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AKmyanvHol0  meHOeHyiclo  OCMAaHHIX — Oecimunimv €  3POCMAHMSL  POTi  ABMOMAMU308AHOO
eneKmponpusody, nodyo0o8aHo20 HA OCHOGI ACUHXPOHHUX eleKmpoosuzyHie. Lla noe’szano, sk 3 po36UMKOM
MeopemudHUx nioxoo0ie, wjo 00380JIAIMb 3 BUCOKOI MOYHICIIO NPOMOOET08AMU NOBEOIHKY OCIAHHIX, MAK i 3
CYymmeBUM NIOBUWEHHSL HAOTUHOCME MA 3HUICEHHIM COOIBAPMOCHi CUN080i HANIBNPOGIOHUKOBOT MEXHIKU, WO Y
€B0I0 Yepey 00360MUN0 NOKPAWUMU eKCHIYAMAYIiuHi Xapakmepucmuku ma 3MeHuumy cooieapmicms maxux
cucmem 6 yinomy. Hacniokom makoi meHOeHyii € me, W0 ACUHXPOHHI OBUSYHU 6Ce Yacmiule 3HAXOOUMb
3acmocy8anHs He uwe y KiacuuHux 0ns cebe cucmemax elekmponpugooie 3 1eckumu ymMosamu nycky, a i yce
yacmiule 3acmoco8yIOmMbCs 8 MAL0BUX  eleKMPONPUBoOax ma eneKmponpueooax 3 GelUKUMU MNYCKOGUMU
MOMEHMamuy, wo Mmpaouyiino peanizyeamnucs Ha 6asi 08u2yHie nocmitiHozo cmpymy. 3aszHavena oOCMAasuHa
npu3e00ums 00 NOABU 00OAMKOBUX MEXHIYHUX MPYOHOWI6 Npu NPOeKMYBaHHI Ma eKCHIyamayii aCUHXPOHHUX
eNeKmpPOOBUSYHIB, WO NOB A3AHO 3 OCOOTUBOCHAMU IX NPUPOOHIX MEXAHTUHUX XAPAKMEPUCUK, WO MAIOMb Oeujo
3aHUdICEHe SHAUEHHS NYCKO8020 MOMeHmY. I xoua yeti HedomiK Modce OYymu YCYHYMUM WIIAXOM 30iTbUeH s 3anacy
NOMYIHCHOCMI 08USYHA NPU NPOEKMYBAHHI el1eKMponpugody, npo me make KOMHPOMICHE PIUEeHHS Mamume
icmommui Hedoniku, nos 's3ami 3 smenuenusin KKJ] ma niosuwennsm codisapmocmi enekmponpusody 6 yinomy. Lle
€ OYeBUOHUM, WO 3A3HAYeHa 0OCMABUHA 0OYMOBNIOE HEOOXIOHICMb NOOANLUUX MEOPeMUUHUX OOCTIONCEHD,
CHPAMOBAHUX HA NOKPAWEHHS NYCKOBUX XAPAKMEPUCMUK ACUHXPOHHUX OBUSYHIS.

Bpaxosyiouu ckasane, Ha cb0200HIWMHIT OeHb ACUHXPOHHULL OBUSYH 3ATUWAEMbCS HAUDITbUW NOWUUPEHOTO
ENeKMPUYHOIO MAUUHOTIO, SIKA BUKOPUCTHOBYEMbCSL 6 PI3HUX chepax distibHocmi. [Ipu womy uacmxa acuHxpoOHHUX
08UYHIB, WO 3ACMOCOBYIOMbCA 6 NPOMUCIOBOCHI, WBUOKO 3POCAE, a cepa ix BUKOPUCMAHHA NOCMILIHO
posuwuprocmscs. A. omoice, po3pooKa MAmMemMamuiHoi MoOeli 3aNeHCHOCI NYCKOBO20 MOMEHMY Gi0 KYMO8020
NONIOJCEHHSL pOMOpad, WO 8 NEPCHeKmusi 003601UNA 6 NOKpAWUMU NYCKOBI XAPAKMEPUCIUKU ACUHXPOHHUX
08U2YHIB, € AKMYATBHOIO HAYKOBO-NPUKTIAOHOIO 3a0aYer0, W0 MAE 3HAYUHY NPAKMUYHY YIHHICMD.

Y cmammi ompumano pieHAHMA 3aNEHCHOCMI NYCKOBO20 MOMEHMY ACUHXPOHHO20 OBUSYHA 6I0
NOYAMKOB020 NOJONCEHHSL 11020 POMOopa, W0 OA€E 3M02y 3 YPAXYBAHHAM KOHCMPYKMUGHUX ocobrusocmeti A/l
00HO3HAYHO PO3PAXYEAMU SHAUEHHS MEXAHIYHO20 MOMENNY, AKULL BUHUKAE HA 8AY OB8USYHA NPU U020 3aNYCKY 3
HOMIHALHOWO Hanpy2010 dtcugneniss. Ompumano MameMamuyty 3a1ediCHICIb GiOXULEHHSL NYCKO8020 Momenmy A/
6i0 NOUAMK08020 Kyma MNOBOPOMY pOmopa, Wo Modce OYmu GUKOPUCIAHOIO Y AKOCMI NONpAGoOYHOL
MamemamuyHoi mooeni cucmemu kepysaris A/]. 30iticheno MOOe08aAHHS 3AIeHCHOCE MOMEHIY ACUHXPOHHO2O
08UYHA 8I0 NOYAMKOB020 NONOICEHHSL 020 POMOPA, WO OGN0 3MO2Y NIOMEEPOUmMU A0eKBAMHICIG OMPUMAHOT
Mamemamuunoi 3anexcnocmi. Tloxkaszano, wo 3mina nycko8o2o momenmy npu nogopomi pomopa A/ 6iooyeacmucs
3a cuHycoioanbHuM 3akoHoM. Teopemuuno 008e0eHo, wo GIOXUNIEHHS NYCKOBO20 MOMEHNY NPU PISHUX HOYAMKOBUX
KVMOBUX NONIOHCEHHSX POMOPA MOXCYMb docsazamu £ 6,5 % 8i0 HOMIHALHOZO.

Knwuogi cnosa: acunxponnuil eieKmpoo8uUeyH, NYCKOBULL MOMEHM, KYm HOB0POMY, MASHIMHUL
NOMIK, MAMEMAMUYHA MOOEb, POMOP, CIAMOp.

@. 29. Puc. 2. Taba. 1. JTim. 14.

1. Beryn

B ocraHHi AecATHNITTA Big3HAYA€THCS CTiMKAa TEHICHIIS 1O 3POCTaHHS pOJi Ta MOMIMPESHHS
€JIEKTPOIPUBO/IIB, Y TOMY YHMCIIi 1 aBTOMaTU30BaHUX, 1110 BUKOHAHI HA 0a3i aCHHXPOHHUX eNIeKTPOABUIYHIB (A/).
[puurHOIO 1BOTO € SIK CTPIMKHMH PO3BHTOK HAIMIBIPOBIIHUKOBOI TEXHIKA Ta CHJIOBOI ENEKTPOHIKH, TaK i
HOJANBIINI aKTUBHUI PO3BUTOK TEOPETHYHHX 3aca]] KePyBaHHS aCHHXPOHHUMH JBHTYHamu [1]. V 3B’s13Ky 3 um
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Ha ChOTO/THIIITHIN JICHh MOYKHA BIICBHCHO KOHCTATYBATH, 1110 AJ] 3aliHSsITH CTIMKY HINTY SIK y TPAUIIHHNAX TSI HUX
CHCTEMaX CJICKTPOIIPUBOIIB 3 MAIMMH ITyCKOBHMH MOMEHTAMU, TaK 1 Y €ICKTPOIIPUBOIAX 3 BAKKIUMH yMOBaMHU
MMyCKy, B TOMY HYHCIIi 1 TSATOBHX ENIEKTPOIPHUBOAAX, IO TPAJWIIKHO pEai30BYBaJINCS HA OCHOBI IBHTYHIB
nocriiiHoro crpymy [1, 2].

3a3HadyeHa cUTYyallisl 3HAYHOIO MIpOI0 BH3HAYa€ 1 TEXHIYHI BUMOTH 0 TAKUX EJEKTPONPHUBOAIB, IO
MaroTh 3a0e3MedyBaTH MOXKIUBICTh IMIITPUMAaHHS CTa0lIbHO BHCOKHX MPOTHO30BAHWX 3HAYEHB ITyCKOBUX
MOMEHTIB, 10 Oynu O cHiBpo3MipHUMH (a TOAEKYAH 1 TEepeBHINYBaM) HOMIHAIBHI CTaTUYHI MOMEHTH
HaBaHTa)XXEHHsS. TOX € OYEeBUIHOI HEOOXITHICTh MOJANIBIIONO PO3BUTKY TEOPETUYHUX METOJIIB PO3PAXyHKY
MMyCKOBHX MOMEHTIB, IO Jajid O 3MOTY OI[IHMTH Ta CIPOTHO3YBAaTH, a TMOJCKYIU 1 TOJIMIINUTH, MyCKOBI
xapakrepuctuku A/, mo y cBolo depry nmajgo O MOMXJIHBICTh SIK 3MEHIINTH COOIBapTICTh CHCTEMHU
CJICKTPONIPUBOJIY NUIIXOM 3MCHIICHHS 3alacy MOTYXKHOCTI JBUTYHA, TaK 1 MIBUIIUTH CTaOIIBHICTH Ta
E€KOHOMIYHICTh HOTO eKcIuTyaTanii.

To BUXOJISTUM 3 CKa3aHOT'O € OYESBHTHHM, 1110 PO3pOOKa MAaTeMaTHYHOT MOJIET] 3aJIe)KHOCTI ITYCKOBOTO
MOMEHTY BiJl KyTOBOTO TIOJIO)KEHHS pOTOpa, [0 B TEPCHEKTHBI O3BONMMIA O MOKPAIIUTH ITyCKOBI
xapakTtepucTuku AJl, € akTyaabHOI HayKOBO-TIPUKJIATHOIO 33/1a4€l0, 10 MAE 3HAYHY MPAKTUYHY [[IHHICTb.

2. ITocTanoBKka npodaeMu

[TyckoBwmii pexum pobotn AJl € ogHIM 3 HaHOUIBII BaXKKUX PEXHMi pOOOTH, Tak SK mependadae
KOpOTKOYacHe (DYHKIIOHYBAaHHS €JIEKTPUYHOI MAIIMHM y PEKHAMI KOPOTKOTO 3aMHKaHHSA, IO
CYIIPOBOIKYETHCS MiJABUIICHUMH CTPYMaMH y IOJIFOCHUX OOMOTKax. liie ogHuM icTOTHUM HemosiikoM AJl,
10 TMPOSIBISIETHCS. OCOOIMBO TOCTPO TIPH 3aITyCKy BUPOOHUYOTO 00NIaTHAHHS, SIKe Tiepeadadae 3Ha9HI IMyCKOBI
CTaTHYHI MOMEHTH HABaHTAXCHHS, € ICTOTHO MEHIIE 3HAYeHHS ITyCKOBOTO MOMEHTY JJIsi aCHHXPOHHOI
MAaIllMHY Y TIOPIBHAHHI 3 i1 KpUTUYHUM MOMEHTOM Ta HOTO 3aJIeKHICTh BiJl IOYaTKOBOTO TOJI0KEHHS poTOopa
SNEKTPUYHOTO JABUTYHA [2-4].

Tox, BpaxoByroUHr 3a3Hau€Hi TEXHIYHI OCOOIMBOCTI, a TAKOXK 3rajlaHy BUIIIE TEHCHIIIFO 10 3pOCTaHHS
poJIi aBTOMAaTHU30BAaHOIO E€JICKTPONPUBOIY, MOOYJAOBAHOTO HAa OCHOBI ACHHXPOHHHUX CJICKTPOIBUIYHIB, €
OUYCBUIHOI0 HEOOXITHICTh PO3POOKH YITKOI MaTEeMaTUYHOI MOJEII, 10 JO3BOJMIA O TEOPETUYHO OLIIHUTH
3HAUYCHHS ITyCKOBOTO MOMEHTY A/l Auisl pi3HUX MOKIIMBUX ITOYaTKOBHX KYTiB HOBOPOTY HOT'O pOTOpA.

3. AHAJIi3 ocTaHHIX JOCTiT:KeHb Ta MyOJiKkamniit

EnextpomarnitHuii MoMeHT M, 0 pPO3BHBAETHCS ACHHXPOHHHMM JBUTYHOM B IpoIlieC poOOTH, B
3arajbHOMY BHIIQJIKy MOXe OyTH Mpe/ICTaBICHUi, sk [3, 4]:
M=M,-M,, (1)
ne M. — enekTpoMarHiTHUH MOMEHT, 1110 PO3BUBAE aCHHXPOHHUMA JBUTYH; Mo — BTpaTH MOMEHTY 3a
PaxyHOK TepTs.
BpaxoBytoun Te, 1o i yac mycky potop J{A 3HaXOAUTHCS Y CTaHi CIIOKOI0, TOOTO TepTsS KOYSHHS Y
T IIATTHAKAX BIICYTHE, TSI ITyCKOBOTO PeXUMY poOoTH BHpas (1) Moxe OyTu 3amucaHo, SK:

M =M.. 2
B Takomy BumajKy, 3 ypaxyBaHHaMm (2), Oye cripaBeUIMBUM CIiiBBiaHOIIEHHS [4, 5]:
M(e, —@,)=m,-E, -1, -cos(y,), 3

Jie w1 — MUKIIYHA YacToTa CTPYMYy B OOMOTIII cTaTOpa; @2 — MUKJIIYHA YacTOTa CTPyMY B OOMOTIII
poTtopa; Mz — KiJbKicTh (a3 oOMoTok poropa; E» — EPC Hepyxomoi oOMOTKH poTtopa; |2 — cTpyM poTopa;
W2— KyT 3MilieHHs (a3u pOTOPHOTO CTPYMY BiIHOCHO CTPyMY CTaTopa.

Bpaxosytoun te, mo EPC HepyxomMoi 0OMOTKH poTopa Moxe OyTH BU3HAueHa, sk [4, 6]:

E,=44-w, 0 -D-k,, 4)

Jie W2 — KUTBKICTh BUTKIB 0OMOTKH poTopa; K2 — 0OMoTyBansHuiA KoedillieHT poTopa; @ — MarHiTHUR
MOTIK, TEHEPOBaHUI 0OMOTKOIO CTaTOpa.

Tox, BpaxoBytouH (4), Ta BUPa3MBIIH Pi3HMINI0 KYTOBUX YaCTOT CTPyMi uepe3 KoB3aHHS, BUpa3 (3)
MO3Ke OYTH MPEACTaBICHUH Y HACTYITHOMY BHUTJISLI:

M-@-s=m,-4,44-W, @, -D-k,-1,-cos(y,), (5)

Jie S — koB3aHHs A/l
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BpaxoBytoun, 110 MoBa iiie came mpo MOMeHT mycky A/l, Koiu yepes cTaTop NpOTiKae eIeKTPHIHHUN
CTPYM 3 HOMIHAJIBHOIO YaCTOTOIO @ HOTO POTOP 3HAXOAUTHCS Y HEPYXOMOMY CTaHi, To0TO S=1, ocTaHHili BUpa3
MOJKe OYyTH 3aIMCaHuM Y BUTIISII:
M-oy=m,-4,44-w, -, - D-k, -1, -cos(y,). (6)
Toni Bupas (6) Moxe OyTH NIEPETBOPEHO, SIK:
M _444-m, W, -0, D-k,-1,-cos(y,)

@,

=C-®-1,-cos(y,). (7)

ne C — crana IBUTYHA, IO 3aJIEKUTh BiJ] HOTO KOHCTPYKTUBHUX OCOOJMBOCTEH Ta BH3HAYAETHCS 32
(dhopmyioro:

C=4,44-m2-wz-a)2-k2.

(8)

)
1
B cBoro "yepry, BpaxoByIOUH IO MOTYKHICTh €IEKTPUIHUX BTPAT B 0OMOTIII poTtopa AJl Moxe OyTH
BH3HAYEHOIO, 5K [3, 4, 6]:

P.,=m,-E,-1,-cos(y,), 9)
€JIEKTPOMArHITHUH MOMEHT Ha Bajly MOXKe OYTH BU3HAYEHO:
M=P, -o:-s (10)

BpaxyBaBiu, 110 BTpaTH MOTY>KHOCTI MOKYTh OyTH BU3HAUEHi 3a BiloMUM 3akoHOM J[xoynsi-Jlenna,
3aIHIIeMO:

o
P.=m-(1,)"-1, (11)
e Ié — TIPUBEJICHHUI CTPYM pOTOPA; r2' — MpUBEIEHUH omip poTopa; M1 —KiTbKicTh (a3 cTaropa.

s momanbIuX pO3paxyHKIB CKOPUCTAEMOCS cTaHAapTHOK [-momiOHOi cxemoro 3amimieHHs AJ]
[4, 7], HaBeneHoI0 Ha puc. 1

Puc. 1. I'-nooiona cxema 3amiwgenna AJ]

Y BiINOBIAHOCTI 3 CXEMOIO 3aMillleHHS], HABEJICHOO Ha pHC. |, MPUBEJICHUI CTPYM CTaTOpa MOKe OyTH
pO3paxoBaHUMA:

I, = et , 12)

N\ 2
[rl+r;] +(x1+x'2)2

ne U; — craropHa Hampyra; Fi — aKkTHBHMH OIp CTaropa; X1 — PEaKTUBHHU OIp CTaTopa;

X, — IPUBEICHUI PEaKTUBHUI OIip poTopa.

3 ypaxysanusMm (12) ta (11) mna OaraTtomoitocHOI MAallMHU OTPUMYEMO BHpa3, 110, MO CYTi, €
moudikariero piBasaus Kiocca [3, 4, 8]:

M = p'ml'Ulz'rzl (13)
\2 !
r N2
S (r1+32j +(%+%,)

Jie P — KUTBKIiCTh TIap MOJIOCIB.
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PiBasaus (13) mae 3Mory mpoOMOJIEIIOBATH MEXaHIuHY XapakTepucTuky AJl mis pi3HHX MOXIIUBUX
3HAauYeHb KOB3aHHA. TOJi, 3 ypaxyBaHHSIM TOTO, IO Y ITyCKOBOMY PEXHMi (PEKUMI KOPOTKOTO 3aMHUKAHHS)
KOB3aHHA piBHE oawHMII, Bupa3s (13) HaObyne BUTILY:

P
M = p'rnl'ul'r2 (14)

col-[(rlJrrz')2 +(x1+x'2)2]

IIpo Te, ocKiIbKM KOHCTPYKIISA poTopa Ta ctaropa A/l Mae 3y0UacTuil BUTIISII, € OYEBUIHUM, IO JIIS
PI3HHAX KYTOBHX TOJIOKE€Hb POTOpPa MaTUMYTh MicCIle pi3HI MarHiTHI YMOBH, a, OTXe, 1 PI3HUH ITyCKOBHM
00epTOBUI MOMEHT, IO MPHUKJIAAAETHCS A0 pOTOpa 3 OOKy cTaropa.

3anexxHicTh myckoBoro MoMeHTy M, A/l Bim #Oro mMOTOYHOTO KyTOBOTO ITOJIOKEHHS poTopa Oyne
00yMOBJIeHa 3MIHOIO CHHXPOHHHX MOMEHTIB, SIKi Ha PSMY TIOB’sI3aHi 3 SBHUIIEM CHHXPOHI3MY ITPOCTOPOBHUX
rapMOHIK MarHiTo-pylIifHUX cui mpu yMoBi Hepyxomoro poTtopa AJl. Ilpu upomy peansHuii kpipenc A/l
MaTHMe CyTTEBY HEPiBHOMIPHICTb, sIka OOYMOBIICHA, Y TIEpIIly Yepry, HasBHICTIO Mi3iB Ha pOTOpPi Ta cTaTopi
[8, 9]. B takomy BHmaaKy MarHiTHa iHAYKIIiH y 3a30pi MOKe OYTH BH3HAYEHOIO, SIK:

A-F
B:fuo—’ (15)
20,
e A — BIOJHOCHA MarHiTHa TMPOBIAHICTh JABOCTOPOHHBOTO KIIPEHCY; Mo — MAarHiTHa CTala,

J. — cymMapHu#t aBoctoporHi kiiperc AJl; F — pe3ynpTytoua marHito-pymriiiaa cuna (MPC) y xipenci AL,
110 MOXe OyTH BU3HAUYCHA SIK:
F=FKR+F,
ne F1 — MPC, mo HaBoauThCst 00MOTKOIO cTaTtopa; F» — MPC, 10 HaBoauThCcst 0OMOTKOIO POTOpA.
VY cBoto uepry, MPC cratopa Mmosxe 6yTH anHaqumo, sik [9]:

Z Ko K, -cos(w, -t—v-a), (16)
pl
ne Fim — ammutity e 3aauenss MPC O6MOTKI/I cTaTropa, o BU3HAYAETHCS SIK:
V2-m -k, -k
im = s @an
JIe V — KUIBKICTh Map MarHiTHUX IOJIFOCIB CTATOPa, 10 BU3HAYAETHLCS SK:
2-k -m
y=|—2 11 p; (18)
d+1
1€ Kwp — KoeiIieHT, o XapakTepu3y€e BIAKPUTTS Ma3a CTaTOpa Ta BU3HAYAETHCS SIK:
z-v-b
sin(——— q )
k,,=—=98 19
wp b (19)
z-d

ne b — BimkpurTsa masa; d — masoBa mojinka; o — KyT moBopoty poropa AJl; K., — KoedillieHT CKOIIEHHS
Ta3iB y-1 TAPMOHIKH, 1110 BU3HAYAETHCS SIK:

sin’7)
(2" (20)
Toovy
2
ne Kuwi — KoedimmieHT yKOpoUeHHsT KpOKY 0OMOTKH cTaropa; Kpi — KoehillieHT po3noiieHHsT 0OMOTKY
craTopa.
Toni MPC poropa AL MosKe 6yTI/I Bu3Hayenum [9, 10]:
L, Ko, K., z
Zzp 2 __bu k Cos{a)l t+(pu—v)o t—p-a+u-v- ——l//z} (21)
S
p2 v
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ne Fom — ammnityane 3Hauernss MPC 0OMOTKH poTopa, 10 BU3HAYAETHCS SIK:
E _Vz'ml'kwl'kpl'kv'w |- 22
2m — LrY ( )
T-p
ne K, — koedimieHT MariTHOT 0OMOTKH; i — KITBKICTh TTap MarHiTHUX MOJIOCIB POTOPA; Z — KUIbKICTh
nap THOJIOCiB POTOpa; 2 — Ga3oBUil 3cyB Mixk ctpymoM Ta MPC potopa.
BigHOCHA MPOHUKHICTH PEYOBHUHU KITIPEHCY (TIOBITPS) IPH YMOBI ABOCTOPOHHBOT 3y0H4acTOCTI MOXKeE

OyTu Bu3HaueHO, sk [10 - 12]:
A=4-4-K,, (23)

Jc

&y = Iy — ()0 (1) "I g, cos(n- z, -q), (24)

= %+Z(W”%mw{m2(qz o klj @5)

JIe ¥ — KpOK OOMOTKH B T1a3aX; Z; — KiJIBKICTh Ma3iB CTaTOpa; Z» — KUIBKICTh Ma3iB pOTOPa; ( — KiJIbKICTh
nasiB Ha moiroc Ta Basy; | — akcianbHa JOBKHHA aKTUBHUX YacTUH AJl; A1m, Aom — TApAMETPH, 110 BU3HAYAIOTh
3 hopmy, siki HaBeneHi B [13].

Y AJl pe3ynbTyrounii 00epTOBU €ICKTPUYHII MOMEHT BUHHKAE B HACIIZOK B3aEMOIii TPOCTOPOBUX
rapmoHik MPC craropa Ta poropa. OctanHiii MOke OyTH 3U3HAUCHHUI BUXOJISYH 3 MOJOXKEHb 3aKOHY Bio-
Caapa-Jlamaca [14]:

d, = D—b i dzd®, (26)
2 de
ne D — niametp posrouenns craropa; df / d@ — niniiine HaBanTakeHHs Tiel yactunu AJl, Ha Ky J1i€
MOMCHT.
Buxonsuu 3 ckazaHoro:

H b- —d de, 27)

B Takomy BHINajKy cepeJHE 3HAYCHHsS IMyCKOBOTO MOMEHTY, IO BHHUKA€ B Pe3yJbTaTi B3aeMOJIil
poTopa Ta craropa A/l, BU3BHa4ar0Th BUXOJASIUU 3 (27)

A D-I. Kk ok oK
- /uO //{10 00T Z 51m 2ck pl Tpl Tckp 'Sin((Pl—(Pz), (28)

Iie @1 — moJaTKoBa ¢aza CTpyMy CTaTopa; @2 — HOYaTKoBa (haza 3B€A€HO CTPYMY POTOpA.
BpaxoByroun ckazane, 3auiieMo BUpas, 0 OMMMCYBaTUME 3MiHHY CKJIQJIOBY ITyCKOBOTO MOMEHTY

AM = A-sin(f,) + B - cos(S,c), (29)

ne A, B, f1, f2 — xoedimieHTH, 110 3a]€KaTh BiJl KOHCTPYKTHUBHHX [TapaMeTPiB ACHHXPOHHOTO JIBUTYHA.

M

4. BukJjiag oCHOBHOTO MaTepiaay

Jns miaTBep/pKEHHS aJeKBATHOCTI OTPUMAaHHMX pe3yibTaTiB Oylo TpPOBENEHO MaTeMaTHYHe
MOJIEITIOBaHHSI 3aiekHOCTI (28) st acuaxponHoro nBUryHa 4AAS5S6A4, OCHOBHI KOHCTPYKTHBHI IMapaMeTpu
SIKOTO HaBeAeHo y Tabu. 1

Tabnuys 1
OcHo6HI KOHCMPYKMUBHI RAPAMempU ACUHXPOHHO020 0euzyHa muny 4AA56A4
Tun f, R1, R2, X1, X2, a, B,
OK I'g OMm OMm Om OMm Hwm Hwm
4AA56A4 4.80 97.72 78.48 42.68 76.90 -0.07 +0.05

Pe3ynpratn MaTeMaTHYHOTO MOJENIOBAHHS 3alIe)KHOCTI (28) Ui aCHMHXPOHHOTO JABUTYHA THITY
4AAS56A4 naBeneHo Ha puc. 2
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Puc. 2. Pezynomamu MoO0enio6aHHa 3a1eHCHOCHIE HYCKOB020 MOMEHMY ACUHXPOHHO20 08UZYHA
muny 4AA56A4 6i0 nouamko6020 Kymoeozo nonoIHceHHs pomopa

Sk BummBae 3 aHamizy Trpadika, HABEACHOTO Ha pHC. 2, KONHUBAaHHSA ITyCKOBOTO MOMEHTY
JOCIIDKYBaHOTO JBHT'YHA CYTTEBO 3aJI€XKaTh BiJl MOYaTKOBOTO KYTOBOTO ITOJIOKEHHS HOTO POTOpa Ta MpHU
MEBHHUX KyTa MOBOPOTY MOXKYTh BIIXWIISATHCA y MeXax = 6,5 % Bl HOMiHaJIBHOTO.

5. BucHoBKH

1. Otpumano piBHSHHS 3aJ€KHOCTI ITYCKOBOTO MOMEHTY aCHHXPOHHOTO JABUTYHA BiJ TOYaTKOBOTO
MTOJIO’KEHHS HOTO pOTOpa, M0 1a€ 3MOTY 3 ypaXyBaHHSIM KOHCTPYKTUBHUX ocoOmuBocter AJl, oHO3HAYHO
po3paxyBaTd 3HAYCHHsS MEXaHIYHOIO MOMEHTY, SKMHA BHHHMKAa€ Ha Baly JIBUTYHAa MpU HOTO 3aIycKy 3
HOMIHAJIBHOIO HAIPYT OO JKUBJICHHS.

2. OTpuMaHO MaTeMaTHYHY 3aJE€KHICTh BIIXMICHHS ITyCKOBOTO MOMEHTY Al BiJl TOYaTKOBOTO KyTa
MMOBOPOTY POTOpaA, IO MOXE OYTH BHKOPHUCTAHOKO Y SKOCTI IMOIMPABOYHOI MAaTeMaTHYHOI MOJIENI CHUCTEMH
kepyBaHHA A/Jl.

3. 3miificHeHO MOJENIOBaHHS 3aJIeKHOCTI MOMEHTY ACHMHXPOHHOI'O JBHUTYHA BiJJ IOYaTKOBOTO
MOJIOXKEHHS HOro poTopa, 0 Aajo 3MOrY HiATBEPIUTH a/leKBaTHICTE OTPUMAHOI MATEMaTHYHOT 3aJIeXKHOCTI.
[MokazaHo, moO 3MiHa MyCKOBOI'O MOMEHTY MpW MOBOpOTi poropa AJl BinOyBaeThcs 3a CHHYCOINATbHUM
3aKOHOM. TeopeTHYHO OBEICHO, II0 BiOXWJIEHHS ITyCKOBOIO MOMEHTY NPH Pi3HHX MOYATKOBUX KYTOBHX
MOJIOXKEHHAX POTOPa MOXKYTh JOCATaTH * 6,5 % Big HOMiHAJIBHOTO.
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MATHEMATICAL MODEL OF THE DEPENDENCE OF THE STARTING TORQUE OF AN
ASYNCHRONOUS ELECTRICAL MOTOR ON THE INITIAL ANGULAR POSITION OF THE
ROTOR

The current trend of recent decades is the growing role of the automated electric drive built on the basis
of asynchronous electric motors. This is connected both with the development of theoretical approaches that
allow to model the behavior of the latter with high accuracy, and with a significant increase in reliability and a
decrease in the cost of power semiconductor technology, which in turn made it possible to improve operational
characteristics and reduce the cost of such systems as a whole. The consequence of this trend is that asynchronous
motors are increasingly used not only in classic electric drive systems with easy starting conditions, but also
increasingly used in traction electric drives and electric drives with large starting moments, which were
traditionally implemented on the basis of direct current motors. This circumstance leads to the appearance of
additional technical difficulties in the design and operation of asynchronous electric motors, which is associated
with the peculiarities of their natural mechanical characteristics, which have a slightly underestimated value of
the starting torque. And although this shortcoming can be eliminated by increasing the power reserve of the
engine when designing the electric drive, such a compromise solution will have significant disadvantages
associated with a decrease in efficiency and an increase in the cost of the electric drive as a whole. It is obvious
that this circumstance determines the need for further theoretical research aimed at improving the starting
characteristics of asynchronous motors.

Considering what has been said, today the induction motor remains the most common electric machine
used in various fields of activity. Moreover, the share of asynchronous motors used in industry is growing rapidly,
and the scope of their use is constantly expanding. A. therefore, the development of a mathematical model of the
dependence of the starting torque on the angular position of the rotor, which in the future would allow improving
the starting characteristics of asynchronous motors, is an urgent scientific and applied problem that has
significant practical value.

In the article, the equation of the dependence of the starting torque of an asynchronous motor on the
initial position of its rotor is obtained, which makes it possible, taking into account the design features of the AD,
to uniquely calculate the value of the mechanical torque that occurs on the motor shaft when it is started with the
nominal supply voltage. The mathematical dependence of the deviation of the AD starting moment on the initial
rotation angle of the rotor was obtained, which can be used as a corrective mathematical model of the AD control
system. The simulation of the dependence of the torque of an asynchronous motor on the initial position of its
rotor was carried out, which made it possible to confirm the adequacy of the obtained mathematical dependence.
It is shown that the change of the starting torque during rotation of the AD rotor occurs according to the
sinusoidal law. It is theoretically proven that deviations of the starting torque at different initial angular positions
of the rotor can reach + 6.5% of the nominal value.

Key words: asynchronous electric motor, starting torque, angle of rotation, magnetic flux, mathematical
model, rotor, stator.

F. 29. Fig. 2. Table. 1. Ref. 14.
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