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o paCqeTe Harpy30K B MHOrOKOJIhueBOM IIOpIIIHeBOM yrrJIOTHeHHH
KOMIIpeCCOpOB 6e3 CMa3KH BhICOKOrO ,n;aBJIeHlUI
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It is important to know how to calculate loads acting on piston rings to produce an efficient lubricant-free pack-
ing. We introduce the system of differential equations permitting to evaluate differential pressure on piston rings
and loads according to different conditions of packing. We also introduce the unloading method which provides
an equal distribution of differential pressure on a multiring packing. This solution extends limits of appliance of
self-lubricated materials.
Keywords: nitric compressor, discharge pressure, the piston rings.
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C03,L1,aHJ1eKOMIlpeCCOpoB 6e3 CMa3KJ1 Ha BbICOKoe

,LI,aRJIeHJ1eqaCTO 3aTpy,LI,HeHO J13-3a 6bICTpOro J13HOCa

J1 3KCTpy3J1J1 HeMeTa.JI.JIWIeCKoro CaMOCMa3bmalOilIero-

C5IMaTepmUIa rropIIIHeBbIX KOJIerr. 3To CBM,LI,eTeJIbCTByeT

o Ha.JIl1'D1J1B yrrJIOTHeHJ1J1HarpY3~K, KOTopble rrpeBbIIIIa-

lOT ,LI,orryCTJ1MbIe)J)UlJ1crrOJIb3yeMbIX MarepJ1aJIOB.

B rreJI5IX orrpe,Ll,eJIeHJ15lpeaJIbHbIX Harpy30K, ,LI,eti:c-

TBYIOilIJ1X Ha rropIIIHeBbIe KOJIbrra B 6eCCMa30qffOM yrr-
JIOTHeHJ1J1BbICOKOro ,LI,aRJIeHJ15l,B ,LI,aHHoti:CTaTbe rrpe,Ll,-

rrpl1H5ITa rrOIIbITKa paCCqJ1TaTb ,LI,aRJIeHJ1erro KOJIbrraM

J1 Hati:TH KOHCTpyKTJ1BHOe peweHJ1e )J)Ul J1X yMeHbWe-

HJ15I.IlopIIIHeBoe yrrJIOTHeHJ1epaCCMaTpJ1BaeTC5IKaK ilIe-
JIeBOe C rrOCJIe,Ll,OBaTeJIbHOpacrrOJIO)/(eHHbIMJ1 ilIeJI5lMJ1

rro qJ1CJIy rropIIIHeBbIX KOJIerr. Ha OCHOBe 3aKOHa J13Me-

HeHJ15lMaCCbI, 3aKOHa COXpaHeHJ15l3HepI11H)J)Ul TeJIa rre-

peMeHHoti: MaCCbI J1ypaBHeHJ15l COCT05lHJ15lKOMIlPJ1MJ1-

pyeMoti: Cpe,Ll,bIrronyqaeM CJ1CTeMy,LI,J1<p¢epeHIIJ1aJIbHbIX

ypaBHeHMti: [1]. IlOJIyqeHHbIe ypaBHeHJ15l rr03BOAAlOT

paCCqJ1TaTb,LI,aRJIeHJ1erro KOJIbrraM B 3aBHCHMOCTH OT3a-

KOJIbrreBbIX o6beMoB V, IIJIOilIa,LJ,MrrpOXO,Ll,HbIXceqeHMti:

KOJIerr f rrpH rrepeMeHHOM ,LI,aRJIeHJ1J1B pa6oqeti: rrOJIOC-

TJ1 H rrepeMeHHOM rrpOTJ1BO,Ll,aRJIeHJ1J1rro,Ll, rropIIIHeM.

TaKoe coqeTaHJ1e Harpy30K Ha rropIIIHeBoe yrrJIOTHeHJ1e

qaCTO BCTpeqaeTC5I B KOMIlpeCcopax BbICOKOro ,LI,aRJIeHJ15l

C,LI,J1¢¢epeHrrJ1aJIbHbIM rropIIIHeM.

L(mI rrpHMepa rrpJ1Be,Ll,eMpe3YJIbTaThI paCqeTa rropw-

HeBoro yrrJIOTHeHJ15lHaJ160JIee Harp~eHHoti: 6-ti: CTyIIe-

HJ1a30TOBO,Ll,OpO,Ll,HOroKOMIlpeCCopa 2IIIJIK -1420 C,LI,aB-

JIeHJ1eM HameTaHJ15l 32 Mila rrpJ1 IIJIOilIa,LJ,MrrpOXO,Ll,HbIX

ceqeHMti: KOJIerr f= 0,52 MM2 (PHC. 1).

PM BbICOKoro ,LI,aRJIeHJ15l(PBLO KOMIlpeCCopa HMe-

eT ,LI,J1¢¢epeHIIJ1aJIbHblli rropweHb CTyIIeHeti: 4, 5, 6.

IlopweHb 6-ti: cTyIIeHJ1 ,LI,MaMeTpOM 145MM CO,Ll,ep)l(J1T

14 rropIIIHeBbIX KOJIerr. IlJIoilIa,LJ,b rrpOXO,Ll,HOrOceqeHJ15l

rrpJ1 paCqeTe rrpl1H5ITa, comaCHO pa60qeMy qePTe~

KOJIbrra, paBHoti: 0,52 MM2)J)Ul Bcex KOJIerr. Ha 6-ti: CTY-

rreHJ1 ,LI,aRJIeHJ1eBCaCbmaHJ15lPDC. 6 = 14,9 Mila; ,LI,aRJIe-

HJ1e HameTaHJ15l PH. 6 = 32,7 Mila. Ha 4-ti: cTyIIeHJ1,
pacrrOJIO)/(eHHoti: 3a rrJ1JIJ1H,Ll,POM6-ti: cTyIIeHJ1 J1 C03,L1,a-

lOilIeti: rrpOTJ1BO,Ll,aRJIeHJ1eHa rropllIHe 6-ti: CTyIIeHJ1,

PDC. 4 = 2,7 Mila, a PHA = 6,6 Mila.
Pe3YJIbTaTbI, rrOKa3aHHbIe Ha pHC. 1, ,LI,aIOTHarJI5l,Ll,-

HYIO KaPTJ1HY J13MeHeHJ15l rreperra,LJ,a,LI,aRJIeHJ15lHa Ka)I(-

,LI,OMKOJIbrre 3a pa6o~ IIl1KJI B IIJ1JIJ1H,LI,pe6-ti: CTyIIeHJ1.

113 rpa¢J1KOB BM,LI,HO, qTO MaKCHMaJIbHbIe KOH-

TaKTHbIe ,LI,aRJIeHJ15lHa orrpe,Ll,eJIeHHbIX KOJIbrrax MOryT

B TpJ1-qeTbIpe pa3a rrpeBbIIIIaTb ,LI,orrycTJ1MbIe rrpe,Ll,eJIbI,

OT BeJIWil1HbI KOTOpbIX 3aBJ1CJ1TB03MO)I(HOCTb rrpHMe-

HeHJ15l TOro J1JIJ1J1Horo HeMeTaJIJIJ1qeCKoro MaTepJ1aJIa.

Y 6oJIbIIIJ1HcTBa ¢ToprrOJIHMepHbIX KOMIl03J1IIJ10HHbIX
MaTepHaJIOB ,LI,orrycTJ1MOey,Ll,eJIbHOe,LI,aRJIeHJ1eHe rrpeBbI-

umeT 2,0 Mila; .JUUIlb CaMOCMa3bmalOilIJ1eC51 MaTepJ1aJIbI

qeTBepTOro rrOKOJIeHJ15lrpyIIIIbI BAPC-500 Bbmep)[(J1Ba-

lOT ,LI,aRJIeHJ1e4,0 Mila.

ComacHo paCqeTaM, rrpOBe,Ll,eHHbIM CyqeToM rrepe-

MeHHoro rrpOTJ1BO,Ll,aRJIeHJ15l4-ti:cTyIIeHJ1, HaJ160JIee Ha-

rp~eHHbIMJ1 5lRJI5lIOTC5ITpJ1 rrepBbIX J1TpH rrOCJIe,Ll,HJ1X

KOJIbrra. 3HaqeHJ15I MrHOBeHHbIX rreperra,LJ,OB,LI,aBJIeHJ1ti:
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Puc. 1. 3a6ucuMocmb «M2H06eHHblX» nepenaa06 aa611eHUfI 2a3a
tlp Ha KOllbl{ax 6-ii cmyneHu G30m060aOpOaH020 KOMnpeccopa

2IIIJIK-1420 om Y2JIa n06opoma 6G1/a qJ: 1-14 - HOMepa KOllel{



.uOCTHfalOT 7,2 Mila Ha rrepBOM Ii 5,7 Mila Ha rrOCJIe.u-

HeM KOJIhUax.

ilpli orrpe.ueJIeHHH y,ll,eJIhHoi1 HarpY3KH, ,ll,ei1CTBYlO-

I..Uei1Ha rropUlHeBoe KOJIhUO, rrOMl1MO CIiJI, ITpIDKJiMalO-

I..UJiXKOJIhUO K UJiJIJiH,ll,py, yTIIThIBalOT rrpOTJiBO,ll,aBJIeHHe

Ha KOJIhue, C03,ll,aBaeMoe pa60Qei1 cpe,ll,oi1 co CTOpOHhI

UJiJIJiH,ll,pa (pliC. 2). 31"0 rrpOTJiBO,ll,aBJIeHHe yqHThIBaeTC5I

C rrOMOI..UhlOK03¢¢JiUJieHTa ~ [2]. OrclO,ll,a y,ll,eJIhHa5I Ha-

rpY3Ka Ha nOBepXHOCTIi TpeHJi51 i-ro KOJIhua (Ha30BeM ee

KOHTaKTHhIM ,ll,aBJIeHHeM Pki, orrpe,ll,eJI5leMa5I rreperra,LI,OM

,ll,aBJIeHJi51fa3a Ha KOJIhue OTPi,ll,O Pi+ I'

_ A !:!.Pi _ A Pi - Pi+l
pti - I-' 2 - I-' 2 .

,lJ;I5I KOMIT03JiUJiOHHOrO MaTepliaJIa <1>4K20, li3 KO-

TOpOro li3rOTOBJIeHhI KOJIhua, K03¢¢JiUJieHT ~ = 1,45 ...

1,51 [3] Ii, CJIe,ll,OBaTeJIhHO, MrHOBeHHhle 3HaqeHJi51 KOH-

TaKTHhIX ,ll,aBJIeHHi1 Ha rrepBOM Ii rrOCJIe,ll,HeM KOJIhUax

COOTBeTCTBeHHO paBHhI 4,5 Ii 3,5 Mila, qrO BhIme rrpe-

,ll,eJIhHO ,ll,OrryCTI1MhIX 3HaqeHHi1 ,ll,JI5I3TOro MaTepliaJIa.

OrclO,ll,a CJIe)],yeT, qTO OCHOBHOi1 rrpJiqlfHoi1 pa3pymeHJi51

KOJIeu rrpli BhICOKOM ,ll,aBJIeHliIi 20,0 Mila Ii 60JIee CJIe-

)],yeT CqlfTaTh HepaBHOMepHoe pacrrpe,ll,eJIeHHe ,ll,aBJIeHJi51

fa3a rro rrOpllIHeBOMY yrrJIOTHeHHlO.
B rrOCJIe,ll,HHe ro,ll,hI C yqeToM npJiBe,ll,eHHhIX BhIllIe

liCCJIe,ll,OBaHHi1 rrpeLJ)IO)KeH PM KOHCTpyKTJiBHhIX peme-

HHi1, HanpaBJIeHHhIX Ha CHJi)KeHHe Harpy3KH Ha rrepBhIe

Ii rrOCJIe,ll,HHe 3JIeMeHThI yrrJIoTHeHJi5l.

H3BeCTHO, qTO B MaH)KeTHOM yrrJIoTHeHHH rropllIH5l

«l1JiKOBa5I,> Harpy3Ka rrpJiXO,ll,JiTC5I Ha rrepBYlO MaH)KeTY

Ii rrpJiBO,ll,JiT K rrpJiXBaThIBaHHlO ee K UJiJIJiH,ll,py, a cJIe,ll,o-

BaTeJIhHO, K li3HOCY. ,lJ;I5I CH5ITJi5I «l1JiKOBhIX,> Harpy30K

Ha rrepBhn1 3JIeMeHT yrrJIOTHeHJi51 6hIJIJi liCrr0JIh30Ba-

RbI,ll,pOCCeJIhHa5I (rJIa,LI,Ka5IJiJIJi C JIa6lipIDITaMJi) BTYJIKa

(PliC. 3) Ii aKKyMYJIJiPYlOI..Ua5I eMKOCTh [4], pacrrOJIO)KeH-

Hhle rrepe,ll, MaH)KeToi1.

B pe3YJIhTaTe ,ll,pOCCeJIJipOBaHJi51 fa3a B I..UeJIJiMe)K,LI,y

BTYJIKOi1 Ii UJiJIJiH,ll,POM, C rrOCJIe,ll,YlOI..UJiMpaCllllipeHH-

eM B aKKyMyJIJiPYlOI..Uei1 eMKOCTJi, ,ll,aBJIeHHe ra3a rrepe,ll,

MaH)KeToi1 CHJi)KaeTC5I Ii ero rryJIhCaurnr CrJI3)KJiBaeTC5I.

KOHCTpYKUJi5IHallIJIarrpJiMeHeHHeB,ll,O)KJiMalOJ..Ul1X

KOMITpeCcopax TJil1a KIT-YM, BhIrryCKaeMhIX YPaJIh-

CKJiM KOMITpeCCopRbIM 3aBO,ll,OM. ilpli ,ll,aBJIeHHH BcaChI-

BaHJi51 5,8 Mila Ii ,ll,aBJIeHHH HarneTaHJi51 17,5 Mila pe-

CypC pa60ThI 6e3 CMa3KH COCTaBJI5leT 6QJIee 2000 q. Ha Ta-

Koe M3H)KeTHOe yrrJIOTHeHHe 6hIJIJi rronyqeHhI rraTeHThI

Bemp<06pliTaHHH Ii <1>paHUJiJi [4].

B O,ll,HOi1 li3 KOHCTpyKUHi1 pa3rpY3Ka rrepBbIX rrop-

llIHeBhIX KOJIeu ocymeCTBJI5leTC5I rryTeM rreperrycKa ,ll,aB-

JIeHJi51 ra3a li3 3aKOJIhueBOrO rrpOCTpaHCTBa 3TJiX KOJIeu

K MeHee Harpy)KeHHhIM cpe,ll,HHM KOJIhuaM rropUlHeBoro

yrrJIOTHeHJi5l. C 3T0i1 ueJIhlO B rropllIHe YCTaHaBJIJiBaeTC51

oTperyJIJipOBaHHhrn Ha orrpe,ll,eJIeHHYIO Pa3HOCTh ,ll,aBJIe-

HHi1 rreperrycKHoi1 KJIarraH. Ha 3KCrrepJiMeHTaJIhHOM

CTeH,ll,e (rrpli ,ll,liaMeTpe rrOpllIH5I 30MM) TaKoe pellIeHHe

rr03BOJIJiJIO, rrpli 06I..UeM rreperra,LI,e ,ll,aBJIeHJi51Ha rropllIHe

B 14 Mila, CHH3liTh Ha rrepBOM KOJIhue MaKCHMaJIhHhrn
rreperra,LI, ,ll,aBJIeHJi51 C 6,2 ,ll,0 3,2 Mila. ,lJ;I5I pa3rpY3KH

rrOCJIe,ll,Hl1X KOJIeu 6hIJIO rrpeLJ)IO)KeHO yrrJIOTHeHHe [5],

B KOTOpOM 3a rrOCJIe,ll,HHM KOJIhUOM Ha rropUlHe yCTaHo-

BJIeHa M3H)KeTa, rrpli 3TOM C rrOM0I..UhlO OTBepCTJi5l B TeJIe

rropllIH5l nepe,ll, MaH)KeToi1 rrO,ll"ll,ep)KJiBaeTC5I orrpe,ll,eJIeH-

Hoe ,ll,aBJIeHHe (JIJi60 rryTeM yCTaHoBKH rreperrycKHoro

KJIarraHa, JIJi60 rryTeM Coe,ll,JiHeHJi51 rrOJIOCTIi co cryrre-

HhlO HH3KOro ,ll,aBJIeHJi5l). TaKoe KOHCTpYKTJiBHOe pe-

llIeHHe ,ll,aeT B03MO)KHOCTh C03,ll,aTh rrpOTJiBO,ll,aBJIeHHe

3a rrOpllIHeBhIM yrrJIOTHeHHeM Ii CHH3l1Th rreperra,LI, ,ll,aB-

JIeHJi51 Ha rrOCJIe,ll,HeM KOJIhue.

Y CTaHOBKa Pa3HOBhICOTHhIX KOJIeu Ha rropllIHe TaK-

)Ke liCrrOJIh3yeTC5I,ll,JI5I pa3rpY3KH rrepBhIX Ii rrOCJIe,ll,Hl1XKO-

JIeu. B 3TOM cnyqae ,ll,Ba-TpIi rrepBhIX Ii rrOCJIe,ll,Hl1XKOJIh-

ua [6] JiMelOT BhICOTY B ,ll,Ba-TpIi pa3a 60JIhllle BhICOThI

OCTaJIhHhIX Ii, CJIe,ll,OBaTeJIhHO, B ,ll,Ba-TpIi pa3a 66JIhllIJii1

3aKOJIhueBoi1 06'heM, B KOTOpOM aKKyMyJIJipyeTc5I ,ll,aBJIe-

HHe Ii CHJi)KaeTC5I «l1JiKOBa5I» Harpy3Ka Ha KOJIhUO.

ilpOBe,ll,eHHOe COBMeCTHO C )lilH liCCJIe,ll,OBaHHe

rropllIH5l C KOM6JiHJipOBaHHhIM yrrJIOTHeHHeM [7] rrOKa3a-

JIO, qro yCTaHOBKa rrepe,ll, rrOpllIHeBhIMJi KOJIhuaMJi ,ll,POC-

CeJIhHoi1 BTYJIKJiCJIa6lipJiHTOM rr03BOJI5leT rrpli ,ll,aBJIeHHH

HarneTaHJi51 5-20 Mila CHH3JiTh MaKCJiMaJIhHhrn rrepe-

rra,LI,,ll,aBJIeHJi51rrepe,ll, rrepBhIM KOJIhUOM Ha 1-5 Mila.

TaKJiM 06pa30M, Ha OCHOBaHHH PMa KOH-
CTpYKTJiBHhIX pellIeHHi1 y,ll,aeTC5I YMeHhI.l.IJiTh neperra,LI,

,ll,aBJIeHJi51 Ha HaH60JIee Harpy)KeHHhIX rrepBhIX JiJIJi noc-

JIe,ll,Hl1X 3JIeMeHTax yrrJIOTHeHJi5l. HeCMOTp51 Ha nOJIO)KJi-

TeJIhHhrn 3¢¢eKT, 3TH pellIeHJi5l 6a3liPYlOTC51 B OCHOB-

HOM Ha IDITyJiUJiJi Ii KOHCTpYKTOpCKOM Ol1hITe Ii He ,ll,aIOT

Ha CTa,IJ;HJirrpoeKTJipoBaHJi51 YBepeHHOCTJi B ,ll,OCTJi)KeHHH

Puc. 3. MaH:JICemHOe YflJIOmHeHUe nopUlHfl:

1- apOCCeJlbHGRemYl/lw; 2 - alClCYMYJlUpYIOUI,GReMlCocmb



rapaHTl1pOBaHHoro CpOKa CJIy)K6hI yrmoTHeHl15l . .vb npl1-

Be,ll.eHHoro aHaJII13a CJIe,n,yeT, 'ITO BhffiOJll-lJ1Th pa3rpY3KY

OT,ll.eJIhHhIX 3JIeMeHTOB yrmoTHeHl15l BnOJIHe peaJIhHO,

npl1 3TOM HaI1JIY'-Jll.ll1epe3yJIh TaThI CJIe,n,yeTO)l(J1)J,aThB CJIY-

'-Iae paBHOMepHoro pacnpe,ll.eJIeHl15l ,ll.aBJIeHl15l no BceMY

yrmoTHeHMIO, KOr,ll.a O,ll.HOBpeMeHHO 6yAYT pa3rp)0KeHhI

rrepBhle 11nOCJIeAHl1e KOJIhua.

IIoMl1MO '-IaCTOThI Bpam.eHl15lI1 'II1CJIa KOJIeu, Ha pac-

rrpe,ll.eJIeHl1e,ll.aBJIeHl15lrrOrrOpllIHeBOMYyruJOTHeHYaOBJIl1-

moT TaJOKe TaKl1e KOHCTpYKTJ1BHhle ¢aKTOphI, KaK IIJIO-

m.aAh rrpoxo,ll.Horo ce'-IeHl15l KOJIhua j 11 Me)l(J<OJIhueBOI1

o6DeM V. Harrpl1Mep, B a30TOBO,ll.OpO,ll.HOMKOMIIpeCCope

npl1 ,ll.OrryCTI1MOM 113HOCe KOJIeu no Pa,ll.l1aJIhHOI1 TOJI-

lU.l1He, paBHOM 30 %, 3Ha'-IeHl1ejYBeJIl1lIl1BaeTC5I B 16 pa3,

ao6DeM V- B 2,5 pa3a . .vb 3TOro CJIe,n,yeT, '-ITojoKa3hIBa-

eT OCHOBHoe B.fIl15I}{J1eHa nepepacnpe,ll.eJIeHl1e ,ll.aBJIeHl15l

no KOJIhuaM 3a BpeM51 pa60ThI yrmoTHeHl15l. Ha PI1C. 4 no-

Ka3aHhI cpe,ll.Hl1e 3a Ul1KJI nepenaAhI ,ll.aBJIeHl15l no KOJIh-

uaM 6-11 cTyneHl1 KOMIIpeCCopa 2llIJIK-I420 B 3aBI1-

CI1MOCTl1 OT BeJlJ1lIHHhI f Ha rpa¢l1Ke Kpl1Ba5I 3 COOT-

BeTcTByeT HOBhIM KOJIhuaM (f= 0,52 MM2), nepenaAhI,ll.aB-

JIeHl15l Ha KOTOphIX no ymy nOBDpOTa nOKa3aHhI Ha PI1C. 1.

e YMeHhIlIeHl1eMjB 3,5 pa3a nepenaA Ha rrepBOM KOJIhue

YBeJIl1lIl1BaeTC5I B ABa pa3a (KpI1Ba5ll). IIpl1 YBeJIl1'-IeHl1l1j

Ha Bcex KOJIhUax B 2,3 pa3a (Kpl1Ba5I4) nepenaA,ll.aBJIeHl15l

Ha rrepBOM KOJIhue npl16JIIDKaeTc5I no Be.JIl1'lliHe K ne-

penaAaM ,ll.aBJIeHl15l Ha cpe,ll.HJ1X KOJIhUax, a npl1 YBeJIl1'-Ie-

Hl1l1jB IlIeCTh Pa3 rreperraA ,ll.aBJIeHl15l Ha nepBOM KOJIhue

OKa3hIBaeTC5I MeHhIlIe, '-IeM y cpe,ll.HJ1X KOJIeu (Kpl1Ba5I .5).
TaKl1M 06pa30M, YBeJIl1lIl1Ba5I IIJIOIUaAh rrpOXO,ll.Horo ce-

'-IeHl15lj O,ll.HOBpeMeHHO Ha Bcex KOJIhUax, MO)I(HO pa3-

rpy3l1Th nepBhle KOJIhua, rrpl1 3TOM rreperraAhI ,ll.aBJIeHl15l

Ha rrOCJle,ll.HJ1XKOJIhUax He YMeHhiliaIOTC5I, a Ha060pOT,

YBeJIl1lIl1BaIOTC5I.

Ha PI1C. 5 nOKa3aHO, '-ITOIIyTeM YBeJIl1'-IeHl15ljHa He-

CKOJIhKl1X rrepBhIX KOJIhUax (CM. PI1C. 5, a) l1JII1 Ha He-

CKOJIhKl1XnOCJIe,ll.HI1X KOJIhUax (CM. PI1C. 5, 6) 6-11 cTyIIe-

Hl1 KOMIIpeCCopa 2llIJIK -1420 MO)I(HO CHI13l1Th nepena-

,ll.hI,ll.aBJIeHl15l Ha 3Tl1X KOJIhUax ,ll.0 3Ha'-IeHl15l nepenaAOB

,ll.aBJIeHl15lHa Cpe,ll.HI1X KOJIhUax.

Hal160JIee ueJleC006pa3HO YCTaHOBI1Th TaK)'lO 3aKO-

HOMepHOCTh 113MeHeHl15l IIJIOm.a,ll.l1 npOXO,ll.Horo ce'-IeHl15l

j rro KOMIIJIeKTy KOJIeu, KOTOpa51 n03BOJI5lJla 6hI noJIY-

'-Il1Th paBHOMepHoe pacnpe,ll.eJleHl1e rrepenaAOB ,ll.aBJIeHl15l

no BceMY nopllIHeBOMY yrmOTHeHMIO. TaKa5I3aKOHOMep-

HOCTh MO)l(eT 6hITh HaMAeHa paC'-IeTHhIM rryTeM C I1cnOJIh-

30BaHl1eM MeTO,ll.a nOCJIe,ll.OBaTeJIhHhIX npI16JIl1)1(eHJ1M.

YBeJIl1'-IeHl1e j Ha nepBhIX qeThlpeX 11 II5ITl1 nOCJIe,ll.HJ1X

KOJIhUax npl1BeJIO rrpaKTl1'-IeCKl1 K paBHOMepHOMY pacnpe-

,ll.eJIeHMIOnepenaAOB ,ll.aBJIeHl15l rro BceMY yrmOTHeHYaO.

IIepBhle rrOIIhITKl1 3KcrrnyaTaUIDI TaKl1X KOM-

npeccopOB 6e3 CMa3Kl1 UI1JII1HAPOB npl1BO,IJ;l1JIl1 K BhI-

XO,n,Y113 CTp051 nopllIHeBoro yrmOTHeHl15l 6-11 cTyIIeHl1

3a 100-150 '-I. IIpl1 3TOM Ha6JIJO,ll.aIDlCh 3KCTpy-

31151 11 qpe3MepHhrM 113HOC KOJleu, oc06eHHO nepBhIX

11 rrOCJIe,ll.HJ1X. Ha PI1C. 6 nOKa3aHhI pe3YJIhTaThI pa60-

ThI nopllIHeBoro yrmoTHemm 6-11 cTyIIeHl1 npl1 Ha-

pa60TKe 248 q B yCJIOBl15IX 6e3 CMa3Kl1 nOCJIe 06ecne-

qeHl15l 3a CqeT nepeMeHHhIX 3a30pOB B CThlKaX paB-

HOMepHoro pacnpe,ll.eJIeHl15l ,ll.aBJIeHl15l no KOJIhUaM.

MaTepl1aJT nopllIHeBhIX KOJIeu - <1>4K20. 3,ll.eCh nOKa3aH
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Puc. 4. CpeaHue 3a l{UKJI nepenaabl aaeneHuu LJpcpno Konb-
l{aM 6-u cmyneHu e 3aeUCUMocmu om nnow,aau npoXOaH020
ce'teHUJI (w,enu) f, OaUHaKoeou aJlJt ecex Konel{ ynnomHeHUJI:

1-O,15MM2; 2-0,20MM2; 3-0,52MM2; 4-1,20MM2; 5-3,OMM2;
i- HOMepa KOnel{,I, - KpueaJt U3MeHeHUJI!no KOMnneKmy KOnel{,

o6ecne'tueGlow,eMy 6nU3Koe K paeHOMepHoMy pacnpeaeneHue
nepenaaa aaeneHUJI no Konbl{aM LJPi

a

!'pcp' MIla
j" MM2

6
!'pcp, MIla

j" MM2

Puc. 5. PacnpeaeneHue cpeaHUX 3a l{UKJI nepenaaoe aaeneHUJI LJPi
no Konbl{QM npu U3MeHeHUU npoXOaHblX ce'teHuuj,:

1 - nepenaa aaeneHUJI; 2 - nnow,aab npoXOaH020 ce'teHUJI



Puc. 6. PaOUaJlbHblU U3HOCLJr KOJlel{ 6-u cmyneHu KOMnpeccopa
211IJlK-1420 npu pa60me 6e3 CMa3KU 6 me'1eHUe 248 '1

(HK - Hanpa6JlflIOll{ee KOJlbl{O)

pa,ul1aJlbHhu1 113HOC/'ir KOJIeu; 6-H cTYl1eHl1 KOMIIpeCCOpa

2IIlJIK -1420 (c paBHOMepHhIM pacnpe,ll,eJIeHl1eM ,ll,aBJIe-

HIDl) npl1 pa60Te 6e3 CMa3K11 B TeqeHl1e 248 q (,ll,aBJIeHl1e

HafHeTaHIDl - 32,0 MIla).

B KOMIIpeCcopax 6e3 CMa3K11 06bNHO nepBbIe

50-100 q npOI1CXO)],l1T npl1pa69TKa, a BepHee, 06pa30-

BaHl1e rrOJIl1MepHOH IlJIeHKl1 Ha KOHTpTeJIe (IU1JII1H.ll,pe),

,ll,aJIee - 113HOC npl1 onpe,ll,eJIeHHOH Harpy3Ke 11 COCTaBe

ra3a, KOTOphu1 np5IMO npOnOpIJ;l10HaJIeH BpeMeHl1 pa-

60TbI (rrpOJ1:)],eHHOMYnym). 3TO n03BOJUIeT no rrepBhIM

3KCrrepl1MeHTaJIbHhIM ,ll,aHHbIM nporH0311pOBaTh CpOK

CJIY)K6hl HeMeTIlJl.JI]fleCKOrO YITJIOTHeHIDl.

B ,ll,aHHOM cJIY'Iae KOMIIpeCCOp OTpa60TaJI 248 q

co cpe,ll,HI1M 113HOCOMKOJIeu; 0,77 MM Ha 1000 q. IIpl1 pe-

BI131111Ha KOJIbU;ax He Ha6JIlO,ll,aJIOCh 3KCTpy31111, pa3Py-

llIeHl'lJ1 11 ,ll,pyrnx ,ll,e<t>eKTOB.IIpl1 ,ll,OrryCTI1MOM 113Hoce

20 % OT pa,ul1aJlbHOH TOJIml1HbI KOJIbu;a CpOK CJIY)K6hI

KOJleu; npl1 KOHeWOM ,ll,aBJIeHl1l1 32,0 MIla COCTaBI1T

He MeHee 2000 q. Ha,ll,BYX ,ll,Pyrnx MallII1Hax C peBI1311eH

rrOCJIe 629 11766 q I1HTeHCI1BHOCTb 113Hoca Ha 1000 q co-

CTaBl1JIa, npl1MepHO, TaKYIO)I(e BeJI.l1l-Il1HY,T. e. 0,72 MM.

IIoJIo)l(J1TeJIbHhIe pe3YJIbTaTbI rr0JIY'IeHhI TaK)l(e

Ha HeMeTaJIJII1qeCKI1X KOJIbU;ax (Pl1c. 7), pa6OTaroIIJ;l1X

co CMa3KOH. I1HTepecHo OTMeTl1Tb, qTO K MOMeHTY npe-

,ll,eJIbHoro 113Hoca 3aKOHOMepHOCTb pacnpe,ll,eJIeHIDl Be-

JII1qJ1H pa,ul1aJlbHOrO 113Hoca no KOMIIJIeKTY HanOMIDIaeT

Kpl1Bhle pacrrpe,ll,eJIeHIDl nepena,uOB ,ll,aBJIeHIDl no KOJIb-

u;aM (CM. PI1C. 4) LJ)UIHOBhIX YITJIOTHeHHi1:C O)],l1HaKOBOH

IlJIOma,n:bro rrpOXO,ll,aB meJIl1 LJ)UIBcex KOJIeu;.

BnoJIHe OqeBI1,LUfO, qTO no Mepe 113Hoca KOJIeu;

11yBeJII1qeHIDl3a30pa K KOHIJ;YcpOKa CJIY)K6hI «caMonpo-

113BOJIbHO»YCTaHaBJIl1BaeTC5I paBHOMepHoe pacnpe,ll,eJIe-

HI1e ,ll,aBJIeHIDl. IIpl1 3TOM 3a30P Ha nOCJle,ll,HeM KOJIbu;e,

onpe,ll,eJI5IIOmeM BeJII1qJ1H)" YTeqKJ1, 6y,ll,eT npl1MepHO

B nOJITopa pa3a 60JIbllIe, qeM B cJIY'Iae paBHoMepHoro

113Hoca Bcex KOJIeu; (CM. Pl1c. 5, KpI1Ba5I 2).

IIoJIyql1Tb paBHOMepHoe pacnpe,ll,eJIeHl1e ,ll,aB-

JIeHI15I npl1 pa60Te 6e3 CMa3K11 Ha HeMeTaJIJI.J1lIeCKI1X

KOJIhU;ax Hal160JIee B<DKHO B HaqaJIbHhIH nepI10,ll,.

3TO n03BOJUIeT I1CKJlIOql1Tb npeBbIllIeHl1e Harpy3K11

CBepx ,ll,OrryCTI1MOH Ha nepBhIX 11 nOCJIe,ll,HI1X KOJIbu;aX

11 TeM caMbIM 06eCneQl1Tb HOPMaJIbHbIH pe)l(J1M Tpe-

HI15I HeMeTaJIJll1QeCKI1X KOMn0311U;I1H no U;11JI11H,ll,PY

npl1 BhICOKl1X 3HaQeHIDIX ,ll,aBJIeHI15I ra3a.

IIpOBe,ll,eHHble I1CCJIe,ll,OBaHIDl nOKa3aJI11, qTO npe,ll,-
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Puc. 7. PaOUaflbHblU U3HOCill-KOJlel{ 6-u cmyneHu G30m0600opOOH020
KOMnpeccopa npu pa60me co CMG3KOU:1- YnflOmHeHUe c Hepa6HO-

MepHbLM pacnpeOelleHUeM Oa6JleHWl no KOJlbl{GM (Hapa6omKa 11422 '1);
2- YnflOmHeHUe cpa6HOMepHbLM pacnpeOeJleHUeM Oa6JleHWl no KOJlb-

l{GM (Hapa60mKa 3618'1), ill-iJon - oonycmUMblu U3HOCKOJlbl{a

JIO)l(eHHbu1 cnoc06 pa3rpY3K11 nopllIHeBhIX KOJIeu;

3a CQeT C03,ll,aHIDl HepaBHOMepHoro 3a30pa rro KOJIbu;aM

,ll,aeT B03MO)I(HOCTb noJIY'!l1Tb paBHOMepHoe pacnpe,ll,eJIe-

HI1e nepena,ua ,ll,aBJIeHIDl no nopllIHeBoMY YITJIOTHeHl1IO.

IIpl13TOM MbI C03HaTeJIbHO l1)],eM Ha He60JIbllIOe yBeJIl1-

QeHl1e YTeqKJ1, TaK KaK 3TO n03BOJUIeT 1136e)l(aTb pa3Py-

llIeHIDl KOJIeu; B HaQaJIbHhu1, CaMbu1 Tpy,ll,Hbu1 nepl1o,ll,

pa60TbI 11,ll,06I1TbC5I)])II1TeJIbHoro cpoKa CJIY)K6hI YITJIOT-

HeHIDl. TaKoe pellIeHl1e paCllII1p51eT rpaHl1l..l,hI npl1MeHe-

HIDl CaMOCMa3bIBaromI1XC5I MaTepl1aJIOB 11 rrpl1 I1crrOJIb-

30BaHl1l1 HOBbIX BhIcoKonpo~IX, 113HOCOCTOHKl1XKOM-
n03.11l..1,l1.H,,ll,eJIaeT B03MO)I(HOH pa60TY KOMIIpeCCOpoB

6e3 CMa3K11 npl1 ,ll,aBJIeHl1l1 HarHeTaHIDl ,ll,0 40,0 MIla,

06ecne'lliBa5I pecypc YITJIoTHeHHi1:,ll,o 4000 Q.
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