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Abstract. Depending on the purpose and dimensions of the machine, the design of the stator
of a synchronous machine can be different. For example, in powerful multi-pole machines, when
the outer diameter of the stator magnetic circuit is 900 mm or more, the magnetic circuit plates
are made of separate segments and, after assembly, form a magnetic circuit cylinder. For ease of
transportation and installation, stator housings of large-sized machines are manufactured in
prefabricated form.

Key words: Synchronous machine, stator and rotating part, spacecraft, development of
nanotechnology, = nanomechanical  structures,  nano-factory, = nano-sized  objects,
nanomanipulators, nanorobots, rotor with an apparent pole, rotor with an invisible pole.

BUJIbI U YCTPOMCTBO CUHXPOHHBIX MAIIIVH.

Armomauuﬂ. B 3asucumocmu om wuaznavenus u 2a6apum06 MAULUHBL KOHCMPYKYUsL
cmamopa CUHXPOHHOU MAWUHbl Modcem Obimb  pasiuynou. Hanpumep, 6 MowHbIX
MHO2ONONIOCHBIX MAUUHAX NPU HAPYIHCHOM Oouamempe mazHumonposooa cmamopa 900 mm u
bonee niacmumbl MaZHumonpoeoda BbLINOJIHAIOMCSL. U3 OMOENIbHBIX CE2MEHMOE U NOCje c60p7<u
00pazyom YUIuUHOp MAacHUmMonpoeooa. /s yoobcmea mpancnopmuposku U MOHmMaxica Kopnyca
cmamopoes prnnoeaﬁapumelx MAWUH U320MABIUBAIOMCA 6 C60pHOM guoe.

Knroueswie cnosa: CMHXPOHHa}l MauwiuHa, cmamop u epauiarouaics 4acns, KOCMUYECKU
annapam, paseumue HCZHOI’}’IQXHOJZOZMIZ, HAHOMEXAHUYeCKUue KOHCMPYKYUU, HaHoqba5pul<u,
HaHopasmepHvle 06’bek‘l’l’lbl, HAHOMAHRUNYIAMOPbL, HaH0p06OWlbl, pomop ¢ BUOUMBIM nojroCcom,
pomop ¢ HeGUOUMBIM NOTIIOCOM.

A synchronous machine consists of a stationary part - a stator and a rotating part - a rotor.

The stator of a synchronous machine, in fact, does not differ from the stator of an
asynchronous machine, that is, it consists of a case (stanina), a magnetic core and a coil. According
to the function and dimensions of the machine, the construction of the stator of the synchronous
machine can be different. For example, in high-power, multi-pole machines, when the outer
diameter of the stator magnetic core is 900 mm or more, the magnetic core plates are made of
individual segments and after assembly, they form a magnetic core cylinder. For the convenience
of transportation and installation, the casings of the stator of large-sized machines are built in a
prefabricated form.

The poles of synchronous machines have two different constructions: visible and invisible.
Three types of motors are mainly used in the primary motors driving the synchronous generator in
power plants (power plants): steam turbines, hydraulic turbines or internal combustion engines
(diesels). Each of them has a decisive effect on the construction of the generator, as it is the conduct
of the generator. If the driving motor is a hydraulic turbine, the synchronous generator is called a
hydrogenerator. Most hydraulic turbines operate at low rotational speeds (60-500 rpm). Therefore,
generating the current industrial frequency (f=50Gs). Beb B reHepaTope BOJI0PO/1a HCIIOIB3YETCS
poTop € OOJIBIIIUM YHCIOM ITIOJIOCOB. POTOpBI THApOTreHEPATOPOB UMCHOT YCTKYHO ITOJIIOCHYIO
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¢dopMy, TO €CTh BBITIOJIHEHBI B BUJIE YETKOTO TMOJIOca. B 3TOM ciTydae Ka)Iblii MOJII0C BHITTOJIHEH
B BHJIC OT/ICJIbHOW CEKIIMH, OH COCTOUT W3 MAarHUTOIpPOBoa 1, Tpoiiku 2 (KOHEI]) W MOJTIOCHON
KaTylku. Bee nomtoca poropa coeJMHEHBI ¢ y3710M 4 (KoHelr), 3akm04éHHbIM; COeTMHEHUE TaKKe
JENCTBYET KaK COEIUHEHHE, /1€ COEUHSIOTCS MAarHUTHBIE TOKH II0JIFOCOB MaIlIMHbI. ['eHepaTopsl
BOJIOPOJIa Yallle BCEr0 HW3rOTAaBJIMBAIOTCS C BEPTUKAIBHBIM BaloM. D((EKTUBHBIE PEKUMBI
paboTbl mapoBoW TYpOMHBI MPOSBISAIOTCS NPU BBICOKMX 4YacTOTax BpameHus. lloaTomy
IOPUBOAALIMKA €ro B JBH)KEHUE IEHEpaTop, Ha3blBAEMBI TypOOreHEepaToOpoM, CUUTAETCs
OBICTPOXOHON CHHXPOHHOW MAIIMHOW, a ero porop ObiBaeT b0 aByxmoimtocHbM (N1=3000
00/mMuH), m00 yeTsipexnotocHbM (N1=1500 06/mMun). Ilpu pabote TypOoreHepaTopa ¢ BBICOKOM
CKOpOCTBIO BpaIllEHUs] B POTOPE CO3JaeTcs O4eHb OoJbluas HeHTpoOekHas cuia. [lostomy mo
YCJIOBHUSM MEXaHMYECKOH NMPOYHOCTH B TypOOreHepaTrope MPUMEHSETCS POTOP ¢ HEBUAUMBIM
nostocoM. Ero BHeHMIA BUJ ©MeeT BU ATTMHHOTO IMIMHpa. Ha ¢pe3epHOM cTaHKe BhIpe3aroTcs
IIPOJOJIbHBIE KAHABKH, U HA HUX yCTAHABIMBAIOTCS IPUBOHBIE BAJIbI

Karymika Bo30y:k1eHHs pOTOpa C OTKPBHITHIMU MTOJIOCAMH 3aHUMAeET 2/3 mepuMeTpa poTopa
(Ty 4acTh, TIe pacroyiokeHbl KIWHBs). CTonOBl cocTaBisitoT 1/3 ocTaBIIeicsi MOBEPXHOCTH.
UYToOBI 3aIIUTUTh KOJEHYATYIO YacTh OT PAa3pyLIUTEIbHOIO JEHCTBUS LEHTPOOSKHOM CUIIBI, Bal
poTopa 3aKphIT ¢ 00EMX CTOPOH HEMarHUTHBIMH KOJIbIIaMU. HU3KYI0 CKOPOCTh BpaIllleHUS UMEIOT
takke cuHxpoHHbIe nBuratenu CJIC-19-56-40, 4000, 2500, 1250 xBt, CT/1-1250, CT/1-3200
1250 u 3200 kBT B ropHbIX MeJbHULIAX, TYpOOKOMIIpECCOPaX U TypOOKOMITpeccopax., pOTOp sIBHO
nosisipHblii. Ho Basl 3TUX CHHXpPOHHBIX JABHUraTeled pacrlojoKEH TOpPU30HTaIbHO. bosbiryro
IpyNIly CHHXPOHHBIX MAIWH TOPHOAOOBIBAIONIMX MPEINPUATHI COCTaBISIOT BEHTUIISATOPSI,
MEJbHUIIBI, HACOCHl U JAPYTM€ CUHXPOHHBIE BUrATEIM MOLIHOCTBIO 0 HecKonbkux MBT, He
TpeOyIole PeryJIupoBaHusl CKOPOCTH. B KkauecTBe mpumepa pacCMOTPUM [BUIaTellb CEPUU
SDN2. /Ipuratenu JaHHOW CEpUU — TO JIBUTATEIU CO CKOPOCThIO BpaieHust poropa ot 300 mo
1000 o6/mMun 1 MmomHOCTRIO OT 315 10 4000 kBT, Hanpsoxkennem oOMoTku ctatopa 6 wim 10 kB,
yactotod 50 I'c. MarauronpoBox craropa 1, 3arpecCOBaHHBIN B CTaJIBHOM KOPILYC, COCTOMT U3
[aKETOB-CETMEHTOB, COOPAHHBIX LITAMIIOBKON U3 TPYOOK 3JIEKTPOTEXHHUUECKON CTAIN TOIILNUHON
0,5 MM. [1151 OBICTPOTO OXJIAXKICHUS ABUTaTeNs MMaKeThl MAarHUTOIIPOBOJIOB JIBUTATENIS pa3/IelIeHbI
paZuanbHBIM BEHTHISIIMOHHBIM KaHaioM mmpuHoit 10 mm. OOmoTka ctatopa 12 BbINONHEHA
JBYXCJIOWHOM, yMeHbIlIeHHOro mara. [lomatoca poropa kpenstcs k MarauTonposony 11 x ysmy 3 ¢
nomorsio mtudToB 5. Karymika poTopa COCTOUT U3 MOJTIOCHBIX KaTymieK. KoHTakTHbIE KOJIblIa,
NepeAaoLe MOCTOSIHHBIA TOK Ha KaTyIIKU BO30YXAEHUS, NMPUKPEIUIEHbl K KOHLIaM & BaJlOB.
Potop nmeer nonatku 6 eHTPOOEKHOTO BEHTHIIATOPA.

[ToamunmHKY KOJOHH 2 ¥ 7 YCTAHOBIICHBI HA MOJIIMITHUKOBBIX MHUTaX 1 1 9. BOKOBUHBI
MOTOPA 3aKPBITHI CTAIBHBIMU IUTaMu 13. 10 KOpIycoB IMEIOT BEHTWISILIMOHHBIE OKHA U 3aKPbITHI
xamo3u. COOKy KopIyca HaxoJuTcs KOpoOKa ¢ BBIXOJHBIMU KieMMamu. JlpaiiBep nBurarens
COCTOMT U3 TUPUCTOPHOIO MEPEKIII0YATENs, a TOK IpaiiBEpa aBTOMAaTUYECKU KOHTPOIMPYETCS IPU
3allyCKe€ M OCTaHOBKE JBUraTens. B KIMHBSAX TpeX IOJIIOCOB pa3MEIIeHO MO 6 CTepXKHEH ¢
JATyHHBIMH MM METHBIMU XKHWJIaMHU LIETH 3aImycKa (TyuieHus). Ha 060ux KoHIjax MauT COeJUHEHBI
KOPOTKO3aMBIKAIOIIKE 7 CErMeHTOB. MeK 1y HapyKHON IUIIMHIPUYECKON TOBEPXHOCTHIO KOHIIOB
IIOJIFOCOB U BHYTPEHHEH LMIMHIPUYECKON MOBEPXHOCTbIO MATHUTOIPOBOAA CTAaTOpa UMEETCS
paGouuil Bo3aymHbIM 3a30p d. DTOT MHTEpBal, COOTBETCTBYIOIIMH MOJISPHOH OCH, HUMEET
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MUHUMAaJIbHOE 3HaueHue d, Ha Kparo moJisspHOU Tpoitku dmax. Takas (hopMa KOHCTPYKITHH TPEX
MOJIFOCOB MPHUHSTA JIsl O0ECTIeUeHUs] CHHYCOUAAIBHOTO pacipeieleHlsi MAarHUTHOW MHIYKIINH B
BO3YIIHOM 3a30pe. CHCTEMBI OXJIAKIEHHS 3aMKHYTOI0 KOHTYPa UCTIONb3YOTCS AJIs OXJIAXKICHUS
OONBIINX CHHXPOHHBIX MallMH. B KadecTBe OXJIQXJIAIOIIETO Ta3a HMCMOJIb3YETCs BOAOPOA.
Oco0ble CBOMCTBA BOOPO/IA AIOT BOJOPOTHON CHCTEME OXJIAXKACHUS PAJ] IPEUMYIIECTB!

1. ITockosibKy TEXHUYECKHIA BOIOPOJI O0Jiee YeM B AECATH pa3 JIerue BO3yXa, CHIKAIOTCS
3aTpaThl AJEKTPOIHEPIMM HA BEHTWIALMIO W, ciefoBaTesbHO, cHukaerca O.M.K. mamunel.
yBenumuuBaeTcs. Hampumep, pu BO3IYIIHOM OXJIaXJAEHUH TypOoreHepaTopa MOMIHOCTBIO 150
MBT 3aTpathl MOIHOCTH Ha BeHTHIALHIO cocTaBistoT 1000 kBT. [Ipu BogopoiHOM OXJ1aKIeHUH
TaKOro0 MOILHOTO TypOoreHeparopa notpebdisemMas MOIIHOCTh cHikaeTcs no 140 kBT, To ecth
pacxol Ha BEHTWISILUIO CHMXKAETCSI B CEMb Pas.

2. ITockoJbpKy TETIONPOBOAHOCTH BOAOpOAa B 6-7 pa3 Oonblile, 4eM y BO3AyXa, BOJOPO.
OBICTPO OXJIAXaeT aBTOMOOMIb. Clie10BaTeIbHO, MOYKHO YBEIUYUTh HOMHHAIBHYIO MOIIHOCTh
MamuHbI Ha 20-25% 1o cpaBHEHUIO € BO31YIIHBIM OXJIaKIEHUEM, CO3/1aB MALLUHY C BOJOPOAHBIM
OXJIAKJEHUEM C 3aJJaHHBIMHU ITOKa3aTelsIMU MaHoOMeTpa. Bo3HuKarolee MarHuTHOE I0JI€ U3-3a
BiussHus sskopst MY K Ha Bo30y)aenne MY K nmpuBoAUT K HCKaKEHUIO: MAarHUTHOE T10JI€ MAIITMHBI
YBEIIMYMBACTCS O]l OJHUM KpaeM TPOWHOTO TOJIOCa M OcllabeBaeT Moj JAPYTHUM Kpaem (puc.
11.6). Eciu MmarHuTHAsI 11eNb HE HACHINIEHA, TepopMaliis OCHOBHOT'O MAarHUTHOTO TIOJIS HE MEHSET
€ro 3HaueHus. B pe3ynpTaTe HaCBIIEHWS MarHUTHOW CHCTEMBl PE3yJIbTHPYIOIIEE MarHUTHOE
0JIe HECKOJIBbKO ocnabisercs. [loroMy uTo pa3MarHMYMBarolee 1eiHCTBUE PeaKluu sIKOPS JIETKO
pa3MarHM4MBaeT Kpall IOJIOCHOIO TPEyrojbHUKa W 30HY 3yObeB cCTaropa TMOJA HHM;
HAaMarHMYEHHOCTH MOJIIOCa BTOPUYHON TPOMKH M 3yOII0BOI 30HBI CTaTOpa MO/ HEH OrpaHUYeHA
MarHUTHBIM HachllleHHeM. [loaToMy pe3ynbTupyroliee MarHUTHOE 10JIe MallliHbI ocnabdisercs,
TO €CTh MarHUTHAsI CUCTEMA HECKOJIBKO Pa3MarHU4MBaeTCsl. JTO SBJIEHUE IPUBOJAUT K CHUKEHUIO
DK aBTOMOGHIISL.

WunyktuBHast Harpys3ka. B ciydae umcto MHIyKTMBHOM Harpysku (ps = 90°) Tok
reneparopa 3anepxkuBaetcs Ha 90° ot EYK 1o ¢dase. [ToatoMy TOK mocTuraeT MakCHMajlbHOTO
3HAYEHUS TOJIKO IPU MOBOPOTE poTOpa BHepel Ha yroa 90° 1o cpaBHEHHIO CO CIydaeM, Kornaa
BUK mocTuraetT MaKCHManbHOTo 3HaueHus (puc. 11.5, 6). B aToMm ciayuae sxops MEOK Haxozures
BJI0JIb OCH TOJIFOCA POTOpa, a Bo30yxaeHue neiicreyer Ha MIOK npotuBononoxso. [Ipusnaem
3TO, IOCTPOUB BEKTOPHYIO AUarpammy.

Takoe Bo3zaeiicTBue cratopa MYKn ocnabnser mMarHUTHOE TOJie MamiuHbL. Tak, Tpu
HAJIMYUHU YUCTO MHIYKTUBHOM Harpy3Ku B CHHXPOHHOM T'€HEPaTOpe PEeaKIUs sIKOpsI OKa3bIBAaeT
IIPOJIOJIBHO-Pa3MarHNYMBAIOIIIEE JEHCTBHE.

ITo cpaBHeHMIO ¢ peakiuell SKOps MpPU aKTHUBHOM HAarpykeHHH B 3TOM ciyyae ¢opma
MarHMTHOTO MOJIsl HE HapyIIaeTcsl.
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