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Ho BO CH dHpCKHii SJleKTpOTeXHMqeCKHtt HHCTHTyT , CCCP.

HCCJIEtfOBAHHE /PiAMHHECKHX IFOUECCCB MAllMH 
C 3JEKTP0MAIHHTH1M nPHBOflQM

PaccMOTpeHH BonpocH, CBH3aHHue c HccneflOBaHHeM flHHawHqecKnx 
npoqeccoB u 003flaHHeM odąeii TeopnH pacqeTa wamnH h MexaHH3M0B c  
3JieKTpoMarHHTHUM npHBOflOM, paapadoTaHa nporpaMMa MaTeMaraqecKOft 
o6padoTKH ocipuiJiorpaMM paooqero npoqecca aneKTpouarHHTHta MarnwH 
h npHBefleHH pe3yiibTaTu cqeTa nporpaMMa flflfl oJieKTpoMarHHTHoro 
KpacKonyjibTa.

1. BBegeHHe
TjiaBHOK OCOdeHHOCTbiO MexaHH3M0B H MaiDHH C 3fleKTpOMaTHHTHHM 

npHBOflow HBnneTCH rflydoKaii h TecHan B3aHM0CBH3b Meatfly sfleKTpaqe- 
c k h m h h  MexaHnqecKHMH npoqeccaMH, npoTeKamquMH b h m x  [l,2] . ITo— 
3T0My HeCMOTpn Ha npOCTyiO KOHCTpyKpHK) 3JieKTpOMarHMTHHX MaaiHH, 
3fleKTpoMexaHHqecKHe npoqecca, odycuiOBJiHBaioflHe h x  padoqwii npoqecc, 
oqeHb cjioatHae u oirochiBaioTCH CHCTewoK HeJiHHeitHax flnf4>epeHiTnaJibHbtx 
ypaBHeHHi*, ToqHOe pemeHMe KOTopax navt™ aHajiHTtiqecKHMH MeTOflaMn 
He npeflCTaBJiHeTCH B03M0acHbiM. H3-3a cjioxhocth 3JieKTpoMexaHnqecKnx 
npoqeccoB flo HacTOsmero BpeMeHH He cynpcTByeT ToqHux weTOflOB 
pacqeTa MexaHH3M0B h  msiuhh c aJieKTpoMarHHTHUM npHBOflOM. B c b h3H 
c 3Th m  3KcnepnMeHTajibHue HccjieflOBaHHH npwodpeTaioT dojibmyio pojib 
B H3yqeHHH SfleKTpOMaTHMTHHX MamHH. Oh m  HeodxOflHMH He TOJIbKO flJlH 
onpefleJieHHH 3HepreTHqecKHX B03M0atH0CTeft MamHH, ho h a n a  HaKon- 
fleHHH 3KcnepnMeHTajibHHX flaHHHX, KOTOpae HyacHa flJin pa3padoTKH h o - 
b u x dojiee coBepmeHHax MeTOflOB pacqeTa.
2 . flapaMerpa, noflJisataqwe 0dH3aTeflbH0ii perncTpaqKH npw sKcnepH- 

MeHTBJIbHaX HCCJieflOBaHHHX DJIeKTpOWaTHHTHHX MatDHH

AHaflH3 padoT [I...5] , nocBHqeHHHX HCCJieflOB8HHio aJieKTpoaar- 
hhthhx MamHH, iioKaaaBaeT, qTd ohh, b OCHOBHOU, nocBHqeHH nsyqe-
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HKto onpefleJieHHHX B o n p o co B  h riooTOMy He coA epscaT noAHHñ oôbëM 

3KcnepHMeHTaabHbDC AaHHbix h  He nweioT c c h jio k  Ha p a ö o r a ,  r f l e  ohm 

onyßJiHKOBaHH. IIosTOMy M3 h h x  H sab3H  no jiy^H T b M aTepnaa a-Ah k o m i- 

jieKC H oro a H a jw a a  HCCJieAyeMMX b hmx MamHHax c aJieKTpoMarHHTHHM 

npHBOAOM H HeB03M0KH0 BbHTOJIHMTb paÖOTH, CBH38HHHe C C03AaHH6M

oôrçeii TeopHH pacneTa tbkhx ManniH.
ri03T0M y HeOÖXOAHMO npOBOAHTb HCCJieAOBaHHe 3JieKTpOMarHHTHb¡X

MâiDHH c 06a3aTeJibHbiM onyÔ^iHKOBâHHeM TaKHx napaMeTpoB, ksk:
1 .  FeoMeTpHuecKHe pa3Mepy MarHHTHOß n en n  h  MaamKu b qsnoM.
2 .  M aTepnaJi CTeuin uarHHTonpOBOAa h h k o p h .

3 . AKTHBHOe COnpOTHBJieHHe R H HHCJIO BHTKOB W HaMaTHH- 
loiBaiomeîî o ö m o tk h , eë pa3Mepn h yanoBH« HaMOTKH, AwaweTp oÖ m otoh- 

Horo npoBOAa h ero Mapna.
4. CTara^ecKHe xapaKTepacTHKH, k kotophm othochtch:
a) noTOKOcqenJieHHe b $yHKL(HK Tona V = S ( i )  np« pa3JiHHHhix 

noao*eHHHX hkoph ABHraTejiji ;
Ö) 3JieKTpOMâTHMTHaH CHJia B $yHKUHH nOJIOSeHHH HKOpfl ABHraTe- 

Jlfl / w o o  npn paaJiHHHHX 3HaqeHHHX Tona, npoTeKaiocąero b 
oßMOTKe ;

b) HHAyKTHBHOCTb B (JyHKIJHH IIOJIOKeHHH HKOpH L = i(X) ; 
r) CHJia ynpyrHX aJieMeHTOB b <$yHKqnM hx Ae^opMaqjra
5 . «HHHaMH^ecKHe xapaKTepHCTHKH

x = f ( t ) , x ‘ = f ( t )  ,  X" ~ f ( t ) , i = S ( t ) ,  Y = S ( t ) ,

V ' = S ( t )  , F n , = S ( t ) ,
rAe X  * X '  » X" -  TeKyujHe KOopAHHara nojioseHHH, c k o p o c t h ,  

yCKOpeHHH HKOpfl ABHTaTeAH, t  -  BpeMH I 
L , ü  I V  I V'  , Fnp -  MTHOBeHHbie 3Ha«eHHH COOTBeTCTBeHHO 

TOxa, npOTeKasDAero b oßMOTKe HäMarHHHHBaHHH; HanpnseHHH, npnjio- 
seHHoro K HeK; nOTOKOcqeruieHHfl; ero np0H3B0AH0íi; npoTHBOAeüCTBy- 
îomea cmra.

6 .  Ilap aM eT p a, xapaKTepH3yiom He noJie3Hyfo paßO Ty Ha BuxoAe 
3J16KTpOMarHHTHbK MaiHHH.
3 . OßpaßoTKa ocuHJUiorpawM paßouero npoqecca BJieKTpoMarHHTHHX 

MauMH c HcnojibaOBSHHeM 3BM

HaHÖoaee nojiHoe npeACTaßjieHne o paßoTe Mammra c aJieKTpoMar- 
HHTHHM npHBOAOM, OÓ OCOßeHHOCTHX 3Hepr0npe0ßpa30BaHHH, MOaeT
AaTb 8H8JIH3 ocqwuiorpaMw eë paßotiero npoqecca (AHHawHyecKHx xa- 
p aK T ep acT H K ). Viuea T a n y »  HH$opMaqnio, mokho cnpeA ejiH Tb T eo jiQ B ue
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noTepH, noTepH b CTann, na Tpemie, b ynpyrnx sneweHTax, MotqHOCTb, 
noTpeßjiHeMyio k3 cera, noJie3Hy¡o MOiqHOCTb, KOsfé̂ îipîeHTH none3Horo 
ÄeMcTBHH OTfleubKHx yanoB u Bceti MauiHHu b peJiOM : a TaKse Apyrae 
noKa3aTeJiH MatnHHH.

B CBH3H c  3 THM B03HKK8eT 38ftaqa uccaeAOBaHHH paßonero irpo- 
q e c c a  sJieKTpowarHHTHbix MairoiH h ochobhmx napaMeTpoB, xapaKTepusy- 
lomrac hx paßonHft npoqecc, h 3aTeM coBMecraaH oßpaßoraa pe3ynbTa- 
TOB HccJieflOBaHHH. IIpn 3 tom qejieeooßpa3HO Hcncjib30BaTb MeToqbî 
MaTeMara*iecKoro h á¡H3HuecKoro MOfleAHpoBSHKH, B e c r a  paspaßoray 
HOBHx MeTOflOB u npneMOB 3KcnepHMeHTanbKi.Dc HCCHeqoBaHHñ h oßpa- 
ßOTKH 3KCnepHMeHTaHbHLDC flaHHbDC C HCn0Hb30BaHHeM BbmHCHHTeJIbHUX 
MâBHH.

B saHHOñ paÖOTe npequaraeTC H  weToqHKa oßpaßOTKH oeqwuiarpaMM 
p a ß o u e ro  n p o q e c c a  sneKTpOMarHHTHHx MamnH Ha 3BM, k o to pan no3BO - 
HneT c^ e Jia T b  sH ep rerau ecia ifó  aHaJiH3 n p o q e c c o B , npoHcxoAHAHX b hmx. 
fy iH  3 T o ro  HeoßxoAHMa perHCTpaqH« (3 a n n c b )  ocqmuorpaM M  ochobhhx 
napasíeTpoB p a ß o u e ro  n p o q e c c a : HanpflsceHHH U , tokb ¿ , H3we—
HeHHH noTOKOcqenneHMfl bo BpeMeHH Kaamoîi oömotkh, nepeM e-

HeHHH KKOpn X H npOTHBOAeiíCTByíOAerO yCHJIHH (iy ia  H acoca  H K p ac- 
KunyjibTa - AaBJreHne b HacocHbDc KaMepax p ), 3anncaHHHx b K oop- 

AHHaTax "HCCJieAyeMaH $yHKqan - BpeM«".
OßpaßoTKa ocqHHJiorpaMM paßoqero npoqecca npoH3B0AHTca b cn e -  

AyioąeM nopaAKe:
1 . Pa3ßHBaDT BpeMH paßonero quiuia Ha m  HHTepsajiOB.
2 . QnpeAeJWOT MacmTaßHbie kos$$nqnöhth 3anHcaHHux Beamtem.
3. H3MepflK)T 3HayeHHa 3anHcaKHux Benmom naywaeMHX napaMeTpoB 

b Ka®AO0 TOtuce HHTepBana.
4 .  OnpeqeJiHKiT HCTHHHhie 3HatieHHa chhthx napaweTpoB nyTeu yM- 

HOSeHHH H3MepeHHHX 3H8UeHHii Ha COOTBeTCTByK3¡HHe MaeaiTaßH.
5 .  IlyTeM AH$<|iepeHqHpoBaHHH X onpeflenfsoT CKopocTb X ' h 

ycKopeHHe x M flKopa ABHraTena, h HHTerpHpyn ^  , hhxoaht no-
TOKOcqenJieHHe V'

6 .  PaccMHTHBajoT MTHOBeHHue sHaueHHH MonjHOCTeii no $opwynaM:

pc(t)=u(t)i( t ) ;  p„(t)= f „ ( t )  ■ x'(t);

P rr ( t ) = P c ( t ) - P T ( t ) - P „ ( t ) ;  P r , ( t )  = P M  ft)- P" C O ,
r a e  Pc  -  modpoctb.J noTpeßJiaeMaH a s  c e r a ;  p „  -  noHe3Has
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MoapocTb 3üeKTpoMarHHTHoro ^BKraTeAH ; P3M - sJieKTpoMarHjrrHaH
MotifiocTb -  M o u p o c T b ,  n p e o < 5p a 3 0 B a H H a s  a J i e K T p o M a r H U T O u  H 3  a n e K T -  

p i m e c K O í í  b  M e x a H H t i e c K y i o  p a ó o T y ; PT , pCT , pTp -  n o T e p w  H a  

T e m i ó ,  b  CTajrn h na TpeHHe.
¿Jas AByxoóMOTOyHoro ASHraTeJia MTHOBeHHue 3HaneHHH MoapocTeñ 

pacctmTUBaioTCfl flan KajKAOü o<5motkh OTfleJibHO, a 38TeM cyMMHpyioT- 
ch . T an , fljiH AByxofiMOToyHoro 3JieKTpOMarHHTHoro ABitraTeJiH

P  =  P , * P 2 .
7 .  OnpeflejiHiOT p a co ra  rpafwqecKHM noflcneTOM nnomaseñ nofl

KpWBHMH COOTBeTCTByíOiHHX MTHOBeHHbK MOUpOCTeñ HJIH tfflCJieHHHM HH- 
TerpnpoBanneM k d h b h x  MonpocTefi

A s J T P ( t )  d t .
8 . noflcuHTHBaioT 3HatíeHHH MoapocTeñ 3a o a h h  padoquií tpiiui

P  = a / t .
9. HaxoAaT K03$i|MtíJieHTH noae3Horo fleftcTBHH:

h - Pn • b = - n ' h -  ^ 3HZm p c ’ 2ab p c *
rfle , f¿ $M - K03$(|)HLpieHTH noaesHoro asííctbhh Mammu,
ABKraTeJiH, saeKTpoMarHHTa, cooTBeTCTBeHHO ; P „ - MoapocTb Ha 
BHXOfle 3JleKTp0MaTHHTH0ñ MatHHHH) B qaCTHOM CJIyqae MOKeT ÓHTb 
paaHa ncwie3H0fl moujhocth ABuraTeJin.

Jifia Hacoca h KpacKonyJibTa no.ne3Hyio MoajHOCTb na BHXOfle Mamn- 
hh onpefleJinaT no BHpaseHwo:p; «*■/».
rfle Q -  np0H3B0AHTeJibH0CTb Hacoca ; f>e -  cpe^Hee AaBJieHHe Ha 
BuxoAe H acoca.

Ajih MaTeMaTHnecKOñ o(5pa6oTKn ocupjuiorpaMM paóo^ero  npopecca  
3AeKTpoMarHHTHbix MauMH Ha 3BM pa3paí>0TaH aJiropuTM h cocTaBJieHa 
nporpaMMa pacneT a, fijioK-cxewa KOTopoü npHBefleHa Ha ph c . I .

B nporpaMMe npeAycMOTpeHO nHCJieHHoe A w f ^ e p eH p u p  o b 3 h h e h  h h -  

TerpHpoBaHHe 3KcnepnMeHTanbHHX k p h b h x .  B npoqecce otji3 a k h  npo- 
rpaMMH BbiHBJieno, nTO $opMyjn>i qHCJieHHoro AH$$epeHi9ípoBaHHH [6]
He woryT óurb HcnojibsosaHH, thk kbk saioT CoAbame norpemHOCTH 
H3 - 3 a pa36poca 3KcnepnMeHTajibHHX TO^eK, a Tarace HaraiaAMBaaT or- 
paHHyeHue KpaTHOCTH tmcuia HHTepBaJiOB BpeMeHH naTH, m ecra hjih 
cetro, uto HeyfloóHO « jih pasSHBKH HHTepBaAOB. üooTOMy npeflJioseHO 
fyHKqmo nepeMeiqeHHH annpOKCHMHpoBaTb MeTOflOM HaHMeHbmHx KBaupa- 
t o b  b  Biine nojiHHOMa n  -Vi CTeneHH, a 3aTew npoAHifjáiepeHqHpoBaB
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'Bb o h  flaHHbK

OnpefleJieHHe h c -

THHHbDC 3HaueHHH
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Onpe^ejieHHe 3Ha- 

ueHHñ HeaocTaB- 
UÎKX napaweTpoB

IleqaTb Tadanpn
paCCiîHTaHHHX
BeÆMMHH

üe^aTb rpa$HKOB 
3THX napaMeTpoB

OnpefleJieHHe mtho- 
BeHHbDC MOtąHOCTeii
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BeHHbK 3HaiieKKÜ 
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IleuaTb rpa$HKOB 
MOmHOCTeÜ H 
paßoT

CnpeaeJieHMe b h - 

xoflHüx napaweT- 

poBMaanîHU ___

( k o h e h

Phc. I .  CxeMa aaropwTMa
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nojiHHOM, HañTH npOH3BOflHy¡o HCcyienyeMOK BejnmHHH. HwcjienHoe hh-  
t erpnpoBâHHe npoBOflUTGH no npasńJiy rpanei^iK.

FaapaßoTaHHafl nporpaMMa MoaeT npHMeHHTbca &üh oöpaöoTKw o c-  
qHJIJIOrpaMM pa3JWHHHX OflHO- H AByXOÖMOTOHHHX 3JieKTpOMarHHTHbK 
ManJHH. IIo pa3pa6oTaHHOî5 nporpaMMe Ha 3BM E3CM-6 ÖHJia npoH3Be,ąeHa 
MaTeMaTHnecKaH oßpaßoraa 80 ocquJiaorpaMM pa3JiHHHHX pesMMOB pa6o- 
Th 3JieKTpoMarHHTHoro KpacKonyubTa, onncaHHoro b [ 7 ]  . Ha puc. 2  
H306pasena ranjum aa ocipwiaorpaMMa, Ha Koropotł 3anncaHH X f t )  ,

Ł ( t ) ,  u ( t ) , V ' ( t ) > F itp(t) . B pe3yubTaTe cneTa dtoh ocipuuio-

Phc. 2 . OcL(HJUiorpaMMa paöouero n p oyecca KpacKonyabTa

rpaMMH 3BM BHnaëT hhcjiohhhs 3HayeHHH X » X ' , X w , ^  > V  » U  , 
i , Fnp , t  » MTHOBeHHbDC MoupocTeił u paÖOT, h CTpoHT hx r p a -  

$h k h , a Tarace n eq araeT  cjîe.nywtpe BHXOflHne flaHHHe o MantaHè: n a c-  
TOTa KOJief5aHHH «Kopa aaeKTpoMarHHTHOro flBHraTeJiH /  = 2 5 ,0 9 5  F tj; 
HanpsraeHHe c ł t h  U = 2 1 3 ,0 5 9  B ;  MaKCHMaabHuS to k  Lmax = 2 2 ,8 6 1  
A ; cpeAHHw to k  i Cp = 3 ,0 6 1  A ; noiw afl MoapocTb P  = 2 5 2 ,6 2 4  B t  ; 
cos y  = 0 ,2 8 3 7  ; naBJieHHe Ha yfloxiKe p ÿ = 5 , 0  kT/cm^ ; pacxofl 

kh akocth  Q = 1 ,4  ji/mhh ; TenaoBue noTepu PT = 4 2 ,4 6 5  B t  ; noTe- 
PH B CTajlH P e r -  2 ,9 8 7  B t  ;  noTepw b flwa$parMe h Ha TpeHHe PTp = 
= 7 ,7 7 7  B t ; aaeKTpoMarHHTHaa MoupocTb P 3M -  2 6 ,2 1 3  B t  ; noae3Haa 
MOiipocTb oaeKTpoMarHHTHoro ABHraT&HH P„ = 18 ,4 3 6  B t  ; MoąHOCTb, 
noTpeöaaeMafl na cetw  Pc = 7 1 ,6 6 4  B t  ;  MoaçHOCTb Ha Bbixofle Kpac-
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KonyJibTa »  1 1 ,4 3 8  B t  ;  Küß aJieKTpowarHHTa £  3M =  3 6 ,5 7 7 % ;
Kim ÄHa|parMU -  7 0 ,C% ; Küß ABHraTeJin ¡¿M  => 25,725%  ; KUß 
Hacoca tl H =  62,041%  h KEß npacnonyoibTa (Bceft MaumHu) £  Kp =
» 15,960% . 

BpeMH cueTa nporpaMMu Ha 3BM B3CM-6 3annMaeT 94  ceK, yro  fla- 
eT Bunrpum bo BpeMeHM 4 0 . . . 6 0  tiacoB Ha oflHy ocqtiJiJiorpaMMy.

Pa3pa6oTaHHaH nporpaMMa woaeT npHMeHHTbca pah oöpaßoTKH o c- 
ipouiorpauM pa3JraqHbix oaho- h ÄByxoÖMOTOMHhix aJieKTpowarHHTHbK m -  
iflKH h no3 BOJineT ßacTpo cflenaTb aHepreratiecHHft aHajiH3 npopeccoB, 
npoTeKaioupcc b MamuHax, h BußpaTb paqHOHaJibHufi paßoimfi qHXJi wannm.
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BADANIE PRZEBIEGÓW DYNAMICZNYCH 

MASZYN Z NAPĘDEM ELEKTROMAGNETYCZNYM

S t r e s z c z e n i e

Rozpatryw ano prob lem y zw iązan e  z badaniem  p rz e b ie g ó w  dynamicz­
n ych  i  stw orzen iem  o g ó ln e j t e o r i i  o b l ic z e n ia  maszyn i  mechanizmów 

o n a p ęd z ie  e le k tro m ag n etyczn ym . Opracowano program  do badan ia 
ty c h  p rz e b ie g ó w  o ra z  p rz e d sta w io n o  w y n ik i o b lic z e ń  d la  ap aratu  
n a trysk o w eg o  e le k tro m a g n e ty c z n e g o .

DYNAMICS PROCESSES INVESTIGATION OF THE MACHINES 
AND MECHANISMS WITH ELECTROMAGNETIC REVERSIBLE DRIVE

S u m m a r y

S tu d in g  dynam ics p r o c e s s e s  and o r ig in a t in g  th e  th e o ry  o f  the 
m achines and m echanism s c a l c u la t io n  i s  d e m o n stra te d . The program  
o f  m a th e m a tica l p r o c e s s in g  o f  w o rk in g  o s c ilo g r a m s  f o r  e le c tro m a g ­
n e t i c  p a in t in g  p r e s s u r e  d e v ic e  i s  g iv e n .
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