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)J,JUI rrOMep)l(aHlffi B 3a,IJ,~HHOM ,Il;IIarra30He TeMrre-

paTypbI OXJICDK,Il,aeMOrO06beKTa HJUl TeIlJIOHOCMTeJUI

rrYTeM 06eCrrel.JeHlffi TeIlJIOBOrO 6aJIaHCa Me)l()l;y Terr-

JIOnpIITOKaMII II xOJIO.IJ:OrrpOII3BO.IJ:IITeJIbHOcTbJO XOJIO-

.IJ:lIJIbHOH MaWIIHbI rrpII II3MeHeHIIII TeMrrepaTypHoro

pe)I(MMa ee pa60TbI CJIy)l(MT CIICTeMa peryJIIIpOBaHIDI

npOII3BO.IJ:IITeJIbHOCTII MaCJI03arrOJIHeHHOro BIIHTOBO-

ro KOMrrpeccopa (BKM).

CywecTBYIOT CJIe.IJ:YIOll.J:IIecrroc06bI peryJIIIpOBa-

HIDI rrpOII3BO.IJ:MTeJIbHOCTII XOJIO.IJ:lIJIbHb~ BIIHTOBb~

KOMrrpeccopOB [1, 2]:
C rrOMOIIIbJO BHeWHMX yCTpOHCTB;

- M3MeHeHMeM CKOpOCTII BpaIIIeHIDI pOTOpOB;

- C rrOMOIIIbJO BHYTpeHHIIX yCTpOHCTB, II3Me-

H5IJOIIIMX 06beM rrOJIOCTeH BIIHTOB rrpII MX OTCel.JeHMM

OT OKRa BcaCbIBaHIDI.

PerymtpOBaHMe C rrOMOIIIbJO BHeWHIIX yCTpOHCTB

ocyweCTBJUIeTC5I ITYTeM 6aHrracIIpoBaHIDI C)I(aTOrO

XJIa,IJ,areHTa lIJIII .IJ:pOCCeJIMpOBaHMeM Ha BcaCbIBaHIIM.

Crroc06 peryJIIIpOBaHIDI rrpOM3BO.IJ:IITeJIbHOC-

TH BKM II3MeHeHIIeM l.JaCTOTbI BpaIIIeHIDI pOTOpOB

B .IJ:Marra30He OrrTHMaJIbHOH OKpy)I(HOH CKOpOCTII 5IB-

JUIeTC5I .IJ:OCTaTOl.JHO3KOHOMMl.JHbIM, TaK KaK rrpII 3TOM

He H3MeH5IeTC5I reOMeTpMl.JeCKa5I CTeneHb C)I(aTIDI.

B HaCT05IIIIee BpeM5I wIIpoKoe pacrrpocTpaHeHHe rro-

JIY'-llIJIO peryJIMpOBaHMe l.JaCTOTbI BpaIIIeHIDI pOTOpOB

C rroMoIIIbJO l.JaCTOTHbIX rrpe06pa30BaTeJIeH. O.IJ:HaKO

rrpH YMeHbweHMH rrpmi3BO.IJ:HTeJIbHOCTII KOMrrpeccopa

HlI)I(e 30 % OT HOMIIHaJIbHOrO 3Hal.JeHIDI 3Hal.JIITeJIbHO

CHlI)I(aJOTC5I 06beMHble II 3HepreTHl.JeCKMe xapaKTepMC-

TIIKM KOMrrpeccopa. Il03ToMY OTMeTIIM, l.JTO66JIbWeH

3HepreTMl.JeCKOH 3<p<peKTMBHocTbJO 06JIa,IJ,aeT crroc06

peryJIIIpOBaHIDI C rrOMOIIIbJO BHYTpeHHHX yCTpOHCTB.

UJHpoKoe pacrrpOCTpaHeHHe rroJIY'-llIJI crroc06

peryJIHpOBaHIDI rrpOM3BO.IJ:MTeJIbHOCTII BKM pery-

JUITOPOM, rr03BOJUIJOIIIHM H3MeH5ITb 3<p<peKTHBHYJO

MMHY BIIHTOB M TeM caMbIM II3MeH5ITb 06beM rrap-

HOH rrOJIOCTII Wni B Hal.JaJIe rrpOllecca C)I(aTIDI. PeryJUI-

TOp rrpe.IJ:CTaBJUIeT C060H 30JIOTHMK, rrpIIBOMIIIMHC5I

B .IJ:BlI)I(eHMe 3JIeKTpO- lIJIII rlI.IJ:pOrrpHBO.IJ:OM II rrepe-

MeIIIaJOIIIMHC5I B.IJ:OJIboceH BMHTOB rro HarrpaBJUIJOIIIeH

lllIJIMH.IJ:pIIl.JeCKOH paCTOl.JKe, pacrrOJIO)l(eHHOH Me)l(-

.IJ:YlllIJIIIH.IJ:paMII pOTOpOB CO CTOpOHbI C)I(aTII5I. TaK

KaK TOJIbKO lllIJIHH.IJ:pHl.JeCKa5I l.JaCTb OKRa HarHeTaHII5I

(OH) pacrrOJIO)l(eHaHa30JIOTHHKe, TOplleBa5Il.JaCTb OH

rrpH peryJIHpOBaHMH rrpOH3BO.IJ:HTeJIbHOCTII KOMrrpec-

copa OCTaeTC5I HeH3MeHHoH. BCJIe.IJ:CTBMe3Toro 06beM

rrapHOH rrOJIOCTH (IlIl) B KOHlle rrpollecca C)I(aTIDI,

T. e. B MOMeHT ee COe.IJ:MHeHIDI C OKROM HarHeTaHIDI,

OCTaeTC5I rrOCT05IHHbIM (W
H
= const) II CO CHlI)I(eHIIeM

rrpOII3BO.IJ:IITeJIbHOCTII YMeHbwaeTC5I reOMeTpIIl.JeCKa5I

CTerreHb C)I(aTII5I C .= W .j W . 3TO rrpMBO.IJ:HTK yMeHb-
fl nl H

weHHJO .IJ:aBJIeHII5I BHYTpeHHero C)I(aTIDI Pa II K B03-

pacTaHHJO rroTepb pa60Tbl KOMrrpeccopa, CB5I3aHHbIX

C BHelllHMM .IJ:0)l(aTIIeM rrapa XJIa,IJ,areHTa .IJ:O.IJ:aBJIeHIDI

HarHeTaHIDI PH'
CyweCTByeT HeCKOJIbKO KOHCTPYKTIIBHbIX cxeM

peryJUITOpa.

IIep8a5l KOHcmpYKmU8Hafl cxeMa pe2yflflmopa - 3TO

peryJI5ITOp, COCT05IIIIIIH II3 O.IJ:HOrO 30JIOTHHKa, y KO-

Toporo rrpM rrOJIHOH rrpOM3BO.IJ:MTeJIbHOCTII lllIJIHH-

.IJ:pHl.JeCKa5I H TOPlleBa5I l.JaCTH 0H COOTBeTCTBYIOT

O.IJ:HHaKOBoH Hal.JaJIbHOH reOMeTpHl.JeCKOH CTerreHH

C)I(aTH5I cr'
HeKOTOpble 3apy6e)I(Hble <pHpMbI, TaKHe KaK «Hi-

tachi», «Frick», «Sabroe» pa3pa60TaJIH KOHCTPYKllHH

BHHTOBbIX KOMrrpeccopOB C .IJ:BYM5I 30JIOTHHKaMH,

rr03BOJI5IJOIIIHMH ocyweCTBJUITb peryJIIIpOBaHHe cri

rrpH rrOJIHOH rrpOH3BO.IJ:HTeJIbHOCTH, a TaK)l(e O.IJ:HO-

BpeMeHHoe peryJIHpOBaHHe cri H rrpOH3BO.IJ:HTeJIbHO-

CTH [2]. 3Ta KOHCTPYKllIDI - 8mOpa5l KOHcmpYKmU8Ha5l

cxeMa pe2YJlflmOpa. 30JIOTHHKM HMeJOT B03MO)I(HOCTb

pa3.IJ:eJIbHOrO lIJIH COBMeCTHoro rrepeMeIIIeHIDI B.IJ:0JIb

BHHTOB. Ha O.IJ:HOM 30JIOTHHKe BbIIlOJIHeHa llHJIHH-

.IJ:pHl.JeCKa5I l.JaCTb OKRa HarHeTaHIDI, KOTOpa5I 06ec-

rrel.JHBaeT reOMeTpHl.JeCKYJO CTerreHb C)I(aTH5I c
r

= 2,6,
H TOPlleBa5I l.JaCTb OH, KOTOpa5I 06eCrrel.JHBaeT cr = 4,0
rrpM rrOJIHOH rrpOH3BO.IJ:MTeJIbHOCTM. KpoMe 3TOro

KOHCTPYKllIDI peryJUITOpa rr03BOJUIeT ocyweCTBHTb

.IJ:Ba BapHaHTa peryJIHpOBaHIDI rrpOH3BO.IJ:HTeJIbHOCTH



npM COBMeCTHOM MflM pa3,n:eflhHOM nepeMew:eHMI1 30-

flOTHMKOB.

113MeH5ITh nOflO:>ICeHl1e TOpueBhIX KpOMOK OKHa

HameTaHl15I MO:>KHOnOBOpOTHhIMM 3aCflOHKaMI1, 113-

MeH5I5I TeM CaMhlM 06beM napHOt!. nOflOCTI1 WHi B MO-

MeHT ee COe,n:MHeHl15I C OH. B03MO:>KH0 11 OLJ:HOBpe-

MeHHOe M3MeHeHl1e TOpueBhIX KpOMOK OH 3aCJIOHKa-

MI1, a UMJII1HLJ:pWleCKl1X - 30JIOTHI1KOM. 3TO mpembfl
Ko/-/cmpYKmUeHG.5l cxeMa pecyJlJlmopa [3].

IloBopoT 3aCJIOHOK peryJI5ITOpa MO:>KHOocymec-

TBMTh He3aBl1CMMO OT oceBoro nepeMew:eHM5I 30JIOT-

HMKa. IlpM TaKOt!. KOHCTpyKI.J;1111peryJI5ITOpa B03MO:>IC-

HO He TOJIhKO 3<p<peKTI1BHOe 113MeHeHl1e BeJIWII1HhI Eri

npl1 nOJIHOt!. np0I13BOLJ:I1TeJIhHOCTI1, HO 11 ee peryJII1-

pOBaHl1e npl1 YMeHhIIIeHl111 np0I13BOLJ:I1TeJIhHOCTI1

no onpeLJ:eJIeHHoMy 3aKOHY. 3TO ttemeepmG.5l KOHcmpyK-
mUfJHG.5lcxeMa pecYJlJlmopa.

Ilpl1 peryJIl1pOBaHl111 np0I13BOLJ:I1TeJIhHOCTI1

BKM 'laCTh napa XJIa.r:t:areHTa 113 ITIT nepenycKaeTC5I

Ha BcaChIBaHl1e 'lepe3 neperrycKHoe OKHO (ITO), 06-

pa30BaHHoe KpOMKaMI1 rpe6Het!. 3y6heB napHot!. no-

JIOCTI1 BMHTOB 11 OTCe'lHhIMI1. KpOMKaMI1 30JIOTHI1Ka.

):LJI5I YBeJIl1'leHl15I BepXHet!. rpaHI1UhI peryJIl1pOBaHl15I

np0I13BOLJ:I1TeJIhHOCTI1I1 YMeHhIIIeHl15I nOTeph npl1 ne-

penycKe napa Ha BcaChIBaHl1e OTCe'lHhle KpOMKl1 30-

JIOTHI1Ka MOryT 6hITh BhIITOJIHeHhI nOLJ:yrJIaMI1 HaKJIO-

Ha, paBHhIMI1 yrJIaM HaKJIOHa rpe6Het!. COOTBeTCTBYIO-

Il.I,I1XBI1HTOB [4].
Ha PI1C. 1 npMBeLJ:eHhI 3aBMCl1MOCTl1 113MeHeHI15I

TIJIoIl.l,a.r:t:et!.:UI1JII1HLJ:pl1'leCKot!. F
u
' TopueBot!. F

T
'laCTI1

OKHa HarHeTaHl15I M CYMMapHot!. TIJIow:a.r:t:11OKHa Ha-

rHeTaHl15I F
OH

OT OTHOCI1TeflhHOt!. 06beMHot!. np0I13BO-

LJ:I1TeJIhHOCTI1 V./ V npl1 pa3JII1'lHhIX cxeMax peryJI5ITO-
TI T

pa LJ:JI5IBI1HTOBOro KOMnpeccopa BX -130 [5].
ITPM peryJIl1pOBaHl111 no BTOpOMY Bapl1aHTY KOHC-

TpYKTI1BHOt!. cxeMhI peryJI5ITOpa JII1Hl15I e-f COOTBeT-

cTByeT 113MeHeHl1lO Eri C COXpaHeHl1eM nOJIHOt!. np0l13-

B0LJ:I1TeJIhHOCTI1 KOMnpeccopa.

B 3TOM BapMaHTe B CJIyqae peryJIl1pOBaHI15I npo-

113BOLJ:I1TeJIhHOCTI1 OLJ:HI1M 30JIOTHl1KOM 113MeHe-

Hl1e Eri npOI1CXOLJ:MT no JII1HI1M b-d-c npl1 COBna-

LJ:eHMI1 KpOMKl1 OTCe'lHOt!. KpOMKl1 30JIOTHMKa (OK)

11Topua BcaChIBaHl15I KOMnpeccopa (TB) 11 no JII1HI1I1

b'-d'-c npl1 CMew:eHI1I1 OK B CTOpOHY OT TB.

Ilpl1 peryJIl1pOBaHl111 np0I13Bo,n:I1TeJIhHOCTI1 LJ:BYM5I

30JIOTHI1KaMI1, nOCJIe LJ:OCTl1:>KeHl15IMaKCI1MaJIhHOrO

3Ha'leHl15I 10 = 4 (TO'lKa e) 113MeHeHl1e 10 . npOI1CXO-
r n

LJ:I1Tno JII1HI1I1 e-c B cnyqae BhIITOJIHeHl15I OK no [4],
l1JI11no JII1HI1I1 g-c npl1 COBna.r:t:eHI1I1 OK 11TB KOMn-

peccopa, l1JI11no flI1Hl1l1g'-c npl1 CMeIl.l,eHl111 OK.

B BI1HTOBOM KOMnpeccope, I1MelOw:eM TOJIhKO

OLJ:I1H30JIOTHl1K 11o,n:I1HaKOBYIO no TopueBot!. 11no UI1-

JII1H,n:pM'leCKot!. 'laCTI1 OH Ha'laJIhHyro reOMeTpl1'leC-

Kyro CTeneHh C:>ICaTI15IlOr = 2,6, C YMeHhIIIeHl1eM npo-

113B0LJ:I1TeJIhHOCTI1 113MeHeHl1e Eri npOI1CXOLJ:I1T no JII1-

HI1I1bl-a (npl1 peryJIl1pOBaHl111 OTTopua BcachIBamrn)

11 no fll1Hl111 bl '-a (npl1 peryJIMpOBaH1111 OT MOMeHTa

LJ:OCTl1:>KeHl15IMaKCI1MaJIhHOrO 06'heMa). Ha'laJIhHOe

na.r:t:eHl1e OTHOCI1TeflhHOM np0I13BOLJ:I1TeflhHOCTI1 oc-

TaeTC5I TaKl1M :>ICe,KaK 11 npl1 peryJIl1pOBaHl111 OLJ:HI1M

30JIOTHl1KOM no BTOpOM KOHCTpyKTl1BHOM cxeMe pe-
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Puc. 1. 3aeucUMocmb U3MeHeHUJI U,UJlUHiJpU'1eCKOU (a),
mopu,eeou (6) U cyMMapHou (e) flJIoU{aiJu OKHa HaZHemaHUJI

om omHOCUmeJlbHOU npoU3eoiJumeJIbHOCmU eUHmoeozo
KOMnpeccopa npu PG3JlU'1HbIX cxeMax pezyflflmopa

ryJI5ITOpa. ECfll1 Ha'laJIhHa5I reOMeTpl1'leCKa5I CTeneHh

C:>ICaTl15Ino TopueBOt!. J1. Ul1flI1H,n:pl1'leCKOt!. 'laCTI1 OH

paBHa 4, TO 113MeHeHl1e Eri C YMeHhIIIeHl1eM np0l13-

BOLJ:I1TeJIhHOCTI1 npOI1CXOLJ:I1T no JII1Hl15IM e-c, g-c
I1g'-c npl1 BhIITOJIHeHl111 0 K 30JIOTHl1Ka no [4], npl1 ee

COBna.r:t:eHI1I1 C TOPUOM BcaChIBaHl15I 11 npl1 ee CLJ:Bl1re,

COOTBeTCTBeHHO.

ECfll1 30JIOTHl1K I1MeeT Ha'laJIhHyro reOMeTpl1-

'lecKyro CTeneHh C:>ICaTl15Ino TopueBoM 'laCTI1 lOr = 4,
a no Ul1JII1HJJ:pl1'leCKot!. lOr = 2,6, TO 3a C'leT 113MeHeHl15I

nOCJIeLJ:HeM B03MO:>KH0 peryJIl1pOBaHl1e lOr; npl1 nOJIHOt!.

np0I13BOLJ:I1TeJIhHOCTI1 no JII1Hl1l1f-e.

IToCJIe LJ:0CTl1:>KeHl15I MaKCI1MaJIhHOrO 3Ha'le-

Hl15I lOr; = 4, 113MeHeHl1e lOr; npOI1CXOLJ:I1T no JII1HI1I1 e-c,
g-c l1JIl1g'-c B 3aBl1Cl1MOCTl1 OT BhIITOJIHeHl15I 0K. Ta-

Kl1M 06pa30M, 3TOT Bapl1aHT peryJIl1pOBaHl15I COBna.r:t:a-



eT C peryJUlpOBaHl1eM .LJ:BYMJ!30JIOTHl1KaMl1 no BTOpOH

KOHCTPYKTl1BHOH cxeMe perymlTopa.

ITPl1 BbIITOJIHeHl1l1 perymlTopa rro TpeTbeH KOHC-

TpyKTI1BHOH cxeMe, B03MO)l(}lO peryJIl1pOBaHl1e Cri

npl1 rrOJIHOH np0I13BO.LJ:l1TeJIbHOCTl1 KaK 3a CqeT Ul1-

JII1H.LJ:pl1qeCKOH qaCTl1 OH, TaK 11 3a CqeT BbIITOJIHeH-

HOM Ha rrOBopOTHbIX 3aCJIOHKaX TopueBoH qaCTI1. :3TOT

Bapl1aHT peryJIl1pOBaHIDI TalOKe COBna.n:aeT C peryJIl1-

pOBaHl1eM .LJ:BYMJ!30JIOTHl1KaMl1 rro BTOpOH KOHCTpyK-

TI1BHOM cxeMe perymlTopa, HO 113MeHeHl1e cri rrpl1 rrOJI-

HOM rrp0I13BO.LJ:l1TeJIbHOCTl1 rrpOI1CXO.LJ:I1T rro JII1HI1I1

~-e rrpl166JIblileM 3HaqeHl111 IlJIOma.n:11 OH.

ITPI1 qeTBepToH KOHCTpyKTl1BHOH cxeMe peryJUl-

Topa OTCYTCTByeT MeXaHl1qeCKa5I CB5I3b Me)l()l;y rrepeMe-

meHl1eM 30JIOTHl1Ka 11rrOBopOTOM 3aCJIOHOK, QTO rr03-

BOJUleT peryJIl1pOBaTb cri rrpl1 rrOJIHOH rrp0113BO.LJ:l1TeJIb-

HOCTI1 rro JII1Hl1l1~-e 11 rrOJIY'faTb pa3JIl1QHbIe 3aKOHbI

113MeHeHIDI cri npl1 YMeHbllleHl1l1 np0113BO.LJ:l1TeJIhHOC-

TI1. Harrpl1Mep, rrpl1 HaQaJIhHOM 3HaQeHl1l1 c
r
= 2,6,

rro JIl1HIDIM b2-q' l1JI11b)-I rrpl1 COBrra.n:eHl1l1 OTCeQHOH

KpOMKM 30JIOTHl1Ka C TOPUOM BcaCbIBaHIDI l1JI11rro JIl1-

HI1I1~-q rrpl1 BbIITOJIHeHlfM QTCeQHOH KpOMKM rro [4].

Ha Kacj:>e.LJ:pe XOJI0.LJ:l1JIbHbIX MaWl1H 11 HI13KO-

rrOTeHUl1aJIbHOH :mepreTl1KM IDCMDT rrpOBe.LJ:eHhI

I1CnhITaHIDI XOJI0.LJ:l1JIhHOrO Bl1HTOBOro KOMrrpecco-

pa BX-130 Ha XJIa.n:areHTe R22 no BHelllHl1M xapaKTe-

pl1CTl1KaM 11 MeTO.LJ:OMl1H.LJ:l1Ul1pOBaHIDI. ITo pe3yJIh-

TaTaM I1CrrhITaHl1H rrOJIY'feHhI 3aBl1Cl1MOCTl1 3cj:>cj:>eK-

TI1BHOrO KITL!. 11e OT BHelilHeM CTerreHl1 rrOBhIlileHIDI

.LJ:aBJIeHIDI TC
H

11 reOMeTpl1QeCKOH CTerreHl1 C)I(aTIDI cri

.LJ:JUIpa3JIWIHhIX KOHCTPYKTl1BHhIX cxeM peryJUlTOpOB

rrp0I13BO.LJ:I1TeJIhHOCTI1 rrpl1 OTHOCl1TeJIhHOH rrp0I13BO-

.LJ:l1TeJIhHOCTMV/V paBHoHl; 0,7511 0,5.
TI T

L!.JUI .LJ:eTaJIbHOfO l1CCJIe.LJ:OBaHIDI pa60Qero rrpo-

uecca BKM npl1 nOJIHOH 11 QaCTl1QHOH np0I13BO.LJ:11-

TeJIbHOCTI1 rrpOBe.LJ:eHO l1H.LJ:l1Ul1pOBaHl1e KOMnpeccopa

BX-130.

I1H.LJ:I1Ul1pOBaHl1e nOKa3aJIO, QTO CHJ1)I(eHl1e 3cj:>-

cj:>eKTl1BHOCTI1pa60TbI BKM rrpl1 YMeHhllleHl1l1 rrpo-

113BO.LJ:l1TeJIhHOCTl1 B CJIyqae ee peryJIl1pOBaHl15I O.LJ:-

Hl1M 30JIOTHl1KOM BbI3BaHO fJIaBHhIM 06pa30M .LJ:BYMJ!

OCHOBHhIMI1 rrpl1Ql1HaMl1. Bo- rrepBhIX, rrpl1 YMeHh-

WeHl111 rrp0I13BO.LJ:I1TeJIhHOCTl1 YMeHblilaeTC5I 11 cri'
QTO rrpI1BO.LJ:I1TK B03paCTaHl1lO nOTeph pa60ThI KOM-

npeccopa rrpl1 He.LJ:O)l(aTl1l1. BO-BTOPhIX, npl1 yMeHh-

llleHl111 rrp0113BO.LJ:I1TeJIhHOCTl1 l1MelOT MeCTO 3HaQl1-

TeJIhHhIe rrOTepl1 pa60ThI rrpl1 BhITaJIKMBaHl1l1 KOM-

rrpl1Ml1pyeMoH Cpe.LJ:bIQepe3 rrepenycKHoe OKHO B Ka-

Mepy BcaCbIBaHIDI.

CpaBHI1Ba5I 3aBl1Cl1MOCTl1 113MeHeHIDI 11 OT V./ Ve Tl T

rrpl1 peryJIl1pOBaHl111 rrp0113BO.LJ:l1TeJIhHOCTl1 O.LJ:Hl1M

30JIOTHl1KOM (Pl1c. 2, a) 11 rroBopOTHhIMl1 3aCJIOHKaMl1

C 30JIOTHl1KOM, KpOMKM rrepenycKHoro OKHa KOTOpO-

fO BhIITOJIHeHhI no [4] (Pl1c. 2, 6) rrpl1 TC
H

= 2,5 11 pa3-

JIJ1qHhIX TeMneparypax KMneHIDI, MO)l(}lO C.LJ:eJIaTh

BbIBO.LJ:,QTO BO BTOpOM cJIY'fae BeJIl1Ql1HhI 3cj:>cj:>eKTl1B-

HOro KITL!. KOMnpeccopa rrpl1 YMeHhllleHl1l1 rrp0113-

J

0,4 2

3
4

0,5

6

TIe

0,6

J
0,5 2

3

0,4 4

0,3
0,5 0,75

PUC. 2. 3a6ucUMocmb 3rjJrjJeKmu6Hoco KIll{ BKM 1'/. om omHOCU-
meAbHOU o6beMHou npou360aUmeAbHOCmU Vn/Vr'

J - npu to =-JO°C; 2- npu to = -20°C; 3- npu 10= -30°C;
4 - npu to = -40°C

B0.LJ:l1TeJIhHOCTl1 YBeJIl1Ql1BaIOTC5I Ha 4-7 % 11 14- 3 7 %
rrplf OTHOClfTeJIhHOH rrpOlf3BO.LJ:lfTeJIhHOCTlf 0,75lf 0,5,

COOTBeTCTBeHHO.
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