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1. MOCTAHOBKA 3A0A4YH

B m000ii 3nekTpuyeckoil CUCTEME OCHOBHBIMHM CHJIOBBIMHU 3JIEMEHTAMM, YYaCTBYIOIIUMH B
npoliecce nNpeodpa3oBaHMs YHEPTUH, SABISIOTCS IEKTPHUECKUE MAIIUHBL. [IpON3BOACTBO 3MMEKTPH-
YECKOW YHEPIUM OCYIIECTBISAETCSI CHHXPOHHBIMHA I'€HEpaTOpaMH Ha TEIUIOBBIX, aTOMHBIX U THAPO-
JJIEKTPOCTAHLMAX WIM Ha ABTOHOMHBIX YCTAHOBKAX C JU3EJIbHBIMU JBUTATEISIMUA U Fa30BBIMU TYp-
OuHamMu. DKOHOMHYHAs Iepeaaya dJIEKTPUYECKON YHEPIUU Ha OOJIbIINE PACCTOSIHUS BO3MOXKHA Ye-
pe3 BO3MYIIHbIE U KaOelbHbIe TUHUM BBICOKOTO HANpsKeHHs. [t 3TO# 1enu, a Takxke AJis moce-
AYIOUIETO pacnpeAeieHus SHEPTUU MEXIy OTAEIbHBIMHU IpYyNIaMH HNOTpPEeOUTENeH Cily’KaT HOBbI-
IIAOIIMe U MOHWXKaroImue Tpaicopmaropsl. Cpenu NoTpeOUTeNel MEKTPUIECKON SHEPTUHU CYIIe-
CTBEHHYIO JIOJII0 COCTABJIACT JBUTATEIbHAs HATrPy3Ka, COCTOAINAs B OCHOBHOM M3 aCMHXPOHHBIX
nsurateneil. [lpu 6omb1I0i MPOTSKEHHOCTH JTMHUU JICKTPOIIepeiaun U claboil CBA3U C CHCTEMOM
11€J1eC000pa3HO HCIOJIb30BAHNE CHUHXPOHHBIX JBUraTelsiel, cOCOOCTBYIOIIMX IMOAIEPKAHUIO IO-
CTOSIHCTBA HAIPSDKCHUS B y3JI€ HArPY30K IIyTEM PETYIUMPOBAHMS PEAKTMBHOM MOIIHOCTH. Takyro
K€ POJIb BBINOJHAET M CHHXPOHHBIM KOMIIEHCATOP, KOTOPBI YCTaHABIMBAKOT HA KPYIHBIX MOJ-
CTaHIUAX C OOJIBIIMMHU KOJICOAHUSMU HAIIPSKEHHUSL.

O1eHKy paboThl AMEKTPUUECKUX MALIMH B OIIMCAHHON BBIIIE CUCTEME MOXKHO JaTh HA OCHOBE
aHaJM3a yCTAaHOBUBIIMXCS PEKUMOB UX padOThl. IHTEpec mpu 3TOM IMpe/ICTaBIseT BIUSIHUAE HA pa-
00Ty PJIEKTPUUYECKUX MAIIWH MapaMeTpoB CETH, HAIIPUMEp, MPOTSHKEHHOCTH JIMHUM 3JeKTporiepe-
Jaud, 1 Hao0OpOT, BIMSHAE CaMMX MAIllMH Ha PEKHUMHBIE ITapaMeTphl CETH, B YaCTHOCTH, HA Ha-
NpsDKEHHS B Pa3MUUHBIX Toukax. Ha puc. 1 m3o0pakeHa mpUHUMNHMAIBHAS JCKTpUYECKas cXxema
ANIEKTPOCHA0XKEHUS TPYIIIBI IOTpeOUTENe, coaepxalias n aCHHXPOHHbIX aAurareneit A/1, A/ -,

... A ,,, m cuaxponsbix asurarene CA1, CH»,... C/[,, n cratnueckyro Harpy3ky CH.
VY3ei Harpy3Ku CBA3aH ¢ LIMHAMU TeHepaTopHoro HanpsbkeHus LI nByxuenHoi nuHuen
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Puc. 1. MpuHuunnanbHas cxema 3neKTpocHabxeHUs Uy _:_féﬁ\_l

y3na Harpysku

nepefau u n1Byms tpanchopmartopamu Tpl u Tp2. B kauecTBe HCTOYHMKA SHEPTUU BHIOpAH CHH-
XpoHHBIN TypOorereparop CI', mpeoOpa3yromuii MEXaHHYECKYI0 HSHEPTHUI0 MapoBOil TypOuHBI T.
Jlnist yrpoIIeHus: pacyeToB OyZeM CUMTATh BCE aCHHXPOHHBIE IBUTATEIM U BCE CHHXPOHHBIE JBHTa-
TEJIH OJIMHAKOBBIMHU U UMEIOIIMMHU OJIMH U TOT kK€ pabouyuil MexaHU3M. DTO MO3BOJIUT JOCTATOYHO
MPOCTO MPEJICTABUTH JIBUTATEIN UX SKBUBAJICHTHBIM aHAJIOIOM, YBEJIMYHUB MOIUIHOCTh U TOKU A/[ B
n pa3, a C/[ B m pa3. Ha puc. 2 npeicraBiieHa SKBUBaJICHTHAS CXeMa JJICKTPOCHA0KEHUS.

byneM taxke c4yuTaTh, YTO ACUHXPOHHBIN JBUTATENIb UMEET KOPOTKO3AMKHYTBI POTOP U €ro
pabouyrM MEXaHU3MOM CIYXKHUT HOIBEMHOE YCTPOICTBO C MOCTOSHHBIM BHEITHUM MOMeHTOM. CHH-
XPOHHBIN JBUTaTeIbh UMEET SIBHOMOJIIOCHYIO KOHCTPYKIIMIO POTOpa U paboTaeT Ha HACOCHYIO yCTa-
HOBKY, BHEIIIHU MOMEHT KOTOPOU 3aBUCHUT OT 4aCTOTHI BpalleHus: poropa. OJIHAaKo, TaK KaK 4acTo-
Ta BpamieHus: poropa C/[ ocTtaeTcsi B CAHXPOHHOM PEKUME HEM3MEHHOMW, TO B JAlbHEHIIEM IpPHU
pacueTax BHEIIHUNA MOMEHT Harpy3ku OyJeT CUUTaThCs MOCTOSTHHBIM. CONPOTUBIICHHE KaOeTbHBIX
JUHUA IPUHUMAETCS HYJIEBBIM, YIUTBHIBATHCS OyeT uinb Bo3ayirHas JIDIT mpoTsskeHHOCTRIO [ km.
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Puc. 2. kBnBaneHTHasa cxema SHEKTpOCHaG)KeHMﬂ y3na Harpys3kum

OCHOBHBIMU 337JauaMU KypCOBOTI'O IIPOEKTA SIBJISIFOTCS:

— H3Y4YCHHE M OIMCAaHHE KOHCTPYKLUH DJICKTPOMAarHUTHOTO AIpa aCHHXPOHHOTO JIBUTaTEls,
CHUHXPOHHBIX MAIllUH U TPaHC(HOPMATOPOB;

— OIpEeACIICHHE I1apaMeTPOB PACUETHOM CXEMBI 10 KAaTaJ0KHBIM JaHHBIM;

— pacyeT yCTaHOBHMBLIETOCS PEKHMMA y3J1a U CETU IPU HOMMHAJIBHOW HArpys3Ke JJIEKTpHUUe-
CKMX JBUTaTEJIE U HOMUHAJIBHOM HAIIPSKCHUU Y3I1a;

— pacyeT XapaKTEPUCTUK CHIIOBBIX DJIEMEHTOB CETH.

2. PACHETHbLIE MOAEJIN 3JNIEMEHTOB CXEMbI

Jlnst pemieHusl MOCTaBJICHHBIX 3aJad HEOOXOIUMO COCTAaBUTh OOIIYI0 PAaCUYETHYIO CXEMY
aNeKTpuyeckoi cuctembl. OHa BKJIIOYAEeT B ceOsl pacueTHbIE MOJEIN YCTAaHOBHBIIETOCS PEXHUMa
CHHXPOHHOTO reHepaTopa, TpaHchopMarTopa, TMHUU HIIEKTPONepeadt, aCHHXPOHHOTO JIBUTATEI,
CUHXPOHHOTO JIBUTATENSl U CTaTUYECKOW Harpy3ku. AHalU3 peXUMOB CHJIOBOTO 0OOpYIOBaHUS U
ceTu OyJeT MPOBOIUTHCS C TIOMOIIBIO YPAaBHEHHM, 3aMCaHHBIX B KOMIUIEKCHOM (OopMe, U C TIOMO-
IIbI0 BEKTOPHBIX JHATPAMM.

2.1. OCHOBHbIe COOTHOLUEHUS B aKTUBHO-UHOYKTUBHOM 35I€MEHTE CEeTU

PaccMoTpuM cHavana BEKTOPHYIO AMAarpaMMy U @ p X ©)

MPOILIECCHI B HanboJiee MPOCTO cXeMe, COCTOSIIEH U3 S P S, P
1,8, — 2: 5,0

MOCJIEI0BATENbHO COEAMHEHHBIX aKTUBHOTO U MHYK- S % 7 U
TUBHOTO compotuBiienuit (puc. 3). B coorBeTcTBUU 1 2
CO BTOPHIM 3aKOHOM Kupxroha MOKHO 3ammucaTh o O
CIEYIOIEE YPAaBHEHUE DJIEKTPUUECKOTO PABHOBECHS: Puc. 3. Cxema r-x anemeHTa
Uy —-Ujy =rl+ jxI. Belpa3us €ro B IBHOM BUJE OT-

HOCHTENLHO HAMpsKEHHs 2-T0 y3ia, onyuuM: Uy = Uy —rl — jxI . DTOMY ypaBHEHHIO COOTBETCT-
BYET BEKTOpPHAs AMarpaMma, rnpejacTtaBieHHas Ha puc. 4. Kak cieqyer u3 BEKTOPHOW MarpaMmmsl, B
obmem ciydae (pa3oBbIi CIBUT TOKa OTHOCUTEILHO HAIPSHKCHHUS B PA3IMYHBIX Y3JOBBIX TOYKAX
Henu OyneT HEOJUHAKOBBIM (] # (9. JTO 00YyC/IaBIMBAET Pa3/IMuUe SHEPreTHUECKUX ITOTOKOB B
pas3HbIX ceyeHusX Henu. Tak, B 1-oM y3ne nomHas MomHOCTh S = U1/ oka3bIBaeTcs OOJbIIE MOJI-
HOW MOIIHOCTH 2-T0 y3ia. JlJif yCTaHOBJIEHUS COOTHOILICHUI MEXIYy aKTUBHBIMH M PEAKTHBHBIMU
MOIIHOCTSIMH BOCTIOJIB3YEMCS IBYMS JOTIOJHUTEIBLHBIMU BEKTOPHBIMU JUArpaMMaMH, Ha KOTOPBIX
TOK INPEJCTaBIEH CBOMMHU PEAKTUBHBIMU U aKTUBHBIMU MPOECKLIUSAMH Ha COOTBETCTBYIOLIUE BEKTO-
pBl HanpspKkeHus (puc. 5).

BeiBenieM ypaBHEHUS U1l IOTOKOB MOINHOCTU P u (p, mpoxonsamux yepes 1-wiit yzen. U3

BEKTOPHOM JUarpaMMBbI pUcC. 5, a UMeeM
bc=af + fe

cd = 0b—oa—ed



6) y3en 2
Puc. 5. K onpegeneHunio aHepreTM4eCKnx COOTHOLUEHUN

Puc. 4. BekTopHas a) ysen 1

AvarpaMmma HanpsKeHumn
3aMEHUB OTPE3KU BEKTOPHOM JuarpaMMbl Ha COOTBETCTBYIOUIME MM MAJICHUS HAIPSKEHUS,

HOTyYHM
lgx=Upsind+1yr
Iyx=U1-Uy cosS—Ialr.

YMHOKXHM IIEpBOE U BTOPOE ypaBHeHust Ha U /x:

UU
Uil :szsin8+U11r1 g

2
Uy uUU
-1 = 2cosES—Ullalz.
x

U, =—-
1?‘1 X X

Tax kax Py =Ujl, 1 O =Uq1 7 » TO OKOHYATEJILHO MOMY4HM

UU
P1= 1 Zsin8+Q1£
X
(1)
U1U; r UL
O1=- cosd— P —+—.
X X X

ITpoBenst aHaIOrMYHBIE ONEPALMK I BTOPOro y31a (puc. 5, 0), HaiiieM BeIpaxkeHus Uit Py u Oy :
bc = ab +ef
cd =oa—of —ed
Ig,x=Uypsind+1r
Iy, x=U] cosd—U»y — g,

UU, | r
U21a2 = Sln8+U2[r2 ;

UU U3 .
Ualy =—2 cosS—Tz—Uzlaz -



UU r
P = ! 2sin8+Q2—
X X
W, nakoner, 2 (2)
U1U, r U
Oy = cosO— Py ———.
X X X

VpaBuenust (1), (2) Ha3bIBAIOTCS YIJIOBBIMH XapaKTEPUCTHKAMHM AKTUBHOW M PEAKTHBHOM
MOIITHOCTEH | SABISAIOTCS (yHIaMEHTAIBHBIMH PaCUE€THBIMU COOTHOIIEHUsIMHA B R—X anemente. Of-
HAKO OHM HE BCerja yJOOHBI JJIsl pacueTa PeKMMOB B CETH, T. K. HEOOXOJUMO 3HaTh 00a BEKTOpa
HanpsDKeHUH B y371ax ¥ (a30Bblid CABUI MeXay HUMHU. [103TOMY OMONHUM 3TH ypaBHEHUS BbIpa-
KEHUSAMU JJI PEKUMHBIX [1apaMETPOB OJIHOTO y3J1a, ONPEEIIIEMbIMU YE€PE3 U3BECTHBIE PEKUMHBIE
napameTpsl Apyroro ysia.

Ecmu n3ectusl Uy, Py, 0y, TO TOTJa, B COOTBETCTBUU C BHIOPAHHBIM IOJIOKUTEIBHBIM Ha-

npaBieHueM Toka (puc. 3) ot 1-ro ko 2-My y311y, MOTy4IUM

P =Py +1%r
01 =0 +17%x;
S
Uy =—1.
1
YuursiBast, 4to [ = Sy /Uy u Sh = \/PQ?‘ + Q22 , OKOHYATEJIbHO HalJeM
S
Pl = P2 +—2r;
Us
01=0 5
=0y +—=x;
2 2
S =P +01;
S
Uy =—U,.
52

AHAJIOTUYHO pacCyXaas, IOTYYUM BBIPAXKEHUS JJIs PEXUMHBIX IIApaMETPOB 2-TO y3/a Ipu
usBectHeIX Uy, P, O

St
P =P1——27’;
Ui
O =0 512
= ——X;
2 1 U12 (4)
S2 = P22+Q29
S
Uy =—2U1
S

[Tonmy4yeHHbIE COOTHOILEHUS SIBISIIOTCS YAOOHBIMH IPU pacueTe PeXHMOB pabOThI CHIIOBBIX
AJIEMEHTOB CETH TOTJa, KOT/Ia B KAYECTBE MCXOIHBIX WIJIM HCKOMBIX UCIIOJIB3YIOTCS HE TOKH, a MOTO-
KM MOIITHOCTH, YTO HAMOOJee 4acTO BCTpEYaeTCs B MPAKTHKE WHKEHEPHBIX PACUETOB DJICKTpUYE-
CKHX CETeH.



2.2. Cxema 3ameLlleHUs1 CTaTUY4ECKOWN Harpy3Kku

[Tox cratrdeckoil Harpy3koi OyneM IMOHUMATh TaKyK Harpy3Ky, B COCTaB KOTOpPOM HE BXO-
IST 3IIEKTPOMEXaHUYECKUEe MpeoOpa3oBaTed, a OCHOBHYIO JOJIO COCTABIISIOT OCBETHUTEIbHBIC U
HarpeBaresbHble TPUOOpPBbI. Takyto Harpy3Ky MOXHO IPEJICTaBUTh B BUJE aKTUBHOT'O COIPOTHBIIE-
HHS 7, ¥ HEOOJIBIIOTO MHAYKTHBHOTO CONPOTHUBIIEHUS X,, , BKIIOYEHHBIMU MEXy COOOM MOCiIeno-
BaTeNbHO (puc. 6). [lapameTpsl Harpy3Ku 4acTo 3aBUCST OT BEJIMUYUHBI HANPSKEHUS, OJHAKO, IIPU
HEOOJIBIINX OTKJIOHEHUSX HANPSDKEHHS MX MOXKHO CUMTATh HEM3MEHHbIMHU. OOBIYHO CTaTHYecKas
HarpysKa 3a/1aeTcs BEIMYMHOM NOTpebIisieMol aKTUBHOM U peakTUBHON MomHocTed P, u O, . s
OIIPEJIENIEHUS DIIEKTPUYECKUX MAapaAMETPOB 1, U X, CXEMbI 3aMEUICHUS BOCIIONB3YEMCS CIEIYIO-
mUMHU (HOopMyIIaMu:

2 2
P, =3.1% . =3. LR o ZS—H'I” g—&l—n’{&‘—l
H qb H \/g'Uﬂ H UJ% H .

I
S 2 52 Puc. 6. Cxema 3amelueHus
_ 2 _ H _Pnu N
0, = 3-14) Xy =3 = | x, =5 Xy CTaTU4YeCKOMN Harpy3ku
V3.U P U J%
Otcroaa nosy4uM 3HauY€HUs CONPOTUBIEHUH B [OMm]:
Uz 5
rH:PH'_z; xH:QH'_2~
S H

[Tpu mpoBeneHNH WHXEHEPHBIX PACUETOB B CETSIX C Pa3IMYHBIM YPOBHEM HOMHUHAIHHOTO Ha-
MPSDKEHUS 3JIEKTPOOOOPYIOBAaHUSL HUCIIOJIB3YIOT CHUCTEMY OTHOCHUTENBHBIX eauHuil. [[ns cratuye-
CKOH Harpy3Kkd B KauecTBE OA3WUCHBIX €IUHUI] yJO0OHO BHIOpaTh HOMHHAIBHBIC 3HAYCHUS TOJTHOU
MOIITHOCTH, (pa3HOTO TOKA M (a3HOTO HATPSIKCHHUS:

S =8, 1 :]Hd); Ug =Uqu.
Uj Se

[Ipu coenvHeHnn Harpy3Ku B «3BE3AY»: Ug=—"F=, lg=77".

V3 3Ug

Torna cBs3b MEXTy BETUYMHAMH B 0.e. U B (PU3MUECCKUX SMHUIAX OyIET OnpenensaThest Gopmy-
JaMu:

S =8/Sg; I =1llsg; U =U/Ugs; P =P/P;; QO =0/0.

Jlnia ompeneneHusl TapaMeTpoOB CXEMbl 3aMEUIeHHs B 0.e. HEOOXOAMMO HaWTH 0a3HMCHOE CO-
nporusnenue CH

2 2 2 )
z6=Ug/l5 = 3U5/S5 —U2/s5=U2/s,:
* *
Iy :”H/Z6 :PH/SH =Py
* *
Xy :xH/Z6 :QH/SH =0y -
Kak BugHo u3 dopmyn, r, U X, B 0.e. ONPEACISAIOTCS AOCTATOYHO MPOCTO YePe3 OTHOCH-

* *
TeNbHbIE 3HaYeHus P, u O, .

2.3. Cxema 3amMeLlUeHUA NNHUM IfieKTponepeaaym

B paMKax MOCTaBICHHOM 3a/1a4y CBA3b MEXy T€HEPATOPOM M Y3IIOM HATPY3KH OCYIIECTBIIS-
eTcsi MOCPENCTBOM BO3JYINHON JIMHUM 3JeKTponepenadu. IlonHas
CXeMa 3aMCIICHHUS TAKOW JIHHHUM JOJDKHA Y4UTHIBATH EMKOCTHBIC TO- U ' Xy
KH M TOKH TPOBOJMMOCTH MEXIy JTMHEHHBIM IPOBOJOM U 3eMJIEH. O—:I—M‘—I
OnHaKo, yYUTHIBas UX MAJOE BJIUSHHUE HA PEXHUM PabOTBI HArPYKEH- —
HOM CeTH, a TaKKe yUUThIBas yueOHBIM XapakTep pelraeMon 3amaqd,

MOKHO OTPaHUYHUTHCS MOJEINBIO JTMHUW B BUC TOJBKO MPOIOIBHBIX
¥, U X, CONPOTUBJIECHUH (puc. 7).

Puc. 7. Cxema 3amelueHun
NINHUM INeKTponepeaaym



B cnpaBouHO# auTepaType OOBIYHO JAIOTCS yIEIbHbIC 3HAYEHHs dTHX COIPOTHBIECHHUH 1 U
x(o B [Om] B pacyere Ha 100 xm.

[Ipu u3BecTHOM poTsKEHHOCTH JIDII cCOMpOTUBIIEHHS ONPEAEIISAIOTCS IO COOTHOLIECHUSIM
ry =ro-4/100; x, =xq-£/100.

Ecmu nunnsa QJICKTpomnepCaaun COCTOUT M3 [ABYX MapaJlJICIIbHBIX LIGHCf/'I, TO 3KBHUBAJICHTHOC
COIPOTHBIIEHUE HYXHO YMEHBIIUTH B JBa pa3a. OOBIYHO BCE MOCJIEOBATENbHbIE SJIEMEHTHI CEeTH,
MUTAIONICH y3e Harpy3Ku, MPUBOJATCS K UHON CUCTeMe 0a3MCHBIX eUHUII, B KA4eCTBE KOTOPHIX
MIPUHUMAIOTCS JTMOO MOIITHOCTHh HAaMOOJBIIETO TpaHCchopMaTopa, JUOO0 MOJHAS MOITHOCTh TeHEepa-
TOpa, a B Ka4eCcTBe 0A3UCHOTO HAIPSHKCHUS - (ha3HOE HAIPSHKCHHE Y3714 HArPy3KH.

Toraa ¢ yueToM napajuiebHOTO COEAMHEHUS LIeTIeH TIOJIYyYuM B o.e.

« 1ol Sg « X0l Sg
Fp = A s Xy =T
200 UJ% 200 ¢y J%

2.4. PacuyeTHasa mogenb TpaHcchopmaTopa

2.4.1. Cxema 3amelLeHus TpaHchopmaTopa
CuiioBolt 1ByXO0OMOTOYHBIN TpaHC(hHOpMATOP MOXKET OBITh NpeAcTaBieH «T» - oOpa3Hol cxe-
MOH 3aMelIeHus IPUBEIEHHOro TpaHcopmaropa (puc. 8). Ha Heli 0003Ha4YeHBI: 7] - aKTUBHOE CO-
INPOTUBJICHUE MEPBUYHOM OOMOTKH; X| - MHIYKTUBHOE COIPOTUBJICHUE PACCESHUs IEPBUUHOM 00-
MOTKH; 7§ - aKTHMBHOE IIPUBEJECHHOE CONPOTHUBIICHHE BTOPHUYHOH OOMOTKH; X5 - MHIYKTHBHOE
MPUBCACHHOC COIPOTUBJIICHUC PACCCAHUA BTOpPI‘-IHOﬁ 06MOTKI/I; Xm - HHAYKTHBHOC COIIPOTUBJIC-
HHE B3aUMOMHIYKIHH; 73, - AKTUBHOE COIIPOTHUBJIEHUE, 0OYCIOBICHHOE MarHUTHBIMU ITOTEPSIMU B
CTalli CEpACYHUKA; /| - TOK NEPBUYHOI OOMOTKHU; [ - NPUBEAEHHBIH TOK BTOPHYHON OOMOTKH;
1, - TOK HaMarHW4MBaHMs (TOK XONOCTOro xozxa); U] - mepBHYHOE HampsbkeHue; U4 - BTOpHYHOE

NPHUBE/ICHHOE HAIPSKEHUE.

B npuBeneHHOM TpaHchopMaTope BTOpUUHAS 0OMOTKA UMEET TaKOe K€ YUCIIO BUTKOB, KaK U
nepBudHas oOMoTKa, mosromy 3/IC, HaBOANMBIE OCHOBHBIM MarHUTHBIM MOTOKOM, OyIyT OJHMHAa-
KOBBI U, CJI€IOBATEIBHO, MOXKHO JIEKTPHUECKH 00BeIMHUTH 00€ 0OMOTKHU. CBSA3b MEXAY NMapamMeT-
paMu M BEIWYMHAMH HETIPUBEJCHHOTO W MPHBEACHHOTO TpaHC(hOpMAaTOpa OCYIIECTBIISIETCS dYepes3
K03 GHULIUEHT TpaHChOpMaIUU

ky =M /Wy = Uy [Uzg

CJIGI[YIOIJ_II/IMI/I COOTHOLICHUAIMU
Ub=Uj/ky; 15 =kily; rz’=rz/kT2; xé=xz/kT2-
Jlnst onpezienieHust mapaMeTpoB CXEM 3aMelleHus TpaHchopMaTopa MOXKHO BOCIIONIB30BATHCS

€ro CIIPaBOYHBIMU JaHHBIMU. OOBIYHO B CTIPABOYHUKAX IMPUBOJISATCS
— IOJIHAg MOIMHOCTb, S, kB 4 ; '

!
. n X1 X2 rn
— nuHeinHoe Hanpsbkenue BH, Uy, kB ;
— nuHennoe Hanpsukenue HH, Uy, kB
X
— HamnpsHKEHUE KOPOTKOTO 3aMbIKAHUSA, U, , % ; . i miy . .
P P SR V1 Imi E=Ey Ub
— TOK XOJIOCTOro Xo1a, /,,, %
p
m
— IIOTEPH XOJIOCTOro Xo1a, Py, kBm;
— IIOTEPU KOPOTKOT'O 3aMbIKaHus, P, ,xkBm; % O
— CcXeMbl coeuHenuit o6Motox BH 1 HH. Puc. 8. «T»-06pa3Hasn cxema 3amelLeHUA
TpaHcdopmaTopa

B nMeHOBaHHBIX €IMHUIIAX HOMUHAIBHBIC BEIH-
YUHBI U TapaMeTpbl TpaHChOpMaTOpa OMPEAEISIOTCA MO CAEAYIOUM GopMyiam:

1) Jlna cxemsr A: Uy, =Uq; ]lqb 211/\/5;

=U1/\/§; ]1

IUISL CXEMBI A Uy =1.

b



St [m[%] ) Ild)

JInHeHHbIH IepBUYHEBINA TOK: [1 =——; [, |A|=
Y 1 \/§-U1 m[ ] 100
) Uy " -1000. . p
2) xp = ; r > -1000;
[ 4] 3-12[ 4]
U
, ”K[%] 1y ., Yk
3) Xp =X1 +Xx2 = 100 -[1 1000; xlzX2:7,
¢
Py Tk
4) r,<=r1+rj:—2 -1000; nerj=—.
3.1 2
1p Xy
Jl1st iepeBojja MapaMeTpoB B OTHOCHTCIBHBIC CAMHULBI HE- 17 o ~A o U
00X0IMMO HaWTH Oa3MCHBIE BEJTMYHHBI TpaHChOopMaTopa 1 —_— 2
U6T Puc. 9. yI'IpO[I.ueHHaﬂ cxema

U6T = Ulqb > 16T = Ild,; S6T =97, Z6T 3amMelleHuns TpaHcgopmaTopa

I
6T
[Tpu pacyere pexXHUMOB ceTH TpaHC(HOPMATOP TOCTATOUHO MPEICTABUTH CXEMOW 3aMEILCHHS,
COCTOSIILIEH U3 OHOTO CONPOTHUBICHUS KOPOTKOTO 3aMBIKaHUS X, (pHC. 9), T.K. TOK XOJIOCTOTO XO-

na TpaHchopMaTopa BecbMa Mall, a aKTUBHBIE CONPOTUBJICHUSI OOMOTOK Ha MOPSAIOK MEHbINE UH-
JYKTUBHOT'O COIIPOTUBIICHUSI PACCESHHUS.

2.4.2. BekTopHaa gnarpamma TpaHcgopmartopa

[TonmHast cxema 3aMeIIEHUs] HCTIOJIb3YeTCs JAJISl IETANbHOTO aHAINM3a pekuMa paboThl caMoro
TpanchopmaTopa. B cOOTBETCTBHE ¢ ATON CXEeMOM YCTAaHOBUBIIUHCS PEKUM TpaHc(opMaTopa ornu-
CBIBACTCSI CUCTEMOM TpEX ypaBHEHUH

Ul =—E1 +jx1j1 +r1j1;

Uy = E5 — jxylh —r3l5;

Ih+15=1,,
KOTOpBIE HATJSIIHO MOXKHO TNPEACTaBUTh B BHJE BEKTOPHBIX Auarpamm. Ha puc. 10 nzoOpaxena
BEKTOpHAas JAuarpamMma TpaHchopmaTtopa mpu paboTe Ha aKTUBHO-UHAYKTHBHYIO (@) U aKTHBHO-
€MKOCTHYIO (0) Harpy3Ky (Ui HarJIsiAHOCTH Ha PUCYHKE TOK XOJOCTOTO XOJa U MaJIeHUsl HalpsKe-
HUS UCKYCCTBEHHO 3aBBIIIICHBI U N300pakeHBI HE B MacITaoe).

Jlnst mocTpoeHHsl BEKTOPHOW TuarpaMMbl TpaHcopmaropa B MacIiTabe CleayeT, Mpexkie
BCEro, HaAWTH TOKU 11, 15, I,, 1 ux (a3oBble CABUTH.

B xauecTBe UCXOHBIX IaHHBIX IPUHUMAIOTCS U3BECTHBIE U3 pacueTa CETH 3HAUEHUS IOTOKOB
BXOJAHBIX Py, O] ¥ BBIXOAHBIX Pp, (J) MOIIHOCTEH, a Takxke nepsuunoe U| u BropuuyHoe U

HaNpsDKeHUs TpaHchopMaTopa, CBI3aHHbIE MEXy co00i cooTHOmEHUsIMH (3) 1 (4).
Bropuunslii Tok /5 u ero aza onpeaesnseTcs Yyepe3 MOIIHOCTH M HaNpsKeHHE BTOPUYHOU

00MOTKHM TpaHcopmaropa
2 2
VP +O) %)
I — ¢y =arctg—.

’ b
Uj P
AHaJIOTUYHO ONPENeNsAeTCs TEPBUYHBIA TOK Yepe3 MOIIHOCTH M HAIPSHKEHUE TTEPBUYHOMN 00-

MOTKH TpaHchopmaTopa
2 2
VP + 04 .

I = ;
1 Uy
Tox xonocToro xona /,, MOXKHO HalTH 4epe3 £ 1o Gpopmyie

15 =

= arct g
¢1 gPI'



Puc. 10. BektopHas guarpamma npuBefeHHOro
TpaHcdopmaTopa Npu akTUBHO-MHAYKTUBHOM (a) n
aKTMBHO-eMKOCTHOM (6) Harpy3ke

E
1, :—l,rne Zm :\/rnzq+x,%1 .
z

m

0)

OpnHako npu 3TOM HEOOXOAMMO UMETh BBU]Y, YTO COIIPOTHBIIEHUE HAMArHUYUBAIOIIETO KOH-
Typa z,, SABIAETCS HEIIMHEHHBIM M 3aBUCHT OT CTEIEHM HACBHINICHUS MArHUTONPOBOAA TpaHcdop-
matopa. [Toaromy npu nossimenun S/C (E| > 1 0.e.) MOKHO BOCIIOJIb30BaThCsl CTEIIEHHON 3aBH-
CHUMOCTBIO BHJIA

I 9
]m - _El .
Zm
OTpaKarole HEIMHEHHOCTh MArHUTHON XapaKTEPUCTUKH.
OJIC E;, HaBoAMMasi MarHUTHBIM IOTOKOM B IIEPBHYHON OOMOTKE, JOCTATOYHO MPOCTO OII-

penensieTcs uepe3 IKBUBAJICHTHBIE COMTPOTUBIICHUS HATPY3KH TpaHchopMaTopa:

Zy, :lj—;; Ry =23, cosQp; Xp =27 singj,
Torzaa E1=FE) =IQ\/(ré +R2H)2 +(x’2 +X2H)2 ;
x’2+X2H
5] =arctgm

C yueToM HEIMHEMHOCTHM MAarHUTHOW XapaKTEPUCTUKHU TOK XOJOCTOrO X0Ja ONpEeAeiseTcs B
COOTBETCTBHUH C YCIOBUEM

X
o m
a ero ($a30BBIM CIBUT OTHOCUTEILHO BEKTOpPAa MAarHUTHOTO MOTOKa o = 9(0°—arctg—.
r
m
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2.4.3. OCHOBHblEe XapaKTepUCTUKN TpaHchopmMaTopa

a) BHemIHsAA XapakKTepHUCTHKA
Buewmneii xapaxmepucmuxot TpancpopmaTopa Ha3bIBACTCS 3aBHCHMOCTh BTOPUYHOTO Ha-
MPsDKEHUS OT TOKa Harpy3Ku

Uy = £(15).

Ee ompenensror npu HOMUHAJIBHOM IEPBUYHOM Hampspkenun Uy =U 1,0, @ HEM3MEHHOM

XapaKTepe HArpy3Ku (o = COnst . Uy

Ha puc. 11 npencraBieHo ceMeicTBO
BHEIIHUX XAaPaKTEPUCTHUK IPU PA3ITHYHOM
xapakrepe Harpysku. Kak BumHO u3 Hero,
BTOPUYHOE HANPSIKEHUE C POCTOM HArpys-
KM U3MEHSIETCA: NIPU UHIYKTUBHOM Xapak-

cos®y < 1(emk.)

AU
cospy <1 (I/IHI[.)

|
|

TEpPe HArpy3KH OHO YMEHBINAETCA, a IpH cos@y =1 : I

EMKOCTHOM - YBEIMYUBAETCSA. JTO TAKKE | B= )

HAIISHO HMIUTIOCTPUPYETCS BEKTOPHBIMH 0 | 0!5 | 1' Hom

nuarpammamu (cMm. puc. 10). ITpuunnoit ’

U3MCHEHHSI BTOPHYHOTO HAMPSDKCHHS SIB- Puc. 11. BHeluHWe xapakTepnucTuku

nseTcs TajeHue HamnpsbkeHus AU Ha TpaHcopmaTopa
BHYTPCHHEM COMPOTUBICHUU TpaHchop-
Matopa z, =1y + jX; . I3MEHeHne BTOPHYHOTO HANPSKEHHS [P 3aJaHHON Harpy3ke MOKHO MpH-

OJIM>KEHHO OMPEeIeUTh 1o (hopmyiie

Au = B-(um COSQ) + Uy, sm(pz),
rac Upg = Uk COSQ, - AKTUBHASA COCTABJIAIOLIAA HANPSKCHUSA KOPOTKOTO 3aMbIKAHUA uK;
Upp = U SINQ, - PpEaKTHBHAas COCTABJIAIONIAs HANPSDKEHUS KOPOTKOTO 3aMBIKAaHHUS U ;

X
B=1o /I 2, - KO3()(DULMEHT HArpys3KH; @, = arctgr—K - YroJ, ONpeAes sl XapakTep BHYT-
K

PEHHET0 CONMPOTHUBIICHUS TpaHCHOpPMATOpa X, .
[loncTaBuB u,, U Uy, B Au IOTYy4uM

AU = BuK(coscpK COSQ ) +SINQ, sin(pz) = Buy, cos((pK —(pz).
Cuwnras, 4TO Ha X0JOCTOM XOAY TpaHc(opmaropa BTOpUYHOE HampsikeHue U 2 PaBHO HO-

MHUHAJILHOMY, MOKHO OKOHYATEJIbHO 3alKCcaTh BBIPAKEHUE Ul ONPEAEICHUs BTOPUYHOIO Hamps-
KEHU IIpU Harpys3Ke B o.e.

Uy =1-AU =1-Buy, cos((pK —(p2)
H UCIIOJIB30BATh €TI0 Ui MOCTPOCHHA BHCIIHUX XapPaKTCPUCTUK.
NMpwnmMep. PaccunraTh BHEIIHIOW XapaKTEPUCTUKY TpaHchopMaropa ¢ UCXOJHBIMH JaH-
HBIMM, B3ATBIMM M3 IpuMmepa pacdera cucrtembl (cM. 1. 4): u, =10,5%; x, =0,1060.e.;

e =0,0044 0.e.
[TycTs Harpyska TpancopmaTopa OyneT yucTo akTuBHas ¢ = 0. Torna

3

6
= 87 60 . A = . 1 . o — . 4 e.
0,0044 075 U =pB-0,105-cos87,6°=B-0,00435 0.¢

Pesynbrat pacuera cBeieH B TaOnHILy.

¢, = arctg

B=1,/I2, 0 0,2 0,4 0,6 0,8 1,0

AU = 0,004358 0 0,00087 0,00174 0,0026 0,00348 0,00435

11




|Uy=1-aU | 1 0,999 0,998 0,997 | 0,99 0,996

N3 pacuera cieyer, 4TO NPU YUCTO AKTUBHOM HArpy3Ke IIPU HOMMHAJIBHOM TOKE BTOPUYHOE
HaIpsDKEHUE U3MEHUTCS IO CPAaBHEHMIO C HAIIPsLKEHUEM XoJ0cToro xonaa Ha 0,435%.

0) Koodpduuuent mojne3noro geiictpusi Tpanchopmaropa
Kosgpdhuyuenmom nonesnozo oeticmeus (K.1.1.) Tpanchopmaropa Ha3bIBAIOT OTHOIIICHUE aK-
THBHOW MOIITHOCTH Ha BBIXOZ€ BTOPHYHOW OOMOTKH P, (T0JIe3HAasi MOIIHOCTH) K aKTUBHOW MOII-

HOCTH Ha BXOJZIe IEpBUYHON 0OMOTKH P (IOJBOAMMAsi MOLIHOCTB)

n="P/P.
Tak Kkak moje3Hasi MOLIHOCTh P, MeHbIe MOABOANMON P| Ha CyMMY HOTEpb MOIIHOCTH

Z P, 10
H—ZPIVZPIV D P
n= P T P - _f§+§:P.
[Torepu B TpancdopmaTope CKIaAbIBAIOTCA U3 MOTEPh B MEPBUYHON M BTOPUYHONW OOMOTKAX
IPU IIPOTEKAHUH 110 HUM TOKa ( P,y - SJEKTPUYECKUE NOTEPH), a TAKXKE U3 IIOTEPh HA TIEPEMarHu-

YMBaHHE MAarHUTONPOBOJA U OT BHXPEBBIX TOKOB IIPH NEPEMEHHOM MAarHUTHOM HOTOKe ( Py -
MAardmuTHEIC HOTepI/I). OHI/I HGHOCpCI[CTBCHHO CBsA3AaHBI C U HOTepHMI/I Ha KOpOTKOFO 3aMBbIKaAHU A PK
Y TIOTEPSAMU XOJIOCTOrO Xona F.

n, 0.€ CosQ) =
VY4uThIBas, 4TO MOJIE3HAS! MOIITHOCTH PaBHA 1F——————= 11ma_x _____ '_(Pz_
P, =BS, cosos, —
OKOHYATEJNIbHO IIOJIYYUM BBIpAKEHUE IS K.II.J. TpaHC- Lo '
I lcospy < 0!
¢dopmaropa - |
2 o5 f AV _______
’ | | I
1= Po+B" Pk Lol |
n= 7 Lo |
BSy cosey + Py +B~ Py | |
3aBUCUMOCTh 1 = f (B) WLTIOCTpUpyeTcs rpaduka- T : B
MU, IPEICTaBICHHBIMU Ha puc. 12. W3 HMX BHIHO, YTO 0 05 p’ 1
4yeM MeHbIIe KO3(Q(UIMEHT MOIHOCTH (COS@ ) ), T.€. UeM Puc. 12. 3aBMCUMOCTb K.N.A4.
Ooupllie HarpyxeH TpaHc(hopMaTop PEaKTHBHOW MOIIHO-  TpaHcgopmaTopa oT koadduumeHTa
cTbl0 (), TeM Hmke K.ILA. IIpu HexkoTropoill Harpyske Harpysku

K.IT.JI. OKa3bIBACTCS MAKCUMAIBHBIM. DTO MPOUCXOJUT TOT/IA, KOTJa 3JEKTPUUECKHE IMOTEpH B OOMOT-
KaX CTAHOBSTCS PaBHBIMHM MarHUTHBIM IOTEPSIM B cepAieuHuke ( P; = F)), 4TO COOTBETCTBYET
pr= 2
P K
[Tpu BEIOOpE TpaHchopmaTopa CTpEeMsITCS K TOMY, 4TOOBI 3’ OB OJIM30K K CpeAHEH 3arpy3Ke
TpanchopmaTtopa. OObIYHO A1t OONBIIMHCTBA CHIIOBBIX TpaHC(POPMATOPOB 3’ HAXOAUTCS B Mpele-

smax ot 0,4 mo 0,7.

[TosrydeHHBIE COOTHOMICHUS JUTS K.I1.JI. TpaHC(hopMaTopa COOTBETCTBYIOT €ro padoTe MpH HO-
MUHAJTHHOM HAMpsDKEHUH. B pealbHBIX YCIOBHSIX NMEPBHYHOE HAMPSDKEHHUE YAaCTO OTIUYAETCS OT
HOMHMHAJILHOTO. B 3TOM cilydyae MarHMTHBIH IMOTOK B CEpACYHHMKE MArHUTOIPOBOJA TaKXKe OyaeT
OTIUYATHCS OT HOMUHAIBHOTO, YTO OTPA3UTCS HA BEIMYMHE MOTEPh XOJIOCTOro Xxozaa. Jls pacuera
K.IL.J. IPY HCHOMHUHAJIBHOM TIEPBHYHOM HAIPSIKCHUH CICAYET MOJIh30BATHCS CKOPPEKTUPOBAHHOM

bopmynoit
kLZtPO +BZPK

Bk, Sy coser +kL2,P0 +[32PK ’

n=1-

12



Ui

npu otoM B’ =k, P—O,rz[e ky =
K

HOM

NMpume p. PaccanrtaeM ko3(h(HUIMEHT MOJIE3HOTO JCHCTBHS TpaHchopMaropa ¢ HUCXOI-
HeIMU JaHHbBIMU: Fy =40 kBr, B =140kBt, Sy =32000kB-A g 4uCTO aKTHBHOM HArpysku

¢ o = 0 npu NoBEIICHHOM Ha 5% NEPBUYHOM HampskeHuu k,, = 1,05.
Pe3ynbratel cBeieM B TaONIUILy.

B 0 0,2 0,4 0,6 0,8 1,0 [ B =056
M, % 0 99,27 | 99,51 | 99,53 | 99,51 | 99,45 | npax = 99,53

2.5. PacyeTHasa mogenb aCUMHXPOHHOro ABuUrarens

0)

Puc. 13. CxeMbl 3aMeLLieHUs1 aCUHXPOHHOro ABUraTens

2.5.1. Cxema 3amMeLlLeHnst aCMHXPOHHOro ABuraTens

ACHHXPOHHBIU JIBUTATElb, TaK ke KaK U TpaHchopma-

TOp, mpenctaBisercsa «T»-o0pa3HOW CXeMOUM 3aMeleHus,

TOJIBKO B KaYECTBE DKBUBAJICHTHON MEXAHUYECKOW HArpy3KU

B CXeMy  BBEIACHO  J00aBOYHOE  COINPOTHUBIICHUE

. Ryo6 =13 -(l—s)/ S, 3aBUCSIIEE OT CKOJbXKeHus s (puc. 13,
a).

AKTHBHAasi MOIIHOCTb, BBIJENIs€Mas Ha 3TOM COIPO-
THUBJICHUM SKBUBAJICHTHA MEXaHMYECKOM MOIIHOCTU Ha Baily
JBUTATEJ.

B cootsercTBrM € 3TON CXEMOW YCTaHOBUBLLIUMCS PEKUM
pabOTHI IBUTATENS ONMUCHIBACTCSI CUCTEMOM YpaBHEHUH (5)

A AT

Uy =—E1 +jxlj1 +rljl;

» s T 171 ! 1-5 71
0=FE}—jxhly —rily—rj-— =1} ®)

Puc. 14. BekTopHas avarpamma Iy +15 =1,

acnHXpoHHoro Asuratens Y BEKTOPHOU auarpamMmoit (puc. 14).

CkounbxeHue ABUraTess onpeensercs no Gopmyine
§= ,
n

rae ny =60 f]/p - CHHXpOHHAsI YacTOTa BPALICHHUS MAarHUTHOTO MO, 00/MHH; f] - 4acToTa ce-
™, ['IT; p - 4UCII0 Map MOIIOCOB; Np - 9acTOTa BPAIICHHUA POTOPA, 06/MuH .
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Oco0EeHHOCTBIO ACHUHXPOHHOI'0 ABUTATCIIA SABJIACTCA OOJILIIION TOK HaMarHUYHWBaHUS ]m, Co-

craBisromuid ot 20% no 50% HOMHHATBEHOTO TOKA U O0YCIABIMBAIOIINNA HU3KHMA COS( JIBUTATEIS.
[TosToMy mpeHeOperatb HaMarHMYMBAIOUIMM KOHTYPOM Z,, = Iy, + jX,, Henb3sd. Ilpu anamuse
AJIEKTPOMArHUTHBIX MPOIIECCOB YACTO TMOJIB3YIOTCS YIPOIIEHHON «I »—00pa3Hoil cxemol 3amerre-

HUS C BBIHECEHHBIM HaMarHMUYMBAIOIIMM KOHTYpPOM (puc. 9, 6). DTa cxema JaeT yJI0BIETBOPUTEIb-
HBIE PE3yJIbTaThl IIPU pacyeTe pabounx peKUMOB.

2.5.2. MexaHn4yeckasa xapakrepucTuka aCMHXPOHHOro ABuUratens
JInst onpeieNeHys BEIMYMHbI CKOIBKEHHS S HEOOXOAUMO HAWTH TOYKY MEXaHUYECKOTO PaB-
HOBECHSI MEXKY DJIEKTPOMATHUTHBIM MOMEHTOM M, pa3BUBaeMbIM JBMIaTesleM, U BHEIIHHM MO-
MEHTOM Harpy3ku M g, . C 3TOM LENbI0 NPEIBAPUTENBHO PACCUNTHIBAKOTCS MEXAHUYECKUE XAPAK-
mepucmuxy npuratens M = f(s) u pabouero mexaumsma Mg, = f(s). DIEKTPOMATHUTHBIH MO-
MEHT JIBUTATENs CBSA3aH C SJIEKTPOMATHUTHON MOIIHOCTBIO Py, MPOCTBIM COOTHOIIEHUEM

P 60
M="M_
)] 271

'PaMa

omis? o amfi 2w
rac P3M = < 7"2 ) 1= » = 60 n1 - yrjioBas 4acToTa BpalllCHUA MAarHUTHOT'O ITOJISA CTAaTO-

pa; my - 4ncio (a3 ABUTATEN.
Ecnu noxctaBuTh B OpMYIy A MOMEHTA BBIPAXKEHUE JUIS TOKA /5, ONPENECICHHOE 10 CXE-
Mme puc. 13, 6, To mosryuyum

- .
M= 1P s
+— +lx1 +x5
r g X1 +X2

Ha puc. 15 n3o0pakeHa 3aBUCHMOCTH 3TOTO MOMEHTA OT CKOIkXeHHs. K 0co0oit Touke Me-
XaHUYECKON XapaKTEPHCTHKH OTHOCUTCS TOYKAa MaKCUMAaJIbHOTO MOMEHTA M,y , COOTBETCTBYIO-

—_ 4
1ast KPUTUIECKOMY CKONBKCHHUIO Sy = 173 /X

mlp' UIZ)CK Mrnax

"X 2y (r +xK)2 +x2 .

Ecnu npeHeOpeds aKTMBHBIM CONPOTHBIICHHEM 00-
MOTKH CTaTOpa, TO BBIPAKEHUE IS M 14y YIPOCTUTCSH U

M
OyZIeT 3aBHCETh OT €IMHCTBEHHOT'O IIapaMeTpa X BH

Mmax - : Puc. 15. MexaHu4yeckue xapakTepuUCTUKU
4nfl  xg
ABurarens u paboyero MexaHusma

BaXHOCTB 3TOI TOYKHM 1Ji1 YCTAHOBUBILETOCS pe-
JKMMa 3aKJII04acTCA B TOM, UTO OHA ONIPCACIIACT yCTOfI‘IHByIO 30HY pa6OTLI JABUTATEIIA B JUAIIa30HE
CKOJIBXKCHUS OT HYJIA 0 SI(p . HpI/I CKOJIbKCHUU 60.HBIJ_IG KPpUTUYCCKUX ABUTATCIIb «OIIPOKUABIBACT-

Csi».

BHeniauit MOMEHT pa60qero MCXaHH3Ma, €CJIKM B €TI0 Ka4YCCTBC BBICTYIACT IMOABCMHOC YCT-
pOﬁCTBO, HC 3aBUCUT OT CKOJIBXKCHUA U €ro MOXHO IPUHATH IMOCTOSAHHBIM. HpI/I HOMHWHAJIbBHOM
BHCIIHCM MOMCHTC, paBHbBIM

Py SuomMuom €08 P pom

BH:Q_I_ 27'Cf1 P,
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eMy OyJeT COOTBETCTBOBATH HOMHMHAJIBHOE CKOJBKEHUE S . 30€Ch Syon»> Nuoms COSP goy - HO-
MHHaJIbHBIE TIOJIHAsI MOLITHOCTD, K.I1.A. U KO3()(UILIMEHT MOLIHOCTH JIBUTATEIS.

2.5.3. OnpegeneHne napamMeTpoOB CXEMbl 3aMELLEHUST aCUHXPOHHOMO ABuUraTens

JIst mpuOIMKEHHOTO pacueTa mapaMeTpoB CXeMbl 3aMmerneHuss AJl, yaoBIeTBOpSIOMMX pa-
004YeMy peKHUMY, MOXKHO HUCIIOJIb30BaTh CIIPABOYHBIE JaHHBIE O KPATHOCTH MAKCUMAJIbHOTO MOMEH-
Ta ¥ BEJIMYMHBI HOMHUHAJILHOTO CKONBbKeHUs. C 1eJblo TambHEHIIero ynpomueHus 3Toi 3a1adu Oy-
JIeM CUMTATh aKTUBHbIE CONPOTUBJICHUSI U UHIYKTUBHBIE COMPOTHUBIICHUS PACCESIHUSI CTAaTOPHOM U
POTOPHOI OOMOTKH PaBHBIMH MEKY COOOH, TO €CTh 7| =1} U X| = X5, a HAMAaTHMYMBAIOIUH TOK
YICTO peakTUBHBIM. Pacuersl OyieM BeCTH B CUCTEME OTHOCHUTEIBHBIX €IMHUI], B KOTOpPOH 3a Oa-
3UCHBIC BCJIMYNUHBI IPUHATHI:

S6 =Shom> 6 =01, U6=U®HOM, I6:I¢)H0M’ Mg =S5/Qp -

Tor;[a MOZKHO 3aliCaTh B 0.e. MOJYUCHHBIC PAHCC BBIPAKCHUSA B CJICAYIOIECM BUIC

2 ,
* _ Ui n
’(1+1j2+ 2 o
v L
2 < Xk
2 2
* Ui xg NUI ) (6)

Mrnax =

(rl +)cK)2 +x1% ) 2xK ’

%
M gom = Nuom COSP gom

Vcxomst U3 3aJaHHBIX 3HAYCHHN M gon > COS O gor» Mmax / Muom » SN » IO BeIpaxeHHsM (6)
HaiieM nmapamerpsl. M3 2-ro ypaBHeHHs IPY HOMUHAJIBHOM HanpsbkeHun Uy =1o.e.

1 , X
~ . — b =K
Xg R ;X =X)=—-.

M 2
2 Mmax "Mm - COSPyom
HOM

4
Pewmus 1-e ypaBHeHME 110 U3BECTHBIM Sy U M o\ , OTIPENETUM 73 U 7|
SN
nRry= -(1+\/1—xl%-4M§OMJ.
2M yom
Jns  ompeneneHus NapaMeTpOB HAMAarHWYMBAIOLIEIO KOHTYpa HCIOJB3YEM 3HAUCHHE
COS P yyon - TOTTIA

jIH =[1H‘(pHOM , rme I, =1, @ rom = ArCCOSP oy 5

I5 15 ‘ rne I’ ! @y = arctg Tx ;

2y 124102 2y = ’ 2= T
J[(Q’f(m/w) v | r3(1+1/sw)

. : 1
Iy =11, SINQyoy =13 SINGD; Ym =7
m

2.5.4. TlyckoBble XxapakTepUCTUKN aCUMHXPOHHOIO ABUraTens

K nyckosvim xapakmepucmuxam nBurateis OTHOCSTCS 3aBUCUMOCTH 3JIEKTPOMATHUTHOIO
MOMEHTAa M TOKa CTaTopa B (YHKIMU CKOJIbKEHUS. B OTIHUYMU OT MEXaHUYECKOM XapaKTepUCTUKH,
KOTOpasi pacCMaTpPUBACTCS B 30HE MaJbIX PabOUMX CKOJBKECHUM, ITYCKOBBIC XapaKTEPUCTUKH OTIpe-
JIENIAIOTCS. BO BCEM JHarna3oHe CKOJbKEHUW - OT €AMHMIIBI, KOTAa POTOpP HEMOABMKEH, 0 HYIIS.
[TyckoBbIe XapaKTEPUCTHKU IMO3BOJISIIOT JAaTh OIEHKY TAKUM BaXXHEHIIMM ITOKa3aTelsiM PeKUMa
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IyCKa, KaKk BPEMEHM I1yCKa, CTEIIEHU HAarpeBa JBUTaTENs IPU IYCKE, BIUAHUSA IMyCKa Ha MOCAIKY
HanpsHKEHUs B y3J1€ U T.JI.

Pacuer 3TUX XapakTEpUCTHK OCIIOKHAETCSA TEM, UTO MapaMETPhbl CXEMbI 3aMEILCHUS JBUTaTE-
Ji1 BO BpeMsl IMyCKa OKa3bIBAIOTCS HEJIMHEUHBIMH, OHU 3aBUCAT OT CKOJIBKEHHUSI U TOKa POTOPHOM U
CTaTOpPHOM 00MOTKH. HemocTosHCTBO MapaMeTpoB, MPEKAE BCETO, X1, X5 U 1}, CBI3AHO C SIBJICHH-
€M BBITECHEHHUS TOKA B CTEPIKHSAX POTOPHOW OOMOTKHM M C SBJICHHEM HACHIIICHUS 3yOIIOB CTaTOpa H
pOTOpa MOTOKAMU PACCesHUS. DTH SIBJICHUS OKa3bIBAIOT OOJIBIIOE BIMSHUE HA MapaMeTphl B 0bac-
TH OOJBIIMX CKOJIbKEHUM, KOTJIa YaCcTOTa TOKa B POTOpe OlM3Ka K 4acTOTE CETH U MO0 0OMOTKaM
IPOTEKAIOT OOJIBILUE ITyCKOBBIE TOKU. IIpy 5TOM aKTHBHOE CONPOTHBIEHUE POTOpPA 7§ BO3PACTAET,
a UHAYKTUBHBIE COIPOTUBJICHUS pacCcesiHUs X| U X4, HA000pOT, yMeHbIIatoTcs. [Ipu cKoIbKeHHsIX
MEHBIIIe KPUTUIECKOTO BBITECHEHNE TOKA M HACHIITIICHHE 3yOII0B YK€ HE TIPOSBIISICTCS.

Takum o6pa3oM, npu Mycke B HaualIbHBIII MOMEHT, Korjna s =1, 1§ = rz'n » Xg = X » @B Ppa-

! __ !
OoueM peKMME MPH MATbIX CKOIBKCHHSIX (S < Syp), KOTa ABUraTelb YXKe 3alyCTHICA 75 = 3.
X = Xk, - 3/1ech UHEKC «I1» O3HAYaeT «IIYCKOBBbIE MapaMeTphl», a MHIEKC «C» - «CUHXPOHHBIE

napameTpbI».
[Tepexon OT MyCKOBBIX MApAMETPOB K CUHXPOHHBIM MOAYUHSETCS HEJIWHEHMHOW CTEMEHHOU

dynkumn Buna f(s) = as” + b, xak 310 noka3aHo Ha puc. 16.
JIns MOIIHBIX ACHHXPOHHBIX JBHTATelell II0KA3aTeNb CTEIEHH MOXKHO MPUHATH DPAaBHEIM

1
n= 5" 0,2 n Torza B quamasoHe s 0T 0 10 Syp, MapaMETPhI JIBUTATEIIs OMPEACIAIOTCS BHIPAKCHACM
_ i i
rj(s)=a,s” +b Xk
2 ( ) r r cl X (s) |
xi(s)=a,s" +b,,
n
. =13, 3o~ Skp
rae ap =] br:—n§
1=s5p 1=s5p | !
1 | |
n s
Yry ~ ke b Xke ~ XKy Skp 0 Syp 0,5 1
a,=—""; =
x 1— " x 1= " Puc. 16. 3aBUCUMOCTb NapamMeTpPoB
Xp kp ABUraTens oT CKOMNbXeHUst
Sgp =13 /X
kp =2 / Ke
! — !
r3(s)=1r3,
Hpu s <sgp .
xi(s) = XK

ITapameTpbl rjc M X, COOTBETCTBYIOIIME pabouemMy pexuMy, ONpENeNsoTCs 0 METOJHKE,

onucaHHou B 1. 2.5.2. IlyckoBble mapamerpbl rz'n M Xy~ PacCUMTHIBAKOTCS, UCXOMI M3 3aJaHHON

* *
KPAaTHOCTH IIyCKOBOI'O TOKa [y / I'yom = I;p ¥ KpaTHOCTH ITyCKOBOrO MOMeHTa M / M yom = My .
ITyckoBoii TOK PUOIMKEHHO paBEeH

U 1 1
Iy=—+1,, Boe If=—+I}, If=—),
Ky Xk Xm
1
0TCIOZ1a X =—".
II k *
[n _Im

ITyckoBOIi MOMEHT, B COOTBETCTBUU C BhIpakeHUEM (6), IpH yCIIOBUH s = 1, OyzeT paBeH
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by by

~
~

2 2
((rl +72'H) +X§HjnH0M COS @ o Vi, oM €05 Prom

My =

MI,'kInHOM Ccos @
2
(1-13)

3aznaBasich CKOJIbXEHUEM B auana3zoHe oT 1 1o 0, paccunThIBalOTCS MYCKOBBIE XapaKTEPUCTH-

¢t 2 _
73 = MyMuom COSProm ¥k =

KH TOKa U MOMEHTa
Iy :\/(Im +15 sin(p2)2 +(Ij COS(p2)2 ,

, Uy xk(s) Uj
rae [5 = ; ¢y =arctg—— 7~ L, =—;
! 2 ’Q(S) xm
r3(s) 2 n+
r1+ +(xK(S)) s
S
2 15(s)
Ut - ,
1 s :]fZ.’?(S) IV M
2 ’ MNuom COSQ yom

(#2902

N pwume p. Paccunrars mycKkoBble XapaKTEPUCTUKH aCHHXPOHHOTO JIBUTATENSI C UCXOIHBI-
MU JTaHHBIMH, B3ATHIMH U3 IIpUMeEpa pacueTa CUCTEMBI (CM. II. 4). DIeKTpUUecKUe mapaMeTphl cxe-
MBI 3aMEIlleHHs, COOTBETCTBYIOIIME paboyemy pexumy, ompeaeneHsl st mn = 0,94, cosep=0,8,
ne =375 06/mun , np =37106/MuH, Mgy /M yoy = 2,2 paBHBIMH:

n=0,013o0.e., Xk, =0,302 o.e., X, =2210.¢.

rjc =0,0130.¢.,
[H

*
OmnpeznenyM MyCKOBbIE apaMETPhl ABUraTels aus I = 7
HOM

=7TuM

=
<
jus
o
=

s 1

Torma Im=m=0,45 0.¢.;

__ ! =01520.¢e.;

xKH—7_2,21— R 0.€.;
1,1-0,94-0,8

s =———2-=001930.e;
(7-0,45)
0,013
=——-=0,0430.¢e.

Sp T 0302 0 OC

Jlnst paceTa napamMeTpoB TpHu § > Syp HaieMm KO2(hPUIMEHTH YypaBHEHUN a U b
0,2
0,013-0,0193-0,043™
== . . =0,006;

0,0193-0,013
ap = === = 0,013; b, 5
1-0,043% 1-0,043%
0,152 0,302 0,302 - 0,152-0,043%-2
ay == .= 3 =0,472.
1-0,043% 1-0,043%
Otcrona
5(s) = 0,013592 +0,006 Tpn s> 0,043 (5) — ~0,325%2 40472 wpn s> 0,043
2 0,013 mpu  s<0,043 2 0,302 npn s < 0,043
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PesynbTathl pacuera cBeqeM B Tabauiy (B 0.€.).

S 1,0 0,8 0,6 0,4 0,2 0,1 0,05 | 0,043| 0,04 | 0,03 | 0,02 | 0,01 0

74 (s) 0,019 | 0,019 | 0,018 | 0,017 | 0,016 | 0,014 | 0,013 | 0,013 | 0,013 | 0,013 | 0,013 | 0,013 | 0,013

xK(S) 0,153 | 0,167 | 0,184 | 0,206 | 0,241 | 0,271 | 0,297 | 0,302 | 0,302 | 0,302 | 0,302 | 0,302 | 0,302

15 6,41 |586 |53 4,68 |3,89 |32 246 1229 217 (1,82 |[134 (0,72 |0

(0%} 1,36 | 1,36 | 1,34 | 1,31 1,21 | 1,05 {082 [0,76 |0,71 |0,58 042 |022 |-

]1/[HOM 6,85 |63 574 [512 | 431 |36 2,8 2,62 1249 |21 1,58 10,931 | 0,45

MI/MHOM 1,05 | 1,07 (1,12 |1,24 | 1,57 | 1,95 |2,13 (2,11 [2,09 |19 | 1,6 093 [0

Ha puc. 17 u3o0pakeHbl yCKOBBIE XapaKTEPUCTUKH, IOCTPOECHHBIE 110 pe3yabTaTaM pacyera.

MY I

T T T T ™
0,2 0,4 0,6 0,8 1,0
Puc. 17 MyckoBble xapakTepUCTUKN aCUHXPOHHOrO ABUraTens

2.6. Cxema 3amMeLUeHUA CUHXPOHHbIX MaLIWUH

2.6.1. Cxema 3aMeLLeHNss CUHXPOHHOIro HESIBHOMOSKOCHOIO reHepaTopa

ITo ycnoBuro pemraeMou 3aa4ul y3€il Harpy3Ku IUTAETCS OT
CHHXPOHHOT'O TypOOreHeparopa, KOHCTPYKIHS poTOpa KOTOPOTro
SBJIAETCS HESIBHOIIOJIIIOCHONH C PAaBHOMEPHBIM BO3JYIIHBIM 3a30-
POM MEXAY CTaTOPOM U POTOPOM. DTa KOHCTPYKTHBHAs OCOOEH-
HOCTb I103BOJISIET NMPEACTAaBUTHh I'€HEPATOP BECbMA MPOCTOM 3JIEK-
TPUYECKOW CXeMOH, cocrosamen u3 ucrounuka JJIC E( u BHYT-

Puc. 18. Cxema 3amelleHust
PCHHETO CHHXPOHHOT'O COIIPOTUBIICHUS X (puc. 18). CUHXPOHHOrO reHepartopa B
YCTaHOBUBLUEMCS PeXUMe

OJIC E( co3maercsi TOKOM BO30YKAEHMs i, CHHXPOHHOHM BIIHS

MalIMHbI U CBA3aHa ¢ HUM XapaKTepUCTHKOM XojocToro xona (puc. 19). Ha xonoctoM xoay cBsi3b
MexKAy E( W iz HOCHT HEJIMHEHHBIA XapaKTep M3-3a HACBIIICHUA CTajlM, OJHAKO IPH Harpyske,

BCJICJICTBUE HUS IOJIA PEAKLIUU AKOPs, CTEIIEHb HACBIIEHUs OCTACTCS MPAKTUYECKU IOCTOSHHOU U
ONMU3KOI K TOUKe iBO , COOTBETCTBYIOLIEH HOMHHAJIILHOMY HampspkeHuio Uy . Ilootomy MOXHO ¢

JOCTAaTOYHOM /Il MHIKEHEPHOM NPAKTUKU TOYHOCTBIO CUUTATh, YTO CBA3b MEXAY E() W iy O] Ha-
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rpy3Kou JIMHEHHA. Takoil MOAXOI IMO3BOJUT ONPEACIIUTH IO BEK- E /E}
w L 4
TOPHOM IuarpaMMme TOK BO30YKJI€HUs II0J1 Harpy3Koil reneparopa. E
Jlnst mocTpoeHHs BEKTOPHOM JuarpaMMbl 3alMIlIEM YpaBHEHUE
AIEKTPUUYECKOTO paBHOBeECHS JUTS CTaTOPHOU Lenu U P
Ur=FEqy—jx I, n 1na cinydas akTUBHO-MHIAYKTHMBHOM Harpysku — H
MOCTPOMM BEKTOPHYIO AMAarpaMMy HaIpsKEHUW U MArHUTHBIX TO-
TOKOB (puc. 20). . .
lBO Ig
Kak BugHo u3 puc. 20, HECMOTpSl HA TO, YTO MAarHUTHBIN MO- @BO Dy
TOK @5, COOTBETCTBYIOUIUM BEIMYMHE £ () M MPONOPLMOHAIBHBIN Puc. 19. XapaktepucTuka
TOKY BO30YXKICHHS, OKA3bIBACTCS 3HAYUTEIIBHO OOJBIINM, YeM Xonocroro xoAa
cDBO, PE3YJIbTUPYIONIUN MOTOK che3 HAMHOTO MEHblIe Py U

OJIM30K K cDBO U3-3a pa3MarHU4YUBaHUsI TIOTOKOM PEaKLIMU SIKOPS

@, . VI3 nonobus BEKTOPHBIX TPEYrOJIbHUKOB MarHUTHBIX MOTO-
KOB U HalpsHKEHUH MOXHO 3alKcaTh CIEeAYIOIINe COOTHOIICHUS

Dy _ Eg _ 1y ’ @a épe:;
Ppes  Ur Ip J
U3 KOTOPBIX JIETKO OMNPEENAETC TOK BO3OYKACHHUs TeHEpaTopa - & ~ &
IPH HATPY3KE 10 M3BECTHOMY TOKY BO30YXIEHHS HAa XOIOCTOM B B()

Xony ip = iBO 'EO/Ur . Puc. 20. BekTopHasa gmarpamMmma
HesIBHOMOJIOCHO O reHepaTo pa

2.6.2. Cxema 3amelLeHnsi 1 BEKTOPHas anarpamma CUHXPOHHOIO
ABHOMOMNIOCHOIO ABUrartens

Cunxponnsie MamuHbl (CM) ¢ SBHOBBIPQXEHHBIMH TIOTIOCAMHA UMEIOT HEOJUHAKOBBIA BO3-
JYIIHBIN 33230p - MO/JI MOJIFOCAMU OH B HECKOJIBKO Pa3 MEHbIIIE, YEM B MEKITOJIFOCHOM MPOCTPAHCTBE.
DTO BHOCHUT OIpEAETCHHbIE TPYAHOCTH NMPHU CO3JaHUU PACUETHBIX MOJEJCH SIBHOMOIIOCHBIX Ma-
IOHH, MPEKAC BCCIrO0 M3-3a TOI'O, YTO BHYTPCHHCC COMPOTUBJIICHUC MAUIMHBI 3aBUCUT OT XapaKTCpa
Harpy3ku. OJHUM U3 TyTed MPEOoJI0JIEHUsI dTUX TPYIHOCTEH SBJIsETCS MCIOJIb30BaHUE MPHUHIIMIIA
JIBYX pPEaKIIMi, 3aKJII0YAIOIIETOCS B Pa3JI0KE€HUH MAarHUTHOTO TIOJISl PEAKIUU SKOPS Ha MPOI0JIbHYIO
d v ToTniepeuHyto ¢ ocu poropa. B a3Tom ciydae ypaBHEHHE 3JIEKTPUUECKOTO PaBHOBECHS MpHU pado-
Te CM OT ceTu UMeeT BU/I:

Uc.=-Eg+jxgly +jxq[q ,
rae U, - BekTop Hanpsikenus cetu; E( - Bektop DJIC xonoctoro xona; 14, 1 g - TIPOEKLHUU BEK-

TOpa TOKa cTatopa | Ha MPOJOJBHYIO U MONEPEYHYIO OCH; X, - MPOJOIBHOE UHIYKTHBHOE COMpPO-
THBIICHHE; X - TIONEPEYHOE HHIYKTHBHOE CONPOTHBIICHHC.

TTo/ICTaBUB B ypaBHEHHE JIEKTPHUECKOTO PABHOBECHS BHIPAXKEHHE A TOKa [ q= I-1g,m
06o3Hauns uepes E q= Ey - j(xd —Xgq )f J TOJIy4UM ypaBHEHHME BHJA

Ug=—Fy+ iyl

EMy coOOTBETCTByeT cxema 3aMelleHUs SBHOIOJIIOCHON CHH- 0
XPOHHOM MallMHBI U BEKTOPHAs JuarpaMmMa, NpeICTABICHHBIE HA pUC.  Puc. 21. Cxema 3ameLleHuUs

21, 22 cooTBETCTBEHHO. Pe3ynbTHPYIONUMI MArHUTHBIA MOTOK Ppe;  CUHXPOHHOTO sBHOMOMIOC-
Horo aBuraTtens

IMPOMOPIHUOHATICH BCIIMUYMHE HAIIPSAXKCHHUA CETH, a IMTOTOK B036y>K,Z[eHI/IH
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@y - OJIC xonocroro xona E(y. COOTHOLIEHUS MEX-
Iy TIOTOKaMU PEAKLUU SKOPs 10 IPOJOJIBHOM U IIO-
NIEPEYHON OCSAM TIOJYMHSIOTCS IMPUOIMKEHHO Clie-
JYIOIEMY COOTHOIIECHHIO
Pa_Iqxg
Pq  1g%q
BekropHas amarpamMma CTPOMTCS  CIETYHOLIUM
o0pazom:
— TI0 3a/IaHHBIM BEKTOPY TOKa [, BEKTOpY Ha-
MPsDKEHUS Uc U YIJIy CABHIA MEXIY HUMH ( C yde-
TOM IaJCHUS HAIPSKEHUS jxqf OIIPEIEIIAIOT BEKTOP

E, nmonoxenue oceit g n d;

— HaxoJAT IIPOEKLHIO BEKTOpa TOKa [, Ha OCh EO
d; . Puc. 22. BektopHasi anarpamma CUHXPOHHOro
— mpubaBisis K BEKTOpy E g TAJICHHUE HArps- SAIBHOMOMIOCHOr O ABUraTens

KEHHUS j(xd —Xg )j d » OTIPENIENSIOT BEKTOp E ).

2.6.3. OCHOBHblE XapaKTEPUCTUKN CUHXPOHHOIO reHepaTopa

Cunxponnsiii reneparop (CI') B paccmaTpuBaemMoil cxeMme SIBIS€TCS €AMHCTBEHHBIM HCTOY-
HUKOM 3J1eKTpocHaOxkeHus. Takoil pexum ero paboThl Ha3bIBAaeTCsl aBTOHOMHBIM. B aBTOHOMHOM
pexxume cBoiictBa CI' olleHMBAIOTCS IByMSI XapaKTepH-

() (v % J4
CTMKAMHM - BHEUIHEH U PEryJupOBOYHON. Brewnell xa- Eg N EO
paxmepucmukou CI” Ha3pIBaIOT 3aBUCUMOCTb HAIpsiKe- P4 HaCbILEHHAs

’
HUsI cTaTtopa OT Toka Harpy3ku Uy = f (I r), orpene- /
) ’
JIAEMYIO npu n=ng = const, lg = const u 4 E
4 a § “0yye

cos@ = const . B ocHOBY pacuera BHemrHei xapakrepu- Unom

CTHUKHN MOXET 6BITI> II0JIOKECHA CXEMa 3aMCIICHUA U BCK-
TOpHas auarpamma Ha puc. 18, 20. OnHako u3-3a HENu-
HEWHOCTU XapaKTEPUCTUKHU XOJIOCTOr0 X0/Jia BO3HUKAIOT
ornpezaeneHHble TpyAHOCTU. C LIENbI0 YNPOIIEHUs pac-

HeHacblLleHHada

o .
. 1
4eTa MpeJCTaBUM 3aBUCUMOCTh Eg = f (zB) (puc. 23) B B
. . 0 i i
BUJIE ABYX IPSAMOJUHENHBIX YYaCTKOB: HEHACHIIEHHON B By
Y HACBIILICHHOM YacTH. Puc. 23. AnnpokcumupoBaHHas

[TycTh TOYKa mepexoja M3 HEHACBHIEHHON K Ha- XapakTepucrrka Xonocroro xoaa
CBIIIIEHHOW XapaKTePUCTUKE COOTBETCTBYET

Eo =Uyowms

ig =lip-

Torma B 3aBUCMMOCTH OT BEJIMYHUHBI pe3yJbTHpyroliero noroka B CI' che3, MPONOPIINO-
HaJIbHOT'O UF’ CHUHXPpOHHAad MallrhHa 6y,[ICT HaXOOUTHhCs .III/I60 B HCHACBINICHHOM COCTOsIHUU
(Ur <Ugom )» 60 B HackeHHOM (UL > Uy ), U9TO IIPH PACYETe YYUTBHIBACTCA W3MECHEHHEM
MapaMeTPOB CXEMbI 3aMEILICHHUS:

Eg=E} Eg =Ep
opi U <U o mpu Up > Uygy (7)

Xe =X =
¢ Chenac X c X CHaC

HaCI)IH_IGHHOC 3HAYCHUE CUHXPOHHOI'O COIMMPOTHUBIICHUSA MOXXHO ITPUHATH PaBHBIM
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tga K
X =X =X .
Crac Cnenac  tgq’ Cuenac — HaC>

tgol
rIe kyae = P KO3 QHUIMEHT HAKJIOHA HACBHIIICHHON YaCTH XapaKTePUCTUKH.
ga

Cea3p Mexny E( U ip onpenensercs CIeaAyIoIIMIA YPaBHEHUAMU

U
Eh =tgo iy =—HM i =% mpu Up <Upgy
I,
. . . Iy = Ig, (8)
EOHac =Uyom +tga(zB _ZBO) =Uyom T80 (zB _ZBO)'kHac =Ugom 1+l-—kHac
B(
npu Up>Uygy

Pacuer BHelIHel XapaKTepUCTUKH CUHXPOHHOTO T€HEpaTopa BBIMOJIHAETCS B CIEAYIOLIEH Mo-
CJIeI0BATEIbHOCTH:

1) 3amaroTcs MCXOHBIE JaHHBIE: kypqc , XC yenac

2) 3agaroTcs yCI0BUS pacdyeTa BHEIIHEW XapaKTEPUCTHKH: COS® , iy /iBO ;

3) 3ajmarorcs 3HaueHUs Toka craropa oT 0 no 1,2/, (MIM 10 TOKAa KOPOTKOTO 3aMBIKAHUS
I« = E(y/x ) ¥ ompejensieTcs: HapsDKEHAE reHepatopa 1o (popMylie, HOIy4eHHOH U3 BEKTOPHOM
nuarpammsl (puc. 20)

Ur = \/Eg‘ —(xc]r coscp)2 —XIpsing.
Bennunnusl Ey n x; 3aBHCAT OT U ¥ noguuHsA0TCs ycaoBusM (7) u (8).

CHavana 1o 3aZJaHHOMY TOKY CTaTopa OIpEIeNsIeTCs] HANpsHDKEHUE TeHepaTopa B MPEAIoIio-
’KEHHUHU, YTO MAarHUTHAs LIeNb HeHachllleHHa. Ecnu HaliieHHas BeIMUYMHA HANPSIKCHUS OKaXeTCs
Oonbiie U goy > TO CIETYET BBIIOIHUTD IEPEPACUET, HO YKE 110 HACHIIIEHHOH XapaKTepUCTUKE XO-

JIOCTOTO XO7a.
NMpunmMep. Paccuntats BHENIHIOI XapaKTEPUCTHKY IS ip =ig /ZBO =15 u cosp=0,8,
€CIM kyae =02 1 X¢ yenac =2

PesynbpTaThl pacueTa cBeJIeHbI B TAOIUILY IIPEACTABICHBI HA PUCYHKE.

I. 0 0,2 04 0,5 0,6 0,7 I =0,75
Eo 1,1 1,1 1,1 1,5 1,5 1,5 1,5
X 0,4 04 0,4 2 2 2 2
U, 11 1,05 1,004 0,67 0,39 0,16 0

Ur

1,0

0,75

0,5

0,25
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Pezynusounoii xapakxmepucmuxoii reHepaTopa Ha3bIBACTCSl 3aBUCUMOCTh TOKa BO30OYXKICHUS
OT TOoKa craTopa, onpeaensemas npu U =U gy » 1 =ne U cOSQ = const . Pacuer 310i1 Xapakre-
PUCTUKHU TPOLIE, YeM BHEIIHEH, T.K. MCXOJHBIM SIBJISIETCS HANpPsKEHHE FeHepaTopa, KOTOopoe Io-
3BOJIACT Cpa3y YCTAHOBUTD - B HACBIIIICHHOM WJIM HCHACBIIICHHOM COCTOSSHUN HAXOOUTCA I'CHEPATOP
" OIIPCACIIUTE COOTBCTCTBYIOIIUEC 3TOMY COCTOSHUIO IMAPAMCTPhI CXCMbI 3aMCIIICHN . HOpSII[OK pac-
4yeTa PeryJMpoBOYHON XapaKTEPUCTUKH CIICTYIOIIUMN:

1) 3amaroTca UCXOHBIE JaHHBIE: kypqc , X¢ yenac
2) 3agaroTcs ycaoBus pacdera: cos@ , Ur;

Lk
3) 3agarorcs 3HaueHMs Toka ctatopa ot 0 no 1,27, u ompenensercs cHavana £, a 3aTeM i :

Egy =\/(Ur +xclr sin(p)2 +(xclr coscp)2
in=Eq mpu Up <Uyom
K3 _ EO _1

Ip

+1 npu U > Uyxoum
kHaC

NMpumep. Paccunrats perynupoBouHyro XapakTepucTuKy st Up =Uyoy, U cos@ = 0,8,
eCln kype =02 ¥ X¢ 0 =2

PesynpTathl pacuera cBeJieHbI B TAOIUILY.

y- 0 0,2 0,4 0,6 0,8 1,0 1,2
Eg 1 1,28 1,61 1,97 2,26 0,72 3,94
i 1 1,28 1,61 1,97 2,26 0,72 3,94
B
.k
5
4 __________ L T T T T T T T T T [ L
O oo e R e A
O oo — — e PSS
X oo e R .r
| | | | Mg =1 |
e e i e .
0 0,2 0,4 0,6 0,8 1,0 1,2

2.6.4. OCHOBHbIE XapaKTEPUCTUKN CUHXPOHHOrO ABUraTens

[ToBeneHue u cBOWCTBA CHHXPOHHOTO JBUTATENs OLEHUBAKOTCS C MOMOIIBIO YIJIOBBIX Xapak-
TEPUCTUK aKTUBHON M PeaKTUBHOM MoLTHOCTEH U U-00pa3HbIX XapaKTEPUCTHK.

Venosvimu xapakmepucmukamu Has3blBaioTcs 3aBucumoctu P = £(8) u Q= f(5), ompene-
asemble npu U =Uyoy U iy = const . YTon O sABisgeTcs pab0o4uM YIJIOM ABUIaTeNs U OTCUUTHIBA-
€Tcs OT BEKTopa E() K BekTOpy U NPOTUB HAIIPABIICHHUS ABMKEHHS 4aCOBOM CTPEIKHU. DTOT YroJl
(bakTUUYeCKu OIpeessieT NOJ0KEHUE POTOPA OTHOCUTEIHHO PE3YIbTHPYIOIIEr0 MarHUTHOTO MOTO-

Ka. AHaIUTHYECKUE BBIPAXXCHUS, CBA3ZBIBAIOINC AKTUBHYIO U PCAKTHBHYIO MOIIHOCTU C YIJIOM 6,
ObLTH MMOTy4YeHbI paHee B 1. 2.1. OHAKO OHM CIIPABEJIMBBI JIUIIH JIJIs1 HESIBHOTIOJIOCHOW CUHXPOH-
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HOW MalMHBL. {14 SBHONOJIOCHON CHHXPOHHOW MAIlIMHBL, Y KOTOPOH X7 # Xq > YTTIOBBIC XapaKTe-
PHUCTHKU OTNPEAETSIOTCS CIEAYIONIUM YpaBHEHUEM

2
U.E U 1 1
P:c—osin8+—c ————|sin20
Xq Xg \Xg Xd

U.Ey 2 sin? 8 cos? §

O=——cos0-U¢ +

X4 Xq X4

[Ipu monydeHnu 3THX ypaBHEHHI HE YYUTHIBAIOCH aKTUBHOE COTIPOTUBIIEHHUE CTATOPHOM 00-
MOTKH, T.K. OHO Ha HECKOJIBKO MOPSAKOB MEHbIIIE HHAYKTUBHOTO. MOYXHO TaK)K€ CUMTATh, YTO CHH-
XpOHHAsl MalllMHa IpU paboTe OT CETH, HAXOAUTCS NPAKTUYECKH B HEHACBHIILICHHOM COCTOSIHUH, TI0-
CKOJIbKY PE3YJIbTUPYIOLIMI MarHUTHBIM IIOTOK, OIIPEAEIIIEMBIN BEIMYNHON HAIIPSKEHUS, OCTACTCS He-
M3MEHHBIM TPH JTI000 Harpy3Ke ¥ COOTBETCTBYET MO XapaKTEPUCTUKE XOJIOCTOTO X0/a TOKY i B -

JlJis CUHXPOHHOTO JBUTATENsl BMECTO aKTMBHOW MOUIHOCTM HMHOTIJA YAOOHEe MCIOJb30BaTh
JJIEKTPOMAarHUTHBIA MOMEHT. IIpu pacuere yrioBol XapakTEpUCTUKU B 0.€. P = M , mo3TOMYy IIep-
BO€ ypaBHEHHE CUCTEMBI (9) ocTaeTcs 6e3 n3meHeHus. [1o HeMy MOYKHO ONpeeuTh pabounid Yo
d. Iy 5TOr0 HEOOXOAMMO MOCTPOUTH YTIIOBYIO ) f M u2 (1 1
xapaktepuctuky M = f(8) u comocraBuTh ee —& | — _—|sin2$
C BHEIIHUM MOMEHTOM, HOMHUHAJIbHAsI BEJIUYU- 2 \xq Xd
Ha KOTOPOTO paBHAa HOMUHAJIBHOMY COS(: _

MBHHOM = COSQP yom - sind

YcroitunBoit paboueld 4acThiO YIJIOBOM
XapaKTepUCTHKH SBISCTCA HadalbHasg 4YacTh
XapaKTCPUCTHKH 10 yrma & =08yp, KOTOPBIHA

COOTBETCTBYET MaKCHMAJIIBHOMY DJJIEKTpOMAr-
HUTHOMY MOMeHTY (puc. 24). Eciu BHeIHui 180°
MOMEHT Harpy3Kd IPEBBICUT €r0, TO ABUTaTeIb
BBIMJIET U3 CUMHXPOHU3MA U MNEPEUAET B ACHH-
XPOHHBIN PEXUM WU JaKE OCTAHOBUTCS. Puc. 24. YrnoBas xapakTepucTuKka CUHXPOHHOIO

Mpumep. Paccunrate yrioBwie Xxa- fiBHOMoOmNOCHOro ABurarens
PaKTEpUCTUKN CUHXPOHHOI'O SBHOIIOJIFOCHOI'O

Lk
ABHTaTels Ipu paboTe OT CETH ¢ HOMHHAJIBHBIM HAaNPsHKEHUEM, ecld iy = 1,5, x7 =1,2, Xg = 0,8,

COS P you = 0,9. Onpenenuts paboumii yron MallMHbI TP HOMHUHAJIBHOM MOMEHTE.
B cooTtBercTBHHM € (9) MOXHO 3amucath

1-1,5 . 1(1 1) .
M = 2 sm6+5 0_,8_1,_2 sin20 =M.+ Mgy
115 S+1 sin26+cos28 — 0.+
Q=" s 08 " ap )%t

3neck 0003HaueHbl: M U Q. - CHHXPOHHBIE COCTaBIIAIOIIAE MOMEHTA U PEAKTUBHON MOLI-
HOCTH, 3aBHCSILIUE OT TOKAa BO30ykaeHus; Mg U Qg - MOMEHT U PEaKTUBHAs MOLIHOCTb, 00y-

CJIOBJICHHBIE SIBHOIIOJIFOCHOM KOHCTPYKIIMEH poTopa.
Pe3ynbrathl pacyera cBe/leHbI B TaONIHUILY.

0° 15° 30° 45° 60° 75° 90° 105° | 120° | 135° | 150° | 165° | 180°

0 0,32 | 0,625| 0,88 1,08 1,21 1,25 1,21 1,08 | 0,88 [ 0,625| 0,32 0

o

0 0,104 0,18 | 0,208 0,18 | 0,104 0 -0,104( -0,18| —0,208f —0,18| —0,104 0

<|=| x|

0 0,424 ( 0,805| 1,09 1,26 1,31 1,25 1,1 0,9 0,67 | 0,445| 0,216 0
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]

I ["eHepaTOpHbIN

| PeXUM M
I
I
|

[BuratenbHbIin
pexunm

Puc. 25. PacyeTHble yrnoBble XapakKTeEPUCTUKN INEKTPOMarHMTHOro MOMeHTa
M peakTUBHOMN MOLLUHOCTHU

O¢ 1,259 1,207| 1,08 [ 0,88 | 0,625( 0,32 0 -0,32| -0,625 —0,88| —-1,08( -1,207| —-1,25

Oy -0,833] -0,86| —0,94| -1,04| -1,14| -1,22| -1,25| -1,22| -1,14| -1,04| -0,94| -0,86| —0,833

0 0417 035 | 0,14 | —0,16] —0,515] -0,9 | -1.25] -1,54] -1,765] 192 | —2,02| —2,07] -2,08

Ha puc. 25 npencrasnensl rpadgudeckue 3aBUCUMOCTH YTJIOBBIX XapaKTEPUCTUK (HA PUCYHKE
TaK)Ke MOKa3aH TeHEePaTOPHBIA PeXUM pPabOThl - OH CUMMETPHYEH OTHOCUTENIBHO JIBUTATEILHOTO
pexuMa).

[Tpn HOMMHAITLHOM MOMeEHTe paboumii yron &, = 35° u peaktuBHas MomHOcTh O = 0,1 0.c.
(oTmaercst B ceTh).

U-obpasznvimu xapakmepucmukamu CAHXPOHHON MAIIMHBI, MOJKIIOYSHHONW K CEeTH C Hampsi-
’keHueM U ., Ha3bIBAIOT 3aBUCHMOCTb TOKa CTaTOpa / OT TOKA BO3OYKAEHMS iy, KOTOpPas paccyu-
TBIBAETCA MPU MOCTOSHHON aKTUBHOW MOLTHOCTH MJIM MOMEHTE Ha Bay MaIllMHbI. XapaKTEPUCTUKY
I=f (iB) MOHO TEOPETUYECKH PACCUUTATh, UCIOJb3ysl BEKTOPHYIO JAMArpaMMy sIBHOMOJIOCHOM
MamuHbl. [Ipu 3TOM 3amaercs Tok cratopa / B mpejenax oT HEKOTOPOro MUHUMAIbHOTO 3HAUSHUS
10 1,2 HOMMHAJILHOTO, ONpeNeNseTcss £ 1 10 XapaKTEPUCTUKE XOJIOCTOr0 X014 HAXOAUTCS TOK i .
[Tpu pabotre OT ceTu ¢ HaNpsHKCHHEM ONM3KUM K HOMHHAJTbHOMY MOXKHO CUMTATh MAIIMHY HEHa-
CBIILIEHHO! M UCIOJIb30BaTh HEHACHIIICHHYIO XapaKTEPUCTUKY XOJIOCTOrO XO/a.

B cooTBeTcTBMM € BEKTOPHOU JUArpaMMOM pacdeT MPOXOAUT B TPU dTarla:

1) paccuutniBaetrcs E g 110 33/IaHHBIM 3HAYCHUAM LU.uP

2 2

E, =\/(Icosq)xq) +(UC+Isin(pxq)

Pxg 2 Oxg 2
WIIH E, = + U+ ,
Ue Uc

rae Q:J_r\jSz—P2 ; S=U .l npu §=P.

Takum 00pa3om, HaYaTbHOE 3HAUYCHUE TOKA CTATOPA OMPEEISIETCS CISTYIONIAM COOTHOIIICHUEM
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Imin 2 P/U¢ ;
2) pacCUMTBIBAETCS YOI & MEKIy BeKTopamu U cHE g M YTOIl  MEXy BEKTOpaMu InukE q

Px
O = arcsin

; ¢ = tarcsin— yv=30+0;
qUc S

3) paccunThiBatoTes Eg u iyt Eg = Eg +Id(xd —xq), Ig =Isiny; iy = Ey (114 HeHa-
CBILIEHHOMN XapaKTEPUCTHKU XOJIOCTOrO X0/1a).
OIHOBpEMEHHO IPU OJHOM M TOM € TOKE CTaTOpa ONpPEJesAloTCs ABa 3Ha4EeHHs TOKAa BO3-

Lk )
OyKIeHUs iy - OIHO COOTBETCTBYET BblAade PEaKTUBHOI MoOIIHOCTU B cetu O > 0, BTOPOE - €€ I0-
Tpebaenuto O <0.

Mpumep. Paccunrare U-oOpa3nyro xapakTepucTuky mis P =0,5, ecnm

xg =12,
xg =08, Ug=1, Iyin = P/U; =0,5/1=05.
I | o5 | o6 | 07 | o8 | 09 [ 10 | 1,1 | 12 | 13
M p a B a 4 B € T B b
0 0 0,33 0,49 0,62 0,75 0,87 0,98 1,09 1,2
E, 1,08 1,33 1,45 1,55 1,65 1,74 1,83 1,91 2,0
3 21,8° | 17,5° | 16,03° | 15,0° | 14,0° | 133° | 12,6° | 12,1° | 11,5°
i 1,15 1,51 1,69 1,84 1,99 2,12 2,25 2,38 2,51
Jl e B a 1 B € T B b
0 0 0,33 | 049 | —062 | -075 | 0,87 | —0,98 | -1,09 | -1.2
E, 1,08 0,84 0,73 0,64 0,57 0,5 0,45 0,42 0,4
3 21,8° | 28,6° | 333° | 38,6° | 449° | 52,5° | 61,6° | 72,3° | 843°
i 1,15 0,82 0,67 0,57 0,5 0,45 0,44 0,48 0,55

JleBas BeTBb U-00pa3zHON XapaKTEpUCTUKU OTPAHUYMBAETCS TOKOM ip =0,44. B nanbHei-
IIIEM 3TOT TOK BO3PACTaET, YUTO COOTBETCTBYET BBIXO/Y 3 IPAHUILY YCTOWYHUBOCTH.

Ha puc. 26 npencrasnena U-oOpa3Hasi XapaKTepUCTHKA, TOCTPOCHHAS 110 JaHHBIM TaOJIHIIbI.

Jliia cpaBHEeHMsI Ha 3TOM ke rpaduke nzodpaxena U-oOpa3Has xapakrepuctuka npu P = 0.
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3. METOOUKA U NOCNEONOBATEJIbHOCTb BbINOJIHEHUA PACHETA
YCTAHOBUBLLUEITOCA PEXXUMA

Ha ocHoBaHMM OMMCAaHHBIX B MPEbIAYIIEM pa3/ese MoJeie OTIeIbHBIX AIEMEHTOB MOXKHO
COCTaBUTH CJIEIYIOIIYIO PACUETHYIO CXEMY IEKTPOMEXAHUUYECKOM cucTeMsl (puc. 27).

B 5T0i1 pacueTHOI cxeme UMeeTCsl €IMHCTBEHHBIN Y3€J1, K KOTOPOMY MOJKIIOUE€HbI HECKOIBKO
BeTBeil. Ecnin Ha mmHax 3Toro y3ia Oyner 3amaHo HampsikeHue U y» TO YCTAHOBUBIIUNCS PEXUM

OTACIBHBIX JJICMCHTOB U BCEM CHCTEMBI B OCJIOM OoNpeaACIACTCs JOCTATOYHO IMTPOCTO. H3moxum no-
CJICAOBATCIIbHOCTD 3TAIllOB PCIICHM.

Puc. 27. NonHas (a) n cBepHyTasn (6) pacyeTHasA CXxeMbl CUCTEMbI

1. PaccuuThIBalOTCS MO MCXOJHBIM JaHHBIM MapamMeTpbl OTIAEIbHBIX AJIEMEHTOB CHUCTEMBI B
(DUBUYECKUX €AMHHUIIAX U B OTHOCUTEIIBHBIX CIMHHIIAX 0a3MCHOW CHCTEMBI DJIEMEHTA.

I I I
I'pannna ycroluusocTu

1,25 ) d / ;/.

0,75 7
/
/
0,50 +/
N r-0 [i /
N S
0,25 ,'
I
|
0 14

0,5 1,0 1,5 2,0 2,5
Puc. 26. U-o6pa3Has xapakTepucTuka CUHXPOHHOIo ABuUrartersns

2. PaccunrtsiBatoTcs 0a3ucHass MOITHOCTh M MIPOU3BOIHBIE OT Hee OA3UCHBIC BETUYHHBI SKBH-
BasieHTHBIX AJ[ m CJ] myTem mpocToro yMHOKEeHHsI 0a3MCHOW MOIITHOCTH OJTHOTO JIEMEHTa Ha 00-
11e€ KOJIMYECTBO OJHOTUIIHBIX 3JIEMEHTOB.

3. BriOupaercst 6a3ucHas MOIIHOCTh M 0a3MCHOE HAIPSHKEHUE MUTAIOIICH CETH, B Ka4eCTBE
KOTOPBIX YIOOHO MPUHATH CYMMAapHYIO MOJHYIO TeHepupyromlyro MomHocTh CI' u nuHeiHoe Ha-
npsbkeHue y3na. [IpuBonasarces k 3Toi cucteme napameTpsl 3JIEMEHTOB MUTAIOLIEH CETH U PACCUUTHI-
BaeTcs olI1ee conpoTUBieHHE X U 7. Eciiu 7 okakeTcsl Ha MOPAI0K MEHBIIE X, TO UM MOXHO TIpe-
HeOpeUb.

4. 3amaercs HanpspKeHUE y3ia, BHEIIHUN MoMeHT A/l, BHemHuil MmomenT CIl (umu P u Q),
MOIITHOCTh CTaTHYECKOW HArPy3KH M pacCUUTHIBAIOTCS peskumbl padotel A/l, CJI, CH ¢ mocTpoeHu-
€M BEKTOPHBIX JHArpamMM HaMpsHKCHUN U TOKOB.
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5. Omnpepnensiercs cyMMapHasi aKTUBHAsl U PEAKTHBHAS MOLTHOCTH MOTpeOHUTENeH y3/1a U MpH-
BOJASATCS K 0a3MCHON MOIITHOCTHU CETH.
6. Onpenensrorca £ CHHXPOHHOTO I€HEPATOpPa, TOK JMHMHU, HANPSHKEHUS HA IIMHAX TEHeE-

paropa U, IIMHAX BBICOKOTO HAIPsKEHUS B Hadaje JMHUM U ¥ B KoHLE auHuHu Uy . CTpontcs

BEKTOPHAsl [uarpaMMa IUTAIOIIEH CETH U HaXOIATCS BCE BEIMYMHBI B UMEHOBAHHBIX €UHUIIAX.

7. PaccunThIBaeTCs peKUM pabOTHl IeHepaTropa ¢ MOCTPOCHHEM BEKTOPHOW IHarpaMMbl U
OIIpENIeNIAETCS] TOK BO30YKICHHUSL.

Bce BekTOpHBIE TUarpaMMsbl CIeIyeT CTPOUTh B MaciiTade.

4. MPUMEP PACYHETA
4.1. V\cxoaHble AaHHble

4.1.1. MNMoTpebutenu yana Harpysku

1) Acuaxponnsli gBuratens: Py =2000kBr, U;=6xB, n=094, cos¢=0,8,
ne =375 06/ My 5 np =37100/MUH; M pmay [ Moy =22

OO0111€€ KOJIMYECTBO - n=5.

2) Cusxponnsli gpuratens: P =5000kBr, U;=6xB, n=095, cos¢=0,9,
ne =250 06/MuH ; igo =200 4; x4z =1,2; xg=09.

OO0111€€ KOJINYECTBO - m= 2.

3) Cratuueckas Harpyska: P =6000xBt; Q =1000 kBAp.

4.1.2. NuTaowas cetb
1) Tpauchopmaropsr Tpl u Tp2: S=32000xkB-A, Ugy=115kB, Uy, =63xB,
ug =10,5%, P =140xBt, Ry =40xBr, I, =0,7%, cxema - Y/A.
2) Jlmaus  snexrtpomepenaun: U=110xB, /(=50km, xp=400m/100 kM,
19 =30 Om/100 kM, ABYXLCTTHASL.
3) Cunxponnsii reneparop: P =32000xBr, U;=63kB, cosp=08, x.=18,
igo =320 A . Cxema - «Y».

4.2. PacyeT napaMeTpoB CXEM 3aMELLEHNA INIEMEHTOB

4.2.1. NapameTpbl aCUHXPOHHOIO ABUraTens
1) OnexTpuueckne napameTpsl ¥ HOMUHAJIbHBIE BETMUNHBI

1 1

Xx = = =0,3020.¢.;

« 2-(MmaX/MHOM)-n-coscp 2-2,2-0,8-0,94

x| = x5 =x, /2 =0302/2 =015 0.e.;

Myom =M-cos@=0,94-0,8 =0,750.¢.;
e —np  375-371

SN = = =0,0107 o.c., snv% =1,07%);

. for (sn % o)

=N [ (2 Moy ) |= 289 (14 41-(2.0,302.0.75)2 | = 0,013 0.c.
2 Moy 20,75

r=n=0,0130.c.;
1 1

Dyom = > = >
\/[r’z(l-i-l/sN) +x§} \/[0,013-(1+1/0,0107)] +0,3022

=0,7660.c.;
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0,302

P2, =arctg I S 1 = arctg =13,4°;
1+ — 0,013 1+
Q( sy ) ( 0,0107 j
@ lgom = Arccos @ you = arccos 0,8 =36,9°;
IIHOM =lo.e.;
L = Ngon SIM O rom — Lo SIN Q2o = 1-51036,9°—0,766-5in13,4° = 0,423 0.e. ;
IXXAI[ =1,=42,3%;
Xpm =11, —x1 =1/0,423-0,151=2,210.c.
0,013 70,151 ;0,151 0,013 AUI

2) ba3ucHble BETUYNHBI:

P 2000 U, 6000
S6 = = =2660kB-A; Usg=—F7==—7==3464B;
0 ncose 0,94-0,8 : 6 NEREENE)
Ug 3464
Ig =26 - 2000 1400-256 4, Zg=-2="""-1350m;
3Usg 3-3464 Is 256
3
S 2660-10 2
Mg =-0 = 8-68000m; Qg =21,
Qe 21-50 p
_ 601 _60:50 _
ne 375
3) basucHble BeIMYUHBI SKBUBAJIEHTHOTO AJ]
S6Aﬂ=nS6=5-2660:133OOKB-A; UGAI[ =Ug =3464 B;
Ig =115 =5-256=1280 A ; Zoan=Z6/n=135/5=2,70m;
Mg, =n-Mg="5-68000=340-10° am .

ATl

4.2.2. NapameTpbl CUHXPOHHOIO ABUraTens
1) DnexTpuyeckre napaMeTpbl 1 HOMUHAIIBHBIE BEIMYMHBL: X7 =1,2 0.€.; Xq = 0,9o.e.

2
X 2 2
Ey =4 P +(QHOM +Z_c zg 0,92 +(0,436+()L9j ~16l0.c.:

UC q ’
Byom =cos@ =0,90.¢.; Oxom = \/1 - P}%OM = \/1 - 0,92 =0,4360.¢.;
_ *g Prom . 0,9-0,9
¢ yom = arccos @ = arccos 0,9 = 26°; 8 4oy = arcsin—————— = arcsin =30°;
1,61-1
9uom ~ €

Iy = I'Sin((PHOM +8H0M) =1-5in(26°+30°) = 0,829 o.¢. ;
EOHOM = EquM + (Xd - x(Z) ) Id = 1961 + (1,2 - 099) : 0,829 = 1,86 0.€.,
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=g, -EOHOM =200-1,86 =372 A..

I
BroMm

Xg = 0,9
~ o
(D) Eg =161 Ug =1
o
2) ba3ucHble BETUYNHBI:
b 5000 U, 6000
S = = =5850kB-A; Usg=—F=—"F7==3464 B;
0 ncose 0,95-0,9 . NEREENE)
3
S 5850-10 Ug 3464
Ig=—2—= —563A; Zg=—2="""=6160m;
3-Us  3-3464 Is 563
3
S 5850-10 60 60-50
Mg=-0 = 122224103 po L6050,
Qg 2m-50 ne 250
3) ba3ucHblie BenmunHbl SkBUBajeHTHOTO C/I:
S6CI[ =m-Sg=2-5850=11700xB- A ;

U6CJZ[ =Ug =3464 B;
[6CI[ =m-Ig=2-563=1126 A
Z6CI[ =Z5/m=6,16/2=3,08 Om;

Mgy =m- Mg =2-224-10° = 448-10° 1w ;

Lo c1 = Mgy =2-372=T44 A

4.2.3. NMapameTpbl CTaTU4ECKON Harpy3Kku
1) DnekTpudeckue mapamMmeTpbl ¥ HOMHHAIBHBIC BETUIMHBI:

Sy = P2 + 02 =1 60002 +1000% = 6083 kB- A . UA 94
ry = Py /Sy = 6000/6083 = 0,988 0.¢. ; H/pi=
0,988 0,164 0,988 :
Xy = Oy /Sy =1000/6083= 0,164 0.e. ; Ao .
- i
Xy 0,164 . Iy =1 .
Py :arctgzzarctg 0,988:9’42 : H i
|
2) Ba3ucHbIe BETMYHHBI: 0.16 4
S6cpy = Su = 6083 KB-A; Usy =Un /3 = 6000//3 = 3464 B;
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Iy =S6/3Ug = 6083- 10%/(3-3464) = 585 A ; Zo ey =Us/Ig =3470/585 =593 Om.

4.2.4. MapameTpbl TpaHCopmMaTopoB
1) DnekTpudeckue mapameTpsl, mpueacHHbIe K BH:

3 0
U 11510 L[ %] Inom,,,  0,7-160
X, = = =59040Om, e 1,,| A|= BH _— =112 A;
"3 1,[A] B2 4] 100 100
S 32000
HOMer = \3.Ugy  /3-115
3
we  Upy 10,5 115-10 X 434
=K. ==, =434 0m; =xy ="K 021 70m;
7100 VB Iyoy,, 10031160 " N=R=5 75 M
J 140 1,8
=t =———10° =18 Ou; n=rs="5=""=090u;
3Ly 3160
R 40
- 0 110° =10543 Om .

C3.2[A] 31122

2) ba3zucHble BeTUYMHBI:
Se, =S=32000kB-A; U =Ugy/V3=115/3=665xB;

3
I, = Inow,, =160A:  Z5 =Us_[Is =665-10 /160 =413 Owm.

3) DnekTpuuecKue napaMmeTpsl TpanchopmaTopa B 0.€.:

IlomHasg cxema 3aMeleHusa YrpouieHHas cxeMa 3aMeLEeHUS

0,0022 0,053 0,053  0,0022

1,8 Om 43,7 Om

1 1
143 0_: YY) o
Up=1 0007 U) 0,0044 o0.e. 0,105 0.c.
25,5
[e; O
O O
Xm = xm[ M] 39040 _ 1430.¢.; "m = rm[ M] 1043 2550.¢e;
Zs 413 Zs 413
T T
xc[OMm] 434 nlOm] 18
=xh = = =0,0530.¢.; =ry= = =0,0022 o.e.
TR 75 T 2413 o n=ri 225 2-413 0-¢
4.2.5. MapameTpbl NMMHUKN anekTponepenayn
¢ 30-50 ¢ 40-50
}’J_I = ro = :7’5 OM; xﬂ = xO = :10 OM 7,5 Om 10 Om
2-100 200 2-100 200 o—{1 YN

4.2.6. NapameTpbl CUHXPOHHOIO reHepaTopa
1) DnekTpudeckue mapamMmeTpbl ¥ HOMHHAIBHBIC BETUIMHBI:
x.=180.c

2 2
X 0 U L8 2 1
Eo, o :U—CC Bioum +(QHOM +x—0] :T\/O’S +06+75) =2530e;

C
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Poy =C0s0 =080.¢€.; Onom = \/1 — Plow = \/1 ~08% =060.c.;
1,8-0,8
2,53-1

xc P
- — — °. - i~ CZHOM ;
@ yom = arccos @ = arccos 0,8 = 36,9°; O gom = arcsin = arcsin

Ogom ~ €

=34,7°;
inn = iy B0 =320-2,53=810 A .

2) ba3zucHble BeTUYNHBI:
S6CF = P/cos ¢ =32000/0,8 = 40000 kB- A ;
Usep =Un /3 =63/3=364xB;
Isor =S6cr /3U6CF =40800/3-3,64 =3670 A ;
Zscr =Uscr /16cr =3640/3670 = 0,999 Om.
4.3. PacyeT conpoTnBNeHus CBA3M Mexay LUMHaMU reHepaToOpPHOro Hanps»KeHUs
N LUMHAMW y3na Harpysku

ConpoTHuBieHNs CBS3M, IPUBEACHHBIE K HanpskeHuto 115 kB:
Xpy = X + Xk T X0 =43,4+43,4+10=96,8 Om;

Tu = Tiepy Ty T/ = L8+ 1L8+75=1110m.

Jlnst mepexo/ia K OTHOCHUTENIFHBIM €IMHUIIAM MTPUMEM B KadyecTBe 0a3MCHOW MOITHOCTH CETH
0a3MCHYIO0 MOITHOCTh T€HEepaTopa S6C = S6CF =40000kB- A wu pa3nenum Ha 6a3MCHOE CO-

va/s IS* 533060
IIPOTUBJICHUEC Z| = =" = . M, TOT A IIOJIYUYHUM:
p 60 JI 6C 40000 pas yq
96,8 11,1
Xep =B = 2 _02930.¢.; rep =B =~ 0,032 0.¢.
Zs. 3306 Zs. 3306
X 43,7 7 L8
=xpp =—"—=-——=01310.e; =rpp == =-"—=0,005
M= 2= 7 " 3306 0 OF M=M= 7773306 o€
x5 [OM] 10 r[Om] 75
— - =0,03 : = =0,023
1Tz 3306 0-¢ Tz 3306 0-¢
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ITpu oarHakoBOM 6a30BOM MOIIHOCTH T'€HEpAaToOpa U CETH X I'€HEpaTopa B 0.€. OCTAETCS He-
W3MEHHBIM M paBHBIM x. = 1,8 0.€.

0,03 0,023 0,005 0,131

Uty U

Zcg =0,0032 + ;0,293

Ur Ut

4.4. PacyeT HOMMHamNbHOro pexxuma notpebutenen yana npu HanpskeHun yana
Uy =lo.e.
4.4.1. Pacuet pexuma ALl

PaccuntaeM MEXaHMYECKYIO Xapakrepuctuky M = f(s) u M/ Moy = f(s) mo cxeme 3a-
merienus A/l (cm. . 4.2.1) u popmynam (6) (cm. 1. 2.5.3)
Ut

} 1 0,013
M= 2 .

NP 5 S T 2 7
{rj(l+ﬂ +x2 {o,ow-(wﬂ +0302
)

N

Myom = Nuom €089 =0,94-0,8=0,750.¢.

PacueTr mocTaToOYHO BBIIIOJHUTH J0 Skp = r} / Xg = 0,013/ 0,302 = 0,044, KOTOPOMY COOTBET-
CTBYCT MaKCUMaJIbHBIA MOMEHT

1 0,013
max = 1 3 -0’04421,610.6.
0,013 (1 + j +0,3022
0,044
Mmax 1,61
WJTU TI0 OTHONICHHUIO K HOMUHAJILHOMY MOMEHTY: =——=2,15. D10 3HaUYeHHE OJINU3KO K
Myon 0,75

3aJaHHOU BEJINYUHE.
Pe3ynbTathl pacuera cBeIeHbI B TaOJIHITY

S,o0.e. 0,005 | 0,01 0,015 |0,02 |0,025 0,03 0,035 0,04 0,045
M,o.e. 0,365 | 0,7 0,98 1,2 1,36 1,47 1,54 1,57 1,59
M/Myon 10485 10,926 | 1,3 1,595 | 1,812 1,96 2,05 2,09 2,1

[Moctpoum M/ M o = f (5) ¥ JUISL HOMMHAJIBHOTO BHEITHETO MOMEHTA OTIPEIETMM BEJTHYH-
HY HOMHUHAJILHOTO CKOJIbXEHus sy : sy = 0,0109 o.e.

Heo6X0omuMO yTOYHHTD M CKOPPEKTHPOBATh 3TO 3HAYCHHE, PACCUMTAB 1O HeMy M/ Moy
KOTOPOE JIOJKHO OBITH paBHO 1.
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[To HalifeHHOMY 3HAYEHHIO Sy ONpPENENAeTCs BEIMUUHA U (Pa30BbIi CABHUT TOKA CTATOPA.

15 U = M

2 = — 2 =
/ L 2 Myom
\/ 72(“— SN j} + X 2,0 //
1 b

= =0,7810.c. L5 /
r 1 2 MHOM/
0,013-(1+ ﬂ +0,302° L0 . /l
|
|
|
|

0,0109

Xy 0,302 0,5

Q) = arctg—1 = arctg
(143

— 0,013-(1+ j
SN 0’0109 0 0,01 0,02 0,03 0,04 0,05
Ui

1
I, = = =0,421;
x| +x, 01514221

=13,6°;
s

I, =1, +15sinpy =0,421+0,781sin13,6°= 0,607 o.¢. ;
LIz =15 cospy =0,781cos13,6°= 0,759 o.e.;

B=1, + 12 =0,6072 +0.7592 = 0972 0.c.
Bennunna Toka /| 1o/KHA OBITH IPU HOMUHAJIBHOM HANpsDKEHUM Onu3ka k equHuie. Heko-

TOPOC OTIIMIUC 00BsICHSETCS HpI/I6HI/I)KeHHI>IM OMPCACIICHUCM ITapaMCTPOB ABUTATCIIA.

1 1r
¢ = arctg—— = arctg
I1q >
[ToTpebisieMas MOIITHOCTH IBUTATENISI U3 CETH paBHA

S1= Uyll =1-0,972=09720.¢.; A= Uylla =1-0,759=0,7590.¢.;
Q) =Uyl;, =1-0,607=0,607 o.c.
B numeHOBaHHBIX eqUHULAX 1 Sg AL 13300kB-A:
SAJT =951 .S6AH =0,972-13300=12930kB- A ;
Pan="P 'SGAI[ =0,759-13300=10100 xBt;
Oan =91 .S6AH =0,607-13300 =8076 kBAp.

4.4.2. Pacyet yctaHosuBsLuerocs pexvuma C[i
Paccunraem yriosyio xapakrepuctuky CIL M = f(8) u M /My, = f(8) B ananasoue ot

0 mo 90°:

b

07
=38,66°.
9

2
UyEy Uy 1 1], 1-1,86 . 11 1). _ ,
M= 51n8+7 ———sin2d = sind +— ———|sin28 =1,55sind +0,148in 29 ;

Xy X, Xy 1,2 2009 12
Myoy =c0os9 =09 uig=ig .
Pe3ynbTaThl CBEICHBI B TAONIUILY:
5, rpax 10 | 20 | 30 | 40 50 60 70 80 90
M, o, 0,317 | 0,621 |0,897 | 1,135 | 1,326 | 1,464 | 1546 |1,574 | 1,548

M/Mgom 10,353 10,690 [0,997 | 1,261 | 1,473 1,627 1,718 1,748 1,721

33



[octpoum 3aBucuMoctb M/ M oy = f£(8) u mo meit nnst wo- M

MHMHAJIbHOTO MOMEHTa onpenenum yroa J y . Halinennoe no rpadpu- Moy Mma>|(
Ky 3Ha4€HUE yriaa o) CleayeT YTOUHHUTH 10 (opMyie /Uil aKTHB- 2,0 /‘4\
HOM MOIIIHOCTH, KOTOpas i1 HOMHUHAJILHOTO peXHMa paBHA COS( . p.alh
VYTo4yHeHHOE 3HaueHue § )y = 30°, eMy COOTBETCTBYIOT: L5 |
AKTUBHAasg MOIHOCTH L0 |
; T
1-186 11 1), / '
=M= s1n30°+—(———) sin(2-30°) =0,9 0.¢e.; 0.5 '
1,2 2009 1,2 5.
Kpo|§
ON | N
peakTuBHAsI MOIITHOCTh 0
30°  60° 90°
UyEg sin?8 cos?8| 1-1.86 sin230°  cos? 30°
0= Y cosS—U% + =——c0s30°-1- + =0,4360.c.
‘xd xq xd 152 0,9 1,2

CnenyeT y4uThIBaTh B JAJIbHEHUIIEM IIPU ONPEIEICHUN CYMMapHON MOIIHOCTHU Y3714, YTO pe-
aKTUBHAs MOILIHOCTb JABHUTaTeNsl FeHepupyeTcs (OTHaeTcsl) B CeTh, a HE MOTPEOISETCS OT CeTH Kak,
HaIrpuMep, B cllydae aCHHXPOHHOI'O JIBUTATENSl U €€ HY>)KHO CYMMHPOBATh CO 3HAKOM «—». [ eHepu-
poBanue Q B CETb IPOUCXOIUT B peskume nepeBo3oyxaenus CJI, korna ig > 1 By -

B nMeHOBaHHBIX €IUHUNAX UL S6CII =11700kB-A un [6CII =1126 A :
PCI[ =0,9-11700 =10500 kBt ; QCI[ =0,436-11700 =5096 kBAp ;
SCH=1-11700:117001<B-A; ICI[:I-1126:1126A;

~ thz[_ o 096
P A b T 10500

=26°.

4.4.3. PacueTt pexunma ctaTU4eCcKon Harpysku
Uy 1 1
[ = = =
Zn \/r§ +x2 10,9882 +0,164
Sy =Uyl=1-1=1; Py = rySy =0,988-1=0,988; Oy = xSy = 0,164-1=0,164.
B nMeHOBaHHBIX €IMHUNAX UL S6CH =6083kB-A:Scy =6083kB-A;
Fep = 0,988S6CH =0,988-6083 = 6000 kBt ; Ocy = 0,164S6CH =0,164-6083 =1000 kBAp.

4.5. PacyeT cymmapHOM MOLLIHOCTW y3na

Py = Paj; + Py + Pel =10100+10500 + 6000 = 26600 kBr ;
Oy = Oag1— Ocy1 + OcH = 8076 — 5096 +1000 = 3980 kBAp ;

Sy = prz +05 = V266002 + 39802 = 26920 KB- A |
[TpuBenem k 6a3UCHON MOIIHOCTH CETH S6c =40000kB-A :
Py =26600/40000 = 0,666 Oy =3980/40000=0,1; Sy =26920/40000 = 0,673.

ITo pe3ynbraTam pacyeTa pexuMa moTpeduTenel mocTpouM auarpamMmy TokoB. C 3TOi 11eNTbI0
CBE/IEM JJaHHBIC IO TOKaM B TaOIUILy.

ALl cna CH Y3en
I, A 1244 1126 585 2590
¢, rpaa 38,7 -26 9.4 8,5
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Tok B y31e paBeH

Sy 26920

I = = =
Y 3, 36

Oy 3980
¢ = arctg —— = arctg
Py

26600~ >

U B OTHOCHUTCIIBHBIX CANMHUIIAX

4.6. Pac4yeT pexunma numtaroLemn cetu

B cootBercTBUU co cxemoii (1. 4.3) u dopmynamu (3)—(4) onpenenriM BEIUIUHY HAMPsDKe-
HUS B PA3JIMYHBIX TOUYKAX MUTAOLIEH CEeTH, B3aMHBIE (Da30BbIe CABHUTH, MOTOKU MoutHocTH, J.J1.C.
reHepaTopa U ero Tok Bo30yxeHus. Tok Bo Bcex 3jieMEHTax MUTAoLIed ceTu OyaeT OMHAKOBBIM

Y PaBHBIM TOKY y31a [ y-
1) Tpancdopmarop 7p2
Py =P+ 2 -r12 = 0,666 + 0,6732 -0,005=0,668 o.¢.;

Ot2 =0y +1% 312 = 0,140,673 -0,131= 0,159 0..

ST2 = \/P%2 + 0%, =/0,6682 +0,159% = 0,687 o.c.;

. XT2 T2 . [ 0,131
o1 =arcsin| ————-| Py —Qy -——| | = arcsin -1 0,666—0,1-
UyUt) XT2 1-1,02

2) TUHUS SIEKTPOTIepeIadn
P11 =Py + 1% -1 = 0,668 +0,673% -0,023= 0,678 0.¢.;

O11=01s+1% x; =0,159+0,673%-0,03=0,173 0.¢.;

ST1 = Jp%l + 0%, =4/0,6782+01732 =07 0.c.

. X
Oy =arcsin| —————
UriUt2

3) Tpancdopmarop Tpl
P.=Pry+ 1% 171 =0,678+0,673% 0,005 = 0,681 0.¢.;

1,04-1,02

I

On =0y + 17 x71=0173+0,673%-0,131=0,232 0.¢.;

S. = \/Prz + O =0,6812 10,2322 =0,719 0.c.:
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0,005
= 4,88°;
0,131

(P 0 " j i ( 0,03 (O 668—-0,159 0’023D 0,9°
. —_ o =arcesm| — —_— . = N
T2 T2 X ’ ’ 0,03 7
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5 n|—TL_| pr — gy ( 0131 (0678 0,173 2005 D 4,54°
= arcsin . - . =arcsin| ——————-| 0, -0, . =4, ;
T U Uy U TH 2T 1,041,069 0,131
4) cuHXpOHHBII T€HEpaTOP
02 1s 10692
X 2 T s 2 s
Eg=—5 P+ Op+——| =———./0,681°+|0,232+———| =19840.¢c;
0=y \'" (QF Xe 1,069 ( , ] 0@
5 , . L8-0681 .,
= arcsin =arcesm-,——— . = IS5 I
r oUr 1,984-1,069

iy = iy g =320-1,984=6349 A,

MOIIHOCTh CHJIOBBIX 3JIEMEHTOB yI0OHEe MPEeICTaBUTh B (PM3UUECKUX CIUHHIIAX, YMHOXKHB

ux Ha Sg . =40000kB- A .

OnemeHT BoixogHasa MOWHOCTDL [MoTepun MOWHOCTMH
cetu S, kKBA P, kBT Q, kBAp AS, KBA AP, kBT AQ, kBAp
Ccr 28760 27240 9280 - - -
Tpl 28000 27120 6910 760 120 2370
JIDII 27480 26720 6350 520 400 560
Tp2 26920 26600 3980 560 120 2370

PesynbraThl pacyera pexuMma CETH NPEACTABUM B BUIE IHMArpaMMbl HAIPSKECHUH, IIOTOKOB
MOIIHOCTH (pHC. 28) U BEKTOPHON auarpaMmsl (puc. 29).

PexxuM paboThl CUIIOBOTO 000PYIOBaHMS NPU JIPYTOM YPOBHE HANpsDKEHUS B y3JI€ Harpy3Kd
pacCUUTHIBAETCS aHAJIIOTUYHO, HAauuHas ¢ 1. 4.4.

5. COOEPXAHUE KYPCOBOI'O NPOEKTA N PEKOMEHOALUU
MO O®OPMITIEHMIO NMOACHUTENBbHOWU 3AMNMUCKN

KypcoBoii mpoeKT BKITIOYAET CIACAYIOIIIE STAIIbI:

1) u3ydyeHue KOHCTPYKLUMM U TPUHIMNA JEUCTBUS CUIIOBBIX MACISHBIX TpaHC(HOPMATOPOB,
CUHXPOHHBIX TypOOTE€HEPaTOPOB, CHHXPOHHBIX SIBHOIIOJIOCHBIX JBHTATENCH U aCHHXPOHHBIX JBH-
raTesieH;

2) pacueT yCTaHOBUBIIETOCS peXUMa Pa0OThl ACHMHXPOHHBIX M CHHXPOHHBIX JBUTATENCH,
CTaTMYECKOI Harpys3ku, TpaHc(pOpMaTOpOB, JTUHUH JJIEKTPONEpEaadld U CUHXPOHHOTO reHepaTopa
MIPY HOMUHAJIBHOM HAIPSKCHUH B Y3JI€ Harpy3KH;

3) pacdeT OCHOBHBIX XapaKTEPUCTUK CHIIOBOTO 000OPYAOBaHUSI.

KypcoBoii mpoeKT BEHIMOIHSIETCS B BUAE MOSICHUTEIHLHOW 3allMCKH, KOTOPAasi JOJDKHA COJIEp-
KaTh CJIEAYIONINe pa3aensbl (B CKOOKaX yKa3aH MPUMEpPHBINH 00beM pas3jera B JINCTAX):

— TUTYIBHBINA TUCT (1);

— pedepar (1);

— coxaepxkanue (1-2);

— 3a7aHue Ha KypcoBo# mpoekT (1);

— BBenenue (1);

— OCHOBHAs 4acTb, COCTOSIIAs U3 TJIaB:
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E( = 1,984 U, = 1,069 Uty = 1,04 Uty =1,02 Uy =1(6 xB)
Tpl

200

760 520 560

120 400 120

2370 560 2370

Puc. 28. lnarpaMmmbl HanpsiXkeHUM U NOTOKOB MOLLHOCTU
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Puc. 29. BekTopHasa agnarpamma

1. Onucanue KOHCTPYKLIMM U IPUHLIMIIA ACHCTBUSI CUIIOBBIX 3J1€MEHTOB ceTH (12-20)
1.1. CunoBoit macistHbIN TpanchopmaTop (4-5)
1.2. CunxponHbIii TypOoTrenepatop (3—4)
1.3. AcunxpoHHbIi aBurareins (3—4)
1.4. CunaxpoHHbIH nBuUTaTeNs (3—4)
2. Pacder ycTaHOBUBIIIETOCS peKHMMa CUIIOBBIX d1eMeHTOB ceTr (20—40)
2.1. UcxonHble JaHHBIC U1 pacyeTa
2.2. PacueT nmapamMeTpoOB U HOMUHAJIBHBIX BEJIMYMH HJIEMEHTOB
2.3. Pacuer pexxnMa paObOTHI CUIIOBBIX DJIEMEHTOB CETH
3. Pacuer OCHOBHBIX XapaKTEPUCTUK CHIOBOTO 000pYIOBaHUS.
3.1. Pacyer BHENIHUX XapaKTEPUCTUK TpaHChHopmMaTopa
3.2. Pacyer myCKOBBIX XapaKTEPUCTUK aCHHXPOHHOTO ABUTATEIIs
3.3. Pacuer U-00pa3HbIX XapaKTEPUCTUK CUHXPOHHOTO JBUTATEIIS
— bubnuorpaduyecknii cucox (1).

[TosicHuTenbHas 3anmvcka opopMIIIETCsl Ha CTaHAAPTHBIX JIMCTax opmaTta A4 (210 x 297 MM) B

COOTBETCTBUM C OOILETIPUHATHIMU TPEOOBAHUSIMH, MPEABABISAEMBIMU K TEKCTOBBIM JTOKYMEHTaM.
3amnucka MOXeET 6BITI> BBITIOJIHCHA B PYKOIIMCHOM, MAIIMHOIIMCHOM HJIM KOMIIBIOTCPHOM BapuaHTax
B 00JI0KKE M3 IJIOTHOTO MaTepuaa Wik BaTMaHa.

JlunieBast yacTh OOJOXKKH OJHOBPEMEHHO SIBISIETCS TUTYJIBHBIM JHcTOM. [Ipumep odopmiie-
HUSl TUTYJIBHOTO JIMCTA MPUBOJIUTCS B MpuiioxkeHUH. B pedepare gaerca B Tpex-dyeTblpex Mpeiio-
KCHUAX KPATKOC COACPKAHUC MHOSICHUTEIBHOM 3alllCKU U €€ BBIXOJHBIC JAaHHBIC - KOJIMYECTBO JINC-
TOB, YHCJIO PUCYHKOB, TaOJIHII, KOJIMYECTBO UCIIOJIb30BAHHBIX HCTOYHUKOB.

B COJACPpIKaHUU TMPUBOAUTCA NCPCUCHDb Pa3CIIOB HOSICHUTEIbHOMU 3aIIMCKH, BKJIIO4Yasa BCC IJia-
BbI M UX Maparpadpbl, ¢ yka3aHHeM HOMepa JINCTa, OTKY/1a OHH HAYUHAIOTCS.

B 3amanuu Ha KypcOBOM MPOEKT JAIOTCS LIE€Nb MPOEKTa, HOMEP BapuaHTa U MCXOAHBIC J1aH-
HBIE.

Bo BBeneHun, Kak MmpaBuUiIo, OMUCHIBAETCS MOCTAHOBKA 33a1auu B OoJjiee pa3BEpPHYTOM, YEM B
3aJlaHuH, BHUJle. Bce puCyHKH U TaOIUIIBl JOTKHBI BBIIOTHATHCS C MMOMOUIBIO YEPTEKHBIX UHCTPY-
MCHTOB WJIU C UCIIOJIb30BAHUCM KOMIIBIOTCPHBIX TEXHOJIOTHH.

OpueHTHPOBOYHBIEC 3aTPAaThl BPEMEHHU Ha BBINIOJIHEHHWE KYPCOBOI'O MPOEKTAa COCTABIAOT 70-
100 gacos.
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6. BAPUAHTbI 3A0AHUN

1. CocTaB ¥ MOIITHOCTE CHJIOBBLIX DJIEMEHTOB CETHU

Y 3 e n H ar rpys3KmwWm Mntawuwasa ceTb
Akap. AL ch CH TP cr
mpynna PH’ n I’lp, PH’ m lBO , PH’ QH’ SH! PH’ ZBO ’ UBH’ UHH’
kBT 06 kBT A kBT | kBAp KBA kBT A kB kB
MUH
1 2000 | 5 370 5000 | 2 200 7000( 1500 32000 | 32000 | 320 110 6
2 2500 | 5 365 4000 | 3 180 10000( 2000 | 40000 | 40000 | 360 150 10
3 2000 | 6 360 3550 | 3 150 6000| 1200 32000 | 32000 | 300 110 10
4 3150 | 4 371 6300 | 2 300 12000( 2000 | 40000 | 40000 | 400 150 6

CuHXpOHHAs 4acTOTa BPALICHUS ACHHXPOHHOTO JBUTATEINs 7. ALl 375 06/MuH, CHHXPOH-

HOTO JBHTaTess nCCI[ =250 06/ muH. Cxembl coenuHeHust ooMoTok cratopa AJl, CII, CI' - A,

TpanchopmMaTopoB - A/A.

2. UcxonHbie maHHbIE MOTPEOUTENICH

AL cAa

Ne
Bap. n coso Mo Mp I—H cosQ X4 Xg
1 2,5 0,5 5,0 1,5 1,0
2 2,4 0,6 5.2 1,4 1,0
3 0,95 0,82 2,3 0,7 5.4 0,94 0,9 1,3 1,0
4 2,2 0,8 5,6 1,2 0,8
5 2,1 0,9 5,8 1,1 0,8
6 2,0 0,9 6,0 1,1 0,7
7 1,9 0,8 6,2 1,2 0,7
8 0,94 0,81 1,8 0,7 6,4 0,93 0,89 1,3 0,8
9 1,7 0,6 6,6 1,4 0,8
10 1,6 0,5 6,8 1,5 0,9
11 2,5 1,0 7,0 1,0 0,70
12 2,4 0,9 6,8 1,1 0,75
13 0,93 0,80 2,3 0,8 6,6 0,92 0,88 1,2 0,75
14 2,2 0,7 6,4 1,3 0,75
15 2,1 0,6 6,2 1,4 0,75
16 2,0 0,6 5,0 1,4 1,0
17 1,9 0,7 5.2 1,3 1,0
18 0,92 0,79 1,8 0,8 5.4 0,91 0,87 1,2 1,0
19 1,7 0,9 5,6 1,1 0,8
20 1,6 1,0 5.8 1,0 0,8
21 2,5 0,9 6,0 1,2 0,65
22 2,4 0,8 6,2 1,1 0,65
23 0,91 0,78 2,3 0,7 6,4 0,90 0,86 1,0 0,65
24 2,2 0,6 6,6 0,9 0,6
25 2,1 0,5 6,8 0,8 0,6
26 2,0 0,5 7,0 0,8 0,5
27 1,9 0,6 6,8 0,9 0,6
28 0,90 0,77 1,8 0,7 6,6 0,89 0,85 1,0 0,7
29 1,7 0,8 6,4 1,1 0,8
30 1,6 0,9 6,2 1,2 0,9
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3. ITapameTpbl CUIOBBIX 3JIEMEHTOB MUTAIOLIEH CETH

Tp1, Tp2 cr nan
Ne
Bap. Ug, % Py, kBt Py, kBT 1, % cos@ X¢, 0.e. l, km
1 140 0,5 2,5
2 142 0,6 2.4
3 7 50 144 0,7 0,8 2.3 100
4 146 0,8 2.2
5 148 0,9 2,1
6 150 1,0 2,0
7 152 1,1 1,9
8 8 60 154 12 0,81 1,8 90
9 156 1,3 1,7
10 158 1,4 1,6
11 160 1,5 1,5
12 162 1,4 1,6
13 9 70 164 1,3 0,82 1,7 80
14 166 12 1,8
15 168 1,1 1,9
16 170 1,0 2,0
17 172 0,9 2,1
18 10 80 174 0,8 0,83 22 70
19 176 0,7 2,3
20 178 0,6 2,4
21 180 0,5 2,5
22 182 0.6 2,4
23 11 90 184 0.7 0,84 2,3 60
24 186 0.8 22
25 188 0,9 2,1
26 190 1,0 2,0
27 192 1,1 1,9
28 12 100 194 12 0,85 1,8 50
29 196 1,3 1,7
30 198 1,4 1,6

AXTHBHOE COITPOTHUBJIEHUE JTMHUM B pacueTe Ha 100 kM npuHATEL paBHEIM 77y = 30 Owm,

a MHAYKTUBHOE — x( = 40 Om.
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4. 3anmaHus U pacdeTa OCHOBHBIX XapaKTEPUCTUK CHIIOBOTO 000PYIOBAHUS

AnemeHT 3 a g adHdHwune
Paccuumamo u nocmpoums 6 00Hux koopounamuwix ocsax
o
% sHewinue xapakmepucmuxu Uy = f (1 2) :
2. e s coso =0 (una.); cosp =1; coso = 0,8 (unng); cose = 0,8 (emk.) B Auana-
Qo
% 30HE U3MEHEHUS BTOPUYHOTO Toka oT 0 10 120% HOMUHAJIBHOTO 3HAYECHUS;
= ® HaWTH NPOLIEHTHOE U3MEHEHUE HANPSLKCHUS IPU HOMUHAIBHOM TOKE;
= Pe3ynbrathl pacyera cBecTH B TaOIUILY.

B kauecTBe npuMepa naTh pacyeT OJHON TOYKU XapaKTEPUCTUKH.

ACHHXPOHHBII
JIBUTATEIh

Paccuumamov u nocmpoums 68 00HUX KOOPOUHAMHBIX OCSX
nyckogvie xapakmepucmuku M = f (s), I= f (s) 8 Quanazone cxonvorcenus om 0 0o 1:
e maU=1uU=08;
® YCTAaHOBUTH BIIMSIHUE HANPSDKCHHS HA BEIIMUMHY IMYCKOBOTO M MAaKCHMAaJIbHOTO
MOMEHTOB, ¥ ITyCKOBOT'O TOKA;

PesynbpTaThl pacuera cBeCTH B TaOIUILY.
B kauecTBe npumepa JaTh pacueT OAHOW TOUKU XapaKTEPUCTHUKHU.

CUHXPOHHBII
JIBUTATEIh

Paccuumame u nocmpoums U-obpasnvie xapaxmepucmuxu I = f (i B) :
e A U=1npu P=0; P=0,5P;; P=Py;
® OMNpEeNeINuTh BEIMUYNHY PEAKTUBHOM MOIIHOCTU MPU HOMHHAJIBHOM TOKE BO30YXK-
JieHus ¥ pazHoi Harpyske CJI;

PesynbpTaThl pacuera cBeCTH B TaOIUILY.
B kauecTBe npumepa JaTh pacueT OAHOW TOUKU XapaKTEPUCTHUKU.
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