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ACUHXpOHHbIE MAUUHBL UCHOAL3YIOMC 6 OCHOBHOM Kak osueamenu. bnacodaps noevluieHHOU
HAOeNHCHOCMU U NPOCmome KOHCMPYKYUU OHU UWUPOKO NPUMEHIOMCA 8 NPOMBIULIEHHOCMU U HA CYOax
MOpCKO20 ¢hnoma, s61A8Cb OCHOGHLIMU NompeOumensamu 31ekmpudeckoli sHepeuu. Hecmomps wma
VKA3AHHbIE NPEUMYWECmed, UM RPUCyu U HeOOCHAmKU, U3 KOMOPbIX Haubojee CyuecmeeHHbIMU
SGNSIOMCSL NIAOXAsL Pe2YIUPYEMOCHTb U MAL0YO06Iemeopumeivbhvle Nyckogvle xapaxmepucmuxu. U, eciu
npuU UCNOL308AHUU COBPEMEHHOU CUNIOBOLL INEeKMPOHHOU DA3bl YOaemcs co30ams Npugood C 8blCOKUMU
Pe2YIUPOBOYHbIMU NOKA3AMENAMU, MO OMHOCUMENbHO HeDONbUOU NYCKOBOU MOMEHM U 8ecbMd
3HAUUMeNbHble NYCKOBble MOKU SBNSIOMCS CePbe3HbIM NPensmcmeuem Osi NPUMEHEHUs. ACUHXPOHHO20
npueoda 8 NOObLeMHBIX MEXAHUSMAX U3-3A O2PAHUYEHHOU MOWHOCMU CYO080U djeKkmpocmanyuu. /s
NOAYYEHUs.  YOOGIEeMEOPUMENbHbIX — NYCKOGLIX — XAPAKMEPUCMUK 8  OCHOBHOM,  UCNOJb3VIOMCA
INEKMPONPUBOOA HA OCHOBE 2TYOOKONA3HBIX U O8YXKIEMOUHbIX Odgueamenel, 0OHAKO OHU 001adarom
OMHOCUMENbHO HEeBbICOKUMU NYCKOBbIMU MOMEHMAMU U 3HAYUMETbHLIMU NYCKOBLIMU MOKAMU, YIMO
obycnasnugaem 0080JbHO OONbUIUE U OMHOCUMENbHO OIUMENbHbIE NPOBATbL HOPIMOBO20 HANPANCEHUSL.
AnvmepHamugoiu maxKum —O08UAMENIM MOJCem  CAYJCUMb 08Ueamenb HA OCHOBEe MACCUBHO20
Geppomaznummnozo pomopa, 0b6AA0aAWUL 3HAYUMETLHBIM 1YCKOGbIM MOMEHMOM NPU OMHOCUMENbHO
Manot KpamHoCmu NyckK08020 MOKA. AHAIU3 INEKMPOMACHUMHBIX NPOYECCo8 MAKo20 O08ueamels
NOKA3bleAem, YO GHYMPEHHSS. Y4ACMb POMOPA YHACMUsl 6 CO30AHUU GPAWAIOWE20 MOMEHMA He
npuHUMaen, NOIMOMY €20 UYelecooOpasHo U320MABIUGAmMb 6 6ude NON020 MOJICMOCHEHHO20
Geppomacnumnozo cmaxana. Komnpomuccuvim sapuanmom osueamens, 001adaroue20 NoGbLUEHHbIMU
HYCKOBbIMU NPU HENIOXUX PAbOYUX XAPAKMEPUCMUKAX MOJCEM CAYAICUMb O8U2amenb ¢ O8YXCLOUHbIM
POMOpPoM, NPedCmAasIIoUUM CODOU KIACCUYECKYI0 OeluUbIO KIEeMKY C HACANCEHHbIM HA Hee MACCUGHBIM
GeppomazHumubiM YUIUHOPOM, 68 KOMOPOM NYCKOGble XAPAKMEPUCIMUKU ONPeOeisliomcs, 6 OCHOBHOM,
GeppomazHumubiM YUIUHOPOM, a pabouue — napamempamu beruuvell Kiemku. B cmamve ymounsemcs
MemoouKa onpeoeneHusi OUHAMULECKO20 MOMEHMA U HA ee OCHO8e 8PeMEeHU NYCKA 08USAMesi A MAaKice
npueoOUMcs NONLIMKA ONMUMU3AYUU  8blOOPA  MONWUHBL  CMEHKU (eppoMACHUMHO20 pPOmopa
6 3aBUCUMOCTU O B031A2AEMbIX HA He20 MPehOGANUL 8 HACTNU NYCKOBbIX U pADOYUX XAPAKMEPUCTUK.
Knrouesvle cnosa: acunxpounviii 0guzamens, QeppomMasHumubli pomop, nycKogoi MOMEHM, NYCKO8OU
MOK, MOMEHIM UHePYUull, INeKMpPOMASHUMHOE NOJe.
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Berynuienne. TpexdasHble acHHXpOHHBIE MAIlMHBI C KOPOTKO3aMKHYTBIM POTOPOM
COCTaBJIAIOT OCHOBY COBPEMEHHOI'O IIPOMBIIIIJIEHHOTO U Cy10BOrO AIeKTponpuBoaa. OTcyTcTBue
CKOJIB3AIINX KOHTAKTOB, yJ0OCTBO OOCIYKMBaHMs, HAJEKHOCTh B JKCIUTyaTallMM, BBICOKHE
TEXHUKO-I)KOHOMHUYECKHE MOKA3aTEeIH JeNIaloT UX HE3aMEHUMbBIMU B 3JIEKTPONIPUBO/IAX CYI0BBIX
IPy30M0IBEMHBIX MEXAaHU3MOB, IKOPHO-IIIBAPTOBBIX, PYJIEBBIX U MOAPYIMBAIOIIUX YCTPOHCTBAX
[1,2,6].

AKTyaJbHOCTB. B TO e BpeMs cieyeT OTMETUTh U HEJJOCTaTKH TaKUX JBUTaTeNel, u3
KOTOPBIX HauboJsiee CyIIECTBEHHBIMU SIBIISIFOTCSI MaJIOyJOBJIETBOPUTEIbHBIE PETYIUPOBOYHBIE U
MyCKOBBIE XapakTepucTHKH [3, 8, 12, 13]. IloaToMy aKkTyaabHBIM SIBJISIETCSI COBEPIICHCTBOBAHUE
UX KOHCTPYKLMH C IIEJIBIO MOJIyYEeHHUS, B YACTHOCTH, YJIYUILIEHHBIX ITyCKOBBIX XapaKTEPUCTHK.

PacueTHblif aHaJM3 MOKa3blBaeT, 4YTO TPAIAULMOHHBIE JIBUTaTelIM, HMEIOIINE
XapaKTepUCTUKY BHJA pHC.]l, UMEIOT OTHOCUTEIBHO HEOONBIION TUHAMUYECKHI MOMEHT, YTO
o0ycnaB/IMBaeT HEAOMyCTHUMO OOJbIllOe BpeMs pasroHa npuBoja. Ilpu sTtoMm nBurarens npu
pasrone 10 ckopoctd 75-90% OT HOMHHAIBHOM MOTPEOISET TOK HAa YPOBHE ITyCKOBOTO,
o0ycrnaBiinBasi OTHOCUTENBHO JJIUTENIbHBIE POBAJIbl OOPTOBOIO HampsikeHus [6, 7, 9].

[ToaTomy, Kak mpaBWiIO, B MOJABEMHBIX MEXaHH3Max MPUMEHSIOT IIyOOKOIa3HbIE WM
JIBYXKJIETOUHBIE ABUraTeNd, 00J1a1al01e MOBBIIIEHHBIM TyCKOBBIM MOMEHTOM U OTHOCUTENIBHO
HEOOJIBIINM ITyCKOBBIM TOKOM. OJJTHAKO ¥ MPUMEHEHNE YKa3aHHbBIX TUIIOB JIBUTATENIEH TOJIHOCTHIO
HE pellaeT yKa3aHHBIX MpoOJeM, 4TO AMKTYeT HEOOXOJUMOCTh IpueMa allbTepHaTHBHBIX
pemenutit [4, 5, 10, 11].
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Henbo craTbm SBISIETCS COBEPIIEHCTBOBAHME aHaIW3a JAMHAMHUYECKUX
napaMeTpoB TMPHUBOJOB CYAOBBIX IOJBEMHBIX MEXaHU3MOB JUIsI OOECIEYEHUs BO3MOXKHO
MaKCUMaJIbHOW MPOU3BOJUTENBHOCTH MIPU MOTPY30YHO-Pa3rpy30UHbIX paboTax U yMEHbILIECHUS
BJIMSIHUSL ITyCKOBBIX PEXKMMOB IIPUBOJIOB Ha KAU€CTBO OOPTOBOI0 HANPSKEHUS Cy/IHA.

OcHoBHasi yacTh. 3HAYUTENIbHBIN MMAapK aCUHXPOHHBIX ABUratened (AJ]) cocraBisiorT
CYJOBbI€ T'PY30MOAbEMHBIE MEXaHU3MBbI, MPOU3BOJUTENBLHOCTh KOTOPBHIX, IOMHUMO CKOPOCTH
MoJbeMa WM OIyCKaHUsl Tpy3a, ONpEeNeNseTcs TakXke BpeMeHeM mycka nsurarens. llo
JUTEpaTypHBIM JaHHBIM [1, 2] Bpems mycka ompefenseTcss Kak pa3HULA BEJIMYUH IyCKOBOTO

momenta M,

BHUMaHUeE KOH(UTYypaIus KpUBOH MOMEHTA ABUTATEINSI, YTO IPUBOIUT K CYIIECTBEHHOMN OIIHOKE.
Hwxke mpuBoauTCcs METOIMKA ONpENeieHUsT BPEMEHH pa3roHa MPUBOJA TPH MPOU3BOJIBHOU
dbopMe KpUBOIl MOMEHTA.
B o6miem cityyae ypaBHeHHE TBUKEHUS PUBO/IA!
do

M-M,=J==
dr |

o« JBUTATENS] U MOMEHTa conpotuBiieHuss M. Ilpu >ToM He nmpuUHHMaeTcs BO

rae M — nBuratesbHbIii MOMEHT, Mc— MOMEHT CONPOTUBIICHHUS, J — MPUBECHHBINA K JBUTATEIIO
MOMEHT WHEPIIMU MEXaHU3Ma, BKJII0Yass U MOMEHT UHEPIIUU POTOpa, @ _ CKOPOCTh pOoTOpa, t —
BpeM.

Pemas ero, onpenenseM Bpems pa3roHa (Iycka) JBUTATENs:

le}.\/

t,=J f ;da)
) M- M,

VUHTBIBAsI, YTO YITIOBAs CKOPOCTH () M CKOIBXKCHHE ScBsi3aHbl coorHomenueM O=@)(1—s),

dCO:—Cq)dS; 31€Ch () — CKOPOCTh NOJISI, IOCTOSIHHAS BEIUYMHA.

Torna Bpems pazroHa onpeaeauTcs Kak:
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rae S,y — IVMHAMUYECKUIA MOMEHT, WM IIJIONIA/lb, 3aKJII0YEHHAs 0] Pa3HOCTBIO

Oun

kpubix Mu M, .

C y4eToM 3TOro BpeMsi pa3roHa ONpeIeIuTCs KaK:

1
t, =k, Joy ——

Oun

b

Irac k = 1,1 +1,3 — KO3 HWIIMCHT, YUTHIBAIOIIMNA MOMEHT HHEPIIUM TPAHCMHUCCHH.
mp y Y P

KpuBas m = f(s) HOCHT DE3KO HEIMHEHHBIA XapakTep, 3a4acTyl0 HMeEs SBHO

BBIPAXEHHBIA MakcuMyM. Ha 3TOi KpUBOM BCerja MOXHO ONPEACIIUTh YEThIPE TOUKH:
1. Pexwum ugeansHOTO X0JocToro xoma: M =0, s =0

HomunaneHbIM pexuM: M :Mm, S=S,008

2
3. PeXHM MaKCHMANbHOrO MOMEHTa (kputnueckas Touka): M =M . s= S s
4

IIyckoBoii pexum: M=M nyers S =1.

Ho pybpuku exnioueno cmammi 3a memamudtor CHPAMOB8anicmio «Asmomamusayis ma KomMn 10mepHo-
iHMezpoB8aHi MexHoN02Iii»
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Bce st TOukmM OMpCACIIAAIOTCA MO0 MACHOPTHBIM JAHHBIM JABUTATCIIA W IO KaTaJlory,

2
BEIMYHAHY S, MOKHO BBIMUCIUTH 11O YOpMYJIE Sy, =S, * (k,+k, -1, k, =M, /M, .

C 10CcTaTroyHON CTENEHBIO TOYHOCTU KPHMBYIO M = f(s) MOXKHO 3aMEHUTH KyCOYHO-
JIOMaHOH NpsAMOii, MPOXOALIEH yepes3 ueTblpe yKa3aHHbIE TOUKH, KaK IT0Ka3aHo Ha puc. 1.

AM
s Miaxe
iR

;
1
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Pucynok 1 — Kycouno-nineiiHas anmnpokcumays KpuBoit Momenta M = f (S)

[Tnomans, 3akarodyeHHass mojx KpuBoi M = f(s) Ha yuactke s=1 po s=s, .

OIMPECACIINTCA KaK:

Mn CK + MMaKC Mmaxc + MIIUM
M zyf.(l—skp)+f-(skp —8,,.)-

Eciu xe xpuBasg M = f(s) MMEET MOHOTOHHBIN BHJI, UTO UMEET MECTO B JBUraTEIsAX C
MacCHUBHBIMU ()epPOMArHUTHBIMU pOTOpaMu (puc. 2) , TO TUIOIIAAb O] KPUBOH OyIeT paBHa

Mnycx+M M] +M
I S—

Mle.(l_Sl) n .(Sl _SHOM)'

[Ipu aTom BBIOOP KOOpAMHAT TOukU (M1, s1) HekpuTuueH: s1 = 0,15 + 0,3.
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Pucynok 2 — KycouHo-iHeiiHas anmpoKcuMalys KpuBoii, umeromeit M = f (S)MOHOTOHHLIﬁ
XapaxkTep
ANbTEpHAaTUBON TaKUM JIBUTATEISIM MOXET CIY)XHTh JBUTATEb C MAaCCHBHBIM
beppoMarHuTHBIM POTOPOM, KOTOPBIA UMEET MEXaHHUECKYIO XapaKTEPUCTUKY, MPEACTABICHHYIO
Ha puc. 2. OmegHeHUE pOTOpa CIOCOOCTBYET TMOBBIIMICHUIO €ro padboyero M IyCKOBOTO
MomeHTOB [4]. Tawke s yaydiieHus pabodyMx XapaKTEpPUCTUK JIBUTATeNlss BO3MOXKHO
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MIPUMEHEHHE JABYXCIOWHOTO pOTOpPa, KOTJa Ha OOBIYHBIN POTOp ¢ OeNnybell KIETKOW HacakeHa
MaccHBHas (peppOMarHuTHas THIIb3a.

AHanmm3 3IeKTPOMarHUTHBIX MPOIECCOB, MPOUCXOISIINX B MACCUBHOM (DepPOMarHUTHOM
potope [5, 17], mo3BosisieT onpenenuTh ryOMHY MPOHUKHOBEHUS JIEKTPOMArHUTHOTO HOJS B
Teso potopa Ha yactore 50 ['m w mpuiiTu K 3aKIIIOYEHHIO, YTO TOJIe BIIIyOb pOoTOpa MpH IMyCKe
MIPOHHMKAET BCEro JMIIb Ha 1-3 MM, UMes MaKCUMaIbHOE 3HaUYeHHE Ha MOBEPXHOCTHU U yObIBast 1O
AKCIIOHEHIIMATIbHOMY 3aKkoHy. [Ipu 3TOoM moja riayOnMHON NPOHUKHOBEHHUS MOHUMAETCS INIyOHHA,
Ha KOTOPOM MOJIe YMEHBIIAETCS B € pa3 10 CPAaBHEHUIO C TI0JIEM Ha MOBEPXHOCTH.

Takxke TiIyOMHa IPOHMKHOBEHHUS 3aBMCUT OT 4acTOThl f | mponopuuonansha 1/4/ f [5].

Ucxons u3 storo, npu ckonbikennn § = 0,05 wacrora mons B porope pasna 2,5 I'u, a
ri1yOrHa IPOHUKHOBEHMS COCTaBUT pUMepHO 4,5—13,5 mM. [ToaTOMY MOKHO clienaTh BBIBOJI, UTO
BHYTpPEHHEE TEJI0 POTOPA B AIEKTPOMArHUTHOM IPOLIECCE yUaCTUsl HE IPUHUMAET, YTO IO3BOJISET
€ro UCKJIIOYUTh, 00JIETYMB CaM POTOP M CHU3UB, TAKUM 00pa3oM, MOMEHT MHEPLUH POTOPA, YTO
YMEHBILIAET BpPEMs €ro pasroHa. A, IOCKOJbKY, I0JIEé BHYTPH pOTOpa OTCYTCTBYET, HET
HE00XOIMMOCTH BO BHYTPEHHEM (DEppPOMArHUTHOM CTaTOpEe, KOTOPBI OOBIYHO NMPHUCYTCTBYET B
JBUTATENSAX C MOJBIM poTopoM. [Ipu 3TOM cam pOTOp KOHCTPYKTUBHO MOKET MPEACTABIIATH COOOM
TIOJIBI TOJICTOCTEHHBIN ()epPOMArHUTHBIN CTaKaH.

IIpumem riryOMHy NpOHMKHOBEHMS Hons A =2Mm Ha dactore 50 I'u, Torna Ha gacrore

50
25 Tm A, =A,/-—-=89Mm. Paccunraem 010 T0Js, CO3JIAIOIIETO MOMEHT B

b
(heppOMarHUTHOM CTaKaHEe, B 3aBHCHMOCTH OT TOJIIIMHBI TOCJICIHEr0 MpU mycke (s=1) u mpu
s=0,05

Tabmurs 1 — [TycKkOBBIX XapaKTEPUCTUKH TOJIIIMHBI TEJIa POTOpa
TosmuHa Tesna poropa, MM 2 6 8,94 10 14 18
Benuuuna 1o, pu s=1 0,63 0,95 0,99 0,99 1 1

;‘fﬂa}omem MOMEHT, npu s=0,05 02 | 049 | 063 | 067 | 0,79 | 0,87

) HpHBeI[eHHOﬁ Ta6JII/II_II>I BUJIHO, 4YTO [JIA TOJYYCHUA XOPOIIHMX ITYCKOBBIX
XapaKTEPUCTUK TOJIIMHA TeJIa POTOpa MOXKET HE MpeBbIIIaTh 6 MM. Ecnu ke, KpoMe XOpOIInx
ITYCKOBBIX H606XOI[I/IMO NOJIYUUTb U YAOBJIICTBOPUTCIILHBIC TATOBBIC XAPAKTCPUCTHUKH, TOJIIIUHY
CTEHKHU pOTOpa HEOOXOAUMO YBEJIUYUTh IPUMEPHO BJIBOE.

BaxxHoit o0coOeHHOCTBIO [BHUraTelied ¢ MAaCCHUBHBIM (DEPPOMArHUTHBIM POTOPOM,
BBIIIOJIHEHHOM B BHUIC TOJICTOCTCHHOI'O CTaKaHa sABJIACTCSA MaJbIi MOMEHT HHCPLUUH, YMCHBIICHNC
KOTOPOI'O BBI3BIBACT IMMPONMOPHUOHAJIBHOC YMCHBIICHNUEC BPEMCHHU Pa3roHa ABUIATCIId IIPpHU CTAPTE,
YTO OCOOCHHO Ba)KHO IIpH €ro IpUMCHCHUHU B CYJOBLIX IMOJABCMHBIX MCXaHU3MaAX. Kak IIpaBHJIO,
ACUHXPOHHBIC  ABUTATCIIM  [MOABCMHBIX  MCXAaHU3MOB BBITIOJIHAKOTCA C  YBCIIMYCHHBIM
COOTHOIICHUEM JJIMHBI pOTOpPa K €r0 JUaMETPy, YTO CHHXKACT MOMCHT HHCPIIMH POTOpA.

Ecmu CIIPOCKTUPOBATL JABUT'ATCJIb HAa OCHOBC CTAaTOpa MOIIHOCTBIO 30 KBT, TO IIpH
COOTHOILICHHUH JTHHA-TUAMETpP poTopa 2:1 ¥ 0OBIYHBIX 3JIEKTPOMAarHUTHBIX HAarpy3Kax JJIUHA €ro
potopa O6yzaet paBHa okoio 30 cM npu quameTpe 15 cm. Macca poropa ¢ 6enuubeii KjaeTkoii Oyaer
paBHa:

D’ 715

m= Id
4

rae D =15 cMm — quametp potopa, [ =30cM — ero anuHa, d = 7,8 r/cM’ — yeNnbHBIH Bec CTaIH.

-30-7,8-107° =4135«r,

MowmeHT uHepuuu J Takoro poropa paBeH

Ho pybpuku exnioueno cmammi 3a memamudtor CHPAMOB8anicmio «Asmomamusayis ma KomMn 10mepHo-
iHMezpoB8aHi MexHoN02Iii»
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2 2
J=m% =41,35-%-10‘4 =0,] 16kr™m>.

B ciiyyae maccuBHOTO (peppOMarHUTHOIO MOJIOTO POTOPA C TOJIIMHON CTEHKU 6 MM €ro
Macca 6yaeT paBHa 6,35 kr, a MoMeHT uHepuuu — 0,033 krm?. [lpu Tonmmuue crenku 12 MM Macca
cocTaBuT 12,2 kr, MoMeHT unepiuu — 0,0584 krm?. Takum 00pa3zoM, TOJBKO 3a CUET YMEHBIIICHUS
MOMEHTa MHEPLHU POTOpa BpeMs pa3roHa JBUraTellss MOKET ObITh CHID)KEHO B IEPBOM Ciydae
B 3,5 pa3a BO BTOpOM B 2 pasa.

Taxke, crexyer OTMETHTh, YTO MACCHUBHBIH pPOTOp Takoro JABHraTens o0jaaaer
MOBBIIIEHHONW MEXaHUYECKOW MPOYHOCTHIO, YTO MO3BOJISIET €70 UCIIOJIb30BAaTh HA CBEPXBBICOKHUX
CKOpOCTSIX BpallleH!s (JECATKU U COTHU ThICSY 000OPOTOB B MUHYTY).

OcHOBHOW K€ OCOOCHHOCTBIO JBUTATENII C MAaCCHBHBIM POTOPOM SIBISIETCS €T0
HOBBIIIEHHBIHN ITyCKOBOW MOMEHT IIPU OTHOBPEMEHHOM CHHYKEHHH ITyCKOBOTO TOKA, YTO 0COOEHHO
BAJKHO IIPU OI'PAaHUYEHHON MOIIHOCTHU CYJ0BOM AJIEKTPOCTAHIINH.

Jlis IObEMHBIX MEXaHW3MOB Ha CyJlaX MPUMEHSIOTCS JBUTATEeNIN C IBOMHOM Oennubeit
KJIETKOM, KOTOpBIE€ TakKK€ MMEIOT TMOBBIIICHHBI ITyCKOBOW MOMEHT IIPpM OTHOCUTEIBHO
HEOOJIBIION KPAaTHOCTH IyCKOBOro Toka. OJHAKo, €clu B JABHUraTeisiX ¢ JABOWHOW KIETKOU
KpPaTHOCTh ITyCKOBOI'O MOMEHTa AOCTUTAeT 2,5—3 mpH KPaTHOCTH IMyCKOBOTO TOKa 5—6, TO B
JBUTATEISAX C MACCHUBHBIM POTOPOM 3TOT IapaMeTp MOKHO JOBECTH IO YpOBHS 4-5, mpu
KpPaTHOCTH TOKA 4—5, 4TO TakKe MOJIOKUTEIBHO CKa3bIBAETCS HA ITyCKOBBIX XapaKTEPUCTUKAX.

Takum o0Opa3oM, NpUMEHEHHE YKa3aHHBIX JBUTaTeled B CYIOBBIX IOJBbEMHBIX
MEXaHM3MaxX [O3BOJISIET 3HAUWUTENbHO YIYUIIUTh HMX JUHAMHYECKHE [apaMeTpbl IMpu
OJTHOBPEMEHHOM CHM)XEHUHU OpPOCKOB HArpy3KH B NMUTAIOIIEH CETH KaK MO BEIMYMHE, TaK U IO
JUIUTEIBHOCTH.

BeiBoabl. [lpuBencHHBI pacyeT IWHAMUYECKOIO MOMEHTA II03BOJISET YTOYHMTH
OTIpeNIeICHNE BPEMEHH pPa3rOHa AaCHHXPOHHOTO SJIEKTPONPHBOJA C MPOU3BOJIBLHOW (opMoi
KPUBOI MOMEHTA, YTO JAET BO3MOXKHOCTh ONITUMU3UPOBATH BUJ] MEXaHUUECKON XapaKTEPUCTUKH.
[IpumeHeHre aCHHXPOHHOTO JIBUraTelsl ¢ MACCUBHBIM IOJIBIM POTOPOM B CYJOBBIX MOJBEMHBIX
MEXaHHU3Max MO3BOJIUT YJIyYIIUTh HE TOJBKO IEKTPOMATHUTHBIC TAPAMETPBI JBUTATENS, CHU3UB
KpPaTHOCTb IIYCKOBOI'O TOKa M IOBBICMB IIyCKOBOM MOMEHT, YTO COKpallaeT BpeMs pa3roHa
IPUBOJIa, YMEHBIIAET IPOBAJBl HANPSDKEHUS OOPTOBOW CETM M MX JUIMTENBHOCTh, HO U
MEXaHUYECKHUE XapaKTePUCTUKH — MOMEHT MHEpLUMU pOTOpa, YTO TaKXKE CIOCOOCTBYET
YMEHBILICHNAIO BPEMEHHM Pa3rOHAa M €ro JINTENBHOCTH M CHU)KAET MATCPUATIOEMKOCTh M BEC
nsuratens. [lpeacraBieHHas METOAMKA pacueTa MOXKET ObITh IIPUHSTA 32 OCHOBY M IPH aHAJIH3e
[apaMeTPOB JIBUTATEINS C IBYXCIOHHBIM POTOPOM, COYETAIOIIEM B ce0€ BHICOKHE JUHAMUYECKHE
U paboure OKa3aTeH.

CIIMCOK UCITOJIb30BAHHOM JIUTEPATYPBI

1. Yekynos K. A. CyoBbl€ 21€KTpONPUBOIBI U JIEKTPOIBUKEHUE CY10B. JIeHuHrpan :
Cynoctpoenue, 1989. 464 c.

2. Casenko A. E. CynoBsle snexTponpuBosl : y4e0. nocodue. Kepusr : ®I'BOYBO
«KepueHckuii rocy1apCcTBEHHBI MOPCKON TEXHOJIOTUYECKUN yHUBEpcUTET», 2019. 220 c.

3. Hughes A., Drury B. Electric Motors and Drives: Fundamentals, Types and
Applications. Newnes, 2013. 440 p.

4. Wmenko U. M., I'onomanos C.C. PacueT acCHHXpOHHOI'O JBUTaTelsl C OMEIHEHHBIM
MacCHUBHBIM (eppPOMarHUTHBIM POTOPOM. Hayxoeutl sicHux XepcoHcbKoi 0epicasHoi MopcbKoi
axademii @ Haykogutl dicypHal. XepcoH : XepCcOHChbKa Jep)kaBHa Mopchka akanemis, 2017.
Ne 1(16). C. 121-125.

5. Kyuesanos B. M. Bonipocs!l Teopun 1 pacueTa aCHHXPOHHBIX MAILUH C MACCUBHBIMU
poropamu. MockBa — Jlenunrpap : ueprus, 1966. 304 ¢

ISSN 23 13—4763



m ABTOMAaTH3aid Ta KOMITIOTEPHO-IHTETrPOBAaHI TEXHOAOTIT

6. Me3un E. K. CynoBble »snekTpuueckue MamuHbl @ ydyeOHuk. JIeHuHrpan
Cynoctpoenue, 1985. 320 c.

7. OmneitnukoB A. M., MapteinoB B. H. CynoBble 3ieKTpUYECKHE MAIIUHBI.
Cesacromnonb: CeBHTY, 2010. 316 c.

8. Kamman M. M. Dnexkrtpuueckue MmamuHbl : ydyeOHMK MockBa : W3n. Llentp
«Axanemus», 2013. 496 c.

9. Bompaex A. 1., ITonos B. B. Dnextpuueckue MaminHbl. ManmHbl IepeMEHHOTO TOKA.
Cankr IlerepOypr : ITurep, 2008. 350 c.

10. Tonpn6epr O. ., Cupuaenko U. C. IlpoexTupoBaHue 3JIE€KTPUUYECKUX MAIIHH.
Mocksa : Beicnt. mk., 2006. 430 c.

11. KomeuioB U. II., Knokos b. K., Mopo3kun B. II., Tokapes b. ®@. [IpoektupoBanue
aneKkTpuyeckux MamuH. Mocksa : U3natensctBo FOpaiir, 2011. 767 c.

12. Bird J. Electrical circuit theory and technology. Elsevier, 2002. 984 p.

13. Hall D. T. Practical marine electrical knowledge. London, Witherby & Co Ltd,
1999. 132 p.

14. TloctHukoB U. M. [IpoektupoBanue snexkTpuueckux MamuH. Kues : ['oc. u31-Bo TexH.
1-psl, 1960. 910 c.

REFERENCES

1. Chekunov K. A. (1989). Sudovihe ehlektroprivodih i ehlektrodvizhenie sudov.
Leningrad : Sudostroenie.

2. Savenko A. E. (2019). Sudovihe ehlektroprivodih : ucheb. posobie. Kerchj :
FGBOUVO «Kerchenskiyj gosudarstvennihyj morskoyj tekhnologicheskiyj universitet.

3. Hughes A., Drury B. (2013). Electric Motors and Drives: Fundamentals Types and
Applications Newnes.

4. Tthenko I. M., Golothapov S. S. (2017). Raschet asinkhronnogo dvigatelya s
omednennihm massivnihm ferromagnitnihm rotorom. Naukoviyj visnik Khersonsjkoi derzhavnoi
morsjkoi akademii : naukoviyj zhurnal. Kherson : Khersonsjka derzhavna morsjka akademiya,
1(16), 121-125.

5. Kucevalov V. M. (1966). Voprosih teorii i rascheta asinkhronnihkh mashin s
massivnihmi rotorami. Moskva — Leningrad : Ehnergiya.

6. Mezin E. K. (1985). Sudovihe ehlektricheskie mashinih : uchebnik. Leningrad :
Sudostroenie.

7. Oleyjnikov A. M., Martihnov V. N. (2010). Sudovihe ehlektricheskie mashinih.
Sevastopol j: SevNTU.

8. Kacman M. M. (2013). Ehlektricheskie mashinih : uchebnik. Moskva : Izd. Centr
«Akademiyay.

9. Voljdek A. 1., Popov V. V. (2008). Ehlektricheskie mashinih. Mashinih peremennogo
toka. Sankt Peterburg : Piter.

10. Goljdberg O. D., Sviridenko I. S. Proektirovanie ehlektricheskikh mashin. Moskva :
Vihssh. shk., 2006. 430 s.

11. Kopihlov L. P., Klokov B. K., Morozkin V. P. & Tokarev B. F. (2011). Proektirovanie
ehlektricheskikh mashin. Moskva : Izdateljstvo Yurayjt.

12. Bird J. (2002). Electrical circuit theory and technology. Elsevier.

13. Hall D. T. (1999). Practical marine electrical knowledge. London, Witherby & Co
Ltd.

14. Postnikov I. M. (1960). Proektirovanie ehlektricheskikh mashin. Kiev : Gos. izd-vo
tekhn. l-rih.

Ho pybpuku exnioueno cmammi 3a memamudtor CHPAMOB8anicmio «Asmomamusayis ma KomMn 10mepHo-
iHMezpoB8aHi MexHoN02Iii»



HaykoBuii BicCHUK XepCOHCBHKOI Aep3KaBHOI MOPCHKOI akageMii m

Tonomanos C. C. AHAJII3 JUHAMIUYHNX ITAPAMETPIB ITIPMBO/IIB CYJIHOBUX ITIJHOMHUX
MEXAHI3MIB

Acunxponni MawuHu 8UKOPUCHOBYIOMbCS 6 OCHOGHOMY 5K O8USYHU. 3a60aKU NiOSUueHitl Haditinocmi
i npocmomi KOHCMPYKYTT 6OHU WUPOKO 3ACMOCOBYIOMbCSL 8 NPOMUCIO80CHI | HA CYOAX MOPCbKO20 (homy,
0y0yuU OCHOBHUMU CROJCUSAYAMU eleKmpuunoi enepeii. Hessaocaiouu na 3aznaueni nepeeacu, im
NpUMamanti i HeOONIKY, 3 AIKUX HAUOLIbW ICMOMHUMU € NO2AHA KEPOBAHICMb I 3AMAN03A008LIbHI NYCKOBI
xapakmepucmuxu. I, AKuo npu UKOPUCMAHHI CYHACHOT CUNOBOT eleKMPOHHOI 6a3u 60AcmvbCsl CIEOPUmU
npUBOOU 3 BUCOKUMU PE2YII0BANbHUMU NOKAZHUKAMU, MO 8IOHOCHO HEBeIUKUL NYCKOBULL MOMEHM i 6e1bMU
3HAYHI NYCKOBI CMPYMU € CePUO3HOI0 NEPEeUK0000 01 3ACTNOCYB8ANHA ACUHXPOHHO20 NPUBOOY 8 NIOUOMHUX
MeXanizmax uepe3 obOMedceHy NOMYHCHICMb CYOHO80I enekmpocmanyii. [[nia ompumanHsa 3a008L1bHUX
NYCKOBUX XAPAKMEPUCIUK 8 OCHOBHOMY, BUKOPUCOBYIOMbCS e/leKIMPONPU8OOU HA OCHOBI 2IUDOKONA3HO20
i 0BOKNIMUHHO20 O08UZYHIB, OOHAK BOHU MAOMb BIOHOCHO HEBUCOKI NYCKO8i MOMEHMU i 3HAYHI NYCKOGi
cmpymu, wo 0byMoeuioe 00CUumy GeluKi i BIOHOCHO MPUBAi NPo8au OOpMoEoi Hanpyeu. AnbmepHamueoio
MAKUM OBUSYHAM MOJCE CIYIHCUMU OBUSYH HA OCHOBI MACUBHO20 (PepoMAacHIMHO20 pomopa, wo 60100i€
BHAYHUM ~ NYCKOBUM MOMEHMOM Npu  GIOHOCHO MAniti KPpAmMHOCMI NycKogo2o cmpymy. Ananiz
€NIeKMPOMACHIMHUX NPOYeCci@ MaxKo2o O0BUSYHA NOKA3VE, WO BHYMPIWHA YACMUHA DOMOPA Y4acmi
8 CIMBOPEHHI KPYMHO20 MOMEHMY He NPULLMAE, MOMY U020 OOYLIbHO GUSOMOGIAMU Y GUSTS0I HOPOJICHBOT
MOBCMOCMIHHOT  (DepOMACHIMHOT  CKISIHKIL. Komnpomichum eapianmom O0ueyHa, sKuil 80100i€
NIOBUWEHUMU NYCKOGUMU NPU  HENO2AHUX POOOYUX XAPAKMEPUCIUKAX MOJICE CNYICUMU  OBUSYH
3 080WAPOBUM POMOPOM, WO ABTIAE COOOK KIACUYHY OLNAYY KAIMKY 3 HACAONCEHUM HA Hei MACUBHUM
depomacuimuum YUNIHOPOM, 8 AKOMY HYCKOGI XAPAKMEPUCTIUKU BUSHAYAIOMbCA, 8 OCHOBHOMY),
Gepomacuimuum yuniHopom, a poboui - napamempamu 040l Kiimuuu. Y cmammi YMOYHIOEMbCA
MemooOuKa 8U3HAUEHH OUHAMIYHO20 MOMeHmY i Ha il OCHOBI Yac NycKy 08U2YHA a4 MAKONC HABOOUMbCS
cnpoba onmumizayii 6ubopy MmosuwuHY CMIHKU epoMaAZHIMHO20 POMOPA 8 3ANEeHCHOCHI 8i0 NOKIAOEHUX HA
HbO20 BUMO2 8 YACMUHI NYCKOBUX [ pOOOUUX XAPAKMEPUCTIUK.

Knrouosi cnosa: acunxponnuii 0sucyH, QepomacHimHuili pomop, NYCKOGUU MOMEHM, NYCKOSUll CMpPYM,
MOMeHm THepYyii, eneKmpomMacHimue noJe.

Goloschapov S. S. ANALYSIS OF DYNAMIC PARAMETERS OF SHIP LIFTING MECHANISMS
Asynchronous machines are used primarily as motors. Due to their increased reliability and simplicity of
design, they are widely used in industry and on ships of the marine fleet, being the main consumers of
electrical energy. Despite these advantages, they also have disadvantages, of which the most significant are
poor controllability and poor starting characteristics. And, if using a modern power electronic base it is
possible to create drives with high control parameters, then a relatively small starting torque and very
significant starting currents are a serious obstacle to the use of an asynchronous drive in lifting mechanisms
due to the limited capacity of the ship power plant. To obtain satisfactory starting characteristics, electric
drives are mainly used on the basis of deep-pit and two-cell engines, however, they have relatively low
starting torques and significant starting currents, which causes rather large and relatively long dips in the
onboard voltage. An alternative to such motors can be a motor based on a massive ferromagnetic rotor,
which has a significant starting torque at a relatively small multiplicity of the starting current. Analysis of
the electromagnetic processes of such an engine shows that the inner part of the rotor does not take part in
the creation of the torque, therefore it is advisable to manufacture it in the form of a thick-walled hollow
ferromagnetic glass. An engine with a double-layer rotor, which is a classic squirrel cage with a massive
ferromagnetic cylinder mounted on it, in which starting characteristics are determined mainly by a
ferromagnetic cylinder, and the operating characteristics - by the parameters of a squirrel cage, can serve
as a compromise version of an engine with increased starting characteristics with good performance
characteristics. The article clarifies the method for determining the dynamic torque and, on its basis, the
engine start-up time, as well as an attempt to optimize the choice of the wall thickness of the ferromagnetic
rotor, depending on the requirements imposed on it in terms of starting and operating characteristics.
Keywords: induction motor, ferromagnetic rotor, starting torque, starting current, moment of inertia,
electromagnetic field.
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