHgarm 4acrto-

Tanapun cyHampmar (a=0) yTkasagu. byHaa dhasa koahduumeHTn
M=0 p=0 Ba =y~ -C 6ynraHga |3=s, TaBcuuii  Kapwuaurm

(0= 0 6ynraHpa Z. = BAa @, = éynraHgoa Zd =0

2= AW
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(byHpa, Z, = Z2 = jeolL/2, YO = jcoC, copmynagarn uHaekc T-
PUNBTPHUHI cxemacu T-LaknAn 3KaHNUTMHU Gunampagpn).

CyHuw koathchuymeHTnapm a(co) Ba P(CO) HUHI OUALTPHWUHT
KUPULI TOMOHMAArN CUTH&/IHUHI YacTotacura 60rinkanruHn ndo-

ganosun 3un umsmknap 10.3-pacmga, 6ornaHuw ZQco) HUHE 3chun
um3urm aca 10.4-pacmvpga KypcaTtuiraH.

10.4-pacwm
T-waknam GuUNbTpHUHT (10.2-6 paem) Tascudnapu a((o) Ba
P(co) xam xygun 10.3-paemga KypeaTtun! aHugek 6ynagu; 4YyHKuU

ynap R = | +Zoy2 = h+jEAL - Erg/(i =1-2 Lc =cospra acoc-

naHraH. bByHpa Y :=jcoC/2 napaien ynaHraH CcuruMnn — rap-
MOKNapHUHI yTKasyB4YaHnurn; Z0=jcoL kKeTma-KeT ynaHraH WHAOYK-
TUB 3/1IEMEHTHUHI KapLWninru.

WyHpanm kunnb, 10.2-a Ba 6 pacmparn unbTPAapHUHE CXema-
napu ysaP° 3KBMBaNEeHT 6ynmb, dakat O6up-ompugaH 10.4-

paemparura 6ornaHuw  Zgco) 6unaH apk Kunaan; YyHKW:

KypnHné  Typmnéaukn, ® = 0 oynraHga [-waknin
TYPTKYTOAMKHUHT TaBcuduii Kapwunmrn 2L =yA/C 6ynaaw, am-

MO ®=0) = AYnaraHga Tervwnimnya Za = @ ra ara bynamus.
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104. OKopwn yvacToTa QuUIbTPAapu

TUHUKNUK 30Hacn co=oo0 AaH To (0=oo rava 6ynraH vactoTasnap
AnanasoHmga étraH uabTpiap I KOPWU 4YyacT o-Ta Gun
bT pnapwn peb atanagn. Yw6y vacToTanap AwanasoHuparu
CYHMW KO3(hULMEHTN a Hoara TeHr )SynraHmgaH 6y xun dunbi-
pnapra acoc Kuamé ofmvHraH TYPTKYTONUKNAPHUHT A0OUMWUIACK

A =chy =ch(j/3) = Cos[5 *)
6ynunb, vactoTtanapra 6ornvk x,onga -1 gaH +1 rada ysrapagw.
9Han 10-5, a Ba 6-pacMpa TacsBmpnaHraH T Ba [l waknim cxema-

-Zc
a)
C
iu, 2L 2L iu Z2=7¢c
6)
r 2’

10.5-pacm

nap ydyH a((o), |3(co) Ba Zdco) 6onaHuwnapHu Tekwupamus. 3a-
HXVUPNAPHUHI CTPYKTYp<liapufaH KYPUHUG Typubaunkn, keTma-kKeT
ynaHraH CUrMMan sfieMeHTNap Kyhn YacToTam TOKNAaPHWUHI aMrin-
TyganapuHn VMMKOHW 6opuya KamanTupmb, napannen ynaHraH WH-
OYKTUBNMKNAP 3ca ywa TOKMapHUHI MaHba 3aHXupu 6unaH TyTa-
LWYBUHUHI KWUCKa MY/IMHW KOCWUN Kunagu.



9.2 ga 6aéH  KunuHraHuira 6uHoaH, T-waknam  TypT-
KyTONMKHUHT  (10.5-a  paem) nap.ametpyn A Kyngarngek
aHnKnaHagm

1 1 1
A-1+7Z,K =1+ - =1-— = (**)
10 /2<aC jwL A= LC
AMMO haza koadhpuumeHtn P(*) 6byihnua, O pgaH N rava
y3rapraHnumrmn Ttydainm 1< 1. <1
2

6ynagn. Oemak cunbtp

(cosp=—1) pmaH o = oo(cosP =-1) raua 6ynraH

AnanasoHgarv vactoTanapHuM cyHavpmaii  yTkasagu. 10.6-pacmpa
TeK-WupwuiaétraH 3aHxuvp
yuyyH a(co) Ba p(co) 6orna-
HULWTAPHUHT 3rpyu  YN3UK-
napu KypcatunaraH; yH-OaH
KyWn 4acToTaim CUrHa/l-
NapHUHT 3HT KYM CYHULIN
TaBCU-NapUHUHT  6owna-
HUWnaa 6ynub, yactoTa

o0 HUHI sSKMHMAA ynap-
HUHI HOK/1a-Ma 3aHxupura

KNpuwun cesnnapam
OynMwmn KypuHaaw.
T-waknnn cxema

6ylinya WUruaraH okopu
yactotTann uUNbTPU Tas-
cucpuin  kapwwuamrn  Za
HUWHI Yactotara 60OMUK,—
amrn - Kyimngarnya  aHuk-

naHagw:
[/ /r, +z2+z,z,r0 [~
z" =v/C =Yy T, =Vc ~4p2é
by d¢opmynara 6mHoaH o = 0 6ynraHpa Z = -00, ® = oD

oéynraHpa Za =0,



® -> oo bynraHga aca ZCI = 6ynagu. bynapra owug,

Zd(co) ahn umsmrmn  10.7-
pacmaa TacBupnaHraH. [~
waknam cxema 6y-nnya

Zc WNHN INC\N  Nakr iurvnrad  (10.5-6 paem)
IOKOPU 4acTtoTa UNbLTPU
yTKasnLL KO-BUNNATU

Xnx,atmpadH 6yHpaH ongviH
0aéH KuU-NUHraH UILTP-
ra 3KBU-BasleHT 6ynnb
YHUHI raecudnapu a(co)
Ba p(co) 10.6 pacmpga
Kyp-catuaraH sdun  um-
3MK-napu 6wunaH moc Ty-
waan. T-waknanm ¢unbT-
poaH  dapkin  pasuwga
6ornaHnw Zt(co) Kyihiun-
garnya x,mcobnaHagw:

r; 1

4co
by dopmynara 6unHOaH o = 0 6ynraHga Z:n = 0, o0 =000

6ynraHga Zcn=oo, co—m OynraHga aca Zm —> 6ynagw.

bynapra ong Zam (co) acpm umsurm 10.7-pacmaa TacBUpiaHraH.

10.5. MKKkM yacToTa 6unaH yerapanaHraH
(xyayanv) counbtpnap

00, JaH 00 rada 6ynraH guanasoHgary 4actoTaan CUrHannapHu
cyHavpmaii (6yHaa a = 0 6ynaan), yTkasyesum dunbtnap \y ay a
nun ékm yacTtoTaBui yeKnaH-raH GunabTp~n
a p Qne6 atanagn. byHpali chunbTpnap anoka TexHukacuga Ba 06b-
eKTNapHu 6GOolIKapuw cucTeManapuga KeHr Kynamga uvwnatuiagu.
By Xxwun oKkopu 4YactoTa (huabTpnapu YacToTanapHWHE  yMymuii
cnekTpugaH (onAann CUTHaTHM 3ATYBUM Kyda CUKUK 4yactoTanap
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nosiocacuHmM (YerapanapuHun) axparvwra xamga OgaH co,rada Ba o2
JaH 00 raya 6ynraH 6apya 4yacTtoTaslapHU Tycuwra MMKOH Gepaaw.

Oaunii xyoyamm unbTp (0, BA YHUHI  OKOPW 4acToTan Cur-
HannapHW cyHauMpmali yTKasyBuM HOKOPW YacToTa (uibTNapuHn
(10.5-a paem) Ba co=0 pgaH co—to2 (6byHga ax > co,) raya OynraH
CUrHannapHu cyHaupman yTtkasysuum (6yHga a=0 6ynagun) Kyiun
yactoTa cunbTtpnapmHn (10.2-a Ba 6 paem) Kackaa/n KeTMma-kKeT
ynaw MWynM 6wunaH Ty3uw MYMKWH. byHAal KackagHUHI Xycycusi-
TUHU T-waknanm cxema 6yihunuya hnranraH (10.8-pacm) AroHa cxe-

10.8-pacm

MaZda My)accamaawTUpuw MyMKUH. By TypTKyTONUKHUHT SOUMUWIA-
cn A O6Mp TOMOHHUHI 6yWnama kKapwwinrun Z,=Z:=j (coL,/2 -

1/2coC|) Ba KyHpganaHr ytkasyBuyaHauru YO = o (I/coL: - coC?d paH
Kylingarmya aHukKnaHagu:

A=\+ZY=1+- I_—(DLC ————————— - *)
2 L

hazaBuii KOathPUUMEHT P HUMHI y3rapuwl 4yactoTanapu byihnuya:
-1<cos P <1

nemak, -1 < A < +1 HM 6unraH (*) TeHrnamaHu aeBasl GuTTa A=-1
yerapaBuii KUMmMaT Y4yH

L,C, +4L-X|+ 1
0o~ + —
L 2CXxC2 L\ [32C\C2

KypUHMWnga, cyHrpa 6owka A = 14erapasuii KnimaT yuyH

o 1- =0 (*%)
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ZACj + LsC1
- cCoO'+ —————————— =0 (***)
L'L1C'C1 IXI20)C2

KypyHUIAA eunb, oo, Ba o2 uerapaBuii 4yacToTasnapHU Tonamus.

\ kabyn Knaam us. Yy

a a(co xonga yacTto ralnap
WirrC| -J1 2C2

YyYyH Kapwwnuknap Z,,

n\ Z: Ba YyTKa3yBYaH/INK
YO Honra TeHr éynagw,

\a(o> /1 /
\( ; y 6y aca U2—UX Ba
\ \
/ / /- =/, 3KaHINTUHN
: / 1 ounanpagn. [emak, 6y
w yactota  (OUABTPUHUHT
@© /00 © yTKasuw nynura kupap
3kaH (co, < a0l < o2.
e p (o SHAN (**) HUHI ypHUra
o4 - 2(1+2nr)*
coo:*(Ly+0jo4a = O Hu
10.9-pacm onammni; 6yHpa T 2 =
L2L, = C,/C2 by O6ukBagpaT TeHIrnaMaHu euull HaTmwkacnga
KyMnaarnHu Xocua Kanammns:
o - T +2m2)x 2in yA ol = o ] Qo
Jdemak,
o] =o(™M/T2+1-T j o>=®, VT 2+1+T71j

(MaHni nngusnapHn TywmnMpub Kongupamms, YyHKU @ - mycbaTt
KaTTannkamp).

KypnHn6 Ttypmnbaukm, co,*co2=co\ by aca, y3 Hasbatupga, peso-
HaHCAM yacToTa COHMHI TeKWwupunaétraH QUAbTPHUHT TUHUKAUTK
3oHacmpgary vactoTta Auanas’oHura Teruwnm 3KaHIUruHu oeungupa-
an. fdroHa co=co0 nngmsnum TeHrnama (***) Hu eunb, OGyHra WMLWOHY
XOCUN KUMNWKWUMU3 MYMKUH. 10.9-pacm cyHuw a(co) ea ¢hasa (3(co)
KO3(h(PULHEHTIAPN 3rpu YN3UKAAPUHUHT (PUIBTPHUHT KUpUW TO-
MOHUAArN CUTHA/IHWHI YacToTara OGOrAUKAUTY KypcaTuaraH. 3rpu
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ynsvKnapgaH KypuHu6 Typubamkm, @ uvacToTa od) uvacTtoTajaH
yTraHga p HWUHr uvwopacu y3rapmb "thasa TyHTapuw” coavp
oynaan.

HuX.0aT, WyHW aiTuW MYMKWUHKU, TYCyBYM (QUIbLTPAAp CUrHaI-
NapHUWHr 8] AaH TO 002 raya AuanasoHjarn yvactoTaapHu TyCuLl
yuyyn MysKannaHraH 6ynm6, 6y cdunbTpnap \am Kyiu Ba HKopu
yactota (UALTPAAPUHM  y3uga MyxaccamnawTupraH. Wwnaw
xm\atngaH onraHga Oy GUABTPHUHT  Xyayoui  unbTprapgaH
hapkn wyku, ynap O gaH 0o, raya Ba co2 faH 00 raya GynraH uac-
TOoTanap yuyyH “TuHukK” 6ynub, oo, f o2 raya guanasoHgarm 4acto-
Tanap yuyyH katta (a » 1) KuiimaTtra ara CyHUW KO3I(PUHNEHTUHN
TabMUHNangn.

10.1-mucon. TypTKYTONMUKHUHT [M-Wakinm anMmawmnHu (3KBU-
BasieHT) cxemacu (10.2-6 paem) Oyinya WUrKUAraH Kymm vacrtoTa

dunerpn f =0-T-1 kly AgmanasoHgarn vactoraga TUHUKIWK 30Ha-
cura ara bynraHga, L = 0,05 I yyyH kynugarunap aHUKIaHCUH: 1)
QUNBTPHUHT Mapannen tapmoknapmparn chfhm C'=C/2 2) f,=1,2
kY, yactoTagarn cyHumw kKoacduymenta; 3) f = 0,2; 0,6; 1,2 kl'y,
yacToTanapgarm TaBcuuii Kapwmamk Zc.

E 4 n w: 1 Napannen TapMOKHUHI curumumHm ( (BLC _ [
|

[pH Kylingarnya aHnKIaiMmns:

C'= = — — % = —=10 ~Ffch = | Mk
2 21.(0, 0,05 (2 a 1OV

2. TYpTKYTONMMKHUHT 00, =27tf = 6,28 1200 = 7550 pagmaH/c.
yactoTagarv goumuiicm
4 —|_bALC _4_ 5 _10b+005 2 10 n_

AMMO ® > @, vactoTaga (B = M - const 6ynraHn Tydhainm
ch _ a_= 185 ékn o = 1,225 Gynaay;

4 cos p
3. OUNLTPHUHT TaBCUMUIA KapwWaUru Kyingarnia Tonunagu:

«e mV F NO W 3
V /[ «

Wy cababnn, f, = 200 Iy, f2= 600 Iy, Ba f3= 1200 Iy uvacto-
Tanap yyYyH y MOC paBuwga Kyhnugaruda éynaaw;
Z.., =158 :vW —Q22 =161m" Z..2 - 158 :"]-0,62 = 198m";
z =158 :VI - 1-22 = —J238 m“.
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Xl KOBb
TNAPKXX MAPAMETPNIWN SNEKTP 3AHXWPNAP
11.1 Ymymuin TywyHuanap

Bns ongnHrn 6o06nappga, acocaH, WWrMK napaMmeTpsv, AbHU
anemMeHTapu 6up-6upugaH AKKON hapk KuayBuM Ba aHWK, R, L Ba
C napameTpnapra ara O6yfnraH 3aHXupraapHu Kypub umkauk. 3a-
HXNP CTPYKTypacuHu 6y Xunga maeannawitupull yHaa KedaértraH
MyXum  (PM3nK  XKapaéHnapHuHr  TaxAWauHW  cogganawTnpuo,
KynrmHa \onnapga MyXaHOWUCNUK — XWUCOBNAapUHWUHT  aHUKIUrnra
TabCUp 3TMarkgn. AMMO 3aHXUPHUHE apuMm Kucmniapuga R, L Ba
C napameTpnapHu “nuruk,” p[eb kapaw Tyrpu 6ynasepmangun, 6up
kaH4ya \onnapga xato \am 6ynun6, TeKwupwunaértraH 3aHxupgaru
\aK.UK.uin hn3nkK MaH3lapaHu 6y3mb KypcaTagu.

ByHra onekTp 3HEepruscuHu ysatnw (EKM  anoka) JIMHUACK
AKKON MWCON 6ynnb, YHUHI y3yHacu Oyhinab ucTaniraH uykracuga
R, L Ba C rwpameTpnapgaH OWPOPTAEMHUHI HaMOEN OYyIULINHUN
KypcaTuw MYMKWUH 3Mac. JIMHUSAHUHT oxupupary Kyynaduw U2
NVHUAHUHT 6owmnaarn KyydnaHumw U, ra TeHr amac; 4YyHKu 60pyBumn
Ba KaMTyBUYM cumnapga YAapHUHI aKTuB, MHAYKTMB Kapluanknapu

X,ucobura KyuynaHMWHUHE AU nacammwun 103 6epagn. AHa Wy
Kapwunmknap NVHUNAHUHT 6yTyHnan y3yHacu 6yiinab
TakCUMMaHraH, 4YyHKW JIMHUSHUHIE \ap kaHgaw O6ynarv akTtuBs
Kapwuiank R Ba cvMmaarm TOKHUHI Y3 MarHuT MaigoHu 6unax
Tabcupu Xx,mcobura xocwun 6ynraH MHAYKTMBAMK L ra sra. Xyaam
WyHra yxuwatl, AVHUAHUHT oXupugarn TOK 12 yHUHr 6ownaHuwm-
gJarn  TOK |, ra TeHr amac, YyHKM acocuii TokgaH Talikapu, Cum-
NapHWHT U30MAUMACA MyKamMasl OynmaraHnmrngad ynapHWHE opa-
cuaarn yTKasyBuaH/NIMK TOKW, LWYHUHIAEK, curMmiapga Ba cumna-
papo Xxamga cumiap 6unaH ep opacufa naigo 6ynyBUM CUSDKMULL
TOKM Xam 6ynagn. JlnHua 6yinnab yHUHr Xap 6up 6ynarmga (maca-
naH, \ap 6up KunomeTpuaa) YHWUHI WHOYKTUBAUTW Ba CUTUMU
\mcobura kyynaHuw U Ba TOK | KyuynaHuw U, gaH Ba TOK |, AaH
hasanapn T uBa Tj xuxatngaH cdapk Kuiaau.

WyHpan kunub, OGyHAal 3aHxXuMpnapgarn KyuynaHuw Ba TOK
(hakarrvmHa Bakr yHkumsacu u(t) sa i(t) oeb kapanmacgaH, maHb6a
(Ekn toknama) >kohnawraH epgaH 6owna6é macoda (JIMHUAHWUHT
y3yHAUrn) gyHkuusacu un (X) Ba i (X) Tap3mga \am Kapanuwm Jo-
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31uM. JIMHWU» KOHYanuK y3yH 6ynca, yHUHr R, L, G Ba C mapa-
MeTpNapuHn nrvk. aeb x,ucobnab Gynmanau.

Kypn6 uukmnaétraH X,0n0a NMHUAHWHE “dakaT TapKoK napa-
MeTpAn 3aHXup” Oeb kapaw no3vm. KypcaTunraH kareropusparu
3aHxXupniapHu \ucobnawra 6yHAali €HAOWUWHUHT UKKUHYN MyXUM
oMnnn BaKl OHUAMAUP, YYHKU JIMHUA Yy3alraH capv 3SHEPrusHWHI
MaHb6afaH mMcTebmonuura etTnbd Gopul BakKTM ce3unapnn gapaxaga
opTa 6opagn. MaH WyHAAKW, 3NEKTP y3aTuw (EKM anoka) NMHUACK
Y3YHAUTMHUHT OpPTUG6 KeTuwmn €KW y3rapyByaH TOK TreHepaTopu
YaCTOTaCUHUHI OpTUWMX 6unaH /AnHUA 6yinab CUTHaTHUHE Ta-
pKa/NW  Te3MrKu Ba CUTHATHWUHE y3rapuw Tes3nurn 6up-6bupura
Takkocnab 6ynaguraH ysapo SK,WH KaTTaliukiapra aiinaHagu. Ma-
canaH, anoBy» 3/1EKTP /MHMANApUAA [AaBpuii  y3rapyByaH CuUrHan
MaHb6auHW ynaHraH rwitugad 6ownab, yHU wuctebmonum kKabyn
KUATYHra Kagap Wy CUTHTHUHT 6up HeyTa y3rapuwl faspura TeHr
OynraH BaKT yTULIW MYMKUH.

SHAM TapKoOK napamMeTpnn 3aHxupnap ydyyH \ocun 6ynraH aco-
CU  (PU3VK KOMywnapHU Y3yH NuHUANap Aeb aranaguraH AMHUA-
napgarn TypryHnawraH >xapaéHnapHu Tax,un KAAuW Muconuaa
Kypn6 umkamus. byHaa macoda Ba CUFHa/IHUHI TapKaivwl BakTu
(Tesnurun) anekTp 3HEpPrusaAcuHU (EKU aioka CUrHannapuHn) ysaTuil
NVMHUANAPU yuyyn MyXuUM OMWUA XucobnaHaaw.

11.2. BUp XWHCAW NIMHUAHWHT AuddepeHunan TeHrnamanapm

MapameTpnapun AVHUAHUHE GYTYH y3yHAUrn 6yinnab 6mp Tekuc
TakCcMNaHraH nHusa 6up >xnHcam peb atanagn. 11.1-pacmpga nu-
HUAHWHI 6GownaHuwmaaH X Macodaga >XownawraH WMKKA CUMAN
Y3YH NIMHNS 3neMeHTap dX KUCMUHUWHI 3KBMBAJIEHTU, aIMallvHULL
cxemacu KypcatuaraH. bapuya AvHWS  kyda  Kyn  3neMeHTap
KncMmnapgaH — méopar  6ynm6, 6y  KucMmnapHuHr  \ap  6upwu
Kapwuamrn R, dX ra, NAWHWA CUMMAAPUHUHI  MHOYKTUWTUMK L QX
ra, akTuMB yTKasdyB4YaHAMK GQXx ra Ba cumnapapo xamga cumnap
6unaH ep opacupgarn curam CQx x ra ara. Arap anemeHTap
KACMHUHI “@a-B" KUpUW TOMOHMOArXW OHWIA KyuynaHuw W 6ynca,
YHUHI c-d 4uKMW TOMOHMAarn KyunaHmw (ui 5u dx) 6ynagw;

I axe o t)
YYHKW 3neMeHTap Kuem  dX HUHI 4erapanapyga KyYnaHULHWHT

( |”

Au = R()dxi+L,,de ra TeHr nacamvwun coguvp 6ynagn. Xyaam
I
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WyHAaA 2/1eMeHTap KUEeMHUHI KAPULW TOMOHWAArU TOK i YHUWHT

. a
YMK MW TOMOHMAArn TokK |i+ - dx | ra TeHr amac; YyHKU yMyMuu

au
TOKHUHI  Ai = Gndxu +C,vdxct Knemm 6up cumgaH o6olikacura

yTKasyBYaHAIMK TOokM GQdxu Ba cumxuw Toku COdx-~/4 Tap3nga

TapmokaaHaawn. WyHpaali kunmb, TOK i Kabu cumiapapo KydnaHuLl
1 hakaT BakT t ra 60rnuk 6ynman, MTUHUAHUHT Kypub uYuMKunaértraH
Knemu xoinawram macoga X ra xam 60TUK.

KNPpXroHUHT MKKMHYM KOHYHUTra 6umoaH, abed 6epkK KOHTyp-
Jarn KyynaHuwnap WUTMHAWUCUA HOMTa TEHT; SbHU:

“n+ Roxm+LdxA " 1+ n+ Py =0
"odt dx
au A (U.1)
eKun .
dx dt’
M
oyHOa KYYTaHUWHWHI X HyKTagaH (X + dX) HykTara

dx
ytiwaarn opttupmacu; RO - 60pyBuYM Ba KAOATYBYM CUMAAPHUHT
NVHNA  Y3YHNUK  6upnurura Tydu KenraH akTuB  Kapluaurum
(OM/kM); LO - cMMNapHUHI NUHUA Y3YHIUK Gupnurura Tyrpu Ken-
raH uHayktmsnuru (IF/km).



KNpXroHUHI GUPUHUYM KOHYHUra GUHOAH, “c” TyryHaarm TOK-
nap OHWIA KUAMAaTNapUHWHT ANTUHOWUCKA HOMra TeHr:

(

i- i+ 77-dx |- [GOdx eu + C Odx =0
eKkun
di du
~ =GOu+C0— |, (11-2)
dx dtt

eynaa: (- % ) ToKHMHI “X” HykTaga (X + dx) HykTara ytuwgaru

opttmpmMacu; GUu - IMHUSAHUHT Y3YHAUK oupnurura Tydu KenraH
cumnapapo yTtkasysyaHaurun (1/0m.km); CO - y3yHAUK OGupnurura
Tydu KenraH cumnapapo Ba cumiap 6wunaH ep opacuparn curam
(P/Km).

Y3yH nuHusHuUHr RO, LQ GOBa CO napameTpnapu YHWUHIr 6up-
naMmuym napameTpnapu ne6 aranagn. Arap MHUA GUP  XXUHCAU
6ynca, ynap NVHUSHUHT y3yHaurura 6oravk, éynvaigH, MUHUAHUHT
reoMeTpukK napameTprapv (eMMIapHUHI epgaH GanaHaairun, avia-
MeTpU Ba ynap opacuparn macoda, XaMga marepuann Ba YHW U30-
NAHNANOBYM MOAAA Ba MyXUT)AaH aHUKAaHaaW.

(11.1) pary kyunaHuw ™M X Ba Tok °/hx (LN.2) parv op-

rrMpMasiapy onguaary MaHdguii Muwopa Macodga X opTuWM GunaH 1
Ba i KaTTa/IMKNAPUHVHI KaMaiuwmaaH gapak 6epaau.

11.3. CuHycoungan Ky4dnaHuuwra ynaHraH 6Hp >XUHCAU NnnHuaga-
m Typryunawiram pexunm

Y3yH JIMHUAHWHI GolnaHunwmnra ynaHraH reHepaTtopHUHr to
Oypyak yYacTtoTanu, Kyynamuwinm Ba TOKW CUHycouJan KOHYHUAT
acocupa ysrapmoBpa, Oe6 hapa3 kunainuk. [aBpuii KatTanmknap-
HN  XMCOBGNAWHWUHI KOMMJEKC YCynuMHu TaTtbuk, 3tmb, (11.1) Ba
(11.2) TeHrnamanap ypHura WKKWU TeHramMasn cucteMaHun EsuLl
MYMKWH:

- =R,I+ JaL.i 1
ax : | (11.3)

—d1l_Gg U +j‘wﬁ,,UJi

dx

346



1

ByHaa kyunaHuw U Ba Tok | HuMHr komnnekcnapu cakaT
JVHUAHWHTE Y3YHAUTW X HWUHT (QYHKUMSNapu XucobnaHagun; YyHKu
Bak,T t 6y udoganappa sKKo0n HaMOEH Oynmanawn. LWYyHUHT y4yyH
Xycycuii xocuna TeHrnamanapugaH kyunaHmw U Ba Tok | yuyH
oaouii andicbepeHuman TeHrnamanapra yTuw MyMKUWH.

BMpUHYM TeHrnamaHun X Oyhinya gnddgepeHumannab, cyHrpa

di

MKKMHYM  TeHrnamagaH yHra E HUHT  K,MAMaTUHN  K,yineG,
X
KyiingarmHm onamms:
d2u . .
= (RO+jwLOXG o+ jcoCO)U = y2U . (u.4)
dx2
ByHra moe TaBcuduii TeHrnama a 2—y 1=0 ukkuta a, =y

Ba a2=-y. wunausnapra sra. by epga

Y=VK+ 70Lq)(Go +jaf 0) =a +JP

NVHUAHUHT Tapkanuw KoadduumeHtn 6ynnd, yHMHr a Ba (3 Taw-
KN 3TyBUMNapu Teruwnmya cyHuw Ba asa KoadduuneHTnapu
xucobnaHagn. WyHpan knnm6, (11.4) TeHrNamaHuWHr YMYyMWUA edn-
MU Kyhngarnda 6ynagu:

U= + Arerx. (115

TOKHWHT y3rapwu K,OHYHUATUHN (113) cucrtemagaH
Kyringarnya Xocusn Kuavw MyMKUH:
1 du y

@n™* -A2ew)=
Ro+j«LO dx RO +jcolLO

_JgEIEE<L(Aie-r*-A2e» )=x(A,e-" -A2" |
V e +
jRN +jooLn jo

6y eppa: Zc - J—--——————— =Zcel] NUHUAHWHT TYNKUH &KW Tas-
~G 0 +j<oCO

cNUin KOAPLIWINTK.
Arap NVHUSHUHT 6ownaHmwm x=0 garn kKydnaHuw (Y, Ba TOK

I, ™mabnym 6ynca, €ku JIMHUSHUHT oxuvpu (X = 1,1- AUHUAHUHT
Y3YHAUIN) Ta ynaHraH WCTEbMOMYUMHUHE KUCMapuaarn Ky4dnaHuLl
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U2 Ba yHaaH yTaétraH TOK 1 6GepuaraH 6ynca, MHTerpainaw-

HUW A, Ba A: AOMMWANApUHX GOWMAHIMY LWapTiaphaH aHukaai
MYMKWH. MacanaH, x=0 6ynraHga

u,-nlj+n2 Ba ,LZC=A, - A:
6ynagn, 6yHaaH aca

A, =~NE/ +1,Z() Ba A2 =~U\ - /,20

Kenné u4Hkagu. [emMak, 6y NUHUAHMHI WUCTa/iraH X HyKTacugaru
KyunaHWUW Ba TOK Kyiugarvya Gynagu:

t/=i((7 +/ 7 yY*>*+1((/ -1 Z )eyX
2 | e 2 1 1 e

(11.7)

1
i=~r~® n+1 Z e yx-—L (U -j Z )eyX
555 qrlg e yx- ok (U -0 2 ey

Hgn —(e™+e YW=chyx Ba ~ {ey- e~y =shyx nuru-

HM 6unraH xonga, (11.7) cucteMaHW E3UNMWK NUX4YamMpokK OynraH
rmnepoéonmk (yHKUMSAWM Kyhngarn TeHrnamanap cucremacu owunad
anMawITMpuLl MyMKUH:

U - Ujchyx - /,Z (sWyx
U { (11.8)
/ = I \Chyx - — shyx
~Nece
JINHUSIHWUHT OXMpWn X=/pgarn KydnaHuvw Ba TOK, (11.8) TeHrna-
Mara 6MHOaH, Kyhupgaruya Gynagm:

U 2 =U\Chy] - IXZcshyl
/, = fichyl -~-shyl (11.8,a)

BupuHun TeHrnamaHm chy/ ra, MKKMHYMCMHU 3ca ZcShy/ra
Kynantupmné Ba ynapHu Kywmnb, KynnparvHu XOCun Kunamms:

U,(ch2yl - sh2yl) = U 2chy/ + /,Zcshyl .
SHOVM 6upunHYM TeHrnamaHm — shyl ra, WKKMHYMCUHKN 3ca

chyl ra aBBan kynaiitupu6, cyHrpa ynapHu KaiitafaH Kylleak,
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HaTuXXafja Kyihupgarn xocun 6ynagw:

i,(ch 2yl—sh 2yl) = U2 —shyl+ i2Zcshyl

ch'yi —sh2yl
u,

1 6ynraHu yuyH:
U2chyt + [/, Ztshyl

1 (13.9)
1'= U 2—shy/ + 12chyl

By cucTeMaHVHI TalWkKW KypuHWWMAaH (oliganaHn6, yHu gou-
muiinapn (napametpnapu) A = D=chyKB = Zchyl

6ynraH CUMMeT-pUK TYpTKYTONMK aeb dapa3 Kunamus. Xak,MK.aTaH
\am, TypTKyTGAmknapra ouj AD-BC=Ch-Shal=1 wapTt
KaHoaT-NaHTUPANTH.

ByHOaH Kenub6 u4uMKaguku, Y3yH JUHUAMW  YHra 9KBUBANEHT
6ynraH TypTKyTOonukHM T éku [l-waknam cxema 6unaH anmawTu-
pnui MyMKuH. ByHgali anmawTupuil dakaT 3aHXWPHUHT KUPULL
TOMOHMZArn KydnaHuw U Ba TOK | 6WnaH YHWUHT YUKW TOMOHM-
parm kyunaHuw U Ba TOK |  opacuparn Hucbatnap Ou3HK
KW3UKTUpraHga amanra OWWPUANWN MYMKWUH. JIMHUSAHWHT aipum
HyKTanapugarn KyluaHuw Ba TOKNapHU 6uauw  Kepak 6ynraH
\onnapga y3yH nuHuWA, ofaTtha, 3aHXXMPCUMOH CLUMALITMPULL CXeMa-
cn 6GunaH 3KBMBANEHTNAWTUPMUAAAM. 3BEHONap COHU OpTraH capu
6axxapunaétraH XUCOOHMHI aHWKIMK Aapaxacu xam opTuo 6opaaw.

11.4. KOr*pma Ty/iKUHMap
JINHUAHWHT X,ap KaHAal HyKTacugaru KyunaHull y4yyH E3urad
(11.7) wdopapgan KypuHaguKW, AUHUSAHWMHT 6GownaaH macoda X

opTa 6opraH capu YHUHT Yy3rapul KOHYHMATW WKKWTA TallKun
3TyBYM 6unaH TaBcunaHagu, ynapgaH 6upwu

mMacotha X oOpTMWKM 6UnaH Kamasgu, UKKUHYMCH

aca akcuHuYa opTagu. Y/NapHM Moe Xoniaa
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Ug = Uuyle~y* Ba Us = UsleTX

BeKTOpnap 6unaH 6enrunab, (11.7) cuCcTeMaHWUHT GUPUHYM TeHrNa-
Macu ypHura KyiumaarvHm é3amms:

U=Ugqgle-I'x +Us|J X =UqlejVg +Us,ejVs eel" =
= Uqgle-axei(Vs-(ix) + Us,eaxej('I's+|3x)

KYYnaHWILHUHT ~ KOMMJIEKC  KWiiMaTnapuiaH  YHWHT  OHuid
KuiimaTnapura ytmé, KyiugarmuHu onamus:

u=uqg +us =22Uq,e"a4sir(cot +\g- Px) +v2UsleaXsir(o)t +ys +fX)

ByHaaH Kenu6 UMKALMKW, AUHUAHUHT WCTaraH HyKTacugaru
KYUYNaHULIHUHT OHWIA KuiiMaTh 6Up TOMOHAAH, BakKT t HMHI, GOLLKa
TOMOHAAH 3ca JIMHUAHWHI 6GOWNAHWWKNAAH XMCOGMaHraH X Maco-
haHWHT cuHycomaan QyHKuuscu 6ynagm. Arap X = X0 - const ge6
Kabyn Kuncak, y Xonga, NMUHUSHWUHT TUUAaHTaH HyKTacugaru Kyu-
NaHULW BaKT t HUHF

u=\JlUj|sin(at+v,)
KypyHUWIKUAArn cuHycougan yHkumsacu 6ynué konagu, byHpa £/, -
HaTWXaBUn BeKTOp

n, = Udgle~axe kK~IXI' + Us,eaxe 4’ H>1

HUHT MOAYNW Ba W, - YHUHT 6oLnaHrny gasacu.

Xypanm wyHra yxwaw, a = 0 Ba t = t0 - const 6ynraHga, nu-
Hus 6yiinab KyuynaHuw n(X) HUHT TaKCUMAaHWLW KOHYHUATW Nn-
HUAHUHT GOWNaHUWMAAH YHUHT oxupura kKapab X MacoqaHuHr
CUHycougan  ¢yHkumsacum  6ynagu.  AHa Wy  TakCMMaHWL
KOHYHUATUHU aKC 3TTUPYBYM CUHYCOUZAN TYNKUHHWHT Y3yHAUTM X
HW TalIKWA 3TYBYM PX HW XOCWN KWAraH Ba 2Mra TeHr (asa cui-
XUWmK bypyarn Tap3uvja aHUKNaHuWm MyMKUH, SbHU:

Px2 —3x| = pA =271,

byHaa X;- X = A [emaK, TYNKUHHUHT Y3YHAUTW:
. 2n
b= -y- (N .10)
BakT  yTuwm 6unaH  nUHKUA 6yiinab KYYNaHULHWUHT
TaKCUMMaHULW TYNKWUHW Kyhngarn ysrapmac Te3iMkK Vv 6unaH Ta-
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pKanagn. YHUHT KUAMATUHW aHWKNaw Y4YyH Ky4YnaHWWHWHE (asa-
CUMHK y3rapmac ae6 onamm3: o)t +cpg - fix = const Byura 6uHOaH:

—(t+W -px)=0)-p— =0
dt o} ) dt
, AbHWK Tg//vnKVIH TapKanUWUHUHT has3a Tes-

%pr'a V:%:a_)
dt p

nmrn aeb atanaguraH Te3nNMK vV Oypyak 4acTtoTa 00 HUMHI (asa Ko-

apdhmyumeHta P ra 6ynraH HucbaTura TeHr. LUyHpgali Kunm6. y3yH
AVHUAHWUHT UXTUEPWUIA HYKTacuMgarn KyUnaHWLWHUHT y3rapuil Xa-
pakTepu TynkuHnugup. LWy cab6abgaH, nuHua 6yiinab (6upop
MyHanuwpaa) 6opaéTraH KyuynaHWWw TYAKUHUHWHT TaKCUMIaHMLIK
orypma TYnKuHnap paeb aranagn (11.2-pacm).

JIVHVSHUHT GOWNaHWILMAAH YHUHT oxupura kapab GopaétraH
TYAKUHNAP TY fp U KW Ty W YyBY U TynKuHnap fe6 aTtana-
AW, JIMHUSHUHT OXMPUAAH YHWUHT 6GolnaHuwnra Kapa6 Kenaértrad
TYNKUHNAp 3ca TecKapwu €KW aKc TYNKuHNap geiunnagu.



KyunaHWWHWHE Tapkanuwn Tyrpucupa tlokopuga Kenrnmpuiras
Mynoxgsanap AUHUAHWUHT WUXTUEPUIA HyKTacugarm TOK 1 ra Xam
Teruwnuaup. fapxakukat, 11.7 cuctemara 6uMHOaH, TOK udogacu-
HW Kylingaru KypuHuWAa KaiTa é3uwl MyMKUH:

i =1, + is
oyHaa

22U KR =2 K- K
[emak, KyuynaHuw kabwu, Tok / xam Tyrpu [/ Ba KaltraH N\

rynknHnapgaH uoopat. Ty®du TYAKUH Ky4YnaHUWM KOMMAEKCUHUHT
ryu TYNKUH TOKW KOMMAeKcura 6ynraH HUcGaTu Kapliumauru zc
ra, KamTyBUM TYNKMHHWHT aHa LWy MWKAOPW KOMMMEKCNapUHUHT
HucbaTn 3ca (-/J ra TeHTr SKaHAUTMHU KYpPULL OCOH:

=Zcea Y =7 (11.11)
/ S

INEeKTPOMArHUT 3HEPTUAHUHT TYNKUHAN TapKanuwl Hasapusen-

ra 6uHoaH, Ty(du Ba KalTraH TYNKAHMAPHW TYLWYBYM Ba KalTyBuM
TynkuHnap pfeb Kapaw MYMKWH. XakKHKaTtaH Xam TYJIKUHHWUHT
KaTuwmn c¢akaT y 6up MyxuTgaH Oowkgcura yTraHga  COAWp
6ynagn. BW3HUHT xonga MyXWUTHWUHT y3rapuwm RO, LO, GO Ba CO
TapMOK napameTpiv 3aHXWpAaH Kapwunurn Z: = Zkx 6ynraH
nrmk, RO, LO, CO napameTp/iM 3aHXupra yTuwuUra 3KBUBA/EHT.
ByHoa Kapwwnwk Z: HONra, WYHWHIAeK, 4YeKcu3ra TeHr Oynuwiu
MYMKWH. ByHAaH Z: = ZC X0l MYCTaCHOAMP, YyHKW TeKwupu-
NaéTraH NUHUAHWHT oxupmaa OyHAal KapWAMKHW ynaw IMHUSHK
yekcmsra ysraptupuw 6unaH 6GapaBap. TylwyBuYM Ba KalTyBum
TYNKUHNAPHUHT  Ky4naHuwapm aMnanTygacuHu MUKAOPWUIA
Takcumaaw yyyH K) InaHumIHm kaiTuw (akcnaHuw) KoshpuumeH-
Ta Kun(Bkm TOK yuyH K,) geb atanaguraH KospduumeHTmaaH doii-
fanaHuw Kynai. by KO3(pOUUMEHT AWHUAHUHT OXMPUAAH KailTraH

TYNKUH U2 HUHT Typu TynkmuH U (Bkn i HuHr /(/2) ra

HucbaTmra TeHr. LUy cab6abnu, AUHUSAHWHT OXWpMAArU KydnaHuu
uz2=uU.2 + (nnrapm  kentupunraH  U,=Uql+Ud ra

yXwauw), ToK aca
i2=iR+i2=W n*/ 6ynca, y xonga:

352



2us2=u2-i2zc=i2(z,, -2¢)
2ugl=ul+ilzc=1,{zM+zcC)

(6y eppa: U2 = /2ZHK, 6yHaaH:

n Ns2  MOK ~"c i, Ns2  Zc ~ ZIiOK A
% - - i Bauy =7- = (ii.i2)
g2 kKl M2 c 0K

YYHKM /2 =-f,2Nec 6ynno, [2--i]lLiljzc, AHA

X = - K
Cant vwnaw pexuMmuga (Z” = 00) KalTUW KoaghduumeHTnapu
TErnwInYa Kyimaarmnapra TeHr:

- 2 Z
K = —— =1 Ba kj = -Ar = -1
" |+ Z,
AbHW y3aP°® TeHr OynraH TywyBuM Ba KanTyBUM TYNKMHNAP

KYWWUANG, NMHUAHWUHT OXMpUAa TYLWYBYM TYNKUH U 2 HUHT WUKKU-
NaHraH Kuiimartura TeHr OynraH KyynaHuw U 2s HW XOCUNT Kunagw.
Tok /, =0, 4YyHKM y3apo TEHr, aMMO WLIOpanapn Kapama-KapLiu
6ynraH TywyBuYM Ba KalWTyBUM TYNKUHNAPHWUHT /2 Ba /@

TOKNap MUIMHAMCMAAH mbopar.

Kwncka TyTawys pexummga (z~* = 0):
Kbl = —I Ba kj = IabHn amnauTyganapu 6ylinva
TEHr, aMMO MLLIOpanapu Kapama-kapwu 6ynu6, y3apo TeHr 6ynraH

TywyBun U Ba KaliTyBuM UL TyAKMWHNApP WUrMHAMCK

02=0, TOK /N 3ca TywyBYn TYNKUH [ (2 HWHT WMKKUNAHTaH

KuimaTura TeHr. VCTEBMOAYUHUMHT KapLWWAWTU ANHUAHWHT TaBCU-
Guii kapwwuaurura TeHr 6ynraH ZHK= Zt \on anox,uga ysura xoc
pexumanp. (11. 12) dopmynara 6uHoaH, KanTuw KoaghduuneHTna-
pu Hoara TeHr 6ynub, NnHWAZA KaWTyBYM TynKuHnap 6Gynmaingw,
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AbHU JNTMHUAHWHT \ap KaH,ﬂ,aVI HyKTacngarn Ky4yJ1aHUWHWUHT TOKKa

Hucbatu XapakTepucTuk KapLunmk Z, ra TEHT:
AN 4 ~ ~c m byHgali pexum “mocnaHraH pexum” geb
11.5. BUp XXUHCAU NNHUAHUHT raBcudgu.

CUTHa/THNHT WaK/ANHN 6y3ma|7|p,v|raH nnHnanap

Y3yH JfIMHUSHUHT 3HT  MyXWM napameTpnapyu Y3yH nuHus
byiina6 3sHeprusaHu y3aTUWHW  TabMWHAOBYM  31EKTPOMArHuT
TYNKWHAAPHUUT MWKAOP Ba CU(ATUHWUHI Y3rapuLnHW TaBCU(IOBUY

CyHMW KOo3phunumeHTM a, (asa KoapduumeHtn (@ Ba TaBCUMIA
Kapwwaurn Z, pgup. bynap 6Mp XUHCAU NUHUSHWUHT WKKUNaAM4yu
napameTpnapu €ku, oAauiA KWNmG aiiTraHga, TaBcudgnapu aeb ara-
nagu. Tapkanuiu KO3 (hnLuUeHTH

r=# 7 +jd)L0)(GO + jcoC'0) = a + j/3 HM OuAray, a Ba p Hu
6Hpnamun HapameTpnap RO, LO, GO sa CO opkanu 6enrunainmuma.
Tapkanuw Ko3PULUEHTUHUHT MYTNaK Kuiimatu (Mogynu)
M= “21-p XG0 +0>2C0) =7 +P2 *)
Oynagmn; 60lWKa TOMOHWAAH YHWUHT KOMMNEKCU KBaApaTUHU
y2=(a+jp)2=a2+j2ap-p?2,
éKu
y —Ro(ro~co LOCqg+ jco{C/qgLg + ROCO) (**)

Tap3nga é€3n6: (*) Ba (**) HM OGUp cucTemara KenTupuw Mmym-
KWH:

«2+f32= N +»2LPIGS+(02Cj), (**)

a2-p2=R0GO- « 2L0CO,
O6ynapHUHI eyMMu KyihugarunapHu bepagu:

“ml; ROGO- ()2 0C0 + /(Ko +«2-0)GO + 2B (4 13
\é Q2LOE0 - Rt:o + f*0 +22' 0)(Go +'
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(11.13) ndopasaH KypuHaguMku, a Ba P TaBcugnap xam Xyauu

TaBCUMUI Kapwuamk Y c = [Nh-—* -g Kabu, 6up XuHcau
o+ jouC

NIMHUAMMW TabMWHNOBYM  MaHOGAHMHT 6upnamyn napameTpfiapu Ba

TOK 4acToTacu o ra 66KMMK- Arap curHan Kyn 4yactoTanm CnekTp-
ra ara éynca (macanaH, afioka NMHMANapMaarn TOBYL CUTHannapw),
y Xonga Typau 4acTOTanapHUHT Ky4naHWLL Ba TOK/Mapu MCTebMOS-
yura Typauuya amnauTyga Ba (pasanap 6unaH eTnb Kenagu, SbHU
AVNHUSHWHT YUKW TOMOHMAArn HOCUMHYCOWAAN CUTHaA, NMUHUAHWUHT
KMpuw TOoMOHWra 6epuaraH 6GupnamMuynm HoOCUMHYcOMAan CUrHangaH
WakKn XuxatugaH @apk Kunmb, ymymaH axéopor 6ysunraH 6ynagu.
AHa WyHAain curHan vactotacu 6Gyiimya cosfaHmaraH y3yH NUHUSA-
nap “curHanHu 6ysyeun nuHusnap” peb aranagu. byHgain nuHuna-
napgaH Gakat 6up 4actoTanum (6Up rapMOHMWKaNH) CUrHannapHu
(macanaH, caHoat yvactoTacugaru f = 50 'y nn ToknapHu) ysaTuL
MYMKWH.

CyHUW  KO3h(PULMEHTM a TYNKUH  Kapwuanrm Zc Ba
TYNKWUHHUHT (a3aBUin TapKanuwmn Te3nurm v~ /p NnapunHr

6ypuyak yacToTacu @ ra 60rnuk GynmMaciuru yuyH, Gupnamuu na-
pameTpnap Kyiugaru Huc6aTga TaHAaHUWU NO3UM:

R>~, =¢c>70 <[4
XakKukKaTaH xam, LapTra 6UHOaH,
1R()+jcoL0  'Lg IR0 LO+jeo |14
GO0+jo)CO \CO \ CO+jco " Co
Ba

y-p o +j“lo<Go +jl0lq) - / LOCO
+=VR0°0 +j“/ Loco <"-16>
TYNKWHHUHT nnHKUS Bylinab asaBuii xapakaT Te3nuru

e A - X FIT # T
XaMm 6ypyak 4actota  ra 6orauk 3amac. Pasa KOIPPULUEHTK
B=wo/uc,, CUTHAIHWUHT  vacToTacura Tyrpu MponopuuoHan
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6ynnb, NMHUAHUHT GownaHuWKnAaH 6epunaéTraH CUrHaJIHUHE OXM-
puga kabyn kunuHaétraH curHan 6unaH cugart XuxaTugaH MOCIMK
(AbHK, topmacu 6up xun OGynMWKN) WAPTUHW KaHOATNaHTUpagu.
(11.14) dopmynaHWHIr  WAapTNapUHM  KaHoaTNaH-TUPYBYM  BuMp
XUHCAN AWHWA “CUTHanHW Oy3maiguraH nuHuAS geiinnnb, anoka
KaHannapy Tap3uga KeHr Kynamga uvwnatunagu.  KaiTtysum
TYNKWHNapgaH xpcun 6ynagurad Oy3vAMLWIAAPHUHT ONIGUHU  OnnL
MaKcagufa WCTEbMOMYMHUHT  KapWwWauru TYAKUH Kaplimaurura

r
TeHr Knnnb TaHnaHagu. JHAW OKnama 6unaH

MOCNaHraH fNWHUA Y3MHW MaHb6ara HucbaTaH (aon Kapluinkiek
TyTagn Ba JIMHUAHWMHT \ap KaHgail HyKTacuparu OHWI KyunaHuw wu
Ba TOK i (asanapu xuxatmgaH MoOe TYWWO; yNapHUHT HuUcbatu

/ i/ Loi" Cun
nli=zc=1J 6ynagn. byHgaH —-— = — -—— Kennb

yvK.agu SbHW tOKNama 6unaH MocnaHraH CUrHanHW 6y3maigurad
NUHUAHUHT MarHUT MalfoHW 3HEeprusicM BaKTHWUHI WCTanraH naw-
TUAA 3N1eKN p MaAOHHUT 3Heprusicura TeHr.

Pean anoka nuHuanapuga R(/LO HucbaT Go/CO Hucbatra
KaparaHga 6up myH4ya KaTTa 6ynm6, (11.14) dhopMynaHWHT LWapTy
6upnamun  napameTpnap 6GupopTacMHM  Tydwunaw  xucobura
KaHoaTnaHTMpagu. MacanaH, akTMB Kapwuank ROHWMHT KMiAMaTUHK
KaMaknTMpuLW, CUMAQPHUHT AMaMETPUHM OWMPULI Ba KMMMaAT Typa-
OWTaH paHraM MeTanfap wwnatuw Xx,Mcobura KaHoaTnaHTUPUIMLIK
MYMKUH, aMM0 6y MKTMCOAWA XuxaTugaH 3apapnu. EMoH u3ons-
UMA UWAaTuw xucobura akTUB YTKasyBYaHIMK GO HWM  OLIMPULL
CUTHANHWHT KYNPOK CyHuwwura onm6 kenagu, curum CO HM Kamaid-
TMpULWI aManga MyMKWH amac. LUYHWHr y4yyH, ogatga, NUHUAHWUHT
MabnyM Mmacoanapuja WHAYKTUB rantak yna6, napametp LO Hu
CYHbUI paBMlIja OWMpULITra xapakat KunuHagu. Kabennm numHus-
nappa 6yHpai athgekTnapra KabenHUHr TallKuW M30NSALUACU kob hfh
ycTura nynaT Tacmanap ypaw Xxucobura apuimnagu.

11.6. BUP XUHCAN NUHUAHUHT TYpPAW Xonatnappa
(poxmMmnapga) vwnawm

3H,EI|I/I NCTEBMONMYUHUHT ZWK = Z2 I/IXTI/IépIAI;I Kapwunwunra kK-
NaHraH Y3yH nuHuapgarn TypryHnawraH pexXuMaapHu, LWYHUHTOEK
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earn mwnaw (ZKl = =00) Ba Kucka TyTawwuw (Z~ = 0) pexumna-
punn Kypub umkamus. Taxnun Kynaihi 6ynuwn HykKTaum HasapugaH
mMacoa caHallHW NMHUAHWUHT OXupupaH 6owwnaHuwmym TOMOH X'= 1
- X KoopauHaTanap Oyinua onnm6 6opamus (6yHaa x'= 0
bynraHga x = 1 x' = l6ynraHga x = 0 6ynagun). AARTuaraHnapHu
xucobra onuo,

U=A e'w+ AZew

1Zc =A,e" K- A2¥K
TeHrnamanap cuctemacmaa koopamHata X HUM (I xX) 6GunaH anmatil-
rmpamusga, KynugarmHu Xocun Kunamus:
U- A.eM'el" ¢ A2eTle-TX = Aje* + Apg*7*

' = -
12C= Ae Ifl-1X - Ae)” VX = Asenx - Ane VX (11.18)

OyHza: =A¥ ™ Ba y3rapyBuyaH X HuU (/ —x) ra

anMawTMpuULITra MOC SIHIM WHTEerpanfaw Aoumuiinapu.
AHau, (11.18) cuctemara 6MHOAH, Ky4ynaHuUW Ba TOK Macoda X
= 0 6ynraHga NWHWUAHWUHE OXWpura Ternwnum O6yauwuHu 6unraH

Xonga U2 —"3 A Ba |2zc=a, - a4 waprnap-
JaH A, Ba A4 HA  aHMKNawuMMmu3 MYMKUH; Wy cababnu
A3=J2nr2 +*2Zc) Ba Ad=Y» 2 ~bzc) bynagn. SHAWM NUHUA-
HUHF OoxupuaaH X Macodara >oinawraH, WCTanraH Hykracmgaru

KyynaHuw U Ba TOK / HWHI Teruwnnya KuiAiMatu Kylimgaruda
OynMWN MYMKWH:

u =-1(u2+i22cy*+-(u2-i220>—>"‘
0z (u2+izcy* +— (Uj-ijZ.Je-"*

CuctemaHu runep6onnk QyHkumuanapga ugopganacak:
U = U2chyx + i2Zcshyx
1= 12chyx + -~ shyx (11.20)

CanTt vwnaw pexumunga, sbHU ZKK= co Ba ToK 12=0 6ynraHga
AvHnA 6yiinab (yHuHr oxupupaH 6ownab) Ky4ynaHuw Ba TOKHWHT
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TaKCUMMAHUILIWHN Kypnb umkamu3. Y xonga (11.20) cuctemaHuHr
ypHura kyiunparura ara 6ynamus:

mo =mwn 2 chyx

sh yx (11.20a)

GyHaa: U2 - y3yH NMHUSHWHT OXMPTU KucManapugarm (x=0) cant

nwnaw KyynaHuiu.
(11.20a) cuctemara 6MHOaH, NMHUAHWHI TEeHepaTop TOMOHAAru
KUPULL KapLnanru:

zo- U0 U 20chyl . ethyl =~ ()
10 Wi [ZCeshyl  Zc thyl
Macoda X HN JINHUAHWHT oxupuaaH 6owwnab

XxucobnaraHuMmn3ga KyudlaHWWHWUHT AMHUSA 6yiinab TakcMMaaHWLWm
arpn ymsurn 11.3-pacmpa KypcatuaraH. Tyrpu Ba TecKapu TY/NKWH-
NAPHWHI  Ky4YNaHUIWM  KaWTUW  HyKTacmga y3naPUHWHT  OHWid

11.3-pacwm

KuiimaTtnapu 6ylimua y3apo TeHr Ba uwopanapu 6up xun. [emak,
Kantuw kKoagpguuymeHtn Kuel 6ynnb, HaTuxaBuii KyynaHumw U 20

HUHT OHMI KuiimaTn x=0 HyKTaga ugBa US OHWI MUKLOPMAPHUHT
AnrmHgucura TeHr. AKCMHYA, CanT vluiawl TOKHUHT TaK-CUMJIaHWLL
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arpy umswm (1l.4-pacm) /0= 0 kuimaTgaH 6ownaHagn. Yymku

<[-

11.4-paewm

TOKHUHT KanTuw kKoapgpuumeHtn K,=1 6ynnb, TywysBun Ba
KanTyBUM TYNKWUHNAPHWUHT TOKMapy MUWKLOPWIA >XuxarngaH ysapo
TEHr, aMMO  uwWwopanapu  Kapama-Kapwu  6ynraHgaH  OHWiA
KWAMaTNapUHUHT WATUHAWCUA HOMra TEHT.

VCTEbMONUYMHUHT  KucMaapuaa Kucka TyTawuw (Z,K0 Ba
U:=0) OynraHga AuHUA  Oyiina6  KyynaHul  Ba  TOKHWHT
Takcumnanuwmy  (11.20) TeHrnamanap  cucTemacura  OGMHOaH
Kylimgarn KoHyHAaH Kenub umkagu:

Oybllia 12k- IMHUSHUHT OXMPUAAr KUCKa TyTallWLL TOKMW.
JINHWSHUHT MaH6a TOMOHMAAH KUPWULI KapLwuinrm

Ik
115 Ba 1l16-pacmnapga wucTanraH nanT Y4YyyH KyuynaHuw Ba
TOKHUHT TaKCMMAMAHWLL 3rpy 4usmknapu kypcatunrad. Cant wu-
naw pexvmmugaH apkaum paBullga, KyynaHuw 6yilivya  KanTtuw
KO3(hpULMeHTH Kus-1  Ba KyuflaHuWw WMKX) HUHT 3rpy Yusuru
x=0 fga HON HyKTagaH yTagu. JIMHUAHWMHT OXupmgarn TOKHWUHT
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OHWI KuiiMaTnapu ys3apo TeHr Ba wuwopanapu 6up xun 6ynraH
Tydhn Ba TecKapu TYNKWHAAP TOKMAPUHWHE OHWIA  KuiAMaTnapu

11.6-pacwm

AnrmHgncnra TeHr 6ynn6, 6upop \XMakcMmymra apuiagu.
(*) Ba (**) chopmynanapra GWHOaH, fiHa KyiugarunapHu €suul

MYMKMH: zZ, = thyl =

AbHW CanT uwWalW Ba KWUCKa TyTallyB peXxumnapura acocnaHuo,
Y3YH AWHWUAHWHT (arap YHWHT Y3yHAUrn mMabnym 6ynca) TaBcuguii
Kapwuamrn Ba Tapkanuil KO3IPEMULWEHTUHN aHWKNaW MYMKWH.
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JHAN NUHUSHUHT OXWMPW MUXTUEPUIA  KapLUWAWK = Z: ra
6ynraH MCTEbMOAYMUra YynaHraHfga nuvHUa 6yiinaé KyuynaHuw Ba
TOKHUHT  TaKCUMNAHWW  KOHYHUATUHU  yMyMuidi  xonga Kypuo

ynkamms. KyunaHmw U2 =/2Z, = 12Z \WK3KaHANTUHW  Buarau
xonga, (11.20) cuctemMaHUHT ypHUra KynngarnHm ésamms:
( F \ ch(yx +5
U=un2chyx + — slr/lx =U v )
Z, chb
r 11-21
sh(yx +5 ( )
i =i2 chyx + — shyx =12 y )

shb

b6yHaa ZVIK= Z2 GynraHfa NMHWUAHUHT KUPULW KapLWanrn:
Ulsz Z2+Zcthyl
Z,*p
Zc + Z 2thyl

by eppa: S5 - ths - wapTnn 6enrn udgogacu.
4

11.7. Nicpothen3 nuHusa Ba TypryH (Kysraamac ) Ty/JKMHNap

KynruHa amanuii xonnapfga y3yH NuHusAnapfaH anoka Ba Maco-
(hagaH 6Gowkapuw KaHannapu Tap3uga olganaHuaraHga YHWHT
6upnamun napametpnapu RO Ba GO moc xonga LOBa CO ra Hucba-
TaH Xucobra onMacnuk pfapaxaga Kuumk 6ynagn. LUYHWHT yuyH
O6yHAan NMHUSNAPHUHT WW  pexumu XxucobnaHraHga R( Ba GO
napameTpnap Honra TeHr, ge6 kabyn kunmHagn. RO= 0 Ba GO = 0
WapTNapHW KaHoaTnaHTUpraH nunHuanap “ncpodcms numHuanap”
feb6 atanagu.

JHAM aHa WyHAalk NUHWANAPHWHT TaBcudnapn 6unaH 60TMK
oynraH ysura xoc XxycycustnapuHu kypub umkammi. RO= 0 Ba GO=
0 6ynraHga 111 ra 6uMHOaH, KyhAugarunapra ara 6ynamms;

y -an-jfi- jo)y]LOCO, sibHm a=0, /3- co”LOCQ

Q@ 1 271
Z = V- - = BA A=

1

AbHU UCPOPCU3 NINMHUSA CYHWULI XOCUA KUAMAKAM; YHWUHT TYNKWUH
Kapwwuaurn Zc  aktue 6ynm6. yactotara 6ornvk amac. Ly 6unaH



6up BakTga OyHAaln NUHMA “CUrHaNHW OGy3mainguraH nuMHUA” [eé
X.am XxmcobnaHagm.

BepunraH kyunaHuw U2 Ba TOK /2 6ylinya nmHua 6yiinab

Ky4YnaHuw Ba TOKHWHI TaKCUMMaHUW KOHYHWUATM Kyiingarunya ésu-
nagu:

ZKK 00 XL

U = U 2chyx + 12Zcshyx = U 2Cos Px + ji 22 ¢Sin Px
1= I°2chyx + —"Z-J—lr—shyx = {2Cos Px +]j —Z--—‘—Sin Px

(1122

yyHkn Ch(jpx) = Cospx;Sh(jpx) = jSinpx
= Z2 6ynraHga ucpodcun3 MHUAHUHT KUPUL KapLUWUAUTK
Uj Z2 -COSPI + jZcshpi Z2+ jZctgpi

agp 7 ‘| ~ Cospi +jz~/ .Sinpi “ CZc + jZ2tgpi <>

6ynagn. Vicpothems nuHus cant uwnaraHga (ZHK= oo, 12 = O Ba
U7=U2D) (11.22) cucteMaHWHT ypHUTa KyiAngaruHu é3amus;

UO0O=UDcos fl x , 10 = j —"*sin/?x (11.23)
Zc

AbHWU Ky4ynaHul Ba TOK /IMHMA Oyiinab cyHMac CMHycoufgan KOHYH
bylinya TakCMMIaHu6, TypryH TynkumHnap xocun kunagm (11.7-a
paem). By TypryH TynkuHnap amnautyganapu 6up xun 6ynrad
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MKKUTA CYHMac Hrypysun (Tyrpu Ba TCCKapu) TYNKUHAAPHWU YyCT-
nawgpaH mbopat. XakumkataH xam, x=0, A2, X. 3A/2 Ba XK. bynraH
x,onnapga Cos|3x = 1 6ynn6. x=A/4, 3AM, 5A/4 Ba \.K. 6ynraH
Xonnapga cosPx Honra ainaHagn. X macodafa KyynaHuw U0
XaM Xygau LWyHAan KOHyHWMAT 6unaH ysrapmb, Cospx = #1 pa
KyunaHuwnap 6y ptu KnapwuHU, Cos(3x = 0 ga Kyuna-
HUWNap TYTyHAapWHU Xocun Kunagu. AKcuHYa, Tok 10
ucpocns NUHUALA  PX HUHE CUHYCAM (yHKLMAcKM Gyna Typuo,
cosPx = 1 6ynraH 6apya HykTanapga Honra TeHr Oynub, TyryH-

nap X.0CMN Kunagu Ba NUHWUSHWUHT cos™X = 0 6ynraH HykTanapupaa
MakcuMan 6ynuo, TyryHnap XoCun Kunagw.

Wcpogens nuHus cant uwnaradga, (*) cdopmynara 6GUHOaH,
YHUHT KUPUL Kapwunanuru

Z,=-"N =N - =-jZcctgl3l = jxI (»*)
110 JgP1
6ynagn, 6yHga x| = -Z cctgPl - AMHUA TaBCUUA KapWUANTUHWUHT

mogynu, wy cababnm 0 = 0, Zc =zc.

PeakTuB KapWUAWK X HUHT KUAMATU Ba XYCYCUATU NIMHUAHUHT
y3yHaurura éornuknurn 11.7-6 pacmpa KypcatuaraH. Arap ucpod-
CU3 NUHUAHUHE Y3YHAUTU TYNIKUH Y3YHAUTWUHWHT TypThaH 6upuiaH
opTmaca, fbHu 0<1< Y4- 6ynica, y Xonga YHUHT KAPWL KapLuUanmm
xlI curum xycycuatura ara, YyHku ctgpl HUHI KMAMaTW HoAgaH 00
raya 6ynraH opanukga &tagn. Arap AUHWUAHUHT y3yHaurn 1= XJ4
3A/4; 5AYA Ba X-K. NapHU TalWKWUN 3TcCa, YHUHT KUPULL KapLuanru
HoMra TeHr. ByHAa NWHUA Y3UHW XYLAW KYYNaHWULW pe30HaHCu
nhean Ketma-KeT TeOpaHWUW KOHTypuaain TyTagu. YsyHanrm AY4 < 1
< XIlI (Bkm 374 < 1< X Ba \.K.) 6ynraH NVHUAHWHT KUAPULL
Kapwwunuru WHAYKTUB XycycusaTra ara. OXuUpuW axpaTuiarad NMHUA
L = A/2; A 3A/2 Ba X.K. napfa Ys3vHW Xygau TOKap pPe30HaHcK
pexuMmugarn ungean napanien TebpaHUW  KOHTYPUAEK TyTaaw.
WyHpaii knnm6, 11.7-6 pacmpga KypcaTWAraHUAeK, WCTEbMONYn
TOMOHMAAH @KpaTWIraH JMHUSA KAPUL  KapLWWIUTUHUHT KWUIAMaTy
Ba XYCYCUSATU YHUHT y3yHaurn 1 ra 60TuKK

3HAM ucpocus nuHuAgarn kucka Tytawys (Z~O Ba U:=0)
PeXUMUHN  Kypub  umkamu3.  ByHAal  AUHUSHWUHT  KUpWLI
Kapwwuaurn (*) dopmynara 6MHOaH:
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Zk = -~ - = jZctgpi = jxI (»**)
*1k
3HAN, NMUHUAHWUHT \ap KaHgal HyKTacufarun KyuiaHuw Ba TOK
Kyingarngek aHuknaHagu:

uk=jhkzZcSinPx
ik = i2kCospx
6yHga: | - MUHUAHUHT oXmMpugarn Kucka TyTallyB TOKWUHWHI KOM-
nnekcu.
Kucka TyTawyB pexumuga Xocun 6ynraH TypryH TYyAKWHIap
Xygyan canT wuwnaw pexumupgarngek o6ynm6, dakat gasanapu

11

xuxatugan A/4 macodara (CUrHan TYNKUH Y3YHAUTUHWHE TypTAaH
6upura) cumkurad (11.8-a paem). JIMHUAHWUHT y3yHaurn [ = O;
X/2\ X Ba \.k. bynraHfga nuHusga TOK 6GYpTMKNapy Ba Ky4iaHuLl
TYTYHNAPUHWUHT, NIMHUAHUHT oxupuga [ =A/4; 3A/4; 5A/4 Ba \.K.
Macohanapfa XoinawraH HykTanapja 3ca KydnaHuw 6ypTuknapu
WK Ba TOK TyryHnapu iKHWHI XOcun 6ynuwin KysaTunagn. Y3yHaurun
[ = X/I2\ X\ 3A/2 Ba X.K. 6ynnb, oxupupa Kucka TyTawraH u-
HUAMHT Kupuw kapwunurn ZKp (*) ndogara 6UHOaH, HOMra TeHr
Ba OyHAalh NUHUS Y3MHW XyAaW Ky4naHWW Pe30HaHCAWM 3aHXupaai
TyTagn. Y3yHaurun 1= A/4; 3A/4; 5A/4 Ba X.K. 6ynraH NUHUAHWUHT
Kupuw Kapwuanrn ZKuek- cusra TeHr 6ynmb, y3uHW Xyaaum TOK-
nap pesoHaHcnAuW 3aHxupgain Tytagn (11.8-6 paem). ByHgaH wuc-
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ncpodcns NNHUAHWHT
HOKOpK yactoTanu
Kypunmanap  yd4yH  cog
TasiH4Y u3onATOpnapu fcall-
pa  gonganaHunagn (11.9-
pacM). CUrHafHUHT YacTo-
Tacum opTa 6Gopuwmn 6unaH
ucpog xam optmb 6Gopagu-
raH o0AavWiA  N30NATOPHWHT
YPHWTA, YMYMWUIA  Y3YHIUTY
NMHMAZarn  TOK  TYNKUHK
Y3YHAUTU HUHT TypTLaH
6upn X/4 ra TeHr 6ynraH
NKKUTa epra ynaHran

11.9-pacwm K,03MK4YagaH (oiganaHuna-
an.  WyHpaik  knnnb, nn-
HUSHUHT MaxKamnaHraH

XolnapugaH  KuWcka TyTawraH WCpogicM3 3nemeHTap NuUHUANAp
Xocun 6ynagu, yNnapHUHI MaxkKamiaHull HyKranapu a Ba b ra Huc-
faTaH KMpULL KaplIWAUTKA YeKcu3ra TEHr. JHAM, ucpodcn3 NUHUNA
peakTUB KapLuanru ZVK = jXxVKK 6ynraH oKfiamara YynaHrad
OyncuH. Y xonga NUHUAHUHT oXMpuiaH Macodara ysoknawraH xap
KaHfail HyKTagary Ky4ynaHuw Ba TOK MOC Xonja Kyiugarumya
oynagu:

n=n2 CosPx H-——— *SinPx =U sin (F_)X +0)
o (o Sina (11.25)
+
I=U CosPx- _' SinPx =b os (Px +2)
. Coso

ByHoa tgh = XKB2C 1oknama Kapwuiurm MOLYTHUHT JIMHUA
TYNKUH Kapwumanuru Mogynura Hucbatu.

(11.25) cuctemMara O6WHOaH, NMHMAZArM KydiaHuw Ba TOKnap
XaM TYypryH TYNKWHIap XOCWn Kunagu, amMMmo canT wwaw Ba
KMUCKa TyTawyB peXumnapuiaH (apkiy pasuwiga JUHUAHUHT OXK-
puga Ha O6YpTUK Ba Ha TyryH xocun 6ynagu. MacanaH, KyynaHuLl-
HUHI 6UPUHYM BYPTUTM Ba TOKHWHI OGUPUHUU TYTYHU NIMHUAHWUHT

oxupuaaH
A 5 X 5

X =
2p @ 4 p
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mMacodanapra oinawraH, yyHkn Sin(px +S) = 1 6ynu6,
Cos(px +5) =0
PeakTUB KapLWMKKA yNaHraH AUHUSHUHT KAPULL KapLUWAUTu

z g> =" =X, tg(Pl + S)ctg6 = jzctg(pl + 6)
y
bynagn, wy cababnu yayHaurn 1=% - (jj OynraH AUHWUAHWUHT

Kupuw  kKapwunurn ZHKip = oo 06ynnb, Y3yHAuru
OynraH NUHUAHUHT Kupuw Kapwunurn ZH, = 0 gup.

3HAM y3yHurn [/ = 6ynnb, akTusB Kapwunukka (ZVik= R
ynaHraH mcpodcns NUHUAHK Kypub umkamma. by \onga
(2n 1 n

chyi - Cospi = Casi e— =Cos—- 0,
VA 4] 2

n
shyi = jSinpi =j sin- =j
6ynun6, NMHUAHWHT GOLWAHMWMAATM Ky4YnaHWw Ba TOK:

u

\ n
U\=JJ2Zc Ba 1=y — é&knu U,=ju2b%o€ i,=ji2n

ByHAan nuHUSHWM TpaHchopmaumanaw KoshpuuneHTu = —

MoK
bynraH cog TpaHctopmaTop Aebd Kapaw MYMKWH; YyHkn U, = kU:
Ba I, = Ii/k, yHAaH wnuku Kapwumnuru RL6ynraH rcHepatopHu Ba

RKKKapLWWANKAN UCTEBMOUYMHUHT WL PEXMMIAPUHU  MOCHaLWTy-
puw yuyH coiganaHca 6ynagn. Kypub uYmKunaétraH NUHWUSHUHT

KWW  Kapwunurn Z ryp = m 1- = —— GynaraHn Tydainu, re-

11 R w
HepaTop Ba WCTCbMOMYM MOCHALUTaH PeXumaa uwnangu:

2 ,UP = R< =-" -egeKu Zc=Jr i0 *R,
Ia-
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[Jewmak, mocnawiraH reHepatop GunaH HCTEbMONYM OpacHAarm
TYNKUH Kapwwuanru Zc =yjRIoAR<  Ba y3yHnuru  X/4 GynraH nu-

HUS  ynaw  Hynu  GunaH  amanra  owwvpunagu.  TY/KWH
KapLwuanknapn Zc Ba Z:: GyAraH MKKN AUHWSHW MOCAAWTMPULLAA
\am WyHgaii onepauusHu 6Gaxapuil MYMKWH. BYHWHT yuyH ynap-

HWUHI opacura TaBCUWIA KaplWWAWIM Zc=JZc) *Z::  Ba Y3YHIUTW

| = X/4 6ynraH NMHWAHW ynaw N03UM.

11.1-M un ¢ o n. bownaHrny napametpnapn RO = 0,08 OM/KMm,
GO0=4 « IO8 1/OMKM, LO= 15 « 10' I'/km Ba CO= 8,2 « \0°
®/km  6ynmb, ysyHaurn 1= 200 KM OynraH WUKKW CUMAU JINHUSA-
[JaH caHoaT 4acToTacufiaru 3MeKTp 3SHEpPruscuHM y3aTuLll  Y4yyH
tonpganaHnnagn. JIMHUAHUHT KMPULW TOMOHMAArU KydnaHuwun U, =
220 KB. YHWHr OXUpruM yfaHraH rKfama Kapwumauru — aca

2}0K=800e/ﬁ0rOM. KMinpgarunap aHuknaHcuH: 1) AWHUSHWMHT

TaBCU(UI Kapwnanru, cyHuw Ba aza KO3PhULUEHTH;
2) WNCTebMONYMHUHI KUCManapugarn KyunaHuw Ba TOK; 3)
KyunaHull Ba TOK Oyiuya KaATUW KOS((ULMEHTW; 4) AnHuA
thongann nw KOIPHULUEHTH.
Eunw. L JINHUAHWUHT TaBCUPWIA KapLIUANTK;
n2 U3
Kp+Mp |8-10 +.P14-1,5-10 [o3 8+J74) m -ill4s

Or

Tapkanuw KoagppuumneHTun:

y=p+jp=is mG2 +j314-15 10"3J) 4 m('8 +j314-8,2 10-9

CyHuw kospgpuumeHtn: a =1,110“*

da3za KoahpUUneHTH: (3=1110 1 *Hkwm
2. VICTEBMONTYMHUHT KUCMapuaarn KyvnaHui:
u, 220105

cth+ 7Tt syl cl22 10 +j22,2T0°2)+0.504T 135'sh(2,2-10"2+222-1(12)
Mi
20 -W3_ _2 |2 10

1.048 + j0.09

367



JIMHUSIHVHT oXMpugarn ToK (loKiama TOKW):
/2 =—2 =209.12 «10'e~JS' :800<?/3° = 261,4e~jW A

3. KyunaHunw Ba TOK 6yiiMya KalnTuw Ko3hpuuMeHTNapu:

* = (*« +--,)=516¢e'5'M:1170e'|[l40' = 0 , 4 V W

K, =-Ku=-0,44ejdlsor
4. IMHUSHUHT doingann nw kKospdpuuneHtn (®.1N.K.):

p2 =wn2~C°5p,, =m i2103-261,4 Cos3j° = J

[ p| UllCosipt 220-10 <220,9 «C0s8°21©
NNHUAHWHT  KUPWULW TOMOHWAArn TOKHWHI TabCUPWA KUAMmatu; y
Kyhingarn ndogagaH aHWKNaHagu:

=iz2clryl + 12 — f-shyl = 261,4 «e *

zc
0,976 +j0,0044+ 198e->35° (0,02 + jO,22) =220,9e_js°20A.

11.2-Mucon. OnguvHrn mMuconga 6GepunraH 31eKTp ysaTuwl nu-
HuAcupaH, 6up BakTHUHr y3mga f = 400 kI anTyBuM yacToTa
anoka Ba TenebolWKapull CUTHanAapuHW y3aTull yYyH (hoiiganaHu-
nagm.

Kyiingarunap aHuMKnaHcuH: 1) AUHUAHWUHT aHa Ly YacToTagaru
TaBCcu®napu; 2) CUTHaNHUHT (asaBuUiA  rapkanuw Te3nurum Ba
TYNKWUH Y3YHAUTW; 3) AUHUAHWUHT NPUEMHWUK TOMOHMAAH CanT umuw-
naw Ba KUCKa TyTawuw 6ynraHfa YHUHT KUPULL KapLuwauru.

E 4 v w. JINHUAHUHT TYNKUH KapLUWINTK;

Zc ="~ R({+1"U)):(Gg +I)Cq) ="Lg:Cq =

=\jl,5m0” :8,2¢10-~=428 Om

Tapkanuw KoaphuumneHTun:
y=a+jP=j(0"Qc, =¥8383YuwW

CyHuw koapthuumeHtn a = 0: asa KoappuuneHTH
N =883Pa™ m

SBHWU anoKa CUrHaNMNapUHWHT YacToTanapuHu OGy3maigm Ba YHWHT
3HEPrUACUHN UCPOd KUImaigm.
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2. TYNKWH (ha3aBWii TapKanull Te3NNUTu:

y= "= =284, O L, /
P 8,83 /e

AbHU 6y Te3nuk épyrnuk tesnurm C = 300 * 103 KM/ceK. ra SIKUH.
Ky3atunaétraH CUTHanHUHT TY/IKUH Y3YHIUTU:

3. JIMHUSAHWUHT canT WlLAaraHgarn KMpuw Kapwuanru:

z0 = -jZcCtgpi = -jZcCtg~ 1=-j428ctg~~p =

= - ja28ctgl, 47t = —J428-ctg72° =-jl 39 Om

JINHUSHWHT KKUcKa TyTallraHaarn KApULL Kapuiuru:
Zk = jZc «tgpl = j428tgl,4n = jl 317,2m"

WyHpah  kuau6, canT  MwWAaraHgary  AMHUSHUHE  KUpuw

KaplWWAUryu peakTUB Ba CMTUM, KWCKa TyTallraHfa aca peakTUB Ba
WHAYKTUB XyCycuaTra ara.
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X1l BOBb.

TAPKOK MAPAMETPJIN SNTEKTP 3AHXWNPUAAIH
YTKUHYN XKXAPAEHNAP

12.1. YTKUHYM >KapaBHapHUHT BY)XKyAra Kcamwu
Ba YHUHI cababnapu

JHr aBBa/ WYHU akTULWI NO3UMKK, MyXaccaM napameTpiau 3a-
HXupnapra Huc6baTaH TapKOK NapameTpau 31eKTP 3aHXupnapgaru
YTKMHYM XapaéHnap akaTrMHa BakKT MobailHMpga >XoinawiraH
6ynmai, macota Oyiinab éiunraH xapakaTra xam 6orauk 6ynagu.
MacanaH, y3yH 3feKkTp &KW anoka NUHUACUHW onaguraH OGyncak,
YHUHI OXuMpuga cogup OynraH Kucka TyTawul JMHUSHUHT KUPULL
KUCMUAArn TOKHWHT KWAMaTW Ba LWAKAMHW y3rapTUpULL yyyH 6up-
MYH4Ya BakT Tanab kunaan. AMMO 6y BaKT (pakaTrMHa SHEPrUSHUHT
3aHXWPHWUHT  6Mp 3NeMeHTUAaH WKKWHYMCUTa YTUL XapaéHura
capl KWIMHMWWAAH Tawkapu pyin 6GepaéTraH y3rapullnapHUHT
Ternwnm MacogaHnM yTu6 MaHbara Tabcup 3Ta Gownawmra xam
KeTagn. Kyiimga Kypcatunaguku, 6y >KapaéH TYAKMHCUMOH Ba
Mypakkab KypuHulga yTagu.

YTKMHUYM  KapaéHNMapHUHT  ByXyara Kenuw  cababnapHHM
TabpunaiiguraH Oyncak, Oynap acocaH 3aHXMWPHWHTI Yynaw Ba
Y3ULW, YHWHT aiipum yuvacTKanapugarun ynyaMaapHWUHT y3rapuiu,
YHUHT YMKULW  KUCMAapuAaru toknamanapHUHT KeCKWH y3rapuiiu
(macanaH, KuckKa TyTawyB) Ba X.K.Japaup. Ywoy cababnap KatTa
ynyamam 3feKTp MalwuHa Ba TpaHcdopmaropnapra xam Xocaup.
YHAaH TawkKapu YTKMH4YM >KapaéHnap Ba YHra [OAP TYNKWHCUMOH
y3rapuwnap Y3yH AUHUSNApPHWHT 6up TypugaH (MacanaH, XaBo
NVHUACUAAH) UKKWH4YM Typura (macanaH, Kaben nuMHUSCUra) yTuul
Xownapuga coaup 6ynagn. Y3yH OUYMK NUHUSNApAarn yTKMHYM
KapaéHnapra TalKy aTMoctepagarn Xoaucanap (SWWH 3apsgnapu)
cababum 6ynmMwn MyMKUH.

12.2. YTKUHUN XanaT TeHrnamaiapuHuUHC
TY3WINLLN Ba €YUMMU

Tapkok napameTpau 3aHXup cudatuga ysyH, WKKA CUMITU

3N1EKTP NIMHUACUHM O0namMmn3 Ba YHUHT 11.2 ga KenTupwiaraH acocui
(11.1) Ba (11.2) gudhchepeHuman reHrnamanapugaH organaHamms
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YTKUHUN KapaéHHW Traxaua  3TULLIHW OCOHMAaWTUPML Makcajuja
NMHUAHW  uncpodens pe6 onamms; svHM Rg = O GO = 0 pge6
xucobnanmus. LyHga Kyingarura ara 6ynamums

owu ai
'
k dt
2 ou (12,2
=C
dx dt 3

BupvHuM  TEeHrnamaHUHr  WKKUHYM  JapaXXanm  Xycycwuit
XocunacuHn Kyiimgarmya €3amus:

a2n o (on
0Xx2 °dx (<3t
3H,£I|VI WKKWHYM TeHrnamaHu Xucobra onraHpa,
cC
A2n a
D . 0— (12.2)
AX2 at at

Kenu6 uumkagu. by TeHrnama aca MaTemaTWK (u3Mkaga T O P
TebpaHuw TeHrnama cWu faeb aTanagn Ba YHUHT
EUMMUHN MalXyp dpaHuy3 MaTematurn Janambep Kynugarmda
Knnné 6epraH:

u=fIx-vt) +f2(x +vt) =uq+us. (12.3)
By epga: V=V, — NMHUAZA cogup b6ynraH TYNKUHHWHT
Tapkanuw Ttesnuru Ba f,(X-vt) - KyuynaHWWHWMHT GowungaH OXupw

TOMOH XapakaT KWYBYM SIKKanaHraH TY Tp U TYNKUHM
(ug . Arapga x-vt=const 6ynca, 6y TalWKWA 3TYBYN Y3UHWUHT

KUMMaTUHW y3rapmMac xofatja caknaufuw; TYNKWH 3ca V=d><&

Te3NMK GunaH Tapkanagu; YyHKu aE(X-Vt) =0. WyHra yxwaw F,

(x+Vvt) - KyYnaHUWHWHT NINHWUA OXMpuAaH 6owM TOMOH XapakaT
KUyBuM  SIKKaflaHraH T e c K a p K TYNKMWUHM (us)
XxucobnaHaau.

Kuniine 6ynmaraH maTeMaTuK y3rapTupuiinap Kuputub, nuHusparm
TOK | HWHT XaM TeHrfiamanapuHu Ol MYMKWH STbHM

1 j %  ehi(X- Vb)- f2(X+vt)]=-i- (ug- us) =ig- is.
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by eppa: Zc= | - NIMHWUAHWHT TaBCUUA EKU TYNKUH

Kapwmnmurn (Om), i * TOKHUHT Ty rpuM TY N KWUHMUW Bais-
YHAHT TecKapwuw TYyn- KuHu, KypuHno typnbaHku,

Ug=~cig Baus” Zcis (12.5)

SHoM Ty(wu Ba Teckapu TYNKUHNApHW BakT t Ba Mmacofda X
y3rapuwn 6wunaH KaHga 6GOrfaHraHawW MHU Kapab umkannumk. Pa-
pa3 Kunainuk, 6upop TaHNaHraH t = t, BakKT y4YyH NUHMA Gylinya
KYYNaHUWWHUHT Typu TynkuHu 12.1-a pacmfga KypcaTunraHgek

12 . 1-pacm

*6ynun6, Kyinmparara TeHr OY/ACUH:
ugq(tl)y = Fl(x-vti) (12.6)

YHpa t = I, + At BakTaa
nu(t] + At) ~ i\ (x - veAt- vt,)=f!(x - Ax - vtj)
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bynagn (6y eppa Ax = VAL). CyHITu TeHrnamagaH KypuHut Typub-
OHKK, ud (t, + At) arpm umsun-r u4 (t,) ra HucbaTaH yHrpokga
)KolnawraH, SbHM BaKTHUHI At ra ycuwm x,ucobura y Ax -V At
opanurura cuxkuraH 6ynu6 umkagu. AMMO nvMHUS ucpodcu3 Ba
CUTHan wWaknmHu 6Gy3maiguraH ynyamnapra ara 6ynraHu Tydaiinm
(Ro=0, Go=0) KyuynaHuMWw WMOYAbCU Y3 LWAKNWHU caknab Konagw.
Arap t —t, oHAa uMMNynbC X=Xt HyKTara y3 QPOHTU GunaH Ku-
pub KenraH 6ynca Ba Wy MaiiTAaH 6ownab Ky4ynaHwWw ug yn4vaHa
fownaHca, YHWHr BakT Mo6aiHuga xohnawuwy 12.1-6 pacmaa
KypcatunraHugek 6ynagn (cugmpra umsmk [)- Arap ywby yn4os
acbobH X = X, HyKTara KyiunraH 6ynca, y KypcatraH KyunaHuw At
BaKrgaH KeiinH cc3una 6ownaingn 12.1-paem, (MYHKTUP YM3KK. 2).

Teckapy TYnKuH Uu,(t ) ra yTcak Ba YHM akc 3TULI HaTMXacmaa
WakKanm Ba Kyuum ysrapmaraH pfe6 oncak, KalTraH WMMYJAbCHUHT
KypuHuwun 12.1-8 pacmpa kentupunrad. KypuHu6 typubguku, At
BaKT4a y 4an Tomowa  Ax-Vdt oparrmkka CUmMKUAgW. 3HAM X2
HyKTafla >KoinawraH ynyoB acb6obm (macanaH, BOMbTMeTp) t = t2
OHfaH 6ownab cuampra 4YMsmMkK 2 HU Kaig kunaun (12.1-r paem).
YMyMaH onraHfga, KydnaHuw (BKM  TOK) TYAKWHAAPUHW  BakT
y3rHpuwura 6ornamokym 6yncak, ynapHu ysraya KypuHuwpa on-
raHMMmM3 Mabkyn. MacanaH, (12.6) ypHura

X

U <Pi t- — 12.7
q Vv vy (12.7)

Teckapu TynkuH 6ynmuw us = f: (X + vt) ypuura

ésunumwmn  Tascma  atunagu.  Arap  12.1-6 Ba r pacmiapga
KypcatunraHmugek, (0 Ba ugqt) dyHkumsnap x, Ea X: HykTanap
YUYyH Mabaym 6ynca, (12.3) ra 6uHOaH KyihuparnnapHu ésmw Mywm-
KWH:

(12.9)
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JHAW nMp KaHfal BakKT Y4YyH NUHUSAATY KyUNaHUW sy TOKHW
KK TOMOHra (Kapama-kapliv) WyHanraH Tyrpu Ba Teckapu
TYNKUHAAp WnruHancu ae6 x,Mcobnall makcagara MyBOQUKAWP.

12.3. Tyrpu 6ypyaknu (ppoHTra sra 6ynraH Ty/JKAHAAPHUHT CO-
aMp 6ynuwin. JINHUSAHKU y3rapmac TOKKa ynawl BakKTugaru
YTKUHUM XapaéHnap

3Hr Kyn TapkanraH Ba Taagun Kuauwra OCOH OynraH mwucon
cugatmia UKKA CUMN Y3yH 3/1IeEKTP NMHUACUMHU Yy3rapmac Kyuna-
HAW UO ra ynaHuWWHKW Kypub udukannmk (12.2-pacm). JInHus

dx
+/ — X — X-

OO0 QO OO0

® X X
mooi 1
Y
ld* Uo
t X
ldXI
12.2-pacm

ynaHraH nantugaH 6ownab, YHWHr cumaapupa MaHb6ajaH loknama
FTOMOH WyHanraH Ky4YnaHuw TYrpu TYAKUHU ugeul naingo 6ynagw.
Y NVHUS 3neMeHTNapuMHM X Macoda 6yinnab 3apsgnain 6olwunangn
[Tenaga +, mactga - vwopanu]. 3apagnaw (anektpnaw) V=3*10s
Mm/c Tesnurmpa YangaH yHrTa TYNKWHCUMMOH Tapkanagu. Arap
TYNKUH X MacodaHu t = x/V BakTga 60cnb yTub, NUHUAHU “Trl
Kecummra eTumb KenraH Oynca, 6y  BepTMKan  UYM3MK  Tyrpu
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TYNKUH (POHTM XxucobnaHagn. AvHU TrlT gaH yanpok 6ynraH
TomoHAa my = UO. yH(OK 6ynraH TomoHga aca m'x= 0 . TynkuH
dx opanurura CUMKMULLKN HaTmxKacupa (PoHT “pg” Kecumura yTagw.
Wy Tydainm “mpgn” opacuparn asnemeHT dg=q0 dx-COUQXx
MUKAOpAa 3apsgnaHagn (3nekTpnaHagn), UYyHKW TYAKUH (POHTU-
HULW- YaH TOMOHMAa MacodaHuHr xap 6up bGynakyacuga q0 =CQJO
ra TeHr 3apsg TynnaHraH Oynagu. 3apsgHUHT nuHuA Oyinab Ta-
pkanmwmn (8Annnwn)  aca TOK XOCWUN KWAMacgaH ByXygra Kena
onmaingn. Maskyp TOK, y3 HaBb6aTuia, Kylhmgarmra TeHr:

i="=q0d% t=ColloV=I0 (12.10)

Tabuninikun, OKoOpU cumpga MycbaT 3apsgnap 3NemMeHTMa-3N1eMeHT
yangaH yHna cypunub 6opap 9KaH, nacTgarm cumga ynapra
Kapam a-Kaplwu MaH(puii 3apsgnap Xam BYXYAra Kenasepagu, YYHKM
6ycns cumnapapo KydnaHuw UO naigo O6ynonmamgn. YHgaH Ta-
WKapu, MycbaT Ba MaH(Mil 3apsffapHUHT HOKOPU Ba MacTKW CUM-
napga V Tesnukga TapKanuwuy ynapgary MKKA TOMOHra iyHanraH
ArOHa TOK i HWHF BY)XXYAra KeNMWWHW TabMuHNangn. Lemak, MKKK
CUMAN Y3YH JIMHUAAHU YeKCKU3 Y3YHNUKKa 3ra OynraH anekTpognap-
JaH  Ty3wnraH Ba AWM3NEeKTPUIM XaBofaH bynraH KoHpgeHcaTop 6u-
naH Takgocnacak 6ynagn. LUyHpaii 3KaH, yHra HOKOpU CUMfAaH
nacTgarmra WyHanraH CUM/DKWLI TOKW XaM MaHcy6aup. [emak TOK i
cUMnap opanurmaa CcuruM TOKW cudaTuga yTagn Ba y Xam
FYTKMHCUMOH NMHUAHWMHI 60owngaH oxupura Kapab V=3*108 m/c
Te3nnMK 6unaH xapakarga bynagu.

Y3 HaBOaTuaa NuHUS 6yiinab TapkanaétraH TOK i Y3 aTpoduaa
MarHMT Kyd 4u3MKgapu Ba Teruwimya MarHuT OKUMWHU XOCUN
kunagn. ToK TynkuHu dx=vdt opanMkka CUDKMLLIKM HaTuKacuaa
XoCuUn BynraH MarHUT OKMMWHUHT ycuw mMukgopn d®=L0 lodx =
LOVdt. ByHMHT xucobura By)XXyAra KenraH 3.10.K.

&b
e=--p =-1.0vi0, (12.11)
t

AbHM Yy KyuynaHuw UO=LOVIO ra HucbataH Kapama-Kapliu
fiyHanraH 6ynagu; uyHku £/0=/@ 0= 10~"L0/Co . TynkuHnap

WaknmHu 12.2-pacm (Kyiinm Kucmm) gaH Kypca 6ynagu: WKkanacu
xam U Ba |) Tydm Oypyak KypuHuwwura ara 6ynmé, Tuk (BepTu-
Kan) gpoHTANAnp.



12.4. TYNKVUHNAPHUHT INHKSA YerapacugaH (oxmpuaaH)
aKc 3Tné KanTun

dapa3s KuMannMk, KyynaHuw Ba TOK ZcC TYAKWH Kapwuaurura
ara b6ynraH NUHWAHWM Kecnb yTub, yHM oxupura cTub kKenau Ba y
epfa'ynaHraH Mypakkab toknama Kapwuauru Z: ra gyd kKengu. Ly
BasuArra KaHfgaH YTKWH4YM d>xapaéHnap cogup Oynagm? HOkopuga
KentupunraH ndopanapgaH oliganaHraH fnonga ryrpu Ba Teckapwu
TYNKWHAAPHW KyiAngarnya 60rnannuk:
u=uqg+us, =ig+is=(uq-us):zc, &ékuzci=uq u,
(6y epga ug= Up, i4=1 = i/zc UQ). byHaaH:

2ug-zcd+u ékn 2U0=z (12.12)

ABbHU, arap NWHWA y3rapmac KyudnaHuw wmaHb6aura ynaHraH 6ynca,
YHU KUpUW KUCMMZa 2uq KuiAmatra ara 6ynraH KyunaHuwra Ket-
Ma-KeT ynaHraH R=ZC Ba Z:=R:=u2l (loknama Kapwuaunru)
KapwunumknapgaH nbopar 6ynraH 3aHxupra anmalwitupcak 6ynagu.
LyHpail knnub, Wy 3KBMBANEHT 3aHXUP YYyH Mablym 6GynraH uq
Ba zc 6unaH R; nmapameTpnap opkanu TOK i Ba KaWTraH TyNKuHNap
W, Ba HW TOMa 0/1laMWU3:

us~uGC—/c) Ha (12.13)

HAM  6UP KMHCAW Y3YH NIMHWUAHW TalWKW Kapwuauk Rn  ra
ynaHraH ae6 oncak, yHga (12.12) acocmpa Kyhngarumm €3a onamms:

u
q

> (12.14)

Tyrpu Ba TccKapu TY/AKWHAAp KyBBaTUHW  aHMKTalWraH
byncak, NUHUS Yerapacmparn OHWIA KyBBaT (lOKlama Ba UCTEBMON
KnnaétraH KyBBar)

X Cc [
SAbHU Y TYrpy Ba TeCKapu TYNKWHNAp KyBBaTNapUHWHI ainpmacura
TeHr. (12.14) TeHrnamajaH KypuHuo Typubauku, aiap toknama
Kapwunuru NUHUA TYNKWH Kapwuaurura tedr 6ynca (R: - Zo).
Teckapu TYNKWH BYXyAra kKenmaigw, sisHm us -0, i, = 0. Wy Ty-
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R? = ce uoQ|

uo Ug.+
nl e T 4-1h
la+
Imml s’
12.3-pacm 12.4-pacm

tainnm 1\ = 0 Ba NMHMAZAH eTu6 KenraH 6Gapuya KyBBaT toK/ama
FrOMOHMAaH Tyna-TyKMC WUCTebMON KunuHagu. HOkopugarn wudgoga-
napgaH ¢oiiganainb, AMHWAHUHE CanT HOPWULIM Ba KUCKa TyTallys
X,0naTnapmMHmM \am Kypub ymkcak 6ynagu:

a) catr topuwpga R: - co, gemak u, = u Ba

0) Kncka TyTawys xonatmga R: = 0, femak u - -ugBa is=ig

Mkkana xonatga X.am TecKapu TYyAKUHNap KuiAmatm Tydwu
TYNKUHNAp 6unaH 6up xun. ®akaT yuynm o4yumK (CanT) NMHKA uera-
pacvgaH TOK TY/NKWMHW, yun cnuk (KMcKa TyTawyB) AMHWA 4erapa-
CMAaH 3ca  KyunaHuw TYAKWHU Y3 uWwlopanapuHu  ysraptuput
KalTagunap. HaTuxaga, 6UpuMHYM xonaTha YTKWHYM >XapaéH Tyra-
raHgaH KeWunH TOK i, MKKMH4YM XonaTha aca KyuynaHuw u Homra
UHTUNNMG 6opagw.

Arap NMHUA UXTWUEPWUIA KapwunHK R: * Zcra ynaHraH 6ynca,
Kyimgarn ndopanapHm €3amus:

Ug = U{lq
S2Uf - hz, =21l - 2N 7
R247t
Ly R
*2
2Up .
Ri+£

377



JINHVAHWHT oXMpugarn KyunaHuw W TeCKapu TYNKWUH US HUHT
Kninmatn Ba mwopacura 6ornmk Ba (12.14) TeHrnamara acocaH:

Re—z,
R2+ zc
TOK 3ca (12_17)
R2- z¢
" 2.zt KT
R2+7c
R -
(by eppa: ka=- - aKC KO3(h(PULMEHTKN; Yy XAMMa BakT
K2+L

[aH Knumk 6ynub, ¢akat R: = 0 Ba R: = o0 6ynraHga 1 ra TeHr
6ynagun). bnus onraH muconga R2+ Zt> 0, wy cababnu Teckapu
TYNKUHNAP TYrpu TyNKWHAaphaH KWUYMKPOK, Bynafm, AbHU us < uq
- UO0Ba is< i4=lo. WyHaain kmnnb, 6U3HW KU3UKTUPTaH AUHUA
yerapacuparn Ky4naHull Ba TOK Kylhumgarunapra TeHr:
u2- Uo+u, =(l +k )un\ (12n8)
2m0—S#0 “ka)) j
12.15-pacmga > >0,

AbHM  R: > Zt xpnaT Y4yH
ONIMHraH TYNKWHNap X,apakatu

U 7 Kypca-TunraH. AKcC Koapdu-
UMeHT ku> 0 6ynraHn cabab-

n 1 AN WUCTBbMONYWUra eTmb Ken-
raH TynkuH ug = UD kaTTa

Uo+Us Kapwunmkka fLydy Kenagum Ba

YHUHT 3apsignapu Tyna Hei-
TpanfiaHuwra WMKOH Tonmai-
O Ba KWUCMaH  KaWTyBuu
TynkuHra ytagm (us> 0).
12 .5-pacm LLLyHWHT YUYH
n=(\+ka)uocuo. Arap <0
bynca (svHM R, < Zc 6ynca), Tyrpu TY/NKUH KenTupraH sapagnap
R2 parv TOKHM  TabMUHAaWra eTMailgM Ba Kylwumua 3apsgiap
NMHMALAH TopTuna 6ownaingn. LUYHWMHE X,Mcobura nuHuagarn Kyu-
naHuL 0=ugq +us= (1 + k(@ UO< LO 6up Heya mapTa Ka-
mMasgu.
Kypnb 4mkuaraH yTKUHYM dXapaéHiapHu siHa 6up mucon 6u-
naH AKyHNainuk: numHMa oxupura r2 L2  napameTpnapra ara
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OynraH 3aHXWp yNaHraH XonaTUHW Kypainnk. 3HAM Tyna 3aHxup-
HUHT 3KBMBANEHT CXEMacu aKkTuB Kapwuiumk (Zt + R) Ba WH-
OYKTMBAUK L: faH wbopart 6ynagu. [emak, y y3rapmac KyujaHui
u4 = UQ- const ra ynaHradga, saHxupgaru Tok

= +R zt +r2 02.19)
6ynagn (6y epga T = L>: (Zc+ R,). (12.14) ra 6uHoOaH:
r It '
2zr
" ¥ Lo (12.20)

r2+zc r2+zc

Zr - rr 22’ n 0
Ic = - 0. (12.21)

*H g+ R *c

Nvuns ynaHraH oHpaék (t=0) R;, L: 3aHXup akc 3TTupuu
KOGMAMATM canT rpuwgarn nuHusgadH gapk Kunmangn. Bak.T
yTraH capu (t —» 00) Ba NuMHUAra akat R: ynaHraHgek ysrapa
6ownangn. 12.6-pacMga Ky4ynaHuWw Ba TOK TYNKWHIQPUHWHI Ta-
pkanuwun R2= 0 yuyH KypcatunraH. (12.20) Ba (12.21) TeHrnama-
ra 6uHoaH

n = 1+ 2e Uo (12.22)
ST WL
- 1+ 2e 5 (12.23)

12.6-a paemgaH KypuHu6 TypubAMKM, NMHUA Yerapacuraya
KyuynaHuw UO  kaTtanurmga etmb 6opagum Ba TecKapu TYNKWUH
xucobura 6upmyHuya Kynaiub, opkara kainTagu. AMMO Teckapu
TYNKWUH  amnauTygacu BakKT yTuwmnra 6OrAMK 3KCMOHEeHLuMan
KOHYHUAT 6unaH KamaiiraHu Tydainm 12.6-pacMm. u: HOAra UHTMNA
6ownanan Ba HUX,09T L: KuCMJapugaru KyunaHWWw HOAra TeHr
6ynu6 konagu (t = ¢0). TOK TYNKUHNAPUHUHT  XApakaTtu
12.6-a paemga KypcatunraH: ynapHu (12.23) TeHrnamara kapao,
TYWYHULW KWAWH 3Mac.
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Ue\
/- ft-
v Ur
X X
© wut
X
X
X

12,6-0acm

12.5. TYNKUHNAPHUHT NKKW IMHUA TyTallraH »xolinga
aKc 3TULLIN  Ba CUHULLN

Tynk,MHAap akaTrnHa IMHWA OXMPUAAH €KW YHra KapLiuiauk
ynaHraH oWAaH akc 3TMachaH, NUHUAHUHT 60LWKa NUHWAra ynaH-
raH >XoMugaH xam KAATapuauwnm kKM € M H U W U MYMKUH.
Arap GUPVHUYN NUHUAHUHT TYNKUH KapwWiuruHMm Z.,,  Ky4dnaHu-
WWHW 1, Ba TOKMHMW i, [eb oncaK, WKKUHYN [UHWATA TEruwau
Kuiimarnap zx2, Ba i; 6ynagn. JInHusinap TyTawraH >xoihga u( =
u, Ba it = i2 Arap OMpUHYM NMHMA MaHbara ynaHaéTraHga WK-
KHHUYM NuHuMAaga \ey KaHAail KyynaHWWw Ba TOK OynmaraH 6ynca,
OHPUHUM TyTaWyBYN TYNKUH Uug WMKKUHYM TyTawyBun TYNKUH W ;
bl ainaHagu. BupuMHYM TynKMHra HucbataH HKKUHYWUCKU CUHTaH
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TYNK.MH XucobnaHagn (U™, ¢ ugl). LWy 6unaH 6up BakTda Ba j-
li4] Tyhaiinu nuHUsnap TyTawraH >kKoigaH MaH6a TOMOM KailTyBuu
Teckapu TYNKuH u5 \am xocun 6ynagu. ANRTraHnapHn Kynugaru
TeHrnamanap 6wnaH usoxnaca 6ynagu:

ULALL R W

i] = (uqi ~4.]):2¢| =us2 2@~ i2 (12.24)
3HAN KYPUHNO Typubankm,
Arap (12.17) TcHrnamara 6uHOaH = _\_7' "' _akc KO3(-
Izd +z02:

thunumeHTn ge6 onuHca, yHga (udT: ugl) Ba (i4; : igl) HUCGaTNapuHM
“CUMHMW KosadhduuMeHT napwu pgeb atawl Makcagra
MYBO(MK, SbHU:

- W NZe2
(12.26)
<ql Zd +2Zc2
(12,26) nugponanapfaH  Kypu-Hub  TypubaMKKW, CUHULW  Ha
TMKacuua TYNKWH Y3 WLWO-PaCMHM Ha KyufnaHuwja. Ka ToKja
y3raptTupmanau. NuHusanap TyTalraH XowpgaH KanTraH

TyNKuHNapgaH 6mpn asca (Ekm us|l ékm isl) y3 uwopacHHu Kapama-
Kapwucura yaraptupagn; 6y Zd 6unaH bcl HUHT  Kuilmatura
6ornukaup. MacanaH, Z@ > bynca (kaben nuHusigaH \aBo Nu-
HMUAra YTUWWHU ONraHda), Ky4YnaHuw TYNKW-HW CUHWULL HaTuXacu-
fa sypasgu, TOK TY/KMHU 3ca KyuycusnaHub ytagn. JIMHMANApHM
TyTawyB YerapacujaH KanTyBYM Ky4naHWUW TYNKUHWM Myc6aTnmruya
Konca, TOKHUHT Teckapu TYNKUHU MaH(uii unwopa 6unaH kantagw.

12,7 a Ba 0O-pacmMfa KalWTyBYUM Ba CWHFaH TYAKUUAAPHUHT
XapakaTu WKKW XUA YTWULW LWapouTW Y4YyH KypcaTtuaraH. bBupuHum
Xonga OWPMHYM NUHUAHWHT  TYJIKUH  Kapwuaurn Z  KUYMKPOK
bynraHu cababnu ueraparada OynraH Ky4ynaHuW KalTyBuUM TYNKWUH
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Zcij us,

xucobura 6upmyHYa Kynasgu,

rok yca id < 0 6ynraHu rydainnm
oupmyHuya kamaaam (12.7-a paem).
VKkuHun x.onga, svHM Zc, > Zt.

a2
Jal
aca

bynraHu cababnu,
paHu Ky3aTtamu3: W,
aKCUHYa,

Teckapum cama-
Kamasagn, i,

Kynasan (12.7-6

paem). LyHu xam kaiig atmb yTuw
Kepakku, ZtJ Ba ZZ 6up-bupupan

KaH4anuk
TYNKWUHNap
OynraH TYNKWH

Iql X

KWAMacuH,
xocun
NKKN

apk
ycTnawmga
Kniimatu

6apaBapgaH OpPTMK Kynasi onmangu.

12.7-a >acm

ganawl MYMKWH:

P=Ujij éKu

(ugi +u |
cl q

Z(j3 Zc2

Ug2

I sl

12.7-6 paewm

JNInHnapaH
KYBBaTHWUHT
KniimatnapuHu

yTaéTraH
yerapagaru
Kylimgarnya udo-

g2
zc2

cl cl
AeMaK,
»

Ug  «g "2

"dozd re
eKu

Pgl- Psl + Pg2
16y eppa Pqi, Pu Ba P@ -
Termwnuya Tyrpu (Tywys-

un), Teckapu (KalTyBuMn)
Ba  CMHraH TYNKMHMAp
KyBBaTu]. (12.27) wndoaa-
JaH KYpUHUO Typubankm.
mMaHb6agaH KenaétraH

KYBBATHUHT TYrpu TY/JKWUHU
KUCMaH GUPUHYM NUHUALAH
WKKUHYMCHATA CUHMLL  Ha-
THXacupa yTagu, KuUCMaH

aca TecKapw TY/JKWH cugatmga maHb6a TOMOH KaiTagw.
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X1l BOB.
SNEKTP SAHXWNPNAP CUHTE3N
1371. ¥Ymymuid TylyH4anap. CuHTe3 ongugarn macananap

KOkopungarn 606napga KyiwnraH Taxaua macananapupa acocad
AroHa caBo/ara aso6 u3naHap 34M: 3aHXUPHWHI KUPUL KUCMUTa
6epunradH curHan (tavcup) f,(t) KoHyHupa ysraPaTraH 6ynca,
YHUHT Mypakkab TapKUOWHWHT WUXTWUEPUIA 3nemMeHTMAArM xapakat
f:(t) kaHpail ysrapuw KoHyHura ara. C M H T e 3 3ca Teckapu Ma-
canaHu euyvwra UMKOH 6epafn, SbHU 3aHXUPHUHT YUKW K.MCMK
(ancmeHTn) parm ToK (BKM KyynaHuw) KOHyHuATu fi (1), Kupwwn
Kmcmmga aca f, (t) 6ynraHga 3aHXWPHUHT TapKMOWiA Ty3UAULWMWHM
aHMKnaingH. CuHTe3 KuauwgaH ofguH OMpMyHYa LiapT-lapouTnap
Tyrpyucuga Kenmwunb onvw makcagra MyBOMMKAMP. BupmHungaH:
6epunraH (QyHKUMANAPHUHT yxwawnurn wapt; avHu f(t) Ba  fAt)
Xap Xun ysrapmMac CoH, &ku Xap Xun amMnautyjda Ba (asasnapra ara,
amMmo 6apobap [aBpau cuHycomgan hyHKUMA (moc
utU misin(tot+~) Ba u:-U n&in(cot + \fz) Ba XK WKKnHUMgaH, Ku-
pvw curHanu f,(t) 6unaH uymkmwgarn peakuua (akc tabcup) fAt)
opacufarn TaXMWUHUIA 3aHXUP LWaKAW 3HI COAAa Ba KaM 3NCMEHT-
napfaH Tawkua TonraH O6ynuwu wapT. YUYnHumaaH, TaXMUHUIA 3a-
HXUP WMYKW TeHepaTopfaH XOMW, AbHW naccus Oynuwun LwapT.

CWHTE3 MacananapuHu eunw BapuaHTnapugaH 6upu - Ho-
Mab/lyM 3aHXWPHW naccMB TYPTKYT6AMK OunaH anMawTupuiLgmp.
XakukaTaH Xxam, TYPTKyTGAMK Tapkubupa xap KaHpalh Mypakkab-
NNKAA UXTUEPUIA Wwaknja akTuB, WUHAYKTMB Ba CUTUM 3N1eMeHTnapu
TynnaHraH 6ynuwin MYMKWH. YHWHT KUPULL Ba YWUKULL KUCMMAAru
Kyu/faHull Ba TOKNap Typam ys3aTuiw GYHK- uywuanap
" 6unaH 6ornaHraH 6ynagu, MacanaH, ymymuii  Xxonga
TYPTKYTONVKHUHT TeHrnamanap cuctemacu

(13.1)

KypuHuliga é3unaguraH 6ynca Ba YMKWLW KUCMMAArn Tawku (toK-
nama) Kapwwunurn Z  aHukK 6ynca, (13.1) ypHura (13.2) é3uw
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MYMKWH. AbHW, Typrrana qyHkumna ((/| 5 Bal2) ys3apo
\ap MHpali Bapuaumaga (13.2) épgammaa 60rnaHMWN MYMKUH.

(13.2)

Ly 6ornoBum ékmn ysaTuwl yukuuanapmugaH 6upm

U2
F(v.n-——o- 2~
bynuwin MYMKWH. KypnHun6 Typnbankum, 6epunran

U~Uj Ba Z2 opkanu TypTKyTonunk goumuiinapm A,B,C Ba D Hu

TONUW MYMKWH. Y3rapmac KoaguumeHTnap épjammpja asca 3a-
HXWUP WaKAUHN Ba YHWHT NapameTp/iapuH/ TOMWULW K,WIAMH 3mac.

Ymymuii  xonga kKupuw  kucmugarn curHanHu . {t), uukgw
Kucmmnparnam - fi(t) ped oncak, ynapHWUHr onepaTtop ycynmga ONuH-
raH Tacsupnapu Termwnuuya P;(p) Ba F:(p) 6ynagn (6y eppga
p-s-f-jco). [lemak, onepaTop wWaknuga OfiHraH ysatu yHKLUACK
Kynngarn KypuHuwpaa bynagu:

Yusukau NapameTpfiapra ara OynraH 3aHXupnapHu Taxaun
K.mnaranga, oump xun yHKuMoHan Basuda 6axapyBun 3aHXWUP UKKK
XWn wabnga Ty3uaraH 6ynum MyMKMHAUTMHU Kypauk (macanad,
AvddepeHUMannoBymn Ba unUTerpannosumn sawxupnap, (9.4 sa 9.5-
pacm). LyHpaii Oynuwm  \amMm  MYMKWMHKW, Y3aTyBUM  (PYHKLUSA
Mab/lyM, aMMO YHW amanra owupub 6ynmaingn, SbHW yHra MyHOCU6
XaKUKWUIA 3aHXUp MaBXyAa amac. by caBonnapra xaBo6Hu K(p)
(YyHKUMALAH KMOMPWLL KCPaK, YYHKW Yy XaMMma BaxT Xam OAAui
KypuHuWaa yupaiiBepmaingn. KynuHua 6u3 usnaérraH 3aHxupnap
xaknkmid R, L Ba C anemeHTnapjaH TawKwui TonTaH Oynagum Ba
wy Tydaitnm ynapHm udoganosum guddepeHuman TeHrnamanapga-
M govmMuii KoaduumeHT. lap x.akukuii coHnapaup. Oemak. gud-
(bepeHuman TclwnamManapra Teruwau oneparop TacBupnap Xxam
\aK,uKniA COHAM KO3 PULMEeHTNAp UWITUPOKMAA Ty3uaraH anrebpa-
WK Telwnamanapaup.
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13.2. ¥Y3atuwl yHKUMANapUHLA 0AAWNKA  Kacpnap Tap3vaa
noganawl. MaccnB wkkw LYTOAMKNAPra oung KUpULL
MYHKUNANAPUHWN Y3rapTupuLL ycynnapu

X"p KaHpai ysaTu (YHKUMACKM WKKUTA OMepaTop COHUHWHT
6up-6iipura GynraH HUCOGATUAMP, SBHM Yy XaM K,aHAaiaup onepa-
TOP COH. YMyMuWid xonga mMaxyp (yHKUMs Kylingarn kacp Tap3vga
KypcaTuiMN MyMKUH:

<13-3)

Y3 HaBbaTupa (13.3) 6uMp Heuya oAamini Kacpnap MWrMHAMCKA OU-
NaH HAMaWTUPUAMWKN MYMKHH, 6y aca G(p) Ba H(p) dyHKuuana-
PUHUHT p TawWKua 3TyBYM KUCMAapugarn OnNepaTop P HWHE 3HT
IOKOpKU fapaxacura 60rnuk Arap ynapHu Teruwnmya

G(p) =anPn+ A, _|P" 1+... + a0, I rmyal
H(p) = b,,,pm+Am_Ip™-1+ ..+ b0j (N4)

KYpUHULLIAA OfcaK, y4 XonaT cogump OGynuwin MyMKWH: W>M, m=n
Ba m<n. Ymymuii xonga (13.3)kacp Kynupgarnya E3maniin MyMKWH:

F.p>= =akK p+/ly+—— +—"— _+ — (13.5)

H(p) P-PIl p-p2 P-NT
(6y epga p[? p2 ..ot noauHom H(p) HuHT ungusnapn). Koaddu-
uneHTnapra kenraHga , Ax>* 0, arap n = m + 1 6ynca; A, = 0 Ba
AO0MN 0, arap w = n 6ynca Ba HUxoaT A* = O, A0=0, arap m =

n + 1 6ynca. KypuHHG Typmnbamkm, Am=-"y =a"m =

(s lP:q; /e1n
KonraH KoagduuneHTnap 8.16 ga KcAtupuaraH € M M w Teop
eMacupgaH ¢oiganaHradH xonga Tonunagu.

FOkopnpa anTunraHugek, ysatuw ¢yHkuuscn F o (p) HUHT
YYOB OMPANTU UXTUEPUIA Bynuwim MymknH: Om, Cm = 1/Om, Ekn
YNUYOBCU3. BYHU UKKUKYTBAMK CUHTE3N MUCONMAa KYpULL MYMKUH.
Papa3 KUNanuK, UKKUKYTONUKHUHT y3aTuIL (DYHLUACU YHWUHT KW-
puw kucmmugarn Kydnadmw U(p) ToK 1(p) ra Hucbatm Tap3uga
6epunrad. AbHU, By UXTUepuii onepaTop KapLlnauk

7-(p)--~~ =AQP+AQ+ -~ - +..- AT
Kp) P-Pi P-PnT
KypuHn6 TypubanKmW, TCHrNaMaHWHT JAacTnabku MKKWM Xaau Te-
rmwnnya KaHgangmp nHAyk ime kapwunmk X(p)=pL (6y eppga L =
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Ayj) Ba pesucTop RO- A(. bowka \agnapra kenraHna, ynapHuHr
KYPUHUILWM  (DaKATIMHA  PS P2 ...pN NapHUHT  KniAMaTtura
6ornukanp. Arap UXTUEPUIA WNLWUZHUHT YMYMUIA KYPUHWULIWHW pV =

+ j<gk [eb oncak, 3Hr aBBasl YHUHI X,aK.MKUA KWEMUW LOWMO
MaHQUANMIMHKM 3cha TyTUWKUMKU3 No3um, abHu sk < 0. Akc x,0nga
(AbHKU, sk > 0 6ynca) 6yHAali 3aHXupga YTKUHYM >KapaéHnap
CYHMaian, €KW YHWHI munfa Kywumya 3Heprus maH6au 6op, aeb
TaH onuwra Tyrpu Kenagu. VIKKMHuM HasbaTfa LWIYHW Kaig Kuauw
Nno3nMKK, \ap KaHgah p = Sk +ja)k KOMNAEKC COHAN WAAWUIHWUHT
Pktl = St - jcok KypuHuwgarn 6oBfaHraH KOMMJIEKC COHAN XKYy(T-
NnoBYM wnam3n Xxam 6ynagu. by wapT OaxapunmaraH X.0nga 3a-
HXupgarn kyunaHuw u(t) sa Tok i(t) napra Teruwnau edyummnap
X,aKUKUin  6yna onmaingn. Ba Hu\oaT, alipum wungusnap Qakat
MaB\yM COHMapfaH Tawkun TonraH 06ynca, ynap ysapo Kappanuk
Hucbatnapga (macanaH, pg = jo)q Ba p( = j7a>4) 6ynmacnury Lwapr.
(13.5) HWHr wungM3nNapuMHM TEFULWAM KOMMAEeKC TeKucauruga Tac-
Bupnaw MymkuH (13.1- a Ba 6 paem): wungusnap X,akuKuin Ba

1
)ICP2= S2 bjax2
i
i
i

jco

j Pi=S,<0 S
1 A
1 0 S>0
i
i
i *
X P3~p2" 2-je2
i
i

a) 0)
13.1 paem

6ornaHraH KoMMJ/eKCc CoHnapgaH wubopat 6ynca, ynap MasKyp Te-

KWCIMKHWUHT Yan ToMoOHuaa (+jto ykuta HucbataH) >KoWnawraH
o6ynagn (13.1-a paem). Nngusnap M;x\ym 6ynca. ynap MaBxyM YK

386



jco ycTuga >xoinawraH 6ynagu (13.1- 6 paem). BupuHun xonga
ONepaTopHUHI Kapwuaurm ZE pesuctop R, uMHAYKTMBAMK L Ba
chfmm C napfaH Tawkun Towan 6Gynagm.

Wnansnap (akat maBxym OynraHfa CUHTE3 K.WMHYBYUM 3aHXUp
peakTuB 3nemeHTnap Ba C gaH Tawkun Tonasuw. AbHW OyHAal 3a-
HXupaa Gaon wueponap cogmp OynmMalign; yHgarm MarHuT Ba
3NeKTp MaliaoHnapu aHepruacu ysrapumb Typagm xonoc.

3Ham  13.5-a pacmpa kKentupunram ysatuwl  YHKUUACUHUHT
(KM aHMKpow, Kupwuuw GYHKLUACUHWUHT WUIaU3-
napuHn akaT MaBxyM (EKM XaKWKWIA) coHnapgaH wubopaT feb
onamus. bupuHum xonga pk = jtok Ba p(dl) = -jcok 6ynca, AK =
aK+ Hockv Ba A(H, = ak’ -jaK 6ynagn. Wy Tygaiinu

Ak ( Abl ,ak+jak ,ak~ja _ 4 ‘P

P-Pk  P-Pul P~P\ P+M p2+<~  p2 Kof
ammo S>0 6ynraHga, xap KaHAai onepatop ¢yHKuua F(p) HuHT
xakmkuii kncmmn Re [F(p)] > 0 6ynnwm ydyH a’\ = 0 6ynuwm
wapt. WyHgain akaH, CYHITW TeHrnamaHu Kyhugaruya €3umw Mym-
KVH:

_AL_+_"kxL_- -2aiJL ®>_P (13.6)
P-Pk P*“Pktl P +0Jk P*-K»)k

(6y epga Bk= 2a\ - xakuk,uii coHgup).
VIKKUHYM  TYpAuM  WAAW3NAPHU  XaKUKWIA  coHnmap p[ae6 Kabyn

Kuncak, AvHM P, = S, = -y, ynapra Teruwnam ojawnii Kaepnap
Kyngarn KypuHuwiga éynagu:
. E-L. = — . (13.7)
P- Pi P+ Y.

WyHpait kmnub, nngusnap gakat MaBxyM Ba hak.aT XakKuK,Wii
coHnapfaH ubopat 6ynca, KMpuw QYHKLMA onepaTopu:

7r('p)\:;x J-[/-UO J——;B_:k.p_—r'-'B3PT 1 E3'8)l

pl +a>{ p2 +i->j P-1TA>-1 P +Vm

KyiiunraH wmacanaHum aHuWKnawTMpuW Mak.cagnpa Kyimparu
SKAON MUCONMHW KypalinuK: Kupuw (YHKUKSCK

2(p) A'Vp a0 % -j —-y+—— =Tn(p)~z0(p) W |(p) +z7\(p) (13.8 Q)
p +oy P+Y3

OynraH 3aHXWpHWU KaHAal 3neMeH rnapgaH TY3uAULWW MYMKUHINTK-
HA  Kypub  umkalinuk. HOKopuga  KypcaTusiraHra  GMHOaH,



(P) =puy (Leo=A,) Ba ZQ(p) = RO(RO= AQ), fbHN ynap
Kerma-KeT ynaHraH WHOYKTMBAWK L,, Ba pesuctop RO aup. YuuH-
yu Tawkmn atyesum Zf (p) Hu

B, (p) 1 (13.9)

pB Ps
KypuHUWAa €3UW MYMKUH. DHAM 6y Kapwuauk akaT peakTus
aNeMeHTNapaH TalWKWA TOMraHUHKW Xucobra Oncak, Xycycuit xonga
napanncn ynaHraH WHAYKTUBAMK L, Ba curum C, napameTpnapHuHT
3KBMBANEHT KapLIWAWUTUHKM acnaTagu. XakukartaH, 6yHaain onepatop
KapLwunmk

" pct 1 (13.10)
PJ. 1. p( 1 L
[ o p

AbHM (13.9) TeHrnama 6unaH conuwTtupunraHga C, = 1/B, Ba

L,= B/co,. LyHun Kaiig Kmnammsku. oo - - - - ywby Tebpa-

Cl

HUW KOHTYPWUHWUHT Xycycuii 6ypyak uactoTacura TeHr. LLyHpaii
KUNNG, CUHTE3 épaaMu GunaH KUAWPWUAACTTaH HOMabAyM 3aHXUp-
MUHT YYUHYM yyacTKacu mapannen TebpyHull KoHTypu L, - C, gaH
nbopaTt 3kaH. Ba HMX0AT, Z (p) HWUHI TYPTUHYU TalLUKWA 3TYBUUCU

A3
napannen ynaHraH pesmctop R? Ba chenm Cj
23(P)= PNy
nappaH mnéopat, aeb oncak 6ynaau; YyHKu 6y X
|
za(p) = p(-3 (13. 1)
R H— P+
PC 3
KypuHué TypubanKKW, HOMabayMm
Rr KapLwmnnimk F23~A/y;é Ba CUTUM
C3= VAV WyHpah knnunb, (13.8 a)
ra MyTaHocum6 3aHxup 13.2 paempa
ZP> Rj KenTupunraH cxema 6ynné uyukagw.
r YMyMaH OAraHga, WXTUEPUIA 3aHXup
cuHTe3! ¢la acoCUH Yy3aTuwl (yHKLWA-
n-1i-1 o F(p) eHaTMa KUpULL
1 13.2 paem
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yTKazyByaHnurn Y'(p) \am 6epunuwiv MyMKuH. By x.onga, CUHTe3s-
NaHyBYM 3MIEME-HTMIAp  3aMXUP YyyacTKanapuHu TallKun Kunagu.
Tyna 3aHXup 6up Heya napannen ynaHraH TapmoknapgaH u6opar
6ynu6, ynap Y(pP) HMHr Tervwnuya TalWKWA  3TyBYMNapu
KypuHuwura kapaé Ty3unagu. 3HAM 6up Heya muconnap Kypué
YynKannuk.

131 wm_umc ojl MaccnB UKKUKYTBAUKHUHT KUpUW (YHK-

p_-1'4p* +%

uusicn (onepaTtop Kapwwunauru) Z(p) = bynca, y kaHpai

KYPVHULWAN 3aHXMpPra MyTaHOCMG?
B u v w BepunraH KacpHUHI CypaTUHM Maxpaxura Gynuul
HaTuXXacuga KyinaarvHu onvil MyMKWUH:

2(P) =P+ g5+ 'dash = 2 1P Yorpf Ky
p2 +15
OnepaTtop  KapWWIUTUHWHT  GUPUHYM  TalIKWUA  3TYBYMCK
Z|(p)-pL,"p-l, pemak 6y anemeHT wuHAyKTMBAMK L=I(r)- Tyna

KaplWUANKHUUT UKKUHYN  KUCMU  Z-,(p)--— —L -—=--= , AbHU Y MK-
Y2(p).Y3(p)

KuTa Mapanfiien ynaHraH yTkasyByaHnHK Y:(p) = 05p Ba

vinn cr25p_paH wubopar. [Mdemak, YZAp) = p C2 - chfhm
P2 + 15

yTKaszyByaHnuru. byHpaH mabnym 6ynagukm, C=0,5 (). CyHrin

yTKasyBYaH/INKKa Kencak, y toKppuaa KeNnTupunaraH

F(p) - _R.2 ugopaHn acnatagu. [emak, 6v TeHrnama Ketma-
P“ »y

KeT ynaHraH (L3 - C3 TebpaHma KOHTYpHW TacBupnaingmn. by x,0nga

Lk=L3- — =—-=4(T Ba A _
k 3 B, 025 () Ck=C3= " 7 {5 =§<p>

3aHXWUPHUHT  Tyna  Kapwuauru
ngpopgacn (*) ra KaparaHga, YHUHT

L3 KypuUHuLmn 13.3-pacmpa Kypcatun-
C2 raHgek 6ynagn. CUHTE3 KUIn6 ONUH-
Cs raH 3aHXupra uwoH4 X,0CM1 Kuauw
YUYH YHU (yna onepartop
KapWuinrMHy  Y.LDKUPHUHT  napa-

13.3 - paem meTpnapura kKapab lysainuk:
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' 11 (
PL-3+ . 4p+6]2

AP =pLj e — O OPREE i apy
+ - - 4p+ + P +2P
P 2 TRcs "o p
+4p2 +3

p3+2p
AbHU U3NaHraH 3aHXuUp Tydpu Ty3uarad.

13.3. PeakTuB MKKUN KYTO/MKIQPHUHI YacToTaBUiA xapaKTepu-
CcTMKacu. Hon Ba KyT6nap Tyrpucuga TyLuyHuYanap

MaccMB MKKUKYTONMKNApPHWM Tabpudrawga KentTupuaraH Mu-
connapra KaparaHga, ynap KynuHYa peakTuB 3fieMeHTnapfaH m60-
patr 6ynagn. ByHMHr cababu, KynuuauMK 3Heprus ysrapTupyBuu
3aHXUp Ba YNapHWHI 37eMeHrnapu ongura KyiunaguraH Tanabnap-
faH 6upu GepwuniraH KyBBaTHWM capgnamacfaH maH6agaH MCTELMON-
uyura ytkasuwaup. Maskyp Basua 3ca pe3ucTopcus, AbHU (akaTt
WHOYKTUBMK Ba CUIMMMapfaH TawKui TOMTaH 3aHXUp 3ummacura
KyinHnagn. WyHpain skaH, ysatuw dyHkuusicn Z(p)=x(p) MaBXym
COH OynraHu Tygaiinum onepatop p = jco Aed vwnatuanwmn Mym-
KWH. [leMaK 3aHXWPHWHT Tyna peakTWB KapLUWAUTUHN

f(% - tof Y (I)2 ~a>?f\J...(002 —Q>a X
2.(p) - x(jco) = jk - - — [ {J3.J2)
af co2 -coqYw2 -ce®  co2 - co2

Tap3fa é3mw MyMkuH (6y epga coif 0)3 ... - Wwn- cypargary nonu-
HOM ungmsnapu, o, co2 .. COT.| - Maxpaxpgarn MNoAUHOM WNan3sna-
pu). co, cO¥ . Ba X.K. napgaH O6upopTacum @ ra TeHr 6ynca,
x(jro ) = 0 6ynagu, AbHM LWy HyKTaja ys3aTuw (YHKUMACU HONAaH
yTagH. Arap 0)0, 0K .. Ba XK. napgaH 6upn (Eku 6up Heutacu)
ra roHr éynca. x(jco )= £ oo Oynagu, SbHW WY HyKTada ysatuu
(yHKLMACKM KyTO aTpouga xoinnawaau.

AMTUNTAHNAPHU WKKW \UN peakTUB 3NEMEHTAN wucpodcus 3a-
HXMOP MuconuMga Kypubé uukawlK. BupmHum xonna, “3aHXUpHU
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MKKUFa KeTMa-KeT yfiaHraH napannen TebpaHuWLl KOHTypiapugaH
noopat” febd oncak (13.4- a paem), UKKUHYM X,0Nfa YHU “UKKUTa
napannen ynaHraH KeTMma-keT Teb6paHuUL KOHTypfrapugaH TallKun
ToTaH” ge6 onamus (13.5-a paem). 3aHXWUPHUHT OGUPUHUYN KOHTY-

PN YUyH:
L, U L,
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ViAW) = b(jio) - <] ———cC |2 Bet A

i WLI b <24
BKKN
N
I Cy OC!
V . L - 0 J— meme———
YIOM) oLt- ] Oita-w-
faC ’
XyAau WyHra yxwatl YHUHT MKKWHYU KOHTYPW KapLWaNTu:
(e0]
m  C2
X2(,|bl )] -2t -
) O
by eppa ool0- 1/<----- Ba (0= y " ~~ ~ TebpaHULl KOH-
[ VAN [ \n2n2
TYPapUHUHT Xycycuii yactoTanapu. 3aHXUPHUHT ryna
KapLWINTU, eKN YHUHT KUpULW GYHKLMUACK:
r C}Q 0).:2
2(j<M) = x(jo) ~ X, (jw )+ X2(jo) = ) —2—~ - + —y — &

| K — @ 0) 11 - C

-p- (»0 - *“2)+c" (""w-'02)

KypuHu6é Ttypmbauku, x (jco) = 0 6ynumwm yuyH Eku o =
0, ékwu CO= Qi wWaptu Gaxapunuwm nosum. AMMO Oy SKAON
xonaTnapfaH TalWKApH AHa 6up HykTa 60p; AbHU [(co™ - or) VC|[
+ (cow - o LUC2] = 0, ékum O6up KaHya au-ebpauk
y3rapTupuwnapiaH KenuH:
O=w()= 1-— t4L .
yb]b2(C| +C2)
Tonunran wnagus kgimatnapn Z (p) = X (jco) PYHKUUACUHUHT
H O apu bynaguraH 6ynca. yHUHF Ky T6 map n x(jco ) = o
wapt GaxapunraHga tonunagu. by aca (13.13) HUHI Maxpaxu

HoMra TeHr 6GynraHga aHuknaHagu, sbvHU (FKO0>- Mm:) (cod - co) =
0, ékm KyTb6nM Hyk,Tanapga:

2 2 1 > 1 1 *0

n) ~ coin = aJl (A" —( 0 - ———— (13.15)

Ljc, L2C2

(13.14)

3aHXUp KAPWUAUTMHULW YacToTara 6ornaHuwmM X(co) ->rm uu-
3uknapn 13.4-6 pacmpga Kypca ruaram.
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13.5-a pacmga 6epuaraH 3aHXWp Y4YyH aipum MPpLUHAWKAAp
Z,(p)=x, (jro) Ba Z: (p) = X: (Jco) Kyhmparnya wdcllanaHagn:

xi(jw) =pL, + — =jo)Lj+— . X2(fff) = jwL2 +“ ~ -
(w) =p o, jo)Lj 0C, (ff) =] iwe,
X (jco) -x"(jto)

, €EKWu
Xi(jco) + X2 (j(i>)

gaH)KVIpHVIHF Tyna KapLuiury x(ta>4):

(0>2 - K»2 ,.°0) (13.16)

-« 11L1<2"*“201+ 11J<wn2 -*“10>

KypuHn6 Typnbamkun, yHKUMA H O N1 a p U WUKKM HyKTaga
XohnawraH:

- -y 11

272
KKy rénapH MU aHMKpawgarun wapTHM 6Gaxapuwl YuyH
(13.16) TeHrnamaHWHr MaxpaXWHW HoAra TeHr Ae6 oNNWMMK3 Ke-
pak, AbHU

[.L+JLloj2- + 0.

€K m=to'ft= | (13.18)

V(L, +L2)C,C,

Ternwnu arpu umsmknap X (co) 13.5- 6 pacmpa KenTupuirad
Ba ynap 3aHXWPHUHIT YacToTaBWIKW TaBcudnapwm
neb xam aTanagm.

13*4. MaccmB TYPTKYTUINK CUHTE3 acocnapu

Arap naccvB WMKKUKYTOMMK y3aTul (PYHKLMACK acocaH KupuLl
Kapwunuk Z (p). kn yTKasyBYaHNMK Y(p) Tap3uga ydpanigurad
bynca, TYPTKYTOAUK YyuyyH 6yHAalh (YHKUMA KyYnaHWULIHWUHT Ky4yna-
HUwWwra 6ynraH yn4oscu3 Hucbatnapu LW pY L p) Tap3nga \am 6¢
PUANLWIN MYMKWUH. MacanaH, TypTKyT6/IMK TeHrnamanap CHCTeMacy

j!, (63 )::CMAU ’ J(ng 2'-+mBI, 26”) ) (13.14)

KypvHuwga €sHaraH Gynca. yHra TypT Xua y3aTuwl (yHKUUsCK
Taannyknmgup:
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K,.(P)- K.(p)= -y Mp)
Ymymuin \onga xap 6up yHKUMA UXTUEPUIA paBuLifa
K(p)=T =v ;; +bmM P ~ tbo (13 20)

N(p) a,p +a,_[P +..+a0
Kacp Tap3uga 6epwnaraH 6ynuwm mymkuH (6y epga men).
G(p) NMOAMHOMWMHUHT wuagusnapuHu p1 pA ... pT0 Ba N(p) no-

NVHOMUHUHT  WNAU3NAPUHU p.*, pZ, ... pnd ge6 6cnrunacak,
(13.19) ypHura

.Mp)=CtPzM "J& JdfezEnel (i3.20.a)
(P~ PlccXP - P2»)-(P --Prioo)

HY é3uw MyMKuH (6y epga C = bt/a,). [emak, Teruwnuua apt-
nap Kynwnca, 3aHXWPHWHI 4acTOTaBUN TaBCUUHM Kypull KUAWNH
amac. [laccMB TypTKyrbamknap X.am KynuMHYa 3Heprus ysaTyBuu
cuatmaa y3 anemeHTnapuga SHeprusa capgiamaiguraH 3aHxup
xucobnaHagH. LWy Tyainnm ynap peakTuB 3fieMeHTNapfaH TalKui
TonraH 6ynagn. WVKKMHYM TOMOHAAH, CWMHTE3 KUMWHAeTraH 3a-
HXWUPHUHE  Ty3unuwin  (CTPyKTypacu) MyTnako HoMmabaym [eb
X,ucobnawl xam TaBcusA 3TUAMainau. byHun cababu Kyn Xonnapga
yypaniguraH TypTKYTONuKnapHuHr T-IT kM KynpuK Wwaknnapugarm
cofuarvHa anmawTupuwl cxemanapu épgamra kenagu. MacanaH, T-
CUMOH anmawTupuw cxemacuHu (13.19) pa KypcatunraH TeHrna-
Manap cucTemMacuHu onaguraH 6yfncax, YHWHr JOMMUIA KOahhmum-
EHTNapu Ternwau pasmwga

A =1+Z)(p)=YO{p)B =2Z,(p) +70Cp) +2,(p)- 7r(p) YO(p); 6ynaAn.
C =YO0(p) Ba D=1+2Z22(p)w¥, (p)

[emak, ysaTuwl (YHKUMACMHUHT onepaTop Tacsupu (13.20) TeHr-
nama KypuHuwmaa 6epunraH 6ynca, yHu (13.19) 6unaH mocnaul-
TMpcak, Maeana Xxan 6ynagu. [laccuB TYPTKYTONUKHWUHT aipum
anemeHrnapuHy tawkun atyeum L Ba C napamertpnapra KenraHja,
YNAPHUHT XamMMacuHu Lj~C, L, - C2 Ba LO- CO napannen
pe3oHaHC KOHTypnapfaH ub6opat aeb dapas kunanuk. by xonga
xap 6up K/apwuamk Ba yTKasYBuaHn*k onepaTop LWaKAMHUHT
Kyhimgarunya ésunmn Kepak:
P P



SHAM hapa3 Kunalnnuk, WyHaa TYPTKYTOAMK Ty3ul KepakKWy,
YHUHT y3aTuw yHKuuanapugad eupun K (p)=nr<> ( } Ba WKKUH-

uncn  k,(p)=~ "~ ~ =(pcosa-tosma):(psina+o}Cosa:)aHHK, onepaTop

TacBupnapra ara 6yncuH, 3HAaM (13.19) TeHrnama ypHura

1=A K,(PU

u.(p)
l=c 4§ +D 'Mp)
EKu I - A -ki(p)dl - Dkj(p)] = BC*k,, (p) *k,(p) (13.21)

HU €3 MyMKWUH. TypTKyT6/nuKnap MyBo3aHatura goinp AD-BC=l
TeHrnamaHu  xucobra  onraHga, (13.21) TeHrnama — ypHura
KyingarnHm é3amms:

I~A-ku(p)-D*ki(p)+ku(p)-ki(p)=0. (13.22)
MacanaHy OCOHaWTUPULW  MakK,caguga TYPTKYTOIUKHU CUM-
MeTpuK aeb6 onamus, AvHu Z, (p) = Z2(p) , ékwm
P/ 2 2
A =T) - 1+2,<p) -Y,<p) = 1+Z2(p) wO(p) ~ 1+ (13 <13)
P+ %

(13.22)TeHrnama 6unaH (13.23) TeHrnamanapHu 6upra euumuw
HaTvXXacupa Kyihmgarunapra spuiamms:

M p)-Mp)+1=|,CO0 p2+wp
M p)+ M p) ci p2+0)?’
éKu
(p2 +<03) cosa _t| CO p; -fd™ (13.24)

(p- 03*) sina +2pcomos a Clp
By eppa: @ - MmaH6a yactotacu, &) = VI Ba 0= W---—--—-- ;
[ vAiCi /
a - Tok L 6wunaH kyumaHmw U: opacuparu cumkuw 6Gypuaru.
OnepaTop p = jco , Aeb onuHca, (13.24)~TeHrnamagaH

(= 1 " (Lo+L,) (13.25)
yL.L, (CQ+cCi)

unkagn. [lemak, TypTKYTOAMKAArn TeGpaHUL KOHTYPAapUHUHI na-

pameTpnapu LO, L,, COBa C, MXTMepuin BapuaHTAa TaHMawww
MYMKUH.
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SneKTP Ba MarHUT KaTra/IMKNApPHUHT GUPAMKIapu

AneKTpoMarHuT
KaTTanmknap
HOMM

QneKTp
MUKAOPY
(x,@KkMK) 3apsag

AnekTp Mmaii-
JBOHHUHT KyuY-
NaHraHnmru,
noTeHuman
rpagueHTm

OneKTp 3apag
CUIDKULLIN

ONeKTp joun-
muicK

ONeKTp curam

DNeKTp topu-
TYBUM Kyd, Kyu-
NaHnLL, NoTeH-
uman

DNeKTp TOK

ONeKTp TOK-
HUHT 314711ru

QneKkTp
KapLUnankK

QneKTp
yTKa3yBYaHINK

DNeKTP 3Heprus
(anekTp 6axap-
raH uw)

ONeKTP Kyseit
MarHuTt oksamu

MnawraH Mmai-
HUT OK.MMW

Katranmk
6enrucm

bupnnrun

Bupnuk
HOMM

f.YMymMuii aneKTp Ba MarHWT KaTTauKiapu

Qq

W, gredtp

e, n ¢

[ 1

R, T

G.S

()

AMMep-CeKyHA

BonbT Takcum
MeTp

KynoH rakcum
METP KB.

®dapafia Tak.cum
MeTp

KynoH Takcum

MeTp
BonbT

Awmnep

AmMnep TakemMMm
MeTp Ksagpar

BonbT Takcum
amnep

AMMNep Tak.cum
BO/IbT

BonbT-amnep-
CeKyHf (BarT-
CeKyHA)

BonbT-amnep

BonbT-ceKyHN
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KynoH

®dapaga

BonbT

Amnep

Om

CuMeHC

Koynb

BatT

Bebep

Bupun K
6enMKMn

B/m

Kn/wm-

d/m

Alv’

Cun

Bt

Bfi



MarHmt uHayk-
ums

Marnut maiigon
KyUTaHraHgHrm

Maruut gou-
MWIACH

MNHAYKTUBANK
Yy4aponHLyKTUB

MK

MaruuT topu-
TYyBUM Kyd (mar-
HUTIOBYM KYyY)

V. Y3rapyBuaH (cMHycomgas) TOKfapra ouj KaTTasvknap

ONeKTp TOK:
OH nil

amn XTygasuii

apthekTUN
(ama wwin)

ypTa
TuK paspu

TuK 4vactotacu

Bypuak 4acTtoTa

TOKHUHT

(3TO K.HUHT,
KyYNUUNLLMWHI)
60:1 MNruy

tha (scu

TokK Ba Ky4na-
HUn! ypTaenga-
m hayasuii

CW/ IAHU1

Bonbl-CeKyHA

Bebep rakcum
MeTp KBagpaT

AMMNep raxkcum
MeTp

[eHpy Takenm
MeTp

Bebep Takenm
amnep

Bebep Takenm
amnep

Awmnep

Awmnep

Amnep

Awmnep

AwmMnep
CeKYH[,

6up Takcum
CeKYH[,

pagyaH rakcum
CEKYH[

pagvat (rpagyc

paguaH (rpagyc)
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Bebep

Tecna

eHpwn

"eHpn

Awmnep

Amnep

Amnep

AmMnep

Amnep
CeKyH/

Tepu

Tn

m

My

pag/c



KyHBar:
aK:vB

pCAKT b

Tyna 1

KyHBaT Ko03(h-
hrymeHT

Pe3oHaHC 4ac-
TOoTacu

TyNKunH
KapLLUWIHK

P=nPCoud

Q=UlISin(p

S=Uul

Cos<p

» x>

p=Lw

BO/1bl amnep

KOJbl-amnep

BO/IbT-amMnep

pagvaH Takcum
CeKyHn

BONbT Takcum
amnep
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Bau'r
BonbT-am-
rjep peak-
TVB

BonbT-
amrep

Om

BT

BA

pag/c
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