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SJIEKTPOMATHUTHBIE KOMIIOHEHTBI IPEOBPA3OBATEJIEN

HAIIPSI)KEHU S

TouHoe ompeneneHne 3HAYEHHsT CONMPOTHBICHUSI OOMOTOK MEPEMEHHOMY TOKY SIBJISETCS BeChbMa aKTyallbHOM
3aja4yeil Ipu MPOSKTHPOBAHUH AJIEKTPOMArHUTHBIX KOMIIOHEHTOB BBICOKOYACTOTHBIX MpeoOpa3oBarelieil HalpsHKeHHs
(BITH).

Bce mpeamiecTByomine paboThl OTEUECTBEHHBIX U 3apYOEKHBIX YUCHBIX MOATBEPXKIAIOT TOT (PAKT, YTO COMPO-
THUBJICHHE OOMOTOK MEPEMEHHOMY TOKY MOXKET ObITh 3HAQUUTEJIBHO BBIIIE, YeM COMPOTUBIICHHE MOCTOSHHOMY TOKY, U
4T0 3(PPEKTUBHOE CONMPOTHUBICHHE OOMOTOK IPH HECHHYCOWIANBHON (pOpME TOKAa TaKKe CYIIECTBEHHO IPEBBIIIAET
aHaJOTMYHOE IIPU CHHYCOUIAILHOM popme Toka CyliecTByeT, 0 KpaiiHel Mepe, IsITh IPUYHH BO3HUKHOBEHHS JI0TIOJ-

HUTEJIbHBIX IOTEPH B O6MOTKaX BbBICOKOYACTOTHBIX 3JICKTPOMAriuTHBIX KOMIIOHCHTOB BIIH.
IIpoucxoxaenue ckuH-3¢pdexra, ypdexra 6,1U30CTH U POACTBEHHBIX 3P PeKTOB

CkuH-30QeKT, ABIsIOmuUiics YacTHBIM cirydaeM d¢dexra 6au30cTH, 6a3upyercst Ha TeHepauud TOKOB B IIPO-

BOIHHKAX IO HCﬁCTBHCM TNIEPEMEHHOTIO MAarHUTHOT O T10JIA.

Ilox nmeiicTBHEM MarHUTHOTO 110J1s1, CO3JaHHOTI'O BOJIM3HU IMPOBOAHUKA, HA €0 MOBEPXHOCTU BO3ZHUKAIOT TOKHU,
TCHCPUPYIOIINUE MArHUTHOC MOJIC IMPOTUBOIOJIOXKHOEC IEPBOHAYAIIBHOMY, KOTOPOC “BBITECHSIET TOK U3 BHyTpeHHeﬁ
obactu IIPOBOJHUKA. Ecmm IMPOBOAHUK HC UMECT CONIPOTUBJIICHUA (HaHpI/IMep, CBerHpOBO,HHI/IK), TOKH IPOTCKAIOLINEC

I1I0 MOBEPXHOCTH HE BBI3BIBAIOT HAIPE€BA, U CJICAOBATCIIEHO MArHUTHOE I10JI€ UCKJIIFOYEHO M3 IIPOBOJHHUKA.

IIpu TemnepaTypax BbIIIE HECKOJBKHX JECSATKOB IpagycoB mo KenbBUHY Bce NMPOBOAHMKH HMEIOT KOHEUHOE
COIIPOTHUBJICHHUE, HO NIPU ATOM U NIOBEPXHOCTHBIE TOKU MUMEIOT TEHACHIMIO K 3aTYyXaHUIO. DTO MO3BOJSET MATHUTHOMY
MOJII0 IPOHUKATH Yepe3 MOBEPXHOCTh IMPOBOJHMKA, BbI3bIBAs MPOTEKAHUE TOKA HE TOJNBKO MO MOBEpXHOCTU. Tak Kak
MarHuTHOE TOJIE€ MPOHMUKACT BHYTPh, TO OOJbBIIAs 30HA MPOBOJMMOCTH CTAHOBUTCS NOCTYITHOW HABEICHHBIM TOKAaM.
IToTepn cHIKArOTCS, U CTENIEHb IIPOHHUKHOBEHUSI IPOTPECCUBHO 3aTyXaeT. B KOHeUHOM cuere, HaBeIeHHbIE TOKU OyIyT

paccesiHbl B BH/E TEIJIa, © MArHUTHOE 110JIe OyIET MPOCTHPATHCS [0 BCEMY IPOBOIHUKY.

CkuH-3QPEeKT — 3T0 “3pdeKT OMM30CTH MArHUTHOTO TIOJIS, BRI3BAHHOTO TOKOM MPOTEKAIOIIAM HEMOCPEICT-
BEHHO B IIPOBOJHHUKE. B 3TOM ciydae, BHOBb CreHEpUPOBaHHBII TOK, CIIEIyeT 32 MArHUTHBIM I10JIEM B IIPOBOIHUKE, U, B

KOHEYHOM CUETE, PACHPOCTPAHACTCA 10 BCEMY IPOBOJHHUKY.

HepeMCHHLIfI TOK JOCTAaTO4YHO BBICOKOM YaCTOTHI BBI3EIBACT U3MEHECHHUE HalpaBJICHUA TOKa, MPEKIAC YEM I10JI-
HOCTBIO PACIIPOCTPAHUTCA B IPOBOJHUKE. HpOTeKaIOH.[I/Iﬁ TOK COXPAHACT KOHLCHTPAIUIO BOJIM3H TIOBEPXHOCTH, IIO
OTHOLICHUIO K TOKAM HHIKE IMOBCPXHOCTHU, €TO 3aACPIKKaA MMPOTPECCUBHO HAPACTACT, 4 3HAYCHUC YMCHbLIIACTCA, YIUTbI-

Basl IOBEPXHOCTHBIH TOK.

AMIUIUTYJa CUHYCOUAATIBHOIO TOKA B TOJICTOM IIPOBOJHUKE YMEHBIIIAETCS YKCIIOHEHIIUANBHO OT MOBEPXHOCTU
¢ (azoBoii 3anepKKOi B OAMH pajguaH HA “TIyOMHY CKHH-cIosf”. ['myOnHa CKUH-CIIOS ONpeAenseTcs, KaK pacCTOsHNE
HIDKE TIOBEPXHOCTH, I/I¢ IUIOTHOCTh TOKAa MajaeT Ha l/e OT 3Ha4eHUs Ha IMOBEPXHOCTH (e-OCHOBAaHHME HATYpPAIbHOTO
norapudma). M3-3a  yMeHbIIEHHS 30HBI TNPOHUKHOBEHHS OT BpPEMEHH, IJIyOMHAa CKUH-CIOS HM3MEHSETCS

00paTHONPONOPIIOHATBHO KBaAPATHOMY KOPHIO OT YaCTOTHI.



OCHOBHOI#T TOK (CpejlHee 3HAUCHHE) B IPOBOJHUKE 3aMa3bIBaeT OT MOBEPXHOCT-HOTO TOKA, CO3/aBas (heHOMeH
(hazoBoro omnepexxenus Ha 45 rpaaycoB. MHTepecHO Takke 0OpaTUTh BHUMAaHHUE HA TO, YTO HA HEKOTOPO#l riiyOuHE B

TOJICTOM IPOBOJHHUKE TOK ITPOTCKACT B HAIIPABJIICHUU IIPOTHUBOIIOJIO)KHOM OCHOBHOMY TOKY.

[MTorepu ot adpdekra GimzocTr n ckuH-3dPeKTa BCcera CyMMUPYIOTCS ¢ IOTEPsi-MH B POBOIHUKE. B oOMoTKax
MarHUTHBIX KOMIIOHEHTOB, MPOBOJSIIMX BBICOKOYAC-TOTHBIE TOKH, IMOTEPH B MPOBOJHHKE HAYMHAIOT 3aMETHO
YBEJIMYMBATHCS, KOTAA TOJ-IIMHA NPOBOJHHKA OOMOTKHM CTAaHOBHTCS COM3MEpPHMa C IIIyOMHOM CKHMH-CIOSI BBICOKO-

HYaCTOTHOI'O TOKa.

I'ny6una ckun-cinos B Meau mpu temneparype 100°C Ha yactote 20 k['11 cocrariser 0,5 MM, YMEHbBIIASACH 10

0,07 mm Ha 1 MTI'm.

HCTOYHMKH BBICOKOYACTOTHBIX nmorepb

1. Cxun-a¢hghexm BBI3BIBACT KOHIICHTPAIIMIO NIEPEMEHHBIX TOKOB BOJIM3HM MTOBEPXHOCTH MPOBOAHKKA. OH SBIIS-
ercst GyHIaMeHTAIbHBIM 3((EKTOM Ha BBICOKOH YacTOTE, MPOSIBISIONIMMCS KaK B OTICIBHOM IPOBOIHUKE, TaK U B

00MOTKAX MAarHUTHBIX KOMITOHEHTOB.

2. Dpghexm bauzocmu BBI3BIBACT JOMOTHUTENBHBIC IOTEPH B MPOBOJAHMKAX HAXOMISIIMXCS B HEMOCPEICTBEHHOM
OIM30CTH OT IPYTHUX MPOBOAHUKOB, IPOBOMSIINX TOK. DTH MOTEPH SBISIOTCS PE3yJIbTATOM BHUXPEBBIX TOKOB, CO3/1a-
BacMbIX B MIPOBOJHUKE IO ACHCTBHEM TOKOB MPOTEKAIOIINX B OJIU3JICKAIIUX MPOBOJAHUKAX. DPPEKT OIM30CTH UMEET
TEHJICHIMIO CTAHOBUTCS JIOMHHHUPYIOIIAM B 00pPa30BaHHM MOTEPh B MPOBOJHUKAX MAIHUTHBIX KOMIIOHEHTOB Ha BBICO-

KHX 4acCcToTax, 0COOEHHO Korjga 0OMOTKH MHOI'OCJIOMHBIE.

3. Konyegoii s¢hpghexm BO3HUKAET M3-32 HEPABHOMEPHOCTH MAarHUTHOTO TOJIsl HA KOHIIAX 0OMOTOK TpaHchopma-
TOpOB U Apocceield. OH BBI3BIBAET YBEIMUCHUE MTOTEPh B 3aBUCHMOCTH OT pa3MepOB OOMOTKH, PacloOiOKEHHs U T'eo-

METPHHU CEepJIeUHHKa MarHUTOIPOBO/Ia BOJIM3U OT KOHLIOB OOMOTKH.

4. Dgpexm 3azopa B cepAevyHMKE MarHUTONpPOBOoAa. IIpHCYTCTBHE IMCKPETHBIX BO3AYIIHBIX 3a30pPOB B
CEep/ICYHUKE CO3/1aeT MAarHUTHBIE NOJIS HE MapajulelbHble OCH OOMOTKH, KOTOpBIE Iepecekas OOMOTKH HaBOJST
JIOTIOJTHUTEJIbHBIE BHUXPEBBIC TOKH, BBI3BIBAIONIME IOTEPU. ITOT IPQEeKT yacTo SBISETCS TINIABEHCTBYIOIIUM B

TpaHC(i)OpMaTOan " ApocceidaX € OOJILLINM YpPOBHEM HyJ'IBC&III/Iﬁ TOKa, rA€ €CTh 3a30p B CCPACHHNUKC MArHUTOIIPOBOJA.

5. Dghpexm snewnezo nposoonuxa. JIroOOH MPOBOJHUK, PACTIONOKEHHBIH B 00JACTH BO3JCHCTBHS CHUIIOBOTO
noyis TpaHchopMmaTopa MM Apoccess, paboTaloliero ¢ BHICOKOYACTOTHBIMH TOKaMH, OyAeT IMpPUYMHON IOTepb,
BBI3BAHHBIX BUXPEBBIMH TOKa-MH. OOBIMHO 3TOT 3((eKT MpOsBIISETCS B YPE3MEPHO TOJCTBIX AJIEKTPOCTATUYECKHX
9KpaHax, B BBIBOJIaX OOMOTOK pAacHOJIOKEHHBIX BOJIM3M WJIM TPOXOAAIIMX dYepe3 00-7acTh CWIBHBIX TIOJIEH, B

MCTAJUIMYCCKUX KPCTIJICHUAX U o06oiiMax BOJIU3H OOMOTOK UJIH OKOJIO 3a30pa B CEPACUHUKE.
BblunciieHHe BBICOKOYACTOTHBIX noTepb B IIPOBOAHUKAX

CxuH-3QPeKT 1 3PPeKT OIM30CTH, BHIZBIBAIOIINE ITOTEPH B MPOBOJHUKAX TpaHC(HOPMATOPOB M JIpoccerieid Ha
BBICOKHX YaCTOTaX, ABJIAIOTCS HanOoJee MoAafoUMHUCS TEOPETHYECKOMY BBIUMCIICHHUIO.

W3Becten psan pabor, mocesmeHHBIX 3Toi Teme Crarba J[loysuia, paccMmarpuBamomas MOTEpU MpH
CHHYCOMJAJIBHON (popMe TOKa, — JIyqmiast pyHJaMeH-TallbHas paboTa U MCHOJIB3YEeTCsl KaK OCHOBA IIPH PACCMOTPEHHH

Ipyrux ¢Gopm Toka.



Jns ynpoueHus pacuera noTepb, 3aMEHUM KPYTJIbld MPOBOJHUK HAa KBAJIPATHBIN 3KBUBAJIEHTHOIO CEYEHUS U
UCTIONB3yeM KO3(D(MUIIMECHT 1], OTPaKAIOIMIUN KAaKyH YacTh IMHPUHBI OOMOTKH 3aHHMMAIOT KBaJPaTHBIC MPOBOIHUKU.

Hanpumep amst npoBoanuka n3 gonsru n = 1.

dakruueckas NPUMEHHUMOCTh PE3yJIbTaTOB K 0OMOTKaM U3 (OJbrH 3aBUCUT OT PABHOMEPHOCTH TOKA IO BCEi
mmpuHe ¢onbru. Mcnonb3oBaHue KOMOMHUPOBAHUS NPU YKJaJKe: BHavyaie (oibropas oOMOTKa, 3aTeM OOMOTKa U3
MpOBO/Ia, MMEET TEHJCHIUIO MPHHYIUTENLHO BBIPABHMBATH TOK B (hOJbre, OCOOCHHO, €CIUM BHUTKH H3 (hosbru
4YepenyrTcs MNpoBojgamMH. ECTh OCHOBAaHHE IMOJIarath, 4YTO KCIOJIb30BaHHE (GOJBIH B 00CMX OOMOTKax OynmeT

BBIPABHUBAThH TOK, HO 3TO TPeOyeT MPOBEPKH.

IIpn MCKIIOYEHMHM MarHUTHOTO IOJs M3 ITPOBOJHHUKA HA BBICOKOW 4aCTOTE IMPOUCXOAMUT CHHKEHHE WUHIyKTHB-
HOCTH DPaccestHus MeXmy oOMoTKaMH TpaHcdopmaTopa. OCHOBHOE KOJIMYECTBO SHEPIMH MHIYKTUBHOCTH PACCESHHS
OOBIYHO HAKAIUIMBAETCSI B MATHUTHOM I10JI€ MEXIy OOMOTKaMH. B OOJIBIIMHCTBE UMITYJIbCHBIX TPaHC(OPMATOPOB MH-

JTYKTUBHOCTB paccestHus MeHblie 5-20%.

ITpouenypa onpeneneHus: MOTeps B 0OMOTKAX MPU HECHHYCOUAATBHOM TOKE COCTOHUT M3 ONPEIEIICHUS rapMo-
HHYECKOTO COCTaBa TOKA M COIPOTHBIICHHS OOMOTKH Ha NMEPEMEHHOM TOKE Ha KaxJoi rapMmonuke. [lomHble motepu
€CThb CyMMa IIPOU3BEACHUN IR Ha Kax0i yacToTe( BKIIIOYasi HYJEBYIO 4acTory). Torna 3¢ ¢eKTHBHOE CONpOTHB-
JICHUS] HAXOJIUTCS], KaK OTHOILIEHHE MOIIIHOCTH TOJIHBIX TIOTEPh K KBAJIPaTy JAEHCTBYIO-IEro 3HAUSHHs TOKa.

OTH BBIYUCICHUS] UMEIOT TCHICHIMIO PACXOIUTHCS TPH YBEIMUEHUH YKCIAa yYUTHIBAEMbIX TapMOHHUK. Pacuer
COIIPOTHBIICHUIT Ha KXKAOH YacTOTe BKJIIOYAET B Ce0sl HECKOIBKO TPUTOHOMETPHYECKHX U IMIEepOOINYecKrX (yHKIHUH.
[ToaTOMy JIydIlie 3TH pacyeThl IPOBOIUTH C MPUBJICYEHHEM COOTBETCBYIOIMX CPEJICTB BBIYUCINTEIbHOW TEXHUKH.

O6o03HaYNM:

h — BrIcOTa IpOBOHMKA
O — TIyOMHA CKHH-CJIOS
m — YHCIIO CIIOEB B 0OMOTKE
K, — k03¢ dpunmeHT n3MeHeHuUs! CONTPOTHBIICHHS Ha IEPEMEHHOM TOKeE (Iajee KOd(QQUIMEHT CONPOTHUBICHHS)
t;, tr— Bpems ppoHTa (HapacTaHUs U CIajaa)
T — nepuon
D — ko3¢ Purnent 3anonHeHns (OTHOIIEHIE BPEMEHH HMITYJICa K IEPHOLY ).

B ypaBHeHusix [uist pacdera notepb Oy/ieM HCIOIb30BaTh (PaKTHUECKYIO BBICOTY MPOBOJHHKA, IPUBEICHHYIO K
rIIyOMHE CKMH-CIIOS1 Ha HU3MIEeH JyacTtoTe. DT0 3(p(heKTUBHO M3MEpsET BBHICOTY NPOBOJHHMKA B €AMHHUIAX INTyOMHBI CKUH-
CJIOSI HA OCHOBHOM dacToTe. OTHOIICHNE BBICOTHI IPOBOAHUKA K INTyOMHE CKHH-CIIOS] BO3PACTACT C YBEJIMUCHUEM YacTO-
THI.

Koaddunment comporusnenus K, sBisercs OTHOIIEHHEM COIPOTUBIICHHS Ha IIEPEMEHHOM TOKe (IUIsl JIF000H
(hopMBI TOKa) K CONPOTUBIICHHIO Ha IIOCTOSIHHOM TOKe. ETro MCIosib30BaHuE [TO3BOJINT YUECTh BIMSHHUE PA3IMYHBIX BbI-
COT IIPOBOAHUKA (TIPH Pa3HBIX TapMOHMYECKNX YacTOTaX) Ha MOJHBIE NTOTEPH, M TEM CaMbIM MOBBICUTH TOYHOCTb pac-
YETOB.

3nauenne K, Moxer OBITH paccunTaHo (MJIM ONPEAEIECHO II0 3apaHee COCTABIEHHBIM HOMOIpaMMaMm) IS
pa3nuuHbBIX KOMOMHAIMi U3 (opMBI TOKa, BBICOTHI IPOBOJHMKA, M 4YMClAa cJoeB. BrrumcneHne sddexkTuBHOrO

CONIPOTHUBJIEHUS, TaKUM 06pa30M, MO>XHO CBECTHU K OIIPEACIICHUIO COIIPOTHUBIICHUSA OOMOTKH Ha IOCTOSHHOM TOKE,



YMHOKEHHUIO 3TOI'0 CONPOTHBIIEHHUS Ha OTHOILIEHNE BBICOTHI TPOBOJHUKA K ITyOHMHE CKMH-CIIOS M HAa COOTBETCTBYFOLIHNA
ko3¢ ¢unment K, uis 1aHHOM BBICOTHI POBOIHKMKA NpU BBIOpaHHOI (hopme Toka. [ToiHble MOTEpH B 0OMOTKE OyIyT

OIIPEIETIATHCS [TPOU3BEICHUEM KBaIparta JeHCTBYIOIIET0 TOKa Ha 3()(heKTHBHOE CONPOTHBIICHHUE.
Ananu3 ¢gopm Toka

B tpancdopmaropax u apoccensx mpeoOpa3oBaTelnieil pabOTaromKX Ha BEICOKMX YaCTOTAaX MCHOIB3YIOTCS CIe-
nytorine Gopmbl ToKa:

1) Oouononsapmuwiti npsAMOYy20IbHLIL UMAYIbLC: ACTOIB3YETCS B Pa3IHYHBIX OJHOTAKTHBIX MpeoOpa3oBaTelsuX.
AHanu3 GopM TOKa IPOBEICH MPH CIEAYIOMIUX YCIOBHSIX:

Koadpduument 3anonaenus D usmensics ot 0,1 mo 0,8;

Bpewms ¢ponra t;, tr m3smeHsuiocs ot 0,1% 1o 5% mepuona;

Yucno cinoeB 00MOTKH M3MEHsIochk oT 1 10 10;

Bricora npoBoaHuKa u3MeHsmachk ot 2 10 0,05 riryOuHBI CKUH-CII0S

2) PasHonoaspras npamoy20ibHas ¢hopma, 0OBIYHO HUCIIONIB3YETCS B MOCTOBBIX U TIOJIyMOCTOBBIX Mpeo0pa3zoBa-
Tensx. Ota hopMa aHATU3UPOBANIACH [T Citydas D=1, Ipu yCIIOBUSIX, IPUBEICHHBIX BBIIIIC.

3) Cummempuunas mpeyeonvhas popma TOKa, UCIIONIb3yeTcs B OOJIBLUIMHCTBE APOC-celieil PUIbTpoB B CyMMe C
MOCTOSIHHOW cocTaBiusIIonIeil Toka. IlocTosHHas cocTaBisg-fomas TOKa He CBsI3aHa ¢ BEICOKOYACTOTHBIMH ITEPEMEHHBIMHU
COCTARBJISIOLIMMH, TI03-TOMY HOTEPU OT MOCTOSHHOIO U MEPEMEHHOIO TOKOB HEOOXOIUMO CUHMTATh OTIEIBHO M 3aTEM
cymmupoBatb. KoadduimeHT conpoTuBiieHHs: pacyuThIBANICS Ui OOMOTOK € 4YHCIOM ciioeB A0 10, HO TONBKO st
cummerpuyHoit (D=0,5) dopmbr Toka. Tpeyronb-Has ¢popma toka ¢ 0,3<D<0,8 u Gonee, UMeeT MOYTH TO KE camoe
coliep-)KaHHE Tap-MOHMK, OTJIMYAsICh TOJHKO (ha30BBIM CABHTOM TapMOHHMK, II03TOMY MOXHO HCIOJB30-BaTh
Pe3yIbTATHI OTYYCHHBIC BBIIIE.

4) OOHONONAPHLLL CUHYCOUOATbHBIL UMNYIbC, HUCIIONB3YeTCS B KBAa3HPE30HAHCHBIX IPEoOpa3oBaTelax ¢
TIEPEKITIOYCHHEM TIPH HYJIE TOKa CHIIOBOTO TPAaH3UCTOPA.

5) Oouononsapuwill mpeyeonvbhblii UMNYIbLC, UCTIONB3YETCS B Mpeo0pa3oBaTelsiX C IEePEKIIOUCHUEM NpH HyJe

HarnpspkeHusi. PacemarpuBancs i koa¢duuunenra 3anoianenus 0,2<D<0,7.

O}_'[HOTaKTHLIe npeoGpa3OBaTeJm, Kak I[psAMOXOJOBOro TaK H 06paTHOXO,HOBOF0 TUIIOB, HMCKOT Pij

OpEeUMYIIECCTB IIPU pa60Te Ha BEICOKOH 9acToTE, [IOOTOMY UM OBLIO YACJICHO OCHOBHOC BHUMAHUEC.

Pe3yHBTaTbI pacuera norepb

HpOBC}IeHHbIe AHAJIUTUYCCKUEC HCCIICAOBAHNA TMO3BOJIAIOT NPUBECTU OCHOBHLIC PE3YJILTATHI pacd€Ta MOTCPh B
CJIEAYIOIIEM BUJIE.
s omHOCTOIHOI 0OMOTKH SKBUBAJICHTHASI BEICOTA KPYTJIOTO MTPOBOIHHUKA!

0,75

h=[Z) alL)=0g34. 9
4 S S

rzae: d — auaMeTp Kpyriioro npoBojia (BKII0Yast U30JISILHUIO)

S — paccTosiHuEe MEX Ty IEHTPAMH JBYX COCETHIX IIPOBOIOB.

I'my6una ckuH-cII0s:



5= |2
W,

T/ie: P — YAEIBHOE COTPOTUBIICHUE MEAH

® — KpyToBas yacToTa
Mo — MarHuTHasi IPOHUIIAEMOCTh BaKyyMa

Beicora npoBoiHNKa, IPUBEIEHHAS K INIyOHMHE CKUH-CIIOS:
X =h/3.
bazoBble ypaBHEHUS, TTO3BOJISIIONINE PACCUNTATh OTHOIICHHWE CONPOTHBICHUS IIPU CHHYCOWAAIBHOM IIEPEMEH-

HOM TOKE€ K COIIPOTUBJICHUIO IIPU ITIOCTOAHHOM TOKE, C Y4€TOM BBICOTHI IIPOBOJHUKA U YHCJIa CIIOEB OOMOTKHU:

(1

Fr = Rac/ Rdc
2 —_—
F =M+ m =1y @)
3
e —e? +2sin2X
3)

M=X
e¥ +e ¥ —2cos X

X -X .
e" —e " =2sinX

D'=2X 4
e +e ¥ +2cos X )

IMoacraBuB (3), (4) B (2), Moay4YnM OTHOILEHHWE CONPOTHUBIICHHS HAa JAHHOW YacTOT€ K CONPOTHBJICHHIO

IIOCTOSIHHOMY TOKY.
[Tpu HecunyconaanbHOU (GOpME TOKA MOJIHBIE TOTEPU

P, =R, +IR, + R, +..+ 'R, 5)

rae: [, — ammmTyaa Toka Ha yactore rapMOHHMKHU n (n=0 Ha IIOCTOSIHHOM TOKe);
R, — comnpoTuBneHne Ha YacTOTE FAPMOHUKH N;

R, =Fr,Ry
Fr,, — k03())UIHMEHT CONPOTHRICH I Ha yacToTe rapMoHuku /1

Torna:
P,=LR,+I!R +1;R, +..+ IR, (6)

D¢ dexTrBHOE CONPOTHBICHUE OOMOTKH MOXKHO OIIPEACIIHUTh KaK:
_ 2
R.=P, /13 (7)

rze: [y — monHbIi AeHCTBY IO TOK B 0OMOTKE

=1+ +1+..+1; (8)



Orcrona:

R(I2 +I2Fr,+ 2Fry + ..+ I*Fr,)

2
Iﬂ

R =

ac

)

3nech Mbl HOIYyYHIIM OTHOLIEHHE 3(P(PEKTHBHOTO CONPOTHUBIICHUS OOMOTKH (JIIsI HECHMHYCOUAAIBHOTO TOKa) K
COTIPOTHUBJICHUIO HAa IOCTOSHHOM TOKE, KOTOPO€ MOHOTOHHO BO3pacTaeT ¢ yBEIMUEHHEM TOJIIIUHBI NpoBOAHUKA. [Ipu
3TOM, COIPOTUBJIEHUE IOCTOSSHHOMY TOKY CHMXkaeTcsl. [103ToMy BiIusiHEE U3MEHEHUs TONIIUHBI IPOBOJAHUKA HAa NOTEPU

HEOJHO3HAYHO.

Koa¢ppuuuent conporusnenus: Kr = Fr/X.

Torna:

R, P, R, +..+1Fr,

" XR, XR) XRI:

I3 +..+IFr,

(10)
2
X1

I

T'apmonnyeckuii ananaus popM ToKa

Tunosas (bopMa OJHOMOJIAPHOTO HUMIIYJIbCHOI'O TOK4, KOTOPYHO MOXHO YBUACTL B OJHOTAKTHBIX

npeo6pa3OBaTen${x HaIIpsKCHUS, IPEACTABJIICHA Ha pUC. la.

[Tpu pasnoxxenuu nanHow GyHKIMHK B psifi Pypbe BO3MOXKHBI JIBa BApHAHTA alllIPOKCHUMAIIMU: TpareenaaibHast
¢dopma c t,= t; (puc. 10) nim uaeanbHbIA yCeUSH-HbIA UMITYJIbC C HyJIeBbIMU (poHTamu t.= te= 0 (puc. 1B)
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O=(To*tr)/ 1

Puc. 1. Tunoeas ¢opma moka 6 mpanc@opmamopax 00HOMAKMHLIX Nnpeobpazosameneil ¢ IKEUSANCHIMHLIMU

annpoxkcumayusimu.



Paznoxenue B psa Oypbe 115 annpoKCUMAaIHIi:

TparnernenaIbHas popma

i0)=1D+ 21, i sin(nzt, / T) |[ sin(nzD)

)2 e " cos(n a)t) ;

UJEAIbHBIN YCEUEHHBIN UMITYJIbC

21 & | si
ity=1,D+—L%" sin(nzD) cos(not),
V4

n=1 n

rae D, t. u T onpenensitores us puc. 1.

HpI/I 9TOM JJIA obecneueHust [lOCTaTO‘lHOﬁ TOYHOCTH YHCJIO WICHOB rapMOHUK HYKHO BI)I6I/lpaTb B 3aBUCUMOCTH

oT t,.
n=(T/2tr) - 1 (1)

I'paduk coornomenns (11) mokasax Ha puc. 2.
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Puc.2. 3asucumocmo n om t,.

3aBHCHMOCTH TIOTEPH B TPaHCPOPMATOpaxX Ha BRICOKHX YACTOTAX MOXET OBITh OMpeeNieHa aHAIOTHIHBIM 00pa-
30M M €€ OCHOBHOM XapakTep nokasas Ha puc. 3. KoadduuueHT conpoTuieHns n300paxeH B 3aBUCHMOCTH OT BBICOTHI

MPOBOIHKKA [Tt KO3 duinenta 3anoaaenus 0,5 B 00MOTKe U3 8 CJI0€B, PH Pa3IMYHbIX BpeMeHax (POHTOB.

[Tpu yBenuueHnn BHICOTHI (TONIIHMHBI) TPOBOAHUKA, KOI(PGHUINEHT COIPOTHBIICHUS IEPBOHAYAIBEHO CHU)KAETCS,
a 3aTeM YBEJIMYMBAETCS, JOCTUrasi MUHIMAJIBHOTO 3HAYCHUS NTPH HEKOTOPOH “ONTHMalbHOI TOJNIIMHE MPOBOJHUKA.

[Ipu ymeHbIIeHNH BpeMeHH (D)POHTA, aMIUTUTY/IbI BBICOKOYACTOTHBIX MAPMOHMK M MX YMCIIO BO3PACTAIOT, MOTEPH YC-

TONYMBO PACTYT.



Ha puc. 4 npuBecHbI aHATIOTHYHBIE PUC. 3 3aBUCUMOCTH JJIs1 0OMOTOK C YKCIIOM ciioeB oT 1 10 10 mpu Bpeme-

HU (ponTa 0,5%.

:
\
N AW

L - ' /2; ///
E A
N sl

\

el — /Z/
] / L

] ~
L_ ¢ =
- 5 \ B — / /
" \\ _‘r_:’__,/ //
-3

\
— 2 -\\"\-_.
p.____g._e;_______“__-
-
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Ve
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IloTepu nmocTuraroT MUHAMyMa IIPU HEKOTOPOM TOJIILKMHE IPOBOJHUKA HA BCEX KPUBBIX, KPOME JIMHUU I OJI-
HOCJIOWHOH OOMOTKH, ¥ TIpY 3TOM, MMHUMYM IIOT€Pb OKa3bIBAETCS IPH TOJILIMHE 00OPAaTHO MPOMOPILMOHAIEHON YHCITY

CJIOCB.

[Tpn n3menennn xKodpduuueHTa 3anonHenus ummnynbcos ot 0,1 no 0,8, xapakrep 3aBHCUMOCTEH MOTEPH MOJI-
HOCTBIO coxpaHseTcs. VcKiltoueHre COCTaBUT JIMIb U3MEHEHUE TOJIMHBI IPOBOIHKUKA ITPU ONTHMYyMe K03 duineHTa
conpotuBieHus. [Ipy yMeHbIIeHNH BpeMeHH (pOHTA, ONTHMaIbHASL TOJIIMHA IIPOBOJHUKA CBsI3aHa C KOAQPUIIEHTOM

3aIllOJHEHUA CICAYIOIIHUM COOTHOIICHUEM:

mg = 3,075\/5 11 MuHuMyMa K.

PazHonosisipHasi npsiMoyroJibHasi popmMa ToKa

JlaHHBIE 0 TTOTEPSIX ISl Pa3HOMOJIAPHON MPSIMOYTOIBHOM (POPMBI TOKA TIPH ONTUMAIHHON TOJIIUHE HMEIOT TOT
JKe XapakTep, YTO U I OJHOMOJSPHOTO MMITyIIbca. Ho onTHManbHas TONIIMHA HECKOIBKO MeHbIe (cocTtaBnseT 1,54
rIIyOHHBI CKMH-CJI051), 8 KO3 QUIMEHT conpoTHBIeHUs OOblIe. ITO MOKHO MOHUMATh KaK MoJie3HbIH 3 (GeKT nocTo-
STHHOW COCTaBIIIONIEH TOKAa B MMIIYyJIbCE, KOTOpas MMeeT Oojiee HU3KHE TIOTEPH YeM Ha HKBHBAIICHTHOM II€PEMEHHOM

TOKE.

Ecnn umeer MecTo HEKOTOpOE N3MEHEHHE K03(h(hUIMEeHTa 3aIoJIHeHNS], TO (popMyIa AJst ONTUMAaIbHON TOJIIH-

HBI OyZeT IMETh BUJ:
h
ms = 1,5374/D .

B tpancdopmaTopax, UMEIOIIUX OOMOTKH CO CpeAHEeil TOYKOW (NMepBHUYHBIC MM BTOPHUYHBIC) U HAMOTaHHBIX
OudUIIpHO, AJIsI CHIDKSHUS] MHAYKTHBHOCTH pacesiHusi, nmotepu OynyT naxe Oombiie. Kaxaas oOMOTKa, IpOBOAsILAs
TOK, HABOJWT BUXPCBBIC TOKH B PACIOJIOKECHHON MOOJU30CTH HEMPOBOAAIICH 0O0MOTKe. DTOT 3(h(EeKT MOKHO

NPeoJI0NIETh pacroaras OOMOTKHM YepeloBaHieM, HarpuMep: 1/2 nepBUYHOI — BTOpHYHAast — 1/2 nepBUYHOM.
TpeyroabHast popMa ToKka B Jpoccesisix

[ToTepu B mMpoBOAHUKAX Ipocceleld, MMEIOINX CYIIECTBEHHBIE IyJIbCAIIH TOKA, CKIIAIbIBACTCS U3 TOTEPh OT
MOCTOSTHHOTO ¥l IEPEMEHHOTO TOKOB. [loTepn Ha OCTOSHHOM TOKE JIETKO PACCUHUTaTh, a IOTEPU HA TIEPEMEHHOM TOKE
MOYHO OTIPEJEUTh OTIENBHO 10 rpadukam Ha puc. 5.

Ha puc. 5 nzo6paxkens! 3aBucuMocTé K, OT BBICOTHI TPOBOJHHKA, 51 OOMOTOK C YHCIIOM CJIO€B OT OJHOTO 10

JIECSITH, TIPOBOJISIILIEH TOK CHMMETPUYHON TPEYTOJIBHOM (hDOPMBI.

KomOunupoBaHHbI KodQduuueHT compoTuBieHUs K'. MOXHO paccuuMTaTh € Y4eTOM MOCTOSHHOTO TOKa

CIeyIoIM 00pa3oM:

Kr + (Idc/lac)2

K =12 hio
—+(1,/1,)
12+(dc uc)

rae: Iy — MOCTOSHHBIN TOK;

I, — pa3max mepeMeHHOro TOKa (ABOHHAS aMILUTUTYA).



Korzna B 00MOTKe IpoTeKaeT NOCTOSIHHAS COCTABIISIIONIAs TOKA, MUHUMYM ITOTEPh CABUIAETCS B CTOPOHY 0O0JIb-
1M TONIIMHBI IPOBOJHHUKA. 3HAUUTEIbHAS BEIMUMHA NOCTOSHHOTO TOKA MOKET IPUBECTH K UCUE3HOBEHUIO MUHUMY-
Ma. Hanpumep: aist 1ByXcioiiHOM 0OMOTKH 3TO IPOM30MAET, KOTa MOCTOsIHHAS cocTaBisitomas Oyaer 6onbime 70% ot

pa3zMaxa NepeMEeHHON COCTABIISIOLLEH.
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Puc. 5. 3asucumocmu Kr ont eblComal npoeodﬂuka u qucaa cioes

Jlpyrue BUABI IOTEPH
Konyesoti aghgpexm

Teopernueckue BbIYUCICHUS MOTEph Al CKUH-3(dexTa 1 dddexra 6au30cTH 0a3UPYIOTCS HA YCIOBUH, YTO
MarHUTHOE TOJIe TapaJIeIbHO OCH OOMOTKH 10 Beeit ymmHe. [IpakThyecku, BOJIM3U KOHIIOB OOMOTKH BO3HHMKAET JIU-
BEPreHIINS TOJIS, BIUSHUEC KOTOPOH TPYTHO OIICHUTH U €Ille TPYyIHEe BBIYUCINTE. MarHuTHOE moJie BOoOIe MeHee HH-

TCHCHUBHO Ha KOHIIAX, 4YTO MOI'JIO OBl NPpUBOAUTDH K H€60J'ILHIOMy CHUKCHHUIO IOTEPb B IIPOBOJHHUKAX BBIBOJOB.

OjiHaKo, KOTJja UCIOJIB3YIOTCSl OOMOTKH M3 (DOJIBI'M, MAarHUTHOE TI0JIE CTApaeTcsi IPOHUKHYTH Yepe3 (oIbry B
HarpaBJjeHUH, KOTOPOE BBI3bIBAET BUXPEBbIE TOKU MOMNEPEK LIMPHUHBI (POJIBIH, TAKKE KaK U MO TONIIMHE. JTO, Ka3aJIoCh
Obl, IpUBENET K YBEINYEHHIO MOTEPh B ITPOBOJAHUKE, HO HAa MPAKTHKE ATOTO HE MPOMUCXOIUT. BO3MOXHO OTTOTO, YTO
BHXPEBBIC TOKH JIOCTATOYHO ‘‘pasriaXMBalOT’ MarHUTHOE I10JI€ OKOJIO KOHIIOB, YTO MMHUMH3UPYET yBEIWYEHHE I10-

Tepb.

Ecnu B xauectBe CECPACUYHUKA UCIIOJB3YCTCA MAarHUTOIIPOBO/J 3aKPLITOT'O THIIA, KOTOprﬁ 3aKpbIBACT KOHIIbI 00-

MOTOK (TI/IHa 6pOHeBOF0 cepz[eqHI/IKa), TO AUBEPTCHUUA MOJIA CBEPTHIBACTCA U COOTBCTCTBYIOIINE TOTEPU TOXKE.
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Dpghexm 3a30pa 6 cepoeunuke MacHUmMonpo8ooa

TpanchopmaTop uiaM JIpocceib, UMEIOIUA TUCKPETHBIA BO3IYLIHBINA 3a30p (3a30pbl), CO34aET IOMOIHHUTEIb-
HBIE TIOTEPH OT BHXPEBBIX TOKOB, OOBIYHO COCTOSIINE M3 JABYX KOMIIOHEHTOB. [lepBoe, W3-3a CHIBHOI'O MarHHUTHOTO
TOJIsL, COCPEIOTOYEHHOTO HEMOCPEICTBEHHO OKOJIO 3a30pa, KOTOPOE MepecekaeT MPOBOIHIK BOJIM3H 3a30pa U BBI3BIBAET
BUXpEBBIE TOKH. BTOpoe, M3-3a MeHee MHTEHCHBHOTO, HO 0Oojiee OOMIMPHOTO MAarHWTHOTO MOJS, CTE€HEPHUPOBAHHOTO

MarHUTOIBIDKYIIEH Pa3sHOCTHIO MMOTEHIINAJIOB CEpIeUYHIKA Ha KaXKI0W CTOPOHE 3a30pa.

o1oT 3(1)(1)€KT HUMECT TCHACHI IO 0oJiee CHIIBHOTO IMIPOsABJICHUSA B 00MOTKaxX U3 (I)OJ'IBFI/I, YCeM C KpPYTJIbIM IIPOBO-
JIOM TOI'O XX€ CEYCHMA, TaK KaK 3THU MOJIA UMEIOT CHJIBHYIO COCTABJIAIOIIYIO MEPIICHANKYIIAPHYIO OCH 0OMOTKH U () (S1(0

BAaTENIbHO [TOBEPXHOCTH (DOIIBTH.
Dpghexm enewne2o npoeooHuka

JIr060#1 HOMONHUTENBHBINA MPOBOIAMINN MaTepHall, PACHOIOKEHHBIA B O0JIACTSIX CHIIBHOTO MAarHUTHOTO TIOJIS
IlpOCCCJ'lH HJin Tpchq)opMaTopa, BBI3BIBACT IIOSIBJICHUC B HEM BI/lXpeBbIX TOKOB H, CJICAOBATCIBbHO, AOINOJHUTCIBHBIC
HOTepI/I MOIIIHOCTH. 3TO MOFyT 6I>IT]:I TOJICTBIC 3KpaHI>I, BBIBOJIA, erﬂé)KHble JCTaJIu UJIIN upyme MOTOYHBIC DJICMCHTHI.
OOBIYHO, MATHUTHOE TIOJIC CAMOE CHIIBHOE B JIFOOBIX 3a30paxX CepACYHHMKA M OKOJIO HUX, CICIOBATEIIEHO, H MIOTEPH BbI-

3BaHHBIC BUXPCBbIMH TOKAMU 6y[[yT OOJILIINMH B JIFOOBIX 6J'II/I3J'IC)K3HII/IX IMPOBOAHUKAX.

MeToabl CHUKEHUA BLICOKOYACTOTHBIX MmoTeEpPb B NNPOBOAHUKAX

Ha BbICOKMX 9acTOTax M (MJIM) YPOBHSIX MOIIHOCTH MOTEPH B OOMOTKE ONTHMAaJIbHOI TOJIIMHBI MOTYT OCTa-
BaTbhCs CIE OUCHb BBICOKMMH. CyIIECTBYET Psii METOJIOB MIPOECKTUPOBAHUS PA3IHNUHON 3()(HEKTUBHOCTH, TTO3BOIISIFOLINX

JOIIOJIHUTEIIBHO CHU3UTH BBICOKOYACTOTHBIC MOTEPHU B IPOBOAHUKAX. OCHOBHBIE U3 HUX IIPUBEACHBI HUXKE.

IIpo6oo numuyendpam. Bo3MoxxHO Hamboiee OYEBUIHBIA OTBET, KOTOPHIH MPUXOAUT MHXKEHEPAM — HMCIIONIB30-

BaHUE MPOBOJA THUIIA JIUTLECHAPAT. K COXaJICHUIO, UCCIIEAOBAHUE MOTEPH B MPOBOJHUKAX ITOKA3BIBAIOT, YTO BOIIPEKU
BCCO6H.ICMy y6e)K,I[CHI/I}O, JIATOCHAPAT HE SABIACTCA yHHBepC&HBHOﬁ Ima”areen IIPOTUB BBICOKOYACTOTHBIX IIOTEPH B

[IPOBOJHUKAX.

Chauana, He0OOXOJMMO OTJIMYUTH UCTHHHBIM MPOBOJ JUTILEHAPAT OT NMPOBOAA C(HOPMHUPOBAHHOTO CKPYUHUBAHH-
€M H30JMPOBAaHHBIX MPOBOAOB BMecTe. [IpoBOA MUTIEHAPAT M3rOTaBINBAETCS CIUIETEHHEM H30JMPOBAHHBIX KU Tak,
YTOOBI KaX/1ast KIJIa HAXOAWIACh HA IOBEPXHOCTH U B JTFOOOM MECTE IONEPEYHOTO pa3pe3a Ha BCEM MPOTSHKEHUH MPO-
BOJIa. DTO yCpenHSeT UMIIEJaHC KaKOH JKMIIbI IPOBOJIA, B pE3yJIbTaTe Yero B HUX MPOTEKAOT PaBHbIE TOKU, YTO MHU-

HUMHU3UPYET CKUH-3(PEKT.

310T 3QeKT HE MPOUCXOANUT B CKPYUECHHBIX ITyYKax MPoBOAOB. XOT 3(EKThI, BEI3BIBAIOIINE BUXPEBLIC TOKH
Y MEHbIIE, YEM B CIIIOIIHOM IIPOBOJHUKE TOTO XK€ AMAMETpa, HO, TAK KaK LEHTPAIbHBIC XKUJIbI IPOBO/A HE MPOBOASAT
TMOJIE3HBIH TOK, TO PE3YJIbTAaT ObUI ObI JIyullle, ecii Obl OHU OBUTH yJAJICHBI, WM 3aMEHEHbI HETPOBOSIIMM MaTepHa-

JIOM.

Vcnonb3yeM CyIIecTBYOIIIE BBIYUCICHHS, YTOOBI HCCISA0BATh MIOTCHINAIBHBIC IPEHMYILECTBA MPOBOAA JIHT-
LCH/IPAT aHAIUTHICCKHU, IPH ITOM CAE/IAEM HECKOJIBKO IPOCTHIX JOITYILCHHIL:
1) Byznem yuuTbIBaTh TOJIBKO CKHH-3(dekT 1 3ddekT GmzocTH.

2) MarnauTtHoe moJje BE€3/I€ MapaJICIBHO OCH OOMOTKH.
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3) [IIpoBon auTLEHApAT UAcalieH U UMEET IUIOTHOCTh MaTepHana Takylo Xke, Kak CIUIOIIHONW MeIHbIM MpoBOA-

HUK.

WneansHbI MIPOBOA JIMTHECHAPAT HE MOXKET CYIICCTBOBATH NPAKTHYCCKU, U3-3a HeO6XO,Z[I/IMOCTI/I pasMEIICHUA

H30JII0UH U OIUVICTKH.

3aMeHa CIUIOLIHOTO IIPpOBOJHUKA Ha HICTbHBIN MPOBOA JIUTHECHAPAT DKBUBAJICHTHA CEKIIMOHUPOBAHUIO IIPO-
BOJHHKA 10 TOPU3OHTAIN U BEPTUKAJIN, U IIPUHYAUTCIBHOMY Pa3ACJICHUIO IIOJHOI0 TOKa PaBHOMEPHO I10 BCEM XHUJIAM.
FOpI/ISOHTaHBHOe CCKIIMOHNPOBAHUEC HE OacT HHUKaKOH BBIT'OJIbI, U3-3a BTOPOI'0 AOMYIICHUSA , [IOOTOMY, HCO6X0,Z[I/IMO

paccMaTpuBaTh TOJIBKO Pe3yIbTaT BEPTUKATBHOTO CEKIIMOHUPOBAHUSI.

BeprukanpHOe CEKIIMOHMPOBAHNE SKBUBAJIICHTHO 3aMEHE IPOBOJHHKA M3 (POJIBTM Ha CTONKY HMPOBOIHHUKOB 3
Oosiee TOHKOI (HOJIBIH C TAKOMH e CYMMapHOH TOJIIMHOW M TOKOM. MaKCUMaJbHYIO BBIFOAY OT TOH OIepaiiu Ha yKe
ONTHMU3UPOBAHHBIX OOMOTKAX MOXHO OLIGHUTH 110 pHC.3 U 4, IPUHUMAsI YHCIIO CJIOEB PAaBHBIM KOPHIO KBaJPaTHOMY OT
YHCIIA KU

Jlis mpumepa B Tabsuie 1 MpUBEACHBI JaHHBIE MO MOTEPSIM TPpaHCPOpPMATOpa C PA3HOMOJISAPHOMN MPSIMOYTOJIb-

HOH dopmoit s t, =tr=5% u D = 1.

Tabauya 1.
ODKBUBAJIEHTHOE
OnTuManbHas OTHOCUTEIIBHBIE II0-
Yuco cinoes YHUCJIO MPOBOJOB B K
TOJIIIAHA Tepu
JUTIEHApaTe
1 1 1.58% 1.08 1.00
2 4 1.580 0.945 0.88
5 25 2.13% 0.65 0.60
10 100 2.958 0.465 0.42
A B Tabnuiie 2 — juis 60jiee KOPOTKUX BPEMEH t, U ty.
Tabnuya 2.
DKBUBAJICHTHOE
OnrtuMansHas OTHOCUTEIIBHBIE IO-
Yucno cioes YUCJIO MPOBOJOB B K;
TOJIINHA TepH
JUTHECH/IpATe

1 1 2.178 0.87 1.00
2 4 2.175 0.86 0.99
5 25 2.176 0.79 0.91
10 100 2.228 0.643 0.74

Kak BunHO M3 Tabnumsl 1 mpoBOX MUTHEHAPAT JaeT OIIyTHMOE CHIDKEHHE 3(QQEKTHBHOTO COMPOTHBIICHIS, HO
TOJILKO IIPH OTHOCHTEIBHO OOJBIINX (DPOHTAX MEPEKIIOUCHHUS, W CIACIOBATEIBHO C OTHOCHTEIBHO HHU3KOYACTOTHBIM

CIIEKTPOM.
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CornacHo Tabnuue 2, Npyd HaJUM4YMM B CHEKTpe Oojiee BBICOKOYACTOTHBIX COCTAB-JIAIOUIMX, ONTHMAJbHAs
TOJIIITHA OOMOTKH M3MEHSETCSI HE3HAYUTENILHO, HO BCE €Ie NMEETCSI CKPOMHOE CHM)KEHHE TTOTEPb.

W3 BBIIEHU3II0KEHHOTO CIENYET, YTO HET BPENa OT MCIOJIb30BAHUS MIPOBOJA JINTLEHAPAT U MIMEETCSI HEKOTOPOe
cHIDKeHHe moTepb. OnHAaKO NPOBOJ JHTILEHIPAT HE SBISETCS YHHUBEPCAJBHBIM pPEIICHHEM U1 CHU)KEHUS
BBICOKOYACTOTHBIX IOTEPh B NPOBOAHMKAxX. [yl M3y4eHHbIX ()OPM TOKa OH OTHOCHTEIIBHO CKPOMHO COKpaulaeT

IMOTEPHU, HO €CJIN UCIIO0JIB30BATh €TI0 HEOCTOPOIKHO TO B PE3YJIbTATC MOKHO IMOJYUYUTH YBECINUCHHUC ITOTEPD.

ﬂud)d)epenuupoeannaﬂ HaAMOmKa no ciosm. B MHOTOCIIOHHBIX 0OMOTKax J0JId TIOTEPHh BO BHYTPEHHHUX CJIOAX

YBEJIMYUBACTCS € YUCIOM ciioeB. OnTUManbHas TONIUHA CIIOSI — KOMIIPOMUCC, OalaHCHPYIOIUI MEXIY MOTEPSMH OT
cKkUH-3(]dekTa BO BHEIIHUX CJIOSX U MOTEPh OT BUXPEBBIX TOKOB BO BHYTPEHHHX CJIOSX. MOXKHO NMPEIOJIOKHUTh, YTO
TMIOJTHBIE TIOTEPU MOTJIM Obl OBITH 3HAYUTENHEHO YMEHBIIECHBI, €CJIM TOJIIUHY KaXIOTO CJIOS HE3aBUCHMO ONTHMH3UPO-
BaTh HA MUHUMAJIbHBIE TIOTEPH B 3TOM CJIOE, ITPOU3BO/ISI M3MEHEHNE TOJIIIUHEI TPOBO/IA 110 CJIOSIM, T.€. O0oJiee TOHKUE BO
BHYTpPEHHEH 4acTH 1 0ojIee TOJICThIE Ha BHELIHEH CTOPOHE.

JIJiss OJTHOTIOJISIPHOTO MMITYJIBCHOTO TOKa ¢ KoddduimentoM 3anoinenus 0,5 u BpemeHnamu t, ty = 0,1%,
HarpuMep, COKpalieHue noTepb cocrtaBuio 10% Juis ABYXCIIOWHONW OOMOTKH, ¥ MEIJIEHHO YBEIMYHBAIOCH C POCTOM
yucna cioeB 10 16% B necsitucioiinoit ooMoTke. TakuM 00pa3oM, STH yIyqIICHUs] HE CTOAT YCHIIMHA NOTPAuYeHHBIX JUIs

WX peaH3anuu.

IInockue _muozoxcunvnvie _oomomxy. lllupuHa OOMOTKM HE OKa3blBaeT BIMAHHUS Ha KOI(DPUIMEHT

COIIPOTUBJICHHSA Ha BBICOKHMX YaCTOTaX, W CJICAOBATCIIBHO MOXHO HCIIOJb30BATH Ooitee HIUPOKUC 00MOTKU JIIsL
YMCHBIICHUA COIIPOTUBJICHUA. 10T noaxoJ OrpaHWy€H TOJIBKO IMPAKTUYCCKUMH (1)I/I3I/I‘-ICCKI/IMI/I C006pa)KeHI/I${MI/I n

TMPUTOAHOCTBIO B KAXKIOM KOHKPETHOM CIIy4da€ MPUMECHEHUS.

Yepedosanue obmomok. B Tpanchopmaropax NepBHYHAsT W BTOpPUYHAS OOMOTKHM MOTYT 4YepeAoBaThCs,

coznaBas 1Be U Oostee cexunii, Hanpumep: (I1-B)(I1-B) nmm (I1-B)(B-IT)(I1-B), rae ckoOku onpenensior He3aBUCHMbIE
CEKLMH. DTO MO3BOJSIET CHENATh KAKAYH OOMOTKY B K)KIOW CEKLMM ONTHMAIBHOH TOJIIMHBI, & CONPOTUBIICHHUE
yYMEHBIIAeTcss OT 4ucha cekiuud. KonmvecTBo pa3OMeHHMH W THI 4YepeloBaHHsS BBHIOMpaeTcs B 3aBHCHMOCTH OT

1enecooOpa3HOCTH.

Bausanue 3asopa 6 cepoeunuxe. Ecin TpeOyemblii BO3IyIIHBIA 3a30p B Jpoccesie W TpaHchopmaTrope Oyner

HaXOJgUTCA BHEC O6MOTKI/I, reHepprIomeﬁ MariMTHOC IIOJIC, TO B 00MOTKE He 6y/:[eT BO3HHKATh 3HAYUTCIBHBIX

BOSMyH.[eHI/Iﬁ MarHuTHOT'O I10JII ¥, COOTBETCBEHHO, JOTIOJIHUTEIBHBIX IIOTEPE.

Jpyras anbTepHaTHBAa — MCIOJb30BAaHHE HECKOJBKUX UCKPETHBIX 3a30pPOB PABHOMEPHO PACHpPEAEICHHBIX
BIOJIb OOMOTKH. [IpenBapuTenbHble HCCeI0BaHMs MOKA3bIBAIOT, YTO JOMOJIHUTEIBHBIE TIOTEPH, CO3/1aBacMble OJJHUM
3a30pOM, YMEHBINAIOTCS MPHOIU3UTENHEHO IPOMOPIMOHAIBLHO KyOy OT YMClla HCTOJIB3yEeMBIX 3a30poB. [loaTomy maxe

JIBa WIW TPH 3a30pa AAAyT 3HAUUTEIbHBIN BHIMTPHILIL.

Bausanue enewnux npoeodnuxos. Ha BBICOKMX 4acToTax ciienyeT u3beraTb npuMeHeHust OnpHUIsIpHBIX 0OMOTOK

1 00MOTOK co cpefgHell Toukoi. IIpoBosioYHbIE BBIBOJIA HE JOJDKHBI PACIONIAraThCs MEKAY IEPBUYHOW U BTOPUYHOMN
00OMOTKaMu, WM MEXIy OOMOTKOW M CEepIeYHHKOM B Jpocceisix. He cTouT, Takke, B 3TUX MecTax pacroiararb

TOJICTBIC KJIICMMBI.

Mex0OMOTOYHEIE OKpaHbl CJICAYCT ACJIaTb MHUHHUMAJIbHO TOHKHMMH. Ecmm BO3-MOXHO, TO BCIIOMOI'aTCJIbHBIC
0OMOTKH pasMelaTb Ha CTOPOHE ¢71a00ro moJjist OT OCHOBHOM 00OMOTKU. JIr0ObIE MPOBOAHUKH JOJIKHBI PACIIOIAraTrbCsa

KaK MOXHO JJIBIIE OT BCEX BO3AYIIHBIX 3a30POB B CEPACYHUKE.
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