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BaJiapafl POtlAil
iHenpOH3epXHHCKHit HHHyCTpHaJIBHHlt HHCTHTyT, yKpaillia 
gpoT JI.3HAH
Ci';ie3CKnH nojiHTexHa^ecKHH smcraTyT .HoiiŁma

HAIlPHJiEHHO -JEŁOPMilPOBAHHOE COCTOSHHE
KpyrjionpiHHtix MHorocjioflm ypabhobeduibax*imix kahatob

Pe3ioMe.
B CTaTŁe npenoTaBjieH cnocod o n p e n e n e H M  H a rrp a x e H H o -  n e$ o p M H p o B aH H o ro  

c o c t o h h m  K p y rn o n p im H H X  M HorocyiofiH H X  ypaBHOBeniHBaB!HKX K a H a ro B  B 03dyxaeH H ii>  

jH H eiiH O  nepeM em amiiBiM cH o ó o p o t h u w  KOMeHTOM b o  BpeMH «B nxeH H H  m axT H ux  o o - 
c y a o B . i t e T o n  a a e T  b o s k o  j k h o c t b  c o 3 a a H a n  n p o rp a a M H  jy w  K ow nBiO Tepa ,  n o 3 B o -  

jiHKinieii n p o eK T u p o B a T B  H O B ue t h h h  K p y rJ io n p an H to c  KaHaTOB o 3anaHHHMH 3 K c m iy -  

aTauHOHHH/.K napav.eT|)a\iH .
B ropH osofluB acąe ił  npoMuumeHHOCTK MHonix CTpaH (.yKpaHHa, f l o n b ia ,  

P o c c h h ,  CEA, K a a a a a ,  ŁAP u j p . )  mapoKO npwNeHHCTca MHoroKauaTHue 
ycTaHOBKM, Ha k o to p h x  Kcnoab3yDTCH ypaBHOBeaiHBaBąHe K aH ara .  P a 3 p a d o -  
raHO m hoto pa3Hux KOHCTpyKuml ypaBHOBemaBacąHx KaHaTOB- naocK ne ,  
pe3HHOTpocoEue, KpyraonpHaHne. HocjteuHue, KaK c a n n e  aeiHeaae b n a r o -  
TOBjieHHH, nojiyHHJii umpoKoe pacnpocTpaHeHHe.

Cbohctbo KpyraonpjniHoro KaHaTa, KaK ecTecseHHO 3aKpy>ieHHoro CTepx- 
h h. pacKpywHaaTŁCH npH HaTHKSHHH odycaoBHjio h60óxo4hmoctb KpenaeHKH 
ero k noateMHOMy cocyay c iiomoiubb BepaBSHoro npnnenHoro ycipoRCTBa.
3 HMHert aacTH CTBoaa aaxra KaHaT npoBHcaeT csodoaHO, odpa3yn newiB. 
OTBecu coceaHHx KaHaTOB pa3aea«BT BHHay jepeBHHHumi dpycŁHMH w mHranH. 
HecMorpa Ha to.hto ypaBHOBeuiHBaEmnii KaHaT He HMeeT Harpy3KH KpoHe 
codcTBeHHoro Beca, ero cpoK cayxdN cpaBHHM co cpokom cayHdn noateM- 
Horo KanaTa. A b page cayaaeB ero cneuK'|>HHecKHe aefeKra b B«ae pac- 
caoeHHH K aH aia ,  BunyaHBaHHH BHyTpeHHKX caoeB npaaeti, nepexaecraBaHne 
OTBecoB KaHaTa [ \ ] - [ 5 j , odycaoBjntBaBT HeodxojnMocTB ero 38MeHU bcko- 
pe nocne HaBecKH.

C 1964 r  b [ lo jib ie  BHnycKaBT aByxcjioHHHe ypaBHOBemBaBinKe KaHara 
T«na GIG. lipa  3KcnnyaTauHH bthx KaHaTOB Ha rnydH H ax cBume 500 m dun 
3aMeaeH pocT  HHcaa bhxojob hs ctpoh KaHaTOB H 3-3a paccnoeHHH h B a n y - 
HHBaHHH H a p y iy  BHyTpeHHHx n p a a e il .  B cbh3h c bthh b 1974 r MnHKCTepcTBC 
TopHOR npoMHBineHHOCTH Ilo n b m  n a a a a o  cneaaa jiŁ H ce pacn o p ax eH n e  »17/74 
od orpaHHaeHiiH rnydHHU w c n ojibs o±> a hhh KaHaTOB r a n a  GIG-: He d o n ee  700 u, 
u npHMeHHTB Kanara ztHaMeTpoH He d o n ee  51 mm. Ab 1978 r KHCTHTyTOM 
MexaHH3aunn TopH oro n e n a  Cnne3CKoro noanTexHHHecKoro HHCTHTyTa H a aa - 
r a  p a d o ra  no odcnesoBaHHO B cex  ranoB  ypaBH0BeanBaB5tix KauaTOB, k o t o -  
p ue  npMMeHHJiKCb Ha noAieMHux ycTaHOBKax yrxeaodnB aD iu*a npoMnueHHOCTH
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noaiŁM [>\J. TjiaBHu« b u b o j  3Toa p a d o r a -  paccjioeHHH jB yxcjio«H ux  ypaBHO- 
BemHBacínüx xaHaTOB Tana &IG h b k x h c b  npaaaHOH aocpoH H oa aaM euu b 93% 
c jiy a a e s .  3 th  x a H am  c b h th  H3 npoB oxoxa oaH o ro  a a a a e T p a ,  a ae o T  6 B H yr- 
peHHHx a  12 HapyxHux oaaHaxoBHx n p a a e a .

B aacT oam ee B p eaa  b n o x tice  B unycxaoT  3 - x  cjioitHue x p y rjionpnaH ue

ypaBHOBenaBacmHe xaHara. Sto xoHCTpyxuaa 3 3 * 7  +A0(BN - 7 7 / 5 0 2 1 ) .
B padOTe / 5 /  3a 1990 r .  n p aB o aaT ca  o n acaH ae  kobo*  x o n cT p y x n aa  T p e x -  
caofiH oro  xaHaTa 34*7+A j, C npodaeM oa HeyaoBJieTBopuTejiLHoa padoT u  y p aB - 
HOBeaMBacmax xaHaTOB, a x  paccxoeH aeM  cT ax x aB acT ca  a  b  ^exocJtoB axaa  [fj, 
a b a p y r a x  CTpaHax. ü o sT o a y  n p o d x e aa  B adopa HayaHO-otíocHOBaHHUx o n x a -  
MaxbHux napaMeTpoB xoHCTpyKuaa xpyrJionpąaHHX ypaBHOBemaBaDnax xauaTOB 
o c T a e ic a  ax T y axbH oa.

Haa npeacTaBxaeTca, hto patíoTy xaHaTa xax arperara, c yaeTOM ero 
npojoxbHO- xpyTBJihHHX ae$opManaa, Haadoiee noaHO onacüBaeT Teopaa 
rjiynxo M.$. ¿ V .  DpaMeHeHae ee x pacaeTy aanpaxeHHO- jeipopaapoBaHHoro 
coctohhbx xpyrxonpasHoro MHorocxoaHoro ypaBHOBemaB a Dinero xaHaTa npa-
BOJBTCH B 3T0B CTaTbe.

I .  UpoflOJiŁHo-KpyTBJibHtie ąe$opMauBB oTBeca xaH ara

ypaBHOBeoaBacnafl xaaaT npeacTaB aaeT codoa a s o r a y r a a ,  cBodoano n p o - 
BacaDiaaH noa neacTBaew cotícTBeHHoro B eca , ecTecTBeHHO 3axpyaeHHua 
CTepxeHt ( p a c . I . ) .  B HaaHea aacTB xaHaT odpa3yeT new iD , mapana x oto -  
poa  h'2-2.5M .ÍJiaHfci OTBecoB l npa xpaaHax nonoaeH aax noateMHax cocyaoB 
onpeae.iHDTCH ra y d a a o a  CTBoxa ¡aaxTH ( ! > I 0 0 0 m) .  TaxaM odpa30M, p aaay c  
xpaBH3HU oca xaHaTa pesxo  H3MeHaeTca b n e rjie  o t ^  = co a o j>  =1 m. ¿Jjih 
x a x jo ro  npHMoaaHeüHoro OTBeca xaHaTa onopaaa cBepxy BBJLaeTca BepTJior,

a CHH3y- neTJis.EcTecTBeHHO npeanoaoxaTb, hto 
npoaoabHoe ycaaae P H3MeHHeTCH noa aeacTBaeM 
cotícTBeHHoro Beca xaHaTa no aaHeBHOMy 3axoHy 
OT P= 0 B HHKHeM CeHeHBB OTBeca ao P=^Í£b Bepx- 
aeM ceaeHaa (pac. 2,a,d). Odo3HaaeHoi ę - Macea 
eaHHHUü BJiHHhi xaaaTa. üocxoabxy BHetnnax xpyra- 
max mom^htob x xaHaTy no aaaae OTBeca ue npa- 
aoKeHo, xpyTaaaa momcht M aoaxeH dHTb HeaaaeH- 
hhm no aaBHe OTBeca xanaTa a paBHua aoMeHTy b 
onope, to ecTb paBHUM MOMeHTy TpeHBH Mtp b 
noamanHaxe BepTJiora (pac. 2,b). Ecjib du xaHaT 
CBotíoaHO npoBopaHHBajicH b neTae, to Bepracr He 
Bpainaaca dH. Ho BepTacr a CTaBHT aan Toro, hto- 
dt¡ aaTb B03MoraocTb xaHaTy pacxpyTHTbCH. C a e -  

aoBaTexbHO, Mtp b BepraDre npa XBa3acTaTanecxoH H3MeHeHaa aaaHH OTBe­
ca xaHaTa npa aBaieHaa noaŁeMHoro cocyaa bbepx npenHTCTByeT pacxpyHH-
BaHHD xaHaTa a aoaweH cHHTaTbca noaoKaTeabHUM, HanpasaeHHUM no cBBBxe 

HapysiHoro c a o a  n p a a e a  x a a a T a . IleT ao  n p a  stom moxho caaT aT b  a x a  y n p y r o í ,

P a c . I .  3 ax p en jieH ae
ypaBHOBeaaBacuero 
xaHaTa
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« Jin  »ecT K O fl Ha sp yn eH H e  onopoa, a a a e e  a ro  3 H aseH K S He MMeeT. TaKHM 
0 0 p a 3 0 M, MOKeM y T B e p ü t ja T L , STO KpyTHHH« MOMeHT H B HWÄH8M CeHeHHH 
O T Beca  K a a a T a  y  n eT Jin  p a B e a  b CTaTKKe M ip .

IlpHHHMaH H anajio  O TCseTa K o o p aanaT H  I  b hh*hcm  ceseH HH  O TBeca 
K a H B T a , 3 annuieM ypaBHeHHH  cT a ra K H  b su a e:

A  £  +  C d  =  P 

C fi + &Ö ^  Mrp

rae A ,B ,C - arperaTHue K03$|HmteHTu aecTKocTH Kanaia / 7 / ,  ¿  n Q -  npo- 
aoabHas c  yneTOM pacKpysHBaHHS h yraoBas ae$opMau«H KaHaia,

í2)
r a e  j 1 - ko a f({inu iieHT TpeHHS K a s e H K s , o öh sh o  npHHHMaeMua paBHUM 0 ,0 0 3  
a a s  3 aK pH Tüx  noam m iHHKOB, d n - a n a iie T p  noam anHHKa B e p T Jw r a .

Peœas ypasHeHKS (.1) OTHOCKieabSO £ h G noaysaeii Bupa*eHHS, onacHBa- 
oaae n3MeH6Hne no aaHHe OTBeca Kanara ero npoaojibHoa u KpyriuibHoa 
ae^opMauHH (puc. 2 , r.a) 

2 e = - X ? F + 4 - M r P ,
rae A =A*B-C . ^  ^

P h c .  2 . Bniopu H3 MeHeHHH yca-iiaa a  a e fo p M a u « a  no aaH H e O T Beca  
KaHaTa

K aH aT  paccM aTpH BaeM  KaK a r p e r a T ,  jse cT K O c iH u e  nap axeT p H  u ae ío p w au H H  

KOToporo cKaaaHBaDTCs h3 lecTKOCTea a a e lo p u a u a «  oTaejibHux aaeneHTOB.



264 Bajiepiïft Ponaił , IlpoT  A . 3ñan

PacKpuTMe CTSTHHecKOM HeonpeaeJWMOCTt5 K araT a, KaK MexammecKOK c a c -  
TeMH JOCTHFaeTCH TËM, 1T0 KpOMe yCJlOBHÜ paBHOBecaa CTaTKKK, T peöy- 
cffiHx paBeHCTBa raaBH oro BeKTopa a raaB H oro MOMeara BHyipeHHHX ch ji ' 
B nonepeBHOM cenenaa KanaTa raaBHOMy BexTopy a raaBHOMy MOMeHTy BHeœ- 
HHX c h j i ,  pacnojiOKeHHMX no onHy cTopony o t  paccM aipaBaeM oro ceneH as, 
MOieM 3anacaTb ypasHeHun coBMecTHOCTH ae^opManaít. 

2 , JeftopMagaa. npgge^ xanaTa a caao stie  foaxTopa b nax

Ka»naa npagb npsM oro OTBeca ¡cañera npe-repneBae? ge^opM aunn H 3raßa 
£ np , paCTHKeHHH <Snp B KpyMeHHH ï„ p  , KOTOpue 33BMCHT OT fle$0pM3UH« 
xanaTa £ u 0  « ot ee  napaxeT poB  cbkbkh:
üpHHHááa rrä0TG3u idiockhx ceaeHuä a c o b m g c t h o c t h Äe$opstauHH cjiogb 
npagen KaaaTa.MOxeM 3anacaT

i „ t l  = e ( (* M S % )s in jS iC o s j* + ( £ „ - £ )  s H L L Ä ,  ^  

£ npi +  Ri0-Slnp>icosjfc + g t l sL n > . ; t s )

t i , p i »  e  n'fii-  ( ¿ - » i  - i )s U “^ i  ,  < 6 )

r a e  R l -  yroa » pagayc cbbbkb npngea paccaaTpaBaeworo i  -ro
c a o a ,  S t i -  p ag aa ab n a H  ae$opM auna c a o a  n p a g e ä ,  xoT opaa o n p e g e a a -  
e t c a  a a s  BanTOBoro aaeMeHTa caegycmaM BapamenneM :

8  t i  — ~  £  f i í  ~  à  & ' (.7)

Dpa 3T0M n3tóeHeHHe gaaM eTpa c a o a  n p ag etí MoateT önTb ogeH eno no $ o p -  
M y a e  :

¿ sR i =  S 'i l  R l  . ( ,8 )

Ho KaK n o x a 3 a jia  p a c n e r a ,  B e jm a n o d  Sri b BspaieHHBX ( O - C ó )  mokho 
n p e H eö p en b .

B unacanB  ge$opM agaa n p sg e a  b xascgoM U -M _caoe , mokho o n p e g e a a T b  

caaoB H e $aKTopa b  h b x : n p o a o a b n o e  y c a a a e  a xpyMmaH MOMeHT
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HanpaBieHHue b jo jib  oc« Kaca'reabHO« 
n o n ep ean y ï) c«Jiy « M3r«daioiitH« momsut P¿
« L t , HanpaBjieHHae no d«HopMaa« ß ,

-  pe3yjîbT«pyi)myc aaBaeH «a coceaH «x 
n p a a e «  L - ro  p a a a  Ha paccMaTp«BaeMyo 
n p aab , HanpaBJieHHyE no HopMaa« ( p « c .3 ) .  
Ocb l  HBiaeTCH KacaTejihHO« k b h h to b o «  
och n p a a « , o cb  n nepneBjHKyjwpHa k I  h 
HBjweTca npoaoa»eH«eM  noaapH oro  p a a « y c a , 
coea«HHDiaero ueHTpn TaxtecT« n onepeaH oro  
ceaeHHH KaHaTa « n p a a « . Ocb b HopMaabHa 
k nepBUM asyM ochm m oôpa3yeT  c hhmh 

P h c .  3 .  C«JioBue.$aK Topa npaB yo c« cT eny  s o o p a « H a i.
B n p a a«  t  - r o  cjioh

r*t

P ^ i  =  &  o l S  n p i  Col ł - n p l  ,

L i i  — Coi £>npl ■*" "6ol topi ) 

^-■êl =  ß n p l  j

( 9 )

CIO)

( I I )

p  s i n  f i l  / £ l n > j C 0 &> ¿ i
Pé; =  ~ R 1— L a  -  Rl  L l i  , (12)

r _  s u r f i l  p  s in  f it COS J»i p  rT^
J n i  -  r T -  P U  R l   ̂ ;

r a e  (loi éoi Coi- a rp e ra T H u e  K03$i«n«eH Tu aecTKOCT« n p aa«  c - r o  c a o a ,  
-  « sn td H a a  «ecTKocTb n p a a « .

E ca« f i l  « i n l  OKaayTca npn p a c a e T e  OTp«naTeabHHMH, to 3to ôyaeT  
03H aaaT b , hto c ao «  n p a ae «  p a cc aa « B a eT ca  b paccMaTp«BaenoM ceaeH ««

KBH3TB.
Ha aaHHOM 3T ane p a ca eT a  mosho c ae aa T b  npoB epay BuaHcaeHMâ.IlpHBe- 

a a  y e « !« «  « momchth b n p a a a x  k npoaoabHO« oc«  ï  saHaTa « cao*«B 
« x  no caoHM, noayaaeM  aacT b B H eiue«  H arpy3K «, BOcnpHH«naeMoa L -m 
caoeM n p a a e «  P i«  Mi , a caoa«B  «x no B cea  " i l “ caoaM , aoaxtHH n o a y -  
a«Tb npoaoabH oe y c « a « e  « KpyTH««« «o«eHT b p accn aT p«B ae«o ii ceaeH «« 
KaHaTa , cooTBeTCTByontHe 3HaaeH«aM «3 ( I ) .  üocKoabKy Bce n p a a«  b 
t, - m c a o e  «aeHT«aHH, cyHM«poBaH«e y c « a « a  3a«eH ae«  ynHoieHHe« y c « a« a  

b oaHO« n p aa*  Ha a « c a o  n p a a e «  b c a o e  r t l i :
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P i = m i (  pgi s i n j k  +  Pt r c o s £ i )  ( ( i4 )  

M ;=  n i ; s , L n j » c  +  L u c o s > i  + R i ^ n ^ - t a c o s * ) ) .  U5>

Æ aaee n p o B e p a e a :

r u e  i l  -  ih c jio  c a o e s  n p a a e ü  b  K aB a re .

3 .  JtefopwauHH npo so ao K  h HanpasieHaa b hkx

iefopM aaH H  u eH ïp aa b i-o a  npoBoaoKK, pacnoj£or.eH aoîl wa o c a  n p a a a  
onpeaeM BTca BapasenaaKii ( 4 ) ~ ( 6 ) .  ¡‘

mAximfE iicwbemhhkh $ h r jh  a b b .  hobeëuke  æocthhehhh

HanpHueHHH b ueH T paabuoit npoBOJiOKe B -ü  n p a an  mokho B anacanT b

caeayB aaM  oôpa30M .
HanpasceHaa uopMaabHae ot pacTHæeHHS

paBHOMepao p acnpeaeaeH U  no n ao iqaaa  n o n e p e n n o ro  cenetm H  npoBoaoKH.

E — MonyjiB ynpyrocTH npn pacTHseHa MaTepiiajia npoBOJioKn

SacaT ejrbH ue H anpaseH aa ot K pyaeH aa «BMeHauTca no Be.innnHe Bziojib 
p a a n y c a  npoBoaoKn no jnmeKHOMy 3aKOHy, a o c T n r a a  b Hapysraax TOMKax 
MaKCHMaabHux 3HaaeHH8, KOTopae onpeaeaaBTCH no fo p M y ie

G"Pci - E S  oPi c ir )

P a c .  4 .  K oopaanaT a 
npofloaoK

r ^ e  £ c;. - aaaueTp neHTpaabHax n p o -  
BoaoK ¡,-ro caoa npaaeü, G - m o- 
ayaa ynpyrocTH npn cnEnre 
MaTepaaaa npoBoaoKa.
Ilpa H3ra(5e npaan o cb  6 aBaaeTca 
H e â T p a a b H o ü n e H T p a a b H O â  npoBoaoKa, 
noBTOMy Haadoabœae no Koayac a pa3- 
Hae no 3Haxy ae$opMaaaa a HanpaïeHaa 
ôyayT b  Toasax I  « 2 ,  pacnoaoKeHHax
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Ha och H CpHC. ‘i,  0003HaHeH0 0  -  o ch  K anaT a, 0 , -  o cb  n p a a a ) .  
H3rndHHe HanpHxeHHH b sthx TOiKax

Gu3.c-I - -Gui.cz = E n̂pi. “jT • (4â)

B 3BBHCHM0CTM OT 3H3K3 fle$OpMaUHK H3rH0a npHJH Tnpi nOJIOÄHTeabHUe 
H3rHÓHue HanpHxeHHS dyayr na« b t . I ,  hjik b t . 2 .  Hac HBTepecyoT MaK- 
CHMaabHue HanpaxeHHa b npoBOJtoice. no3TOMy mokho He yaaTUBaTb HOMep 
TOMKU, a B COOTBeTCTBHH CO 3H8K0M paCTBrHB8CÜIHX HaHpHXeHHR (17) 
npndaBJiHTb k hkm c tokhm xe 3H3kom asradH oe HanpaxeHHe ( 4 8 ) .  IIoayaHM 
Hantíoabmee HanpaxeHHe HopMaabHoe b t . I  kjih b t .2

cl ~ Gpcl + G UłCv .
IlocKoabKy b 3T0« xe  TOHKe ecTB K acaTeabH oe HanpaxeHHe ( 1 8 ) ,  oueHKa 
H 8npa*eH H oro coctohhhb BbinoaHaeTca no T eopan npoHHOCTH pacaeTOM 
3KBHBajieHTHoro HanpaHeHHH

G * e . l  = V ° n t l  +  H j .  , ( 2 4 )

Him pacaeTa HanpaxeHHü h aefopM auHH B cex  npoBoaoK nonep eaH o ro  
ceaeH H a KaHaTa HeodxoaHMO BBecTH K oopanH ara : t u -  p a sn y c  K - r o  p a ja  
npoBOJioK b n p a a a x  i  - r o  c a o a  h y ra o B y o  KoopaHHaTy - y r o a  wexay
o c b c  a a a  npajM  u o c b o  Hs bjw  npoBoaoKH ( p H c . ł ) .

B KaxjoH  c io e  n p a je R  npoBOJioKH HMecT ae$opnauH H : npoaoabH yu 8 S , 
KpyaeH aa t  h n a rn d a  OTHOCHTejibHO oceR  &s u (1, , KOTopue odo3HaaHM

l lK « h u
2. ^

£ s LK~ S  n p l ^ ^ K + ’Z lK tn p iS ih o tu C O S c tu  }

7  r  , c . s i n f í n  cosc^u
t u  = inpi C0S oí«  + ¿> npt ----    > (¿3J

I.K
2 2.

7> 7  /  ? , \  . i n  / c  StncCUCOS^K
í u - ^ « ? L  ( 1 + C 0 S « ¿ u )S b H o íík C o sq íu  -  E hP -----7 7 -—  +

~ 2, (24)
+  B„pLCOS2.oUkCOS=¿IkCOS>'P ,

h u  =  -  ^npL (1  Lk') CDS0(ix S in  f , <2fi)

r a e  o ¿ t* - í y r o j i  cbhbkh npoBoaoK K - r o  p a a a  b i  - m c a o e  n p aaeR . 
T £K-jp a A n y c
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HaadoxBuiae H 3radH ue je lo p M a n a a  HMeoT n p o B o x o x a , pacnoxoaceHHae aa 
o c a  11 , KoopnaaaTHHa y r o x  x x a  KOTopax *f=0 a r a  * /=1í ( p a c . 4 ) .
B Bupaiseana (2 5 )  nepaae  XBa c x a ra e tia x  mbxh no cpaBneHito c iiocxexHHM, 
3T0 noKa3axa p a c a e ra  j j i h  pa3HUX KOHCTpyxuaa xanaTOB, no3TOMy 3hbk biK 
onpenexaeT ca 3 HaK0 M énPv .I lo x a ra a  f  =0 BhfaacxHex aaradH ae H anpaxe- 
Han b t . I  axa t . 2 ( t . I  axa t . 2 )  ( p a c . O ,  coBnaxacmae no 3naxy 
c HopMaxBHHMa HanpHxeHHHKa o t  npoxoxbnax x e ío p a a n a a , xax o iihcsho b u -  
oe  flax HanpaxeHKâ s  ueHTpaxhHoa npoBoxoKe.

HanpaxeHaa (MaxcaMaxbHue Ha nepaueTpe npoBOxoK K axxoro p a x a )  bh -  
a a c x a e «  no JopMyxaM, aHaxoraaHHM ( I 7 ) - ( 2 l ) :

c r p ík  ~  £  &si-x *

Í í k  }

G U u ' E & a - f * -  ;

O',, i K =  G p i K +  Gui í k  ,

^ 3 K  ÍK =  V  ík  +  ^  ^  lK

Mh He npaBoaaM $opnyxn nxa BuaacxeHaa arperaT H ux K03$JauaeHT0B x ecT - 
KOCTH KaHaTa, onacaHHue b  / 7 / .  OrpaHaaaMca 3aMeaaHaeM, mto xxa a a o ro -  
cxoüH oro KaHaTa HeoöxoaaMO BanoxHHTB ax Bbiaacxeuae b cxexyoiae« n o -  
paxK e. HanpaBxeHae c b h b k h  npaxea HapyxHoro cxoa npaHHMaeTca aa noxo - 
iHTexbHoe. C yaeTOH 3 H 8 K o b  yrxoB c b h b k h  npoBoxoK paccMaTpaBaeMoa 
KOHCTpyKuaa KaaaTa BHaacxaoTca KoaJjjauaeHTa xxa n p ax ea . 3aTew nepBtia 
cxoa npaxea paccMaTpaBaeTca xax oxHocxoaHua k b h b t  xBoanoa c b h b k h  a 
BunoxHHeTCH pacaeT  e ro  K osííauaeHTOB. 3 t h  napaMeTpa yaam B aoT ca npa 
pacaeT e BToporo cxoa npaxea Kax napaneTpH MeTaxxaaecKoro cepxeaHHKa. 
3 a T e a ,,n p a  p a c a e re  napaMeTpoB 3 - c x o h h o h  KOHCTpyKuaa, BHyTpeHHaa 2 - x  

cxoâHua K3H3T yaaTH B aeíca Kan MeTaxxaaecKaa cepxe4HHK.il Tax x a x e e .
PaccMOTpaM npaM epu npaMeHeHaa onacaH H oro  «eT oga p a c a e i a  H anpaxeH - 

HO -aeíopM apoBaHH oro cocTOHHaa 2 -x  a 3 -x  c x o h h u x  KaHaiOB npoa3B ojC TB a 

IIoxbina.HaKonxeH doxBæoa onaT ax  SK cnxyaTauaa, n o a ro ay  d y x e i b o 3 m o x - 
HOCTb OUeHHTb XOCTOfiepHOCTb pe3yxbT8T0B H BUBOJOB paCMeTOB.

( 2 0

(2 7 )

(2 8 )  

( 2 9 )



HanPHaeHHO-gecfropM KpoBaaHoe c o c T o g H it e . .

BuÓpaHM gJW paCCUOTpeHHH KBHaTU pa3HUX KOHCrpyKgHa, HO npMdXH3MT6JIL- 
Ho ogHHaKOBoro noroHHoro seca h gaaMeTpa. IlapaMeipu hx cbhbkh ogaca­
na B [2J u /3/. TaM see onncaHbi h3M6H6hhh b marax cbhbkh BHyTpeHHero 
h HapysHoro cgoeB npngea 2-x cxoHHoro KaHaTa. Inn btoa MOgni>MunpoBa h- 
Hoa KOHCTpyxgHH H3MH Taxxe BunogweH pacaeT BanpH*eHHO-ge$opMHpoBaHHo- 
ro cocTOHHHa.BuHHCJPMHCB oQHcaHHbia Buœe napaMeTpa b Tpex ceaeHHax 
OTBeca KaHaTa gjiKHoa 1000 m (£»0, X  »500 m,x «1000 n).IlpKHHMajiKCb 
MogyaH ynpyrocTH waTepHaxa npoBOJioK paBHHMH E -2.I-I01-1 Ha, G =8,4I0T9 
UpHHHMagca Kos$$HUHeHT TpeHHH KaaeHHH gaa nogoHgHHKa BepTxura j «0,003 
g H BM erp  nogBHnHHKa dn»0,I4 m.

D p i  i e p I
2-xcjiohhuH KauaT GIG KOHCTpyKumi 6*16+12*16+1 Btd-69/I724-04,

gnaMerpoi» 55 mm, q, »109 E/u. IIpagH HapyxHoro h BHyTpeHHero cxoeB 
OgHHaKOBOa KOHCTpyKgHK 5+II.CBHTU H3 npOBOJIOKH ogHoro gHaMeTpa S »2,3 
m m , UeHTpagbHux npoBoxoK b npagax HeT. IlapaMeTpH c b h b k h  npageH:
I ,  -2,0 KM, h,-65 mm(oí,— 10,94193 ) ;  ^  -4,27m m , f)2 =II5mm(oC,— 13,132 )  
UpagH BHyTpeHHero cjioh- R,-II,22m m , H i -205mm (J2>, — 18,97755 );

Ha p y * H o r o  c x o a -  R z»22,8 mm, H l -475mm ( ß z -  16,78294 ).
ArperaTHue KOBiiHgHeHTH xecTKOCTH npaga :
dot » Ûù2- 1 , 299382 -ID7 H, 601= ê 01= 13 ,33963  Hm2 , Coi -C m - I 0 4 I I , I 5 H m

9-0. = §di =4.61552 Hm2.
ArperaTHue K03$$nuneHTU xecTKOCTH KaHaTa:

A =2,028706* 10® H, B»6632,464 Hm2 , C«5373I7,2 Hm ,
G-IEd-83,07936 Hm2 , A. -1,056822*I012 H2K2 , ¿ F t  - H96.57 mm . 

MoMeHT TpeHïa b nogiicnHHKe BepTxora Mtp- 22,89 Hm.
Pe3yxbT8TH p a c a e T a  ck h o b u x  cbaKTopoB b  r p e x  ceaeH H ax K aiiara npKBegeHU 

b T ad x . I.
ÜO p e 3yg b T aT aM  p a c * ie T a  HanpfixeHHO-getfiopM MpoBaHHoro c o c to h h h h  K a ­

H aT a MOKHO cg e jia T b  cjiegyjonaie  BU BO gu :
1 . Cjioh rrpggefi KaHaTa b 3K cnjiyaTapnn H arp y x em i HepaBHouepHo. H a- 

THjseHHe npngeft BHyTpeHHero c jioh  3H aw rejibH O  / b  2 ,4 7  p a s a /  rrpeBMnaeT 

HaTHKeHHe n p ąg e ił H apyxH oro c jio h .
2 .  B HHXHeM cetjeHHH y neTjiH A = 0 /  b npHgfoc BHyTpeHHero cjioh b o 3 -  

HHK68JT oTpupaTejibHHe rrpogojibHtre ycHjiHH, a  nocKOjrbKy npngK Ha cxaTue 
He padoTajor, to bto CBHgeTejibCTByeT o Buxoge npngeft BHyrpeHHero egos 
Hapyxy h o paccjioeHHM KaHaTa.

3 .  B HarrpsxeHHOM c o c to h h h h  rrpoEOjioK rrpngeft npeBajiwpyDT HanpaxeHHH 
paCTHxeHHH. H3rrÖHhie HanpflxemH no Bejiumme Ha nopnjjoK MeHbine Harrpn- 
xeHMB 0 T paCTHXeHHH.
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n  p  h  M e  p  2

K oH C T pyK içH H  2 - x  c j i o f t H o r o  K a H a T a ,  o r m c a H H o r o  b  n p n M e p e  I ,  6 tu i a  

M O flH $H U [H pO B aH a. Ä>!fl n p e f lO T B p a ą e H H H  BbinyH M BaH HH  B H yTpeH H M X  CJIOeB n p s -  

f l e f i  6 h .jio  p e m e H o  y B e j w n n T b  m a r  c b h b k h  B H y T p eH H H x  n p f t f l e i l  u  y M eH b m n T b  

m a r  c b h b k h  n p ą ą e f t  n a p y * H o r o  c j i o h .  C ^ e .n a H O  H j = 2 4 0  mm / b m b c t o  2 0 b  m m /, 

H g = 4 4 0  mm / B M ecTO  4 7 5  m m /. K o H C T p y K q H H  rrp f iA e ii  o c T a n a c b  n p e n c H e ñ  u  e e  

a r p e r & T H t i e  K 0 3 $ $ H tiH e H T H  nceCTK OCTH  H e  H 3M eHM .nnCb /  c m . r rp n M e p  I / ,  h o  

M3MeHHjTMCb y r j i K  cbhbkh /  J , .  = - 1 6 , 3 6 9 5 7 ° / ,  / J b 2  = + 1 8 , 0 3 4 3 8 ° /  h  a r p e r a T -  

H bie K o e ^ H q u e H T H  u tecT K O C T K  K a n a T a

A = 2 , 0 2 8 5 4 1 . I 0 8 H ,  B = 7 2 2 6 , 5 7 7  Hm 2 , C = 6 I Ö 8 I 2 , 9  Hm ,

G  =  I E 1 = 8 3 . 0 ? 9 3 6  W »2 - à  = 1 , 0 8 3 0 1 1 - I O 1 2  h V .

P e 3 y . ib T a T h i  p a c n e T a  c m j i c b ł k  ćb a K T o p o B  b  m o a h ^ n q K p o B a H H o  ft K O H C T pyK - 

uyivi K a n a T a  rrpy, Tex me f la H H tJX , h t o  h  b  n p w M e p e  I  f  = 1 0 0 0  m , f  = 0 , 0 0 3 ,  

d „  = 0 , 1 4  m , ip . = 1 0 9  H /m  / M r f  = 2 2 , 8 9  H m / n p H B e q e H b i b  T a 6 j i . 2 .

M u H e  rrpH BoqM M  H H C jieH H H x 3 H a ^ e H H ñ  n o  A eihopM aqH H M  n p ą n e f t  h  n p o -  

BO.noK K a H a T a ,  o h m  H e 3 H a v H T e j ib H 0  O T jm n a io T C H  o t  a H a j r o r H im b tx  3 H a y e H H ft 

A .if l K a n a T a  H c x o q H o f t  K O H C T p y K q n h ,  p a c c M O T p e H H o r o  n o f lp o Ö H o  b  n p M M e p e  I .

n o  qaH H HM  T a ö j i . 2  m o s h o  c q e j i a T b  e m b o a ,  vro  n o c j r e  B H e c e H H H x  H 3 M e -  

H eH H ił in a r o B  c b h b k h  K O H C T p y K q u H  K a H a T a  H e  y j i y m i i H j i a c b .  H a o Ö o p o T ,  B H y T -  

p e H H H e  npH A H  e rn e  ö o j i e e  H a r p y 3 H j i n c b  / 2 , 9 7  p a 3 a / , a  T e H fleH q H H  k  p a c -  

CA oeH H io K a n a T a  h  B b in y v m b 3 h h k )  n p H q e f t  B H y T p e H H e r o  c j i o h  b  HHKHeM c e n e -  

HHH o T B e c a  K a H a T a  c o x p a H H j i a c b .

TaOjiius 2
CooJHe $aKT0pa b 2-x cxoDhoh xaHate G-I& d <35 ux MoaisijwuKpoBBHBoa KoacTpyKuav!

KoopaM
p
H

M
Hm P«/Pti Lh /LhHm <VPu L»/ LilHm ft/ PiH Hm

° 0 22,89 -363.558
183,936

0,3096
-0,1299

1,953
-0,6924

-0.988-I0-2 
1,132-IO-2

-2096,22
2096,22

8,571
14,319

-2526,6
782,2

50C 5« 500 22.89 5496,09
2000,92

-4,5207 
-I.7108

-30,7065 
- 6,2151

5,382-10 "2 
-7,562-10

31691,7
22808,3

-128,4 
151.3

38168,0
8491,1

: 1000 109000 22,89 1X355,7
3817,9

-9,3511
-3,2916

-63,3660 
-II.7381

11,753-IO-2 
-16,257-10 "2

65479,7
43520,5

-265,4
288,3

78863,2 
16200,1
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II p h M e p 3

P a c n e T  3 -x c j io ita o ro  K a n a T a  KOHCTpyKUHH 3 3 *7+ A «/6 »7 + I I a 7 + I6 a7+ A »/ 
BM  -7 7 /5 0 2 1  ÄnaweTpoM  4 9 mm, 0̂  = 1 0 5  H/m. B c e  npoñOjioKvi oflHoro AHaM STpa 
8  =2 , 5  mm, npHflM I - r o  / B h y T p e H H e ro /  u 3 - r o  / n a p y x H o ro /  c jio h  o^ho- 

CTopoHHeß CBHBKM, a  2 - r o  / c p e ^ H e ro /  - Kp ecT O Bo tt. K o H c ?p yK u jiH  npfWH 
1+6 , " ¿= 2 , 5  MM, h ,= 7 b MM. npflflK  CBMTbl T a K . R , =6 , 5  MM, H j= I3 4  MM 
/ £ ,  = -1 6 , 9 5 0 2 5 ° / ,  1 4  MM, H2 = 2 1 0  mm / > *  =-2 2 , 7 2 7 7 9 ° / ,  R j  = 21  mm,
H3 = 3 0 4  mm /  £ 4 =+2 3 , 4 6 2 5 7 ° / .  Ä üh  npflflcft I - r o  c jio b  o ( „  =-1 1 , 6 2 9 ° ,  2 - ro

e r o «  - o iy  =+1 1 , 3 2 9 ° ,  3 - r o  -  cAit  =+1 1 ,6 2 9 ° .
ArperaTHue K cs^m p.iehTti atecTKOCTM npn^n ^MaMeTpoM 7 ,5  mm 

a 0i= Û o i=  CL oí =6630777 H, ê .=  ê « .=  =3,956157 Hm2 ,
Co, = -3026,994 Hm, C0ł =+3026,994 Hm . 

árperaTH He Kos^mpteOTN jk sc tk o c th  KanaTa 
A = 1,793415-IC3H, B = 9666,2 Hm2 , C =392979 Hm,

G=ZE3.= 93,01681 Hm2 , A = I.579II9-I012 HSi2 .
Pe3yxbTaTu pacneT a chjiobłoc faKTopoB no cjiobm b Tpex ceneHnmc 

OTBeca KaHaTa * = o , ï = 5 0 0  m u X =1000 m npnsefleHH b Ta6;r 3 .
PacneTH noKa3HBaDT, n r  o HaunteHMO npąneii no cjiohm KaHaTa nepaBHO- 

MepHoe. Hanöojree HarpyxeHu n p tw i BHyTpewivtx cjioeB, oahbko HepaBHOMep- 
HocTb HaTfrateHHH ripage tí o to íí KOHCTpyKipw MeHbrae, veu b 2 -x  cjioRhoR -

P it  4449 _ T d o -------
- p ^ ------- “2379“ -  L '07  P®3a •

lio HanpwKeHHHM b peHTpajibHwx npoBOjtoKax npflflefl -

p a sa  .G~>kc2 _ 1 3 ,9422  = i  77
C » k c4 7 ,8 4 5 7

TeHfleKquH k paccjioeH nn npnflefl coxpaHHeTCH^ ho o t o t  KaHaT cMoxeT 
paÖoTaTb Ha rjiyÖMHax ô o jib m x , neM 2 -x  cjioRhhA KaHaT.
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B O O A U

I. ilpefl-iaraeMafl pacneTHafl cxeMa h MeTOfl aHajinsa HanpratenHO- 
aeftopMMpoBanHoro ooctohhhh MHorocjioRHtrc KpyrjioripflflHbK 
ypaBHOBeiDMBaiomnx KaHaTOB .aaioT flocTOBepmje peayjibTaTbi, 
nooKOJibKy ocHOBHtie buboam no pacueTy 2-x u 3-x cjioRhwx
KOHCTpyKllHfl KaHaTOB COOTBeTCTByfOT HaK0njl6HHbIM OnHTHHM 
flaHHUM.

'¿ . IlpeflaaraeM aH MeTo^HKa pacueTa mojrst S u ra  vicnojib3 0BaHa 
pjin  aHaBH3a  paSoTocnooofiHOCTM KaHaTOB cymecTByiomnx 
KOHCTpyKpnti u fljifl ofiocHOBaHHH onTHMajibHbDC napaMeTpoB 
KaHaTOB HOBIK KOHCTpyKipi«.
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STRESS - DEFORMATION IN MULTILAYER ROUND - SPLICED 
BALANCE ROPES

S u m m a r y

The developed technique for the calculation of the stressed and 
strained state of multilayer round stranded balancing rope with the 
regard of its linear-torsional deformation has been described. The de­
pendencies have been obtained to calculate the strains and stresses in 
the strands and in each of the wores of rope.

The technique can be used to design new structures of the round 
stranded balancing rope and to forcast the working ability of the exis­
ting structures.

NAPHgŻENIOWO-BEFORMACYJNY STAN OKR^GŁOSPLOTKOWYCH 
WIELOWARSTWOWYCH LIN WYRÓWNAWCZYCH

S t r e s z c z e n i e
W artykule przedstawiono sposób wyznaczania naprężeń w wielowarstwowej 
okrągłej linie wyrównawczej.wywołanych liniowo przemieszczającym się 
momentem obrotowym w czasie ruchu naczyń w szybie.
Metoda daje możliwość stworzenia algorytmu i programu komputerowego, 
pozwalającego na projektowanie i konstruowanie nowego typu lin okrągłych 
o założonych z góry parametrach eksploatacyjnych,zezwalając tym samym 
na eliminację wad na etcpie konstrukcyjnym w pracujących jut konstrukcjach 
lin.


