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B Kiure HalaraoTcs OCHOBEL TEOPHH BASKTPHUECKHX MalllMA MepeMeHHoro
TOKa, PacCMATDHBAITCA NPHHIANE HX YCTpoHCTBA ® NMPOHIBOMNTCH  AHATHI HX
paGoTul.

PaceMaTpHBAIOTCA CHHXPOHHHEE, SCHHXPONHBIE H KONICKTOPHEE MANIHAE  Te-
PeMEHROTO TOKA,

Kuura npeacraBaser coGofl ofWufl Eype SNeKTpudecKux Malldd H npcanasna-
gepa A4S CTYASHTOR SHEPreTHHYECKHX M IMEKTPOTEXHEMCCKHX BYSO0B. Ona MomeT
6LITL TakKe Nojdeana HHKCHEPAM-3JIEKTPHKAM, paGotatomum B ofaacTd TeOpuH,
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B TpeTheM W3NAHHM CHEJaHH HEKOTOpHE NONONHEHUR H YTOUREHHSA OTHEABHEIX
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OBLUUE BOMPOCHI
MALLUUH NEPEMEHHOIO TOKA



Fnaea nepsBas

OCHOBHGLIE THUMNbl MALLMH NEPEMEHHOIO TOKA
U UX YCTPOHUCTBO

1-1. OcHOBHble THNBI MallMH NEpPeMEeHHOro TokKa

CylilecTByioT B8 OCHOBHEIX THNA MAaUIHH MePeMEeHHOTO TOKa:
a) CHHXPOHHble U B) acCHHXpPOHHble, B CBO0 ouepelb aCHHXPOH-
fble MallWHbl MOAPA3AeNAI0TCS HA a) GeCKOJIEKTOPHLIE H 6) KOJJIEK-
TOPHBIE. :

CHHXPOHHOII HasbIBaeTCA Takas MallHHA, CKOPOCTb BpAlUEHHS KO-
TOPOil N HAXOAUTCH B CTPOrO MOCTOSIHHOM OTHOIIGHHH K 4acTOTE CeTH f,
a HMeHHO:

(1-1)

f=pn nan n={f/p,

T/le p— UHCJIO Map MoJcoB.

CHHXpOHHAs MamuHA BO30YKIaeTcs MOCTOSHHLIM TOKOM, KOTOPBIH
MOABOAHTCA K ee 00GMOTKe BO30YXKIeHHA OT CeTH MOCTOSHHOTO TOKa
WM OT CIIeHaNbHOH MAaIllWHBI TMOCTOSHHOrO TOKa, HasbiBaeMOH BO3-
6ynuteneM. Ho cHHXpOHHble MallHHBI MaJOH MOLIHOCTH MOryT
ObITh BRINOJHEHBl C TOCTOSIHHBIMH MATHHTAMH HJH B BHIE TaK Hasbl-
BaeMO#i peaKTHBHOH CHHXDOHHOH MAaIIMHBl, KOTOpasi He HMeeT Cie-
mHaabuoi o6MoTKH Bo36yxAeHHsA (ria. 12).

AcHHXPOHHOH HasmiBaeTcs Takas MallMHAa, CKOPOCTb BpalleHH:A
KOTOPO# n NMpH 3afaHHON 4acToTe [ 3aBHCHT OT HATPy3KH M B KOTO-
poii, clnef0BaTeNbHO,

[ pn. (1-2)

B aCHHXPOHHC)ﬁ Malll#He MATHHTHOE NOJC CcOo3xaeTcCd MNepeMEHHBIM
TOKOM, MOABOAHMBIM K Hel OT Ka‘KOl"O-HHf)YIIiJ HCTOUYHHKA& IepeMeH-
HOTO TOKa.

CHHXPOHHble M ACHHXPOHHBIE MAIIHHB 006JalawT npwHH-
UMnoM O0pPaTHMOCTH H MOITOMY MO Th B pe-
MHME reHeparTopa, Tak H ABHraTe/s. ]
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S aine:

CHHXPOHHasl MalIHHa HCNIOJb3YeTCsl rJIaBHbIM 06pa3oM Kak reHepartop
AJA TPOM3BOACTBA 3JEKTPHUECKOH SHePTHH NepeMeHHOro ToKa Ha
SIEeKTPHYECKHX CTAHIHAX, HO B TO Ke BpeMsi OHA MUMeeT IIHPOKOe NMpH-
MeHeHHe KaK JBHraTelb, a TaKkKe KakK CHHXPOHHBII KOMIEHCATOP,
npeAcTaBasiouuii coboil Mo cymecTsy CHHXPOHHLI IBHrateab, pabo-
TaloNlHil B pexkuMe XoJoctoro xoaa (ra. 13).

B ormiuuie oT CHHXPOHHBIX, ACHHXPOHHLIE MAIIHHBI MPHMEHSIOTCH
[IPEHMYIIeCTBEHO OpU padoTe B pekuMe ABUraTeseil.

1-2. MpHHUMN AEHCTBMSA CHHXPOHHOM MAaLIMHbI

OcHOBHO# NPHHIMN PabGoTHl CHHXPOHHOH MAalIWHBI TOT JKe, 4TO
H MAallHHbl NOCTOSHHOrO TOKa, HO B OT/JHYHE OT MOC/JeAHEeH B CHHXDOH-
HOl MailHHe He TpPeGyeTCs MPOM3BOJAHMTbL BbLINIPSAMJCHHS HaBOAHMON
B 00MOTKe fiIKOps NepeMeH-
HOH BO BpeMeHH 3. 1. C.
B nocrosnnylo. Ilostomy
CHHXPONHAS MallWHa He
HY)KJ1aeTcss B KOJIIEKTOpE.
Ha puc. 1-1, a nso6paxena

cxeMa [BYXTOJKCHOTO Te- Ey
HepaTopa ¢  KOJbLEBHIM

akopeM. UToGbl MOSYYHTH i
HAa €ro OCHOBe MPOCTEeHIIHH SR
BHJI CHHXPOHHOrO Tpex(as- 0

HOTQ TeHepaTopa, HYKHO Ee Eg

B3fiTh HA OKPYKHOCTH KO-
pPs TPH TOYKH @, b, ¢, CABH-
HyTBle Ka){1asi OTHOCH-
TEJbHO COCeIHeH Ha Yrod
a=2mn/3, W, COEIHHHB HX
C TpeMsi MnocaeHHbIMH Ha
BaJ KOJIbLAMH, BEIBECTH HX
Ha CeTb MepeMEeHHOro TOKa
yepe3 CHCTEMY HAJNOXKEH- pue 1]
HBIX Ha KOoJblla LIETOK
A—Bi—C, u 3aKuMbl
A—B—C. B 310M cayyae Mbl HMeeM Ha fKope TpH (hasHble 0GMOTKH
@—x, b—y u c—z, coefnHeHHBe MeXAy co6oi mo cnocoby Tpe-
YTOJIbHHKE,

[Ipu Bpamenun sKops B MargUTHOM noje B OBMOTKax a— X,
b—y w c—z nasoasteas 3. 1. c. Ex, Ep, Ec, umeouiue 4acToTy
f=pn u caBuHyTble no (ase Kauaas OTHOCHTENBHO COCeNHell Ha
yroa a=2mn/3 (puc. 1-1, 6). Ecan Harpyska pacnpefeieHa B ceTH
PaBHOMEPHO, TO MalllHHA reHepHPYyeT CHMMETPHUHYIO CHCTEMY Tpex-
Gasnoro toxa l4, Ip, Ic, npuuem B o6uieM caydae TOK B (a3HOH 06-
MOTKe CI[BHH}*TJ%HOCHTEJ’IBHO 3. [A. C. 3T0il OOMOTKH Ha HEKOTOpHI

:&p J Harpyskd. MoxkHo nokasatb (mompo6-
0,914 gricteMa TOKOB CO3/IaeT MAarHHTHOE HoJe,

. Hpunruunuanenas cxema Ttpexdasuoro
CHHXPOHHOTrO reHeparopa



OCHOBHAsl BOJIHA KOTOPOTO BpAalaeTCsl OTHOCHTENbHO AKOPA €O CKO-
poctbio n=f/p B HanpaBieHHH, OGDATHOM HANPABJEHHIO €ro Bpalie-
HHA. CﬂeKOBaTGﬂbHO, 3TO 00Jle HenojABHMKHO OTHOCHTeJabHO MNOJf
MOJI0COB W BCTyNaeT ¢ HHM B NOCTOSHHOE B3aHMOJE/CTBHE, KOTOpOE
¥ JIeXXHT B OCHOBe PalOoThl CHHXPOHHOH MmamuHbl. [Ipu atom B pac-
CMaTpHBaeMOM cJydae TPOHCXOAHT npeoGpa3oBaHHe MeXaHHYeCKOH
3HepTHH, NOABOLHMOM K MallHHe C Bajia, B 3/JCKTPUYECKY!O, T. €. Ma-
muHa paGoTaer B pexxuMe cHEXponuoro reweparopa. Ho no npunuuny
06paTUMOCTH OHa MOKeT paboTaTh B pexkHMe CHHXDOHHOTO ABHTATeJ,
ec/IH M3 CeTH NoABecTH K neil uepe3 utetkH Ay — By— C; 3aeKTpHue-
CKYI0 3HeprHio TpexdasHoro Toka.

B ofmeM cayyae Mbl MOXKEM OCYIIECTBHTH m-()asHyl CHCTeMY,
ec/li B JBYXMOJIOCHOH MaulHHe BO3bMEM / TOYeK, PAaBHOMEPHO pac-
npe/leleHHEIX MO OKPYJKHOCTH AKopsA (w=2m/m), H BLIBe/leM WX Ha
ceTb NMepeMenHOro TOKa 4epes3 CHCTeMy m MoCa:KeHHbIX Ha BaJ KoJer
H M HAJOXKCHHBIX HA KOJbIlA LIETOK.

1-3. OCHOBHBIE KOHCTPYKTHBHBIE THMbI CHHXPOHHBIX MalUMH

Pacno/ioyenne OCHOBHLIX 3JE€MEHTOB CHHXPOHHOH MAmMHBI, MOKa-
sanHoe Ha puc. l-1, a (HemoABHXKHbIE TNOJIOCH W BpamalOUIHiCA
IKOpb), fABJseTCs Ieaecoo6pasHbiM TOJNBKO B CHHXDOHHBIX MallHHaX
maJgoil moumiHocTH. B CHHXpONHEIX MamnrHHax cpefHell H 6OJbHIOA MOLL-
HOCTH 3Ta KOHCTPYKIHS HellelecooOpa3sHa, TaK Kak COBpeMeHHbIe CHH-
XPOHHBIE MAIIHHBI CTPOSITCA Ha HanpsiKeHusi A0 27 K6 W Ha TOKH
IO HECKONBLKHX THICAY amnep, a B 3THX YCJOBHAX' pafora KOHTaKT-
HEIX KOJIell cTAHOBHTCA HeHaJeKHOM.

JlnuTenbHBIA ONLIT BLIMOJHEHHS H 3KCIVYAaTalldH CHHXPDOHHBIX Ma-
IUH MOKasaj, uro HauGosee IKOHOMHUHOH H YNOOHOH OKaseiBAeTCs
cHcteMa ¢ ofpaTHBIM MO OTHOWIEHHIO K puc. 1-1, a pacnonoxenuem
OCHOBHEIX 3JeMeHTOB MallMHBI, a HMEHHO: TOJIOCH, BO30OyKInaembie
NOCTOAHNBIM TOKOM, pAacrloJaraloTcs Ha Bpallaioniefcs YacTH Ma-
LIHHBI, HA3LIBAEMOH POTOpPOM, 2 0O6MOTKA AKOPS MEepeMeHHOTo TOKa
YKI4ABIBACTCS HA HENOJABHKHON 4acTH MAaUIWHE], Ha3biBaeMOH CTAa-
TopoM. [Tosromy B pganbHefiiemM Mbl OyleM HMeTb B BHAY MNpexie
BCEro 3TOT THN MAallHHHL,

B KOHCTPYKTHBHOM OTHOLIEHHHM Pa3/HYaiOT /iBA OCHOBHBIX
THNA CHHXPOHHBIX MAaliHH, a UMEHHO: a) HesBHONOJICHbIE,
T. €. MAmIMHBI C HESIBHO BbIPAXKEHHBIMH MOJIOCAMH (CM. HHXKE
puc. 1-2), u G) ABHOMOMIOCHLIE, T. €. MaUIHHLI C IBHO BbIpa-~
XeHHpIMH noacamn (cm. puc. 1-10 u ap.).

To uIx HHOe KOHCTPYKTHBHOE HCTOJHEHHe CHHXDOHHOW MAlUHHLL CBsl-
3aHO B OCHOBHOM CO CKOPOCTBIO €€ BpallleHHd 1.

[Mpu 3apnauHOf yacTOTe HAHGOJBLIIYIO CKOPOCTH BpALIEHHS HMEIOT
MaIIHHL ¢ YHCAAMH nap noniocos p=1 u p=2; npu f=50 24 B nmep-

BoM cayuae HMeem n=50 06/cex=3000 o6/mun; a BO BTOPOM n=
) s IO CTH
Ka H a6,

=25 06/cex=1500 o6/mun. B Takux mamu I
CKOpPOCTb Ha OKPYXKHOCTH POTOpPa HACTOJBKO |
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Pue. 1-2. lponoasuuft paspes typOoredepatopa ¢ BOSAYIIHBIM OXJaxIAeHHEM

| — nepykaresis MaclHOOTPaMKATENH cO CTOPORE TYpOHHbI

Tapa;

8 — oGMoT=
18—
19 —

12 — werkonepKarens,
naura;

18 — (hyH naMenTaas

3 — npucnocofijenue 18 NOABLEME CTas=
ULUTOB;

MHOE KOJALID CTATOpa; 7 — WHT HAPYHHLIA;

[0l — AT BEHTHAATOPHLIA, [/ — yHloTHenne

2 — macnooTpamarTedb;
BO30y AHTeNb; [6 — KOHTaKTHOE KOAbOo; I7 — DOAWIMNHHK;

4 — cepaeuHHK CTaTopa; & — oOIUMBKE KOPNYyca; 6 — HamH

TPeHHHA;

potop; 20 — mpoTHBONOKAPHLIA TpyGonposoa; 21 — BuBOAE; 22 = KOPHYC

-

I

9 — WuT B

14 — BEAapLu;

Ka crartopa;

weTka;



1-1), uto u3 coobpaeHnit MeXaHHYECKOH MNPOUHOCTH poropa H Jyu-
HIero pasMellleHHsl U yKpemnjaeHUs 0OMOTKH BO30Y:K/IeHHS TOC/e1HION
NPHXOAHTCH pacnpelesaThb N0 MOBEPXHOCTH POTOPA, T. €. BHMOJHATH
MalmuHy Kak HedBHonoJlocHyio. Ecan ke p=3, To CKOpPOCTL Ha OK-
PYZKHOCTH DOTOpPa YMEHbLHIAETCs, W CHHXPOHHBIC MANTHHBI BLITOJAHA-
I0TCH OOBIUNO ABHOMNOJIOCHBIMH, TaK Kak MPH 3TOM UX H3TOTOBJCHHE
ynpouiaercs.

CHHXPOHHBIC TeHepaTopbl Hallle BCEro NPUBOASTCS BO Bpauienne
napoBbIMH H THApaBJAHYecKHMH TypOuHaMmn. B nepsom cayuae cuHX-
POHHBIH TreHepaTop HasbiBaercs TypOoreHepaTopoM, a BoO
BTOpOM —rulporeHepatopoM. [lapoBee TypOHHEI HpHHALIE-
}KaT K uHcay ObICTPOXOANBIX MalIMH, COOTBETCTBEHHO ueMy TypOoreHe-
paTophl HMeloT HeABHONOJIOCHOe HernognenHe, HaoGopor, ruaporene-
paTopul HMET ABHOMNOJMIOCHOC HCIOJHCHHE, TAK K4K FHApAaBJIHYecKHEe
TypOUHLI NPHHAMNEKAT K YHCAY THXOXOAHBIX MawwH. B sBHonomoc-
HOM MCHOJHECHHH H3TOTOBJAAIOTCH TaKkKe CHHXPONHBIC TreHepaTopshl,
NpHBOJHMBEIE BO BpallleHHe J[IBHTATCJAAMH BHYTPEHHEro CropaHud,
. @ Take CHHXDOHHLIe JBHraTelJH H KomneHcaropsl. Ho B Tex caydasx,
Koraa Tpe6yloTcs CHHXPOHHbLle ABUraTedd ¢ GOJbLIOH CKOPOCTbIO Bpa-
uleHns (HanpuMep, AaA NPHBOAA TYPOOKOMIPECCOPOB), OHH BbLINOJAHSA-
I0TCA N0 THNY TypOorenepaTopoB Kak ABYXNOJIOCHLIE MAMIHHbL HefB-
HOIIOJIIOCHOTO HCHOJHCHHA.

1-4. KoHCTPYKUMS HESBHOMNOMIOCHBIX CHHXPOHHBIX MALUMH

PaccMOTpHM KOHCTPYKLHIO STHX MAUIWH HAa MpHMepe TypOoremepa-
TopoB. B nacrosimee Bpemsi TypGoreHepaTopbl H3rOTOBAAIOTCA TMPEHMY-
IeCTBEHHO B MBYXMOJIOCHOM HCIOJMHEHHH, TaK Kak IPH YBeJHYeHHH
CKOPOCTH BpalleHHs 3KOHOMHUYHOCTL paboThl MapoBbIX TYpOHH 3HA-
UHTEJbHO TIOBBLIIIAETCSI M 33 CYET HEKOTOPOTO YMeHbINeHHs rabapu-
TOB TYpOHHBI W TeHepaTopa yHAelIeBJseTcss HX H3TOTOBJEHHe.

Ha puc. [-2 mpuBellen npofOJbHBII paspes ABYXMOJIOCHOTO TYp-
Gorenepatopa 3aBola «Juaektpocnaa» Ha 6 Twic. k87, 3000 06/mun,
KOHCTPYKIHSl KOTOPOro XapakTepHa M AJs Mamun Gosbuiei MoLLHO-
ctd. Camyio OTBETCTBEHHYI0 B MEXaHHYECKOM H TENJIOBOM OTHOLIEHHH
uacth TypGoreHepartopa mpefcrasasier porop. [lpu nopmanbioit cko-
pOCTH BpalleHHsl JHHeHHLIE CKOPOCTH Ha OKDYXKHOCTH pOTOpa AOCTH-
raloT B UETHIPeXTOMCHBIX TypOGoreHeparopax 125—145 w/cex,
a B ABYXMONICHHX TypOoreHeparopax O00JblIoi MOWHOCTH — 170—
185 m/cex. Pa3puBaiouiiecs NpH STHX CKOPOCTSIX LEHTPOOEIKHbBIC CHIIbI
CO3[al0T B HCKOTOPHEIX HACTAX POTOpa BecbMa GOJblIHe MeXamuue-
CKHe HanpsiKeHHsi. B CBS3M C 3THM B COBpeMeHHBIX TypOoreHepaTopax
pPOTOp H3roTOBJsieTcsl OOBIMHO MaccHBHEIM (puc. 1-3) W3 ueabHOil
CTaJIbHOH TOKOBKH BLICOKOH MPOUHOCTH, NOCTHTaeMOH B pesyabTaTte
CNOXKHOTO Npolecca TepMHYCCKOM H MexXaHHYeCKoil o6paloTKH ee.
B KpynHHIX MalHHAX NPHMEHSICTCS CMNelHalbHas XPOMOHHKEIBMOJING-
NeHOBas cTalb C BPEMEHHLIM CONDOTHBJEHHEM pa3pblBYy OKOJO
800 #/mm2, npenenom Tekyuectn 550—600 uf.uW’ﬂ. udfogono
20%. B oceBom HanpapJeHHH IO BCeH ATHH op.

-

eTcfl HeHTpaJbHOe OTBepcTHEe, cayiKallee, BO-NEPBHIX, AJA HCCJAEL0BA-
HHA MaTepHaJa B HeHTpaﬂhHOi‘:I 30He DOKOBKH, & BO-BTOpGIX, pasrpy-
JKalollee NMOKOBKY OT OnacCHbiX BHYTPEHHHX Iiaﬂpﬂ}KBHHﬁ.

Puc. 1-8. Koncrpykuus poropa TypGorenepatopa

B potope dpesepyioTcs masel, B KOTOpHe yKaajabiBaercs o6MOTKa
Bo306yKIeHns, Pasnuyaior: a) poTopel C paaHaJbHbIMH Ta3aMi H
6) poropsl ¢ mapanaeabHbiMp masamu (puc. 1-4, a, 6). Mel Oynaem
AMeTb B BHIY KOHCTPYKLHIO
C pagHalbHLIMH 11a3aMH.

[lpumepHo TpeThsl HacTb
NOJIOCHOrO  JleJieliusl  ocTa-
BisieTcss CBOOORHON OT masoB
H o6pa3syer Tak Ha3biBaeMbli
Gonbmioi 3y6el, yepes KoTo-
"Phili MPOXOAHT T/aBHAA 4acThb
MargHTHOrO NOTOKa TreHepa-
Topa.

B cBAasu ¢ Goabmumu
CKOPOCTAMH Ha OKDYKHOCTH
poTopa 3akpemyenie 0OMOTKH
poTopa B Mma3ax NPOH3BOAMTCA NMpH MNOMOUIH META/JMHYECKHX KJIHHBEB,
OCHOBHble (OpPMBI CeYeHHsT KOTOpPHIX MoKasawsl Ha puc. 15,2 u 6.
Kanubsa penaiorcss W3 HEMarHuTHOM CTadd ¥ W3 HEMarHHTHBIX CIJIaBOB.

3akpenaeHue J0oOOBbIX dacTeil 06MOTKH POTOPA MPOU3BOLHUTCS MPH
fIOMOIIM pOTOpHLIX Oanpa)ked. DBangaxk coctoutr H3 JIByX uacTeii:
6angaxknoro goaoua b5 (puc. 1-6) u nenrpupyiomero koabna LK.

o

Puc. 1-4. Tlaau potopa typGorenepatopd

S. - : aﬁ 7 BEIMTOTHAIOTCS OOLIMHO H3 HEMAarHHTHOH CTatH
&= ° eMeaBbiM colipoTHBaennemM 700—1000 #/um® U npepenoMm Teky-

9 “



gyectn 450—900 w/mm% B MexaHHuecKOM OTHOWeHHH GaHIAXKHBIE
KOJIbIIA SIBASIIOTCS BEChbMA HANPSIZKEHHBIMH, T4K KakK, MOMHMO Hanpsi-
JKeHHiT oT coOcTBeHHOH Macchl, OHH A0JZHbLI BLIICDKHBATH elle H
fpaBieHHe OOMOTKH OT HEHTPOOEXKHBIX CHJ, BOBHHKAWIWMX OPH Bpa-
LIeHHH POTOpA.
Boabykjenne MamiuHel OOBIMHO OCYIIECTBJASACTCA OT nosﬁynmer}
neil, coelMHeHHLIX ¢ BajgoM TypOoreneparopa (pue. 1-2).
Cratop TypOoreHepaTopa COCTOAT H3 aKTHBHOH WacTH, T. e. cep-
JleYHHKa C YJOXKEHHOH B 1HeM oOMOTKOil cTaropa, m Kopmyca co M-
TaMu, CcAayKaulero AAA  3akpenenus
@) 6) CTa/Jld W JAJ5 CO3[AHHA CHCTEMBbI BEHTH-
JAIHOHNBIX KaHa/A0B H KaMmep.

Jns ceppeunuka cratopa typGorene-
paTtopoB mpHMEHAETCA  JerupoBaHHas
5JEKTPOTEXHHTECKAA CTajb TOJILHHOM
0,6 u 0,35 ma, JlueTul cTamH H30AHPY-

Puc. 1-8. Kunnba masoB poTopa  poreq ¢ 06EMX CTOPOH CHELHATbHLIM
JaKOM.

B oceBoM HampaBJeHHH CepPIEe4YHUK CTATOpPA COCTOMT H3 MAKETOB

tonmuHoi 3—6 cM, pasfeseHHHX BeHTHJSIHOHHBIMH KaHaJaMH IIH-

pusoit 5—10 mm (puc. 1-2). Jlos npunanus Beedl CHCTEME CTATOPHOI

Jcs pamapt_ri

Puc. 1-6. Kpenneuns Ganmakefi potopa

cTaju HeoOXOAMMON KeCTKOCTH OHa ¢ ODEHX CTOPOH CKHMaercs cre-

UHAJBHEIMH HaXHMHBIMH NJAHTAMH H3 HEMAFHHTHOTO YyTyHa HJIH CTaJaH.

UpesphuaiiHo BakHOe 3HAUEHHE HMEIOT BOMPOCH BEHTHASLHH Typ-
Goreneparopos. TPYAHOCTH, KOTOpHIE NP 3TOM BO3HHKAIOT, CBSI3aHI
¢ Gospmcl ANMHON MallHHbl M MaJbIM AHaMeTPOM poropa. JT0 NpH-
BeJo K paspaboTke OCOOBIX METONOB BEHTHJASLMH, NPHMEHACMbIX
TOALKO B TypOOreHepaTopax M H3naraembix B ri. 7.

OcHOBHble JlaHHBIe HEKOTOPHIX TypGoreHepaTtopoB W Hamnbojee Xa-
paKTepHHE NJf HHX BeJHYMHB npusefedn B8 71464, 1-1, rie P—

MouHOCTh; U — nmHefiHoe nanpsikenue; D — maligfp poudp & JL :
JHHA AKTHBHOM YaCTH MalUHHLI, §— YHC/I0 nas@BeTaT@paina Homioc 5 o)
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n asy; 8§ —sasop Mexay cratopom H poropoM; A — aunefinas Ha-
rpyska; Ca=DijLn/P, , —mamnHHas  nocTosHHas  ApHOIb/A;
0. K. 3.— OTHOIlIeHHe KOPOTKOTO 3aMBIKaHHSA; 1| — KO3(h(pHUHEHT nones-
poro gefictBus; Gp— Macca portopa; G —ofumas Macca MaulHHbBI,
Xa, X'4, X"q— NPOAOABLHAS CHHXDOHHAs, NMepexofHas H CBepXmepexoi-
fas peakTHBHOCTH; GD? — MaxoBOil MOMEHT.

1-5. TypGoreHepaTtopel Ans aTOMHBIX 3NEKTPOCTaHUWH

B nocnenHue rofibl Bce 0OoJee MIMPOKOe pacnpocTpaHeHHe nogayda-
joT atoMHble 3jekTpocranmuH (ADC), HA KOTOPHIX BMECTO KOTJOB,
paboTalOMAX Ha OPraHUYeCKOM TOMJIWBE HJAH rase, HCMOMb3YeTcs
aToMHBI peakTop. HamnGosee pacnpocTpanennsiM B HACTOsAIIEE BpeMa
THIIOM peakTtopa. aas ADC saBasercs BONO-BOASAHOH THI, B KOTOPOM
BOMa MCMOJb3YETCs B KauecTBe 3aMefJauTess H OXJa)KAawouleHd cpejbl.
Takue peaktopbl BbpaGaTHIBAIOT Map C OTHOCHTEJBHO HH3KHMH MAa-
pamerpamu: Temneparypa 280—320°C, nasienme 600—800 #/cu®
B cBasu ¢ stum aas ASC Goslee SKOHOMHYHBIMH SBAAIOTCS TypOore-
HepaTtopsl ¢o ckopocThio Bpauenus 1500 uan 1800 o6/mun no cpas-
HeHHI0 ¢ GblcTpoxoanbiME TypOoarperatamu Ha 3000 unu 3600 06/mun,
HCIIOJIb3yeMbIMIl Ha TeMJIOBHIX 3JEeKTPOCTaHUHAX ¢ Oojee BHICOKHMH
napaMerpamy napa.

Ikonomuurocte ADC B LeN0M CYIIeCTBeHHO MOBLIIAGTCH C yBe-
JHYCHHEM MOIIHOCTH peaKkTopa, a TaKXKe B cjayyae, KOr[a Ha KaxK-
Jblii peaKkTOp YCTaHaBJHBAeTCH OAHH TypOOreHepaTOpHBIH arperar
COOTBETCTBYIOLLEll MONIIHOCTH, DTO B OCHOBHOM H fIBHJOCH CTHMYJOM
Ias1 GBICTPOTO PA3BHTHA M POCTA MOIIHOCTH 4YeThbIPeXMoJIOCHBIX TYyp-
6orenepatopoB. [lpakTHyeckn Bce TypOGOreHepaTophbl MOLIHOCTBIO
500 Msr u Bbime co ckopoctsbio epauienna 1500 u 1800 o6/mux, npu-
BellcHHble B Taba. 1-1, BEIMOMHEHL! HJH IPOCKTHPYIOTCA AAA paboThl
na A3C.

Ycaosus paGotsl TypGorenepatopa Ha ADC He BhLISLIBAIOT KaKHX-
mubo cneuuduueckux tpebOBaHHi K KOHCTPYKUHH TFeHepaToOpoB, OZ-
HAKO B CBfI3H C HeoOXOZHMOCTBIO CO3[aHHMA TaKHX TypOOTeHepaTOpOB.
BecbMa OOJBIION MOL[HOCTH BO3HHKACT DAL CJAOKHEIX BONPOCOB H
0coOCHHOCTEH MO CPABHEHHIO C H3TOTOB/IEHUEM [BYXIOJIOCHLIX HJIH
YeTLIPEXNOJIOCHBIX MAIlHH CPaBHHTENbHO MaJOfi MOLIHOCTH.

OcHoBHas 0COGEHHOCTh KOHCTPYKIHH MOIIHEIX TypOoreHepaTopoOB
pas A9C cocTOHT B TOM, YTO AHAMETPLI POTOPOB TAaKHX MAalOHH 3HA-

YHTeAbHO (npHMepHO B J2) Gosbile AHAMETPOB POTOPOB JIBYXMOJIOC-

HBIX TeHepaTOpPOB AHAJOTHYHON MONIHOCTH. [lMaMeTpel POTOPOB COB-

pemenHuix Typ6orenepatopos aas ADC pocruraor 1800 mu. Onnaxo
OKpYXKHasi CKOPOCTb pOTOpPa MpH 3TOM HHUIKe, 4eM Y JBYXIIOJIOCHBIX
MaUIHH, NOCKOJBKY CKOPOCTb BPALIeHHsl HX YMEHbIIAeTCs] B ABa pasa.
Baaronaps stoMy B poTOpax CHHMKaeTc] MexaHmuueckas HAIPAMKeH-
HOCTb, UTO MO3BOJIAET MOBEICHTh HX HajexHoctb. Kpome toro, B ge-

X TypOOrcHepaTopax CHMKaercsa ypoBeHb BuGpauuil
0pR, @ Jpesynbrare Uero OTNajfaerT HeOOXOLHMOCThH
£ CepEeUHHKa; yBelHUeHHe MacChl pOTopa MO3BO-
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JISeT MOBLICHTH MAaXOBOH MOMEHT, 4TO 0J1aroNpHATHO CKA3biBaeTcs Ha
yCTOHUHBOCTH paboThl reHepaTopa B CeTH; YMeHbHIEHHE MATHHTHOTO
MOTOKAa HA NOJIOC [aeT BO3MOXKHOCTh CHH3HTH BLICOTY CHHHKH cep-
JACUHHKa W COOTBETCTBEHHO Maccy H JHamMeTp cratopa, yBeJHYeHHe
Avamerpa poToOpd MO3BOJSMET CHH3WTL OTHOCHTENbLHYIO IJIHHY poOTOpa
H MOBLICHTL €ro BHOPOCTOHKOCTE.

YKaszanHble npedMyllecTBa 00eCeYyHBAIiOT BO3MOKHOCTL CO34aHHA
YETLIPEeXMOMIOCHLX TYPOOTeHepaTOPOB 3HAUHTENbHO GOJBLIMX MOIUIHO-
cTefl, 4eM MpH ABYXMOTIOCHOM UCHOJHEHHH.

OcnoBublc 3aTPyAHEeHHs NPH CO3AAaHHN MOWHLIX TypGoreHepaTo-
pos aas ADC cBf3aHbl ¢ H3TOTOBJECHHEM POTOPOB MOBLINIEHHBIX Pa3-
MepoB H Macchl. Ecan aas AByXmoMocHBIX TypGOrenepaTopos MOMIHO-
crblo 800—1200 Msr macca poropa He npesuimaer 100 7 W poTophl
MOTYyT ObIThb H3rOTOBJEHH H3 IleJIbHOI NOKOBKH, TO B YeTLIPEXIOJIOC-
HbIX reHepaTopax TakKofl Ke MOLHOCTH Macca poTopa JOCTHraer
200 r.

B mnacrosimiee BpeMsi MaxkCHMaJbHO BO3MOXKHAsi Macca MOKOBKH
poropa cocrasasier 8 Espone oxomo 140 7, 8 CIIA — oxoso 180 .
CaefoBaTesbHO, yke A Mamue MomuocTsio 800—1000 Mer Bos-
HHKAeT HeoOXOAHMOCTb H3BICKAHHS HOBEIX METOMOB H3rOTOBJEHUs MO-
KoBOK poTtopos. B cBasu ¢ stum B CCCP u ma 3apyGexHbX ¢upmax
paspaboran psii BapHAHTOB KOHCTPYKUHI cOCTaBHHIX poropos. OmxHo-
BpeMeHHO BeLyTCH HCCJeloBaTelbCKde PaboThl MO CO3MLaHHIO CBAPHO-
KOBanofi KoHCTPYKIHH poropos. [locraBiena 3amaya MoJay4YuTh 3THM
nyTem potopnl Maccofi go 300—350 r.

ConocraBieHne OCHOBHLIX TapaMeTpPOB 4YeTLbipeX- M JABYXMOJIOC-
HEIX TypOoreHepatopos (ta6a. 1-1) mokasbiBaer, 4To OHH HMEIOT GJIH3-
KHe 3HAYEHHs], 3a HCKJIOYeHHeM OTHeJbHLIX MoKasaTeneil, Hampumep,
y HeTLIPEXNOJIOCHHIX MAIIHH 3J1eKTPOMAaTHHTHBIE HarpyskH HEeCKOJbKO
HHKe, YeM Y IBYXMOJIOCHLIX TeHepPaTOPOB COMOCTaBUMEIX MOILHOCTe!l, H
HECKOJIbKO Bhbillle BeJHUAHA MepPexoJHOr0 PeakTHBHOrO0 COMpPOTHBIEHH,

BoablIHACTBO MOCTPOSHHRIX H IIPOEKTHPYEMbIX MOIIHBIX TypOorene-
paropoB ans ADC umeloT BOIsHOe OXJaaxKieHHe OOMOTKH CTaropa H
HeNoCpeACTBCHHOE BOJIOPOHOE — 0OMOTKH pPOTOpA.

Oanako pan ¢upm («Becrunrayss, «)Kemon—Ilneiinep», «Muiry-
OHCH») HCHOJb3yeT BOAODOMA B KauecTBe OXJaxKAalollel cpelbl # s
OOMOTKH CTaTopa MONLHLIX TeHepaTopoB. JIumb B mocienHee BpeMs
¢upMa «BecTHHrays» HauHHAeT [PHMEHSAThH BOJAAHOE OXJaXKIAeHHe
CTAaTOPHBIX 0GMOTOK IJisi TypGoreHepartopoB momi#octeio 1000 Msr u
BhINIE.

Jlaa momHBIX TypOoreHepaTOpoOB HauboJee NIMPOKOe paclpocTpa-
HeHHe HMelOT CHCTeMbl BO30y:KAcHH#A, NHTACMBle OT TeHepaTopa mepe-
MEHHOTO TOKa, NPHCOEIHHEHHOrO K BaJjy pOTOpa, CO CTATHUYECKHMH
npeobpasoparesami. OfHaKo MpH pocTe eIMHHYHONA MOILHOCTH PE3KO
Bo3pacraer TOK poropa (Ao 10—12 xa), uTo CyHeCTBEHHO YCJOXKHSET
KOHETPYKIHIO IIETOYHO-KOHTAKTHOTO y3Ja H CHHXKAeT HaJeXHOCTb
Typborenepartopa B SKCINTyaTALMH.

Cpean pasauvuHbIX MyTefl penienus npoﬁneMJWﬂ' B eW
K oO6MoOTKe poropa mHanboJce HEPCINCKTHBHBIM ABISCEES C HHE -
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meTounofi cucreMbl Bo30YXKAEHHA C BpALIAIOMHUMHCS BHINPAMHTENAMH,
B HacToslllee BpeMs Takas CHCTeMa C BPallaioMIHMHCH KPEeMHHEBLIMH
NHOMAMH NPHMeHsieTcs NMPAKTHUECKW HA BCeX BHIMyCKaeMbIX W MpOeK-
tupyeMbix TypGoreHepaTopax dupmu «Becrunrays». Ananornunblie
CHCTEMBI HCMOMB3YIOTCSl TaKyKe M APYTHMH 3apyOemubiMi pUpMAaMH H
OTeYeCTBEHHLIMH 3aBOAaMH.

BejyTcst HayuHO-HCC/AeN0BaTeNbLCKHEe PabOThl MO COBEpPINEHCTBOBA-
HIIO0 3TOH cHeTeMbl BO30Y:KACHAA IMyTeM 3aMeHhnl Bpaulalomuxcs THO-
JIOB BpamlaloMUMHCH THPHCTOPAMH.

[To-BupHMOMY, cucreMa GecileTOuHOro BO3OYMKAEHHs sB/sSeTCA Ha-
nGonee mporpeccHBHON W GyleT HaXoxuTh Bce Gojee WHPOKOE MPH-
MeHenne.

o 1-6. KoHCTPYKUMa SBHOMOMIOCHBIX CHHXPOHHEIX MaLIWH

HopmanbHofi fusi SIBHOTIOJNIOCHBIX MAIIHH ABJASETCS KOHCTPYKIHA
C TOPH3OHTAJLHEIM BajsoM. Takyio KOHCTPYKIHIO HMEET MojaBasaiouasn
YacTh CHHXPOHHLIX JABHrarteseif, BCE CHHXDOHHBIC KOMMEHCATOPBI H
reHepartopbl, NpeaHA3HAYeHHHle [/ COeAWHEHHs C JIBHTATe]SMH
BHYTpPEHHEero Cropanusi, # B pAle CaydaeB rHADOTeHeparophi CO cpas-
HETEJIBHO BEICOKOI! ckopocThio Bpamenns (200 o6/mun u suime). Mom-
Hble THAPOTEHePATOPHl C HH3KOH CKOPOCTBIO BpallleHHsl, yCTaHABAHBae-
MBIC HAa HH3KOHAMOPHHIX THADOCTAHIHAX, CTPOATCA ¢ BEPTHKAILHLIM
BA4JIOM, COeJMHeHHBIM NpH momomu daaHna ¢ BajoM THAPOTYPOHHEL,
pacnoJsoKeHHOM Noj TeHepaTopoM. [IBHTaTeIN AN MOUIHBIX BOASHBIX
HACOCOB TAKIKe M3rOTOBJSIOTCS € BEPTHKAALHBIM BAJIOM.

B KOHCTPYKTHBHOM OTHOLICHWH SBHOMNOJIOCHbIE CHHXPOHHbIE Ma-
IIHHBL PE3KO OT/MYAIOTCA OT HesBHOMOMOCHHIX. Tak, manpuMmep, BTyp-
Goremepatope NpejeabHONl MOIIHOCTH JfHHa poropa L mpesblmaer
AnameTp pacroukd D npumepHo B 6 pa3 (raGa. 1-1), Torma Kak THXO-
XOIHbIC THAPOTEHEPATOPHl MOTYT HMeTh IHaMmeTpel Ao 15 # npu o7-
Howenun I/D=0,15-+-0,20.

‘M3 cHHXPORHBIX MAIUHH SBHONOJIOCHOTO THNA HauboJbluee 3Haue-
HAe MMeT THIPOreHepaTopbl ¢ BePTHKANBHBIM BAJIOM, yCTAaHABJHBae-
Mble Ha THAPO3JEKTPOCTAHLHAX.

Pasanyaior JBa OCHOBHBIX THNA TAaKHX TeHepaTopos:
a) nojeecHoi, B KOTOPOM NOJANATHHK pacnoJjaraercss Ha Bepx-
HEHl KpecroBuHe Haj potopom (puc. 1-7,a4,0), n 62 30HTHUHBII,
B KOTOPOM TOANMSTHHK PACHOJNAraercs Ha HHIKHEW KDPECTOBHHE
(puc. 1-7, 6, 2) nau Ha Kpuimke TypOuns (puc, 1-7,4).

B macroduiee BpeMsi THAporeHepaTopsl GOJNbOIOA MOIIHOCTH BBIIOJ-
AAIOTCSE NMPEHMYLIECTBENHO B 30HTHUHOM HCMNOJHEHWH, TaK Kak TpH
5TOM YMeHbIIAETCH Macca reHepaTopa, a TaKke ero BLICOTA, 4TO
B CBOIO OIIEPEILIJ No3BOJgSAET CHH3HTH BbICOTy 31anua I'I‘.[,ElpOCTaHIJ,HH.
OG6BsaCHSETCH 3TO TeM, YTO BepXHss KPECTOBHHA HMeeT OOJbLINI Aua-
MeTp, ueM HHXKHfA, H ecaH Bec pOTOpa TreHepaTopa, BeC pOTOpa

peakmHy BOAB NCPEfAI0TCs Ha BEPXHIOW KPeCTOBHHY

TYPOUTLL U CHEgA
c@ Hc,eluuc, TO €e pasMepb! SHAUHTENbHO YBEJHUHBA-



Ha puc. 1-8 npusoantTca npofoabnbiii paspes reHeparopa Mnojiiec-
HOro THNA, a Ha puc, 1-9 naercs NpooAbHBIH paspes ruapoarperara
C THXOXOAHLIM THAPOrcHEepaTOPOM 30HTHYHOrO THMA, C pacHoJoHKe-
HHEM MNOANATHHKA Ha KpbIlIKe TYpOHHLI, MomHoctoio 123000 k&-a,
13800 &, 68,2 06/mun, cosp=0,85 aas Bomxckoii ruapocranuun um.
B. H. Jlennna. Cratop renepatopa BbiOAHEH Pa3beMHLIM H3 IIeCTH
yacreil M ycraHaBAHBaercsa Ha (PyHAAMEHTHHIX UAHTax. OaguM H3
C/IOKHEHIIHX y3JI0B TPH KOHCTPYHPOBAHHH MOILHHIX THAPOreHepaTo-

% Gil|
7 L

1

_/

2

1c Hanpabnawwud nodwuntuk
— — [flodnampik
Puc. 1-7. KoHeTpykTHBHLEE THIOH FPHAPOreHepaTopon: a4 U a' — moaBec-
HOH C ABYMS| HanpaBisiOulHMH NOAIHMHAKAMH; 6 — TO 3Ke, ¢ OAHHM
HANPaBAAIMIM NOAIIHNHAKOM, Ge3 HIKITed KPCCTOBHNUBL, 6 H 2 — 301-
THYHBIH € OAHHM HANPABASIOLIHM TOALIKMHAKOM; @ — 30HTHYHLIA ¢ noj-
OATHUKOM Ha KPuiUKe TYpPOHHB H € OXHHM HANPABJSIONIHM MOJILIHI-
HUKOM

poB ABAAETCA MOANSATHHK, MOCKOJbKY OH AOJIKEH BBIIEPIKaTh BechbMa
3HAYHTENbHBI BEC BpalAIOMUXCs YacTell W peaKUu0 MOCTYmalowieir
B TypGuHY BoAbl. B onmchiBaemom ruiporeHeparope obmas narpyaka
Ha maty pocruraer 3400 m; noANATHMK OMHPAETCs HA MOACTABKY Ha
KpbllIKe TYpOHHBI, YTO MO3BOJHJIO HCKIIOUATH HUMKHIOI KPECTOBHHY
H [10JY4YUTh 3HAYHTENbHYIO 3KOHOMMIO KOHCTPYKUHOHHON cTaJH (0KOMI0
200 m). CepAeyHHKH NOJIOCOB COOPaNbl H3 JAUCTOBON CTANH HA MIMHIb-
kaX. O6MOTKa poOTOpa BBHIMIOJIHEGHA H3 MOJOCOBOil MENH C H30AsLHe
MeX1y BUTKaMH u3 acGecrosoil Oymaru. 'enepatop cualikeH yCnoKou-
TeJbHOH OOMOTKOMH, 3a/0KeHHON B MOJIOCHBIE HAKOHEUHHKH MOJI0-
coB. BeHTHIAUMA MAIMHBI OCYIICCTBIAETCS MO 3aMKHYTOMY HHKJY
nyTeM caMoBeHTHJsUHH (ra. 6).

Ha pue. 1-10 npeacraBien potop ropH3oHTaabHOro, GHICTPOXOM-

Horo rupporeneparopa momuoctsio 80 000 xa-@ fipl 306/ Ml dns S
¢panuysckoii ruapocranunn Maavrosep. encpaiop ONHICH BOy W
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A

“BpatleHde ABYMsl THAPOTYPOHHAMH ¢ KOBmeoGpasHbIMH JOMATKAMH

(xonecamyu [lesbTona), pacnonoKenHeIMd M0 00HM CTOPOHAM reHe-
patopa (puc. 1-11).
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Puc. 1-8. Tponomsuuifi paspes rugporedepaTopa MONBECHOTO THMA

I — saa renepatopa; 2 — KOWTAKTHLIE KOALUA W TPABCPCL; § — BHIDOAL FeHEpaTOpa;

4 — poTopnan 3me3na; § — cepieduvk Noalca; 6 — CepieuHHk cTatopa; 7 — 0GMoTKa

Bos0ymaenun; 8§ — ofmoTKka cTaTopa; 9 — KaMmepa NOAMATHHKA; 10 — BenTHNATOP BO3-
Gy aurean; I — po30ynuvens

Ha pnc. 1-12 u3obpaxen cratop, a Ha puc. 1-13 — porop u Bepx-
HAS KDPEeCcTOBHHA BepTHKAAbLHOTO TrHApOreHepaiopa Ha 250 «a-a,-

6/ :
i lﬁ ﬁ npejAcTas/ieHbl CTaTOP, POTOP W cobpan-
KOMflenCaTop momwnocThio' 60 000-k6-a, 1000 06/mun

2 3axas Ne 2500 17

v

i




Pac, 1-12, CraTop BepTHKAABHOTO IHIpPOreHepaTO --a MOLLHOCTBIO
250 xe-a, 600 06/mun ’ l

Puc. 1-14. Cratop HeoOMOTaHHLIi CHHXPOHHOrO KOMMeHCaTopa
. montHoctbio 60000 xe-a, 1000 of/sux GupMm <AnbcTOM»
(Ppasuus)

m lel-lJPcecn poHHOrO KOMneHcaTopa momHoctsio 60000 «6 - a,
uH o - 1000566/ sur pupmel <AnbeTom»
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Puc. 1-13, Porop # Bepxuss KpecToBHHA anptWrron-W S .
Hocteio 250 xa-a, 600 ob/m X A;
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$IBHONOMIIOCHBIE CHHXPOHHBlE ABHTATENH H KOMMeHCATOpPH HMeT
B OGLU.EM TZIK)’IO 2Ke KOHCTPYKIIHIO, KaK H SBIHONOJIOCHEIE TEIIepaTOPH.
Ha ux porope (puc. 1-15), kpome 06MOTKH BO36yXKAeHHsi, yCTaHAB-

Puc. 1-16. Buetnnufi BHA cHHXPOHHOrO KOMmeHcatopa MottHocTsto 60000 6. a,
1000 o6/sun pupmb «AabcTom»

JiuBaeTcH Takxe NyCKOBas o6MOTKa, OTJMYalollascs oT YCIOKOHTE/b-
HBIX 06MOTOK regepaTopoB TOJIBKO TEM, YTO CTEPKHH BLITIOJIHAIOTCS
H3 CIIJIABOB C MOBLILIEHHBIM YA€/JbHbIM CONDOTHBJECHHEM,

1-7. BblCOKOYACTOTHBIE W CMElManbHbie CUHXPOHHBIE MalUMHBI

Onnogasnuie mawuHe ¢ yacroroir or 500 o 15000 ey u mowHO-
CTBIO [0 HECKOJLKHX COTEH KHJIOBAaTT B HAcCTOSIL[Ee BpeMf NPHMEHS-
10TCA /151 THTAHHA HHAYKLUMOHHBIX Neyed LA NJaBKH MeTajaoB, AJd
HHIYKUMOHHON B8aKaJKH CTaj# H g Harpesa MeraJJja IpH KOBKe
H wTamnoske. B nmoao0HLIX MalulHHAX HHAYKTHpPOBaHHe 3. 1.C. BbICO-
KO 4acTOoThl AOCTHTA€TCs 3a CuYeT MyAbCallMH MAarHHTHOrO [OTOKa,
BLI3LIBAEMOr0 OTHOCHTE/ILHBIM HepeMellleHHeM 3yOLOB cTaTopd H po-
Topa. O6MoOTKa NepeMeHHOro TOKa H 06MOTKa BO30YK/AeHHs, mHUTae-
Man MOCTOAHHBIM TOKOM, pa3MelllaloTcsi HAa CTaTope, a pOTOp HE HMeeT
KakoH-1u60 oOMOTKH. Bo nafexaHue MHAYKTHPOBAaHHA 9. A, C.. BBICO-
KOW yacToThl B 0OMoTKe BO30YMIeHHSd, MPHHHMAIOTCS MEephl K TOMY,
ytoObl clenJeHHbIfi ¢ 3Tofi OOMOTKOH MarHUTHBII MOTOK OCTaBaJjcHd
npu BpallleHHH poTopa HenaMeHHHIM. Jlasi H3rOTOBJEHHS YYacTKOB
MArHHUTHOW 1ENH C TMyJbCHPYIOLIHM MAarHHTHHIM MoJieM NPHMEeHsSercs
ToHkasn (0,2—0,3 mm) nucropas 3JeKTPOTeXHHYECKAs CTalb.
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Ha puc. 1-17 H306paxeH BBICOKOUACTOTHBIN TeHepaTop HHAYK-
TOPHOTO THNA C KOJIBIEBOf OGMOTKO# BO36Y:KIeHHS, PACHONOKEeHHOH
MeXJy [AByMsi MakeTaMu cTatopa, HaOpaHHBIMH M3 JHCTOBOH CTaJlH.
Ha KaXI0OM H3 MaKeTOB CTaTopa HaMaThlBaloTcsl OOMOTKH MepeMeH-
HOTO TOKAa, KOTOPLIE COCTOSIT M3 KaTyIIeK, OXBATHIBAIOIIUX [0 OLHOMY
gybiy craTtopa. PoTop MamuHb CTalIbHOH MacCCHBHHIH ¢ mpodpesepo-
BaHHBIMH B0Ab ocu nasamu. Yucaa naszos Z craTopa H pOTOpPa PaBHBL
Hanpas/enHe MarHHTHBIX JHMHWUH 0O0JA BO3OYXKIeHHA MNOKa3aHO Ha
puc. 1-17 crpenkamu. Ilpn nepememtennu 3yGuoB poOTOpPa OTHOCH-

Puc, 1-17. Bhicoko4acTOTHBIA reHepaTtop HHAYKTOPHOTO
tna (Ges paGouell OGMOTKH Ha CTaTOpE)

TeALHO craTopa MOTOK B 3y6uax craropa Gyjfer MyJbCHPOBATH C dac-
TOTON f=Zn, ¥ B KaTymKax Cratopa HHIyKTHpyeTcd 3. A. C. TaKoh
e vacToTel, 3yO6lbl OJHOTO TMaKera CTATOPa CMeIeHbl OTHOCHTEJBHO
3y61l0B APYroro nakera Ha MOJOBHHY 3yGuoBoro Aeienus. Baaroaaps
9TOMy BelHuMHa 06Ilero MOTOKA He H3MeHsieTcsi, W B OOMOTKe BO3-
Oy IeHHs 3. [I. C. He HHAYKTHDYeTCH. .

B nocnennee BpeMs CHOBAa HayaJH IPHMEHSTHCS CHHXDOHHBIE Ma-
NIHHGl C KOrTeoGpa3HBIMM MOJIOCAMH, HMeloulHe OGMOTKY BO30YX-
JieHHst Ha cTaTope, OOTeKaeMyio MOCTOSIHHbIM TOKOM. CepHH TaKHX
Mamun paspaGoranst Axkanemuefi nayk Jlarsuiickoit CCP [78].

1-8. OcHoBHble KOHCTPYKTHBHBIE 3MEMEHTbI ACHHXPOHHBIX
GecKONNEeKTOPHbLIX MallMH

Snecs Mb GyaeM HMeTh B BHAY Npexie Bcero Tpexdasmyio Gec-
KOJIIeKTOPHYIO ACHHXPOHNYIO MAallHHy, TaKk KakK OHa HMeeT IJlaBHOe
gHaueHHe (cJ0BO ,,0eCKO/IeKTOpHAS' B Aa/bHEllleM OmycKaercs).
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Cratop Tpexdasnofi acHHXPOHHOfi MalIHHBI BEITIONHAETCH AaHajo-
rHYHO cTaTopy Tpex(da3HOl CHHXDOHHOII MallHHL, H Ha HeM pa3Me-
utaerca nofodHan xe TpexdasHas oOMOTKA, KOTOpas NOAKJIOYAeTCH
K TpexdasHOH ceTH mepeMenHoro ToKa.

7, L e

A0
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Puc. 1-18a. ITpononbuuft paspes acHHXPOHHOrO ABHTaTensl ¢ (asHuIM POTOpOM

Potop acuHxponHOlI MaumIuHE npeAcraBnaseT coboil co6paHHOe H3
JIHCTOBOH 3/JeKTPOTEXHHYECKOA CTa/H LHJAHHAPHYECKOE Te/IO0 ¢ MasaMu
115 pasMmeleHus o6MoTkH. Paanuuaor:

1. AcHHXpoHHble MamuHel ¢ pa3HBIM poTopom (puc. 1-18a).
Ony uMeloT Ha potope 0OMOTKY, BBINOJHEHHYIO MO THOY TpexdasHof
o6moTkn Ha cratope. OGmMoTkH
poTOpPOB OOLINHO COEAHHSIOTCS
1 ] B 3Be3ly, a KOHIBl BLIBOAATCS
W\? HApYKY uepe3 KOHTAKTHbIE KOJb-
Ila H IeTKH Ha MYCKOBOH peo-
' crat (puc. 1-186).
= 2. AcHHXDOHHBlE MAaUIHHE C

KOPOTKO3aMKHYTbH M poO-

Koseya TOPOM, HIH NMPOCTO KOPOT-
— D Ko3aMKHyTH e, Onn Bhinoa-

S E EE HAIOTCA B TPEX OCHOBHBIX MOJH-
Yemxe GUKAUMAX: € OAHHOYHOH Oe-
nuYbefl KJAeTKOH Ha poTtope; ruy-

yckosod OOKOTA3NbIE; ¢ ABOHHON Gennub-
peocmam  €fi  KNETKOH Ha pOTOpe, HJaH
,&BnyJ’IeTD'—IHbIe. ati BHIALI Ma-

Puc. 1-186. Cxema Bkajouennsi achuxpou- LWHH OTIHHAIOTCA ADYT OT Apyra
HOIO [BUTaTeNs ¢ (asHLEIM POTOPOM nyCKOBEIMH cBoflcTBaMu (ra. 23),

26

Cmamap

B mammHax ¢ OAHHOUHOH KJETKOH massl poTopa, BelITAMMOBaH-
gBle B CTaJi, HMeloT uamle Bcero GOpMy oBafta ¢ GOJBIIHM HIH Mellb-
[IHM OTHOIIEHHeM BLICOTEl masa K ero ummpuune (puc. 1-19). Tlaswl,
mepekphiBaeMbie CBEPXy TOHKMM MOCTHKOM Ttouutuuofi 0,4—0,5 s,
ganuBaioTca amomuaHem. OnnoBpemenno ¢ o0OHX TOPUOB poTopa OT-
JIMBAIOTCS AJIOMHHHEBbLIe KOMblla, 3aMBIKAIOUIHe OTJHBaeMble B nasax
crepxkun. [loayyawoumiascs UpH STOM JHTAasd AaJIOMHHAEBaA Oeanubd
KJIeTKa 4acTo cHabKaercs

c 06eHxX CTOPOH TPHMLI- ;
KawimuMHA K KOabOoaMm e et
KpPBILAMA A4 yCHJIEHHs &
BEHTHJIAHH. S

dopma mnasa rayboko- &
[asHore poTtopa MoKasaua T
Ha puc. 1-20 caepa. Kner- K
Ka BHIMOMNSETCH H3 . Mel-
HBLIX CTep2KHel NpAMOYTOMb-
HOTO CeHeHHs, a8 KOPOTKO-  pyc 1-19. 3a- Pue. 1-20. Potop rayGoko
3amblKatouge koaena K—  xputwi nas nasHoro ABHratens
Yalle BCEro M3 MOJOCOBOI poropa

MeIH, B KoTopoil mpodpe-

3epOBaHBl MpOpe3bl B COOTBETCTBHH C pa3mepamu cTepxua. Crepiuu

KJeTKH MPHNAHBAIOTCA K Koably K TYronaaBKAM NpHMOeM.
IByxKnerounsii porop uMeer ABe OeJqHubH KJaeTku: BepxHas [1

(puc. 1-21, a), ¢ oTHOCHTENILHO GOJLIIHM AKTHBHBIM H MaJbIM HHAYK-

@)
g 7)
-mIIUﬂH ﬁ
P

H K"

Puc. 1-21. Porop aByxkJeTouHOro Asurateasi: a — ¢ AByMs OOMOTKaMu;
fi —c 3a7MBKOA amOMHHHEM

THBHBIM CONPOTHBJCHUEM, BHITIONHASTCA W3 JATVHH WAH CHelHanAbHOH
GpoH3bl U HrpaeT PoJb LYCKOBOH OOMOTKH NpH padoTe MamiuHbl ABH-
rareneM; HuxHAA P, Hao60pOT, BHIMOJHAETCS W3 MedHW C BO3MOXKHO
MeHbIUUM AKTHBHBLIM CONPOTHUBJCHHEM H fABjasercs pabouefi oOMOTKOH
JBHTaTes. ]

BepxHAs H HHXKHAA KAETKH MOTYT HMeTb Kpyrable nasbl, HIH BepX-
HAASl MOXKeT HMeTb KPyTrJible [asbl, a HUKHAS — OPSMOYTOJbIbIE HIH
OBaJlblbIe,

Koporkozamuikaiomue koabua K’ u K” pns o6enx KJAETOK BLINOJ-
HAIOTCS1 0OBIMHO U3 MEeH.

27



B. Paora acHHXpPOHHOW MauwMHBI B pexXume reHeparopa. Ilpeano-
JIOZKHM, YTO MPH NOOMOUIH K.':IKCII‘O-HHGYJII: NepBHYHOro asurarejd Mbl
YCKOPHM pOTOp ACHHXPOHHOH MAamIHHHEL Tak, 4TOOBl 7 cTajgo Goablie 1.
B stom Cayuae CKOJIbKeHHe CTAaHOBHTCA OTPHMATCJAbHLIM, H Hanpan-
JEeHHe BpalleHHa [NOTOKA OTHOCHTEJBLIIO pOTOpa H3MeHseTcss Ha 06-
paTHOe MO CPaBHEHHIO € TeM, 4TO Mbl HMeJd Mpu palboTe MalIHHBI
ApHrartesieM. B cOOTBeTCTBHH € 3THM H3MCHAeTCA HanpaBiecHHe 3, M. C.
M TOKa B NMPOBOAHHKE a4 H 3HaK MOMeHTa Ha Baay (puc. 1-23, 8).
CrnenoBaTesbHO, MOMEHT, Pa3BHBacMblii aCHHXPOHHOI MaiinHOM, cra-
HOBHTCSl TOPMO3SAIIHM [0 OTHOLIEHHIO K BPAllaloOleMy MOMEHTY Tep-
BHYHOTO HABHratead. B 3THX ycloBHAX aCHHXPOHHAas Mamuna pabo-
TaeT reHepaTopoM, npeobpasoBLIBas MeXaHHYECKYIO 3HEPTHIO, TOABO-
AHMYIO K Hefl ¢ Bajla OT NepBHYHOTO [BUraTess, B 3JeKTPHUECKYIO,
KOTOPYI0 OHA OTLAET B CETh.

Teopernyeckd Mbl MOXKeM KakK YroAHO YCKOPATb POTOP OTHOCH-
TeJbHO Bpauiatoulerocss notoka, ChaexoBarenbHo, npu pabore acuw-
XPOHHOU MQUUUHbL 2eHepaTopoMm cKoAbdceHue Haxodurcs 6 npedeaax
or s=0 10 s=—o00,

Ha npaxTike mepexol H3 pexuma paGoThl ABATATCNEM B PexKHM
paGoThl reHepaTOpPOM BO3MOXKeH, HampHMep, IPH CHyCKe Tpy3a MHOAb-
€MHOr0o KpaHa, NpH ABHKeHHH KeJe3HOLOPOKHOro mnoesfa Mod YKJIOH
£ S o

B. PaGora acHHXPOHHOH MallMHBI B pPEeXHMe 9JEKTPOMATHHTHOIO
Topmoaa. [Ipeamonoxkum, yto moa AeficTBHeM Kakof-HHGYAb BHeuHefi
NPHYHHLT POTOP ACHHXPOHHO MallMHLI HAYHET BPALIATBCA MPOTHB
BpalleHyus MardHuTHOrO noroka. B 3ToMm caydae K acHHXPOHHOM
MaliiHe NMOABOAWTCA 3SHEPrHs C ABYX CTOPOH — 3JeKTpHYecKasl 3JHep-
THsl H3 CeTH M MeXaHHYecKas 3HepPrHs OT NMepBHUYHOrO ABHrarteas., Ta-
KOH peXHM paGoThl HA3LIBAETCSl PEXKHMOM 3T E€KTPOMArHHUHTHOTO
TOop Mo3a. Ona Haunnaercs npu n=0 H MOXKET NPOAOJAKATLCA TEO-
peTHdeckH A0 n=—co. CrnenoBartesbHO, npu pabore ACUHXPOHHOL
MQUIURbL TOPMO3OM CKOAbIMCEHUEe Haxodurca & npedesax or S=+1

b s=u=l=w) 3
n, +OO
Ha NpakKTHKe pa60Ta B pE}KHMe aﬂeKTI_)OM&I‘HHTHOFO TOpMOBa

yalle BCEro HCHOAb3yeTcss B MOABEMHO-TPAHCIODPTHBIX COOPYKEHUsiX
NpH ONYyCKaHWH Tpys3a.

1-11. OcHoBHbie COOTHOWEHHS. DNEKTPOMArHHTHBIN MOMEHT
ACMHXPOHHOM MaLIMHBI

B acunxpoHHOfl MalHHe POTOP BPAlLlACTCA OTHOCHTENBHO MATHHT-
HOTO moJs co cKopocThio ny— n. [losToMy HaBoammble B porope
3. A. C. HMEIOT YaCTOTY CKOJbIKEHHS

fa=p (m—n)= pny H=Fs.

(1-4)
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ByaeM CuUHTaTh, YTO Pe3yabTHPYIOUIHH MAaTHHTHBI MOTOK B 3a30pe
mamuHs nocrosuen (®=const). [lycts E; ects 3. 4. c., HaBoAHMaN
B o6MOTKe potopa, M X;=2mfLs — HHAYKTHBHOE CONPOTHBJIEHHE pac-
cesiiiusl OOMOTKH MPH HEMOABHKHOM pOTOpE, T. €. MpPH CKOJIbKeHHH
s=1. Toraa npu BpalleHHH POTOPA, T. €. MPH CKOJIbKEHHH §, HMeEeM:

Ear= 52% —Eys (1-5)

H
Xy ==Xy ’:—9 = 5. (1-6)

CﬂeﬂonaTeﬂbné,
=t (1-72)
V’E + (%9)

H

cos, =—L = fs (1-76)

I Vi e

rie r»— akTHBHOe CONPOTHBJIeHHe OOMOTKH poTopa H 12— yroa
CHABHTA MeXy 3. 1. c. Ezs 0 ToxoM . .

SnekTpoMarauTHbifi MoMeHT M Ha Bajsy ACHHXPOHHOH MAaUIHHBI
co3jlaeTcss B pesyabrare B3aMMojeficTBus mnoroka P, KOTOpBI, CO-
r1acHo YCJAOBHIO, Mbl CUHTaeM MOCTOSIHHBIM, H AKTHBHOH COCTaBJAI0-
uteit Toka B o6MoTKe poropa [ cos .. Takum o6pasoym,

Es ra 2, Egsry 1-8
M=E =k ; (1-8)
VA+@my ViateEsy At

rie B — Ko3(pdHIUHEHT IPONOPIHOHAAbHOCTH,

Ua ypapmennsi (1-8) cilelyeT, uTO MOMEHT aCHHXPOHHOH MalIHHBI
M spasieTcs MOJONKHTENBHLIM, T. €. Bpauawomum, npu s>0 (mBura-
TeJdb H 3JeKTPOMATHHTHBIE TOPMO3) H OTPHIATENbHLIM, T. €. TOPMO-
samum npu s<<0 (rexeparop). Ilpu s=0 u s==*xoo MOMEHT M=0.
CKOJIBYKEHHe §=Sy;, COOTBETCTBYIOIIee MaKCHMalbHOMY 3HAY€HHIO MO-
meHTta M =My, nafiieM, pelius ypaBHeHHE:

M _ g 2 [+ (%8)"] —sro253

—— = RL, 5 . =0.
& ['ﬁ + (xzs)]
Orciona nonyuaem:
8= & ;—’ (1-9)
3
[MoncraBasia 910 3HAUeHHe Spm B ypaBHenme (1-8), umeem:
M,=+k 2%‘ : (1-10)
]
3



Takum OGPBSOM, BE/MHYHHa MakKCHMaJbHOTO MOMEHTA He 3aBHCHT
OT aKTHBHOrQ CONIPOTHBJEHHA pOTOpPa rz; OT Hero 3aBUCHT JHIIbL TO

CKO/IbXKEHHE Sm, NPH KOTOPOM MOMeHT M pocrturaer "auGoJibiiefl Be-
JAHYHHDL

L 1 1 1
-10 475 —G5 425

Pue. 1-24. 3asucumocTs Bpamaoliero MoMeNTa ACHH-
XPOHHOH MAIIHHE OT CKOJBMKEHHA [PH Pa3JHUNBIX 3Ha-
YeHHAX AKTHBHOTO CONPOTHBJAEHHA LENH poTopa

Ha pnc. 1-24 npencraenens saBucumoctd M=f(s) npu ¥»=const
H pa3HbIX S3HAYEHHSIX AKTHBHOTO CONPOTHBJIEHHA poTtopa rz. [loapoGHo
TEOPHA aCHHXPOHHOH MamHHBI H3/I0XKeHa B TPeTheM pasjele.

1-12. MpuHUKN BRINONHEHHA OBMOTOK MaLLMH fMepeMeHHOro ToKa

B Hacrosmlee Bpems B MalIMHAX NEPeMEHHOTO TOKA MPHMEHSIOTCH
rIaBHEIM 06pasoM ABYXCJOfiHbIEe 0OMOTKH, KOTOPbie HMEIOT MHOro o6-
Iero ¢ ABYXCAOHHBIMH 0OMOTKaMH siKOpeli MallHH INOCTOSNHOrO TOKA
H KOTOpble MO3TOMY MOXKHO MOJYYHTh, HCXOAA M3 SIKOPHBIX O0OMOTOK
MallHH NOCTOAHHOTO TOKA.

B nepsoii wactu kmury, B ra. 3, GbIIM paccMOTPEHBl MOTEHLHAb-
Hble MHOTOYTOJbHHKH SIKODHLIX OOMOTOK MAIIMH MOCTOAHHOTO TOKA,
nonytuaemMble B pe3y/bTaTe MOC/ENOBATENBHOTO COMETPHUYECKOTO CJ0-
JKeHHA BEKTOPOB OCHOBHOH FapMOHHUYECKOW 3. 1. C. BCex
CeKUIHH B MOpsilKe HX C/ENOBAaHHSI MO 3aMKHYTOMY Ha ceBsi KOHTYpY
o6morku. Ilpun mocratouno Goabumom (TeopeTHYECKH — MU GecKoHey-
HO 0OJBLIOM) KOJHYECTBe MA30B M CEKIHH MOTeHUMAdbHLI MHOrO-
YrOJIbHHK MpeBpalidaeTcd B OKPYKHOCTb HJIH, NPH HAJHYHH B 0OMOTKe
IKOPA NOCTOSIHHOTO TOKAa 2 @ napa/iie/bHLIX BEeTBel, B @ HaJ0KeH-
HBIX [PYT Ha APYra OKPYKHOCTEil, NpHYeM KaxAOMy ydacTKY OKpPYK-
HOCTH COOTBETCTBYET OmNpe/le/JeHHBIN y4acTOK 3aMKHYyTOil Ha cebs o6-
MOTKH.

Hcxona n3 nomoGHoro npejacrasieHus:, Jerko BHAETb, UTO Haubo-
Jiee MPOCTHIM CMoco6oM oOMOTKa MepeMeHnoro TOKa MOXKeT OHTH
mofydeHa u3 OOLIYHOM 3aMKHYTOH ABYXCJAONHOH OOMOTKH MOCTOHH-
HOro TOKa, eC1H Ha KaxKJIOM ee YuacTKe, COCTABJAAIOUIEM MOAHLIH no-
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TeHIHAJbHBIH MHOTOYTOJIBHHK, CHEJaTh YHCJAO OTBETBJAEHHI, COOTBET-
CTB}’!OLL[EE UHCTY ClJaS MAIlHHLI. paBHOHOTBHU.PIa.HbeIQ TOYKH OTBeTBJEe-
HHH HYXHO COeJMHHTBH IPYT C JPYroMm, H TOraa Kaxjas thasza Gymer
HMeTb YHCJIO0 NapajjedbHbIX BeTBeH 4, paBHOe YHCJY Nap napanelb-

'HBEIX BeTBeH HCXO0AHOH 06MOTKH MOCTOAHHOTO TOKA.

Ha puc. 1-25, a npexacraBnena mnoTeHUHaJbHas OKPYKHOCTb 00-
MOTKH MOCTOAHHONO TOKAa M M0Ka3aHa NPHHUMMHANbHAS CXeMma MpH-
coelHHeHHA KOHTAKTHEIX KOJiell K OAHOH BeTBH OpPH Tpex(asHofl cHc-
reme. [Tomobnas o6MOTKa NpHMEHsieTcs B OZHOSKOPHHIX TpeoGpaso-
BaTeNfX, TdK KaK B STHX MamuHaX OOMOTKa SIKOpPA [OJKHA GHITh
BHEINIOJIHENA Mo THITY SHMKHyTOﬁ 06MOTKH NOCTOAHIIOTO TOKa, coegunnae-
MOH € OJIHOH CTOPOHBI C KOJJIEKTOPOM, @ € APYrofl — ¢ KOHTAKTHBIMH
Kosbllamy (ra. 17).

0) A

Puc. 1-25. Mpunuun noayuenust TpexdasHofi o6MOTKH H3 3aMKHYTOR
AKOPHOH OOMOTKH MallHHL MOCTOSHHOIO TOKE

ITonoGnyio xe OOMOTKY NHpeiaCTaBisieT H SIKOpHAsg OOMOTKa Tpex-
thasnofi KoJJNeKTOPHCH MAIIHHBI MEPEeMEHHOr0 TOKa ¢ Toi pasHulef,
uto 00MOTKa JeJUTCH Ha Y4aCTKH, COOTBETCTBYHOILIHE pa3JuuHbIM (a-
8aM, He OTMAAKAaMH, NPHCOeJHHACMBIMH K KOHTAKTHBIM KOJBIAM, a Ha-
JIOXKEHHBIMH Ha KOJIEKTOp LieTkaMu (puc. 1-25, 6).

Croponnl tpeyroasnukos ABC na puc. 1-25, a u 6 npencraBasior
co6oii oanoBpeMeHHO (hasHbie H JHHEelHble HANpPSKeHHS OOMOTKH, Tak
Kak (pasHble 06MOTKH COEIHNEHB! B TPEYTrOJbHHK.

HOausa ayru oxkpyxmuoctH AB MeXKIy COCEAHHMH TOYKAMH MNpH-
coennnennfi Ha pHe. 1-25, @ W 6 coorBercTBYyeT aJdrcGpaHyecKoil
CyMMe 3. [. C. JdHHOTO y4acTka HAH (a3bl 0OMOTKH, a COOTBETCTBYIO-
mas Xopna AB 6GyaeT COOTBETCTBOBATH HX TEOMETPHUECKOH CyMMe,
laiomeil HANPAXKCHHE MEXAY KOJIbLAMH HIH meTKamMu A u B.

Mepoit ncrnonb3oBanus O6MOTKM SIBISAETCS OTHOUIEHHE TeOMeTpH-
YeCKOfi CyMMBl 3. H. C. ceKnHMH (a3el o6MOTOK K aJreGpanueckoil
CyMMe 3THX 3. [. c., HOcfllee HaspaHHe Koa(dHUHEHTa pacrpenele-
HuA 06MOTKH. B maHHOM cayuae, npu m=3 # BecbMa 0OJbLIOM YHC/IE

1mason, HMeeM:

__ xXoppa AB: RVE‘_ :BVE_ —0.827

P® . syra AB 1 20

— 2nR
“]
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B ofumem cayuae, ecan mamnna umeer m (a3 (puc. 1-25,8) npu
BecbMa OOJILILOM YHCJIE Ta30B

2R sin Tn:' sin T:—
oo = — - (1-11)
FQJ\:R =

B uactnocTH, pu m=~06 aMeeM:

g o oun . 80055,
pee 14 I

Taxkum o6pasom, npH Tpexdasuoii o6MoOTKe 3. . c. (asbl yMeHb-
maercs Ha 17,3% no cpaBHeHHio ¢ ajrefpanuyeckKoil cymMmoin 3. 4. C.
ssieMeHTOB (a3 00-

a K 4 MOTKH, a MpH WIeCTH-
AN~ ¢asnoit — T0OJBKO fa

4,5%. BcaeacTsue 3TOTO

AKOpA MHorodasnbix

KOMJEKTOPHBIX MaliHuH
H ONHOAKOPHEIX mpeod-

pasoBarteJiel HHOTA
BLIMOJTHSIIOTCST . LIECTH-
(hasubiMu,

dasuvie 06MOTKH HA
puc. 1-25,a moxno co-
Puc. 1-26. Tlpusuun noaygenns Tpexdasnoit o6MOT- eIHIHTD 3BE3JI0H, eCc/H
ku ¢ dasnoft sonoit 120° W3 paspesanHoii oGMOTKH 0OMOTKY fIKOPS TOCTOSH-
AKOPA MAUIHHE NOCTOAHHOTO TOKa HOTO TOKAa paapeaaTh Ha
Tpu uactd (puc. 1-26, a),
npeanonaras, uto 2a=2. Ilpn sTOM JHHEiNOe HANPAKCHHE yBEIHuH-
Baetcs B )/ 3 pasa (mmeercsl B BHAY TOJIbKO MepBas rapMOHHYeCKasd),
HO HCIOJb30BaHHE OOMOTKH H BeqnunHa ee Koa(duiuHeHTa pacnpeje-
JIeHHs] OCTAHYTCA MPEKHHUMH, a HMENHo kpo=0,827 (puc. 1-26,0).
Jlyumpe pesyabTaThl AaloT TpexdpasHbie OOMOTKH, OCHOBaHHbie HA
pasjeleHHH MHOTOYTOJbHHKA 3. X C. HA WICCTh 30H (puc. 1-27, a).
Uro6sl 5. A. C. NMPOTHBOMOJNONKHbIX moaypas (manpumep, A u X)
JeHCTBOBAAH M0 KOHTYPY COIMIACHO, HYXKHO COEIHHHTb KOHel MoJy-
daset A ¢ KoHuoM Todydashl X (puc. 1-27, 6). Ilpn paBHOMEpPHO
pacnpefie/leHHOl OOMOTKe (4HC/I0 4308 Z=o00) noayuaerca Ko3p-
GUUHEHT pacnpeiesenus

. 1
sin ? 3
B = 0,955.

poo T

6

Mpl BuauM, 4to o6MoTKa ¢ (asuoil 3oHof 60° umeer 8 0,955/0,827 =
=1,15 pasa, 1. e. Ha 15%, JAyuwee ucrnonL3oBalKe MeAH, UM OOMOTKA
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¢ dasnoit sonoit 120°. PaBubiM o6pasom o6MotKa € somoit 60° mo3so-
JsieT Ha KaxJIOM YUacTKe, COCTABJSIOLIEM MHOTOYrOJIbHHKH 3. A. C.,
o6pasoBath /B¢ NapanjenbHble TPyNnbl yTeM NapanJeabHOTO COelH-
HEHHA HAuajga H Kouua oAHOH nojydasbl ¢ KOHIIOM H HayaJjoMm COOT-
percreytouteil noaydassr (puc. 1-27, 8). Touno Tak xe moaytasn
MOZKHO COeHHHTbL TpeyroabHukoM (puc. 1-27, ).

Peanbhas o6MOTKa BBIMOAHACTCA C KOHEYHLIM YHCJAOM Masos Z.
Jlas Toro uto6ni npu 3TOM BCe mnoaydasel o6MOTKH ¢ 30HOH 60° GblTH
OAHHAKOBH H MOKHO OLLIO MpoCTeHIIAM 0OpPasoM MOJYMHTh CHMMET-

Puc. 1-27. [lpumuun noaysenns TtpexdpasHofi ofmoTk: ¢ (pasHoRi 3oHON 60°
H3 pa3pe3aHHON OOMOTKN SIKODA MAIIHHHE MOCTOSHHOrO TOKa

pUuHYI0 OOMOTKY, UHCJ0 [a30B Ha OJHYy 30HY, T. €. YHCJIO Ma3oB
Ha noJwoc # (Gasy,

F
= e (1-12)

fonxkuo GHTH meabiM YHceaom (i 4.). Takwe oOMOTKH HAa3bLIBAIOTCH
06MOTKAaMHK € LCJIBIM UHCJIOM [Ma30B Ha mnodaioc H ¢asy W HMelT HaH-
Gosnbmee pacnpocrpanente. Huxe mbl Gyllem uMeTh B BHAY TNpeie
Bcero TakHe oOMoTKH. OGMOTKH ¢ [poGHEIM g paccMaTpHBAlOTCA
ocobo (§ 3-6).

OOMOTKa COCTOHT M3 KATYUIeK, BLINOJHAEMBIX N[O THITY CeKIHH
06MOTKH siIKOpSi MallMHbl TOCTOSIHHOTO ToKa. B obuem ciaydae Ka-
TYIIKa MOXKEeT COCTOThL H3 PAla MOoCJeJ0BaTeJbHO COeJlHHEeHHbIX BHT-
KOB, MMelollux o0ulyio H30J5LUHI0 OTHOCHTENbHO Kopmyca. Kaxnas
3oHa 60° pruouaer B cefs KaTylIeuHywo TPYIIY W3 KaTyIIeK, cOelH-
HAEMBIX mocaefoBaTenbHo, B oxnmy ¢a3sy BkA4alOTCA KaTylleUHble
TpyNmbl, CABHHYTHE BIOJb OKPYXKHOCTH AKopa ApPYT OT Apyra Ha
180 sa. rpaaycos. Hucio xkaryuieyHBIX TPYNn B Kaxkaoi dase obmo-
TOK paccMaTpHBAEeMOTO THMa, TOJydYaeMblX H3 JIBYXCJOHAHBIX SKOP-
HbIX 0OMOTOK MOCTOAHNOr0 TOKa, PaBHO HMCJAY NOJMI0COB 2p. ITH
Tpynnel MOTYT OBITh COCIMHCHBLI MOC/JeA0BaTeJbHO WJH NapaJienbHO
110 pacCMOTPEHHOMY BBILIE MPHHIHIY,
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lnasa a*ropan_

SNEKTPOABMIKYLUME CMITbl B OBMOTKAX MALLIMH
MEPEMEHHOIO TOKA

2-1. OcHOBHble XapPaKTEPHCTHKM 3. f. €. NEPEMEHHOTO TOKa

®. N. c. MepeMeHHOro TOKa XapaKTepH3yercs TpeMsi OCHOBHBIMH
napamerpami: a) BenmunHof, 6) uactotoit W B) Gopmoil KpHBOIL.
[Tonyuenne 3. A. c. HEOGXOAHMOIT BeMMUHHBI H 4ACTOTHI CpaBHH-
TEJABHO NPOCTO; TPYAHee co3AaTh 9. /. c. 3apawHofi ¢opmbl. O6bIYHO
Tpeldyercst, 4ToOnl 3. 1. C. MalHHH, NpeIHA3HAYEHHON A5 paboTul
B YCTaHOBKAaX MNPOMBIJIEHHOrO THNA, Oblla MPAaKTHYECKH CHHYCOH-
nanbHa, OCO6eHHO $TO OTHOCHTCS K TeHepaTopaM, TaK KAK BHICIIHE
rapMonuveckue 3. A. C. OKasblBaloT Bpe/HOe BJAHSHHE HE TOJbKO Ha
reHepaTop H GOJIBIIHHCTBO MPHEMHHKOB, BHI3LIBAS B HUX VBeJHUCHHE
10Teépb, HO TAKIKE H HAa JIHHHM Tlepelaud, crnocobCeTBYSl BO3HHKHOBE-
HHUIO MEpeHanpsKeHHid Ha PAaSAHYHBIX MX y44acTKAX M OKa3niBas WH-
. AYKTHBHOE BO3/leficTBHe Ha 6/HM3Mexanine AHAN c1aboro Toka.
Paccmorpum Bompoc 06 9. 4. c. 0OMOTKH MepeMeNnoro TOKa Ha

npHMepe CHHXPOHHOM MAallHHBI, HAaWHCM C anaju3a mpocreiimiero cay-
Has.

2-2. 3. A. c. NPOBROAHMKKA

Pacnonoxum npoBOAHKK a Ha cTatope, a MOMOCHLle HAKOHEHHHKH
NOJIIOCOB — HA POTOpe mapaJJielbHO OCH MaiunHol (puc. 2-1). Bo36y-
AHM MallHHYy H TPHBeleM ¢e BO BpalleHHe CO CKOPOCTbio n=const.
Torna mruoBerioe snaucHie WHAYKTHPYEMO# B Mpo-
BOIHHKE a 3. 1. ¢. Gyaer

e, = B.Io, (2-1)

rae B, mpeacrasasier coGofl BeaHYHHY MarHUTHOM
HHAYKUHH B MecTe HaXOK/EHHs NpOoBOAHNKA 14
NaHHOrO MOMEHTa BpPEMEHH.

Takum obGpasom, xapakTep H3MeHEHMA BO Bpe-
MEHH 3. H. C., HHAYKTHPYCMO# B MPOBOAHWKE, HJIH,
Apyrumu ciaoBamu, dopma KpHBOH 3. A. C. NPOBOI-
Puc. 2-1. ®. m. ¢. HHKAa B 3aBHCHMOCTH OT BPEMEHH TOYHO COOTBeTr-

B MPOBOLHHKE CTBYyeT KpPHBOH pacnpele/eHus MarHWTHOH HHAYK-

IHH B 3a30pe No OKpyxKHOCTH sKops. Yrtobol
npuGIH3HTH KPHBYIO 8. M. C. K CHHYCOHJle, HYKHO CO311aTh MOJe C TaKo#
(opMoii KpHBOH, MPH KOTOPOi coflepiKanue B HeH BHICIIMX rapMoHHYe-
CKHx ObLIO BO3MOKHO MeHblue, 115 5TOro SBHONOJIOCHBIE CH.IXPOHHbIE
MalllHHEl BHIMOJHAIOTCA ¢ HepaBIOMEDPHbIM 3430DOM 10 OKPYXKHOCTH
noJsitoca, OObIYHO MOJIIOCHBIR HAKOHEUNHK OMHCLIBAETCA pPajHyCcOM Ta-
Koil BeqIMumHEl, uTO6H 3a30p &’ mozx kpasmu moawca 6ui B 1,56—2 pasa
Gosble 3a3opa mof cepepnHoi noaoca § (puc. 2-2). C Toil e uenbio
B HesBHOMOJIIOCHBIX MalIMHax oTHomenue oOMOTAHHON 4acTH poTopa
K €ro MoJiocHoMy menenuio OepyT paBueiM npumepno 0,75.
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[MpoxoxaeHni0 MPOBOJAHHKOM ABOMHOTO MOJIOCHOTO PAaCCTOAHHSA 2t
COOTBeTCTBYeT NoJubiit nepuox T 9. JI. €. BO BpeMeHH, TMO3TOMY jeH-
cTBylOIEe 3HaueHHe 3. J. C. NPOBOAHHKA

2 o 1/ 2 mB?dg 2-2)
E, =V -T—oj e di=lv |/ — [ B, (

raie MHOKHTENb
T2

2
B=) = [ Bt
St
npejcTaBasier coboil AeficTByollee 3HAYCHHE HHAYKIHN.
OKpy»KHasi CKOPOCTb POTOpa

D
v=nDn= il pn = 21f.
2p
O6o3Haunym OTHOWIEHHEe MeficTBYIOMEro H cpefHero 3snavenuil B
A Bep uepes kosdduuuent Qopmel
KpHBOf moJis
b.=Bl(B,, (2-3)

u samenum v=21f. Torna, npuHaMas
BO BHHMaHHe, uTO TOJHBIA NOTOK
OJIHOTO TIOJTI0Ca

® =1lB,,

NOJYYHM:
E., = 2tfk, B, =2k Df. (2-4)
Hnsi cunycoumaabHOi KPHBOI 1M0JIs

k= —r— =111
AR T

MO3TOMY IJid JaHHOTO cJaydas
/2l

Puc. 2-2. Pacnpenenenie HHAYKUHH
B 3a30pe Ha NOMOCHOM IIare

@f — 2,22 Of. (2-5)

npT l}r2'—

OnpenenuM AeficTBylomee 3nayenHe 3. A. ¢. MPOBOAHHKA B obuieM
cayuae, pH HECHHYCOHAAALHOM pacnpejielennH MoJs 10 OKPYKHOCTH
SIKOPSI.

Bynem cuntath, uTO KpHBas MHIYKLUHH CHMMETPHYHA OTHOCHTEJILHO
ocu abcllice, a TakiKe OTHOCHTENBHO ocH nogioca abucd (puc. 2-3, a).
B stoM ciayuae KpHBas HUAYKIHH COJAEPXKHT Hapsay c MepBOH, HIH
OCHOBHO#, FapMOHHYECKOfl BLICIIHE T2PMOHHUECKHE TOJbKO HEYETHOTO
mopagka: v=35 ..., T. e. v=2k:tl, mpuyeM Bce 3TH rapMoHuue-
ckue nepecekalor ock abemuce B o6utux roukax A, D u T. 4.

YenoBuMes HasbiBaTh TapMOHHUeCKHe HMIJIYKUMHM NPOCTPAHCTBEH-
HBIMH, MOCKOJIBKY OHH pacnpeensiorcd Mo OKpyxuoctH axops. ITep-
Bas rapMoIHyecKas HUHAYKOHH HMeeT aMNauTyny Bmgi H TOMIOCHBIA
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TOYHO CHJIBIIO, OHH CPABHHTEJNLHO MAaJO BJAHAKT Ha BeJUYHHY Eup,
HO B TO K€ BpeMsA OHH HeNOCPeACTBEHHO BJIHAIOT Ha (I}OpMY KpHBOI':i
3. . C. TPOBOJHHKA H NO3TOMY CHJIBHO HCKaxXawT ee,

2-3. 3. p. ¢. BHTKA M COCPEAOTOYECHHOH OOMOTKM € MOMHBIM
[AMameTpancHeiM) Warom

Ha puc. 2-4 u3obpaxen BHTOK ¢ MOJHBIM marom y =1, Kax yxe 6b110
NI0Kasano B NEpPBOH 4aCTH KHHUTH, 3. [A. C. TAKOrO BHTKAa MOJydYaercs

KaK pesy/bTaT reOMeTPHYECKOTO BLIYHTaHHsS BEKTOPOB 3. A. ¢. E'np H
E”pp, HMHAVKTHPYEMBIX B

L Z P 0 7" i
7 77 ) 8) KaXXJIOM H3 NPOBONHHUKOB
a) ‘r (coorBercrBenno 1" u 1)
r’l AI' l“‘t i fl 3 I“‘ 1 2 BHTKA. CaenoBaresbHO,
| -Ej, DeficTBylomee  3HaueHue
Pneol T § i np
] - . 3. A. C. BHTKA C MOJHBIM
‘ | 1 Sor warom Gymer
13 I .'

. Enp EBT=2Enp. (2-12)
| -, B ofuem cayuae Ml
I/l\ Enp MOXKeM HAMOTATh Ka Ty -

6) & | 7=z {i ! Ky, COGIMHHB MOC/E10Ba-
cadtind | ”"""‘9"‘ TEbHO Wy BUTKOB. Ecau
| 1 N-| ! | sy I MalIHHA HMEeT p map Hmo-

e | e JMIOCOB H MO Kax/oi na-
i ! poii MOJIIOCOB Mbl YJ/IOKHM

TaKylo Ke KaTylKy H TakK
HKe pPAacroNoXKUM ee OTHO-
CHTEJBHO M[OJIOCOB, TO, COe-
JMHHB BCE KATYIIKH MOCJAEA0BAaTeNbHO, Mbl 06pasyeM Tak Ha3hiBAEMYIO
cocpefioToueHHyl0 (g=1) 06MOTKY, COCTOSILLYI0 H3 W= WP MOCJEIO0-
BaTeJbHO COeHHEeHHLIX BUTKOB, Ce0BaTeNbHO, 9. . C. TAKOH 0OMOTKH
oyner

5 ()
E=215,“,:.:;“39:V—T;_qnlwfl V1+ky,+ oo +RE+ .. .=

Puc. 2-4. 3. 1. c. BHTKA NpH Y=T

o VYV +kp+ oo+ + ...
='——_(D ; . i
V3 wfy 1 (2-13)

1

1
t—kpy k.. k—kp ...

ITo cBoeit opme 3. 1, c. TakoH 0OMOTKH He OTJIHYAETCH OT 3. A. C.
OJIHOTO TPOBOJIHHKA.

2-4. 3. p. c. pacnpepeneHHOH oBGMOTKM ¢ NONMHBIM WAarom

A. Meprasn rapmonnyeckas 9. A. ¢. O6b4HO O6MOTKa BLINOJHSAETCS
He cocpejoroueHHofl (g=1), a pacupenenentofi (¢>1), 1. e. Heo6xo-
JAHMOE YHC/JI0 BUTKOB [0 KaXKA0H mapoil NoJicoBR 3akA0YeHo He B of-
HOH Karylike, a pacnpeje/isiercsi Ha HeCKOJbKO IOC/e/[0BATe]IbHO Coe-
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JIHHEHHBIX KATYIIEK, PAacnofoXeHHbIX B ¢ pAAOM JeXallHX nasax. Ta-
KOfl 3JIEMEHT H3 ¢ KATYLUIeK Ha3bIBAeTCA KaTylIeyHOH rpynmoil.

[peanonoXum, 4TO YHCJAO NA30B HA KAXKAOM MOJIOCHOM JeJIeHHH
Q=6 (puc. 2-5). Karyweunas rpynna B [aHHOM cJaydae B3sTa H3 4 Ka-
TYUleK C TOJHLIM [I1aroM
(y=t); moA KaxKIbIM TO-
JiocoM 3angto 4 mnasa
(g=4). Bce g xaryumek 4| 2
coeluHensl Mexay coboil ,%Lgﬁ
MoCJIel0BATEIbHO TaK, 4TO
K KOHHYy  Kakoi-nubyab A
OJHOH KAaTYIIKH TIpHCOe-
JHUHAETCSA Ha4yano clie-
AyloLIert.

Jasi nepeoit rapMoHH-
yecKoll yros clBHra Mex-
Ly IOBYyM#A COCEIHHMH ma-
3aM# M, cTajo OBITb, CO-
CelHUMH KaTymkamHu, Oy-
aet

Puc. 2-5. 3. n. c. pacnpefenennoii 0GMOTKH C
mWaroM Y=t

6

Tax xaxk B paccMaTpHBaeMblii MOMEHT BpeMeHH KaTyulka [ JeXHT
Ha HelTpa/aH, TO MFHOBEHHBIE 3HAYeHHs 3. A. C., HHAYKTHpYeMble B Ka-
Tywmkax I, 2, 3 u 4, 6ynyr:

e =Eynsin0°=0; eo=Ey,siny=E,,sin30%
exs=FExm 8in 2= E,,sin 60%; e =E,, sin3y=E,, sin 90°.

DT1H 5. [. ¢. TOKA3aHH HA pHC. 2-6, @ 4eTHIPbMA BEKTOPAMH, KaXK/bli
H3 KOTOphIX Npexactasisier cobofi Hauboibllee 3HaYenHe 3. J. C. Ka-
TYMKH HJIH [PH COOTBETCTBYIO-
ueM H3MeHeHWH MacmTaba ee
neiicrBywoiee 3Hauenue EFx. [Ipu
3TOM KaxX/Ibli BEKTOp CIBHHYT
OTHOCHTEJIBHO  COCEJHEera Ha
yroa y=30°.

CnoKHB reoMeTpHUeCKH Bce
yeThipe BEKTOpa, NOJyyaeM 4acThb
NpPaBHJIBHOTO  MHOTOYTOAbHHKA
OABCD (puc.2-6,6), 3ambIKal0-
mas kotoporo OD paer nefict-
ByIOlllee 3HaueHie pe3yJbTHPYIO-
me#i 3./7.C. 4eThIpeXx KaTyllek.
[Mpoekuns sameikawmeir OD Ha
OCcb OpOMHAT [aeT MTHOBeHHOe 3HauyeHHe 35Tofl 3. A. C., COOTBeT-
CTByIOILCEe pacnosokeHnio nazos /, 2, 3 u 4 oTnocHTeAbHO MOJIOCa HA
puc. 2-5. B apyrue MOMEHTH BPeMEHH MHOTOYTOJbHHK 3. [. €. OyIeT
3aHHMaTh Apyrue MOJOMKEHHs, Bpallasch OTHOCHTeaAbHO ueHtpa O
NPOTHB YaCOBOH CTPEJKH C YIVIOBOI 4acToTol o= 2mf.

a1

2L i s 180° o 300'
Q

Puc. 2-6. 3Besna H MHOTOYTOJABHHK 3. JI.C.
KaTylllek, MoKasaHubix Ha pHe. 2-5.



Uro6u onpepeants Eg=0D, uaxonum (puc. 2-6,6) unentp O,
OKPYXXHOCTH, OIHCHIBA€MONl BOKPYr MHOrOyroJbHHKa. Paauyc 3T0f
OKPYIKHOCTH, OnpejensieMuifi H3 paBHoGenpenHoro Tpeyroabiuka 004
C UEHTPAJNBHEIM YoM Yy, Gyuer

Bioosatt

2sin 2
‘)

Torna Eg,=O0D onpenenutcs u3 paBHOGeAPEHHOTO TPEYTOAbHHKA
00,D ¢ yraom gy npu Bepuinne Oy, a HMEHHO

sin%?
En=2Rsin? = E, ———.
2 sin%

Ecan 6b Bce axkTHBHLIE CTOPOHHEI KaTylieKk OBLIH COCPENOTOYEHHI
B OJIHOM M43y, TO 3. 1. ¢. 6naa 6w paBna gEy. Taxkum oGpasom, oTHO-
[IEHHe TEOMETPHHECKOH CcyMMbl 3. [. C. pachnpenenexuoil o6MOTKH
K 3. I. C. COCPeOTOYEHHOH OGMOTKH ¢ TeM K& YHCJAOM BHTKOB

— Eg singg— sin q?}’
=._01 = = . 2'14
o 9Ex Y ¥ eeish

By sin - sin —
gL g 9 q 9

Kosdduuuenr kp HasbiBaerca KosphrnunenTompacnpene-
NeHHss 06 MOTKH, a HHAeKC | MOKasblBaeT, 4TO OH OTHOCHTCH K mep-
BOH rapMOHHYECKO# 3, 1. C.

Haa m-pasnofi o6bmoTkn ¢ ¢asHoft 3o0HON mt/m (npu m=3 c 30-
Holt 60°) yros y Mex1y ABYMS COCEIHHMH NasaMu

et
V=5
[ToncraBuB 310 3Hauenue y B Bupaykenue (2-14) nas kospdunuen-

TOB paclpejlle/IeH|s, OTHOCAIIUXCA K OCHOBHON rapMOHHYECKON 3. 1. c.
muorodasHol 06MOTKH, HOJNYUHM:

sin e
e (2-15)

gsin B
2mg

Tak Kak pacnosoxeHue 1asoB OTHOCHTEIBLHO MOJIOCOB MOA BCEMH P
napaMi IOJIOCOB OAHO H TO e, TO CAeJaHHBbIA Bblille BEIBOA MOMKHO
pacnpocTpanuTb Ha BCIO 0OMOTKY, COCTOAIIYIO H3 gp MOCAEI0BATENbHO
CcOeJHHEHHBIX KaTylleK, KaxJ1asa H3 KOTOPLIX COCTOHT H3 Wy MOC/Je/10Ba-
TeJIbHO COeiMHEeHHLIX BHTKOB. C/lef0BaTe/1bHO, AeficTBYIOLlee 31avYeHHe
nepBOfi rapMOHHYECKOH 3. A. €. pacnpeaenentoll 0OMOTKH C MOJHBIM
marom 6yner

2 2 ; 5.
Ex =_’; Qo 1gpw kyy = —= Osf ywky; = 2V 2l B, frwkyy.  (2-16)

V2 vz
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o

31ech W= qpwy — YHCJO0 NOCJEJOBATETLHO COETHHEHHLIX BHTKOB B (da-
3¢ 00GMOTKH.

b. Boiciime rapMoHuuecKkue 9. . ¢. pacnpejeneHHoil oOMOTKH, Y10/
CIOBHra MexAy [ABYMs COCEIHHMH Nas3aMd [JA TapMOHHYECKOHR nojs
nopsaka v pasen vy. Ha takoit xe yros cIBHHYTH N0 (pase U BEKTOPHI
9. 11.C., HHIYKTHPYEeMBIX 3TOH rapMoHHueckoHl B o6MoTKe sikopsi. Pac-
Cy}KJas TaK 3Ke, KaK AJad NepPBOH rapMOHHYECKOH 3. O. C., mojyuaem
ko3t puumHeHT pacnpesnenenns OOMOTKH IJs
v-il rapMOHHUYECKOII 3. JI. C.!

; "\"'
sinl-;l)- sin;—n- B d 6'_‘\_}_
m
o sin X = sin 2% . 0 2 3
g 2 - 2mg 2 4
3
Tak, nanpumep, ko3 gHuUneHT pacnpesene- !/.-
HHA OOMOTKH Ha puc. 2-5 anda Tperbeli rapmo- A i i
HHuecKOM 3. 1. ¢. 6yner
. 3-4.30° Puc. 2-7. Tperbu rapmo-
e HHYECKHE 3. A. C. KaTy-
kysg=——7"——=0. 1wex, nokasaHHHIX Ha
PP 3.30° pue. 2-b

dusnueckn 3T0 0OBACHACTCS TeM, 4TO 4 BeKTOpa 9. 1. C., CABHHYTHIX
no ¢ase ma yroa 3y=3-30°=90°, o6pasyior SaMKHYTHIH YeTbIpEX-
yroabHuk (puc. 2-7).

Fapmonnueckue nopsiaka vy = 2Qk=1 = 2mgr=*l, roe k=l,
2, 3, ..., daloT 3HadeHHss Ko3(QHHUHEHTOB pacnpeleseHds 06MOTKH,
pasHble KO3 GhHIHEHTY pacnpeaenenns 00MOTKH Ry AJa OCHOBHOI rap-
MOHHYECKOH.

JefictsuTeanto,
sin [i (2mgh = 1)] sin =~
Ry amapsn = 2mﬂ =E QTL =t k.
gsin I:QT?I-(; (2mgk = 1) g sin H}

[TopsAaKK 3THX rapMONHYECKHX JKECTKO CB3aHBI ¢ KOJHYECTBOM Ma-
30B Ha JBoHHOe noJiocHoe Aenenue 2Q. Hampuwmep, npu Q=6 #u
2Q=12 npu k=1 noayuum vyy=11 u 13. DTH rapMoHHUeCKHEe Ha3bl-
BAIOT TAPMOHNHUECKHMH3yG6LOBOTO NOpPSIAKaA.

[Ipu papnomepno pacnpefenenHoifl oOMOTKe, KOTJa YHCJAQ MMAa30B
Ha nogioc u (asy ¢ Moxer ObITh IPHHATO PaBHLIM GECKOHEYHOCTH, KO-
a(uunenT pacnpeaenenns oOMOTKY PABCH OTHOIIEHHIO XOPAH K COOT-
BeTCTRYlOWeH ayre (puc. 2-6,6):

i 2R sin —:— sin %
aB7
b matoem 0D % ! (2-18)
ayra 0D Rao %
2
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