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PB[.rl~J~U-J~lJJ[b[}-JDIJUJ D-f(~~@JIJ~}J[YJYJ 1';)J~0~
AKaaeMuK MAX, a-p meXft.ftayK, nporjJ. A.M. APXAPOB,

3acllY:JICeftftbtUaeRmellb ftayKu U meXftUKU PClJ,npeaceaamellb MOCK06CK020 pe2UOftGJIbft020 omaelleftUJI MAX,
[JO'lemftbtU 'IlIeH Me:JICaYftapOaH020 uHcmumyma XOIIOaa,

3a6eoYIOt«uu KarjJeopou MfTYuM. H.3. EaYMaHa

PempocneKmU6HbtU 63Z!l5tO 6 HeOa6HO 3aKOH'lU6UleeCft
XX cmoJtemue Om'lemJlU60 06HapY:J/CU6aem 06Jtacmu HayKu,

meXHUKU, meXHOJt02UU U npaKmU'leCKOU Oe51meJtbHOCmU
'leJt06e'leCm6a, KOmOpble 6 60JtbUlOU CmeneHU 3a6UC51m om

xOJtooa U p036UmU51 meXHUKU HU3KUX meMnepamyp. 3mo
np0U3600cm60, xpaHeHue U mpaHcnopmup06Ka npOOYKm06
nUmWlU51; 3mo nOJty'leHUe, O:J/CU:J/ceHue,mpaHcnopmup06Ka

U ucnOJtb306aHue npOMblUlJleHHblX U npupOOHblX 20306 U
npOOYKm06 p030eJteHU51 603oyxa; 3mo KJtUMameXHUKa U

:J/CU3He06ecne'leHUe; 3mo MeOUljUHa U 3KOJt02U51; 3mo
p03Ho06p03Hble 06Jtacmu Hay'lH020 nOUCKa U

uccJte006allUU 6 3Hep2emUKe, 3JteKmpOHUKe, rjJU3UKe,
XUMUU, MemaJtJtyp2uu, mpaHcnopmHOU meXHUKe, a6ualjUU,

KOCMOHa6mUKe, 6UOJt02UU U 6 OPY2UX crjJepax. Ce200H51
CrjJOpMup06aJtaCb 02pOMHa51 U UCKJlIO'lUmeJlbHO 6a:JICHa51

06Jtacmb Hay'lIlO-npaKmU'leCKOU U KOMMep'leCKOU
OeflmeJlbllOCmU - KpUOJt02Ufl. lfcnOJtb306allue HU3KUX

meMnepamyp 6 mpaOUljUOIlHblX U H06blX 06Jtacm51x
meXHUKU U meXHOJt02UU nocmOflHHO Y6eJtU'lU6aemC51.

TOJlbKO 6 MOCK6e rjJyHKljUOHupyem 60Jtee 600
npeonpu51muu 3m020 nporjJUJ/51. MH02ue U3 HUX, maKue, KaK

«Kpu02eHAwul», «TeJlUUMaUl», HlflfxUJWJl1aUl,
«B Hlf lfxoJtooMaul- XOJtOUH2», B HlflfxUJWJIWUl, «H ayKa»,

UlUpOKO U36ecmHbi 6./11tUpe. CeU'lac n0516UJlOCbMH020
H06blX, MOJtOOblX, HO Y:J/ce a6mopumemHbtX rjJUpM:
«Ocmp06», «XpOM», «Kpuocep6UC», «CKameH»,

«3UpKyJt», «TepMoKyJt», «3Ilcu», «PerjJKO», «Be3W>,
«AmeK», «XUJl1xoJtoocep6UC», «Ta3XOJtoomeXHUKW>,

«XaMUJtbmOH-/-taYKW> U Op. 3moMy 6 3Ha'lUmeJtbHOU Mepe
cnoc06cm606aJtU KOHblOHKmypa 6HympeHHe20 pblHKa U

6blCOKOK6aJturjJw/up06aHllble Kaopbl, n0020m06JteHHble 6
6eoyU/ux MOCK06CKUX 6Y3ax: MITY UM. H.3. EayMaHa

(peKmop If.E. ClJeoop06), M3lf (peKmop E.B. AJl1emUcm06),
MTYI13 (peKmop M.E. TeHepaJt06), MTYllE

(peKmop If.A. P0206).
B oaHHOU cmambe paCCK03bl6aemC51 0 HeKomopblX

pa3pa60mKax, 6blnoJtHeHIlblX 6 MOCK06CKOM pe2UOHaJtbHOM
omoeJteHuu MAX 3a nocJteoHue 200bl, Komopble UMelOm, no

M/-leIlUiO a6mopa, cyU/ecm6eHHoe 3Ha'lellue.

B GAG «KpuOZeT-lMaUO) (reHepaJJbHbIH ,ll,HpeKTOp
1O.B. rOp6aTcKHH) C03,ll,aHaB03,ll,)'xOpa3,ll,eJJHTeJJbHa51yc-

TaHOBKa (BPY) HOBoro rrOKOJJeHJf5IKAAp-30M, ee MOH-
Ta:>KH BBO,ll,B 3KcrrnyaTaUHIO ocymeCTBJJeHbI Ha HOBOJJH-

rreUKOM MeTannyprHqeCKOM KOM6HHaTe. IlpoH3Bo,ll,HTeJJb-

HOCTbyCTaHoBKH 34 TbIC. HM3/q TeXHl-IqeCKoro KHCnOp0,ll,a,

40 TbIC. HM3/q a30Ta H 1000 HM3/q aprOHa. Ilpe,ll,ycMoT-
peHo H3BneqeHHe Kr-Xe, Ne-He-cMeceH 1-1:>Kl-I,ll,KOrOKI-IC-

JJopo,ll,a. OCylliKa H OqHCTKa B03,ll,yxa ocymeCTBJJ5IIOTC5IB

6nOKax KOMrrJJeKCHOHOqHCTKH (EKO), BbIITOJJHeHHbIXno
,ll,ByXCJJOHHOHcxeMe (ueonHT NaX-AJJIOMOreJJb). Ilpe,ll,-
BapHTeJJbHOe OXJJa:>K,ll,eHHeB03,ll,yxa rrepe,ll, EKO ,ll,0 TeM-

nepaTypbI 5 DC ocymeCTBJJ5IeTC5I n5lTbIO XOJJO,ll,HJJbHbI-

MH MallIHHaMH C cyMMapHoH MOmHOCTbIO npHBO,ll,a
lOOO KBT. H,ll,eOJJOrH5I C03,ll,aHH5I BPY TaKoro KJJaCCa

HaqaJJa <pOpMHpOBaTbC5I B KOHue 80-x rO,ll,OB eme rrpH

:>KH3HHreHepaJJbHOrO KOHCTpyKTopa B.Il. EeJJ5IKOBa.
B rrOCJJe,ll,Hee,ll,eC5ITHneTHe«KpHoreHMallI» C03,ll,aJJTH-

nOpa3MepHbIH p5l,ll,BPY MaJJOHH Cpe,ll,HeHrrpOH3BO,ll,HTeJJb-

HOCTHC yqeTOM crrpoca Ha pOCCHHCKOMpbIHKe. Y:>Keno-
CTpoeHbI H pa60TaIOT Ha MOCKOBCKOM He<pTerrepepa6a-
TbIBaIOmeM 3aBO,ll,e,HOBO-YpeHroHcKoM ra30XHMHqeCKOM

KOM6HHaTe, EyxapCKOM He<pTenepepa6aTbIBaIOmeM 3aBO-

,ll,eH B ,ll,pyrHX perHOHax yCTaHoBKH AA",-0,65; AA",-l,2;

AA",-5; AA",-7 (7 TbIC. HM3Nzlq). Pa3pa60TaHa H rroCT-
poeHa CHCTeMa 3arrpaBKH KHCJJOpO,ll,OM(pHc.l) ,ll,JJ5IMe:>K-

,ll,yHapO,ll,HOrOCTapTOBoro KOMnJJeKCaMopCKoro 6a3Hpo-

BaHH5I (SEA Launch). B HH,ll,HIO nOCTaBJJeHa CHCTeMa

06eCrreqeHH5I KpHoreHHoro pa3rOHHoro 6JJOKa ISRO
(Center SHAR). B qHCJJeHe60JJbllIHX, HO BeCbMa npHHUH-
rrHaJJbHbIX H Ba:>KHbIXpa3pa60TOK CJJe,ll,yeTOTMeTHTb co-

Puc.I. CucmeMa 3anpa6KU KUCIIOpOaOMallR
Me:JICoYllapooHo20 cmapm06020 KOMnJleKca MOpCK020

6G3Up06aHUJI(OAO «Kpu02eftMatu»)



3):(aHlle Tpy60rrpOBO):(a ):(n51)l(H):(KOro reJIH5I, XapaKTepHC-

THKH KOTOpOrO OKa3aJIHCb peKOp):(HO BbICOKHMII rro cpaB-

HeHHIO C rro):(06HbIMII Tpy60npOBo):(aMH H3BeCTHbIX 3arra):(-

HbIX epHpM.

B COOTBeTCTBIIH C rrOCTaHOBJIeHIIeM IIpaBHTeJIbcTBa

MOCKBbI NQ787-PII OT 08.08. 2000 r. B OAO «KpHoreH-

Marn» B TeqeHHe 2001 - 2002 rr. C03):(aBaJIIICb reHepaTop

030Ha H CHCTeMa OXJIa)l():(eHII5IBO):(bI, BXO):(5IIIIIIeB COCTaB

03oHaTopHoH yCTaHoBKH 60JIbrnOH npoII3Bo):(IITeJIbHOCTH

(25 ... 50 Kr/q 030Ha) B MO):(yJIbHO-KOHTeHHepHoM HCrrOJIHe-

HHH ):(JI5ICl1CTeM u;eHTpaJIH30BaHHoro Bo):(ocHa6)l(eHH5I

MOCKBbI. 3TIIM KOJIHqeCTBOM 030Ha MO)l(HO 06pa60TaTb

60JIee 500 TbIC. M3 BO):(bIB CyTKH. B 2001 r. 6bIJIH cnpoeK-

THpOBaHbI II 113rOTOBJIeHbI reHepaTOp 030Ha (naTeHT

2046753 P<I» 11 Cl1CTeMa OXJIa)l():(eHII5I BO):(bI ):(JI5IHero. B

2002 r. OCYIIIeCTBJIeHbJ MOHTa)l( 060py):(oBaHH5I H rrycKoHa-

JIa):(OLfHblepa60TbI, KOTopble n03BOJIIIJIl1 06eCneqHTb npo-

eKTHble rrapaMeTpbI no KOJIHqeCTBY reHepHpyeMoro 030Ha

(50 Kr/q 030Ha rrpH pa60Te Ha pa60qeM ra3e - KIICJIOpo):(e

H 25 Kr/q 030Ha rrpH pa60Te Ha pa60qeM ra3e - B03):(yxe) H

no yCTOHqHBOMy rrOJIyqeHHIO TeMrrepaTypbI OXJIa)l():(alO-

IIIeH BO):(bIHa ypoBHe 5 ... 6 °C npH rrepeMeHHoH Harpy3Ke

reHepaTopa 030Ha. IicrrbITaHH5I rrOKa3aJIH u;eJIeC006pa3-

HOCTbC03):(aHII5I030HaTopHbIX yCTaHoBOK BMO):(yJIbHO-KOH-

TeHHepHoM HCnOJIHeHHH nOJIHOH 3aBo):(cKoH rOTOBHOCTH

(BXO):(51I[(HXB yCTaHOBKy MO):(yJIeH) 6e3 He06xo):(IIMOCTII

CTpOHTeJIbCTBa Karrl1TaJIbHbIX coopy)l(eHIIH (3a HCKJIlOqe-

HHeM KOHTaKTHblX 6acceHHoB-peaKTopoB).

TaKHM 06pa30M, B POCCIIII BrrepBble C03):(aHa KpynHa5I

030HaTOpHa51 yCTaHoBKa C l1CnOJIb30BaHIIeM JIyqrnIIX OTe-

qeCTBeHHblX pa3pa60ToK. B ee C03):(aHIIII yqaCTBOBaJIH:

fYil «MOCKOBCKHHIIHCTHTyT TerrJIOTeXHIIKH», fYil «Bce-

pOCCHHCKHH3JIeKTPoTeXHHqeCKHH HHCTHTyT», HIIO «AB-

TOMaTHKa» (EKaTepHH6ypr). B npou;ecce pa3pa60TKII re-

HepaTopa 030Ha C nJIaCTIIHqaTbIMH 3JIeKTpo):(aMII perne-

HbI MHorHe HayqHO-TeXHIIqeCKIIe 3a):(aqH. Ha pIIC. 2 rrOKa-

3aH 06IIIHH BII):( reHepaTopa 030Ha B KOHTeHHepe. CJIe):(y-

eT OTMeTHTb, qTO rrepBa51 He60JIbrna51 030HaTOpHa51 yCTa-

HOBKa ):(JI5I6acceHHa cnopTIIBHoro KOMnJIeKCa 6bIJIa crrpo-

eKTHpOBaHa, H3rOTOBJIeHa H BBe):(eHa B 3KCrrJIyaTaU;IIIO B

MfTY HM. H.3. EayMaHa B cepe):(l1He 90-x rO):(OBXX B.

KOJIJIeKTHBOMOAO «re.nUuMauo> (reHepaJIbHbIH ):(IIpeK-

TOp B.H. Y):(yT) B rrOCJIe):(HeM ):(eC5ITHJIeTHII cYIIIecTBeHHo

Puc.2. FeHepamop 030Ha e KOHmellHepe (OAO
«KpuoceHMaU/» )

MO):(HepIIU;IIpOBaHbIO)l(II)l(IITeJIII reJIII5I, Bo):(opo):(a, MeTaHa

H c03):(aHbI CneU;HaJIbHble yCTaHoBKII ):(JI5ITOHKOHOqHCTKH

3THX ra30B. Bce O)l(H)l(HTeJIH HMelOT BbICOK03epepeKTIIBHble

TYp60):(eTaH):(epbI, B TOM qHCJIe H rrap0)l(H):(KOCTHbJe, pa3-

pa60TaHHble H BbIIIYCKaeMble «feJIHHMarneM». Hap5l):(y C

Typ60):(eTaH):(epaMH 3HaqHTeJIbHO YJIyqrneHbJ xapaKTepH-

CTHKHBIITbIX TerrJIo06MeHHblx arrrrapaToB C rrpOBOJIOqHbJM

ope6peHHeM Tpy60K, qTO n03BOJIHJIO C03):(aTb H rrpe):(JIo-

)l(IITb rroKynaTeJI5IM rrepeqeHb pa3Ho06pa3HbIX Kp110reHHblx

yCTaHoBoK. K rrpHMepy, rrpoH3Bo):(HTeJIbHOCTb reJIHeBbIX

O)l(H)l(lITeJIeH COCTaBJI5IeTOT 40 ):(0 700 JI/q )l(H):(KOro reJIH5I.

KpHoreHHoe reJIHeBOe 060py):(oBaHHe 6bIJIO H3roTOBJIe-

HO ):(JI5IYHIIKaJIbHOrO yCKopIITeJI5I - HyKJIOTpOHa B OlI5lIi

(r. ):(y6Ha) co cBepxnpoBo):(5IIIIIIMII 06MOTKaMl1 MarHIITOB,

npe):(Ha3HaLfeHHoro ):(JI5InOJIYLfeHII5IT5I)l(eJIbIX 51):(epII MHO-

r03ap5l):(HbIX IIOHOB. B CIICTeMe KpHoreHHoro 06ecneLfe-

HII5IHyKJIoTPoHa BrrepBble 6bIJIII peaJIII30BaHbI HOBbIe II):(eII.

KpHOCTaTHpOBaHHe COTeH CBepxnpOBO):(5IIIIIIX MarHHTOB

6bIJIO OCYIIIeCTBJIeHO rrapaJIJIeJIbHOH rro):(aqeH reJIH5I, qTO

06eCrreqIIJIO 6bICTPoe OXJIa)l():(eHHe BceH CIICTeMbI. KpH-

OCTaTHpOBaHIIe OCYIIIeCTBJI5IJIOCb ):(Byxepa3HbIM rrOTOKOM

reJIII5I. BrrepBble 6bIJI BBe):(eH B 3KCrrJIyaTaU;HIO nap0)l(H):(-

KOCTHbIH Typ60):(eTaH):(ep. 3Ta pa60Ta BbIIIOJIHeHa «fe-

JIIIHMarneM» B COTpy):(HHqeCTBe C Kp110reHIIIHKaMH JIa60-

paTopIIII BbICOKIIX 3HeprIIH OIi5IIi (PYKOBO):(HTeJIb

H.H. AranoB).

Oc060 Hy)l(HO OTMeTl1Tb C03):(aHHe BO):(OpO):(HbIXTyp60-

):(eTaH):(epOB, peaJIH30BaHHoe B cepe):(HHe 90-x rO):(OB, eIIIe

npII reHepaJIbHOM ):(HpeKTope Ii.A. ):(aBbJ):(eHKOBe H maB-
HOM KOHCTpyKTope f.A. IIepecTopoHHHe. CTOJIb 3epepeK-

THBHble H Ha):(e)l(Hble BO):(OpO):(HbJeTYP60):(eTaH):(epbI 6billl1

C03):(aHbI B MlIpOBOH npaKTIIKe KpHoreHHoro MarnIIHOCTPoe-

HH5IBrrepBble H nonyLfIIJIII caM)'lO BbICOKYIOou;eHKY 3apy6e)l(-

HbIX CrreU;HaJIHCTOB.Ha pHC. 3 rrOKa3aHbJ CMoHTlIp0BaHHble

6JIOKH C BO):(OpO):(HbIMHTYP60):(eTaH):(epaMII.

B «feJIHl1Marne» Mo):(epHH3HpoBaHbI B03):(yXopa3):(eJIIITeJIb-

Hble yCTaHOBKH CK):(C-I00 II TK):(C-l 00 B KOHTeHHepHoM

IICnOJIHeHIIII npOII3BO):(IITeJIbHOCTblOOKOJIO100 Kr/q )l(H):(KO-
ro KHCJIOpo):(a HJIII a30Ta. CYIIIeCTBeHHO YJIyqrneHbI xapaK-
TepHCTHKH COCy):(OB):(JI5IxpaHeHH5I )l(H):(KHXKpHonpo):(yK-

TOB, KOHcepBaU;HH KpOBII H KOCTHoro M03ra. ):(JI5I6bICTpOro

OXJIa)l():(eHH5III 3aMOpa)l(HBaHH5I npOIJ:YKTOBrrIITaHH5III HXrre-

peB03KH B II30TepMHLfecKIIX KaMepax C03):(aHbI'CrreU;HaJIbHble

Puc. 3. FomOebte 6JlOKU c eooopoOHbtMU
myp6ooemaHOepaMU (OA 0 «FeJluiiMaU/»)



yCTaHOBKMC paCnbIJIeHHeM )KJ1.n;KOrOa30Ta.
MrTY UN!. H.3. EaYA4QHa (peKTOp JiLE. <l>e.n;OpOB)CO-

BMeCTHO C OOeCCKOU zocyoapcmeeW-IOU aKaOeMUeU XO-
JIOOa (peKTOp B.B. I1pJ-nyJIa), npe.n;npIUITIUIMH «XpOM»
(reHepaJIbHbIH .n;HpeKTOp M.IO. CaBHHOB), «Auc-6JlUK» H

«OJleOM» (TeXHHqeCKHH .n;HpeKTOpB.JI. EOH.n;apeHKO)pa3-

pa60TaHbI HOBbIe TeXHOJIOrHH H yCTaHoBKH no pa3.n;eJIe-
HHlO CMeceH KpHnTOHa-KceHOHa H HeOHa-reJIH51 C H3BJIe-
qeHHeM npo.n;yKTOB BbICOKOHqHCTOTbI (99,9999 %). I10-

Tpe6HocTb BHYTPeHHero pbIHKa B 3THX ra3ax nOJIHOCTbIO
y.n;oBJIeTBOpeHa. )J,JI5IYBeJIHqeHH5I K03<P<PHIIHeHTaH3BJIe-

qeHH5I HeOHa BnepBble npHMeHeHbI BOJIHOBbIe KpHoreHe-

paTopbI (BIT). TeXHOJIOfHH llIHpOKO HCnOJIb3YIOTC5IH cno-
C06CTByIOT YBeJIW-IeHHIOMHpoBoro npoH3Bo.n;cTBa pe.n;KHx

ra30B(pHC. 4).
KOMnJIeKC pa60T no C03.n;aHHIO Me.n;H[(HHCKOHKPHO-

CBlI-annapaTypbI H TeXHOJIOrHH .n;JI5IrrpHMeHeHH5I B .n;eT-

CKOHXHpypfHH TaK)Ke BblTIOJIHeH B MrTY HM. H.3. Eay-

MaHa npH yqaCTHH CnellHaJIHCTOB B 06JIaCTH Me.n;H[(HH-
CKoro npH60poCTpOeHH5I H Me.n;HllHHbI. Pa3pa60TaHHbIe an-

napaTypa H TeXHOJIOfHH n03BOJI5IIOT3<p<peKTHBHO,npaKTH-
qeCKH 6eCCJIe.n;Ho,y.n;aJI5ITborryxOJIH (reMaHrHoMbI) y.n;e-

TeH. 06 aKryaJIbHOCTH np06JIeMbI roBOpHT TOT <paKT,qTO

e)Kero.n;HO B MOCKBe no 3TOMy nOBO.n;y 06pallI,aIOTC5I B

Me.n;H[(HHCKHeyqpe)K.n;eHH5I 60JIee 16 TbIC. na[(HeHTOB. B

CJIyqae HCnOJIb30BaHH5I KPHO-CBlI-MeTo.n;a yCHJIHBaeT-

C5IKpHo.n;eCTpYKlll151npH npe.n;Bapl1TeJIbHOMnporpeBe orry-
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PUC. 4. Mupo6oe npou36oJcm6o UHepmHblX ila306 (mblc.M3/iloJ):
- - - - no meXHOJlOilUU«MFTY- OFAX»

XOJII1 TOKaMI1 CBlI, 6JIaro.n;ap51 qeMy Bo.n;a BbIXO.n;I1T113

60JIbHbIX KJIeTOK qepe3 MeM6paHbI B Me)KKJIeTOqHOe npo-

CTpaHCTBO H, paCIIIHp5l5lCb rrpl1 3aMOpa)KI1BaHHI1, cYllI,e-

CTBeHHO CHI1)KaeT KpOBOTOK B OnyxOJIH. I1PI1 3TOM pe3KO

YBeJIHqHBaeTC5Imy6HHa npOMep3aHI151 onyxOJII1 (B 50 pa3

no 06beMY). Pa3pa60TaHbI TeOpeTl1qeCKl1e OCHOBbI, Me-
TO.n;bIpaCqeTa 11npoeKTHpOBaHH5I KPHO-CBlI-arrnapary-

pbI, KOTopbIe 06eCrreqHBaIOT OrrTI1MaJIbHbIe pe)KHMbI rrpo-
Be.n;eHH5IOrrepa[(HH C yqeToM xapaKTepl1CTI1K 11BH.n;aony-

XOJIH.Pe3YJIbTaTbI 3TI1X pa60T B rrepcrreKTHBe MoryT 6bITb
I1CnOJIb30BaHbI He TOJIbKO B Me.n;H[(HHCKOHTeXHHKe, 6ec-

CKaJIbrreJIhHOHxHpyprHI1, HO 11B CeJIhCKOMX0351HcTBe,KOC-

MOHaBTI1Ke, nHllI,eBOH npOMhIllIJIeHHOCTI1 11.n;p.

B QHCJIepa3pa60TOK MrTY HM. H.3. EayMaHa CJIe.n;y-

eT OTMeTHTh CBlI-cHcTeMbI .n;JI5I.n;l1arHOCTI1KI1KpHoreH-

HhIX H HeKpHoreHHhIX .n;BYX<Pa3HhIX11O.n;H0<pa3HhIXnoTO-

KOB. CHCTeMbl n03BOJI5IIOT KOHTpOJIHpOBaTh MaCCOBhIe
pacxo.n;hI, co.n;ep)KaHHe rrapoBoH 11)KH.n;KOH<pa3, CKOpOCTH
CKOJIh)KeHH5I<pa3, KOH[(eHTpa[(HI1 npl1MeCeH H .n:pyrl1e na-

paMeTphI. TaKHe CHCTeMbI He06xo.n;I1MbI npl1 3arrpaBKe

KpHoreHHhIM TOnJIHBOM CaMOJIeTOB 11aBTOM0611JIeH npl1

KpHocTaTHpoBaHHH CBepxnpOBo.n;51llI,HX06MOTOK KpyrrHhlX

3JIeKTpOMarHHToB. B qaCTHOCTH, CBlI-cI1CTeMhI HCnOJIh-

30BaJIH B Me)K.n;yHapo.n;HOM3KCnepl1MeHTe no nporpaMMe

«QUELL» B lllBeH[(apHH. BhlTIOJIHeHhI <pYH.n;aMeHTaJIhHhIe

I1CCJIe.n;OBaHH5InpO[(eCCOBTenJIOMaCCo06MeHa npl1 KOH.n;eH-

Ca[(I1H 11KHneHI1H KpHorrpo.n;yKToB B BbICoK03<p<peKTHBHhIX

annapaTax HOBoro rrOKOJIeHH5I.Pa3pa60TaHa 6e3MaCJI5IHa51
TeXHOJIOrl151H3rOTOBJIeHH5ICTpyKTypHhIX Haca.n;OK.n;JI5IHa-
ca.n;OQHhIXpeKTI1<pHKa[(HOHHbIXKOJIOHH.

B 1998 - 1999 rr. pa3pa60TaH, C03.n;aH11HCnbITaH MI1K-

POO)KH)KHTeJIh Ha 6a3e MallIHHhI CTHpJIHHra np0I13Bo.n;H-

TeJIhHOCThIO 30 ...50 r/q )KH.n;Koro KHCJIOpo.n;aI1JIH a30Ta.

B MocKoecKoM MeOU/fUH.CKOM 4eH.mpe «MeoKpUOH.U-
Ka» (maBHhIH Bpaq H.C. lIepHhIllIoB) .n:JI5IJIeQeHH5I Ha-

PY)KHhIX H BHyTpeHHI1X 3a60JIeBaHHH B nOCJIe.n;HHero.n;bI

llIHpOKO HCnOJIh3YIOTC5IPa3JII1QHhIeKpHOnpO[(e.n;yphI. 3.n;ecb

PUC. 5. KpuocayHa
MOCK06CKOilO
MeJuu,uHcKOilO
u,eHmpa
«MeJ-KpuoHuKa»



C03,IJ,aHa Ha,IJ,e)l(Ha5f H rrOJIHOCTbIO 6e30rraCHa5f yCTaHoBKa,

rrOJIyqHBWa5f Ha3BaHHe «KpHocayHa» (PlIC. 5). ITpl1MeHe-

HHe HH3KHX TeMrrepaTyp OTKpbIBaeT HOBbIe B03MO)l(HOC-

TH ,IJ,JI5fJIeqeHlI5f H rrpocjmJIaKTHKlI TaKHX cepbe3HbIX 3a-

60JIeBaHHM, KaK HHcjJapKTbI, HHCYJIbTbI, CTpeCCbI, KO)l(HbIe
3a6oJIeBaHlI5f II ,IJ,p.

B Y'le6Ho-Hay'lHOM 14eHmpe «KpUOKOHCyJl» npu
MTTY UM. H.3. EayMaHa pa3pa6oTaHa KPlIOB3pbIBHa}J

TeXHOJTOrH5f rrepepa60TKH CTapbIX aBTorrOKpbIweK. 3Ta

TeXHOJTOrlI}JpeaJIlI3yeTC}J C rrOMOlUbIO B3PbIBOU;lIPKYJI}JTO-

pa, npe,IJ,CTaBJI}JIOwero C060M 6pOHeKaMepy C BHeWHlIM

Tpy6orrpOBO,IJ,OM, KOTopbIe 06pa3YIOT 3aKOJTbU;OBaHHYIOCH-

cTeMy, 3ByKO- II ra30lI30JIlIpOBaHHYIO OTOKpY)l(aIOlUeM cpe-
,IJ,bI. ITO,IJ,,IJ,eMCTBlIeM B3pbIBa OXJIa)l(,IJ,eHHbIe rrOKpbIWKlI

pa3pywaIOTC5f, B TpaKTe 3aKOJIbU;OBKH OCYlUeCTBJI5feTC5f

KpyroBoe MHOr0KpaTHOe ,IJ,BH)I(eHHe (U;lIpKyJT}JU;lI}J)nOTOKa

C y,IJ,apHbIMH BOJTHaMHH cjJparMeHTaMlI pa3pyweHHbIX no-

KpbIweK. B pe3YJTbTaTe :noro rrpou;ecca 06pa3yeTC}J pe-

3lIHOBa}J KpOWKa C pa3MepOM cjJpaKU;lIMOT 0,1 ,IJ,O10 MM.

ITOKpbIWKH rrepe,IJ, B3pbIBoU;HpKymTopoM MO)l(HO OXJIa)l(-

,IJ,aTbPa3JTI1QHbIMI1 cnoc06aMlI, HO HalI60JIee 3KOHOMlIqeC-

KH u;eJIeC006pa3HbIM 5fBJT5feTC5fHCrrOJTb30BaHlIe B03,IJ,YW-

HbIX Typ60XOJTO,IJ,HJIbHbIX MaWlIH TlIna BXM, BbInycKae-

MbIX AG «Typ60XOJloo» (reHepaJIbHbIM ,IJ,lIpeKTOp

B.A. XeTarypoB).
ITpaBHTeJTbCTBOM MOCKBbI 6bIJTa rrOCTaBJTeHa 3a,IJ,aQa rro

C03,IJ,aHHIOCHCTeMbI ,IJ,JT}JYJTaBJTlIBaHlI}JrrapoB 6eH3lIHa Ha

aBTo3arrpaBOQHbIX CTaHU;H5fX, KOTopbIe rrOKa BbI6pacbIBa-

IOTC5f B aTMoccjJepy. C/JupMa «Kpuocepeuc» (reHepaJIb-

HbIM ,IJ,lIpeKTOp A.E. JIeHcKlIM) BBeJIa He,IJ,aBHOB orrbITHYIO

3KCnJIyaTaU;lIIO TaKyIO clIcTeMY, pa60TaIOlUYIO Ha )l(lI,IJ,KOM

a30Te.
3HaQHTeJTbHOM rrp06JIeMOM }JBJI}JeTC}J3aMeHa HeKoTopbIX

N, KBm'"
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Puc. 6. CymO'lHblU pacxoo 3JleKmp03Hepzuu
MOP03UJlbHOU KaMepbl «CmuHoJl-I06» (npu
meMnepamype -24 °C) Hajl,M3 U R12 npu

pa3JlU'lHOU meMnepamype oKpyJICalOUI,eZO B030yxa

Puc. 7. KOMnoHoBKa OU3eJlbHOZO aBmoperjJpuJlCepamopa
(311)] «Ebl'lOIO», UCnOJlb3ylOUI,ezOjJ,M3 B Ka'leCmBe
mOnJlUBa U XJlaOaZeHma (MFTY UM.H.3.EaYMaHa):

1 - OBUZameJlb aBmOM06UJl5l; 2 - KOMnpeccop; 3 - BeHmUJlflmOp U
KOHoeHcamop; 4 - BeHmUflflmop U B03oyxOOXJlaOUmeJlb;

5 - aKKyMyJlflmOp aBmOM06UJl5l; 6 - 6aK c jJ,M3; 7 - 6aK c jJ,T;
8 - TEP; 9 - cucmeMa mOnJLUBHOZOOU3eflfl

XJIa,IJ,areHTOB3KOJIOrHQeCKH 6e30rraCHbIMlI, HMeIOlUHMH HY-

JIeBbIe rrOTeHU;lIaJIbI ODP II WDP. O,IJ,HlIM lI3 TaKlIX rrepc-

rreKTlIBHbIX XJIa,IJ,areHTOB }JBJI}JeTC}J,IJ,lIMeTlIJIOBbIM 3<pHp

(JJ:M3) CH3- 0 - CH3. B MfTY lIM. H.3. EayMaHa B

JIa60paToplIlI MaJIbIX XOJIO,IJ,lIJIbHbIXMallilIH lIMeHlI rrpocjJ.
A.c. Hy)l(,IJ,lIHa rrOCTpoeHa ,IJ,lIarpaMMa COCTO}JHHMJJ:M3

II rrpOBe,IJ,eHbI lICrrbITaHlI}J 6bITOBbIX XOJIO,IJ,HJIbHlIKOB(MO-

P03HJTbHHKOB) «CTHHOJI-l 06», 3arrpaBJIeHHbIX ,IJ,lIMeTlIJIOBbIM
3cjJlIpOM. 3KcrrepHMeHTaJTbHbIe ,IJ,aHHbIe rrO,IJ,TBep)l(,IJ,aIOT3cjJ-

cjJeKTHBHOCTb JJ:M3 KaK XJIa,IJ,areHTa (PlIC. 6). He06xo,IJ,H-

MO HMeTb B BlI,IJ,y, QTO JJ:M3 MO)l(eT lICrrOJIb30BaTbC5f H

KaK KOMrrOHeHT ,IJ,H3eJIbHOrO TOrrJTlIBa. B 3TOM CJIyQae OT-

KpbIBaeTC5f nmpOKa5f rrepcrreKTHBa rrplIMeHeHlI}J JJ:M3 Ha

XOJIO,IJ,lIJIbHOM,IJ,lI3eJIbHOMTpaHcrropTe II B CHCTeMax KOH-

,IJ,lIU;lIOHlIpOBaHH5fMHorHX BlI,IJ,OBTpaHcrropTHblX Cpe,IJ,CTB.

O,IJ,lIH H3 BapHaHTOB XOJTO,IJ,HJIbHOMyCTaHoBKlI ,IJ,JI}JTep-

MOKy30Ba 3lIJIOBCKOro «EbIQKa» pa3pa60TaH B MfTY HM.

H.3. EayMaHa (pHC. 7).
I13 rrplIBe,IJ,eHHbIX rrplIMepOB }JCHO,QTOpellIeHHe MHorlIX

3KOJTOrHQeCKlIX rrp06JIeM TaKoro MerarrOJIlICa, KaKHM 5fB-

JI}JeTC}JMOCKBa, HeB03MO)l(HO 6e3 rrplIMeHeHH5f MeTO,IJ,OB

KplIOJIOrlIlI, II ycrrex 3,IJ,eCbB 3HaQlITeJIbHOM Mepe orrpe,IJ,e-

JI}JeTC}J KOHCTpyKTlIBHOM, MaCllITa6HOM II ,IJ,aJIbHOBlI,IJ,HOM

rr03lIU;lIeM M3pa MOCKBbl 1O.M. JIy)l(KOBa.

P}J,IJ,HOBbIX pa3pa60TOK BbInOJIHeH B GAG «BHJ1J1xo-
JlOOMaLU-XOJlOUHZ» (reHepaJIbHbIM ,IJ,lIpeKTOp O.M. Ta-

raHu;eB). ITpe,IJ,rrplI}JTlIeM rrpOBe,IJ,eHa 60JIbllIa5f pa60Ta rro

rrepeBO,IJ,y 060py,IJ,OBaHH5f Ha 3KOJIOrlIQeCKlI 6e30rracHhIe

XJIa,IJ,areHTbI. C03,IJ,aH HOBbIM CrreU;HaJIbHbIM KOMrrpeccop

CK -16 XOJIO,IJ,OrrpOlI3BO,IJ,lITeJIbHOCTbIO 16 KBT (rrplI TeM-

rrepaType KlIrreHlI}J -15°C). Pa3pa60TaH p}J,IJ,6eCCaJIb-

HlIKOBbIX BlIHTOBbIX KOMrrpeccopoB ceplIlI BE. C03,IJ,aHbI

orrbITHbIe Typ60KoMrrpeccopbI ,IJ,JI}JyCTaHoBoK xOJIo,IJ,orrpo-

lI3BO,IJ,lITeJIbHOCTbIO OT 20 ,IJ,O630 KBT rrplI pa3JIlIQHbIX

TeMrrepaTypax KlIrreHlI}J, p}J,IJ,TerrJIOHaCOCHbIX arperaToB

Ha 6a3e HOBbIX BlIHTOBbIX KOMrrpeccopoB H raMMa cy,IJ,O-

BbIX XOJIO,IJ,HJIbHbIX MallIHH IMXMB250 (plIC. 8),
3MXMB290 II ,IJ,p.

JJ:JI5fClICTeM KOH,IJ,lIU;lIOHlIpoBaHlI}J rrpe,IJ,JIO)l(eHbI opHrH-

HaJTbHbIe XOJIO,IJ,lIJIbHbIeyCTaHoBKlI. ITp0,IJ,OJI)l(aIOTC5fpa60-



Puc. 8. HOeafl cyaoeaJl XOJlOaUJlbHQJl MaUlUHa lMXMB250
(OA 0 «BH I1HxoJloaMaUl-XOJlauH;:»)

TbI rro cOBepweHcTBoBaHlHo a6cop6QHOHHbIX 6pOMHCTO-JIH-
THeBblX MaWHH XOJIO,lWJIbHOHM01IJ:HOCTbIO.L\O6 TbIC. KBT,

pa3pa6aTbIBaIOTC}! MHor0<PYHKl.\HOHaJIbHbleCHCTeMbIyrrpaB-
JIeHH}!.

B eprYIJ «BHHHxUMMaw» (reHepaJIbHbIH .L\HpeKTOp
A.A. MaKapoB) oCYIlJ,eCTBJIjlIOTC}!.L\OBO.L\04HbleHCrrbITa-

HHjI :>KH.L\KOCTHbIXpaKeTHbIX .L\BHraTeJIeHKE «3HeprOMallI»,

KE «XHMMaw», KE «XHMaBToMaTHKa», KOTopble 3Kcrrop-

THPYIOTC}! 3a py6e)l(. KpoMe Toro, <pHPMbI <I>paHQHH, KH-
Tajl, HH.L\HI1, CIlIA, KopeH H .L\pyrl1X cTpaH oTpa6aTbIBa-
lOT Ha CTeH.L\OBOH6a3e rrpe.L\rrpHHHjI CBOI1 06pa3QbI pa-

KeTHO-KOCMI14eCKOHTeXHHKH. Bo BHHHxHMMaIlle opra-

HH30BaHO npOH3BO.L\CTBOBcex KpHoreHHblx KOMrrOHeHTOB,

BKJII04a}! KI1CJIOpO.L\,BO.L\0P0.L\ H HeOH. IIpoBo.L\}!TC}! I1CCJIe-

.L\OBaHI1}!pa604Hx rrpoQeccoB B .L\BHraTeJIjlX.
MOCKOBCKHMH rjJupMaMu «Typ6operjJpuJlCepamopbl»

(.L\HpeKTOp A.1lI. Ko6yJIaIllBHJIH) H «CKaZel-l» (.L\HpeKTOp

B.M. [HHJIHQKHH) Ha 6a3e B03.L\YIllHbIX QHKJIOBC03.L\aHbI
CKOpOMOp03l1JlbHblearrrrapaTbI .L\Jljl3aMOpa)l(HBaHHjI pbI6bI

H pbI6onpO.L\yKToB (PHC. 9), KOTopble rrpOIllJIH rrpOMbIIllJIeH-
Hble HcnbITaHI151. AnrrapaTbl o6ecne4HBaIOT YHI1KaJIbHOe

Puc.9.
CKOPOMOP03UJlbHbiU
annapam Ha 6Q3e
myp6oeo3aYUlHOU
XOJlOaUJlbHOU
MaUlUHbl
(¢UpMbl «Typ6o-
pe¢pu:JICepamop» U
«CKa;:eH»)

Ka4eCTBO rrp0.L\YKQHH, rrOCKOJIbKYHa4aJIbHa}! TeMrrepaTy-
pa XOJlO.L\HoroB03.L\YXaB KaMepe COCTaBMJla-100 ... -120 0c.
3Ty TeXHOJIOrHIO CJIe.L\yeT peKOMeH.L\OBaTb .L\JI}! 60JIee

Illl1pOKOrO npHMeHeHH}!. IIpaKTH4ecKl1 OHa OKa3aJIaCb B

5 - 6 pa3 60Jlee 3KOHOMH4HOH no cpaBHeHI1IO C CI1CTeMa-
MH, pa60TalOIlJ,HMH Ha )I(H.L\KOMa30Te, H B 1,5 - 2 pa3a

60JIee 3KOHOMH4HOH (BCJIe.L\CTBHeYBeJII14eHI1}! CKOpOCTI1

3aMOpa)l(HBaHHjI) rro cpaBHeHHIO C <ppeoHoBbIMH CKOpOMO-
P03HJlbHbIMH yCTaHoBKaMH.

AKTI1BHO pa60TaeT 3AO «Ocmpoe» (reHepaJlbHbIH .L\11-

peKTop E.K. YPa30B). KOMrraHH}! 6blJla C03.L\aHaB 1994 r.

CerO.L\H}! «OCrpOB» - 3TO 60Jlee 10 TbIC. M2 rrp0I13BO.L\-

CTBeHHblX rrJIOIlJ,a.L\eH,rrpoeKTHo-KoHcTpyKTopcKoe 6IOPO,
OCHaIlJ,eHHOeCOBpeMeHHbIMH CHCTeMaMH aBToMaTH3Hpo-

BaHHoro rrpoeKTHpOBaHHjI (AutoCAD 2002, Pro Engineer
Wildfire), co6cTBeHHa}! HCrrbITaTeJIbHa}! 6a3a .L\JI}!oTpa-

60TKH rrpOH3BO.L\HMbIX CHCTeM H npoBepKH xapaKTepl1C-
THK 3aKyrraeMblx H H3rOTOBJI}!eMbIX KOMnOHeHTOB. CTa-
6HJlbHylO H yCTOH4HBYlO pa60Ty rrpe.L\npHjlTH}! o6ecrre4H-

BalOT 60JIee 500 COTPY.L\HHKOBrOJIOBHOrO o<pl1ca I1 11 Tex-

HHKo-KoMMep4ecKHx QeHTpOB no BceH CTpaHe. KOMrraHH-

eH pa3pa60TaH THrrOBOH P}!.L\ TpaHcnopTHbIX yCTaHoBOK I1

CI1CTeMKOH.L\HQHOHHpOBaHHjIB03.L\yxa xOJIO.L\OrrpOH3BO.L\H-
TeJlbHOCTblO OT 2 .L\O30 KBT .L\Jl}!Ka6l1H MaWI1HHCTOBJIO-

KOMOTHBOBH 3JleKTpOrrOe3.L\OB,naCCa)l(HpCKHX )I(eJIe3HO-
.L\0P0)l(HbIX BarOHOB H BarOHOB-peCTopaHOB. B HaCTO}!IlJ,ee

BpeM}! 60JIbIllHHCTBO HOBbIX OTe4eCTBeHHblX rraCCa)l(Hp-

CKHX BarOHOB OCHaIlJ,eHOCepl1HHO BblIIYCKaeMbIMH B 3AO
«OCTpOB» yCTaHoBKaMH KOH.L\I1QHOHHpOBaHH}!B03.L\yxa

YKB-31 xOJIO.L\OrrpOH3BO.L\HTeJlbHOCTbIO28 KBT (pl1c. 10).

Ha4aTo cepHHHoe rrpOH3BO.L\CTBOyCTaHoBoK YKB-4,5 xo-

JIo.L\Orrp0I13BO.L\HTeJIbHOCTblO4,5 KBT .L\JI}!Ka6HH MaIllHHH-

CTOB 3JIeKTpOrrOe3.L\OB.IIpoxo.L\}!T KOMrrJIeKCHble HCrrbITa-

HH}! B COCTaBe BaroHoB-pecTopaHoB CHCTeMbl KOH.L\HQHO-
HHpOBaHH}! B03.L\yxa CKB-26 xOJIO.L\OrrpOH3BO.L\HTeJIbHOC-

TbIO 26 KBT. ~JI}! .L\OOCHaIlJ,eHH}!BarOHOB THrra RIC, rrpo-
XO.L\}!IlJ,HXKarrHTaJIbHO-BOCCTaHOBHTeJlbHbIH peMOHT, pa3-

pa6oTaHa, H3rOTOBJIeHa H rrepe.L\aHa .L\Jl}!HClIblTaHHH yCTa-
HOBKa KOH.L\HQHoHHpOBaHHjIB03.L\yxa YKB-31-PHl..( XOJlO-

.L\OIIPOH3BO.L\HTeJIbHOCTblO22 KBT.

Pa3pa60TaH P}!.L\ KOMMep4eCKl1X H npOMblWJleHHblX xo-

JlO.L\HJIbHbIXyCTaHoBoK H CHCTeM xOJIo.L\Orrp0I13BO.L\HTeJlb-

HOCTbIO OT 3 KBT .L\O3 MBT. C HCrrOJIb30BaHlieM JIY4Wl1X
OTe4eCTBeHHblX H 3apy6e)l(Hblx KOMIIJIeKTyIOIlJ,HXH3.L\eJIHH

Be.L\eTC}!cepHHHoe IIPOH3BO.L\CTBOXOJIO.L\HJIbHOHTeXHHKI1,

Puc. 10. )f(eJle3HOaOpO:JICHbIU KOHaUU,uoHep
(3AO «Ocmpoe»)



OTBe'lalOlI(eM CaMbiM BbiCOKHM MHPOBbiM CTaH~apTaM.

ITpHMeH51eMbie TeXHOnOrl1lI C60pKH H 3aBO~CKHX HCrrbITa-

HHM B p51~e cnyLJaeB nY'lllle TeXHOnOrIIM, Hcrronb3yeMblx

Ha aHallOrH'lHbiX 3apy6e)KHbIX rrpe~rrpH51TH51X.

06beM BbIIIycKa XOnO~HnbHbiX arperaTOB H CHCTeM

pa3nH'lHOM rrpOH3BO~HTenbHOCTH ~n51 HCrrOnb30BaHH51 B

06naCTll Cpe~HHX (+5... -5 DC) H H1l3KHX (-18 ... -40 DC)

TeMrrepaTyp y)Ke rrpeBbilliaeT 2000 e~. B ro~.

B MocKoecKoM 3I-lepZemU'-leCKOM ul-lcmumyme (peKTop

E.B.AMeTHcToB) pa3pa6OTaH BrrepBble e~HHbIM YHHBep-

CallbHbIM Mo~ynbHbIM anropHTM, rr03BOn511OlI(HM rrpoBo~HTb

aHallH3 cnO)J(HbiX BaKyyMHblx CHCTeM C y'leTOM o~HoBpe-

MeHHoro pa3MelI(eHH51 B Mo~enHpyeMoM cTpyKType MHO-

)KeCTBeHHblX pacrrpe~eneHHblx HCTO'lHHKOB H CTOKOB ra3a

pa3nH'lHblX THnOB, HanH'lH51 B Mo~enHpyeMoM CHCTeMe

CHJlbHbiX TeMneparypHblx nepeKocoB H HeCTaIl,HOHapHoc-

TH npOTeKalOlI(HX npOIl,eCCOB, a TaK)Ke B3aHMHoro BJlII51-

HH51 3THX cPaKTopOB ~pyr Ha ~pyra. C Hcnonb30BaHHeM

~aHHoro anropHTMa BnepBble pellieH P51~ aKTyaJlbHbIX

npaKTHLJeCKHX II IICCJJe~OBaTenbCKIIX 3a~aLJ. B 'laCTHO-

CTlI, BbIIlOJlHeHbi KOMnJleKCHbIM aHanH3 CIICTeMbi OTKa'lH-

BaHH51npO~YKTOB peaKIl,HH TepM051~epHOro CllHTe3a, aHa-

JllI3 BnII51HH51MIIKpOCTpyKTypbI (lliepOXOBaTOCTb, 3epHIIC-

TOCTb) peallbHOM nOBepXHOCTII Ha ee IIHTerpallbHbie xa-

paKTepHCTHKH H ~pyrHe np06neMbI. BnepBble pa3pa6o-

TaH II peaJJ1l30BaH YHHBepCaJlbHbIM nporpaMMHbIM KOMn-

neKC, n03BOJl511OlI(HM npoeKTHpOBlI(HKy 6e3 CneIl,HallbHOM

no~rOTOBKH caMOCT051TeJJbHO npOBO~IITb KOMnneKCHbIM

aHanH3 CJlO)KHbiX KpIIoBaKyyMHbIX CHCTeM. C03~aHHbIM

nporpaMMHbIM KOMnneKC HMeeT Mo~ynbHYlO KOHCTpyKIl,HlO

npaKTII'leCKH C HeOrpaHHLJeHHbIMH B03MO)KHOCT51MH ~O-

nOnHeHH51. Pa3pa60TaHa MeTO~IIKa paC'leTa xapaKTepHC-

THK yCTpOMCTB ceneKTHBHoro OTKa'lIIBaHH51 C y'leTOM BnH-

5lHH5106pa3ylOlI(erOC51 KpHOCn051. ITOJlY'leHHbIM aJJropHTM

n03BOJJ51eT MO~eJlHpOBaTb nOMHMO KpHocnoeB cPOPMHPO-

BaHIIe pa3JJHLJHblX nOKpbITHM B 06JJaCTH BbiCOKoro BaKy-

YMa. OCylI(eCTBneHbI MO~eJlIIpOBaHHe H aHalll13 CTPyKTy-

pbI KPHOCJl051Ha MHKpoypoBHe C HCnOJlb30BaHHeM 3neMeH-

TOB cPpaKTallbHOM reOMeTpHI1. ,I:(n51KpHoBaKyyMHoM Tex-

HHKH cPpaKTallbHbiM POCT HMeeT 60nbilloe 3Ha'leHHe npH

H3yLJeHHH npoIl,eCca ~ecy6nHMaIl,HH napOra30BOM cPa3bI Ha

TBep~bIX Tenax (KpHonaHenH HaCOCOB II nOByllIeK, KpHO-

reHHble Tpy6onpoBO~bI). 06pa3ylOlI(HMC51 KpHocnOM MO-

)KeT cylI(eCTBeHHO II3MeH51Tb pe)KHM pa60TbI 3THX YC-

TaHOBOK, HapYllIa51 HX paCLJeTHOe cPyHKIl,HOHHpOBaHHe.

C Hcnonb30BaHHeM MeTO~OB 30H~OBOM MHKpOCKonHH

BbIIlOJlHeH Il,HKn Hccne~OBaHHM no BnH51HIIlO TpHTHpOBaH-

HOM aTMOCcPePbI Ha TonorpacPHlO nOBepXHOCTH aKTIIBH-

pOBaHHbIX yrneM, Hcnonb3yeMbix B Ka'leCTBe cop6eH-

TOB B YCTaHOBKax ynpaBn51eMOrO TepM051~epHOro CHH-

Te3a.

B MOCKoeCKOM zocydapcmeel-ll-lOM yl-lueepcumeme
ul-lJICel-lepl-lou 3KOflOZUU - MrYJ13 (peKTOp M.B. reHe-

panOB) Be~YTC51 HCCJle~OBaTeJlbCKHe pa60TbI rro C03~a-

HHlO TennOHaCOCHbIX yCTaHoBoK (THY), pa60TalOlI(HX Ha

~HOKCH~e yrnepo~a (C02, R744) B KaLJeCTBe pa60'lero

BelI(eCTBa. 3TO npHpo~Hoe, 6e30nacHoe H ~ellIeBoe pa6o-

'lee BelI(eCTBO 06na~aeT P51~OM YHHKanbHbIX CBOMCTB, KO-

Topble MoryT 6bITb Hcnonb30BaHbI rrpH C03~aHHH BbICOKO-

3cPcPeKTIIBHbIX TennOBblX HaCOCOB (TH), a HMeHHO:

• BblCOKHe K03cPcPHIl,HeHTbI npe06pa30BaHH51 ~OCTHralOT-

C51npH onTHMaJJbHOM IIcnonb30BaHHII ~n51 HarpeBa Tenno-

HOCIITen51 B BbICOKOTeMrrepaTypHbIX npOIl,eCcax TepMO~H-

HaMH'leCKOrO Il,HKJla B Ha~KpHTHLJeCKOM 06nacTH;

• HH3KIIM 06beMHbIM pacxo~ ~HOKCH~a yrnepo~a Ha e~H-

HHIl,y TennOBOM 3HeprHH (K,I:()K/M3) H BblCOKHe K03cPcPHIl,H-

eHTbI TennOOT~a'lH B OCHOBHbIX Tenno06MeHHblx annapa-

Tax cnoc06cTBylOT CHH)KeHHlO MaCCbI H ra6apHTHbIX pa3-

MepOB 060pY~OBaHH51. 3TH cPaKTOPbI rr03BOn51lOT C03~a-

BaTb TH TennonpoH3Bo~HTenbHocTblO 50 MBT H 60nee B

O~HOM arperaTe;

• Manoe OTHOllIeHHe ~aBneHHM B TepMo~HHaMH'leCKOM

Il,HKne TennOBoro Hacoca, pa60TalOlI(erO Ha CO2, C03~aeT

6narOnpH51THble ycnOBII51 ~n51 3cPcPeKTHBHOM pa60Tbl KOM-

rrpeccopOB (oc06eHHO Il,eHTpo6e)KHbIX, B KpynHblx TH);

• B03MO)KHOCTb HCnOJlb30BaHII51 B THY 60nbilloM e~II-

HII'lHOM MOlI(HOCTH BMeCTO ~pocceJJ51 pacllIHpIITenbHoM

MallIHHbI (~eTaH~epa) ~ononHHTenbHO nOBbilliaeT HX 3Hep-

reTH'lecKYlO 3cPcPeKTHBHoCTb.

K HaCT051lI(eMy BpeMeHH pa3pa60TaHa TeOpeTII'leC-

Ka51 'laCTb paC'leTa cBepXKpHTH'leCKHX Il,HKJlOB II Ten-

no06MeHHblx annapaToB. C03~aH H Hccne~OBaH MaKeT-

HbIM 06pa3eIl, THY Ha R744, pa3pa6OTaHa TeXHH'leC-

Ka51 ~oKYMeHTaIl,H51 OnbITHOrO 06pa3Il,a THY TennoBoM

MOlI(HOCTblO 20 KBT ~n51 TenJlOCHa6)KeHH51 H rop51'lero

BO~OCHa6)KeHH51 IIH~HBH~yaJlbHOrO ~OMa, KOTOpbIM 6y-

~eT H3rOTOBneH H HCnbITaH B TeKyU\eM ro~y. Ha'laTa

pa3pa60TKa 3CKH3Horo npoeKTa THY TennoBoM MOlIJ,-

HOCTblO 50 MBT.

C03~aH MaKeTHbIM 06pa3eIl, TennOBoro Hacoca TenJlO-

BOM MOlI(HOCTblO OKOJlO 6 KBT, xapaKTepHcTHKll KOToporo

llccne~OBaHbl npll pa60Te Ha R22. B 3TOM MallIIIHe HC-

nonb30BaHbi Tennoo6MeHHble annapaTbI OpIIrIIHallbHOM KOH-

CTPYKIJ,llll CTpy6KaMll, ope6peHHbIMII no TeXHonorIIII, npe~-

nO)KeHHOM B MrTY HM. H.3. BayMaHa.

COBMeCTHO C cepTllcPHKaIl,HOHHbiM Il,eHTPoM «HACTXOJI»

C03~aHO llCnbITaTeJJbHOe CTeH~OBoe 060py~oBaHlle II npo-

Be~eHO Hccne~OBaHlle CllCTeM oXJla)K~eHll.5l ~BYXKaMep-

Horo 6bITOBOrO XOJlO~llnbHHKa Ha pa3nIILJHbIX XJla~areH-

Tax. ITo~TBep)K~eHO 3Ha'lllTenbHoe nOBbIllIeHHe 3Hepre-

Tll'leCKOM 3cPcPeKTllBHQCTll 6bITOBblX XOnO~llJlbHllKOB npII

HCnOJlb30BaHIIH 3eOTponHbIX CMeceBbIX XJla~areHTOB C

BbICOKOM HeH30TepMH'lHOCTblO npOIl,eCCOB cPa30BbiX npe-

BpalI(eHllM.

Pa3pa6aTbIBalOTC51 CHCTeMbI BaKyyMHo-HcnapIITenbHoro

OXna)K~eHll51 C rrpIIMeHeHlleM BO~bI B Ka'leCTBe pa60'lero

BelI(eCTBa II BaKyyMHoM reHepaIl,llll BO~Horo nb~a. C03~aH

BaKYYMHO-HcnapllTenbHbIM MonOKooxna~HTeJlb ~Jl5l MOnO'l-

HbIX cPepM, OXJla~alOlI(llM OT 30 ~o 4 DC ~O 300 n/'l Mono-

Ka.
COBMecTHo C 3AO «XIIMCHHTe3» (r. KpacHoapMeMcK)

nony'leH HOBbIM 3KOnOrH'leCKll LJIICTbIM xna~OHOCHTenb

«3KOcPPOCT», cnoc06HbIM BbIIlOnH51Tb CBOII cPYHKIl,Hll B ~II-

ana30He TeMnepaTyp +45 ... -90 DC. OH npe~CTaBn51eT



K 1O-nenllo ME}f{,QYHAPO,QHO~ AKA,QEM~~ xonO,QA

Puc. ] I. B03ayumaJl
MalUuHa aM cucmeM
menAOXOJlOaO-
cHa6J1ceHUfi

C060H CMeCh KHCJIOpo,Uco,Uep)l(aIlJ,HX OpraHHqeCKHX Be-

IlJ,eCTB C ,U06aBJIeHHeM aHTHKopp03HOHHoro HHrH6HTopa.

«3KOcPpOCT» npeBOCXO,UHT no CBOHM nOTpe6HTeJIhCKHM

cBoikTBaM Tpa,UHlJ,HOHHhIe XJIa,UOHOCHTeJIH, HMeeT cepTH-

cPHKaT KaqeCTBa H rHrHeHhI. HaJIa)l(eH ero npOMhIllIJIeH-

HhIH BhmYCK.

ITPOBO,U5ITC5I HCCJIe,UOBaHH5I no HCnOJIh30BaHHIO B03,Uy-

xa B KaqeCTBe pa60qero BeIlJ,eCTBa B KOMnpeccopHo-,Ue-

TaH,UepHhIX CHCTeMax TenJIOXOJIO,UOCHa6)1(eHH5I. C03,UaHhI

,UBe MallIHHhI (pHc.11), pa60TaIOIlJ,He OT nHeBMoceTH ,UaB-

JIeHHeM 4 6ap, n03BOJI5IIOIlJ,He nOJIyqHTh XOJIO,UHhIH B03,UYX

C TeMnepaTypoH--40 °c (60 H 120 HM3/q) H rOp5IqHM B03-

,Uyx C TeMnepaTypoH 75°C (60 H 120 HM3/q), xOJIo,Uonpo-

H3BO,UHTeJIhHOCThIO 1,25 (2,5) KBT, TenJIOnpOJ13Bo,UHTeJIh-

HOCThIO 1,1 (2,4) KBT. B arperaTe ,UeTaH,Uep-TopM03Ha5I

B03,Uyxo,UyBKa npHMeHeHhI ra30,UHHaMHqeCKHe nO,UllIHrrHH-

KH. BbICOKa5I QHCTOTa B03,UYllIHhIX nOTOKOB n03BOJI5IeT HC-

nOJIb30BaTh Mawl1HY B mlIlJ,eBOM npOMhlllIJIeHHOCTH, Me-

,UHl.I,HHe H CHCTeMax )l(H3He06ecneQeHH5I.

Pa3pa60TaHa yCTaHoBKa C)I(H)I(eHH5I npHpo,UHoro ra3a

(YCIIr) npoH3Bo,UHTeJIhHOCThIO 12 T/cYT C npHB5I3KOM K ra-

30pacnpe,UeJIHTeJIbHOM CTaHl.I,HH (rpC) 11 HCnOJIb30BaHl1eM

3HeprHl1 C)I(aTOrO ra3a B Marl1cTpaJIhHOM Tpy60npoBo,Ue.

ITpoBe,UeHhl 3KcnepHMeHTaJIhHble I1CCJIe,UOBaHH5I Kp110-

rpaHyJIHpOBaHI15I Ml1Kp06HOJIOrl1QeCKl1X )l(11,UK0cPa3HhIX CI1-

CTeM 11 pa3pa60TaHhI cPH3l1QeCKHe H MaTeMaTHQeCKl1e

Mo,UeJIH np0l.l,ecca.

B MocKoecKoM zocyoapcmeeH.H.OM yH.ueepcumeme
npUluzaoH.ou. 6uomexH.oJlozUU (peKTop H.A. PorOB) BhI-

nOJIHeH p5I,U I1HTepeCHhIX pa60T B 06JIaCTl1 XOJIO,UHJIhHOM

TeXHHKH 11TeXHOJIOrHM. HCCJIe,UoBaHhl rrp0l.l,eCCbI I1Hee06-

pa30BaH115I B 3JIeKTpOKOHBeKTHBHOM B03,UyllIHOM nOTOKe B

llIHpOKOM ,Ul1ana30He 3HaQeHl1M OTHOCI1TeJIhHOH BJIa)l(HOC-

TI1 cpe,Uhl, XOJIO,UI1JIhHOM 06pa60TKl1 ChIpb5I 6HOJIOrI1Qec-

Koro npOHCXO)l(,UeHH5I (M5ICOrrpO,UyKThI, cPPYKThI) C nOMO-

IlJ,hIO 3JIeKTpOKOHBeKl.I,HH; np0l.l,ecc TenJIo06MeHa B B03,UYllI-

HhIX KOH,UeHcaTopax B 3JIeKTpOKOHBeKTHBHoM cpe,Ue. Pa3-

Puc. 12. A30mHbiu mYHHeJlbHblU CKOPOMOP03UAbHbiU
annapam ACTA-3D

pa60TaHa KpHOreHHa5I CI1CTeMa XOJIo,UocHa6)1(eHH5I ra30-

06Pa3HhIM a30TOM ,UJI5IXOJIO,UHJIbHOM 06pa60TKl1 nMIlJ,eBbIX

npo,UyKTOB, peaJIH30BaHHa5I B a30THOM TyHHeJIhHOM CKO-

POMOP03MJIhHOM annapaTe ACTA-30 (PHC. 12). Y)J(e Bbl-

nymeHa npOMbIWJIeHHa5I napTI15I TaKl1X annapaTOB.

***
HeCMOTp5I Ha TO QTO B MOCKOBCKOM perHOHe BhInOJIH5I-

eTC5I p5I,U Ba)l(HbIX, BOCTpe60BaHHbIX pa60T, nepexo,U K

PhlHOQHOM 3KOHOMMKe 6bIJI He 6e360JIe3HeHHb1M. Mhl MHO-

roe nOTep5IJIH, B TOM QHCJIe M OnbITHhIX CnelJ,HaJIMCTOB Bcex

npOcPMJIeM, oc06eHHO Ha KpynHbIx npe,UnpH5ITH5IX. IToTe-

p5IHhl MHorHe Ba)l(HhIe 3apy6e)J(HhIe phlHKM, B TO BpeM5I

KOma Halli c06CTBeHHhIM PblHOK aKTHBHO HCnOJIb3YIOT I1HO-

CTpaHHhIe cPHPMbI. B HeKOTopblX 06JIaCT5IX KpHOJIOrHH 3TO

eCTeCTBeHHO H ,UonycTI1MO. Ho POCCl15I ,UOJI)I(Ha OCTaBaTb-

C5I He3aBl1CHMOM B pa3BI1THI1 CTpaTerHQeCKH Ba)l(HblX 06-

JIaCTeM HallieM HayKI1, M oc06eHHo - B KpHOreHI1Ke! 3,Uecb

HY)l(Hhl rocy,UapcTBeHHhlH no,UXo,U H np5IMa5I no.u.uep)J(Ka

KpyrrHhlX npe,Unpl15ITHM H Hal.l,MOHaJIbHhIX npoeKTOB.

.ll:JI5I paCllIl1peHH5I M yCMJIeHH5I Halliero npl1cyTcTBI1H Ha

phlHKe He06xo,UHMhl HOBhle H,UeH, TeXHOJIOrHH H HH)I(eHep-

HbIe pellIeHH5I 11oc06eHHo BhICOKoe KaQeCTBO H3,UeJIMM. ITo

MoeMy y6e)J(,UeHMIO, aJIbTepHaTHBhl 3TOMy HeT. BbIXO,Uy

Ha HOBhIe pbIHKH, HeCOMHeHHO, 6y,UeT cnoc06cTBoBaTb H

06pa30BaHHe e.uI1HOrO 3KOHOMJ1'-IeCKOrO npocTpaHcTBa Poc-

CHeM, YKpaHHOM, oeJIopyccl1eM 11 Ka3aXCTaHOM. O,UHaKO

6e3 cephe3HbIX HayqHhIx HCCJIe,UOBaHI1M H COOTBeTcTByIO-

IlJ,eM no,UrOTOBKH BbICOKOKBaJIMcPl1l.1,l1pOBaHHhIX Cnel.l,HaJIH-

CTOB B Be'uyIlJ,HX By3ax 3Ta 3a,UaQa He pa3pelliMMa.

Onblm YUleoUlezo oeC51mUJlemU51 nOKa3aJl, '-lmo uoe51
nO'-lemH.OZOaKaoeMUKa - OCH.oeameJl5l MAX, o-pa mexH..

H.ayK, nporjJeccopa Hzop51 HZH.ambeeU'-la Opexoea 06

OpZaH.U3a/fUU MeJICoyH.apooH.ou. aKaoeMuu XOJlooa OKa-

3aJlaCb pe3YJlbmamUeH.0u.. J{yMalO, '-lmo e 6yoyZ14eM ee
POJlb e pa3eumUU KpUOJlOZUU 6yoem, H.eCOMH.eH.H.O,YCU-

JlUeambC51.
B 3aKJlIO'-leflUe XO'-lemC51 n06JlazOOapumb MOUX KOJl-

Jlez: nporjJeccopoe A.B. EymopuH.y, E. C. Ea6aKufla,
E.A. HeaH.oea, H.M. KaJlH.uH.51, C.E. Hecmepoea,
H.A. ArjJaH.acbeea, etJ.M. ll03eOH.KOea, E.T. CaeeJlbeea,
A.J1. CMOpOOUH.a, OM. TazaH./feea 3a OUCKyCCUIOU no-
MOUfb e noozomoeKe MamepUQJloe OJl5l3mOu. ny6JlUKa/fUu.


