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Pedepar. Bpems u nyTb TOPMOXKEHUS IEKTPONPHUBOAA C YACTBIMH ITyCKOTOPMO3HBIMU PEXHMa-
MH, COJEp’KaIller0 aCHHXPOHHBIM ABUTaTeNb C BCTPAMBAEMBIM KOMOMHHPOBAHHBIM TOPMO3HBIM
YCTPOMCTBOM, 3aBUCAT OT TOTO, B KAKOM MOMEHT BPEMCHH IIPOHCXOJHUT PacTOPMaKHMBaHUE DJICK-
Tpomaruura. [Ipu 3TOM y4HTBIBAIOTCS ApyTrHe HEMaJOBa)KHBIS KPUTEPUH: M3HOCOCTONKOCTH TOP-
MO3HOTO YCTPOMCTBA H IJIABHOCTh TOPMOXKEHUSI AJIEKTPONpPUBOa. B 001iem ciydae Takoii acuH-
XPOHHBIN JIBUTaTeNIb CONCPKUT aCHHXPOHHBIH J[BHIaTellb ¢ KOPOTKO3aMKHYTHIM POTOPOM, DJIEK-
TPOMEXAaHUYECKHH HOPMaJIbHO-3aMKHYTBIH TOPMO3, 3JICKIPOMAarHUTHYI0 MY(TY CKOJBXEHHS
U cxeMy ymnpasieHus. [IpeacTaBieHsl MeXxaHHIeCKHE XapaKTEPUCTUKH TOPMOKEHHUSI aCHHXPOHHO-
ro JIBUrateis C BCTPaHBA€MbIM KOMOMHHPOBAHHBIM TOPMO3HBIM YCTPOHCTBOM IIPU Pa3IMYHBIX
MOMEHTAX PACTOPMaKUBAHUS JIEKTPOMArHuTa. [IprBeieHa MaTeMaTiHdeckast MOJeTb U NIPEaCTaB-
JICHBI TIEPEXO0/IHbIE TIPOIECCH B TaKOM JBHraTene. @opMupoBaHne MoJeneil Ui HCciaeJOBaHus Ha
OBM ocyuiecTBisIM Ha s3bIke porpammupoBanust Fortran 2008. Pacuet cuctemsr auddepeniu-
aNpHBIX ypaBHEHHMI mpomn3Boaunn MerogoMm Pynre — Kyrra. PacropmakuBanue s5neKTpoMexaHHU-
YEeCKOTO TOPMO3a IPH Pa3INYHON CKOPOCTH IPUBENO K Pa3HBIM 3HAUCHUSM BPEMEHHM H IyTei
TopmoskeHus. [Toka3aHsl rpaduKy 3aBUCHMMOCTH MYTH U BPEMEHH TOPMOXKCHUS NPH Pa3IMYHBIX
MOMEHTax pacTOpMaKUBaHHUA SJICKTpOMarHura. OnTuMaabHBIM MOMEHTOM BKJIIOYEHHMS OJIEKTPO-
MEXaHMIECKOTO TOPMO3a, 00eCeYHBAIONINM Mailble IyTh W BPEMsl TOPMOJKCHUS, SBISCTCS MO-
MEHT IIPH CKOPOCTH Wy, = 0,6-0,8 or HomMuHanbHOIL. [Ipu 3TOM IOMyCTHMOE YMCIO TOPMOXKeE-
HUM U1 GPUKIMOHHON HAKTaAKH (IO CPAaBHEHUIO C MEXaHMYECKUM TOPMOKCHHEM) YBEIMYHUTCS
B 1,6-2,8 pa3a. DxcneprMeHTalIbHbBIE HCCICIOBAHNUS MOATBEPIMIN MPABUIBHOCTh IOJIYYEHHBIX
MaTeMaTHIEeCKUX MOIENEH U BEISIBICHHBIX 3aKOHOMEPHOCTEH.

KnroueBble c10Ba: acHHXPOHHBIM [BHTraTelb, TOPMO3, My(Ta CKOJBXKEHHS, IIyTh U BpeMs
TOPMOXKCHUS, (PPUKIIMOHHbIC HAKIIAIKH
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Influence of the Time of Disinhibition to Transients and Wear
of the Friction Linings in an Asynchronous Motor

V. V. Solencov”, V. V. Brel”
Yp. 0. Sukhoi State Technical University of Gomel (Gomel, Republic of Belarus)

Abstract. Time and the stopping distance of the electric drive with frequent starting-and-braking
modes that contain embedded asynchronous motor with a recessed combined braking device de-
pend on the moment of an electromagnet disinhibition. At the same time other important criteria
are taken into the account, i.e. wear resistance of the brake device and the smoothness
of the deceleration of the electric drive. In general such an asynchronous motor contains asynchro-
nous engine with squirrel-cage rotor, electromechanical normally-closed brake, electromagne-
tical slip clutch and control circuit. The mechanical characteristics of the deceleration of asynchro-
nous motor with recessed combined brake device at different moments of an electromagnet disin-
hibition are presented. The mathematical model is featured and the transients in such a motor are
presented. Formation models for computer research were carried out in the Fortran 2008 pro-
gramming language. Calculation of the system of differential equations was fulfilled by the
Runge — Kutta method. The deceleration of the electromechanical brake at various speeds caused
different time values and stopping distances. The plots of stopping distance and the braking time
at various moments of an electromagnet disinhibition are demonstrated. The optimum moment
of switching on an electromechanical brake, providing small stopping distance and the braking
time is the time when the speed w,,, = 0,6-0,8 of the nominal. In this case the acceptable num-
ber of brake applications for friction linings (compared with mechanical braking) will increase
by 1.6-2.8 times. The pilot study confirmed the validity of the obtained mathematical models and
discovered patterns.

Keywords: asynchronous motor, brake, slip clutch, path and deceleration time, friction linings

For citation: Solencov V. V., Brel V. V. (2016) Influence of the Time of Disinhibition to Transi-
ents and Wear of the Friction Linings in an Asynchronous Motor. Energetika. Proc. CIS Higher
Educ. Inst. and Power Eng. Assoc. 59 (5), 427-435 (in Russian)

BBeaenne

Bpems u myTh TOPMOXKEHHUS SJEKTPONPHBOAA C YAaCTHIMH ITyCKOTOPMO3-
HBIMH pPEXHMaMH, COACPIKAIIEro aCHHXPOHHBIN IBUTaTelb C BCTPaWBACMbIM
KOMOWHHPOBAaHHBIM TOPpMO3HEIM ycTpotictBoM (AJl ¢ BKTY), 3aBucsr ot toro,
B KaKOW MOMEHT BPEMEHH MMPOUCXOJUT paCTOpPMaKMBaHHE dIeKTpoMarHura [1].
[Ipy 9TOM YYHTBHIBAIOTCS APYrHe HEMAIOBa)KHBIE KPHUTEPUH: M3HOCOCTOMKOCTD
TOPMO3HOIO YCTPOWCTBA M IJIABHOCTH TOPMOXEHHUS JIEKTPOIpuBoAa. B cBs3u
€ 3TUM €CTh HEOOXOAMMOCTh MCCIIEJIOBATh BIMSIHAE MOMEHTA PACTOPMaKHBAHUS
AIIEKTPOMArHUTa Ha JIEKTPOMEXaHUUECKUE MEePEXOJHbIC MPOLECCH U BBISIBUTD
onTumanbHble ycnoBus skcrutyatauuu Al ¢ BKTY B anektponpuBonax ¢ 4da-
CTBIMH ITYCKOTOPMO3HBIMHU PEIKUMAMU.

OcHoBHasl YacTh

B obmem cnyyae Al ¢ BKTY comepXuT acHHXpOHHBII ABATATENb C KOPOT-
KO3aMKHYTBIM POTOPOM, 3JIEKTPOMEXaHMYECKHH HOPMAaJIBHO 3aMKHYTBHIH TOp-
MO3, DIIEKTPOMATrHUTHYIO My(PTy CKOJIEKEHHUS U cxeMy yrpasieHus [1]. ®opmu-
pOBaHHE TOPMO3HOH MEXAHWYECKOM XapaKTEPUCTUKHU IIPOUCXOIUT CIEAYIOIINM
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oOpazom. Iloce oTkIOYeHHs ABHTATENs OT CeTH (hopcHpyrolee HANPSIKEHHE
MOIaeTCsl Ha DIIEKTPOMArHUTHYI0O My(Ty CKONbXeHHs. J[Burarenr HadnHaeT
TOPMO3UTHCS DJIEKTPOMATHUTHBIM TI0JIEM, CO3aBa€MbIM BUXPEBBIMU TOKaAMHU
B TOPMO3HOM JIMCKE, KOTOPHIH JKECTKO CBS3aH C BAJIOM japurateliss. Yem OosbIie
CKOpPOCTPH BpAIlIeHHUs Baja ABUTATEISA, TEM OOJBIIUNA TOPMO3HON MOMEHT CO3AAeT
3NeKTpoMarHuTHasg MyTa. B mporecce TOpMOKeHHS CKOPOCTh Baia 3aMeIseT-
Csl, U IpPU JOCTIKCHUU 3aJJaHHOM CKOPOCTU BKIIIOYEHHUS] (,  CXEMa YIIpaB-

JICHUS DPAa3MbIKACT BHCKTPOMCXS.HI/I‘-ICCKI/Iﬁ TOPMO3. C »TOoro MomMeHTa Ha Bal
JABUTATCIIA ,I[CﬁCTByeT CYMMapHI:If/’I TOpMO3HOI>’I MOMCHT OT Myq}TLI n OT JJICK-

TPOMEXaHMYECKOro TOpMo3a. CKOPOCTh BKIIIOUEHHS (), , ONpEIeseTcs HeoO-

XOJAUMOM TOPMO3HOM MEXaHUYECKOM XapaKTEPUCTHUKON 3JEKTPOINpPUBOJA U 3a-
JaeTCs M3HAYAIBHO B CXeMe yrpasicHus. Tpedyemas TopMO3HAs MEXaHUYECKAs
XapaKTEPUCTUKA ISl DIICKTPOIPUBOJIA OMPEACISCTCA B X0€ UCCICAOBAHMS WU
JKCIIEPUMEHTAIBHO.

Mexanuueckue xapakrepucTuku Topmoxkenus AJl ¢ BKTY mpu paznudsbix

CKOPOCTSIX BKIIOYEHUS ( Wy, = 0,25; 0,50; 0,75 0T HOMHMHAIIBHOIT) dIEKTpOMe-

XaHUYECKOro TOpMO3a IpeAcTaBieHbl Ha puc. l. Pa3znndsble MexaHuueckue
XapaKTepUCTUKU INPUBOAAT K pa3sHbIM BHIAM IEPEXOJHBIX IpolueccoB B Al
¢ BKTYVY u k pa3Hoii crenieHn n3Hoca GPUKIMOHHBIX HAKIAIOK AIIEKTPOMEXaHH-
4ECKOI'0 TOpMO3a.

1,07
0,9t
0,8+
0,7+
0,61
0,5¢
04t
0,3f
0.2f
0.1}

Puc. 1. MexaHnuecknue XapakTepUCTHKU TOPMOXKEHHS aCHHXPOHHOTO JIBUTaTels
C BCTpanBaeMbIM KOMOWHHPOBAHHBIM TOPMO3HBIM YCTPOHCTBOM IIPH PA3IUIHBIX

CKOpOCTAX BKmoueHus o, . 1-0,75;2-0,50; 3 - 0,25 oT HOMHHANLHO#
Fig. 1. Mechanical braking characteristics of asynchronous motor
with an embedded combined braking device at various
switching speeds o, ,: 1-0,75; 2 -0,50; 3 — 0,25 out of the nominal one

[lpy aHanMTUYECKOM HCCIENOBAHMHM MEPEXOJHBIX IPOLIECCOB B TOPMO3-
HBIX DJIEKTPOJBUTATENSX [2] BOZHUKAIOT CEPhE3HBIC TPYIHOCTH, 00YCIOBICHHEIE
HEJTMHEHHOCTBIO YPaBHEHMH IIPU IE€PEMEHHOHN YIJIOBOM CKOPOCTH pOTOpa ().
B 10 e Bpems u3BecTHO, yTO Haubosnee 3PpPeKTUBHBIM HHCTPYMEHTOM LIS pe-
LIeHUS MOA0OHBIX ypaBHeHUH sBisiercs OBM. OHa mo3BodsieT OBICTPO U € A0-
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CTaTOYHOM CTENEeHbIO TOYHOCTH pellaTh CHUCTEMY HEJIWHEWHBIX YypaBHEHUU
ACMHXPOHHOTO JIBUTATEJIs NMPU BaPhbUPOBAHUM MApaMETPOB B IIMPOKUX Mpee-
nax. [loaromy ass nccinenoBanns MEPEXOIHBIX MPOIIECCOB UCTIOIB30BAIA METO]
MaTeMaTHIECKOTO MOIeTUpoBanus Ha DBM.

W3BecTHBIE ypaBHEHUS, 3alMCAHHBIE B OPTOTOHAIBLHOM CHCTEME KOOpIU-
HAaT 0, [3, HETIOIBIKHOM OTHOCHTENFHO HecuMMeTprdHoi yactu Al ¢ BKTY [1],
BBITIISIIST CIETYIOIIAM 00pa3oM:

)

0 — d\llra

M=—— p(i;uisﬁ - iSai;B); (2)

3)

rac

(4)

Xg =X +X, — IOIHOC HHIYKTHBHOC CONPOTHBICHAEC OOMOTKH CTaTOpa;
X; =Xy + X, — TO K€ IPHUBEICHHON OOMOTKH pOTOpa; X;, X, — HHIYKTHB-
HBIC COIPOTUBICHHUS PACCESHUS CTATOPHOU M NMIPUBEIECHHOW POTOPHONH 0OMOTOK;

X, — TO K€ B3aMMOWHIYKIIHH.

m

YuuThiBas peKOMEHAAMHU [2] OTHOCUTEIIbHO Hanboee yno0HO# (hopMbI 3a-
MMUCU YPaBHCHUI aCUHXPOHHOTO JIBUTATelsi U COOTBETCTBYIOIICH €l CTPYKTYp-
HOM cxeMbl Monenw, mpeodpasyeM (1), (2). Jas sToro pemmmM ypaBHEHHS CH-
iry- Jlaniee, NONCTABUB MOMyYEHHBIE BbI-

cTeMbl (4) OTHOCHTENBHO g, , isﬁ, [
paxenus B (1) u (2) m mpomsBeas mpeoOpa3oBaHUs, MOIYIUM HHYIO (HOpMY

3aIlMCH ATUX YpaBHEHUM:
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dyg,
J— —_ ! ! _ .
dt _usa woas\vsa +(Doaskr\vra 3u3’
dy
B _ .
dt - usB _(Doa’s\VsB + (Doalskr\l/rﬁ’
(5)
W _ » :
dt =00 Yy, + 0,0 KW, — mp\VrB’
d\l’rs B , 'k ]
T__(Doa Wrﬁ 0,0, SWSB +mp\llra’
3 k
M =—po, —— (VW — VsaVrp ) (6)
2 o} GXS( ra 't sp Sa rﬁ)
rae koopdunuents: K, K., o, o) ¥ G COOTBETCTBEHHO paBHBI [2]:
X X
ks =_m- kr =_m-
XS Xr
rl r2'
g =—} o =——;} ()
OXq OX;
2
X
o=1-—"r
X X,

OOBIYHO TTPH MOJICIIMPOBAHUYU yPABHEHUS AJICKTPOMEXaHHUYECKOTO TIpeodpa-
30BaHMS DHEPTUU 3aMKCHIBAIOT B OTHOCUTEIBHBIX EIUHHIAX ITyTEM BBEICHUS
0a3UCHBIX BEIMYUH. DTO MMO3BOJISICT YIPOCTUTh UX, U30ABUTHCS OT TPOMO3IKUX
KO3 (QUITUCHTOB U MOJYYUTh OOIIKME pe3yabTaThl. B HACTOSIIEH CTaThe UCTIONb-
3yeTcsl cucreMa 0a3MCHBIX BENWYMH, pekoMeHaoBaHHas B [2]. IIpu atom ypas-
Henus (5) u (6), 3aKMCcaHHBIC B OTHOCHTEIBHBIX SIMHUIAX, HMCIOT CIICAYIOITHIA
BUJI:

Ve o e e 2
dti =Ugy =0V +askrwra _Eua;
dyg e
_iB =Ugg —0Ygp + askr\vrﬁ;
dt
i (8)
"II o 4 o ! o o o
Z =0\, + arkswsa - ('Opwrﬁ ’
dt
dy;
ﬁ 1. .° ’ o o o
dt: =0~ arks\vsﬁ + OpWYrgs
dop 1p. o L nge oo
dt°p ZE[M (M +M7 -1t +MM(cop))51gn0)pJ; 9)
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. koL . .
M®=——(y, Ve — Ve Wip)s (10)
o X,
2
H = 33,879Jn1 | (11)

6a3

rae H — MOMCHT WHEPIMHM B OTHOCHUTENBHBIX CIUHUIAX;, S. . — HOMHHAJIBHAS

6a3
TTOJTHAsI MOIITHOCTH ABHUTATENs, B-A; M, — cTaTHIeCKUif MOMEHT COIIPOTHBIICHHUS,
M, — TOPMO3HOH MOMEHT, BO3HHMKAIONINN B PE3yJbTaTe TPEHUS (DPUKIIHOHHBIX
HAKJIaJIOK TOPMO3HOT'O YCTPOMCTBA (3IEKTPOMEXaHMYECKHI TOpMO3); My(wm,) —
TO K€ DIIEKTPOMArHUTHOU MY(PTHI CKOJIBKEHUS (3JCKTPOMArHUTHBIHA TOPMO3).

OTHOCHUTENBHBIE BEIUYMHBI TOKOB U IMOTEPh JHEPTUH OMPEICIIIOTCA IO
dhopmynam:

1k
Is,, = o Vsa T Vras

s s
L1 k.
Ig = Vs T Wips

s s

12

1 ke (12)
ho = sWra = o Ysa’

r r
L1 k

i =

oX;

o __s o

\VrB GX: \Vs[}’
»

o ° o 2 o0 2 0.

W, =r1.[(|sa +ig )dt ;

. (13)

Wy = f(ir, 2+ 7 e

r
0

®opMupoBanue mojeneil mias uccienoBaHuss Ha OBM ocyiecTBisuim Ha
s3pIke mporpammupoBanus Fortran 2008. Pacuer cucrembr auddepeHnans-
HbIX ypaBHeHUH (8)—(10) npomsBoannn merogom Pynre — Kyrra. [lepexonnsie

npoueccel A/l ¢ BKTY (AHMP90O J . =2J M.=01IM,) npu o,, =

= 0,25; 0,50; 0,75 oT HOMHHATHHOM MPEACTABICHBI Ha PUC. 2.
Kak BuaHO U3 puc. 2, paCTOPMaKMBaHUE JJIEKTPOMEXAaHHMYECKOTO TOPMO3a

pot’

IpU pa3IuYHOIl CKOPOCTU , , IMPUBEIO K Pa3HBIM 3HAUEHUSM BPEMEHU U IIy-

Tell TOPMOXKEHHS. DJIEKTPOTPUBOJIBI TPOU3BOACTBEHHBIX MEXaHU3MOB TPEOYIOT

o

BKJI

PAa3IMYHBIC XAPAKTCPUCTUKU TOPMOKCHHA. HOBTOMy BBI60p ® JJIL KaXKI0T0

QJICKTPOIPUBOAA AOJLKCH MNPOU3BOAUTHLCA HAa OCHOBC Tpe6OBaHI/Iﬁ K BpPCMCHU
U IIYTH TOPMOXKCHHA, K HM3HOCOCTOMKOCTH TOPMO3HBIX HAKJIAAOK W IIJIABHOCTH
TOPMOIKCHUS. HaHpI/IMep, €CJIM MPUBOA ABJIACTCA JJICKTPOIIPUBOJAOM IMOJa4u, TO
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Ba)XKHA TOYHAs OCTaHOBKA (ITyTh TOPMOKEHHS). [T OBICTPHIX IPOU3BOJICTBCH-
HBEIX TIPOIIECCOB BaXKHO BpeMs TopMokeHus. OgHako Hanbosiee ObICTpas U TOU-
Has OCTAHOBKAa HE BCerja sBiiseTcs Hawryuniei. CleayeT YYUThIBaTh, YTO JUIS
MHOTHX TMPOM3BOJICTBEHHBIX MEXaHW3MOB MaKCHMAIIbHOE 3HAYCHUE YCKOPEHUS
MpU 3aMeJIeHUH (T. €. TUIABHOCTH TOPMOXCHHs) OrpaHuuyeHo. Tak, Juist 3nek-
TPOIIPUBOJIOB TPY30MOAbEMHBIX MEXaHU3MOB 3aMeJICHUE HE JODKHO OBITH 00-
nee 0,1-0,2 m/c? (mpemoTBpamaeTcs packadnBanue rpysa) [3, 4]; wis AIIEKTPOTIPH-
BOJIOB, TPAHCIIOPTHPYIOMIMX KOBIIH C JKHIKAM pAaciuiaBoM, — 6omee 0,25 m/c%;
JUISL SIEKTPOIPHBOIOB CAMOXOIHBIX MammH — Gomee 2,0 m/c’  (MCKIFOYaeT-
cs1 TIPOOYKCHUPOBKA KOJIEC); LISl DJICKTPOIPHUBOIOB IIETTHBIX KOHBEHepoB — 0o-
nee 0,5 M/c? (YMEHBIIAKOTCS JUHAMUYECKIE YAAPBI Ha 1els) [3, 5—7].

3,0 2,0

2,6 S— 1,7
220 e 14
1,8 1,1
1,4 0,8
1,0 05
0,6 0,2
0,21 [ [ i 01 ¢
028 05 /i,o 15 20tc 25 044
_2’8 2 —0,7
' -1,0 —
c
1,0
0,8 o Puc. 2. Tlepexoansie poIeccs
0,6 3 V. = ACHHXPOHHOTO JIBUTATEIIS
0,4 / 1 C BCTparBaeMbIM KOMOHHHUPOBAHHBIM
0,24 h=mmmmmmmm e 742 ---.j ......... TOPMO3HBIM YCTPOHCTBOM IIPH:
4 x a- o, =0,25,b-0,50; c-0,75;

1-0°2-M°-0,1;3-9¢ - 01,00

2
-0.4 [ | f Fig. 2. Processes at asynchronous motor
-0,6 y with an embedded combined braking device at:
-0,8 L N o _ : ) )
10 a— o, =0,25;b-0,50; c-0,75;

1-0°%2-M°-01;3-¢ - 0,1, rotations

Ipu Topmoxenun AJl ¢ BKTY nomumMo BpeMEHH U ITyTH TOPMOKEHHSI BaXK-
HBII TTapaMeTp — YMEHbBIIEHHBIN N3HOC (PPUKIIMOHHBIX HAKJIAIO0K, YTO BIMSET HA
JUIATENBHOCTh Oecriepe0oitHoi paboThl anekTponpuBoga. Kak ykazano B [3],
TOPMOXKCHHE HA IOHMKCHHON CKOPOCTHU CYIIECTBEHHO YMEHBIIACT H3HOC (DPUK-
IMOHHBIX HAKJIAJIOK 3JICKTPOMEXaHUIECKOTO TOPMO3a.

W3 BbImIECKa3aHHOTO CleAyeT, 9TO HeOOXOIUMO MPOoaHATIM3UPOBATh M BHI-
OpaTh onTUMalIbHOE 3HaY€HHE M, , MPH KOTOPOM OOecreunBaeTcst ObIcTpast u

BKJI!
TOYHAsl OCTAHOBKA JIEKTPOIIPHUBOA, a TAKKE UMEIOT MECTO MOHIKEHHBIA N3HOC
U T1aBHOCTH TopMoskeHus B A/l ¢ BKTVY.
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3aBUCHMOCTH IIyTH TOPMOXKECHHUS (p, BPEMEHH TOPMOKEHHS lr,, U BpPEMEHH

BKJIFOUCHUS TOpMO3a tBKﬂ OT CKOPOCTHU BKJIFOUCHHA Q);K SJICKTPOMCXaHUYICCKO-

J1

ro topmosa st asurarens AUP90 (3, =2J,6r; I, =3dpor; M =0,1M,))

M

MEX

MIpUBENECHBI Ha puC. 3.

a

6O T
¢, 00

40

Puc. 3. 3aBUCHUMOCTH IIyTH TOPMOKEHHSA ¢ (@), Bpeme-
HHU TOPMOKEHHUS by, (D) 1 Bpemenn BrmoueHns

TOpMO3a tyy; (C) OT CKOPOCTH BKIIOUYCHHUS My,
QIIEKTPOMEXAHUYIECKOT0 TOPMO3a

Fig. 3. The graphs of dependencies of stopping
distance @ (a), braking time t,,, (b) and the time
: of turning the brake t,, (c) upon the speed
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AHanm3 mosy4eHHBIX FpauKOB 3aBUCHMOCTEH MOKAa3al, YTO ONTHMAJIEHBIM
MOMEHTOM BKJIFOUEHHS 3JIEKTPOMEXaHHMYECKOTO TOPMO3a, 00eCHeUUBAIOIIUM
MaJlble MyTb M BpPeMs TOPMOXKEHHS, SBISETCS MOMEHT IPH CKOPOCTH Mg =
= 0,6-0,8 or HOMHMHANBHOW. [Ipy 3TOM HOmMycTHMOE YHCIO TOPMOXKEHUH VIS
dbpuknmonHo#t Hakmanky [3, 8—10] (o cpaBHEHUIO ¢ MEXaHMYECKUM TOPMOXKE-
1 1 1
(0,)° 0,6% 0,8

B

HueM) yBeanuutrcs B N = =1,6+2,8 paza. Dxciepumen-
TallbHbIC UCCIICIOBAHNUS TTOITBEPIMIN IPABIIIFHOCTH TTOJyYEHHBIX MaTeMaTH4e-
CKHX MOJIeJieil U BBISIBJIEHHBIX 3aKOHOMEPHOCTEH.
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