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MATEMATUYHA MOAEJb AHANI3Y PEXWUMIB rPYNOBOI POBOTHU
ACUHXPOHHUX OBUT'YHIB MNMPU XXUBJIEHHI BIA 3ATAJIbHOIO
KEPEJA

Y ecmammi 30iticneno ananiz pescumie podomu ma nepexionux npoyecis, wo BUHUKAIOMb NPU NYCKY, 3VRUHY MA 3MIHI
HABAHMAICEHHA ) eNeKMPOnpUeooax 3 aCUHXpoHHuMU OgueyHamu. J{oeeoeno akxmyanvbHicms HeoOXiOHOCMI Npo6edeHHs.
MAaKUxX 00C1i0HCeHb 0151 NPUBOOI8 3 NOMYHCHUMU ACUHXPOHHUMU OBUSYHAMU, SAKI NIOKTIOYeHi 00 00H020 Oxcepeid eHepeil i
sanyckaiomvca abo SUMUKAIOMbCA 00HouacHo. Ompumana in@opmayis 003601UmMb 00CIY208YI040MY NEPCOHANy ma
HAAGHUM 3acobam asmomamu3ayii i meneKoMyHiKayii nputivamu 6ipHi ma C80€YACHI piuieHHA O epeKmusHo20
KepysamHs pobomoro enekmponpugoois.

YV pobomi cxradeno mamemamuyny mooensb Onsl aHANIZY PEXNCUMIB 2pYN08oi pobomu ACUHXPOHHUX OBUSYHI8 Npu
JHCUBIEHHT 810 3a2ANbHO20 OJicepend 3 Memor SUSHAYEeHHs napamempis makoi pobomu. Ilpu cmeopenui mooeni y akocmi
BUXIOHUX napamempie OyIu 0OPani HANpPyea 0Xcepena HCUGIEHHsT MAd Napamempu i KOHCMPYKMUGHI 0COONUBOCHI
ACUHXPOHHUX O08UYHIB. Po3pobrnena mamemamuyna mooens micmumo cucmemy OupepeHyitiHux pieHsaHb 0N AHALI3Y
2pYnosoi pobomu ACUHXPOHHUX OBUSYHIE | OEMOHCIPYE MONCIUBOCII POIBUINKY MEOPIi epYNOBOi po6OmuU ACUHXPOHHUX
08U2YHIG. Y AKOCMI O0NOMIICHO20 MAMEMAMUYHO20 NPUTIOMY OISl 3ANUCY IZULHUX 61ACTMUBOCTEN ACUHXPOHHUX 08USYHIB
6Y10 3aCMOCOBAHO NOHAMMSL 360POMHOI NIOMAmMpuyi, a Npu CKIAOaHHI OughepeHyitiHux piGHsIHb 0y 8PAXOBAHA
HecuMempu4Hicmb Hanpyau y 8y31ax HA8aAHMAICEHHSL.

Pospobnena mamemamuuna moodenv 0038014€ GUIHAUUMU 3ACa0U  OIACHOCMYBAHHA POOOMU 2SPYR ACUHXPOHHUX
08uUzyHiB, NIOKTIOUEHUX 00 3A2ANbHO20 OXcepend, 3a80aKU peccmpayii nyibcayiil CMmpymie, Wo SUHUKAIOMb ) JHCUBTAYIL
Mepexci ma 3MiHI CROJ’CUMOI NOMYNCHOCMI 1 MAKUM YUHOM ONOCEepPeOKOBAHO RIO8UWUMU HAOIIHICMb pobomu
ACUHXPOHHUX eNeKMPOOBUSYHIG Y eNeKmMPONPUBOOax MeXHONOLTHHUX MEXAHIZMIE NPU PISHUX PEXHCUMAX HABAHMANCEHHSL.

Acunxpounuii 0euzyn, zpynoea poooma, o0icepeno eHepeii, MazHimHe noje, HaAnpyza, CMpym, CUMempis,
camo3anyck, nepexioni npoyecu, CcmauioHapHi npoyecu, CMAmMOPHA O00MOMKA, pPOMOPHA O00MOmKa,
eNneKmpoMazHimHUil 00epmantbHuil MOMEHM.

ACHHXpOHHI JIBUTYHH 3 KOPOTKO3aMKHYTHM pOTOPOM JOCHTh IIHUPOKO BHKOPHUCTOBYIOTBCS Yy HPUBOJAX
TEXHOJIOTTYHOr0 00JIaTHAHHS 1 4acTO MiAKIIIOYAIOTHCS 10 MEPEK] IPyIamMH.

I'pynoBe BBIMKHEHHS aCHHXPOHHUX JBUTYHIB MOXK€ BUKJIMKATH CTPHOKH HAIPYTH Ta CTPYMY Y MEPEXi, [0 MOXKYTh
csiraTH 3Ha4eHb KOPOTKOro 3amukaHHs. Lli cuTyamii MOXKyTh BHKIMKAaTH aBapiiiHi abo ONM3bKi 1O aBapiiiHUX CTaHW,
MOPYIIEHHS TEXHOJIOTTYHHX ITPOLIECIB Ta BUXIJ 3 Jaay TEXHOJIOTITYHOTo 00JIaHaHHSI.

JocnipkeHHsIM, TIOB’sI3aHUM T'PYIIOBiIH poOOTI aCHHXPOHHMX JIBUTYHIB IPUCBSYEHA pOOOTA TAKUX BIIOMUX YUYEHHX:
Cuokobunenko B.®., Kocrenko M.II., imutpies B.H., [Tucemennuii B.5. ta inmmx [1-4].

[Momyk edexTMBHUX peXHUMIB pOOOTH aCHHXPOHHHUX JABUTYHIB BHUMAarae BiJl JOCHIJHUKIB 37IHCHIOBATH aHaii3
MEepexilHUX TIPOLECiB, MO0 BHHHWKAIOTh IPU IIyCKy, 3YNHMHII Ta 3MiHI HaBAaHTAKEHHA Yy EJEKTPOIPUBOIAX 3
aCHHXpOHHMMH JaBUTyHamu. lle cTae me OUTBIN aKTyanbHUM WpPH IOCTIKCHHAX PEKUMIB pPOOOTH TPHBOIIB 3
MOTYXXHAMH aCHHXPOHHHMMH JIBUTYHaMH, 0COOJIMBO, KOJM IO OJHOTO JPKepelna eHeprii MiIKIIoYeH! KUIbKa IOTYKHUX
IBUTYHIB, IIIO 3aITyCKAIOTHCS (BUMHKAIOTHCSA) OMHOYAacHO. OCOONMBHM MUTAHHAM ITOCTA€ HEOOXIAHICTh JOCIHIKEHHS
0COONMBOCTEH TIpH BHOITY TPYIU AaCHHXPOHHUX ABHUTYHIB IPH aBAapIHHOMY BiIKIIOUCHHI JKHUBICHHS, OCKUIBKH IICH
MpOIIeC MOKE CYIPOBOKYBATHCS OOMIHOM BHPOOJICHOIO SHEPTI€I0 Ta BHHUKAIOYAM CaMO3aIycKoM [5].

BusnaueHHs mapaMeTpiB poOOTH TPYITH aCHHXPOHHUX JIBUTYHIB € TOCUTH aKTyaJIbHOIO 3a7aduero, U 11 IpaBUIIbHOL
ITOCTAHOBKH Ta PO3B’s3aHHSI HEOOXiTHO MPOBOIAUTH AOCHTDH IIMOOKI TeopeTHdHi nociimkenHs. [Ipobiemu, mo MOXyTh
MOCTaTH Ha MUIAXY BUPINICHHS IbOTO MICTATHCSA Y Maliil KiIbKOCTI iH(opMaIlii BITHOCHO JIarHOCTHYHUX IapaMeTpiB
po6oTn. IX MomoTaHHA MOXIIMBO 3a PaxyHOK CTBOPEHHS MOBHOILHHOTO 3BOPOTHOTO 3B’SI3KY MiXK JOCIHiJHHKAMH,
BUPOOHUKAMHM Ta EKCILTyaTal[iiHUKaMU.

apHUM MeTOZOM NOCIHIPKEHHS Y JJaHOMY BHITa[Ky MOXKE CTaTH MaTeMaTH4Ha MOJIeNb, OCOOIMBICTIO SIKOTO € Te,
110 pe3yJIbTaTH MOAETIOBaHHS OTPUMYEMO Y BUIJISAI YHCIOBUX 3HAYEHB /IS KOHKPETHUX YMOB POOOTH Ta MOMIIMBOCTI
OyZI0BU Ta PO3BUTKY TEOPIi TPYIOBOI POOOTH aCHHXPOHHUX JBHUTYHIB, 110 YKUBJATHCS BiJ] 3arajIbHOTO JKEpesia CHEpTii.
MaremaTiuHa MOJENb IPEACTaBIsie cOOOK CUCTEMY pIBHSHB, SIKI IOBHICTIO ONHUCYIOTH CTPYKTYpy Ta PEeXHMHI
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rapameTpH JIOCIIPKYBaHOI CXEMHU 1 JI03BOJISIE Y3rO/KYBaTH HEJIIHIHHICTh BiJIIOBITHUX €JIEMEHTIB cucTeMH [5].

Bumoru cboroieHHsI IOJISITal0Th Y HEOOX1IHOCTI pO3pOOKH MaTeMaTHYHUX MOJENEl Ta KOMIT I0TEPHUX IPOrpaM i3
3aCTOCYBaHHSM e(EeKTHBHHUX aITOPUTMIB, 110 3a0€3Me4yI0Th 3aJaHy IIBUAKICTh Ta HaJliHy CXOJUMICTh PO3PaxXyHKIB,
BHCOKY THYYKICTh Ta YHIBEpPCaIbHICTH 3acTocyBaHHsS. lle o3Hayae po3B’s3aHHS 3a1ad 3 PO3POOKH HOBHX METOJIB
PO3paxyHKy peXHMIB IpyHOBOi pOOOTH aCHHXPOHHMX JIBUTYHIB IIPHM JKMBJICHHI BiJl 3araJlbHOTO JDKEpena eHeprii —
MPOBEACHHS PO3PaXYHKIB NEPEXiTHUX Ta CTATHX PEKUMIB POOOTH, K TAKHX, IO 3IHCHIOIOTHCS YaCTIlIe 32 1HIIII.

OnanyBaHHS 3aJaHUX LIJIEH JO3BOJIAE OTPUMATH OOCIYTOBYIOUOMY IIEPCOHATY OTPUMATH CBOEYACHY Ta TOCTOBIPHY
iHpOpMaIif0 PO TOTOYHWI CTaH EJIEKTPOIPHUBOMAIB 3 METOI0 KOHTPONIO iX CTaHy Ta BH3HAYCHHA HEOOXiTHOCTI
PETYIIIOBaHHS Ta 3[IMCHEHHS PI3HOMAHITHHX ONepaiii KepyBaHHS 3 METOIO ITiIBUIICHHS HATIIHHOCTI pOOOTH.

(ord )

U, U,
TR,L,)
Uﬁﬁf Uﬁﬁ?
anloan) A AL

Pucynox 1 — Cxema srcugnents epyn acCUHXpOHHUX 08USYHIE 3 KOPOMKOZAMKHYIUM POMOPOM
Hanpyru jmxepena )K1MBJI€HHs y pa3i CUMETPHYHOT CHCTEMH MaroTh BUTILAN [4]:

U, = Uy, cos(wt + 0)
Up = Uy, cos(wt-120°) (1)
U, = Uy, cos(wt + 120°)

Hanpyru y By3nax HaBaHTaXeHHs OyJeMO BBaXaTH HECHMETPHYHUMHU Ta TAKUMHM, IO CKJIAJAOTHCS 3 Hampyr
IIPSMOi Ta 3BOPOTHOT MOCIIJOBHOCTI:

Ung = Upmq cos(wt + ¢,)
Unp = Upmp cos(wt + @) (2)
Upe = Uppe cos(wt + @)

1€ @, Pp, P — N04aTKOBI a3y BLAMOBLIHOI HALIPYTH.

HPH IIEOMY BBaXKA€EMO, 110

Upa # Upp # Upe, Upg + Upp + Upc =0 (3)

3 OrjIgay Ha 1€, HAlIpyTU Ha MIWHAaX JXUBJIAY0I'O Tpchq)opMaTopa CKJIaAyTh:
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n

Usa = Vo = Lipa ) Pile = Rupa ) ik
j=1 j=1
n n

sy = Uy = Lups ) pidy = Rups Y 1y (@

Jj=1 Jj=1
n n

Uy =U, — L Zpij -R Zz’

c c Tp.C Ac Tp.C Ac

j=1 j=1

ne Ly, ; — iHXYKTHBHHHA OIIip JiHi{ eJeKTponepenadi Ta JKUBJIAIOTO TpaHcPopmaTopa,

Ry ; — aKTUBHUH OMIp JIiHIT €IEKTPONIEPEaYi Ta KHUBISIOr0 TpaHchopmaropa,

N — KUIBKICTh €JIEKTPOJBUTYHIB, 110 MIAKIFOUYEHO [0 )KUBIISTYOT MEPEKi.

p — YHCIO Tmap IMOIIOCIB,

. . o . . .

[; — CTpyM y BifnoBifHill (a3i xuBIsA4Oi Mepesxi,

SIKIo mpUiHATH, IO 10 MEpeXi MiJKII0YEHO aCHHXPOHHI JIBUTYHH OJHOTO THITIOPO3MIPY, POTOP KOXKHOTO 3 SIKHX
Ma€e M KOPOTKO3aMKHEHUX CTPIIKHIB Y pOTOpi, TO nudepeHiiiiHi piBHSIHHS (a3 Jisi CTAaTOPHUX 1 POTOPHUX OOMOTOK
WX JBUTYHIB HAOYIXyTh BUTIIAIY:

Plsa L 1 Ung L L Rsa lsq w isa
[ e oy - 17— - . ;
Pisp LS Ls—rl Ls—r2 UAb LS Ls—rl Ls—r2 Rsa lsq w isq
Pise| = |1ty L Lt | | Une | = |L72es L2 72 | | Roe || sa | + | @ ]|
S"f = |br1-s br1 Lri-r2 Ac ri-s br1 bri-r2 sa i;ll ig
[ -1 7-1 -1 1 g-1 _1 m . .
\ pl:& r2-s Lya—r1 Lz 0 r2—s Lya—r1 L2 :nl l,;é 0 17;,1 (5)
P2 0 K] in 0 in
1
pw = 7(Me - MO)
ae ig; — CTpyMH 0OMOTOK CTaTopa,
lr(lm ) _ CTpyMH y KOHTYpax 0GMOTOK poTOpa,
L' — 3BOpOTHA migMATPHIIA BIACHOT iHAYKTUBHOCTI OOMOTKH CTaToOpa:
ks 15 I
-1 _
Lg™ = ls ks L (6)
Iy I kg

L,} — 3BOpOTHA MiIMATPHIIS BJACHOT iHyKTHBHOCTI 0OMOTOK KOHTYpIiB POTOpAa,

L1, ; — 3BOpOTHA MiIMATPHUIIs B3a€MHOT iHIYKTUBHOCTI Mi’k OOMOTKAMH CTaTopa i 0OMOTKaMH KOHTYpiB poTopa,
L;(liil)—r(ﬁl) — 3BOPOTHA MiJIMaTPHUII B3aEMHOI IHIYKTHBHOCTI Mi>k 0OMOTKaMU KOHTYDIiB poTopa,

R — aKTHBHI CKIIaJIOBi OTIOpPIB (a3 craTopa,

Ry, — aKTUBHI CK/IaJ0Bi ONOpiB (a3 KOHTYpiB POTOPA,

@ — KyTOBa IIBUJKICTH 00EpTaHHS pOTOpA,

M, — enekTpoMarHiTHUil o6epTaabHUi MOMeHT [4]:

M, — MOMEHT OIOpy Ha pOTOpi IBUTI'YHA,

J — cymapHuit MOMEHT iHep1ii puBoay,

s — MOTOKO3YETLIEHHS,

is — BEKTOp CTpyMy OOMOTKH CTAaTOpa.

Ha ocHoBi orpumanux aupepeHUiiHUX PIBHAHB (5) MOXKHA JOCIIDKYBaTH PEKHUMU POOOTH IPyN aCHHXPOHHHX
IBUTYHIB, TAKITIOYEHUX J0 3aTajbHOTO JPKEpesa, ¥ eIeKTPONPHUBOAaX TEXHOIOTIYHIX MEXaHi3MiB MPH Pi3HOMaHITHUX
PEeKMUMaxX HaBaHTAXKECHHSL.

KpiMm Toro, po3pobieHa MareMaTHYHa MOJIENb JO3BOJIIE PO3POOUTH 3acaad AiarHOCTyBaHHS poOOTH Tpymn
ACHHXPOHHMX JBUTYHIB, MiJKITIOYEHHX JO 3aralbHOrO JDKepena, 3aBIKH peecTpalii myibcamid CTpyMiB, IO
BUHHKAIOTh Y KHUBIISUil MEpeXi Ta 3MiHi CIIOKUTOT MOTYKHOCTI.
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Mathematical model for the analysis of group modes of induction motors when fed from a common source. The
article analyzes the operating modes and transients that occur when starting, stopping and changing the load in electric
drives with induction motors. The relevance of the need for such studies for drives with powerful asynchronous motors
that are connected to the same energy source and start or stop at the same time is proved. The information obtained will
allow maintenance personnel and the available automation and telecommunications facilities to make the right and
timely decisions for the effective management of electric drives.

A mathematical model has been compiled for analyzing the modes of group operation of asynchronous motors powered
by a common source in order to determine the parameters of such work. When creating the model, the voltage of the
power source, as well as the parameters and design features of induction motors, were chosen as the initial parameters.
The developed mathematical model contains a system of differential equations for the analysis of group operation of
induction motors and demonstrates the possibilities of developing the theory of group operation of asynchronous
motors. As an auxiliary mathematical technique for recording the physical properties of asynchronous motors, the
concept of the inverse submatrix was used, and when composing differential equations, the asymmetry of the voltage at
the load nodes was taken into account.

The developed mathematical model makes it possible to determine the principles for diagnosing the operation of groups
of induction motors connected to a common source by registering current ripples arising in the supply network and
changing the consumed power and thus indirectly increase the reliability of asynchronous motors in electric drives of
technological mechanisms under various load conditions.

Keywords: Asynchronous motor, group work, energy source, magnetic field, voltage, current, symmetry, self-start,
transients, stationary processes, stator winding, rotor winding, electromagnetic torque.
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