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NPEOVUCIIOBUE

Kuura npezicrabnser coboit yueGHoe nmocobue 171l CTYIEHTOB yUpexk-
JleHui cpe/iHero npogeccrosanTbHOro 06pazosanusi, 00yYaoLUXCA 110
CIEIHATIBHOCTSIM, B KOTOPBIX MPellyCMOTPEHO H3yYeHUeE MpeaMeTa
<«INeKTPUYECKIE MAIIUHEIS,

OcHoBHOe HasHayeHHe KHUTH — OKa3aTh IIOMOIIb CTY/IEHTaM B IpaK-
THYECKOM IIPHMEHEeHHHU TeOPeTHYeCKUX 3HAHUH JIJIS pellleHus 3a/1ay 110
pacyeTy napaMeTpoB M PeKUMOB pabOoThl 9JIeKTPHYECKUX MAIlUH M
TpaHCHOPMATOPOB. B kHHTe cucTeMaTH3HpOBaHbl THTIOBHIE 3aIaYH 110
BCEMY KYPCY NpefiMeTa «JJIeKTPUYECKHe MAlIMHbl> B COOTBETCTBHH C
NeHCTBYIOIMMHY y4yeOHHIMH 1IporpaMMaMu. 3a/1a4yl cocTaBJIeHs! Ha 6ase
PeaJIbHBIX 3JIEKTPHYECKHX MAIIMH U TPaHCOPMATOPOB COBpeMEHHbIX
CepHii, YTO IPHIaeT UM ONpe/leIeHHYIO IPAaKTHYECKYIo HAIIPaBIeHHOCTb.

B nHauase kax 101 r/1aBbl KHMTH MPUBEEHBI OCHOBHBIE IOHATHS, PAC-
yeTHble POPMYJIBI H OCHOBHBIE YPaBHEHNS COOTBETCTBYIONIETrO pasfiesia
npeaMera.

Kaxnas sanaya cocraBnena B Heckonpkix (06BIYHO B 1eCTH) BapH-
anTax. [Ipu 3T0M 110 OIHOMY M3 BapHaHTOB B Kak/10M 3a/1aye MPHBOUT-
Cs1 NIo/{pOGHOE pellieHie ¢ peKOMEHAANMAMHU H YKa3aHHAMH 110 BEIGOPY
[IapaMeTPOB, B TOM YHUCJIE IO BBIIIOJHEHHUIO TpebyeMbiX cxeM, TabJuil,
BEKTOPHBIX JlHarpaMM, rpadukos,

IIpu nosns3oBanuu yyebneIM nocobueM HeOOXOAUMO UMETH B BULY,
4TO OHO He 3aMeHsAeT yyeOHHKa U /L1 YCIEUHOro pelleHts npejijarae-
MBbIX 3a71ay TpebyeTcsl CUCTEMATUYECKOE H3yYeH e TPeIMETa FI0 OCHOB-
HOMY y4e6HHUKY «DIIeKTpHYecKie MalluHbls> [2)]. 3afaun B Kask10ii ria-
Be PaclojioKeHbl B TMOPsI/IKe HapacTaHusA UX cJoxHocTH. Knura Hesa-
MeHHMa JI/I51 XKeJAI0LIUX CAMOCTOSATENBHO OCBOUTE yueBHbIN MaTepua
fpeMeTa.

Yuebroe nocobuie MokeT GBIT HCIIONB30BAHO CTYIEHTAMH IPH BbI-
TIOJIHEHHH KaK KJIaCCHBIX KOHTPOJBHBIX paboT, Tak U AOMAIIHUX 3a/1a-
HHH.

ABTOp BechMa mpH3HaTelleH KaHA. TexH. Hayk 0. M.Kenumy n
1. C. TypesckoMy 3a noJie3Hble COBETHI, IaHHbIE MM NIPH PelleH3Hpo-
BaHUM KHUTH.



OCHOBHbIE BYKBEHHbIE OBO3HAYEHUS,
NMPUHATLIE B KHUTE

A — nuneitHasa HArpy3Ka MAIIMHEI TTOCTOSHHOT® TOKA
a— 4HCJIO Tap NMapa/uteNbHBIX BeTBel B 0OMOTKE SIKOps MAIIMHEI TIO-
CTOSIHHOTO TOKA; YHCJIO [ApaJlyIe/IbHbIX BETBEH B 06MOTKE MalllHHE]
TIepEMEHHOTO TOKA
2a — 4pnciio Napalfie/IbHbIX BeTBell B 06MOTKE SIKOpS MAllIHHE] TIOCTOSH-
HOTO ToKa
B; By — MarHMTHas WHIYKIMS; MATHUTHAS HHAYKIMS B BOBIYUIHOM 3a30pe
C — anekTpuYecKas EMKOCTh
D; Dy; D, — puaMerp; AMaMeTpLI CTATOpa U poTopa
E — snextpomsuxytlas ciia (3/1C)
E, — 3]1C sikops MalllMHEI TIOCTOSHHOTO TOKa
E;; E;, — 3]1C neppuuHoii M BropruHO#l 06MoTok Tpanchopmatopa; DJ1C
¢haanr 06MOTOK CTaTopa H pOTOpa MalllUHb] IIEPEMEHHOTO TOKa
Ey — ocHoBHas 3]1C cuHXpOoHHOI MaIlHHEL
Eqyy; By — 31C paccesiHus IEpBUYHON ¥ BTOPHYHO 06MOTOK
E,, — 3/1C cxonmxenus
Eyy — 3]1C, uaMepeHHas Ha KOHTAKTHBIX KoJIbIaX HETIOABHXKHOTO POTO-
pa aCHHXPOHHOTO JIBUTATE S
F — marnuromsmxymias cuna (M/IC), MarHuTHOe HatpsbkeHHe
Fg F,; F, — MaTHUTHOE HaNpsKeHHe BO3AYNIHOTO 3a3opa, 3yOIoBOro clios,
CITHHKH 3JIEKTPHYECKOM MalllMHEBI
f— yacrora nepemeHHoro ToKa B 06MoTKax TpaHcdopmaTopa
fi; o — yacrora lepeMeHHOTO ToKa B 06MOTKaX CTATOpa M pOTOpa COOTBET-
CTBEHHO
J; — YacToTa CKoNbKeHH s aCHHXPOHHOTO IBUTaTelIsi
H — HanpsKeHHOCTh MarHUTHOTO TTOJIs
L I, i — anexTpHYecKui TOK: elicTBYIolee, MAKCHMAILHOE ¥ MTHOBEHHOE 3HA-
YeHHA
I; I, — ToK B TIepBUYHOIT U BrOpUYHoii obMoTKaxX TpaHc(hopMaTopa; TOK B
¢hazax 06MoTOK CTaTOpa M POTOPA MAIIMHEI TIEPEMEHHOTO TOKA
I, — nyckoBo#H TOK aCHHXPOHHOTO ABUTATEIIS
Ip; I, — TOKM XOJIOCTOTO X0Jla M KOPOTKOTO 3aMbIKaHMsI
I, — oTtHocHTENBHOE 3HAYEHHE TOKA
K — konmuecTBo KOMITEKTOPHEIX M7aCTHH KOJIJIEKTOPA MalllMHb] TIocT o~
STHHOTO TOKA
k — koadpunuent rparcopmaluu TpaHeopMaTopa
kp — xoaddunuent TpanchopManu asToTpaHcdopMaTopa
k,s — obMoToyHEI KoapPuIeHT

k, — koapunment pacnipesienienys 06MOTKH MAIIHHEI TIEPEMEHHOTO
TOKa
ky, — koacdurmeHT ykopodeHus 06MOTKH MalliMHb! MEPEMEHHOTO TOKa
ke — Koa(PUITHERT CKoca NazoB
ky, — xoaduumenT ycunenus
k. — k03 PUUMEHT MArHUTHOTO HaChIEHUs MaTHUTONIPOBO/IA
L — xoapynmenT HHAYKTUBHOCTH
b; b — nvHa cepIeYHHKOB CTaTopa 1 poTopa
M — aneKTpoMarHUTHEL MOMEHT 3/IEKTPUYECKOH MalllMHb]
My — MOMEHT XOJIOCTOTrO X0/Ia
M, — MOMEHT Ha BaJy [BUTaTeIs
Mocw, My, — OCHOBHas M DEAKTHBHAS COCTABNAIONIME EKTPOMATHHTHOTO MO-
MEHTa CHHXPOHHOI SIBHOTIOIOCHOI MallIMHE]
my; My — 4HcTo (a3 B o6MOTKeE cTaTopa U poTopa
N — KOJIMYECTBO Ta30BBIX CTOPOH B OGMOTKE 3NEKTPHYECKO MAITHHEI
7. — YacToTa BpalleH s
1) — CHHXPOHHas YacToTa BpallleHUs] POTOPa MallluHEI TlePeMEeHHOT0 TOKA
7, — YACTOTA BpalleHHs POTOPa ACHHXPOHHOTO JIBUTATEls
7ip — 4acTOTa BpallieHust B PeKUME XOJIOCTOrO XO/Ia
Tigy — HACTOTA BPALIEHHS B PEXXHUME HIEANLHOTO XOJI0CTOTO XOa
P — akTiBHAS MOIHOCTL
Py; P, — axTiBHas MOUIHOCTE Ha BXOJIE H BRIXO/E 3JIEKT pUYECKOTO YCTpoiicTBa
Py, P, — MOIIHOCTH XOJIOCTOTO XO/ia M KOPOTKOTO 3aMBIKAHUST aNeKTpUYe-
CKOro ycTpoiicTea
P,; Pyjex; — MOUIHOCTH MaTHUTHBIX, MEXaHUYECKHX, 3IEKTPUIECKMX 1 7106aB0Y-
P, Py  HBIXTIOTEPH
P — KOJIMYECTBO NP TIOJIIOCOB B 3NIEKTPUYECKOH MallliHe
2p — KONIMYECTBO TIOJIIOCOB B 3JIEKTPHYECKOI ManuHe
Q) — peakTUBHas MOL[HOCTT
Qe — MOUIHOCTEL CHHXPOHHOTO KOMIIEHCATOpa
@7 g2 — KOJIMYECTBO Ma30B HA TIOJIOC U (ha3y CTATOPA H POTOpa INEKTPHYe-
CKOI MallIMHb! TIEPEMEHHOTO TOKa
R — sniekTpudecKoe cONPOTHBIEHHE aKTHBHOE
R, — HOMHMHAJIEHOE CONPOTHBIICHHE JIBUTATENS
Ryp — conporusnenue nmyckosoro peoctara
71 — 2KTUBHOE COTIPOTHBJIEHHE TIEpBHYHOIT 06MOTKH TpaHchopMaTopa,
(asHoit 0OMOTKY CTATOpa MAIIMHE] TIEPEMEHHOTO TOKA
7, — AKTHBHOE COTPOTHBJIEHHE BTOPHYHOI 06MOTKM TpaHc(opMaTopa
uJiH (pasHoii 0OMOTKH poTopa
7§ — TO e, HO TIpHBE/IEHHOE K IapaMeTpaM TIepBUYHOI 1eny
Tyn — @KTHBHOE COTIPOTHBJIEHHE BETBH HAMATHUYMBAHUS 3JTEKTPUIECKOIT
CXeMbl 3aMelleHHst TpaHchopMaTOpa U ACHHXPOHHOTO JIBUIATEIs
o6 — COTIPOTHBIIEHHE TOGABOYHOTO pE3UCTOpa
Ty — COTIPOTUBJIEHUE 0OMOTKU BO36YXIeHUS
7, — COIIPOTHBJIEHHE OOMOTKH AKOPst
Tyn — COTIPOTHBJIEHHE OOMOTKH [106aBOYHEIX TTOJIIOCOB
7x — @KTHBHOE CONPOTHB/ICHHE 3JIEKTPUYECKOTO YCTPOHCTBA B PEsKIMe
KOPOTKOI'O 3aMHIKaHHs
5 — TonHas aneKTpHIECKas MOLHOCTE



S, — MoMHas MOUHOCTL B 1epBUYHON 1€ TpaHcdopMaTopa 1M 06-
MOTKE CTATOpa
S, — TMoJIHAs! MOUIHOCTH BO BTOPUYHOI LienH TpaHcdopMaTopa
§ — CKOJIbXKEHHE aCHHXPOHHOIT MalllHHDI
Sgp — KPUTHYECKOE CKOJBXKEHIE
T — ToCTOsIHHAS BDEMEHH

t — BpeMs
U U, ¥ — 3EKTPHYECKOE HaNpsiXkeHHe: JIeHCTBYoLIlee, MAKCUMAILHOE H
MTHOBEHHOE 3HaYeHHA

Uy; U, — HanipsikeHVe Ha 3a)kKHMax TTepBUYHOI M BTOPHYHOM 06MOTOK TpaHC-
¢opmaropa nubo 06MOTOK CTaTopa U POTOpa MAIMHbL TIEpeMeH-
HOTO TOKa
Ul — HanpsixkeHHe Bo BTOPHYHOI LelH TpaHcopMaTopa HIH poTopa
acHHXPOHHOTO [IBUIATEJS, IPUBEIEHHOE K [TapaMeTpaM TepBuY-
HO¥ 11elTH MJIH cTaTopa
U, — HanpsiKeHue, TIO[BeIeHHOE K LIETTH 06MOTKH BO30YXK/IEHHS 3/IEKT-
pHYECKO}] MalllUHbI
U, — HampsisKeHHe MEXKIY CMEKHBIMU KOJIJIEKTOPHBIMH I7IACTHHAMH
U, — nuHeitHOe HanpshKeHue TpexasHoll ceTH
U,y — HOMHHAIEHOE 3HAYEHHE HATIPSKEHHS
v — JIHHEHHas CKOpocTh
w — YHCIIO BUTKOB 0GMOTKHY (KaTYIIIKH) 3IEKTPHYECKOTO yCTpoHcTBa
w;; w, — YMCIIO BUTKOB TIEPBHYHOI M BTOPHYHOI1 06MOTOK TpaHCchopMma-
Topa 6o OOMOTKH cTaTopa M poTOpa MalllUHEI TIEPEMEHHOTO
TOKa
W, — YHCHO BUTKOB 06MOTKH BO3OYIK/1EHHST
W,y — YHCIIO BUTKOB KaTYIUKH 0OMOTKH CTATOPA WJIH POTOPA aCHHXPOH-
HOI1 MalllHHBI
Wy — YHMCJIO BUTKOB 06MOTKH /106aBOYHBIX TTOJIIOCOB
W, — YHMCJI0 BUTKOB TIOCTe/loBaTebHOI 06MOTKH BO3GYKIeHUA
T — peakTHBHOE COMPOTHBJIEHUE
T, — UHAYKTHBHOE COTIPOTHBJIEHME TIepBUYHO#T 0GMOTKH TpaHCc(opMa-
TOpa 160 06MOTKY CTATOPa MaIIIMHLI TIePEMEHHOTO TOKa
T, — UHyKTHBHOE COllPOTUBJIEHHE BTOPUYHOI 06MOTKH TpaHcghopMa-
Topa 1160 o6MOTKH poTopa MAaIIHHbL TIEPEMEHHOTO TOKA
zh — T0 XKe, HO TIPUBEJICHHOE K TTapaMeTpaM IepBHYHOI! LIETTH
,, — WHAYKTHBHOE CONPOTUBJIEHHE BETBH HAMATHHYHBaHHSs] CXEMBI 3a~
MeteHns TpaHcdopMaTopa 160 aCHHXPOHHOTO IBUTATE st
T, — UHYKTHBHOE COTIPOTHBIIEHHE PeaKLMH AKOpsA HESIBHOIIOMOCHOH
CHHXPOHHOH MaITHHB]
7, — CHHXPOHHOE€ COTIPOTHUBJIEHHE HESIBHOIIOMIOCHOH CHHXPOHHOM Ma-~
LIMHBI
Lo Tog — WHAYKTHBHOE COTPOTUBJIEHHE PEAKIUU AKOPs SIBHOTIONIOCHOMH
CHHXPOHHOI MalllHHEL TIO TIPOA0LHOI U TToTlepedHo 0CIM
& T, — CHHXPOHHBIE UH/YKTHBHLIE COTIPOTHBIIEHUA SBHOTIONIOCHOH CHH-
XPOHHOM MaIIHHEL 110 NIPOAOJLHOI U TollepedHOM 0CsIM
7, — UHJYKTHBHOE COTIPOTHBJICHHE 3JIEKTPHYECKOro YCTPOHCTEA B pe-
’KHM€ KOPOTKOTO 3aMBIKAHHS
1} Yo; ¥ — TIEPBBIiA, BTOPOIi W pe3yILTHPYION{HIA 11aru OOMOTKH SIKOp#A

Y — 1ar 06MOTKH T10 KOJUIEKTOPY
Yyp — TTOTEHLHANILHBII 1Iar 0BMOTKY AKOpPSI
z— TIOJTHOE 3JIEKTPHUYECKOE COTIPOTHBIIEHHE
2y; zp — TIOJIHOE COTIPOTHBIIEHHE NIEPBMYHOI H BTOPHYHOM 06MoTOK Tpancdop-
MaTopa 160 66MOTOK CTaTOpa M pOTOPa MaIllIMHbI TIEPEMEHHOTO TOKA
2} — TIONHOE COTIPOTHB/IEHHE BTOPUYHOM LETH, IPUBENIEHHOE K TTapaMeT-
paM TepBUYHOH IIeNH
%, — TIOJIHOE COTIPOTHUBJIEHHE 3IEKTPHIECKOTO YCTPOIICTBa B pexUMe KO-
POTKOTO 3aMBIKAHMS
@ — TeMIepaTypHLIH ko3 DHUIIMEHT 3TEKTPHIECKOTO CONPOTHRIEHHUA
8 — orHocUTeaLHBI IIar 06MOTKH NEPEMEHHOTO TOKA
B — xoadxbuLMeHT HATPY3KH 3NIEKTPUYECKOTO YCTpolicTBa
6 — yron HarpyskH CHHXpPOHHOM MalllMHL]
6; — Temmepatypa HarpeBa 06OMOTKY 3JIEKTPUYECKOTO YCTPOIICTBA
6, — TeMTIepaTypa oKpy:alouieil cpefnl
T — MOMOCHOE ieJieHHe 06MOTKH
& — omHoCTOpOHHMIA BOBIYIHEL 3230p MEXK1Y CTATOPOM H POTOPOM (SIKO-
peM) aNeKTPHUYECKOM MalIMHBI
A — NNIOTHOCTL TOKA B NPOBOJIE
M — K03(pHIMEHT OJIE3HOTO IeHCTBUS INEKTPUIECKOTO YCTpoicTBa
\ — KpaTHOCTh (OTHOIIEHHe) MOMEHTOB TG0 TOKOB 37IeKTPHYECKOi Ma-
IIMHBI
p — YAENLHOE 3NIEKTPUYIECKOE COTIPOTUBJIEHHE TTPOBOIHHKA
0 — KO3(hHpUIHEHT MATHUTHOTO PACCEAHUS
$ — 0CHOBHOI MATHUTHEIH TTOTOK
$, — MarHUTHBIH NTOTOK paccesHHs
{p — yron caiBUra a3 MeXJy BEKTOPAMH TOKA M HATIPSKEHHS
¥ — yron cjiBura a3 Mexy BekTopaMu Toka 1 3J[C
W — YIJIoBas CKOPOCTH BpallieHHs
2P — cymmapHEbIe TOTEpH B 371EKTPHYECKOM YCTPOHCTBE



Fnasa 1
TPAHCO®OPMATOPLI

1.1. OCHOBHBIE NMOHATUA

B npotiecce paGoTsi 0HOG23HOI0 1ByX0OMOTOUHOrO TparnchopMa-
TOpa B €10 MarHUTONMPOBOJIE HABOJUTCS MePEMEHHbI MAarBHTHBIH TO-
Tok (puc. 1.1). OcHOBHast YacTh 3TOro NOToKa P ., (MaKCHMaIbHOE 3HA~
YeHMHe), CLEIUISISICh ¢ 06MOTKaMU TpaHchopMaTopa, MHAYLMPY €T B HUX
nepemennsie IJIC, neiicTByonKe 3HaYeH sl KOTOPBIX PaBHBI

nepsuunas I[C

E] = 4:44{I)maxflw1;
propuyHasa JJIC
E2 - 4!44(I)ma.xfl‘w2'

rfle f, — YacToTa rMmepeMeHHOro Toka, [, w, u w, — 4MC/IO BUTKOB B

TepBUYHOL U BTOPIYHOIT O6MOTKaX TpaHCpopMaTopa. .
MaxcuManbHOe 3HaueHre OCHOBHOTO MarHHTHOTO TOTOKa, BO,

‘i)max = anankc!

rae B, — MakcHMAaJIBHOe 3HaucHie MarHUTHON HHAYKIHH B CTEpiKHe
MarHuTONIpoBOAa, TI; @, — NJolajh HONepeyHOro CeYeHUs CTePXKHA
tpaHcdopMatopa, M k. — K03 UIMENT 3al0NHEHNs] MarHUTOMPOBO-
Ila CTabio, KOTOPHIH YYUTHIBAET TONLIMHY M30JSLHOHHBIX MPOCJIOEK

Puc. 1.1. OnHodasnwii By xobMOTOUHLIH TpaHedoOpMaTop

MeXNY IIACTHHAMY 9JIEKTPOTEXHUYECKOH CTaIM, MPH TOJILHHE TJiac-
TuH 0,5 MM 06B14HO TIpHHUMaloT k. = 0,95.
Pasmiyue B 3navenusix DJ[C E, u E, BBI3BBaHO HEOMHMHAKOBBIM Y¥iC-

JIOM BUTKOB B IIEDBUYHOI w; U BO BTOPUYHOI w, 06MOTKAX TpaHcgopMa-
TOpA.

Ornomenue I/[C o6MoTKH BRIcTIero Hanpsikenust k JIC 06MOTKH
HHUBILEro HalpspKeHUs], paBHOE OTHOMIEHUIO YHCEN BUTKOB 3THX O6MO-
TOK, HasbiBaloT KoadduimenToM TparcopMariu:

k= E/E, = w/w,

Tpancdopmaroper xapakrepusyiotes CHEAYIONIMY [1apaMeTpaMH:
TIOJTHAs! MOI[HOCTD NepBIYHON 06MOTKH, B+ A,

31 = U1,

riie U, — nepBuYHOe HampsixeHue; I, — nepBUYHbIH TOK;
NOJIHAsT MOIHOCTh BTOPHYHOI 06MOTKH, B - A,

S = Uz,
U, — BTOpuYHOe Hanpsikenye; I, — BTOPUYHBIH TOK.

Tax xax notepu B Tpancdopmarope Hepenku, TO 32 HOMHHAJIBHY KO
TIOJIHYIO MOLHOCTD TpaHcdopMaTopa NpHHUMAIOT:

Smm = Ulmm Iluou = UleoM IZIIOM‘

Tpancgopmarop, y koToporo napameTpsr BropudHoii rieru npHBefie-
HBI K YHCJTy BUTKOB TT€PBUMHON OOMOTKH 1w, HA3BIBAIOT NpUBEOCHH bIM
mpancghopmamopon. Taxomy TpanchopMaTopy COOTBETCTBYET 9IIeKT-
pryeckas cxeMa 3amerieHust (puc. 1.2) 1 OCHOBHHE YpaBHEHUS:

U, :(—El)+flzl =(~E‘l)+ jhz, + Iz
Uy = E,— 1,2, = By — jlja, — e,
I =i+ (—fg).

VHpykTHBHBIE CONPOTHBIECHNS NEPBUYHON 7; U BTOPUYHOI T, 06-
MOTOK O0YCJIOBJIEHBI IOTOKaMu paccestHus ., u @, (cM. puc. 1.1).

7 jool Th )
TN — Y
I —=5L-1I
. bl 9™ Z
Ui ~E=E, U
T
1

Puc. 1.2. Cxema 3amenienns tpaschopMaropa



B pexuMe XONOCTOrO XO/a TOK B NepBUHYHOi 06MOTKe Ijg 06BI9HO
cocTapisieT HeGOBIIYIO BeJIMYMHY OTHOCUTE/IBHO HOMUHAJILHOTO 3Ha-
JeHHs ITOrO TOKa U MOITOMY MaJeHHsIMH HallpsuKeHNs B IEPBUYHOH
06MOTKe MOXKHO IpeHebpeys BBULY X He3HAYUTEJIbHOCTU 1 IPUHSTD
U, = (—E). .

Ha ocHOBaHMHM CxeMHbI 3aMellleHHs] 1 OCHOBHBIX YpaBHEHHI cTposAT
BEKTOPHYIO arpamMmy TpaHedopmaropa. Yron casura das Mexiy /1C
¥ TOKOM BTOPHYHOMH 06MOTKH 3aBHCHT OT AKTHBHOTO U MHIYKTHBHOIO
CONPOTHBNEHMI Harpy3Kku TpaHcOpMaTopa U ONpe/elIAeTcs BIpaXxke-
HUeM

U = arctg X4/ R3,
e
X! =z} + zf; R} = v + r}.

3Hak <mmocs B OpMYJie COOTBETCTBYET HHIYKTHBHOMY XapakTepy
Harpy3kH, a 3HaK «MUHYC» — €MKOCTHOMY. )

@opMynBl NpHBeEHHS TApaMeTPOB BTOPUYHOM LIEITH:

TOK BTOPHYHOH 0OMOTKH

13 = L(w,/w);
9J1C u HanpsixkeHue BTOPUYHOH 0OMOTKH
Ej = Ew/w); Uj = Uy(wi/w);
AKTHBHOE ¥ MHYKTHUBHOE CONPOTUBIIEHNS BTOPHYHOIT 06MOTKH
r; = fz(“’l/ﬂb)z; T = 5‘32(“’1/‘11’2)2;
HOJIHOE COTPOTHBJIeHNE BTOPUYHON 0OMOTKH
2§ = 2w/ w)%
I10JTHOE COTTPOTHBJIEHHE HarPy3Ku
ZJ:: = zu(wl/uh)z'
MamMmeHenne HanpsprkeHUsl Ha BBIBOAAX BTOPHYHOI OOMOTKH TpaHC-

¢opmaropa:
Npyu HOMUHANBHOI Harpyske

AUpon = UyxaCOSPy + UepSiNp,
rie
tyee = (Uga/ Uiow) 1005ty = (Uscp/ Uruow) 1005 e = (Ui/ Unyon) 1005
11pH Mo6oi Harpyske
AU = B(UyaCOSP2 + tpSingy),

rae 3 = L/ 1,0y — k09GduLmenT Harpy3ku TpaHcopMaTopa.
KI1JI tpancdopmaTopa rnpu Joboii Harpyske OnpeseNsieTcs Bepa-
KeHueM

10

e BSyon cOS P,
BS}'OM cos lp2 + ﬁ]m\g + B?R“{m

rJie Py yo, — MOLIHOCTB XOJIOCTOrO X0fa TpaHcopMaTopa Mpy HOMUHAL-
HOM IEpPBUHOM HallpSKEHHH, PAaBHASI MONIHOCTY MATHHTHBIX 110Teph, BT;
Py 110w — MOIIHOCTH KOPOTKOTO 3aMBIKAHK S IIPH HOMUHAJIBHBIX TOKAX B 06-
MOTKaX TpaHc)opMaTopa, paBHast MOIHOCTH 3/IEKTPHYECKHX 1oTeph, Br.

MouHOCTb MarHUTHBIX TIOTEPb MOXHO OTIPEZIEIIUTD Yepe3 YAeTbHbIe
MarHUTHBIE NIOTEpPH, T.€. MarHUTHBIE TOTEPH B 1 KT 3/IeKTpOTeXHuYe-
cKoil cramm. JI1s1 XONOIHOKATaHOM TeKCTYPOBAaHHOM JIHCTOBOH 9JIeKT-
POTEXHIYECKOM cTanu Mapku 3411 TomuuHoi 0,5 MM, u3 KOTOPOIi H3TO-
TaBJINBaeTCs1 6OJBITMHCTBO Cep/IeYHUKOB TpaHcGopMaTOpPOB 061IIero Ha-
3HaYeHHus NpH YacToTe rnepeMeHHoro Toka 50 I'ii 1 MakcuManbHO Mar-
HUTHOI MHAYKIMU B, = 1,5 T, ylenbHble MariuTHble 1OTEpH CO-
CTaBISIOT Py 550 = 2,45 Br/kr.

IdnexTpuYecKUe NoTepy B 06MOTKax TpaHchOpPMATOpa MPH HOMu-
HaJIBHON Harpyske MOXHO OIPENEJIATD, €CIH U3BECTHBI 3HAYEHHS aK-
TUBHBIX CONPOTHBJIeHui 06MOTOK M HOMHHAIbHbIE 3HAYCHUS] TOKOB B
0bMOTKaX:

P,= P, + Py = mI%r, + mI%?rs.

Haubonpiee snayenue KIIJI cooretcrByer ko3¢ dunmenTy na-
TPY3KHU

B’ = %W/PICHQ“!

KOTOpHIii 06B1YHO coctasser 0,45 — 0,65.
Makcumansueiit KI1J] papen

I
B’ Sou COS Y, + 2F,

nmax
HOM

Ilpy BKIIFOUEHHH HECKONBKUX TPaHC(HOPMATOPOB Ha NApaLIebHYI0
pabomy (puc. 1.3) pekoMenyeTcst coboeR e ce/yOIX YCAOBHIL:

ABC abe

)

L -

ix

A
B
4

U U,

Qe

Puc. 1.3. Cxema napannensHoro BktoueHHs TpancopMaTopoB

11



TpanchOpPMATOPhl JIOJKHBI HMETh OHHAKOBbIe KO9((QHUIIMEHTEI
TpaHcdopMaluy;

TpaHcOpMaTOpPh! JXOJPKHBEI MPHHAJEXATh K OHOMH IpyIie coexu-
HCHUS;

TpaHcOPMaTOPhI IOJXHB MMETh OIMHAKOBBIE HAlIPSIXKCHUSA KOPOT-
KOTO 3aMbIKaHHUS;

HOMHHAJIbHBIE MOIITHOCTH TpaHc(OpMaTOPOB 10 CBOMM 3HAYECRUAM
He JIOJKHBI pasnyaTbesi Goliee yeM B TPy pasa.

HapyeHve nepeyrcieHHBIX yCTOBHI BEIET K BOSHHKHOBEHHMIO yPaB-
HHMTENbHBIX TOKOB B Ileni 0OMOTOK IIapaJi/le/IbHO BK/IIOYEHHBIX TpaHC-
¢opMaTopoB. ITO BIUsIeT Ha paclpesie/ieHe Harpy3Ku Mexy TpaHc-
cdopmaropamu. B urore oy TpancgopMaTOpPBl OKA3BIBAIOTCH HE/IOIPY-
KeHHBIMH (MX Harpy3Ka CTaHOBHTCSI HAMHOTO MeHBIIle HOMHHAJIBHOI),
a ipyrue — neperpyxenHbiMu. Tak kak neperpyska TpancgopMaropos
HeJIONMyCTHMA, IIPUXOMTCS] YMEHBIIATh OOLIY 0 Harpy3Ky TpaHcgopma-
TOPOB, YTO BeleT K HEJIOMCIIONB30BaHKIO TpaHCGhOPMAaTOPOB H CHIKaeT
HX IKOHOMUYeCKHe foKa3aTenn. Ho npyu 3HaYuTeIbHBIX OTKJIOHEHHSIX
OT yKa3aHHBIX YCJIOBMI BKIIOYEHNE Ha MapajiiebHyo paboTry OKasbl-
BAeTCH HEJONYCTHMbIM, TaK Kak BEleT K BO3HHKHOBEHHUIO aBapHIHON
CUTYAIH.

O611ast Harpy3ka napaieJbHO paboTAOIHX TPaHCHOpPMaTOPOB IPH
TOYHOM COGIIOCHHH BCeX YCJIOBUI MapaulelIbHON paboThl pacnpesie-
JIsieTcsl MeXKAY HUMH IPOINOPIMOHANEHO HOMHHAIBHBIM MOIHOCTAM
3TuX Tpacdopmaropos. Ho ecim napaiesbHo BKIOYEHE! TpaHcdop-
MaTOphl PasIMYHOM HOMHHANLHOM MOLIIHOCTBIO, TO X HAIIPSXKeHHs KO-
POTKOTO 3aMbiKaHMs], KaK IPABHIIO, HeoqMHaKoBEL C yyeToM BO3MOX-
HOTO HEepaBeHCTBA HallPSDKEHHIT KOPOTKOro 3aMblkaHisi Harpyska Jiio-
60ro U3 NapajiebHO BKJIIOYEHHBIX TPaHCOPMaTOPOB OIMPEessieTCst

o ¢hopmye:

g 88 o
) ﬂsz(Ssz/ukr),

171 3 (Saron / tee) = (Stuom / i) F (Stinoss / thar) ++++3 S — HATPYsKa oxr-
HOTO M3 mapasijiefbHO paboTatoniux TpancdopmaTopos, KB-A; § —
o6uas Harpy3Ka Bcel napaiienpHoii rpymisl, KB - A; u,, — Hanpsike-
Hie KOPOTKOTO 3aMbIKaHUsI IaHHOTO TpaHcdopMaTopa, 7; Syey — HO-
MHHaIbHasd MOI[HOCTh IaHHOTO TpancgopMmartopa, kB- A.

B asmomparcgpopmamope (puc. 1.4) Mexay nepBuyHONl U BTOPHY-
HoIl 1ensiIMM HOMHUMO MarHUTHOI CBSI3H CYLIECTBYET €lle W JIEKTPH-
yeckad cBs3b. O6bsCHSETCS 9TO TEM, YTO B aBTOTpaHcopMaTope HMe-
€TCS BCero JIMIIb oiHa o6MoTKa (Ha Kaxyio ¢asy), 4acThb BATKOB KOTO-
poit pUHAUIEKHT Kak [EPBUYHOI, Tak M BTOPHYHON uersiM. Pacyer-
Hasl MOIIJHOCTh aBTOTpaHC(OpMaTOpa COCTaBJIAET JIMIIb YaCTh IPOXOJI-
HO# MOI[HOCTH, NepeaBaeMol U3 MEePBHYHOM LellH BO BTOPHYHYIO.
Jlpyras yacTh 9TO MOLIHOCTH HepPeNacTCsl U3 NePBHYHON BO BTOPHY-

12

Puc. 1.4. Onrodasuulii (@) u Tpexdasmpii (6) aBToTpancopmMaTops!

HYO LIenb 6€3 y4acTHs MarHHTHOTO T10JI5T 32 CYeT 9JIEKTPUYECKO CBS3U
MEeXTy 1ensAMH aBToTpaHcdopMaTopa:

Sip= Usly = Up(L; + L) = Upd, + Uplis = 8, + Spacw

rne S, = U]} — MOLIHOCTD, nepenaBaeMas u3 MePBUYHOM LIeNH aBTO-
TpaHcdopMaTopa Bo BTOPHYHYIO 32 CYET 3JIeKTPHYECKOi CBA3M MeXxny
STUMHU 1ensiMy; S,y = Upl}, — pacueTHast MOI[HOCTE B aBToTpaHcdop-
MaTope.

Taxum o6pasom, pacueTHas MOIIHOCTD COCTABIISIET JIMID YaCTh BCEH
MOIIHOCTH, [I€pe/laBaeMOi U3 NEPBUYHON LCIIH aBTOTPaHCOPMATopa BO
BTOPUYHYIO. ITO iaeT BO3MOXKHOCTS JJIS U3TOTOBJICHUS aBTOTpaHcdop-
Maropa CTI0/Ib30BaTh MarHUTOINPOBOJ MEHBIIETO CEYEHMSI, 4eM B TPaHc-
¢dopmarope paBHoii MomocTy. Ipu s1oM 32 cuer YMEHBIICHHOTO ceve-
HUA Cep/leYHUKa CpeIHSIS ZI/TMHA BUTKA OOMOTKHM TaK ke CTAHOBUTCS MEHb-
1€, a CJIeNIOBaTeNIbHO, COKPAIACTCS] PACXO/l Me/IH Ha BbIIOJIHEHKe 06-
MOTKH aBTOTpaHcopMaTopa. OHOBPEMEHHO YMEHBIIAIOTCH MATHUTHEIE
W aekTpuyeckue notepy, a KII/1 asrorpancdopmaropa o cpaBsenuio ¢
ABYX06MOTOYHBIM TPaHCHOPMATOPOM PABHOMN MONHOCTH TTOBBIIIACTCSL.

Taxum obpasom, aBToTparcdOpMATOpPE M0 CpaBHEHHIO ¢ TpanchopMma-
TOpaMH 06113/1210T CIIE/TYIONMMHE TPEHMYIIeCTBAMIL MEHBITM PacxoJioM aK-
TUBHBIX MaTePHATIOB (MEIb M 37IEKTPOTEXHIYECKAS CTANb), 60TIee BHICOKMM
KII/I, Menprmmu pasmepamu u, c/ie[oBaTeIbHO, MeHBIIIel CTORMOCTBIO.

YxasaHHble [[peHMYyIecTBa aBTOTPaHCGOPMATOPOB TEM 3HaYHTebHee,
yeM GoJbllle MOIHOCTD S, Tepe/laBaeMast 3a cueT BJIEKTPUYECKO# CBSI3H

MesK/ly 0OMOTKaMH, a C/TelOBATeIIBHO, YeM MeHBILE PaCYeTHASL YaCTh S,
IIPOXOIHOH MOIHOCTH aBTOTpPaHC(OpMaTopa. o
MoumocTs S,, nepefiaBaemas U3 NepBHYHOl BO BTOPUYHYIO 1efb 32

CYET INEKTPHIECKON CBSI3H MEXIY STHMH LENsIMH, ONpe/essieTcs] Bhi-
pakeHueM

Sa = Ul = U?‘rZ/ ky= Snp/ ky,

T. €. 3Ha4Y€HHe STOi MOLHOCTH 06PaTHO MPONOPIUMOHANBHO KO duIH-
€HTYy TpaHCQOpMaIii aBTOTpaHcopMaTopa k.
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5/8 W3 rpadmixa (puc. 1.5) Bustno, 4ro npu-
¥ MeHeHHe aBTOTpaHCcOpMaTOpa JaeT 3a-

1,0 MeTHBIe MpPeMMYILIeCTBa 110 CPABHEHHIO ¢
08 ABYXOOMOTOYHBIM TpaHC(OPMaTOPOM
\ JIAIIB TIPH HeOOJNBIINX 3HaYeHUsix Koag-

0,6 N ¢uienTa Tpascopmanun ky < 2. Ha-
\ npuMep, OpH k4 = 1 Bcst MOIIHOCTE ABTO-

0,4 ‘\ TpaHcopMaTopa IlepeaeTcsi BO BTOPHY-
0.2 ~ HYIO 1leTlb 32 CYET DJIEKTPHYECKOHN CBSI3U
! Mexy nensivmu (S,/S,, = 1). Ilpu 60mp-
IHX 3HaYeHHAX KoadduimeHTa TpaHe-

1 2 3 4 5 ki ¢opmanuu nepeunciieHHble JOCTONHCTBA
aBTOTpaHC(OPMATOPOB YCTYNAIOT €ro He-
nocratkaM. V13 Hux Hanbornee cynecTBeH-
HBIMH SIBJISIOTCS:

Masiad BeJIMYHHA CONPOTHBIIEHUS KO-
POTKOTO 3aMbIKaHud, YTO ABJSETCS NpU-
YHHOIl 3HAYNTEFHBIX TOKOB KOPOTKOTO 3aMBIKAHHS B CITyYae IOHMXKa-
IOIIlero apToTpaHcgopMaTopa;

HAJIHYKe 2NEKTPUYECKOl CBA3H MeXK, 1y IepBUYHOIT ¥ BTOPUYHOII Ile-
ISIMH, YTO BeJleT K HeOOXOIMMOCTH IIpHMEeHReHUS JIONONIHUTENIBHBIX 3a-
HUTHBIX Mep J1J1si 06CITyKUBAIOIIETO TIEPCOHaa 1 MPUGOPOB Ha CTOPO-
He HU3KOI'O HATIPSDKEHNS OT JeifiCTBHS BBICOKOTO HANpSKeHHS.

Puc. 1.5. 3apucumocts 8,/
oT koadhuirenTa Tpascdop-
MaIgH aBToTpancgopMaTopa

1.2. 3A0A4YN

Koadhdbmumenr Tpanccpopmauuu, 3[C v Tokm B oGMOTKaX,
napameTphbl XONIOCTOro Xo4a U KOPOTKOro 3ambIKaHust

3anaya 1.1. Onnodassbiii IByXx06MOTOYHBIH TpaHcopMaTop HMe-
eT HOMWHAJBHBIE Hanpshkenus: nepsuyHoe 6,3 kB, Bropuunoe 0,4 kB;
MaKCHMaJIbHOe 3HaYeHHe MarHUTHOI MHIYKIIMH B CTEP)KHE MarHu-
tonposozxa 1,5 Tin; nnomags nonepeyHoro ceyeHus 3TOro CTepsKHsA
200 cM%; ko3 PUIMEHT 3aII0HEHUsT CTepKHsI cTabio k. = 0,95. Onpe-
NIeJIUTh YUCIIO BUTKOB B 06MOTKax TpancdopMaropa U koaduiiueHTt
TpaHcgopMaliK, ecTH YacToTa NepeMeHHoro Toka B ceT f = 50 I'm.

P e 11 e H 1 e. MakcumasbHOe 3HaYeHHe OCHOBHOIO MarHMTHOTO TIOTOKA

@ ax = Boax @k = 1,5-0,02- 0,95 = 0,0285 B6.
Yucio BUTKOB BO BTOPHYHOM 06MOTKeE
wy = Uy/(4,44f®,,.,) = 400/(4,44 - 50 - 0,0286) = 63 BUTKa.
Koaddunuent Tpancdopmaniu
k= U,/ Usuow = 6,3/0,4 = 15,75.
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YucTio BUTKOB B IepBHYHOI 06MOTKe

wy = wpk = 63 - 15,75 = 992 BuTKA.

3anaua 1.2. Hcnonesys npusegennnie B tab. 1.1 3HaYeHHs napa-
MeTPOB Tpex{a3HbIX MACJSIHBIX TpancgopMatopos cepuu TM (B 060-
SHaYCHUN MapKH B YHCIIHTEIe YKa3aHO HOMHHAIbHASI MOL[HOCTB TpaHC-
¢dopmaropa B kB - A, B 3HaMenaTenre — BriCHIEe Halpsikenue B kB)
ONPEAENUTE Il KaXKIOro BapHaHTa 3HaYeHus HapaMeTpoB, R —_
HBI KOTOPBIX He YKa3aHbl B 910k Tabuie. O6MOTKY COEHEHbI 110 CXe-
MaM Y /Y. Yacrora Toka B cetu f= 50 [,

Tabnuna 1.1

. Tun Tpancopmatopa
apamertp T™- [TM-| TM- | TM- | TM- | T™- | TMI- | T™- T™-
1000/35| 50/6 | 100/6| 180,/6|320/6 560/35) 750/35 1000/6( 10/6

OCHOBHO# MarHuT-

Hblii notok @, , B6 | T T i S

Uncno BuTKOB 1600 (1190 — | — | 522 | 2000| — — | —

UYncno BHTKOB w, — — | 72— | — | — | 146

Ceuenvie cTepxHs
MArHHTONpOBO/IA
Qo M?, 1ipu B, =
=15Tn

Hanpsketwe Uy, kB| 35 6 6 6 6 35 35 6 6

Hanpsorere Uy kB| — | 04 | 05 | 05 04| — |315| 04 |04

Koadduumenr
586 [ — | — | — | — 5,55 - — | —

TpaHchopmarmu k

Peurenue Bapuanra ¢ Tpancdopmaropom TM-1000/35.
1. Hanpspkenne Ha BbiBogax o6morky HH

Usiow = Usuon/ k = 35/5,56 = 6,3 KB.

2. Yncno BuTkoB B $hasHoii obMorke HI

wy = w [k = 1600/5,56 = 288 BUTKOB.
3. Maxcumanbhoe 3HaueHHe OCHOBHOIO MarlHTHOTO [OTOKA

Dinas = Uy (V34,44 fu,) = 6300/(1,73- 4,44 - 50- 288) = 0,057 B6.
4. Tlnomans normepeyroro ceyenns crepsis MarHUTOMpPOBONa
Qer = P/ (Buake) = 0,057/(1,5-0,95) = 0,04 a2
15



3apaua 1.3. OHodasubii 1By X06MOTOUHBIIE TpanchOpMaTOp HOMU-
HAJbHOM MOIIHOCTBIO S, 1 HOMMHATHHHM TOKOM BO BTOPHYHOI LIENH
Lo P HOMHHAIBHOM BTOPUYHOM HAmpPsDKEHHH Upyoy UMEET xoad-
dunpentT Tpanchopmanuy k; Npy YHC/e BHTKOB B OGMOTKAX w; U U.
MakcuMabHOe 3HayeHHue MarHuTHON HHIYKLUM B cTepxkHe By, a 110~
[[a/[b MOIEPEYHOTO CeYEHHSI ITOr0 CTepkHs Qcr; I/C onnoro ButKa By,
4acToTa NepeMeHHoro Toka B ceTh f = 50 ', 3Hauenus nepevyucyeHn-
HBIX MapaMeTpoB mpuBeneHbl B Tabi. 1.2. Tpebyerca onpenenuTs He
yKa3aHHBIe B 9TOM TabnHile 3HaYCHUS [IapaMETPOB ISl KaX/IOTO Ba-
pHaHTa.

Ta6bnuua 1.2

BapuanTe

Hapaserp 1 2 3 4 5
Sposs KB -A — 120 — 240 600
Uy s B 400 630 — 880 660
w - 1800 s = =
Wy — — 169 128 140
k 15 == 12 234 9,55
E,.B 5 - 6 — =
Qor M? = 0,018 — 0,022 ==
B Th 1,5 14 1,5 — 1,55
Lo A 172 — 140 = —

Pemenue Bapuanta 1.
1. MakcumasnbHoe 3HayeHie OCHOBHOTO MarHMTHOTO 1IOTOKA

ok = B/ (4,44fw) = 5/(4,44-50 - 1) = 0,0225 B6.
2. I1nomans nornepeyHoro ceYeHusl CTepXkHs MarHUTOIPOBO/A

Qe = P/ (Buarke) = 0,0225/(1,5-0,95) = 0,0158 m>.
3. Yucso BUTKOB BTOPUYHOM OOMOTKH
Wy = Usyos /(4,44 f®,0x) = 400/(4,44 - 50 - 0,0225) = 80 BUTKOB.
4. Ypcio BUTKOB IepBHYHOI O6MOTKY

w; = wok = 80-15 = 1200 BUTKOB.
5. IlonHas HOMUHAIBEHAS. MOIHOCTE TpancdopMaTopa
Syon = Unyou ooy = 400 - 172 = 68,8 kB - A.
16

3apnaya 1.4. Ognodasnbiii TpaHcdopMaTop BKIIKOYEH B CETh C YacToO-
toii Toka 50 I'nt. HomunansHoe BTOpryHOE Hanpskerue Uy, 2 Koag-
dunment Tpancdopmanum k (tabxn. 1.3). OnperenuTh YHCIO BHTKOB B
0OMOTKaX w; M W,, €CIIM B CTEP’KHE MarHUTONPOBOAla TpaHcdopMaTopa
ceyenueM (., MaKCHMabHOe 3HayeHHe MarHUTHOM HHIYKIMK By ... Ko-
3¢ PHUIMEHT 3aIl0JHERHS CTepsKHSA cTanbio k. = 0,95.

Tabnuua 1.3

BapuanTs
1 2 3 4 5 6 7 8 9 10

Usono B 230 | 400 | 680 | 230 | 230 | 400 | 400 | 680 | 230 | 230

[Tapametp

k 15 | 10 | 12 8 10 6 8 12 14 8

Qer, M? 0,049 0,08 | 0,12 | 0,18 | 0,065 0,08 | 0,12 { 0,076 | 0,06 | 0,085

BpawTn | 13| 16| 18| 13| 14| 15| 12| 13| 15| 12

Penrenue Bapuanrta 1.
1. MakcumasibHOe 3HaYeHHe OCHOBHOIO MarHUTHOTO TI0TOKa

Doy = B Qecke = 1,3- 0,049 0,95 = 0,06 B6.
2. Yucsio BUTKOB BO BTOPHYHO#T 06MOTKe TpaHCcopMaTopa
Wy = Upyof (4:44f Ppsr) = 230/(4,44 - 50 - 0,06) = 17 BUTKOB.
3. KonuyecTBO BUTKOB B IIEPBUYHOI OOMOTKE

wy = wok = 17 - 15 = 255 BUTKOB.

3anaya 1.5. B 1abn. 1.4 npuBencHs manHbie HEKOTOPHIX IIapaMeTPOB
Tpex(asHbIX MacTTHbIX TpaHchOpMaTOPOB: HOMHHAIBHAS MOLTHOCTE S 6y;
HOMMHAJIbHBIE 11epBHYHOC Uy,o U BTOPUYHOE Usyy,, HANIPSIKCHHUSA, HOMH-
HAJIBHBII TOK IIEPBUYHOI CTOPOHEI I, HATIPSKEHIE KOPOTKOTO 3aMBIKa-
HHS Uy M €70 AKTHBHAS Uy, , U PEAKTHBHAA 14, , COCTABJIAIOIIHE; TOK XOJIOCTO-
IO XO[IA %y; MOLLIHOCTH XOJIOCTOro X0/1a Py 1 KOpOTKOro 3aMbikanus P,; Ko-
a¢ppHUIIHENTHI MOII[HOCTH XOJIOCTOTO XOJ[a COS ¢y M KOPOTKOTO 3aMbIKaHUs
COS (p,; COTIPOTHBJICHHE KOPOTKOTO 3aMbIKaHNA Z, 1 €ro akTUBHasA 1y U pe-
aKTHBHas T, COCTaBJISIOLIHE; HOMHHAIBHOE H3MEHEHHE HanpsikeHus MpH
cbpoce Harpysku AU, pu koadduipenTe MOITHOCTH Harpy3KH TpaHC-
¢opmaropa cosp, = 0,8 (xapakTep Harpy3ku — MHIyKTHBHBIH). CoenHe-
nite obmoTok Tpancdopmaropa Y /Y. Tpebyercs onpeneuTs napaMeTpel
TpaHcdopMaTopa, 3HAYeHNs KOTOPBIX B TaOJIULE He YKa3aHEL

P e m1 e 1 u e BapuaHTa ¢ Tpancdopmaropom TM-25/10.

1. HoMuHABHEI TOK B IIEPBUMHON 0OMOTKE

Ilmm = SHOM (‘JgUlHoM) = 25/(117310) = 1!44 A.
17



Tabnuna 1.4

Tun Tpancopmaropa

Hapmerp TM-25/10| TM-40/6 | TM-63/10| TM-100,/6 | TM-160/10{ TM-250/6

Suors KB - A 25 — 63 = — 250

Urvesns KB 10 6 10 6 10 —

o % 45 — 45 — 45 —

ig, %0 3.2 — 4,5 2,6 24 =

P,, kBt 0,13 | 0,175 — — 0,51 —

P, xBr 06 0,88 = — 2,65 -

Lo A - 3,87 s 9,6 9,2 24

I, A = 0,115 | 0,16 — — —

Ux) KB = 0 |28 0 |45 — — —

L OM — = — — o o

cos — - — 0,30 — -

sin g, — —_ = == — —

€oS Py — —_ —_ —_ _ 0,13

U Yo — — — 1,95 — —

U % - - - 6,2 - -

7o OM s — — — — 0,0036

z, O — — — — — 0,01

AUy %0 = — = = = —

2. Tok xonocroro xona
Iy = (4/100) 1,0y, = (3,2/100)1,44 = 0,046 A.

3. KoadduiipenT MOIHOCTH XOJOCTOrO X012

cosp, = By [(NBI,U,,,,) = 0,13 /(1,730,046 - 10) =0,16.

HOM

4. HanpsxeHHe KOPOTKOro 3aMbIKaHUsI

U, = (uKIIOO)U

1nom

/3 =(4,5/100)10/1,73 = 0,26 xB.
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5. KoadhduiiienT MOIHOCTH KOPOTKOTO 3aMbIKaHHS
cos gy = B /(31,,,.Ux) = 0,6 /(3-1,44-0,26) = 0,53; sinp, = 0,85.

6. AKTUBHAs1 1 peaKTHBHAsI COCTABJISIONIHE HAIIPSDKEHNS KOPOTKOTO
3aMBIKaHUA

Uy = UCOSP, = 4,5-0,53 = 2,38 %;
U p = thSing, = 4,5-0,85 = 3.8 %.
7. ConpoTuBJieHe KOPOTKOTO 3aMBIKaHHs
Z = Uy [Ly0 = 0,26 -10°/1,44 = 180 Om.

8. AKTHBHAas M HH/IYKTHBHAsI COCTABJISTIONIHE CONPOTHBIIEHUS] KOPOT-
KOT'O 3aMBbIKaHUs

T = Zycosp, = 180 - 0,53 = 95,4 Om;
T, = Zsing, = 180-0,85 = 153 Om.

9. HomuHanpHOE H3MeHeHHe HanpsikeHus TpaHncdopMaTopa Mpu
cbpoce Harpysku

AUy = U208y + U psing, = 2,38-0,8 + 3,8-0,6 = 4,18%.

3anaua 1.6. Texnnueckue faHHble TPexdasHbIX TPaHCHOPMATOPOB
cepurt TM npuseziens! B Tabi. 1.5: HOMUHaJIbHAST MOLIHOCTD S,,,,,, HO-
MHHa/IbHbIE NEPBUYHOE U)oy H BTOPUYHOE Uy, HANPSKEHUS, HATTPSI-
KEeHHe KOPOTKOTO 3aMBIKaHHUSI w4, MOLIHOCTH KOPOTKOTO 3aMBIKaHHsI
Py yiom» MOLIHOCTB XOJIOCTOTO XOMIA Py, TOK XOJIOCTOTO X012 %, Otpe-
AenuTh HeoOGXOMUMBIe ITapaMeTPH U TIOCTPOUTD TPEYTOIBHHK KOPOTKO-
ro 3aMblkaHuA (06MOTKH coefiuHenb! Y /Y; napaMeTphl pHBENeHb K pa-
Goyeii TeMniepaType).

Ta6bnuna 1.5
rpancpoparopa | 5 | w | e | % | T | e | o
TM-1000/10 1000 10 04 5,5 12,2 245 14
TM-1600/10 | 1600 | 10 | 04 | 55 | 180 | 33 | 13
TM-2500/10 2500 10 0,4 9,0 250 4,6 1,0
TM-4000/10 | 4000 | 10 | 04 | 55 | 335 | 64 | 09
TM-6300/10 | 6300 10 0,4 5,5 46,0 9,0 0,8
TM-630/10 | 630 | 10 | 04 | 55 76 | 156 | 20
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o Penre nue papuanta c rpancop-
L maropom TM-630/10.

P =TT 1. Hanpsxenue KopoTKOro 3aMbi-
it y.. KaHus

Puc. 1.6. TpeyronsHuK Hanpsike- Ui = 10724 Uppoy =
—107%.5,5-10 - 10° = 550 B.

HHI KOPOTKOT'O 3aMBIKaHH A

2. Tok KOPOTKOrO 3aMBIKAHUS
Ly = Ly = Suon(V3U, ) = 630-10%/(1,73-10-10%) = 36,4 A.
3. Koahpuiment MOLHOCTH peskuMa KOPOTKOTO 3aMBIKAHHST
c08 @y = Pryou [(V3UT,,.) = 7600 /(1,73-550- 36,4) = 0,22;
@, = T7°% siny, = 0,97.

4. ITosoe conpoTuBEHIE KOPOTKOTO 3aMBIKAHHUS
z = U, [(V3I,,) = 550/(V3 - 36,4) = 8,7Om.
5. AKTHBHA$ COCTaBJISAIONIAS CONPOTUBIIEHHUST KOPOTKOTO 3aMBIKAHUST
T = o8y, = 8,7-0,22 = 1,9 Om.
6. VInnyxTyBHas cocTaBIsIIOL{as CONPOTHBIEHHS KOPOTKOTO 3aMBIKAHIS]
T, = zsing, = 8,7-0,97 = 8,44 Om.
7. CTOpOHBI TPeyTOJIBHHKA HATIPSKEHHIA KOPOTKOro 3aMbikamms (prc. 1.6)
U= B2z = 364-8,7T=317B;
U= Iy, = 36,4-1,9 = 69 B;
Uep= Ly = 36,4 - 8,44 = 307 B.

8. Ilpunumaem Macurab Hanpsbkenus my; = 5 B/MM, Torna uiiba
BEKTOPOB (CTOPOH TPEYTONBHUKA KOPOTKOTO 3aMBIKAHHA ):

Ue= 317/5 = 63 mm; Uy, = 69/5 = 14 mm; U, = 307/5 = 61 mm.

3azaya 1.7. Vicnoneays nannbie 3ajiaun 1.6, paccyurarh Beauny H3mMe-
HEHUA HAaPsKEHNA HA BRIXO/IE TpaHodopMAaTopa IPH HOMUHAILHOI HATPY3-
K€ A U o, IPH KO(HIIEEHTAX MOLHOCTH HATPY3KH COS P, = 1 M oS (py =
= 0,8 ¥ NpY HHAYKTHBHOM U EMKOCTHOM XapaKTepaX Harpy3KH, a TaKKe
TIpH aKTHBHO-MHAYKTHBHOM XapaKTepe Harpy3kH U ()asoBOM CABHIE (py =
= @, CpaBHUTD TIOJIYYEHHBIE PE3YILTATHI H CHE/ATh BEIBOJ O BIMSHHH
XapakTepa HarPy3KH Ha BEJIMYHHY BTOPHYHOTO HANPSDKEHHS TpaHcdop-
Maropa.

Pemenue apuanta c tpancdopmaropom TM-630/10.
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1. Ina pemenus 3ajiauu BocnosabayeMmcst hopMynoit
AUyon = UyaCOSPy + U pSing,,
rae
Uca = (Uia/ Utnow)100 = (69/10 000)100 = 0,69 %;
Uep = (Usp/ Utnon)100 = (307/10 000)100 = 3,07 %;
U = (Ug/ Upow)100 = (317/10000)100 = 3,17 %;
CoSYP = Uy, /U, = 0,69/3,17 = 0,22.
2. Harpyska akTuBHas cos, = 1; siny, = 0
AUy =0,69-1 4+ 0 = 0,69 %.
3. Harpyska akTUBHO-UHAYKTHBHAS cosp, = 0,8; siny, = 0,6
AUy = 0,69-0,8 + 3,07-0,6 = 2,4 %.

4. Harpyska aktHBHO-eMKOCTHas cosp, = 0,8; siny, = 0,6 (11p# pac-
4eTe BTOPOE CJIaraeMoe IPHHAThL CO 3HAKOM <MHHYC» )

A LTIIDM = 0)69 - 0;8 == 3,07 i 0,6 = —'1,3 %

5. Harpyska akTUBHO-UHAYKTHBHAS NIPH P, = 9, = 77°, T.€. IIpH
cosyy, = (0,22 u siny, = 0,97

AUy, = 0,69-0,22 + 3,07-0,97 = 3,13%.

6. AHanu3Upys NoNyYeHHbIE PE3YAbTATHI, [€aeM BEIBOJL:

a) MUHHMAJIbHOE U3MEHEHHEe HANPSDKEHUS Ha BHIXoe TpaHcdopMa-
TOpa NPH HOMHHAJLHOMN HAarpy3ke HMeeT MECTO NPU YHCTO aKTHBHOIM
narpyake (0,69 %);

6) nanGomnsuee anavenue AU, = 3,13 % umeer Mecto npu akTus-
HO-MHIYKTUBHOM Harpy3Ke, KOr/a yron (pasoBoro CABUTA @, = , = T7°%;

B) IpH aKTHUBHO-€MKOCTHOM Xapaktepe Harpy3ku A U, nprobpera-
€T OTPULATENILHOE 3HAYEHHUE, T. €. HANPsDKEHUE Ha BBIBOJAX BTOPHYHOI
O6MOTKH NPH HOMUHATBLHOI Harpyske TpaHcdOpMaTopa MOBHINAETCS
Hal,3%.

BekTopHas guarpamma, notepu u KMA tpaHcdopmatopa

3anaya 1.8. Jlna oxnodaznoro tpancopmatopa HOMHHANBHOIL
MOLIHOCTBIO Syoy H HOMUHATBHBIM NEPBHYHBIM HANPSLKEHUEM Uy
MOIIHOCTBIO KOPOTKOTO 3aMBIKAHUSA Py, W HaNpPsKeHUEM KOPOTKOTO
3aMBIKAHUSA %, PACCYUTATD JAHHEIE U TIOCTPOUTH IpadiK 3aBUCHMOCTH
U3MEHEHHUs] BTOPHYHOTO HanpsikeHuss AU ot koaddunuenta Harpysku
B, ecin K03 PULHENT MOIHOCTH HATPY3KH COS P, SHAUEHHSA NEPEYHC-
JIEHHBIX TIADaMETPOB NpHUBefieHk! B Tabxn. 1.6 (napamerphl npUBeeHH! K
paboueii Temrieparype).
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Tabnuuya 1.6

BapuanTn
| 2 3 4 5 6 7 8 9 10
Sy KB-A| 600 | 250 | 800 | 100 (180 560 | 320 [50| 120 80

Uwow XB | 315 | 63 | 315 | 63 |63 10 | 10 |34] 63 | 10
Poow¥Br| 20 | 12 | 22 | 7 |10| 25 | 13 {35 8 | 54
uo % 85| 65| 85 | 55 |65 7 | 65 |55 55 | 6

075 | 085 | 080 | 0,70 |, o] 085 | 09 [ 080 | 0,70
(emk.)| ()| (em )| )| 7 [ G| (emic)| 7 | Q)| (ani)

Ilapamerp

COS(py

Pemenue Bapuanra 1.
1. HampsiskeH1e KOPOTKOTO 3aMBIKAHHUS

Ui« = 10720, Uyyon = 1072-8,5- 31,5 - 10* = 2677 B.
2. TOoK KOPOTKOTO 3aMBIKAHUST
Iix = Lyow = Suon/ (Uroy) = 600 - 103/(315' 103) =19 A
3. KoapdpuipeHT MOIHOCTH PEKUMA KOPOTKOTO 3aMBIKAHUS
cos P = Py you/(Unei) = 20000/(2677 - 19) = 0,39;
sinyp, = 0,92.
4. AKTUBHAs COCTABJIAIOMAs HANPSDKECHHSA KOPOTKOTO 3aMBIKaHHs
U, = UCosP, = 8,5-0,39 = 3,3%.
5. PeakTHBHAst COCTABISIIONIAS HANIPSXKEHUS KOPOTKOTO 3aMBIKAHHS
U, = WSing, =8,5-0,92 = 7,8 %.
6. 3anaemcs psiom 3HaYeHUH KO3 pHUIIMEHTa HATPY3KH:
B = 0,25; 0,50; 0,75 u 1.
7. Ucnionbayst 3t 3navenus (3, o opmye
AU = B(uxaC08p; — tpSingy),

paccunTbiBaeM A U; 3HaK «MHHYC»> B pOpMYyJie 0OYCIOBIIEH EMKOCTHBIM
XapakTepoM Harpyaku (cm. Tabi. 1.6). PeaynbraThl pacuera npHBEIeHbI
HIDKE:

g 0 025 0,50 0,75 1,0
AU, % 0 —067 —134 -—-201 -2,68

3HaK «MHHYC» B IIOJIYYEHHOM PE3YJbTATE YKAa3biBA€T HA TO, YTO ¢
POCTOM HarpyskH Tpanc)opMaTopa HanpsKEHHE HA 3a)KMMAaX BTOPHY-
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HOil OGMOTKM y6enuuueaemcs, 9to CBA3aHO ¢ EMKOCTHBIM XapaKTepOM
Harpy3ku tpanc¢opMaTopa.

3apava 1.9. Mcnonpays napamerphr oguodasHbix TpancgopMarto-
poB, nipuBeliettbie B Tab1. 1.6, n peaynbrarsl pemenust 3anauu 1.8, pac-
cyuTaTh HEOGXOMMBIE NIAPAMETPBI H IIOCTPOUTH YIIPOIIEHHYIO BEKTOP-
HYI0 IMarpaMmy TpaHcopmaTopa (TOKOM XOJIOCTOTO XO/1a peHebpeyb).
[Ipu 3TOM paccMOTPETD /iBa ci1y4Yast HOMHHAIBHOM Harpy3ku Tpancdop-
MaTopa MpH 3HayeH HH K03 uIMeHTa MOIHOCTH cosy, = 0,7: npH uH-
AYKTUBHOM XapaKTepe HAarPy3KU U IPH EMKOCTHOM XapakTepe Harpys-
ku. Onpenenutb k0o PUIHEHT MOIHOCTH TPaHcHOPMATOPA COSpy.

Pemenue papuanra 1.

3anuieM 3HaYEHHS MApaMETPOB, HEOOXOMMMBIX M1 TIOCTPOEHHS
BEKTOPHOM JHarpaMMEl.

HomunanbHoe nepBuyHoOe HaNIpsKEHKE

Ui = 31,5 kB = 31 500 B.
AKTHBHOE HAIPSXKEHUS KOPOTKOTO 3aMBIKAHUSA
Uea= 1072 U}omtea = 1072-31 500 - 3,3 = 1040 B.
PeakTHBHOE HANPSDKEHUS KOPOTKOTO 3aMBIKaH sl
Uxp = 107 Uyyouticp = 1072- 31500 - 7,8 = 2457 B.
HomunanbHblii TOK B IepBUYHOIL LiEnH
Lo = Shiost / Uow = 600 - 10°/31 500 = 19 A.

Yron ¢asoBoro casura g; = arccos 0,7 = 45°.

Hopsadox nocmpoetusn duazpammot (puc. 1.7). Heobxonumo Be16-
patb Macitab Hanpspkenud. Ilpu aToM crienyer onpeneauTh pasmep
nucra 6ymar, na kotopom 6yzer noctpoena iuarpamma. Hanpumep, 1ist

a(pUx.a

Ui .

j lnom = _fz'mu

Harpyzka

AKTHBHO-€MKOCTHAA

aKTHBHO-MHAYKTHBHaA

Puc. 1.7. ¥npoiuerHnas BekTopHas iuarpaMma TpaHcdopMaTopa
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nucta popmatoM A4 nenecoobpasto npuHsITE MaciiTab my= 150 B/mm.
B aTOM ci1yyae JUIMHA BEKTOPOB COCTABHT:

TIEPBHUYHOTO HANPSKEHUS Upyyoy, - 210 mMm;
AKTHBHOTO HANPKEHNA KOPOTKOTO 3aMBIKAHUSA Uy i eoveremeeerernanes 7,0 My;
PEAKTUBHOTO HATIPSKEHNS KOPOTKOTO 3aMBIKAHUA Ul p werervereenene 16,5 MM.

. % )
Ha ocu opaunar crpoum Bektop Toka I = —I, . ITOT BEKTOP Npo

BOJIMM MPOU3BONILHOM JUIMHEL, TAK KaK OHa HE OKas3bIBAET BIMAHHUE Ha
JuarpamMmy. 3aTeM B CTOPOHY OTepexeHHs 10 (hase (BJIEBO OT BEKTOpA
TOKa) TIOZL YIJIOM @y = 45° cTpoum BekTop Hanpsbkenus U, . V3 koH-
11a 3TOTO BEKTOPA MEPNEHUKYSIPHO BEKTOPY TOKA MPOBOJHM BEKTOD
PEaKTHBHOTO HAIIPSKEHUST KOPOTKOTO 3aMblkanms Uy, a3aTeM U3 KOHIIA
3TOr0 BEKTOpAa INapaUleibHO — BCTPEYHO BEKTOpPY TOka I, = CTPOUM
BEKTOp aKTHBHOIO HANPSIKeHHUsI KOPOTKOTO 3aMbIKaHus U,,. Coeunup
Hayajo quarpamMmbl (Touka 0) ¢ koHioM Bexktopa Uy,, NONy4aroT BEK-
TOP NPUBEICHHOTO 3HAYEHUS. BTOPUYHOTO Hanpspkenusa U,. Msmepus
yroa g, = 43°, onpezensior k03 pHLIUEHT MOIHOCTH cosy, = 0,731.

JluarpaMmy Jiis cyvasi aKTUBHO-€eMKOCTHOM Harpy3kH CTPOST aHa-
JIOTMYHO, HO BEKTOp HampsixkeHud U, . OTKJIAABIBAIOT BIIPABO OT BEK-
TOpa TOKA. BHIMOAHUB HEOOXOUMbIE TIOCTPOEHHUS, BUINUM, YTO BEKTOD
Hanpskenus U, yBEIUYUIICS, T.€. HANPSIKEHUE HA BHIXO/I€ BTOPHYHOM
06MOTKH NPH AKTHBHO-MHIYKTUBHOI HATpY3Ke BO3PACTaeT. YT07 p, = 48°,
a cosy, = 0,67.

3apava 1.10. Tpexdasnwiit Tpancdopmarop HMEET IIapaMeTphl, 3Ha-
YeHHs1 KOTOPHIX TIpHUBE/IENDI B Taba. 1.7 HOMUHaNbHAS MOIIHOCTD S,y U
HOMHUHaIbHBIE HANPSDKeHUsT (JTHHEHHbIE) Ujyoy U Uspyyoy, HATIPSXKEHHE KO-
POTKOrO 3aMbIKAHHS 1, TOK XOJIOCTOTO XO/1a ig, IOTEPU XOJIOCTOI0 XON1a
Py ¥ TIOTEPH KOPOTKOTO 3aMBIKAHHA Py 0. OGMOTKH Tpancdopma-
TOpa COEJIMHENEI 110 CXEME <3Be3/la— 3Be3fia». 1pebyercsa onpenenurh:

Tabauua 1.7

Bapuante!
i 2 3 4 5 6 7 8 9 10

S KB-A| 100 | 180 | 320 | 560 | 1000| 800 | 600 | 700 | 400 | 200
Ve kB | 05 | 30| 60| 10| 35| 10 | 10 | 60| 30 | 30

ITapameTp

Uswow KB | 023 | 04 | 04 | 04 | 30| 04 | 06| 06 |023[0,23

Uy % 55 | 55 | 85| 65| 55| 65| 85| 55| 65|55
i % 65 | 55 | 55| 55| 50| 50| 55| 55| 55|65
Poow¥Br | 065 | 12 | 1,6 [ 25 | 52| 36 | 28| 32|20 15

P kBT | 20 | 36 | 58 | 90 | 135] 100 90 | 82 | 60 | 40
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napaMerphl 7-06pa3Hoil cXeMBI 3aMeEIEHNs], CUUTAS €€ CHMMETPUYHOI
(rn = rhu g = xh), a Takke PakTHYECKHE 3HAYEHUS CONPOTUBIEHUIT
BropuyHoii o6morky; Benuunnel KIIJI 7, coOTBETCTBYIONIME 3HAYEHH-
sIM 1101HO# MomtHocTH TpaHcgopmaTopa 0,25.S,,0.: 0,55, 0x5 0,75S0u B Shox
npu koapULHEHTaX MOIIHOCTH HArPy3KH cosy, = 0,8 (MHIYKTHBHBII
XapaKTep Harpy3kH) U cosy, = 1; HOMHHAIbHOE H3MEHEHUE HaIIPsKe-
HUSA A Uy Iloctpouts rpaduxu n = f(B) u U, = f(B)-

Pemenue Bapuanra 1.

1. Hanpsi>keHle KOPOTKOTO 3aMbIKaHHs

Ui = 1072, Upyoy = 1072-5,5- 500 = 27,5 B.

2. Tok KOpPOTKOro 3aMBbIKaHHS

Ly = Iy, = Suon /(N30 ) = 100-10°/(1,73-0,5-10°) = 115,6 A

3. KoadpuimeHT MONIHOCTH B pEXKUME KOPOTKOTO 3aMBIKAHUS
cosp, = B f(V3U, I, ) = 2000/(1,73-27,5-115,6) = 0,36;
p, = 69°; sinyp, = 0,93.
4. TlonHoe conpoTHBNIEHUE KOPOTKOTO 3aMbIKAHUs
% =U, f(¥3L,)=27, 5/(3-115, 6) = 0,137 Om
5. AKTHBHAs! COCTABJIAIONIAS CONPOTHBJIEHHS KOPOTKOTO 3aMBbIKAHHs
T, = zcosp, = 0,137-0,36 = 0,05 Om.

6. I/IHH,y KTHBHasA COCTaBJAION[2A COIIPOTHBJIEHHA KOPOTKOIO 3aMbl-
KaHHsA

7, = zsinyg, = 0,137-0,93 = 0,13 Om.

7. AKTUBHBIE ¥ HHYKTUBHBIE CONPOTHBACHUS T-06pasHoil cXeMBbI
3aMenieHus Tpancgopmaropa (cM. puc. 1.2)

r = 4 = 0,05/2 = 0,025 Om;
5 = b = 0,13/2 = 0,065 Owm.

8. Makrnyeckue (HeNpHBeeHHbIE) 3HAYEHUST CONPOTUBIIEHHIT BTO-
puuHOii 06MoTKM TpaHcdopMaTopa

r, = 4/ (U] Up)? = 0,0225/(500/230)% = 0,005 Owm;
z, = x5/(U,/ Uy)? = 0,065/(500/230)% = 0,014 Om.
9. Tok Xonocroro xona
Dowow = 107245000 = 1072-6,5-115,6 = 7,5 A.
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10. Koadppuument MONHOCTH B pexEME XOJIOCTOrO X0/1a
089, = Poyen,/ (VB ouenVson) = 650/(1,73-7,5-500) = 0,10;
siny, = 0,995.

11. lMonnoe conpoTHBenye BETBH HaMarHuduBaHusi T-06pasmoi
cXeMbl 3aMelleHHs TpaHcdopMaTopa

2 = Uy [ (MBI ) = 500/(1,73-7,5) = 38,5 Om.

12. AkTUBHOE ¥ HHIYKTHBHOE COCTaBJIAIONIHE BETBH HaMarHW4H-
BaHUsA
T = Zmcosipy = 38,5 0,10 = 3,85 Om;
z, = Z,sinyg, = 38,5-0,995 = 38,3 Om.
13. 1nst pacuera KI1/] Bocnonbayemcst BhIpakeHHEM
= BSom COS P, _
BSuow €089, + Fyyoy, +B*Pason

3ajasuich 3HaYeHHaMH kKoaddunuenta Harpysku: 3 = 0,25; 0,50;
0,75 u 1,0, paccuutbiBaem Jis kaxaoro u3 aux KI1/1 cnavana st koadg-
¢UIHMeHTa MOIIHOCTH HATPY3KU Cosp, = 1, a 3aTeM Ji71s cosyp, = 0,8.

14. Koappuument Harpy3kH, cooTBETCTBYIONIHIT MakcuMasbHoMy KITJ,

B = [Fouon [ P = |[0,65]2,0 = 0,57.

15. Makcumanshbie snadenuss KIT/1:
MpH cosy, = 1

 PB'Symcosp,  0,57-100-1 67
B'SyoucOSY, +2F,  0,57-100-1+2-0,65
npH costp, = 0,8
- 0,57-100-0,8 0972,
0,57-100-0,8 +2-0,65
Pe3y31b’l’a'l‘bl pacyeTOB NPUBEICHDLI HHMXKE!
B 025 050 0,75 1,0
7 (IPH €SPy = 1) cerrcererrrannas 0,969 0,977 0,976 0,974

7 (NpH cosep, = 0,8 MHA) ... 0,962 0,972 0,971 0,967

Ha puc. 1.8, a npencrasnenn! rpaduku 1 = f(3).

W3 ananusa nonyuyeHHbIx pesyabptaros caenyet: KI1/ Tpancgopma-
TOpa NPH YUCTO aKTUBHON HATPY3Ke BhIIIE, YEM MPU aKTHBHO-UH/YK-
TUBHOI Harpy3Ke BO BCEM AHAaNa30He 3HAYEHHI 3.
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‘J: cospy =1
0,95 Fcos i, = 0',.8l 230 ﬁ"""‘\L
1
0,90 { 7\\ —
: cos p; = 0,8
0,85 : 215
1
0,80 i
1
0,75 19,57

200
0 025 050 0,75 1,0P8 0 025 050 0,75 B
Puc. 1.8. 3aBucuMoctu 1) = f(B) u U, = f(B) TparcdopmaTopa

16. [lns1 pacyeTa HOMMHATLHOTO H3MEHEHHS HATNIPSKEHHST BOCIIONb-
3yeMcs BhIpaKeHHeM

AUy = Uy aCOS Py + ux.pSin%r
rae

U a = UCOSP = 5,5-0,36 = 1,98 %;
U p = %SinQ, = 5,5-0,93 = 5,1 %.
Ilpu cosyp, = 0,8, siny, = 0,6
AUpoy =1,98-0,8 + 5,1-0,6 = 4,64 %.
Ilpu cosy, = 1, sinyp, =0
AUgpy=198-14+51-0=1,98%.
Ha puc. 1.8, 6 nokasatbl BHEIIHHE XapaKTEPUCTUKH TpaHcdOpMaTopa.

3apnaua 1.11. B raba. 1.8 npusesenst nannbie TpexpasHbX CHAOBBIX
TpaHcdopMaTopoB cepul TM: nosnHast HOMUHATbHAS MOIMHOCTD Sy
HOMHHaJIbHEIE IOTEPH XOJIOCTOTO Xona Py, ¥ KOPOTKOrO 3aMbIKaHUST
P, yoss K03(PHUIHEHT MOITHOCTH HaTrpPy3KH cos(,. Tpebyercs onpene-
suTh Benuuuny cHikenust KIT/[ npu nomunanshoit Harpyske 1o cpae-
HEHHIO C €r0 MaKCUMATbHBIM 3HAYCHHEM,

Pemenue Bapuanra ¢ tpancopmaropom TM-100/35.

1. KIIJT B HoMmunanbHoM peskume (f = 1)

Thiou = Puos/ Proors
Prow = Spon€0sip, = 100-0,8 = 80 kBT;
Poow = Prow = (Poson + Pusow) = 80 — (0,465 + 1,97) = 77,6 kBr;
Thos = 77,6/80 = 0,97.
2. Pacuer makcumansuoro KII/] Benem no opmyne
_ B S\uom €OS P,
B B’ S\om COS ¢, +2F, '

Onom

Tlm&x
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Tabauua 1.8

Tun Tpatcdopmaropa | Sype KB -A FPoyen KBT Py o KBT cOs1p,
TM-100/35 100 0,465 1,97 0,80
TM-160/35 160 0,70 2,65 0,85
TM-250/35 250 1,0 3,70 0,85
TM-400/35 400 1,35 5,60 0,80
TM-630/35 630 1,90 7,60 0,75
TM-1000/35 1000 2,7 12,2 0,70
TM-1600/35 1600 3,65 18,0 0,80
TM-2500/35 2500 5,10 25,0 0,75
TM-4000/35 4000 6,70 33,6 0,85
TM-6300/35 6300 9,40 46,5 0,80

3. Koaddunmnent Harpy3ku, COOTBETCTBYIOUIHIT MaKCUManbHOMY
KII/,

B" = JPouosf Prson = /0,465 /1,97 = 0,485.
4. TToncrasus B hopmyny pacueta Mmakcumanbioro KIIJ[ anayenne
koapunmenta narpyaxu ' = 0,485, nonyyum
0,485-100-0,8 _
0,485-100-0,8 +-2- 0,465

5. Camxenne KILJ] Tpancopmatopa npu HOMHHAILHOM Harpy3ke
OTHOCHTEJIBHO €T0 MaKCHMAJIbHOIO 3HAYEHHST COCTABHUIIO

0,98 — 0,97 = 0,01, T.c. 1 %.

Nmax =

0,98.

3apnava 1.12. B taban. 1.9 npuBeneH s TeXHHYECKHE TaHHbBIE TPeX(as-
HeIX Tpancdopmaropos cepun TC3 (TpancdopmaTop TpexdasHbli cy-
X0# ¢ 3a3eMsIeHHO#t epBruHOit 06MOTKOIT). M crionb3ys a1 AaHHELE, O11-
penenuTh: koaguiueHT TpancopManuy k, HOMHHAJNbHbIE 3HAYEHMS
TOKOB NEPBUYHOI [, U BTOPUYHOM I,,,,,, OOMOTOK; TOK XOJIOCTOTO X012
Iysions HATIPSDKEHUE KOPOTKOTO 3AMBIKAHUS U, ,,0,; COMPOTUBJIEHHE KOPOT-
KOTO 3aMBIKaHHS Z, U €0 aKTUBHYIO 7y H HHIYKTHBHYIO &, COCTABJISIO-
H{H€e; ONMpPEACTUTh HOMHUHATbHOE U3MEeHEHHe HAarpsi>keHus] pu 3Haye-
HUSIX KO3 pUIIEeHTa MOITHOCTH HATPY3KH cos ¢, = 1; 0,8 (una.) u 0,8
(eMK.); HOMUHANBHBIE U MakcuMmanbHbie 3HadcHus KI1J[ tpancgopma-
Topa npu KoaduiHeHTax MONHOCTH HArPY3KH cos @y, = 1 1 0,8.
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Tabnuuald

;‘;ﬁ‘gj‘:‘;’a Sso KB A | Usncno B| Usaons B| Py KB | P ¥BT| 1% | 40, %
TC3-160/6 160 6 | 023 | o7 | 27 |55/ 40
TC3-160/10 | 160 | 10 | 04 | 07 | 27 | 55 | 40
TC3-250/6 250 6 | 023 | 10 | 38 | 55|35
TC3-250/10 250 | 10 | 04 | 10 | 38 | 55|35
TC3-400/6 400 6 | 025 | 13 | 54 | 5530
TC3-400/10 400 10 [ 04 [ 13 | 54 |[55]30
TC3-630/6 630 6 | 04 | 20 | 73 |55/ 15
TC3-630/10 630 10 | 04 | 20 | 73 |55/ 15
TC34000/6 | 1000 | 6 | 04 | 30 | 113 | 55 | 15
TC3-1000/10 | 1000 | 10 | 04 | 30 | 113 | 55 | 15
TC3-1600/10 | 1600 | 10 | 04 | 42 | 160 | 55 | 15

Pemenue papuanra c tpancopmaropom TC3-160/6.
1. Koadppuument tparnchopmanuu

k= Ulmm/ UEHOM = 6/0$23 = 26.

2. HoMunanbHelif TOK NEPBUYHOI 06MOTKH

Lon = Suouf(VBUp ) = 160/(1,73-6) =15,4 A
3. HomunanbHblil TOK BTOpHYHOM 06MOTKH
Do = Tnouk = 15,4 - 26 = 400 A.
4. Tok xonocroro xona
Iy = (40/100) L0 = (4/100)15,4 = 0,6 A.

5. Hanpsikenue KOPOTKOTO 3aMBIKAHUSI

Uik = (ux /100) Uy = (5,5/100)6000 = 330 B.
6. ConpoTuBieHHE KOPOTKOTO 3aMbIKaHHSA

Z,=U,/(v31,)=330/(1,73-15,4) = 12,4 Om.
7. Koappuument MOIHOCTH KOPOTKOrO 3aMBIKAHUS

cos ¢, = B [(VBUL,,,) = 2700 /(1,73 -330-15,4) = 0,31; sinp, = 0,95.
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8. AKTHBHAA U peaKTHBHAs COCTABJISIONIHE CONPOTUBIIEHHS KOPOT-
KOTO 3aMBIKaHHsI

T = Zycosp, = 12,4-0,31 = 3,8 Om;
x, = Zsing, = 12,4.0,95 = 11,8 Om.

9. AKTHBHOs H PCaKTHBHaA COCTABJIAIONIHE HATIPAXEHHA KOPOTKOTO
3aMbIKaHHA

U a = UgCOSP, = 5,5 5 0,31 = 1,7 %;
Uep = USiNY=5,6-0,95 = 52%.
10. Usmenen#e BTOPHYHOTO HANPSKEHHS TpaHcOPMATOPa MPH HO-
MHHa/bHOM Harpyake (§ = 1):
npu ko puIHeHTe MOIIHOCTH HAIPY3KM ¢os p, = 1, sin ¢, = 0
AUyom = UaCOSPy + Uy pSing, = 1,7-1 + 0 = 1,7%;
11py KoahpHIIMEHTE MOIHOCTH HATPY3KH cosi, = 0,8 (UHL), siny, =
= 0,6
AUy = UeaCOSYP,y + 2 pSing, = 1,7-0,8 + 5,2-0,6 = 4,48 %;
1pu K03(ppuIHEHTE MONHOCTH HATPY3KH cosyp, = 0,8 (eMK.), sinyp, =
= 0,6
AUy = UgaCO8Py + Uy pSin, = 1,7-0,8 + 5,2 (—0,6) = —1,8%.
Pesynbrathl pacyeTa H3MEHEHHs BTOPUYHOTO HANPSHKEHUS] TpaHCc-
dopmaropa A U,,,, ipu HOMuHaTLHON Harpyake (B = 1):

COSPy 1,0 0,8 (uun.) 0,8 (emk.)
AUy % 1,7 4,48 -18
AU, B 39 10,3 —4,14

Uy = Upyo — AUy B oo 226 220 234

Brenmue xapakrepuctiku Tpancdopmaropa npezictasieHs Hapuc. 1.9.
11. KII[ tpancdopmaropa npu HoMHHanbHOU Harpy3ke (B = 1) u
K03¢hPUIHEHTE MOIHOCTH COStp, = 1
_ BSom COS P, _ 1-160-1 2.
BSMMCOS"PQ + F, +ﬁ2PK.HOH 1'1601+0:7+122)7

OnomM

[IpH HOMHHAJIBHOU Harpyske U koadhpUIHeHTe MOIIIHOCTH cos, = 0,8
1-160-0,8

0,98,

Ul

= = 0,974.
1= 1160-0,8+0,7+12-2,7
12. Makcumanpuniii KIT/I:
npu cos Py = 1
B’ Suuou COS Y, 0,51-160-1

Thnax = =7 = = 0,983
BS\om cOS Y, +2F, 0,51-160-1+2-0,7

OHoM
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Cosp; =/0,8 (emx.)

i

230 [T e

220

n cosyp: = 0,8 (uua.)
210 -

o e o e e (O e

200 ! :
0 0,5 1,0 B

Puc. 1.9. Bremnue xapakrepuctuxi TpaHcdopMaTopa

OpH cos ¢, = 0,8

o = 0,51-160-0,8
" 0,51-160-0,8 +2-0,7

rzie koacpuIHenT HArpY3KH, CooTBeTCTBYIONMI Makcumanbromy KITJT,

‘3! = \“c(']llmt/PK-HOM = 017/2!7 — 0$51

= 0,979,

MNapannenwHas pa6ora TpaHccopmaTopos.
AsToTtpaHcgopmaTophbi

3anava 1.13. Tpu tpexdazmpix TpaHcOpMaTopa HOMHHAILHOMN
MOIHOCTBIO Syouty Suomtt B Syopan ¥ HATIPSIKEHHEM KOPOTKOIO 3aMbIKa-
HUS tha, Uy W Ugy BKIIOYEHB! Ha napasienbiylo paboty (Tabm. 1.10).
Tpebyercs onpenenuts:

1) marpysky kaxjoro tpancopmaropa (S, Sy v S BkB- A, ecnu
obuiast HaTpy3Kka napaeNIbHOM TPYIIbI paBHa cyMMe HOMHHAIBHBIX
MOIIHOCTEH 3TUX TPaHChOPMATOPOB (Sygy = Syont + Sontt + Suomtnn);

2) cTeneHb HCIIONB30BAHKS KAXIOTO N3 TpancgopMaToOpoB 110 Mo -
HOCTIE (] Sy

3) HACKOJIbKO CJIeflyeT yMEHbITHTD obuIyIo Harpysky TpaHcopma-
TOPHOM IPYIMIbI Sy, YTOGH! yCTPAHUTD MEPErpy3Ky TpancgopMaropos;
KaK IIPH 3T0M Gy/y T HCTO/Ib30BaHEI TPaHCHOPMATOPBI 110 MOITHOCTH B %
OT UX HOMHHAaJIBHOM MOIHOCTH?

Pemenue Bapuanta 1. B cBstau ¢ tem, yto st napansensHoOro
BKJIIOYEHHUS IPUMEHEHBI TPaHCHOPMATOPhI PasHOil HOMHUHAIBHOM MOIIL-
HOCTH, HANpsKEHUA KOPOTKOTO 3aMBIKaHHsl 3THX TPancdopMaTopoB
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Tabauua 1.10

BapuanTst

Tapaverp 1] 2] 3] 4] 5
Tpancpopmamop 1

HomuHanbHAs MOILHOCTE Syoyp, KB - A 5000 | 5600 | 3200 | 1800 | 560

Hanpspkenue KOpOTKOro 3aMbIKanus ug, % | 53 | 53 | 43 | 44 | 40
Tpancpopmamop 11

HoMunantHas MOIHOCTE Sygp, KB - A 3200 | 3200 | 4200 | 3200 | 420

HanpsikeHue KOPOTKOTO 3aMblKanma g, % | 5,5 | 65 | 43 | 40 | 4,2
Tpancpopmamop 111

HoMuHaiBHAsE MOIHOCTE Sy KB - A 1800 | 3200 | 5600 | 4200 | 200

Hanpsokenue KOpOTKOro 3aMbIKanust ugy, % | 9,7 | 5,5 | 40 | 38 | 4,5

HeojiuHakosbL. [ToaToMy pacyeT pactipeie/IeHIs] HArPy3KH MEKTy TpaHc-
¢bopmaTopamu BEIMOIHUM 110 opmyne

89

Sﬁ B uxzz(smm uxz),

qumnaromeﬁ HEONAHHAKOBOCTDb Haﬂpﬂ)i(el-lldﬁ KOPOTKOTO 3aMbIKaHHS.
1. O6mas Harpyska napajeIbHOM TPYIIILI

S = Spon1 + Suoutt + Seowin = 5000 + 3200 + 1800 = 10000 B - A.
2. Bocnonkayemcsi BEIpaxkeHHeM
E(Smw/u,.,) = 5000 /5,3 +3200/5,5 + 1800 /5,7 = 1841.

3. MakTHyecKass Harpy3Ka KakIoro TpancgopMaTopa
10 000 - 3200

10 000 - 5000 ~ N
_ 5000 _ A S — — 3160 KB- A;
T T e L TR
AODUE1R00. 996 ik
M= 57.1841

AHanu3upysi NONy4YeHHbIH PE3yIbTAT, MOXKHO CIETATH BBIBOM:

Bosnpite Harpy»xaetcsi TpaHcOPMATOP ¢ MEHBIIUM 3HAYEHHEM Ha-
NpsDKEHUS KOPOTKOro 3ambikanus (rpancdopmarop I) v mMembire —
TpaHcGOpMaTOpPH ¢ GONBIIUM 3HAYCHUEM HaNpPSDKEHHS KOPOTKOIO 3a-
mbikanus (Tpancgopmarop I11). Ileperpy>xennbim okasancst tpancgop-
martop I: meperpyska coctaBuna
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[(5100 — 5000)/5000]100 = 2 %.

Tak kax neperpyska TpaHC(HOPMATOPOB HELIOITYCTHMA, TO caeayer obuyio
Harpy3Ky yMEHbIIUTH Ha 2 % U NPUHATH ee paBHOii S’ = 10000 - 0,98 =
= 9800 kB - A, ipu 3TOM CymMmmapHas MouHOCTD TPaHCOPMATOPOB OKa-
JKETCS HEMIOUCTIONB30BAHHOI Ha 2 %.

3anaya 1.14. Opnodasnbiit noHmsKaONHi aBTOTpancgopMaTop HO-
MUHALHOM (IIPOXOJIHOIL) MOLIHOCTBIO S, TP HOMHHAJTBHOM TI€pBHY-
HOM HaNPSKeHUH U} M HOMHHATbHOM BTOPUYHOM Hanpsbrenuu U, vime-
€T YHCJIO BUTKOB B OOMOTKE 1wy, 3 KOTODBIX 1, BUTKOB SIBJISTIOTCST OBLIH-
MH JLJIs1 IEPBUYHOI M BTOPHYHOIT eneit (cM. pHc. 1.4); 3 C, unnyuu-
Pyemas B OHOM BUTKe 0OMOTKH Tpancdopmaropa E,,,. Tpebyercs on-
perenuTh nepoctalonme B Tabn. 1.11 snavenns mapameTpos, a Takxke
OIPEACIHUTD, BO CKOLKO Pa3 Macca M NOTEPH 9TOTO aBTOTpaHchopMa-
TOpa MEHBIIIE, YEM Y IBYXOOMOTOYHOTO TpaHchOPMaTOopa TaKoi e Mo
HOCTH M HaNpsHKEeHHUH; onpefesnuTh MOIHOCTH aBTOoTpancdopmaropa,
T€pENaBacMble U3 NIEPBUYHOI BO BTOPHYHYIO Lelb S7IEKTPHYECKIM U
SJIEKTPOMAarHUTHBIM IyTsiMH. [Ipu penternu 3anaun Tokom xonocroro
Xozia nperebpeyn.

Peurenue papuanra 1.

1. Yucno BUTKOB B 06MOTKE aBTOTpaHcdopMaropa

wy, = Uy /By, = 220/0,85 = 259 BUTKOB.

2. Bropuunoe HanpsixeHwe
U, = wE,, = 130-0,85 = 110 B.
3. Koadppunment rpanchopmanmu aBTOTpaHcdopMaTopa
ka = w /w, = 259/130 = 2,0.

4. HoMuHanbHblif TOK B NEpBHYHOMN 11enH

Tuon = Suon/ o = 15 - 10°/220 = 68 A.

Tabnuua 1.11

Pl BapuanTtn

1 2 3 4 5 6 7 8 9 10
S KB-A 1514060 | 16 | 803050/ 28|90/ 12
U, B 220 — [ 380 — | 220 — [220| — | 380 —
U, B — (10 — 1220 — [127| — | 140 | — | 220
Em;, B 0,85]0,75( 1,73 0,90 | 0,90 0,85 | 1,0 | 0,85 1,0 1,022
w, — | — | — | — | — | 250 250 { 270 | 400 | 400
wy 130 (130250 { 240 | 130 | — | — | — | — | —
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5. HomunanpHElH TOK BO BTOPHYHOM 1[€NTH
Dyos = Suos/ Unnow = 15-10%/110 = 136 A.
6. Tok B obm1€l YacTH BUTKOB OOMOTKH
Ly,=1IL — I = 136 — 68 = 68 A.

7. MouiHocTs, nepeiaBaeMas U3 MEPBHYHOM BO BTOPHYHYIO €MD
anexkTpuyeckuM nyrtem (cm. puc. 1.7),

S, = Spou/ka=15/2,0 = 7,5kB - A.

Takum 06pa3oM, 71EKTPOMATHHTHBIM IIyTEM MEPEIAETCST JIHIID 110-
JIOBUHA ITPOXOAHOI MOLIHOCTH, 2 MO3TOMY, 110 CPAaBHEHHIO C JIBYX0OMO-
TOYHBIM TpaHCc(OPMATOPOM HOMUHANBHON MOLIHOCTEIO 15 KB - A, pac-
CMaTpUBaeMbIi aBTOTpaHc(OPMATOp H3TOTOBJIEH U3 AKTHBHBIX MATEPH-
aJI0B, Macca KOTOPBIX B JIBAa pasa MEHDIIIE, a CNIEIOBATEILHO, U NIOTEPH B
HEM TaK;Xe MeHbIIE B /IBa pa3a.

3agaua 1.15. B taban. 1.12 ykazanbl 3HaUeHNs CJIE/lYIONNX APAMET-
POB MOHIBKAIOIIETO aBTOTpPaHC(OPMAaTOpa: HOMHHaNbHas (IIPOXO/iHast)
MOIHOCTD Sy, KO pHIMENT TPaHCchopMaLyn Ky, TOKU B NEPBHYHOM
Iii0x ¥ BTOPUYHOM D, TIETISIX, TOK B OOIIEI YAaCTV BUTKOB [, HANPSIKE-
Husi nepsuyHoe Uy u sTopudnoe U, MOIIHOCTH pacyeTHas S, U nepejia-
BaeMad aneKTpryeckuM nyteM S,. Vicnonesys ykasannsle B Tabnune 3na-
YEHHSA [1apaMETPOB, OIPEIeINTh HEJOCTAIONHE 3HAYEHHUS MapaMeTpoB,

Pemenue Bapuanra 1.

1. IlepBuynoe HanpskeHue

Ui = Syou/ I now = 2640/12 = 220 B.
Tabnuua 1.12

Hapaserp ' Bapuantnt

1 2 3 4 5 6 7 8 9 10
SowkB-A [264] — | — | 22| — |35 —|35]— |28
S, kB- A — | — 13|08 — | — |o6s5| — | — | —
Spac KB~ A — = 05] = |068|~<]—|—1]421]=
U, B — | 220|380 | — | — |38 — |380] — | —
U, B 127 — | — [250| — | — [300| — | 220 —
o A ] 8 |=— | | ]—]=s}= | 157
LA e [l [ | [ 8 | f B0C] 95 | =
Tiguom A o P ot | | oo | 8 | = [ | = | =] =
Ky — 135 — | — | 1,25 — | 1,30 — | — | 1,80
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2. Koadpunuenr TpanchopManuu
ka= U/ U, = 220/127 = 1,73.
3. Bropuunsiii Tox
L= Remibix=121.73 = 91 A,
4. Tok B obueit yacTH BUTKOB 06MOTKY aBTOTpaHcopmaropa
Ly=hL—-1=21-12=0A,
5. Pacuernas moumocts aBTOTpancdopmatopa
Space = Uply = 127-9 = 1140 B - A.

6. Monnocrs aBToTpanchopmaropa,

nepeaasaeMasl BO BTOPHUYHYIO
HENDb 3JIEKTPUYECKHUM TTy TeM i

So= Syow — Spacy = 2640 — 1140 = 1500 B- A.



nhaBa 2

OBLUME BOMNPOCHLI TEOPUU
BECKOIUJIEKTOPHbIX MALLUWH

2.1. OCHOBHBIE NOHATUA

O6moTKa craTopa 6eCKONIEKTOPHOM MalIHHBl TIEPEMEHHOIO TOKA
(puc. 2.1) pacnosaraercs B n1asax Ha BHyTpeHHel IOBEPXHOCTH cepiey-
HUKa cratopa. OHa BEINOIHAETCA H3 MEIHOrO U30JIMPOBAHHOTO NIPOBO-
J1a KPYTJIOTO WJIK MPsIMOYTOJIBHOTO CEYEHHS.

InemenTOM OOMOTKH CTATOPA SIBJISIETCS] OTHO- UM MHOTOBUTKOBAs
Kamywxa. DNEeMEHTE! KaTyIITIKH, pacriosiaraeMble B I1a3ax, HasbIBaIOT Na-
30BBIMH CTOPOHAMH, @ YaCTH, HAXO/SLIHECs BHE 11a30B U CJIy’Kalllie 1715
COE/{MHEHUS MA30BLIX CTOPOH, — 0OOBBIMH YACTSAMHM.

O6MOTKH CTaTOpa XapaKTepH3yIoTcsl apaMeTpaMu:

yucnom pasnoix 0bmomox: my; — opHodasmeie (m; = 1) u MHorodas-
Hble, 06bIYHO TpeXxdasubie (m; = 3);

wazom 06MOMKY NO NA3AM Yy — C TIOTMHBIM (IMAMETPATbHBIM) IATOM
(% = 7) ¥ yKOpOYEHHBIM maroM (y; < 7).

3nech T — IOMIOCHOE JieNIEHUE, M,

7 ==D,/(2p),

rae D, — BHYTPEeHHHH JHaMeTp CTATOpa, M; 2p — YHCIIO MOJIOCOB B 06-
MOTKE CTaTopa.
Ecnu miar o6MOTKH NOHBIIA

n = 24,/(2p) =T,

1o IJIC, unaynupyeMas B KaXkJiOM
BUTKE KaTyHIKW CTAaTOpa Bpanja-
JOLMCSI MAaTHUTHBIM 110J1€M, OTipefie-
nsetcs apudMeTHYECKOH cyMMoii
I/J1C cropoH 3Tor0 BUTKA, T. €.

e = €1 + &.

Ecim e nar o6MOTKH YKOpPOY€EH-
uelii (1, < 1), To JIC BUTKA Onpe-
JiesisieTcs TeOMeTpruYeckoil cyMMoii
Puc. 2.1. Pacnionoxkenne nazoseix  941C €ro nasoBbiX CTOPOH, T. €. yyH-
CTOPOH KATYIIKH B 11a3aX cepfieunn-  ThiBaeTcs pasosbiit casur atux /C,

Ka cTaropa nipu atom I/ C BUTKa, a crienoBaTesb-
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Ho, U J/IC Beeit paznoit o6MOTKH E, yMEHbIIAIOTCS. DTO yMEHbIIEHHE
S/IC, BHI3BalHOE yKOPOYEHHEM 11aTa OBGMOTKH, YYUTHIBAETCS koaddu-
LMEHTOM YKOpoyenus ky, = E,/ E;, Koacdunment ykopouenus nast 3J1C

nepBoit (OCHOBHOIT) rapMOHMKH
k1 = sin(B - 90°).
HAnst SJ1C mio6oit rapmonyky (Vv — HOMEp TAPMOHHKH)
ky, = sin (B - 90°).

Huxe npuseniensl snavenus koabbuunenTos ykopouenus k,, B 3a-
BHCHMOCTH OT OTHOCHTEJIBHOTO mara 06MOTKM B = /7 U151 pasmiy-
HeIX rapMonuk ]IC:

OtnocurensHbl Liar 4/5 6/7 1
Koaduipient ykopouenus ky,:
1-s1 rapmonnka 0,951 0,975 1,000
5-s1 > 0,000 0,433 1,000
T-s1 > 0,573 0,000 —1,000

I1o cBoeit KOHCTPYKIMH OGMOTKY CTATOPa PAsIENSIOTCS HA COCPE/IO-
TOYEHHBIE U pacTipefieniennble. B cocpeiotouenHex 06mMoTkax craTopa
oﬁtmma Kak[(0i (aspl pacrionaraeTcst B ByX Nasax, a B PacIpe/iesien-
HOI 0OMOTKeE CTATOpa KATYIIKH KaX10i (pasbl 3aHHMAIOT HECKONLKO Ma-
30B. Pacrnipezienenyie katyniek B 1masax cepieyHHKA CTATOpPA BH3LIBACT
HekoTopoe yMenbilienue JJ[C katymeynoit rpynnsl pacnpenenenHoil
06MmOTKH E,, o cpaBhenuio ¢ DJIC karymieunoi IPYIIBI COCPENOTO-
yennoit obmotku E, . (puc. 2.2, a, 6).

Hnsi konmudecTBennoit olenku atoro ymenbirenus DJ[C MOJbL3YIOT-
A K03 puyuenmom pacnpedeneus o6Momxuy, TPENCTaBASIONIM cO6OT

ognomeune IJIC pacnpenenennoit obmorku k DJIC COCPENIOTOYEHHOE
0OMOTKH:

k= (E.,/E.) <1

e Y2 .
i

1

Er.p - ?EK
Puc. 2.2. K nousrriio o koagpunmente pacnpepenenust

37



Koaduwrient pacipenenens 06MOTKH s neppoit rapmonuku 3/[C

sin(0,5¢,)
Py sin(0,54)
Izie y — yroa casura no ¢ase mMexay Bekropamu masosbix I/C, T.e.
3J1C, HaBOAUMBIX B MPOBOJHUKAX, JEKALINX B COCETHHX I1a3ax CTaTo-
pa, 371 Tpaj:
~n= 360p/Z,.
Taxk kak yron casura no ¢ase Mexay Bekropamu nasosbix I/1C nust

V-i rapMOHMKH B v pa3 Goibile MasoBoro yrna -y, To koagduuuenT pac-
npenenents 06MoTky 1st moboit rapmonukn I/1C pasen

sin ( 0, 5vq1'1)
= g, sin(0,5v) ’
Huske npuseieHsl 3HaYeHUs] K03 PUIHEHTa pacpeaeeHus s

niepBoif, nsitoit u ceibMoii rapmonuk 3/1C B 3aBHCHMOCTH OT YUCIA T1a-
30B Ha NOJIIOC H a3y

q =2,/(2pmy).

Usicno nazos

Ha NoJoc ¥ Gasy gy ........ 1 2 3 4 5 6 00

Koadpument
cripenesieHus k;

1331_;) rapmoumcakp.-.. 1,000 0,966 0,960 0,958 0,957 0,956 0,955
3-a1 » ...1,000 0,707 0,667 0,654 0,646 0,644 0,636
S5-s1 » ...1,000 0,259 0,217 0,204 0,200 0,197 0,191
7-51 » —1,000 —0,259 —0,178 —0,157 —0,149 —0,145 —0,136

IJIC dasnoit 06MOTKY cTaTOpa ONpe/IeNsAeTcsl BhIPasKEHUEM:

Fg = 4,449 fiunkey,
e ¢ — OCHOBHOM MarHUTHEIM MOTOK,

& = (2/7)Behr;

By — marHuTHast HHIYKIUS B BO3/YIIHOM 3a30p€ MeX 1y HENOABHKHBIM
CTAaTOPOM H Bpalaonumcs poropos, T f; — yacToTa nepeMeHHOro Toka
B OOMOTKe cTaTropa (B CETH); w; — YHACIO MOCEA0BATENbHO COENHHEH-
HBIX BUTKOB B (pa3Hoit 06MOTKe cTatopa

Wy = 2pq W = ZyWi/ My,

W, — YHCJIO BUTKOB B KaTyIIKe OOMOTKH CTaTopa; kg1 = %,kpl — 06-
MOTOUYHKIIT KoapuumenT, yunrhiBaomuil ymenbmenus I/1C, pbia-
BaHHEIE YKOPO‘-IGHHGM urara KaTyl.I.[I{H H pacnpe,uene}lﬂoﬁ KOHCTP}’K-
LHHeil 0O6MOTKY.
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2.2. 3AIAYU

3apnava 2.1. Crarop Tpexdasmoit GeckoneKTOpHOI MalHHEI TIepe-
MEHHOTO TOKa € BHYTPEHHHM iuametpoM D), jumunoit [ umeer yucno
Ta30B Z;, Y¥CTIO 110MocoB 2p (Tab7. 2.1). Onpenenuts 3]1C onmoit baser
OGMOTKH CTATOpa, €CIH MAr O6MOTKH 110 ITa3am Y = T, YHCJIO BUTKOB B
KaTyIIKE U, MArmUTHaK MHAYKIHS B BO3/NHOM 3a30pe Mamtuns! By, a
4acToTa TOKa B muTaloniei ceru f; = 50 I

Tabnuua 2.1
Hsiicsp Bapuantor

1 2 3 4 5 6 7 8 9 10
Dy, M 0,20 | 0,25| 0,32 0,18 { 0,36 | 0,48 | 0,26 0,32 0,28 | 0,52
b, ™ 0,20 | 0,20| 0,30 | 0,20 | 0,30 [ 0,32 ] 0,24 | 0,36 0,30 | 0,40
Z 36 | 48 | 48 | 36 | 48 | 54 | 30 | 42 | 48 | 60
2p 4 4 4 2 8 6 2 4 6 8
Wy 4 3 3 3 2 2 4 3 4 2
By, Tn 0,751 0,80 0,70 | 0,75 | 1,0 | 1,0 | 0,80 | 0,75 1,0 [ 0,80

Pemenue Bapuanra 1.
1. Ilomocnoe nenenue

T==D,/(2p) = 3,14 - 0,2/4 = 0,157 m.
2. OCHOBHOI MaTHHUTHBIM TTOTOK
® = (2/7) Byt = 0,64-0,75 - 0,20-0,157 = 0,015 B6.

3. Hucno nocie1oBaTenbHO COENMHEHHBIX BUTKOE B ¢aznoit obmoT-
Ke cTaTopa

w= Zywe/m; = 36-4/3 = 48 BuTKOB.
4. Yucno nasoB Ha nosoc U azy
o = Z,/(2pmy) = 36/(4-3) = 3 nasa.

5. Koaddmment pacnpenenenus u o6MoTounsiit koapuLuenT g
nepBoii (OCHOBHOIN ) rapMOHHKH:

Ky = 0,960; ks, = K,y = 0,960.
6. 911C dazmoii o6MoTKH
Ep = 4,442 fywikosy = 4,44-0,015- 50 - 48 - 0,960 = 153 B.
3anava 2.2. Vicnionbays nanuele 1abm. 2.1 u pe3ynbTaThl pacyera 3a-

naun 2.1, onpenenuts DJIC dasnoit o6MoTKH CTaTopa 1epBoi (OCHOB-
HOH) rapMOHUKY; OGMOTKY BBIIOIHUTD C YKOpOYEHHBIM miaroM. Pac-
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cuntats muHeitnyo DJ[C 0CHOBHOI rapMOHMKH IIPH COANHEHHAX 00-
MOTKH CTAaTOpa «3Be3/I0i» M «TpeyrolbHNKoM». Ha ckonbko GynyT oc-
nabnensr DJIC nsAToi U cenbMOi rapMOHMK IIPH NPUHATOM YKOpoue-
HMH 1ara 0OMOTKH Ha YHCJIO 11a30B:

Ba o v+ RN SN/ B T S T ¢
opon 11 2 1 2

8 9 10
YKopoueH#He 1Iara 11a3os .... 1 1 1 2

7
2
Peurenne papuanra 1.
1. Monueni (quaMerpanbHblit) war
1 = Zy/2p = 36/4 = 9 na3sos.
2. YkopoueHHHBIH 11ar
Y= 9 — 1 = 8 ma3oB.
3. OTHOCHTEeNBHBII LIar
B = y}'x/yl = 8/9 = 0,89.
4. Yron cnpura a3 Mexly Bektopamu nasosbix JJ[C
~ = 360p/Z; = 360 -2/36 = 20°.
5. Koappuument ykopodeHusi iara s rapmonnk 3J1C
ky, = sin(vB - 90°);
[uist 11lepBoi (OCHOBHO#) rapMOHHKH (v = 1)
Ky, = sin(B-90°) = sin (0,89 - 90°) = 0,985;
271t nATOM rapMOHUKH (v = 5)
kys = sin (5 - 0,89 - 90°) = 0,649;
s cenbMoit rapmonnkn (v = 7)
ky; = sin(7-0,89 - 90°) = —0,353.

6. Koadppuumentst pacripenenerusi ast 1, 5 n 7-# rapMOHUK 1IpH ¢y =
= 3 (cm.c. 38)

7. O6MoTouHbIe KO(hDULHEHTHI
ko = 0,985- 0,960 = 0,946;
kog; = 0,649 - 0,217 = 0,140;
kosz = —0,353 - (—0,178) = 0,062.
8. 9]J1C daspr 0CHOBHOI FapMOHHKH
Eyyy = 4,448 fiw ko = 4,44-0,015 - 50 - 480,946 = 151 B.

Takum 06pasoM, yKopou€eHHe 1iiara 0GMOTKH Ha OZMH a3 IPHUBEJIO K
ymeHbieHnio IJ[C 0CHOBHOII rapMOHHMKH BCETO JIMIIb Ha:
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(% = E¢1y)100 (153 -151)100
E,, 153
Ipuatom 3/IC 5-ii rapMonmKm ymenbumTes Ha 35 %, a cestbMotii rap-
MOHMKM — Ha 65 %.

9. JInneitnast 3]1C npu coenuHeHMn 06MOTOK <«TPEYTONLHUKOM» OC-
TaHeTcsi paBHoit dasnoit J[C Egy1 = 151 B, a npu coennnennn «3pe3-
Noii», oHa OyneT paBHa

E,=1,73-151 = 261 B.

~1,3%.

3apnava 2.3. Paccuutath NapaMeTphbl M HAYePTUTD Pa3BEPHY TYIO CXe-
My TpexdasHoit [ByXca0iHOI neTneBoit 06MOTKH CTATOpa 110 TaHHBIM,
npuBeieHHBIM B Tabn. 2.2. CoenpHeHpe KaTYllIeYHBIX TPYNIl NOCHeN0-
BaTesIbHOE (YHCIIO NApaienbHbIX BeTBell ¢ — 1).

Tabnuua 2.2

Bapuanrst
112 |13)4[5](|6]7
Yucao noocos 2p 214141 4|6)| 8] 4

IapameTp

8 10
4 { 2| 4

Ykopoyenve maranasop | 2 | 2 | 1| 1 1 1)1 2] 0 110
24

Yucno nasos Z, 181 32124) 36| 36| 48 | 36

18 | 36

Penrenne Bapuanta 1.
1. Yucno nasos sa nomoc u dasy

@ = Zi/(2pmy) = 18/(2-3) = 3,

T. €. 0OMOTKA C LLeJTBIM YHCIIOM NA30B Ha NOMIOC | thazy.
2. Illar o6MOTKH € yueToM yKOpOUeHust

% =(Z/2p — 2) — 1 = (18/2) — 2 = 7 nasos.
3. I1azoBwiit yron
= 360p/Z, = 360 -1/18 = 20 an.rpax,
4. Paccrosinne Mesky Havamamn hasHbIX o6MOTOK
X\ = 120°/20 = 6 nasos.

Brimonnenne passepryToii cxems1 06MOTKH CTaTOpa HAYHUHAIOT C pas-
MeTKH JincTa Ha 18 nasos (puc. 2.3). B npenenax kaxoro nasa NIPOBO-
AST 1IBE BEPTHKANbHBIE JINHIH, N306pakalomine N1a30Bble CTOPOHbI 06-
MOTKH, — CILTOUIHYIO JINHUIO (11a30Basi CTOPOHA BEPXHETro ¢10s1) 1 nyH-
KTUPHYIO JIMHKIO (11a30Basi CTOPOHA HUKHETO ¢10s1). 3aTeM n3obpaska-
10T 1060Bbie YacTn 06MOTKH. C 3TOi 1eMbIo BepXHUIT KOHel CIUIONIHOI
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Puc. 2.3. PassepHyrasg cxema TpexdasHoit ABYXCA0HHOI 0OMOTKH craTopa:
2 =182p=2,m=3; 41, =17

JHHAH Nasa 7 COeIMHAIT C BEPXHUM KOHLIOM NYHKTUPHO INHAN 1a3a
8, T. e. 1a3a, PacIONOKEHHOTO Ha PacCTOSHMM LIara 0OGMOTKM 7, = 7 OT I1a3a
1. Ilpn aTom nonoBuHy n060Boit YacTu (oTXozsAMIEel OT nasa 7) nsobpa-
KAKOT CIJIONIHOM, a APYTYIO NONOBUHY — IIYHKTHPHOM auHusMu. Huok-
HUI KOHel NyHKTHPHOH TMHUN Na3a & COeMHSIOT ¢ HMKHIM KOHLIOM
CILTOLIHO¥ JIMHUM nasa 2. 3aTeM H300pakaloT CAEAYIONIYIO KaTYIIKY 06-
MOTKH, /17151 YETO BepPXHMIT KOHel] CILIOMHOM JIMHUK Nasa 2 noboBoit Ya-
CTBIO COEIMHAIOT C BEPXHUM KOHIIOM IYHKTHPHOM JIMHAM 11a3a 9, a HuxK-
HM#i KOHEL 3TOit IMHIK COEINHSIOT C HFKHIAM KOHI[OM CILJIONIHOMN JIMHUK
nasa 3. AHaZIOrnYyHO COEMHMB NTA30BEIE CTOPOHEI 1a3a 3 u nasa 70, 3a-
KaHYMBAIOT NOCTPOEHHE N1epPBOH KaTyLIe€YHOii Ipyniisl a3Hoi 06MOTKH
A, cocrosileii us ¢; = 3 karyuek. Hauyano nepsoit karyuieusos rpy-
nbl o6osHaynm H1A (coBnanaer ¢ Hayanom ¢aser C1), a koHer KaTy-
urevyHoi rpynmnst oboznaunm K1A.

Bceero B nannoit obMorke 18/3 = 6 kaTyuie4HbIX TpyIII, T. €. IO J(Be
KaTylleyHol rpynne! B kax/oit ¢astoit obmotke. [ToctpoeHne Bropoii
KaTylleyHOM IPyIIbl HAYMHAIOT ¢ ee KOHIA (06o3Haued K2A), kotopeiM
SABJISIETCS. HIGKHUH KOHeL| ILlyHKTHPHO# muHnu nasa 7. BepxHuii koHen
3TON TMHUK COEZIMHSIOT C BEPXHUM KOHLIOM CILIOIIHON JIMHUM nasa 72
(oTcumTHIBaEM LIAT 110 Ta3aM y; = 7 B 0OpAaTHOM NOpsifiKe). 3ateM co-
e[MHAIOT Ma3oBble CTOPOHH nas3oB 18, 171, 17 u 710. HuxHMii KoHeyy
CIJIONIHOM JIMHKK Na3a 70 sBseTcst HadaJloM BTOPOH KaTyLIeYHOI IpyTi-
el ¢asel A (o6o3naued H2A) u on xe sBnsieTcs: KoHLOM (asHoit 06-
MoTKH (aspr A (obosHauen C4).

Orctynus Ha X\ = 6 nasoB ot Hayana aspl A, ¢ Na30BOM CTOPOHBI
11a3a 7, HAaYUHAIOT YKNAAKY JABYX KaTYIIEYHBIX rpynn ¢hasHoit 06MOTKH
B (Hayano s7oii ¢asHoit 0oMoTKH 0603HaueHo C2). 3aKOHYMB IIOCTpOe-
Hie BceX KaTyuleyHBIX rpynil ¢asueix odmotok B u C, nonyyator pas-
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BEPHYTYyIO cxemy obmoTkm (Ha puc. 2.3 0603Hauens Hayato 1 KOHeIl[
BCEX KaTylIeYHBIX TPy (asHBIX 06MOTOK).

. .PW COCNMTHEHNH KaTYLIEYHBIX IPYIIIL CEMlyeT MMeTD B BUJTY: B Kax-
Ioit dasnoit 06MoTKe KoHery NePBOIf KaTyIIeYHOl IPYINBI COeHHeH ¢
KOHLIOM BTOpOIi KaTyIlle4HOl IpyIbl, Hayana Beex NEPBBIX KaTynley-
HBIX TPYIIN ABJISTIOTCSI HayanaMu asHeIx 00MOTOK, a KOHIBI BCeX BTO-
PBIX KaTyHIeYHBIX IPYNI — KOHI[AMMU 3THX dasHpIx 06MOTOK.

7151 TIPOBEPKH [IPaBUIBHOCTH BHIIOMHEHHSI CXEeMbl CJIEyeT cTpe-
KaMH yKa3aTh HallpaBJleHUs TOKOB B KaTyIlIKaX. Hanpumep, B nazoBeix
CTOpOHaX KaTymku 7 TOK HampapeH cHu3y BBepX. Korzia pacctasnm
BCe CTPEJIKH, TO YyBUIHM, YTO BCE Maspl CTaTopa pas/le/ININCh Ha \Be ya-
CTH — 0 Y1CITy mosiocos 2p = 2. Ipu aToM B maszax 8,9,177n 18 Toku B
TIa3OBBIX CTOPOHaX HANpaBJeHB! BCTpeYHo. 1o HECOOTBETCTBHE BHI3-
BaHO ykopouenueM wuiara o6Morok. Ecan 6p1 mar Gpin NOJIHBIM (11a-
METPAbHBIM), TO TOKH BO BCEX N1a3aX MMeJH OMHAKOBOE Harpaese-
Hue. OGBIYHO YHCI0 11a30B co BCTPEYHBIM HallpaBIeHNEM TOKOB B I1a30-
BBIX CTOPOHAaX KaXXIOi NMOJIOCHOI 30HEI PaBHO YKOPOYEHHIO Liara o6-
MoTKM. B nannom cayuae sto uyncio paBHO nByM. JIpyrum crnioco6om
HPOBEPKH NIPAaBUILHOCTH BHIIOMHEHHS OOMOTKH SIBJISieTCS] O[INHAKOBOE
YA2JIeHyie IpYT OT Aipyra Hayas (hasHbIX 06MOTOK H YlaneHne ux KoH-
1oB. B namnoit cxeme 310 yanenue cocTaBnisieT \ = 6 ma3os.

3anava 2.4. Wcnonesys nannpe TabJLB! 1 pe3ynbTaTh pacuera 3a-

Jaqyp 23 OTIPELENNTD BEJIMYMHY OCHOBHOTO MarHUTHOTO [I0TOKA &P ecnm
= 7

JmHenHoe sHadenne JJIC ocHoBHOl rapmonmKy 06MOTKH, coenpHen-

HO¥1 B «3Be3/1y», paBHo E,, yacToTa Toka f5
m 50 I'ry, yrtco BUTKOB B KaTyI-
Ke w, (Tabn. 2.3). ' o

Tabnuna 2.3

Bapuanre
1 2 3 4 5 6 7 8 9 10

E,B 220 | 660 | 380 | 660 | 220 | 380 660 | 220 | 380 | 660

[Tapamerp

Y |2 4|3 4af2]|3]4a1]2] 4

Pemenne sapuanra 1,
1. 3/1C ¢asnoit 06MoTKH

Ey, = E,/1,73 = 220/1,73 = 127 B.
2. Ywneno BUTKOB B ¢hasHoii 00MOTKe, CoeTMHEeHHBIX TIOCIe/lOBaTENbHO,
W = Zyw, [my = 18-2/3 = 12 BuTKOB.
3. OTHOCHTENbHBIH LIar 06MOTKH 110 rrasan

B= Y/ 91 =T/9 = 0,78 ~ 4/5.
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4. KoachdunmeHT ykopodeHus st OCHOBHOIT rapMOHHKH, IIPHBe/IeH-
HBIi Ha c. 37, k,; = 0,951.

5. Ipu ¢ ——ky 3 koahuumenT pacnpenenenus k,; = 0,960. Cnenosa-
TeJIbHO, 00MOTOYHBIH KoadduIIeHT

ke = 0,951 0,960 = 0,913.
6. OCHOBHOI MarHMTHBII MOTOK
® = E, /(4,44 ko) = 127/(4,44-50 - 12-0,913) = 0,052 B6.

3apaua 2.5. [To gaHHBIM, IpuBeIeHHBIM B TaO. 2.4, paccumTarTh Ia-
paMeTpHl M BHITIONIHATD PasBEPHY TYIO CXEMY 'rpexc})aar‘ijon OI[HOCJIOHHOI/j
0OMOTKH CTaTopa € pacioyioskeHneM JI0OOBBIX YacTeil B JABYX ILJIOCKO
ctsix. KaTyuieynsie rpynnsl cCOeZIMHNTD NOCTENOBATEIBHO.

Tabnuna 2.4
Bapuautnt
Mapavetp T3 T3] 4 | 5] 6] 7] 8] 9 ] 10
Z 24 36 54 36 18 12 24 60 48 48
2p 4 6 6 4 2 2 2 4 4 8

Peunrenume Bapuanra 1.
1. Yucno nas3os Ha nomioc U ¢asy

q = Z/(2pm;) = 24/(4-3) = 2nasa.

! J \L J\ - < <
i

C4 C5
;rCln’Cﬁ;rCZ JFC3 i !

Puc. 2.4. PazsepHyTas cxema Tpex$hasHoit oaHOCH0IHOIT 1BYXILTOCKOCTHOI 06-
MOTKM: 2p = 4; Zy = 24;my = 3, 9, = 6
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2. lllar o6MoTKY 110 mazam (cpennee 3nauenme)

Yip =T = 21/219 = 24/4 = 6 11a30B.
3. I1azoBwiit yron

N = 360p/Z, = 360 -2/24 = 30°.
4. Paccrostue Mexty Hauanamu dastuix o6motok
120/30 = 4 naza.

PasBepHyTast cxema 06MoTK] HpeJICTaBJIeHa Ha puc. 2.4.

B kaxzoit karyureynoi TPYIIIE IBE KaTYIIKH PACIONOXKeHbl KOHILIEH-
TPHUYECKH.

Ilaru aTHX KaTyulex otmyaoTes ot CPelHero 1Llara Ha OfMH 1ias;
A «Y3KOH» KaTymku 4y =6 — 1 = 5 1a30B, 115 «UINPOKOit» KaTy1-
KM y; = 6 + 1 = 7 nasos. Konmuectso <IIMPOKHX» M «Y3KNX» KaTyLIeK
B Kax10ii hasHoit 06MOTKe HOIKHO OBITE OJIMHAKOBEIM, 4TO 0becrieyn-
Ba€T MM OJINHAKOBbIE SNEKTPHYECKUE CONPOTHUBIIEHMSL.

O6uiee yuco KaTylleYHBIX IPYNn paBHo 6, T.e. B 1,5 pasa Gonbure
4HCIIA NOMCOB.



Fnhaea 3
ACUHXPOHHBLIE OBUIATENU

3.1. OCHOBHBIE MNMOHATKA

OTnNYNTENBHBIM TIIPH3HAKOM aCHHXPOHHOTO IBUTATEISA ABJAETCA OT-
CTaBaHHUE POTOpa OT BpalllaloerocAa MarHMTHOrO IOJIisA, XapaKTepuaye-
MOTO BEJIMYMHON CKOJIbKeHHS

5= (nl = n’.?)/ ny,
OTKY/Za 4acTOoTa BpallleHUs poTopa aCHHXPOHHOTO JIBUTaTeINs
ny =m(l — s).
MarHHTHOe 110J1e CO3/TaeTCs B ACHHXPOHHOM JIBUTAaTEJN€ MArHUTOABH-

JKyleil cHumoi, BeMMYKMHa KOTOPOH olpefiensieTcss CyMMOi MarHUTHBIX
Hanpsi>keHHi BceX y4acTKOB MarHUTHOM [1eNU IBUTATEIIS:

ZI'.'= QFE + 2F21 + QFZQ + F(’l + FCZ‘
HamarumymBarommii Tok 06MOTKH cTaTopa
| = PXF
= .
Y09mauk
ACHHXPOHHBIIT JIBUTaTeNb AHANIOTNY€eH TpaHcgopMaTopy, Y KOTOpo-
ro BropnyHasi o6moTka (00MoTKa poTtopa) Bpatnaercsi. [Ipu aToM Bpa-
H[AKOLIMNACA MArHUTHEIN NIOTOK CIENJISIETCA He TONBKO ¢ 00OMOTKOM cTa-
Topa, rae nHayuupyet JJ1C E,, Ho ¥ ¢ 06MOTKO#! Bpallaloerocst poTo-
pa, rie unaynupyet JJ1C
Ey, = 4,449 fisunkosy = Eys,

rie E, — 9/1C, HaBeileHHasI B HENO/IBHIKHOM POTOPE; Wy — YUCIIO BUT-
KOB B 00MOTKe poTOpa, Jiisi KOPOTKO3aMKHYTOro poropa w, = 0,5, a

00MOTOYHBIH KODDHIHEHT kg, = 1.
ACHHXPOHHOMY JIBUTaTEJIIO COOTBETCTBYET IJIEKTPHYECKast CXeMa 3a-

memeHust (puc. 3.1) u cucrema ypasHenuit 3/[C n TokoB
L}l = (‘“El) + j‘fﬁ +- jl’i5
Ey = jlgy + ) + B~ 5) [ 5; 1, =1, +(=I).

B aTux ypaBHeHusX, aHanormyso tpancgopmaTopaM, napamMeTphl
06MOTKH pOTOpa NPUBENEHB! K 0OMOTKE CTaTOpA.
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an amn azh arh

Puc. 3.1. CxeMer 3amerenus ACHHXPOHHOI'O [{BUTATEIIS:
a — T-obpasuas; 6 — I-o6pasuas

OCHOBHBIM ypaBHEHHAM aCHHXPOHHOTO JBUraTeIs COOTBETCTBYET
BEKTOpHas1 narpamma (puc. 3.2).

lIpuBenentoe sHayenme ToKa B 06MOTKe POTOpa aCUHXPOHHOTO JIBH-
raTesist ONPENEeNISIeTCA BHIPaKeHeM

= 4

Pl 1

' "2

V(e 2] +( + <)
TAC 7 — aKTHBHOE CONPOTUBIIEHNE OOMOTKI CTATOPa; 15 — NPUBE/EH-
HOE 3HaueHne akKTHBHOTO CONPOTHBIEHHS POTOPa; 2 — MHIYKTUBHOE
CONPOTHBIIEHNE OOMOTKH CTaTOpa;
3 — IPNBEICHHOE 3HAYEHHIE MHITYK-

TUBHOTO CONPOTHBJIEHUsI POTOPA.
MouHocTs, notpebansiemMas 1Bu-
ratesieM B HOMHHAJIBHOM pekHMe,
P oM = Prom / Thom-

Tox, norpebasiemplii iBHraTenEM
3 CETU NP1 HOMMHAJILHO# Harpy3Ke,

Ilnom == Plno:ua/(:3 Ul Cos "Pl)-

CymmapHble notepn B iBurate-
J1e NP1 HOMUHAJIbHOH Harpyske

ZP = Plnom - PHOM'

Iotepu Ha Harpes 06MOTOK BH-
ratelisi B HOMHHATILHOM peskiMe

Pa T P:-al + Pa:Z — 3I%||0fo-

Jlo6aBounEke notepu npu HOMY-
HanbHOM Harpyske

Py = 0,005 Py,

Puc. 3.2. BektopHas anarpamMma acHH-
XPOHHOTO IBUTaTeN s
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IToctosiHHBIE TIOTEPH
Pnon:ZP_Pa__Pnoﬁ'

KIIJ] nBuraTens onpefensieTcsi Kak OTHOIIEHHE N0JIe3HOM MOIIHOC-
™ P, K ioTpednsiemoit Py

T]ZPQ/P].:].—Z.P/PI.

[Tonesnsrit MOMeHT (MOMEHT Ha Bamy) JBHraTesnsi IIpy1 HOMHUHAJb-
HOIT Harpy3Ke

M?HDM it 9:55P HDM/ Mhiom-
INeKTPOMarHUTHHII MOMEHT aCHHXPOHHOTO JIBUTaTeNs
2 1
mUrp
2 2
i’ !
(5 +7fs) +(z +21)

MakcuManbHOe 3HayeHHe MOMEHTa

M=

2wfis

m1U12 p

Mo, = .
+n + 712“"(":1 +9:£)

4rwf]

CooTBeTcTBYyIOIIEE ITOMY MOMEHTY KPUTHYECKOE CKOJIbKeHUe (YIIpo-
LIIeHHOE BBIpakeHHe)

— !
S = ET5/(2 + ).
IlyckoBoii MOMEHT ACHHXPOHHOI'O JIBUTATETIS
2 1
M. — mUsr,p
n— 9 2 N2l
T4 ("i +n +("""1 +12)

I'padruecku BHpakeHHASI 3aBUCHMOCTb 3JIEKTPOMArHUTHOTO MOMEH-
Ta OT CKOJILXKEHHS Ha3bIBAETCS MEXAHUUECKOU XAPAKMEPUCTIUKOU AaCHH-
xpoHHoro aBuratens (puc. 3.3).

YupouenHast opMyaa Juist pacyera 37€KTPOMarHUTHOrO MOMeHTa

acuuxponHoro asuratesst (dopmyna Knocca) moxer 66T HCHONB30-
BaHa 7151 TOCTPOEHMST MeXaHHYeCcKOil XapaKTepUCTHKHI

My
s/skp+sxp/s'

IIpu aTOM KpUTHYECKOE CKONBXKEHIE OIpeNesiioT 1o hopmyne

Sip = Stiom ()\M + )‘31 _1)7
rie Ny = M./ Myon — NEPETPY30YHAs CIIOCOOHOCTD ABUraTENIs.
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Puc. 3.3. Mexannyeckas xapakrepuctuka  Puc. 3.4. BisiHue HallpsokeHys
ACMHXPOHHOTO JBMIaTeIsi U, Ha MexaHHYecKIe XapaKTepu-
CTMKH ACHHXPOHHOTO IBUrates

IIpu pacuere MeXaHHYECKOI XapaKTEPHUCTHKHM CIe[yeT UMETD B BUTY,
4TO IIPH 3HAYEHUSX CKONbXKEHHUs], MPEBHILIAIONINX KPUTHYECKOE, TOY-
HOCTb PacyeToB Pe3KO CHHKaeTcst. ITo 0ObSICHAETCsl H3MEHEHHEM T1a-
paMeTpoB CXeMBl 3aMellEHNs] ACMHXPOHHOTO ABHTaTesl, BHI3BAHHOTO
MarHUTHBIM HachIUIeHHEM 3yOIOB CTaTopa W POTOPa, ¥ YBEJINYEeHUEM
YacTOTHI TOKAa B 0OMOTKe poTopa.

Dopma MeXaHNYeCKNX XapaKTEPHUCTUK aCMHXPOHHOTO JIBUraTeNs B
3HAUYNUTENbHOI! CTEIIeHN 3aBUCHT OT BEJTNYWH TIOJBE/IEHHOrO K 0OMOTKe
craropa HanpspbkeHus U; (puc. 3.4) i akTUBHOTO CONPOTHBIIEHHS 00-
MOTKH potopa r% (puc. 3.5).

[IpuBonMMBIe B KaTaloraXx Ha aCHHXPOHHBIE [IBUTATENN JaHHBIE
OOBIYHO He COJlepKaT CBEJIEHMH O MapaMeTpax CXeMbl 3aMeIleHNs, YTO
3aTpy/HseT npuMeHenue hopMmy I pacyeTa 3J1eKTPOMarHuTHOrO MO-
MeHTa. [ToaTomy zuist pacyeTa aneKTpoOMar HNTHOrO MOMEHTA YacTo MpH-
MeHsIoT (opMyny

M = 9,55m I5%r, [ (n, 5).

M 51 rhn rhm Thv
_____ Do === = = g = = == = 0 = = = = = O
Mn]]'L/’ ™
o VTV
E { 1 Moy
5 M

0 St Su S Siv

Puc. 3.5. Bnysinue conpoTusiieHus r Ha MeEXaHHYECKHe XapaKTePUCTHKH acHH-
XPOHHOTO ABHUTATEJIS
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IKCIUTyaTallMOHHbIE CBOICTBA ACHHXPOHHOTO /IBUTaTesst OIPe/ersi-
I0TCs1 ero pabouMMN XapaKTEPHCTHKAMU: 3aBHCHMOCTBIO YaCTOTHI Bpa-
UIEHNS 1y, MOMEHTOM Ha Basty M,, KI1/I u koadppuupentom MouHocTH
COS(p; OT MOJIE3HON Harpy3Ku ABHratess P,.

[Tpu pacuere mapameTpoB A/isi OpesieNens: paboYNX XapaKTepu-
CTHK aCHHXPOHHEIX [IBUTaTelieil ncnonb3ayoT mbo rpaduueckuii Mmetor,
B OCHOB€ KOTOPOTO JIEXKUT NOCTPOEHKE KPYTOBOM iarpamMmsl, JT16o aHa-
JTUTHYECKH METOI.

OcHoBaHMeM /17151 BBINOJTHEHHsI I0OOTO M3 METOOB pacyera pabo-
YMX XapaKTEPUCTUK CIYXKAT Pe3YJIbTATH ONBITOB XOMOCTOTO X0/ M KO-
POTKOTO 3aMblKaHusi. Ecnn ske BUraTesnb NPOEKTUPYETCS, TO ITH HaH-
HBI€ MTOJTYYaIOT B MPOLIECCE €r0 pacyeTa.

Ipu pacuete conpoTnBIEHit PE3UCTOPOB 706, IPUMEHSIEMBIX B 1€~
1AX cTaTopa Wi (asHOro poTopa JUlsi OrpaHHYEHHs! IyCKOBOIO TOKA
WK PEryNMpOBaHms YaCTOThl BPAILEHUS, UCTIONB3YIOT NPUHITUIL JLTIst
AIAHHOTO KOHKPETHOTO aCHHXPOHHOTO JIBUTATEIs CKONIBKEHNE § IIPOIOp-
NMOHAJILHO AaKTHBHOMY COINIPOTHBJIEHUIO LIENH POTOpAa 3TOrO JBHUTATe-
Jisl. B COOTBETCTBMY C 3TUM CIPAaBEJINBO PABEHCTBO

(T2 + Tnoﬁ)/ 8§ = 1"2/ Shomr

[N€ 7, — aKTHBHOE CONPOTHBIEHNE COOCTBEHHO OOMOTKM pOTOpa NpH
paboueii TeMIepaType; s — CKOJIbKeHHe NPH BBEIEHHOM B [1eNhb poTopa
PE3UCTOPA CONIPOTHBIIEHHEM Tye6.

13 atoro Beipaxenus nomyunM GopMysy Ans pacdeTa aKTUBHOTO
COIPOTUENEHHsI TOOABOYHOTO PE3UCTOPA 705, HEOOXOMMMOTO 7SI TIO-
Jly4eHHs 3aJlaHHOrO NOBBILIEHHOTO CKOJIbKEHHSI § [IPH 3aflaHHO (HO-
MHHa/IbHOIT) Harpyske:

Tao6 = T2(8/ Spom — 1)-

CymecTByer 1iBa MeTOZla pacyeTa IIyCKOBBIX PEOCTATOB: rpadrde-
CKHIi 1 aHATNTHYECKHIL.

Ipaguueckuii memod 6onee Touer, HO TpeGyeT NOCTPOEHNS ecTecT-
BEHHOI MEXaHUYeCKO¥ XapaKTePUCTHKH H ILyCKOBOM INATPAMMEI JIBHTATe-
7151, 4TO CBSI3AHO C BhINO/IHeHHeM Gombutoro oGpema rpadpuyeckmx paGor.

Ananrumuveckuii Memoo pacyeTa IyCKOBBIX peoctatos Golee 1pocT,
HO MeHee ToYeH. TO 00yCAOBNEHO TEM, YTO B OCHOBE METOMA JIEKHUT
JonynieHne o NpAMoKMHeitHoCTH paboYyero yyacTka ecTecTBEHHOI Me-
XaHI4eCKOI XapaKTeprCTHKN aCHHXPOHHOTO Juratesnst. Ho npu ckomb-
KeHMH ONIM3KOM K KPUTHYECKOMY 3TO JIOTIyI[EHHe BLISBIBAET 3aMeTHYIO
omnbKy, KOTOpasi TeM 3HaYNTENbHee, YeM OTike HauaabHbIH MYCKOBOH
MOMeHT M) K MaKCHMalbHOMY MOMEHTY M,,.. [loatomy ananntiye-
CKHMii METOJ pacyeTa IPHUMEHIM JIHIIB IPU 3HAYEHMSIX HAYATBHOTO ITYCKO-
Boro MoMeHTa M; < 0,7 M,

max-*

ConpotnBienns pesucTopoB Ha CTYIEHsIX yCKOBOTO PeOCTaTa:
TPeTbeil 7063 = (N, — 1);
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BTOPO 1060 = Tesshi
l'lepBOﬁ Tho61 = TMZ)\M)

TA€ 1, — aKTUBHOE CONPOTHBIICHNE (ha3HOl 0GMOTKM POTOPa ACHHXPOH-
HOTO JIBUTATEs],

H= [Ezsmm /(J:i}zm)],

tRe B v Iy, — NaHHBIE KaTanora Ha BEIGPaHHbI THIIOPa3Mep JIBUTa-
TeJNsL.

Conpotusnenns myckoBoro peoctara Ha ero CTYIEHsIX:
1epBoil  Rypy = 16 + Thoge + T7063;
BTOPO¥  Rpipy = 13060 + Tygs;
TPeTbel Ryps = 165

Ilnst orpaHNYEHNS 1yCKOBOTO TOKA aCMHXPOHHBIX JBUraTesneil ¢ xo-
POMKO3AMKHYMbLM POMOPOM NIPUMEHSIIOT CIIEIMATBHBIE CXEMBI MX BKJTIO-
HEHIs] C I7IEMEHTaMH, Of paHUYMBAIOILMMHY 11YCKOBOH TOK. Bee 311 MeTo-
ABbl OCHOBaHBI HA CHHKEHHH MOABOAMMOIO K 0OMOTKe CTaTOpa HaTpsKe-
Husi. HanGonbiiee npumenenne nomysmmm cxeMe! ¢ BKITIOYCHEM B -
HeifHbIe IIPOBOJIA CTATOPA PE3MCTOPOB M Apocceneii (cm. puc. 3.14, 6).
Pacyet Tpe6yemoro conpoTupienns aTix 3seMeHTOB TPH 3aJlaHHOM CHU-
’KEHHMHU ITyCKOBOTO TOKA &; OTHOCUTENBHO €TI0 eCTeCTBEHHOTO 3HAYEHMS
BeJIETCS 110 popMynam:

/U151 PE3UCTOPOB C aKTMBHBIM CONPOTHBJIEHHEM

R, = (Z,c/oc'.)2 -z -,

# = 1’(Zx/a‘.)2 -1 —g,.

Honuoe conporupnenne xgeurarens B PEkXNMe KOPOTKOrO 3aMBIKa-
HUs Z,, OM,

Anst ipocceieit

Z.= U/,

SJIECb & U 7y — MHOYKTUBHAA U aKTUBHAaY COCTaBIsAIOL[HE 3TOrO Co-

NPOTHUBJIEHNSI
= ZKCOS(\OK; Ty = \)ZQK = TE-

YMeHbllIeHHe UCKYCCTBEHHOTO IIyCKOBOT'O MOMEHTa IIP¥ BKJIKOYeHUN
R wmu L cocraBut

M:; = o, M,,
rne

Q, =«
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Tabnuua 3.2

Tabnuna 3.1

INEKTPHYECKUC MAUTHHBI Bricota ocu Bpauienus b, M K,
IMocTosivtoro Toka obitenpomeiLyen- 80—200 1,22
HOT'0 HasHaYeH!s 225—500 1,38
AcHMHXpOHHBlE 0BIIENPOMBIILIEHHOTO 50—132 1,22
HasHaYeHNsA 160—355 1,38
CrneuuanbHOTO HASHAYEIHS, ¢ TsKe- o 138
JIBIMH YCTIOBHMSAMH 3KCIIYATALIMH

Taxum 06pasom, eciiu 3a1aHO 3HAYEHHE v, ONPEENSIONIEE BTN
HY MCKYCCTBEHHOIO IyCKOBOro MoMeHTa MY, TO 1UIsi pacyeTa coOTBeT-
CTBYIOIIMX 3HaYeHNi R, NN 2; MOXHO BOCIIOJIB30BATHCS IPUBE/IEHHBI-
My Bblle pOpMyIamMu, NOJICTABUB B HUX BMECTO G BETMUMHY O,

INEKTPUYECKOE CONIPOTHBIIEHHE 0OMOTOK IBUTaTeNEil, PHBEIeHHBIX
B KaTasorax, 00bI4HO cooTBeTcTBYIOT Temitepatype +20 °C. Ho npu pac-
YeTax XapaKTepHCTHK H IIapaMeTpoB IBUraTesieii CONpoTUBIeHns NX 00-
MOTOK HeoOXOIMMO HPUBOJINTE K paboyeit Temreparype. B coorserctBun
C IefICTBYIOIMM CTAHAAPTOM Besln4nHa paboyeil TemriepaTyphl pHHE-
MaeTcs B 3aBUCHMMOCTH OT KJacCa HarpeBOCTOMKOCTH 3MEKTPHUYECKOH
U30JIALMH, TPUMEHEHHOMH B IBUratesie: IIPH KJ1acce HarpeBOCTOMKOCTH
B pa6ouast emneparypa pasHa 75 °C, a Ipy KJaccax HarpeBOCTONKOCTH
FuH — 115 °C. Ilepecuer conporusieHnii 06MOTOK Ha pabouyio Tem-
nepatypy BBINOJHSIETCS IIyTEM YMHOKE€HUsI COIPOTHBIIEHHS OOMOTKH
npu Temrieparype 20 °C, Ha koadpunmenT Harpesa K:

= K,

3Havenst 3Toro KoappUUMEHTa NPUHUMAIOT B 3aBICHMOCTH OT
HazHayeHWsi ABUratenedl n ux rabapuToB (BHICOTH OCH BpallleH¥s)
(rabm. 3.1).

3.2. 3A0AYHMN
CxonbxeHue, A[IC U TOKU aCUHXPOHHBLIX ABUraTenei

3anava 3.1. B Tabn. 3.2 npuBeieHH JaHHBIE CIEYIONHMX [TAPAMET-
POB Tpex(ha3HOTO aACHHXPOHHOTO JIBUTATeNs ¢ KOPOTKO3AMKHYTEIM PO-
TOPOM: OCHOBHO{ MArHUTHBII NOTOK @, YKCII0 IIOCIEN0BATENHHO COEMIU-
HEHHBIX BUTKOB w; B 0GMOTKE CTaTOpa, HOMHUHANBHOE CKOMBKEHHE Sy,
I/IC, nunynupyemast B 06MOTKe pOTOpa IPH €10 HENOABIKHOM COCTO-
siHuH Es, n 3]1C poTopa IpH ero BpaleHni ¢ HOMIHAIBHBIM CKOJIBKe-
HueM E,, yactota atoit IJ[C f, ipy 4acToTe BpauleH s POTOPA 7y, Ya-
CTOTa TOKa B nnTaouleii cetn 50 I'u. Tpebyercs onpenennTh 3HauYeHus
NapaMerpoB, He yKasaHHBIe B TaOJIHIE B KOKIOM U3 BAPHAHTOB.
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) — Bapuantst

1 2 3 4 5 6 7 8 9 10
P, B6 0,028 0,032/ 0,048 — {0,025 — | — [0,028/0,028 —
11, BATKOB 18| — | 24| 16| — | 24| 18] — | 36 | 18
ka 0,95 ) 096|096 |098)0,98|096| 095|095 0098|098
Siont 004 — (005|004 — (006| — | — | — | —
%p 4 | 6| 2| 4| —|8|4a| 8| —1|a4
Ey, B — (210 — | 98 | 110|200 — | 120| — | 100
E, B — =11 === — | —|—
E,, B — === —({— |03 — | — | —
fo Iy — | = — || —— 25|32 — |25
Thowo O0/Munt | — | 970 | — | — 2920 — | — | — | 1470]| —

PeureH une Bapnanra 1.
1. 9/1C obmoTkm cTaTopa

By, = 4,449 fiw ko = 4,44 - 0,028 -50 - 18 - 0,95 = 106 B.

2. 9]1C o6MOTKHM POTOpa NPU HOMHHATBHO YaCTOTE BPAILEHHSI

By, = 4,449f; 5,0y wokosy = 4,44-0,028-50-0,04-0,5-1 = 0,12 B.

3. 9]IC 06MOTKM HENOJBIKHOTO POTOPa

Ey = Ep,/sy0x = 0,12/0,04 = 3 B.
4. Hacrora J]1C poropa npn HOMHHAJIBHOM CKOMBKEHH I
b= fisuow = 50-0,04 = 2 ',
5. HacToTa BpauieHust poTopa HOMUHATbHAS
Mo = (1 — 8y0y) = 1500(1 — 0,04) = 1440 06/muH,

r7ie CMHXpOHHas YacToTa BpallleHus Ipy YactoTe Toka 50 ' u 2p = 4,
n; = 1500 06/muH.

3anauva 3.2. TpexdasHblit acMHXpOHHBIT [BHTaTENDb C HA3HBIM PO-
TOPOM HMEET JIaHHbIE, IPUBeJleHHbIe B Tab. 3.3: MakcuManbHOe 3Haye-
HHe MarHUTHOM MHAYKIIMH B BO3AYLIHOM 3a30pe By, AMaMeTp PACTOYKH
cratopa D, inuHa cep/ieyHnka ctatopa [, pastast 0,8D;, 4ucio 1momnio-
COB B 0OMOTKaX CTaTopa ¥ poTopa 2p, YNCJIO NOCAEI0BATENHHO COEMH-
HEHHBIX BUTKOB B (hasHbIX 0OMOTKaX CTATOpa w, M pOTOPa W, 0OMOTOY-
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Tabnuna 3.3

lapaiery =T T3 T 2 }:apuaw:sﬂ 7 ] 8 9 10
B, Tn 15 | 1,35] 1,50 140 | 145 | 1,50 | 1,38 | 1,45 | 1,50 1,38
D, mv 180 | 160 | 228 | 235 | 160 | 300 | 280 | 320 | 360 | 200
b MM 141 | 130 | 180 | 190 | 130 | 250 | 250 | 270 | 300 | 250
2p 4 | 4| a|le6|a|a|le6]als]es
w. 48 | 18 | 24 | 32 | 48 | 36 | 32 | 36 | 12 | 2
w, 8 | 4|6 |10|16| 12 16]18[ s8] 12
5% 8 |12/10]| 6|5 | 12|38 |10 6] s

Hble KO3(PUIMEHTEI 7151 OCHOBHOMH rapMOHUKH cratopa k., U poTopa
Fo62 MPUHATD PaBHEIMK kg = Kisp = 0,93. Tpebyercst onpenennts as-
Hete sHauenust /1 C B obmoTke craTopa E, n B o6MOTKe (hasHoro potopa
TIIPX HETIOZIBMXKHOM €r0 COCTOSIHUM E, 1 BpalalomeMcsi CO CKOJIbKeH |-
€M s, YaCTOTy TOKa B HENO/BMXHOM M BpamiaiouieMmcs potope. Yactora
TOKa B nutawmeii cetu f; = 50 I'n.

PemeHnwne Bapnanta 1.

1. omocHoe nenenne

T =D /2p = 3,14-180/4 = 141 mMm.
2. OCHOBHO}t MarHUTHBIIT NOTOK
¢ = (2/7)Bglym = (2/7)1,5-0,8-180-1072- 141 - 103 = 0,019 B6.
3. 3]IC dasnoit obmoTKH cTaTopa
E, = 4,44fi®w ke = 4,44-50-0,019 - 48 - 0,93 = 188 B.
4. 9]1C B 06MOTKe HENOABIKHOTO pOTOpa
By = 4,44f,Qwokys = 4,44-50-0,019 - 8- 0,93 = 31 B.
5. IJ1C Bo BpamaloIEeMcst poTOpe NpH CKOJIbkeHMH 8 %
E), = Eys = 31-0,08 = 2,5B.

6. HacTora ToKa B HETIOABHMKHOM pOTOpE f, = fi = 50 I'u. Yacrora
TOKa BO BpanlaiouleMcsi POTOpe IpH CKoJbxkeHnn 8 %

= fis=50-0,08 =4I

3dapava 3.3. TpexdasHbiii acHHXpoHHEI ABHraTeND C KOPOTKO3aMK-
HYTBIM POTOPOM CepuM 4A MMeeT TeXHUYECKHe JaHHbIE, TIPHBEIEHHbIE
B Tabn. 3.4. OnpenennTdb BHICOTY OCH BpalieHH s h, uncno nomocos 2p,
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Tabnuua 3.4
Tonpowrarens | (o | B | T | o, | 5B | |l 0
4A100S2¥3 40 | 2880 | 86,5 | 0,89 [ 7,5] 2,0 | 2,5 | 220/380
4A160S2V3 150 | 2940 | 880 | 091 | 70| 1,4 | 2,2 | 220/380
4A200M2¥3 37,0 2945 | 90,0 | 0,89 | 75| 14| 2,5 | 380/660
4A112M4Y3 5,5 | 1445 | 855 | 0,85 | 7,0 | 2,0 | 2,2 | 220/380
4A132M4V3 11,0 ( 1460 | 87,5 | 087 | 7,5 | 2,2 | 3,0 | 220/380
4A180M4Y3 30,0 | 1470 | 91,0 | 0,89 | 65| 1,4 | 2,3 | 380/660
4A200M6Y3 220 | 975 | 90,0 | 090 | 6,5 1,3| 2,4 | 220/380
AA280M6Y3 90,0 985 | 925|089 |55( 14 2,2 | 380/660
4A315M8BY3 110 | 740 [ 930|085 |65 1,2 2,3 | 380/660
4A355M10Y3 110 | 590 [ 930|083 |60(1,0]| 1,8 380/660

CKOJIbKeHHe IIPU HOMMHAJIBLHOM Harpy3Ke S, MOMEHT Ha Bany M.,
HaYyaNbHBI yCKOBOH M, 1 MAKCHUMaJIbHBIH M, MOMEHTHI, HoTpebnis-
eMYI0 IBUraTeJieM U3 CeTH aKTHBHYIO MOLHOCTD Py ., CYMMapHBI€E [10-
TEpU NMPN HOMUHANBHO# Harpyske ) P, HOMMHAJIBHBII U ITyCKOBOI TOKH
Fyon 1 I, B IUTAIONIEH CETH NPU COEMHEHUH 0OMOTOK CTATOpPA «3BeE3-
NOii» U «TPEYrOJbHHKOMS.

Pemenne Bapuanra c geurareneM 4A100S2V3.

1. B 0603HaYeHUHN THIIOpa3Mepa ABUraTesns udpsI, cTosiue noc-
nie 0603HauYeHHst cepuu 4 A, yKasbIBalOT Ha BHICOTY OCH BpallleHH, T. €.

= 100 MMm.

2. Cnenytouias nanee nugpa yKasbiBaeT Ha YUCIIO TIOMIOCOB, T. €. 2p =
= 2; Ipy YacToTe nepeMeHHoro toka 50 I'u aToMy Yncny NOMOCOB COOT-
BETCTBYET CHHXPOHHas YacToTa BpalleHus n; = 3000 06/MMH.

3. CxonbxeHue Npy HOMUHATBLHOMH Harpyske onpejensieTcsa HoMu-
HaNbHOMH YaCTOTOH BpalleHHs pOTOpa ABHTaTesNst

Suom = (nl = nﬂnun)/nl == (3000 i 2880)/3000 = 0’04 i 4 %'

4. MoMeHT Ha Bany aBurarensi (TM0ne3HbIi MOMEHT JIBUTaTesIsl) Npu
HOMMHANBHOI Harpyske, T.e. MPY HOMMHAJIBHOI YacToTe BpalleHHs
2820 06/MuH

My = 9,55P,00/ Ny = 9,55 - 4000/2880 = 13,26 H - m.
5. HayanbHb1ii myckoBoii MOMEHT
M, = M, (M,/M,,) = 13,26-2 = 26,52 H - M.
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6. MakcuManbHbIi (KpUTHYECKHMIT) MOMEHT /IBUTATeJIs ONPENeIsIoT
IO €70 Ieperpy304yHoii crocobHOCTH

Mnax = MHDM(M]]M/MEQMJ = 13,26 e 2,5 = 33,15 H - M.
7. HomunanbHbi TOK B (hasHoit o6MoTKe cTaTopa
Lioss = Frios (110 UiMiuon COS@1y00,) = 4000/(3 - 220 - 0,865 - 0,89) = 7,9 A.

8. [lotpebasiemast ABUTaTENEM W3 CETH AKTHBHAS MONIHOCTD B PEXH-
Me HOMMHaNIbHOI Harpy3ku

Pryon = nou/"hom = 4/0:865 = 4,6 kBr.
9. CymMapHble NOTepH JABUraTessi PY HOMUHANBHO Harpy3ke
2P = Py — Pyoy = 4,6 — 4,0 = 0,6 kBr.

10. JInneiinprii Tok cTatopa:
1IPH COEIMHEHNH 0OMOTOK CTAaTOpa «3BE3M0it»

Ly =5L=T9A,
IPU COEIMHEHMU OOMOTOK CTaTOpa «TPEeyrobHUKOM»
Ioa = 1,735 = 1,73-79 = 13,5 A.

3anava 3.4. B tab1. 3.5 npuBe/ieHb! 3HAYEHHS CIIETYIONIX napamer-
POB TPeX(ha3HOTO ACMHXPOHHOTO JBHTATENS: OHOCTOPOHHHIT BO3y1II-
HBIH 3a30p Me2K/ly CTATOPOM H POTOPOM §, YMCIIO TIOMOCOB 2p, YHCIIO
11a30B Z;, MakcHMasibHOoe 3HayeHHe MarHMTHOIL HHAYKIIMW B BO3IYII-
HOM 3a30pe By, YNCIIO BUTKOB B OIHOMH KaTyuIke 0GMOTKH CTaTopa i)
(Bce Katyuiku ¢hasHol 0OMOTKH COEIMHEHH! NIOC/IENIOBATENBHO), 06MO-

Tabauna 35
apaserp i [ 23] a ng}{am;ﬂ 78] 9] 10
8, MM 06|04 |08|05[07|03|04]|0,7]05]| 086
2p 6 4 8 6 6 2 4 6 4 8
Yucro nasos Z, 24 | 24 | 48 | 36 | 60 | 18 | 36 | 48 | 32 | 54
B;, Tn 09/08|109]10|07| 08|08 10/07]| 09
Yucno BUTKOB wy, | 8 7 6 8 5 4 5 5 6 | 4
ko 0,91]0,95]0,92]094 (096 092|0,92|094| 093] 092
k. 137)11,35] 1,38| 1,401 1,35] 1,40 1,34 1,37| 1,35/ 1,38
K 1,30| 1,35| 1,36 1,38 1,34 1,37 1,35 1,36] 1,34] 1,38

TOYHBII KO3 uIeHT 0OMOTKH CTaTOpa /151 OCHOBHOM rapMOHMKH kyg),
K0a(hpuuMeHT MarHNTHOTO HackIleHns k,, kKoadduuneHT Bo3ynHOro
3a3opa k;. Heob6xoiMo orpeiennnTh BETMYNHY HAMarHMYHMBAIOIIEro TOKa
cratopa I, nipy 3aaHHOM BO3JIY1LIHOM 3a30pE€, a TAKKe OIPE/IENNTD Be-
JINYMHY 3TOTO TOKA IIPH YBENMYE€HNHN U YMEHBILIEHNH BO3/Y LIHOTO 3a30-
pa Ha 25 % OTHOCHTENBHO 33JaHHOIO; 1aTh 3aKJII0YEHNe O BIUSHAN Be-
JIMYMHBI BO3/IYIIHOTO 3a30pa Ha BeJIMYNHY HaMarHNYMBaIOI[ero TOKa;
4YeM OrpaHMYMBaeTCs IPUMeHeHNe B ACHHXPOHHBIX [BUTATENIAX CJMIII-
KOM MaJiblX BO3/[yIIIHBIX 3a30POB.

Pemenwne BapmanTta 1.

1. MarnuTHOe HamnpsixeHHe BO3AYILIHOro 3a30pa

Fy = 0,8B;dks- 10° = 0,8-0,9-0,6 - 1,3 - 10° = 562 A.

2. MJIC obmoTKi cTaTOpa Ha Napy HOMIOCOB B PeXKHMME XOJNOCTOTO
XOJia IIP¥ HOMMHAJTBHOM TIOJIBEIEHHOM HaIIPSKEHNH

Y Fyou = 2Fgk, = 2-562-1,37 = 1540 A.

3. Yncno nocneoBaTeIbHO COEIMHEHHBIX BUTKOB (ha3Hoit 06MOTKH
cTaTopa

wy = Zyw,/m; = 24-8/3 = 64 BuTKa.
4. Hamaranyusaroumii Tok ctatopa
L, = p>_Fyon/(0,9mwiky;) = 3-1540/(0,9-3-64-0,91) = 29,4 A.

5. Ilpn n3aMeHeHHn pa3aMepa BO3JYIIHOTO 3a30pa, NPH MOCTOSIHHBIX
3Ha4YeHUsAX JPYTUX NapaMeTpoOB HaMarHM4YMBAIOUNI TOK M3MeHsIeTCs
NponopruoHanbHo 3a3opy. [ToatoMmy npu yBennuernn sazopa Ha 25 %
HaCTOJNBKO e BO3pacTaeT HaMarHNYMBAIOUIMI TOK, YTO BEMET K POCTY
3NMEKTPHYECKUX NIOTEPD IBUTaTeNsl, BeIMYMHA KOTOPHIX IIPOIOPIMOHAN-
Ha KBajpaTy TOKa B obMoTkax. HaoGopor, npn ymeHbIIeHNH BO3yLI-
HOTO 3a30pa HaMarHUYMBAIOUINI TOK YMEHBLIAETCS], YTO CIIOCOOCTBYET
CHMKeHHIO NOTeph B IBUTATETE, T. €. noBhiieHuo ero KIL/I. Takum ob-
Pa30M, Ha I1IepBHIi B3IJIs1] CO3/IA€TCS BIleYaT/IeHKeE, YTO 3a30p aCMHXPOH-
HOTO JIBUraTelisi oJKeH ObiTh MEHIManbHEIM. OIIHAKO TaKkoe MHEHHUe
T OTYACTH CTIPaBeIMBO, TAK KAK C YMEHBIIIEHMEM 3a30Pa MOBbIIIA-
107TCs TpeGOBaHMst K TOUHOCTH 06pabOTKH leTaneli i KauecTBy MOIINTI-
HUKOB. U TO 1 ipyroe BefleT K MOBHIIIEHHIO CTOMMOCTH M3rOTOBJIEHHUSI
ABHraTerisi, a Iy YPe3MEPHO MAJBIX 3a30paX TEXHUYEeCKH HEBO3MOKHO
obecriednTh HamexXHyIo paboTy ABUraTeasl U3-3a OMACHOCTH 3a1eBaHNs
Bpamanierocst poTopa O HeNoABIXKHEIH cratop. [loatomy, B 3aBucH-
MOCTH OT Pa3MepOB JIBUTraTesisl i MPeXbSABISEMEIX K HeMy TpeboBaHuil,
NPUHUMAIOT ONTHMAJbHBII pasMep 3a30pa, NPUHSATHIH HA OCHOBaHHH
ONBITA NPOEKTHPOBAHMS W IKCILTYaTALINM aCHHXPOHHBIX JBHTATENEH.

3anaua 3.5. TpexdasHblil acHHXPOHHBII ABHTATEND ¢ (ha3HBIM po-
TopoM nMeeT aheKTHBHOE YNCIo BUTKOB B (pa3HBIX 06MOTKAX CTaTOpa
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Ta6bnuua 3.6
Hapaneny Bapuanrs

1 2 3 4 5 6 7 8 9 10
wy Kogy 18 | 24 | — | 32 | — 36 | — | 24 | — | 48
Wykygo 12 | — | 18 | — 12 | — 18 | — 16 | —
E, B il el Rl ol it Ihcnn — | = =]
E, B —_ 93 | — 105 — | 104 | — 98 | — | 110
Ey, B — | 558( 6,5 )|525{ 58 | — 40 | 58 | 46 | —
s 005 — |004| — |0,07| 005|003 — |0,05]| 004

Wikos1 M POTOPA wokygs, D]IC hasHolt o6MoTKM cratopa E; = 0,95 U,
SJ1C asHoii obMoTKM HenOABILKHOTO poTopa Fy, a Bpalllalolllerocs co
CKONbkeHneM s, paBHO E,, Micrionbaysi npuBenennsie B Tabi1. 3.6 3Have-
HUS IapaMeTpOB, ONPE/Ie]INTh HeyKa3aHHble 3HAYEHHs], €C/IM Halpsike-
HHe NuTanms Asurarens Uy = 220/380 B.

Peurenue Bapnanra 1.

1. 9J1C Paspr obMoTKM CcTaTOpa

E, = 0,950, = 0,95-220 = 209 B.
2. Koapdpuument tpancdopmarmn no JJ[C
ke = wikogr/wpkoe = 18/12 = 1,5.

3. 9/1C ¢pasroit 06MOTKH HENOABIKHOTO POTOpA

B, = E/k, = 209/1,5 = 139 B.
4. I]IC dasnoit 06MOTKM Bpalalomerocsi potopa
By, = Eys = 139-0,05 = 7B.

Motepwu u KM, anekTpomMarHUTHBLINA MOMEHT,
MeXaHW4ecKas XxapaKkTepucTmka

3anava 3.6. Tpexdasnplii aCHHXPOHHEI IBUTATEND BKIIOYEH B CETh
HanpsixkenueM 380 B, yactoroit 50 I'y, obMoTtka CTaTopa CoeINHEHA «3Be3-
noit». CTaTHYecKuii HArpy304YHbIii MOMEHT Ha Bajy sBuraresnsi M, no-
Jie3Has MOIHOCTD ABHratens Py, notpebnsieMasi U3 ceTH MOIHOCTD
Prioss KL 10, KO3DDMIIEHT MOIHOCTH cOS 1, BEIMYMHA TOKA B (has-
HOit 06MOTKe cTaTopa 1,0, YNCIIO NOIIOCOB 2p, CKOTIBXKEHUE 8,0y, Heko-
TOpbIE 13 NIEPEYMCIIEHHBIX IaPaMeTPOB yka3arsl B Tabn. 3.7. Tpebyercs
OIpe/IeTNTh 3HaYeHN Sl HEIOCTAIOIINX TTapaMeTPOB.
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Tabnuna 3.7

BapuanThi
Dpacerp 1 2 3 4 5 6
P, KBT — 12 — 15 22 =
Py you KBT — 14,6 — — 278 35
Mo 70 82 = 85 89 — 90
COSp, 0,80 0,78 0,80 — 0,78 —
Lauk - - 18 30 - 62
M,H-um 180 — 105 — 145 —_
Syowr Y0 4 3,5 — 3 — 3
2p 6 4 — 4 4 6

Pemenue Bapmanta 1.
1. HomMnuanpHas yacToTa BpanieHus

Tow = M(1 — Son) = 1000(1 — 0,04) = 960 06/MuH.
2. IlonesHast MOUHOCTH JIBUTATESI
Py = 0,105 M 1y, = 0,105 - 180 - 960 = 18 144 Br.
3. Ilotpebnsiemast IBUraTeneM MOIHOCTD
Pruos = Puos/Mwow = 18 144/0,82 = 22 126 Br.

4. IlotpebnsieMulii IBUTaTENEM TOK CTaTOpa
$youw = Pyyon/(myUicos @) = 22126/(3-220-0,8) = 41,9 A.
3anava 3.7. TpexdasHblii acHHXpOHHBIIT IBUTATENH C YHUCIOM TTOJTIO-

cOB 2p = 4 BKJIIOYEH B ceTb HanpsikeHneM 380 B, wactoroii 50 I'i npn
coeIMHEHHN OOMOTKH CTATOPA «TPeyrobHUKOM». B Tabi. 3.8 npuBese-

Ta6bnunpa 3.8
Bapuanrst
Mapavery T T3 T 715 6 78] 910
Py KBT 30 |40 | 55| 75| 11| 15 |185] 22 | 30 | 37
Moo 70 81,5 82 85 | 85| 8 | 875 88 90 | 90,5| 91
Sy %o 55 | 50| 40| 33| 3030|2725/ 23|20
cosp; 0,76 | 0,80 082|084 | 0,86 | 0,87 0,89 0,89 | 0,90 | 0,90
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HBbI IapaMeTPEI ABUraTels, COOTBETCTBYIOIME €F0 HOMHHAIBHOM Harpy3-
Ke: MOIHOCTD fiBUrarens P, K11/l 1, koadduiment MoumocTy
cost,. Ilpu narpyake P, = 0,85P,,,, KII/l apviratens umeer nan6on-
Liee 3HaYeHHe My = 1,03, Heobxonnmo onpenenuts Bee ocrann-
HbI€ BI/(BI IOTEPD IBUTATEJIs! /1S PeKHMA HOMUHAJIBHOI HArpy3KH.
Pemenue Bapuanta 1.
1. Hanbonpiuee anayenme KI1/]

Nmax = 1,08 M0y, = 1,03 - 0,81 = 0,834 %.
2. Harpyska isuratens npu atom K11/
P, = 0,85 Py = 0,85-3 = 2,55 kBr.
3. [loTpebasieMast MOIHOCTD TPH T,
Py = P/, = 2,55/0,834 = 3,06 kBr.
4. CyMMapHble oTeps mpu m,,,.
>P=P, - P,=306 — 2,55 = 0,57 kBr.
5. [locTosinuble noTepu BUraTens
Proc = Py + Pyey = 0,55P = 0,5 - 570 = 285 Br.
6. IloTpebnsieMast MOIHOCT B HOMHUHABHOM peskHMe
Pision = Pyoas/ Mo = 3,0/0,81 = 3,7 xBr.
7. CyMMapHble NOTEPH B HOMMHATHHOM Peskime
2 Puiosu = Pruoyy — Pogy = 3,7 — 3,0 = 0,7 xBr = 700 Br.
8. IlepeMeHible MOTEpH B HOMMHATBHOM PEXHME
Piep = Py + Pros =3Py — Procz = 700 — 285 = 415 Br.
9. MoMeHT B pexkHMe X0JI0CTOrO X0/
My = 9,55P,0r/ 1y = 9,55-285/1500 = 1,8 H - m.
10. HomMunanbhas yacrora Bpanienys
Toon = (1 — 86) = 1500(1 — 0,055) = 1417 06/Mun.
11. Ioneanbiit MOMeHT Ha Bay BHraTeNst [Ip¥ HOMHHAJILHOH HaTpy3Ke
My = 9,55 P00 [Tigon = 9,55 - 3000/1417 = 20,2 H - m.
12. dnexTpoMarHuTHBIE MOMeHT ITpH HOMHHAJIbHO# Harpyske
My =My + My=202+18=22H-m.
13. HomMunasbHoe 3HaYe HYe 91eKTPOMArHUTHON MOIIHOCTH
Py = 0,105 M,,,n; = 0,105 - 22 - 1500 = 3465 Br.

14. dnextpuueckue norepu B o6MoTke poropa

P,y = $yuPay = 0,055 - 3465 = 190 Br.
15. JlobaBounsle norepu
Py = 0,005Py,0,, = 0,005 - 3700 = 18 Br.
16. dnexTpuyeckme noTepy B HOMUHANLHOM pesKMMe
P, = Py, — Pys = 415 — 18 = 397 B,
17. dnextpuyeckue norepu B 06MOTKe CTaTopa
P,y = P, — P, = 397 — 190 = 207 Br.
18. I1poBepka:
2 Piow = Proer + Pyy + Py + Prog = 285 + 207 4 190 + 18 =
= 700 Bt (cm. 1. 7).

3agaua 3.8. B 1abu. 3.9 npuBeneHsl TeXHUYECKME /TaHHbIE TpeXdas-
HBIX ACHHXPOHHBIX ABUTaTeneil ¢ pasneiM poropoM cepun 4AK. Tpeby-
€TCSI ONPENIeIUTh BCE BUBI TOTEPDb NIPH HOMHHAJIBHOM HarpysKe JIBUra-
Tensa. Hanpsixenne nutanus 660 B, o6moTka craropa coeniunena <3pes-
noii»; yactora roka 50 ['1; kpaTHOCTB IyckoBoro Toka \; = 5,7; koaddu-
LHEHT MOLIHOCTH KOPOTKOIO 3aMbIKaHHs! IIPHHS T cos, = 0,5cosy,.

Tabnuya 3.9
Tun gsuratens Poow BT | My % cosyp, Suonr 70 ':;:
Cunxponnas yactora spamenns 1500 o6/Mun
4AK16084Y3 11 86,5 0,86 5 3
4AK160M4Y3 14 88,5 0,87 4 3.5
4AK180M4Y3 18 89 0,88 3.5 4
4AK200M4Y¥3 22 90 0,87 2,5 4
4AK200L4Y3 30 90,5 0,87 25 4
4AK225M4Y3 37 90 0,87 3,9 3
4AK250SA4Y3 45 91 0,88 3 3
4AK250SB4Y 3 55 90,5 0,9 3 3
4AK250M4Y3 71 90,5 0,86 2,6 3
Curxpornas yactora spaumienus 1000 o6 /v

4AK160S6Y3 75 82,5 0,77 ] 3.5
4AK160M6Y3 10 84,5 0,76 4.5 38
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Pemenne Bapuanra 4AK160M6Y3.
1. Mouocrs, notpe6asiemast {BHraTeNeM B HOMHHAIBHOM PesKHMe

Pryow = Prou/Muow = 10/0,845 = 11,8 kBr.
2. HomMunabHBI ToK mBUraTens
Do = Pruou/ (mq Uycos ;) = 11 800/(3 - 380-0,76) = 13,6 A.
3. Cymmapusle notepu
>P = Py — Py = 11,8 — 10 = 1,8 kBT.
4. IlyckoBoii TOK IBHraTe s IPH NPSIMOM BKJIIOYEHMH
Ly = Lyouhi = 13,6-5,7 = 77,9 A.
5. ConpoTHBIIeHNe KOPOTKOTO 3aMbIKAHUSA IBUTATEIS
z. = Uy/1,, = 380/77,9 = 4,88 Om.
6. AKTHBHas COCTABIISIIONIAS BTOTO CONPOTHBIEHUS
Tx = %Cosp, = 4,88-0,38 = 1,85 OMm,

rze cos, = 0,5cosp, = 0,5-0,76 = 0,38.
7. dneKkTpuyeckHe notTepu B 06MOTKAX CTaTopa ¥ poTopa B peskuMe
HOMHHAJbHOH Harpy3ku

P, = 31},0,1 = 3-13,6%- 1,85 = 1026 Br.
8. JlobaBounbie niotepu
Pyos = 0,005 - Py, = 0,005 - 11 800 = 59 Br.
9. Ilepemennbie NOTEPH B peskiMe HOMUHATBHOI Harpy3Ku
Puop = P+ Prs = 1026 + 59 = 1085 Br.
10. Tlocrostnubie notepu (MarHUTHbIE K MeXaHHUYecKHe)
Py+ Pyx=2P — P, — P, = 1800 — 1026 — 59 — 715 Br.

3aznava 3.9. Vcnonbays nannsie u Pe3ynbTaThi pellieHus: 3azauu 3.8,
onpenenuts KIT/] npuratenst npy snayenusix koadduinenta Harpysku
B=§/he = 0,25;0,50;0,7511,10u noCTpouTh Tpaduk M = f(Py/ P,,,)-
I1pu onpenenenyn anayenwni ko3 puLHeHTa MOIIHOCTH oS, crepyet
BOCTIONBb30BAThCs IpadpukoM puc. 3.6, kpoMe 3HayeHui npufB=10wu
1,1, koTophie ciefyer NpUHATE COOTBETCTBYIOIMMH HOMHMHAJILHOH Ha-
rpy3Kke u3 Tab/MLIBI TEXHUYECKHMX JAHHBIX JIBUTATEIs.

Pemenue papuanrac nsurarenem 4AK160M6Y3 (cM. Taba. 3.9).

Hocrosinneie norepu Py, = P, + Pyex = 521 Bt ot Harpysku e
SaBHCAT, 2 lepeMeHHble 0TepH Py, = P, + P, IPONOPIHMOHANBHBI B2

Huxe npusenen pacuer tpeGyembix napameTpos 1151 Koadduinen-
Ta Harpy3ku f3 = 0,5.
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1,0 -
COS (0 O
0,8 /"'" 0.8
d 06 /
0,6 e ,

04 // 04
0,2
0,2 )
B
0 02 04 06 08 1,0 0 02 04 06 08 Pf/Puou
Puc. 3.6. I'paduk cosy, = f(B) Puc. 3.7. 3aBucumocts 1) = f(Pyf Puow)

1. Tox B o6MoOTKe cTaTopa
I, = 0,500y = 0,5-13,6 = 6,8 A.
2. Koagppuument momnocts npu = 0,5 no rpaduky puc. 3.6
cosy; = 0,6.
3. lloTpebnsiemas nBUraTeseM MOIHOCTD
Py = 3UiIicosyp, = 3-380-6,8-0,6 = 4650 Br.
4. IlepeMennble notepy
Py, = 1085 - B* = 1085-0,5% = 271 Br.
5. Cymmapusie norepu nipu 3 = 0,5
2P = Pyoer + Ppep = 715 + 271 = 986 Br.
Tabauna 3.10

Tlapamerp 3HayeHNs NapaMeTpoB

§] 0,25 0,5 0,75 1,0 1,1
p? 0,0625 0,25 0,56 1,0 1,21
Per Br 715 715 715 715 715
COS1p; 04 0,6 0,74 0,76 0,76
¥P. Bi 780 986 1298 1756 1975
Lo A 34 68 10,2 13,6 15
Prep, Br 65 271 583 1041 1260
P,, Br 1506 4650 8560 11 756 12902
P,, Br 726 3631 7262 10000 10927
M 0,48 0,79 0,88 0,850 0,846
Py/P,,, 0,07 0,36 0,73 1,0 1,09




6. Iloneanas mouHocTs npu 3 = 0,5
P, = P, — 2P = 4650 — 986 = 3664 Br.
7. KI1/] nBurarens npu 3 = 0,5
n = P,/P, = 3664/4650 = 0,787 wnu 78,7 %.

8. Otnomenune mommocreit P/ P, = 3,664/10 = 0,37.
PeaynbraTer pacyera no BceMm 3HaueHMsIM K0a¢h(DHULIEHTA HAarpy3KH
npusenensl B Taba1. 3.10, ana puic. 3.7 npezicranien rpabuk = f(Py/P,oy,)-

3anaya 3.10. TpexdasHblii acHHXPOHHBIIT IBUTATEND € (hasHBIM poTO-
POM M YMCJIOM ITOMIOCOB 2p BKIIOYEH B ceTh Hanpspkenuem U, = 380 B
yacroroil fj = 50 [ npu coermuenty 06MOTOK cTaTopa «3Be3foiis. IIC
poTopa B pekMMe XOJIOCTOTO XO/a, H3MEPEHHAS HA KOHTAKTHBIX KOJb-
112X HEeMOBUXKHOTO poTopa, Fyy. O6MoTKM cTaTtopa u potopa obaanaior
COTIPOTHUBJIEHUSIMH Ty U Ty, T, M T, COOTBeTCTBeHHO (Tabn. 3.11). Tpeby-
eTcs ONpe/IeIUTD: YacTOTY BPaILeH s pOTOopa IPH HOMUHAJIBHOM Harpya-
KE Tyqy, BNIEKTPOMATHUTHBIIf MOMEHT B HOMMHAJIBHOM pekume M,,,,,, nie-
PErpy3ouHyio cnocobHOCTb M HOMHHAJIbHYIO MOIIIHOCTD ABUTATeNs P, .
Mexanuueckue norepu NpuHSTH P, = 3P,

Pemenue Bapuanra 1.

1. IlpuBenennble 3HaYeHHs CONPOTHBIIEHHUI B LIENIH poTopa

rh = nk? = 0,044 - 1,342 = 0,08 Om;
h = k2 = 0,089 -1,342 = 0,16 OM,

rie k. — xoadduiinent rpanchopmalium Mex 1y 06MOTKaMy cTaTopa 1
HelloABHKHOTO poTopa

k.= 0,95- Uy,/Ey = 0,95 - 380/270 = 1,34;
y asurareneii ¢ pasubimM potopom k, = k;

Tabauna 3.11

| — BapuanTtst
1 2 3 4 5
r, OM 0,21 0,04 0,065 0,035 0,055
7, OM 0,20 0,09 0,11 0,073 0,16
1y, OM 0,044 0,031 0,027 0,020 0,033
x, OM 0,089 0,082 0,07 0,10 0,082
Ey B 270 360 290 250 267
2p 8 10 10 10 10
B 0,04 0,03 0,035 0,03 0,035

2. llpuBesienHOE 3HaYeHWe TOKA B 1{€IIH pPOTOpa NPH HOMHHAIBHOMN
Harpyske

U

I; = L =
2
\/(iq +1, /s ,m) +(z, +:r,;)2

22
- 02 = 98A.
(0,21+0,08/0,04)% +(0,20 +0,16)°

3. Ilpw uncie nomocos 2p = 8, yactore Toka 50 [l ¥ HOMMHAIBHOM
CKOJIbXKEHHUH Sy, = 0,04 HOMWHA/IbHAS YaCTOTA BpaLleHHs

o = 750(1 — 0,04) = 720 06 /mun.
4. DnexTpOMarHUTHLIN MOMEHT IBUraTeNsl B HOMHHAJIBHOM pekumMe

Mo — mUirp =
HoM F 2 n2
27rj§s[(rl +5 /5 ,,w) '!‘[-'*"’1 +:1:2) ]
3-2202.0,08-4
. 5 51 =38 H-m.
2-3,14-50-0,04[(0,21+0,08/0,04)” +(0,20 +0,16) ]
5. MakcHMaJIbHbIi MOMEHT JBUraTens
Mmax = mlUlzp 5 =
AT h | £+ 1 + (2, +27) ]
- 2 -
i e - =1476 H-m.

4-3,14-50[0,21 +4/0,212 +(0,20 +0,16)2!

6. Ileperpysounas crioco6HOCTD BUTATES
A, = 1476/738 = 2.

7. DNeKTPOMarHNTHAs MOLIHOCTH IPY HOMUHAIBHOM Harpyske J{BHU-
rarens

P,,, = 0,105M,,,n, = 0,105 - 738 - 750 = 58 117 Br.

8. MomocTb 21eKTpyyecKiX N0Teph B 06MOTKe poTOpa IIpH HOMH-
HaJIbHOIi Harpyske

P,y = myI*r} = 3-98%.0,08 = 2304 Br.
9. Jlo6aBoytbie IoTEpH NPU HOMHUHANILHOM Harpyske
Pp6 ~ 0,005P,, = 0,005-58 117 = 290 Br.
10. Mexanuyeckue norepu
Pyex = 2P, = 2-290 = 580 Br.
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11. [lonesnass MOLIHOCTE B HOMHHAJIBHOM peKHMe JIBHraTelst
Pyoss = Pay — Pop — Prg — Puex = 58117 — 2304 — 290 — 580 =

= 54 943 Br, T.e. Py, =~ 55 kBr.

3apnaua 3.11. TpexdasHblii aCHHXPOHHBII IBUraTeNb C KOPOTKO3aM-
KHYTBHIM POTOPOM paboTaeT OT CeTH MepeMeHHOrO TOKa HalpshkeHHeM
Uy, = 380 Buactoroii f; = 50 I'u. I1lpu HoMuHanbHOi Harpyake porop
JIBUTATENS BPALIAETCS € YaCTOTOMH 7y, IEPETPY30YHAs CIOCOOHOCTD JIBH-
raresisi \,, @ KpaTHOCTB IIyCKOBOTO MoMeHTa M, / M, (Tabn. 3.12). Pac-
CYMTATD 3HAYEHMS1 NapaMeTpOB M [IOCTPOMTh MEXaHUYECKYI0 XapaKTe-
PUCTHKY IBMrateisl B OTHOCHTE/IbHBIX eiuHHIlaX M, = f(s), ecnm anek-
TPOMATHUTHAs M OLIHOCTD B pexKHMe HOMUHAJIbHOI Harpy3KH paBHa P,
OnpeneanTh, IPH KAaKOM CHUKe HUM HalpPsKeHUsl OTHOCUTEIbHO HOMM-
HANBHOIO ABUraTeNlb YTPATUT CIIOCOOHOCTD ITyCKa C HOMUHAJIBHBIM MO-
MEHTOM Ha BTy M IPH KaKOM CHIDKEHHH HalpsLKeHHst OH YTPaTHT re-
PErpy30yHyIo CIIOCOOHOCTb.

Tabanuma 3.12

BapuanTtet
Mapavery T T3 T 4] 5] 6] 7] 8] 9] 10
P, kBr 75| 15| 11| 40| 15| 11| 30 | 30| 75| 37
e 06/min | 1440 | 2940 | 960 | 1420] 720 | 2920] 580 | 1430| 730 | 575
N 22 [ 19202220 19 18] 22 17 18
M,/ M, 14 | 14| 12] 1010 1214 1009 10
2p s | 26| al s8] 21w a]s] 10

Peumrenne papuanra 1.
Pacuer BefteM B OTHOCHTENBHBIX €IMHHIAX [0 ynpolleHHo# ¢op-
Myne
M, = 2/((s/sq) + (sxp/9)],
rne M, = M/ M,,., — OTHOCUTENIbHOE 3HAYEHHE 3JIEKTPOMarHUTHOTO MO-

MEHTA.
1. HomunanbHOE cKonbkeHHe

Suom = (1 — Myou) /M = (1500 — 1440) /1500 = 0,04.
2. Kputnueckoe CKONbXeHHEe
S = Suon (x,, + 2 -1)=0,04(2,2+J2,227—1)= 0,17.
3. PaccuntaeM OTHOCHMTENIbHBIE 3HAYEHNSI MOMEHTA [P CKOTBKEHUSIX:
Swom = 0,04; 5, = 0,17; s = 0,2; s =0,5; s = 0,8.
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Tabnunga 3.13

[Mapamerp 3HAYEHNs napaMeTpa
5 0,04 0,17 0,2 0,5 0,8 1,0
M, 0,445 1,0 0,98 0,61 04 0,64
MH-wm 47,7 105 103 64 42 66,8

Peaynbrarst pacyera npusezenst B a6, 3.13. [1o nomyyenHbIM jan-
HBIM PACCYUTAHBI (PAKTHYECKHE 3HAYEHNUSI MOMEHTA M TIOCTPOeHa Mexa-
HUYeCKast XxapakTepucTuka M. = f(s) asurarens (puc. 3.8). B cBsizu ¢
TeM, YTO npubnmxkeHHas GHopMysa OTHOCHTENHHOTO 3HAYEHHSI MOMEH-
Ta NIPH GONBIIMX CKOMBKEHUSIX 12T 3aMETHYI0 OIMOKY, BeTMUHHY Ty C-
KOBOI'O MOMEHTa, COOTBETCTBYIOIYIO CKOJIbKeHMIo § = 1,0, onpezienum
110 HOMHHAJIBHOMY 3HaYeHHI0O MOMEHTA

Moy = 9,95P,,/n; = 9,55 - 7500/1500 = 47,7 H - M.
CrnenoBaTtenbHo,
M,= My,-14=477-14 =66,8H-Mm.
OtHocurenbHOe 3HaY€HHE ITyCKOBOIO MOMEHTA
M,, = M,/M,,., = 66,8/105 = 0,63,
r7ie MaKCHMaJIbHOe 3HaYyeHHe MOMEHTA
Moy = Myoyhy = 47,7-2,2 = 106 H-m.

4. V3BecTHO, YTO BeJMYMHA 3JEKTPOMATHUTHOTO MOMEHTA IpsiMO
nponopuyonansha Uf. [loatroMy npu KpaTHOCTH ITyCKOBOTO MOMEHTA
M, /Moy, = 1,4 nycKOBOIT MOMEHT OKa)XEeTCsl PABHBIM HOMHHAJIBHOMY,
€CJIH HatpsikeHHe MUTAHUST YMEHBIIHUTCS /10 3Ha4eHUs

Uy, =U,, /1,4 = 380/1,18 = 322B.

M.
1,0 o

08 S
0,6
0.4

oz f

0 010203040506 07 0809 1,0 5

Puc. 3.8. Mexanuyeckasi XapakTepUCTHKA ACHHXPOHHOTO JABHIATEJST
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B urore paxke He3HAYHTeNbHOE AajlbHellee CHUKEHHE HANPSKeHHS
NpUBEZIET K TOMY, YTO IPY HOMWHAILHOM HAarpy304YHOM MOMEHTE Ha BaJTy
ABUTraTeNs MycK He npousoiinet. YTo Xke KacaeTcs neperpy3oyHoii cro-
cOGHOCTH IBUTATes], TO, yYMThIBast, 4TO X\, = 2,2, oHa Gyziet yTpayeHa
TpH yMEHBILIEHNH HAIPSXKEHHsl CETH JIO BEJIHYHHBI

U,, /22 =380/1,48 = 257B.

3ayaua 3.12. TpexdaszHbiii aCHHXPOHHBIH IBUraTeNb C KOPOTKO3aM-
KHYTBIM POTOpoM cepuH A2, paboratonmii ot cetn Yacroroit 50 I' Ha-
npsixenviem 380 B nipyu coeueny o6MOTKH cTaTopa «3Be310ii», HMe-
€T HOMMHAJIbHEIE [TapaMeTpHL, pHBeeHHble B Tab. 3.14: nosnesxHas Moml-
HOCTD Py, 42CTOTA BPALIEHUST 10, KL 10y, KO3 ri1IMERT MOLIHOC-
TH COS Q105 KPATHOCTD MyCKOBOTO TOKA I, /I, KPATHOCTH IyCKOBOI'O
M, /M,,,, ¥ MakcuMasibuoro M.,/ M,,.,, MOMEHTOB; 2KTHBHOE COTIPOTHB-
nenvie hasHoil 06MoTKH cTatopa npu Temmeparype 20 °C 1y 5. Tpebyer-
Cs1 PacCYMTATh TApaMeTPhl M IIOCTPOHTH MEXAHHYECKYIO XaPAKTEPUCTH-
Ky psurarensi n, = f(M). KoadpuirenT MONIHOCTH B peskHMe KOpOT-
KOT'0 3aMBIK2HUsI IPHHATD PAaBHBIM

COSP, = Ogs COS Prpom-

Pemenmne sapuanta c gsurarenem A2-71-4.
1. ITotpebnsiemast ABMrareneM MOIHOCTD B pesKUMe HOMHHAIBHOI
Harpysku

Pryow = Hem/nuo,w S 22/0,9 = 24,4 xBr.

Tabnuuna 3.14

HBHTI:‘:”IH‘EJIH }:H[fi,;’ oﬁn;:;:m ﬂ%m €05 Ptaen | Jo/ T % ﬁ::: n;;:ﬂ 2,0(3’?3
A2-61-2 17 | 2900 | 880 | 0,88 7 1.2 22 0,1900
A2-62-2 22 2000 | 890 | 088 7 1,1 2,2 0,1540
A2-711-2 30 2900 | 90,0 | 0,90 7 1,1 2,2 0,1170
A2-72-2 40 2900 | 90,5 | 0,90 7 1,0 22 0,0770
A2-81-2 55 2900 | 910 ( 090 7 1,0 2,2 0,0540
A2-82-2 75 | 2000 | 920 090 | 7 | 10| 22 | 00347
A2-91-2 100 | 2920 | 930 ] 090 7 1,0 Dl 0,0209
A2-92-2 125 | 2920 | 940 | 0,90 7 1,0 2,2 0,0144
A2-61-4 13 1450 | 88,5 | 0,88 7 13 2,0 0,2700
A2-62-4 17 1450 | 89,5 | 0,88 7 13 2,0 0,1890
A2-T1-4 22 1455 | 90,0 | 0,88 7 1.2 2,0 0,1700
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2. Tlotpebnsiemblii iBUTaTE IEM TOK 7y, 06,/MuH
B Pe>KMMe HOMMHAIBHOM HAarpysku 1500

Ile‘ =P lllﬁ.\{/ (3 Uycos LPluom) = \?\?
1000 /
= 24400/(3 - 220 - 0,88) = 42 A. /
3. IlyckoBoii Tok sBHraTens 500
Iy = Dyou(In/how) = 42-7 =294 A. [
4. ConpoTHBieHe KOPOTKOTO 0 200 400 M,H-m

a
SaMblkcaiA JIRUTATENA Puc. 3.9. Mexannueckas xapakrepu-
zZ. =0 / I,= 220 /294 = 0,75 Om. CTHKa AaCHHXPOHHOI'O JIBUTATENS
5. Koadpduiment MouHocT# B pesknMe KOPOTKOTO 3aMBIKAHHS
cosp, = 0,5-0,88 = 0,44; sinyp, = 0,895.

6. AKTHBHaA U HHIYKTUBHAaA COCTaBJISAOIIME COITPOTHBJIEHH A KOPOT-
KOT'0 3aMBIKaHHsI

T = Zsinp, = 0,75 - 0,895 = 0,67 Om;
Tx = Zycosy, = 0,75 0,44 = 0,33 Om.

7. Conporusrnente ¢asnoit 06MoTkM cratopa npy paGoueii Temiie-
patype
11 = Tyg0[l + (Bs — 20)] = 0,171 + 0,004(75 — 20)] = 0,21 Owm,

— (=]
rie 0,6 = 75 °C — pabouas remnepatypa; o= 0,004 — TeMneparypHblit
K03 DHLHEHT CONMPOTHUBIEHHS MEJIH.
8. Ckonbkenye B pexyive HOMHHAJIbHOI HArpy3KH

Spom = (T — Myor)/ Mo = (1500 — 1455) /1500 = 0,03.

9. IlpiBesienHoe 3HaYeHHe AKTHBHOTO CONPOTHBJIEHNs (hasbl 06MOT-
KH poTopa

rs =1 —n =033 - 0,21 =0,12 Om.

10. HomunaznbHoe 3HaYeH e 31eKTPOMAarHHTHOTO MOMEHTa Olpejie-
nsieM 1o ¢opmyne

M=
27 f 8o

2 1
m,Uiryp

(5 + 5| 52
. 3-2207-0,12-2
"~ 2-3,14-50-0,03[(0,21+0,12/0,03)° +0,67]
11. MakcumasbHblii MOMEHT
Mgy = 204-2 = 408 H - .

=204H-m.
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12. ITyckoBoit MOMeHT
M,=204-12 = 245H - m.
13. Kputuyeckoe ckonbikeHnne

My [ My +J(MM/MW)2_1]=

= 0,03[2 +422 —1] =i,

14. MoMeHT npu ckonbxkenuu s = 0,5

Sip = Shom

- mUtryp
27fs I(?”l + ?”;/3)2 + (ml + :B;)zl
3-220%-0,12-2
T 2.3,14-50- 0,5((0,21+0,12/0,5)" + 0,69
15. PaccyntaB yacToTy BpaileHus 1o ¢opmyne

ny = nl(l - 8),

NoJiyyaeM pe3yJibTarhbl pacyeTa lapaMeTpPOB 7151 IOCTPOeHHS] MeXaH!-
4ecKol XapaKTepHCTHKH JABUTaTesIs:

=341H-m.

Cronbxenne 0o 003 011 05 1,0
Yacrora Bpaiienust, 06/MuH ........ 1500 1455 1335 750 O
Moment, H - M 0 204 410 341 245

16. Ilo momy4yeHHBIM ZIaHHBIM CTPOMM MEXaHMYECKYIO XapaKTepHc-
THKY n, = f(M), npencTaBnentyo Ha puc. 3.9.

Sanava 3.13. B 1ab6a. 3.15 npuBeyeHsl TEXHHYECKHE AAHHBIE TPEX-
¢asHbIX aCHHXPOHHBIX IBUTraTeneii ¢ hasubiM potopoM cepin AK2. Tpe-
Gyercs onpeesnTb HOMMHATBHOE M, ¥ MakcuMasbHoe M, . aHaye-
HUSI MOMEHTOB, HOMUHAJILHOE 8., U KPUTHYECKOE S, CKONBXKEHHS, 2
TaKKe CONPOTHUBJIEHHE PE3UCTOPa, KOTOPHIii Clle/lyeT BKIIOYMUTS B IEeNb
dasHoit 06MOTKI pOTOpa, YTOOBI HAYAIBHBI YCKOBOI MOMEHT JIBMIa-
Tenst 6Bl paBEH MaKCHMaJbHOMY; IIOCTPOUTH MEXaHHMYECKYIO XapaKTe-
PMCTHMKY [l 3TOTO peskMMa U 10 Hell ONpefeINTh CKOJIbKEeHHe, CO0T-
BETCTBYIONee HOMUHAJIBHOMY MOMeHTY M,,,. Hanpsixenne cetn 380 B,
yacrora 50 ['; o6MoTka craTopa coeiunena «a3peaioi». KparHocTs myc-
KOBOTO TOKa IPH NpsAMOM (6€3peocTaTHOM) BKJIIOYEHHH JBHIATENS B
cetb I, /Loy = T; K03)PUIIHEHT MOLIHOCTH B PEXKUME KOPOTKOTO 3aMBI-
KaHUs NPUHATH PAaBHBIM

cos @, = 0,5 cos @yon-
Pemenue Bapuanra c yurarenem AK2-82-8.
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Tabnuna 3.15

nBH'll::'rncna Pucso KBT 067:::{1{ Than % | €O Pren Aﬂjﬁ r[f;!u ,2;)::3
AK2-81-4 40 1440 | 90,0 | 0,84 2,0 0,0725
AK2-82-4 55 1440 | 905 | 0,84 2,0 0,0390
AK2-91-4 75 1450 90,5 0,85 2,0 0,0326
AK2-92-4 100 1450 90,5 0,85 20 0,0210
AK2-81-6 30 960 890 | 0,84 18 0,0920
AK2-82-6 40 960 89,0 | 085 1,8 0,0605
AK2-91-6 35 960 89,0 | 086 1.8 0,0590
AK2-92-6 5 960 90,5 | 0,86 1.8 0,0350
AK2-81-8 22 720 875 | 0,79 1,7 0,1570
AK2-82-8 30 720 875 | 0,79 17 0,0935

1. IloTpebnsemas gBUraTesIEM MOIHOCTE B HOMUHAIBHOM PeKUME
Priuow = Prga/ Mo = 30/0,875 = 34,3 kBr.
2. Tox, notpebnsieMblii IBUTaTeIeM B HOMHHAJIBHOM PEXKHME,
Lyon = Pryou/ (3 Uyc0s@y0,) = 34300/(3 - 220 - 0,79) = 66 A.
3. CkonbkeHHe B HOMHHAIIBHOM peskuMe
Siow = (750 — 720)/750 = 0,04.

4. AxtusHOe conpoTHBienne ¢asbl cratopa npu paboueii Temnepa-
Type 75 °C

Ty = Tpg[l + (75 — 20)] = 0,0935[1 + 0,004 - 55 =
= 0,0935-1,22 = 0,114 Om.
5. [lyckoBoii Tok npu npsivoM (6eapeoctaTHOM) BKIIOYEHHH
b= Byou(F/Tiuow) = 66-7 = 462 A.
6. ConpoTHBrEHIE KOPOTKOTO 3aMBIKaHUA
Z, = U/, = 220/462 = 0,48 Om.

7. KoahdunmenT MOIMHOCTH KOPOTKOTO 3aMBIKAHMST

cos, = 0,5¢084;,0, = 0,5- 0,79 = 0,395; siny, = 0,918.

8. ”HHYKTHBHB}! CocTaBJIsAIoNasd COIPOTHBIEHH A KOPOTKOIO 3aMbl-
KaHHA

T, = Zsing, = 0,480,918 = 0,44 Om.
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9. AKTHBHAS COCTABNSIONIAs CONPOTHBICHHS KOPOTKOTO 3aMBIKAHUs
T = Zycosp, = 0,48-0,395 = 0,19 Om.

10. AkTHBHOe conpotuBneHue (a3l poTopa, npuBeleHHoe K ¢ase
craropa,
rh=mn —n=0,19 — 0,114 = 0,076 Om.

11. AxTHBHOE conpoTuBIeHHe ha3bl POTOPa MPH CKONMLKEHHH S0, = 0,04
75/ 80w = 0,076/0,04 = 1,9 Om.
12. HomunasnbHOe 3HaYeHUe 3JIeKTPOMarHUTHOIO MOMEHTa
mUip _
218, % [("i +1)/ s,m,)z + :rﬁ]
3-220%-0,076-4

HOoM

= - =720 H-m.
2-3,14-50-0,04[(0,114 +1,9)° + 0,44?]
13. MakcuManbHOe 3HayeHe MOMEHTA
Woe, = mUtp .
BRCA EURN ]
220+ 4 =1640 H-m.

B 4-3,14-50[0,114 +0,1147 + 0,44

14. KputHyeckoe ckonbXkeHHe
Sp & +r3/7 = 0,076/0,44 = 0,17.
15. ConpoTHBIeHHE PE3NCTOPA T, IPH BKIIOYEHHH KOTOPOTO B LIEND

poropa l'IyCKOBDﬁ MOMEHT CTAHOBHTCA MaKCHMAaJIbHBIM, JIOJIKHO OBITD Ta-
KHM, yTOOB oﬁmee AKTHBHOE COITIpO-

M,H-m THBJIeHHe da3bl poTopa 6110 paBHO
CONPOTHUBNIEHHIO 7. ClleloBaTeNbHO,
1500 o ts= 5 — 1§ = 0,44 — 0,076 =
. ¥ = 0,364 Om.
000
790k ---}- 16. [lna nocTpoenust UcKycer-
- BeHHOI MeXaHH4ecKoil XapaKTepH-
500 ;
i cTuKU M = f(s), cooTBeTCTBYIOMIEH
. NpPUBENEHHOMY 3HaYE€HUIO COIPO-

0 020320406 08 105 rypjenns nenn poTOpa Ty + T4 =

Puc. 3.10. Uckycersennast mexami- = 0,44 Om, paccuntaeM 3HaueHMs]

YecKkas XapaKTepHCTHKa aCHHXPOH- MOMEHTOB IIPH CKONbKeHHsIX § = 0,5
Horo zeurarenss M = f(s) us=0,75.
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Peaybrarhl pacyera 21eKTpOMarHHTHOTO MOMEHTA 17151 psifia 3Have-
HMI CKOJIbKEHHs! IPEeJICTABIIEHB] HUXKe:

s 0 05 075 10
M,H-m 0 1381 1500 1640

U3 nocrpoennit na pric. 3.10 cremyer, yTo Npy HOMMHATBHOM MO-
Mente M., = 720 H - M ckonbkeHHe cocTaBnsieT s = 0,32, yTo cooTBeT-
CTBYET YACTOTC BPAIEHNUS Tyoy = 750(1 — 0,32) = 510 06 /mMun.

3anaya 3.14. Tpexdasnbiii acHHXPOHHBIIT ABUraTEN b HOMUHATBHON
MOIHOCTBIO P, BKIIOYEH B ceTh HanpsikenueM 380 B, yactoroii 50 I,
06MOTKa CTaTOpa COSIMHENA «3BE3/0M>. Bpamasce ¢ vacroroi n,,,,, 1BH-
raTesb Notpebaser Tok I, npu koaddulieHTe MOIHOCTH cosy,. Ilpu
paboTe B peyMe XONIOCTOrO X0Aa ABUraTe b norpebasieT U3 ceTH MoI-
HOCTb P 1P TOKe [} ;; aKTHBHOE CONPOTHBJIEHNE ¢azHoit 06MOTKH cTa-
Topa npu paboueii Temneparype ry; (126, 3.16). Onpesenuts Bee BULI
NoTephb IBUTATENIS B PEXXMMe HOMUHAILHOH HAaTPy3KH, IIPMHSIB BEJIMYH-
HY MEXaHMYeCKHX NoTepb Py,

Tabnuna 3.16

- l - - Bapnaum4 - -
Py KBT 15 7,0 5 100 7,0 10
Lyors A 32 14 140 180 11 19
Thyonn 00/ MHH 1455 2910 960 1460 1450 2920
7, OM 0,25 0,58 0,036 0,015 0,52 0,33
cosyy 0,85 0,90 0,88 0,91 0,86 0,91
Pp, Br 820 400 1270 2000 300 330
I, A 7,0 40 31 43 4,5 5,0
P, B 160 170 250 450 120 220

Pemenune papmanrai.

1. Onextpuyeckue notepu B 06MOTKe cTaTOpa B PeKIMe XOJIOCTOTO
xona

Py = mylfgyry = 3-7%2.0,25 = 37 Br.
2. HocrosuHbie MOTEpH (CyMMa MATHUTHBIX M MEXAHHYECKUX TIOTEPD)
Proer = Pyg — Pyyg = 820 — 37 = 783 Br.
3. MaruuTHbIe notepy
P, = P, — P,ex = 383 — 160 = 223 Br.
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4. MomHocTs, norpebnsieMas U3 ceTH IpY HOMMHAJIBHOM HArpyakKe,
Priow = My ULoncosp, = 3-220-32-0,85 = 17952 Br.
5. CyMmapHbIie notepu
YP = Py — Puow= 17952 — 15000 = 2952 Br.
6. KI1/l nBurarenst B HOMMHAJILHOM pexkUMe
Mo = Pros/ Pryow = 15/17,95 = 0,83.

7. IlepeMenble oTepy (CyMMa 3JIEKTPHYECKHUX IIOTEPDh B 06MOTKaX
cTaTopa M poTopa M 0OaBOYHBIX IOTEPH) B HOMUHAJIBHOM peXuMe

Prepow = 2P — Ppoe; = 2952 — 783 = 2169 Br.
8. llobaBouHBIe IOTEPH B HOMUHAJIBHOM PesKMMe
Preg nom = 0,005P,,,, = 0,005 - 17952 = 90 Br.
9. dnexTpuyeckne notepu B 06MoTKe CTaTOpa B HOMHHAJIBHOM PEXKUME
Poow = Ml o™y = 3-322-0,25 = 768 Br.

10. Dnexrpiyeckye MoTepyu B 0OMOTKE POTOPa B HOMMHAJILHOM pe-
JKHMe

Poonow = PITep.IIOM — Potyon — Puoﬁ.uo:u = 2169 — 768 — 90 = 1311 Br.

KpyroBas guarpamma u pabouune xapakTepucTUKK

3aziaya 3.15. I1o pabounm xapakTepucTHKaM TpexgasHbIX ACHHXPOH-
HBIX IBUraTeneil, npuseieHHBIM B 1 punoxenuu 2, n faniev taba. 3.17
110 KaXK/IOMY U3 IpejiiaraeMblX BApMaHTOB TpebyeTcs ONpe/ieIUTh:

a) nmapaMmeTphl J{BHraTesisi B HOMHHAJIBHOM pesxuMe paboThl — TOK
c1atopa Iyyeys KIL 00 KOPDGUIMEHT MOLIHOCTH COS )00, CKOTBIE-
HUE 8, YACTOTY BPAILEHHUS 7,0y, NOTPEOITEMY 10 MOIHOCTD Pyi0ns

6) makcumanbroe 3navenne KIT/[ m,,,, ¥ cooTBeTcTBYIONIHE 3TOMY
KII1/] narpyaxy P,, BHIDa3uB ee B 10JISIX OT HOMHHAILHOH P,

Tabauna 3.17

. BapuanTei
APENER 1 2 3 4 5 6

Pucynok (em. npunosenve 2) | I1. 21 | IL 22| T1L. 23 | IL 24 | 1. 25| IL. 2.6
Pyoo KBT 250 2,8 7.5 160 40 45
Hanpsixenve cetn Uy, B 660 220 380 380 220 380
Cxema coetuHenns 0OMOTKH v A v A & v
craTtopa
%p 4 4 4 4 4 4
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B) OTHOIIEH}E NIepeMEHHBIX noTepb Py 0y K MOCTOSIHHBIM norepsiM
P, ocr IPM HOMHHANBHOIH Harpyake;

I') aKTUBHOE conpoTHBReHHe (hasbl 06MOTKH craropa ry.
Pemenue papuanra 1.

1. ITapameTpel jiBUraTesis npyu HOMUHATBHOM pexxume (em. puc. I1. 2.1):

[10JIe3Hast MOLIHOCTE fiBMrarens P, = 250 kBr;

TOK cTaTopa I, = 250 A;

CKOJIbXKEHWE 8,y = 1,7 % mmm 0,017;

4ACTOTa BPAMEHUS Ny, = 1500(1 — 0,017) = 1474 06/Mux;

KO (PHLHEHT NIOIE3HOTO HEHCTBHS M0y, = 0,02;

K0 PUIMEHT MOIITHOCTH COS y,,0y, = 0,88;

NOTPebAsieMas MOUHOCTD Py = Poos /Moy = 250/0,92 = 271,7 xBr.

2. Makcumanbhoe 3nauenme KI1J] Tmax = 0,94 cooTBercTByeT Ha-
rpy3Ke

P, =150 xBr, 1.€. 0,6 P, (cM. puc. 11.2.1).
3. Hotpebnsemas npurateieM MOUHOCTB IpH Harpyske 0,6 P, = 150xBt
Py = Py /My = 150/0,94 = 159,6 xBr.
4. Cymma notepn npyt narpyske P, = 0,6 P, = 150 kBr,
2P =P, — P, =159,6 — 150 = 9,6 xBr.
o. llocToanuwie norepu
Pooer = Py + Pyex=3P/2 = 96 /2 = 4,8 kBr.
6. CyMmapHbIe oTepy xBUraTesns mpu HOMHHAIBHOI Harpyake
S P = Py — P = 2717 — 950 = 21,7 xBr.
7. IlepeMenHbie MOTEPH B peskuMe HOMMHAILHOL Harpyaku
Priep ow = 22Pyoy — Proer = 21 700 — 4800 = 16 900 Br.

8. OTHomIeHHE NepeMEeHHBIX TIOTePD K OCTOSIHHBIM IpH HOMHUHAJIb-
HOIf Harpyake

Pyrep wom/ Proer = 16 900/4800 = 35.

9. lobaBoynble MOTEPH NP HOMUHANLHOIL Harpyske

Pyos = 0,005 P, = 0,005 - 271 700 = 1359 Br.
10. MoMenT XomocToro xona

My = 9,55P,er/my = 9,55 - 4800/1500 = 31 H - m.
11. HoMMHa1bHBIT MOMEHT Ha BaJly JIBUraTenst
Moyon = 9,55 Pyor/ Tyon = 9,55 - 250 000/1474 = 1620 H - m.

12. InexTpOMarHUTHBII MOMEHT B HOMHHAIBHOM pexume

Myow = Mooy + My = 1620 + 31 = 1651 H - m.
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13. DneKTpoMarHUTHAs MOLHOCTD B HOMHHAJILHOM peXHMe
Py vow = 0,105M,,,,n; = 0,105 - 1651 - 1500 = 260 032 Br.

14. InexTpryeckye noTepH B 0OMOTKe pOTOpa B pesKiIMe HOMHHAJIb-
HOI1 Harpy3Ku

P, 2moM — Spos Pasnow = 0,017 - 260032 = 4420 Br.

15. DnexTpuyeckye noTepy B 06MOTKe CTATOPA B PEKMME HOMUHAJIb-
HOI1 HaIPy3KH

Porpos = Prep.now — Pagnou — Poos =16 900 — 4420 — 1359 =
= 11121 Br.
16. AkTuBHOE cornporuBieHne ¢hassl 0OMOTKH CTaTopa
71 = Poyon/ (Ml %ey) = 11 121/(3 - 250%) = 0,059 Om.

3anaya 3.16. [TocTpouTh ynpolleHHyo KpyroByio AMarpaMmy Tpex-
¢hasHOro aCHHXPOHHOTO JIBUraTeNisi ¥ ONPENENHTh [TapaMeTPbl, COOTBET-
CTBYIOIHE €r0 HOMHUHAIBHOMY pexxumy pabotsl. HeobxonuMbie 1ist no-
CTpOEHHMs IHarpaMMBl JaHHble NIpUBeZieHsl B Tabn. 3.18: HoMuHazibHas
MOIIHOCTD P,,,; HanpsbkeHne Ha o6MoTKe cTaTopa ((Pasnoe) Uy, HOMY-
HAJIBHBII TOK cTatopa ((asHblii) fg; YMCIO MOMIOCOB 2p; AKTHBHOE CO-
nporusenre (asHoil 0OMOTKM cTaTopa IIpH paboyeii TeMIieparype ry; TOK

Ta6nuua 3.18

Dl Bapuauti

1 2 3 4 5 6
P, kBt 3,0 12 70 22 250 16
Uy, B 220 220 220 220 1730 220
Ly A 6.3 25 190 54 60 40
2p 4 4 4 8 6 8
7y, OM 1,7 0,32 0,035 0,15 0,68 0,15
fogs A 1,83 9,7 55 328 17,5 9,6
F,, Br 300 565 6500 1340 10 750 950
P, Br 283 475 6180 1120 10125 890
P BT 200 250 600 370 1350 270
CO8Py 0,24 0,10 0,20 0,064 0,12 0,15
P, Br 418 1780 9500 2360 12 160 1740
U.gn B 59,5 57,8 58,0 440 360 42,0
COSY, 0,37 0,34 0,30 0,33 0,25 0,34
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Xx0710cTOr0 X012 (basHbIir) Iyy; MOIHOCTH X0IOCTOrO XOA Py; MouiHoceTh
HeasibHOro xonocroroxona Py = Py — 3I,r;; MexaHuueckue norepu P,,,;
K03()PHLINEHT MOIIHOCTH XONIOCTOTO XOJIA COS Py MOUIHOCTD Kopomgerg
3aMBbIKaHusA P,; HanpsizkeHne KOPOTKOTO 3aMBIKaHH S (daznoe) U; xoad-

(ULMENT MONHOCTH KOPOTKOTO 3aMBIKAHMS COstp,; yacToTa Toka 50 I,
Pemenue sapuanrta 1.

L. ¥ dasoBoro cieura Toxos XOJIOCTOrO Xofia de, H KOPOTKOI'O 3a-~
MBIKaHUs! [j,, OTHOCUTENBHO HalpsiKeHus] Uy (puc. 3.11):

po = arccos 0,24 = 76°%;
¢y = arccos0,37 = 68°,

2. TOK KOPOTKOTO 3aMBIKAHUS (dasnsiit), npyBeIeHHBIH K HOMHHAD-
HOMY HalpspKeHUIo,

Ly = Iy(Uhy/ Uyy) = 6,3(220/59,5) = 23 A.

3. IlpunnMaem macuitab Toka Hexoss u3 pasmepos nucra 6ymarm, Ha
KOTOPOM INpe/ToNaraeTcs NOCTPOEHNe IMarpaMMbl; HAPUMEP, eCIu

npuMensiercs auet gpopmarom A4 (210 x 297 mm), To MacuuTab Toxa
m; = 0,1 A/Mm.

4. JInua BeKTOpPOB TOKA:
TOKa XOJIOCTOTO XoJia

OH = Ioe /m; =1,83/0,1=18,3 my;
HOMUHAJIBHOTO TOKa CTaTopa
OD, = I, /m; =6,3/0,1=63 my;
TOK2 KOPOTKOTO 3aMBIKAHMSI
OK =1, [m, =23/0,1=230 mm.
5. Macruta6er MomHoOCTH U MOMeHT2
my, = myUygm, = 3-220-0,1 = 66 Br/mm;

my = 9,55m,/n; = 9,55 - 66/1500 = 0,42 H - m/mm.

6. Ha ocu opnnnar us Touku O crponm BEKTOp Hanpsikenust Uyg, po-
MI3BOJIbHOI ZUIMHBI M TIOJ YTJIOM (9 K OCH ODIMHAT CTPOHM BEKTOpP TOKa

xozoctoro xona OH =18,3 MM M OX YINoM ¢, CTPOMM BEKTOD TOKa
KOPOTKOTO 3aMblKaHus OK = 230 MM,

7.01/13 ToukH H napajinenbHo ocu abeiyice NpoBoAMM NPAMYIo, Ha Ko-
TOPOH OTKJIa/ibIBaeM oTpe3ok HC', paBHblii iaMeTpy OKpYKHOCTH TOKOB

D; = (Uyg/x)/m; = (220/8,78)/0,1 = 250 mm,
rze

T = zsingy = (U g/ hg)sing, = (59,5/6,3)0,93 = 8,78 Om.
3nech sin g, = 0,93.
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Puc. 3.11. Kpyrosas qiuarpaMma acHHXPOHHOTO JIBUTATEJIS

8. 13 Touku O,, nexanrei TNiocepejiiiie IMaMeTpa OKpYy»KHOCTH, pa-
nrycoM HC/2 npoBoiM nomyoKpyKHOCTH TOKOB. IIpu atom Touku Hu
K oKasbIBaloTcst Ha 3TOi nonyokpysxuocti. CoetnisieM touku Hu K u
nonyJaem aunuto nonesnoil mowpocmu HK.

9. Ha okpyskHOCTH TOKOB oTMeuaem TOYKy D;(TOYKa HOMUHAJILHOTO
PEKMM2 Harpysku fiBHraresnsi). /114 31oro ua touku O OTKIabIBAEM OT-
pesok OD, = 63 MM. .

10. Ha cpepneit yactu otpeaka O,C' otmeuaem Touky F, B KOTOpOI
BOCCTaHaBNMBAEM NEPIIEHANKY 5P k iMametpy HC. Ha atom nepren-
JMKYJIsipe OTMeYaeM OTPEe3oK

FF, = HF(x, /%) =180(1,7/8,78) = 35 mm.

11. Y3 Touxku H yepes Touky F, NPOBOAMM NPAMYIO 10 Tiepeceye-
HHA C OKPYXKHOCTBIO TOKOB B TOYKe T, COOTBETCTBYIOLIE CKOMBXEHHIO
s = +oo. [lonyyennas nunusa HT spnsercs runueii 3nexmpomazHum-
HOU Mowgrocmu (Momenma). S

12. M3 rouxn O, onyckaem nepnenukynsip Ha a0 HT u npo-
AOJIKAEM €ro J10 IIepece4eHusl € OKPYKHOCTBHIO TOKOB B TOuke F. Iony-
YeHHasd TakuM o6pasoM Touka E cooTBeTCTByeT MaKCHMaJIbHOMY MO-
MEHTY, Tak kak OTpe3ok EN B MacmiTabe MOMEHTOB NpeCTABISET CO-
G0l MaKCHMAJIbHBIIT MOMEHT JIBHTATeNs, 2 OTHOLIEHYe OTPE3KOB

EN [Dic =M, | M.,
— NEperpy3o4yHyIo CriocoOHOCTD J{BUTATEIS.

13. Toyka D, Ha OKpyHOCTH TOKOB COOTBETCTBYET PeXXMMY HOMM-
HaJIbHOW Harpysku apurarenst. IIpsiMoyronbHbiii 1 Tpeyronbuuk OD,a
npejcTaBnser coboit TpeyroabHuK { TOKOB: CTopoHa OD, — HOMMHa/IbHBII
TOK cTaropa (cMm. I 4), cTopoHa Dia — axtuBHas cocraBnsowmas Toka
CcTaTopa, cropoHa Oa — peakTHBHast (MHIYKTMBHAs) COCTABASIONIAS TOKA
craropa.

14. [ins onpenesnenus xoadbduimenta MonmocTy ZIBHTaTeJis COS p, Jie-
Ja€M JIOTIONTHUTETIHEIE [IOCTPOEHHS:: HAa OCH OP/IMHAT panycoM 50 MM
TPOBOLMM IIOJlyOKPYKHOCTD, & TMHKIO OD, MPOA0IIKaeM /10 lepeceyeH s
C 3TOIi NIOJTYOKPYKHOCTBIO B TouKe h. OTHOIIEHHe orpeska Oh = 88 MM K

AUAMETPY NMOJYOKPYXHOCTH ONpefieisseT 3HayeHne koadduienta
MOLIHOCTH B PeXHMe HOMUHAJIbHOMN HarpyaKu:

cosyp; = Oh /100 = 88/100 = 0,88.

15. [lnst onipenieNeHMst CKOMBKEHUS M YACTOTHI BpallleH!s poTopa [IBY-
raresisi Tak:xe HEOGXOIMMBI J{OTIOTHUTE TBHBIE IIOCTPOEHNUSE: U3 TOUKH H
TlapaJLieIbHO OCH OpMHAT npoBoauM uumio HQ, satem us Toukn Q
Tapa/iNeIbHO JINHVH 9JIEKTPOMarHuTHol Motnoctit HT npososmm iu-
HHUIO /IO IIePeCeYeHHs] C NPOAOIKEHNEM JIMHIH NOJIE3HOM MotHOCTH HK
B Touke L. Ilonyuennas takim obpasom manust QI NIpEeJICTABIISIET CO-
6ot wrany ckonvacenus: B Touke X0m0CTOrO xona H ckonbxenue s = 0,
a B TOYKE KOPOTKOTO 3amblKanusi K ckonbxkenne s = 1. Ilpononskus
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otpe3ok HD, IO nepecedeHus CO LIKAIOI CKOJbXKEHHS, N0y UM Ha
HIKaJe CKOJbKEHHsI TOYKY §;, KOTOpas ONpPENEMT CKONbXKeHHe JIBUra-
TeJst B pesKKMe HOMUHATIBHOI Harpy3ku s, = 0,045. Hacrora BpatileHus

NpH 3TOM paBHa

Tow = 1500(1 — 0,045) = 1430 06/MuH.

16. HomMuHabHast MOIIHOCTD JBUTaTe s (IIPOBEPKA)
Poou= Dpm,=46-66-10"* = 3,0 xBr.

17. Tlorpebnsemasi B HOMHHATILHOM PEKHME MOIIIHOCTD
Piyoy = Dam, = 55-66 - 107 = 3,6 xBr.

18. KI1/] gpuraresist B HOMHHAJIBHOM pPEXHUME

Mwow = Db /Dia = 46/55 = 0,84.
19. DneKTPOMArHUTHEII MOMEHT B HOMHHAJTBHOM pexHMe

Myou= Dem, =51-042 =21,4H-m.

3anaua 3.17. Vicnosnsays 3HayeHHst NapaMeTpoB TpexasHbIX aCKHH-
XPOHHBIX JIBUTaTeseil, npuBejieHHbIe B 3aaye 3.16 (cm. Tabn. 3.18), pac-
CYMTATD NApaMeTPsl M IOCTPOHTH paboyKe XapaKTepHCTHKH aCHHXPOH-
Horo sipurarenst: I, M,, n,, cospy, = f(Py). [Tpn 3TOM MOKHO BOCHIOJB-
30BaThCsA AUGO YIPOLIEHHON KPYroBOii JIHarpaMMOoii, NOCTPOEHHO# Py
peuternn 3ajaqu 3.16, nubo NpUMEHUTH AHAIMTHYECKHI METO/T pacyeTa

paboyHX XapaKTepHCTHK.
Pemenue papuanta |1 aHATUTHYECKHUM METOJIOM.
1. AKTUBHAS H PeaKTHBHAS COCTABJISIOLIHE TOKA XOMOCTOro X0/1a:

Ia = Jopcosigo = 1,83-0,24 = 0,44 A;

Iy = Ipysinwy = 1,83-0,93 = 1,70 A.
2. ConpoTHB/IeHIe KOPOTKOI'O 3aMbIKAHMS

2= U/ Ly = 59,5/6,3 = 9,45 Om.

3. AKTHBHAS U PeaKTHBHAS COCTABRJISIION[UE CONPOTHUBJIEHUS KOPOT-
KOTO 3aMbIKaHUS
e = 2,08y, = 9,45-0,37 = 3,5 Om;
T, = z8ing, = 9,45-0,93 = 8,78 Om.
4. TIpuBeieHHOE 3HAYEHHEe AKTHBHOTO CONPOTHBJIEHHS OOMOTKH po-
TOpa
ri=rn—-—n=35-17=180Mm.
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5. Kpurnueckoe ckosibxkeHue
S & Th/T = 1,8/8,78 = 0,20.

6. HomumansHOe ckobkeHue (110 IaHHBIM 3a1a4k 3.16) s, = 0,045.
7. MarnuTHBIE IOTEPH

P, = P} — P, = 283 — 200 = 83 Br.

Ilaist pacyeTa nocse1yIOUHX MApaMeTPOR 3a1aeMCsl PAOM 3HAYEHHI
ckonbxkenus s = 0,01; 0,02; 0,03; 0,045; 0,06 u jyig Kaskg0ro U3 HUX

Tabnuua 3.19

R — 3HayeHUs MapaMeTpa TIPH CKOMKKCHIHH S, PABHOM
0,01 0,02 0,03 0,045 0,06
/s =1,8/s, Oum 180 90 60 | 39,1 30
=11+ 13/5, OM 181,7 | 91,7 | 61,7 | 40,8 | 31,7
z, =\Jre + 22, OM 182 92 625 | 42 | 332
cosyY; =1/ 2, 0,998 | 0,996 | 0,987 | 0,971 | 0,955
b= U/z, A 1,21 | 238 | 352 | 524 | 663
I, = Ihcosyp,, A 1,21 | 237 | 347 | 500 | 633
I, = Bsing, A 0,08 0,19 0,57 1,25 1,95
L= Iy + Ij A 1,65 | 282 | 391 | 554 | 6,77
Ly=1I,+ I, A 1,85 | 1,96 | 234 | 302 | 372
L= +F,A 248 | 343 | 455 | 630 | 770
cospy = h/1; 066 | 082 | 08 | 0,88 | 088
Py=3U,l,, Br 1089 | 1861 | 2580 | 3652 | 4468
n, = 1500(1 — s), 06/Mun 1485 | 1470 | 1455 | 1430 | 1410
P,y = 3I%r, Br 31,0 | 60,0 | 105 | 200 | 302
P,, =P, — Py — P, Br 975 | 1718 | 2392 | 3369 | 4083
B2 = (L/Lyon)? 015 | 029 | 052 | 1,0 | 1,44
Pos = (0,005P;,,, )32 Br 2,7 5,2 9,4 18 26
Ppy=Py— Py — P, Br 975 | 1718 | 2392 | 3369 | 4083
P, = sP,,, Br 10 34 72 151 | 245
Py= P, — Py — Py — Pos Br| 762 | 1479 | 2110 | 3000 | 3612
My =9,55P,/n, 4,9 96 | 138 | 200 | 245
n= PP, 070 { 0,79 | 082 | 082 | 08t
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My, H - ™ L_,_Ia_& g, 06/MUH COS 415 M
--"ﬂ 1
204 8} 1200 e 'ﬁwptl)s
+ mn / M2 B '
151 6 900 //( 0,6
10T 47 600 // L 04
51t 21 300H<A 0,2
0 0
0 0 1 2 3 4 p xBr

Puc. 3.12. Paboyne xapakTeprcTnku TpexasHOro acHHXPOHHOTO IBUTATEIST

BbINONHsIEM pacyeT. Pacyernbie hopMyibl M pe3ybTaThl pacyera npH-
BejieHbl B Ta6J. 3.19. TIo nonyueHHbIM JaHHBIM CTPOMM paGoulie Xapak-
TePUCTHKH JBUraTens (puc. 3.12).

Myck u perynupoBaHue YacToThbl BpalleHUs

Sapnaua 3.18. Jlns1 acuHXpoHHOTO 1BMraTesist ¢ Ga3HBIM POTOPOM, JaH-
Hbl€ KOTOPOTO NMpUBeeHE! B Tabn. 3.20, HOMHHAJIBHASI MOLTHOCTD P, HO-
MUHAJIbHOE CKOJBIKEHHE Sy, NEPETPY304YHAS CIIOCOOHOCTD \,,, YHCIO TI0-
MocoB 2p. Tpebyercst paccyuTaTh CONPOTUBNEHHS PE3HCTOPOB TPEXCTY-
neHyaToro nyckoBoro peocrara IIP (puc. 3.13).

Pemenue papuanta 1.

1. HomMuHanbHast yacToTa BpanieH st

Thow = (1 — Syoy) = 750(1 — 0,05) = 712 06 /MuH.
2. HoMUHaJBHBIIT MOMEHT ABUraTest
Miion = 9,55 Pyore/ Moy = 9,55 - 15000/712 = 201 H - m.

Tabnuya 3.20

IMapamerp Bipiraon
1 2 3 4 5 6
Piows KBT 15 75 22 5,5 14 7,5
2p 8 4 8 8 4 6
Sony T 5 3,3 4 5,3 5 5
75, OM 0,37 0,014 0,053 0,150 0,095 0,130
N =M,../ M., 30 2,0 2,0 1,7 1,7 1,7
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3. [IpunKMaem 3HaveHe MOMEHTA NEPEKITIO-
YeHHii, PaBHBIM HOMHHATBHOMY

My=1,0M,,,, =1,0-201 =201 H - .

4. OTHOUIeHHe HAYAILHOTO NYCKOBOTO MOMeH-

Ta K MOMEHTY NepeKIioYeH il NpHHKMaeM KM3
_ T
A= M/M, =2,1. e
5. HayasneHbiii myckoBoit MomeHT K2 .
061
My=MA=201-2,1=422H .,
P KM1
T.€. My /M, =422/(3-201) = 0,7; 570 n103BOMSI- Taot2
€T IPHMEHUTH AHATUTHYECKUI METOJ| pacyeTa co-

NpPOTHRJIEHMUIT TYCKOBOTO peocTara.

6. Conpotupmnenue peaucropa Tperbeit CTY-  Puc. 3.13. Tpexcry-
neau [1P IeHYaThIil MyCKoBOI
Tioes = To(A — 1) = 0,37/(2,1 — 1) = 0,41 Om. peoctar

7. Conpotupnenue peancropa BTopoii crynenu [IP

Tosz = Thossh = 0,41 -2,1 = 0,86 Om.
8. ConpoTupnenue pesucropa nepuoit CTYNEHH

Tho61 = Thoeoh = 0,86-2,1 = 1,80 Om.
9. Conpotusnenue 1P na nepBoii cTynenu

Rup1 = Thoe1 + Thosz + Thoss = 1,80 + 0,86 + 0,41 = 3,07 Om.
10. Conporusnenue ITP na Bropoit CTYNeHH
Rips = Tuosn + To63 = 0,86 + 0,41 = 1,27 Om.
11. Conporupnenwue [P na Tpetseit CTYTIeHH
Rpps = Tyess = 0,41 Om.

3anava 3.19. Tpexdasusiii acHHXPOHHEL ABUraTEND C dasHEIM po-
TOpoM paboTaeT ¢ HArpy3Koii Ha Bany M, = 0,75 M,,. Onpenenurs Be-
JIHYHHY CONPOTHBIEHHS PE3UCTOPA Ty, KOTOPBII CIIEIIyeT BKIIOYHTE B
KX/IY10 pasHy1o 06MOTKY poTopa, yTobbl YacToTa BpallleHHs [IpK yKa-
3aHHOI1 Harpyske cocTaBmsina n, = 0,5n,. Heobxomumbie JaHHbBIE IBU-
ratenst npUBeeHHl B Tabn. 3.21; HOMUHAIbHAS MOWHOCTD P, Hanps-
HKeHue cratopa ¢asnoe Uy, YHCIO0 NOTIOCOB 2p, CKONbKEHHE IIPH HO-
MHHJIBHON HATPY3KE §,,0,, CONPOTUBJEHHE O6MOTKH poTopa npu pabo-
yeil TeMneparype 7.

Pewenue papuanra 1.

1. YactoTa Bpaluenust B HOMHHATLHOM peximMe

Thow = (1 = 8u0) = 1500 (1 — 0,05) = 1425 06 /mun.



Tabnruua 3.21

Hsgaiasts Bapuante
1 2 3 4 5 6
P,y KB 10 75 22 5,5 14 7,6
Ui B 220 220 220 220 220 220
2p 4 4 8 8 4 6
Syom 70 h) 33 4 5,3 5 5
7 OM 0,115 | 0,014 0,053 | 0,150 0,095 | 0,130

2. MoMeHT Ha Basty JiBHIaTeNsi IPM HOMHHALHOI HATpY3Ke
Miyos = 9,55 P g/ Mo = 9,55 - 10 000/1425 = 67 H - m.

3. Cunrast pabouuii y4acTOK eCTeCTBEHHOI MeXaHMYeCKoil XapakTe-
PHCTUKH JIBUT2TEJIsI IPSIMONMHEHHBIM, IOIYYHM COOTHOLIEHIe MOMEH-
TOB Harpy3KH H COOTBETCTBYIOLIHX CKONbKEHHH

M2/MHDM = 30.75/5|va

U3 KOTOPOTO ONPE/IENAM CKONIbKEHUE $) 75, COOTBETCTBYIOLIEE HATPY3Ke
Ha Basy jBHrarenst M, = 0,75 M,

075 = (0,75 MiiomSon) / Muow = 0,758,0n = 0,75 - 0,05 = 0,0375.
4. CxonbxeHue Npy 4acToTe BpaneHUst ny = 0,57,
8= (ny — 0,500y) /7 = (1500 — 0,5 - 1425) /1500 = 0,525.

5. Vlcnonsayst NPHHITIN DPONOPUHOHATLHOCTH MEXKILY CKOMBKEHUEM 1
aKTHBHBIM COTIPOTHBJIEHHEM B IIENH POTOPA, ONPENETHM CONPOTUBIICHHe
NOGABOYHOTO PE3HCTOPA Ty, KOTOPBIH HEOGXOMMO BKJTIOYHTD B KasKZyIO
¢asnyio 06moTKy poTopa, YTo6H NOJIY KT YACTOTY Bpatienus 0,57, IpH
Harpyske Ha Bajty asuratenst M, = 0,75 M,

(76 + 72)/ 12 = /5035,
OTKYyZla COIIPOTHBIIEHHE ,ﬂOﬁaBO'-IHOFO pPe3UCTOpa
Thoe = (3 o 30'75)1'2/50.75 = (0,525 - 0,0375)0,115/0,0375 = 1,49 OM,

rae s = 0,525 — ckonbXeHHe NMPU NOHHKEHHOI YacTOTe BpaileHus
Ty = 0,57035 So.75 = 0,0375 — cKombKeHHe IPY HATPY3Ke HA BaJly /IBUTra-
Tenst My = 0,75M,4,; m, = 0,115 OM — conpotusnente basnoii 06MOTKH
poTopa npu paboveii Temneparype.

3azaya 3.20. Onpe/ienTh CONPOTHBIIEHNE PE3HCTOPOB T, KOTOPbIE
HEOOXONMMO BKJIIOUMTH B L€l OGMOTKH CTATOpa Tpex(pasHoro ACHHXPOH-
HOTO JIBUTaTe/Isl ¢ KOPOTKO3aMKHYTBIM POTOPOM, YTOOB! CHU3UTD B JIBA
pasa BeNMYHHY HayaNbHOIO IYCKOBOIO TOKA CTATOPa; ONpPEAeIHTh, Ha-
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Tabauya 3.22

Tun aeurarens

HNapamerp AUP | AUP | AUP | AMP | AMP | AUP | AWUP | AUP
90L4 | 100S4 | 10014 | 112M2| 13254 | 80A4 | 13258 | 80B4

P,o.» KBT 22 | 30 | 40 | 75 | 55 | 11 | 40 | 15
Uy B 220 | 220 | 220 | 220 | 220 | 220 | 220 | 220
oo o 81 | 82 | 8 | 875|875 75 | 8 | 78
COS Wyam 083 | 083|084 | 0881 08 | 081 | 070]| 083
Lo/ Do 65 | 70 | 75 | 50 | 70 | 55 | 60 | 55
M,/ M, 21 | 20 | 20 | 22| 20| 22 | 18| 22
oSy 086 | 084 | 0,85 | 0,74 | 0,75 | 0,88 | 0,85 | 0,86

CKOJIbKO NPH 9TOM YMEHBLIUTCS NYCKOBOI MOoMeHT Apurarens. Tpebye-
Mble JU7151 9TOr0 3HaYeHNs] IAPAMeTPOB ZIBUraTeisi MpUBeieHbl B Tabn. 3.22:
HOMHHaNbHAS MOIHOCTD ABUTaTens P, ,; HanpsaskeH e NUTAonei ceti
(dasroe) U,g; KT/ 1,055 KPATHOCTD IYCKOBOFO TOKA I,/ I 00 KPATHOCTD
yCKOBOTo MoMeHTa M, / M, .; K03 duimeHTh MOIHOCTH {BUraTeNs B
PeKHMaX HOMHHRJIBHOM HATPY3KHU COS P, 0y ¥ KOPOTKOTO 3aMBIKAHHS COS Py
yacToTa Toka 50 I

Pemenue Bapuanta c npurarenem AMP90LA.

Bennyuna nmyckoBoro Toka aCHHXPOHHOTO JIBUTATEISt ONIPENENSIETCS
€ro CONPOTHBIEHNEM KOPOTKOIO 3aMBIKaHUSA

Iln — U]/Z:x.

[loaromy anst yMeHbIIIeHHS! TTYCKOBOIO TOKa CllelyeT YBeNMIHTD 2, ; 32
CYeT eT0 aKTHBHOI 73 WM MHAYKTHBHOI T, cocTapnstionux (puc. 3.14, a).
Tpebyemoe 1151 37010 3HAYEHHE COCTABNAIONIEI CONPOTUBIEHHST KOpOT-

a

6 LI
Q8L e

[

Troé

Q82 F#f o6 (3:'&06)

Puc. 3.14. Crmxenne IycKOBoro Toka aCHHXPOHHOTO IBUTaTest ¢ KOPOTKO3aM-
KHYTBIM POTOPOM
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KOIo 3aMBIKAHHSA 7 HJIH , JIOCTHTAETCS TOC/IelOBaTEeNbHBIM BKIOYe-
HIfeM B JIMHEHHBIE NPOBO/IAa UTAOLI e CeTH 106aBOYHOro CONpOTHBE-
Hus (puc. 3.14, 6). Tlo okoHvanuu nycka pybunsuukom QS2 ati co-
IPOTUBJIEHHS LIYHTHPYIOTCA M OHM He OKa3bIBAIOT HUKAKOTO BJIUSTHHS
Ha paboty iBurarenst. [Iprimenenue B kayecTBe 106aBOYHOTO UH/IYKTHB-
HOIO CONPOTUBIIEHHS! (JIPOCCENsI C CepIEYHUKOM) GoJiee 3KOHOMUYHO,
TaK KaK aKTHBHOE CONPOTHBIEHHE 3TUX 3JE€MEHTOB He3HAYHTENbHO U
ToTepH B HUX HeBelHKH, OlHAKO B ABUTATENSAX HEOONHIIONH MOIIHOCTH
AUI51 OTPAHUYEHHST IIYCKOBOFO TOKA Yalile IPUMEHSTIOT Pe3HCTOPb, KOTO-
pble JiellleBJle ¥ MMEIOT MeHbILMe TabapHTBL, YeM JIPOCCEIIH.

Benuumna 106aB0YHOIO CONPOTHBNEHNS, HEOBXOMUMOTO JLIST yMeHb-
IIEHUS IYCKOBOTO TOKA B k Pas, ONpe/iesieTCst BBIpakeHUsAMU:

g = ke =22 1

Iﬂmﬁ = \}(kzx)z _7fc — Ty

1. Homunanbnblii Tok ctatopa (dasHoe 3HayeHUe)
Lip = Puou/ (3 UsgThuonCOS Pron) = 2200/(3 - 220-0,81-0,83) = 5 A.
2. HavanbHblif ycKOBOI TOK (TOK KOPOTKOTO 3aMbIKAHHs )
Ilt‘]),n = Ilq)(Im/Iman) =95-6,0 =325 A
3. ConpoTHBNEeHe KOPOTKOIO 3aMBIKAHHUST JIBHTATENS
% = Ujp/Lipn = 220/32,5 = 6,77 Om.

4. AKTUBHAS M HHIYKTHBHAsI COCTABJISIOL[HE CONPOTUBTIEHUST KOpOT-
KOI'O 3aMBIKAHUS

Tx = ZxC0S, = 6,77-0,86 = 5,82 On;
T = z8iny, = 6,77-0,51 = 3,45 Om.

5. Comnporugsnenne 106aBoYHOro PE3UCTOPA Tyoq ILIA YMEHBIEHMS Ha~
YaTbHOTO MYCKOBOI'O TOKa B 1iBa pasa (k = 2)

T = fke ) —22 -1, = J(2-6,77)7 — 3,452 5,82 = 7,27 Om.

6. MouHocTs, paccyUTHIBAaEMAst HA 3TOM Pe3UCTOPE,
Pros = (Lg.n/2)?1hes = (32,5/2)2- 7,27 = 1920 Br,

YYHTbIBasi KPaTKOBPEMEHHOCTH NPOXOXKAEHMUS TOKA Yepe3 Pe3HcTop
(0BBIYHO HECKONBKO CEKYH]T), 3TY MOLIHOCTH MOKHO YMEHbIIUTD B JiBa
pasa.

7. Hanpsi>keHe HENOCPEACTBEHHO Ha KJIeMMax OOMOTKH CTaToOpa JIBU-
raTenst mpH nycke

1o ™ 220 — (hgn/2)750s = 220 — (32,5/2) - 7,27 = 102 B.
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Takim o6pazoM, HanpsiKeHke, TIOBOAHMOe Ha KJieMMbl 0OOMOTKH CTa-
Topa, cocTaBuT 102/220 = 0,46 oT HOMHUHAMBLHOTO. [IpH 3TOM NYCKOBOI
MOMeHT JiBuratens coctasut 0,462 = 0,21 or M,, T.e. oH Oyner paBeH

0,21M, = 0,21 - 2,1 M, = 0,44 M, ..

CrenoBaTenbHO, 3TOT ABUTaTelNh IPH NYCKe JOJKeH UMETh Harpy3-
Ky Ha Bany He 6onee 44 % oT ee HOMHHAIBHOTO 3HAYEHHSL.

3agava 3.21. TpexdasHble aCHHXPOHHBIE JIBUTATENH C (ha3HbIM po-
TOPOM CepHH 4A HUMeIOT CIe/yIoN[ye JlaHHble KATaora, IpHBeleHHbIe B
Tabu. 3.23: HOMHHANBHAA MOIHOCTD P, q,; HOMHHANBHOE CKOJbXKEHHE
Suons KT Myyons KOO HITMERT MOLLIHOCTH COS Pyy00 TOK POTOPA Iy DIIC
potopa E,; neperpy3ouHasi ciocobHOCTb Ny, = Myax/ Myos-

OnpenenuTs: HOMUHATBHBIN M, ¥ MaKCUMaNbHBI M, MOMEHTEL,
KPUTHYECKOE CKONbKEHHE §, B PEKUME €CTeCTBEHHOM MEXaHHIeCKON
XapaKTePUCTUKH; CONPOTHBIIEHIE IYCKOBOro peoctata Ryp, Heo6x0-
IUMOe I NONYyYeHUsI KPaTHOCTH TYCKOBOro MoMenTa M, /M, =
= 1,5, 1 CONPOTHBINEHHE Ty, TPEOYEMOE 17151 IONYYEHMST YACTOTH Bpa-
ueHus ny = 0,5n; NpU HOMHHATLHOM Harpy30YHOM MOMEHTe.

Pewenue Bapuanta c apurareneM 4AHK225M8.

1. Yacrora BpaleHHs B HOMHHAJIBHOM pesKiiMe

Mo = M (1 — 8y0) = 750 (1 — 0,05) = 712,5 06/Mun.
2. HomMuHambHBLH MOMEHT
M, = 9,55 P00/ o = 9,05 - 30000/712,5 = 402 H - m.
3. MakcuManbHBIIT MOMEHT
Moy = Mygyh, = 402-1,8 = 7236 H- M.
Tabnuua 3.23

Tun ppuratensi | Poe KBT | 29 | Suow % | Thiowr 56 | COS@oons | Tonows A| Boy B | M/ Mien
4AHK225M8 30 8 5 86,5 | 0,80 | 165 | 120 1.8
4AHK250S M8 37 8| 55 | 87,5 | 080 | 190 | 115 2,2
4AHK250B8 45 8 4 89 0,82 190 | 140 22
4AHK250 M8 55 | 8| 35 | 895 | 083 | 185 | 190 | 22
4AHK280S8 75 | 8| 4 | 905|084 | 257 | 190| 19
4AHK280M8 90 8 4 90,5 | 0,84 | 267 | 214 1,9
4AHK31558 110 | 8| 35 | 91,5 | 0,84 | 311 | 225 1,9
4AHK315M8 132 8| 356 92 0284 | 364 | 247 1,9
4AHK35558 160 81 2,7 | 925 | 086 | 353 | 285 1,7
4AHK355M8 200 81 27 92,56 | 0,86 359 | 350 1,7
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4. Kputuyeckoe CKONbKeHIe B pesKHMe eCTECTBEHHOI MEXAHITYeCKOH
XapaKTePUCTHKH

p = Shou (M + N — 1)=0,05(1,8+1,8° - 1)=0,16.

5. AKTHBHOE CONpPOTHBIIEHHe (asHOil 06MOTKY poTopa npH paboyeit
TeMIeparype

1y =By / (V310 )| S0 = [120/(1,73-166)]0,05 = 0,021 O,

6. Cronbxenue s’ B pexxuMe ecTecTBEHHOIT MEXaHHYECKOI XapaKTe-
pucTHKH (Rpp = 0) pu MoMeHTe Harpysky, pasHoM 1,5 M,,,,. C Heko-
TOPBIM NPUGIIKeHNeM IpHMeM paboyiii yYaCTOK eCTeCTBEHHOI Mexa-
HHYECKOil XaPAKTEPUCTUKH, T. €. YYACTOK NPH § < 8, IPAMONUHEIHBIM
¥ 3allM1lieM PaBeHCTBO

Mnou/snon = 1’5MnuM/'5"
OTKy/Ia

8" = 1,580 = 1,5- 0,05 = 0,075.

7. Vicnonpayst npyHLHI PaBEHCTBA OTHOIIEHHI COMPOTHRIIEHMUI B
uernu ¢asHol 06MOTKH POTOPA K CKONBKEHUIO JI/IST €CTECTBEHHOM 1 HC-
KYCCTBEHHOI MeXaHUYeCKNX XapaKTePHCTHK NIPH OIHHAKOBOM Harpy-
30YHOM MOMEHTeE, 3allHIIEM PABEHCTBO:

(r2 + Rup)/r, = 1/5,

riie Ryp = 1 + 7y06 — CONPOTHBNEHME 1YCKOBOTO PEOCTATA, IPH KOTO-
POM IyCKOBOit MOMeHT M, = 1,5M,,,, oTKyzia Tpebyemoe COIIPOTHBIIEe-
HIle [IYCKOBOIo peoctara

Ryp=(r3/s") — 1, = (0,021/0,075) — 0,021 = 0,26 Om.

8. ConpoTupeHHe Pe3HCTOPOB T;6, KOTOPbIE HEOBXOMMO BKIIOYUTD
TOCTIE/I0BATENBHO B LENH (Pa3HBIX 0OMOTOK POTOPA ISt NOJyYeHHUs Ya-
CTOTEI BpauleHus, ny = 0,5my = 375 06/MuH, ONpeleNM, HCIONbL3YS
TPHUHIHI PABEHCTBA OTHOLUEHUS CONPOTHRIEHHS LENH POTOPA B PeKN-
Max MCKYCCTBEHHOM i eCTeCTBEHHOI XapaKTepHCTUK OTHOILEHHIO COOT-
BETCTBYIOIHX CKONbXeHMI:

(r2 + 7o) /T2 = S05/ Suows

rlie sp5 = 0,5 — CKonbKeHUe NPU YacToTe BpatlieHus potopa 0,5 n -
13 nonyuennoro paBencrsa Tpebyemoe conpoTuBeH e peaHicTopa

Tt = T2(%05/8wom) — 72 = 0,021(0,5/0,05) — 0,021 = 0,19 Om.

3apnaua 3.22. TpexdasHplii ACHHXPOHHEII IBUTATEND cepuH 4 A, BKJTIO-
YEHHBII B CEThb € MuHeiHbIM HanpsixenweMm Uy, = 380 B NpPH COEIMHEHNH
OGMOTKH CTaTOPa «TPEYTONBHIKOM», HMeeT HOMUHATILHBIE JAHHBIE: MOIL]-
HOCTD Py, YACTOTY BPAILEHHUS 10y, KTIJL 1,0y, KOObdMIIERT MOLITHO-

88

CTH COS P} oy KPATHOCTH ITYCKOBOIO TOKA X, IYCKOBOTO MOMEHTA X, MaK-
CHMaTbHOrO MOMeHTa N, (Tabu1. 3.24).

Tpebyercs onpelienuTs: . .

1) Bpamaronye MOMeHTEL BHTaTe/lsi — HOMUHAJIBHBIH, IyCKOBOH,
MaKCHMAaTbHEIIT, )

2) notpebiisieMble MOIHOCTD U TOK CTATOpa NPK HOMIAHAJIBHOR HATPY3Ke;

3) nyckoBble TOK CTAaTOpa M MOMEHT, 2 Tak3Ke [eperpy3ouHyIo cio-
COBHOCTD IBUrATENIA NIPH COEAMHEHUH 0OMOTKH CTAaTOPa «3B€3/10¥i» NpH
NpeskHeM HANPSDKeHUH NUTAIoIel ceTw;

4) npu kakoM ¢azHOM HANMPSIZKEHUH CTaTOpa J(BUraresb yTpayHuBaeT
eperpy304HyI0 CIOCOGHOCTD, T.€. N = 1.

Tabnuna 3.24

Tun neuratenst | P, KBT | My 00/MHH {00 %1 COS@pon| N M M
4AH16054 18,5 1450 88,5 | 087 6,5 13 2,1
4AH200M4 45 1475 91 0,89 6,5 1,3 2,5
4AH280M4 160 1470 93,5 | 090 6,0 1,2 2,0
AAHZ00M6 30 975 90 0,88 6,0 1,3 2,1
4AH280M6 110 980 925 | 089 6,0 1,2 20
4AH280M8 90 735 925 | 086 55 1,2 19

PeuweHue papuanta c jpurareseM 4AH160S4.
1. HoMuHambHBII MOMEHT

M, = 9,55 Pyon/ Tow = 9,55 - 18 500/1450 = 121,8 H - m.
2. ITyckoBoit MOMEHT
M, = M\, =121,8-1,3 =168 H- M.
3. MakcuManbHBIF MOMEHT
M, = M)\ = 121,821 =256 H-m.
4. TorpebnsieMasi ABUTaTENIEM MOLIHOCTb B HOMUHAJIBHOM pPeXUMe
Piios = Puos/ Mo = 18,5/0,885 = 20,9 kBT.

5. HoMuHambHBIE TOKH B L€l 0OMOTKH CTaTOpa:
¢a3Hblil TOK

Liy = Pryow/ (M1 U1 €08 @1y0v) = 20900/(3-380-0,87) = 21,1 A.
NUHEeHHbIH TOK
I, =31, =1,73-21,1=36,5 A.
6. [Tyckopoii (nuHeiHbI) TOK B IUTAIOLIEN CETH
L,=IL)\=365-65=237TA.



7. HomyunaabHBIit M IYCKOBOI TOKH IpU COeMHEHHN 0OMOTKH CTa-
TOpa «3Be3/I0L».

B a1oM ciyyae hasHoe HanpsbieHke cratopa YMEHBILAETCS JIO 3HAaYeHH A
Uigy = Upga / V3 =1380/1,73 =220 B

@asHblil TOK CTaTOpa TAKKE YyMEHbIIAETCH Ha 1,73, T. €. CTAHOBUTCS
PpaBHEBEIM

Loy = Doa /3 =21,1/1,73=12,2 A,

YTO 3Ke Kacaercst IMHEHHOrO TOKa, TO OH NPH COeIMHEHUH «3BE3ZI0»
yMeHbIIUTCA B 3 pasa

Loy = Lna/3 = 36,5/3 = 122 A.

Takxe B 3 paza yMeHbIUHTCS [yCKOBOM TOK B JIMHEHHbIX NPOBOXAX
NUTAIOMER CeTH

Liay = I ;0/3 = 237/3 = T9 A.
8. HomiHasbHbIi U [yCKOBOIT MOMEHTbI ABUTATENSt TIPH COE/HHE-
HUH OOMOTKH CTATOpa «3Be37I0i1».
Tax kak MOMEHT aCHHXPOHHOTO JIBUTATENS HPOTIOPIMOHATIEH KBAJ-

PaTy HalpsDKEHUS CTATOPa, NPU yMeHblueHuH (asHOTO HANPSIKEHHS B
/3 Pa3 MOMEHTBI JIBUTaTeNst yMeHbIIATCS B 3 pasa:

My = Mp/3 =121,8/3 = 40,6 H - »;
M,y = Mya/3 = 158/3 = 52,7 H - m;
Mooy = Mioin/3 = 256/3 = 85,3 H- M.
[Ipu sTOM NEperpy3ounast cnocoGHOCTD ABUTATENs YMEHBILATCS B 3
pasa M COCTABUT A,y = \,a/3 = 2,1/3 = 0,7.

9. Hanpsixenue (dastoe) U {¢» IPH KOTOPOM JIBHTaTeN b YTPaulBaeT
NEePErpy30YHyIo ClocoBHOCTS, T.€. Ny = M, /M, = 1.

Tak kax MOMeHT ACHHXPOHHOTO JIBHTaTENs MNponoprnHoHageH KBaa-

pary HalpsXXeHUs CTaTOPa, ABUFATENb YTPATHT NEPErpy304HYIO CrIOCO6-
HOCTb IIPH YMEHbLIEHUH HANPsKeHHsT [0 3HaYeHIsS

Upp = Upe/Ph =380//2,1=262 B.

Fhaea 4
CUHXPOHHbIE MALLUHBI

4.1. OCHOBHBIE NOHATUA

XapakTepHbIM NPU3HAKOM CHHXPOHHbIX MAILMH ABAAETCS KecTKas
CBSI3b ME3XKJLy YaCTOTOM BpaleHUst poTopa n, U YacTOTOMH 1epeMeHHOTO
TOKa B 0OMOTKe cTatopa fi:

m = f- 60/p.

JlpyrumMu copamMi, Bpaliaimolleecsl MarHUTHOE NOJIE CTATOpa U poTop
CHHXPOHHOI MAIIIMHb] BPAILAIOTCS CUHXPOHHO, T. €. C OMHAKOBOM YaCTOTOM.

ITo cBoeil KOHCTPYKIMH CHHXPOHHBIE MAIIMHEI pas/leislioTcsl Ha sIB-
HOMNOJIIOCHBIE Y HESIBHOMIOMOCHBIE, B SIBHOTO/MOCHBIX CHHXPOHHBIX Ma-
IIMHAX POTOP HMEET SBHO BbIpaskeHHbIE 110J110Ca, HA KOTOPBIX pacriofara-
IOT KaTyIUIKK OOMOTKH BO36YKI€HUS, NHTaeMble IOCTOSTHHBIM TOKOM. Xa-
PaKTEPHBIM NPH3HAKOM TAKHX MaIUMH SBJASETCA pasjdyulie MarHHTHOIO
CONPOTHRIEHHS 10 NPOJOJIBHOM OCH (10 OCH IIOJIIOCOB) U 110 NoNepey-
HOH ocu (1o ocH, NPOXOsiIEH B MEXIIONIOCHOM npocTpaHcTBe). Mar-
HUTHOE COIPOTHUBJIEHHE ITOTOKY CTATOPa 110 IPOONLHOI ocH dd HaMHOTO
MEHBIIIE MATHUTHOTO COITPOTHBIIEHUS [IOTOKY CTATOPA 110 NONepeyHOi ocH
¢gq. B HEABHONOMIOCHBIX CHHXPOHHBIX MAIIHHAX MAarHUTHbIE CONPOTUB-
JIEHKS TI0 IIPOJIONBHOI ¥ NONePeYHOI 0CAM OIMHAKOBBI, IOCKOJBbKY BO3-
JIYIIHBIE 3330p y 3THX MAIUH 110 IepHMeTPY CTAaTopa OJIHHAKOB.

KoncTpyxkiust cratopa CHHXPOHHOM MallMHBI B IPUHIIHMIIE He OTJIH-
YyaeTcst OT CTATOpPA aCHHXPOHHOI MamKHbL. B obMoTke cTaropa B npo-
1iecce paboThl MalMHbL HHAYIHpYyIoTca JJ1C 1 MpoTeKaloT TOKH, KOTO-
pble coanalot MaruuTo/iBLKyntyio cuiy (M/IC), MakcuManbHOe 3HaYe-
HHe KOTOpOH

Fy = 0,45my Lyw ko1 /p.

I1a MJIC coznaer Bpamjaollieecsi MArHUTHOE [101€, 2 B BO3/IYIIIHOM
3a30pe § MAlIIHB! CO3MAETCSt MATHUTHAS MHIYKLUS, rpadHK pacnipezie-
TIeHHsI KOTOPOH B MPEIeIaX KaK/I0ro NOJIIOCHOTO IeNIeHH A T 3aBUCUT OT
KOHCTPYKIIHK potopa (puc. 4.1).

JIns1 IBHOMOJIOCHON CHHXPOHHOMN MAallMHBI CTIPABe/I/IMBO Y PABHEHHE
HaNpsHKEHUI:

Ul — ED + E-'Id +E-'1q +El|-_,1 —'jlfir

rie E; — ocnopHas JJIC cMHXPOHHON MAIUNHBI, IPONOPIHOHATBHAS
OCHOBHOMY MarHHTHOMY IIOTOKY CHHXPOHHO# Mamunbl 8y, E,, — I/1C
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Puc. 4.1. I'paduxu pacripesiesiennst MarHUTHOIN MH/AYKIMU [0 [IOIIePEYHOI ocH
HESIBHOIIO/TIOCHOIH (@) M IBHOMOMIOCHOI (6 ) CMHXPOHHBIX MALIIH:

1 — rpadmix MJIC; 2 — rpadmk MarHUTHON MHAYKLMK

PeaAKIMH SKOPSA CHHXPOHHOM MAlIMHbBI N0 POLONBHOI OCH, IPONOP-
uuonanbHast MJ1C peakuus stkopst o npojonstoit ocu Fyz; E, — 3]IC
peakKi{uu sIKOpS 10 NoNepeyHoil 0CH, NPOTIOPIHOHATbHAS MﬂC peak-
UMM SIKOps 1O TioniepeyHoit ocu Fy; E | — J]IC paccesnus, obycnos-
JIEHHAs1 HaJTHYHeM MarHUTHOIO NOTOKa paccestHus $,, Besmyrina atoi I/]C
NPONOPIHOHAIBHA UH/IyKTHBHOMY COIIPOTHBJIEHHIO paccestHist 0OMOTKH
cTaropa ;

Eo] = _jjlml;

Ir; — aktiBHOe nafieHue HanpsiKeHust B ¢aznoil o6moTKe cTaTopa,
obbiuHo aT0f BEJIMYKMHOM NPH pellleHHH 3a]1ay npeHeOperaioT BBALY ee
HeGOBIIOro 3HAYEHUSL.

Jnsi HEABHONOMOCHO! CMHXPOHHOI MAILKHBI YpaBHeH ke HaNpsiKe-
HUM HMeeT BHJL

U, = By + B, — i,
3neck
E. = E +E,

rne B, — JJ1C peakiyuu sIkOpst HESIBHONOIOCHOH CHHXPOHHOI MALIHHEL

PaccmoTpeHHBIM ypaBHEeH UM HANIPSIKEHUIT COOTBETCTBYIOT BEKTOP-
Hble IMarpaMMbl HANIPsDKeHUi. ITH JUArPaMMBl IPUXOAUTCH CTPOMTD
Anst onpezeneHus nubo ochoprolt DJIC Mamunbl Ey, nubo Hanpske-
Hus o6MoTKH cratopa U,. Clexyer UMeTb B BUIY, YTO YPABHEHUS Ha-
NpSKEHHUH I COOTBETCTBYIONIHE HM BEKTOPHBIE JIMarPAMMBI He YU TbI-
B2IOT MArHHUTHOIO HACBIIIIEHUS] MATHUTONPOBOJIA CHHXPOHHOH MAILHHBI,
KOTOPOE, KaK U3BECTHO, BIUSAET Ha BeTHYHHY HHAYKTHBHBIX COIIPOTUB-
JIEHH 1, BBI3BIBAS X YMeHbILEHUeE. YUET 3TOro HaChleHHS NPeCTABIS-
€T CJIOKHYIO 33124y, N03ToMy npu pacyetax I/]C 1 HanpsakeHuit cCUHX-
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POHHBIX MAIIUH 0OBIYHO NOJB3YIOTCS npakmueckou duazpammot D]IC,
KOTOpasl yYUTHIBAeT COCTOSIHHE HACHIII[€HHS MATHUTHOM CHCTeMBbl, BbI3-
BaHHOE JIeHCTBIEM peaKIMH SIKOpsl IIpU Harpy3Ke CHHXPOHHOI Maliu-
ubl. [Ipu nocrpoennu npakrtmyeckoii nuarpamMmvel J/1C HamMarnuyuBa-
IONYIO CUJIY PEAKLUH STKOPS HE pas3/iaraloT Ha POIONIbHYIO U NOTIEpeY-
HYIO COCTABASIIOIIHE, IO3TOMY 3T IHarpaMMa MOXeET ObITh NpHMEHEHA
KaK NPH pacyeTax ABHOMOMIOCHBIX, TAK H HESIBHOIOMIOCHBIX MAIITHH.

[pu peneHuu 3aj1a4, CBSA3aHHBIX THO0 ¢ CHHXPOHHEIMH TEHEpaTOpa-
MU, BKJIIOYEHHBIMU NAPAJJIENbHO ¢ CeThIO, MO0 ¢ CHHXPOHHBIMH JIBU-
rateNsiMH, NONb3YIOTCH Y2l08bIMU XAPAKMEePUCTNUKAMY CHHXPOHHBIX
MallUH, [IPeICTABMISIIONUMH c000i 3aBHCHMOCTD 37I€KTPOMArHUTHOTO
MoMmeHTa M ot yraa Harpysku 0. IIpu 3ToM cnesyer NOMHUTD, YTO B B~
HOTONIOCHBIX CHHXPOHHBIX MallIMHAX JIeHCTBYIOT /IBA MOMEHTA: OCHOB-
HOil M, 1 peakTUBHBII M), a B HEIBHONOMNIOCHBIX MAIIHHAX — TOJBKO
OCHOBHOI MOMEHT:

U.E
M,,, = D121 %0 e,
Wy
_ mU? 1 1

M

> .-}
2w \z, =,

]sin 26.

Yron HarpyskH 0,,,,, COOTBETCTBYe€T HOMUHANIbHOMY MOMEHTY M.
MakcyManbHBIE MOMEHT CHHXPOHHOH MAlIMHBI ONpelleNseT Neperpy-
304HYIO CIIOCOOHOCTH CUHXPOHHOI MALIMHE], YTO HMEET BasKHOE 3HaYe-
HHEe KaK JUJISi CHHXPOHHBIX TeHEPATOPOB, paboTAIOIMX NAPaJIENbHO €
CeThIO, TAK U ]ISl CHHXPOHHBIX JIBUTaTesieil. B HessBHOIOMOCHBIX CHHX-
POHHBIX MAIIMHAX MAKCHMAJBHBIIl MOMEHT COOTBETCTBYET YIJIy Harpys-
ki 6 = 90°, B ABHONOIOCHLIX MaMHaX 6y, < 90° 1 06BIYHO cocTaBNseT
60—80° B 3aBHCHMOCTH OT COOTHOILEHHSI OCHOBHOIO M PEAKTHBHOTO
3NIEKTPOMArHUTHBIX MOMEHTOB 3TOH MAaIIMHEL.

Jlns pacyeta KpUTHYECKOro Yrila HAarpyaKkH, OlpeeNsonlero nepe-
IPY304HYIO ClIOCOOHOCTH SIBHONONIOCHBIX CHHXPOHHBIX MALIMH, MOXKHO
BOCHOJIb30BATHCST BEIPAsKEHUEM:

cos0,, = m -B,

riue

B =E/|40, (z,/z, 1))

ITpu pacyerax napameTpoB CHHXPOHHBIX MAIIUH NpuMensior U-06-
pa3Hble XapakTepUCTHKH, IPEACTABASIONIME OO0 3aBHCUMOCTH TOKa
cratopa I, oT Toka B 06MOTKe BO30YsKieH st I, NpH NOCTOSHHOH Harpy3-
ke P,. IIpy aTom namenenne Toka B ienw craropa I, = I, + jI, npomuc-
XOJIUT JIMIUD 32 CYET €ro peakTHBHOMU cocTtapsiouteit j,. [Toatomy pe-
IyJIMPOBKa BEJIMYMHBI TOKA Bo30YkleHUst [, COIIPOBOXAAETCS OJTHOBPe-
MEHHBIM H3MEHEHHEM He TONBKO TOKa CTaropa, HO M koadduiueHTa
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MOIIIHOCTH COSp. AKTHBHAsI COCTaBJIAION[ast TOKA CTATOPa I}, IPH 3TOM
octaetcs HemaMeHHo#. Co3flaBasi pesxuM nepeeosbyxcoenus I, > I, Bbl-
3BIBAIOT Onepedcenue 1o ase Toka ceTd I, OTHOCHTENbHO HANPSKEHHST
U}, 4T cnocoGCTBYeT NOBbIIIeHHIO KoaddUIIeHTa MOLTHOCTH B CETH.

IHepreTHYECKHe XapaKTePHCTHKH B CHHXPOHHOMH MalllMHe 3aBHCST
ot pexunma ee pabore. Eciin Manmna paboraer B pesiMe reHepatopa,
TO NOABOAMMAs K FeHEPATOPY MeXaHHYeCKast MOLLHOCTH OIpeJiesisieT-
€1 Bpau[alonHM MOMEHTOM NPHBOHOTO ABUTaTeNst M; 1 yacToToii Bpa-
IMEHUS 7,

P, = 0,105 Mn,.
YacTb 9Tol MOIHOCTH PacXO/yeTcs Ha MOKPHITHE MeXaHUYECKHX
Py, MarHUTHBEIX P, 1 nobaBounbix P, noteps. Eciu Bosbysxenue re-
HEpaTopa MPOUCXOAMT OT BO30YNTENS, IPUBOAMMOTO BO BPALIEHHE OT

of1iiero NpUBOAHOIO ABUIATENS, TO K TIEPEYHCIEHHBIM NOTepsiM 106aB-
JIAIOTCS e1lie ¥ [oTepH Ha Bo30ykeHue

PB = UBIB/TIBl

riae U, u I, — HanpsxkeHue U TOK B Lenu Bo3byskaenus; 1, — KI1J[ Bos-
GyuTens.

Ocrapwasicst nocie BHIMUTAHUS N€PEYUCAEHHBIX OTEPh MOLHOCT,
npencTapnsAer coboil 3NeKTPOMarHHTHYIO MOLIHOCTL TeHeparopa P, ,
KOTOpas Mepe/laeTcsi HA CTATOp FeHepaTopa 3NeKTPOMATHUTHLIM My-
TeM. [lose3nasi momHoCTS Ha BHIXONIe reHepaTopa P, MeHblie 371eKTpo-
MarHUTHOM MOIIIHOCTH Ha BeJIUYHHY 37IEKTPHYECKUX IOTEPh B 0OMOTKe
cTaropa

Pa= myldn.
CymMapHEie 1I0TepH CHHXPOHHOIO FeHepaTopa
XP= Pux+ Py+ P, + Pys + P,;.
[Tonesnas MOLHOCTB reHeparopa
Py = Sycosp = my Uyl ycosyy,

r/ie S, = m, U} I} — nosHast MOIITHOCTb Ha BBIXOJie TeHeparopa, B - A; cosy; —
KO((PHIMEHT MOLIHOCTH B [ENIN HAIPY3KU TeHepaTopa.

Eciv cunxponnas Maiuna paboTaer B peskiMe IBUFATENSI, TO BUILI
NOTEph OCTAIOTCS NPEXKHUMHE, HO 3NeKTPHYECKAA MOIIHOCTL HA BXOJIE
IIBHraTenst

Py = Sicosyp; = m, Uy Licosy,,
a MOI[HOCTH Ha BbIXOJ1€ JIBUTATENS SIBJISIETCS MeXaHHYeCKO
P, = 0,105M;n,.
Koabduiuent nonesnoro jeiicTBust CHHXpOHHOI MaIIHHBI
M= P,/P,.
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4.2. 3AAYU

CHHXpPOHHbIE FeHepaTopbl

3apnaua 4.1. [Tapamerpbl Tpex¢da3HOTO CHHXPOHHOTO reHeparopa
(1262. 4.1): HoMuHanbHOE (NHHEIHOE) HanpsiKeHe Ha BBIXOAE Upyoy
npu yactore Toka 50 'y, 06MoTKa cTaTtopa coeMHeHa «3Be3/10i », HOMH-
HaMbHBII TOK cTatopa lj,q,, KII/l renepatopa npu HOMHHaJILHON Ha-
IPY3KE T}y0y, YUCIIO NONIOCOB 2p, MOLIHOCTD Ha BXOJIe TeHepaTopa Py,
[OJIe3HAS MOLIIHOCTB HA BbIXOJIe TeHepaTopa P, CyMMapHHe N0Tepy B
pexuMe HOMHHAJIBHOM HAarpysKk Y_ P, TIOJIHAsi HOMHHAIbHAs! MOI-
HOCTb H2a BBIXOJIE Sy, KOIPODUIMEHT MOITHOCTH HAIPY3KH, NMOJKIIO-
YEHHOI K TEHEPATOPY, COS ;00 BPAILLAIOLIMIT MOMEHT IIEPBUYHOTO /IBU-
ratesi Ipy HOMAHATBHOM 3arpyske reHeparopa My,,,. Tpebyercs or-
pelleINTh IapaMeTphbl, 3HAYEHUsT KOTOPhIX B Tab. 4.1 He yKasaHbl.

Tabnuna 4.1
BapuanTst
Tapavete ™ T2 T3] 2] 5 6] 7] 8]09]10
Seon KB-A | 330 | — | 270 | 470 | — | 600 | 780 | 450 | 700 | 500
Utionn KB 633204 — |07 |32|63| 04| — |32
Thiosr T 92 | — | — |91 ]| 90| 93] — | — ]93] @92
2p 6 | 8| —| 6 |10]|12| 6 | —| 6|10
Powy kBT — | — 206 — | — | — |6674|3695 — | —
SPwkBr | — 1 27 | 8} — | — | — | — | — | —|—
COS Pryon 09| — |085] 09| — |092] — | 09 |092|085
- — | 722 — 431} 190 | — | — | — [642] —
PuowKBr | — [ 340 | — | — | 190 | — |7176] — | — | —
Mo H-M — | — | — — — ] — | — | 7735 — | —

Pemenue Bapuanta 1.
1. TTosle3Hast MONHOCTH HA BHIXOJIE TEHEPATOPA

Poon = SonCO8 P 1oy = 330 - 0,9 = 297 kBr.
2. MommHoCTh Ha BXOJle TeHepaTopa
Prisii = P/ Mos = 297/0,92 =322,8 kBr.
3. CymMmapHBle IOTepH
2-Piom = Piuoy — Puoy = 322,8 — 297 = 25,8 kBr.
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4. Tok cTatopa B HOMHHANBHOM pexumMe
Los = Suon(V3U,,,0, ) = 330 /(1,73-6,3) = 30,2 A.
5. CHHXpOHHAS YacToTa BpallleHus TIpu 2p = 6 M yacrore Toka f, = 50 [ip:
m = f-60/p = 50-60/3 = 1000 06/MuH.

6. MomenT nmpuBOHOrO ABUTATENS, HEOOXOMMMBII 17151 BpanieHus

POTOpa I'eHepaTopa ¢ CHHXPOHHOM YaCTOTO# Bpamienus B pexuMe HO-
MHHAJbHOMH Harpysky,

Myyon = 9,55 - 10°- Py, [y = 9,55 103- 322,8/1000 = 3083 H - m.

3azmaua 4.2. Texnuyeckyie maHHble TpeX(asHbIX CHHXPOHHbIX SIBHO-
TNOJIIOCHBIX TEHEPATOPOB NPUBENEHB! B TA6N. 4.2: OCHOBHAS IJIC renepa-
Topa (asHoe snavenne) Ey, HoMuHanbHBL ToK HarpysKu reseparopa
(dasnwit) I, yron (asosoro ciBura ¥, MEKJY BEKTOPaMIf OCHOBHOI
I/IC E, utoka Harpysku I, (Harpyska AKTHBHO-UHIYKTUBHASN ), HH-
HYKTHBHbIE CONPOTHBJIEHHS — PacCestHUsT OOMOTKH CTATOpa &, pEAKIUK
AKOPS [10 NPOONBHOM OCH T4, PEAKIIHK SIKOPA N0 NoNepeyHol ocH Es

Tpebyercst noctpouts BEKTOPHYIO IMarpaMMy reHepaTopa, orpeie-
JUTH HOMUHAJIBHO® HalpsikeHUe U),o,; HOMHHATbHDBIE 3HAYEHIS non-
HOIT S,y U AKTUBHOH P, ., MOLHOCTEl Ha BBIXOJl€ reHepaTopa U uaMe-
HEHNE HAPSLKEHHsT NpH cOpoce HArpyaku A Uson Yacrora toka 50 Iig;
OOMOTKH CTaTopa coeuHeHbI «3BE3J10i1», AKTHBHBIM CONPOTHBJIEHHEM
06MOTOK cTaTopa npeHebpeys,

Tabnauuya 4.2
Bapua
Uepagrp [ 2 T T 4 ] 5 6 7
Ey B 280 | 275 | 284 | 298 | 260 | 265 | 290
Bens A 5 | 9 | 108 | 120 | 36 | 28 | 120
W, rpax 5 | 48 | 50 [ 45 | 55 | 48 | 34
2, Om 052 | 015 | 012 | 008 | 044 | 048 | 007
T, OM 10 | 132 | 1,24 | 118 | 1,65 | 182 | 1.05
2o On 074 | 055 | 048 | 032 | 1,15 | 122 | 090

Pemenue BapHanTa 1,

1. YpaBrenue Hanpsoxerumiz AIBHOTIONIOCHOTO CHHXPOHHOIO TeHepa-
TOpa

Uy=E,+E,+E, +E,.
2. IJ1C peakmum sixops no NPOIONBLHOI ocH
Ey = —jl,, 0\ usin ¥, = —j54- 1,0 0,766 — — j41,4 B.
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3. O/1C peakuuu sKOPsI 110 TIONEPEYHON OCH
B, = —jI,, 8,08 ¥, = —j54-0,74- 0,643 = —j25,7 B.

Inom ™o

4. ]IC paccestnusi
B\, = —jl 0% = —754-0,52 = —j28 B.

5. BexTopHyIo iMarpaMMy HanpsxeHHiT CTPONM B clenyloieM no-
panke (puc. 4.2): u3 Havana juarpammbl (Toyka O) B NPOU3BOMLHOM
HalpaBJIeHWH NPOBOJIUM BEKTOP TOKa I, ; OT 3TOrO BeKTOpa Moj yr-
noM ¥ B npuHsiTom Macutabe HanpskeHus my = 2 B/MM nposomum
BeKTOp ocHOBHOI JJIC E;. Yuyurslpasi pasMarHuMyMBaloliee BIHSHIE
PEAKLHH SIKOPS NPH HHAYKTUBHOM XapaKTepe HAarpy3KH, U3 KOHI[a BeK-
topa I/IC E; B ofpatHOM HanpaBaeHU# NPoBOAUM BekTop DJIC peak-
¥ SIKOPSA 10 MPOJIoNbHOM ocu E, . Jlanee U3 KOHL@a 3TOro BekTopa
nox yrnom 90° k Bextopy octoBHoit DJ[C E,; npoBoanm BEKTOP I[1C
PEAKIIMH SIKOPA 110 nonepeyHoii ocu F, , 3ateM nox yriom 90° k Bextopy
TOKa U3 KOHL@a BekTopa F, nipoBoxuM Bextop I/IC paccesnus E . Co-
EMMHUB Havalo Anarpammbl (Toyka O) ¢ KOHIIOM BekTopa F_, nonyunm
BEKTOP HOMUHATLHOIO HANDSKEHHs! Ha BBIXO/Ie TeHepatopa U, . Ua-
MEpHB ero AnuHy (115,5 MM) 11 YMHOXHB ero Ha MacuiTab HanpsKeHHst
my= 2 A /mm, onipeJielisieM 3HAYEHHE HTOTO HANPSIKEHHS

Upon = 115,5-2 = 231 B.

IIpu coennnernit 06MOTKHU cTaTopa «3Be3foii» JuHelHoe Hanpsoxe-
HUe Ha BbIBOJIaX OOMOTKH cratopa pasHo Uy, = 231 - 1,73 = 400 B.

WamepuB yron Mexay Bekto-
pamu U, - w I, onpejiensiem
$asoBbIil CABAT g0, = 40° ¥ Ko-
3DUILMEHT MOLIHOCTH COS Wiy =
= 0,766 (mnm.).

6. TTomHas HOMUHANLHAS MOLL-
HOCTb Ha BHIXOJE F€HEpaTOpa

Siost = 3 UlnowTinon =
=3-231-54-10*=374xB-A.
7. AKTHBHAsA MOLIIHOCTD HA BBI-
XoJle reHepaTtopa
P oM = PnomCOS Pryoy =
= 37,4 -0,766 = 28,6 xBr.

8. HomMunansHoe u3aMeHeHme
HANPSDKEH U IPK cOpoce HArPY3KU  Puc. 4.2. BektopHas auarpamma I]J[C

~  CMHXPOHHOTO SIBHOIIOJIIOCHOTO reHepa-
AUion=[(EBy— Urnow) / U1ion] 100 = TOpa IPH aKTHBHO-MHAYKTHUBHOI Ha-

=[(280 — 231)/231}100 = 21,2 %, rpyske
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T. €. IpH c6pOCe HArPY3KH OT HOMHHAIBHOM /10 PEFKHMA XOJIOCTOTO X012
HalpsaKEeHHE Ha BBIXOJle reHepaTopa yBeJlnyuBaercs Ha 21,2 %.

3anaua 4.3. Mcrionb3ys 3HaYeHHUs! BeIMYHH, IPUBEIEHHBIX B Tab.
4.2, onpeieIuTh TpebyeMble TapaMeTphl FeHEPATOPa NS CIyYas AKTHB-
HO-eMKOCTHOI HArpy3KH; yroJi pasoporo ciBHra Mexkay Bektopamu I/JC
E, wtokoM Harpysku I, mipuHaTe ¥ = 0,5¥,.
Pewenue Bapuanta 1.

1. TIpu pereHuy 3anayu 4.2 onpejeneHbl 3HaYeHHA:
E, =-j41,4B; E, =—j257B; E, = —j28 B.

2. TIpu eMKOCTHOM XapakTepe HArpy3KH TOK ollepeskaeT 1o ¢ase
I/IC, noaToMy NpH NOCTPOEHUM BEKTOPHOH JMATPAMMBI BEKTOP TOKa
narpyaku I, cMemtaeM BieBo ot Bektopa I/IC E, nayron ¥ =0,69, =
=0,5-54 = 27° (puc. 4.3). VI3pecTHO, YTO NIPH €EMKOCTHOM XapaKTepe
HArPY3KH PeaKIUst SIKOpsS OKAa3blBAeT HAa TeHePaTop NOJAMArHNYHBaIOL{Hii
xapakrep. [Toaromy Bextop IJIC E,; OTKIa1bIBAIOT B HAIPABJIEHHH BEK-
Topa ocHoBHoit IJIC E . B octanbHOM NOPSIOK NOCTPOEHHST BEKTOP-
HOM JlHarpaMMBl TAKOH e, YTO U NP NIOCTPOEHUM JIHArpaMMBbl B 3a/1a-
ye 4.2. B peaynsrate noctpoenuii nonyueH
BEKTOP HOMUHANLHOTO Hanpsbkenus U o
anuHOo# 170 MM. C yyeToM NIPpUHATOrO Mac-
. mrtaba HanpsikeHUst my = 2 B/mMM, onpe-
Eyq nensieM HanpsskeHue Uy = 340 B, npu

3TOM JiIMHeliHOe HanpsixkeHue U, = 640 B.
Yron daszoporo ciBura Mexay BEKTOpaMH
Toka I} w wanpsokenus U, cocTaBuisier
Grnow = 36°, 2 K03)DUIHEHT MOIHOCTH
. COSPpuom = 0,809 (eMK.).
Uliow 3. ITonHas HOMMHATbHAST MOIIHOCTH HA
BBLIXOJIe TeHepaTopa

Smm = 3 Usnominon” 1073 =
=3-340-54-10"3 =55 kB- A.

4. AKTUBHAS MOL[HOCTb Ha BBIXOJIE TeHe-
paropa

E1E‘“

& HOM — SlluMcOS‘lenM =
0 = 55-0,809 = 44,5 kBT.

5. HomuHaibHOE H3MeHeHle HanpsikKe-
HHsl reHepaTopa NpH cOpoce HATPY3KH

AUon = [(-E] - Ulnom)/ Uluo.\{lloo =
— [(280 — 340)/340]100 = —17,6 %,

Puc. 4.3. BektopHas auar-
paMMa HANpPSZKEHUH CHHX-
POHHOTO SIBHOIOJIOCHOTO
reHepatopa IIpH aKTHBHO-
€MKOCTHOIT Harpyake
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T.€. IpH cOpoCe Harpy3KH HaNpsKeHHe Ha BBIXOJIe TeHePATOPA Y6e Ut -
eaemcst Ha 17,6 %.

CpaBHenne pe3yJbTaTOB pelieHus 3a1ay 4.2 1 4.3 1oKasblBaeT, yTo
CBOHCTBa CHHXPOHHBIX FeHepaTopoB (HOMUHATbHBIE 3HAYEHHS 1I0JIHOM 1
aKTHBHOM MOL[HOCTEll, HOMUHaTbHOE H3MEHEHI€e HANIPSIKEHHs! IpH cOpo-
Cce Harpy3KH) B 3HAYKHTENbHOH CTeleHH 3aBHCAT OT XapaKTepa HATPY3KH.

3anaua 4.4. Tpexdasnblii CHHXPOHHBIN FeHEPaTOP HOMHHAILHOI
MOILHOCTHIO Pq, ¥ HOMUHAMbHBIM (asHEIM) HanpsskeHueM Uy yon
paboTaeT ¢ k03 HUILMEHTOM MOLIHOCTH COS Py 0y = 0,8 (MHJL.). O6MOT-
ka Qaspl craTopa MMeeT HHJYKTHBHOE CONPOTHBIJICHHE PacCesHUs I
(1abn. 4.3); otHOIEHHE KOpoTKOTO 3aMbikanus OK3, yactoTa nepeMeH-
Horo Toka 50 I'u.

Tpebyercst mocTpouTsh npakTuyeckyio auarpammy IJIC u no Heii
OnpeJieIuTh HOMHHAIbHOE H3MeHeHHe HAMPSIKEHUsT reHepaTopa npu
cbpoce Harpysku A U,,. AKTHBHBIM CONPOTHBNEHHEM (hasbl 06MOTKU
craropa rpeHe6peyb. XapakTepHCTHKA XOJIOCTOrO X0/ FeHEPATOpa Hop-
MaJsbHasi.

Tabnuna 4.3
Bapuantat
mn
WCP T 2] 31 4] 56 710181 9710
Uy B 230 | 230 | 230 | 400 | 400 | 400 | 400 | 230 | 230 | 230
OK3 141213 11f1al1a]12) 1312 14
%, OM 0,15]032[045]032] 028 025]018032]032] 0,18

Pem enue Bapuanra 1.
1. HomuHaneHBI TOK cTaTOpa

Liow = Sose/ (11 Uioy €08 @10y) = 55 000/(3 - 230 - 0,8) = 100 A.
2. UHAyKTUBHOE Ma/leHUe HAIPSAKEHHS
E, =il & =100-70,15= 515 B,
HJIH B OTHOCHTEJIbHBIX ellHHUIIax
By = Eyof Upyo = 735/230 = 50,15.

3. [loctpoenue npaktuyeckoii guarpaMmel I/IC (puc. 4.4).
3.1. CTponM HOpMaNbHYIO XapaKTepPUCTHKY XOJIOCTOTO XO/ia B OTHO-
CHTeNbHBIX efuHUNaX Ey = f(I+) IO cnenyonuM JaHHBIM:

........................... 058 1,0 1,21 1,33 1,40 146 1,51
e 0,0 1,00 1,50 20 25 30 35

rie
EO* o= Etl/ Uluom; I = IB/IBDHOM'
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Puc. 4.4. llpaktuyeckas marpamma 3JIC cuHXpoHHOrO reHeparopa

3necpb E, — ocnobhasi /[C reneparopa; I, — Tox BO30YX/IeHUs reHe-
paTopa B pe;xHMe XOJIOCTOTO XO/18; I,y — TOK BO3OYK/IEHHS], COOTBET-
crByfonmii ocnosroit IJ[C reHepatopa B pexuMe X0lI0CTOro Xo/a L,

3.2. B atux e ocsix koopzusar (eM. pHc. 4.4) crpoum XapaKTepUCTH-
Ky KOPOTKOTO 3aMBIKaHHsl B OTHOCHTEJIBHBIX efIMHALAX L = f(Is), rjie

Ix* = jrllc/'(lmm«!*

XapakTepUCTHKY KOPOTKOFO 3aMBIKAHUS, HMEION[YIO MPSIMOJIHHeii-
HBII BUJI, CTPOMM IO IBYM TOYKaM: Touka O — Havano oceit KOOpAUHAT
1 Touka K ¢ koopauHataMu L =1 ¥ I, o

Tox I,y uoy= Tpencrasnsier coboii Tox Bozbyxaenns, COOTBETCTBY-
IOLIHI HOMUHAIIBHOMY TOKY HArPY3KH FeHepaTopa Iy, OTIPE/eJIHM ero
BeJIHYHHY, ucrob3yst OK3 = 1,4 (oTHoLIeHHE KOPOTKOro 3aMBIKaHMsT),

OK3 = Inﬁmu/ IB.IC.HDM!

OTKy/Zla
jl.13,|<,umu" == "I].IC,IIOM/IB{)IIDM = 1/0K3 = 1/1,4 = (,71.

3.3. Ha ocn opaunar ctpoum Bektop U, = 1 H TI0f yrioMm

oM™
Priom = arccos 0,8 = 37°
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TPOBOIMM TIPSIMYIO JIMHUIO — HalpaBJleHHe TOKa CTATOPa, Ha KOTOpOit
CTPOHM BEKTOp [, .+ = 1, /UIs1 4ero jiefienye 1 ¢ OCH OpAMHAT TOCpE/-
CTBOM IIMPKYJIsi IIEPEHOCHM Ha JIMHUIO — HaNpaBJIeHHe TOKa.

3.4. VI3 xonna Bextopa Hanpsoxenust U, » ozt yraiom 90° k Hanpas-
JIEHHIO TOKa cTaTopa npoBoauM BekTop J/C paccesinust (MHAyKTHBHO-
r0 NaJleHHUsl HATIPSKeHHsT )

E » = j0,15.

. 3.5. CoennuuB TOYKY Hayasa oceii koopauHat O ¢ KOHIOM BeKTOpa
E, », nonyunm sextop 3/IC narpysennoro remeparopa

E“rt = 01}\,0“; ‘l" Eﬂ' == 1,09.

3.6. IpoextupyeM konen Bektopa B, . na XapaKTepUCTHKY X0JIOC-
TOro xo/ia 1 noflydaeM oTpe3ok BC, KOTOPHIi 3aTeM npoekTHpyeM Ha
och abenuce ¥ onpeiesieM BeJIUYH HY ToKa BosOyxenust I} = 1,17, co-
orserctBylomyio I/[C narpysxennoro reneparopa F, » = 1,09.

3.7. Onpenienum Bennuuny Toka Bo36yKaennus I, o, KOMIIEHCHPYIO-
mero J/(C paccesthus B+ = 50,15; ¢ 310ii 1eJIbio HA OCH OpAHHAT B
Touke O TocTpouM Bektop E,v, MOydeHHyI0 TouKy H nepeHeceM Ha Xa-
PAKTEPHCTHKY XOJIOCTOTO X013, & 3aTeM Ha 0Ch abCIICC U ITOJIYYHM 3Ha-
deHHe Toka Bo3Gyxenus I, , = 0,11, axBuBasenTHoro JJC paccesiHUs
B\, = j0,15.

3.8. Ilpu pabote cunxpottoro reseparopa 6e3 Harpy3ku (PexuM xo-
JocToro xoza) ero octobuas IJ[C Ey 6onbuie, yem 3JC E, v, Ha Besu-
unny I/[C peakuuu ssKopsi 0 NPOAOIBHOI ocH Ejge, T. €.

EU* = Ellr’ + ‘E-ld"

Jlnst yuera Eyy« onpenennm Tok BosGyxeHust g, COOTBETCTBYIO-
LHH TPOJI0JIbHO-PasMarHHYHBAIONIEMY JIefiCTBHIO peakLHH sxopsi. Be-
JunHa I+ onpenetsietcs orpeskoM LG Ha ocu aberec: Iys = 0,6.

3.9. U3 Toyku D nopt yrnom

PL="+ Prou =7+ 37=44°

k Beprukamm CD crpoum Bextop DM = I 4 = 0,6. 3aTeM U3 Touku O
pamycoM OM onHueM Ayry /1o nepecedeHus ¢ ochblo abCice B ToYKe
N. lonyyennbiit otpesok ON = 1,65 npeictapisiet co6oii Tok BO30YkK-
IeHHUs Loy, COOTBETCTBYIOIMI OcHOBHOI DJ[C renepatopa

Eyx= PN =1,3.

3.10. B pesyznbTate Bcex BHINIONHEHHBIX MOCTPOEHMIT OTIPEIeIUM HO-
MUHaJIbHOEe U3MEeHeHNe HaNpsKeHUs IpU cOpoce HarpysKH:

AUjon = (Epr = Unyons)/ Uryorr = (1,3 — 1)/1 = 0,3 nam 30 %.
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3ajaua 4.5. Tpexdasublii CHHXPOHHBIH reHepaTop SIBHOTIOJIIOCHOI
KOHCTPYKLMH HOMHHAJBHOHM MOIIHOCTBIO S, B YHCJIOM TIOJIIOCOB 2p
BKJIIOYEH Ha TMapasjle]bHyIo paboTy ¢ ceThbio HanpsbkeHHeM U, yacro-
toil f; = 50 I'. Cratop renepatopa uMeet ANUNy I, U muametp D;; Mar-
HHUTHAsI MHAYKIEST B BO3AYNIHOM 3a30pe By, koadpHIMeHT 3aronHeH st
cepieyHuka cratopa ctanbio k. = 0,95. Masnas obMoTKa craTopa co-
IEePKUT w, TOC/eJOBATENbHO COefIMHEHHBIX BUTKOB € 0OMOTOYHEIM KO-
addunnentoM kg, = 0,92. Dasnbie 06MOTKHU CTATOPa COSUHEHBI «3Be3-
noit». CHHXPOHHEIE HHYKTHBHbIE COMTPOTHBIIEHHS FeHePAToOpa: 1Mo Tpo-
IONbHOM OCH Ty, IO TIOTIEPEYHOM OCH Z, 3HAYeHHS IePeyHCTIeHHBIX Ta-
pameTpoOB npuBezieHk! B TabJ. 4.4.

Tpebyetcst onpeieNIUTh TOPMO3HEIe MOMEHTEL, A€HCTBYIOIIHE Ha Po-
TOP reHepartopa: OCHOBHOM M, peakTUBHBI M, M pe3y IbTHPYIOLIHiA
M = Moy, + M, 1 tocTpouTh rpaddHKH 3THX MOMEHTOB B QYHKIMUH yIia
0; BRIYHCAHTD TIePerpy304HyIO CriocoOHOCTD reHepaTopa, eclH PeXKuM
HOMMHAJIbHOI Harpy3KH COOTBETCTBYeT YITly HarpyskH 6, = 16,5°.

Tabnuua 4.4
Mg BapuanTsi
1 2 3 4 5 6 7
Syom KB-A 640 400 700 950 630 460 570
U,B 6000 660 6000 | 6000 | 6000 660 660
2p 12 8 10 16 12 8 10
Dy ™ 080 | 092 | 086 | 1,80 | 10 | 080 | 10
L, ™ 052 | 025 | 035 | 050 | 050 | 030 | 0,32
B;, Tn 088 | 0,78 | 0,80 | 085 | 0,78 | 0,76 | 0,80
Ymucno ButkoB w, | 420 66 480 450 380 62 58
2z, OM 89 1,70 85 62,7 | 96,5 | 1,50 | 095
T, OM 414 | 0,78 | 366 | 21,5 | 336 | 045 | 037

Pemenue Bapuanta 1.
1. Ma3Hoe HampsikeHHe reHepaTopa

Uyg = 6000/1,73 = 3468 B.
2. TomocHoe esieHne
T=7D,;/2p=3,14-0,80/12 = 0,21 M.

3. OcHOBHO# MarHUTHBIH TTOTOK

P = (2/7)Bgrl ik, = 0,64-0,88-0,21 - 0,52 - 0,95 = 0,058 B6.
4. Ocnosnas J/IC renepatopa

Ey = 4,44, Pw kg, = 4,44 - 50 - 0,058 - 420 - 0,92 = 4975 B.
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5. CuHXpoHnHas yrjioBasi CKOPOCTh BpallleHHsI
wy = 2nfy/p=2-3,14-50/6 = 52,3 pan/c unu n = 500 06 /MHH.

6. MakcuManbHOE 3HaYeHHe OCHOBHOTO 3JIEKTPOMArHUTHOT'O MOMEH-
Ta rereparopa (6 = 90°)
% - mU By 3.3468-4975
S W, T, 52,3-89
7. MakcuMaibHOe 3HaYeHHe PeaKTHBHOTO MOMeHTa reHepaTopa
mUL {1 1 - 34682
pmaxm#‘k___ =33_68[__1___i]=4484 H-m
2w, |z, g, 2-52,3 (41,4 89

8. PesysbTaThl pacyeToB 0CHOBHOTO MOMEHTa

=11120 H-m.

Mocy = MocymaxSin 0,
peaKTHBHOIO MOMEHTa
M, = M, sin20
U pesyJIbTHPYIOLero MOMeHTa
M= M., + M,

AJIs1 psifia 3HaYeHUi yria Harpysku O npezictasiieHsl B Tabl. 4.5.
9. KputHyeckoe 3HaueHHe yrila Harpysku 0., COOTBeTCTBYIOIIee MaK-
CUMaJIbHOMY pe3yJbTHPYIONEMY MOMeHTY,

cos8,, = B2 + 0,5 — 3 = /0,252 + 0,5 — 0,25 = 0,49; sin6,, = 0,857,
OTKyJIa
f,p = arccos0,49 = 59°,
rjie
B = Bo/[4Usy(ma/3, — 1)] = 4975/[4 - 3468(89/41,4 — 1)] = 0,31

Tabnuua 4.5
Tlapametp 3HAUCHMS TIapaMmerpa

6, rpan. 20 30 45 60 70 90
sin@ 0,342 0,500 0,707 0,866 0,940 1,00
My, H - 3803 5560 7861 9629 10452 | 11120
sin 20 0,643 0,866 1,00 0,866 0,643 0,00
M, H-M 2883 3883 4484 3883 2883 0,00

M H-m 6686 9443 12345 | 13512 | 13335 | 11120
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Yray 6, = 59° COOTBETCTBYIOT MOMEHTHL:
My = Mgy maxsin g, = 11120 - 0,857 = 9530 H - &;
My = M, sin26,, = 4484 - 0,883 = 3960 H - m;
Mo = Mg, + M}, = 9530 + 3960 = 13490 H - m.

10. ITo pe3y/1bTaTaM pacyeToB MOCTPOEHHI YTIOBbIE XapaKTePUCTHKU
CHHXPOHHOTO SIBHOIIOJIIOCHOTO reHepatopa (pHc. 4.5).

ITo xapakTepucruke pesynbTupyioniero MomMenta M = f(0) onpenens-
€M MOMEHT HOMHHAJIBHOTO PeXXUMa TIPH 0,4y, = 16,5% M., = 5600 H - M,
cleloBaTeJIbHO, Teperpy3oyHasi cmocobHOCTh reHepaTopa paBHa
Mo/ M o = 13490/5600 = 2,4.

3anaya 4.6. Tpexdasublii CHHXPOHHBII reHepaTop MOIIHOCTDIO S,
paboTaeT mapaeNbHO ¢ CeThIO HanpsbkeHUueM U, B pexxuMe TOYKH ¢
koopauHatamMt I+ 1 I ;s Ha U-o6pasnoit xapaktepuctike (puc. 4.6), no-
CTPOEHHOI B OTHOCUTENBHBIX eTUHHLIAX.

TpebyeTtcs onpene/IUTh: CHILy TOKa B Lield ctaTtopa I, U ero akTus-
HYIO H peaKTHBHYIO COCTaBJISIOIINE; MOIHOCTD S, OT/laBaeMyI0 reHepa-
TOPOM B CeTh, H €e AKTUBHYIO H PeaKTHBHYIO COCTaBJIsTIoue; koaddu-

M, 10°, H-m

e SRS

Jl’-luax 1 N
12 / N
Mgmw_,l____f,__-)
10 rad
1 1A b= Bl
8 / / . Q"u/ Fnl
/ 10 ( 0‘7’{’ j’JG'SPm
|k UNSET
ﬁMm'J { 0.8 il ‘ \__1 .~ A7 02
B y A P=0
=HIANMY 0.6 NN AL LY 4
4 ’I 4 ; ? \ \:l// /
’g,/ 5 \ 0,4 \\\\;f A
8l 1EHAY 0,2 —P
HENHE

20 40 60 80 6,3nmrpan 0 1,0 2,0 L. =1L/L,

Puc. 4.5. Yrnosbte xapakTEpUCTHKH Puc. 4.6. U-o6pasHble xapaKkTepHcTH-
CHHXPOHHOI'O TEHepaTopa KH Tpext¢pasHOTO TeHepaTopa, BKITIO-
4eHHOI'O Ha NapalilelbHyio paboTy ©

CeTbIo
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Tabnuma 4.6
Bapm:

Hapaxierp 1 2 3 - am4 5 6
Sposs KB - A 500 1000 1300 300 800 2000
U, xB 04 6,3 10,5 04 6,3 10,5
i 06 08 05 08 0,88 0,6
L 1,9 2,0 14 1,15 2,0 1.9

LMeHT MOIHOCTH reHepaTopa cos .. Heobxonumele At penienus sana-
4H 3HAYEHUs ITapaMeTpoB IpHBeeHE! B Tabi. 4.6.

OTBeTUTb Ha BOIIPOCH:

a) B KaKHX Cly4yasx HesecoobpasHa pabota CHHXPOHHOTO reHepaTo-
Pa, BK/IIOYEHHOr0 Ha napaleslbHyio paboTy ¢ CeThIo, ¢ nepeBosbysx/ie-
HHEM, 2 B KAKHX — C HeJIoBO30Y KIeHHeM?

6) moueMy c BO3pacTaHHeM aKTHBHOH MONHOCTH reHepaTopa yBeJIH-
YHBaeTCs 3HaYeHHe TOKa Bo36yK/IeHUsI, COOTBETCTBYIONIee cos, = 1?

Pewmenue Bapuanra 1.

1. HomMunanbHblii TOK cTaTopa

Lo = Suan[(V3U.) = 500 /(1,73-0,4) = 722 A,

2. U3 U-06pasHbix XapaKTepHCTHK CUHXPOHHOTO FeHepaTopa cle/ly-
€T, YTO B peXKUMe 331aHHOH TOYKH € KoopAHHaTaMu [;s = 0,6 M [« = 1,9
paboTa renepaTopa OnpeieNsieTCs XapaKTe pUCTHKOR TPH aKTHBHOIT Ha-
rpyske P = 0,2P,,; TOK B IlellH CTaTOpa reHeparopa

I, = 0,6 Ty = 0,6 - 722 = 433 A.

3. AKTHBHAs COCTaBJISTION{asi TOKA CTATOPA ONPE/IeISIeTCs OpIMHATOl,
COOTBETCTBYIOHIEH ToKy Bo3Oysxaenust I,y Ha xapaktepucTuke 0,2 Pyo,,:

h,=0,221,,, = 0,22 . 722 = 159 A.
4. Koappuument Mounocty reneparopa
cos, = I,/ I, = 159/433 = 0,367.

5. PeakTuBHBII (MEIYKTHBHBIH ) TOK reHepaTopa, Bhi3BaHHEBIIT ero me-
peBo3byskaenueM (I = 1,9),

L, = Lising, = 433 - 0,930 = 403 A.
6. ITonnast MOMHOCTE HArPY3KH TeHepaTopa
S; =3U.I, =1,73-0,4- 433 = 300 kB- A.
7. AKTUBHas1 COCTABJISTION[Ast MOLHOCTH HAarpy3KHU reHepatopa
P, = S.cosp, = 300- 0,367 = 110 kBr.
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8. PeakTHBHasA cOCTaBsIONasl MOITHOCTH Harpy3KH reHepaTopa
Q. = Ssing, = 300 - 0,930 = 279 kBap.

9. Tox Boa6y>keHUsl, COOTBETCTBYIONIMIT COS @ = 1, T. €. TOKY CTaTo-
pa I, = I, = 159 A; o xapakTepucTHKe onpefiefisieM Iy« = 1,1.

3anaya 4.7. Ucnonbayst U-obpasHble XapaKTepHCTHKH CHHXPOHHO-
ro reHepartopa (cM. puc. 4.6), paborarolilero mapaJulesbHO C CEThIO, I10-
CTPOMTEH PeryIHpPOBOMHEIE XapAaKTePUCTHKH renepatopa Ijx = f(Ps) npu
HeH3MeHHOM koaddHILMenTe MOIIHOCTH TeHepaTopa cosi, = const,
npejilaraeMble 3Ha4eHUsI KOTOPBIX MPHBEIEHbl HHXe:

BapHAHTH .oooursvesersnssmarassnans 1 2 3 4 5 6
costp, 07 075 08 08 09 0,95
Tabnuua 4.7

P. L 5. Henosoabyxuenue Ly, | Hepesosbyxaenne L,
0,2 0,22 0,31 0,75 125
04 041 0,58 0,53 1,52
06 0,58 0,83 0,52 2,2
08 0,72 1,02 — 28

Pemenue BapuanTta l.

1. KoadumeHnt MomHocTH reHeparopa orpejlesisieTcsi OTHOIIeHH-
€M aKTHBHOI COCTaBJISIONIel TOKa CTaTopa, COOTBETCTBYIONIEH Koad-
(hHIMEeHTY MOIHOCTH €OS{, = 1, K MOJIHOMY TOKY CTaTtopa:

cos P = Iigv /L,
OTKY/Ia TOK CTaTOpa IPH 3alaHHOM 3Ha4eHHH Ko3¢(hdHIMeHTa MOIHOCTH
I = L+ /cos .
2. 3amaBlIMCh 3HAYEHHSAMH aKTUBHOUN COCTABJISIIONIEH TOKa CTaTopa
L= 0,2; 0,4; 0,6 n 0,8,

/ onpe/leIHM COOTBeTCTBYOI[HE
3HaYeHMS TOJIHOTO TOKa CTATopa

2 <2 I+ ¥ JUIS1 KaXXI0TO U3 3THUX 3Haye-
e HMii 10 U-06pasHBIM XapaKTepHc-
P paktep

1 ] THUKaM OTIpe/Ie/IUM JIBa 3HAYEHHUS]
i TOKa Bo30YX1eHust I+ — OIHO ISl
pexxuMa HefloBO30OYK/IeHUsT reHe-
9 be L& 08 BRE partopa, a Apyroe — JUIsl peskuMa
Puc. 4.7. PerynmpoBounbie xapakre-  NepeBo3byxenus. Bee nomyuen-
PHCTHMKH CHHXPOHHOTO l'eHepaTopa  HBIe 3HaYeHHUs 3aHOCHM B Ta671. 4.7.
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3. Ilo nanubiv a6, 4.7 cTpoUM ZBe peryMpoBOYHbIE XapakTepHc-
TUKH (puc. 4.7):

Iy = f(P.) nn1st pesxiima HegoBos6bysxkaers (rpadux 1);

Lsy = f(P.) nns pexuma nepeBosbysxaenus (rpadux 2).

CUHXPOHHBIE ABUraTeny U KOMNEHCaToPbI

3anaua 4.8. Tpexdasnslii cuuxponmblii aBuraress cepun CJIH2 mve-
€T IaHHple KaTa/lora: HOMHHAJIbHAA MOIHOCTD P, YHCIIO TI0/110C0oB 27,
KITZl Myoy; KpaTHOCTH — TyCKOBOTO TOKA I, /I,0, TTYCKOBOFO MOMEHTA
M,/ M0\, MAKCHMATIBHOTO CHHXPOHHOTO MOMeHTa M, /Moy, ACHHX-
POHHOTO MOMEHTA NMPH CKOJIbXeHUH s = 5 % (MOMEHT BX0/la B CHHXPO-
HU3M) Mo/ M, coenMHeHne 06MOTOK CTATOPA «3Be3/lok», 3HAYEeHUA
TiepeyHcIeHHBIX BeJIMMUH OpUBe/leHbl B TabJl. 4.8.

OnpenenuTe: YacToTy BpalleHHs], HOMUHANBHBI M TIYCKOBOM TOKH B
LeMH CTaTopa, HOMUHAIBHBIH, MAKCUMaJIbHBIiT CHHXPOHHBIH, Ty CKOBOIH
MOMEHTBI M aCHHXPOHHBIH MOMEHT BX0a B CHHXPOHHU3M (TIpH s =5 %).
Hanpsoxenne miratomeii cetu U, = 10 kB npu yacrore 50 Iy, koagpu-
LIHEeHT MOIMIHOCTH cos«p,; = (,8.

Tabnuua 4.8
Tun geuratenst| P, KBT| 2p | 100 % | M/ Mca| Moo/ Mo | Mof Mums | Fof Fuons
16-36-12 500 12| 93,7 1,9 13 1,0 5,2
16-44-12 630 | 12| 94,2 1,9 13 1,0 5,1
17-31-12 800 |12 943 1,9 11 1,0 4,7
17-39-12 1000 | 12| 949 18 1,0 1,0 45
17-49-12 1250 | 12| 95,3 19 1,2 1,1 5,2
18-64-12 2500 |12} 96,2 1.8 14 1,2 6,5
16-36-10 630 | 10| 944 18 14 0,75 5,0
16-44-10 800 |10} 949 1,8 1,3 0,75 5,0
17-44-10 1250 | 10| 95,5 1,9 1,2 1,1 5,4
17-51-10 1600 | 10| 959 1,8 1,2 1,0 5,2

Pemenue papnanta C/IH2-16-36-12.
1. YacroTa BpameHnns

my = 60f/p = 60 - 50/6 = 500 06 /MHuH.

2. IToTpebinsieMasi IBHraTesieM MOIIHOCTE B peXHMe HOMUHAIBHON
Harpysku

Pyyom = IIDM/TIIIOM = 500/0;937 =534 kBT.
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3. Tok B Lenu cTaTopa B pexxuMe HOMHHANIBLHOM HarpysKku

Loy = Praon[(v3UycOs 9, ) = 534/(1,73-10-0,8) = 39 A.

1HOM
4. IlyckoBoii TOK B LeIH CTaTopa
e Ll i Ly =30 5 2= 23 X,
5. MoMeHT Ha Baly ABUraTessl B pexkuMe HOMHUHAIBHON Harpy3Kku
Myou = 9,55 P, /1y = 9,55 - 500 - 103/500 = 9550 H - m.
6. MakcumanbHBI (CHHXPOHHBIH) MOMEHT
M, = Myoy(Mpas/ Myoy) = 9550-1,9 = 18145 H - m.

n

1. Ilyckogoii MOMeHT
M, = M,,,(M,/ M, ) = 9550- 1,0 = 9550 H - M.

8. MoMeHT Bxo/la B CHHXPOHH3M (aCHHXPOHHBII MOMEHT IPH CKOJIb-
sxeruu 5 %)

M.S% e IIGM(Ms%/MIiDM) = 9550 i 1,3 —_— 12 415 H - M.

3anaua 4.9. [{na TpexdazHoro CHHXpPOHHOTO IBUTaTeIsl HOMHHA b~
HOM MOITHOCTBIO P, 1 HatipsizkeHHeM TiUTanust U ipu yactoTe 50 I'n, ¢
YHCIIOM TTo/ocoB 2p (Tabu. 4.9), nonbaysich paboYHMH XapaKTepUCTH-
KaMy B OTHOCHTENBHBIX efiIMHUIaX (pUc. 4.8), onpeenuTs: MOJHYIO S,
axTuBHYIO P, 1 peakTHBHYI0 () MomHOCTH, KIT/] 1, koaddunment mom-
HOCTH COS(; 1 MOMEHT Ha Basly IBUTaTessi M, NpU HarpysKax, COOTBeT-
CTBYIOIHMX HAHOOIbIIEMY 3HaYeHHIO K03 PULHEHTA MOIIHOCTH M Hak-
6onpuremy 3navenmio KI1/1

Tabnuua 4.9
Mapisg Bapuartst
1 2 3 4 5 6 7 8
Pos KBT 132 | 200 | 315 | 630 | 400 | 250 | s00 | 315
Uy, kB 0,38 | 038 6,0 6,0 6,0 0,38 6,0 0,38
2p 12 12 8 6 8 10 8 10

Pemenue papuanta i.

1. PexxuMy HOMMHAIBHOI Harpysku AiBUratens Py« = 1 COOTBETCTBY-
10T clefylole HOMHHAJbHEIE 3Ha4YeHHs apaMeTpoB: KoagpHIHeHT
MOIIHOCTH COSP1yon = 0,890; KIII 1,0, = 86 %. Vicionbayst atu Bestu-
YHHBbI, OTIPe/leJIHM:

a) HOMHUHAJIBHBIH TOK cTaTopa

Ly = Puon(VBU Moni €05y, ) = 132(1,73- 0,38 0,86 - 0,89) = 262 A;
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Puc. 4.8. Paboume xapakTepncTuku TpeX(]a3HOI0 CHHXPOHHOIO ABUFATENH

6) HOMHHAJIBHBIT MOMEHT Ha BaJly ZIBHraTeist
MQmM = 9!55PH0M/R'] =9,55-132. 103/500 = 2521 H-m.

2. VI3 pabouyx XapaKTepHCTHK IBUrATe st creflyert, 4yto HauboJblee
3Ha4eHHe Koa(pHUIHeHTa MOIHOCTH COS Yy, = 0,980 COOTBETCTBYeT
Harpyske Py. = 0,5, T.e. 1o1e3H011 MOIHOCTH [IBUTATE s

Py = 0,5P,,, = 0,5 - 132 = 66 kB,

anaunbonbiee snavenne KI1/] v, = 0,90 COOTBETCTBYET HArpy3Ke Py =
= 0,6, T. e. MoNe3HO MONHOCTH JBUraTeIs1

Py = 0,6P,, = 0,6 - 132 = 79,2 kBr.

3. YKa3aHHBIM 3HAYEHUSIM HarPy3KH COOTBETCTBYIOT 3HAYeHHSI (oM.
pHc. 4.8):
a) TOKOB CTaTopa:

L, = 0,525, = 0,52 - 262 = 136 A,
Ly = 0,6111,0, = 0,61 - 262 = 160 A;
6) monHoi MomHoOCTH
S, =3U,1,,=1,73-0,38-136 = 89 kB- A,
S, =~/3U,I,,=1,73-0,38-160 = 105 kB- A;
B) xoagdHIHenTa MOIHOCTH
COS(P1) = COSPpax = 0,980; sinyy; = 0,199;
cosy;p = 0,970; sinyy, = 0,242;
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T) peaKTHBHOII MOI{HOCTH

@, = Sysiny; = 89 -0,199 = 17,7 kBap,

), = Sysiney, = 105 - 0,242 = 25,4 xBap;
J1) aKTUBHOIH notpebiisieMoi MOIHOCTH

Py, = S;cospy; = 89 -0,980 = 87 xBr,

Py = S,costpy, = 105 - 0,970 = 102 xBT;
€) MOMEeHTA Ha BaJjly JIBHraTels]

M,; = 0,5M,,.,, = 0,5-2521 = 1260 H - M,

My = 0,6 My = 0,6 - 2521 = 1513 H - m.

3anaya 4.10. Tpexdasnblii ciuxponHbIil Typbonsuratens (2p = 2)
HUMeeT TeXHHYEeCKHE IaHHble, TIpUBe/ileHHEIe B Tab. 4 10: HoMHHaJbHas
MouHocTh P, HanpsbkeHHe (JuHeiiHoe) U npu yactote f; = 50 I'n,
KIT/1 Moy KO3(DUITMEHT MOIHOCTH COSPpy0y = 0,9, CHHXPOHHOE HH-
OYKTHBHOE CONPOTHBIIEHHE CTaTopa Z; 0OMOTKa cTaTopa Coe/lMHeHa
«3Be3/10ii»; AKTUBHBIM CONPOTHRIIEHHEM OGMOTKH CTaTopa nperebpeys.
Tpebyercst paccHUTATh JaHHBIE U IOCTPOUTD YTTIOBYIO XapaKTePHCTUKY
ABHUraTellsi ¥ Onpe/leIUTh ero [eperpy3o4Hyio croco6HOCTb.

Tabnuua 4.10

IMapamerp Bapuants
1 2 3 4 5 6
Py KBT 2500 630 800 1250 1600 1000
U, kB 6,0 6,0 6,0 10,0 10,0 10,0
Thore 70 96,4 938 944 948 95,6 95,4
7, OM 7,2 27,0 215 395 30,0 48,0

Pemenue Bapuanra 1.
1. Tok craTopa B pesxHMe HOMHHAJBHOI HArPy3KH

Ilncm = PHOM /(nglnmws¢lmu) =
=2500/(1,73-6,0-0,964-0,9) = 278 A.

2. 9/1C peaxuum sikopsi HesIBHOIIOJIIOCHOTO [IBUrATe s ¢ Y4eTOM HH-
JNYKTHBHOTO ITajleHHs] HanpsikeHHst B (hasHOM 06MOTKe cTaTopa

Ec = Jhuou®e = J278-7,2 = 72000 B.

3. 9J1C craropa E, onpefieMM rpadhuyecKH IyTeM IOCTPOEHHS BeK-
TOPHOM IHarpaMMBI HalIPsKeHHIH. Y YHTEIBas, YTO IOCTPOEHHe AarpaM-
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MBI Be/leTcst Ha JiHcTe popMatoM A4, TpUHHMaeM Macuitab Harpsixe-
uuil my = 20 B/mmM. Torna aymina Bexropa ¢dasnoro Hanpsprenus

U1¢ = 6000/1,73 = 3468 B

6ynet pasna 173 MM, a fmna Bektopa JJIC peaximm sikopst E, = 2000 B
cocraput 100 MM. Yron caigura a3 mexay Bextopamut Uy w I paen

Qion = arccos 0,9 = 26°.

4. Ioctpoenyie BexToproit MarpaMmel (puc. 4.9). CTpoum BekTop
HarnpspkeHus1 Uyg, U TIOJT YTTIOM y,,, = 26° K HEMY B HarpaBJIeHHH Yaco-
BOii CTpeJIKH BekTop Toka [, (TpoM3BosbHON /mHb). U3 Komla
BekTopa Hanpsokenust U, O/l MPSIMBIM YI7IOM K BeKTopy [ 1oy CTPOUM
BekTop I/[C peaxuuu sikopsa E, . CoelMHMB Havasio BekTopa E, ¢ Ha-
qajsioM auarpaMMel (Touka O), nonyyum Bextop ocHobuoit DJC E,,
ANHHa KoToporo coctaBUT 156 MM. C yyeToM nmpuHsiToro Maciutaba Ha-
npsokenuit my = 20 B/Mm, Bemrauna DJ1C E,; Gyner pasna

E, = 156 - 20 = 3120 B.

5. Pacuet MakcHMaJIbHOTO 3HAaYeHUsl MoMeHTa Typ6oasurartenst. Tax
KaK TypOoIBHTaTelb sIB/SIETCS] HEsIBHOTIOMOCHOH CHEXPOHHOI Mariu-
HOIf, B HeM leHCTBYeT JIMIIb OCHOBHO# 3JIeKTPOMarHMTHBII MOMEHT, MaK-
cHUMasbHOe 3HaueHHe KOTOpOro

Mocymax = ™ Urg B/ (w1 7;) = 3 - 3468 - 3120/(314 - 7,2) = 14 357 H -
r/le CHHXPOHHasi yIJ10Basi CKOPOCTh BPaI|eHUs]
w; = 2nf;/p =2-3,14-50/1 = 314 pan/c.

M, H-M|pr - — 14357

Bone = 36°
Plrom = 26°
! 1 1
0] 36 45 90 0, rpan
Puc. 4.9. Bexrophas guarpamMma Puc. 4.10. Yrnosas xapakTepUcTHKA CHH-
HanpsbKeHuil XpoHHoro TypGonBurareis
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6. CTpouM yrioByIo XapakTepucTHKy Typbozsurarenst M., = f(0),
KOTOpas npescTapisiet coboii cunyconny (puc. 4.10):

My, = Mo, maxsSing.
7. MoMenT BUratessi IpU HOMHHAJIbHON HarpysKe
My 7 Py /iy = 2500 - 10%/314 = 7960 H - M.
8. Ileperpysounas crnocobHOCTD JIBUraTelis
A = Mo/ Myyon, = 14 357/7960 = 1,8.
9. ¥Yroi HOMHHANBHOI HArPy3KH IBUIaTeJs 110 YIJI0BOK XapakTepUCTHKe
B0 = 36°,

YTO COOTBETCTBYET yray 0,,, MoJydYeHHOMY MPH MOCTPOEHHH BEeKTOP-
HOM InarpaMMbl HanpsiKeHHI (cM. pHc. 4.9).

3anaua 4.11. U-o6pasHbie XapaKTePUCTHKU TPeX(asHbIX CHHXPOH-
HBIX IBUratesieil, MOCTPOeHHbIe B OTHOCHTEIbHbIX e/INHUIIAX, TIPeflcTaB-
JieHbl Ha pHC. 4.11.

Tpebyercs: onpeneniTh:

a) koahUIHEHT MOILIIHOCTH JABUTATEJIST COS Y TIPH 3aIaHHBIX OTHOCH-
TeJIbHBIX 3Ha4YeHUsIX TOKa BO36Yk1eHHs Iy M MOITHOCTH Py (Tabm. 4.11);

6) 3aBHCUMOCTD TOKa BO30Yy>KIeHUs! I» OT HArpysKH JBUTaTenst Py
MPY YCJIOBHH NOCTOSIHCTBA K03(hdUIIHEHTa MOIIHOCTH COS(;; II0CTPO-
uth rpacuk I« = f(P,+) IpH cosy; = const.

Tabnuua 4.11

BapuanTtei
Napavetp { 2 3 1 5 6
L. 16 13 16 10 12 1,7
Py 038 04 04 0,0 0,4 08

Peurenune papuanTta 1.
1. Koachduiment MOIIHOCTH COSt,; ONpeieisieTcsl OTHOIeHHeM aK-
TUBHOH cOCTaBJIsAONIIEeN TOKa cTaropa I » K IOJHOMY TOKY ctatopa Iy«
cosp; = Lo/ s,

l"I_[e Ila. — 0'77_
CrepioBatenbHo, oNIpeleNIUB TOK ctatopa I = 0,81 mo 3ajaHHBIM 3Ha-
yeHUsIM I+ = 1,6 U Py = 0,8, BHUHCTISEM
cos ; = 0,77/0,81 = 0,95.

2. C nomomipio U-o6pasHbix xapakTepucTHK (cM. puc. 4.11) ompesie-
JisieM COOTBETCTBYIOIIHe cosp; = 0,95, TOK cTaTopa Ijx H COOTBETCTBYIO-
Hiuii eMy Tok Bo3OyskeHusl I« U pa3HBIX HATPY30K ABUTaTessi Pos:
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I]’l I I ]
% = 1,0 \l\
1 0 S:\ | A Iv /“I
¥ 2,0
Pp =08\ |
0,8 g P
L]
0!6 C b r/l' | .--'"’-”
L 1,2¢
\ ,/‘ Pu = 0,4 ?
MR A

0 04 08 12 16 20 0O 02 04 06 08 1,0

Puc. 4.11. U-o6pasnbie xapaktepuct-  Puc. 4.12. Fpaduk L+ = f(Py) npn
Ki CHHXPOHHOro TypGoIBHraTes1st cosy, = 0,95 = const

pH Harpyske P« =0
I» = 0,080; Ix = I »+/cos¢; = 0,080/0,95 = 0,084; I» = 1,1;
npu Harpyske Py« = 0,4
I+ =042; L» = L »/cosyp, = 0,42/0,95 = 0,44; I« = 1,2;
TpHU Harpy3ke Po. = 1,0
L+ = 0,93; I+ = L »/cosp; = 0,93/0,95 = 0,98; I« = 2,0.

PesynbtaThl pacyera 3aHOCHM B Tab. 4.12.
3. Ilo mauusM 1261, 4.12 crpouM rpaduk I« = f(P,) npu cosy;=
= 0,95 = const (puc. 4.12).

Tabnuua 4.12

IMapamerp 3naueHns napaMeTpa
Py 0,0 04 08 1,0
L. 0,080 042 0,77 0,93
I. 0,084 0,44 0,81 0,98
I 1,1 12 16 2,0

3anaua 4.12. B tpexcasnyio ceth HanpspbkenreM U, BKIOYEH TMO-
TpebuTesb ZMOMHOCTBIO Syqr, MPH KoahpHIHeHTe MOMHOCTH cos . O
penenuTh MOLHOCTD ()., CMHXpoHHOTo KoMiiercatopa CK, xoTopklii cie-
yeT TOKJIONMTD TapaienbHo notpebuteno (puc. 4.13), yTobs! Ko-
ahdHIMeHT MOIHOCTH B CETH MOBBICHICS 10 3HaYeHUst cosyp{ = 0,95.
Ha ckoJibKo TP 3TOM YMeHbIIATCS T0TEPH 3HEPrHH B CETH, eCJIH BeJid-
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7 YMHA ITHX [OTeph MPOINOpPLHO-
HaJIbHA KBaJIpaTy TOKa B 3TOM CeTH.
Onpenenuts Takxe, HACKOJIbKO
OpUIETCS YBETUMUTH MOII[HOCTh
[ CK CHHXPOHHOIO KOMIIEHCATOpa, 4T0-
651 TOBBICHTD KO3 DUITHEHT MOTIT-
HOCTH ceTH Jio cosy’ = 1. 3Haue-
HHS1 33/JaHHBIX IaPaMeTPOB NPHBe-
z JieHHl B Tabn. 4.13.
Pemenne Bapuanta 1.
1. Tox Harpy3ku B ceTn

I, = SJ(N3U; ) =
=1600/(1,73-6,0) =154 A.
2.AKTHBH&HCOCTaBﬂﬂKHHaHBTODOTOKa

I, = Lcosp = 154 - 0,70 = 108 A.

3. PeakTuBHasi MOIIIHOCTD CeTH /IO MOAKIIOYEHHS CHHXPOHHOIO KOM-
TeHcaTopa

Puc. 4.13. CxemMa BKII0YeHN S
CHHXPOHHOIQ KOMIIeHcaTopa

@ = S-sinp = 1600 - 0,70 = 1120 kBap.

4. PeakTHUBHAs1 MOIHOCTD CETH IT0CJIE TIOKIIOYEHHS] CHHX POHHOTO
KOMITeHCcaTopa

Q' = S-sinp{ = 1600 - 0,312 = 499 kBap.

5. Jlna mopeenust koadpHIHEHTA MOLHOCTH 710 €0s ¢} = 0,95 Tpe-
Gyercsi BK/IOYEHHe TIapaIelIbHO Harpyske Z CHHXPOHHOFO KOMITEHCa-
TOpa PeAaKTHBHOI MOI[HOCTBIO

Q= Q — Q' =1120 — 499 = 621 kBap.

6. Ilpu BKITIOYEHMH CHHXPOHHOTO KOMIIEHCATOPA AKTUBHAST COCTaB-
JIsIolas ToKa B CceTH He usMeHHTCs (I, = 108 A), a peakTHBHAs! COCTAB-
JISAIOas TOKA B CETH CTaHeT PaBHO

I, = Q'[(N3U) = 499/(1,73-6,0) = 48 A.

Tabnuua 4.13

apasiers Bapnaute!
1 2 3 4 5 6 7 8 9 10
U, xB 6,0 | 10,0/ 20,0 35,0| 6,0 | 10,0] 20,0350 6,0 | 10,0
S, MB-A 16 |45 | 18 (24 (08| 1,7 15| 35| 20| 35
cosiy 0,701 0,72 | 0,70 { 0,75 | 0,70 [ 0,72 | 0,75 | 0,74 | 0,78 | 0,72
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7. Tok B ceTH 1ocjie NOAKII0YeHH CHHXPOHHOIO KOMITeHCATopa
Il =12, + I2 = J108? + 487 =118 A.

8.HOTEPHl3C€ﬂ1HDCHGHDﬂKﬂEﬂeHHﬂCHHXPOHHDFOKOMHEHC&TOP&
COCTaBAT

APL = (I*/1)2100 = (118/154)2100 = 0,59 %

OT HX 3HAYEHHs! /10 TIO/IKJIIOYeHHSI CHHXPOHHOI0 KoMiteHcatopa AP, 1. e.
NoTepH B ceTH yMenbinatest Ha 41 %.

9. Ilpn yBemuennu koagduiMenTa MOIHOCTH CeTH 110 cosy’ = 1
TpebGyeMas [I7ist 3TOro peakTHBHAsl MOIIHOCTb CHHXPOHHOFO KOMIIEHCA-
Topa Gpl1a 6Bl paBHa Beell peaKTHBHOI MOIMHOCTH CETH 10 TIOAKIII0Ye-
HMST CHHXPOHHOTO KoMIleHcaTopa (cM. I1. 3), T.e. Qe = @ = 1120 kBap.
CrnenosaTenbHO, ToTpeboBascs GBI CHHXPOHHBIN KOMITEHCATOP MOIIHO-
ctbio B (1120/621) = 1,8 pasa 6onpie Momuoct CK, npuMeHeHHOro B
cxeMe MoBbITIeHHs1 KoaghdUImeHTa MOITHOCTH /10 cos ] = 0,95. ITo pu-
Beslo 6Bl K POCTY KalMTaJbHBIX 3aTPaT Ha CO3[[aHHe pacCMaTpUBaeMoit
3NeKTPUYECKOll YCTaHOBKH M cZiesiasio Obl HepeHTabelbHBIM [IpUMeHe-
HHe CHHXPOHHOTO KOMITeHCATOPa /1Jis1 ITOBBIeH s KoaghhbHIHeHTa MO
HOCTH CETH [I0 eJTHHHULIbL.



lnaBsa 5
KONNEKTOPHLIE MALLUWHBLI NMOCTOAHHOIO TOKA

5.1. OCHOBHBIE NMOHATUSA

OtnuyurensubvM npusHakoM KOJITIEKTOPHOH MaliMHBI MOCTOSIHHO-
'O TOKa sIBJIsSIeTCs] HaJlMYKe B Hell MIeTOYHO- KOJIJIEKTOPHOI'O y3J1a — Me-
XaHieckoro npeobpasopatens. Yepes KOJUIEKTOP M NIeTKH OCYIeCTB-
JIsIeTCsl cBsA3b paboveit obMoTkH (06MOTKH SIKOPST) € 3IeKTPUYeCKoii Ha-
TPY3KOH, eclii MallliHa siBJsieTcst TeHepaTopoM, UM C HCTOYHHKOM ITH-
TaHWsl, eC/TU MalllUHA SBJISIeTCS] JIBUTATENIEM.

Pabouas o6MoTka pacrionoxena na Bpamaomeicst YacTu ManMHer —
SIKOp€, M Ha3bIBAeTCs 0OMOTKOI sIKopsi. ITa 0bMoTKa COCTOUT U3 CeK-
LMK, OTIPe/ieNIenHEIM 06Pa3oM Y105k HHBIX Ha CepieYHHUKe STKOPS U TTpH-
COEMIMHEHHBIX K KOJLIEKTOpY.

ObMmotka sixops peacrassieT coboit 3aMKHYTYIO CHCTeMY TPOBOI-
HUKOB M OHa, KaK MPAaBUJIO, JIe/IaeTCst AByxcnoiinoit. Ceknuu o6MoTKH
MOTyT GBITh OIHOBHTKOBBIMH WK MHOTrOBUTKOBBIMU. O6GMOTKH sikOpst
MOryT OBITh BOJIHOBEIMU 1 TIETJIEBBIMY, MIPOCTBIMH, CIOKHBIMH U KOM-
6MHHPOBAHHBIMHU.

Hns sripapauBanus H1C lapaJiyieNIbHBIX BeTBell 06MOTKH MU BEI-
paBruBanus 3/1C npoctbix 00MOTOK, cocTaBnsonMx CJIOHYIO, B 06-
MOTKaX MPUMEHSIIOT Y PaBHUTENILHEIE COEMHUHEHYIS.

I/1C obmotkm sixopst E, TNpOIOPIHOHANbHA OCHOBHOMY MAarHUTHO-
My NOTOKY Bo30y:x/eHust & 1 yactore BpAIIleHUs n

E,= ¢,®n,

T7ie ¢, — KoapdHIUeHT, onpemensieMbIi KOHCTpyK1IMei 06MOTKY siKo-
P IMCTIOM TIap MOTIOCOB p, KOMUYECTBOM MA30BbIX CTOPOH (TPOBOIHU-
koB) N, coctaBnsonmx 06MOTKY, U qHCIIOM lapannesbHBIX BeTBeii B

06MOTKe @
¢. = pN/(60a).

ONEeKTPOMArHUTHBIH MOMeRT M, Bosuukaouwmii Ha sikope ITPH TIpo-
XOoxzenuu Toka I, 1o obMoTke sikopsi, H -,

M= ¢, @I,
Tae ¢, — K0apPUIMeHT, onpe/ienseMplit KOHCTPyKLKeil 0OMOTKH sikopsi,

&y = pN/(2xa).
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OcHOBHOI MarHUTHBIH TOTOK MAlIUHBL ITOCTOSIHHOIO TOKA OIlpesie-
nsiercs BeipaxenneM, B6,
o = Bﬁl{f&i,

rjie By — MarHUTHasA UHAYKIUS B BO3/IYIIHOM 3a30pe MallHHBbI, TJ:I; L :
pacyerHas J/IHHA cepAeYHHKa AKOPs, M; T — TIOJIIOCHOE JIeJIeHHE, M, 0, =
= 0,6 — 0,8 — k03¢ PHUIHEHT ITOJIOCHOTO NePeKPHITHA. e

DNeKTPOMArHHUTHEIN MOMEHT MallMHbI nocmﬂﬂﬂorf E'o:rca 6“12 o
TPONIOPITHOHAJEH 3/1eKTPOMarHMTHOM Momuocty P, = E,I, 1 o0Op.
MPONOPIIMOHAJIEH YacTOTe BpallleHUs SIKOps n

M= 9,55P,,/n.

BakHBEIM [IpoLeccoM, BIHSIONHM Ha pabcyue cBOHCTBa MalTHHBL rro:
CTOSIHHOTIO TOKa, ABJIAETCA peakyiis AKops. B pesyJibTaTe BIHAHHA 3TO
TO 1pollecca NPpOHCXOAUT HCKAaXKEeHHE MariHMTHOTO 110714 B 803ﬂym?[?12
3a3ope U 3y6].IOBOM CJIoe AKOpA MalI:I,Ir’IHbI H ee pasMarHUYHBaHHE. -
ocabieHHS HesKeIaTeIbHOT0o BO3/IeMCTBHUS peaKIIHH SAKOPsA B MalllifHa A
MOCTOAHHOIO TOKA MPHMEHA0T }IOﬁaBO‘-IHbIE ITOJIIOCHI, & B MalllHHaX 3Ha
YHTENIBHON MOLHOCTH — ellle ¥ KOMIeHCAHOHHYI0 0OMOTKY. .

PaSMal‘HH'{HBalOlLlEB BJHsIHHEe peaKIHH AKOPsA 110 MoIepeYyHOH Ol:;f
pUXoaUTCst YYUTHBaTh. OOBIYHO 3T JIe71AI0T NOCPEACTEOM Kgsﬁgl:c
LHMeHTa peaKLHH SKops k, ;,, KOTOPBIH HUCIIONL3YIOT MpH paclinze‘rul )
KOMITeHCHPYIOLIek BJIHsIHHe PeaKLHH SKOPS 10 [TOITEPeYHOH O

F gd = kp,aF ar
rae F, — M]JIC o6mMoTkH sikopsi Ha [apy I0JI0COB, A,
F,= NI,/(4ap).
csATpa-
7151 onipeieNieHust ko3 hHIMeHTa peaKIHU SKOPsl I10JIb3YIOT :
¢chlom kpfe= f(F./Fy) (puc. 5.1), rae HMXHAS rpaHHLa rpad)uka;nB co_
OTBETCTBYET MAarHUTHOI HHAYKIHH B 3y6laX cepreunuka sikops B, =
=1,7Tn, a Bepxasist — B,=2,3 Ta.
BenuqHHapFw npeacrasnsier coboii MJIC 0o6MoTkH Bo3byXieHH s B
PeXXHMe X0JIOCTOro X073, A,

Fyy = 2F5k, ks
rie Fy — MarHuTHOe HAalPSDKEHHE  (ggk - |- -4- - -~
BO3IYIIHOTO 3a30pa, A, Fy = 0,8% 1 .
X Bgdks10% K, = 1,2— 1,7 — koachdu- 0,16 :
1[HEHT MArHUTHOTO HACBITIEHHs: Mar- '
HUTHOM IIeTH MalluHel; By — Mar- !
HUTHAs HHYKIHS B BO3AyIIHOM 3a- 0,08 1:

[]
]

3ope MalHHe, Ti; ks — koadduiu-

€HT BO3[YIIHOTrO 3a30pa, YYUTHIBa- ¥

eT yBesM4deHHe BO3/lyIlIHOrO 3a30pa, 0 0,8 1,61,9 24F,/Fy
e 3y6uaToii IToBepxHOC-

::;2?1?01;;;. Y Puc. 5.1. Ipaduik k, , = f(Fo/ Fy)
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Puc. 5.2. Crioco6rr Bo36y»xneHnst MALIMH TIOCTOSTHHOIO TOKa:
a — He3aBHCHMOoe, 6— napaiienbHoe; 8 — TIOCNeN0BATCNIBHOE; 2 — CMelllaHHoe

OcHoBHOM MarHUTHBEI TOTOK, Bo36yskaaommii MAalIMHY [10CTOSH-
HOTO TOKa, co3flaeTcsi 06MoTkoM Bo3byskaenHs. B saBucHMocT oT ciio-
coba BKII0YeHHs1 3TOif 06MOTKH OTHOCHTEJIbHO O6MOTKH SIKOPS!, MalllH-
HBI ITOCTOSIHHOTO TOKA PA3/IeNIAIOTCA Ha MallIMHBI He3aBHCHMOTO, TTapali-
JIeJIbHOTO, ITOCTIe/I0BATENIBHOrO H CMElIaHHOT0 Bo3byskmeHus (puc. 5.2).
Crioco6 Bosby:kennst B 3Ha4HTe IbHOI CTelleHH BIMsIeT Ha CBOMCTEA re-
HepaTopoB U IBAraTesieil MOCTOSIHHOTO TOKA.

Hans TeHepaToOpOB MOCTOSIHHOFO TOKA CNPaBe/IMBO ypaBHEHUe Ha-
NpsKeHU

U=E,-IYr— AU,

r/le 27 — CyMMa COTIPOTHBIIEHHI B Lieli 0OMOTKHU SIKOpsT: COGCTBEHHO
06MOTKH sKOPSl, 0GMOTKH [106aBOYHBIX 1IOMIOCOB U T.11.; A U, — naze-
HUe HANpPSDKeHUs B MIeTOYHOM KOHTAKTe HA Mapy IeToK, 3aBHCUT OT
MapKy IPUMEHEHHBIX B MalllMHe HieTok (Tab. 5.1).

IIp olienke CBOHCTB reHepaTopoB NOCTOSIHHOTO TOKA HCTIONB3YeTCsl
MOHSATHE HOMHHATBHOIO W3MEHEeHMs! HANPSDKEHUsT Ha BBIXOJle reHepa-
TOpa Ipy cOpoce HarpysKH:

=
AUy = —_“U U 100,

rne Uy — Hanpsbkenne Ha BBIXOJIe FeHepPaTopa B PE3KHUMe XOI0CTOrO XOJIA.

Tabnuua 5.1

ITepexoanoe afenye HAMPSHKENHS HA TIapy

Mapka nierok
metok AU, B, npu HoMuBansHOM ToKe [,

InextporpaduripoBatubie T 20—-2,7
YromsHo-rpadurosnie YT, T 20
Mento-rpathuroBeie M, MT 02—-15
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Benmuuta A U, 3aBUCHT 0T criocoba Bosbyskaenus reveparopa. Ha-
TIpUMep, /I/1s1 reHepaTopa He3aBHCUMOTO Bo30Y KIeHHsT OHA COCTaBJIsIeT
5—10%.

Jl7st iBUTaTesleil OCTOSIHHOTO TOKA ypaBHEHHE HAINPsDKeHUi UMeeT

BH/I:
U=E,+ 1 r+ AU,

1.e. /IC E,, unnynupyemas B 0OMOTKe sIKOPsi, MEHBILIE TIOIBOJTUMOTO
HanpsokeHHst U Ha BeIMYHHY BHYTPEHHETO [TaleHHs] HANPSKEHUs! B LIETIH
sikops I3 r. OTciofa ToK sIKopst

I,=(U-E})/%r.
INeKTPOMarHUTHBIH MOMEHT IBUTaTelisl MOCTOsIHHOTO ToKa, H - M,
M= ¢, ®I,=9,55P,, /n.
MomeHT Ha BaJry IBUTaTedis, T.e, MOJIe3HBIiH MOMEHT,
My=M — M, =9,55P,/n,

rae M, — MOMeHT X0JIOCTOTO X0/ia; P, — rmosie3Hasi MOIHOCTh /{BUra-
TeJst,

P, = Py,

n — KI1J] aBuratens.
YacroTa BpauieHus SKOpsi IBUraTelst OCTOSIHHOTO TOKa, 06/MUH,

U-I,Yr
n = —
P
Koaddunuent monesnoro AeilcTBUS MalIHHEI [IOCTOSHHOTO TOKa
> P
n=B/R=1-5=,
B+ P

e »_P — cyMMapHbIe TIOTEPH B MallIHHe.

IIpu oneHke peryJlMpoBOYHBIX CBOKCTB JIBUraTteeii oCTOSHHO-
ro Toka HauboJbIIee 3HaYeHHe HMET MeXaHH4YecKHe XapaKTepHc-
TUKH n = f(M). BaxxHpIMU NTOKasaTeIsIMH 3TUX XapaKTePUCTHK SIBJIS-
IOTCST X )KeCTKOCTD U INHEHHOCTb.

KecTkocTh MexaHMIeCKO# XapaKTePUCTUKH ONpeAesieTcs yIJloM Ha-
KJIOHA XapaKTePUCTHKH K OCH Op/IHHAT: MeM MeHbIIle 3TOT yToJl, TeM Me-
Hee xecTKoi (boJee MSITKoil) sIBJISIeTCS 3Ta XapaKTepHCTUKA.

V nBurateseii He3aBHCHMOTO (TApaJleJIbHOIO) BO30yKIeHHA MeXa-
HUYECKHe XapaKTepUCTHKH rmpsimonuteiinbl. Hanbonee sxectkoii sipJisi-
eTcA eCTECTBEHHASI MEXaHHUeCKas XapaKTepUCTHKA, ee HAKJIOH K OCH op-
[MHAT JIMI b HEMHOTHM MeHbtie 90°. [l71st moyuenus 607ee MATKHX Me-
XaHMYeCKHX XapaKTepPHUCTHUK 0OBIYHO B 1Ielb SKOPs NOC/enoBaTebHO
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1 ?‘n-z > 7}:1
0 M, M

Puc. 5.3. Cxema Bimouenust (@) 1 MexaHmyeckue XapaKkTepHCTHKH (6) BuUra-
TeJ151 IOCTOSIHHOTO TOKa HE3ABUCHMOTO BO36YKIeH s

BKJIIOHAIOT PE3NCTOP, COAAOIIMIA B 5Toi Henu 1o6apouHoe conpoTus-
JIEHNE 7y C YBENNYEHHEM 7; MEXaHUYECKHE XapAKTePUCTUKY CTAHOBSAT-
Csl «MsATYe», IPH ITOM XaPaKTEPUCTHKH OCTAIOTCS NMPSMOIMHEHHBIMU
(puc. 5.3). Ilpu HensMeHHOM MOMeHTe HAarpyskH Ha Basy JIBUTaTENIS C
YBEJIMICHHEM CONPOTHBIICHHS PE3NCTOPA 7, YACTOTA BPAIeHHS] YMEHb-
1iaeTcs. Corlp?mmlenne PE3UCTOpA 73, VIS TIOTTyYeHUs] UCKYCCTBEHHOR
MEXaHUYECKOU XapaKTePUCTHKH, COOTBETCTBYIOIIEH Tpebyemoii yacTo-
T€ BpallleHHsi n IPH 3a/IaHHOM Harpy3ske (06BIYHO HOMMHATIBHOIT) B IBH-
TaTe/lsiX He3ABUCMMOTO (MapaslIeNIbHOTO) Bo30ysKeHNs], pacCYUThIBA-
10T 110 hopMye:
7a = (U/L)[1- (n/ng)] — Zr,

rie U — HanpsikeHWe MUTAHKS [[eNH SAKops apuratens, B; I, — Tok siko-
P#i, COOTBETCTBYIOIMI{ 3a1aHHOil HArpy3ke ABUTaTens, A; n — Tpebye-
Mas JacToTa BpallleHus], 06/MUH; ny, — 9acTOTa BpallleHHs U/IealbHOTO
X0JIOCTOTO X072, 06 /MHH.

YacroTa uneanbHOTO X0MOCTOTO X0za N, npezcrasliser coboit no-
TPaHHYHYIO YacTOTy BPAILEHVs], TIPH MPeBLIIEHNH KOTOPOIi BUTATENb
TNEPEXO/INT B TEHEPATOPHBIf PEXKUM. ITA YACTOTA BPAILEHHS I1PeBbIIIa-
€T HOMMHAJIbHYIO YaCTOTY BpAIeHUs! 1,0, HACTOJIBKO, HACKOJIBKO HO-

MUHaJIbHOE HanpsbKeHwe, MOIBOIMMOe K LenH sikopsi U,,, mpeBbmiaet
I/IC meurarens E,,,:

oo = nﬂou( UHDM/E{I HOM)'

HanGornee oteercTseHHBIM siBAsIeTCS ponece MyCKa JIBUraTess no-
CTOSTHHOTO TOKa. Tak, HayanbHBbIi MycKoBOIl TOK IBUTaTe s [IPHM Heroc-
PEICTBEHHOM €T0 BKIOYEHHH B CETh MOYKET JOCTHUTATE OMACHBIX J/ISI IBH-
raresis sHa4eHni, Hapymalomux paboTy meToYHO-KOIIEKTOPHOTO yana
U cn{icoﬁﬂoro BBLI3BATh «<KPYTOBOii OTOHB»> Ha Kosiekrope. Kpome Toro,
TaKOM TOK CO3/1aeT Ype3MepHO GOJBIION MyCKOBON MOMEHT, OKa3biBa-
IOINH Ha BPAIIAFOIIHECST YACTH 97I€KTPONPUBO/IA YIIApHOe BO3LEHCTEHE,
crioco6Hoe MEXaHUYeCKH Pa3pyuInTh HX.
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Puc. 5.4. IlyckoBas iuarpaMma ABMraTesst [IOCTOSTHHOTO TOKA € TPEXCTYIIEHYa-
THIM ITYCKOBBIM PEOCTATOM

B cBsi3u ¢ sTuM Gosbloe MpakTHYecKoe 3HaYeHHe NMeeT pelleHne
3a71a4 110 pacuemy nycKosvix peocmamoe IBUrareseii oCTOSTHHOTO TOKa.
ITpumensior 1Ba MeTola pacyeTa IyCKOBBIX PeOCTaTOB: gpaduueckuil N
anarumuyveckuii. B ocnose rpaduyeckoro MeToaa JIEKUT IyCKOBast IH-
arpamma asuraress. B npexcrasyienHoii Ha puc. 5.4 mycKoBoii fuarpam-
Me C IpHMeHEHHEM TpeXCTyneHdaToro myckoeoro peocrara Ki, K2 u
K3 sBnisiioTcst KOHTAKTAMH CHUJIOBBIX KOHTAKTOPOB, MOCPEACTEOM KOTO-
PBIX OCYI1leCTBJISIeTCS NlepeK/IoYeHHe CTyTIeHelH PeocTaTa, a yge;, Thogz U
Tho6s — PE3NUCTOPBI CTyNeHeH IMyCKOBOTO peocTara.

3HayeHust HayaJbHOTO YCKOBOTO TOKa I} M ToKa nepeksodeHnii I
06BIYHO NPHHUMAIOT:

L= (1,5...2,5)Lipoys Iy = (1,0...1,3) Lyou-

Ilpu sTOM TOK MepekoYeHuil I, moxeH OBITH He MEHbIle TOKA Ha-
IpY3KH, COOTBETCTBYIOIETO CTATUYECKOMY MOMEHTY CONTPOTHBJIEHNs M.,
CO3/1aBaEMOMY Harpyskoii Ha ABUrarelsb. J[J1s1 HEKOTOPBIX ABHUTaTENIeH
CMEINHaNbHOTO Ha3HAYEHUS], TIPeIHA3HAYEHHBIX [UIsI TSDKeTIbIX YCJIOBHIA
paboTEl, HApUMeEp [BUTaTesell KPaHOBO-MeTAJTyPTHYeCKUX cepHi,
yKas3aHHbIe 3HAYeHHsI TOKOB MOI'YT ObITh YBETHYEHBL.

Pacyer conpoTHB/IE€HHil pe3lCTOPOB IYCKOBOTO PEOCTATa BEXYyT I10
dopmymam:

s = 2r(AN— 1); rg = rg; 7y = fph

B aTHX BBHIpKEHUAX X MpecTas/isier co60H OTHONIEHHE HAYaTbHO-

o IyCKOBOTO TOKAa I; K TOKY nepekoyernii I,

)\ = II/IQ.

OT/IHYUTENTLHBIM NIPU3HAKOM JIBUTATENEl nOC1e008amensHOZ0 BO3-
6y KIeHHs SIBJISIETCS TO, UTO TOK BO30Y3K/AEHUS OTHOBPEMEHHO sIBJISIET-
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M., n. CA H TOKOM Harpy3KH. ITo aToii

y NPUYHHE MArHUTHBIA MOTOK BO3-
Gy /leHus: B IBUTaTe e [TOCe0Ba-
TETHOTO BO30YKIEeHHUs 3aBHCHUT OT

/

2,4 /

2 The 4 Harpy3Kwu.
16 / [Tpu He6ombIOH Harpyske nBu-
: / M. raTejisi er0 MATHMTHASI CHCTEMA He
I ;

HACHIIlleHa ¥ MAaTHHTHBIH MOTOK

1.2 S

10, r;B-r u Gosee|  TPOIOPUMOHANEH TOKY HArpy3Ku
0a 7 = @ = ¢yl
/ .uo??)?ﬁ**— e
04— a BpallaolHii MOMeHT ZIBUTATe s
paBeH
0 04 0812 16 20 24L M= @I, = ¢y ]2
Puc. 5.5. VuuBepcanbhbie ectectBen- C pocToM Harpy3ku MarHuTHas

HbI€ XApaKTePHCTUKH IBUTATeNeH 110~ cpicTeMa JIBUTATENS Hachlmaercs,
CTOSIHHOI'O TOKA TIOC/IE/0BaTENLHOIO TIPH 3TOM 3aBHCHUMOCTh M — f(Ia)
BO3OYKJIEHHs! KPAHOBO-METAIYDIM-  caHOBHTCS HeTUHelHoi. Mexamu-
Heckux cepuit MIL, [T n /1 YeCKasl XapaKTepUCTHKA IBUTATE]Is
n = f(M) 6yner tarxxke HesMHel-
HO¥, 11 €€ XeCTKOCTh Ha Pa3HBIX ee YYacTKaX HeoHHAKOBA: TIPH MaJIbIX
Harpyskax YacToTa BpallleHHs] JBUTATES 3HAYUTeNIbHA U XapaKTepHC-
THKa MsATKasl, C yBeIMYeHHeM Harpy3KH XapaKTepHCTHKA CTAHOBUTCS 60-
JIe€ HKeCTKOM, YaCTOTa BpallleH sl yMeHbIIaeTcs, a LIpH Harpyske, 6113~
KO¥ K HOMMHA/IBHOM, XapaKTepUCTHKA CTAHOBHTCS ene boiee xecTKO.
O6pscHsieTcst 9To TeM, 4TO IpH Takoi Harpyske MaTHUTHasI CHCTeMa Ha-
CBIIIEHA 1 BeJIMYMHA MATHUTHOTO NI0TOKA CTAHOBHUTCS MPAKTHYECKH He
3aBUCHILIEN OT BETTHYHMHBI TOKA HATPY3KH.

B cBsasu ¢ orcyterBueM ypasHenuit, NO3BONAONINX PACCYUTATD U
NOCTPOHUTDL MEXaHUYECKHE XapAKTEPHCTHKH IBUTATEIS IIOCIIEI0BATE b~
HOTO BO36YXKIEHUS, ISl MX MOCTPOEHHS] NONB3YIOTCS YHUBEPCANbHDL-
Mu ecmecmeerHbLMU Xapaxmepucmuxamu (PUc. 5.5), IPUBOTHMBIMHA B
KaTajorax Ha ABUTaTeJIM NIOCTOSHHOTO TOKA MOC/EN0BATEIBHOTO BO3-
Oyxnenus.

YHuBepcaibHbie ecTecTEEHHbIE XapaKTepHCTHKH MOCTPOEHbI B OTHO-
CHTEJIbHBIX eIMHNLAX: ToKa I = I /1, ,..; MOMeHTa My = M | M,y0,; Yac-
TOTBI BPAIUEHUS 1 = 1/ N0y,

J17151 nocTpoeHns ecTecTBeHHON MexaHHYeCKoOl XapaKTePUCTHKH
n= f(M) nBurarens nocnenosarensHoro BO30Y K /IEHHUSI 110 Y HUBepCaIb-
HBIM XapaKTEpUCTUKAM TIOCTYTAIOT CIIEYIOMM obpasom.

3a71a10TCsl PAIOM OTHOCUTENBHBIX 3HaYeHWii ToKa Harpysku L. U no
PHC. 5.5 OIIPENeISOT COOTBETCTBYIONIHE OTHOCHTENbHEIE 3HayeHus Mo-
MeHTa M. 1 YacTOTH! BpallleHHs n.. 3aTeM, HCIIOJIB3Ys] HOMHUHAJILHBIE
SHAYENN TOKA SIKOPST, MOMEHTA M YaCTOTbI BPAIleHHS], OTIPeIeISTIOT HMe-
HOBAaHHBIE 3HAYeHNs ToKa I, (A), MomenTa M (H - M) 1 yacToTHI Bpaiie-
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nusi n (06/Mun). ITo noyYeHHBIM 3HAYEHHUSIM BEJIHYHH CTPOSAT ecTe-
CTBEHHYI0 MEXaHHY€eCKYI0 XapaKTepUCTHKY ABurarens n = f(M).

5.2. 3AJIAYU

O6moTKa sikops, 3[1C, peakuma akopa

3apaua 5.1. O6MOTKa SIKOPSI MAIMHBI [IOCTOSHHOTO TOKA CONEPXKUT
aJleMEHTApHBIX Ma30B Z,, npH yucie nomocos 2p. Ilo nankbim, npuBe-
AeHHBIM B TabJ1. 5.2, pacCYHTATh MAPaMeTphl H HAYEPTUTD paSBe].‘éHyTle
cxeMy mpocroit Bonnopoii (I1B) nubo npocroii netnesoii (I111) o MOTKI:
sikopst. Ha cxeme 0603HaYUTh MOJHOCH], PACCTABUTD LIIETKH H, 3a1aBUINC ;
HaIpaBJIeHHeM BpaILeHUs! SIKOpsl, ONPe/IeNINTb MONAPHOCTD IETOK B rz_
HEpPaTOPHOM pexiMe paboThl MAUTMHBL BHINOMHUTE CXeMy mapasiesn
HBIX BeTBeil 0OMOTKH SIKOps M ONpe/ie/IHTD ee oblee CONPOTHBIIEHHE,
CYMTAS IPU HTOM CONPOTHUBIIEHHE OIHOI CEKIUMK paBHBIM 7, = 0,02 OM
(CeKLMK OHOBUTKOBHIE).
Ta6bnuna 5.2

BapwaHTh! 715 THITOB 06MOTOK

7 8 9 10
Tlapamerp 1 2 3 4 5 6
MB | [IB | IIB | IIIT | 1B | 111 | TIB | ITI1 | TIB | ITII

Zy 17| 25 | 33 | 32 | 23 | 24 [ 29 | 30 [ 27 | 28
4 6 8 4 4 8 4 6 4 6

2p

Pemenue papuanta 1 (06MoTKa mpocTast BOTHOBas).
1. I1ar o6moTkH no KostekTopy (06MOTKa JTleBOXO0BasT)

w=y= (K —1)/p= (17 —1)/2 = 8 nenenwnii.
2. Tepseiii uiar 06MOTKH 10 Ma3am
v = (Z,/2p) £ € = (17/4) — 0,25 = 4 naza.

3. PassepHyTas cxema obmoTku (puc. 5.6). Ha micte dropmaTom ﬁﬁ
pasmeyaem 17 n1a30B, B KaX/I0OM U3 KOTOPHIX N300 pakaeM aKTUBHYIO x(c:;e-
POHY BEpXHETo cJios1 (CrJIouIHast JIMHUSA) H aKTHBHYO cropglﬂy HH
1o c1os1 (IyHKTUPHAs THHHUA) U 17 KOJUIeKTOPHBIX IeTIEHUH. o

4. TlepBbiit 06X01 110 SIKOPIO M KOJJIEKTOPY HAYUHAEM C KOJLTIEKTOP!
ro flesieHust 1 v YKJIambiBaeM ceKIMH 7 1 9, akTHBHbIE CTOPOHBI KOTOPHIX
pacnozaraforcst B nasax 1, 5, 9 u 13. Kowen ceknuu 9 npucoenvHsieM K
KOJIJIEKTOPHOMY JleJieHuio 17, pacroyIOKeHHOMY psizioM (clieBa) ¢ geﬂe_
Huem 1. 3aTeM fesaem BTOpoil 06X0x 1 yKIaabiBaeM cekiuu 17 u 8, ko
TOPYIO NPHCOEMHSEM K KOJNIEKTOPHOMY ZleieHuto 16, T.e. cmemagn;cgf
ellle Ha OJIHO KOJUIEKTOPHOE JleJIeHHe BJIEBO. 3aTeM JIeJIaeM TPeTH
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Puc. 5.6. PassepryTas cxema TIPOCTO# BOJIHOBO# 06OMOTKY sIKOPSI:
2p=42Z=17; y, = 4 naza

XOZL M T.1I., I0Ka 06MOTKA He 3aMKHETCs1, [IPH 5ToM TIOCTIETHIONO 110 06X0-~
ny cekuuro 10 npucoenunsiem K ceknuu 1 1 KOJLNIEKTOPHOMY JieJIeHuIO 1
3arem pasmeuaem yeTHIpe nooca ¢ Yepenyoielics nolspHOCTHIO U
pacriofiaraeM Ha KOJIJIEKTOpe ILETKH, pa3Melasi | eTp i
X 110 TeoMm;
ik , HYEeCKOii
. 33113113111(1:11(:5 nanpanneﬁﬂnem BpalleHusl SIKOpsi, onpeiesisieM Hanpas-
eHue J/IC B cekumsax 0OMOTKH, CYHTAS, YTO MO
10CHI «PacIIoIo
HaJl 06MOTKO. ) P e
3arem BhIIONHSIEM CXeMy nmapa/yiebhsix BeTBeit (puc. 5.7). TIpu no-
/IOXKCHIN KOJIJIEKTOPA OTHOCHTEIHHO IETOK, [IOKA3aHHOM Ha pHc. 3.6,
cekums 1 3aMKHyTa HaKOpOTKO meTkamMu Al u A2, a cekumm 5 u 14 3am-
KHYTbl HakopoTko meTtkamu B1 u B2. Octanbusie cexmmy Pacrosnoxu-
%ﬂcb B ZABYX NMapajle/IbHbIX BETBSIX MO CEMb CeKIHil B KAXI0i BeTBH
ONPOTHBIIEHIE OOMOTKH IIOCTOSHHOMY TOKY, 3aMePEHHOe MEX/LY K/IeM-
MaMH <IUTFOC» U «MUHYC», COCTABIISIET

Ta= (re-7)/2 = (0,02-7)/2 = 0,07 O

Puc.5.7. Cxema napanensupix Berseit TPOCTO#t BOJIHOBO# 0GMOTKY (CM. pHiC. 5.6)
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3anava 5.2. O6MoTKa SKOPST MAIIMHBI IOCTOSHHOI'O TOKA COCTOMT
13 N aKTHBHBIX CTOPOH TIPH YHCJIE N0I0COB 2p = 4, OCHOBHOM MarHUT-
Hb1it notok ®, D/1C o6bmoTkH sikopsi E, npu KoadpHIIHEHTe ¢,, YacToTa
Bpalilenusi sikopst n. Vicrnonb3ys fannble Tabi. 5.3, oNpenesnThb Hejo-
cTalolllHe MapaMeTpHl.

Ta6bnuna 53
BapuanTsl 7151 THIIOB 0OMOTOK
Iapametp 1 2 3 4 5
I1B T1I1 I1B I1B TIT1

n, 00/MuH 1500 1200 — — 1500
N 500 — 120 240
. - 12 20 — —
E,B e — 400 200 120
@, B6 0,008 0,14 0,020 0,025 -

Pemenue papuanta 1 (06mMoTKa npocTast Bo/HOBas, 2a = 2).

IJ1C obMOTKH SKOPsI

E, = ¢,on = 16,6 - 0,008 - 1500 = 200 B,

Tie

¢, = pN/(60a) = 2 - 500/(60 - 1) = 16,6.

Banaya 5.3. JlBUTaTeNH MOCTOSHHOTO TOKA NApajIe/IbHOTO BO30y k-
JI€HUS] HOMHHAJIbHOH MOIIHOCTBIO P, BKJIIOYEH B CETh C HAlIPSIKeHH-~
em U,; KITJI iBuraTesisi 1y, 06MOTKa IKOPS IpocTast BOIHOBas (2a = 2),
€ YHCJIOM TIOJIIOCOB 2p = 4, YACTIO aKTHBHBIX IPOBOJIHHKOB B 06MOTKe IV,
TOK B 06MOTKe BosbyxneHus I, = 0,021, BeTHYUHA OXHOCTOPOHHETO
BO3JIYUIHOTO 3a30pa §, MATHUTHAS MHAYKIHKA B 3a30pe Bs, MarHuTHas
MHYKIWs B 3y6ax sikopsi B,, koadpdunmenT BosayHoro 3asopa ks = 1,3,
K09 QHUIHEHT MaTHUTHOTO HACHILEHHs] MArHUTONPOBO/A [IBUTATE/IS
k, = 1,35. 3HaueHust epedrCIeHHBIX NapaMeTpoB NPABe/IeHb! B Ta0IL. 5.4.

Tpebyercs onpeaenutb M/IC peakiuyu sIKOpsi 110 TONEPEYHON OCH
F 4 1 9uCIIo BUTKOB B [IOJIIOCHO# KaTyike BO3OYKIEHHS W, ,, HEOOXO-
ZIAMOe ISt KOMIIEHCALMH PeaK1Mu sIKOPSI 110 NoIepeyHoil OCH TIPU HO-
MHHAJIbHOH HarpysKe JIBUTATEJIS.

Pemenne papuanra 1.
1. Tok, noTpe6sieMbril IBUTaTeleM B HOMHHAJIBHOM PeXHMe,

Loy = Puow/(Usiuow) = 100 - 103/(440 - 0,89) = 255 A.
2. Tok B 06MOTKE BO3GYKIEHHS
I, = 0,021, = 0,02-255 =5 A.
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Ta6auia 55

i Bapuauts
1 2 3 4 5 6 7 8 9 10
U B 230 | 230 | 460 | 460 | 460 | 115 | 460 | 230 | 230 | 230
Thowe 00/ | 1500 | 2300 3000 | 2300 1500 1000 | 2300 | 1000 | 3000 | 2300
>, Om 0,175/ 0,08 0,17 03 | 0,7 | 0,09] 0,27 | 0,25 0,08 | 0,14
N 100 | 118 | 280 | 240 | 200 | 80 | 270 | 114 | 100 | 138
&, 102 B6 48 126 | 1,7]| 26| 48| 45| 24 | 61| 24 | 23

Tabnuua 54
Hapavierp Bapuautsi

1 2 3 4 5 6 7
Proyy KBT 100 | 120 | 85 30 45 90 75
U, B 440 | 440 | 220 | 220 | 440 | 440 | 220
Thow % 89 90 87 85 85 87 86
N 280 300 150 120 260 240 120
6, M 20 | 20 18 18 16 18 [ 16
B, Tn 22 | 23 18 | 19 1,7 19 | 20
By, Tn 0,82 0,85 0,80 0,83 0,80 0,83 0,82

3. Tok B Lieny sIKOPS MPH HOMMHATBHOI HArpy3ke
Loyow = 255 — 5 = 250 A.
4. MarnnTHOe HanpsixeHHe BO3YIIHOTO 3a30pa
Fy=0,8Bbks10° = 0,8 -0,82-2,0-1,3- 103 = 1700 A.

5. M/IC o6MoTKM BO36YxKIeHHs B PexHMe XO0JI0CTOTO X0/la Ha rmapy
MOJIFOCOB

Fyo=2Fgk, =2-1700- 1,35 = 4500 A.
6. M/IC sikopst Ha napy nosocos B pexxHMe HOMHHATILHOI HATPY3KH
Fipow = Nlyyoy/(4ap) = 280 -250/(4 - 1- 2) = 8750 A.

- TBKoag)gJ%u?eﬂr PEAKIINH K0P 110 TonepeyHoii ocu (cM. puc. 5.1);
1 5, = 2,2 111 (BepXHsid rpanuua rpaduka) u F,/F,, = 8750/4590 = 1.9
koaddunmenr k,, = 0,22. ) % / ,

8. Ilpupaimenne M/1C Bo36y:xenus, KOMIIeHCUpYIo11ee BIUsIHHE pe-
AKIUH SKOP# 10 NIoNlepeyHol ocH,

Fog= kyoF ppon = 0,22 - 8750 = 1925 A.

9. MJIC BosbysxeHus Ha napy nosocos IIpH HOMHHAJILHOH Harpyake
ABHTATEIIs:, 0CTATOTHOE U1l KOMIIEHCALIMK BIMSTHUSI pEaKITME KOS,

Fy vou = Fyo + Fy= 4590 + 1925 = 6515 A.
10. Yucrto BuTKOB B NoMOCHOI KaTyiike 06MOTKH BO30YXIeHHs
Wies = Fypou/(2L,) = 6515/(2 - 5) = 651 Butok.
3aznaua 5.4. TeHepaTop NOCTOSHHOTO TOKA HE3ABHCHMOTO BO36Y -
ACHUS C HOMUHATIBHBIM HanpsikeHuem U, W HOMHUHATBHOH YaCTOTO!
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BPAILEHHS] 7,0, IMEET Ha SIKOPE NMPOCTYIO BOJIHOBYIO 0OMOTKY, COCTOSA-
niyto u3 N npoBoznuKoB. YHCIIO NOJIOCOB reHepaTopa 2p = 4, cornpo-
TUBJIeHHe 0OMOTOK B IIeITH IKops1 IpH paboyeii Temniepatype Y r, IETKH
yronbHo-rpadutoBsie A U, = 2 B, octoBHoil MarHuTHBIH noTOK ®. 3Ha-
YeHHsI IepeyrCc/IeHHbIX MapaMeTpPoB NpHBeieHb! B TabiL. 5.5. Tpebyercs
OnpeeUTD /15t HOMHHATILHOTO peskuMa paboTs reneparopa: I/(C siko-
psi B, TOK Harpy3KH I, (pasMarHHYMBaIOIHUM BIHSHHEM PEaKHH KO-
psi npeHe6peyb), MOJIE3HYI0 MOIHOCTD Py, 9MEKTPOMATHUTHYIO MOII-
HOCTD P,,, H 9JIeKTPOMarHUTHBIIf MOMEHT Moy,

Pemenue BapuanTa 1.

1. 9JIC sikopst reHepaTopa NpH HOMHHAJIBHOM YacToTe BpallleHHs

= ¢, ®Nyoy = 3,33-4,8 - 1072 1500 = 240 B,

EHHDM ==
rae
c. = pN/(60a) = 2-100/(60 - 1) = 3,33;

YHCTIO nap MapalyiebHbIX BETBEl MPOCTOl BOTHOBOI 0GMOTKH a = 1.
2. Tok AKOpS B HOMHHAJIBLHOM PEXXHME MOXHO OTIPENe/IMTh, BOCTIOTb-
30BaBUIACH YpaBHEHHEM HaNpsiKeHUil 71 reHepaTopa

U=E,~ L) r—- AU,
OTKYZAa TOK SIKOPsI B HOMHHAJILHOM DEXHMe
Lvow = (Eanoss — Upow — OUy) /X7 = (240 — 230 — 2)/0,175 = 45,7 A.
3. IlonesHas (HOMHHAJIbHAS) MOIHOCTh T€HEPATOPA
Prow = Unorsa noy = 230 - 45,7 = 10 511 Br usm 10,51 kBr.
4. DneKTpPOMarHMTHas MOLIIHOCTD TeHepaTopa
Py = E,oulonoy = 240 - 45,7 = 10 968 Bt v 10,97 kBT.
5. DNeKTPOMarHUTHBII MOMEHT B HOMUHAJIBLHOM pexuMe

Myon = 9,55 Pay/ Ty = 9,55 - 10 968/1500 = 69,8 H - m.
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leHepaTopbl NOCTOAHHOrO TOKa

3azaua 5.5. T'eHepaTop NOCTOSHHOTO TOKa HE3ABHCUMOTO BO36Y k-
AEHUS MOIHOCTEIO Py, ¥ HanpskeHueM U, umeeT COINPOTHUBJIEHUE
0OMOTOK B 1eMnH sIKOpsl, PUBeleHHOE K paboyei TeMIiepatype, 1; B
TE€HEpaTOpe NPUMEHEHBI 571eKTPOT padUTHPOBAHHEIE METKH MapKu T
(AU, = 2,5 B). OnpenenuTh HOMUHATIbHOE H3MEHEHUe HanpsiKeHus
[pY cOpoce HArpysKH. 3HAYEHHUs TAPAMETPOB npUBejieHbl B tabil. 5.6.

Tatnniua 56
Bapuanrt
Hapavierp 1 2 3 4 5 6 7
P KBT 20 45 15 90 80 30 18
Upons B 230 460 230 460 460 230 230
er, Om 012 | 022 | 015 | 012 | 011 | 008 | 013

Peurenue Bapuanra 1.
1. Tok B HOMMHAIbHOM peskuMe

Livon = Puow/ Uyoy = 20 - 103/230 = 87 A.
2. 9/1C reneparopa
By = Uy = Uyom + Lnoyr + AU, = 230 + 87- 0,12 + 2,5 = 243 B.
3. HoMuHanbHoe naMeHenue HanpsKeHust npyu cbpoce Harpysku

U, —U 243 — 230
AUpgy =—2——"2100 = 222100 — 5,65 %.
Ho U,o 230 “

3azava 5.6. 'enepaTop nocTosHHOTO TOKA TIapaiiesibHoro Bo36yx-
ACHHS IMEET HOMUHAMIbHbIE JAaHHBIE: MOITHOCTD P, HanpshkeHue Uiows
HaCTOTa BPAIICHHS 7,y,,, CONPOTHBJIEHHE OOMOTOK B TN SIKOpS, IIPHBe-
IeHHoe Kk paboyeil TeMrepatype, ¥ r, nazenue HAlpPsDKeHUs] B LIETOYHOM
KOHTaKTe napel metok A U, = 2 B, conpoTHBIIEHHE 1IeNH 06MOTKH BO3-
6yxnenus r,, KITJ[ B HoMMHATBHOM PEeXHME 1), TOK TeHeparopa I,
TOK B 1leny Bo36yxkaeHus I, Tok B 1enu AKOPA 60, IAC sikopst B,
9/IEKTPOMArHUTHAsI MOIUHOCTD P, 57IeKTPOMArHHUTHEIH MOMEHT IPH HO-
MUHQJIBHO# Harpyske M,,,,, MOIHOCTD TPHBOAHOTO iBHIaTE s Py, ...

3HayeHNsi IepeyHCIIeHHbIX TTapamMeTpoB NpuBe/ieHbl B 1a61.5.7. Tpe-
byercst onpenenuTh 3HaYeHNs [IapaMeTpOB, He YKa3aHHHIX B TabJIHIE.

Pemenue papuanTa 1.

1. HomuHanbHbIi TOK Ha BBIXOIE reHepaTopa

Liow = Puow/ Une = 10 000/230 = 43,5 A.
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Tabnuua 5.7
Hag Bap}janm

1 2 3 4 5
P, KBT 10 - — 18 45
Usow B 230 230 460 230 —
Thyoner OO/ M 1450 — —_ 1500 1000
Xr, Om 03 0,15 =z — —
7w OM 150 100 — — 92
Thiowr %0 86,5 — 88 — 88
Low A — 87 = — 97,8
I, A ~ - 4 - —
Lo A — — — 5 —
E,B - — 480 240 477
Py v KBT = s 55 — —
Moo H-M — 280 525 o —
Poo KBT = 23 == 21 —

2. Tok B 06MOTKE BO3OyneHus
Iy = Uyou/1, = 230/150 = 1,5 A.
3. Tok B uenu siKOps Npu HOMAHAIBHOI Harpy3Ke
Los = Loy + =435+ 1,5 =45 A.
4. 9]1C sikopsi B HOMHHATIBHOM peHMe
Ey= Uyon + Loyonar + AU, = 230 + 45-0,3 + 2 = 245,5 B.

3. DNIeKTPOMATHUTHASI MOLHOCTD FeHepaToOpa MPH HOMHHAIBLHOM Ha-
rpyske
P3M.HDM — EﬂIaHDM =i 245,5 3 45 = 11047 BT.

6. D7IeKTPOMArHUTHBIIl MOMEHT reHepaTopa B pexyMe HOMHHAIBHOI
Harpys3KH

My = 9,55 Py vone/ o = 9,55 - 11 047/1450 = 73 H - m.

[Burarenu nocToAHHOro ToKa

3anaya 5.7. /Isurartesib MOCTOSITHHOTO TOKA napasiesbHOro BO36Yxk-
JEeHHA UMeeT cllenyiolire JaHHbBIe: HOMUHANIBHASA MOII[HOCTDL P nomy Ha-
NpsoKeHue NUTaHust Uy, HOMMHATbHAS 4aCTOTA BPALIEHHS 7y, COTIPO-
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Tabauna 58
Mapaverp Bapuants!
1 2 3 4 5

P KBT 25 15 45 42 18

Upor B 440 220 440 220 220

gy OO /MUH 1500 1000 1500 1500 1200
Mo 0 85 83,8 88 78 84

>r, OM 0,15 0,12 0,13 0,15 0,12

Ty OM 88 73 88 64 73

THBJIEHHe 0OMOTOK B LIeNH SIKOPsI Y 7, CONPOTHBJIEHHE 11eTTH BO3OYXK Te-
HUS T, IaJIEHHe HANPSDKEHHS B IEeTOYHOM KoHTakTe metok AU, =2 B.
3HaueHus NepeyrcIeHHbIX TapaMeTPOB I1pHBeleHbl B Tabn. 5.8.

Tpebyercst onpefieuTh MoTpebsieMblii IBUTaTeNIeM TOK B PEXXHMe
HOMHHAJIbHOM HATPY3KH I, CONPOTUBJIEHHE TTYyCKOBOro peoctara R, ,,
TPH KOTOPOM HAYaJILHBIii TyCKOBOH TOK B LIETH SIKOpSI IBUTATEJIs GBI Gbl
paBeH 2,510y, HAYAIbHBI ITyCKOBOM MOMEHT M,;, 4acTOTY BpallleHHs Ny
1 TOK Iy B peKHMe X0JI0CTOTO XO/Ia, HOMUHAJIbHOE H3MEHEHHe YaCTOThI
BpallleHus sIKOps JIBUTaTeJ1s pH cOpoce Harpy3ku. Biusiinem peakuun
sSIKOps npeHebpeyb.

Pemenue BapuanTa 1.

1. IoTpebnsiemasi BUTATEIEM MOIIHOCTb NPH HOMHHANBHOM Ha-

rpy3ke
Pirow = Puou/Msow = 25/0,85 = 29,4 kBT.

2. Tok, notpebiisieMslii IBUTaTENIEM NPH HOMHHAILHOI HarpysKe,
Liow = Pinow/ Uiow = 29/4-10°/440 = 67 A.
3. Tok B nenu 06MOTKH BO3GYKIEHNsT
I, = Upeu/1s = 440/88 =5 A.
4. Tok B 06MOTKe SIKOPSI
Livii= Ly — L= 67—~ 8=62A.
5. HauanbHbiit nycKOBOI TOK SIKOpPst IIPH 3alaHHOI KpaTHOCTH 2,5
Lu=2500 =25-62=155 A.

6. Tpebyemoe conpoTHBIEHHNE 1IENH SIKOPs NPH 3a/laHHOI KPAaTHOCTH
MYyCKOBOTO TOKA 2,5

R,= Ry, + Xr= Uyy/I,n = 440/155 = 2,83 Om.
7. ConpoTHBIleHHe TyCKOBOTO peocTaTa
Rn_p == Ra = Zr — 2;83 = 0,15 = 2,68 Om.
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8. 3/1C sikopsl B peskuMe HOMUHAIbHOI Harpy3KH
Bovor = Unon — Liponor — AU, = 440 — 62 - 0,15 — 2 =428,7 B.
9. U3 Bripakenns

E,= ¢, ®n,

onpenenum
c.® = E,/n=428,7/1500 = 0,285;

oTHomIeHHe K03hPUIIMEHTOB

¢u/ ¢ = [PN/(2wa)]/[pN/(60a)] = 9,55;
cJlenopaTesIbHO, B JJaHHOM cjiy4yae

@ = 9,55¢,® = 9,550,285 = 2,72.

10. HayanbHblii MycKOBOI MOMEHT TIpH 3aJaHHOI KpaTHOCTH ITyCKO-
BOI'O TOKa 2,5

M, =¢,®I,,=2,72-155=422H -m.
11. MomeHT Ha Bamy ABUraTessl NPH HOMUHAABHOI Harpy3ke
Morors = 9,55 Pyons/ Moy = 9,55 - 25 - 10°/1500 = 159 H - m.
12. DeKTpOMAarHUTHEII MOMEHT IPH HOMHHAJBIIOH Harpyske
Mo = 9,55 P,/ Moy = 9,55 - 26 579/1500 = 169 H - m,
IZie BIEKTPOMAarHUTHASI MOIHOCTD IPY HOMHUHAIBHOH Harpyske
Posiosn = Eovoslawcni = 428,762 = 26 579 Br.
13. MomeHT X0M0CTOTO XO0/1a
My = My — My, =169 — 159 =10 H - m.
14. Tok sikopst B peskHMe X0JI0CTOro Xozia
ILo= My/(c,®) = 10/2,72 = 3,68 A.
15. 3]IC sikops B pexume xozocroro xozna (npurnmaem AU, = 0)
Eoo= Uy — Ig2or =440 — 3,68 - 0,15 = 439 B.
16. Yactora BpamieHHUs SKOPs B pexHMe X0JIOCTOTO X0/1a
ny = E, /(c,®) =439/0,285 = 1540 06/Mun.

17. HoMuHanbHOE W3MeHeHHe YacTOThl BpallleHHs1 IBUTaTelIs NpU
cbpoce Harpysku
o 1 =
At =M‘1100 =ng =266 %.
nl'lﬂbd
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3azaua 5.8. B tabn. 5.9 naHbl 3HaYeHUs MapaMeTpoB JABUTraTesis 10-
CTOSTHHOTO TOKa He3aBHCHMOT'0 BO30Y K 1IeHHs: HOMHHATbHAsI MOITHOCTD
apurarens P, HanpsbkeHHe MATaHUs 1end kops Uy, HalpsikeHue
nuTaHus nenu Boabysxaenns U, yacToTa BpallleHHs SIKOPsl B HOMHHATb-
HOM PEXHME 7,,,, CONPOTHBJIEHHS LleNH AKOpst L7 M 1enu Bo3byxe-
HUA 1, TIPUBEEHHBIE K pabodeil TeMnepaType, NaJeHHe HAPSKeHNs B
L[ETOYHOM KOHTAKTE MpH HOMHHaIbHOM Toke AU, = 2 B, Homunanb-
HOe H3MeHeHHe HanpskeHHs 1pU copoce Harpysku Amny,q, = 8,0 %, TOK
SKOpS B pexkuMe xosioctoro xofa k. TpebyeTcst onpene/IuTh Bce BUDI
notepb 1 KI1/I qurarens.

Ta6auua 59
T Bapuaurst
1 2 3 4 5 6
P, ou KBT 25 40 53 75 16 11
Ui B 440 440 440 440 220 220
U, B 220 220 220 220 220 110
I, A 6,0 7.5 8,0 10,8 8,7 58
2o, Om 0,30 0,17 0,12 0,70 0,18 0,27
7, OM 60 55 42 40 60 27
T 00/ MUEH 2200 1000 2360 3150 1500 800

PemieHnue Bapuanra 1.
1. YacToTa BpaieHus B peskMMe X0JI0CTOTO Xo/ia

7o = MyoulL + (Amyey/100)] = 2200(1 + 8/100) = 2376 06 /MuH.

2. 3/1C sikopsl B pexkMMe XOJI0CTOr0 X012 (NaZieHHeM HanpsiKeHHs B
LETOYHOM KOHTaKTe npeHeOperaeM BBH/Y €r0 HE3HAYHTEJLHOI BeJlu-
YUHE B peXXHMe X0JIOCTOTO X071a)

Exp= Upn— IYr=1440 — 6-0,3 = 4382 B.
3. MoMeHT B pexHMe X0JIOCTOTO X0/la
M, =9,55EI,/ny = 9,55 - 438,2 - 6/2376 = 10,6 H - m.
4. MoMeHT Ha BaJly IBHIATelIs B peXXHUMe HOMHHAIBHOI HAarpy3Ku
Mo = 9,55 Pyoy/ Tpon = 9,55 - 25 - 10°/2200 = 108,5 H - M.

5. DNeKTPOMATHHTHBIN MOMEHT JIBUTATE/sA NPH HOMHHAJILHOIT Ha-
rpy3Ke

Moo = My + My, = 10,6 + 108,5 =119 H - m.

6. DneKTpOMarHHUTHAs1 MOMHOCTDb IBUraTeslsl B peKHUMe HOMHHAJb-
HOIf HAaTpY3KH

Pivisom = 0,106 M0 0y = 0,105 - 119 - 2200 = 27 490 Br.
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7. 31C sixops B pesxHMe X0JIOCTOTO XO/la MOMKHO TIPe/ICTABUTD Kak
Ep = ¢Pny,
OTKYZIa
c.® = Eyfny = 438,2/2376 = 0,185,
HO T2K KakK ¢,/c, = 9,55, T0
. ® = 9,55¢,® = 9,55 - 0,185 = 1,77.

Us BBIpa:KeHHA 371eKTPOMariiTHOTO MOMEHTA B peXXHMe HOMUBHAb-
HOIl HArpy3KH

Myow = G L
Ol'lpeﬂeJIPIM 3HayeHHe TOKa SAKOps B pexXHuMe HOM MHaJNBHOI HanyaKH
Lo = HDM/(CM‘I') = 119/1,77 =67 A.

8. Cymma MAaTHUTHBIX W MEXaHHYeCKHX NOTepb JIBUTaTEJIs TPONnop-
IIMOHAJIbHA MOMEHTY X0JIOCTOTO XO/Ia

Pyary + Puex = 0,105 Myny = 0,105 - 10,6 - 2376 = 2644 Br.
9. DnexTpuYeCKHe MOTEPH B eNH 0OMOTKH SIKOPA
Po=1I2..5r=67%0,3 = 1347 Br.
10. DnexTpudecKkre NOTePH B IIETOYHOM KOHTAKTE SIKOPS
Py s = LiyoyA U, =67 -2 =134 Br.
11. MomHocTthb, NOABOAUMASI K [1€MN SIKOPS, B HOMHHAILHOM PeXHMe
Pravos = Unonlanon = 440 - 67 = 29 480 Br.
12. Tok B 06MOTKe BO30OYkKIeHUs
L= U/fr,=220/60=3,7 A.
13. MomHocTh B 11en# Bo30yK/leHUs
P,= U, =220-3,7=2814 Br.

14. MomHocTb, noTpebsieMasi IBUTATENIEM B PeXKHMe HOMHHAIBHOMN
HATpY3KH,

Pruow = Piravon + P = 29 480 + 814 = 30 295 Bt nnu 30,3 kBr.
15. KI1]I rBuraTesiss B HOMHHANTBHOM PeXXHMe
Thow = (Puox/ Pinow) 100 = (25/30,3)100 = 82,5%.

3anaua 5.9. B Ta671. 5.10 npuBezieHb! JaHHBle KAaTATOIA Ha JIBUTATE-
JIM TIOCTOSIHHOTO TOKa HesaBUCHMOTO Bo3Gysxkaenusi cepun 2I1: Homu-
HaJIbHasA MOIUHOCTE P, HOMUHAJIbHOE HANpsXKeHHe, NOABOJUMOe K
uenu sKopsi, Ul,oy, HOMUHAIBHAST YaCTOTA BPAIEHUSA 7,0y, KII/[ mBUTA-
TEJIS Tyyoy, CONPOTUBJIEHHE LIENH SIKOPST, IPUBEIEHHOE K paboyeii Temme-
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Ta6auya 5.10

Tum gpuratensi | Puow KBT Ui B | Ty 06/ Mum | 1, % ¥, OM
21102001 7,1 220 750 83,5 0,48
2110200M 20 440 2200 90 0,28
211D200M 30 440 2200 90 0,22
21102001 20 220 1000 85,5 0,18
211H225M 37 220 1500 86,5 0,07
211M225M 10 220 500 74,5 0,58
2110180M 17 440 3000 90 0,31

parype, .r. Tpebyercsi onpelle/TUTb COTNPOTHBJIEHHe N06ABOYHOTO pe-
3UCTOpA T, KOTOPBIii CJielyeT BKIIOYUTD B LeNb sSIKOps, 4ToObI IPH HO-
MHHAJILHON Harpyske [BUraTesisi 4acTOTa BpallleHHsl SIKOPS coCTaBHIIa
0,570p; MOCTPOUTH ECTECTBEHHY IO H HCKYCCTBEHHYIO MeXaHHYECKHE Xa-
PaKTEPUCTUKHU [IBUTATEIA.

Peurenue BapuadTa ¢ guratesnem 2II0200L.

1. Tok B yenu sIKOps B peXKUMe HOMHHIbHOM HArPY3KH IPH 7oy =

= 750 06/MuH
Livoss = Prow/ (Mow Uson) = T>1 - 10%/(0,835 - 220) = 38,6 A.

2. 3]1C B pexxrMe HOMHUHAJIBHOM Harpy3KH (ITaZleHueM Hall psKeHHUst
B LIETOYHOM KOHTaKTe IpeHebperaem)
Eror = Unor — Linow2or = 220 — 38,6 - 0,48 = 201,5 B.

3. YacToTa BpallleHHs HIEATbHOTO X0JI0CTOTO X071 (TTorpaHuyHast Ya-
CTOTA BpaIlEHUs )

790 = Mo Usom/ Einow) = 750(220/201,5) = 820 06 /MuH.

, ()6/1\.[]-[]—1 4. HOMHHaJlebe:‘I MOMEHT Ha Bany
3028 d 1 JABHTATENA
:;30- _________ M2l|mw = 9.55P||0M/n,m” -

0 -

=9,55-7,1-103/750 = 90 H - m.

400
ITo nomy4yeHHBIM JAHHBIM CTPOUM

€CTECTBEHHYIO MEXaHHYeCKYIO XapaKre-

puctuky (puc. 5.8, rpaduk 7).

0 2'0 40 60 8090100 5. YacToTa BpallieHis TIPH BKJIIOYe-
M H-m HHH pe3nucropa ry

Nhos = 0,570 = 0,5 - 750 =

1
200 i
)

Puc. 5.8. Mexanuyeckue xapak-
TePHCTHKH JIBUTATE S IOCTOSH-
HOTO TOKa : = 375 06/MuH.
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[To BbIYMCTIEHHBIM JAHHBIM CTPOMM HCKYCCTBEHHYIO MEXaHHYECKY IO
XapaKTepHCTHKY ABUraTens (puc. 5.8, rpaduk 2).
6. ConpoTuBI€HUE PE3UCTOPA Ty

T = (U;non/'rnnom)[l_ (n’HOM/’nUO)] -Xr=
= (220/38,6)[1 — (375/820)] — 0,48 = 2,61 Om.

3anaya 5.10. [[BuraTtens 1ocTOSIHHOTO TOKA MAPAJIe/IbHOTO BO30y k-
JeHus pabotaet ot ceTH Hanpsixkennem U, = 220 B. Texunyeckne fan-
Hble aBuraTens (tabi. 5.11): HOMUHANMBHBIA TOK HArPY3KH I, HOMHU-
HaJbHAS YACTOTA BPALULEHHUS 7,0y, TOK XOJIOCTOTO x0Ma Iy, conpoTuBIe-
HHe 1lelH SKops, pUBefeHHoe Kk paboveil TeMneparype, >.r, TOK BO3-
6yxnenust I, (ocTaeTcss HeU3MEHHBIM BO BCeM IUana3oHe HarpysKu IBU-
raTesisi); B IBUTaTesie IPUMeHEHbI YTOMbHO-rpadgUTHBIE meTKH (cM. TabJ1.
5.1) ¢ mepexoaHbIM NajleHHeM HanpsikeHus Ha napy metok AU, = 2 B.

Tpebyetcst paccUUTATD IaHHbIE U IOCTPOUTDb TPadQMKH 3aBUCHMOCTH
KIIJI v, 4yactoTsl BpalleHUs 7, MOMEHTa Ha Bajly M, OT MOIIIHOCTH Ha
pany apurarens P,.

Brustnuem peakiuu sikops npeHebpeyb H cyuTath @ = const.

Ta6auna 5.11

. BapuanTst
1 2 3 4 5 6
LowA 65 86 116 192 44 33
Thyon 00/ MIHH 770 690 650 575 840 1100
I, A 6,5 9,0 98 134 6,6 58
>r, Om 0,28 0,17 0,11 0,055 042 0,57
I, A 16 22 2,7 4,0 1,5 1,18

PemeHue Bapuanra 1.
1. Tlotepu u KII/I aBuraress.
ITocTostHHBIE TOTEPU ABUTATENISt BKJIIOYAIOT MAaTHUTHBIE P, MEXaHU-
yeckue P,,., 0TEpPU U MOTepH Ha Bo3byxIeHHe
P,= UJ,=220-1,6 = 352 Br,
T.€.
Procr = Py + Puex + .Ps.

IIpu pabote ABUraTessi B peKUMe XOJOCTOTO XO/la IBUTATEND [10-
TpebsieT U3 ceTh MOLHOCTb Pyy = I, U, KoTopas BKIOYaeT NOMHMO
HOCTOSIHHBIX NOTePb Pyocr €11€ U MepeMeHHble noTepu P, KoTopeie
BKJIIOYAIOT:

DJIEKTPHYECKHE MMOTEPH B 11€ITH SIKOpsI

Py = 13027:
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oTepH B H[eTOYHOM KOHTAKTe
Py = I,oA Uy
nobaBoYHEe NOTEPH
P,s = 0,01Py = 0,01, U,.
Takum o6pa3oM, NOCTOSIHHBIE IIOTEPU ABUTATEJIS] PABHBI
Pooer = Pig — Py — Py = LU, — I%Xr — LoAU, — 0,011, U, =
=6,5-220 — 4,9%-0,28 — 4,9-2 — 0,01-6,5- 220 = 1399 Br,
re TOK AKOpA B peXXHUuMe X0J0CTOro Xoaa
Io=IL-I,=65—-16=49A.

Yr1o6bl mOIYYUTh TaHHBIE, HeOOXOMMMBIE /ISl TOCTPOEHHA rpadHKa
1 = f(Py), 3anaauMcs pAaoM 3HadeHnil koagduuenta HarpysKku 3 =
= I/ .o ¥ JUIS1 KQXKJIOTO U3 HUX onpezieNuM KII/] nBuratens. Tok B
1IETTH SIKOPSI B peXKUMe HOMUHAIbHOM HATPY3KH I oy = Loy — I, = 65 —
—16=634A.

MHHHMaJIIaHDE 3HayeHHe Kod((HIMeHTa HATPY3KH COOTBETCTBYET
pesxxumy xosoctoro xona B = Io/ 1,0 = 4,9/63,4 ~ 0,08. [Ipunumaem
cienyiolliie 3HayeHUA Koo puIlHeHTa HarpysKu: 3 = 0,08; 0,25; 0,50;
0,75; 1,0; 1,20.

Tabauua 512

wou = 11,5 kBT

"6 8 10 12 P, kBr

Puc. 5.9. T'padbyku nocTosiHubIX 1oTeps (1), nepeMeHHbIX noTeps (2) i koad-
¢dburmenTa nonesnoro aeitcreua (3) ABUraTesis IOCTOSTHHOTO TOKA MAPATIIEb-
HOTO BO3OYXKIEHNS

Bce pacyernbie GopMysibl U pe3ysIbTATEl PacyeTOB NPHBEEHB B
Tabm. 5.12.

Io nanmbivM Tab11. 5.12 nocrpoensl rpaduki Py = f(Py), Poep =
= f(Py) un = f(P,). Touka nepeceyerusi rpaKOB NOCTOSTHHBIX 'To-
Tepb (pHc. 5.9, rpaduk 1) u nepemeHHbIX noteps (rpadHk 2) COOTBET-
CTBYeT paBeHCTBY T10Tepb, a CJIeZIOBATENILHO, 9TA TOYKa COBNAIAET C MaK-
cuMasnbHbeiM 3HayeHuem KII/I .. = 80,5 %. YkaszanHag Touka coBna-
IAeT ¢ HOMHHAJILHOI Harpy3koii xBurarens (f = 1) u, cJielOBATENBHO,
Thou = Nmax = 80 5 %

2. BaBHCHMOCTH YacTOThl BpallleHUs H MOMEHTA Ha Bally OT Harpys-
KU iBuratesis. YacTora BpaieHus {BUraTesisi OCTOSIHHOTO TOKa Ofpe-
IesieTcsl BhlpakeHHeM:

U -IXr
c®
Ta6bnunya 5.13
ITapamerp 3Ha4eHus MapaMeTpa
B=L/L v 0,08 0,25 0,50 0,75 1,0 1,20
L=LuB A 49 15,85 31,7 47,55 63,4 76,1
Iy B 1,37 444 8,87 13,31 17,75 21,31

E,=U—-IXnB 218,6 | 2156 | 211,1 | 206,7 | 202,25 | 198,7
n= E[c®, 06/Mun 831 820 803 786 769 755

[Tapametp 3HayeHus NapaMeTpa
B= L/ Ly 0,08 | 025 | 0,50 | 0,75 1,0 1,20
=1 A 49 | 1585 | 31,7 | 4755 | 634 76,1
I=0L+I,A 6,5 | 1745 | 333 | 49,15 65 77,7
P, =1U, Br 1430 | 3839 | 7326 | 10813 | 14300 | 17094
FPioer, BT ' 1399 | 1399 | 1399 | 1399 | 1399 | 1399
Po= 123 r Br 6,7 | 70,34 |281,16| 633,1 | 1125 | 1621
Ps=001P, Br 143 | 38,39 | 73,26 | 108,13 | 143 | 1709
P, =ILAU, Br 9,8 31,7 | 634 | 951 | 1268 | 152,2
Py = Pyu + Py + P, Br| 335 | 1404 | 417,8 | 8363 | 1395 | 1944
2P =Pyer + Ppeg, BT 1430 | 1539 | 1817 | 2235 | 2794 | 3343
P,=P, —}P Br 0 2300 | 5509 | 8578 | 11606 | 13751
n = (Py/ P)100 0 599 | 752 | 793 | 80,5 | 804
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P,, Br 0 2300 | 5509 | 8578 | 11506 | 13751
My=955P,/n,H-M| 0 268 | 655 | 1042 | 143 174
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n,00/Mun M, H .M

1
8001 200 L
600 1 150:: 2
400 10'0::

200{ 507

0 02 4 6 8 10 12 P, kBt

Puc. 5.10. ['padmkn 3aBMcHMOCTH YacToT! Bpatitenyis (1) u MomenTa Ha Baty (2)
OT Harpy3KH JIBUraTesis NIOCTOAHHOTO TOKA apa/IebHOTO BO36YXIeHUs

Hcnonpays napaMeTpbl HOMMHAJIBHOTO peXXMMa HAarpy3KH iBHTaTe-
Jis1, OTIpe/Ie/IUM BETTHYUHY

Ue—Lowow 27 220 —63,4-0,28
Tyiom 770

ITonyyenHoe 3HayeHue ¢, = 0,263 cnenyer NpHHATD MOCTOSTHHBIM
JUIAA JTAHHOTO JIBMI'aTeJist, TAK Kak 10 ycIoBHio 3aiaun ¢ = const.
HWcnonbayst ganubie Tabi. 5.12, paccyutaem YacToTy BpalleH sl IBU-
raTeJisi 15 PUHATHIX 3HaYeHuil koaduupenta Harpysku B = I,/ I ou
PacyerHble (hopMyJIbl U pe3yJIbTaThi pacueTa npHBeieHs! B Tabsn. 5.13.
3. 3aBHcHMOCTb MOMeHTa M, Ha Basy OT HAarpy3KH ABHTATEJIA.
MoMeHT Ha Bajly ABUTaTe ISl ONpPeNeNIsieTCs BhIpaKeHHeM

M, = 9,55P,/n.

Wcnonbays naHusie Tabil. 5.12, paccyntaeM 3HayeHus1 MOMeHTa M,
1711 IpUHSATBIX KoadbduipuentoB Harpysku B = I,/1, ., Pesynbrarsl
pacyerta 3aHOoCHM B Tab. 5.13, a 3aTeM cTpouM rpaduKH 3aBHCUMOCTE
n= f(P,) u M, = f(P,), npencrasnexxsie Ha puc. 5.10.

=0,263.

cd =

3anaya 5.11. Paccunrath mpexcmynenuamsiii MyCKOBOi1 peocTat IJIs
[BUTATENS TOCTOSHHOTO TOKA HE3aBHCHMOTO BO30YXKIEHHs], TEXHUYe-
CKHe JJaHHBIe KOTOPOr'o pUBeeHb! B Tabn. 5.10.

Pemenue papuanta c gsurarenem 2I10200L (P, = 7,1 kBT,
U osi = 220 B; Wy = 82,5; Zr= 0,48 OM; I, ;o0 = 38,6 A).

1. TIpunumaem:

3HayeHHe HayaJbHOTO IyCKOBOTO TOKa

L=20L..=20-386=T12A,
3HayYeHHEe TOKA MepeKIoUYeHn i
L = I, = 38,6 A.
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2. OTHOIIEHNE TOKOB
Nz Ll L =20,

3. ConporuBJieHIe pe3ucTopa TPeTheil CTyIeHH IIyCKOBOIo peocTaTa
(cM. puc. 5.4)

Thoss = 27N — 1) = 0,48(2,0 — 1) = 0,48 Om.
4. ConporuBieHHe Pe3sUCTOopa BTOPOI CTyHeHU MYCKOBOTO peocTaTa
Thob2 = Troga = 0,48 -2,0 = 0,96 Om.
5. ConporuBnenue pe3cTopa NMEpBOii CTYTIEHN IMYCKOBOTO peocTaTta
Taosl = Thogeh = 0,96 -2,0 = 1,92 Om.

6. ConpoTHBI€eHHe MyCKOBOTO peocTaTa Ha NnepBoil CTyneHH, Korja
BCe TPH PE3HCTOpa COEITHHEHB! IIOCIeI0BaTeIbHO,

Rppy = Trog1 + Trosz + Taosz = 1,92 + 0,96 + 0,48 = 3,36 Om.
7. ConporuBiieHHe MyCKOBOTO peocTaTta Ha BTOpOil cTymeHn
Rips = Tyes2 + Thoss = 0,96 + 0,48 = 1,44 Om.
8. CompoTuBieHHe MyCKOBOTO peocTara Ha TpeTbeil cTyneHn

Rnpg = Tho63 = 0,48 Om.

3anaua 5.12. Kpanossiii qBuraresip NocToOsTHHOTO TOKa MoCe[0Ba-
TENBHOTO BO36YXIeHUsT cepud | MOIHOCTEHIO P, BKJIIOYEH B ceTh Ha-
npsikeHueM 220 B u mpu HoMuHanBHOI Harpyske pasBHBaeT YacTOTY
BPAILEHMUS Ty, | pEOYETCSI paCCYMTATD JAHHEIE W IOCTPOHTD FpaduK 3a-
BUCHMOCTH TOKA Harpy3KH OT MOMeHTa Harpy3kH asurarens I, = f(M).
MomeHTOM X0J10cTOro X0/ia mpeHebpeyb, 3HaueHHs nepedrcIeHHbIX Na-
pameTpoB iBurareneil npuBefeHs! B Tabi. 5.14.

Ta6auna 514

Tun aBuratens Poono KBT Uy B Thios 0 Tl OO/MIH
J1-806 22 220 85 LY
J1-808 37 220 88 525
JA-810 55 440 89 500
J1-812 75 440 89,5 475
J1-814 110 440 90 460
J-32 12 220 80 675
J-41 16 220 82 650

139



Pemenue BapHaHTa ¢ IBU-

D ratenem J[-806.

1,2 = B cBs3u ¢ TeM, 4TO B IBUTaTE-
1,0t-+-1--1t~"L>A4 Jie nocJeoBaTeIbHOTO BO36YyXK-
08 : JIeHNSA TOK SIKOPSi IBJISIETCS O/THO-

! BPEMEHHO ¥ TOKOM BO30Y K eHus,
0,6 A + OCHOBHO¥ MAarHUTHBIH IIOTOK IBH-
04 1 rareJjisi ® 3aBHCUT OT TOKa HAarpy3-

] xu I, Ho Tak kak MarHuTHAs CHC-
0,2 ! TeMa JIBUraTelisi HAXOUTCS B CO-

! CTOSTHWH MarHMTHOIO Hachlille-

0,20,40,6081,01,21,4 1,61 gy, ykasannas aaBUCHMOCTB He-
muHeitna. Ha puc. 5.11 nokasan
rpauK 3aBHCMMOCTH OTHOCH-
TeJIbHBIX 3HAY€HHMIT MarHHTHOTO
notoka @+ = $/®,,, OT ToKa KO-
pst Iy = I,/ I, ,00 KOTOPHIM CJIEJTyET BOCHOJIb3OBATECS MPH PelIeHAN
3a/1a4u.
3aBUCHMOCTH MEXKY TOKOM Harpysku I, u MomeHTOM M

I,= M/(c,®).

,HJ[FI HOMMHAJIBHBIX 3HAYEHHH TOKA 1 MOMEHTa 3Ta 3aBHCHMOCTh HMe-
€T BH]I

Puc. 5.11. 3aBucHMOCTh OCHOBHOTO
MATCHHUTHOTO ITOTOKAa IBUTaTENA OT TOKa
B 1leNU AKOPs]

IG.IIDM = MHOM/(CMQIIUM)'
Tepexosisi K OTHOCHTENILHOMY 3HAYeHHIO TOKa HATPY3KH Ipe = I,/ 1, yous
MOJTyYnM

_ M/(e®) M/ _
I“‘ B MHOM /(CM@HUM] a MH().\I /¢HW (M/Mm)((iﬂc“ /Q) M‘ /(I)‘,
HITH
L@y = M.

3anaBIIKMCh PAZIOM OTHOCHTEIBHBIX 3HAY€eHHIT TOKa narpysku I, », o
rpaduxy @, = f(I+) onpenensior O, a 3aTeM, IEPEMHOKNB ITH BEJIHYH-

Tabnuua 5.15

HBI, TOJTyYaloT 3HayeHust M.. YMHoO-
JKHB OTHOCHTEJIbHBIE BEJIMYMHBI Ha
HOMMHaJIbHBIE, MOJYYaloT UMeHO-
BaHHble 3HaYeHHs ToKa I, (A) 1 Mo-
MeHTa M (H - M).

Pesynwrarel BeIURCIIEHUIT 3aHO-
car B Taba. 5.15, asareM crposT Tpe-
6yemsiit rpaduk I, = f(M), npen-
CTaBJIEHHBIN Ha puc. 5.12.

HoMmunansHoe 3HaueHMe TOKa
SAKOPst

Lisions = IIDM/ (T]uosu Um}x) =
=D 103/(0,85 . 220) = 118 A.

IL,A
200t

100 1

0 " 200 400 600
MH-M

Puc. 5.12. 3aBucumocts I, = f(M)

JUIsl IBUTaTeNIs1 MOCTOSIHHOTO TOKa
HomunanbHOe 3HaYeHHE MO- TOCHE0BATENBHOTO BO36Gyx e s
MEHTa

Moy = 9,55 Pyoy/ o = 9,55 - 22 - 103/575 = 365 H - m.

3agaua 5.13. KpaHoshiil iBUratesib MOCTOAHHOTO TOKA MOCTIEIOBa-
TeJILHOTO BO30Yyx/eHus cepun [1, paboraronmii oT ceTH HarpsKeHHeM
220 B, uMeeT HOMUHAJIBHBIE IAHHBIE , MPUBE/IeHHbIe B Ta0I. 5.16 (Morr-
HOCTD Py; TOK I 0y 42CTOTA BPALIEHUS yy0y). T peOyeTCst paccynTaTh H
IOCTPOUTH €CTECTBEHHYIO (7506 = 0) M MCKYCCTBEHHYIO (705 = 22.7)
MeXaHHYECKHE XapaKTePUCTHKH JIBUTATEJIS.

Penrenue BapuanTa c neuratenem J112.

JLo1st oMy ueH st JaHHbIX, HEOOXOINMBIX JIJIsl [IOCTPOEHUST MEXaHYe-
CKHX XapaKTepHCTHK JIBUTATe sl NOCIeI0BATENIBHOTO BO3OY K IEHNUS, BOC-
TIONB3YEMCSl YHHBEPCATIbHBIMH €CTeCTBEHHBIMH XapaKTEPHCTHKaMU [IBU-
rareJielf IIOCTOSTHHOTO TOKA MOC/IEI0BaTe IEHOTO BO30Y KIeHMS (CM. pHC. 5.5).
C 9710ii 11e71B10 3a1aeMCs PSIIOM OTHOCHTEJIBHBIX 3HaYeHUH ToKa (He Me-
Hee ISITH 3HaYeH Ui ) ¥ 110 YHHBEPCAIBHBIM XapaKTepUCTHKAM OIpe/ielisi-
€M COOTBETCTBYIOIME OTHOCUTENIbHBIE 3HaYeHUsT MOMeHTa Ms ¥ 4aCTOTHI
BpAIEH S Ns. 3aTEM, HCIIONB3Ys] HOMMHAIBHEBIE 3HAYEeHWS] 3THX BeJIMYNH,
ONpee/ISIIoT UMEHOBAHHBIE 3HAUYEHHs YKa3aHHBIX BEJIHYMH M0 hopMyiaM:

I'= Liguls; 1y = Myoume; M = MwMM*'
Tabnuua 5.16

Ilapamerp 3uaucHHS NapaMeTpa
I, 0,2 06 10 1,2 1,6
D, 04 0,8 1,0 1,08 12
M, 0,08 0,48 1,0 1,3 1,9
I,A 24 71 118 142 189
MH-m 28 175 365 475 694
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T 3HayeHMsT IapaMeTpa IBUrarteieil THma
A12 J21 J122 131 132
P, o KBT 25 4,5 6,0 8,0 12,0
Lociis A 16 28 36 45 69
Ty O6/MUH 1100 900 850 800 675
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Tabnuua 517

[Mapamerp 3HayeHus NapameTpa

L 04 0,6 1 1,6 20
M. 0,23 0,55 10 1,9 2,58
Tl 1,83 1,32 1,0 0,73 0,62
LA 64 9,6 16 25,6 32
MH-M 5 11,9 21,7 41,2 56
n,, 00 /MHIH 2013 1452 1100 803 682
E.B 201 191 172 143 124
E,.B 162 134 76 -10 —68
E../E.. 0,80 0,70 0,44 —0,06 —0,55
7, 06/MUH 1610 1016 484 —48 —68

Pesynbrarsl pacyera 3aHocsT B Tabi. 5.17.
1. Homunanenuwiit KIIJ] pBuratens

Tiow = Pros/ (UlLiow) = 2500/(220 - 16) = 0,71.

2. HoMunanbHoE CONPOTHBIIEHUE JIBUTATENs!
Roow= U/ = 220/16 = 13,75 Om.
3. CompoTHBIieH#e 1le1H SAKOPSt
>r = 0,75Ryon(l — Nuow) = 0,75-13,75(1 — 0,71) = 3 Om.
4. ConpoTHBJieHUe BHEIIHETO pe3UCTOpa B LIeMH SIKOPsi
Ths = 22r=2-3 =6 OM.

5. HoMuMHa/BHBII MOMEHT JIBUTaTeNs
Myoy = 9,55 - 10°P,op /T = 9,55 - 10%-2,5/1100 = 21,7 H - m.

6. cnionbays naunbie Tab. 5.17, onpenensior mapaMeTpsl HCKyCCT-
BEHHOI XapaKTePUCTHKH JIBUTATEIIs, IS YETO PACCYNTHIBAIOT CHIENYIO-
1€ BeIMYHHBL

IJ1C sikopsl B pexHMe eCTeCTBEHHOM XapaKTepyuCTHKH

E,.=U-I¥Yn
I/1C sikopst B pexkHMe UCKYCCTBEHHOM XapaKTepHCTHKH
E,=U-I(Xr+n);
YacTOTY BpAIlleHHsI B PeXKUME HCKYCCTBEHHOH XapaKTepUCTHKH
My = Ne(Eon/ Eoe)-
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Puc. 5.13. Mexanuyeckue xapak- n, 06/MuH

TEPHCTHKH JBUTATES] MOCTOSIH-
HOTO TOKa MOCAefOBaTenbHoro 2000 ]
BO30yxKIEenus
1000 1 Tnos = 0
Thot = 207
o110 20 30 5560 MH-m

BoinoHuB BeIYHCIIEHNUS 110 NPUBEAEHHBIM (POPMYJIaM J1Jis1 BCEX 3Ha-
qyeHu# Toka I, pe3ynprathl 3aHocaT B Tabu. 5.17 u crpost MexaHuye-
CKMe XapaKTePHCTHKY nBUTartesst (puc. 5.13).

3anaya 5.14. /[Buratesnb HOCTOSTHHOTO TOKA I10CIIEI0BATENBHOTO BO3-
Gy /ieHust BKJIIOYEH B CeTh HanpsikeHueM U, 1 B pexxuMe HOMHUHAIb-
HOIi Harpy3ku noTpebasieT TOK ., MafieHie Hanpsi>KeHUsl B MIETOYHOM
koHTakte AU, =2 B.

Hcronpays pabGousne XapaKTepPHCTHKH ABUrATeNst (CM. IPUIIOKEHHE
2) v 3HaYenua NapaMeTpoB, NpHBeieHHbIe B Tabu. 5.18, onpenenyts:

a) CONMpOTHBJIEHNE LIeNU SIKOPS! _r ¥ IIOCTPOUTH €CTECTBEHHYIO Me-
XaHUYECKYIO XapaKTepHCTHKY ABHUratesisi n = f(M,);

6) pacCYMTATD JaHHBIE ¥ TIOCTPONTH HCKYCCTBEHHYIO MEXaHHUECKYIO
XapaKTePUCTUKY NPU BKJIIOYEHHH TTOCJIENOBATENbHO B 1ENb IKOPsI pe-
3HCTOPA CONPOTHBIIEHUEM 7356 = 3D_7.

Ilpy penteHny 3a1a4u CYUTATD, YTO MATHUTHBIE M MEXAHWYECKHE 110~
TepH JIBUTaTeNIsl BO BCeM JMAalla30He W3MEHEHHST 4acTOTH BpalleHHs
OCTaIOTCS HEW3MEHHBIMU; I00aBOYHBIMU MOTEPSAMI NPeHeOpeyb.

Tabnuna 5.18

o Bapuantet

REAEHAR 1 (prc. 112.7) | 2 (puc. 11.28) | 3 (putc. TL29) [4 (pric. 11.2.10)
Usre B 220 440 220 440
Lo A 160 240 250 500

Pemenue Bapuanra 1 (puc. I1.2.7)
1. MakcumansHoe 3Havenue KI/] 1. = 88 % cooTBeTCTBYET TOKY B
1enu sikopsi I, = 100 A; 1py 3TOM CyMMa HOTEPH B IBUTATENIE COCTABIS-
et 12 % ot notpebnsieMoil IBUTaTEIEM MOIIHOCTH

P, = Uy, J, = 220 - 100 = 22 000 Br,
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>.P==22000-0,12 = 2640 Br.

2. MaBecTHO, 4TO NPK HAarpy3Ke JBMIaTess, COOTBETCTBYIONIEH ero
MakcumansHoMy KI1/l, mepeMennbie MOTePH, COCTOSIILME K3 DIIEKTPHU-
YyecKuX MOTeph B 1leny sikopsi P,, ¥ B KOHTaKTe WeToK P, ,, paBHbI 10~
CTOSIHHBIM TIOTEPSIM, COCTOSAILMM U3 MaTHUTHBIX P, 1 MeXaHHIeCKHX Po
NOTEPB, T. €.

(Pay + Pus) = (Puars + Prex) = 0,5 - 2640 = 1320 Br.

3. DneKTpUYECKHE TIOTEPU B IIETOYHOM KOHTAKTE

P,,=IAU,=100-2 =200 Br.
4. DneKTpUYeCKHe TOTEPH B 11€NU AKOPS
P, = (P, + Py,) — Py, = 1320 — 200 = 1120 Br.
5. DnexkTpuyecKue MOTEPH B LeNH SKOPS MPOIOPIMOHANBHBL KBall-
paTty TOKa SIKopsi
Po,= I 3 ET,
OTKY/Ia CONPOTHBIIEHHE OOMOTOK B 1ieIH SIKOpsi
Yor=P,,/I1?=1120/100% = 0,112 Om.

6. Jl11s1 monydenusi TaHHBIX, TpeGyeMbIX /1715 IIOCTPOEHUS €CTECTBEH=
HOM MeXaHUYeCKOI XapaKTePHCTHKH, BOCIOJIb3yeMcsi pabouiMy Xapak-
TepucTrkamu nuratens (puc. I1.2.7) u onpenenyM 115 psiia sHaueHu i
TOKa siKopsi I, COOTBETCTBYIOLME 3THM 3HAYEHUSIM YacCTOTY BpalleHHs
n 4 1oJIe3Hy10 MonHocTh Py. ITo 31MM 3HaYeHHAM ONpe/ieIiM COOTBET-
CTBYIOIIME 3HAYeHHsT MOMEHTA Ha Baty IBUTaTesIs

M2 = 9,55P2/ﬂ.

3nayeHMs MepeYUCIIEeHHBIX BEIMYMH 3aHocuM B Tabu. 5.19, a 3ateM
CTPOMM €CTECTBEHHYIO MEXaHHYECKYIO XaDaKTePUCTUKY JABUIATENs 1L =
= f(My) (puc. 5.14, rpaduk 7).

7. Tlpu BKIIOYEHNH TIOCIIE/IOBATENBHO B 1€llb AKOPsi PE3UCTOpa Co-
NPOTHBIIEHHEM

Thot = 32or = 3-0,112 = 0,336 OM
Tabnunya 5.19

Tlapametp 3HayeHHs napaMeTpa
I, A 40 80 120 160 200
71, 06/MUH 1600 1100 900 810 750
P, Br 6000 15000 24 000 34 000 45000
M, H-Mm 36 130 255 410 570
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Puc. 5.14. Mexanu4eckue xa- n, 06/MHH

paKTEepPUCTHKH JBUTATEJIS 110C-
JIe0BATENHHOTO Bo30OY K aeHHS
1500
[ 1
1000 5
L 1
500} =.
[ ]
]
Miow !
0 200 400 600M,H-m

paboTa IBUraTes IEPEXOJUT B PEKMM HCKYCCTBEHHOMN MeXaHH9eCKOii
XapaKTePUCTHKM, TP 3TOM YaCTOTa BPAIeHUs SKOPS IBUTaTe sl Onpe-
NeNsieTcs BhIpaskeHueM

U — Lo (ra + £1)— L AU,
P '

Benmunny (c,®) onpenesisieM #3 BHIPAXKEHHs] HOMMHAJIBHOH 4acTo-
ThI BpPallleHHS IBUTATEISA

Um:m _IGHDM ZT_AUN

Nyon = 3

c®

OTKYa
Cc¢ = (UHOM - Iaﬂouzr —A U;u)/nﬂom —
= (220 — 160 - 0,112 — 2)/810 = 0,247.

CrienoBaTeNIbHO, YaCTOTA BpAlleH!s JaHHOTO [IBUTaTeslsl B pexuMe
MCKYCCTBEHHOM MeXaHWYECKOH XapaKTEPUCTHKH:

Uon = Lo (g + 1)~ 1, AUy 220—1,(0,336+0,112) — 1,2
c® B 0,247 '

'n,"=

JUJist ToNyyeHus! NaHHBIX, HeOOXOMMMBIX 7St IOCTPOEHHS HCKYCCT-
BEHHOM MeXaHWIECKOl XapaKTepHCTHKM IBUraTens n, = f(M ), 3anaeM-
cs1 psAfioM 3HayeHnil Toka sikopst I, (eM. Taby. 5.19) u A1 KAXKAOTO U3
HHX PACCYMTHIBAEM YACTOTY BPAIEHHs 7, MOJIE3HYI0 MOIHOCTD Py u
MomeHT M, .

IMose3Hast MOIHOCTh BHTATeNs B pekHMe MCKYCCTBEHHOU MeXa-
HWYEeCKOH XapaKTEPHCTHKY MEHBIle MOIHOCTH B PEXUME eCTeCTBEH-
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Tabnuuya 5.20

Ilapamerp 3nayeHus mapaMeTpa
I, A 40 80 120 160 200
Ta=FLJL i 0,25 0,5 0,75 1,0 1,25
n,,, 06/ MIH 836 780 723 666 610
Py, Br 5462 12 850 19 160 25 400 31560
M, H-M 62 157 253 364 520

HOM MeXaHHWYECKOU XapaKTepHCTHKH P, Ha BeIMUHHY NOTepb B pe3uc-
TOpE 756 = 0,336 OM, T.€.
P2“=P2_Ifrm36.

PeaynpraTe! pacyeTa nepeynciieHHBIX [IapaMeTpoB CBOAAT B Tabit. 5.20,

a 3aTeM CTPOAT WCKYCCTBEHHYIO MEXaHHYECKYIO XapaKTePUCTHKY
(puc. 5.14, rpaduk 2).

NPUNOXEHUA

lMpunoxerue 1

EAVHMLbI Me@XaHUYeCKUX, ANeKTPHUYeCKUX
W MarHMTHbIX BENIUYMH, UCNONb3yeMble B KHUre

O6o3na- Haumenosatve | O6osnauenye
Besuuna YeHHe | EMMHMILI M3MEPCHUS | €ZIMHMIE
BENHYHHEL BCJTHYHHEI H3MepeHHA
Jlymna, BeicoTa, 1WHPHHA Lhb MeTp M
TLnowans S MeTp B KBajpare M2
O6bem Vv MeTp B Kybe M
Macca m KHJIOrpaMM KT
Cuna, Bec, CHJia TSIKECTH G HBIOTOH H
Mo Bl, B 1ouit
MBI b AR RTI M HBIOTOH-METP H-M
WM TOPMO3SIIMIA MOMEHT
MomenT HHepIHH, THHAMUYE- J Gp? | KorpaMM-MeTp S
CKHi1 MOMEHT, MAXOBHIi MOMEHT ! B KBajipate
CKOpOCTB IOCTYNATE/IbHOTO IBH-
v MeTp B CEKYH]Y M/c
IEHMST 1P /
¥Yrz0Bas CKOPOCTH w paiuaH B CEKYHIY pai/c
obopot
Yac eHus* n ob/muH
ToTa ppail B MUHYTY /
DNEKTPHNECKHI NOTEHIHAT, STTeK-
TPHYECKOE HanpshxeHHe, 3/eK- @, U E BOJBT B
tponsinkyuias cuna (3/1C)
Cwra 3JeKTPUYECKOTo TOKA ILi amMmep A
IneKTpHYecKoe CONPOTHBIIEHHE: B ro z om Om
AKTHBHOE, PEAKTHBHOE, TIOMHOoe
MomHocTs:
AKTHBHaA p BatrT Bt
peakTHBHasA Q Bap Bap
MoJTHAs S BOJIbT-aMIlep B-A
DneKTpUYeCcKast eMKOCTh C (apazna o

* BrecucTeMHas effHHMIIA.
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Oxonuanue npun. 1 lNpunoxexue 2

Obosna- Haumenopanue Oboznayenuc PabGouue xapakTepucTHKH 3ﬂe|<'rponaura'reneﬁ
Benuyuna YeHHe | eTMHHLB MSMEepEHHs |  eHMIIE
BEIHYHHE] BEIHYHHEL H3MEDPEHHA
NnayxTvBHOCTD, B3aUMHBAs VH-
JYKTHBHOCTh LM TespH T cos A
Yacrota nepeMeHHOro TOKa f repn Iy md My
TlnotHoCTH TOKA A almen o9 T A um?
METP B KBajipaTe 1 L
YaenvHOe aneKTpHYECKOE CO- P T
NPOTHBJIEHHE P OM-ME1P Om-n 20,8 300 | / %
— COS @ I
MaruuTHsiit noTok P Bebep B6 / 1
0,61 200 7
MaruuTHas HHAYKIHS B Tecna Tn / /
110,44 s
HanpspkeHHOCTH MArHMTHOTO H AMTiep HA MeTp Afm 100 >
nons 0,2 /
Marnurozpixkymas cuia (MIC) F amrnep A
AGcomoTHas MarHUTHas Mpo- 0 0 0 100 200 P, kBr
A 1) reHpU Ha MeTp Tn/M

Puc. [1.2.1. Pa6oune xapakTepuCTHKH Tpex(a3Horo acHHXpOHHOTO IBUraTeId
MOWHOCTHIO P, = 250 kBT

COS Py

s, % I, A mn
]l 0,9
81 201 d ’:0-;91 — =
o p // T — /‘ /t; 0‘7_
/ L~ A ]

6 15 / / Il //
. p / . > y{ 015...
41 10' / // / 7
d 3 7 — 0,3-
21 5' // // 7
4 - L~ 0,11

/ 1 1

0700 1,0 2,0 30 P,xBr

Puc. 11.2.2. Pa6oune XxapakTepPHCTHKH TpeX(ha3Horo aCHHXPOHHOTO JIBHUTaTe 1A
MolHOCTEIO P, = 2,8 kBT
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5, % I, A e

7,5{15 0,75
/ / /< cos’uplf/l/
5410 L // 0,6

251 5 0,25
!

\

0 0 25 5 75P,kBr

IIpodonacenue npun. 2

5% I, A Cos
1072 n
f n
7 51150H—2 j‘i icos 1] 0,75
I
/ Vs
511 A———05
/1 Y/
2,519 e 0,25
'
0 L

0 100 200P,, kBt

Puc. I1.2.3. Paboure Xapakrepuctuku Puc. [1.2.4. Paboune XapaKTepUCTH-
Tpex()a3HOro aCHHXPOHHOTO /IBUTaTess KU TPeXasHOro aCHHXPOHHOTO JIBH-

MOIHOCTBIO Py, = 7,5 kBt

cos ¢y
5% M
[ n
8 08

€08 @1

6 ros /\//’ vl
4F Foa / /] / </ 4
’ ; 5
2F F0,2 P 5

0 0 1 2 3 4 P, xBr

raTeJig MOLHOCTEIO P, = 160 kBt

Puc. T1.2.5. Pa6oune XxapakTepicTuky TpexdasHoro aCHHXPOHHOTO IBUTATES
MomHocTeio P, = 4 0Bt
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5% M L, A
A
"]7’—-—‘//_..--———' 1

20F 108 /< 7 ; 80

[ (oo A

1,51 10,6 / 77 60
]

10F 104 L/,/ E 40
1
1

05 to2 = =20
I
]

0 0 0 10 20 30 40 P, kxBr

ITpodonscenue npun. 2

Puc. I1.2.6. PaGoure xapaxTepicTHKM TPeX(asHoro aCHHXPOHHOTO J(BUraTesi
MOIHOCTBIO P, = 45 kBr

1,

80

60

40

%

P n,
KB’h’I‘ 06/mMun
‘\
/ k(’n
80 [~ 1800
f):\ \\\‘
/)
60 [ 1200
‘\;:'"' Py
40F 800 [ /
\"""-—.
20 400 ‘/
Vv
0 0 80 160 240 I A

Puc. I1.2.7. Paboume xapakTeplcTHKY ABUTaTENs IOCTOAHHOIO TOKA MOCIIe[0Ba~

TeJBHOTO Bo30yKIeHH ¢ HOMMHANBHBIM TOKOM [, = 160 A
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IIpodonacenue npun. 2
PZ’ n,
n, % KBT 06/Mun
80 | 80 [ 1600 |
n T~
60 | 60 | 1200 \‘.'n
K] -
& ¥ N | &
40 40 800 ;"(6\______
[P,
20F 20 400
] d
0 0 0 80 160 240 320 LA

Puc. 11.2.8. Pa6oune xapakTepncTiky fBIraTe s TOCTOSHHOTO TOKA nocueno-
BaTEITLHOTO BO3OYXIEHUS ¢ HOMHMHAIBHBIM TOKOM Lo =240 A

PZ: n,
n, % kBt o6/Mun
~ -y
80 | 80 [ 1600 1
P,
60 | 60 [ 1200 \\n =54
\/\ ]
40 40} 800 N
2 20} 400

0 0 0 100 200 300 LA

Puc. 11.2.9. Paboune XaPaKTePHCTHKH ABUIaTe sl NOCTOSHHOIO TOKA TIOCIe0-
BaTEJILHOTO BO3GYKIEHHs C HOMUHAJIEHBIM TOKOM Lo = 250 A
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Oxonuanue npun. 2

P, n,
0% KB ob/m

80 | 80 1600

T I “""7(\

60 - 60 [ 1200
\

40 40 800

N/
/
/

A

201 201 400 /

0 0 0 200 400 600 IA

Puc. I1.2.10. PaGoyse XapakTepHCTHKH ABUTATE s IOCTOSHHOTO TOKA NOCIHENO-
BaTeJIbHOTO BO30YXK/IEHNs C HOMUHAJIBHBIM TOKOM I,0,, = 500 A
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