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X.T. TYPAHOB

jiHTUMWKA TlirOBHX 3JIEKTP0Jj.BHrATEJIEÜ TE0J10B030B

P e3ioMe. B ciaT Ł e paccMoipsHbi AHHcUjHRecKaH moaojib, bhboa h p e — 
neirae ÿpÜBHeHHK KpyTiUbHux Koneóaimfi Basa xaroBoro oneKipoABHra- 
le iw  T enaoB o3a, npeACTaBJMBiąero coOoii KpyrJibtfł cnjiomHoii Ban C Ky-
CO RH O -IIO CTO JtH H O ft K eC T K O O T bH ), O IlH C aH H O rO  HeOAKOpOAHHM  A H $ $ e p e H r(H a A b -  
HKM yp aB H G H K eM  B n a c r a i «  n p 0 H 3 B 0 A H Ł ix  BToporo n o p a A K a  C K y C O R H O -IlO - 
CTOJÎKHHMH K 0 3 $ $ H U K e H ia M K  C JTReTOM A e& CTBH JI BH eD BH X  H a r p y 3 0 K ,  3aAa- 
BaeMM X n o o p e A C T B O M  p e r y j ia p H M X  k  C H H r y jw p H u x  o 6 o 6 m e H H U x  (ty H K U H fi.

C x a T b a  n p e A H a s H a u e H a  ax iîi c n e u n a j œ o i o B , 3 a H H M a » ą n x c ,i s o n p o c a M H  
p a c n e i a  na A H H aM iw ecK yio n p o R u o c T b  h  n p o e K T îs p o B a H a s  B ajio B  p o T o p a o r o

Tiina.

IIpaKTHKa sRCiuiyaTaiuDi t æ t o b h x  sjieKTpoHBnraTenefi t g m o b o 3 0 b  

(T3J0 n o K a 3 H B a e T ,  r t o  r e c t o  h p o h c x o j i h t  CKpyRHBaHHK B a n a  H a  

ynacTKe Mewy HKopeM h uiecTepneft npKBo.ua, eo3na3omae yrpo3y de3o- 

naCHOCTH flBMieHHH n0e3fl0B. OflHOił H3 npHRHH 3T0r0 ÍIBJLÍIQTCH B03dyX- 

A6HHS B H0M KpyTIUIiHUX K0JI8daHHË, BOSHHKaEUiEX BCH9HCTBH9 HSfiCTBÎlH 

KpyTJiajLX M0M6HT0B OT MaTHHTHHX CHJI H B OCHOBHOM M0M8HT0B COIipOTJtB- 

JISHH0 npiîBOfla, KOTOpue npQHCTaBÆKIOT BOCTaTORHyiO onaCHOCTB, orpaHH- 

TsiBaKsiyio HOJiroBeRHocTB Baña T3H.
B paóoTe [ I ]  HayneHH cboôouhhq KpyriuiBHLie KCWieôaHHH b&iob 

T3JŁ nan KOJieôaTenBHHX cectom  c cocpenoTOROHHBMH waccavui (n sy x -  

MaCCOBOË CHCT6MH HKOpB -  ID9CT9pHH) H yCT&H0BJI8HH npGflQABHKO 3Ha- 

T6HH.T KpyrOBHX RaCTOT CBOdOflHHX KpyïlUIBHHX KOJIGÓÜHHÍÍ HKOpH C yR9- 

IOR h des yR8Ta KanHRHH 3a3opoB b sydRaTOM 3aueiui9H¡iH, KOTopue 

MOryT düTB 0dpa30BaHti BCJie«CTBH8 H8T0RH0CT6ÎÎ CdopKH, H3r0T0BJI9HHH 

2 B ochobhom H3H0ca sydBGB. OnHaKO ho paccMOTpeHa sanana BHHywsH- 

HHX KpyTKJIBHHX KOJiedaHHii B&J1& C yR9T0M XapaKT9pa neftCTBHH BH81IQÍHX 

Harpy30K h kohctpjrctkbbhx ocodeiffiocreS HKopa T3B,.

B padOTB [  2 J  HSyRGHH aaKOHOMepHOCTH HarUtíHO-KpyTHJIBHHX H 
ocsbhx KonadaHHa b&kob T3JÍ t8iuiobo3ob c pa3pad0TK0îi Ha da3e sthx
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H CCJieflO B aH H ii y T 0HH8HH0f i M9TOHKKH p a C H O T a  TaKHX B a J O B  H a  £iiH aM H - 

a e c K y io  n p o aH O C T B  c  y aeT O M  y c a o B z i i  s K c n a y a T a n m i  h  KOHCTpyKTKBHHx 

o c o d e H H O c T e ii  3 a e K T p o a B n r a T e a H .  I lp i i  s t o m  n p e a n o a a r a a o c B , h t o  Ha 

HKOpB S J ieK T p O flB H raT eJ lH  fle-H C T B yeT  KpyTHUUlli MOM9HT OT MaTHKTHHX CM 

p a B H O M e p H O - p a c n p e a e j ie H H o ro  x a p a K T e p a  d e s  y n e i a  c in ia teH iiH  MarHKTHłcc 

c m i  n o  K p a sM  H K o p a .  O aH aico  a o n y m e H a  h s  t o h h o c t b  n p a  H anH caH H H  r p a -  

H H H H oro  y c a o B H a  3 a a a a n  KpyTHJn>HHX K O J ie d a m i i ,  B H p a3 H B iu a ac H  b  n ? n -  

p a B H S H im  n p o H S B e a e H H H  K ecT K O C T H  H a  K p y n sH H H  B a a a  H a  n e p B y B  n p o r a -  

BOitHyio y r a a  3aK pyH H B aH H H  n o  e r o  a n i m e  k  n p o H S B e a e m n o  

a e o T K o c T z  H a  K p y aeH H H  s y d n e B  m e c T e p H H  H a  y r o a  e e  n o B o p o T a .  

H eT O H H ocT Ł  B H p a a a e T C H  b  C T p eM JieH iu i o n p e a e a n T B  a s a  H9H 3B ecT H H X , 

a  HM9HH0 y r o a  3aK pyH H B aH iiH  n o  a - o n i e  B a / t a  h  y r o a  3a K p y u tB a H H H  

m e c T e p H H  H 3 o a H o r o  rp a H H H H o ro  y c a o B K H , n o c K o a t a y  b  p a d o T e  o t -  

c y T C T B y e T  n p e z n o a o s e H H e  h 3 B 9 c t h o c t h  y r a a  3a K p y n n B a H Z H  r a e c T e p -  

h h .  K poM e T o r o ,  n p ra Ł H T u e  rp aH H H H H e y c a o B H H  3a a a a n  H e  n o 3B o aH — 

k i t  o n p eaeJL H T B  y r a u  n o B o p o T O B  H a  KOHn;eBHX y a a c T K a x ,  n o c K o a B K y  

h b u h b t c h  H 9H 3B ecT H H iS y r o a  saK pyH H B aH H H  ( h  e r o  n e p B o i ł  n p o z s B o a -  

H o it)  b  H a a a a e  K o o p a n n a T  ( n p i i  ?  —  O  ) .  T a ić  210 b  [^2 J h o  y m e H O  

B p a m e H z e  B a a a  h k o p h  a a n  a te c T K o r o  T e a a  ( ^  ^  2,7 k c - m 5 )  ,  o a H H a -  

K O B o ro  z a a  B c e x  c e a e H a i t .

B CBH3H c 3TZM i;ezecoodpa3Ho HCcaeaoBaTB nponecc bo3hjikho- 
BeHKH KpyTKHBHHx KozedaHHii Baaa THroBoro 3Z9KTpozBnraTezH Ten- 
aoB03a c upaBB paapadoTKH yTOHHeHHoił M 9 t o z k k h  pacneia Ha am a- 
MHH8CKyE npOHHOCTB.

CocTaBaeHze az<i$ep0HniiazBHHX ypaBHeHHfi KpyTiuiBHHz Kozedamiii 
Baaa T3.5 kok KoaedaTeaBHHX chctom c cocpezoToneHHHMH h pacnpe- 
aeaeHHHTJH napaweTpaMH He npezcTaBzaeT ocodoro saTpyaHOHHH, ho 
pemeHHH 3Thx ypaBHeiniii mieioT cboh TpyaHocTH, odycaoBaeHHHe 
HaazHHeM b hx npaBo# aacra hh9hob, yaHTimaraitmc ocodeHHocTH 
BKeiimmc Harpy30K.
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1 ,  OcHOBHue a o n y n e i r a g .  p a c q e i H a a  cxeM a h b u bo a  y paB H em iti
« w t h j u h m «  KOJiefiaHHii B a a a  T f l r o B o r o  3 jieKTBQJ.B nraTejia  T e n j io B o a a

B CBH3H C OCOdGHHOCTBH) KOHCTpyKTHBHOrO HCnOJIH9HllH B a jia  

TflTOBOrO BHBKTpOHBHTaTGJIH (jKBCTKUM K peim eH H eM  COCTaBHHX 3 J I9 -  

MeHTOB -  B OCHOBHOM CBpHBqHKKa HKOpfl, HajXHMHHX Ilia& 6 ,  OClMOTOK, 

K0JUI6KTopHHx ru iacT iiH  k  s a j i y )  3 a  p a c q e T H y a  HKHaMHH9CKyio cxGNiy 

npnM9M cxaMy K p y r j io r o  c iu io u iH o ro  B a n a  c  K ycoqH o-nocT O H H H ofs 

seCTKOCTBB, HMBKHiBrO H a KOHCOJIH H0CT0HHH09 HO 3Kaq6HH10 COCpB-

SOToqeiiHyx} M a c c y  hibctbphh c  MOMBHTajnx h h g p ix x x  in a c c  c J m  ( ~

0 ,  0 1 2  K 2 -M 2 )  H  HarpyXBHHOrO COCpBHOTOHBHK-IM MOMBHTOM COnpOTHB- 

JieHira T m tt) , a  Ha ¿yam s y q a c iK a  c o  cTynsHaaTHM h3mbh6Hhbm 

22HaM9Tpa B OTJIHHHH [ 2 J -  BH9IBH80 Harpy3KO0 ( o t  MaTHHTHHX CHJl), 

33KOH H3M9H9HHH KOTOpOfi HOCHT TpanBDHOflaJXBHHil XapaKT9p. TaKOM 

MpaKTep BH9U1HHX HaTpy30K OdBHCHEGTCH OOJiaCijISHJIBM MaTHHTHHX CHJI 

no KpaaM KKopn, h t o  cooTBGTCTByGX psajiBHOMy HarpyxBHmo B ana.

OChhho n p a  BHHai.OTiecMix p a cn eT a x  jy w  nojiyaaHHH K aaecxB eH - 

HHX 3aBHC25MOCT9 0  BCG BHflH TpGHIIH HpH MaJIHX KOJI6<5aHHHX 38MGHH- 

BTCH 3KBHB3JI8HTHHM BH3KEM TpGHHGM [  3  ]  . BtfBCTB C T9M npa p aC -  

HBTB 3HaHBHH0 MaKCHMaJXBHHX .HJfflBMUHGC KHX Harpy30K B fl0pB30HaH- 

CHO0 30H9 C HjBJIBB HOJiyHGHUH HX HaHdOJIBIIIHX 3HaH9HH0 MOSHO CHHTaTB, 

HTO B CHCTGM9 OTCyTCTByGT COnpOTHBJieHXG KOJIBCSaHHHM, IipOnOpDiiOHaJEb-

hob ciiopocTH  flGiJopMaujoi. B o3m o x h o ctb  npHM9H9HHH T axoro  HonymQHHH 

OdOCHOBaHa p93yJIBTaTaMH HCCJI8nOBaHH0 C.H.KOSBBHHKOBa £4, 5 j  , 

E.C.KpmaopoTOBa [ 6 ]  h  f lp y r a x  [ ? ] .

H a p a c n e T H O 0  flHHaMHH9CKO0 m o h b jih  ( p a c .  I )  p j u i  BHBOsa 

ypaBH9HH0 KpyTHJIBHiDC KOJI6(5aHH0 B a Jia  T 3fl npHHHTH 0d03H aH 9H H H .

Jyj -  M0M6HT KH9PHHH MaCC meCTGpHa; S9CTK0CTH

pa3jmqHHX ynacTKOB B a n a  n p a  KpynGiBtn; L ^j ( j - U ? ) -  h h tg h c h b h o c tb  

K0M9HTa H H epyaa M acc p a 3JiHHHHX yqacTKOB B a n a  o th o c h tb j ib h o  e r o  

o c h ; T if lC t)  -  K pyw m m 0 m om bht macTapHH npnBO.na, c o 3 fla» ® s0  

c o n p o th b h b h h b  BpameHKB a x o p n  T3H; T ^ ) = ^  -  m om bhth  c e ji  

TpeHHH b  o n o p a x  R-l  C"t) -  pajpiaJiBH afi H arp y 3 K a  Ha o n o p y ,
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T -  K 08$$H naeH T T p9H ® r K an eH ra 3  o n o p e ; 1 -  p a p a y o  n an $u )

a  J łfc jk ) -  HHT0HCHBHOCTŁ KpyTfllijerO MOMQHTa MaTHETHHX era

b otothhh [2 ] HOCflmafi TpanennoflaJiBEaft xapaKTep Ha 
ynacTKe Bajía Cí ¿  2  é  cL .

lípafllIOJIOJuHM, HTO COCpejI,OTÔ eHHLie KpyTííllíIIQ MOM0HTH rnecTep-
hh npaBOfla a momohth ipeaiia b onopax h3M6hhj3tcb no 3 ano ay

m

T c t ) =  T 0 +  E  t̂i, sin n.uj-t,
n--i (I)

rfle 10 a -  nocroHHHKe a nepaweHKHQ c ocTasjuroitne Kpyra-
IHÍDC MOtóeETOB

r t  =  1, 2  ,  m  _  Ho.uepa rapMOHKKj

^  -  K pyroB aa nacTOTa BoaMymasaipoc e r a .

IlpHMOM, ETO Ha HKOpB 59&CTBy8T KpyTfflUHlt M0M9HT M8THHTHHX 

era c HHT0HCHBHOCTBB ( ? ,t )  t pacnpe^ejieEUKił no TpanenjtonajiB- 

HOMy 3aKoay na y^acTKo o t 5 =  a. R0 ¿  = cL (cm. pHc. I ) ,  nycTB 

na eBHHHuy ¿uihhh 3arpy»9HHoro ynacxKa nprao,iyiTca narpysaa

/<(*>*)

Pnc, 1 .  Pac^eTKaa flHHaMHiecKaa Łso.nejtŁ B a a a  z a r o B o r o  a jse K T p o A B K ra se s *
lenaoBoaa

Rye. 1. Model dynenlczny wału napędowego silnika lokoootywy elek­
trycznej
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( j \  jj CL0 _  nocTOHHHHe jjjiíi sa im o r o  jraanasoK a cK opocTeü, o n -  

pen8JiHei.me no  TaroBoft xapaKTepncTm ce Teiui0B03a [ 2]  ) .  B TanoM 

oityqae hht6H chbhocti>  narpysK K  tíyneT pa3pHBHoíi $yuKOTei

HTOCH npeflCTaBHTB f  OflHHM aaaJDlTHneCKHM BHpajMHHSM 1
roflHHM lipa jooóom 3HanoHM  KoopztiiHaTH x  b  EHTepsane O _ ¿  

Boonojn>3yeMCB 3a n a 3,nHTffl aanafl eflHHEEHOñ $yHKi neS  X eB iicatoa

-erac*-<))•+

' .  ( < r 0 ( z - c >  -  < r„  ( * - < $ ) ]  ,

¿ - C

ra e  / i  -  sH a n e H H H  h h t 9 H c h b h o c t h  BHem Hefi H a r p y 3 K H , n p E H ia ia e -

OKOHnaTeJiBHO m om o npeflCTaBiiTB oahhm aHaHHTínecKm  BHpaaeHHeM, 

ío«hhm npn jbdóom 3HaneHZE KOopHEHaTH Z  b HHTepBane ° - - -  ^

15:5 s C t ) . ^  ( 5 - 0  -»■jw ( í , t ) ,  ( 3 )

r j e  -  HMnyjiBCHas $yHKnpa nepB oro  n o p m K a.

Ha ocHOBaHHE npHHíiToS flHHafuraecKoñ M onean e  ochob h h x  

aonymeHHÍi m om o 3anEcaTB BHpaaeHHe [ 9 ]  :

/v w u u v u i u j  — ■- ■    > I _

S ' o ^ - S o )  f  G { a  ,4>7 C , cL } ]  ;

. , , .  .1 r  í  - c t / í C ' /

( 2)

m e  ^  ~  ^  *

copa b onope 5  (b Tonxe t )
T»Ct) H H T e H C H B H O C T B  HaTpySKH

TS»f  J La  - i *
o

(4)
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noTeHDaaJiBHoË 9HeprHH KpyneHHH Basa

n - ±  f & 7 j  d î  ■
1 2  J f  \  d ï (5)

nOTGHHHaJIBHOË 3HeprHH Bajía T3Ü, OT fleËCTBHH h h tg h c h b h o c th  

BH6UIHHX H arpy30K  ¿

n ,  = -  f u i . t )  d c ^ i )  d îz ~ J  (6)
û

rjąe o C Z , t )  -  yroJi noBopoTa cghghhh ¿  Bana b momght bpgmghh

t  .

äjih cocTasJiem ia ypaBHGHHË KpyrroiBHHx KOJieôaHHfi Bana T3.U 

ncnanL3yeM BapHamioHHHË npHHHjm OcTporpancKoro -  ramnBTOHa 

^ 9 , 10  J , CymHOCTB KOTOpOrO CBOJHITCH K HGOÓXOflHMOMy yCJIOBHH)

S’ S  -  0  3KCTp8MyMa HHTerpana

to ±0

-  G-U p 0 ( ^ t ) J d - t  d z .

ypaBHQHHG KpyTHJIBHHX KOJIGÔaHHË B ajía HOJiyHiiM IICriOJIB3ya 

ypaBHGHHG 3 ü n ep a  no OTUCKamno SKCipGMyMa $yHKiiHOHana £  9 ,  Iü"j .

B C00TB6TCTBHH C 3THM ypâBHGHHG KpyT&JIBHHX KOJIGÔaHilË Bana  

T3U c KycoaHO—nocTOHHHoË jkgctkoctbk) npn jçqëctb iïh  Ha hgbo c o c -  

P gâotohghhoë h pacnpe,ne.n6HH0Ë Harpy30K 3anmaGM oæhhm a H a n sm i-  

HGCKHM BHpaSGHHGM npH nOMOlUK peryÆHpHHX H CHHTyJIHpHHX OÔOÔmGH- 

HHX ÿyHKBjnî B BHJte

i w & $ i i - ą w ą (8)

bflGCB L( Â)  H Gr J p  C -) -  KyCOHHO-nOCTOHHHHG HHTGHCHBHOCTH MO- 

MGHTOB HHepnjüi m c c  paamnHHX y n a ciK O B  h s g c t k o c tb  npa KpynG- 

HHH, OnpeflGAHeMHG no BHpajKQHHHM
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U * >  = í j ,  [ I + < <  f S i í i - a )  -  6-„ C i - < 0 ) ]  ;

C 3  « )  = G X ,  [ i  + j 5 ( i ? c * - a ) - s ; , ( * - ^ ) ] ,

¿ _ / £*7d.2 -
r^e = - í i S L J tL  H ñ>- —  £- -  K03$$mineHTH, yaHTHBaio-

í s i  «^5-í
IflHS H3M9HeHEH C00TB8TCTB8HH0 HHTeHCHBHOCTH M0M6HT0B HHepipOÍ

Mace b  1’eoMeTpíTíecKm c x ap aK Tephcthk  OT^eJtBHax yaacTKO B.

JieiíCTBEe M0M8HT0B C0np0THBJI8HHÜ (B BKH8 MOMBHTa nOJÍ83HOrO

conpoTHBJieHHH KOJiecHoñ na p a  T e iu io B oaa , npm ioxeHHoñ k aiecTepHH

npireofla E M0M8HT0B TpeHHB B OnOpaX ( T^li) Jl T^Ct)))

BH3HBa8T H3M8H6HH8 CKOpOCTH BpaiU8HHH B ana E 3aKpyBHBaiOI8 erO

ceaeHHü apyr OTHOCHTeJiBHO sp y ra . üoaTOMy, btoóh pa3fl8JiHTB 3TH

cocTaBflímune £B hjk8 h h h , npeacTaBHM yrcwi noBopoTa sa n a  b bhhb

cyMMu [ l 2  ]

8 ( x , i )  = u>d)  ■+ i S C ^ t ) ,
J  ( 9 )

rae )  -  y r a n  noB opoT a B aaa k&k x e cr ic o r o  Tejía, ojjHHaKOBHX 

fljw B c ex  ceaeHHfi;

) -  yrcui 3aKpyaiiBaHEH coaeiniñ. 

üoflCTaBEB ( 9 )  b  ( 8 ) h yaHTHBaa ypaBHeHEfl BpameHHfl Bajía Kan  

xecTKOro Tejía b  Bime

<fd) =  Tm d),

rae  -  MOMOHT EHepUJOI MaCCH JtKOpfl THTOBOrO 3JI8KTp0flBE-

r a ie ju i,  OKOHaaTeJttHO nojiyam i ypaBHeHEe KpyrHUBHHX KOJiedaHHft 

Baaa ra r o B o r o  3JieKTpoflB iiraTejiH  b b e íg

i w  i!lí±íl-  M . m
d i 2 r

T  c í )  ( I0 )
=  _ ¿ c ? )  JjeS i I  +  ■

^9

TaKEM 0Ópa30M, KpyTKJÜHHe KOJISÓaHEH B3Jia THTOBOrO 3JI8K- 

TpoflBEraTejiH T s iu o B O s a , npeBCTaBJiHunero co d o lí KpyrJinñ ciuioiiihoK 

Bajl C KyCOBHO-nOCTOBHHOfi 3C9CTK0CTBB, OBHCHBaeTCH H8OflHOpOflHHM
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BKÍ$epeHH0aJIBHHM ypaBHGHHGM B HaCTHHX npOHSBOflHHX B T oporo n o -  

pajpca C KyCOHHO-HOCTOHHHHMH K09$$HIIHeHTaMH C yHGTOM fleftCTBHÍI 

bhgihhhx Harpy30K» 3a£aBaeMHX nocpeflCTBOM peryjiapHHX h  c im r y -  

jiB p m x  odoómeHHHX $yHXUStíí'.

2 .  P e a e B H e  y p a B H e B H it  K p y iH JiB H b ix  K O Jie g aH H Íi s a j a  T g r o B o r o  

ajieKrpoflBHraTejifl

PaccMaTpHBaH BHHyBfleHHHe KOJietíaHiw Basta T H roso ro  3JieKTpo- 

^BHraTeJiH, pemem ie ypaBHeHHfi K pynuiiH H x KOJiecSaHiüi ó y & e u  o t h c -  

KHBaTE B $OpMG, COOTBGTCTByXtUGfi XapaKTGpy H3MGHGHHH BHGffiHHX 

Harpy30K
m .

ÍÚÍf>0 c * h  Z
n-1 ( I I )

m e  J^g  -  yroji 3 aKpyraBaHHH cGBGHzñ B asa  o t  h o c t o h h h h x  c o c -  

TaBJMUHKX BHGIÜHHX H3rpy30K i 

P n  ( * )  -  yrcui 3aKpyraBaHHB ceaemifi s a ia  o t  " 7 1 "  rapMOHJiK 

bhgüihhx HarpysoK,. onpeBejiíaDinH0 $opny KOJiGCSamtfí.

CorjiacHO npHHHToñ jpmaMHHao KOñ MojiejiH rpaHHHHHe ycJioBEH 

s a b a r a  BM8H3T CJtG,IOTaHHl4 BH5

2=0 (12)

n  -  t  (n  + T  a V * - «
H  S í  “  “  ~ W ~  <I3)

ytUIOBHÍI (12) E (13) He n03B0JIHKT OnpGBeJIHTB JTVTH ÜOBOpOTQB 

Ha KOHQBBHX yHaCTKHX. JSflSL pemGHZH TaKOÍÍ 3ajíaHH BOCnOJH.3yeKCH 

MGTOflOM HByx pacneTO B, npewioxeHHHM B.H.BEnepMaHOM f 14 ] . Cym- 
HOCTB MeTOfla COCTOHT B TOM, HTO CHaaaJia 3a^a»T IipOHSBOJüHO 

aMmmTyHy KCuiecíaHHii jxeBoro KOHiia Basta (HanpHMep, m o sío  h p h h h tb  

f ( 0 ) =  0  ) ,  n o o a e  a e r o  Haxo¿HT awuHTyiWHHe^sHOTeHEH y rsia  

saKpysHBaHHH p  íí) e KpyTHajero MOMema T  Ha npasoM
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Kohi® B ana (H a n p m e p , b  Tomce 3 - ^  ) , pacnonoxeHHHM npaßee 

npaBoro cBotíonnoro k o  m ía .

npH 3T0M B npaB oß n a c r a  ypaBHem iii KoneÖaHHä Bana Ha

CBOÓoflHOM Kohi® Bana. MoMeHT conpoTHBneHHH Ha kohi® Bana npa  

b xeiícTBHTenLHOCTH paBSH Hymo. OflHaKO B flaHHOM cn y n a e  

oto ycnoBHe He yaoBneTBopaeTCH. TaicHM oöpa30M , nonyaaioT a a c T -  

soe pememie nam iofi sa n a m i. SaTeM 3 a n a r a  OTmmHoe o t hy n a  sie  -

Ha npaBOM kqhi® . TaKHM nyieM  nonyaaiOT BTopoe pem em ie 3anami. 

OKOHnaTenBHoe pememie npHHHMamT b Biwe

is e  I  -  HBÖoe h p o h 3 b o h łh o  paccMaTpnBaeMoe cea eH a e  B ana;

C  -  HBKOTOpaa HOCTOHHHaa.
IlocTOHHHyio C onpenenm oT T an , h to ó h  pem em ie ynoBneTBO- 

Pfflio rpamiHHOMy ceaem n o Ha npasoM  koh i®  c z c t s m li ,  HanpiiMep, np a  

i ~  . nOCKOJIBKy 3TOT KOHeil CB0Ö0H6H, TO HpZHUMaiOT

T a

B nanBHeßmeM b  npaBOË n a c r a  ypaBHeHsa K oneöam ui Bana n p z  

K  ynHTHB3eM neficTBHe MOMeHTa conpoTHBneHHH T m  ( t )  H 

fflepujIOHHOCTB MaCCH ^Ul •
P .o n cT aB K B  (II) b  (10), n o c n e  H e cn o x H K X  M a T e M a ra a e c K H X  

aP80<5pa3OBaHHii, n o n y a u M  c n e n y r a a i e  n ü # e p e H i i H a n B H H e  y p a B H e m m  

sMmiHTynHHx ^ y m a p o i  o r  h o c to h h h h x  h  n e p ew e H H H X  c o c T a B n a m m u x  

BHeiHHHX Harpy30K

ynacTKe npii H eo ó x o n m o  yaHTbœaTB neiíCTBiie MOMemra

conpoTHBneHHH T m  i t )  H HHepnjioHHoctb Macen 0¡¡¡ Ha npaBOM

Heme aMnnHTyHH t 
Bana (H anpiaiep ,

(14)

(15)
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ypaBHGHHH (17) H (IB), HMBEim© KyCOHHO—nOCTOHHHHe K03$ -  

ifiHięieHTH, óyneM peuiaTŁ cnocoöoM npnnacoBHBaHiiH: 3airameM p e - 

neHHe äxh Kamoro yaacTKa, BHyTpii KOToporo K03$d)jii!neHTH noc- 

TOHHHu, a 33T6M ÓyneM npmiacoBHBaTB oflHo peuienne K npyroMy c 

HCnOJIB30BâHHeM yCJIOBHÍÍ COnpffiKeHHH OTfle&bHHX yqaCTK03 fö  1 .

ilpn 3TOM yCJIOBHH COnpa »eHHH yqaCTKOB ( OflHHÜKOBOCTB yTJIOB n o -  

BOpOTOB H KpjrrfflnHX MOMeHTOB B TOHKaX CODpfflKeHHÜ i i p n  J k = C L  H

Moxofla H3 3Toro ypasHeHim aMruiHTyaHtcc $yiociprä o t  nocTOHH- 

HHx h nepeMeHHHx cocTaaraDimoc Harpy30K (I?) h (18) npencTaBHM 

b Bnne

MX yaacTK a Bajía npsi O k i  Ś CL

i - d .  Ö y a y T  KM6TB BHH

(19)

? (20)

(24)

(23)
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jytff yaacTica Bajía npE 
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1
2
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aaa yaacTKa Baaa npE d  ¿- ¿  ¿ k
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A , C 2 )  +  CÄ) =n-3

Í
r * T*1"

'/X
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m 71
11<7 'Ul
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+  ^ c n t u )

(26)

(27)

(28)

Ähh pemeHKH nanyaeiiHHX jrajrfepahtpmjtf.hhx ypasHeHzfi KOJie- 

óaHzíí ( 2 3 ) . . . ( 2 8 )  HcnoÆb3yeM mqtoä onepanjiOHHoro HcaHCJiehuh 

c npEMeneimeM npeoÖpa30BaHEH Jlaiuiaca [ l 5 , . . . ,  1 7 J .
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IIpHMeM, h to  npeoópa30BaHHHe no Jíaiuiacy $yHKiíHH koojw h- 

HaTü £  b ypaBHeKiiax ( 2 3 ) . . . ( 2 8 )  hmoiot bha

fia, CÍ1 ^  > fin, C3} ** d C ^ ’

fio2 Ĉ  ;  / « i  ^

p„, (*J =  £(/>) ■> / „ 3 o »  =

/ó ' ,  ^  ^  -  f i f ia ,  -  f i o ,  “ > '

P l , W =  -  P f i n f i ^ -  fin, c°fi,

/ « 3  í 2 > - = / ° 2  % >  '  fifin,Cs¡°> -fins 

6 í  =  4 ;P P

s ; c  z - 20 -) =  p e  F *° [ ¿ 0 é  j a j , c , d ,

»o ^

O ? - * )  6 ^ 0 - « )  = a
rae -  KOMDJieKCHüfi napaweTp c ncuioOTTeJiBHoñ BenecTBeHHoíí 

HaCTLB.

0c5o3BaTOB di* ■= d i  » £  -  £ - f  cr > n o jiyn iiM

©O
T“  f  *  ¿ A ,( i - a )  s-c a - a )  =  e  d i  = i ' a f i  <3°)

fl. p 2
03
f -y3-*

( 2 - t f )  6 ^ * - * )  =¿ c ¿ - a )  e  <¿* =

* -= J 0-€) e P c¿ 3r -f J (&-a) 6 d z =
- V ^  + ( 4 - a ) ( - ¿ . ) e p * f t

=  < f p J .  + A - a i - L P- pÉ _ ( « - « )  +  p  p 'p i
>“ P ----------------- p

(31)
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B CBH3H C STUM H300pa»ajOmHe ypaBHGHHH, COOTB8TCTByiCmne 

O T ^ e p e H i p i a i L H H M  y p a B H e m w M  K C U i e ß a H H ü  ( 2 3 ) . . .  ( 2 8 ) ,  n o c j i e  b u -  

ncumeHHH 3JiSM6HTapKHx MaTSMaTirjecKHX BicuiajioK, hm öbt cjieayœmHii 

BBH

a m  y ^ a c T K a  B a j í a  n p j i  o  4  ^  = a

¿ (P>=y- h t (<>) *  ji f ° '  +
T ° ( 3 2 )

+  i n  m /  ■
&1^P1 3j¡ p 3

ß  ( h  =  A w - J ~ i  <°> J 7 - Î
p ~  +  o i * -  '  7 1 1  p -  - +  O i
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Ą  3 #  p  ( / > * + *  )
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2 _  2
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( 3 6 )

^  p z  +  c i 2-
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, Tl

( 3 7 )

McnoÆb3yH 0Ó03HaHemiH, npHHHTHe b £i 5 , . . . ,  17J m  ocHcœe 

npaBiwa MHrerpnpoBaHHH op im oiajia , Teopewn cwenjeHiiH h j i p . , 

3annmeM cootb9tctbh6 ncuiyaeHHHX H30ÖpaxeHaß

Ą  • ~  c  n  *  Ij Z , . . .  ) ;a-t-1
n  i
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p  - f  m
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y^IHTHBaií BHH6H3JI026HH06, MOSHO 3aníICaT& OpHTMajI H 30Ópa- 

JsajxniDC ypaBHeHafi ( 3 2 ) . . . ( 3 7 )  b  bhhb

íyiH yxacTKa Bajía npn o ¿ cc

fi<yí ^ ^  =  A i C 0 )  + / o i C° ) 3 :  +
■m T>U1 2 

2  :

p T
z  ' U L  . 2  o í
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^2°jOZ

rnv 
Li Z  'tu 2
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f „ < ä ) =  + f j > ń c « > s L n [ i +  (4I)

4*
2 a-

r  2

fljifl jniacTKa Bana npH c¿ á Z ś k 
jso3( * ) =  f i 03cd)  + fl'0i coi) i  +

+  ( T u  -  Tu )  ( 2 - ^ c )  S"0 ( * - ^ < )

■ A i s W  U ) M n o i Z - ¥
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+

ine

^  O t° ) 2ySl 3 Ć t o )  ¿ ¿ - * 0

f n3tk) = A* + £- Aŝ  3t'n ̂  ̂ +
^ cxT ^

Ü0 CT0 HHHH8 H . A l /  ^  ’ onP9fl6-M0MH0 C HCnOÆb-

BHJ

71

soBameM rpararanoro yonoBhh ( 1 2 ) ,  HMeBT onejoraiHä su a  

T l  - ' - ■  ^A r W  =
9» , ; ■y 3 n , í ° )  ^

3Ha^0HHeM nOCTOHHHHX _y?0  ̂ <70 H ß>n l (0 )  COrJiaCHO MQTOflÿ 

SByx pacaeTOB [ 1 4 J 3£waeMca .
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nocTOHHHue ß o 2 2 ß o z ( ^ ' onPe#e-,ieHKHe c hchojh>3o- 
BaHHeM rpaHHHHHX ycjioBaa (19) a (20) Ha rpaiuniax yaacTKOB 
O é  í éC L  a CL é ï  é  cL f hmsbt bhh

p «  &  a  +  i ê f r J r  a *;

'  - 1  f  T °  , /  T u i  \

Ä ra onpeHeJteHHH h o c to h h h h x  ß n i  Ccc)  a  ß n i  C°l) 

coCTäBHM cacTQMy ypaBH8Hafi c HcnojiL30BaHa8M ycaoBiifi (19) a 
(£0), B pesyjcbTaTe aero, nowie aJieMeHTapHHX MaTewaTaaecKax 

BtamaoiOK, nojiyaaM

f>ri2 Ca) = ^  C0St a  ~ ^  f  SLftifa 'J 

AU(a) = X ¿isLnfa + 2̂ y CDVa '
y f  -  ß  ( o )  c o s ° ( a  ±  ß ' ( o )  s i n  o L a  +

1 ~  J  k i  u

( s i n 2 Y  CL - S i n , 1 !  « ) ;

rfle
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2  ( n c o ) Z J e
S L n ^ c L  .

riOCTOHHHHQ ß o i^ ^  H fió3 ^ * OHP^^eHHHe Q KCIHVIL-

soBaHHäM yanoBHÄ conpszeH H ä (21) a (22) Ha rpaHHHax yaacTKOB 

CL ¿ i ¿  CL H d ś  ł  4  k  » HM6BT BHH
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üocTOflHHHe ß>n ^ C d ) z  ß'n ^ ( d ) onpeseJineM , cocTaiwLfui 

CECieMy ypaBHeEEÄ c  Hcnojn>30BaHEeM rpaHHEHHX y c jio B ir i i (2 1 )  h  

( 2 2 ) ,  B p e 3yjn>TaTe n e r o ,  nocJie h o c jio x h h x  MaTeMaTiraecKKX n p e -  

3ópaaoBaH Efi, ncmyEEM
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rae Ą = ß n2 W  COS/d  -h j r  S ¿ n /c¿  +

o í .  1 (ti . .  J

-------------------- s i n  o í d ,  ■
C n e o ) 2' <3g

ÍIoncxaBaan ypaBHSHHH (38)...(43) b Birpaserae (II), nojiy- 
hiim 3aK0H0M8pH0CTH yra o B  3aKpynHBaHz¡i % jl&  jnotíoro caneana Bajía  

Œcopa TaroBoro axeKipoflBHraxena, a  sa iew , b3kb o í  h h x  npon3- 

BOAHyio no KoopannaTe 2- h jímhomb ee na xecTKOciB Bana npn

MSHTOB, nosBoaamjmc BunHcanTB ¿piHaMmjecKHe HapnaseiniH KpyneHim 

B asDÖoM ceneinm Bana.

Äna BHnoÆHeHHn pacneioB  Ha aHHaMiraecKyjo npoHHocxB Bana 

T3K HeocSxoaEMo npoBeaeHne 3KcnepmieHxajiBHHX nccjieaoEaHnii no

paKTepncxioc pacnexnoä cxeMu h rayneHHiD aanoHOMepHocTeii Harpy- 

K6HHE sana HKopa xaroBoro sjieKipoflBHraxeaH MOMeHTaMH, n eoöxo-  

Æjjmhmh axn npEBeaeHHH b  ¿pKÄSHHe h jym npeoaoJiemifi conpoTHB- 

aeHHß BpauiöHHK), aHHaMiraeCKofi Harpyiehhocxh onop h no npeoflone- 

hh» mc nncjioBux 3HaneHnü.

onpeaeaeHH» reoMeipxraecKHX h MaccoBHx(^j J ^ j x a -
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B h b o a h

1 . CocTaBJieHHaü aHHaMinecKaa mor q m > ,  npeßCTaBJiHmiaH coöoü 

Kpyrjmfi cnaoinHofi BaJi c KyooHHoniocTOflHBoä ä^ c t k o c t k o , noaBOJineT 

onHcara KpyTmn.Hue KOJieöaHiifi san a yiöx>Boro sneKTpoHBHraTeiui 

TeiW0B03a H0OflHOpOUHHM flK|)$0p8HIIi[afliEHM ypaBH8HH0M B HaCTHHX 

np0H3B0HHHX Bioporo HOpHflKa C KyCO^O-BOCTOHHHHMH KO0$$HHK0H- 

TaMK C yqeTOM KOHCTpyKTHBHHX OCOÖeHHOCTeÜ H 3aKOHOM0pHOCT8Ä 

BHeiüHHx Harpy30K, sanaBaoMHX nocpaaoTBOM peryjmpHHX h cHHry- 

•WpHHX 0Ö0ÖDJ8HHHX $yHKmifi.

2 .  nojiysBHHHa aH an iT inec k k s  3 aBHC2M0CTH i io 3bojlhdt p a 3p a-  

ÖOTaTB M8Tonmcy flHHaMizraocKoro pacneTa Ha npoHHOCTB, a  Ha hx  

OOHOB0 Onpefl0JIHTB paajIOHaJIiHHe KOHCTpyKTHBHHS napaMSTpH TaKHX 

KOHCTpyKHHä ema Ha CTamra npoeKTHpoBaHiw MainzH.
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TypaHOB X .T . KojieÓaHWi u  H a r p y s c e t m o c i B  c o c t & b h h x  sajioB S a p a ó a H H o r o  
i n n a  H e K O T o p ra :  ochoi ikobłdc M am H H , TamKeHi :  i a H ,  1 9 8 2 .  -  1 6 8  o .

f l 4 ]  Bii^epMaH B .JI. Teopwa MexaHHHecKHX KoxeÓaHuM, -  M . s  Buomaa iB K o J ia , 
1 9 8 0 .  -  4 0 8  c .

[ 15^  H a s p e H T Ł e B  M. A. ,  ffiaÓ aT  B .3 . Mctoabi T e o p H H  (S y H K im ii K O M ru ie K C H o ro  
n e p e M e H H o r o .  M . s  H ayxa, 1 9 8 7 .  -  6 8 8  c .

£16]  lllaxH O  K . y .  O aeM eH T H  T e o p a n  K o u r u ie K C H o r o  n e p e M e H H o r o  h  o n e p a p H O H H o -  
r o  h c h h c J ieH H H . -  Mi ihck:  B H U JoH m aa m K O -na, 1 9 7 5 ,  -  4 0 0  c 1.

f i 7 j Kopu r . .  KopH T. CnpaBOHHHK 110 Ma i eMai Łt Ke .  -  M . s  H ayxa, 1 9 6 8 .  -  
7 2 0  o .

R e c e n z e n t : D o c .  d r  h a b .  i n ż .  E u g e n i u s z  Ś w i t o ń s k i  

W p ł y n ę ł o  d o  R e d a k c j i  w s t y c z n i u  1 9 9 0  r .

DYNAMIKA SILNIKÓW NAPADOWYCH LOKOMOTYW

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

W a r t y k u l e  r o z p a t r y w a n o  m o d e l  d y n a m i c z n y ,  w y p r o w a d z e n i e  i  r o z w i ą z a ­

n i e  r ó w n a ń  d r g a ń  s k r ę t n y c h  w a ł u  n a p ę d o w e g o  s i l n i k a  l o k o m o t y w y ,  p r z e d ­

s t a w i o n y  j a k o  w a ł  z e  z m i e n n ę  s z t y w n o ś c i ? .  R ó w n a n i e  r ó ż n i c z k o w e  d r u g i e ­

g o  r o d z a j u  w z g l ę d n i a j ę c e  s i ł y  z e w n ę t r z n e  p r z e d s t a w i o n e  z a  p o m o c ę  f u n k ­

c j i  u o g ó l n i o n e c h  d a j e  m o ż l i w o ś ć  p r z e p r o w a d z e n i a  a n a l i z y  d y n a m i c z n e j  

u k ł a d u  n a p ę d o w e g o  l o k o m o t y w .

LOCOMOTIVE TRACTIVE MOTOR’ S DYNAMIC 

S u m m a r y

T h e  p a p e r  p r e s e n t s  t h e  d y n a m i c  m o d e l  o f  l o c o m o t i v e  t r a c t i v e  e l e c ­

t r i c  m o t o r .  T h i s  m o d e l  g i v e s  t h e  o p p o r t u n i t y  t o  d e s c r i b e  v i b r a t i o n  

o f  m o t o r  s h a f t ,  a c c o r d i n g  t o  i t s  c o n s t r u c t i o n  c h a r a c t e r i s t i c s  a n d  

i n t e r n a l  f o r c e s .  A n a l y t i c a l  d e p e n d e n c e s ,  d e s c r i b e d  i n  t h e  a r t i c l e  

h e l p s  i n  p r o d u c i n g  d y n a m i c  c a l c u l a t i o n  m e t h o d s  o f  m o t o r s  a n d  e s t i ­

m a t i n g  t h e i r  c o n s t r u c t i o n  f e a t u r e r  a t  t h e  s t a g e  o f  d e s i g n i n g .


