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Total cryotherapeutic influence (TCI) - work process, aimed at the body surface cooling to a temperature close
to -2 ·C. With proper choice of the duration of cooling and cooling gas temperature it is possible to achieve high
efficiency of cryotherapeutic influence. The criterion of such efficiency is the duration of analgesic action (ef-
fective time). Numerical experiments of simulation have shown, that when using the individual scheme the effec-
tive time does not decrease until the duration of start-up period does not exceed 160seconds.
Keywords: krioterapiya, krioterapevticheskyeffect, krioterapevtichesky influence, group krioterapiya, individual krioterapiya.
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BBe,lJ,eHUe

06mee Kpl10TepaneBTJ1'leCKOe B03)],eMCTBl1e

(OKB) - COBpeMeHHbIM MeTo)], BOCCTaHOBI1TeJIbHO-

ro JIe4eHI151, OCHoBaHHbIM Ha I1CnOJIb30BaHl1l1 BbICO-

KOTeXHOJI0f!14HOrO Me)],I1LJ,I1HCKoro 06opy)],OBaHl15I.

C TeXHOJIOrWleCKoM T04Kl1 3peHJ.151 OKB npe)],cTaB-

JI5leT C060M MeTo)], 6bICTpOro nepeOXJIIDK)J,eHl151 no-

BepXHOCTI1 TeJIa )],0 YMepeHHO HI13Kl1X TeMrrepaTyp.

I1crrOJIb30BaHI1e Kpl10reHHOro ra3a B Ka4eCTBe Terr-

JIOOTBO)],5Imeti cpe)],bI (TerrJIOHOCI1TeJI5l) 06eCrre'-lI1BaeT

BbICOKYIO nJIOTHOCTb oTBo)],a TerrJIOTbI (3-6 KBT/M3).

oe30naCHOCTb naLJ,l1eHTa (06beKTa 0 KB) )],OCTl1raeTC5I

3a C4eT OrpaHl14eHI15I npo)],O.JDlG1TeJIbHOCTI1 npouecca

OXJIIDK)J,eHI151. MaKCI1MaJIbHa5I 3KCn0311UI151 KOHTaK-

Ta C Kpl10reHHbIM TenJIOHOCI1TeJIeM He npeBbIlliaeT

3 MI1H.

B ny6JI11 KaLJ,I15IX, Onl1CbIBalOml1X npOLJ,eCC pea-

JI113aLJ,1111OKB [1, 2], OCHOBHoe BHI1MBHl1e y)],eJI5leTC5I

TeMnepaType TenJIOHOCI1TeJI5l, KOTOpa5I B pa3HbIX I1C-

TO'-lHI1KaX Bapbl1pyeTC5I OT 90)],0 190 K.

B CI16fYHI1I1T 6bIJIl1 BbIfIOJIHeHbI I1CCJIe)],OBa-

HI151 no BbI60py 11 060CHOBaHl1lO OCHOBHbIX TeXHO-

JI0f!14eCKI1X napaMeTpOB OKB: TeMrrepaTypbI TenJIO-

HOCI1TeJI5I 11 npo)],O.JDlG1TeJIbHOCTI1 OXJIIDK)J,eHI15I [3].

I1oKa3aHo, 4TO MaKCI1MaJIbHbIM 3cj:>cj:>eKT11npo)],o.JDlG1-

TeJIbHOCTb aHaJIbreTI14eCKOro )],eMCTBI15I )],OCTl1raIOTC5I

npl1 TeMnepaType TenJIOHOCI1TeJI5I L40 K. 3KCn0311-

LJ,115IOXJIIDK)J,eHI151COCTaBJI5leT B 3TOM CJIy'-lae L65 C [4].

I10JIYlleHHble pe3YJIbTaTbI COOTBeTcTBylOT l1)],eaJIbHbIM

YCJIOBI15IM peaJIl13aLJ,11110 KB npl1 nOCT05IHCTBe TeMrre-

paTypbI TenJIOHOCI1TeJI51 B TelleHl1e BceM npOLJ,e)],ypbI:

o <'t<'tmax' J; = const.

B )],eticTBI1TeJIbHOCTI1 06ecne411Tb nOCT05IHCTBO

TeMnepaTypbI ra3a B Te'-leHl1e Bceti npOLJ,e)],ypbI He-

B03MO)I(H0. B MOMeHT Bxo)],a naLJ,l1eHTOB B 30Hy OKB

113-3a KOHBeKTI1BHOrO nepeMemeHI15I nepBI1'-1HOM

aTMoccj:>epbI B CMe)I(HbIM 06beM, npOI1CXO)],I1T nOBbI-

llIeHl1e TeMnepaTypbI ra3a. 06beM Ka6l1HbI - I1C-

rrOJIHI1TeJIbHOrO yCTpoticTBa Kp110TeparreBTI1'-1eCKOrO

KOMrrJIeKCa - 3arrOJIH5IeTC5I 60JIee TenJIbIM ra30M,

'-ITO OKa3blBaeT cyILJ,eCTBeHHoe BJIl15IHl1e Ha rrpOLJ,eCCbI,

npOTeKalOml1e B 06beKTe OKB. CTerreHb nOBblllIeHl15I

TeMrrepaTypbI TerrJIOHOCI1TeJI5I B 30He npOBe)],eHl15I

oKB 3aBl1CI1T OT KOHCTPYKLJ,1111Kp110TeparreBT114eCKO-

ro KOMrrJIeKCa (KTK). CyILJ,eCTByeT )],Ba KJIacca KTK:

O)],HOMeCTHble (11H)],I1BI1)],YaJIbHble) (I1KTK) 11 MHOro-

MeCTHble (rpynrroBble) (fKTK) [5].

Ka6l1Ha I1KTK OT)],eJIeHa OT OKp)')KalOILJ,eM cpe-

)],bI TOJIbKO BXO)],HbIM JIIOKOM, n03TOMY B MOMeHT BXO-

)],a rraLJ,l1eHTa TeMrreparypa B 30He 0 KB nOBbIlIIaeTC5I

)],0 ypOBH5I 280-290 K.

B fKTK Hl13KOTeMnepaTypHa51 Ka611Ha OT)],eJIeHa

OT oKpy)((alOmeti cpe)],bI O)],HI1M I1JII1 )],ByM5I IlIJIlO3aMl1

[4,5], KOTopble )],OJI)l(HbI rrperr5ITCTBOBaTb npOHI1KHO-

BeHl110 aTMoccj:>epHoro B03)],yxa B 30Hy OKB. I1aLJ,l1eH-

TbI npOXO)],51T B 30Hy OKB CKB03b lllJIlO3bl, B KOTOpbIX

TeMrrepaTypa BbIllIe, '-IeM B OCHOBHOti Ka611He. OXJIa)((-

)],eHl1e 06beKTa OKB B rpyrrnoBoM KTK npe)],CTaBJI5leT

C060M CJIO)I(HYlO rrOCJIe)],OBaTeJIbHOCTb CMeHbI TeMrre-

paTypbI TenJIOHOCI1TeJI5l, liTO HeI136e)((HO CKa3bIBa-

eTC5I Ha )],OCTl1raeMbIX pe3YJIbTaTax. TaKI1M 06pa30M,

Ha rrpaKTI1Ke OKB peaJIl13yeTC5I B pa3HbIX KTK, KOTO-

pble OTJII14aIOTC5I cxeMOM peaJIl13aLJ,1111 Kpl10TeparreB-

TI14eCKOro B03)],eticTBl15I.

B 3aBl1Cl1MOCTl1 OT KOHCTPYKLJ,1111 KTK MO)I(HO

BbI)],eJII1Tb )],Be OCHOBHble cxeMbI peaJIl13aLJ,1-1I1 OKS:

I1H)],I1BI1)],YaJIbHYlO 11 rpyrrnOBYlO, KOTopble pa3JII1-

'-IaIOTC5I rpacj:>I1KOM 113MeHeHl15I TeMrrepaTypbI ra3a,

B03)],eMCTBYlOILJ,erO Ha nOBepXHOCTb TeJIa rraLJ,l1eHTa.

XapaKTep 113MeHeHI15I TeMrrepaTypbI TenJIOHOCI1TeJI5I

BO BpeM5I ceaHca OKB B rpyrrrroBoM 11I1H)],I1BI1)],yaJIb-

HOM KTK rr05lCH5IeTC5I rpacj:>I1KaMI1, np"Be)],eHHbIMI

Ha PI1C. 1.

fpacj:>I1K nOCTpoeH I1CXO)],5I 113 npe)],nOJIO)((eHI15I

o TOM, liTO OrrTI1MI13aLJ,l15I TeMnepaTypbI ra3a B 30He

oKB COCTaBJI5IeT 140 K. ,l],JI5I HarJI5I)],HOCTI1, Kpl1Ba5I



:.: 300

"c.
;>-. 280..
"c.
"" 260:1
"...

240

220

200

180

160

140

120

100

o.

PUC. 1. rparjJuK U3MeifeHUfl meMnepamypbl menIlOHOCUmeIlJl,
e03aeucmeYLOUje2o Ha noeepXHocmb mella npu pa3HblX cxeMax

peallu3au,uu OKS

TeMnepaTypbI WHI rKTK cMeLUeH BBepx (T= 145 K),
a Kpl1Ba51WHI l1KTK - BHH3 (T= 135 K). ,l],eHcTBH-

TeJTbHble3Hal.JeHH5IOnTHMaJTbHOHTeMrrepaTypbl npe,D,-
CTOI1Tonpe,D,eJTI1TbB l.JHCJTeHHOM3KCnep11MeHTe.

CxeMa npOBe,D,eHI15I0 KB BI1H,D,J1BH,D,YaJTbHOMKTK

(CM. PI1C. 1) COCTOI1T113Tpex 3TarrOB: BXO,D,B I1CnOJTHH-

TeJTbHOeyCTpOHCTBO - 3Tarr A, 3Kcn0311UH5I 06beKTa

B I1CnOJTHHTeJTbHOMyCTpoi1cTBe - 3Tarr B H BbIXO,D,

113I1CnOJTHI1TeJTbHOrOyCTpoi1cTBa - 3Tan C.
KaK BI1,D,HO113rpacPl1Ka, Ha nepBOM 11nOCJTe,D,HeM

3Tanax TeMnepaTypa TenJTOHOCI1TeJT51HH)I(e 290 K, no-
3TOMy 06beKT nO,D,BepraeTC5I OXJT3)I(,LI,eHHlO.O,D,HaKO

I1HTeHCI1BHOCTb OXJT3)I(,LI,eHH5IHl1)I(e, l.JeM npH onTH-

MaJTbHOti TeMnepaType (T= 140 K), rr03TOMY o6ll.1,a5I
np0,D,OJT)l(HTeJThHOCTbceaHca OKB MO)J(eT6bITh 60JTh-
we paCl.JeTHoi1:

't= 'tA + 't8 +'tc > 'tT=col1st

0p0,D,0JT)J(J1TeJTbHOCTh3Tana A 3aBHCI1TOT3Hepro-

Boopy)J(eHHOCTI1 CI1CTeMbl KpI10CTaTHpOBaHH5I l1KTK

11pacxo,D,aTenJTOHOCI1TeJT5ll.Jepe306beM HCrrOJTHI1TeJTh-

Horo yCTpoi1cTBa (l1Y). Ha npaKTHKe BpeM5I BbIXO,D,a

l1KTK Ha pa60l.JHH pe)J(J1MCOCTaBJT5IeTHe MeHee 15 c.
0P0,D,OJT)l(I1TeJTbHOCTb3Tarra C onpe,D,eJT5leTCSI06b-

eMOM Ka611Hbl 11Cel.JeHl1eM ,D,BepeH. 06hIl.JHOe BpeM5I

BbIXO,D,anaUl1eHTa 11306beMa HY He npeBhlwaeT 5 c.

OnTHMaJThHaSI 3KCn03HUI15I 06beKTa B yCTaHo-

BI1BWeMCSITeMnepaTypHoM pe)J(J1Me MO)J(eT6hITh orr-

pe,D,eJTeHaB paMKax l.JHCJTeHHoro3KCnep11MeHTa.

CxeMa OKB B rpynrroBoM KTK rOpa3,D,OCJTO)I(Hee

(CM. PI1C. 1), TaK KaK TeMnepaTypa CHl1)I(aeTC5Ino Mepe
nepeMeLUeHI1SI 06beKTa 113OKpy)J(alOLUei1Cpe,D,hlB30Hy

OKB H o6paTHo.
Ha Pl1c. 1 npl1Be,D,eH rpacPHK H3MeHeHI15I TeMne-

paTyphI OXJTa)J(,LI,alOLUeror33a rrpl1 ,D,Bl1)I(eHHHo6beKTa

OKB no nOJTOCT5IM,D,ByxKaMepHoro fKTK [5]. TeM-

nepaTypa B OCHOBHOi1 Ka6l1He T
K

= 145 K, B lllJT103e
Tw = 210 K. Bxo,LI, naUHeHTOB B lllJT103, corrpoBo)J(-

,D,aeTCSI 3anOJTHeHHeM 06beMa lllJT103a aTMoccPep-

HblM B03,LI,yxOM Tw -290K. ITocJTe 3aKpblTI151 ,LI,Bepei1

rrpOHCXO,D,HTrrOCTeneHHoe CHl1)I(eHl1e TeMnepaTyphI

B03,D,yxa B o6beMe lllJT103a,LI,OypOBH5I 210 K (3Tan I).
ITpHHHMaeM np0,LI,0JT)J(J1TeJTbHOCTb BOCCTaHOBJTe-

HI1SITeMnepaTYphI B 06beMe lllJT103a paBHoHTI = 30 c .
Ha 3Tarre IInp0,LI,0JT)J(J1TeJTbHOCThlOTII = 30 c, naUl1eH-

TOB Bhl,D,ep)J(J1BalOTB WJT103enpH TeMnepaType 210 K.

ITPH nepeXO,D,e113WJT103aB Ka6HHy, 3Tan III, npol1c-
XO,D,HTCMeweHHe 60JTee XOJTO,D,HOroB03,D,yxa Ka611Hhi

C OTHOCI1TeJTbHOTenJThIM B03,LI,yxOMlllJT103a, B pe3yJIb-

TaTe B 06eHX nOJTOCTSIXYCTaHaBJTI1BaeTC5ICpe,D,HSI5I

TeMrrepaTypa: t = 0,5(Tw + T
K

). ITpO,D,OJT)l(J1TeJTbHOCTh

nepeXO,LI,aTill = 10 c. IIocJIe rrepeKphITJ151 ,LI,Bepeti Me)J(-

,LI,yKa6HHoH H lllJT1030M Hal.JHHaeTC5I::nan IV - BOC-

CTaHOBJTeHl1e HOMHHaJTbHOH TeMnepaTyphI Ka611Hhi.
ITp0,LI,OJT)I(HTeJThHOCTb3Tana IV B 06LUeM CJTYl.Jae3aBI1-

CI1T OT 3HeproBoopy)J(eHHOCTI1 fKTK [4]11 TenJIOBOH
I1HepUHI1 Ka6HHhI.

IIpHHHMaeM np0,D,0JT)J(J1TeJThHOCThBhlpaBHHBa-

HI15ITeMnepaTypbI paBHoHTlv = 30 c. BpeMSI KOHTaKTa

nOBepXHOCTI1 TeJTaC ra30M, I1MelOLUI1MOnTI1MaJTbHYlO

TeMnepaTypy - 3Tarr V - 3aBHCHT OT 3Hal.JeHI1SITeM-

nepaTyphl B Ka6HHe H 3aTpaT BpeMeHI1 Ha nepeMe-
LUeHI15I06beKTa no nOJTOCT5IMfKTK. ,l],mlTeJTbHOCTb

3Tana V (Tv) MO)I(HO onpe,LI,eJTI1TbTOJIbKO B pe3YJIbTaTe
3KCrrep11MeHTa. 3Tan VI npe,LI,CTaBJT5IeTc060tl nepexo,LI,

naUl1eHTOB 113Ka611Hbi B lllJT103. ITp0,D,0JT)J(J1TeJIbHOCTb

3Tana TVI = 10 c. TeMnepaTYpa ra3a B MOMeHT nepe-
XO,LI,a113Ka611Hbi B WJI103 onpe,LI,eJT5IeTC5IKaK Cpe,LI,Hee

3Hal.JeHl1e Me)J(,D,y3Hal.JeHI15IMH TeMnepaTypbI B03,D,yxa

B CMe)I(HbIX 06beMaX,LI,0 OTKPblTI1SI,D,Bepei1:

t = 0,5(Tw + TK).

3Tan VII npe,D,CTaBJT5IeTC060H TeXHOJTOrHl.JeCKHH

nepephIB Me)J(,Ll,y3aKpblTHeM ,D,Bepeti B Ka611Hy 11BbIXO-
,D,OM113lllJT103a, np0,D,OJT)I(HTeJIbHOCTb3Tana TV11 = 10 C.

3Tan VIII - BbLXO,D,rraUHeHTOB 113lllJT103a B OKpy)J(a-
lOLUYIO cpe,D,y. ITp0,D,OJT)I(HTeJTbHOCTb3Tana VIII co-

CTaBJT5IeTTVI11 = 10 c, 3a 3TO BpeM5I TeMnepaTypa ra3a
B 06beMe WJT103anOBhIUIaeTCSI C 210,D,0 290 K.

ITpO,D,OJT)J(J1TeJThHOCThBcrrOMOraTeJTbHbIX 3TanOB

OKB B rpynnoBoM KTK ,D,OCTl1raeT 130 c, n03TOMY

MHTeJThHOCTb KOHTaKTa nOBepXHOCTH TeJIa C ra30M,

I1MelOLUI1MOnTI1MaJTbHYIOTeMrrepaTypy (V -ro) 3Ha';ll1-
TeJTbHO MeHbllle, l.JeM B I1H,LI,I1BI1,LI,YaJTbHbIXKTK. ITa-

Ul1eHTbl ,D,OJT)I(HbInpeO,LI,OJIeTbBce 3Tanbl rpynnoBoro

KpHOTeparreBTI1l.JeCKOrO B03,LI,eHCTBI15I6e3 HapyweHI151

yCJTOBI1i1 rHrrOTepMHl.JeCKOH 6e30nacHocTI1, n03TO-
My ,LI,OrrycTI1Ma5Irrp0,LI,0JT)l(J1TeJTbHOCTb3Tana V MO)J(eT

6bITb onpe,LI,eJTeHaTOJIbKO B XO,D,el.JI1CJTeHHoro3Kcne-

pl1MeHTa.
,l],JI5IoueHKH BJTI151HJ151cxeMbl KpI10TepaneBTI1l.JeC-

Koro B03,D,ei1cTBI15IHa ,D,OCTl1raeMhli1 cPl13110TepaneB-

TI1l.feCKMH pe3YJTbTaT116e30rraCHOCTh rraUHeHTa 6bIJIO

BbIITOJTHeHO,D,BecepHH 3KcrrepHMeHTOB.

B nepBOH Cepl1l1 6hIJTI1 I1CCJIe,D,OBaHbIBapl1aH-
Tbl pa60Thi l1KTK C pa3Hoi1 np0,LI,0JT)J(J1TeJTbHOCTblO

nycKoBoro nepl10,LI,a (3Tan A), BpeM5I BbIXO,D,aHa yc-

TaHOBI1BUII1HCSI TeMrrepaTypHbli1 pe)J(J1M COCTaBJT5IJTa
O,D,O 160 c. ITp0,D,OJT)I(HTeJTbHOCTbnycKoBoro nepl10,LI,a

113MeH51JTaCbC lllaroM 20 c.



Ta6/luu,a I
Pe3YJIbTaThI MOiJ,eJIHpOBaHIDI npou;ecca OKB B UH)J,UBlf)JyaJIb-

HOM KTK npu nepeMeHHoH npOiJ,OJDKUTeJIbHOCTU BbIXOiJ,a

Ha peMUM 'tUYCK U HOMUHaJIbHOH TeMnepaTYPe fa3a T..OM =140 K

'TnYCK
"'C

max (=1'0 C tM_)I('oC QKOHB' K.D:lK '1o¢, q

0 159 -2,00 36,21 447 5,42
20 172 -2,00 36,18 448 5,43
40 185 -2,00 36,16 449 5,42
60 197 -2,00 36,14 451 5,43
80 210 -2,00 36,11 452 5,42
100 223 -2,00 36,08 454 5,41
120 236 -2,00 36,05 456 5,41
140 249 -2,00 36,02 458 5,40
160 260 -1,74 36,00 455 3,42

B XO,ll,eYTICfleHHoro 3KCnepl1MeHTa BbIYI1Cfl5IJII1Cb:

,ll,OnycnIMa5I 3KCn031111,115I OXfla)J()l,eHI15I ('tma), 3c):>c):>eK-

TI1BHOe BpeM5I OKB ('1
3
'1'), TeMnepaTypa rrOBepXHOCTl1

06'beKTa OXfla)J()l,eHI15I ~1;=1)' TeMrrepaTypa Ha BHYT-

peHHew rpaHl1l1,e CflO5I )I(J1pOBOW KfleTyaTKl1 (TM_)I()'
TeKYLLJ,a5I nflOTHOCTb TenJIOBOrO rrOTOKa OT 06'beKTa

K Kpl10reHHoMy TenJIOHOCl1TemO (qKOHB) 11 I1HTerpaJ1b-

HbIW OTBO,ll, TenJIOTbI C e,ll,I1Hl1l1,bI nOBepXHOCTl1 (QKOHB)'
Pe3YflbTaTbI 3KCnepl1MeHTa l1JIJ1IOCTPI1PYIOTC5I ,ll,aHHbI-

Ml1 Ta6fl. L, r,ll,e npl1Be,ll,eHbI ,ll,aHHble 0 3Ha'leHI15IX BbI-

YI1CJ15IeMbIX xapaKTepl1CTl1K rrpl1 pa3HOW rrpO,ll,OJI)l(J1-

TeJIbHOCTl1 rrycKoBoro nepI10,ll,a: '1o¢ = f( '1A) , 'tmax = f(~),
QKOHB = f(tJ ,a TalOKe rpac):>I1KOM 'T;=I = f(tJ )l,J15IBapl1-

aHTOB C pa3HOW np0,ll,Ofl)l(J1TeflbHOCTbIO BbIXO,ll,a Ha YC-

TaHOBl1BWI1HC5I TeMnepaTypHbIW pe)l(J1M.

KaK Bl1,ll,HO l13 ,ll,aHHbIX Ta6JI. 1 3aTpaTbI BpeMe-

Hl1 Ha ,ll,OCTIDKeHl1e HOMI1HaJ1bHOrO TeMrrepaTypHo-

ro YPOBH51, He OKa3blBalOT cyureCTBeHHoro BJII15IHI15I

Ha 3c):>c):>eKTI1BHOCTbKTB. IIpl1 YBeJIl1yeHl111 rrpO,ll,Ofl-

)((l1TeflbHOCTl1 nycKoBoro rrepl1o,n:a,n:o 140 C BeJII1YI1Ha

3c):>c):>eKTl1BHOrOBpeMeHI1 OCTaeTC5I 6e3 cyurecTBeHHblx

113MeHeHl1w. TOflbKOBrrOCJIe,ll,HeMBapl1aHTe( '1
3QJ

= 160c)

paCyeTHOe 3Ha'leHl1e 3c):>c):>eKTI1BHOrO BpeMeHI1 OKa3a-

flOCb B L,5 pa3a MeHbwe yeM B ,ll,pyrl1X 3KCnepl1MeH-

Tax.

YBefll1'1eHl1e BpeMeHl1 BbIxo,n:a Ha yCTaHOBI1B-

WI1WC51 pe)((HM KOMrreHcl1pyeTC5I 3a CyeT YBefll1yeHI15I

06Ll1,eH np0,ll,Ofl)l(J1TeflbHOCTI1 0KB. IIpo,n:OJI)((I1TeJIb-

HOCTb OXfla)J()l,eHl15I B03pacTaeT OT 'tm,", =160 C (rrpl1

'1nYCK = 0 c) ,n:o 'tmax = 250 C (npl1 'tnYCK= 140c). He3HaYI1-

TeJIbHOe BflH5IHHe rrpo,n:OJI)l(J1TeJIbHOCTI1 rrycKoBoro

rrepHO,ll,a Ha 3c):>c):>eKTl1BHOCTb OKB 06'b5ICH5IeTC5I TeM,

YTO YCflOBl15I OTBO,ll,a TerrJIOTbI B rrepBow c):>a3e OKB

(c):>a3a OXfla)J()l,eHl15I [5]) He l1rpaIOT cyureCTBeHHOW

pOfll1, TaK KaK Befll1YI1Ha 3c):>c):>eKTI1BHOrO BpeMeHI1

3aBl1Cl1T OT TeMrrepaTypHoro pe)l(J1Ma 3aBepwaIOurew

(3c):>c):>eKTHBHOW) c):>a3bI rrpOll,ecca.

Me)l,J1eHHOe CHIDKeHl1e TeMrrepaTypbI ra3a B rrep-

BOH c):>a3enpOll,eCca 0KB, c):>a3eOXfla)J()l,eHI15I, BbI3bIBa-

eT H3MeHeHl1e c):>OPMbl Kpl1BbIX 1;=1 = f('1) (CM. pHC. 2),

B03Hl1KaeT BbIIlYKflbIW yqacToK, KOTOpbIW COOTBeTC-

TByeT 3Tarry BbIXO,ll,a Ha yCTaHoBHBwl111c5I TeMrrepa-

TypHblW pe)((J1M (3Tan A). <l>opMa Kpl1BOH Ha 3TOM

yqacTKe YKa3bIBaeT Ha TO, YTO TeMrr rrepeOXfla)J()l,eHI15I
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PUC. 2. J13MeHeHue meMnepamypbl noeepXHocmu o6beKma OKT
npu Pa3JlU'tHOU npOaOJl:JICUmeJlbHOCmU eblXOaa

Ha ycmaHoeU8LUUUC51 meMnepamypHblu pe:JICUM

rrOBepXHOCTl1 CHIDKeH. IIocfle Bblxo,n:a Ha pe)((I1M TeMn

OXfla)J()l,eHI15I B03pacTaeT, a Kpl1Ba5I T; =1= f('1) np1106-

peTaeT BOrHYTYIO c):>OpMy.

I1,n:eHTl1YHOCTb rrpOll,eCCOB B 3aBepilialOureH c):>a3e

rrp0ll,e,n:ypbl 06eCrre'll1BaeT rrOCT05IHCTBO c):>l13l10Tepa-

neBTHyeCKOrO pe3YJIbTaTa.

3c):>c):>eKTI1BHOCTb OKB CHH3l1JIaCb TOflbKO

rrpl1 YBeJIl1yeHHH np0,ll,0JI)l(J1TeJIbHOCTl1 nycKoBoro

rrepl10,ll,a,ll,0 160 C (CM. Ta6JI. 1). YBeJIl1yeHl1e 06urew

rrpo,n:OJI)l(J1TeJIbHOCTI1 rrpOll,eCca ,ll,0 260 C npl1BeJIO

K npe)J()l,eBpeMeHHoMy nepeOXfla)J()l,eHI1IO BHYTpeHHI1X

CfloeB 06'beKTa OKB. I13-3a 3Toro nepBbIM 6blflO Ha-

pyureHO BHYTpeHHee YCJIOBl1e nmOTepMl1yeCKOH 6e-

30rraCHOCTl1 (T
M

_)I( > 36°C), a KO)((a 06'beKTa He ycneJIa

OXfla)l,I1TbC5I ,n:o Ml1HI1MaJ1bHO ,ll,OnycTI1MOrO 3Ha'leHIHI

(npl1 't ='tmax,1;=1 = 1,7 DC). Pe3Koe CHJ1)((eHl1e ,ll,OCTl1ra-

eMoro c):>113110TeparreBTl1yeCKOrO 3c):>c):>eKTa,YKa3blBaeT

Ha TO, YTO ,n:aJ1bHeHIIIee YBeJIl1yeHl1e rrpo,n:OJI)l(J1TeJIb-

HOCTI1 rrycKoBoro rrepl1o,n:a l13MeHI1T xapaKTep B03-

,n:eWCTBI15I C Kpl10TepaneBTl1'1eCKOrO Ha mrrOTepMl1-

yeCKHW.

Pe3YJIbTaTbI Mo,n:eJIl1pOBaHI15I rrpOll,eCca OKB

B I1H,n:I1BI1,n:YaJ1bHblX yCTaHoBKax rrOKa3bIBa1OT,

YTO BpeM5I OXfla)J()l,eHH51 l1CnOJIHI1TeJIbHOrO yCTpOWCT-

Ba ,n:o pa60'lew TeMrrepaTypbl MO)((eT Bapbl1pOBaTbC51

B ,n:OCTaTOYHO WI1POKl1X rrpe,n:eflax 6e3 yurep6a)l,J151 3c):>-

c):>eKTI1BHOCTI1 rrpoll,e,n:yp.

Bo BTOpOW Cepl111 3KCnepl1MeHTOB 6bm HCCJIe,n:o-

BaH rrpoll,eCC OpraHl13all,l1l1 B rpyrrrroBoM Kpl10Tepa-

rreBTH'IeCKOM KOMrrJIeKCe (rpyrrrroBa5I cxeMa OKB).

TeMnepaTypa ra3a, OXfla)J()l,aIOurero nOBepXHOCTb

06'beKTa, 113MeH5IJIaCb B COOTBeTCTBl111 C aJlrOpI1TMOM,

rrOKa3aHHbIM Ha Pl1c. 1.

B ,ll,aHHOw Cepl1113KCrrepl1MeHTOB npo,n:OJI)((I1TeJIb-

HOCTb BbIxo,n:a rrpOll,e,n:ypbI Ha YCTaHOBI1BWI1WC51 TeMne-

paTypHblw pe)l(J1M orrpe,n:eJI5IJIaCb 3aTpaTaMl1 BpeMeHI1

Ha nepeMeureHl1e rrall,l1eHTOB 113 OKpy)((aIOurew cpe,n:bI

B OCHOBHYIO Ka6l1Hy (3TarrbI I-III) 11BOCCTaHOBfleHl1e

TeMrrepaTypbI ra3a B OCHOBHOW KaMepe nOCfle BXO,ll,a

rrall,l1eHTOB (3Tarr IV). CYMMapHble 3aTpaTbl BpeMeHH

COCTaBI1JIH '11_IV=100 c. IIpo,n:OJI)l(J1TeJIbHOCTb rrpe6bI-

BaHI151 lIall,l1eHTOB B ra30BOH cpe,n:e C HOMHHaJ1bHOH

TeMrrepaTypow (3Tarr V, CM. Pl1c. 1) COCTaBJI51fla OT 60

,ll,0 130 c. BpeM5I Bblxo,n:a rrall,l1eHTOB 113 OCHOBHOW Ka-



611Hbl B OKpy)KalOw,yK) CpeLI.Y(::nanbl VI-VIII) COCTa-
BI111030 c. 06w,a51 np0LI.OJDKMTellbHOCTb ceaHca OKB
no rpynnoBott cxeMe COCTaB1l5l11aOT 190 LI.O260 c.

npl1 HOMI1HallbHOtt TeMnepaType ra3a 140 K rpyn-
nOBble npOueLI.ypbl C 06w,ett np0LI.OJDKMTeJIbHOCTblO
180 C C03LI.a1OTaHallbreTWleCKl1tt 3<j:J<j:JeKTnpOLI.OJDKM-
TellbHOCTblO Bcero 0,18 '-I, '-ITOCOCTaB1l5leTBcero 3,3%
OTTeOpeTI1'-IeCKott 3<j:J<j:JeKTI1BHOCTI1OKB npH LI.aHHoH
TeMnepaType ra3a. YBelll1'-IeHl1e np0LI.OJDKMTellbHOCTI1
OCHOBHoro V 3Tana LI.O100 c, n03B01l5leT YBellJ1'-II1Tb
3HayeHI1e 3<j:J<j:JeKTI1BHoroBpeMeHJ1 OKB LI.O0,86 '-I
'-ITOCOCTaB1l5leTBcero 16% OT B03MO)[(HOrO (Ta611. 2).

)J,allbHettwee Hapalll,HBaHl1e npOLI.OJDKMTellbHOC-
TI1 3Tana V Bbl3bIBaeT HapYlUeHl1e YCllOBI1H mnOTep-
MI1'-IeCKOH6e30nacHocTI1 (CM. Ta611. 2). npl1 tv~ 110
C HapyweHl1e YCllOBHH 6e30nacHocTI1 npOHCXOLI.I1T
LI.O BbIXOLI.a naUHeHTOB 113 Kpl10TepaneBTI1yeCKOrO
KOMnlleKca 'tmax< 't I:. H 113Ka513<j:J<j:JeKTI1BHOCTbrpyn-
nOBott cxeMbI npOBeLI.eHI151 OKB 06b5lCH5IeTC5I TeM,
'-ITO B 6011bWI1HCTBe BapHaHTOB npOueLI.Ypa He nepe-
XOLI.I1TB pe3YllbTaTI1BHYIO <j:Ja3Y,TaK KaK ~ =1 ~ 2 0c.
TOllbKO npJ1 tv = 100 C MI1HI1MallbHa5I TeMnepaTypa
nOBepXHOCTI1 CHI1)f(aeTC5ILI.OYPOBH5I 1,5 °C, HO 113TO
COCT05lHHe LI.J1I1TC5IHeLI.OJIrO,n03TOMY <j:J113110TepaneB-
Tl1yeCKMH 3<j:J<j:JeKTMall. )J,JI5I npeOLI.OlleHJ151 HeraTI1B-
Horo BllH5IHJ15IrpynnoBoH cxeMbI OpraHl13a~1111 OKB
uelleco06pa3Ho CHI13HTb 3HalleHI1e HOMI1HallbHOH
TeMnepaTypbl ra3a B OCHOBHOH Ka611He fKTK.

3KcnepHMeHTbl npl1 6011ee HI13KOH TeMnepaTy-
pe B OCHOBHOtt Ka611He fKTK (THo" = 135K (Ta6JI. 3)
11 THO" = 130 K) nOKa3alll1, '-ITOCHJ1)f(eHJ1e TeMnepary-
PbI HeCKOllbKO ylly'-IlUl1110 LI.OCTHraeMbIH pe3YllbTaT,
HO 3<j:J<j:JeKTHBHoCTbcxeMbl OKB OCTallaCb 3HaYHTeJIb-
HO HJ1)f(eTeOpeTI1YeCKott.

Hal16011bWee 3HalleHJ1e 3<j:J<j:JeKTI1BHOrOBpeMeHI1
(2,7 Y) LI.OCTI1rHYTOnpH tv= 90 C 11 THO" = 130 K. )J,aH-
Hble npeLI.CTaBlleHbI B Ta611. 4.

OLI.HaKO3KCnJIyaTaUI15I fKTK npH 3TI1X napaMeT-
pax npouecca OXlla)f()].eHI15InpeLI.CTaBll5IeTC5ILI.OCTaTO'-I-
HO pHcKoBaHHott, TaK KaK He3HaYHTellbHa51 3aLI.ep)l(J(a
naUl1eHTOB B OCHOBHOH Ka611He MO)f(eT CTaTb npl1'-Il1-
HOtt 06MOpO)f(eHJ151 nOBepXHOCTJ1 Tella. Hanpl1Mep,
YBelll1yeHl1e np0LI.OJDKMTellbHOCTI1V 3Tana Bcero Ha 10 C
(tv = 100 C, CM. Ta611. 4) npI1BOLI.I1TK TOMy, YTO MI1-
HI1MallbHO LI.OnYCTI1Ma51TeMnepaTypa nOBepXHOCTJ1
(Ii =1 = -2°C) LI.OCTl1raeTC5Iy)Ke Ha 185 C OXlla)f()].eHJ15I,
T. e. 3a 45 CLI.O OKOHyaHI15I ceaHca. PaCyeTbl OCHOBa-
Hbl Ha ycpeLI.HeHHblx xapaKTepJ1CTHKaX 06beKTa OKB,
n03ToMY LI.J)f(e He3Ha'-IHTellbHble OTllJ1'-IJ15IaHaTOMl111
naUJ1eHTa OTycpeLI.HeHHbIX LI.aHHbIXC03LI.aLI.YTYCllOBI15I
LI.J151XOllOLI.OBOrOnOpJ)f(eHI151 LI.J)f(e npl1 OnTI1MaJ1bHbIX
3HayeHJ15Ix't3Kcn 11 THo".

HaI16011bWyK) npaKTWlecKYIO ~eHHOCTb npeLI.-
CTaB1l5leT Bapl1aHT, B KOTOpOM TeMnepaTypa B Ka611-
He COCTaBJI5IeT 135 K, a 3Tan V LI.J1HTC5I100 c. B 3TOM
Bapl1aHTe 3<j:J<j:JeKTI1BHOeBpeM5I OKB LI.OCTJ1raeTLI.Byx
'-IaCOB.

no HToraM YI1ClleHHOro 3KCnepl1MeHTa MO)f(-
HO CLI.ellaTb 3aKlllOyeHl1e, '-ITO npl1 I1HLI.J1BHLI.YallbHOH
cxeMe KpHOTepaneBTI1'-IeCKOrO B03LI.ettcTBH5I nycKo-
BOtt nepHOLI. He OKa3bIBaeT cymecTBeHHoro Blll151HJ15I

Ta6fluu,a 2

Pe3YJlbTaTbl MOLI.eJlUpOBaHlUlnpoll,ecca OKT B rpynnoBon
yCTaHoBKe upu HOMUHaJJbHon TeMnepaTYpe ra3a 140 K,

-

't"'I"'1'3Kcn 'tv 'tmax , IIpHMeYaHMe
'min 'max M-)K q

50 180 180 8,8 13,8 36,3 0,18 -

60 190 190 7,1 12,3 36,3 0,23 -

70 200 200 5,6 10,9 36,2 0,31 -

80 210 210 4,2 9,6 36,2 0,41 -

90 220 220 2,8 8,3 36,1 0,58 -

100 230 230 1,5 7,1 36,0 0,86 -

110 240 233 0,2 5,1 36,0 - 'tmax< 'tI:

120 250 233 -1,0 2,1 36,0 - 'tmax<'tI:

130 260 218 -2,0 -2,0 36,1 - 'tmax< 't I:

Ta6fluu,a 3

Pe3YJlbTaTbl MOLI.eJlUpOBaHUHnpoll,ecca OKB
no rpynnoBon cxeMe, TeMnepaTypa ra3a 135 K

L3Kcn 'tI: 'trnax 'i ~1
, 't3<l>,q IIpHMeqaHl1e

~HK

50 180 180,0 12,7 36,3 0,22 -

60 190 190,0 11,2 36,3 0,29 -

70 200 200,0 9,7 36,2 0,41 -

80 210 210,0 8,2 36,1 0,61 -

90 220 220,0 6,9 36,1 0,98 -

100 230 230,0 5,5 36,0 1,91 -

110 240 231,6 3,1 36,0 - 'tm,",< 't I:

120 250 200,5 -2,0 36,2 - 'tmax< 't I:

130 260 200,5 -2,0 36,2 1 'tmax< 't I:

Ta6fluu,a 4

Pe3YJlbTaTbI MOLI.eJlUpOBaHuHnp0ll,ecca OKB
uo rpyunoBon cxeMe, TeMnepaTypa ra3a 130 K

't3Kcn 'tI: 'tmax 'i ~I

, 't3<l>,q IIpHMeqaHl1e
M-)K

50 180 180,0 11,56 36,29 0,27 -

60 190 190,0 9,89 36,24 0,39 -

70 200 200,0 8,30 36,19 0,61 -

80 210 210,0 6,77 36,14 1,09 -

90 220 220,0 5,30 36,07 2,71 -

100 230 185,0 -2,00 36,27 - 'tmax< 't I:

110 240 185,0 -2,00 36,27 - 'tma,< 'tI:

120 250 185,0 -2,00 36,27 - 'tmax< 't I:

130 260 185,0 -2,00 36,27 - 'tmax<'tI:



Ha 3cj)(peKH1BHOCTH CeaHCOB, TaK KaK 3aTpaTbl Bpe-

Meml Ha ,UOCTJ1)[(eHJ1e HOMJ1HaJIbHOrO TeMnepaTyp-

HOrO ypOBHH KOMneHCHpYJOTC5I 3a ClleT YBeJlWleHJ151

06meti 3KCn0311Ul111 OXJIffiK,ll;eHJ151. Henpl1eMJleMblMJ1

MH npaKTl1llecKoti peaJIJ13aUJ1J1 51BJl5lIOTC5I BapHaHTbI

C npO,UOmKI1TeJIbHOCTblO nycKa 60Jlee 160 c. Y'-IHTbIBa51

TO, '-ITO COBpeMeHHble HKTK BbIXO,UHT Ha yCTaHOBJ1B-

Wl1tiCH TeMnepaTypHbu1 pe)[(J1M He 60JIee lleM 3a 60 c,

Bce OHI1 06eCnelll1BalOT y,UOBJleTBOpJ1TeJlbHble nOKa-

3aTeJll1 no 3¢¢eKTI1BHOCTH OKB.

CymecTBYlOmHti aJIfOPJ1TM npOBe,UeHJ1H Kp110Te-

panl1l1 B rpynnoBblX CHCTeMax cymecTBeHHO CHJ1)[(aeT

¢J13110TepaneBTl1lleCKJ1H pe3YJlbTaT 0KB. MaKCJ1-

MaJIbHOe 3Ha<leHl1e 3¢¢eKTJ1BHoro BpeMeHH KpJ10Te-

panl1l1 npl1 I1CnOJIb30BaHJ1J1 rpynnoBoti cxeMbI npoue-

.uyp He npeBblwaeT 2 '-I. He,UOCTaTKJ1 rpynnoBoH cxeMbI

npOBe,UeHI15I OKB Henpeo,UOJlI1MbI, TaK KaK BbITeKalOT

H3 KOHCTpyKUl111 MHoroMecTHoH yCTaHOBKJ1. Hanpl1-

Mep, HCnOJIb30BaHI1e WJl1030BOH KaMepbl, KOTOpa51

3amHmaeT HI13KoTeMnepaTYPHYJO Ka611Hy OT npOHJ1K-

HOBeHI15I aTMoc¢epHoro B03,I:!Y?(a B MOMeHT Bxo,Ua (Bbl-

xo,Ua) naUl1eHToB. COKpameHJ1e BpeMeHH 3KCn03I1UJ1J1

naUJ1eHTOB B WJII03e, OTKa3 OT 3Toro 3Tana I1JIJ1 np5l-

MOti BbIXO.u naUl1eHTOB J13 OCHOBHOti Ka6J1HbI B OK-

p)0KalOmY10 cpe,Uy, pe3Ko YBeJlWIaT npHToK TenJlOTbl

B HI13KoTeMnepaTypHYJO 30Hy 11 3KcnJIYaTaUHOHHble

nOKa3aTeJlI1 fKTK. B cJTYllae OTKa3a OT HCnOJlb30Ba-

HH5I WJII03a TeXHOJlOfJ1H rpynnoBblX H HH,UHBH,UyaJIb-

HblX npoue,Uyp CTaHeT l1,UeHTwIHoH. Y'-IHTbIBa51 TO,

llTO rpynnoBble Ka6HHbl OTJll1llalOTCH OT 11H,UJ1BH,Uy-

aJIbHblX HaJIl1lll1eM 60JlbWOfO cB060,UHoro npOCTpaHC-

TBa, npOBe,UeHJ1e npoue,Uyp 6e3 WJII03a yueJIl1lll1T 3a-

TpaTbl 3HeprMJ1. fpynnoBble KpHOTepaneBTl1lleCKJ1e

KOMITJIeKCbl HBJUlIOTC5I Tynl1KOBOti BeTBblO Pa3BHTI1H

TeXHJ1KJ1 H TeXHOJlOrMH 06meH Kpl10Tepanl1l1.
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