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1. TPEBOBAHMUS K BBIIIOJHEHUIO KYPCOBOM PABOTBI
1.1 BBegenue

B coorBercTtBumM ¢ Tunoseim nonoxxennem PdenepasbHOro roCyAapCTBEHHOTO
OIO/PKETHOTO  YYPEXKICHHE  BBICIIET0  MpodeccHOHAIbHOTO  00pa3oBaHUS
«Bonrorpanckuii rocy1apCTBEHHBIN TEXHUYECKUN YHUBEPCUTET OTAECIECHUE CPEAHETO
npodecCHOHaNbHOTO  00pa3oBaHUs», | OCylmapCTBEHHBIM  00pa30BaTEIbHBIM
CTaHAApTOM JIsl CPEAHUX CHEIUATbHBIX 00pa30BaTeNbHbIX yupexaeHuil Ne 282 ot
06 anpens 2010 rojma, TUMOBOTO IMOJOXKEHUS 00 00pa30BATEIbHOM YUYPEKICHUU
cpelHero MnpogecCHOHANIBHOIO0 00pa3oBaHUs (CpeaHEM CHEIUaTbHOM Y4eOHOM
3aBeICHUM), YTBEpkKACHHOMY moctaHoBieHueM l[IpaButensctBa PO Ne 160 ot 03
Mapta 2001roxa, B nepuoa ooydueruss CO Boarl'TVY, cTyaeHT J0DKHBI BBITIOJHUTH
KypPCOBYIO paboTy (MpPOEKT), SBJISAIOLIYIOCS OJHMM M3 OCHOBHBIX BHJIOB y4€OHBIX
3aHATHI, (OPMON KOHTPOJISI yueOHOM pabOThl CTYJIEHTOB U HEOTHEMIIEMOIN YacThIO
y4eOHOTO IJIaHa.

BrlnonHeHne CTYJIEHTOM KypcOBOM palOOThl (IMPOEKTa) OCYIIECTBISETCA Ha
3aKJIIOYUTENBHOM JTale M3y4YeHUs JUCUUIUIMHBL. KoJIM4ecTBO KypCOBBIX padoT
(IpoeKTOB), HAMMEHOBAHUE JUCUUIUIMH, 110 KOTOPHIM OHHM MPEIyCMAaTPHUBAIOTCA, U
KOJIMYECTBO YacOB 0053aTeNIbHOM Yy4eOHOW Harpy3Kd CTyIEHTa, OTBEACHHOE Ha UX
BbinioHEHUEe onpenensiercs CO Boarl TY otaenenne CIIO B COOTBETCTBUU C
['ocynapcTBeHHBIM 00pa30BaTENIbHBIM CTaHAAPTOM CPEIHETO MPOPECCHOHATBHOIO
oOpa3oBaHUs.

3HaueHue KypcoBoi pabOThl COCTOUT B TOM, YTO B IPOLIECCE €€ BBIOJHEHUS
CTYJEHT HE€ TOJIBKO 3aKpeIUIsieT, HO M paclIMpseT MOJYyYEHHbIE 3HAHMUS IO
CHEeLMAbHBIM JTUCLHUIUIMHAM, a TakK, Xe 0000IaeT MNpakTUYEeCKU Marepuan
KBTM(PUKALMOHHON MPOU3BOJICTBEHHON MTPAKTUKH.

1.2 O0uue moJ1oKeHus

KypcoBas pabora mno MJIK.02.02 BuyTtpeHHee 3JieKTpoCHAOXKEHUE
MPOMBIIUICHHBIX U TPAXKIAHCKUX 3JaHUN TPEACTaBIAET COOOM CaMOCTOSITENIbHOE
TEOPETUYECKOE M MPAKTUYECKOE HUCCIEAOBAHUE CTYICHTOM OJHOM U3 aKTyaJIbHBIX
TEM TOBBIIIEHUE KadyecTBa MOHTXKHBIX W PEMOHTHBIX pPabOT AaCHHXPOHHOTO
ANEKTpoABUTraTENs (MO BUJIaM MCIIOJHEHHUS ), B KOTOPOU JEMOHCTPUPYIOTCS, YPOBEHD
OBJIaJICHNS HEOOXOIUMBIMU TEOPETUICCKUMHU 3HAHUSIMH, TPAKTUYECKUMH YMEHUSIMU
W HaBbIKAMHU, TIOJYYCHHBIMH CTYJEHTOB B TEUEHHWE BCErO0 CpoKa OOy4YeHUs
Mexauciuummaapaoro  kypca MJIK.02.02  Buytpennee sieKTpocHaOXeHHE
MPOMBIIUICHHBIX W TPaXAaHCKUX 3JaHUM, MO3BOJSIONIMMU €My CaMOCTOSITEIbHO
pemath npodeccuoHanbHbIE 3a/1a4H.

Kaxnaplii CTyJIEeHT BBIMOJHICT WHIWBUAYaJbHOE 3aJaHUE€, TMOJb3YSCh
PEKOMEHIOBAaHHOM JUTEpaTypor. [Ipm 3TOM CTYyIEHT HOMKEH € BO3MOXKHBIMU
BapUaHTaMHU PACUETHBIX U KOHCTPYKTHUBHBIX PELICHUM, OLIECHUTh UX JOCTOMHCTBA U
HEJIOCTAaTKH, 000CHOBATh MPUHITOE UM PEIIICHUE.



YcnenHoe BBIMOJHEHUE KypcOBOW pabOThl,  BO MHOTOM 3aBUCHT OT
NPABWJILHOM OpraHM3aIK €€ TOJITOTOBKH W HAIHMCaHUs, COOIOACHUS TPpEeOOBaHMIA,
KOTOPBIC MPEABSBIIIOTCS ITUKIOBOH KOMHCCHEH, O JIAHHBIM JHUCHUIUIMHAM, K €€
dbopme 1 coaepKaHuUIO.

1.3 Ilopsia0K BHINOJIHEHHUS KYPCOBOii padoThI

[locne yscHeHHs conaepkKaHUs TEMbl KypCOBOM pabOThl Ienecoo0pa3Ho
COCTaBUTh  NpPEABApUTENbHBI  TIaH  paOOThl, KOTOPBHIA B  JalIbHEHIIEM
COTJIaCOBBIBAETCS C MPEIOAABATEIEM — PYKOBOJUTEIEM, YTOUHSETCS, IOTIOTHSIETCA.

[log manoM KypcoBOil pabOThl MOApPa3yMeBAaEeTCsl IMEPEUYeHb BOMPOCOB,
KOTOpbIE JOJDKHBI OBITh paccMOTpeHbl B padbore. [IyHKTHI miana gopmynupyercs B
BUJIC 3arojOBKOB, W paCIoOJIaraloTcss B  JIOTUYECKOW  IOCJEeI0BATEIbHOCTH,
COOTBETCTBYIOIICH Pa3BUTHUIO U U3JI0KEHHUIO TEMbI PAOOTHI.

[Iman — 3TO OCHOBa, KOCTSIK padOThI, OT €ro MPAaBUIBLHOIO COCTABJIEHUS BO
MHOT'OM 3aBUCHUT CTPYKTypa, COJEp>KaHHE, JIOTUYeCKash CBsI3b YacTe KypcoBOi
pabotel. [loaTOMYy KauecTBO IJIaHA OKAa3bIBAET CYIIECTBEHHOE BIIMSHUE Ha OLIEHKY
paboTHI.

[Inan kypcoBoii pabOThl HE CIEAYET MEepPerpykarb OOJBIIUM KOJIUYECTBOM
BOIIPOCOB. DTO NPHUBEAET K NOBEPXHOCTHOMY M3JI0KEHHUIO MaTepHaa.

1.4 CTpykTypa KypcoBoii padoThI

[To cTpykType KypcoBas paboTa COCTOUT U3:

COAEPKXAHHUE

BBE/JIEHHME

1 OBIIIAA YACTH

1.3 KOHCTpyKITHS aCHHXPOHHOTO JBUTATEIIS

1.4 MoHTaX aCUHXPOHHOI'O JIBUTATEJISI

2 PACYHET ACUHXPOHOT'O ABUT'ATEJIA.

2.1 UcxonHble 1aHHBIE

2.2 BbIOOp AEKTPOMArHUTHBIX Harpy30K

2.3 Pacuer cTaropa

2.4 Pacuet poropa

3 OXPAHA TPYJIA

CIIMCOK JIMTEPATYPEI

- CIIMCKAa HMCIOJIb3yEMOM JIUTEPATYpPhl, OTPAKAET UCIOIB3YEMYIO JUTEPATYpY,
METOJUYECKUE YKA3aHUS U BCE HUHTEPHET PECYPCHI.

KypcoBas paboTa nomkHa UMETh YCTAaHOBICHHYIO CTPYKTYPY:

- TUTYJBHBIA JIUCT JOJDKHA COJIEpXaTh: IOJHOE HAUMEHOBAaHUE YYEOHOTO
YUPEKJICHUS, YKa3aHUsl Ha KypCOBYIO paboTy, ee TeMy, YTBEPKIAThCs 3aBeAYIOIIeH
ornenenne CIIO, 3aB. mo ydeOHOW YacTH, MpelcenareyieM IUKIOBOW KOMHUCCUH,
YKa3bIBAIOTCSI BCE KOHCYJIBTAHTHI U TOJ HAITUCAHUSI PaOOTHI;

- JIUCT 3aJiaHusl, COACPKUT: MOJHOE HAUMEHOBAHHE YYEOHOTO YUpEeXKICHUS,
yTBepxkaaercs 3aB. otaenenueM CIIO, 3aB. yueOHol yacThio, peaceaatenem [IK,
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yKa3bpIBaeTcsl (haMuiIvs UMs U OTYECTBO CTYJEHTA, 3aJlaHHe Ha KYpPCOBYIO paboTy C
HOMEpPOM TIpHKa3a O €€ YTBepXKIACHHH, MJAaeTCs CChUIKA Ha KOHCYJIbTaHTa H
OTOBApUBAIOTCS CPOKH CAaud pabOThl, TMEPEUUCISIOTCS BCE HCXOIHBIE U
JIOTIOJIHUTENbHBIC JAHHBIC ISl BBIMOJHEHUSI KypCOBOM palOTHI, a Tak K€ MepeueHb
BOIPOCOB MOJUIEkKAIUX pa3pabOTKe, MepeueHb WIIIOCTPUPYEMOIO MaTepuaa
KOTOPBIN JIOJDKHA COZAepX aTh KypcoBas paboTa, yKa3bIBAIOTCS BCE KOHCYJBTaHTHI
MPUBJICYCHHBIE K KOHTPOJIO Pa3pabOTKH KypCOBOW pabOTHI ¢ KOJIMYECTBOM YacoOB,
JaeTcsl 3aKII0UYEHUE O JIOMyCKe K 3allluTe KypcOBOH pabOThl ¢ JAaTON U MOIMHUCHIO
npenceaarens [IYK, yka3bIBatoTcst pelieH3EHTHI.

CoOpanHblif MaTepual TpYyHIHPYIOT, 00pabaThIBalOT W CHUCTEMATU3UPYIOT B
COOTBETCTBUHM C OKOHYATEJIbHBIM BapuaHTOM IUIaHa. Ha 3ToMm sTame yTo4HseTcs
CTpYKTypa paldOoThl M MOAOHMpacTCs WIUTIOCTPUPOBaHHBIA Marepuan. llocie sToro
NUIIETCS] YEPHOBOW BapHaHT palOThl, KOTOPBIA MOJBEPraeTcs IMOCIEAYIONIeH
JUTEPATYPHOU 00pabOTKE U PETaKTUPOBAHUIO

2 METOINYECKHNE PEKOMEHJIAIIMU K BBIITIOJIHEHUIO
KYPCOBOM PABOTHI

= BBEJAEHUE

Benenne n0mKHO packpbIBaeT aKTyalbHOCTh M 3HAUEHHUE TEMbI, (GOPMYITHPYET
1eiab paboThl; ATO OOOCHOBaHME W JIOKA3aTENbCTBO BAaXXHOCTH pPaccMaTpUBAeMOMN
TEMbI JIJI1 HAyKW, TEXHOJOTUW WM BBIOpaHHOW crenuanu3aiuu. BBenenue - 310 u
KpaTKHUH DKCKYPC.

= 1 O0OBHIAA YACTD

KoHcTpykiuss ~ acHHXpOHHOTO  JIBHTateiass -  HEOOXOAMMO  TOKa3aTh
TEOPETUUYECKHE W METOJIMYECKHE OCHOBBI HM3ydaemoil mpoOiembl. J[aTh KpaTKyro
TEXHUYECKYI0  XapaKTePUCTHUKYy  OOBEKTy  HccienoBaHus. TpeOoBaHus K
anekTporpuBony. IlpoBectu o0030p OJOK - CXeMbl MOHTaXa AaCHHXPOHHOTO
neuratens. JlaTh MOApOOHOE OMHCAaHWE CXeMe DJIEKTPOMOHTAXKHBIX PaboT.
[ToCcTpOUTh NMEKTPUUYECKYIO CXEMY MOHTaXa aCHHXPOHHOTO AJICKTPOABUTATES.

= 2 PACUYET ACUHXPOHHOI'O JIBUTATEJISI

= 2.1 UcxoaHble JaHHbIE

Twun pBuraTens 4A280S10VY3
Homunansaas MomuocTb Py, KBT 45

Yacrora cetn, fy, I'g 50

Yucno ¢az, m 3

HoMuHanbHas CHHXPOHHAS Y4aCTOTa BPaIeHus Ny, M 750

Porop KOPOTKO3aMKHYTBIN
Crioco0 3amuThl OT OKPYIKaKOIIEH Cpebl P44



Pexxum paGoThl MIPOIOJKUTEIIbHBIN
CoenuHenne 0OMOTKH CTAaTOpa, IO CXEMe 3Be3/1a

Br100p TI1aBHBIX pa3MepOB aKTUBHBIX YaCTEH TBUTATEIIS:
1 Yucno nomocoB 2p=6
2 Bei6op BBICOTHI OcH BpateHust h=270 mmu.
3 IIpenBapuTenbHOE 3HAYCHUE BHYTPEHHETO AUAMETpa CTaTOpa
D=Dgkp,mm (1)
¢ onpenencarem D,=0,52 kp=0,7
4 TlonrocHOE JaBJICHUE

T=n-D/2p, (2)
5 PacueT MOITHOCTH
p=—2Xe gy, (3)
1n°CoSs®

= 2.2 BpiOop 3JIEKTPOMAarHUTHBIX HATPY30K

[IpenBapuTeNnbHbIl BHIOOP AIEKTPOMArHUTHBIX Harpy3ok A, A/M, u Bs, T,
JOJDKEH OBITh IPOBEJEH 0CO00 TINATENIBbHO, TaK KAK OHHM OIPEAEISIOT HE TOJIBKO
PacUYETHYIO JUIMHY CEPJIECYHUKA, HO U B 3HAYUTEIBHON CTENEHU XAPAKTEPUCTUKU
MamuHbl. [Ipyn 3TOM, €ciy riaBHbBIE pa3sMepbl MAlIMHBI 3aBUCAT OT ITPOU3BEICHUS
ABs, TO HAa XapaKTEPUCTUKH JIBUTaTENsl OKa3bIBAET CYIIECTBEHHOE BIIMSHHUE TAKXKE U
COOTHOUIEHHE MEXJIy 3TUMHU BeluuyumHamu. PekoMmeHpanuu mno BbIOOpY 4 U By,
IIPE/ICTABIICHHBIE B BUJI€ KPUBBIX ISl MAlIMH PA3JIMYHBIX MOIIHOCTH U UCIOJHEHUS,
OCHOBAaHbl HA JIAHHBIX HW3TOTOBJICHHBIX JBUTATENIed, XapaKTEPUCTUKHU KOTOPBIX
yaosieTBopstoT TpedoBanusm ['OCT.

KoaddummeHnT noarocHoro nepekpoiTis as u kodhdumuert Gopmer monst Kgs
ACMHXPOHHBIX MAaIlIMHAX OMNpPEAEAIOTCS CTENEHbIO YIUIOUIEHUS KPUBOM TOJIA B
3a30pe, BO3HUKAIOLIEH NpPHU HACHIIIEHUH 3yOLIOB CTaTOpa U POTOPA, U MOTYT OBITh
JIOCTATOYHO JIOCTOBEPHO ONPEIEIEHBl TOJIBKO IIOCJIE pacyera MAarHWTHOM LEIu.
[Toaromy anst pacyera MarHMUTHOM LieNu yZAoOHEE paccMaTpuBaTh CHUHYCOHJIAJIbHOE
1oJIe, a BIMSHUE YIUIOIMIEHUS YYE€CTh IPH PACUYETE MATHUTHOTO HAaIPSIKEHUS
OTIEJBHBIX YYacTKOB MAarHUTHOW uenu. OCHOBBIBASCh HAa 3TOM, 3HAYEHUS
K02 PHUIIMEHTOB MpeIBaAPUTEIHLHO MPUHUMAIOT PABHBIMUY0

ay=2/m~064 ks=1/(2v2) =111 (4)
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Puc. 2.1 - DnekTpoMarHUTHBIE HArpy3Kd aCHHXPOHHBIX JBHUTareied co
crerneHbio 3amuThl 1IP44 mpu BeicoTe ocu BpamieHus: @ — h 132 mm; 6 — h=150 250
MM; ¢ — h 280 MM (C IpoyBaeMbIM POTOPOM).

[TpenBapuTellbHOE 3HaUYCHHE OOMOTOYHOTO Kod(duimenTa Kop; BEIOMpaOT B
3aBHCHMOCTH OT THIIa OOMOTKH cTatopa (I OJHOCIONHBIX 00MOTOK Kop = 0,95 +
0,96; misa ABYXCIOWHBIX M OJHO—ABYXCIOMHBIX OOMOTOK TpH 2p = 2 cleayer
npuHuMathb Kog; = 0,90 + 0,91 u ipu 60mbmeit momocHocTnKop;=0,91 + 0,92).

CuHXpOHHAs yTJIOBasi CKOPOCTh JIBUTATENIsl, PACCYUTHIBACTCS MO (hopMyIie:

n= Zn% pac/c (5)

r7ie 11— CHHXPOHHAS YacTOTa BpalieHus, 00/MUH;
fi—gacTora Hanpsbkenus cetu, '
P — YMCJTIO TIap TOJFOCOB.

PacueTHas nivHa MarHUTONPOBOAA:
P!
l5 = > M(6)
KgD2QKop1ABg
KputepreM mnpaBuIbHOCTH BBIOOpa TJaBHBIX pasMepoB D wu  lycmyxwur

OTHOLICHUC

,1=l_5 (7)

T
KOTOpPO€ OOBIYHO HAXOAWTCS B TpefeNiaX, MOKa3aHHbIX Ha puc. 2.2 I

MPUHATOTO WCIOJHEHUs] MamuHbl. Ecaum A okasbiBaeTcss upe3MepHO OOJIBIINM, TO
cleayeT TOBTOPUTH pacueT s OJvbKaliied W3 CTaHAApPTHOTO psjia OOJIbIICH
BBICOTBI ocH BpamieHust h. Ecim A cnmimikoM Majno, TO pacdeT MOBTOPSIOT IS
CIIEYIOIEeH B CTAaHIAPTHOM PsITy MEHbIIIEH BBICOTHI N.

B pesynbraTe mpojenaHHbIX BBIYMCICHUN IOJYYEHbI 3HAYEHUS BBICOTHI OCHU
BpaieHus h, BHyTpeHHero nuamerpa craropa D, BHeriHero muamerpa cratopa Da,
pacyeTHOM JUTMHBI MArHUTONPOBOAAl 1 MOTFOCHOTO JeTICHHS 7.
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Puc. 2.2- Ornouenue | / A nBurareneit

Jlist pacdera MarHUTHOM 11eTi TOMUMO |sHE00X0IMMO OTIpeIeuTh TOTHOCTHIO
KOHCTPYKTHUBHYIO JUTUHY U JUIMHY cTaiu cepaeaHukoB ctaropa (lim leri) u potopa (I
U lcr2) . B aCHHXpOHHBIX JBHTATENSX, UIMHA CEPACYHUKOB KOTOPHIX HE MPEBBIIIACT
250-300 MM, paauanbHble BEHTHIALMOHHBIE KaHalbl He JenaioT. CepaeyHuKu
HIMXTYIOTCS B OJUH NakeT. JlJig Takoil KOHCTPYKIUU

I =lcr =15 (8)

B Oonee NIMHHBIX MAaIIMHAX CEPACUYHUKU NOJPA3ACIAIOT Ha OTAEIbHBIC
NAKEeThl, pa3/JIeJICHHbIE MKy COOOM paluanbHBIMU BEHTWIISILIMOHHBIMU KaHasaMu. B
IBUTaTensx ¢ (a3HbIMU POTOpPaMH WM CO CBAapHON KOPOTKO3aMKHYTOM OOMOTKOM
MakeThl BBIMONHAIOT JiuHOM 40-60 mm. KpaiiHue makeTsl MoryTt ObITH OoJiee
JUIMHHBIMH. B aBurareisix ¢ JuTOM KOPOTKO3aMKHYTOM OOMOTKOM poTOpa 4YHCIIO
NAaKETOB IO TEXHOJIOTMYECKUM COOOpaKEHUSIM M3-3a CJIOXKHOCTU  3aJUBKU
YMEHBIIAIOT U AKETHI BBIMOJIHAIOT 00JIee JITUHHBIMH.

CranpapTHas MHMpPUHA PAAUAIBHOIO BO3AYIIHOTO KaHajga MEXAy NaKeTaMH
bk= 10 mm. Yucno maketoB Nyx ¥ WX AnuHA |4k CBA3aHBI ¢ pacdeTHOW MITUHON
CJIEIyIOLUIUM COOTHOIICHUEM:

Nrzard er Nar=ls I lax 9)
MIPY 3TOM YMCJIO PAIMAIbHBIX KaHAJIOB
Nk= N4x -1 (10)
JImMHa cTanu cepJieuHUKa cTaTopa B TAKMX MalllMHAX
lerr = lak - Nk (11)
WJIW TIpU TIaKeTaxX pa3HoOU JJIUHbBI
lerr = Y lnax (12)
KoHcTpykTHBHAS AJIMHA CepJIeUHUKA CTaTOpa
l1 =ler + by - 0y (13)
OxonyarenbHoe 3HaueHue |smnsg mammu ¢ 0 < 1,5 mm
ls=lcr (14)

B mammnax ¢ 6 > 1,5 mm nipu pacuete |;yduThIBAIOT HCKPUBICHHE MArHUTHBIX
CHJIOBBIX JTJUHHI IMOTOKA B BO3YIIIHOM 3a30p€ HaJl paJdalbHbIMA BEHTHISAIIHOHHBIMU
KaHaJIaMH:

Is~l; — b/ - n, (15)

rae bk— pacyeTHas IOMpMHA pagMaNbHBIX KaHAJIOB, 3aBUCAINAS OT

cooTHomeHus & u by. 3nauenue bk mpu bx= 10 MM onpenensercs no tadn. 2.1 6o
U3 BbIPKCHUS:

be=y-6, m (16)
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2(%/ 5)2

=——— M (17)
5+2 (b K/ 6)
Tabmuna 2.1 - PacueTHas mmprHa paguaabHBIX KaHaIoB Dk’ ipu b= 10 MM
O, MM 1,5 1,6 1,7 1.8 1.9 2,0 2.5 3,0
b, MM 1.3 7.1 7,0 6.9 6.8 6,7 6.2 5.7

KoHCTpyKTHBHYIO JJIMHY CepIeYHMKA POoTopa B MammHax ¢ h <250 mm Oepyt
paBHOH IUIMHE CepJieuyHuKa craropa, T.e. |;= |1 . B maBurartensx 0oipmux rabaputos
pPOTOp BHIMOJNHSAIOT JUIMHHEE CTaTopa 3a CYET YBEIWYCHHUsS JUIMHBI €ro KpaiHWX
MAKETOB Ha 5 MM U B KPYIHBIX MallIMHAX BHICOKOTO HAIpsbKeHUs — Ha 10 MM.

JInuHa cTany cepAeYHUKA poTOpa:

ICTZZZIHAIQ:IZ'nK 'bK,M (]8)

= 2.3 PACYET CTATOPA

Pacder Bkito4aeT onpezeneHue yncia ma3oB cratopa Zi, 4ucia BUTKOB B (aze
OOMOTKH cTaTopa Wi M pa3MepoB 3yO110Bo# 30HBI. [Ipu 3TOM umciio BUTKOB (ha3bl
OOMOTKH CTaTopa JOHKHO OBITh TaKUM, YTOOBI JMHEHHash Harpy3ka JIBUTATENS U
WHIYKIMS B BO3JIYIIHOM 3a30p€ Kak MOXXHO OoJjiee OJIM3KO COBMAJald C HX
3HAYCHUSAMHU, IPUHITHIMU MPEBAPUTEIHHO MPU BHIOOPE TIIaBHBIX PA3MEPOB, a YUCIIO
Ma30B cTaTopa O0ecnedyrBaio JOCTATOYHO PABHOMEPHOE pachpeeieHHe KaTyIIek
OOMOTKH.

UToOBbl BBIMOJHUTH OTH YCIOBUS, BHAYaJie BBIOMPAIOT MPEABAPUTEIHLHO
3y0110BO€ JiesieHHE t71B 3aBUCUMOCTH OT TUIAa OOMOTKU, HOMUHATIBLHOTO HAIPSKEHUS
Y TIOJTIOCHOTO JICJICHHUs MalluHbl. JIj1s 60jiee paBHOMEPHOTO paclpeiesICHHs KaTyIleK
OOMOTKM TIO JJIMHE OKPY>KHOCTH 3a30pa HEOOXOJMMO OOJIBIIIOE YHCIO Ta30B,
clieIoBaTeIbHO, MaJIeHbKHUE 3YyOllOBbIC JAeiieHus. B To ’xe BpeMs IIMpuHaA Tasa,
COCTaBJISAIONIAsl MPUMEPHO TIOJOBUHY 3YyOILIOBOTO JI€JICHUsl, HE JOJDKHA ObITh
CIMIIKOM MAJIOW, TaK KaK B 3TOM CIlIy4ae YXYJAIIAeTCs 3aroJIHEHWE Ma3a MEIbIo
OOMOTKHM, a B MalllMHaX HEOONBIION MOITHOCTH MOXKET TaKXe HEIOMyCTUMO
YMEHBIIUTLCS MEXaHWYeCKasi MPOYHOCTh 3y0110B. Kpome Toro, Hago uMeTh B BHUIY,
YTO CTOMMOCTH MAIIMHBI C YBEJIMYECHHEM YHUCJIA I11a30B BO3pacTaer, TaK Kak
YBEIIMYUBAKOTCS CJIOXKHOCTh IITaMNa U TPYHAOEMKOCTb HW3TOTOBJICHUA WU YKIAIAKU
O0OMOTOK.

MeHnbiine 3HauYeHUS B KaXJOH U3 TMOKa3aHHBIX HAa PHUCYHKe o0riacten
BO3MOYKHBIX 3HAUE€HUIlziXapaKTepHBbI JJIs1 MAIIMH MEHBIIEH MOIIHOCTH JJISI KaXKJ0TO
W3 AUAIMA30HOB BBICOT OCEW BpaIICHUS.

Cnenyer oTMeTuTh, uTo naBuratesii ¢ h 280 MM OOBIYHO BBIIOJHSIOT C
0OMOTKOM W3 MPSMOYTOJBHOTO TTPOBOJIa, HO B MHOTOIOJIIOCHOM UCIIOJIHEHUU TpU 2p
10 (B mBuratensx ¢ H = 280 u 315 MM) u3-3a Majgoll BBICOTHI CIIMHKH CTaTtopa
pa3MmelnieHre J000BBIX YacTel KaTylleK U3 MPsIMOYTOJILHOTO MPOBOJA 3aTPyAHEHO,
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[I03TOMY TaKW€ MAalllMHbI BBIIOJHAOT C OOMOTKON M3 KPYIJIOTO MPOBOJA, UMEIOIIEH
MSITKHE, JIETKO MOAgatouIecs: OpMOBKeE JIOOOBbIE YaCTH.

JUtst MalmH ¢ 0OMOTKOM M3 MpsMOyrosbHOro nposoga mpu Upom 660 B u B
BBICOKOBOJIFTHBIX ~MalMHax tz; 3aBUCAT OT MOIIHOCTH ¥ HOMHUHAJIBHOIO
HaIpPsHKEHUS.

B mpouecce pacuera 1menecooOpasHO paccMOTPETh IUANa30H BO3MOKHBIX
3HaYeHUH 171B Mpejenax ykazaHHbIX 3HAYCHHUM 3yOIOBBIX AeNEeHUM tz1min tzimax. Torma
BO3MO)KHOE YHUCJO Ma30B CTaTOpPa, COOTBETCTBYIOIIMX BbIOpAaHHOMY Iuamna3oHy tzi,
PaBHO:

D
Zimin = P (19)
Zimax
D
Zimax = foe (20)
Zimin
T244M | -
7 LAATA7
< AL
4 \2
0,01
- - 4 ‘f
) o,1 0,2 03 T,M

Puc. 2.3 —3y0110BBI€ JI€TICHUSI CTATOPOB ACHHXPOHHBIX JIBUTATENEH ¢ 0OMOTKOM
U3 KPyIJIOTo MpoBoja ¢ BeicoTaMu ocu BpaieHus: 1 —h 90 mwm; 2 — 90 <h 250 mm; 3
—h 280MMm

Tabmuua 2.2-3y0noBoe nenenue cratopa tzi, M, Ipu NpsIMOYTOJIBHBIX Ma3aX

IlomtocHoE ne- Hanpsokenne, B
JeHHE T.M - -
1o 660 3000 6000
<(,15 0,016-0,02 0,022-0,025 0,024-0,03
0.15-0.4 0,017-0,022 0,024-0,027 0,026-0,024
=0.4 0,020,028 0,026-0.032 0,028-0.038

OkoHYaTeNbHOE YHUCIO Ma30B cTaTopa Z; CieAyeT BbHIOMPATh B MOJYYEHHBIX
mpenenax ¢ yu4eToM YCJIOBHM, HajaraeéMblx TPEOOBaHUSIMU CUMMETPHUH OOMOTKH, U
JKEIATEIIbHOTO ISl TTPOCKTUPYEMOM MAaIllMHBI 3HAYEHUs 4YWCiia Ta30B HA TOJIOC U
dazy (1. Yucno ma3oB craTtopa B JIFOOOW OOMOTKE ACMHXPOHHBIX MAIIMH JOKHO
OBITH KpaTHO Ynciy (a3, a 9ucio

Q1 =Z4/(2pm) (21)
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B OOJIBLIMHCTBE ACHUHXPOHHBIX MAIIUH JODKHO ObITh LenbiM. Jlumb B
MHOTOITOJIFOCHBIX aCHHXPOHHBIX JBUTaTEISIX HHOI/IA BBITOJIHSIIOT TAKOE YUCIIO Ma30B,
npu KOTOPOM (1sIBIISIETCS POOHBIM, MpPUYEM OOJBIICH YacTbi0 CO 3HAMEHATEIeM
JIpOOHOCTH, PaBHBIM JBYM, HallpUMeEp:

1= 2 umm 3%,

B oTnmenapHBIX choyyasx STO MPABHIO MOXKET OBITh HAapyIIEHO, OJHAKO
HEOOXOJMMO HMETh B BHJy, YTO OOMOTKH C JpOOHBIM (iIpH CPABHUTEIHHO
HEOOJBIIMX YHUCJIAX T[a30B U TOJIOCOB, XapaKTEpHbIX s  OOJBIIMHCTBA
ACMHXPOHHBIX ABUTATENEH, NPUBOAAT K HekoTopod acummerpun MJIC. Iloatomy
BbIOOP OKOHYATEJIbHOTO YHUCJIa Ma30B CIEAYET MPOBOJUTH C UYETKOM YBSA3KOM M

KOHTPOJIEM ITOJIy9aeMOro IPH 3TOM Yucia (.
Zy
= 22
d1 2pm (22)
OKoHUaTeNIbHOE 3HAYCHUEHE JTOJDKHO BBIXOJUTDH 32 YKa3aHHBIC BBIIIE MPEICTIbI
oonee yem Ha 10% u B m00O0M ciydae JjIs ABUTATENCH ¢ 4> 56MM HE JTOJKHO OBIThH

MmeHee 6 - 7 MM.

tZl == iMM (23)
2pmq
[Ipu omnpenmenenun uyucia dGGEKTUBHBIX MPOBOAHMKOB B  masylp
PYKOBOJICTBYIOTCSI CJICTYIOITUM: Uy TOJDKHO OBITH IIETIBIM, @ B IBYXCIIOMHONW OOMOTKE
JKeJIaTelIbHO, YTOOBI OHO OBLIO KpaTHBIM ABYM. [IprMeHeHue NBYyXCIOMHBIX 0OMOTOK
C HEUYETHBIM Up JOIMYCKAeTCs JUIIb B HCKIIOYUTENBHBIX CIydasx, TaK Kak 3TO
MPUBOJUT K HEOOXOJAMMOCTHU BBITIOIHITH PA3HOBUTKOBBIE KATYIIKU, YTO YCJIOKHSET
TEXHOJIOTUIO U3TOTOBJICHUS U YKJIAJKM O0OMOTKH. [IoaTOMY mojydyeHHbIE B pacuere
YUCIa U TPUXOAUTCS OKPYIJATH 10 OJIMKAWIIEro IeNIor0 WM YETHOTO 4YHuCIa.
UToOBI 3TO OKpyTJeHUE HE OBbUIO CIMIIKOM TpyObIM (4TO OCOOEHHO 3aMETHO TpPH
Majbix Up), BHa4dajle OMNPENEISIOT MpeaBapuTesbHOe Yuciao A (PEKTUBHBIX
MPOBOJHUKOB B TasyUy' TpH YCIOBUHM, YTO TapalICIIbHbIE BETBH B OOMOTKE
OTCYTCTBYIOT (a = 1):
Uy = ——— (24)
1HoM41
rae A — NpUHSATOE paHee 3HaUYCHHE JIMHEWUHOW Harpy3ku, A/M:

l1Hom — HOMUHAJIBHBIM TOK OOMOTKH CTaTopa, A,
P,
IlHOM - MU0 MCOSP A/M (25)
(7 1 COS BBEIOpaHBI B HAYAJIE pacyeTa).
IToydyeHHOE 3HAaueHHe 1/ HE OKPYIIAIOT [0 1EI0r0, a HAXOJAT TAKOEe YUCIIO
napaieIbHBIX BETBEH 0OMOTKHA,IIPU KOTOPOM YUCIIO0 d(HPEKTUBHBIX TIPOBOIHUKOB B
nazy aub0 OyneT TMOJHOCTBIO YJIOBIETBOPATh OTMEUYCHHBIM YCIIOBUSIM, JIHOO

HOTpeOyeT JIUIIb HE3HAYMTEITHBHOTO U3MCHEHUSL:
ug = auﬁ (26)
Yuciioa mpu ITOM, €CTECTBEHHO, MOXET OBITh B3SITO TOJNBKO W3 psja
BO3MOXKHBIX YKCEN MapaJlIeJbHBIX BETBEH /Ui OOMOTKH JaHHOTO THIIA U 3a/IaHHOTO

qmcIia moiarocoB (2p= 2, a=1,2; 2p=4,a=1,2,4; 2p=6, a=1,2,3,6; 2p=8,a=1,2,4,8).
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[Tonmy4yeHHOE YUCIIO U7 OKPYTISAIOT 10 OJIMKANIIEro HEeJIOro Uik YeTHOTO, €CITH
00OMOTKa JIByXCIIOMHAS.

[IpunsToe Ha JaHHOM »JTame pacyeTa YWCIO MapajjieNbHbIX BETBEHa B
JaNbHENIIeM, MPU BBIOOpE Pa3MEPOB U YKCIIA DIEMEHTAPHBIX MPOBOJIHUKOB, MOXKET
OBITh U3MEHEHO. B 3TOM cilydae mponopuuoHaibHO U3MEHSIETCS TaKKe U Uy,

OxoHYaTeIHHOE YHCIIO BUTKOB B (paze 0OMOTKH

UnZ1
w, = 27
17 2am (27)
OKoHUaTeNIbHOE 3HAUCHNE JTUHEHHOU Harpy3ku, A/M,
I wim
A=2 -%A /M (28)
T

OHo, KaK MpaBWJIO, HE3HAUYUTEIBHO OTJIMYAETCS OT MPUHSTOrO paHee, TaK Kak
€ro M3MEHEHHE ONPENESETCS TOJbKO OTHOILIEHHWEM PACCUMTAHHOTO M TMPUHATOIO
yrucia 3(h(EKTUBHBIX MPOBOJHUKOB B Mazyup. [lonydeHHoe 3HaueHHe A HYKHO
COMOCTaBUTh C PEKOMEHYEMbIM.

Pacuetr 0OMOTKHM cTaTOpa

Cxemy OOMOTKH cTaTopa BBIOMPAIOT B 3aBUCHUMOCTH OT MOIIHOCTH MAaIlIMHBI,
OPUECHTHUPYACH Ha KOHCTPYKIIMIO U MPEAINO0IaraéMyr0 TEXHOJIOTHUIO YKIIAJIKH OOMOTKH
B Ma3pl. MamuHbl MOUTHOCTBIO 710 12—15 kBT B OOJBIIMHCTBE CIy4acB HUMEIOT
OJIHOCIIOMHYIO KOHIIEHTPUUYECKYI0O OOMOTKY M3 KpYrjoro mnpoBoja. B mammnHax
OonpIeil  MONIHOCTU ~ OOMOTKM  BBINIOJIHAKOT — JIBYXCIOWHBIMH, a  IpHU
MEXaHU3UPOBAHHON YKJIaJKE MPUMEHSIOT OJHO—JBYXCJIOWHBIE WJIU JBYXCIONWHBIE
KOHIIEHTPUYECKHE OOMOTKH, KOTOPbIE MOTYT OBITh YJIOKEHBI B Ta3bl 0€3 MmoabeMa
niara.

Bce 00MOTKM W3  TOpSMOYrOJILHOTO  TPOBOJA  BBIMIOJHSIOT — TOJBKO
JIBYXCJIOMHBIMH, pABHOKATYIIEYHBIMHU.

Oomorounsbiii kodhdunueHT Kop = Kpky paccumrthiBaloT B 3aBHCHMOCTH OT
YyHucia Ma3oB Ha NOJIIOC U a3y (| U YKOPOUCHUS 11ara OOMOTKHU

L=YpaculT, (29)

TJI€ Ypacy— PACUETHBIN IIar, onmpeaessieMblil o GopMysiaM B 3aBUCUMOCTH OT
TUMAa OOMOTKH.

B nByxcroiiHbIX OOMOTKAaxX aCHHXPOHHBIX JABUTATENICH IIar BBHITOJHSAIOT B

OOJBIIMHCTBE CITyYaeB ¢ yKopoueHueM, 0au3kum k f = 0,8:
0,5

k,=——"m—= (30)
p ql-sin(%)
ky = sin (3 ) (31)
kos1 = Kp - K,
[Mocne pacueta Kop; yrouHstoT 3HaueHue noroka O, By:
KgUy

= Bo 32
4-KpW1Kog1f1 (32)

Y ONPENENA0T UHAYKIUIO B BO3AYIIHOM 3a30pe Bg, T,
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By = — =28, (33)
astTls Dlg
Ecnn monmydyenHoe 3HaueHue Bs BBIXOOWT 3a TPEAENbl PEKOMEHIYEMOMN
obnactu Ooznee yem Ha +5%, cienyeT NPUHATH IpPYroe 3HAYEHHE 4YHCiIa un U
IIOBTOPUTH Pacyer.

Ceuenne >Q(PEKTHBHBIX NPOBOIHMKOB, MZ, OIpPEAEIAIOT, MCXOIS H3 TOKa

OJIHOM MapaJijiesIbHOM BETBU U JOITYCTUMOM IJIOTHOCTH TOKAa B OOMOTKE:

I

Gop = 4y M° (34)

1
C Toukm 3pCHUA IOBBINICHUA HCIIOJIB30BAHUS AKTHUBHBIX MAaTCPHUAJIOB

IJIOTHOCTh Toka J1 jomkHa ObITH BbIOpaHa Kak MOKHO OOJbIIEH, HO MPU ITOM
BO3pACTalOT MOTEpU B MeAM OOMOTKH. YBEJIMYEHHE TOTEepPh CKa3bIBaeTCs, BO—
MEPBBIX, HA MOBBIIICHUH TEMIIEpaTypbl 0OMOTKH U, BO—BTOpbIX, Ha KIIJl nBuratems.
B acuHXpOHHBIX ABUTATENAX OOIIEr0 HAa3HAYECHWs TMPHU MPUHATON B HUX CHUCTEME
KOCBEHHOI'O OXJIOKJEHUSI BIMSHHME IUIOTHOCTH TOKAa Ha HarpeB OOMOTKHU Ooiiee
cymectBenHo, yeM Ha KIIJ[. Ha sToM ocHoBaHuu ormpeneseHbl KaueCTBEHHbBIC
3aBUCUMOCTH JOIMYCTUMOM TUIOTHOCTH TOKa B OOMOTKaxX paszNuyHbIX MamuH. OHa
MOBBINIACTCS C YMEHBIIICHUEM Ta0apUTOB MAIWHBI, C YBEIUYCHUEM OIYCTHUMOTO
HarpeBa OOMOTKM TMIpM MEpexoJe Ha Jpyroil, 0Oojiee BBICOKMI  Kiacc
HarpeBOCTOMKOCTH M3OJSAIMM W C TIOBBIICHHEM WHTCHCHBHOCTH OXJIKICHUS
(HampuMep, B MaIIMHAX 3aIIUAIIEHHOTO WCIIOJHEHHS 10 CPABHCHHIO C 3aKPBITHIMU
00/TyBaeMbIMU JBUTATEISIMUA ).

HarpeB mna3oBoil yacTu OOMOTKHM 3aBUCUT OT MPOU3BEACHHS JIMHEHHON
Harpy3ku Ha TIoTHOCTh Toka (AJ). [ToaToMy BBIOOp JOMYyCTUMOM TJIOTHOCTH TOKa J,
A/M2 , IpOU3BOJAT C yUYE€TOM JIMHEHHOW HArPYy3KH JBUTATEIIA:

Jr = La/m? (35)

3navuenus (AJ) Ui aCHMHXPOHHBIX JIBUTATEICH pPAa3IMYHBIX WCIOJNHCHUS |
MOIITHOCTH TIpuUBeIEeHbl Ha puc. 2.4 JIis BCHIMHBIX OOMOTOK MOTYT OBITh
UCIIOJIb30BaHbl OOMOTOYHBIE MPOBOAA OuUaMETpoM He Oosee 1,8 MM, OJIHaKo B
COBPEMEHHBIX JBUTATENSAX AJIs MO-BbIILIEHUS HAJECKHOCTH OOMOTKU U YIIPOIIEHUS €€
YKIaJKH B Ta3bl HUCIHOJB3YIOT IMPOBOJA MEHbIIEro auamerpa. B oOMoTkax,
MpEAHA3HAYEHHBIX Ja MEXaHU3UPOBAHHOM YKJIAJKH, JUAMETP HW30JHUPOBAHHOTO
npoBojia 00bIUHO OepyT He Oonee 1,4 MM, a pu Py4HO# yKianake (qBuratenu ¢ h >
160 mm) — He G6onee 1,7 mMm. Eciu pacuetHoe ceuenne 3(pPpeKTUBHOTO TPOBOJHUKA B
MaIIMHAaX CO BCBHIMMHONM OOMOTKOM BBIIIE€ 3HAYEHHH, COOTBETCTBYIOIIMX YyKa3aHHBIM
nuameTrpam, To 3(G(HEKTUBHBIN NPOBOAHUK ACNSIT HA HECKOJIBKO AJI€MEHTapHbIX.

i - L ! 47107 T
AYM 1 1 L fA;,MJ. il ERRE [
T P> " An-10? 210
170 | — —4 ‘K v [ A’/HZ ] l
LT 2= 46,8 2p=8 20=2,4
& [ 2201 | - 190 ks
150 2p=2 L { - - A IS AT
i =2 || ST i e
ﬁ 200 “ - 170 R A Y > ch,
i e L vrZ p=2;% P A 2D =10,12
A N 0 180 e | L e 50 A IS
0,08 812 0,06 020 024 Dgm 6,25 837 8,35 040 045 Dym 05 054 658 0,62 0,66 Dy
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Puc. 2.4 - Cpennue 3naueHus npousBeaeHus AJ aCHHXPOHHBIX JIBUTATENCH CO
cTerneHpio 3amuThl:a — IP44, h < 132 mm; 6 — IP44, A = 160 250 mMm; 6 — IP44,
h=280355mMm;

JIJist 3TOTrO0 MOIOUPAIOTCS CeUeHUE (5,7 U YUCIIO DJIEMEHTAPHBIX MPOBOJTHUKOB
N5y, COCTaBISIONUMX OJMUH A(D(QEKTHBHBIA, TakuM oOpa3oM, 4ToObI guameTp Oy
AJIEMEHTAPHBIX MMPOBOIHUKOB HE BBIXOJWIJ 32 YKa3aHHBIE MPECNIbl, a UX CyMMapHas

oMb ceueHuss Obia OJM3Kka K pacyeTHOMY CeYeHHI0 A(HPEeKTUBHOTO
IPOBOTHUKA!
— D9 2
Qon = MM (36)
Nan

Tabnuma 2.3 - JluamMeTp U TUIONIaan MOMEPEYHOTO CEUCHHUST KPYTIIBIX METHBIX
AMATMPOBAHHBIXPOBOAOB Mapok [19TB u [13T-155

Homuuane-  |Cpeanee sna- |[iowane no- |Homuuane-  |Cpeasee 3na- |[liomane no-

HELT AHaMeTp |YeHHE 1pa- NEPEUHOTD HEL AMaMeTp [YeHue aua- NEPEUHOrD

HEHIONHPO-  |METPA H30- CCUCHHA HE-  |HEHIONHPO-  |METpa Hio- CCULHHA HE-

BAHHOI'D [IPO- (IHPOBAHHOID |H3OJHPOBAH- (BAHHOIO NPO- [IHPOBAHHOIG |HIOUIHPOBAH-

BOJA, MM NPOBOAA, MM |HOT'O [POBOIA, |BONE, MM NPOBOAA, MM |HOI'O NPOBOIA,
MM MM

d diny 43n d diry dan

0,08 0.1 000502 (0,33} 0,583 0,221

0,09 0,11 000636 0,56 0615 0,246

0.1 0,122 0,00785 0.6 0,655 0,283

0.112 0,134 0,00985 0,63 0,69 0,312

0.125 0,147 0,01227 (0.67) 0,73 0,353

(0,132) 0,154 0,01368 0,71 0,77 0,396

0.14 0,162 001539 0,75 0,815 0,442

0.15 0,18 001767 0.8 0,865 0,503

0.16 0,19 0,0201 085 0,915 0467

0,17 02z 0,0227 0.9 0,965 0,636

0.18 021 0,0255 0.95 1,015 0,709

(0,19) 022 0,0254 1 1,08 0,785

0.2 0,23 0,0314 1.06 1,14 0,583

(0,212) 0,242 00,0353 1.12 1.2 0,985

0.224 0,259 0,0394 1,18 1,26 1,094

(0,236) 0,271 00437 1,25 1,33 1,227

0.25 0,285 00491 1.32 1,405 1,368

(0,265) 03 0,0552 1.40 1,485 1,539

0.28 0,315 00616 1.5 1,583 1,767

(0.3) 0335 00707 1.6 1,685 2,011

0.315 ' 035 00779 1,7 1,785 2,27

0,335 0,37 00851 1.8 1,895 2,54

0.355 0,395 0,099 1.9 1,995 2,83

0375 D415 0,1104 2 2,095 3.14

0.4 0.44 0,1257 2,12 2,22 3,53

0.425 0,565 0,1419 2.24 2,34 3.94

0.45 0,49 0,159 236 2,46 4,36

(0.475) 0,315 01772 2.5 L6 4,91

0.5 0,545 01963

MOJXKET HECKOJIBKO
moaoope CeueHUM

Crnenyer yTOYHHTH TUIOTHOCTH TOKa B OOMOTKE, KOTOpas
W3MEHUTBHCSI N0 CPAaBHEHUIO C IPEABAPUTEIBHO IMPUHATOU IPHU
AJIEMEHTAPHBIX TPOBOJHUKOB:
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IlHOM 2
= — A/MM 37
J1 p— / (37)
H3OJI$IHI/I$I O6MOTOK cTraTropa

OOMOTKHM 3JIEKTPUYECKOW MalllMHbl B 3aBUCUMOCTH OT €€ MOIIHOCTH,
HOMMHAJILHOTO HAIIPSHKEHUSI U YCIIOBUH, 1711 pabOThI B KOTOPBIX OHA IPeJHA3HAYEHA,
MOTYT OBITH BBITIOJIHEHBI U3 KPYIJIOTO WM MPSMOYTOJIFHOTO 0OMOTOYHOTO TPOBOJIA.
OTo0 ompenensieT Takke (OopMy Ma30B MArHUTONPOBOJA MAIIMHBI U KOHCTPYKIIUIO
caMuX OOMOTOK M M30JIALIUH.

OOMOTKH U3 KPYIJIOro mpoBoja.B MammHax ¢ HOMHUHAJIBHBIM HaMpsHKEHUEM
o0 660 B u momuocThto 10 100 kBT OOMOTKHM BBINOJHAKOT H3 KpPYIJIOTO
OOMOTOYHOTO MPOBOJA U YKIAABIBAIOT B TpamelenaibHble MOTy3aKpbIThIE Mas3bl.
[Ipu pyuHo#l yKiIagke OOMOTKA TPOBOJHUKU MPEABAPUTEIBHO HAMOTAHHBIX
3arOTOBOK KaTYLIEK YKJIAJbIBAIOT B IIOJY3aKpbIThlE Ia3bl MarHUTOIIPOBOAA,
OOYEpPEaHO MPOIycKas UX 4epe3 UM ma3a, — "BebmatoT'. [loaToMy oOMOTKY
TaKOI'0 TUIIA YacTO HA3bIBAIOT BCHIMHOW. [Ipy MamMHHON yKiIajiKe B 3aBUCUMOCTU OT
Tuna OOMOTOYHBIX CTAHKOB KaXJIbli M3 BHUTKOB OOMOTKHM JIMOO YKJIaJbIBAIOT
HENOCPEICTBEHHO B 1ma3 0e3 MpeIBapUTENIbHOM HAMOTKH 3aroTOBOK, JIMOO
HaMaTbIBAIOT 3arOTOBKM HECKOJBKHMX KaTyIIEK, a 3aTeM BTATMBAIOT HUX C TOpLaA
MarHUTONPOBOJIa B HY)XHbIE TMa3bl. OTH OMNEpallMd  OCYIIECTBISAIOT HA
ABTOMATUYECKUX WM TOJTYyaBTOMATHYECKUX OOMOTOYHBIX cTaHKax. Hambombmimit
IUaMeTp MPOBOJIA, MPUMEHSIEMBINA AJISl BCHIMHBIX OOMOTOK, HE TpeBbImaeT 1,8 MM,
TaKk KakK MpoBojJa OOJBIIEro AuaMeTpa WMEIOT CIHIIKOM OOJNBIIYI0 >KECTKOCTh U
IUTOXO YIUIOTHSIIOTCS B TMa3ax BO BpeMs ykmanku. HyxHoe ceuenue 3ddexTuBHOTO
IIPOBOIHUKA 00ECTIEYNBACTCS BHIMOJTHEHHEM OOMOTKH M3 HECKOJIBKHUX 3JIEMEHTapHBIX
NpOBOAHMKOB. [Ipw mpoekTHpoBaHMM MAIIMH IS yMEHBIIEHUS HEOOXOAMMOTO
Yyciia AJIEMEHTapHbIX TPOBOJHUKOB BBIOMPAIOT OOMOTKY C HECKOJbKUMHU
napajuieabHbIMU BeTBsIMH. [la3oBasg yacTb OOMOTKM H30JMpOBaHa KopoOaMu U3
IUIEH-KOCJIIO/IOIUIACTA WM U3 JIBYX CJIOEB Pa3IMYHbIX MaTepUajioB, HApUMeEp IJICH-
KOCMHTOKAPTOHA U AJIEKTPOHHUTA. B NBYXCIOMHBIX OOMOTKAax MeEXAy BEPXHUM U
HIDKHHUM CJIOSIMU YCTAHaBIIMBAIOT U30JSUOHHYIO MTPOKIIAJKY, UMEIOITYI0 HECKOJIBKO
0O0JBIIYI0 IUPUHY, YeM Na3. OTOrHyThle BHU3 Kpas MPOKJIAAKH MPEIOXPaHSIIOT OT
BO3MOXKHOTO MPOCKAIb3bIBAHUS IPOBOJHUKOB OJTHOTO CJI0s B Apyroi. Ha mHo ma3oB
OOJBIIMHCTBA MAILMH C JBYXCJIOWHOH OOMOTKOW YCTaHaBIIMBAIOT MPOKIAAKH C
[ENBI0 MPEIOXPaHUTh MaTepual Ma30BbIX KOPOOOB OT BO3MOXKHBIX MOBPEKIACHHUN
IIpU YIUTOTHEHUH TPOBOJIHUKOB BO BpeMs YKJIaJKH O HEPOBHOCTH JHA Ma3a, KOTOPhIE
BO3HUKAIOT H3-32 TEXHOJOTHYECKUX JOMYCKOB TPHU INTAMIIOBKE M IIMXTOBKE
cepaeyHUKOB. [IpoBOIHIKN OOMOTKH 3aKpEIUISIOT B Ma3axX KIWHBIMHU U3 TEKCTOJINTA.
[Ton kaMH yCTaHaBIMBAIOT MPOKJIAAKH U3 MEXAHHMYECKHU MPOYHOTO H3O0JISLUOHHOTO
MaTepuaia, TMPEensSTCTBYIOIIME MOBPEKICHUIO KpaeB I[1a30BOro Kopoba mpu
3aKJIMHWBAaHUU Ma30B. BMecTo KIMHbEB 0OMOTKA MOXKET OBITh 3aKperieHa Ma30BbIMU
KpBIIIKAMH, KOTOPbIE M3rOTaBIMBAIOT TaKXEe U3 MEXaHMYECKH MPOYHOTO
U30JSIIMOHHOTO MaTepuaina. [la30Bble KpBIINIKK YCTaHABIMBAaIOT Ha OOMOTOYHBIX
CTaHKaxX OJHOBPEMEHHO C BTATMBAHHUEM KaTyIIEK MPH MEXaHWYECKOW pazlenbHON
HAaMOTKE WJIM Ha CTaHKax Ui 3aKJIMHOBKH MOCJI€ HAMOTKH COBMEILIEHHBIM METOJIOM.
[Tocme mpomuTKM OOMOTKM JIAKOM TA30BBI€ KPBIMIKH MPHOOPETAIOT JOCTATOYHYIO
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MIPOYHOCTh M KECTKOCTh [JISl HAJIE)KHOIO 3AKPEIUICHHS IPOBOJHUKOB M B TO K€
BpeMs 3aHMMAIOT MEHBIIMKA O00BEM Tla3a 10 CPABHEHUIO C KIWHBSIMH, YTO
CIIOCOOCTBYET JIy4IlIeMy 3aIlOJIHEHHIO €ro MpoBOAHWMKaMu oOMOTKHU. [Ipm ykmamke
BCBHITTHOW OOMOTKH KPYTJIbIC MPOBOAHUKY HE UMEIOT 3apaHee OMPeIeICHHOTO MeCTa B
nasy M pa3MellalTcs B HEM Mpou3BoJibHO. [losToMy B 00OMOTKE crenuaibHas
BUTKOBAsI M30JISIIUS OTCYTCTBYET. Ee (hyHKIMIO BBIOTHSACT HU30JAIHs 0OMOTOYHOTO
MpoBOJa, T.€. MPOBOMHUKOBasS wu3oisus. OOMOTKY U3 KpYyIJIoro IpoBOJA
NPUMEHSIOT B MalllMHaX HEOOJBIIOW MOIIHOCTH, UMEIOIIUX Malible rabaputhl U
OOJBIIIOE YHMCIIO BUTKOB, HAIPSKEHUE MEXKAY BUTKAMHU OOMOTKH KOTOPBIX, Kak
MPAaBWJIO, HE TPEBBIIAET HECKOJIbKUX BOJBT. OJJIEKTPUYECKOW MPOYHOCTH
MPOBOJTHUKOBOM H3OJSIIMA B TaKMX OOMOTKAaX OKAa3bIBAETCS JOCTATOYHO JIs
obOecricueHus] HAJICKHOW paOOThl MaliMHbl. Mexaybha30oBoil U30JA1KMell B Ma30BOU
YacTH JIBYXCJIOMHBIX OOMOTOK SIBJISIFOTCS MPOKJIATKUA MEXKTY ciiosiMu. JIoOoBbIe yacTu
OOMOTKM HE UMEIOT KOPIMYCHOM H30JsIuU, a MexaydaszoBas U304
YCTAHABJIMBACTCS MEXY KaTyHICYHBIMU TPYINIaMd B BUJIE€ (PUTYPHBIX MPOKIAIOK,
BBIPE3aHHBIX M3 JUCTOBOrO MaTepvayia mo Qgopme J0OOBBIX YACTEH YJIOKEHHOW U
oT(OpPMOBAaHHON OOMOTKH.

KoncTpykius uzonsiuuu OOMOTOK M3 KPYIJIOrO TPOBOJA HE OOECreyrBacT
HEOOXOJIMMON AJIEKTPUUECKON MPOUYHOCTU NMPU HOMUHAIBHBIX HAMPSIKCHUSX BBIIIEC
660 B, a Manas MexaHuueckas MPOYHOCTh KaTYIIEK, 0COOCHHO UX JIOOOBBIX HACTEM,
HE MMO03BOJIIET MPUMEHSThH KPYTJIbII MPOBOJI 171 OOMOTOK MallliH MOITHOCTHIO OoJiee
100 kBT, Tak Kak B mepexoaHbIX Mpoleccax (Mpu MycKe, peBepce U T.I.) OPOCKU TOKa
B MalllMHAX BBI3BIBAIOT OOJIBIIIKE YJapHbIE HArpy3Ku Ha 0OMOTKY. [loaTOMy 0OMOTKY
U3 KPYIJIOrO MPOBOJA W MPUMEHSIOT B MalllMHaX MOIIHOCThIO MeHee 100 kBt mpu
HOMHUHAJIBHOM HamnpshKeHUU He Bbie 660 B.

Tabmuua 2.4 - W3onsuus oOMOTOK CTaTOPOB ACHMHXPOHHBIX JBUTATENIEH C
BBICOTOH OCH BpamieHus 10 250 MM Ha Hampspkerune 10 660 B

[To- Oaso-
Bricora ocu Hawmenosanue ma- | Tonumm- CTO-
i Tun BPALLCHHA, = TEPHAIA HIONALMH  |HA Ma- Yueno |poHHAs
Pucynox — LA - - . _
OOMOTEH | MM Knace narpeso— TEpHANA, [cnoeB  |Tol-
h e CTORKOCTH MM MHHA,
pHc.
MM
B F
OnHO=- S0—80 1 Hzo- HMmuno- 0,2 | 0.2
choiiHan 2 |dmexe | dueke 0,3 0.3
9132 1 Hao- HMmuno- 0,25 1 0,25
2 |doewe  |nexc 0,35 035
160 1 Hzo- HMmuno- 0.4 1 0.4
2 |doexe  |hoexc 0.5 0.5
JByx- 180250 1 0.4 0.4
ClOHANR 2 |Hzo- HMmuo- 0.4 | 0.4
3 |dumewe  |duesc 0.5 0.5
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[TocTpoeHue cxem CTaTOPHBIX 0OMOTOK

JUiss ~ aCUHXpOHHBIX  JBUTATeNed  OOUIENPOMBIIUIEHHOTO  Ha3HA4YECHMS
UCTIIONB3YIOTCSL  meTiieBble  OOMOTKM. [lo KOHCTPYKIIMM  KaTymiek OOMOTKHU
MOJIPa3AeNAIOTCS HAa BCHITHBIE OOMOTKM C MSATKMMH KaTyIIKaMd W OOMOTKH C
KECTKUMH KaTylIKamMu. ACUHXpPOHHbIE JIBUTaTeIM MOIIHOCTHIO A0 100 kBT, u
HanpsbkeHueM 10 1000B u3roraBiauBaroTCs ¢ BCHITHBIMU OOMOTKAaMH.

[To pacnoyioxkeHHI0 KaTylleK B MMa3ax M Pa3MEIICHUI0 MX JIOOOBBIX 4YacTei
pa3InyaroT JBYXCIOWHBIE, OTHOCIONHBIE U OJHO— IBYXCJIOMHBIE OOMOTKH.

[Ipy BBINONIHEHHWH pPa3BEPHYTOM CXeMbl OOMOTKM JJIsi  HarJsigHOTO
M300paXKeHMsI MIOBEPXHOCTh CTATOpa BMECTE C Ma3aMu U OOMOTKOW pa3BepTHIBAIOT B
IUIOCKOCTh, ¥ BCE COETUHEHMS U300paKaI0T JIMHUAMHU Ha TUIOCKOCTH YepTexka.

[Ipy BBINOJHEHMH CXEMbI OJHOCIOMHONM OOMOTKM CTOPOHBI KaTyllIek,
YJIO)KEHHbIE B Ma3bl, M300pa)arOTCsl CIUIOIIHBIMM MPSAMBIMU JIMHHUSIMH, a NpHU
JBYXCIOWHBIX — JBYMs PSAJIOM pPAacCHOJIOKEHHBIMA JWHUAMH: CIUIOIIHOW — JUIA
CTOPOHBI KaTyIIKH, YJI0KEHHOM B BEpXHEH 4acCTH Na3a, IYHKTUPHOM — Ha JHO Iasa.
CoOTBETCTBEHHO M300pakaroT J000Bble yacTU. Hayana m KoHIBI (a3HbIX OOMOTOK

00o3Ha4daroT coorBeTcTBeHHO U1, W1, V1; Uy, Wy, Vo
T . T ! T

%w

ey eyl -y

prpe—p——— o o ——

s e ———
e = I x x ==

I
w2 Ul V2 Wi V1 U2 ]

Puc. 2.5 - Cxema aByxcioiiHON 0OMOTKU nipu 2p=4, 7=24, =2

JIByXcnoitHpie OOMOTKM MOKHO TPHUMEHSTh B JBUTATENISX HE3aBUCUMO OT
MOIIIHOCTH U HANPSHKEHUSI CETH. DTU OOMOTKH TMO3BOJISIOT BBIMIOJIHATH YKOPOUCHUE
mara Ha Jr000€ KOJWYeCTBO 3yOLOBBIX jeleHumil. Jlns aBurarenent 2p=2
pekomeHayercs Imar mo mnaszam Y=(0,6+0,7)t (t=Z1/2p— mnonrocHOe JelcHHE B
3yOIIOBBIX JACJICHUSX), 17151 2p>2 Y=(0,8+0,86) 7.

PexomennyemMble 3HaUeHHs mara OOMOTKHM MO3BOJISIOT OCIA0UTh 5—10 U 7—10
rapMOHUKH MarHUTHOTO TOJsl. B ABUTATENIX MOIIHOCTRIO 110 15 KBT pexomenayercs
M0 TEXHOJOTUYECKUM COOOPKECHHUSIM HCITOJIB30BaTh OJHOCIOWHBIE OOMOTKH:
1a0JIOHHBIC WU KOHIIEHTPHYCCKHE.

Jy1st mocTpoeHus cXeMbl OOMOTKH HEOOXOAMMO MOATOTOBUTH JTAHHBIE:

M — gucio $ha3HbIX 0OMOTOK,

2|0 — YUCJIO TIOJTFOCOB,

Z;— 41CIIO TIa30B CTaTOpA,

J — 4KCIIO Ma30B Ha MoJtoc U (Basy,
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Y — IIar 1o nas3am B 3yOIIOBBIX JEJICHUSX,

a — YMCIIO mapauIeTbHBIX BETBEH B (pa3HOM 0OMOTKE.

[Ilar ¢ ykopoueHuEeM:

V=08 (21/2p) =08 -6=48=5 (38)

Kaxxnas da3znas 0OMOTKa COCTOUT U3 2p=4 KaTyIICYHBIX TPYIII, CHMMETPUYHO
pa3MEIICHHBIX Ha KaKIOM TOJIOCHOM JAENICHUH, KaKJaas KaTylIKa COCTOUT U3 (=2
KAaTylIeK, BCErJa pacHoJIOKEHHbIX B COCEIHHMX Ia3aX M  COEIMHEHHBIX
nocienoBaTenbHo. B mazax (1-6) u (2—7) pasmennaercs 1—s kaTyiiedHas TpyIa, B
nazax (7-12) u (8-13) — 2—s xaryme4nas rpymma, B na3ax (13—18) u (14-19) — 3-=
rpymma, B nazax (19-24) u (20-1) — 4—s rpynna. Hauano ¢asuoit oomotku (U;)
HaynMHaeTcss ¢ nepBol karymku (ma3 1). Karymieunesle rpynmbl COEAMHSIIOTCS
MOCJIeIOBAaTEIbHO, HO TakK, 4TOOBl MpoTeKawomuid (a3Hbli TOK co3gaBail
3HAKOTIEPEMEHHOE MAarHuTHOe Tmosie. BeiBox 1-i karymeyHoil rTpynmsl (ma3 7)
COEIMHSAETCS C BBIBOAOM 2—1 KaTyIIEYHOW T'PYNIbl, BBOJA 2—1 KaTyIIEYHOW TPYIIIBI
COEIMHSAETCS C BBOAOM 3—€i KaTyIIEYHOW IPYIIbI U T. 1.

Hauano 2—i1 da3znoit ooMoTku (W1) HaxoauTcss B masy, OTCTOAIIEM OT 1-To
naza Ha 120 »1. rpaa. Homep storo masza onpeaesnsiercs mo hopmylie

N,=N;+2q (39)
rae Ni — Homep masa, B KOTOphIi BXoauT Havano 1-it gaznoit oomotku (Ul).

Takum o0pazom,

No=1+4=5
T.K. N1=1.
Howmep maza, B koTopbIil BXOAUT Havano 3—it ¢a3HoH 0OMOTKH,
N3=N,+20q=5+4=9.
B=y/t=0,845 (40)
Pacuer pazmepoB 3y0110BO# 30HBI cTaTOpa

Pa3mepsbl Ma3oB B JIEKTPUUECKUX MAILMHAX JOJHKHBI OBITh BBIOpaHBI TaKUM
0o0pa3oM, 4TOOBI, BO-TIEPBBIX, MJIOIIA/Ib MONEPEUHOI0 CEYEHUs M1a3a COOTBETCTBOBAIA
KOJIMYECTBY U pa3MepaM pa3MeIllaeMbIX B HEM IPOBOJHUKOB OOMOTKH C y4E€TOM BCel
W30JISIMU, U BO-BTOPBIX, YTOOBI 3HAUEHHUS MHAYKIMN B 3yOllax U sSpMe CTaTopa
HaXOJWJIUCh B ONPEIEICHHBIX TMpEeAeNnax, 3aBUCAIIMX OT THUIA, MOUIHOCTH,
UCIIOJIHEHHUSI MAallMHBl U OT MAapKHh DJIEKTPOTEXHUYECKOW CTalu CepAeyYHHUKa.
Konpurypanuus nazoB u 3yOL0B ONpeAesseTcs TUIIOM OOMOTKH, KOTOPBIA B CBOIO
ouepellb 3aBUCUT OT MOIIHOCTA, HOMHUHAQJIBHOTO HAIPSKEHUS] W HUCIOJIHEHUS
ManuHel. Pacuer pazmepoB 3y0110BO# 30HBI MPOBOASAT MO JOIMTYCTUMBIM UHIYKITUSM B
spMe U B 3yOIlax craropa.

OOMOTKa M3 TPSIMOYTOJIBHOTO MPOBOJA YKIIAAbIBAETCS B MPSIMOYTOJIbHbBIE
na3bl. BOKOBbIE CTEHKM TakuX Ma3oB MapajlieNbHbI, IOATOMY 3YOIlbl CTATOPA UMEIOT
TparneuenIaIbHOE CEUCHUE, U UHAYKIYS B HUX HEPAaBHOMEPHA.

OOBIYHO 3a/1al0TCsl 3HAUEHUSIMU JOIMYCTUMOM HMHIYKUUU B spMe cTaTopa B.u
uHAyKIued BzmaB HambOosee y3koM cedeHuH 3yoOua Dzmin, 100 mHaykiueit Bz,
ceueHuH 3y011a ¢ mmprHoi b,1/3, B31TOM Ha paccTosHUM, paBHOM 1/3 €ro BBICOTHI OT
HauOosiee y3Kkoi yactu 3youa (puc. 4.6).
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Pucynox2.6 - K pacuery pazmepoB npsMOYTOIbHBIX MA30B CTATOPA:
@ —OTKPBITBIX; 6 — MOTYOTKPBITHIX

1o BEIOpaHHBIM 3HAUYEHUSM UHAYKIHUNA ONPEIENIAIOTCS:
BBICOTA SIpMa CTaTopa, M,

ha=®@/ (2B, lcrr - Ke)

MUHHUMAJIbHAS [IMpPUHA 3y0La, M,

bzi3 =

Bstz1ls
BZlmaxlCch’

(41)

(42)

WJIM IIUpUHA 3y0I1a Ha paccTOsTHUU 1/3 ero BHICOTHI OT HauOOoJIee Y3KOM YacTu,

u3 Taoi. 2.5.

bzi3 =

Bstzils

bl
Bz1/3lcTkC
3HaueHue ko3 duimeHTa Kc 3amoIHeHHs cepAcUHUKa CTalIbI0 ClIeyeT OpaTh

Tabmuma 2.5 - JlomycTuMble 3HaYEHUS
LIENIM aCHHXPOHHBIX JBHUraresei, Ti

(43)

WMHAYKOHUHW Ha y4YaCTKax MarHuTHOM

Yuacrok marauTHoii nenu |Obdo3na— |Menonnenne P44 npu uncne nomocos 2p Henonuenne P23 npu uncne nomocos 2p
HeHHE
2 4 6 8 10m12 2 4 6 8 10m 12

#pmo craropa Ba 14-16 |14-1.6 | 14-1,6 |[1,15-135| 1,1-1.2 |1.4-1.6 |1.45-1.6 | 1.45-1.6| 1.2-1.4 | 1,1-13
3y0uEl cTaTopa nNpH no-
CTOAHHOM CedeHuH (0b- | p 1,6-1.9 [ 16-19 | 1619 | 1.6-19 | 1,6-1.8 |[1,8-2,05|1,8-2,05 |L,7-1.95 | 1,7-1.9 | 1.6-1,9
MOTKa H3 KPYTJI0ro npo-
BO/IA)
3ybusl cratopa B Hanbonee
)"'.H(O}l CCUYCHHH:

npH nomyoTkphTex nazax| Bzimar 1,7-1,95 [1,7-1,95| 1,75-1,95 |1,75-1,95 |1,75-1,95 | 1,9-2.1 | 1,9-2,1 | 1,921 | 1,82 1.8-2

TIpH OTKPRITHIX NA3AX g, 1,619 | 1619 | 1.,6-19 1.6-1.9 1,6-1.8 1,72 1,7-2 1,7-2 1,72 1,72
Slpmo poTopa: KopoTKo-
JAMKHYTOTD B; <145 <14 <12 =1 <1 <1,55 <L5 <13 <11 <L1
thaznoro B; =14 <13 <1,15 <0,9 <09 <14 <14 <1,2 <1 <1
3ybusl poropa npu no- Bz 1,7-1,95 (L,7-1.95| 1,7-1,95 |L7-1,95 | 1,7-1,9 | 1,752 | 1,752 | 1,752 | 1,752 1,752
CTOAHHOM CEYCHHH (Tpa—
NeeH ANEHEIE Na3kT)
3ybur! potopa B Haubo-
JIee Y3KOM CEHEHHH:

KOPOTKOIAMKHYTOTO Bzrmax 1,517 | 1.5-1.7 | 1.6-1.9 L6119 | 1,6-1,9 | 1,752 | 1,75-2 |1,7-1,95 (1,7-19 [1.7-1.9

thazHoro Bzrmax 1,75-21 | 1,752 | 1,7-1,95 |L7-1,95 |1,7-1,95 | 1,9-2.1 | 1,9-2,1 (1,85-2,1 |1,8-2,1 |1.8-2

Tabnuna 2.6 - Cioco6b N30TMPOBAHUS JTUCTOB AJICKTPOTEXHUYECKON CTAIA U

K03 UITHEHTHI3AITOTHEHUS

CTaJIbIO MAaravuToIIpOBOJ0OB

craTopa

ACMHXPOHHBIXJIBUTATENIe C HOMHUHAIBHBIM Hampsikennem a0 660 B

n

poropa
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Crarop KoporkozaMKHYTEII tPaznwIii poTop
poTop
Bricora ocn
BpameHnud,  |Cpocod H30IH- ke |Cnocod wionmpo-| ke |Cnocod wionu- ki
MM POBaHHA JTHCTOB BAHHA JIHCTOR POBaHHA THCTOB
h
50-250 Oxcuguposanue | 0,97 |OxcuaupoeaHuie 0,97 [llakupoBka 0,95
280-355 Jlakupoeka 0,95 |OxcuaupoeaHHe 0,97

Pa3smepsl maza BHayaine omnpenensioT 0e3 yyera pasMepoB W UMcla
MPOBOJTHUKOB OOMOTKH, MCXOJsSl TOJIbKO M3 JIOMYCTUMbBIX 3HAUYCHUW HHAYKIHUA B
3y0I1ax U pMe cTaTopa:

BBICOTA 11434, M,

h, = e hg, m (44)

IIAPHHA 11a3a, M,
b = tz1 - bzimin (45)

W,
Zhl'[
n(D+—)

by = 2—13 — bz (46)
bn: (0,4 +0,5) {21 (47)

[MpenBapuTebHO OIpeeeHHas MUpUHA 1ma3a by ucmonb3yercs s BeiOopa
pa3mepoB oOMoTouHOro mpoBona. [llupuHa mpoBogHuka b momkHa OBITE MEHbIIE
IIMPUHBI T1a3a Ha TOJIIMHY BCEW M30JLMH C YYETOM JIOIYCKOB, T.€. KOPITyCHOM,
BUTKOBOW (€CJIM OHA YCTaHABJIMBAETCS B JAHHOW KOHCTPYKUMHU) U MPOBOJHUKOBOU
(2by3), a TakKe PUITYCKOB HAa COOPKY CEPACUHHKOB:

b= b[] - A/u3 (48)
rae
Ay = 2b,+ Aby (49)

Ecnu >ddexTuBHbIl NpOBOJHUK OOMOTKH COCTOUT M3 JABYX DSJIEMEHTAPHBIX

IIPOBOJIHUKOB, TO IIMPUHA KAXKJIOT0 U3 HUX OyAeT paBHA:
b=0,5(bs- A) (50)

Ilomy4yeHHbple MpU pacyeTe 3aloJHEHUs I1a3a €ro pasMmepsl  SBISIOTCS
pa3MepaMu Ta3a «B CBETy», T.€. pa3MepaMH pealbHOro IMa3a B COOpaHHOM
IIMXTOBAHHOM CEpJCYHUKE C YYE€TOM HEH30€KHOW TNpHU ITOM «TPEOCHKNY,
oOpasyroleics 3a cyeT JOMYyCKOB TMpU IITAMIOBKE JIMCTOB M  IIHUXTOBKE
MarHUTONPOBOOB.

Pa3mepsl maza "B cBery" OyAyT MeHbIlle, YEM B IITAMIE, T.€. YEM pa3Mepbl
naza B KaXIOM OTAEJIbHOM JIUCTE TOCJE IITAMIOBKH, HAa BEJIIMYUHY IMPUITYCKOB,
yKa3aHHBIX B Ta0J. 2.7.
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Ta0muma 2.7

Bricota ocu Bpawenns A, MM Ilpunyckn, MM
no wHpHHe naza  Abg no BricoTe naza  Ahg
50-132 0,1 0.1
160-250 0.2 0.2
280355 0.3 0.3
400-500 0.4 0.3

ITociie Toro, kak pasMepbl Ma3a YCTAHOBJICHBI, ONPEACISIOT PaCUECTHBIE
pasMepsl 3y01oB Dzmin, Dzmaxiub u hy.

OOMOTKY W3 TOJpa3/IeJICHHBIX KaTylIeK B MalIMHax oOIIEero Ha3HayeHUs C
HOMUHaAIBHBIM HamnpspkeHuemM Uy 660B  ykianpiBaloT B MOJYOTKPBITHIE Ma3bl.
[Iupuna 1umia nasa by BeIOUpaeTcs U3 ycloBHs 00ecIeYeHrs CBOOOTHOM YKIa KK
IOJIYKATYIIEK B Ma3, IO3TOMY

b= 0,50+ (1,0 ~ 1,5) mm (51)

BricoTy numnia v BbICOTY KJIMHOBOW YaCTH 11432 BBINOJIHSIIOT B IIpeIeIax

hir=0,6-0,8 mm u hg= 2,5+ 3,5 mm

- Oouiblliie 3HAYEHUs OEpyTCs MPU IMIUPOKUX MMa3ax U OOJIbIIEH MOIIHOCTH
JIBUTATEJICH.

BriOop pa3zMepoB mpOBOJAHUKOB, pacyeT 3alOJHEHUS MMa3a U OMPEICIICHUE €0
pa3MepoB "B CBETY'" U B IITaMII€ MPOU3BOAAT TaK K€, KaK U ISl OTKPBITHIX Ma30B.

Bri6op Bo3ay1IHOTO 3a30pa

[IpaBunbpHBI  BBIOOP BO3AYIIHOTO 3a30pa O BO MHOTOM ONpEIEseT
DHEPreTUYECKHUE IOKA3aTeNIM ACUHXPOHHOIO ABUrareisi. YeM MeHbIIe BO3IYLIHBIN
3a30p, TEM MEHbBLIE €r0 MAarHUTHOE COIPOTHMBIIEHUE W MArHUTHOE HAaIPsKEHUE,
COCTaBJIsItOIIEE OCHOBHYIO YacTh MJ[C MarHMTHOM 11Ny BCEl MAIIIMHBI.

[ToaToMy yMeHbLIEHHE 3a30pa NMPUBOAUT K COOTBETCTBEHHOMY YMEHBILIECHUIO
M/IC MarHMTHOM MEeNyd M HaMarHWYMBAIOIIECrO TOKa JBUTATENs, Ojaromaps 4deMy
BO3PACTa€T €ro CoS¢ W YMEHBIIAIOTCS MOTepU B MeaAu OOMOTKH crtaTopa. Ho
YpEe3MEPHOE YMEHBIIEHHE O MPUBOAUT K BO3PACTAHUIO AMIUIMTYIbl MYJIbCAIUi
MHAYKIAM B BO3AYIIHOM 3a30p€ M, Kak CIEACTBHE 3TOr0, K YBEIWYEHHIO
MTOBEPXHOCTHBIX W IyJbCaUMOHHBIX NOTEpb. [loatomy KIIJ[ nBurareneit ¢ odeHb
MaJIBIMM 3a30paMH HE yJIYUYIIAeTCsl, & YACTO JaK€ CTAHOBUTCS MEHBIIIE.

B coBpeMeHHBIX ACHMHXPOHHBIX JBUTaTENsX 3a30p BBIOUPAIOT, UCXOMAS U3
MHHUMYMa CyYMMAapHBIX NOTEPh. Tak Kak MpU YBEJIMYEHUH 3a30pa MOTEPU B MEIU
BO3PACTAIOT, a MOBEPXHOCTHBIE M IMYJIbCALIMOHHBIE YMEHBIIAKOTCA, TO CYILIECTBYET
ONTUMAJIBHOE COOTHOUIEHHE MEXIY IapaMeTpamu, IPU KOTOPOM CyMMa IOTEPh
Oyner HamMmeHbled. [Ipu mMpoeKkTHpOBaHWUU BO3MYIIHBINA 3a30p CJIEAYyeT BHIOMPATH,
PYKOBOJICTBYSICh JAHHBIMH BBIITYCKAa€MbIX JIBUTATEIICH
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AMM =2
7 ¢p
2p=4
Zp—6 Zp=8-ﬁ
1
3 2p=10,12
N
o B
0 04 DM

Pucynox?2.7 - Ber6op BO3yIIIHOTO 3a30pa aCHHXPOHHBIX JIBUTATENEH

[ToBepXHOCTHBIE U MyJIbCALMOHHBIE IOTEPU B JABUTATENSAX 3aBUCAT HE TOJIBKO
OT aMIUIMTYZ, HO W OT YacTOThl IyJIbCAallud MHAYKIIMKM B BO3AYIIHOM 3a3ope. B
OBICTPOXOJIHBIX JIBUTATENSX 4YacTOTa MyJbCalluid OOJIbIE, YeM B TUXOXOJHBIX, TaK
KaK OHa MPONOPIIMOHAJIbHA YacTOTE BpalleHus. J[Jisi yMEHBIIIEHUS 3TOTO BUA OTEPh
O B OBICTPOXOJIHBIX JIBUTATEJISIX BBIMOJHSIIOT OOJIBIINM, YTO YMEHBIIAET aMILTUTYAY
nyynbcanuid. B craropax BBICOKOBOJIBTHBIX MAIIUH MPUMEHSIOT TOJBKO OTKPBITHIC
naspl, U TPU MaJbIX 3a30pax 3TO MOXKET MPUBECTH K OOJBIIUM IyJIbCALASIM
WHIYKIMK, TOATOMY BO3IYIIHBIM 3a30p B HUX BBIMOJHSIIOT OOJBIIUM, OOBIYHO
paBHbIM 1,5—2mMm. Bo3gymisbelii 3a30p, MOAyYeHHBIM U3 rpadukos, cienyer
OoKpyrsTh 10 0,05 mm ipu 0 < 0,5 mm v 10 0,1 mm ipu 0 > 0,5mm.

= 24 PACYET POTOPA

KopoTko3aMkHyThIE OOMOTKHA POTOPOB ACHHXPOHHBIX JIBUTATENEH NENSATCS 1O
KOHCTPYKIIMU Y TEXHOJIOTMU U3rOTOBJICHUS HA JIBa TUIA: CBAPHbBIC U JIUTHIE.

B cBapHBIX KOHCTPYKIIMAX CTEP>KHH OOMOTKH YCTaHABIIMBAIOT B IMa3bl, MOCIE
4Yero ¢ TOPIOB pOTOpa WX 3aMbIKAIOT, MPUBAPUBAsl WU MpUIIaKWBas 3aMbIKAIOIIUE
KoJiblia. [Ipy JIUTBIX KOHCTPYKUMSX OJHOBPEMEHHO 3aJIMBAIOT KaK OJHO LIEJIOe U
CTEp>KHH, U 3aMbIKaloIIMe KoJyiblla. Ha 3amMbIKaronmx KOJblaX OTJIUBAIOT TaKXKe
BEHTHWJISIIMOHHBIE JIOMATKH, BBITIOTHSIONINE POJIb BEHTHISITOpA MTPU pab0Te MAIIMHbI.

KopoTko3aMkHyThle OOMOTKH pPOTOPOB B OTJIHWYHE OT BCEX JPYrUX
CYIIIECTBYIOIIUX OOMOTOK HE UMEIOT OMPEICICHHOr0 Ynciia (pa3 v yucsa moJrocoB.

B HekoTOpBIX CHENHaTbHBIX MAIlIMHAX BCTPEYAIOTCS KOPOTKO3aMKHYTHIC
pPOTOPHI ¢ (pa3HOM, U30JTUPOBAHHON OT KOPITyca OOMOTKOM, Hayasla U KOHITbI KOTOPOM
3aMKHYTBI MEXTy co0oi. Pacder Takoil OOMOTKM aHaIOTWYEH pacdeTy OOMOTKH
da3HOTO pOTOpAa.

OouH M TOT XE€ POTOp MOXKET paboTaTh B MaIllMHAX, CTATOPHl KOTOPBIX
BBITIOJTHEHBI HA pAa3jW4yHbIE 4YHUCJIA IMOJIOCOB. JTO, B YaCTHOCTH, OMNPEIEIIUIIO

25



BO3MOKHOCTh HCITOJIb30BAaHUS KOPOTKO3aMKHYTBIX POTOPOB B JBUTATEISX C
PETYIMPOBAHUEM YaCTOTHI BpAIIEHUS TyTeM MEPEKIIOUEHUs YHCIIa TIOJI0COB
0OMOTKH cTaropa.

1

Puc 2.7 - KopoTK03aMKHYTBIH pOTOp Puc. 2.8 - KopoTko3zamkHyTasi 0OMOTKa

ACHHXPOHHOTO JIBUTATENIS CO CBAPHOU ACUHXPOHHOTO JIBUTATEJIS:
0OMOTKOI: 1 — 3aMBIKAIOIIHE KOJIBIIA,; 1 — 3amBIKaroIKME KOJbIIA,
2 — CTepKHU OOMOTKHU 2 — CTepKHU OOMOTKHU

OOBIYHO MPUHATO CYUTATh, YTO KAXKJbIM CTEpKEHb OOMOTKH 00pa3zyeT OAHY
a3y KOpoTKO3aMKHYTOM 0OMOTKM. Torga uucio ee a3 paBHO YUCIy Ha3zoB (My =
Z,) u 00MOTKa Kaxkaou u3 (a3 umeer 1/2 BuTKA, T.e. W2 = 1/2, Tak kak npu m; = Z; K
KaX70i (pa3ze OTHOCUTCS OJMH CTEP’KEHb C JABYMS Y4aCTKaMM 3aMBIKAIOIIMX KOJIEIL,
PaCHoOJIOKEHHBIX C Pa3HbIX TOPLOB poTopa. OOMOTOYHBIN KOA(DOUIMEHT TaKou

O0OMOTKHM paBeH €IUHUIIE, a YCIOBHOE YUCIIO TTa30B Ha MOJIOC U (a3y:
G = im = — (52)
2p;m; 2p2
[Ipyu mpoexkTupoBaHUU 3yOIOBOH 30HBI KOPOTKO3aMKHYTBIX POTOPOB 0CO00E
BHUMAaHHUE CIICIYET YACIATh BBIOOPY UKCIIa Ma30B POTOPaA. DTO OOBSACHIETCS TEM, UTO
B T10JI€ BO3/YIIIHOTO 3a30pa MaIllMHbI KPOME OCHOBHOM MPUCYTCTBYET LENBIA CIIEKTP
rapMOHHUK 00Jiee BBICOKOTO TOPsAKa, Kakaas u3 KoTopeix HaBoauT IJIC B 0OMOTKe

pOTOpa, MOATOMY TOK B CTEPKHSAX OOMOTKH MMEET CJIOKHBIN TapMOHUYECKUNA COCTaB.

Puc. 2.9 - ®a3p1 00OMOTKH KOPOTKO3aMKHYTOI'O POTOpa

B pesynbraTe B3auMOAEHCTBUS TOKOB U MOJIEM BBICIIIUX TAPMOHUK BO3ZHUKAIOT
AIIEKTPOMArHUTHBIE MOMEHTBI, KOTOpbIE TPH HEOJAronpusITHOM COOTHOIICHHHM Ziu
ZoMOTYT CYIIECTBEHHO YXYIIIATh MEXaHWYECKYIO XapaKTEPUCTUKY JBUTATENS, TaK
KaK MOMEHT Ha BaJly MaIllMHBI SIBISETCS CYMMOW MOMEHTOB, 00YCJIOBJICHHBIX BCEMHU
B3aMMO/ICHCTBYIOIITUMU TAPMOHUKAMHU.

UccnenoBanusi, MpoOBEACHHBIE IS U3YyUYECHUS BJIMSHHUS COOTHOIIEHUM YMCEN
3yOIIOB Ha CTaTOpe U POTOPE HA KPUBYIO MOMEHTA, a TAaK)KE€ Ha IIYMbl U BHOpaIINH,
MO3BOJIWJIA OTPEJETUTh HAWIy4Ilue codyeTaHus Z; U Zp JjIsi KOPOTKO3aMKHYTBIX
JIBUTATEJIEH C pa3IMYHbIMU YUCIaMU 2p.

Tabmuua 2.8 - PexomeHgyemple 4dHClIa Ta30B POTOPOB ACHHXPOHHBIX
JIBUTaTEJIe C KOPOTKO3aMKHYTBIM POTOPOM
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2 :E:l’i,l: _ Yncno nasow poropa
CTATORA &3 CKOCA nazos OO CEOCOM 12308
12 g* 15 —
18 11*, 12% 15*, 21* 22 ;;“35”?519* 22%, 26, 28%, (30), 31,
24 L53* (16)*, 17% 19, 32 18,20,26,31,33,34.35
30 22,38 (18), 20, 21, 23, 24, 37, 39,40
22 36 26,28, 44, 46 252729434547
42 32,33, 34 50,52 —
48 38, 40, 56, 58 37.39.41,5557. 59
12 g 15*
18 10*  14* 13%  22%
24 15% 16% 17,(32) 16, 18, (20), 30, 33, 34, 3536
36 26,44, 46 (24), 27, 28, 30, (32), 34,45, 48
) 42 (34),(50), 52, 54 (33), 34, (38), (51). 53
48 34.38.56,58,62,64 (36), (38),(39), 40, (44) . 57, 59
60 50,52.68,70,74 48 ,49.51,56,64,69,71
72 6264808286 61,63 68,7681 83
36 26,46, (48) 28* 33.47.49,50
34 44 50, 64, 66, 68 4243 51,6567
‘ 72 56,58.62,82,84,86,88 57,59,60,61,83,85. 87,90
o0 74, 76, TR, 80, 100, 102, 104 75,77, 79, 101, 103, 105
4% (34), 36, 44, 62, 64 3544616365
72 56,58.86,88,90 56,57.59,85 87 80
&4 66, (68), 70, 98, 100, 102, 104 (68), (69), (T1), (97), (99).(101)
) 96 TRE2II0, 112,114 79.%0,81,83,109,111, 113
60 44.46.74.76 57,69,77,78,79
90 68,72,74.76, 104,106, 108,110,112,114 70,71,73,87,93,107,109
120 86, B8, 92, 94, 96, 98, 102, 104,106, 134, 136, 138,140,142,146 (99,101, 103,117, 123,137,139
10 72 56,64.80,88 69,75,80,89,91, 92
90 68, 70, 74, 88, 98, 106, 108, 110 (71),(73), 86, 87, 93, 94,(107),(109)
108 86,88.92,100.116,124, 128,130,132 %4,89.91,104, 105, 111,112,125,127
. 144 124, 128, 136, 152, 160, 164,166, 168, 170, 172 125,127,141, 147, 161, 163

B aBurarensax Majaoi MOIITHOCTH OOBIYHO BBITIOIHSIOT Zo<Z1. DTO 00BSICHIETCS
PAIOM TMPUYUH TEXHOJOTUYECKOTO XapakTepa, a TAKXKE TEM, U4TO C YBEIHYCHHEM Z;
TOK B CTEP)KHSIX POTOpPA YMEHBIIACTCS W B JBUTATENAX HEOOIBIIONW MOIIHOCTH HX
CCUCHHS CTAHOBSATCA OYEHb MaJlbIMH. B 0ojiee KpyNHBIX JBHUTATEIAX HWHOTIA
BBITIOJIHAIOT Zp>Z1 C TeM, YTOObl OTpaHUYUTh YPE3MEPHO OOJBIIONW TOK B CTEPIKHSIX
poTOpa W YBEJIMYHUTH PABHOMEPHOCTH PACIPEACIICHUS IMPOBOJHUKOB OOMOTKH ITO
JUTUHE PACTOYKH.

Tok B cTepkHE OMpENenseTcs ¢ Y4eTOM MPHUHSITHIX IS KOPOTKO3aMKHYTOM
oOMOTKHM yrceln ¢a3 u BUTKOB B (aze, a TAKKe BIUSHUSA CKOCa Ma30B, K0P PUIMeHT

HPUBEACHUS TOKOB:
mqwiKkop1 __ 2mqwiKop1

mywoKkop2Kkck Zykck

(53)
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rae Kek — xkoadduiment ckoca, yuutbiBaromui ymenbiieaune 3J1C oOMOTKH
MIPU CKOIIIEHHBIX Ma3aX poTopa,

2sin (XK
kC[( =2 (54)
YK
rmue
2 b
Yck = Bek 7pi Pck = tﬁ (55)
Z2

Dcx— ckoc mazoB, MMm.
Pexomenpayercs bex = (0,5 + 0,8)tz.
CeucHHe CTEpIKHEH, M,

q. = 2 2 (56)
J2

[[moTHOCTP TOKAa B CTEPXKHAX POTOpA MAIMH 3aKPBITOrO 00yBaeMOTO
UCTIOJTHEHUS TIPY 3aJIMBKE 1a30B aJIlOMUHHMEM BbIOMpaeTcs B mpenenax Jo = (2,5 —
3,5) 10°A/M?, a npu 3ammmenHoM ucronHeHud Ha 10—15 % Bblme, IpuYeM s
MaIuH OOJBIIMX MOIIHOCTEH CJIeNyeT MPUHUMATh MCHBIIHNE 3HAYCHHS TUIOTHOCTH
TOKa.

B oOMoTke poTopa, BBIMOJHEHHOW M3 MEIHBIX CTEp)KHEH, MJIOTHOCTh TOKa
NPUHUMAIOT HECKONIBKO Gombmeit: J, = (4,0 +~ 8,0)-10°5 A/mM? (Gonbiume 3HAUEHUS
COOTBETCTBYIOT MalllTMHAM MEHBIIIEH MOIITHOCTH).

Tok B KOPOTKO3aMBIKAIOIINX KOJBIIAX HAXOAT, IPUHEMAas HAaIIPABJICHHS TOKOB
B crepxHsax poropa lci, lco, le3 ... M Ha ywacTkax 3aMBIKalOMIMX KOJell,
COCJIMHSIONINX dTUX CTEPKHHU, l12, 123, .I34, Kak Mmokazano Ha puc. 5.5,a.

Pucynok2.9 - K pacyeTy TOKOB B 3aMBIKAIOIINUX KOJIbIIAX KOPOTKO3aMKHYTOMN
OOMOTKHM pOTOpa: a — HaIpaBJeHUS TOKOB, 6 — BEKTOpHAas aMarpaMmMa TOKOB
OOMOTKH:

lco = 12— I2s
lcs = 123 — 34 )
lca = laa—lus

Toku B CTEPKHAX CABUHYTHI OTHOCUTEIIBHO JIPY ?ﬂpyra Ha yroi

az=2p7l'/22 (57)
HadepTB MHOTOYTOJIbHUK TOKOB B CTEP)KHSIX{ CTOPOHBI KOTOPOTO SIBJISKOTCS

BEKTOpaMHU TOKOB CTEp:KHEH, CABHHYTHIX MO ¢aze Ha yroy 8z, yOexaaemcs, 4To

CHUCTEME YypaBHEHHMU OyAyT COOTBETCTBOBATh HAIIPABJICHUS TOKOB Ha Yy4acTKax

KOJIEL. YTOJ MEXJYy UX BEKTOpaMH TOXE€ paBeH adz. Halem COOTHOLIEHME MEXIy

TOKAaMH B CTEPKHSAX M B YyYaCTKax KOJEL, Ui Yero pacCMOTPUM OJUH U3
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TPEYTrOJLHUKOB BEKTOPHOM JHarpaMMmbl, 00Opa30BaHHbBINA, HapuMep, BekTopaMu i,
I23, lco. I3 3TOrO TpEeyroibHUKA UMEEM:
lo = 2I233inaz/2 (58)
Tak kak 3TO COOTHOILIECHHE CIPaBEMJIMBO ISl JIOOOTO0 U3 AJIEMEHTOB
JarpaMMbl TOKOB, TO, 0003HAUMB TOKH B KOJbIIE i, @ TOKK B cTepxkHsIX |z, MOxkeM
3aIMCcaTh:

IKJI = X (59)
rae
A= 2sinE (60)
)
Broipaxkenue sBisercs pacyeTHOW ¢opMyNol Juis oOmpeeNeHuss ToKa B
3aMBIKAIOIIUX KOJIbLIaX KOPOTKO3aMKHYTBIX POTOPOB.
[110THOCTH TOKA B 3aMBIKAIOUIMX KOJIbLIAX Jx1 BEIOMpAIOT B cpeHEM Ha 15—
20% wmeHbllle, YEM B CTEPKHSX. DTO OOBACHAETCSA IBYMs NMpUYMHaAMU. Bo-nepBbix,
3aMBIKAIOIIME KOJIBIIA, UMEIOIINE JIYUIINE YCIOBUS OXJIaXKJICHHS IO CPaBHEHUIO CO
CTEP)KHSAMM, SBISIOTCS CBOEr0 poAa paauaTropam, KOTOPBIE OTBOAAT TEIUIO
CTEp)KHEH, YCWIMBAas HX OXJAaXJACHHE. BO-BTOpPBIX, B MallMHAaX, B KOTOPBIX IS
yJIy4LIEHUS] IYCKOBBIX XapaKTEPUCTUK HCIOJB3YIOT 3(PQEKT BBITECHEHUS TOKa,
00JIbILIOE COMPOTHUBIICHUE 3aMBIKAIOUIMX KOJIELl CHHM)KAET KPATHOCTH YBEIMYEHUS
OOLIEro CONPOTUBIIEHUSI OOMOTKH POTOpA MPHU MyCKE.
[I1omaap IMOMEPEYHOro CEYEHUs 3aMBIKAIOIIUX KOJIEL, M2, ONMpPENENISeTCs Mo
dbopmyie
I

Qxn = ﬁMMZ (61)

3aMbIKaloOmMe KoJiblla B pOTOpaX CO BCTaBHBIMU CTEPKHAMHM HM3-3a
HEO0OXOAMMOCTHU MaWKKU WA CBAPKHU MX CO CTEPKHSMU YCTAaHABIMBAIOT HA HEKOTOPOM
paccTossHuM OT TOpLOB poTopa. IlonepeuHoe cedeHue Kojel MPEACTaBIseT COOOM
PSIMOYTOJIBHUK, pa3Mepbl KOTOporo (Ninu Dxi) BEIOMparoT Takum 00pazom, 4To
h[(j] = (],I - 1,25) h[]g.

bxﬂ

bxn
Yot

=

hxa

D,

N
hkn

S

Dgp.cp

a) )

Dyn.cp

Puc. 2.10 - Pazmepsl 3aMbIKaIONMUX KOJIEI] KOPOTKO3aMKHYTOTO POTOpA:
@ — CO CBapHOM OOMOTKOM; 6 — C JINTOH 0OMOTKOM
B poropax ¢ nmTOoii OOMOTKOHM 3aMBIKAIOIIUE KOJIbIA, KOTOPBIC OTJIMBAIOT
OJITHOBPEMEHHO C 3aJIMBKOM Ia30B, BCET/Ia IJIOTHO MPUJIEraloT K TOpliaM CepAcYHHKa
potopa. IIpu 3TOM OHM MOMHMO CBO€M OCHOBHOM (DYHKIIMHU BBIMOJHSAIOT U JIPYTYIO
3a/1ady: YACPKUBAIOT B CIPECCOBAHHOM COCTOSIHUM JIMCTHI CEpJICUHUKA POTOpa.
3aMbIKarOIMe KOJbIA JIMTOM OOMOTKM OOBIYHO BBIMOJHSIOT C TONEPEUYHBIM
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CeUCHHEM B BHJE HEIPABWILHOM Tpaleluy, MPUICTalonei CBOMM OOJBIINM
OCHOBaHHUEM K TOPILY POTOpa.

[IuprHy 3aMBIKAIOMUX KOJIEI] O0OMX THIIOB PACCUMTHIBAIOT MCXOISA U3 (ki
MOJTy4EHHOM M BBIOpaHHOU Niy, M:

b, = Ter pim (62)
hyn
CpeI[HI/Iﬁ AUAMCTP 3aMBIKAaOIUX KOJICI], M, OIIPCACIIAIOT I1I0 BBIPAKCHUIO
DK.Cp = DZ - hKﬂMM (63)

OJIHOBPEMEHHO C 3aJIMBKOM CTEp)KHEH M KOJEIl Ha 3aMBIKAIOIMIMX KOJbIaxX
OTJIMBAIOT BEHTWISAIIMOHHBIC JIONATKH JJIMHOM, HECKOJIBKO MEHBIIIEH, YeM JIMHAa
BBLJIETa JIOOOBBIX YacTeil 0OMOTKH cTaTopa. KoimuecTBO BEHTUIISAIIMOHHBIX JIOMATOK
BBIOMPAIOT PaBHBIM MPOCTOMY UYHUCIY, TPUOIUZUTEIBHO B 2—3 paza MEHbIIIEMY, YEM
YHUCIIO M1a30B POTOpA.

dopma maza W KOHCTPYKIUS OOMOTKHM KOPOTKO3aMKHYTOTO pOTOpa
OTPENENAIOTCA TPpeOOBaHUSMU K ITYCKOBBIM XapaKTEPUCTUKAM JBUTATENsI M €ro
MOIITHOCTHI0. B aCMHXpOHHBIX ABUTATENSIX MOIIHOCTBIO 10 50—60 kBT 00bIYHO
BBITIOTHSIOT TPYIICBUIHBIE a3kl U JIUTYI0O OOMOTKY W3 antoMuHus. PazMepsl maza
BBIOMPAIOT TaKMMH, YTOOBI 3yOIlbI pOTOpa MMENM NapajuielibHble rpaHu. Kpyrisie
Ma3bl, IPUMEHSBIINECS PAHEE B MalllMHAX MajOM MOIIHOCTH, B HACTOAIIEE BpPEMS
MOYTH HE MPUMEHSIOT M3-3a IOJYYarolieicss OOJIbIION HEPAaBHOMEPHOCTH CEUCHHI
3yOI10B.

Poropsl Gosiee KpyIHBIX MaIlldH ¢ TMPSAMOYTOJIbHBIMHU IMa3aMH BBITIOJHSIOT C
BCTaBHBIMU MEJIHBIMH CTEPKHSAMH WM C JIMTOM aJIOMUHHEBOM OOMOTKOM.
[IpssIMOYTONIbHBIE OTKpPBITHIE I1a3bl BCTPEUAIOTCA B KOPOTKO3AMKHYTBIX POTOpax
MHOTOTIOJIFOCHBIX aCHHXPOHHBIX ABUraTeneil. CTepKHU OOMOTKHU, BBITIOJIHEHHBIE U3
ATIOMUHHMEBBIX IIUH MPSIMOYTOJBHOTO CEUECHUS, YCTAHABIMUBAIOT B OTKPBITHIC Ma3bl
pOTOpa M 3aKPEIUISIIOT, PACUCKAHMBAS UX BEPXHIOKO YacCTh.

1501 104 0050

Puc. 2.11 - Kounduryparum ma3oB KOPOTKO3aMKHYTHIX aCHHXPOHHBIX
JIBUTATEJICH

JUist yBenmuYeHUs: MyCKOBBIX MOMEHTOB JBHUTATeNield MPSIMOYTOJIbHBIE Ma3bl
JeNaroT y3KUMH U TITyOOKUMH, TaK Kak 3Q(eKT BBITECHEHHs TOKa B HUX BO3PACTAET C
YBEIMYEHHEM  BBICOTBI  CTEp)KHsS. POTOpsl ¢ TakMMU Ta3aMM  Ha3bIBAIOT
ri1yOOKONa3HbIMU. B aCHHXpOHHBIX ABUTATENSIX MPU HEOOJBUIOM YHCIE MOJIOCOB
4acTO He yAaeTcs TMOJNy4YuTh TpeOyeMblii IMyCKOBOW MOMEHT Jaxke TNpu
ri1yO0OKOMa3HbIX pOTOpax, HO3TOMY IEPEXOIAT K POTOpaM C (PUTYPHBIMH Ma3aMH.

[IpumeHsIOT pa3nuuHble KOHPUrypauuu (pUrypHbeix mna3oB. Bce oHu mmeror
XapaKTepHYI0 OCOOEHHOCTh — YyMEHbIIEHHAs IIMpPUHA BEpXHEW dYacTh masa IO
CPaBHEHUIO C HW)KHEH, YTO IMO3BOJISIET B OOJBUIEH CTENEHH MCMOJIb30BaTh 3(QPeEeKT
BBITECHEHUSI TOKa NpH OOJBIIUX CKOIBKEHUsX. KopoTko3aMKHYTbIE OOMOTKHU
POTOPOB C Ma3zaMH TparneneuaaIbHON (OPMBI BHIMIONHSIOT KaK C 3aJMBKOM IMa30B
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aJTIOMUHHAEM, TaK MU CO CBAPHOM MEIHOM KJIETKOW, Il CTEpPKHEU KOTOPOU
UCHOJIB3YIOT IIMHHYIO ME/Ib COOTBETCTBYIOIIETO MPOQHIISL.

OOMOTKH cO cTepkHAMU Oosiee CIOXKHOM (OpMBI, HampuMep JIONATOYHBIC
CTEpKHH, BBITIOJNHSIOT 3aJMBKOM altoMHHHEM Win ero cruiaBamu. KoiabooOpasubie
nasbl C KPyrjol HMWKHEH 4YacThblO B HACTOSIIEE BPEMS MOYTH HE MPHUMEHSIOT H3-3a
MEHEE YAA4YHOIro, YeM IMpH JIONMATOYHBIX Ma3ax, MCHOJb30BaHHUS CTalIW 3yOLIOBOM
30HBI.

ACUHXpOHHBIE JBUTATENH, IPEIHA3HAYCHHbIE ISl MPUBOJOB MEXaHU3MOB C
TSKEJIBIMU YCJIOBUSIMU ITyCKa, YaCTO BBIINOJHSAIOT C JBYXKJIETOUHBIMH POTOPaMH, B
KOTOpPBIX Ha KaXJA0M 3yOLIOBOM JI€JIEHMM pa3MELIEHbl OJWH HaJ JpYruM JBa
crepxHs. Kaxnas cucrema crepkHed oOpa3yeT CBOIO OOMOTKY: BEpXHHME CTEPIKHH,
Jexaue Ommke K 3a30py - MYCKOBYIO, a HW)KHHME - pabouyro. J[BoiiHas KieTka
MOJKET OBITh BBIIIOJIHEHA B JIByX BapHaHTax: ¢ OOLIMMH 3aMBIKAIOIIMMHU KOJbIAMH,
KOI'/Ia KaKJI0€ KOJIbLIO 3aMBIKAE€T OJJHOBPEMEHHO CTEP>KHHM W IYCKOBOW, U paboueit
KJIETOK, JTUOO C pa3lielbHbIMU 3aMbIKalOUIMMHU KoJbLaMu. B mocienHeM ciydae c
KQKJOTO TOpIla poTopa pacnoJiaratoT Mo ABa KOJbIa, OJHO U3 KOTOPBIX 3aMbIKAET
TOJIBKO CTEPXHU IIyCKOBOM, a IPYroe — CTEPKHU paboyeil KIETKH.

T THEEET

a) dal

Puc. 2.12 - 3ambIkaromiue KoJblia ABYXKJIETOYHBIX KOPOTKO3aMKHYTHIX
POTOPOB ACHHXPOHHBIX JIBUTATENCH: @ — o0I1ue; 6 — pa3/ielibHbIC

OObIYHOE WCTOJHEHUE JBOMHOW KIETKM — CBAapHOE C pa3ielbHbIMU
KojblaMu. Pabouas oOMOTKa (CTEpKHM W KOPOTKO3aMbIKAaIOlIME KOJblla) B
OOJBIIMHCTBE CIy4aeB M3rOTOBISETCA M3 MENH, a IMyCKoBas — U3 JIaTyHH. JlaTyHb
JUIsl MYCKOBOW KJIETKM MPUMEHSIOT M3-3a OOJIBIIMX YJEIbHOTO COMNPOTUBJICHUS U
TEIUIOEMKOCTH 110 CPAaBHEHHUIO C TAKOBBIMU Y MEU.

VYBenauueHue TernjI0eMKOCTH IyCKOBOM KJIETKH OCOOCHHO Ba)KHO ISl MalIUH C
JUINTEIbHBIMU TSDKEJIBIMA IIYCKaMH, 3a BpPEMsS KOTOPBIX BBIIEJICHHBIE B POTOPE
NOTEPH MOTYT HarpeTh IMyCKOBYIO OOMOTKY /1O HEJJOIyCTUMO BBICOKON TEMIEPaTypPhI.
B CcOBpeMEHHBIX MalIMHAX PACIHPOCTPAHEHO TAKXKE JABYXKIECTOYHOE MCIIOJHEHUE
pPOTOPOB C JUTHIMH OOMOTKaMH. B Takux KOHCTPYKLUHSAX U MYCKOBYIO, U pabodyro
KJIETKU 3aJIMBAIOT OJJHUM METAJJIOM. 3aMbIKaIOIIUE KOJIblla — OOLIUe, MPUIIEeTatome
K Topuam poTtopa. BbpiOupas Ty wWiM HHYIO KOHCTPYKLHIO KIETKH, (popMy Hu
pa3MepHbIE COOTHOIICHUS CTEP>KHEN, CIEAYET UCXOIUTh U3 TPEOOBAHUN K ITyCKOBBIM
XapaKTEePUCTHKAM JBUTATENed U BO3MOXKHOCTH pa3MEIIeHHs Ma3a Ha 3yOI0OBOM
JEJIEHUN pOTOpa, MPU KOTOPOM 00€CIeUnBAETCSI HOPMAIbHBIA YPOBEHb MHIYKIUU B
3yorax u spme. Kpome TOro, HeOOXOOUMO YYHUTHIBATh BIIUSHHE Pa3MEPHBIX
COOTHOIIIEHHU 1Ma30B HA UHAYKTUBHOE CONPOTUBIIEHHE OOMOTKH pOTOpa.

[Ipu o000l koHGUTrypaluuu Ta3a yMEHBIIEHUE IIMPUHBI BEPXHEH YacTu
CTEP>KHEN U YBEJIIMYECHHUE UX BBICOTHI IPUBOJAT K YBEJIMYECHHUIO ITyCKOBOIO MOMEHTA,
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HO OJIHOBPEMEHHO YBEJIMYMBAETCS KOA((ULINEHT MarHUTHOW IPOBOAMMOCTH Ia3a U
pacTeT MHIYKTUBHOE COMPOTUBIECHHE OOMOTKM POTOpa. DTO B HEKOTOPBIX CIydasix
MOJKET UTPaTh MOJIOKUTEIBHYIO POJIb — KakK (PakTop, OrpaHUYHMBAIOIINNA ITyCKOBBIC
TOKA, HO B TO JK€ BpEMs YBEJIWYEHUE HMHAYKTHBHOIO COIPOTHBIICHHS pOTOpa
OPUBOJUT K YXYIIICHUIO KO3(PPHUIMEHTa MOIIHOCTH NMPH HOMHUHAIBHOM DPEKHUME
paboThl M K CHWXKEHUI0O Mpa. To 3Ke XapakTepHO JUuisl JBUTaTelled C
JBYXKJIETOUYHBIMH POTOPAMU, UMEIOIUMU OOJIBIINE MTyCKOBBIE MOMEHTHI, HO HU3KHE
KO3 (UIUEHTHl MOIIHOCTH IPU HOMUHAIBHOM PEXHUME, TaK KaK MOTOK Ia30BOTO
paccestHUs B IEPEMBIYKE MEXAY CTEPKHAMU padoyeil U MyCKOBOW KJIETOK JJOCTUTAET
Oonbiinx 3HaueHuil. Ilosromy mns oOecniedeHuss BBICOKUX OSHEPreTUYECKHUX
IIOKa3aTesiedd HOMUHAJIBHOTO pPeXUMa CIENYET, IPEXKIE BCEr0, OPUEHTUPOBATHCS HA
1a3bl POTOPA ¢ IUPOKOK BEPXHEHN YaCThIO — IPYIIEBUIHBIC.

Pasmepsl maza poTopa pacCUMTBIBAIOT, HUCXOJs U3 TpPeOYyeMOro CeueHHus
CTEp)KHA (jc, MOJYYEHHOIO IO JOIMYCTUMON HMHAYKIMU B 3yOLUE W U3 YCIOBHS
MOCTOSIHCTBA IIUPHUHBI 3y0L1a, T.€. MapajuieIbHOCTH €ro TpaHel.

[lo nomyctumoit nuuaykuuu Bz, onpeaenstor mmpuny 3y0ia poropa:

b,, = Betzls MM (64)
Bzalcr2Kc
PaccunTbiBaeM pazMepsl masa:
m(Dy—2hy—2h,,)—Zby;

b12 - T+Z, MM (65)
b2, (2245 -4q,
by, = (ZZ 2)2 = mm  (66)
E
hiy = (b12 - bzz)zz_;MM (67)

PaBMepr ma3a CJICAYCT OKPYIJIUTDb JO ACCATBIX I[OJ'Ief/JI MUJINMCTPA U YTOUYHUTD
mIomaab CCYCHUA CTCPKHA (c-

qdc = %(b122 +b3,) + % (b12 + by2)hy;, (68)

VYcnoBus BBICOKOKAUECTBEHHOM 3aJIMBKU MAa30B AJIIOMHUHHEM TPEOYIOT, YTOOBI

JTMaMETp 3aKpyTJIeHUs HIO)KHEH 4acTH ma3a B ABUraressix ¢ A< 132 mm ObUT HE MeHee
1,5 - 2 MM, B gBurarensax ¢ 4> 160 Mmm — He MeHee 2,5 - 3 MM.

B cBs3u ¢ OKpYIVIEHMSIMU pe3yJbTAaTOB pacuera HEeoOXOAMMO NPOCUUTATh

IIUPHUHY 3yOII0B B CEUEHUsX D'z1 D' 7,110 OkOHUATEIEHO MPUHATHIM pa3Mepam rasa:
Dy—2(hy+hiy)—b1p

b,=m Z — byomm (69)
—2h,+b
by, = P — by, (70

[Tpu HeGonbIIOM pacxoXaeHuu pasmepoB b'zom b''z B pacuere marnuTHOTO
HaIpsHKEHUs 3yOII0B pOTOpa UCIOJIb3YETCs CPEHsS IIMpHHA 3yOna’
bz = (b'zz'l'b"zz)/z. (71)
[Ipn 3aMeTHBIX pPAcXOXKIEHHUSIX pacueT TMPOBOMAAT TaK K€, Kak s
TparneunenIaIbHbIX 3y0II0B poTopa (CM. HUXKE).
Pacuernas BbicoTa 3y011a MPUHUMAETCSI PABHOM
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hzo = hy;, — 0,1b2 (72)

= 30XPAHA TPYJA

YacTp, oTpaxarolas CUCTEMY COXPAaHEHUS KU3HU U 3I0POBbS paOOTHUKOB B
IIPOLIECCE TPYIOBOU NEATEIBHOCTH.

* CnMcOK HCIOJIb3YEeMOM JTUTEPATYPbI

OTpakaeT HCMIONIB3YEMYIO JIUTEpaTypy, METOJMYECKUE YKa3aHUsi M BCE
UHTEPHET PECypChl, C YyKa3zaHueM (aMuivy, WHUIMAIOB aBTOpa (WM aBTOPOB),
U3J1aTeIbCTBA, rojia u3aanus. Cucok H0mKkeH oopMiIsIThCs B alihaBUTHOM MOPSIKE
C YYE€TOM XPOHOJIOTHH, CHCTEMATUYECKUM U T.1.
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