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AnHoTaums. IIpenoxeH MeTox 1oadopa SKOPHO-IIBAPTOBHBIX MEXaHM3MOB I10 NOJYYEHHBIM B PE3yJIbTaTe pacyeTa
0000IIEHHBIM XapaKTePUCTHKAM B YCIOBHSAX Ae(HIUTa CyJOBOrO 000pynoBaHMS. PaccMOTpEHBI 3MEKTPONPUBOIBI
SIKOPHO-IIBAPTOBHBIX MEXaHW3MOB, BBIIOJHEHHBIE HA OCHOBE ACHHXPOHHBIX JJICKTPOJBHUTraTeNIeH, U BBIBICHO, YTO
YacTh M3 HUX HE MMEIOT BO3MOXHOCTH NMEPEKIIIOUCHHS CXEMBI COSIMHEHNUS CTATOPHBIX OOMOTOK B KJIIEMMHOM KOpOO-
ke. [IpemnoxkeHo MOAKIIOUEHHE IEKTPOIPUBOA JIeOeKN depes COracylomui TpaHcopmMaTop B Cilydae HECOBIIa-
JICHHS BEJIMYMHBI MMTAIOLIEr0 HAINPSDKCHHs 3JIEKTPONpPUBOJA M CYHOBOH cerH. IIpuBeneHa onHOJIMHEHHAs cxema,
BKJIFOYAIOII[Asi CyJJOBOH T€HepaTop ¢ Harpy3KoM, COrIacyolui TpaHcopMaTop 1 3IEKTPOBUraTe b IIPUBOA JeOe /-
ku. [IpoaHanM3upoBaHBI PEKUMBI PabOTHI IEKTPONPHUBOJA JeOCIKH — TPaBUTH/BBIOMPATh, CTOSHKA IO TOKOM,
a TaKKe JaHO MOSCHEHHUE 10 PacyeTy M MOJIEIHPOBAHUIO CHCTEMBI IEKTPOCHAOXEHNS NMpUBoJa Jiebeakn. YKa3aHo,
YTO MOJIEIMPOBAHHUE CUCTEMBI BHIIOIHSIIOCH C HCIIOJIB30BaHUEM Pa3pabOTaHHON aBTOpaMH paHee MMHTAMOHHOW MO-
nemu. [IpuBeneHsl nuana3oHbI MOIIHOCTEH I'€HEpPaTOPOB, COTNIACYIONIMX TPAHC(HOPMATOPOB U INIEKTPOABUTATEINCH,
JUISL KOTOPBIX OBLIO IPOBeIeHO MojennpoBanue. OnpeeneHsl 3HaYeHHs IPeJIebHBIX BEJIMYHH IPOBala HAIPSDKEHUS
IIPU IIyCKe JIEKTPOIPHUBO/A KaK JUISl HAIPSDKCHUS CYJJOBOU CETH, TaK | JUIS IIMTAIOIIETO HANPSDKEHHUS JICKTPOBUra-
Tens. IIpuBeIeHb! TIOCTPOCHHBIC COIVIACHO Pe3yNbTaTaM aHAJIM3a IEePEXOAHbIX MPOLECCOB 3aBUCHMOCTH ISl CHCTEMBI
EKTPOCHAOKEHHS C Pa3IMYHBIMU 3HAYCHHSAMU MOIIHOCTH 3JICKTPOJBUraTeNst U TpaHc(hopMaTopa NP PasiIuyHON
3arpy3ke rexeparopa. JlaHsl 0000IICHHAs OLICHKA MOJIYYCHHBIX 3aBUCHMOCTEH, PEKOMEHAAUNH UI X NPUMEHEHUS
IpU BBIOOPE MOIIHOCTH JIEOEIKH M OIpeIecHUs] He00OX0IMMO MOITHOCTH COTJIacyloulero Tpancdopmaropa ¢ yde-
TOM YCTAQHOBJICHHBIX IIPOSKTaHTOM M PocCHIICKMM KiaccH(pUKAIIMOHHBIM 00mecTBOM TpeboBanuii. ClenaHsl BHIBOABI
1 000CHOBaHa IPAKTHUUYECKasl IEHHOCTh pabOTHI HA STale KOHCTPYMPOBAHMS IIPH MOJASPHHU3ALHH SIKOPHO-IIBAPTOBHBIX
ne0eoK.
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Abstract. A method for selecting anchor-mooring mechanisms based on the generalized characteristics obtained as
a result of calculation is proposed, in conditions of a shortage of ship equipment. The article considers electric drives
of anchor-mooring mechanisms based on asynchronous electric motors and reveals that some of them do not have the
ability to switch the stator winding connection scheme in the terminal box. It is proposed to connect the winch electric
drive through a matching transformer in case of a mismatch between the supply voltage of the electric drive and the
ship's network. A single-line diagram is given, including a ship generator with a load, a matching transformer and an
electric motor of the winch drive. The operating modes of the winch electric drive are analyzed: lose/take in and park
under current, and an explanation is given regarding the calculation and modeling of the winch drive power supply
system. It is said that the modeling of the system was performed using a simulation model previously developed by
the authors. The power ranges of generators, matching transformers and electric motors for which the simulation was
performed are given. The values of the maximum voltage drop at the start of the electric drive are determined, both for
the ship's network voltage and for the supply voltage of the electric motor. The dependences for the power supply sys-
tem with different values of the electric motor and transformer power at different generator loads, constructed based
on the results of the analysis of transient processes, are given. A generalized assessment of the obtained dependencies
is given, as well as recommendations for their application when selecting the winch power and determining the re-
quired power of the matching transformer, taking into account the requirements established by the designer and the
Russian Classification Society. Conclusions are made and the practical value of the work at the design stage during
the modernization of anchor and mooring winches is substantiated.

Keywords: anchor and mooring mechanisms, winch electric drive, asynchronous electric motor, winding connection
circuit, ship's network, simulation model, matching transformer, transformer power, system modeling
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BBenenne

CaHKIMOHHBIA PEXUM IOCICAHUX JIET OTPAa3UIICS
B neduuuTe 000pYIOBaHU, YTO CO3JAI0 OINpPE/eIiCH-
HbIE TPYIHOCTH B 00JACTH CYAOCTPOCHHUS Ha dTamax
KOHCTPYUPOBAHHS M HACHIIICHUS cya0B. [Tpu mondope
000pyIOBaHUS [0 PACYCTHBIM MapaMeTPaM BO3HUKACT
mpoOiieMa ero BbIOOpa, YTO 3a4acTylO0 MPHBOJIUT
K HEOOXOAWMOCTH BBINIOJTHEHHUS IOTIOJHUTEIHHBIX
pacyeToB W BHECEHHWS H3MEHEHHH B KOHCTPYKIWH.
Tak, mpu moxbope mamyOHOTO 000pYIOBAHUS, UCXOIS
U3 HOMHHAJIBHBIX IAaHHBIX, HEOOXOINMO YYUTHIBAThH
pa3NMYHBIE TapaMeTphl, a B CHJIY OIPaHHYEHHOCTH
CTaHJAPTHBIX YCTPOWCTB MpeIiaraeMoil cepuu MpH-
XOJMTCS WATH HAa YBEIMYCHHE MOIIHOCTH H3JCIIUH.
COOTBETCTBEHHO, YBEIMYHUBAIOTCS MaccOTra0apUTHEIC
mapaMeTphl ¥ 3HAYCHHS TYCKOBBIX TOKOB 3JICKTPOIBU-
rareneit (3/1), 4To B 00ILIEM HTOre MOXKET NPHBECTH
K HEOOXOIMMOCTH YBETHYEHHUS MOIIHOCTH MCTOYHHUKA
AIEKTPOIHEPTHH.

[MoTpebutensckuii crpoc chHOPMHPOBAI OTIpeEc-
JICHHYIO 3aBHCHMOCTB, YTO CTaHIAPTHBIA psAx mairyO-
HBIX MEXaHU3MOB, MMEIOIINX 3JIEKTPUUECKOE TTHTAHHE
HanpspkenreM 380 B, Gonee mupokuii o cpaBHEHUIO
C psAIOM YCTpoiicTB, paboTaronux ot 220 B. Kpome
TOT0, YCTPOICTBA, IMEIOMIME MATyI0 MOITHOCTH (eIu-
HUIIBI KHJIOBATT), UMEIOT 00MoTKH D/], coOpaHHBIE M0
CTaHJAPTHON CXeMe COCTUHEHHUsS Oe3 BO3MOXKHOCTH €€
KoMMyTanud. VICXoas W3 BBINICCKA3aHHOTO, CIIEAYET
OTMETHUTh, YTO MOAOOP MATyOHOrO MEXaHW3Ma C OIl-
TUMaJFHBIMHU TTapaMeTPaMHi BO3MOXKEH W3 CepuH, pac-
CUMTAHHON Ha paboTy OT ceTu HampspkeHueM 380 B,
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a B ciIydae, eclid HOMUHAJIbHOE HaNpsHKEHUE CYA0BOU
cetu paBHo 220 B, nox6op Oyner 3arpyanen. CaMbiM
HPOCTBHIM pEIIEHUEM BO3HUKIIEH MPOOJIEMBI SIBISETCS
COIJIACOBAHUE HAINPSKEHHUH CyNOBON CETH U NMUTaHUSA
9JIEKTPOIIPUBOJA ITOCPEICTBOM CHIIOBOrO TpaHcdop-
Mmatopa [1, 2].

IMocTanoBKa 3a1a4u

Peanm3anust TaKoro TEXHHUYECKOTO pemIeHHus 00y-
CIIOBJIEHA BCETO JIMIIb YCTaHOBKOHM TpaHC(opmaropa,
OTHAKO HEW3BECTHBIM IapaMeTpoM TpaHchopMaTopa
ABIISIETCA €ro MOIMHOCTh. CTpyKTypHas cxema d3JIeK-
TPOCHAOXKEHUsI 3JIEKTPOIPUBOAA SKOPHO-IIBAPTOBHOM
nedenku (SILJT) npuBenena na puc. 1.

Br100p MOLTHOCTH COTJIaCcyIOLIEro TpaHchopMaTo-
pa (CT) 3aBHCHUT OT HECKOJBKHMX IapaMeTpoB: OT
momHocTH D/, pexuMa paboThl 3JIEKTPONpPHUBOJIA,
MOIIIHOCTH Jam3enb-rerepatopa (JI), mnwmraromei
Tpancopmatop, u T. 1. [3, 4]. Ciemyer OTMETHTb, YTO
CHHXPOHHBIN TeHepaTtop uMeeT HampstkeHue 220 B,
a ucrostbzyemas ST ocHamena D/] ¢ HanpspKeHUEM
nmutanust 380 B. M3BecTHO MHOXKECTBO METOJIUK pac-
geTa mapaMeTpoB TpaHchopMaTopoB U ]I, HO KOM-
TUICKCHBIC PACUCThl WM IMITUPHYCCKUE 3aBUCHMOCTH
JUIS TIOJTYYEHUS] MPUOJU3UTEIBHBIX TaHHBIX IMPH H3-
MEHEHHH MOLIHOCTeH TpaHcdopmaTopoB u D/] B Buze
Talbnuu WK rpadMueckux 3aBUCUMOCTEH B OITyOJIMKO-
BaHHBIX HCTOYHHKAX OTCYTCTBYIOT. BEINONHEHUE
HOJIHBIX PACYETOB 3JIEKTPOIHEPTETHIECKOH CHCTEMBI
CyIlHa Ha dTarne KOHCTPYKTOPCKOTO moadopa obopymo-
BaHUS HE TPEICTaBIICTCS BOSMOYKHBIM.
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Puc. 1. CtpykTypHas cxema 3JIeKTPOCHA0KESHUS

Fig. 1. Structural diagram of power supply

MeTtoasbl uccjieqoBaHU

Panee ObI10 000CHOBAHO, YTO METOJ MaTeMaTHYe-
CKOTO pacueTa CHCTEMBI JIEKTPOCHAOXKEHHS AIIEKTPO-
nprBoJa JeOeIKH MPH M3MEHEHHH HECKOJIBKHUX Iapa-
METPOB M PEKUMOB MIMEET BEICOKYIO CTEIICHb CIIOXKHO-
CTH, OTHAKO OoJyiee yMOOHBIM M HATIBIIHBIM SBIISETCS
METOJT MMHTAIMOHHOTO MoxaenupoBanus [1, 3, 5].
[IpemnokeHHas: WUMHTAIMOHHAS MOJETbh IO3BOJIHIIA
chopMyNIHpOBaTh TIJIABHBIC TPEOOBAaHUS K IMapaMer-
paM, KOTOpbIC IOJDKHBI YYHTBHIBATHCS TPU BhIOOpE
momrHocTr CT, a Takke HarJIAIHO MOKAa3aTh, KAKUM
00pa3oM OyIyT U3MEHATHCS ICKTPUUCCKUE MapaMeT-
PBI JEKTPOIIPHUBO/IA W THTAIOMIEH CEeTH NpU H3MEHe-
HUU COOTHOINEHWH MoIHOCTeH TpaHcdopmaTopa
u OJ1 ¢ menpio ompesesieHns: COOTBETCTBHS TpeboBa-
HUsM Poccuifickoro KiacCH(UKAIMOHHOTO OOIIecTBa
(PKO) [6].

Onncanue CHCTEMBI

Lenbr0 UMUTALIMOHHOTO MOJEIUPOBAHUS CUCTEMBI
JJIEKTPOITUTAHUS AJIEKTPONPUBOJIa MATYOHOTO Mexa-
HHU3Ma SBISCTCS (POPMHUPOBAHUE 3aBHCUMOCTEH TJaB-
HBIX MApaMEeTPOB Ui yJOOHOrO BBIOOpPA MOIIHOCTH
CT npu 3amaHHBIX MapaMeTpax MOIIHOCTH JJICKTPO-
MPUBOJIA JICOSAKN M JKEJIaeMbIX MMapamMeTpax B JIWHa-
MHYECKUX U CTATHIECKUX PEKUMax pabOThl MEXaHHU3-
Ma. [Ipu MonenmupoBaHHH 0OS3aTEIBLHBIM YCIOBHEM
SBIIAETCS paboTa MeXaHW3Ma B TATOBOM PEXHUME
1 PeKUME CTOSTHKH AJICKTPOTPHUBO/IA IO TOKOM.

JI1st TTOJTydeHUsT UTOTOBBIX XapaKTEPUCTHK BBIMOJ-
HEHO MOJIEITUPOBAHUE CUCTEMBI MPHU CIAEAYIOIUX Ia-
pameTpax 000pYHIOBaHUS U YCIOBUSIX:

— MomHocTh ]| manyOHOro Mexanmsma — oT 1,2;
5; 13,5 kBT;

— momqaocts CT —2,5; 6,3; 10; 63; 100 kBA;

— MOIIHOCTh CY/IOBBIX T€HEPATOPOB IPHU 3arpys3Ke
0-60 % — 60; 85 kBA;
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— MaKCHMAJIbHOE 3HAa4YCHHE BpEMEHH pa3roHa D]]
naryOHOTO MeXaHW3Ma /10 HOMHHAJIBHOTO 3HAYCHHS
Ha X0JIOCTOM X0y — He Oonee 1,7 ¢;

— MaKCHMaJIbHOE 3HAa4YeHHE BpEeMEHH pa3roHa O]
naryOHOTO MeXaHW3Ma /10 HOMHHAJIBHOTO 3HAYCHHS
o1 HAarpy3Koi — He Ooiee 2,2 c;

— MaKCHMaJIbHOE 3HAYeHHE MpOBala HAIPSKEHHS
nutanus D] — He Oonee 40 %;

— MaKCHMAJIbHOE 3HAYCHUC MPOBAJa HAIPSHKCHHS
CyIoBoii cetu — He Oouee 6 %.

s monmydenus Ooyiee HATNIATHBIX XapaKTEPUCTUK
YCIOBHSI MOJCITUPOBAHUS YCTAHOBJICHBI INUPE JOIY-
ctumbix PKO.

B pesymbraTe MOAenMpOBaHHUS CHCTEMBI JIEKTPO-
CHAOXXEHUsI DJEKTPOINpHUBOJA Jebeakn ¢ OOoNbIUM
KOJIMYECTBOM PA3JIMYHBIX COOTHOIICHWH TOJXY4EHBI
IUarpaMMBl  TIEPEXOAHBIX TIPOLECCOB, IO KOTOPBIM
OTIpe/ieIeHbl MaKCHUMaJbHbIE U MHHHUMAJIbHBIE 3HaUe-
HUS IAPaMETPOB, CBEJICHHBIC B 0a3y maHHbIX. [1o uto-
TOBBIM  3HAYCHHWSM IOCTPOCHBI  XapaKTCPUCTHKH
HECKOJbKUX apaMeTPOB B 3aBHCHMOCTH OT €IHHOTO
mapameTpa — 3arpy3ku reHepatopa. Ha xapakrepucru-
Kax MapaMeTp 3arpy3kd TeHeparopa IpeJCTaBICH
B Bujie KodpdunueHta K, %. IT0 00BsICHIETCS TEM,
YTO 3aBHCHUMOCTH OyIyT MMETh YHHBEPCAIBHBIA Mac-
mTad MOIIHOCTH TIPH PA3IMYHBIX COOTHOIICHUSIX
MOIITHOCTeH reHeparopa u D] nmpuBoa Je0eaKy.

Ha puc. 2 mpencraBieHBl 3aBUCHMOCTH MAaKCH-
MAaJIbHBIX 3HAYEHUN NaJCHUS HANpPSOKEHUS CyAO0BOU
cetu AU; u anexrpogsurarens AU,, mpu ero nycke
JUIS PA3JIMYHBIX COOTHOIICHWH MOIIHOCTEH TpaHC-
dopmatopa P, u anexrpoasurarens P,; npu uzMeHe-
HUM 3arpy3ku reaeparopa (K,;). [lonydeHHble 3aBuCH-
MOCTH CIIPaBEIUIMBHI JUIsl MOIHOCTEH reHeparopa Py
U MOIIHOCTHU 3JIEKTpOJBUraTeis P,;, B3STBIX B COOT-
Homenuu P,/ P,,= 5.
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Puc. 2. 3aBucuMocTH BETHYMHBI TAJIeHUS HanpshKxeHus reHepaTtopa AU, (a) n auratens AU, , (6)
OT 3arpy3Ku reneparopa K, IJIst pa3IndHbIX COOTHOLIEHHI MOIIHOCTEH TpaHCHOpMATOpa U 3IEKTPOBUTATENs
IIPY COOTHOIICHNH MOIIHOCTEH reHepaTtopa P, u anexrpoasurareins P, (P./ P,;=5)

Fig. 2. Dependences of the voltage drop of the generator AU, (a) and the motor AU, (6) on the load of the generator K,
for different power ratios of the transformer and the electric motor with the power ratio of the generator P,
and the electric motor P,; (P./ P,;=5)

Ha puc. 3 u 4 npencraBieHsl 3aBUCUMOCTH TEX Ke
apameTpoB, HO COOTHOIICHHUSI MOIIHOCTE# reHepaTo-
pa P, u anextpoasurartens P,; paBHbI 9 1 35 cooTBeT-
CTBeHHO. [Ipu cpaBHEHHMH 3aBHCHUMOCTEH puc. 2 ¢ 3a-
BUCUMOCTSIMH PHC. 3 CJIEIyeT OTMETHTh, YTO MOCIE]I-
HUC XapaKTEPUCTHKH MMCIOT HEJIUHECWHBIA XapakTep,

NpUYEM YeM MEHbIIEC COOTHOLICHHE MOIIHOCTEH, TeM
HEJIMHEWHOCTh Oojiee BhIpakeHHas. M1 HaoOopoT, Ha
puc. 4 Oonbplias HETUHEHHOCTh HAOIIOMAETCS TPH
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Puc. 3. 3aBucuMOCTH BeTHUYHMHBI NTA/ICHUS HanpshkeHus reHepatopa AU (a) u nuratens AU, (6)
OT 3arpy3ku reseparopa K. IUIst pa3In4HbIX COOTHOLIEHHI MOIIHOCTE TpaHC(hOpMaTOpa U AIEKTPOIBUTraTeNIs
IIPU COOTHOIIEHNH MOIIIHOCTEH TeHepaTopa P, u anexrpoasurarens P,, (P./ P,;=9)

Fig. 3. Dependences of the voltage drop of the generator AU, (a) and the motor AU, (6) on the load of the generator K,
for different power ratios of the transformer and the electric motor with the power ratio of the generator P,
and the electric motor P, (P./ P,;=9)
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Puc. 4. 3aBucuMOCTH BeTHYHHBI NTA/ICHUS HanpshkeHus reHepatopa AU (a) u nuratens AU, (6)
OT 3arpy3Kku reneparopa K. IUIst pa3In4HbIX COOTHOLIEHHI MOIIHOCTEI TpaHC(hOpMaTOpa U AIEKTPOIBUTaTeNIs
IIPY COOTHOIICHNH MOIHOCTEH reHeparopa P, u sanexrpoasurareins P, (P./ P, = 35)

Fig. 4. Dependences of the voltage drop of the generator AU, (a) and the motor AU, (6) on the load of the generator K,
for different power ratios of the transformer and the electric motor with the power ratio of the generator P,
and the electric motor P, (P./ P,;=35)

3aBUCUMOCTU OTHOIIEHHUN MYCKOBBIX M, U KPUTH-
yeckux M, MOMeHTOB D/l K UX 3HAUEHHSIM NIPU HOMHU-
HaJIbHOM HaNpsHKEHUU Mo, OT 3arpy3KH TeHepaTopa
K, mpu pazIuuHBIX COOTHOLUIEHUSX MOIIHOCTEMH
TpaHcdopmaropa P, U 3eKTpoasurarens P,, npuse-
neHbl Ha puc. 5. Ha puc. 5, @ 3aBUCUMOCTH TTOCTPOEHBI
IpH MOJCITUPOBAHUN CHCTEMBI C COOTHOIIEHHEM
MoIHOCTeH TeHepatopa u D/1, paBueM P./ P, = 5.
Cnenyer OTMETHTBb, YTO MOKa3aTelb COOTHOIICHHS
M | My OTIpENENsieT pacXoXkJIeHUE 3HAYSHUH MO-
MEHTOB, KOTOpPBIE OIpENeNeHBl KaK INPH CHIDKCHUH
NUTaoulero HampspbkeHuss Ha O], Tak U Npu HOMH-

HAJILHOM HAmNpsDKEHUH (3TaJOHHOE 3HAYCHHE MOMEH-
ta) [7-9]. Takum oOpa3om, ueM OJimke 3HAYCHHE pac-
YETHOTO MOMEHTa (IIYCKOBOTO M, WM KPUTHYECKOTO
M,) TpU CHIDKEHHOM HamnpsDKeHUM mnutaHus DJ]
K equnute (M / Moy = 1), TEM OIIDKE 3TO 3HAYCHUE
OyIeT K 3TAJIOHHOMY, T. €. PACCUNTAHHOMY IapaMeTpy
MOMEHTAa IIPH HOMHHAJIBHOM 3HAYECHHH ITHUTAOIICTO
HanpsukeHusT Uy, 3aBUCUMOCTH MOMEHTOB IIPH COOT-
HOIICHUSX MOIIHOCTEW reneparopa P. M 3JeKTpOIBH-
rarens P,;, paBHble 9 u 35, mpencTaBiIeHs HA pHC. 5, 6
" 5, 6 COOTBETCTBECHHO.
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Puc. 5. 3aBucumMocTH OTHOLICHUIT TyCKOBBIX M), 1 KPUTHYECKUX M, MOMEHTOB 3JIEKTPOABUTATENS K UX 3HAYCHHUSIM
IIPY HOMHHAIBHOM HANPSDKEHUH M0, OT 3aTPy3KH reHepatopa K, AT pa3NnudHbIX COOTHOIICHUH
MolHocTel Tpancdopmaropa Py, ¥ S1eKTpoBUraTes P,, IpH COOTHOMEHWH MOIHOCTeH reHepaTopa Py
u anexrpoxsurarens P,:a — P/ P,;=5

Fig. 5. Dependences of the ratios of the starting M, and critical M, moments of the electric motor to their values
at rated voltage M0y On the load of the generator K, for different power ratios of the P, transformer
and the P,, electric motor with the ratio of the power of the P, generator and the P, electric motor: a — P,/ P,;=5
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OxoH9aHue puC. 5. 3aBUCUMOCTH OTHOIICHUH ITyCKOBBIX M|, M KpUTHYECKUX M, MOMEHTOB 3JIEKTPOIBUTATEIS
K UX 3HAQYEHMAM TP HOMUHAIBHOM HANPSDKEHUU My, OT 3arpy3KH reHepaTopa K. Juls pa3IMyHbIX COOTHOIICHHUH
MomHocTeld TpaHchopmaropa Py, ¥ S1neKTpoaBuraTens P, IpH COOTHOMIEHHH MOLIHOCTEH reHepaTopa P
u anexrpoxsurarens P,: 6 — P/ P,;=9;6— P./ P,;=35

Ending of fig. 5. Dependences of the ratios of the starting M, and critical M, moments of the electric motor to their values
at rated voltage M, on the load of the generator K. for different power ratios of the Py, transformer and the P, electric
motor with the ratio of the power of the P, generator and the P, electric motor: 6 — P,/ P,;=9; 6 — P./ P,;=35

Ha puc. 6 mnpuBeneHs! 3aBUCUMOCTH OTHOILECHUS
BPEMECHU IyCKa 3JEKTPOIBUTATEIS f; K 3HAYCHUSIM
BPEMCHHU IyCKa MPH HOMHUHAIEHOM HAMPSIKEHUH L jon
OT 3arpy3ku TreHeparopa K, Ha XOJOCTOM XOAY (Zxx)
W TIOJ| Harpy3ko# (). [To aHanmoruu ¢ mpeapayImuMu
3aBHCHMOCTSIMH TIapaMeTp COOTHOIIEHHS BPEeMEH Mo-
Jy4eH IpU IMyCKe ¢ HOMHWHAIBHBIM HAaIPsHKEHHEM ITH-
Taausa O/ W TpH CHIDKEHHOM 3HAUCHWH HAIIPSHKCHUS
[10, 11]. Tak »e: yem OmKe 3HAYCHUE ITOTO IOKa3a-
TeJsl K €UHHILE, TEM OJIMXKE 3TO 3HAUSHUE K ITaJOHHO-
MY, PaCCUUTAHHOMY TIPH HOMHUHAIEHOM HATIPSKCHHH.

3aBHCUMOCTH BPEMCHH MyCKa TPU COOTHOIICHHSIX
MOIIIHOCTEeW TeHeparopa P. M anexrpoasurareins P,
paBHBIX 5, 9 u 35, mpeacTaBieHs! Ha puc. 6, a—6 cooT-
BETCTBEHHO.

Hcxons M3 MOCTPOCHHBIX 3aBUCHMOCTEH, MOXKHO
JIaTh OIICHKY HM3MCHEHUS MMapaMeTpoB C YYETOM 3a-
IPY3KH TeHepaTopa:

—4eM BBIIIE MOIIHOCTh TpaHchoOpMaTopa, TeM
OoJibllie MMPOBAJ HAMPSDKEHHs T'eHepaTtopa Mpu MycKe
3]1, HO TeM MeHbIIIe MPOBaT HanpsbkeHus Ha ]I, 9To
BJIMSICT HA 3HAUYCHHE MOMEHTA Ha Baly U B KOHEYHOM
CYeTe IPUBOAUT K COKPAIICHUIO BPEMEHH ITyCKa,

—4eM OOJbllle COOTHOIICHHE MOIIHOCTEH reHepa-
Topa u /I, TeM MEHbIIIe MPOBa HANPSKEHUS TeHepa-
Topa u muTanus D/1;

— TMOBEJICHUE XaPAKTEPUCTUK MOXKET OBITh KakK JIU-
HEHHBIM, TaK W HCIMHEHHBIM ¥ B OCHOBHOM 3aBHCHUT OT
3arpy3Kd reHepaTopa, T. €. OT 3amaca ero MOITHOCTH.
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u anexrpoxsurarens P,:a — P,/ P,;=5,6—-P./ P,;=9 ;6—P./ P,;=35

Fig. 6. Dependences of the ratio of the start-up time of the electric motor at idle #,,, and under load 7, to their values
at a rated voltage #;,, depending on the load of the generator K, for different power ratios of the Py, transformer
and the P,, electric motor with the ratio of the power of the P, generator and the P, electric motor:

a—P./Py=5,6-P,/Py,=9;6—P,/P,=35
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3akiloueHue

[puBeacHHBIE 3aBUCHMOCTH MOTYT HA#WTH mpume-
HEeHHUe TpH BBIOOpE CyIOBOro nasryoHOTO 000pyIOBa-
HHS, B YaCTHOCTH JIe0CIOYHBIX MEXaHW3MOB, KOIrIa
BO3HHUKAIOT TPYJHOCTH MOAOOpa M3 CTaHIAPTHOTO
psina. [IpuMenenue TpaHchopmMaTopa MOXKET SBISATHCS
MPOCTBIM PEIICHHEM COTNIACOBAaHHS HAMPSUKCHHUH Cy-
JOBOHM CeTH W BJIEKTPONPUBOAA, a IPEIJIOKEHHBIE 3a-
BHUCHMOCTH IIOMOTYT ONpPEIeIUTh MOIIHOCTH TpaHC-
dopmaropa. [lnsg NpeaBapUTENHEHOTO  OIpPENeNICHUS

rmapaMeTpoB MOMEHTOB M BpeMeHH mmycka D /] nebenxw,
KOTOPBIC MOTYT OBITh Ha PEajbHOM CyIHE, HEOOXOIH-
Mo mo1o0path mapaMeTpsl reHepatopa u D] Hanbonee
OJMM3KMMU K pacYETHBIM 3HaYeHUsIM. ECIIN BBIMOIHUTH
BBIOOp HamOoJiee COOTBETCTBYIOIIMX 3aBHCHMOCTEH,
TO MOXHO JaTh MPUMEPHYHO OLICHKY BIIUSHHS 3JICK-
TPONPHUBOJIA HA CYIOBYIO CETh U MOJOOpAaTh OINTH-
MallbHYI0 MOIIHOCTh TpaHcopmaTopa, Mpu KOTOPOit
napaMeTpsl HalpsDKeHHs: OyIyT COOTBETCTBOBATH Tpe-
6oBanmsiM PKO.
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