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IfHaycTptiajibHHfl H H CTH TyT, J n e n p o s s e p w iH C K ,  CCCP 

n?EIEJ! bHHE JUIHHU 1AXTHJX yPABHOBEaHBAJDBHX KAHATOB

P e3» u e ,  b CTaTbe npHBOZKTCH oueHKa npejeibHHx mhh icpyraHx 
H OBOCKHX MeTMJIHMeCKHX ypaBHOBemHBBDHHX KBH8T0B BO KpHTepHB yc- 
TOilHHBOCTH npflMOBHHe0HOiJ $OpMU pBBHOBeCMH 0TB6C0B H OJIOCKWX p63H -  

HOTpocoBux jieHT no aonycTHMOMy 3anacy npoHHOcra. OGochobbho, mto 
npHMeneHiie fuiockhx h Kpyranx MeTajixHHecKwx xanaTOB ueaecootipasHa 
bo rjiy6HH 1500-1600 m, pe3HHOTpocoBHX jienT, ncnoab3yeMHX b CCCP,
BO raytfHH 1900 m. IIpHMeHeHMe ypaBHOBeniraaDmHX k8hbtob hs 6oabmnx 
raytfMHax noTpedyeT Hcnoab30BaHHH peryxHp y e n oro c noMombD 3BM
ynpaBjieHHH npHBoaoM nojrbeMHoa ycTSHOBKH «  (JyaeT orpawHMraaTbca apy-
thmh $aKTopaMH. HanpHMep, npeaeabifflM aaBaeHHew hb $yrepoBKy 6apa- 
6aaa noabeMHoft mbehhu.

OchobhoB ofoeM  bo6uhh pya nepHHX h ub b th u x weTaaaoB ocymecTBaaeTCH aa 

CMeT 3K cnayaT aunn M6CTopoinaeHMii, 3aaeranm nx h s  6oabmnx raytfHHax. B h sc t® - 

Hmee BpeMfl raytSHHU p a a a  pyaHax maxT b CCCP b o c th t jih  otm btkh 1 2 0 0 -1 3 0 0  m, 

roTOBSTCs k OTpaOoTKe ropn30HTH h s ray<5nHax 14 0 0  m m 6 o a e e .

AHaan3 pa6oTocnoco6HOCTH xpyraux ypaBHOBeaMBa»mMX KBHaTOB hb ioabinx 

raytfuwax cBHBSTeabCTByeT o(5 hx hhskom cpoxe cayman, HeyaoBaeTBopHTeabHOfi 

padoTe.awecT wecTO cayman nepexiiecTHBSHHH xaHaTOB.

CX6N8 MHOrOK8HaTHO0 nOabeMHOfl yCTBHOBKH C KpyraUMH ypBBHOBeIEHB8BEHMH 

KBHBTaMH nOK838HB H8 pHC.I.

C b o H c tb o  it p y ra u x  k 8H8t o b  pac itpyH H BaT bC H  tip« p a c T H *e m in  o tiycaoBa traaeT
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HeoóxonHMocTb KperuieHHH hx k noabeMHOMy 
cooyay c noMombB Beptjibkhoro npnuenHoro 
ycrpoKCTBa.

JecpopMauHH KpyveHHH KpyrxHx k8H8tob Becb- 
Ms 3HaMHTejibHue, HanpHMep, b maxTHOM aKcne- 
pMMeHTe c rjiyÓHHOü ctbojb 1040 m  aa BpeMfi 
cnycKa-noffteMa crana Meway OTMeTKSMH 0-986m 
BepxroiK Konet] ypaBHOBeaiHBaBmero K8H8T8 
POCT 7668-69 flHaMBTpoM 42 mm caejiaa nop«»Ka 
100 oóopoTOB, aocTHraa yrjioBoü ckopoctk 
9 i/o npH CKOpOCTH JBHXeHHH CKHI18 8,4 m/c 

Ochobhom sabanea ypaBHOBeninBannHx KaHa- 
tob HBjrfleTGs oPecneneírae nocTOHHHOí Harpy3- 
rai Ha npHBoa noaieMHOH Maura hh nesaBHCHMo ot 
noxo*eHHH noffbeMHoro cocyaa b CTBOjie maxTH, 
to ecTb cyMMapHaa noroHwaH Macea h Mana 
rooroBMJx h ypaBHOBemHBaimHx xaHaTOB aojmsmi 
ÓWTb CUCMH8K0BUMM, JUh OrpaHHHeHHH aBHXeHHH 
npOBHCfflDÍIHX KBHaTOB B SyMniJie CTBOJia oaXTH 

npeanojaraaocb panee acnoab3QBaTb dkhbh c HaTHxmMii ycTpoficTBaMH, ho arpec- 
CHBHaa epeaa maxTHUx Boa h naaacmtíe hs eran a syera HCiconaeMHx se iiosbojíhbt 
HX HCnoab30B3Tb. &SH 3TO0 uejIH npHMeHHBT pasrpSHHHMTejIbHHe 6peBH8, X8K 
noKa3ano Ha pnc.I. PaccToaHHe Mexmy OTBecaMH coceatrax KaHSTOB orpaHHHHBa- 
BTCH p83Mep8MH BeüTJIBXHHX npHqenHHX yCTpofiCTB H np8BHJ[8MH óe30n8CH0CTH, H 
paccTOHHKfl Me*ay OTBecaMH oanoro xanaTa orpaHHHHBasjTOfl pa3MepaMH ctbojis 
maxTu. BcxeacTBHe OTjiiiHHfl xaHaTS ot hkth, H3-33 ero H3rKÓH0fl xecTXOcra, pas- 
MepH neTXH npeBtimaBT paecTOHHHH Mesay OTBecaMH, xanaT npH SBrotcetran yaa- 
paeTca o ctbhxh cTBOjia. 3to ocoPeHHO npoflBjiaeTCfl b ctboji8x Ma^oro anaMeTpa( 
hto HMeer MecTO b CTapux maxrax üojibnra.

Tskmm o6pa30M, ecjiH McxoaHtb H3 peaabfflix ycaoBHR paP ora noai>eMHHx ycTS- 
hobok, HMeeTca npeaeji wcnojib30B8HMH xpyrjiax  k8H0tob b xanecTBe ypaBHOBenra-
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Bacmnx. 3to oóCTOflTeabCTBO odycjioBnao nosBaeHHe naoc«Mx weTaowHecKsix kshb- 
TOB W njIOCKHX pe3HH0Tp0C0BHX K8H8T0B, KOTOpHe no KOHCTpyKIJMM HBJIHDTCfl H6- 
KpyTflmHMHOH h KpeiiflTCfl k noffbewKłfw cocyaaM óea BepranroB. Hsrae npHBOOTTca
02H8 H3 MeTOAHK 0U6HKH HX npefleXbHUX flJIHH.

I. Kpyrjiue ypaBHOBemKBaimrKe KaHara.
OflHOK H3 nepBux padoT, nocBHnjeHHHx ycTOfcHKBocTK u nepexjtecTUBaHHB Kana- 

tob, <5uxa CTBTbfl BueBHHa A.$. I , b KOTopoii HccjieaoBaaiacb ycTofinuBocTb 
npHMOXHH60HOii $opMH paBH0B6CHH OTBeCB KpyraorO KaHBTa, K8K Becoworo CKpyHH- 
BaeMoro CTepaHH. Mjih KOHKpeTHux rpaHHHłWx ycaoBHiS: BepxHni5 Koaeu KaHBTa 38- 
KpenaeH ot H3rnda b aByx naocKocTflx, a hhkhhB 3ameM*eH noaBHWHo ot nsruóoB 
noayneHO caeayomee cooTHoneHue aas onpeaeaeHHH icpHTHHeCKHx Harpy30K

1 _ _ £ -  i u  (I)

rae C^- noroHHHii Bec K8Hara, P h M  - KOHueBoB rpy3 h KOHueBofi
3aKpyHHBaDiaHii MOM6HT, 2) - H3rH(5H8H JteCTKOCTb, npHHKMaeWSH noCTOHHHOii. 
XapaKTepnoii ocoóeHHOCTbB noayneHHoro pe3yabT3Ta SBaneTCH to, hto KpHTHnec- 
Kwe Harpy3Kn He 3aBHc«T ot aaKHH KaHaTa. FlocKoabKy HaTsratHHe ycTpoficTBa He 
ncnojib3yBTCH, to, noaarafl P ■ 0, noaynaeM H3 (I)

M kp=3,0ó fc ^ F  C2)

H3rK6H.afl KecTKocrb KaHaTa cymecTBeHHO yBeaHHHBaeTCH npn HaTHKeHMH. Huciemu 
BejIHHHH8 H3radHOH weCTKOCTH BepXHHX CeHeHttB KaHBTa JUHHOH 1000 M MOKeT dHTb
óoabice na aea nopaaKa cooTBeTCTBycms!x 3HaveHHłi aaa hh*kmx ceHenuft KaHara.

Ho MeToaHKe, HsaoitieHHOSS b  [2"] d s a a  caeaaH a  oueHKa bjihhhhh M3MeHehha

HsrndHofi wecTKocTH no aaHHe KaHaTa Ha BeaHHHHy KpuTWHecKoro KpyTHmero

MOMeHTa k  yCTaHOBaeno, hto HSMeHeHHe 3T o ro  nap8MeTp8 KaHaTa b  p e a a b -

hux n p e a e a a x  (ao  a s y x  nopnaKOB) ne BaHfleT h s  BeanHMHy KpuTHHecKoa HsrpyaKM. 

B (J-opMyae ( 2 )  HeoóxoaHwo npiiHKKSTb MMHHMaabHoe sw anem ie i ,  on peaeaseM oe 

CyMMO0 H3rHÓHHX weCTKOCTS0 npOBOaOK K8H8Ta.

B CTarHKe MOMenr ynpyrHX cna KaHaTa ypaswoBe¡jMBaeTca mom6htom Tpenna b
noauHnHHKe BepTaora o A n

1 % ^  , <3)
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rae i  - aa»aa OTBeea k8H8tb, dn - stiaMeTp ynopHoro nosrornHUKs Beprrara, 
j- K03$$HqHeHT TpetfflH KaHeHMfl. EcaH onpeaeasTb npeaeabHyu ajrany OTBeea 

K8H8T3 B CT8THK6, npHp8BHHB8fl 3H8H6HHH MKp * MTp, TO nOJiyHHM

i - i r W
00

OueHHBaa «jHcaeHHae aHavenaa t  , npmaiMaH c|„ ■ 0,2- 0,3m, $ ■ 0,003,
HaxoaKM aaa k8H8tob d  ■ 28,5 mm TOCT 7668-69 t  * 2200-3300 m, a aa« 
KaHaTOB d  ■ 27,8 mm POCT 16828-71 Í  * 3000-4000m.

H3 n e p e x o a tf f lx  pe«nMOB paöoTH  nojp>eMHO0  ycTSHOBKH 3 a r p y 3 Ka n o ateM H o ro  c o -  

cyjia Ha Becy, T p o ra w te  c M e cx a , B H eaan H oe TopM O*eHne - csmhm oiihchhm c tohkh 
3 peHHH aHHaMHHecKHx ycH jw fl b ypaBH O Bem iBaD aeM  KaHSTe c a e a y e T  cn n T 8 Tb BH e3 a n -  

Hoe T o pM oaeH üe, np« Kotopom 33 M eaa3 Hne e o c y a a  a o c r a r a e T  5 m/c ,̂ kbk p e r a a -  

MeHTHpoBaHO ÍIpaBHxaMH EesonacH O CTH .

Eaa paccMOTpea 3tot peraM, Koropuif aasasaxca kkHeMaTuneckk aBnwenweM Bepx- 
Hero KOHua y psB hob émus somero KaHaTa c pootohhhhm ycKopetroeM j, . PaccMaTpu- 
saacfl oa«H OTsec KaHaTa u pacneTHne cxeMH, npeacTaBaeHHue Ha puc.2 .

Kanar paccMaTpuBaacfl ksk BecoMHß,
¡tM

y//Æ///

CE/^

Puc.2. PacveTHue cxeM« aaa
nccaeaoB8HHH npoaoabHo- 
KpyTHabHHx soaeöaHHß OTBeea 
KaHaTa,

ecTeCTBeHHo-3aKpynehhhH CTepxeHB [3]. 
ITpeHe6peraECb H3MeHeHHOM ero aaHHH sa
BpeMH TOpMOWeHHfl. JaS OÖOCHOBaHHfl
rpaHHHHoro y c jio B u s jsjin HHKHero kohub 

OTBeea K8H8Ta 6hjîk BHnojineHH 3K cnepK - 

MeHTO no npokpjthhbbhhb KaHaTa b  neT-
ae, KOTopae noKasaxn, hto ee mojkho 
npescTaBHTb ynpyroß Ha KpyMeHHe 
onop 08 wecTKocTH Kt. ImffepeHiiHaxL- 
HH6 ypSBHeHHH npOSOXbHO-KpyTKXbHHX 
KoxeöaHHß 6 u m  nojtyxe.HU b s u a e
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M  -  V  k T  I p W ^  r ^ ^ l ( 5 )

fe<(1+^ l : V H - - m | p  = - k A í 1 + íV4^ | ^  • f

fpaHHMme ycjsoBHH j» h cxen  p a c .2

a)

ouH

4 a- = 0 • 
02. > &‘ ! l  =  K . r  ;

1 = 1
à‘Li­
â t1 >

M ( í >t) =  - a 6 ^ ' - ' M Tp S ¡g n ir

6) x = 0 ^  = 0  • 
dx u >

T = 0  •

X - l b H i ;  . 
T F ' d  ) M (¿ , i)  -  >

b ) X = 0 - A
~ 5 x ~ ü >

z  = l l y
á t1- ~ 3 >

r  =  0 ,

rae ' A, Bk -  »ecTKOCTb k8h st8 npH pacTfl*eHKH u Rpyneran, -  noroHmi*
B e c  K8H8T3, W  - MOMeHT HHepiinn Im äjimhh k8H8T8 OTHOcMTejibHo ero npo- 

SOJIbHOñ OCH, K -  K03$$HUHeHT pSCKpyTKH K8H3T8, K,i -  weCTKOCTb neTJlH

Ha KpyneHHe, U  , XT -  npoaojibHoe h yraoBoe nepeMememifi cén em e KanaTa,

-  M0M8HT HHepuHH BpaiaaD gH xcfl v a c T e ü  B e p w B r a ,  Mrfi - MOMeHT cují 

TpeHHfl B noÄOTinHHKe B ep T jir ira , Jk - K03$$nmieHT B S 3 K o ro  Tpem ifl. Bbinojinnjijcb 

peujeHHe 3anaHH onepauHOHHHM m©toäom äjih  cxeMu ( 6 )  c mhcjichhoíí peajw 3aun eii 

Ha 3BM h M6T0Ä0M B . T . PajiepKHHa pasjioweHneM p em em s no coóCTBeHHHM çyHKiw- 

HM yceneHHHX ypaBHeHHii, nojiynaeMnx h s ( 5 )  oTÖpacHBSHHeM npsBux nacTeSi 

ypaBHeHHñ H CBeaeHHeM 38Æ8HH K öeCKOHeHHOH CMCT6M6 ypSBHeHHH. B npaKTHHeC- 

KHX BHHHCJI6HHHX -H3 öeCKOHeWHOÜ CHCTeMH ÄH$$epeH14H8JI bHHX ypBBHeKHÜ yflepKH- 

B sjio c b  mecTb: äbb nepBH x, cooTBeTCTByonHx nepBOMy h BTopoMy Towy npoüojib-
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mix xoaeóatraR, h A u h  ohucshmh xpyTKabraix KoaeóatraiS.
B p e a y a Ł T a re  p ene tra «  a r o ü  3aaa«ra ycT B H O B a e H o , «jto:

1 .  BxHfltrae Tpe tra«  b  noamunmiKe BepTjnora, xas u  BeaHHMtni MOMenra HHepusra 

BepTJiDra Ha aKHaMtreeorate xpyTHnme MoxteHTU b HHKHew ce n e  trau OTBeca kbhb- 
T8 He3H8HaTejlbK0 (p H C .3 ).

2.  K o jie6atraa noffteMHoro cocyaa npH npeaoxpaHKTeabHOM TopMometnra He HSxeHHtT 
cynecTBeHHO xapaitTep pacnpeaeaetra« 
H BeaWHHHH KpyTHffiHX MO Me HTOB B 
CeneHHHX K8H8T8 (pKC.4).
3 . IIpn KoxeöaHHHx O TBeca ypaBHOEe- 

nnœ sente ro Kanara peaaHsyeTca b 
OCHOBHOM BTOpaa $0pM8 KpyTHabHHX 

KOaeÖBHHH (p H C .5 ) , HTO noaTBepan- 
aocb b pesyabTare nposeaeHHoro 
maxTHoro axcnepnMeKT8 [ 6 j  .

Tskhm oöpaaoM, 3KcneptiweHT noa- 
TBepatui npaBKabHocTb npHKflroft pec-
HeTHOR CX6MH.

Ph c . 3 .  BaHHtrae MOMeHTa HHepmm B e p r -  
j to r a  He 3H8*tetrae MaxcHMaabHoro 
MOMeHTa B HMKH6M ( I )  H BepXHBM 
( 2 )  c e n e tw sx  x a n aT a .

îlyHKTHpHBH 3HfWfl - TO *6 H3 
TOHHoro pemeHMH oneaauHOHHHM  M e - 
T o a oM  n p a  3«,«® « (  i^ - IO O O  m.

5 M,iff

Phc. 4 .
Pe3yabT8T penetra« Ha anaaoroBoR 
Moaean. Pacn peaeaetrae an H a tm e c-  
KHX npoaoabHux y cna ira u xpythdhx 
MOMeHTOB B KSHSTe ö  »  42  MM 
rOCT 7 6 6 8 r6 9  X  -  950 m, Ja « 
«  0 ,5  xira* , o *  ■ 0 ,3m , f' •  0 ,2 c .  
JIhhhh: 
1 -  ycxopeH ne BepxHero kohub kbhc-

T 8,
2  -  npoaoabHHe y ciia««  b BepxHeM 

cèveHMH,
3 ,4  5-xpyTHmHe MOMeHTH b BepxHeM, 

’cpeaHeM h hhkhbm ceweHHhx xa- 
H8T8,

6 - yraoBBfl cxopocTb B epT aers
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X

PHC.5. CoöCTBeHHUe $Opt»H
K p y T H a b H H X  K O a e ö a H H ß

4 .  BejiHHHHa n e p B o ro  MBKCKMyMa aH H arniH ecicoro xp y T am ero  MOMeHTa b HHwneM c e -

kh kbh3T8 K h ycKopeHHB OTHweHHfl noateM H oro c o c y a a .

3 th pesyabTBTH  no3BoaHan noaynHTb caeaynm ee ynpoiaeHHoe aHaaHTHHecxoe 

BHpaweHHe a a a  n epB o ro  MaxcHMywa aHH3MHaecKoro KpyTHmero MOMeHTa b  HHmneM 

ceHeHHH oT B eca KaH8Ta npn npeaoxpaHKTeabHOM TopMomeHHH noabenmoii ycTanoB- 
k k :

r a e  ^  -  6e3pa3MepHuß paBHHH 0 ,7 5  a a a  oaHocaofiHHx k8H8tob

h 0 ,9 4  a a a  ö o a e e  ucecTicHX Ha KpyaeHHe MHorocaoiiHHx MaaoKpyTamnxca 

K8H8T0B.
B CB33H c TeM, HTO aHHaMHHeCKHe KpyTHmne MOMeHTH b ceaem iax KaeaTa npo- 

nopuHOHaabHH e ro  aaHHe, onacHHMcaeayeT caHTaTb TopMoweHHe b HaaaabHHñ ne- 

pn oa onycKaHHH noateMHoro co cy aa .

n p n p aB H H B a a  cyM M y C T a ra a e c K o ro  (3) h aH H a M H n e cK o ro  ( 7 )  xpyTam Hx mombh- 
tob KpH TH aecKO M y sH aaeH H »  ( 2 )  n o a y a a e M  Bupaw eHHe a a a  ou6hkh n p e a e ab H u x  

aaH H  O T B e co B  Kpyraux ypeBHOBernHBaDm nx k8H8tob b B « a e :

ae H H H  O T B e c a  x a n a T a  n p o n o p u n o H a a b H a  e r o  a a H H e  Í-  , K 0 3 $ $ H U H e H T y  p a c x p y T

(7)
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I r  -  3,06 V f e ÿ (8)

Tskkm oópa30M, SHaneHHA npeaeabHHX rayÓHH noabeMOB onpeaeaflBTCfl:
a) napaMeTp8MH KaHaTa - ero n3rnÓHoí¡ aeecTKOCTbn, noroHHHM BecoM, ko3$$h- 

UHeHTOM pacKpyTKH;
ó) napaMeipaMM, xapaKTepn3ytnKMM BepMDisHoe npnunnHoe ycTpoäCTBo - anaMeT- 

poM ero noairoinHHKa, K03$$nijHeHT0M TpeHna;
b ) HacTpoiśKOH TopM03a noaBeMHOü MamnHU - BeaHHHHoß 38MeaaeHHH noabeMHoro 

cocyaa npH TopMOKeHHH.
JÎ3 TeopHH noaoóHH h pa3MepnocTeii H3 (8) caeayeT, hto L- nponopuno- 

aaabHu d ̂  , to ecTb? Ha rayóoKHx maxTax ueaecooöpa3Ho HcnoabsoBanne
KaaaTOB Poabinero anaMeTpa. B Taóa.I npHBeaesu napaMerpH h npeaeabHHe aanwj 
aByx THnoB Kpyraax ypaBHOBedmbaiomnx k8H3tob, npnMeHaeMHx b HacTosmee Bpewa.
2. riaocKHe MeTaaaKnecKHe ypaBHOBeisnBaionne Kanara.

îlaocKHe K an ara  HBaaioTCH KpyMmHMnca no CBoeü KOHCTpyKUKH. OanaKO, n e c o -

sepmeHCTBo TexH oaornn h 3 roTO Baehhh, oópuBH npoBoaoK  n p a a e n , npHBoanT k bo3- 
HKKHOBeHino HecKOMneHcnpoBanHoro KpyTHmero MOMeHTa Nhcp. T a x , npH HaBecKe 

aafl ncnuT8HHH o ó p a3 u a  HOBoro KaHaTa ceneHHH 124x20 mm (BOOT 3092) aaHHoñ 

2,7 M B CB0Ó03H0M COCTOflHMH 6e3  rp y 3 8  HHKHHH K0H6U erO  dua 3aKpyneK OTHOCM- 

reab h o  B e p x n ero  noHTH Ha 90°.BeanH H H a KpyTHinero mombhts c o c ra B n a a  OKoao 

1,5 Hm. B p a d o ra x  [5] , [6] HCcaeayeTCH ycToKnHBOCTb Koaedannii naocKHx

ypaBK0Besm3aB!i!Mx kbh8tob h aeaaeTC H  opeHKa kx n p e ae a b n a x  aaHH. Bonpoöyew 

n o ao n ra  k oqeHKe n re a ea tH n x  aaHH no hhoH MeToanKe.

KpHTnnecKoe SHanensie KpyTHmero MOMeHTa dyaeM ouewHBaTb aa fl n aocK oro

KaHSTa KaK v, aaa Kpyraoro (2), npHHHMaa b p acn eT  MHHHMsabHoe 3haneHue e r o

H3FHfÎH0H weCTKOCTH .
CTaTHHeCKHß KpyTSiqHii MOMeHT B KaHaTe, paCTHHyTOM COÖCTBeHHHM BeCOK, 

b caynas 0rpananehhk bo3mo*hocth ero pacKpyHHBBHH« onpeaeaaeTCfl b paóOTe

(9)
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rae A h C -  arperarm e K03$$H«HeHTO «ecTKOcra saHara, ^ -  norOHHHfl 

Bee, I - sauna OTseca KBHara.
OTHoiseHae '̂ " = K- HS3UBaBT kcs^ hiîhshtom pacKpyTKH.

IlpH npesoxpsKHTeabHox TopMoweHHH c 3aM6AaeHneM cocysa ^ b ceneroiHx 

KBHara B03HHKaer sonoaHHTesbBJä KpyTHmHfl mo we ht, BH3BeHHHfl yBexuneHHeM na-

ripeseabHyti sanny ypaBHOBemmanntero KaHSTB onpesesHW ns ycjioBnn:

Mer + M a  ̂ M Kj> >
0TK ys8 noayHHM_________________________________ ______

ín f = ~ é j^ T ^ I W ) • cn)

iÍ3rH6Hy* «ecTKocTb HeHBTflHyroro Kanara 3&0 onpeseann ksk cyMMy n3rn6HKx 

KecTKocTea ueaax npoBoaoK

Tt$'
=  E ( « * m y * á r  > (12)

r s e  E -  M o syab  y n p yro cT H  npw H aTH new oi ( oóhhho npnHH M aercfl psbkh m  

2*10“̂  H/m^ ) ,  n  -  hhcso  n p o B o a o s  ü e a o r o  K B H a ra , ¡r¡ -  ko sh hcctbo  

oöopB aH H ux n p o B o a o K , Î  -  s u a n e T p  npoB O jior..

B paóoTa [3 3  rrpHBeseny xapSKTepncTHM kshqtob no KOHcrpyKUHH u sen rn p - 

Hae npnsflM, oöpa3yBinHM naocKni kshbt. Flo $opMyaaM reoMeTpiraecKoro nosoÓHB 

öua cseaaH  n ep ecn er napanerpoB Ha HeoöxosHMüe pa3MepH h BHHHCseHHue 3H8HeHHf 

nepaMeTpoB npMBeseHH b t 8 ó s .2 .
taómua 2

'tyn npasH HaHMeHOBBHHe npHSM d .MM H’
C
Hm

K-IO“ 4
M

I + 6 c HopwaabHHM marow 
CBHBKH 3,1 II2560C 196 1 ,74

c yKoponeHHHM narów 
CBHBKH 3.15 1082500 250 2,31

1 46+IZ c HopNaabHHM maron
CBHBKH 5.1 2945300 1076 3,65

c yKoponeHHUM maroM 
CBHBKH 5.15 2842700 1269 4,45
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B Taöjimje 3 npraeaeHH peayabTai« opeHKH npeaeabtaix aaHH KSHaToa BeHrepcKoro 
npOM3BOÄCTB8 KOHCTpyKUHH 8x4x19, WMe»HHX npHÄH KOHCTpyKUHH 1+6+12.

AHaan3 pscneT a npeaeabHHx m b h  äjib sanaTOB BeHrepcKoro uponsboa ctba H3 

ycaoBHH ycTOüMHBOOTH npa KpyneHHH noK33HBaeT, hto oöjmb jB y x  h öoaee npaaeii 

oaHoro HanpaBjieHHH cbhbkh pea ko coKpanaeT aonyciHMy» aairay  kbhbtob. 06pnB 

npHaw npoHcxoÆHT b osHOM ceueHHH, Mro b 6oabmo0 CTeneHM ocaadaHeT kbhbt, 
veM oöpHB 10% npoBoaoK aa  mare cbhbkh, kbk aonycxaeTCH hopm8thbhhmh aoxyMeh- 
T3MH. üo3Tony oöpHB öoaee oaHofl npfla« np« aKcnayaTam ra naocKoro k8H8T8 c a e -  

ayeT  chhtbtb HeaonycTHMHM. Æafl 3HSHeHHH ycKopeHHH noaseMHoro co cy aa  ao 

5 m/c npeaeabHue aanw i naocKHX CTaa lhux ypaBHOBemHBawmix kshstob coCTasaB- 

10T 1500 M.

3 . Pe3HHQTpocoBHe ypaBHOBeumbacmue k8H8th.

Ha MHoroKaHaTHHx noar>e mhhx ycTSHOBKax b KsvecTBe ypaBHOBe ihhb sdiiihx 

Hcnoab3yoTCH pe3KHOTpocoBHe KaHam (PTKy), n3roT8BaHBaewne coraaoHO 
Ty 38105 1424 -8 1 . B raöa. 4 nowe me hu napaMBTp« aByx Twnopa3MepoB tsk h x  a e tm  

JPTKyO-5HC h IPTKy0 - 6 HC, H3roT8B4KBaeMux h ucnoabsyeKux b HacTOHmee BpeMH 

b CCCP. 3th  aetiTH hm sdt apMHpynimifi Tpoc aaaweTpoM 8 ,2 5  mm, jcoHCTpyKmre 

7x I9H3 aBTyHHpOB8HHail npoBoaoKH.

IIpeHMymecTBa ot ncnoab30BaKHB pesHHOTpocoBux aeHT b xaqecrB e ypaBHOBe—

BUBaum HX K 8 H 8 T 0 B  COCTOBT B  TOM, HTO npH  U e p e X O a e  B8XTH H8 H0BH6 r o p H 30HTH 

MOKHO H8p 8CTHTb O T p e30K p e 3HHOTpOCOBOH a6HTH, BHnOBHHB CTHKOBOe C0eaH H6HHe 

no p a3p a d o T8HHOfi M eT oaH Ke, óoabm oií c p o K  cxyxóu a e H T « .  O aH aKO , Hapym eHHe 

u e a o cT H o cT H  p e 3HHOBo0 o ö o h o m k h  naaecinHMH K y c K a v n  n o p o a u  M o ry T  B H S B S T b  h h -  

Te n cH BH oe  p « a B a e H H e  h p a3pym eHne a p M H p yn an x  r p o c o B .  9r o  odcTO H Teab C TBO  

T p e d y e r  c o 3a a H H B  cneuK aabH O fl KO H Tpoanpycm eH  a n n a p a T y p H .  Pb3hhotpocob8H 
a e H T S  o n a c H a  h  b nom apnoM  OTHomeHMH.

îlpeaeabHyi) aanHy oTBeca tbkmx kbhotob oueraiBaeM no CTaTHvecKOMy aanacy 

npoHHocTH ( 11^- 5 ,5 )  b BepxHöM ceneHMM PTKy no $opMyae

<\ n tr ) (1 3 )
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rae PT - arperaTHBfl npooHocTb apMHpynmero tpoca, O  - kojimmcctbo tpo-
COB B KQH0T0 , - nOTOHHHß B6 C 180878, 0,92 - K03$$HUHeHT HepHBHOMep-

HOCTH pacnpeaeaeHHH HarpysxM Me*ay Tpocatm.
IloayoeHO, vto npeaeabHBfl aaoHa cynecTBynmox PTKy cocTaBlaeT 1280 m 1410 m 

(t8ÖX.4), HTO H8ÄOCTBTOMHO ÄJIH rjiyÓKH, KOTOpue npeaCTOMT OCBBHBBTb B (SyayHeM. 

IIoaTOMy ÓHJIM p83pa6oT8HH T7 38 405630-87 oa co3aaooe PTKy Ha ö a se  apMMpyiMSHx 

TpOCOB ÄHBMeTpOM 1 0 ,6  MM. IlapaMeTpU 3 THX PTKy nflTH TOnOp83MepOB H JOnyCTMMUe 
axHHH OTBecoB npHBeaeHH b r a ö a . 4 . 03 npeaxoKeoHox PTKy 2 TMnopa3nepa MMeci 

mar yxaaaKH T pocs t  ■ 20 mm npH Bunoxhshhh ÄByxCTynemsTOro cthkoboto coe- 

äh He hm fl TMnopasMepa c oaroM yicxaaicM 17 mm ( tyd^ 1 ,5 )  npa

BHnoxHeHMH TpexcTyneHHSToro mjih MHorocTynenosToro cthkobhx coeaHHeHHß. JUfl 
npeaxo*eHHHx KOHCTpyKUMß PTKy npeaeabHBfl äxmhs OTBeca aewHT b n peaeaax ot 
1620 ao  1720 m.

OKOHOMHoecKH peaecooópa3HO Mcnoab30B8Tb PTKy npa cpoxe cay*6n  MX He Me- 
Hee 5 xeT . Euan oueneHH aoaroBeHHocTb m sa n a c a  npooHocTH c noMombc rp8$Hxa 

CpMC.6), noxyfleHHoro MeToaoM MaTeMaTHoecKoro MoaeanpoBaHMH npopecca p83pyme- 

HHfl pe3HHOTpocoBoro ypaBHOBeniMBaBiaero xaH aia  Ha 3BM. Pe3yabT8Tu ycTaaocTHiix 

MCÍIHT8HHM OÖpaSUOB OaHHOflHOrO 0Öpe3MHeHH0r0 Tpoca n03B0XMXM nOXyflMTb ypaB- 

HeHMe perpeccoM

y - 14,808 -  4.8I7X- ) ( 14 )

rae  ^  -  3HaoeHHe aoaroBeoHOCTH, 4 ,817 -  K03$$HiiMeHT perpeccoo,

£, - ypoBeHb Harpy*eHHfl. 
yp8BH6HHe C lA ) ycTaHBBXMBaeT 3aBMCMMOCTb aoaroBeHHOCTM ot BeaMMMHH aeß- 
CTByBmefl Harpy3KM. OaHaxo, kbk noKa3aa aHaxH3 aaHHux ycTaaocTHux McnHTaHMß, 
MMeeT MecTO 3HaoHTeabHoe pacceflHHe ycTaaoCTHHx xapaKTepMCTMK. 3to oóycaoB- 
xeHO cxyflaßHHM xapaKTepoM p83pyiceHMH PTK7, npo Kotopom BHaoaae pa3pymaBTCfl 
OTaeabHue Tpoca, 3aTeM cayoaßHije pa3puBn bh3hb8bt cayoaßHoe nepepacnpeaeae- 
HMe ycHXHß b peaux Tpocax m hx cayoaßHoe aaabHeßmee pa3pymeHHe. TaxMM o6pa- 
30M, npopecc paapymeHHfl npeacTSBafleT co6oß MHoroxpaTHoe aHHaMMoecKoe BsaM- 
MoaeßCTBMe cayoaßHux flBaeHKß. TaKoß mbxbhmsm paspymeHHfl PTKy 6ua noaoaeH b 
ocHOBy npH onpeaeaeHMM aoaroBeoHocTH c noMopbn MeToaa KHÖepHeTMHecKoro m o - 
aeaMpoB8HHfl, KOTopaß nosBoana cbccth caynaßHuß npouecc k aeTepMMHMp0B8HH0My



łr BtiHirpej,

146 JL Kojiocob, E. Pona*!

«
oHas
Xas»
X
x
3eas«s
3
a>«
oX«
CD
(X>»
X3«OO
o
e xH
oX
<D(X

Seu
ast*X
CD
( XasX

CD
O

<x <d  
«  A  
X  H  S  
X  O

O  ©

C  X  
O  X

*=t s i

o  o
frH 00
-=r c\j 
frH frH 1

6
2

0

1
6

3
0

1
6

3
0

1
7

2
0

1
7

2
0

te
CD *Q 
X  t*
H  O
® ° * «  e-, x t c  
© X  
f X O  •

4 Î Ê 1 E

O  O
V£) VO

S  8
i n  i n

o
- = * - 1 1 1 1  
O  r  s  r  r
i n  1 1 1 1 
Ov

O Z  
O  X

P« o
© CX *  

S f « - M

i n  i n
»-« fr-«

CD CD CD CD CD

O  O  C -  C -  C "  
CVJ CVJ H  H  H

• © X  
X  O  X
© o  
s  a  *  

P=t H T *

i n  i n
C d  CVI 

0 0  00

VO \ o  VO v o  VO

CD CD CD CD CD 
»—1 *—• fr-« fr—• fr-•

«
O  O
t=: o  r -
o  o  ^  
X  e x  

e r  £*

-=»- -3- 
CVJ CVJ

i n  i n  i n  v o  vo
l-H frH frH frH frH

X  ©
o  o  
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9 , 10 .
Pacnojiarafl ypaBHetuieM perpeccKH h ancnepctiea Hsójmaemiii BOKpyr jhhhh 

perpeccHH, c noMombB aaTHHica caynafiHHx HHcea MoaeanpoBaan Heoöxoannoe ko- 
jtHnecTBO ceveHHfi PTKy, KsraoMy ip o c y  Ha3Hanajin cjiynañHoe 3HaneHne aojiroBen-
HOCTH, KOTOpoe 38BWCHT 0T 38K0Ha 66 paCnpejeJieHHH H B6JIBMHHH a80CTByBBe0

Puc.6. rpa$HneCKKe 3 8BHCHMOCTH ÆOarOBeHHOCTH
PTKY o t 3anaca npoHHOCTH

1.1 - aan ueaoro PTKy c BepoHTHOcTbu óesoTKasHOü
paöoTO 99$ h 95$.

2.2 - aafl PTKy c ffByMfl oóopbshhhmh no KpaflM Tpocawn
C BepOHTHOCTbB Óe3OTK83HO0 paÖOTU 99$ H 95$.

Harpy3Kn, u 3areM ycaoBHO paapymaiiH cenerae. Ha o c h o b8hmm npeacTSBUTeabnoro 
CTaranecKoro MaTepnajia ÖHaa noayneHa 38BncnM0CTb, npraeaeHHaH na puc.6.

Ilpn onpeaeaeHHH aoaroBenHocra hobhx Tnnopa3MepoB ncnoabsoBaancb antron 2, 
COOTB6TCTB yB D360 3aBHCHM0CTH flOJirOB6HHOCTH K8H8T8 C ÄByMfl 000pB8HHHMH no 
KpaHM TpocawH (Kpa0Hne TpocH, K8K npaBÓo,orojiHBTCfl B caMOM Hanane aKcnay- 
aT8UHn). ITpH Bcex pacneTax aoaroseMHOCTH noaaraa«, h to  noaieMHaH ycTaHOBxa 
coBepmaeT 3 10^ uhkjiob b roa (100 uhiuiob b cyTKn). noayneno, hto npn aan«e 
OTBeca PTKy I50C m npH ncnojib30Bamisi kbhstob no Ty?8 105—1^24—81 ne óyaeT 
oóecneneH cpoK cayacón 5 aei, b to BpeMH kbk aan K8H8TCB no Tyq8-W5 630-87

1.45 0.55 0 45 0H5 Q.IS
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cpoK cjiymóu coctbbht ot 9 ao 14 sot  (ape ofecnenem u 3snaca npoMbooth 5,5).
IIpHMe He Htte aByxcaoßHoro CTHKOBoro coeanHeHHH no3BoaaeT BnnojtHHTB c o c t h k o - 

b atete OTaeabHHx OTpe3KOB PTK nptt mare yiuaaKH rpocoB ^/d >1,2. B cooTBetcT- 
BHH C 3THM, MOBHO peKOMe HaOB8Tb K H3TOTOBaeHHD PTK? Ha OCHOBe TpOCB ÄH8MeT- 
poM 10,6 k m  co caeaycmnMH napaweTpaMH: hhcjio TpoooB h »19, mar yïtaaatœ 

TpocoB "t ■ I4mm, Toamnaa KaHaTa ê * 25 mm, BHpnH8 Kaaara 6 « 300 mm, Mac­
ea I  m 15,55 ter. UpeaejibHaH rayóHHa npHMeHeh h h s t o t o  ypsBHOBehikeaomero 
KaHaTa C0CT8BHT 2000 m , a cpoK cayx6u, cora8CHO pHC.6 - 6,2 roaa.
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GRANICZNE DŁUGOŚCI LIN WYCIĄGOWYCH WYRÓWNAWCZYCH

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

W artykule przedstawiono ocenę dopuszczalnych długości metalowych 
lin wyrównawczych okrągłych i płaskich z uwagi na kryterium statecz­
nego prostoliniowego kształtu zwisających gałęzi lin oraz podano 
dopuszczalne współczynniki bezpieczeństwa lin wyrównawczych płaskich 
stalowo-gumowych. Wykazano, że celonem jest stosowanie metalowych 
lin płaskich i okrągłych przy głębokości do 1500-1600 m, a lin płas­
kich stalowo-gumowych do tej pory stosowanych w ZSRR do głębokości 
1900 m. Stosowanie lin wyrównawczych przy dużych głębokościach 
wymaga stosowania napędu maszyn wyciągowych sterowanego za pomocą W C  
i będzie ono również ograniczone Innymi czynnikami^ na przykład nacis­
kiem jednostkowym liny na wykładzinę bębna pędnego.
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EXTREME LiHCTH OF BALANCE ROPE 

S u m m a r y

Allowable length for balance wire ropes, both round and 
flat ones are described in the paper taking into account 
criterion of static straightlined shape of rope. Allowable 
values of factor of safety for flat steel-rubber balance ropes 
are presented. Applications of flat wire ropes and round balance 
ropes are recommended for shaft depth of up to 1600 m wheras for 
flat steel-rubber balance rapes to 1900 m. Suggestion to apply 
computer to control drive of mine winder due to balance ropes 
behaviour in deep shafts is formulated. Limitations coming from 
the hoisting rope pressure exerted on rope groove lining are 
also mentioned.


