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rOM a- THE FACTORIAL ANALYSIS OF FAILURES OF' ELECTRIC MOTORS 
IHlm, ON TH E WATER TRANSPORT 
rHblM 

:llMe-
Ha ocnoae cmamucmu uectcux oannux no omKa3G. 11 »nexmp oaeucame..7eii cepuu AD u 4A onpeoeneuu rjJm,'­

mopu. enusuoiuue e cyiu ecmeeunoii cme neuu ita !-IX nao eocnocnu. npu »scnnyamauuu no 6001/0..'.1 mp ancn opme. 
Onpeoeneuo (jJmonopll oe ypaauenue, n03eOR5I.IOUlee p accuumamn KO..iuvecmeennue no xasamer7U II xapaxm epuctnu ­
kIlIlQr)e.JICllOcmu sse xmp ooe ueam eneii npu eosoeitcmeuu Ka.')f('()020 113 qJaKmOp O(i. 

The/ ac tors influencing in an essential degree on their reliability in opera tion 011 Water transp ort are deter­
minedon the bas is of the statis tical data on refusals ofelec tr ic motors ofseries AD and 4A. The fa ctorial equation, 
allowing to calculate quant ity indicators an d characteristics ofreliobitity a/electric motors at influ ence ofeach oj' 
fac tors is determined. 

Kmoueeue C;W6a: tpaton opuui; OltQ,7U3, OmKG3hl, uumeucuenocmw o m Ka308, enatscnocmt., eeponmnocmn. 
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15. ­

•I OTPACJIH BO,TJ,HOr O r p anc n opra aa 

cynax, rn,npOTcxHlI'ICCKIiX COOPYlKc­

HIUI X. nnas xpaa ax H B PC'{HhI X nop­
TaX ')KC!1JIy aTTlp y CTC5l 6 0 Jl bLUOC KOJIl1'{CCTBO 

aCHHxpO Hlf hI X ::lJICKT p o.n:Blir aTCJICH CCPHH AO Ii 
4A. Ilpofineva paI.( 110 Ha Jlh HOr O HCn OJIh30 Ba Hli51 

)JICKr pH'ICCKOlO H 3JICKTp OHIIOro 0 6 0 p Y;.J,OBa H I151 

H\ ICCT BalK HOC 3H<l'lCHIlC B 0 1 HOlllCmUt Ha.n:CIK­

HOCTli 11 3KOHOMl1YHOCT H epyHKIUIOlUlpOBamUI 

\ talUIlH, Mcx aH H3MOB, y CT pO HCT B I1 arperaros, 
lI CflOJIb3YCMhI X na BOj1;HOM rpaacnopre. 

BbInOJTII CHHhIC HCCJIc.n:OBa H H5I H CTaTHCTIi­

4eCI\ l1C l (J UHhIC IIOKa3bIBa lOT, 'n o K OCHOBHhIM 

BHllaM asapniiaux CH'ryaUHH aa BOil:HOM TpaHC­

nopre OTlIOC}!TC51 TeXHOJIOrl1YCCKHC ueperpysxn 
aCHH xpOIIHhlX 3JICKTpO,1J,Bl1raTCJICH, 3aKJII1HHBa­

HHC \ l eXa HH3 M0l3, nCCI1M MCTPll'IHbIC H HenOJIHO­

I(CHHbIC PC)I<HMbl 3JICKTpH'lCCKOH CCTH . O p HCH­

HIPOBOQHOe pacnpC,TJ,CJlCHI1C n pll'lHH a n apaii 

cnenyroui C: rrcpc r pY3Ka - - 35-40 %, 0 6 PbIB 

4Ja'3hI - 30- 35 %, 3a K1IH IIH Barm c - 25-30 %. 
npo -ra e, BKJIIO' Iall BJl IKHOCTb, - 5-10 %. 

n p OBO.L\HMbl e B OT p aCJIH sonnoro rpaac­
nopra HayqnO-HCCJIe.L\OBa CJlb CK HC pa6 0 T f,1 B 

narrpaarrea na noasnnenna HanelKHOCTH HORhl X 

KOM M yTaJ.J;HOHHbIX ann aparoa, annapar ypu 
ynpasncnaa 11 aCHH XpOHIIh [X J JICKTp o,1J,Bl1r a ­

Ten CH, CHCT eM H:X 3aUJ;HT h l . pa3pa6oTKI1 HOBbf X 

cxexr ynpannea ns TCX HOn O,H'leCKHMH npouec­

caM l 1 nporpesa, IIOlICyUI K lI . CyIIIKIf , aoccr auos­
JIeH lIlI H3 0 Jl5lLn m YB rrU)KHCHH bI X 0 6:'1OTOK CTaT O­

pOB B axcnnyaraunonnstx YCJIOBlUlX na cynax BO 

MHorOM cnocoficrsyror PCWC Hl1IO 3'1'0 11 np otinc­
MLI [1-3]. 

B HaCT0 51 II(CC Bp CM5I a s rrr y c x a exrs re 3JICK­

Tp OT eX Hl1 ' l CCKOH IlPOMLI IIIflCIUlOCTb lO aCHlI­

XpOHHLIC .n: lm r aTe JlH c ep n n 4A, 4 AJiIP, 5A 06­

JIa lla IOT ,1J,OCTaTOQHOH HanCIKHOCTb lO . 
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•••.--:y~HMBep-C-HT8Ta-- ­
BOA H bl X 
KOMMYHHKa l.\HH 

O ;J.Ha KO HU Bo n HOM Tp aH c IIo pTC TCM IIC­

par ypnste KOJTc6uHI15l, BJTU)KHOCTb 11 arpec cnn­

HOCTb cpensr, 3aKJII1 l1B Ba H I1C McxaHII3M OB 11 B11­

COKa5I Bu6p UUlHI , necotimoneuae Tpc6oBaHIII1: 

TCXHlIqCCKOH: ;roKYM cIITa QIHl B np ouecc 3K C­

nrryaraumr CHI-DKaIOT Cp OK CJTy)K6 bl )lBH I' aT CncH 

no Cp UBHCHlllO C Hop M an1BHbIM. 

,UJUI lI3yqCH I I ~ npouecca crapcnns H 01'­

Ka 30 R 31ICKTp OJ\ BU r aTCJlCH 0 6 hl qHO npOBO)lHT C51 

3Ham 13 ¢ a I<TOp OB, OKa3hIBalOII\HX paspyuraro­
uice n 0 3JJ,cikTB I1C na H3 0 JUl q IlIO, 0 6 1\10 TK I1, IIO,n­

l1lI1lJHHKII, Ko p n yc II np. B bUIBJICIIHC H IIX xnac­
CI1c)JI1Ka m I 5I npo Bo JJ,5IT C5I HCCJTCnOBaTCJT5IM II B sa­

BI1ClIMOCTH 0 1' KOHClIHOH UCJIIf aI-IaJTIBa. flUCh I 

Ilpa ¢ a KTopHoM allaJTI13C Hc06xo;J.Hl\IhI Ka)f{ j {( 

r pa YCJIOBI15I: YCTKO C<POPM YJTllpOB a H Ha 51 HC­

xonuax I'llnOTC3a ; C0 3JJ,a 1l1lC TUKOi! MO;~ CJlI1, 

QT0 6 E:.I M O)KHO 6 bllI0 c 3 060;:[l1O y n p a BJI51 T b HCC­ II nep 

Mil <paI<Topal\m; IIOJlyqClm C KOJH Il.JCCTB e ll lloro BHH B( 

pC 3yJTbTaTU, COOT BCT CTBylOll[CI' O npnpozre 01'­ P = e 
'II 

Ka30 8. 
I'/J,e A(l,lJ.!U1 n p OBCnCHH5I anan asa asmona nnacs 
p ac IIpHa6 JIIOJJ,CHII5I sa 571 n BUI'aTCn 5IM H CCp li11 AO 11 

4A (Ta6JT. I). Knaccmpnxarnrx OTK a 30n upomso­
6 b11l0JJ,H!IaCb MCT0;:IOM oxcrreprusrx OQCHOl< C pasc op­

KOI1: M alll llH. 

Taiinuua 1 

CnlTHCTII'ICCKHC tJ. 3 H HblC 110 OTK333M J1I CKT p OJ.8 Hr·aTcl lcii 

C Ta j1C 

HcJJ,o ( 

0 6 c JIy 

8(3)\( 

Oapbl
 

OGpbf
 

IH ellO(
 

~' 

~ 
Anapi 

B 0 3rlC 

] flCH IfC , 

rIPHYHHbl OTK a30 8 n o PYKO BOJJ,~ ll~ II M noxyverrr av KO.'lH4 CCT BO 01' [(a3 00 

Cr aperrac 1130 1I51W UI 64 

0 6PbIB cxexn.t 06MOTKH 

-
8 

-
06Pbl B B !IHHHH 37 

Henocraro xnas lfYBCTBlITCJIbHOCT b 3al.U;UTbI 19 

3 a rp»3HeHHc CMa:l KI1 8 

O TCYTCTBUC CMa3KH to 

37 A BupHIIHblc neperpysxn 

B (3).{CHCTBIIC l3JI3 )f{1I0 CT H 5 

B 03JlCHCTBlle nnecneasrx rpnfixon 17 

79 Heztocrar o-nn.rli ypo ae ns KBalIH<pHKaII HI1 0 6C JIY)KHBaIOrHcro rrepcorrana 

Cr apen ue 3.I eM CHTOB KOHCTpyKlllIH 1 

B 0 311eHcT Bne arp eccnan u x cpen 
--

I 

B 0 3JlCHCTlHlC M accn 1 

VI TO ro 287 

Ilo 3a(!JI1KCl1pOBa IIHbI M lIapa6 0 T Ka 1\1 OT Ka­

3a BUlHX ; l Il IlI'UTCHeli B 3a BHCHMOCTII 0 1' p a 3JIIi'! ­

Ilhl X rpaxr opoa CT pO IIJIIICb r ucrorpasoasr. Bpe ­

MCHIIOii OT p C30 K pafio-rs t n p H HIIM a JIC5I p a BH bl M 

50 T bIC. <I. Pa36111lK3 e r o lI p 0 113BO,uHJIaCh aa 20 

xacreii (1IIITep Ba JIOB). 

VI IITCP B lHl bH a~ 1IIITCHCIIBHOCT b OTK3 30B 

no m-i1 u p u '!IIHe pacc-mrsr aanacs no 3a BHCHM O­

CTI1 

n" (t) A = ~ . -::-::-- ---'.::-:':-"-- ­N N + N ' 
m l 1111 " · 1 

nil . !1t U 

2 

(I ) 

m e : No - qUCJIO s cex 83»Tb1X non na6mOJJ,CIII1 C 

,uBHI'aTCHCI! (No= 571); N - l !H CJIO l \B IlI'aTCHCH, 
m 

OT K333 SIlIHX n o m - H npnvnne; Nnl/ . l - ' !HCllO 

acn pasno p a6 0 Ta l-OII\H X n BB aTClIdI B aa-rane 
1I11TCpBaJIa Sr ; Nm; - '1IICllO a cn paano pafiora to­
lI\MX ns nrar cneii B KOHU,C I1HT CpnaJIa Sr; n (t) -­

'II 

'lI1C.'lO orxasamunx ,uBl l r aTCJle H B OT p C3KC Bp C­

/'it /'it _ 
MCHI1 01' t - - JJ,O t +- ; /'it - BbIOp a I-lHa n BCnll ­

2 2 
'llu m mrrepaana Bp CMCHH, 500 0 Y. 

Ilp a nOMOUI;M srer c n a u a UMCH billlIX KBU­

n p ar os no HHTCp a a Jl h H bIM 3H a1JCHlH IM n a x on n ­

Ka1Hoii 

II HH TC 

p OB ? 1 

H» KBa 

na ? I l . 

5, 6, 9 
<j)aKTOr 

)KCEO 

nazte» 
pacem; 

MO)f(HO 

I 



H3a. 

iC 06XO! IH l\l b l 

)BaHH3 n MC­

o il MOACJIH, 

la BJJJJ.Tb BCC­

i eCTBCIlHOr O 

1PUP0,nC 01'­

,bIOO.tI H}1J1 HCh 

cepun AO 11 

l OB n pOH3DO­

OK C paaoop­

yHHaepcHTeTa- ' 
BOA H bl XHlVPHAJI 
KOMMYHHKal.\HH 

IIIiCb l1HTCHCllBHOCTI> OTKa:W B B 3aBHC HMOCT lI 0 1' u eu n e H H1'CHCI1BHOCT H O1'K <l30 B aCI lHxpOHHhI X 

!(ailq or o ep3 KTopa B s ane ypannenax 3JH~KT pOJHmraTCJJeil , HcnOJlb3YCMbi X na RO)rIlOM 

r paacnopre:I, = )" +A . K . tKm - l (2)
m Um m m 

A(t) = A K ( K I 1 + A K IK ~ I + A K tK3 I + A + 
1 1 2 2 3 3 0 1

II Bep OllTHOCTL UC30TKa 3fI OH paticru npn y CJIO­


Blm B03!rCMCTBIUI s a naa rar enn OJJ:Horo epaKT opa + A K/ K4- I + A + 1'06+ A +

4 05 07 

(3) + A K tK 7 - I + A K ( K g - j + A + A K [ K9 - I + 
7 7 8 8 09 9 9 

me \ )11:' An" Kn; - n OCT OHH HbJe K03cP¢IIUHCIlT bl 
tKJO 1+ A K - (4)10 10 .pacnpenencnas Beiifiynna. 

BPC3YJT bTaTC MaTeMaTl1 tl eCKo ~i 0 6 p a6o T KH If IiCJT OBb1e K03cPcPH UHCHThl npn RC; \CH bl B 

6 bIJIO !lOJIy ' ICHO cneny rouiee cPa K1'opH o e ypae- r atin . 2. 

Ta oRl I /1 G 2 

q acnonsre K01lfJlflllunCIITbl lj>aKTopno ro ypaanena n 

I OTKa30 B 

-

• 
I 
- --­

... 

Il pa-nn ra OTK<13 a 
K 03QHpHUHCHTbI 

A
Om 

A 
rn 

K 
m I 

Crapeinre ~ n Omll\l1ll ( ] ) - 6,31 . 10-15 2,09 

, HeJ\OCTaW lfH hIM y ponc Hb KBaJUllIll1KaU lU1 

oficnyx naarotucro IlCpCOH aJIa (2) 
- 5,62' 10 4 - 0,3649 

B O ~ilC il c TBH~ IlJICCHCBblX rpu6KOB (3) - 1,27' 10-12 1,56 

06pl.JE\ CXCMhl 0 6MOTKIi (4) 9 . 10-7 6,4' 10-25 4,0 

0 6PhIll Il JIli HlI ll (5) 6,67 ' 10-3 - -

Ilenocraro-nras 'lyBCTBHT CJlhlIOCTh 3,HU HTbl (6) 3,9 . 10-6 - -
-

3aq m3HcII I1C C M a '~ KI 1 (7) 5 · 10-7 1,27 . 1O-2X 4,9 

OTCYTCTBHC CM33KI1 (8) -

_. 

1,28' 10-10 1,0 

A na pll ll ll hl C ueperpysxa (9) 2,5 . 10 -6 5,08 ' 10-16 2,32 

B O ' l;~ el i cTR HC BJImKIlOCH I (10) --- 1,87 . 10-15 2,0 

IIa 6m o n CIllIC 

nsnrarcncii, 
1 - 'm CJIO 

il B Ha'IaJIC 

fO pa60T<HO­

tI 6{,, nm(t) --

OTp C3KC Bp C­

aaunas BCJIl1­

IIhlli lfX KBa­

)!:Vl HaXO,UH ­

HCrrOJ1h3Y5I nonyxeunoe q,aIGOpHOe ypan­
HeHHe, 6 h11lH pacc-nrraasr BCpOHTHOCT b 6 C30 T ­

Ka3HOii p a60T hI 
, m 

' . I r ~)' i dl_}.J ( t )l l 11 ,
P= e " = e ' (5) 

H HHTCHCHBlIOCTb OTKa30 B C y'lCTOM BCCX cPaKTO­

pOB P1_ 0 11 AH O oe3 yuera HCJl,OCTaTOlfHo r o ypoe­
II )! KUaJlJ[epHKa QI111 oficrryaoraaiontero rrepcoua­
na P to II \ ,}-)o' a TaK)KC 6e3 y-rera cParGOp o B 2,u 
5, 6, 9 - PI. 3. 4 , 7, ~, 10 Ii \ . 3. 4, 7, S, 10' B03):{CMCT Bue 

¢ aKTOpOB 5, 6, 9 MO)l(e T 6b1 T I> cyurecr ueuno CInI ­

jf(CHO nYTC~ l I1Cn OITb30BUHH5I q y n c TBHTCJIhHOH H 

lI anc>KHoll sann rrsr. Fparpaxecx a e 3a Bl1 I1MOCT H 

pacc-urraunu x sennva n npa s enema aa pnc, 1,2 . 
Ha OCHOB3 HIlU npos eneaaoro auanasa 

\1O)l(HO cn en ar t, CJleJJ:Y IQU~He BhIBOJJ:bI : 

VI HTC HCH BHOCT b ortcaaon 3JlCKTpOJJ:B llr aTc ­

ITCM B T C'lCH HC Bp eM CH H B0 3paCTaCT BCJlCjlCTBHC 

cr apenn n H3 0Jl}II~H H B CTCnCl-Il1 2,09, 0 6 p bIBU cxe­
MbI 0 6 MOTK II - 4, sarpxauenna CM a3KH - 4,9, 
OTCy TCT BHH CMa 3K I1 - J1I1HCllHO. aaapuinu,rx 
neper pysox - B crenen a 2,32, B03l1.C ik T BlI 51 

BJla >KHOCT I1 .­ 2, B03.!le MCT BH lI n JICCHenb1X rpafi­
KOB .---- 1,56. 

I1 HT eH clIBHoCTh O1'Ka 30 B H3-3 a 06p blBOB B 

JIHHHH 11 aenocraro-nroii lfYBCTB HTeJIbIlOCTlI 33 ­

unrru nOC T0 5IHHa BO Bp eM e HH . 

H HTeHCH BHOCT h O1'Ka30B no npu-nm e 0 6 ­

P bIBOB CXCM bI 0 6 MOTK U , aar pssnenua CMa 3KI1 11 

as apa iimrx nepcr pysox xpoxrc BO'3paCTalO lI~eH 

COCTaBJ1HlO llrCH llM e CT noc ToHHHYlO COCTa BJlHIQ ­

utyio. 
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Puc, 1. Bep o~ TH O C T I, 6e30TKa3HOH pafiorsr anexrponaur ar crreii: 3. 

1 - c y-rer ov s cex rpaxr opon; paso aar e 

2 - - 6e',\ y ser a HIB KOI'O y pOBHH KSUJIHcjJHKaUl111 oficnyxaaaro uiero uepco na ra; 

3 ­ 6C3 yscr a epa KTopoB 2, 5. 6 II 9 

1.0 

Oil 

q6 
~ 

Q.l, 

OJ 

a 20 ' 25. 

10o 

)(fO-6D111K/ I.IJC, A 
'aOl----I---,..---r--..+-"-~-+-~+_-_+~;IC-~_1 

Puc, 2, 11HTeHcliBHocTb OTKa10B anexr pon na r aren eii :
 

1 - 6e3 ysera cjJaKTOpOB 2, 5, 6 Ii 9;
 

2 - 6C3 y xer a y p OBHH KBanllcjJllKaUll ll oocnyxcaaaiouicro nepcoaana;
 

3 - c y -rerosr sc ex ep3KTOPOB
 

I1ln cuc HBIIOCTb OT KU30B Bcn C;J.CT BHe He ­ TCp, HO .nOCTaTO' IH O 6 0 n h w u lI B na-rane ') KCIlJI y a ­

LI.OCTaTO'm Or o y pOBIIH Koam Hjm Kal..\HIf o6cnYJKI1 ­ Tal..\HH na cynax.
 

naroutero ncpcoua na HMeeT y6bIBalOmHH xapax- Ilpa HaJIll 'lIiH xaanadmuapoaan nor o nep­
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