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1. MOCTAHOBKA 3A0A4YU

B m000ii 35eKTpUyYecKoi CUCTEME OCHOBHBIMM CHJIOBBIMHU 3J€MEHTaMM, YYaCTBYIOIIUMH B
nporiecce nNpeodpa3oBaHMs YHEPTUH, SBISIOTCS AIIEKTpUUYecKre MamuHbl. [Ipon3BoACTBO AIEKTpH-
YEeCKOH SHEpruM OCYILECTBIISETCS CHHXPOHHBIMU I€HEpaTOpaMU Ha TEIUIOBBIX, aTOMHBIX U THAPO-
QJICKTPOCTAHLUAX HUJIM HA aABTOHOMHBIX YCTAHOBKAX C AU3CIIbHBIMU ABUTaTCIIAMU U I'a30BLIMU TYp-
OuHamMu. DKOHOMHMYHAs Iepeiada JIeKTPUUYECKON SHEpTuu Ha OOJIbLIME PAaCCTOSIHUS BO3MOXKHA de-
pe3 BO3AYIIHBIE U KaOENIbHbIC JIMHUHA BBICOKOTO HampsbkeHus. JlJis 9To# 1enu, a Takxke i Toce-
IYIOUIETO pacrnpeieseHus 3HEPrul MEXIy OTIENbHBIMU TPYNIaMU HOTpeOUTENeH CiykaT MOBbI-
IMIAIOIIKE U MTOHMKaroImue TpanchopmaTopsl. Cpeau norpeduresieil 31eKTpuIecKoi SHEPrun Cylie-
CTBEHHYIO JIOJIK0 COCTaBJIIET JIBUTATENIbHAsl HArpy3ka, COCTOsAIIAas B OCHOBHOM M3 aCHHXPOHHBIX
nsurateneil. [Ipu 6ombIIol MPOTSKEHHOCTH JTMHUU 3JIEKTpoIiepeaun U caaboil CBS3M C CHCTEMOU
11€J1eCO00pa3HO HCIOJIb30BAHNE CHUHXPOHHBIX JBUraTeleil, cocoOCTBYIOIUX MOAIEPKAHUIO I1O-
CTOSIHCTBA HANPSDKEHMS B y3JI€ HArpy30K IIYTEM PETYJIHMPOBAaHUS PEAKTUBHOM MOILMHOCTU. Takyro
K€ POJIb BBINOJHIET M CUHXPOHHBIH KOMIIEHCATOP, KOTOPBIM yCTaHABIMBAKOT HAa KPYIHBIX MOJ-
CTaHIIUAX C OOJIBIINME KOJIEOAHUSIMU HaITPsAKCHUA.

O1eHKy paOoThl AMEKTPUUECKUX MAIIMH B OMMCAHHOMN BBIILIIE CUCTEME MOYKHO J1aTh HA OCHOBE
aHaJIM3a YCTAaHOBUBIIMXCS PEXKUMOB UX paboThl. IHTEpec npu 3TOM NpeCTaBISAET BIUSHUE Ha pa-
00Ty PIIEKTPUYECKHX MAIllMH MapaMeTpOB CETH, HAIIPUMEp, MPOTSHKEHHOCTH JIMHUH AJIEKTpoIiepe-
Jayd, 1 Ha00OpOT, BIMSHUE CaMHUX MAlllMH HAa PEKHUMHBIE ITapaMeTpbl CETH, B YaCTHOCTH, Ha Ha-
NpsDKEHHST B Pa3MUUHBIX To4Ykax. Ha puc. 1 n3o0pakeHa NMpUHIMIUATBHAS JJIEKTPHUECKas cXxema
ANEKTPOCHA0KEHUS TPYIIIBI HOTpeOuTeNel, coaepkaas N aCHHXPOHHBIX aBUrareneidt 471, A4,

K A4/, , m cunxponnsix apurarene C/, C[4,,K CJ,, u cratuueckyro Harpy3ky CH.
V3ei Harpy3Ku CBs3aH C IIMHaMU IT'eHepaTopHoro HanpsbkeHus LI npyxuenHon nuHuen
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Puc. 1. MpuHUuMnuanbHaa cxema 3NeKTPOCHaGXKeHus Uy _:'_rg}w?_l

y3na Harpysku

—

nepenauu u asyms tpanchopmaropamu Tpl u Tp2. B xauecTBe ncTOUHMKA YHEPTUU BHIOPAH CHH-
XpoHHBIH TypOoreneparop CI', mpeoOpa3yromuil MEXaHUYEeCKyl0 SHEpruro napoBoi TypOunsl T.
Jlnig ynporieHus pacdeToB OyJieM CUMTATh BCE ACUHXPOHHBIE JIBUTATENIM U BCE CUHXPOHHbBIE JIBUTa-
TeJU OMHAKOBBIMU M UMEIOLIMMH OJUH U TOT k€ pabouuii MexaHu3M. DTO MO3BOJUT JOCTATOYHO
IIPOCTO MPEJICTaBUTh JBUTATENN UX 3KBUBAJICHTHBIM AHAJIIOIOM, YBEJIIMYMB MOIIHOCTh U TOKU A/[ B
N pas, a C/[ B m pa3. Ha puc. 2 npeacraBieHa SKBUBAJICHTHAs CXeMa 3JIEKTPOCHAOKEHHUSI.

Bynem taxke cuuTaTh, YTO ACMHXPOHHBINA JBUTATEIb UMEET KOPOTKO3aMKHYTBIM POTOP U €r0
pabouuM MeXaHHU3MOM CIIY>KUT MOJIbEMHOE YCTPOMCTBO C MOCTOSHHBIM BHEIIHUM MOMEHTOM. CHH-
XPOHHBIN JIBUTATEIb UMEET SIBHOIOJIIOCHYIO KOHCTPYKIIMIO POTOpa M pabOTaeT Ha HACOCHYIO ycTa-
HOBKY, BHEIIHU MOMEHT KOTOPOM 3aBUCHT OT 4aCTOThI BpalleHHs poTopa. O HAKO, Tak KaK 4acTo-
Ta BpauieHus poropa C/] ocTaeTcsi B CUHXPOHHOM PEXHME HEM3MEHHOW, TO B JAJIbHEHIIEM IIPH
pacuerax BHEUIHHI MOMEHT HArpy3Kku OyJeT cUMTaThcsl HOCTOSTHHBIM. CONpPOTHBIIEHNE KaOEeIbHbBIX
JIMHUN PUHUAMAETCS HYJICBBIM, YUUTBIBAThCS OyIeT Juiib Bo3ayiiHas JISIT npoTskeHHOCTHIO | 1.
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Puc. 2. 9kBuBaneHTHasa cxema SHEKTPOCHaﬁ)KEHMFI y3na Harpy3ku

OCHOBHBIMU 33Jla4aMU KypPCOBOT'O MPOEKTA SIBIISIIOTCS:

— HW3YYEeHHE U ONHUCAHHE KOHCTPYKIUHU JIEKTPOMArHUTHOTO siipa aCHHXPOHHOTO JIBUTaTels,
CUHXPOHHBIX MallIMH U TPaHC(HOPMATOPOB;

— OIpeesieHHE MapaMeTPOB PACUETHON CXEMBbI MO KAaTaJI0KHBIM JTaHHBIM;

— pacyeT yCTaHOBHMBIIETOCS PEKHUMA y3Jia U CETU MPU HOMHUHAIILHOW HArpy3Ke 3JIEKTpuye-
CKMX JIBUTATEJIC 1 HOMHUHAJILHOM HANPsHKEHUU Y3I1a;

— pacueT XapakTEePUCTUK CUJIOBBIX SJIEMEHTOB CETH.

2. PACHETHbIE MOAEJN 3NNIEMEHTOB CXEMbI

JUig peleHusl MOCTaBJICHHBIX 3ajjad HEOOXOJUMO COCTaBUTh OOIIYI0 PACUETHYIO CXEMY
aNeKTpudeckoil cuctembl. OHa BKJIIOYAET B ceOs pacueTHbIe MOJETH YCTAaHOBHUBIIETOCS PEXKHUMA
CHHXPOHHOTO TeHepaTopa, TpaHchopMaTopa, JMHUU JIEKTPOIepelaun, ACHHXPOHHOTO JIBUTATEIIs,
CUHXPOHHOTO JIBUTATENSl U CTAaTUYECKOW Harpy3ku. AHalu3 peXHMOB CHIOBOIO O00OpYIOBaHHS U
ceTu OyJeT MPOBOJUTHCS C TIOMOUIBIO YPAaBHEHHIA, 3alIMCAHHBIX B KOMIUIEKCHOUW (OpME, U C TIOMO-
LIbI0 BEKTOPHBIX JHATrPaMM.

2.1. OCHOBHbIe COOTHOLLUEHUA B dKTUBHO-UHAOYKTUBHOM 3JIeMeHTe CeTU

PaccmoTpuM cHauana BEKTOPHYIO AMarpamMMmy U ©) r X Q
MpoIIeCChl B HauOoJIee MPOCTON CXeMe, COCTOSIICH U3 S|.A.0 S 0
IOCJIENOBATENIBHO COEAUHEHHBIX aKTUBHOI'O U UHIYK- 141 lfljgi T % f 2,5,
TUBHOTO compotuBieHuid (puc. 3). B cooTBercTBHM — —

o e}

CO BTOPHIM 3aKOHOM Kupxroda MOKHO 3ammcarh
CIIEIyIOIee YPaBHEHHE DIIEKTPHUIECKOTO PABHOBECHSI: Puc. 3. Cxema r-x anemeHTa
lﬁ’l — ISXQ = 7% jxB. BeIpasus ero B SBHOM BHJE OT-

HOCHTEITLHO HATIPSUKEHHS 2-T0 y371a, monmyanm: (%5 = & — & jxB. Dromy ypaBHEHHIO COOTBETCT-
ByET BEKTOPHAs Juarpamma, npejicrapicHHas Ha puc. 4. Kak cienyer u3 BEKTOPHOW JHarpaMMsl, B
obuieM citydae (a3oBBIii CABUT TOKA OTHOCHTENBHO HANpPSKEHUS B PA3IMYHBIX Y3JIOBBIX TOYKAX
nenu OyleT HEOJAMHAKOBBIM (] # (o . JTO 00yCIaBIMBAET Pa3IMule YHEPreTHYECKUX TIOTOKOB B
pasHbIX ceyeHusAX Hend. Tak, B 1-oM y3ne mosnHas MOIHOCTE S| = U1/ oKa3bIBaeTcs OOJbILE TOJI-
HOW MOIIHOCTH 2-T0 y351a. J[is yCTaHOBIIEHHsS COOTHOLICHUN MEXIY aKTMBHBIMM M PEAKTUBHBIMU
MOILIHOCTAMM BOCIIOJIL3YEMCS JABYMSI JIOIIOJIHUTENLHBIMU BEKTOPHBIMHM JHarpaMMaMHM, Ha KOTOPBIX
TOK IIPEJICTABJIEH CBOMMM PEAKTUBHBIMU M aKTUBHBIMHU IPOEKIUSAMHU HAa COOTBETCTBYIOUIME BEKTO-
pBl HanpspkeHus (puc. 5).

BeiBesieM ypaBHEHHMs 71 IOTOKOB MOIMHOCTH P| u (), npoxoismux yepes 1-piid yzen. 13
BEKTOPHOM JMarpaMMBbl PUC. 5, a UMEEM

bc=af + fe

cd = ob—oa—ed



Puc. 4. BekTopHas a) ysen 1
AuarpaMmma Hanpsi>xeHun

0) y3en 2
Puc. 5. K onpeageneHuto aHepreTM4ecKMx COOTHOLLEHUN

3aMeHUB OTPEC3KU BCKTOpHOI\/JI AuarpaMmbl Ha COOTBCTCTBYIOIIUC MM NAACHHUA HAIIPAKCHUA,
MOoJIy4nm

I x=Upsind+1Iyr
Iy x=Uyp-Ujpcosd—1Igr.

VMHOKHM IIepBOE ¥ BTOpOe ypaBHeHHst Ha U1 /x:

UU

Uil lezsin8+U1]r1£
Ui U,

Uiln = X x

r
cosd—Uply .
x

UUy .
P = sind+ Q) —
x
(1)
U1Uy r U12
01 =- cosd—P —+—
X X X

IIpoBens aHaorMuHbIe ONEpaLuy JyIsl BTOPOro y3ia (puc. 5, 6), HaiiieM BbIpaxkeHust Uit Py u O :
bc=ab+ef
{c_d —va-of —ed
lg,x=Uysind+1pr
{I,zx =Uycosd-Up —1Ig,r.

UUy . r
Uplg, = N sind+Up 1y, .

UU ; .
Ual,, = lx 2 0088—72—U21a2 -



UU
P2= 1 2Si1’16+Q2£
X
W, nakowner, 2 2)
UiUs r Uj
O = cosd—P ———.
x X X

VYpaaenus (1), (2) Ha3bIBalOTCA YIJIOBBIMU XapaKTEPUCTUKAMM AaKTMBHOM M pPEaKTUBHOMN
MOIITHOCTEH U ABISAIOTCS (PYHAAMEHTAIbHBIMU PACUETHBIMU COOTHOIIEHUAMU B R—X anemente. On-
HAKO OHM HE Bcerja YAOOHBI JUIsl pacyeTa peXHMOB B CETH, T. K. HEOOXOAUMO 3HaTh 00a BEKTOpa
HanpsDKeHUH B y371ax U (a3oBblid CABUT MeX1y HUMU. [103TOMY IOMOJIHUM 3TH ypaBHEHHs BbIpa-
KEHUSMU JJIs1 PEKUMHBIX [1apaMEeTPOB OJJHOTO Y3714, ONPEAEIAEMbIMU YEPE3 U3BECTHBIE PEKUMHbBIC
napaMeTpsl Apyroro ysia.

Ecnu n3ectsl Uy, Py, O), TO TOrZa, B COOTBETCTBUU C BHIOPAHHBIM IOJIOKUTEIBHBIM Ha-
npaBjaeHueM Toka (puc. 3) ot 1-ro ko 2-My y311y, MOTy4UM

P =Py +1%r
2
Q=0 +17x
S
Uy 2—1.
1
VunteiBas, uto [ =S, /Uy u Sy = \/P22 + Q% , OKOHYATEJIBHO HaIEM
S3
Pl =P2 +—2}";
Us
01=0 5
1=Ur +—5 X,
U3 3)
[ p2 2
S
Uy =—U,.
52

AHAJIOTUYHO pacCy’KJasi, MOJYyYUM BBIPKEHUS I PEKUMHBIX MapaMeTpoB 2-TO y37a MpHU
m3BecTHbIX U1, Pp, O

St
P2=P1——21";
Ui
O =0 Slz
= ——x;
2 1 Ulz (4)
| p2 2
S
U2=—2U1.
S1

[TonydyeHHbIE COOTHOILIEHUS SBIAIOTCS YJOOHBIMHM MPHU pacueTe PeKUMOB pabOThl CHIIOBBIX
3JIEMEHTOB CETH TOTJa, KOT/Ia B KAYECTBE UCXOJIHBIX HJIM UCKOMBIX UCIIOJIb3YIOTCS HE TOKH, a MOTO-
KN MOIIIHOCTH, YTO HaH6onee qacTo BCTpeLIaCTCSI B HpaKTI/IKe I/IH)KeHepHBIX pacquOB SHGKTpI/I‘—Ie-
CKHMX CeTell.



2.2. Cxema 3amellueHUs CTaTU4eCKOMN Harpy3Ku

ITox cratmdeckoil Harpy3kou Oy/eM MOHWMATh TaKyl Harpy3ky, B COCTaB KOTOPOM HE BXO-
ISIT AIIEKTPOMEXaHUYECKUEe MPeoOpa3oBaTed, a OCHOBHYIO JOJIO COCTABISIOT OCBETHTEIbHBIE U
HarpeBaTesbHble MPUOOPHL. Takylo Harpy3Ky MO>KHO NMPEACTaBUTh B BUJE aKTUBHOTO COIPOTHUBIIE-
HUSL 7, ¥ HEOOJIBIIOTO MHAYKTHUBHOIO COIPOTHUBIIEHUS X, , BKIIOUCHHBIMU MEX1y coOO0M mocieno-
BarelnbHO (puc. 6). IlapameTpbl HaArpy3Ku 4acTo 3aBUCAT OT BEJIMYMHBI HANPSOHKEHUS, OJHAKO, MIPU
HEOOJIBIINX OTKJIOHEHUSX HANPSKEHHUS UX MOXHO CUMTATh HEM3MEHHBIMH. OOBIYHO CTaTHYecKas
Harpyska 3aJacTcsi BEJIMYMHOM MOTPeOIsIeMOM aKTUBHOM 1M pEaKTUBHOM MoIHocTed P, u Q,, . Jnd

OIIPeIEICHUS DIEKTPUUECKUX IIApAMETPOB 75, U X, CXEMBbl 3aMEILEHHs BOCIIOJIb3YEMCS CIENYIO-
MU (HOpMyIIaMu:

P, =313 3. S 2 Si o ~
H=2tp Th =2\ "7 | Th=" 5 Th O—:’_nnn_l
> SH 2 S}% Puc. 6. Cxema 3ameLueHuns
0,=315x,=3|—"7=—"| xy=—75"x4 CTaTUYECKOW Harpy3km
¢ ‘/g'UJZ U]%
Otcro/1a OTyYrM 3HaYEHUs CONPOTHUBICHU# B [OMm]:
2 2
_p Uj . _ 7
" =Tn "5 = Oy - 5
S H

[Ipu npoBeneHNN MH)KEHEPHBIX PACUETOB B CETAX C Pa3jIM4YHbIM YPOBHEM HOMHHAJIBHOTO Ha-
MPSDKCHUST 3JICKTPOOOOPYIOBAHUS HCIIOJIB3YIOT CHCTEMY OTHOCHTEIBHBIX enawHwmil. s cratude-
CKOIl Harpy3Kku B KadecTBe OA3HCHBIX €AMHHII YAOOHO BHIOPaTh HOMHHAJIBHBIC 3HAYCHUS TOJHOU
MOIIHOCTH, (ha3HOTO TOKa U (Pa3HOTO HAIIPSHKCHHUS

S =S5 1p :Iqu; Ug :UHd).
U, S

[Ipu coenrHeHNM HArpy3KH B «3BE3TY»: Ug=—F; Ig="7.

J3 3U;

Torna cBsi3p MEXTy BEIMYMHAMU B 0.e. U B (PU3MUECKUX €AMHUIIAX OyJET ONpPeaesaThes hopmy-

JIAMU.

S*=S8/S5; I"=1/l; U'=U/Us; P =P/P;; O =0/05.

Jlns onpeneneHus MapaMeTpoB CXEMBbl 3aMELICHHs B 0.e. HEOOXOIUMO HalTH Oa3HCHOE CO-
nporusinenue CH

2 2 2 .
z6 =Ug /15 =3U5/56 —U2/ss=U2/S,;
ES *
Ty :rH/Z6 :PH/SH:PH;

* *
Xn :xH/Z5 = QH/SH =0, -
Kak BumHO u3 opmyin, 7, U X, B 0.e. ONPEENAIOTCS JOCTATOYHO MPOCTO Yepe3 OTHOCH-

% &
TeNbHbIE 3HaYeHus P, u Q.

2.3. Cxema 3ameLleHUs NIMHUK INeKTponepeaaymn

B pamkax mocTaBieHHOH 3a/1auu CBSI3b MEXKIY T€HEPATOPOM U Y3JIOM Harpy3Kd OCYIIECTBIISI-
€TCsl MOCPEACTBOM BO3AYIIHOM JMHUU HyekTporepenadd. llonnas

CXeMa 3aMEelIeHHs TaKoH JIMHUM JOKHA yYUTHIBATh €MKOCTHBIE TO- Uy 1 Xn

KA ¥ TOKH TPOBOJAMMOCTH MEXIY JTHHEWHBIM TPOBOJIOM M 3EMIICH. O—D—N“r‘—l
OpnHako, yYuTBIBas X MaJIO€ BIMSHUE HA PEKUM pabOThI HATPYKEH- &

HOM ceTH, a TakXe y4uThIBasi y4eOHBIM XapakTep perraeMoi 3aaauu, i

Puc. 7. Cxema 3amelLLeHns

MOKHO OTpaHUYHUTHCA MOJCJIBIO JIMHUU B BUAC TOJIBKO ITPOJOJIBHBIX
JINHUN 3neKTponepegavin

¥y, U X, CONPOTUBJIECHUH (puc. 7).



B cnpaBouHO# auTepaType OOBIYHO AAIOTCS yIEIbHbIE 3HAYEHMs STHX CONPOTUBIECHUH r( U
x( B [Om] B pacuere Ha 100 xm.

[Ipu uzBectHO# mpoTskeHHOCTH JIDIT conmpoTHBIEHNS ONPENETAIOTCA M0 COOTHOIIECHUSIM:
r, =19 -N100; x, =xq-A100.

Ecnu nunus snextponepenadyu COCTOMT M3 JABYX MapalIeIbHBIX IENel, TO SKBUBAJIECHTHOE
COMPOTHUBIICHNE HY)KHO YMEHBIITUTH B J1Ba paza. OOBIYHO BCE IMOCIICAOBATEIIbHBIC AJIEMEHTBI CETH,
MUTAIOICH y3eJ Harpy3Ku, MPUBOATCS K EAMHON CUCTeME 0a3MCHBIX €IMHUII, B KAYECTBE KOTOPHIX
MIPUHUMAIOTCS JIMOO MOIIHOCTh HauOobIIero Tpanchopmaropa, JUO0 MOTHAS MOIIHOCTh IeHepa-
TOpA, a B Ka4eCcTBE 0A3UCHOTO HAIPSHKCHUS - (Pa3HOE HAIIPSHKCHHE y3JIa HATPy3KH.

Torna ¢ yuyeTom mapaieIbHOro COSAMHEHUS 1IeTel TTOIYIrM B 0.e.

« oA Sg . xo-A Sp
Fp = s Xy =
200 ¢ ]% 200 ¢y 3

2.4. PacyeTHass mogenb TpaHccopmaTopa

2.4.1. Cxema 3ameLleHusa TpaHcopmaropa
CuoBoii 1Byx0OMOTOUHBIN TpaHc(hOpMaTOp MOXKET ObITh IpescTaBieH «T» - oOpa3Hoii cxe-
MO 3aMelleHus IpUBEIeHHOro TpaHcdopmaropa (puc. 8). Ha Hell 0003Ha4YEHBL: 7] - AKTUBHOE CO-
IPOTUBJIEHUE NIEPBUYHON OOMOTKH; X| - HHAYKTHBHOE CONPOTHUBIICHUE PACCESHUs IEPBHUYHOM 00-
MOTKH; 7§ - aKTHMBHOE IPUBEIEHHOE CONPOTHBICHUE BTOPUYHOW OOMOTKH; X5 - MHIYKTHBHOE
IPUBEJCHHOE CONPOTUBIEHUE PACCEsIHUSI BTOPUUHOI OOMOTKH; X, - MHIYKTHBHOE COIPOTHBIIE-
HHE B3aUMOMHIYKIHM; 7}, - aKTUBHOE COIPOTUBJIECHUE, 00YCIOBICHHOE MAarHUTHBIMU HOTEPSMH B
CTaJM CEpJEYHUKA; /| - TOK IEPBUYHON OOMOTKH; [5 - NPUBEACHHBI TOK BTOPUYHON OOMOTKHU;
1, - TOK HaMarHW4KMBaHMs (TOK X0JOCTOro xoxa); U] - mepBUYHOE HampsbkeHue; U5 - BTOPHUYHOE

MIPUBEJICHHOE HAIPSHKEHHE.

B npuBeneHHOM TpaHChOpMaTOpE BTOPUIHASI OOMOTKA UMEET TAKOE JKE YHCIIO BUTKOB, KaK U
nepBu4Has 06MoTka, mosromy J/1C, HaBOAMMBIE OCHOBHBIM MarHUTHBIM MOTOKOM, OyIyT OAMHA-
KOBBI H, CJIEIOBATEIbHO, MOKHO JIEKTPUUYECKH O0BEUHUTE 00€ 00MOTKHU. CBS3b MEXKIYy MapaMeT-
pamMu ¥ BEIMYMHAMH HEMPUBEIECHHOTO W MPUBEACHHOTO TpaHc(opMaTopa OCYIIECTBISETCS Yepes3
k03 puIeHT TpaHchopmau

ky =W [Wa =Uyg [Ung

CJICAYIOIIMMHA COOTHOIICHUAMN

2 / 2
|4 — . — . — . , —
Ub=Ujy/ks; 15 =kily; ”é—’?/kT’ xh =xp [kt .
Jlna onpeneneHus: mapaMeTpoB CXeM 3aMelIeHHs TpaHcPopMaTopa MOKHO BOCIIOIB30BATHCS
€ro CIPAaBOYHBIMH JTaHHBIMH. OOBIYHO B CITPABOYHUKAX PUBOJISTCS

— TOIHasg MOWIHOCTh, Sy, KB-A4; n 0 x5

— nuHelHoe Hanpsbkenue BH, Uy, kB ;

— nuHelHoe Hanpsbkenue HH, Uy, kB,

— HanpsHKEHNE KOPOTKOTO 3aMbIKaHUS, U, , % ;
— TOK XOJIOCTOIO X013, /,,, %;

— IOTEPH XOJIOCTOro Xo1a, Py, kBm,

— IOTEpU KOPOTKOIr'O 3aMbIKaHus, P,.,kBm, o ©
Puc. 8. «T»-o6pa3Hasn cxema 3ameLleHusi

— cxeMsl coequaennii oomorox BH n HH.
TpaHchopmaTopa

B uMeHOBaHHBIX €AMHUIIAX HOMHUHAJIbHBIC BEU-
YUHBI ¥ TapaMeTpbl TpaHCPOPMATOpa ONPEAEISIOTCS 110 CIEAYIOIUM (OopMyIaM:

1) st cxemsl A: Uy, =Uy; ]1qb =11/\/§;

JUISL CXeMBI A Uy =U1/\/§; I, =1.

b



I . o . I St / [A] IM[%]'Ild]
NHCHUHBIN IICPBUYHBIN TOK: =, =
P "B 100
2) U1y 100 o 1000
X =t > [p— A :
" 1y 4] "o 131 [4]
U
U, | % 1 X
3) x,(:x1+xé:ﬂ-—d)~1000; X|RXh ="
100 14 2
¢
P, r
4) 1 =r +ry = —"-—-1000; nar =
3.7 2
ld) X

J[Ins mepeBoaa mapamMeTpoB B OTHOCUTEJIbHBIE €IMHULIBI HE- Ui o AAA o U*

00X0IMMO HalTH 0a3KuCHbIE BETUYUHBI TpaHC(hOopMaTopa 1 s 2
Us Puc. 9. Ynpo
. _ . _ . _ T . 9. YnpolieHHasa cxema
U6T - Ulqb’ [6T _[14;’ S6T =S, Z6T - Is : 3amelleHusi TpaHcdopmarTopa
T

[Ipu pacuere pexxuMOB ceTu TpaHCHOPMATOP JOCTATOYHO MPEICTABUTH CXEMOU 3aMelleHus,
COCTOSILLEH U3 OAHOTO CONPOTHUBICHUS KOPOTKOIO 3aMBIKaHUS X, (puUC. 9), T.K. TOK XOJIOCTOIO XO-
na TpancdopMaTopa BecbMa Mall, a aKTUBHbBIE CONPOTHUBIICHUS 0OMOTOK Ha MOPSAOK MEHbIIE MH-
JTYKTUBHOTO COTIPOTHUBIICHUS PACCESHUS.

2.4.2. BekTopHaga guarpamma TpaHchopmaTopa

ITonmHast cxema 3aMelleHus] UCTIOJIb3YeTCs AJIs IETAIbHOTO aHaJIK3a pekuMa paboThl caMoro
Tpanchopmaropa. B cooTBEeTCTBHE € 3TOI CXEMOH YCTaHOBHBILIHUICS peXUM TpaHc(hopMaTopa Omu-
CBIBAETCS CUCTEMOM TPEX YpaBHEHUI

& =8+ e K+ K
6 =8 — jxs 55 —rs B
K+K =F,,
KOTOpBI€ HarjsAHO MOXHO NPEICTaBUTh B BUJIE BEKTOpHbIX Auarpamm. Ha puc. 10 nzobpaxkena
BEKTOpHAs JuarpamMma TpaHcdopmaropa Hpu paboTe Ha aKTUBHO-UHAYKTHUBHYIO (a) M aKTHBHO-
€MKOCTHYIO (6) Harpy3Ky (IJis HarjasiAHOCTH Ha PUCYHKE TOK XOJIOCTOTO XOJa U MaJIeHUs HampshKe-
HUS MCKYCCTBEHHO 3aBBIIIEHBI U M300paXKeHbI HE B MacIITabOe).
Jlis mocTpoeHus: BEKTOPHOM AMarpaMMbl TpaHcpopmaTtopa B MacuuTabe clefyeT, Mpekae
BCETO0, HalTH TOKU [, 15, [,, 1 uX (a3oBbIC CIBUTH.
B kauecTBe UCXOHBIX TaHHBIX TPUHUMAIOTCS U3BECTHBIE U3 PAcUeTa CETU 3HAYEHUS TIOTOKOB
BXOIHBIX Py, (] W BBIXOAHBIX P>, (Jo MOIIHOCTEH, a Takxke nepsuuHoe Uq u BropuuHoe U)

HanpspKeHUs TpaHc(opmaropa, CBA3aHHbIE MEXKAY co00i cooTHoIEeHuAMH (3) u (4).
Bropuunslif Tok /5 u ero (asa onpezaensercs 4epe3 MOLIHOCTH U HAIPSKEHUE BTOPHUUHOU

00MOTKH TpaHcopmaropa
| p2 2

U} ’
AHaJ0ruyHO OIIPECACIIACTCA HCpBI/I‘-IHLII\/'I TOK 49€pC3 MOIMHOCTH U HAIIPSIKCHUC HCpBH‘{HOI‘;I 00-

MOTKH TpaHchopmaTopa
[ p2 2

01
W =——777—; = arctg —.

Tox xonmocToro xona /,, MOKHO HalWTH 4epe3 E| 1o Gpopmyie

O
I' = = t .
2 P2 angP2



Puc. 10. BekTopHasa guarpamma npuBegeHHoOro
TpaHcdopmaTopa NPy aKTUBHO-MHOYKTUBHOM (a)
aKTUBHO-€MKOCTHOW (6) Harpy3ke

E
1, =Z—1,rz[e Zm =\/rn21 %r)c,%1 :

m

O,Z[HaKO IIpH 9TOM HeO6XO,I[I/IMO HUMETH BBUAY, YTO COIIPOTUBJICHUEC HAMAIrHUYUBAKOIICTO KOH-
Typa zy, SABIACTCI HEJIWHEHHBIM U 3aBHCHT OT CTEIICHH HACBIIICHUS MartuToIpoBoaa Tpchq)op—

matopa. [Toaromy npu nossimenun S/C (E1 > 1 o.e.) MO)KHO BOCIIOJIB30BaThCsl CTEIIEHHON 3aBU-
CUMOCTBIO BUJIA
1 9
Im = El f
Zm

OTpa)karollell HETMHEHHOCTh MAarHUTHON XapaKTEPUCTHUKHU.

SJC E{, HaBoJuMasi MarHUTHBIM IIOTOKOM B IIEPBUYHON OOMOTKE, JOCTATOYHO MPOCTO OII-
penensieTcs uepe3 SKBUBAJICHTHBIE COITPOTUBIICHUS HArpy3KH TpaHcpopmaTopa:

Z, :%; Ry =Zp cos@y; Xp =Zp singy,
2 2
Toraa EleQ:I'z\/(errRzH) +(x'2+X2H) ;
x’2 +X2H
5] =arctgm

C y4eTOM HEIMHEHHOCTH MarHMTHOW XapaKTEPUCTHKU TOK XOJOCTOIO XO0J1a ONPENEsAeTCs B
COOTBETCTBHUHU C YCIOBUEM

X
o m
a €ro (I)HBOBBII/I CABUT' OTHOCUTCIIbHO BECKTOPA MAIrHUTHOT'O IIOTOKAa O = 900—8.I'Ctg_ .
v
m

10



2.4.3. OCHOBHblE XapaKTepUCTUKN TpaHcdopmaTopa

a) BHemHsAA XapaKTepuCTHKA
Brewmneu xapaxmepucmukoiu TpaHcpoOpMaTropa Ha3bIBACTCS 3aBUCUMOCTh BTOPUYHOTO Ha-
MPsDKEHUS OT TOKa Harpy3Ku

Upy=f (1 2) :
Ee OHpeI[CHHIOT HpI/I HOMHMHAJIBHOM HepBI/I‘IHOM HaHpH)KGHI/II/I Ul = UIHOM U HEU3MCHHOM
XapakTepe Harpy3Ku Qo = const . Uy cos@r < 1(emx)

Ha puc. 11 npeacraBiieno cemencTBo
BHEIIIHUX XapaKTEPUCTUK MPHU PA3IUUYHOM
xapakrepe Harpy3ku. Kak BuIHO u3 Hero,
BTOPUYHOE HANPsHKEHUE C POCTOM Harpys- |
KM U3MEHSIeTCA: MPU MHIYKTUBHOM Xapak- |
Tepe Harpy3Kd OHO YMEHBIIAETCS, a MpHU cos@py =1 : b

|
|

cospy <1 (I/IHI[.)

EMKOCTHOM - YBEJIMYHMBAETCA. JTO TAKKE 3:2—
HarjsiJHO WIIIOCTPUPYETCS BEKTOPHBIMU 0 ! 0!5 | X Hom
muarpaMmmamu (cM. puc. 10). Tlpuunnoi ’

U3MEHEHHUS BTOPHYHOIO HANpsKEHHS SB- Puc. 11. BHellHNe XapaKTepUCTUKK
nAercs mnajeHue Hanpspkenus AU Ha TpaHcdopmatopa

BHYTPCHHEM CONPOTUBJICHUU TpaHchop-
MaTopa z, = ry + jX; . I3MeHeHne BTOpUYHOr0 HANPSHKEHUS IIPU 3aaHHOM Harpy3Ke MOKHO IIPU-
OJIMKEHHO ONpEeAenTh 1o Gopmyie

Au = B-(um COSP? + Uy, 51n(p2),
TO€ U, =U, COSQ, - AKTHBHAs COCTABIIAIOINAS HANpPSDKEHUS KOPOTKOIO 3aMBIKAHMA i ;
Uyp =U SINQ, - PEaKTHBHAs COCTABJSIOLIAs HANPSHKEHUS KOPOTKOTO 3aMBIKAHHS U ;

X
B=1p /[ 2, - KO3 QUIHUEHT HArpy3Ku; @, = arctg—— - yroJ, ONpeIeNSIONIHil XapakTep BHYT-
K

PEHHETO COPOTUBIIEHUS TpaHCc(hopMmaTopa X, .
IloncTaBuB Uy, M Uy, B Au IOIy4YUM

AU = Buy, (COS(pK COS(Qo +sinQ, sin(pz) = Buy, cos((pK —(pz).
Cunras, 9TO Ha XOJIOCTOM X0y TpaHC(OpMAaTOpa BTOPHYHOE HANpsykeHHe Uy paBHO HO-

MUHaJIbHOMY, MOKHO OKOHYATEIbHO 3alMCaTh BBIPAKEHUE JJI ONpPEJEICHHUs BTOPUUYHOIO Hamps-
’KEHHUs TIpU HarpysKe B o.e.

Uy =1-AU =1-Buy, cos((pK —(p2)
U MCIIOJIb30BaTh €0 JAJIs IOCTPOEHUS BHEIIHUX XapaKTEPUCTUK.

NMpunmMep. PaccuntaTs BHEMHIO XapaKTePUCTUKY TpaHC(hoOpMaTopa ¢ UCXOAHBIMU JIaH-
HBIMH, B3ATBIMM M3 IpuMmepa pacuera cucteMmbl (cM. m. 4): u, =10,5%; x, =0,1060.e.;
1 =0,0044 0. e.

ITycTs Harpyska TpancopmaTopa OyzaeT uncto akTuBHas ¢o = 0. Toraa

0,106
— to———— = o - =03- . °=f3- .e.
@, = arctg 0.0044 87,6°; AU =-0,105-cos87,6°=3-0,00435 0.e

Pesynbrat pacuera cBesieH B TaOIuLLy.

B=15/15, 0 0,2 0,4 0,6 0,8 1,0

AU = 0,004353 0 0,00087 0,00174 0,0026 0,00348 0,00435
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|Upy=1-AU | 1 0,999 0,998 0997 | 0,99 0,996

N3 pacuera crienyer, 4To NMpU YUCTO AKTUBHOM Harpy3ke Mpu HOMUHAJIBLHOM TOKE BTOPUYHOE
HanpsHKEHUE U3MEHUTCS TT0 CPAaBHEHUIO ¢ HANPsKEHHUEM XoJocToro xoaa Ha 0,435%.

0) Koodppunuent nmone3noro geiicreust Tpanchopmaropa
Kosgpgpuyuenmom nonesnozo oeticmeusi (K.1.1.) TpanchopMaropa Ha3bIBAIOT OTHOIICHUE aK-
THUBHOI MOIITHOCTU Ha BBIXOZE€ BTOPUYHOM OOMOTKH P, (IOJ€3Hasi MOIIHOCTH) K aKTUBHOM MOIL-

HOCTH Ha BXOJI¢ EPBUYHOI OOMOTKU P (I10JBOMMAs MOIIHOCTb)
n=nr/pA.
TaK KaK IIOJIC3HAas1 MOUIIHOCTH PZ MCHBIIC HOI[BOI[HMOﬁ Pl Ha CyMMY HOTepB MOIITHOCTHU
Z P, 10
A-2P 2P 2P
n=——"=—=1- —1- .
P P Py+D P
ITorepu B TpanchopMaTOpe CKIAALIBAIOTCS U3 IOTEPh B IEPBUYHOM M BTOPUYHON 0OMOTKAX
IPH OPOTEKAHHH 110 HUM TOKA ( P, - 3JIEKTPUYECKHE MOTEPH), a TAKKE U3 MOTePh Ha MepeMarHu-

YMBAHUC MArnuToOIIpOBOJa M OT BUXPECBLIX TOKOB IIPpHU IMEPECMCHHOM MArHUTHOM IIOTOKE (PMF
MarHuTHbIE I0TepH). OHM HEMOCPEICTBEHHO CBA3aHbI C U IIOTEPSAMHU HAa KOPOTKOI'O 3aMBIKaHUA Py
U IIOTEPSAMH XOJIOCTOrO Xona Fy.

n, o.e. Nmax cospyp =1
V4uTBIBasI, 4TO MOJIE3HAS] MOIIIHOCTH PaBHA '} e ——— YA
P2 ZBSH COS(p27 | |
- | | |
OKOHYATEJbHO MOJYYHM BBIPRKEHHE U K.ILJ. TPAHC | lcoshy < 0l
¢dopmaropa Lo |
2 08
=1- Po+B” Py [ [
n= 5 Lo |
BSy cos@o + Py +B7 Pk Lo |
| | |
3aBuCHMOCTh M = f (B) WUTIOCTPUPYETCsI rpaduka- ! i !
MU, TPEJACTABICHHBIME Ha puc. 12. U3 HUX BHmHO, uto  © 0,5 1
4eM MeHbIIEe KOO(Q(UIUEHT MOIHOCTH ( COSP ) ), T.€. 4YeM Puc. 12. 3aBUCUMOCTb K.N.A.
Ooubllle HArpyKeH Tpanc(hOpMaTop PEaKTHBHOW MOIIHO-  TpaHcgopmaTopa oT koadduumeHTa
CTbi0 (Jr, TeM Hmxke K.I1.4. IIpu Hekoropoil Harpyske Harpysku

K.IT.JI. OKa3bIBACTCSI MAKCUMAIBHBIM. DTO MPOUCXOHT TOT/IA, KOTJa 3JIEKTPUIECKHE ITOTEPH B OOMOT-
KaxX CTaHOBSITCS PaBHbIMHM MarHUTHBIM IOTEPSIM B cepieuHuke ( P, = F), UTO COOTBETCTBYET
pr=
A K
[Ipu BBIOOpE TpaHchopMaTopa CTPEeMATCS K TOMY, 4TOObI ' ObUT OJIM30K K CpeaHe 3arpyske
TpaHnchopmaropa. OObIYHO AJIs1 OONBIIMHCTBA CHIIOBBIX TpaHC(POPMATOPOB B’ HAXOIMUTCA B Mpeje-

max ot 0,4 mo 0,7.

[TosrydeHHBIE COOTHOMICHUS JUTA K.I1.JI. TpaHCopMaTopa COOTBETCTBYIOT €ro paboTe IpH HO-
MUHAJTHHOM HAMpsDKEHUH. B peanpHBIX YCIOBHUSX MEPBUYHOE HAMPSHKEHUE YaCTO OTIMYAETCS OT
HOMMWHAJIBHOTO. B 3TOM cnyqae MaFHHTHBIfI IIOTOK B CepJIeLIHI/IKe MaFHI/ITOHpOBO}Ia TaAKXE 6y21€T
OTIUYATHCS OT HOMHUHAIBHOTO, YTO OTPA3UTCS HA BEIMYUHE MOTEPh XOJIOCTOro Xoaa. Jis pacuera
K.II. 1. HpI/I HCHOMHWHAJIBHOM HepBI/I‘—IHOM HaHpH)KeHI/II/I cnez[yeT IIOJIB30BATHCA CKOppeKTI/IpOBaHHOI\/'I

bopmynoi
k2 P 2
uto +B" B

Bk, Sy cospr +kL2,P0 +[%2PK ’

n=1-

12



: L0 Ul
npu otoM ' =k, 5 o TAC ky = Uy .
K HOM

Mpumep. Paccunraem xodddunment momnesnoro neiicTBus Tpanchopmaropa ¢ HCXOJ-
HeIMU JaHHbIMH: Ry =40 kBt, B =140kBt, Sy =32000kB-A g 4uCTO aKTHBHOM HArpysku

@2 = 0 npu NoBeIIEHHOM Ha 5% NepBUYHOM HanpsbkeHuu k,, =1,05.
Pe3ynbratel cBeieM B TaOIUILy.

B 0 0,2 04 0,6 0,8 10 | B’ =056
m % 0 9927 | 9951 | 99,53 | 9951 | 9945 | nmax = 99.53

2.5. PacyeTHas mogenb aCMHXPOHHOro ABuraTens

3

0)

Puc. 13. CxeMbl 3ameLleHUs aCUHXPOHHOro ABUraTens

2.5.1. Cxema 3ameLlleHnsa ACUHXPOHHOIo ABuUratens

ACHHXpOHHBIN JIBUraTellb, TaK K€ Kak U TpaHcpopma-
TOp, mnpenctabisercss «T»-obpa3Hoil cxemoil 3amerieHus,
TOJIbKO B Ka4€CTBE IKBUBAJIEHTHON MEXaHUYECKOU Harpy3Ku
B CXEMy  BBeIE€HO  J00aBOYHOE  CONPOTHUBIICHHE
Ryo6 =12 -(1-s)/s, 3aBucsmee ot ckonmpkenus S (puc. 13,
a).

AKTUBHasi MOUIHOCTb, BbIIENsA€Mas Ha 3TOM COIpPO-
TUBJIEHUM SKBHBAJIEHTHA MEXaHUYECKON MOLIHOCTH Ha Bally
JIBUTATEJIS.

B cootBercTBHM € 3TOM CXEMOW YCTaHOBUBILMICS PEKUM
pabOTHI IBUTATENS OMTUCHIBAETCS] CUCTEMON YpaBHEHHI (5)

K =-B+ jx K+nk;
0= skl 0K )

N

Puc. 14. BekTopHasa gnarpamma IgF + }% = lg,‘n

achHXpoHHoTo ABNraTens U BEKTOPHOI 1uarpamMmoii (puc. 14).

CkonpxXeHHe JBUTATeNs onpeaenseTcs mno hopmyie
ny—n
g = P ’
ni
rae np =60 f / p - CUHXpOHHAas 4acTOTa BpPAIllEeHUsI MarHUTHOTO MOJI, 06/ MHH; f] - 9acToTa ce-
™1, ['11; p - 4Kcio nap nonrocoB; Ny - 9aCTOTa BPAIICHUs POTOPA, 00/ MHH .
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Oco0eHHOCTHI0O ACHHXPOHHOTO JIBUTATEINS SBISETCS OONBIION TOK HAMAarHMYUBaHUS l&m, co-
craistromuid ot 20% 1o 50% HOMUHAIBHOTO TOKA UM 00YCIIaBIMBAIOIINN HU3KUN COS( ABUTATEIS.
[TosToMy mnpeHeOperarb HaMarHUYMBAIOIIUM KOHTYPOM z,, = Iy, + jX,, Henb3s. Ilpu aHanuze
ANEKTPOMATrHUTHBIX MPOIECCOB YACTO MOJIB3YIOTCS YIpoleHHOH «I »—00pa3Hoi cxemol 3amerre-

HUS C BBIHECEHHBIM HAaMAarHMYUBAIOIIUM KOHTYPOM (puc. 9, 6). DTa cxema JaeT yJ0BIETBOPHUTEIb-
HBIE PE3yJIbTaThl IPU pacueTe pabouyux peKUMOB.

2.5.2. MexaHu4yeckasd XapaKkTtepunctnka aCMHXpOHHOIo gBuraTtersia
Jlist onipesiesieHrs BEIMYMHBI CKOJIBXKEHUSI S HEOOXOIMMO HAMTH TOYKY MEXaHUYECKOT'O0 PaB-
HOBECHSI MEXKIY AJIEKTPOMArHUTHBIM MOMEHTOM M, pa3BHUBaeMbIM JBHUIaTeleM, U BHEIIHUM MO-
MEHTOM Harpy3ku Mg, . C 5TOH L€IbI0 NPEABAPUTEIBHO PACCUUTHIBAIOTCA MeXAHUYECKUe Xapax-
mepucmuku peuratens M = f(s) n pabouero mexanusma My, = f(s). DIEKTPOMArHUTHBIN MO-
MEHT JIBUTATENs CBA3aH C DJIEKTPOMArHUTHOW MOIIHOCTBIO Py, IPOCTBIM COOTHOIIEHUEM

P 60
M =y ﬂ =y
Qp  2mm

'PSM’

mly 2nfy  2n
e Poy == 77135 Q1 = s 60

np - yriioBasd 4aCcToTa BpalllCHUA MArHUTHOT'O ITOJIA CTATO-

pa; mj - uncio a3 ABUTATEIs.
Ecnu noxctaButh B OpMyITy Al MOMEHTA BBIPAXKEHUE Ul TOKA /5, ONPENENIEHHOE 110 CXe-
Me puc. 13, 6, To nomyuyum

2 3
M= mlP. Ui K
2mf1 r 2
r+— +(x1+x’2)
s

Ha puc. 15 u3obpaxeHa 3aBUCMMOCTb 3TOIO MOMEHTa OT cKojbxkeHus. K ocoboit Touke me-
XaHUYECKON XapaKTEPUCTUKU OTHOCUTCA TOYKA MAKCUMAJIBHOTO MOMEHTa M,y , COOTBETCTBYIO-

—_ !
1ast KPUTHYECKOMY CKOTIBKCHHIO Sy =17 /X

_mp Uy e
X on ( 2

"+ Xk )2 + X5
Ecmu npeneOpeub akTUBHBIM COMPOTUBIICHUEM 00- % Ay
MOTKH CTaTopa, TO BHIPAKECHHUE WISt M0y YIPOCTHTCS H ////// ' M, :
OyZIeT 3aBUCETh OT €IMHCTBEHHOI'O MapaMeTpa X i % 's
< =
mp U 12 0 e 1

4nf] xg ' Puc. 15. MexaHn4yeckue xapakTepucTukm
ABuraTtens u paboyero MexaHmsma

Mrnax =

BaxxHOCTb 3TO# TOUKH UL YCTaHOBUBIICTOCA PC-
KHMMa 3aKIII04acTCA B TOM, UTO OHaA OIMPEACIIACT YCTOI\/’I'-II/IBYIO 30HY pa6OTBI JABHUI'aTCIId B AUAIIa30HE
CKOJIBXXCHUSA OT HYJIA 10 SKp . HpI/I CKOJIbKEHUU OOJIbIIIE KPUTHYCCKUX OBUTaTCIIb «OIIPOKHUABIBACT-

cs».

Bremanii MoMeHT pabouyero MexaHu3Ma, €Clid B €ro KaueCTBE BBICTYIAE€T MOJIbEMHOE YCT-
pPOICTBO, HE 3aBUCUT OT CKOJBXEHHUS W €r0 MOXKHO TMPUHATH MOCTOSHHBIM. [IpM HOMUHaIBLHOM
BHEIIIHEM MOMEHTE, PAaBHBIM

Py ShomMuom €OS O oM

BT ) 21 f1 P
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eMy OyIeT COOTBETCTBOBATh HOMHMHAIIBHOE CKOJBXKEHUE S . 30€Ch Syon»> Nuom» COSPhom - HO-
MHHAJIbHBIE TTOJIHASI MOLIHOCTb, K.II.A. U KO3()(UIUEHT MOIIHOCTH JBUTaTEs.

2.5.3. OnpepgeneHne napameTpoB CXeMbl 3aMeLLEHNS aCUHXPOHHOIO ABUraTens

Jlst mpuOIMKEHHOTO pacueTa mapaMeTpoB cXeMbl 3aMerieHus AJl, yaoBIeTBOpSIOMUX pa-
60‘16My PEXUMY, MOKHO MCIIOJIB30BaTh CIIPABOYHBIC JAHHBIC O KPATHOCTH MaKCUMaJbHOI'O MOMCH-
Ta ¥ BEJIMYMHBI HOMUHAJIBHOTO CKOJIBXEeHUs. C 1eNbI0 JalbHEHIIero YIpolleHus 3Toi 3ai1auu 0y-
AE€M CUHUTATh aKTUBHBIC COIIPOTUBIICHHA N MHAYKTUBHBIC COIIPOTHUBIICHUSA PACCCAHUA CTaTopHOﬁ u
POTOPHOI OOMOTKH PaBHBIMH MEXK]y COOOMH, TO €CTh 7| =13 U X| = X5, a HAMArHWYHUBAIOLIHH TOK
YHUCTO PCAKTUBHBIM. Pacuetnl 6y)1eM BECTH B CUCTEMEC OTHOCHUTCIIbHBIX €IWHUI, B KOTOpOf/i 3a 68.-

3UCHBIC BEIMYUHBI IPUHATHL:
S6 =Shom> 26 =91, Usg =U¢)HOM, Ig =Iq)H0M, Mg=S5/Q¢ .

Torma MOXHO 3anucaTh B 0.€. MOJIYYEHHBIE PAaHEE BBIPAKECHHS B CIEAYIOLIEM BUIE

. _ Ui s
,(1 1) 2,080
V& + — +
2 S Xk
2 2
x Ui xx Ui (6)

M max = ~ ;
e (r1+xK)2+xI% ZXK

*
M gom = Nuom COSP yom

Hcxons U3 3agaHHBIX 3HAYCHUH M o> COSP o Mmax/ Muom + SN » IO BEIpaKEHHAM (6)
HaiineMm napamerpsl. M3 2-ro ypaBHEHMs TP HOMUHAJIBHOM HanpsbkeHuu Uy =1o0.e.

1 X
X & ; X1=X'2:7K.

M
Z.M.nM - COS Pprom

I\/IHOM
PemnB 1-e ypaBHEHUE 110 U3BECTHBIM Sy U M oy, OTIPENENNM 13 U 19

SN
"R = -(1+\/1—x1%-4M§0MJ.
2 Myom
JUia ompezneneHus NapaMeTPOB HAaMarHWYMBAIOIIErO0 KOHTypa MCIIONb3YyeM 3HAYeHUe
COSQ youm - 1OrAA

}gf‘H :IIH‘ Puom » TR I =1, @ oM = aArCCOSP oy »

1 Xk
:]’ ’ II = ) = t |
B =1 [ e 15 02 =arcte )

- J[R @) 4

1
— 1 /A 1 . _ —
Iy =11, SN Qyoy — 13, SO, Xm =7 X1

m
2.54. nyCKOBbIe XapaKTepuUuCTnkm aCMHXpOHHOIo ABuUraTtens

K nyckosvbim xapaxmepucmukam IBUraTess OTHOCATCSA 3aBUCUMOCTH DJIEKTPOMArHUTHOIO
MOMEHTA U TOKa CTaTopa B (PYHKIIUH CKOJbKEHUS. B OTIMYMU OT MEXaHMYECKON XapaKTEPUCTUKHY,
KOTOpasi PACCMaTPUBAETCS B 30HE MaJIbIX Pa0OYMX CKOJIBKEHUH, ITyCKOBBIE XapAKTEPUCTHKU OIpe-

ACITAIOTCA BO BCEM OHMAIIa30HC CKOJIBK€HUU - OT CAWHUIIBI, KOT'Ja POTOP HCIOABHUIKCH, N0 HYIIA.
HyCKOBBIe XAPaAKTECPUCTHUKU IMO3BOJAIOT JaTh OLUCHKY TAKHM Ba)KHEHUIIIUM TIOKa3aTeJsIM pPeXKUMa
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IIyCKa, KaK BPEMEHH ITyCKa, CTCIIEHH HarpeBa JBUrarens IIPH ITyCKe, BIUSAHMA IyCKa Ha MOCAAKY
HAIpsHKEHHA B Y3JI€ U T.JI.

Pacuer 5THX XapaKTEPUCTHK OCJIOKHAETCS TEM, YTO IapaMETPhl CXEMBbI 3aMELCHUS JIBUraTe-
75 BO BpeMs IyCKa OKa3bIBAalOTCS HEJIMHEHHBIMM, OHU 3aBHCAT OT CKOJILKEHUS U TOKa POTOPHOM U
CTaTOpHOM 00MOTKH. HemocTosHCTBO MapaMeTpoB, NPEXkIE BCETO, X1, X5 U 13, CBA3aHO C SABJICHHU-
€M BBITECHEHHS TOKA B CTEPKHAX POTOPHOM OOMOTKHM M C SBJICHHEM HaChIIEHHs 3y010B cTaTopa U
poTOpa NOTOKaMH paccesHus. DTU ABJIEHUS OKa3bIBAIOT OOJIBIIOE BIMAHUE HA NapaMeTpbl B 00Jac-
TH OOJBIINX CKOJIL)KEHHMH, KOTJla 4acTOoTa TOKa B POTOpE OJM3Ka K 4acTOTE CETH U 10 00OMOTKaMm
NPOTEKAIOT OOJIBIINE ITyCKOBBIE TOKHU. IIpH 5TOM aKTHBHOE CONPOTUBIIEHHE POTOPA 73 BO3PACTacT,
a MHJYKTUBHBIE COIIPOTHBIICHUS PACCESHUS X| U X5, HA0OOPOT, yMeHbIatoTcs. IIpu ckonbKkeHnsx
MEHBIIIE KPUTHYECKOTO BBITECHEHHE TOKA U HACBILLEHHE 3yOLI0B YK€ HE ITPOSBIISETCSL.

Takum oOpa3zoM, pH ITycKe B HAUaJIbHBIM MOMEHT, Koraa s=1, 1§ = 13 s X =X, @B pa-

00YeM peKMME MPH MATbIX CKOIBKCHUSX (S < Sgp), KOTa IBUraTeNlb YKe 3alyCTHICA 75 = rjc,
Xg = X - 3/ech MHIIEKC «I1» O3HAa4YaeT «I1yCKOBBIE MapaMeTphl», a UHIEKC «C» - «CUHXPOHHBIC

apaMmeTpbl».
Ilepexoa OT MyCKOBBIX MapaMeTPOB K CHHXPOHHBIM MOAYMHSIETCS HEIMHEWHOM CTeneHHOU

byHkuu Buaa f (s) = as™ + b, kax 310 TIOKa3aHO Ha puc. 16.
JIJIs MOIIHBIX ACHHXPOHHBIX JIBHraTelIel IMOKa3aTeidb CTEIHCHH MOXKHO IPHHSATH PaBHBIM

1
n= 5= 0,2 uTorna B mmarasone S 0T 0 10 Sy, MapaMeTpPbl JIBUTATeIIs ONPEICIAIOTCS BRIPAKCHHCM
r3(s)=a,s" +b,
n
xi(s)=a,s" +b,, :
|
r [t n |
3 rjc . 73, T3 Skp !
rae a, =——"-, by =—"—, |
1—s 1-slt ! !
P p [ |
_ n 5y i F—>s
a, = Ve TR b, = ke T XK Sxp o P05 !
X -t X 1— " Puc. 16. 3aBucMMOCTb NapameTpoB
Kp Kp ABUraTensi oT CKOmNbXeHUs
—_ !
Sp =13, [¥x, -
! —_ !
r3(s)=r3,
Hpu s <sgp :
xi(s) = YKe

[Tapametpbl rz’c M Xy, COOTBETCTBYIOIIME paboueMy pexuMy, ONPENeNstoTCs 0 METO/UKE,

orucaHHou B 1. 2.5.2. IlyckoBble mapamerpbl rz’n M Xy~ PacCUMTBIBAIOTCA, UCXOIA U3 3aJaHHON

* *
KPaTHOCTH IIyCKOBOTO TOKa [ / Iyom = I ¥ KpaTHOCTH ITyCKOBOTO MOMEHTa M / Myom = My .
ITyckoBoii TOK MPUOIMKEHHO paBeH

U 1
Iy=—+1,, Boe I=—+I", Ih=—
XKy XKy Xm
1
OTCrO1a xKr[ :ﬁ'
Iy =1y

ITyckoBOIf MOMEHT, B COOTBETCTBUU C BbIpakeHUEM (6), pH ycioBuu s = 1, OyneT paBeH
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! !

14 14
* 2y N 2y .
My = R '

2 2
2 X cos
((rl +”én) +XKH)T]HOM COSPhom Ky 'HOM €05 Pron

*
, * 2 MM gom COSP
3= MpMuom COSProm ¥y = ( . )2
Iy _Im)

3a,Z[aBa$[CB CKOJIB)KCHHEM B JUaIla30HE OT 1 a0 O, PaCCUUTBIBAIOTCA ITYCKOBBIC XapaKTCPUCTHU-
KK TOKa 1 MOMCHTAa

I :\/(Im +15 sin(p2)2 +(Ié COS(PZ)2 ’

U U
rae 1[5 = 1 ; (pzzarctng—(,S);Imz—l;
2 r3(s) Xm
r3(s) 2 n+-= -
ry+ +(xK(s)) s
s
2 13(s)
Ui - (
M= 1 Ky =Ié2-r2(s), MY = M

Nuom COSP yom

N pume p. Paccuntars mycKoBbIe XapaKTEPUCTUKNA aCHHXPOHHOTO JIBUTATEIIS C HCXOIHBI-
MU JTJaHHBIMHU, B3ATBIMH U3 TIPUMEpa pacueTa CUCTEMBI (CM. II. 4). DIeKTpUUYECKUe MapaMeTphl cXe-
MBI 3aMEIeHUs, COOTBETCTBYIOIINUE paboueMmy pexxumy, ompenenensl ana n= 0,94, cosp=0,8,

ne =375 06/mun , ny =37106/MuH, Mynay [ Myoy = 2,2 paBHbIME:

rg’c =0,0130.¢., n =0,013o0.e., Xk, =0,302 o.¢., Xy, =22lo.e
Ornpenenum MycKOBBIE TapaMeTphl ABUTATENS s [ ; =—1 =7u M; = -1,
HOM HOM
T Iy ==—=0450.¢;
ormaa m=551=0 0.€.;
R 0,152 ;
X, —7_2,21— J1520.¢e.;
L1-0,94-0,8 0.0193 )
r =—"-5=0, 0.e.;
T (7-045)
0,013
SKp = W = 0,043 0.€.

Jlnst pacyera napamMeTpoB HpH § > Sy HAHIEM k03 duIMeHTs ypaBHeHuit a u b

02
0,0193-0,013 0,013—0,0193-0,043%
a, =——— " =0,013; by =~ ’ : = 0,006;
r 02 r 0,2
1-0,043% 1-0,043%
0,152-0,302 L 0.302-0152. 0,043%-2 0472
a = " ’ = = s .
T 1-0,04302 ) 1-0,0430-2
Orcrona
5 (s) = 001352 +0,006 mpn s> 0,043 e (s) — ~0,325%2 10472 npn 5>0,043
70,013 mpu s < 0,043 2770302 mp s < 0,043
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PesynbTathl pacueta cBezieM B Tabiuiy (B o.€.).

%

T

K

%63

Puc. 20. BektopHasa guarpamma
HeABHOMOJIKOCHOro reHeparTopa

0 I I I
0,2 0,4 0,6 0,8 1,0
Puc. 17 MNMyckoBble xapaKTEPUCTUKN aCUHXPOHHOIO ABUraTens
S 1,0 0,8 0,6 04| 02 01 | 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
i) 6,41 |586 |53 468 |[389 |32 246 | 229 |217 |182 |134 |(072 |0
[op) 136 |136 |1,34 |131 |121 (105 |082 |0,76 [071 |058 |042 |[022 |-
IN/Tyoy | 685 |63 574 (512 |431 | 3,6 2,8 262 249 |21 1,58 | 0,931 | 045
M, /MHOM 1,05 | 1,07 |112 |124 | 157 |195 |213 |211 |209 |19 |16 093 (0

Ha puc. 17 u3o0paxeHbl MyCKOBbIE XapaKTEPUCTHKH, TOCTPOEHHBIE 110 pe3yIbTaTaM pacueTa.

2.6. Cxema 3amMeLleHNAs CUHXPOHHbIX MaLUUH

2.6.1. Cxema 3ameLleHnsi CUHXPOHHOIO HESIBHOMOSKCHOrO reHepartopa

[To ycnoBuro perraemMoit 3a1auu y3ea Harpy3Kd MUTAETCSl OT CHHXPOHHOTO TypOoreHeparopa,
KOHCTPYKIUS POTOPA KOTOPOTO SIBISIETCS HESBHOIOIIOCHON ¢ paBHOMEPHBIM BO3AYIIHBIM 3a30pOM
MEXJy CTaTOpPOM U POTOPOM. DTa KOHCTPYKTHUBHAs OCOOEHHOCTH MO3BOJISIET MPEICTaBUTh TeHepa-
TOp BECbMa IPOCTOM JJIEKTPUYECKON CXEMOH, cocrosmen u3 ncrouynuka J/1C E( u BHYTpEHHETO

CHHXPOHHOTI'O COIPOTUBIEHHUA X (puc. 18).
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Puc. 18. Cxema 3amelleHuns
CUHXPOHHOrO reHepaTopa B
YCTaHOBUBLLUEMCS peXume




OJC E( co3maercs TOKOM BO30YKICHUS i, CHHXPOHHOH MAIMHBI U CBS3aHA C HUM Xapak-
TEPUCTUKOH XonocToro xozaa (puc. 19). Ha xomoctoM xony cBsA3b MexXIy E( U iy HOCUT HEJIUHEH-

HBIN XapakTEp U3-3a HACBINICHUA CTAJIW, OJHAKO IIPU HArpy3Ke, BCICACTBUC BIMAHHAA I10JI pECAKIIUA
SAKOpsA, CTCIICHb HACBIMICHUSA OCTACTCA IIPAKTHYCECKU MOCTOSIHHOM M OJIM3KOM K TOYKE iBO , COOTBECT-

CTBYIOLIEH HOMUHAJIILHOMY HanpsokeHuro Uy . 1103ToMy MOMKHO € 1OCTaTOYHOMU AJIsi MHKEHEPHOM
IIPAKTUKHM TOYHOCTBIO CUUTATh, YTO CBA3b MEXAY E() U iy NOJ HArpy3kou nunelna. Takon moaxon
MO3BOJIUT OTIPEIEINUTH TI0 BEKTOPHOH AMarpaMMme TOK BO30YKIEHHs 1101 HAarpy3Koi reHepaTopa.

JUId IOCTpOEHMsI BEKTOPHOM JMarpaMMbl 3alUILIEM YPaBHEHHE JJIEKTPUYECKOTO PaBHOBECHUS
JUIsL CTaTOPHOU LIETIN B&F = E% — jxcﬁg, U JUId cllydasi akTUBHO-UHIYKTUBHON HAarpy3Ku OCTPOUM
BEKTOPHYIO AUarpaMmy HalpspKEHUH M MarHUTHBIX MOTOKOB (puc. 20).

Kak BunHO u3 puc. 20, HeCMOTpsl Ha TO, YTO MAarHUTHBIM NOTOK @, COOTBETCTBYIOLIHMH Be-
auurHe E() U NpONOpUHOHATIBHBIA TOKY BO30YXKIEHHs, OKA3bIBAETCS 3HAYUTENILHO OOJIBIIUM, YEM

Dy, , PE3YIBTUPYIOIINI MTOTOK (Dpe3 HaMHOI'O MeHblIe P, U OIH30K K cDBO W3-3a pa3MarHu4u-

Bp>
BaHUs IIOTOKOM PCAKIIUU AKOPA Cpa . U3 HOI{O6I/I$[ BCKTOPHBIX TPCYIOJIbHUKOB MAarHUTHBIX ITIOTOKOB

n HaHpH)KeHI/If/'I MO’KHO 3a1rMcaTh CJICAYIOINEC COOTHOCHUS

Ppes  Ur g
U3 KOTOPBIX JIETKO ONpPENEISeTCss TOK BO30YKICHUS Ie€HEeparopa
IPU Harpy3Ke 10 U3BECTHOMY TOKY BO30yXI€HHs Ha XOJIOCTOM XO- Eg 1E(
Ay iB:iBO'EO/UF- /

2.6.2. Cxema 3amelleHnsi 1 BeKTopHas gnarpaMmma CuH-
XPOHHOTO :

SIBHOMOJIOCHOrO ABUraTens !

|

1

Cunxponnsie MamnHbl (CM) ¢ SBHOBBIpaKEHHBIMU IOJIOCA-
MU UMEIOT HEOMHAKOBBIM BO3IYIIHBIN 3a30p - O] IIOJIOCAMHU OH B
HECKOJIbKO Pa3 MEHBIIIE, YUEM B MEXKIIOIIOCHOM IPOCTPAHCTBE. DTO Puc. 19. XapakTepucTika
BHOCHUT OIPEIEJICHHBIE TPYAHOCTH NPU CO3JaHUU PACUYETHBIX MO- XONOCTOro XoAa
Jesiell SIBHOTOJIOCHBIX MalllMH, MPEeXJe BCEro u3-3a TOro, 4To
BHYTPEHHEE COIIPOTUBJICHHE MAIIMHbBI 3aBUCUT OT XapakTepa Harpy3ku. OJHUM M3 IIyTeH Ipeoso-
JICHUS] ATUX TPYAHOCTEH SBISETCS] MCIOJb30BaHUE MPHUHIMIA JIBYX pEaKLUd, 3aKIIIOYaIOLIErocs B
x Pa3N0KEHUH MarHUTHOTO MOJIsl PEAKIMHU SIKOPsl Ha TIPOAOIIbHYO d 1
4 HOIIEPEYHYIO (] OCH pOTOpa. B 3TOM ciydae ypaBHEHUE dJIeKTpHUe-
CKOTro paBHOBecHs Ipu pabore CM OT ceTh UMeeT BUI:

& =B+ jxa B+ jxg £,

Puc. 21. Cxema 3amelueHna  TJ€ U&C - BEKTOP HANPSKCHUS CETH, E% - Bextop D/IC xonocroro
CUHXPOHHOrO IBHOMNOSIOC-
HOro aopuratens

Ly ‘B

X0/1a; I% , [% - IPOEKINU BEKTOPA TOKA cTaTopa B Ha mpooIbHy0

N MONCPCUHYIO OCH; X4 - IPOAOJIBHOC MHAYKTHBHOC COIIPOTHBIIC-
HHC, X q- onepeYHOC UHAYKTUBHOC COIIPOTHUBIICHUC.

IToncraBuB B ypaBHEHHE DJIEKTPUUYECKOIO PABHOBECHUS BBIPAXKEHUE JJI TOKA }% = }9‘—}% , U
0003HauUB uepes3 E% = B% - j(xd —Xgq )I% IIOJIyYMM ypaBHEHHE BUAA lﬁ‘é = —E% + jxq}g.

EMy cooTBeTCTByeT cxema 3aMeLEHUs SIBHOIIOIIOCHON CHMHXPOHHOW MAalllMHBI U BEKTOpHAas
JyarpaMmMa, MpeicTaBieHHble Ha puc. 21, 22 cOOTBETCTBEHHO. Pe3ynbTUPYIOIINI MarHUTHBINA MO-
TOK @pey NPONOPLUOHATICH BEIMYMHE HATIPSIKCHHS CETH, a MOTOK BO3OYykaeHus Py - DJIC xomo-
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croro xona E(. CoOTHOMEHNA MEXy IMOTOKAMHU PEaKLUH SAKOPS IO IPOJOJILHONW U IONEPEYHON
OCAM NOJYUHAKOTCSA HpI/IGJII/I)KeHHO clIcayromemMy COOTHOIICHUTO
Pg 1gxqd
Pq  1q%q
BekropHast nuarpamma CTpOUTCS CIEAYIOIUM 00pa3oM:
— 110 33JaHHBIM BEKTOpPY TOKa K, BEKTOPY HANpsKeHHs (ﬁg U YIIIy CABUTA MEXY HUMH @ C

Y4eTOM INaJCHHUS HAIPSDKSHUS jqutg OIIPEJEISAIOT BEKTOP E% U TIOJIOXKeHHe oceii g u d;
— HaXoJIAT NPOEKIIMIO BEKTOpa Toka £y Ha ock d;

— T1pubaBIsis K BEKTOPY E% N1aJICHUE HAIIPSKCHUS j(xd —Xgq )l% , OIIPEAECIIAIOT BEKTOP E% .

2.6.3. OCHOBHbIE XapaKkTEPUCTUKN CUHXPOHHOIO reHepaTopa

Cunxponnsiii rereparop (CI') B paccmaTpuBaeMoil cxeMe SBJISETCS €AMHCTBEHHBIM HCTOY-
HUKOM 3JIEKTpOCHaOeHusl. Takol pexuM ero padoThl Ha3bIBAETCS aBTOHOMHBIM. B aBTOHOMHOM
pexume cpoiictBa CI' oneHHBarOTCsA BYMs XAapaKTEPUCTHKAMU - BHELIHEH WU PEryJIMPOBOYHOM.
Buewmneii xapakmepucmuxou CI' Ha3pIBalOT 3aBUCHMOCTb HAIIPSDKEHUSI CTaTOpa OT TOKA Harpy3ku

Ur=f (1 r), OIIpENENAEMYIO IIPDU 11 =N = const , iz = const U cos = const. B ocHOBY pacuera

BHEIIIHEH XapaKTEPUCTHKU MOXKET OBITh MOJIOKEHA CXeMa 3aMEIlCHUs] U BEKTOpPHAsl JuarpaMmma Ha
puc. 18, 20. OnHako u3-3a HETUHEHHOCTH XapaKTEPUCTHKU XOJOCTOTO XO0Ja BO3HHMKAIOT OIpese-
neHHble TpyaHocTH. C IENbI0 YIPOIIEHUS pacdera

IpPEeACTaBUM 3aBUCUMOCTh E( = f (iB) (puc. 23) B Eg / )
BUJIE ABYX MPSIMOJMHEHHBIX YYaCTKOB: HEHACBHIIICH- / |HaChILLEHHasT
HOM ¥ HACBIIICHHOW YacTH. :
[Iyctp TOuka mepexojga W3 HEHACBINIEHHOW K / %o
HACBIIICHHONW XapaKTEPUCTUKE COOTBETCTBYET Ugomb — —____ ~ | &, “Hac
|
Eo =Uyowms 'jxd—X'l%f q
. . ! q E%
lg =lgpn- L | —
B B( |
HeHacblleHHas | &
Torna B 3aBUCMMOCTH OT BEIMYUHBI PE3YJbTH- \d Y 4/ E%
pytouiero notoka B CI' cheg, MIPONIOPLIMOHAIIBHOTO o SN l\& !

Uy, CHHXpOHHAs MallluHa OyJIeT HaXOJIUThCS AUOO0 B 0
HEHAchIIEeHHOM COCTOAHUU (Up <Upgy ), MO0 B

HachIEHHOM (U > Upggy ), UTO IPU pacueTe yuH- XapaKTep1CTHKa xg
THIBAE€TCSl U3MEHEHUEM ITaPAMETPOB CXEMBbI 3aMEIICHUS:

Eg =E)
_ npu Up < Uy
*¢ = *cyenac
Eog=Ey
HaC
npu U >U 7
X =xe, p r HOM (7) E%

Puc. 22. BekTopHasa gnarpamMmma CUHXPOHHOIro
HacellienHoe 3HaueHME CHUHXPOHHOIO COIPOTHB- ABHOMOJIIOCHOrO ABUrartens

JICHUSA MOXHO IIPUHATH PaBHBIM

tga i
X =X : =Xx .
Crac Crenac tgo’ Cxenac — Hac!
tga
tie ke = P KO3()(UIMEHT HAKIIOHA HACHIIEHHOM YaCTH XapaKTEPUCTHKH.
ol
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CBs3b Mexny E() U iy ONPEAensIeTcs CIEeAYIOIUMH yPaBHEHHAMU

U
Eh =tga' iy :.H—OM'iB :i; npu Up < Uyoy
g
; : o - . Ig — iBO (8)
EOHac =Uyom + tga’(ZB - lBo) = Uyom +tg0 (ZB ~Ig ) “kyac = Ugom| 1+ ——— kuac
BQ

npu U >Uyoum

Pacuer BHelIHEN XapaKTepUCTUKN CUHXPOHHOT'O T'€HEPATOPa BBIIIOJIHSAETCS B CIEAYIOLIEH 1Mo-
CJIeI0BAaTEIbHOCTH:

1) 3amar0TCs MCXOAHBIE JAHHBIE: K ppac XC yenac”

2) 3a7al0TCs YCIOBUSI pacueTa BHEIIHEH XapaKTePUCTUKH: COSQ , i /iBO ;
3) 3apmarorcs 3HaueHMs Toka craropa or 0 mo 1,27, (MM OO TOKAa KOPOTKOTO 3aMbIKaHMs
I = Eg/xc) 1 onpezelsieTcs: HaNpsHKEHUE reHeparopa no (popmysie, IMOIy4eHHON U3 BEKTOPHOM

nuarpammsbl (puc. 20)

Ur = \/Eg —(xclr coscp)2 — Xl sing.
Benuuunsl E n x 3aBUCAT OT U 1 noquusstorcs yciaosusm (7) u (8).

CHavaJsia 110 3aJaHHOMY TOKY CTaTOpa OIIPEAEIAETCS HalpsUKEHUE IeHepaTopa B IIPENIoIIo-
JKEHUH, YTO MAarHUTHAas LeNb HEHACBIEHHA. Eciin HalileHHas BEIWYMHA HAIPSKEHHS OKaXKeTCs
oonbiie U oy, TO CIIENYET BBINOIHUTH NIEPEPACUET, HO yXKe [0 HACBHIIIEHHOH XapaKTepHCTHKE XO-

JIOCTOTO XOJa.
Mpumep.P s =ig figs =15 =0,8
P p . PaccunTaTh BHELIHIOK XapAKTEPUCTUKY IS Ip =g /lBO =15 m cosp=0.,3,

ect kype =02 1 x¢ 0 =2

PGSYJ'ILTaTBI pacucTa CBCACHLI B Ta6J'II/II_Iy MMpEACTAaBJICHBI HA PUCYHKE.

I; 0 0,2 04 05 0,6 0,7 I =0,75
Eo 11 1,1 11 15 15 15 15
X 04 04 0,4 2 2 2 2
U, 11 1,05 1,004 0,67 0,39 0,16 0
UF

1,0

0,75

0,5

0,25

Pecynusou- HOU  Xapaxkmepu-
cmuKol TeHepaTopa Ha3bIBaeTCsl 3aBUCUMOCTh TOKA BO30YXJAEHUS OT TOKa CTaTopa, ornpenaessemMas
npu Uy =Ugxom, B =Hnc U COSQ = const. Pacyer 5TON XapaKTEPUCTUKHU IPOIIE, YEM BHELIHEH,
T.K. ICXOJHBIM SIBJISIETCSl HaIpsDKEHUE TeHepaTopa, KOTOpOe MO3BOJISET Cpa3y YCTAHOBHUTH - B Ha-
CBIILIEHHOM WJIM HEHACBIIIEHHOM COCTOSIHUM HAaXOJUTCSI TE€HEpaToOp U ONpPENeTUTh COOTBETCTBYIO-
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[IUE 3TOMY COCTOSIHUIO ITapaMeTpbl cxeMbl 3aMmelienus. [lopsiiok pacuera peryampoBOYHOM Xapak-
TEPUCTUKH CJICTYIOIIHI:

1) 3amar0TCs HCXOAHBIE NAHHBIE: K ppac X yerac
2) 3amaroTcs yCIoBHs pacueTa: cos@, Up;

Lk
3) 3anarorcst 3HaYeHUs Toka craropa ot 0 o 1,27, u onpenensercs cHavdana E(), a 3aTeM ip

Eg= \/(Ur +xc1p sin(p)2 +(xclr cosq))2

i; =Ey npu Uy <Uyoy

x Ep-—1

ip +1 mpu Uy >Upgoum

Hac
Mpumep. Paccuurats perymupoBouHyr0 XapakTepucTuky it Up = Uygy B cos¢ = 0,8,
eCt kype =02 1 x¢ o =2

PGSYJ'ILTaTbI pacuc€Ta CBCACHLI B Ta6J'II/II_Iy.

I 0 0,2 0,4 0,6 0,8 1,0 1,2

Ey 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

2.6.4. OCHOBHble XapaKTepUCTukmn CMHXPOHHOIo ABUraTtend

[loBeneHne u cBOWCTBA CHHXPOHHOT'O JBUTATENs OLEHUBAKOTCS C TOMOIIBIO YIVIOBBIX Xapak-
TEPUCTUK aKTUBHOM U peakTUBHON MoutHOcTe n U-00pa3HbIX XapaKTEepUCTHK.

Venoevimu xapaxmepucmuxamu HaseiBaroTcs 3aBucumoctd P= f(8) u Q= £(38), onpene-
asiemble IpU U, = Uy U ig = const. YT0I § sABIIseTCS pabOunM YIIIOM JABUTATENs U OTCUUTHIBA-
eTcs OT BeKTopa E() K BeKTopy U NpPOTUB HAIIPABICHMS JABHKEHHS YAaCOBOM CTPENIKH. DTOT yroi
(bakTHUECKU ONpeeNseT MOJI0KEHNEe POTOpa OTHOCUTENBHO PE3YIbTUPYIOIIEr0 MArHUTHOTO TIOTO-
Ka. AHaJUTHYECKHUE BBIPAXKEHUS, CBSA3BIBAIOIINE AKTUBHYIO U PEAKTUBHYIO MOIIHOCTU C YIJIOM O,
ObUTH TIOTy4YeHbl paHee B M. 2.1. OgHAKO OHM CHPaBEUIMBbI JHIIb /711 HEIBHOMOIIOCHON CUHXPOH-
HOW MalMHEL. J{J1g SBHONOIIOCHON CUHXPOHHOM MAlllMHBI, y KOTOPOH X # Xg , YTTIOBBIE XapaKTe-

PUCTUKHA OIIPECACTIAIOTCA CICAYOIHUM YPABHCHUCM
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2
U.E U 1
P=—"0 ging+—C| —_——|sin25
Xq xqg \xq Xq
.2 2
U.E sin“ & cos” d
Q=—"= 0cos8—Ucz + .
X4 Xq X4

[Tpu monydeHnn 3TUX ypaBHEHUN HE YYUTHIBAIIOCH AKTUBHOE CONPOTUBIICHUE CTATOPHOM 00-
MOTKH, T.K. OHO Ha HECKOJIKO MOPSIIKOB MEHbIIIE HHIYKTUBHOTO0. MOXHO Tak)Ke CUMTaTh, YTO CHH-
XpOHHasi MallliHa Ipu paboTe OT CeTH, HAXOAUTCS MPAKTUYECKHA B HEHACBHIIICHHOM COCTOSHUH, TO-
CKOJIbKY PE3YJIbTHPYIOLIHI MarHUTHBIN MMOTOK, ONpPEAesieMblid BETUYUHON HAMNPSHKEHHSI, OCTAeTCsl He-
M3MEHHBIM TPH JIF000M Harpy3Ke U COOTBETCTBYET M0 XapaKTEPUCTUKE XOJIOCTOrO X0a TOKY i By -

I[HSI CHUHXPOHHOI'O ABHUIATCIIA BMECTO aKTUBHOH MOIIHOCTH HHOTI'Aa y;[06Hee HCIIOJIB30BaTh
ANIEKTPOMArHUTHBIA MOMeHT. [Ipu pacdere yrioBoil XapakTepuCTUKH B 0.e. P = M, mosTomy mep-
BO€ ypaBHEHHE cucTeMbl (9) octaercs 6e3 namenenus. [lo Hemy MOXHO onpezenuTh pabouunii yroiu

O. g 5TOr0 HEOOXOAMMO MOCTPOUTD YTIOBYIO ) f M U2 [ 1 1 ]
Cc .
——| ———sin2d

xapakTepucTuky M = f(8) u comocTaBuTh ee
C BHEIIHUM MOMEHTOM, HOMUHAJIbHAS BEJITUYU-
Ha KOTOPOr'o paBHAa HOMUHAJILHOMY COS(!

2 \xg xg

= COS .
BHyonm P Hom

YcroitunBoit pabodeld 4acTbiO YIIIOBOM
XapaKTePUCTHKU SBJISCTCS HadallbHAs YacTh
XapaKTEePUCTHKH 10 YIia & =8y, KOTOpBIi

COOTBETCTBYET MaKCHUMaJIbHOMY 3JIEKTpOMar-
HUTHOMY MOMeEHTY (puc. 24). Ecnu BHemHuit
MOMEHT Harpy3Ku MPEBBICUT €r0, TO JIBUTATEh
BBIMJIET U3 CUHXPOHU3MA U NEPEIeT B aCUH-
XPOHHBIN PEKUM UITU AK€ OCTAHOBUTCSI. Puc. 24. YrnoBas xapaKkTepucTMka CUHXPOHHOrO

Mpumep. Paccunrats yrioBsie Xxa- fIBHOMoOntCHoro AsuraTens
PAKTEpUCTUKU CUHXPOHHOTO SIBHOIOIKOCHOTO

Lk
ABUTaTels Ipu paboTe OT CeTH ¢ HOMMHAIIBHBIM HaNpsDKEHUEM, eciu iz = 1,5, x;7 = 1,2, Xg = 0,8,

COS P gom = 0,9. Ompenenute paboumnii yroa MaluHbl IPY HOMUHAIBHOM MOMEHTE.
B cootBercTBHE € (9) MOXKHO 3amucaTh

1-15 . 1(1 1) .
M = 2 51n8+5 O_,8_1,_2 sin20 =M.+ My
_1-1,5 S41 sin28+c0528 0.+
Q=" s 08 T 1p ) Qe

3neck 0003HaueHbl: M U (. - CHHXPOHHBIE COCTaBIIAIONINE MOMEHTA U PEAKTUBHOM MOII-
HOCTH, 3aBUCSILIUE OT TOKAa BO3OYyxaeHUs; Mg u (g - MOMEHT U pEaKTHBHAs MOIIHOCTb, 00Yy-

CJIOBJICHHBIE SIBHOIIOJIFOCHON KOHCTPYKIIMEH poTopa.
Pe3ynbrarhl pacuera cBe/ieHbI B TAOIHUITY.

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

0 032 0625 088 | 108 | 121 125| 121 | 108 | 0,88 | 0,625| 0,32 0

)
M
Mg 0 0,104 0,18 | 0,208 0,18 | 0,104 0 -0,104| -0,18| -0,208 -0,18| -0,104 0
M 0 0424( 0,805| 109 | 126 | 131 | 1,25 11 0,9 0,67 | 0,445( 0,216 0

O¢ 1,259| 1,207 108 | 0,88 | 0,625| 0,32 0 -0,32| -0,625 -0,88| -1,08( -1,207| -1,25

04 -0,833| -0,86| -0,94| -1,04| -1,14| -122| -1,25| -1,22| -1,14| -1,04| -0,94| -0,86| —0,833
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["eHepaToOpHbI

[BuratenbHbIn
pexmm

Puc. 25. PacuyeTHble yrnoBble XxapakKTepUCTUKN 3IeKTPOMarHMTHOro MOMeHTa
M peakTUBHOMN MOLLHOCTU

|Q [ 0417] 035 014 | —016] -0515 —0,9 | -1,25| -1,54| -1,765| 1,92 | —2,02| —2,07| —2,08|

Ha puc. 25 npeacraBieHsl rpapuueckie 3aBUCUMOCTH YIJIOBBIX XapaKTEPUCTUK (HA pPUCYHKE
TaKXe IOKa3aH IeHepaTOPHbIM pexxuM paboThl - OH CUMMETPUYEH OTHOCHTEIBHO JBUTATEILHOTO
pexumMa).

IIpy HOMUHATLHOM MOMEHTE pabouuii yron &y = 35° u peaktuBHas MomHocTe O =0,10.¢.
(oTmaercsi B CETh).

U-obpasnvimu xapakmepucmukamu CAHXPOHHOM MAaIIMHBI, MOJKIIOYEHHOW K CETH C Hamps-
xkeHueM U ., Ha3bpIBAaIOT 3aBUCHMOCTb TOKa cTaropa | oT Toka BO30YXIEHUS i, KOTOpas paccuu-
TBIBAE€TCS NPU MOCTOSTHHOW aKTUBHON MOIIHOCTH MJIM MOMEHTE Ha BaJly MalllMHbI. XapaKTEPUCTUKY
I=f (iB) MOKHO TE€OPETHYECKH PACCUUTATh, UCIIONb3Yys BEKTOPHYIO JHAarpaMMy SBHOIOJIIOCHON

MammHbl. [Ipu 9TOM 3amaeTcs Tok craropa | B mpeaenax oT HEKOTOPOTO MUHUMAIBHOTO 3HAYEHUS
10 1,2 HOMHHAIBHOTO, ONpenendercss £ U 110 XapaKTEPUCTHKE XOJIOCTOrO X0/1a HAXOIUTCS TOK iy .
[Ipu pabote OT ceTu ¢ HaNpsHKEHHEM ONMM3KUM K HOMHUHAJIHLHOMY MOXKHO CUMTATh MAalllMHy HEHa-
CBIIIEHHON U UCIOJIb30BaTh HEHACKIIIEHHYIO XapaKTEPUCTUKY XOJIOCTOTO X0/1a.

B cooTBeTcTBUM € BEKTOPHON AMarpaMMOM pacueT MPOXOAUT B TPU dTana:

1) paccuutbiBaercs E g TIO 33/[aHHBIM 3HAYCHISIM LU, uP

2 2
E, :\/(Icosq)xq) +(UC +Isin(pxq)

Pxg4 2 qu 2
WU Eq =\l +|Uc+ ,
Ue Ue

rie O=+VS2-P?; S=U.I upn S> P.

Taxum 0Opa3om, HauaabHOE 3HAYEHHUE TOKA CTATOPA ONPEAEIAETCS CACAYIOIIMM COOTHOLIEHHEM
Iin 2 P/Ug ;
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2) pacCUMTHIBACTCS yroJl O MKy BEKTOpaMH lﬁ&c u E% ¥ YIOJ \y MEKLy BeKTopamu B u E%

Px
0 = arcsin :

Y=05+0;

=t arcsin—
? S

3) paccuuThiBatoTCs Eg U iy Eg = Eg +Id(xd —xq); Iy =1Isiny, i; = E( (11 HeHa-

CBILIEHHON XapaKTEPUCTUKH XOJIOCTOIO XOa).
OZHOBPEMEHHO NPHU OJHOM U TOM K€ TOKE CTaTopa ONPEIENSIOTCS J1BAa 3HAUYEHUsS TOKa BO3-

Lk o~
6y>K,I[eHI/I5{ lg - OAHO COOTBCTCTBYCT BbIJAUC PCAKTUBHON MOIIHOCTHU B CCTH Q > 0, BTOPOEC - €€ I10-

Tpebnenno O <0.

Mpumep. Paccuurare U-o0pasnyro xapakrtepuctuky mis P =0,5, eciu
Xg = 0,8, Us =1, I'min = P/U. =0,5/1=0,5.

xg =12,

| | 05 0,6 07 | 08 0,9 1,0 1,1 1,2 | 13
M p a B a 4 B € T B b
Q 0 0,33 0,49 0,62 0,75 0,87 0,98 1,09 1,2
Eg 1,08 1,33 1,45 1,55 1,65 1,74 1,83 1,91 2,0
S 21,8° | 1755° | 16,03° | 150° | 14,0° | 133° | 126° | 12,1° | 115°
iy 1,15 1,51 1,69 1,84 1,99 2,12 2,25 2,38 2,51
Jl e B a s B € T B b

Q 0 0,33 | 049 | 062 | 075 | -087 | -0,98 | 109 | -172
Eg 1,08 0,84 0,73 0,64 0,57 0,5 0,45 0,42 0,4
8 21,8° | 286° | 333° | 386° | 449° | 525° | 61,6° | 72,3° | 843°
iy 1,15 0,82 0,67 0,57 0,5 0,45 0,44 0,48 0,55

JIeBast BeTBb U-00pa3sHOl XapaKTepUCTHKH OrpaHMYMBAETCs TOKOM iy = 0,44. B nanbHei-

meM 3TOT TOK BO3paCTaCT, YTO COOTBETCTBYCT BLIXOAY 34 I'PAHUILY YCTOI\/’I‘-II/IBOCTI/I.

Ha puc. 26 npencrasinena U-oOpa3Hasi XapaKTepUCTUKA, IIOCTPOCHHAS 110 JTAHHBIM TAOJIUIIBI.
Jl1s cpaBHEeHHsI Ha ATOM ke rpaduke nzodpaxena U-o0pa3nas xapakrepuctuka npu P = 0.
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3. METOOUKA U NOCNEONOBATEJIbHOCTb BbINOJIHEHUA PACYHETA
YCTAHOBUBLLUEIOCA PEXUMA

Ha ocHoBaHuM onucaHHBIX B MPEABIAYLIEM pa3fiesie MOJENeH OTAENbHBIX AIEMEHTOB MOXKHO
COCTAaBHTD CJICAYIONIYIO PACUCTHYIO CXEMY JICKTPOMEXaHUYCCKON CHCTeMbI (pHC. 27).

B sT0ii pacueTHOl cxeme UMeeTcsl eAMHCTBEHHBIH y3€eJ1, K KOTOPOMY MOAKIIOYEHBI HECKOJIBKO
BerBeil. Ecin Ha mimHax oToro ysma Oyzaer 3agaHo HampskeHue Uy, TO yCTAHOBHBILHMICS PEXHM

OTACIBbHBIX 3JICMCHTOB U BCEH CHCTEMEI B OCJIOM OMpeACTIACTCA JOCTATOYHO ITPOCTO. W3noxum mo-
CJICAOBATCIIBHOCTD 3TAIlOB PCUHICHUA.

0)

Puc. 27. NMonHas (a) u cBepHyTas (6) pacyeTHasa cxeMbl CUCTEMbI

1. PaccuuTheIBaIoTCs I10 HUCXOJHBIM AAaHHBIM HapaMETpbl OTACIIbHBIX 3JICMCHTOB CUCTCMBI B
(1)I/I3I/I‘ICCKI/IX CAMHHNIAax U B OTHOCUTCJIIbHBIX CAMHHIIaX 0a3MCHON CUCTEMBI DJIEMEHTA.

| | |
['pannna yCToﬁqI/IBOCTI/I

) ///

N

‘\
(@]
@]
7Z]

S

Il

—

0,75 7
/
/
0,50 *#/
\ P=0 |1 /
NC /]
0,25 u
I
]
0 l4

0,5 1,0 1,5 2,0 2,5
Puc. 26. U-o6pa3Has xapakTepuMcTMka CUHXPOHHOIo ABurarTens

2. PaccuntbiBaroTcs 0a3ucHasi MOIIHOCTh M TIPOM3BOJIHBIE OT Hee 0A3MCHBIC BETUYNHBI SKBH-
BateHTHBIX A/l 1 CJI myTeM mpocToro yMHOKEHUSI 0a3MCHON MOIITHOCTH OJHOTO 3JIEMEHTa Ha 00-
11ee KOJIMYECTBO OJHOTUITHBIX 3JIEMEHTOB.

3. BeiOupaercsa 6a3zucHast MOIIHOCTh U Oa3MCHOE HAIpsDKEHHE MUTAIOIIeH CeTH, B KauecTBe
KOTOPBIX YIOOHO MPHUHATH CYMMapHYIO MOJHYIO TeHepupyomyto MmouiHocTh CI' v nnHeliHoe Ha-
npsbkeHue ysna. [IpuBoaarcs K 3Toi cUCTeMe MapaMeTphl JIEMEHTOB MUTAOLIEN CETH U PACCUUTHI-
BaeTcs o01iee conpoTuBieHue X u . Eciu r okaxercs Ha MOPSIIOK MEHBIIE X, TO UM MOKHO Ipe-
HeOpeub.

4. 3angaercs HampspKeHHe y3ina, BHemHui MoMeHT AJl, Buemnuit moment CJ[ (wau P u Q),
MOIITHOCTh CTaTUYECKOM HAarpy3Ku M paccuuThiBatoTcs pexumMbl padbotsl AJl, CI1, CH ¢ noctpoeHu-
€M BEKTOPHBIX AMAarpaMM HalpsLDKEHUN U TOKOB.
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5. Ompepnensiercss cyMMapHasi aKTUBHAs M PEaKTUBHAsI MOIIIHOCTH MOTpeOUTENeH y3na u npu-
BOJATCS K 0a3MCHON MOIIIHOCTH CETH.
6. Ompenensitorcss £ CHHXPOHHOIO F€HEPATOPa, TOK JIMHUM, HAMPSKEHUS HA IIUHAX TeHe-

paropa UF , IIMHAX BBICOKOI'O HAIIPSAXKCHHUA B Ha4YaJl€ JTUHHUHN Ul W B KOHIIC JIMHHUH U2 . CTpOI/ITCH

BEKTOpHAs uarpaMMa MUTAoLeH CeTH U HaXOAATCs BCE BEJIMYMHBI B UMECHOBAaHHBIX €MHUIIAX.

7. PaccuuThIBaeTCsl pexxuM pabOThl FeHepaTopa € IOCTPOCHMEM BEKTOPHOW AMAarpaMMbl U
OIIpeIeIAETCs TOK BO30YKIECHHUS.

Bce BekTOpHBIE TUarpaMMsl CI€yeT CTPOUTH B MacIITaoe.

4. MPUMEP PACYETA
4.1. icxoaHble gaHHble

4.1.1. MNMoTpebutenu yana Harpyskm

1) AcunxpoHHeli pBuratens: P =2000kBr, U;=6kxB, n=094, cosp=0,8,
ne =375 06/Mun ; npy =37100/MuH; Mipay [ Myoy =2.2.

OO11ee KOIMYECTBO - 1 =15.

2) Cusxponnsli asuratens: /B =5000kBr, U;=6xB, n=095 cosp=0,9,
ne =250 00/MuH; ige =200 4; xg =125 x4 =0,9.

OO0111€€ KOJINYECTBO - m= 2.

3) Cratuueckas narpyska: P= 6000 kBt ; Q=1000kBAp.

4.1.2. NuTtarowas cetb
1) Tpauchopmaroper Tpl u Tp2: S=32000kB-A, Ugy=115kB, Uyy=063kB,
ug =10,5% , B, =140kBt, Ry =40«Br, /,, =0,7%, cxema - Y/A.
2) Jluausa onekrtpomepemaun: U=110kB, A=50xm, xp=400m/100km,
1y =30 Om/100 kM, JBYXIIEITHAS.
3) CunxpoHHbIii  TeHeparop: P=32000xkBr, U;=63kB, cosp=0.8, x.=18,
igo =320 A . Cxema - «Y».
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4.2. PacyeT napamMeTpoB CXeM 3aMeLleHUs 3NeMeHTOB
4.2.1. NapameTpbl aCUHXPOHHOIO ABUraTens
1) DnexTpuueckue napamMeTpbl ¥ HOMUHAJIbHbIE BEITMUUHBI

1 1

X = = =0,302 0.¢.;
‘ 2'(Mmax/MH0M)'n'COS(P 2:2,2-0,8-0,94
x] =xh =x,/2=0,302/2=0,1510.¢.;
Myom =M-cose =0,94-0,8=0,750.¢.;
Ne—nN —
sy =2 31371461070, (sn%=1,07%);

Ne 375

r1=S—N 1+\/1—(2XK'MH0M)2 _0.0107 1+\ill—(2.0,302-0,75)2 =0,0130.¢.;
2 Myons 2.0,75

r=n=0,0130.¢;

1 210m = . = L =0,7660.€.;
\/[r2(1+1/s,\|) +xK} \/[0,013-(1+J/o,0107)] +0,302
X 0,302 °.
P2, =arctg —Kl = arctg e =13,4°;
! - , . +
2 [“ S j ( 0,0107 j

@ lgom = arccos @ oy = arccos 0,8 =36,9°;

I =1lo.e.;
1HOM
Im = Muom SINP1aoM — 2HOoM SIN®210M =1-5IN36,9°—0,766-5in13,4° = 0,423 0.e. ;
IXXAI[ =1y =42,3%;
X =11, —x1 =1/0,423-0,151=2210.e.

0,013 jo,151 j0,151 0,013 A

2) Ba3zucHble BeJTMYMHBI:

b 2000 U, 6000
Se = = =2660kB-A; Ug=—F=—"7==3464B;
6 ncose 0,94-0,8 . 0 NCRERNE)

Us 3464
|6:S_6= 2660 -1000=256 A ; 26=—6=—=13,50M;
Mg 3-3464 Ig 256
3
S 2660-10
M6:—6:—-8:68000HM; Q6=2Lfli
Qs 2n-50 p
_60f; _60-50 _
Ne 375

3) basucHble BeTMYMHBI SKBUBAJIEHTHOTO AJ]

S6Aﬂ=nS6=5-2660=13300KB-A; U6AJ:[ =Ug = 3464 B;
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Ig, =n-Ig=5256=1280 A ; — Z5/n=13,5/5=2,70m;

Al Zoan

Mg, = n-Mg=5-68000=340-10> 1m.

Al

4.2.2. MapameTpbl CUHXPOHHOrO ABUraTesns
1) Snexrpuyeckue mapamMeTpbl i HOMHHANIBHBIC BEIMUHHBL X7 =12 0.¢.; x5 =09 0.¢.

2
2 2
" 2 U, 0,9 2 1 .
Equon =—Uqc Fiom +(QH0M +—ch == \/0,9 +(0,436+®j ~1,6l0.¢.

q ’
Bioy =cos@=090.¢.; Owom = \/1 — P}%OM = \/1 ~0,9% =04360.¢.;
. Xgq Piom . 09-0,9
QP yom = arccos @ = arccos 0,9 =26°; 8oy = arcsin—————— = arcsin =30°,
Gron U 1,61-1

Iy = 1-sin(@uoy +Spom) = 1-5in(26°+30°) = 0,829 0.e.;
E0yon = Equon +(¥d —%q)- 1a =1.61+(1,2-09)-0829=186 0.c.;
=ig, Eo,  =200-186=372A.

HOM

I
Byom

2) bazucHble BETMYUHBI:

S B 2000 5850 kB- A ; U, Us _ 6000 3464 B;
= = = Kb- y = == y
0 ncose 0,95-0,9 0 V33
3
S 5850-10 Us 3464
Ig==-"2= =563A; Zs=—0="""_6160u;
3.Us  3-3464 Ig 563
3
Ss  5850-10 60 60-50
Mg =-0 =222 12 =224-10° um; _0n 6050,
Qg 2m-50 ng 250
3) basucHble BenuuuHbI YKBUBaNieHTHOTO CJI:
Socy =M S5 =2:5850=11700kB- A;

Uy =Us =3464 B;
=m-Ig=2-563=1126 A
= Zs/m=6,16/2=3,08 Om;

[6CI[
Z6CI[
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Mgy = m- Mg =2-224-10° = 448-10° v

Lo O = My, =2-372=T44 A

4.2.3. MapameTpbl CTaTU4ECKON Harpys3Kku
1) DiekTprdecKkue napaMmeTpbl ¥ HOMUHAIbHBIC BETUINHBI:

Sy =+ P2+ 02 =+ 60002 +1000% = 6083 kB A. 9,420
ry = Py /Sy = 6000/6083 = 0,988 o.¢.; e
0,988 0,164 0,988 :
Xy = Oy /Sy =1000/6083= 0,164 0.¢. R TP VA .
|
NI AL S Iy =1 |
=arctg— =arc =942, !
P =arCE7 £0,988 i
2) ba3zucHbIe BETMYHHBI: 0.16 4

Se gy = Su =6083KB- A ; Usyy = Un/~/3=6000/4/3 =3464 B;

60y = S6/36 = 6083-103/(3- 3464)=585A;  Zgy =Ug/lg =3470/585=5,93 Om.

4.2.4. MapameTpbl TpaHcopMaTopoB
1) DnexTpuueckue napaMeTpsl, npuBeaeHHbIe K BH:

Upe  115-10° L[ %] Iomy,  0,7-160

Xy = = = 59040 Om, e I,,[ A]= =LI2A;
"3, Al B2 ml4] 100 100
S 32000
HOMpy \/g Uy \/g 115
3
Uy Uy 10,5 115-10 _ xi 434 ,
PN el =434 0M; x| =xb="K=""2-2170m;
©7100 VB Iyo,, 100 V3-160 17727 7
P 140 1,8
B = 2“ = 2-103:1,801\/1; r1=rj=%"=7=0,90M;
3-Ingy, 3160
R 40
- 0 110° =10543 Om.

S 3.72[A] 31122

2) bazucHble BETUYUHBI:
Sg. =S=32000KkB-A; U, =Ugy/~3=115/43=66,5xB;
T T

. 3
I, = Inow,, =160A;  Zg =Us, [I5, =66.5-10°/160=413Ou.

3) DnexTpuueckue napaMmeTpsl TpaHchopmaropa B 0.€.:

TTonHasg cxema 3amereHus VYrpouieHHas cxema 3aMeneHust

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

1,8 Om 43,7 Om

—[J}—nrn o
0,0044 0.e. 0,105 0.c.
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0) 0)
xm:xm[ M]:5904O:1430e, rm:rm[ M]:10543:25,5 0.¢€.,
Zs 413 Zs 413
T T
o xelom] 434 0,053 0.c. o nlom] 18 0.0022
X1 =xh = = =0, o.c.; =p)= = =0, o.c.
1= =0 7 2413 M= = ) Zs 2413
T T
4.2.5. NapameTpbl IMHUK 3nieKTponepeaayn
Ak 30-50 xoh  40-50
2100 200 M T 5100 T 200 " o1 rmn
4.2.6. NapameTpbl CUHXPOHHOIO reHepaTtopa
1) DnexTpuueckue napaMeTpbl ¥ HOMUHAJIbHbBIE BEJIUYUHBI:
xc=180.e.
2
2 2
X o) U 1,8 b 1 )
EOHOM = U—Z PHOM + {QHOM + f} = T\/O,g + 0,6 + 1,_8 = 2,53 0.€.,
Pioy =c0s@ =08 0.¢. Ouons =\ 1= P2y =V1-082 =0,60.c.;
. X Phom . 1,8:0,8
P gom = arccos @ = arccos 0,8 = 36,9°; O oM = arcsin ————— = arcsin =34,7°;
Opon U © 2,531

iy = iy B =320-2.53=810 A.

2) bazucHble BETUYUHBI:
Secp = P/cos =32000/0,8 = 40000 kB- A ;
Usep =Un/3=63/\3=364xB;
Is o =Soop /3Us e =40800/3-3,64=3670 A;
Zs e =Uscr /Mo =3640/3670=0,999 Ou.

4.3. PacyeT cOnpoTUBIEHMS CBA3WN MEXAY LUMHAMWN reHePaTOPHOro HanpshKeHNs
W LWIMHaMK y3na Harpysku

ComnpoTuBieHuUs CBSI3U, IPUBEICHHBIE K HanpspkeHuto 115 kB:
Xpy = Xgpy T Xk, +Xn =434+43,4+10=96.8 Om;

Tu = Tiepy Ve T = L8+1,8+7,5=1L10m.

21.]'[5{ nepexoga K OTHOCUTCIIbHBIM €AWMHUIAM IIPUMEM B Ka4€CTBC Oa3ucHOUI MOIITHOCTU CECTU
0a3uCHYIO0 MOIITHOCTh TeHEpaTopa S6C = S6CF =40000kB- A wu pa3genum Ha 6a3ucHOE CO-
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1152

npotusienne zg =U % / S6, = 20000 10° = 330,6 Om, TorAa MOTyYUM:
Ygy 96,8 e 111
=ZB _ 2% _02930.c.; =B _0320.e;
eB = 7. 73306 0 B " 75, 3306 0
Y BT 1310 e _ 18 4 00s
XT1=x1) =——=——=0,1310.¢; =rp=——=—=0,0050.¢e
TE= T2 =7 "= 3306 2 . 3306
x5 [OM] 10 r[Om] 75

- - ~0,030.¢.; - =2 _0,0230..

Tz, 3306 0 Tz, 3306 o€

IIpu opuHakoBoil 6a30BOM MOIHOCTH T'€HEPATOpa U CETH X FEHEpaTopa B 0.€. OCTAETCs He-
U3MEHHBIM M paBHBIM X = 1,8 0.€.

Lo x, ML | % T T2 pb—=p
Y Y
1,8 0,005 0,131 I 0,03 0,023 0,005 0,131 —> jQ
Ur Ut Ut2 Uy
g

Z.s =0,0032 + ;0,293

4.4. PacyeT HOMUHAIbHOIO pexnma notpebutenen ysna npu HanpsbkeHnn yana
Uy =lo.e.
4.4.1. Pacyet pexuma ALl

PaccunraeM MexaHH4EeCKyHO Xxapakrepuctuky M = f(s) u M/ Moy = f(s) mo cxeme 3a-
menienus A/l (cm. . 4.2.1) u popmynam (6) (cMm. 1. 2.5.3)

) U? 3 1 0,013

NP L s N 2 0
Pl 1+= || +x2 0,013-[1+- || +0,302
) S

Miom = Nuom €08 @ =0,94-0,8=0,750.¢.

PacdeTr mocTaToO4HO BBIIOJHUTH A0 Skp = s [x, =0,013/0,302 = 0,044, KOTOPOMY COOTBET-

CTBYCT MaKCHUMaJILHBIA MOMEHT

M pax = ! 0,013 1,61o.e
max — | 2 , 0,044—, .€.
0,013-(1+ j +0,302
0,044
Mpmax 1,61
WJIM 110 OTHOILIEHUIO K HOMUHAIbBHOMY MOMEHTY:  — = ——— = 2,15. D10 3HaueHue GIM3K0 K
Myom 0,75
3aJJaHHOW BEJTMYMHE.
Pesynbrarhl pacuera cBeieHbI B TAOIUITY
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/ Moy | 0,485 0,926 | 1,3 1,595 | 1,812 1,96 2,05 2,09 2,1

Hoctpoum M/ Moy = f(s) 1 1711 HOMMHATBLHOTO BHENIHETO MOMEHTA OTPEIEINM BETUYH-
HY HOMHUHAJIBHOTO CKOJIBXEHHus sy . sy = 0,0109 o.e.
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Heo0XxoanMo yTOYHHTh U CKOPPEKTHPOBATH 3TO 3HAYEHHE, PAacCUUTaB MO HeMY M/ M oy
KOTOPOE JIOJKHO OBITH PaBHO 1.
ITo HaliieHHOMY 3HAUEHMIO sy OIpPEAENIAETCS BeIUUnHa U (ha30Bbli CABUT TOKA CTATOPA.

U
I = 1 - — M
1 2 Myom
1+ — +
\/{’j( SN ]} YK 2,0 v
1 ’ /
_ _ 1,5
— : > =0,7810.¢. MHOM/
0,013-(1 j 03022 J
\/{ 10,0109 } i T
0,302 AN
¢y = arctgx—K1 = arctg - . =13,6°; 0,5 |
, 0,013-(1+ ) !
'Z(HSNJ 0,0109 0
0,01 0,02 0,03 0,04 0,05
U 1
1, =—1 - 0,421;

M Xy +xy,  0151+221
Iy = Ly, + I3 singy = 0,421+0,781sin13,6°= 0,607 o.¢.;
L, =15 cospy =0,781c0s13,6°= 0,759 o.¢.;

I =y 12, + 12 =/0.607% +0,7592 0972 0.c.

Benuuuna Toka ]1 JOJIDKHa OBITE IIp¥ HOMHUHAJIbHOM HAIIPS>KCHHUHN Omu3Ka K enunuie. Heko-

TOpPOC OTIINYHC 00BsACHSIETCS HpI/I6JII/I)KeHHBIM OIIpCACIICHUCM IIaApaMECTPOB ABUT'ATCIIA.

G 0607
=arctg —— = arc
b1 =y £0,759

HOTpe6HHeMaH MOIIMHOCTB ABUTATECJIA U3 CETHU paBHA

S =Uyl1 =1:0972=09720.c.; R =Uyl, =1-0,759=0,759 0.c;
O =Uyl); =1-0,607=0,607 o.c.
B nmeHoBaHHBIX eAUHULAX LI Sg Al =13300kB-A:
Saj =51 -S6AII =0,972-13300=12930kB- A ;
Pani=" 'S6A21 =0,759-13300=10100 xBr;
Oann =91 'S6AJ:[ =0,607-13300 = 8076 kBAp.
4.4.2. Pacyet yctaHoBuBLUerocs pexuma C[li

Paccuntaem yrinosyio xapakrepuctuky CJI M = f (8) u M/Myqy, = f (8) B ananasone 8 ot
0 o 90°:

= 38,66°.

UyEO _ Uy 1 1| . 1-1,86 . 1( 1 1) . ) .
M= s1n6+7 — ——1sin2d = sind +— —|sin20 =1,55sin 0 + 0,14 sin 20 ;

Xy g Xg 1.2 2109 12
Myoy =€c0s@ =09 u iy :iBHOM.
Pe3y'J'H:TaTBI CBCIACHEI B Ta6J’II/IL[y1
5, rpax 10 | 20 | 30 | 40 50 60 70 80 90
M, o.e. 0317 |0621 | 0,897 1,135 |1,326 |1,464 |1,546 |1,574 |1,548
M/ Moy | 0,353 | 0,690 |0097 | 1261 | 1,473 |1,627 |1,718 |1,748 | 1,721
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[octpoum 3aBucuMOCTs M/ Moy, = f(8) 1 mo meit as Ho- M

MMHAJIbHOTO MOMEHTa onpenenum yroa O p . Halinennoe no rpadpu- Moy, M ma)l
Ky 3HaueHue yria O cileldyeT yTOYHUTb IO (opMyse A aKTHB- 2,0 /,\S'\
HOW MOILIHOCTH, KOTOPasi A1 HOMUHAJIBHOI'O PEXKMMa PaBHA COS( . Y
|
YTouynennoe 3nauenue oy = 30°, eMy COOTBETCTBYIOT: 15 |
AKTHBHAas1 MOITHOCTH L0 I
) 1
e 1.1,86.300+1(1 1).(2300) 09 / |
=M= sin ~| —=—7% |sin(2- =09o0.¢e.;
1,2 2009 12 0> / Oxpl
vy I v
peaKkTUBHAs MOILLIHOCTb 0 AN
30°  60°  90°
UyEg sin®5  cos?d| 1-186 sin®30°  cos”30°
0= Y cosS—U% + =——c0s30°-1- + =0,4360.¢.
X4 Xg X4 , 0,9 1,2

CrnenyeT y4uThIBaTh B JajIbHEHIIEM IIPU ONPEAEIEHUN CYMMapHOl MOIIHOCTH Yy3J1a, 4TO pe-
aKTUBHAs MOIIHOCTD JBHUraTeNs TeHepupyeTcs (0TIaeTcs) B CeTh, a HEe MOTPeOseTCsl OT CEeTH Kak,
HanpHuMep, B ClIy4yae aCUHXPOHHOI'O JIBUTATENs U €€ HY>)KHO CYMMHUPOBAaTh CO 3HaKOM «—». ['eHepu-
poBanue Q B ceTh IPOUCXOIUT B pexxume nepeBo3Oyxaenus Cl, xorna ig >1 By -

B uMeHOBaHHBIX €IUHULIAX IS S6C21 =11700kB-A u I6C21 =1126 A:

Fejp =0.9-11700 = 10500 kBr ; Ocjy = 0.436-11700 = 5096 kBAp ;
Sc=1-11700=11700xB- A ; Icq=11126=1126 A ;
Ocn 5096

=26°.

= arcte —— = arct =
[0} archCJ1 angIOSOO

4.4.3. PacyeT pexnma CTaTU4eCKon Harpyskum

Uy 1 1
2w 2 ax2 109882 40,1642
Sy =Uyl=11=1; Py =1,y Sy = 0,088-1= 0,988 Oy = Xy Sy = 0,164-1=0,164.

B numeHOBaHHBIX eqMHALAX LI Sg CH = 6083 kB-A:Scy =6083kB-A;
Fog = 0,988S6CH =0,988-6083 = 6000 kBt ; OcHy = 0,164S6CH =0,164-6083 =1000 kBAp.
4.5. PacyeT cyMmMapHOM MOLHOCTH y3na

Py = Paq+ Pcy + Pcy =10100+10500 + 6000 = 26600 kBT ;
Oy =0a1 —9cn + 9cH =8076—5096 +1000 = 3980 kBAp ;

Sy = \/Pyz +0f = V266002 +39802 = 26920 kB- A |
[IpuBeneM k 6a3MCHOM MOIITHOCTH CETH S6c =40000kB-A:
Py = 26600/40000 = 0,666 ; Qy =3980/40000 = 0,1; Sy =26920/40000 = 0,673 .

o pe3ynbTaTam pacueTa pexuma noTpeduTeseit MocTpouM Auarpammy TOKoB. C 3Toi 1ebIo
CBEZIEM JJaHHBIE IO TOKaM B TaOIHUILy.

ALl cnh CH Y3en
I,A 1244 1126 585 2590
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¢, rpazn | 387 | -26 | 9.4 |
Tok B y31e paBeH

Sy 26920 X
I, Y _ —2590 A" y
J3U, 3.6
. 0 . 3980 0 50
= arctg —— = arc =8,5°,
P T 26600
1 B OTHOCHUTCJIBHBIX CAMHHUIIAX 8550
Sy 0,673
Iy =2 ="""=0673
Uy 1

4.6. PacyeT pexuma nutaroLiemn cetu

B cootBercTBUU co cxemoii (1. 4.3) u dhopmynamu (3)—(4) onpenenuM BEIUYUHY HaAMpsbKe-
HUS B Pa3IMYHBIX TOUKAX MUTAIONICH CeTH, B3auMHBbIEe (pa3oBbie CABUTH, MOTOKU MoIIHOCTH, J./1.C.
reHepaTopa U ero Tok Bo30yxaeHus. TOK BO BceX 3JIeMEHTaX MHUTAIOMIEH CeTH OyleT OJNHAKOBBIM
¥ PaBHBIM TOKY y31a /vy .

1) Tpancdopmarop Tp2
Pry=F+ 2 -r12 = 0,666 + 0,6732 -0,005=0,668 o.¢.;

OT2 =0y +1% 12 =01+0,673%-0,131= 0,159 0.e.

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

Upp=—"=—2=—=L1020.¢;

5 n| T2\ p _o, T2 i (0’131 (o 666—0,1 O’OOSD 4,889
= arcsin . — -— | | = arcsin . — . — :
2= U U (YT SR R 70,131 :

2) AMHMS 3IEKTpoIepe1aun
Pry =P+ 1% 1y = 0,668+0,673%-0,023=0,678 o.e.;

OT1=0T2 + 1% x; =0,159+0,673%-0,03=0,173 0.¢.;

ST1= \/P%l + 0%, =10,6782 +01732 =07 0.c:;

St1_ 07
Up =Tl 2L 1040
TI= Toer3” ¢
5 = arcsi Xn [P 0 i} — arcsi (& (0668 0,159 0’023D—09°'
1A oy U2 TR TS s 1,02 T 003)) T

3) tpanchopmarop 7pl
P. = Py + 1% 171 = 0,678 +0,673% -0,005 = 0,681 o.¢.;

O, =071+ 1% x71=0,173+0,6732-0,131=0232 0.¢.;

Sp = \/Prz + Qr2 = \/01 6812 +0,2322 =0,719 0.
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o7 = arcsin{ XT1 .{PTI -9T11 Eﬂ = arcsin(ﬁ-(o 678-0,173- 0.005 D =4,54°;
Ut1Ur XT1 1,041,069 \ ’ 0,131 o
4) cuHXpOHHBII TeHEpaTop
2)? 2)?
Eg=-% P2+ {QP RIS I PP +[0,232 L1200 J =19840.c.;
Ur X 1,069 ,
‘ . 1,8-0,681 o,
O =arcsin EoUr = arcsmm =353°;

iy =y Bo =320-1984=6349 A.

MOH_IHOCTB CHJIOBBIX 3JICMCHTOB yz[06Hee npeacTaBUuThL B (1)I/I3I/I‘ICCKI/IX CAWHUIAX, YMHOXXHUB

ux Ha S =40000xB-A.

OnemMeHT BoixogHasa MOWHOCTSL MoTepun MOUWHOCTMU
cetn S, KBA 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

Pe3ynbTarhl pacuera pexxuma CETH MPEJICTaBUM B BUJIE TUArpaMMbl HANpsHKEHUI, TOTOKOB
MOIIHOCTH (puc. 28) U BEKTOPHOU Auarpammsl (puc. 29).

Pexxum paboThl CHIIOBOTO 000PYI0BaHUS MPU IPYTOM YPOBHE HAIPsDKEHUS B y3Jie Harpy3Ku
paccUYMTHIBACTCS aHAJIOTUYHO, HAYMHAas ¢ 1. 4.4.

5. COOEPXAHUE KYPCOBOI'O NMPOEKTA U PEKOMEHAOALIUN
No O®OPMJIEHUIO NOACHUTENBbHOWU 3AMNMUCKU

KypcoBoii mpoekT BKITIOYaeT CIeIYIOIIHe dTaIbl:

1) u3ydyeHrne KOHCTPYKIIMU WM TMPHHIIMIA JECHCTBHUS CHIIOBBIX MACSHBIX TpPaHC(HOPMATOpPOB,
CUHXPOHHBIX TypOOT€HEPaTOPOB, CHHXPOHHBIX SIBHOIIOJIIOCHBIX JIBUTATeNleld U aCHHXPOHHBIX JIBU-
rareieu;

2) pacyeT YCTaHOBMBIIETOCS PEKUMa pabOThl aCHHXPOHHBIX W CHHXPOHHBIX JIBUTATEJICH,
CTaTUYECKOH Harpy3KkH, TpaHC(HOPMATOPOB, JIUHUH DJIEKTPOINIEPEaud U CHHXPOHHOTO TeHepaTropa
MIPY HOMUHAJIBLHOM HAIMpPSKEHUH B y3JI€ Harpy3KH;

3) pacyer OCHOBHBIX XapaKTEPUCTHUK CHIIOBOTO 00OPYIOBAHUSI.

KypcoBoii mpoeKT BHIMOTHSAETCS B BUAE MOSICHUTEIHHOW 3aMUCKU, KOTOpas JOJDKHA COAep-
KaTh CJIENYIONINE pa3aebl (B CKOOKAaxX yKa3aH MPUMEPHBIN 00BhEM pasjielia B JIMCTax):

— TUTYAbHBIHA JHCT (1);

~ pedepar (1);

— coaepxanue (1-2);

— 3a/1aHKe Ha KypcoBoii poekT (1);

— BBeneHue (1);

— OCHOBHAs 9aCTh, COCTOSINAS U3 TJaB:
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AU (%)

8,4%

EQ = 1,954 Up = 1,U0Y UT] = L4 UT2 = LUz Uy=1 (6 KB)
1=0,673
(2590 A)

760 520 560 CH

120 400 120

2370 560 2370

Puc. 28. uarpamMmbl Hanpsi>keHUN U NOTOKOB MOLLHOCTU
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Puc. 29. BekTopHasa anarpamma

1. OnwucaHue KOHCTPYKIIMH U MPHHIUIIA JCHCTBUS CUIIOBBIX AJIeMeHTOB cetH (12—20)
1.1. CunoBoii MacisHbIi Tpanchopmatop (4-5)
1.2. CunxpouHblit Typoorenepatop (3—4)
1.3. AcuHXpOHHBIH ABUTraTes (3—4)
1.4, CunxpouHblii nBurarens (3—4)
2. Pacuer ycTaHOBHBILIETOCS PeXHUMa CHIIOBBIX 3JieMeHTOB ceTH (20—40)
2.1. cxomHble naHHbBIE AJI pacdyeTa
2.2. PacueT mapaMeTpoB ¥ HOMHHAJIBHBIX BEJIMYHH DJIEMEHTOB
2.3. Pacuet pexxrma pabOThI CUIIOBBIX 3JIEMEHTOB CETH
3. Pacder 0CHOBHBIX XapaKTEPUCTUK CHIIOBOTO 000PYIOBAHUSI.
3.1. Pacuet BHEMIHUX XapaKTepUCTHK TpaHchopmaTopa
3.2. PacueT mycKOBBIX XapaKTepUCTHK aCHHXPOHHOTO JIBUTATEIIsI
3.3. Pacuet U-00pa3HbIX XapaKTEpUCTUK CUHXPOHHOTO JABUTaTeNs
— bubnuorpadpudeckuii crimcok (1).

INosicuuTenbHas 3anucka oopmiIsieTcs Ha CTaHAAPTHBIX JucTax popmata A4 (210 x 297 MM) B

COOTBETCTBUH C OOIICPUHITHIMU TPEOOBAHUSIMHU, MPEIBSIBISIEMbIMA K TEKCTOBBIM JOKYMEHTaM.
3aHI/ICKa MOXET 6I)ITI) BBIIIOJIHCHA B pYKOHI/ICHOM, MAIIIMHOIIMCHOM HNJIN KOMHI)I-OTepHOM BapI/IaHTaX
B 00JI0KK€E M3 MJIOTHOTO MaTepHalia Wik BaTMaHa.

JlunieBast 4acth OOJIOKKH OJHOBPEMEHHO SIBIISIETCS THUTYJIBHBIM JUCTOM. [Ipumep odopmiie-
HUS TUTYJIBHOTO JICTa MPUBOJIUTCS B MPUIOKEHUH. B pedepare maercs B Tpex-4eThIpex Mpeuio-
JKCHUAX KpaTKOC COI[Cp)KaHI/Ie HOSICHI/ITCJIBHOﬁ 3aIllMCKN U €€ BBIXOAHBIC JaHHBIC - KOJIMYCCTBO JINC-
TOB, YHCJIO PUCYHKOB, TaOJIHII, KOJTUYECTBO UCIOIE30BAHHBIX UCTOYHUKOB.

B conepxanun npuBOANUTCA NEPEUECHb Pa3JI€IOB MOSICHUTEIBHOM 3alIMCKH, BKIIIOYasl BCE Tila-
BHI M UX maparpadpbl, ¢ yKazaHHeM HoMepa JIUCTa, OTKY/la OHU HAYHMHAFOTCS.

B 3amanuu Ha KypcOBOW MPOEKT JAFOTCS IETb MPOEKTa, HOMEP BapuaHTa U MCXOIHBIC JTaH-
HBIE.

Bo BBeneHMH, Kak MpaBUIIO, OMKCHIBAETCS MMOCTAHOBKA 3a7a4d B 00Jiee pa3BEPHYTOM, YE€M B
3aJlaHuy, BHUJe. Bce pUCYHKH M TaOIHIIBI TOJKHBI BBITIOTHATHCS ¢ TTIOMOIIBIO YEPTEKHBIX HHCTPY-
MCHTOB HUJIN C UCITOJIB30BAHUEM KOMHBIOTepHI)IX TCXHOJ’IOFI/II\/’I.

OpueHTUPOBOYHBIE 3aTpaThl BPEMEHU HA BBHINOJHEHHWE KYpCOBOrO MpOEKTa cocTaBisitor 70-
100 gacos.
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6. BAPUAHTbI 3AOAHUN

1. CocTaB ¥ MOIITHOCTE CHJIOBBIX 3JIEMEHTOB CETH

Y 3 e n H arpya3KMWM MunTtTawwasa ceTbhb
Akag. Al clh CH TP cr
pymna | Py, [ n My, Py, |m iBO’ Py, | On. Sy, Py, iBO' Usis | Unn»
kBT 06 kBT A kBT | kBAp KBA kBT A kB kB
MWH
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 BPAlIECHUS aCUHXPOHHOIO IBHraTels Mg ATl =375 00/MHH, CHHXPOH-

HOTO JIBUraTess ngqy =250 06/mun. Cxembl coeaunenust oomorok cratopa AJl, CI, CT' - A,

Tpanchopmatopos - A/A.

2. McxoaHble naHHbIC OTpeOUTENCH

ALl ch
Ne Mm MH Il'[
Bap. Cos — COS O Xd X

1 2,5 0,5 5,0 15 1,0
2 2,4 0,6 5,2 14 1,0
3 0,95 0,82 2,3 0,7 54 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 11 08
6 2,0 0,9 6,0 11 0,7
7 19 0,8 6,2 1,2 0,7
8 0,94 0,81 18 0,7 6.4 0,93 0,89 1,3 0,8
9 1,7 0,6 6,6 14 0,8
10 1,6 0,5 6,8 15 0,9
11 2,5 1,0 7,0 1,0 0,70
12 2,4 0,9 6,8 11 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 14 0,75
16 2,0 0,6 5,0 14 1,0
17 19 0,7 5,2 1,3 1,0
18 0,92 0,79 18 0,8 5,4 0,91 0,87 1,2 1,0
19 1,7 0,9 5,6 11 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 11 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 19 0,6 6,8 0,9 0,6
28 0,90 0,77 18 0,7 6,6 0,89 0,85 1,0 0,7
29 1,7 0,8 6,4 11 0,8
30 1,6 0,9 6,2 1,2 0,9
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3. ITapameTpsl CHIIOBBIX AJIEMEHTOB MUTAIOIIEH CETH

Tp1, Tp2 cr nan
Ne
Bap. Uy, % Py, kBt Py, kBT 1, % cos@ X¢, 0.€. A, KM

1 140 0,5 2,5

2 142 0,6 2,4

3 7 50 144 0,7 08 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 1.2 0,81 18 90
9 156 1,3 1,7

10 158 1,4 1,6

11 160 15 15

12 162 1,4 1,6

13 9 70 164 13 0,82 17 80
14 166 1,2 18

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 2,2 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 2,2

25 188 0.9 2,1

26 190 1,0 2,0

27 192 11 1,9

28 12 100 194 1.2 0,85 18 50
29 196 1,3 1,7

30 198 14 1,6

AKTHUBHOE COIIPOTHUBIIEHUE TMHUU B pacueTe Ha 100 kM npuHATh paBHbIM Iy =30 OMm,

a MHIYKTUBHOE — Xg =40 Om.
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4. 3anmaHud Ui pacdyeTa OCHOBHBIX XapaKTEPUCTUK CHIIOBOT'O 00OPYIOBaHUS

AnemeHT

3 a g a H un e

Tpaucdopmarop

Paccuumams u nocmpoums 8 00HUX KOODOMHCZmelX OCAX

sHewHue xapakmepucmuku Uy = f (1 2 ) :
e s cos@ =0 (uuna.); cosp=1; cose = 0,8 (unn); cosp =0,8 (emk.) B nuamna-
30HE U3MEHEHUsI BTOpUYHOTo Toka oT 0 10 120% HOMHUHAIBHOTO 3HAYEHUS,
® HaWTH NPOLIEHTHOE U3MEHEHHUE HANPSHKEHUs IPU HOMUHAJIBHOM TOKE;

Pe3ynbTathl pacuera cBecTd B TaOIUILY.
B kauecTBe npuMepa 1aTh pacyeT OAHON TOYKU XapaKTEPUCTUKH.

ACUHXPOHHBII

ABUT'AaTCJIb

Paccuumamo u nocmpoums 6 00HUX KOOPOUHAMHBIX OCSIX
nyckogvle xapakmepucmukuy M = f (s), I= f (s) 8 duanazone ckonvorcernus om 0 0o 1:
e muaU=1uU=08,;
® YCTaHOBUTH BJIMSHHE HAMpPSDKEHUS HA BEIMYMHY MYCKOBOTO M MAaKCHUMAJIbHOTO
MOMEHTOB, 1 IIyCKOBOT'O TOKA;
Pe3ynbrathl pacuera cBecTd B TaOIHILY.
B kavecTBe mpumMepa JaTh pacueT OJHOW TOYKH XapaKTEPHUCTUKH.

CUHXPOHHBIN

JABUT'aTCIIb

Paccuumamo u nocmpoums U-obpasuvie xapaxmepucmuxu [ = f (iB);
e s U=1nmpu P=0; P=0,5P4; P= Py,
® ONpENeTUTh BEIMYMHY PEAKTUBHOW MOITHOCTH MTPU HOMHUHAIBHOM TOKE BO30YXK-
JeHus u pazHou Harpyske C/1;

Pe3ynbratel pacuera cBecTu B TaOIHILY.
B kauecTBe mpumMepa naTh pacdeT OJHON TOYKU XapaKTEPUCTUKH.
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