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CaHKm- IIemep6yp2cKuu Hau,uOHaJlbHbiU uccJleaOeameJlbCKUU yHueepcumem HTMO
HHcmumym XOJlOaa U 6uOmeXHOJl02UU

191002, CaHKm-IIemep6YP2, yJl. JIoMoHocoea, 9

In publications devoted to technology cryotherapeutic influence, the main attention is given to the choice of the
temperature of cryogenic gas. Recommended values of the gas temperature have a large spread, from 90 to
190 K. At the same time other process parameters are essential along with the gas temperature: the gas veloc-
ity, size and spatial orientation of the object of cooling, gas humidity, etc. Consideration of these factors is only
possible while investigating special cases of the total cryotherapy implementation. The most general results can
be obtained by analyzing the biological object cooling influence with a different intensity of heat removal.
Keywords: cryotherapy, cryo effect, of cryo impact, hypothermal safety, cryostatting.

KnIO<ieBble cnOBa: KpIl10Tepanll1S1,KpllloTepaneBTIllYeCKII1~ 3epepeKT,Kpll10TepaneBTillyeCKOe B03Ae~CTBlI1e, rlllnOTepMlI1yeCKaS1
6e30nacHoCTb,KpIl10CTaTlllpOBaHllle.

06ll{ee Kpl10TeparreBTK':leCKOe B03,ll.eMCTBl1e (06-

ll{a51 Kpl10Teparrl15l) 06JIa,ll.aeT YHI1BepCaJIbHbIM 11rrpo-

,ll.OJDKMTeJIbHbIM JIe'-le6HhIM 3<p<peKTOM, rrOKa3aHa

,ll.JI5IJIe'-leHI15I MHorl1X 3a60JIeBaHI1M [1]. O,ll.HaKO B 06-

JIaCTI1TeXHOJIOfI1l106ll{eM Kpl10Teparrl111 He CyII.J;eCTByeT

06ll{errpl13HaHHbIX rrocryJIaTOB, rr03TOMY ,ll.OCTaTO'-lHO

'-IaCTOarrrraparypa, rrpe,ll.Ha3Ha'-leHHa5l,ll.JI5lrrpOBe,ll.eHI15I

ceaHCOB 06ll{eM Kpl10Teparrl1M, He 06eCrre'-IMBaeT He-
06XO,ll.MMhrX,ll.JI5I,ll.OCTIDKeHI15IKpI10TeparreBTM'-IeCKOrO

3<p<peKTaYCJIOBI1l1:,'-ITOrrpI1BO,ll.MTK HepaUMOHaJIhHhIM

3aTpaTaM Cpe,ll.CTBHa rrpl106peTeHMe HeKa'-leCTBeHHoro

060pY,ll.OBaHI15I. <DopMMpoBaHMe '-IeTKoro rrpe,ll.CTaBJIe-

HI15I 0 TeITJIOBhIX rrpoueccax, corrpOBO)[()J,aIOll{11X 3ry
<pM3MOTeparreBTWleCKYIO rrpoue.uypy, 06eCrre'-ll1T Teo-

peTM'-IecKYIO 6a3Y ,ll.JI5I060CHOBaHHoro BbI60pa KpMO-

TeparreBTK':leCKOM arrrraparypbI.

CaHKT-rreTep6yprCKMMM yqeHhlMI16hma C<POPMY-
JIl1pOBaHa 06ll{a5I TeOpl15l MeTO,ll.a KpI10TeparreBTK':le-

CKoro B03,ll.eMCTBI15I,KOTOpa51 rr03BOJI5leT orrpe,ll.eJIMTh

OCHOBHhIe yCJIOBI15I3<p<peKTI1BHOCTM116e30rraCHOCTM
3TI1X rrpoue.uyp [2]. Orrpe,ll.eJIeHhI ueJII1 OXJIa)[()J,eHI15I,

,ll.orrycTMMbIe 113MeHeHI15ITeMrrepaTyphI Ha pa3HhIX my-

611Hax TeJIa. C'-II1TaeTC5I, '-ITO 30Ha 113MeHeHl15lTeMrre-

paTyphI opraHM3Ma orpaHK':lMBaeTC5I 06beMoM HeKol1:

060JIo'-lKM - rroBepXHocTHol1: '-IaCTMTeJIa, COCT05llI..(eM

113TKaHel1:, He qyBCTBMTeJIhHhIX K rrOHIDKeHI1IO TeM-

rrepaTypbI. 060JIO'-lKa 3all{MIuaeT BHYTPeHHIOIO qaCTh

TeJIa, TaK Ha3hIBaeMoe MPO, OT rrepeOXJIa)[()J,eHI15I.

C'-IMTaeTC5I, qTO Macca 060JIo'-lKM COCTaBJI5leT 30 %
OT MaCChI Bcero TeJIa. ,Umr Cpe,ll.HerO '-IeJIOBeKa Macca

060JIO'-lKM paBHa rrpl1MepHO 24Kr. IIpMMepHa5I ee TOJI-
ll{MHa COCTaBJI5leT0,016 M. ,Umr ,ll.OCTIDKeHI15IBhICOKOro

<pM3110TeparreBTK':leCKOrO 3<p<peKTa Hap)')KHa51 rrOBep-

XHOCTh 060JIO'-lKM ,ll.o~a rrepeOXJIa)[()J,aThCH ,ll.0 OT-

pl1uaTeJIhHhIX TeMrrepaTyp, TaK KaK rrpM TeMrrepaType

-2°C, 6JIM3KOl1:KTepMI1HaJIhHOMY rropory, XOJIO,ll.OBhle

ceHcophI KO)l(}[ rrepe,ll.aIOT B ueHTpaJIhHyIO HepBHyIO

CMCTeMY (UHC) MOll{HhIM TpeBO)[(HhIM MMrryJIhC.

UeHTpaJIhHaH HepBHaH CI1CTeMaI1HTerpl1pyeT Cl1rHaJIhI

rro ITJIOll{a,ll.MM BpeMeHM. CYMMa Cl1rHaJIOB, rrOJIyqeH-

HbIX UHC 3a BpeMH KpMoTeparreBTK':leCKOM rrpoue-

.uypbI, orrpe,ll.eJI5leT <p113110TeparreBTK':leCKMM pe3yJIh-

TaT [2,3].

MI1HI1MaJIbHO ,ll.OrrycTMMaH TeMrreparypa rrOBepx-

HOCTM 06beKTa Kpl10TeparreBTI1'-1eCKOrO B03,ll.eMCTBI15I

COCTaBJI5leT-2°C. IIpM C06JIIO,ll.eHMM3Toro yCJIOBI15I

I1CKJIIO'-IaeTCHB03MO)[(HOCTh 06MOpO)ICeHI15I KO)[(HOrO

rrOKpOBa. BTOPhIM I1CTO'-lHI1KOM rl1rrOTepMI1'-1eCKol1:

orraCHOCTI1 rrpM rrpOBe,ll.eHI1M rrpoue.uypbI HBJI5leTCH

rrepeOXJIa)[()J,eHl1e Mpa TeJIa. Y'-II1TbIBa51 TO, '-ITO 06-

ll{aH Kpl10Teparrl15l rrpI1MeH51eTC5I 6e3 yqeTa TpeHM-

pOBaHHOCTM CMCTeMhI TepMoperyJI5lUMM cy6beKTa,

rrOTepM TeITJIOThl '-Iepe3 060JIO'-lKy He ,ll.OJI)l(HbI rrpeBhI-

lllaTh <pM3110JIOrK':lecKYIO HOpMy, KOTOpa51COCTaBJI5leT

100 BT/M2•

TeDJIOBa513a,ll.aQa o6ll.J,ero KpUOTepaneBTUQeCKOrO

B03,ll.eUCTBUSI

<D113110JIOrWleCKMe Tpe60BaHI15I K OpraHI13aUMM

rrpouecca 06ll{ero Kp110TeparreBTK':leCKOrO B03,ll.eMCT-

BI15Irr03BOJI5lIOT orrpe,ll.eJIMTb OrrTMMaJIhHble <p113I1QeC-

KMe rrapaMeTphI rrpouecca OTBO,ll.aTeITJIOThI Kpl10reH-

HhIM ra30M. B rry6JII1KauMHX, rrOCBHrueHHhIX opra-

HM3aUMl1 rrpouecca 06ruero Kp110TeparreBTK':leCKOrO

B03,ll.eMCTBI15I, OCHOBHoe BHMMaHMe y,ll.eJI5leTCHTeM-

rrepaType Kpl10reHHOro ra3a, KOTOphIM OXJIa)l(,ll.aeTCH

rrOBepXHOCTh TeJIa.

B TO)ICeBpeMH TeMrrepaTypa ra3a He BJIl15IeTHerroc-

pe,ll.CTBeHHOHa XO,ll.rrpouecca Kpl10TeparreBTI1'-1eCKOrO

B03,ll.eMCTBI15I,XOTSIB 3HaQMTeJIhHOM CTerreHI1 orrpe,ll.e-

JI5leT MHTeHCI1BHOCTh KOHBeKTMBHoro OTBO,ll.aTeITJIO-

ThI. O,ll.HaKO HapMY C TeMrrepaTypOM CyII.J;eCTBeHHoe

3HaQeHMe I1MeIOT M,ll.pyrMe rrapaMeTphI rrpouecca: CKO-

POCTh ,ll.BIDKeHI15Ira3a, pa3MephI 11rrpOCTpaHCTBeHHa51

0pl1eHTaUI15l 06beKTa OXJIa)l(,ll.eHI1H, BJIa)[(HOCTh ra3a

M T.,ll.. HCCJIe,ll.OBaHl1e BJII15IHI15IMHTeHCI1BHOCTM OT-



Bo)),a TerrJIOTb[ Ha pe3YJIhTaThI KpllOTeparreBTllqeCKOrO

B03)),eHCTBIDI rr03BOJIllT rrpOaHaJIll311pOBaTh TeXHOJIO-

mqecKyIO 3a)J,al.fy C MaKCllMaJIhHO B03MO)I(}IhIM 0606-

IIIeHlleM. B 3TOM CJIyqae OTBO)), TellJIOThI C rrOBepx-

HOCTll 06beKTa 6y)),eT orrllcaH rpaHllqHhIM YCJIOBlleM

BToporo po)),a: qKOHB=f(r.) llJIll qKOHB=const. 3HaqeHIDI

llJIOTHOCTll TellJIOBOrO rrOTOKa OT rroBepXHocTll 06beK-

Ta OXJIIDK,ll,eHIDIrr03BOJUIT orrpe)),eJIllTh MllHllMaJIhHhle

3HepreTI1qeCKlle Tpe60BaHlUl K CllCTeMaM Kp"0CTaTll-

pOBaHIDI arrrrapaTOB )J,JUI06IIIeM Kpl10Teparrlll1 (KpI10-

TeparreBTI1l.feCKllX KOMllJIeKcoB).

MaTeMaTH'IeCKaH MO}l,eJIb 06'beKTa

KpHoTepaneBTH'leCKoro B03}l,eHCTBHH

LI:JIH rrOCTaHOBKll llCCJIe)),oBaHllH 6hIJIa llCrrOJIh-

30BaHa yrrpoIIIeHHaH qm311l.feCKaH Mo)),eJIh 060JIoq-

KU l.feJIOBel.feCKOrO TeJIa [2, 4], KOTopaH paCCMaT-

p"BaeT 06beKT KpllOTeparreBTllqeCKOrO B03)),eMcT-

BIl5I KaK rrJIOCKOe, rrOJIyorpaHlll.feHHOe TeJIO. TeJIo

06pa30BaHO 113 Tpex rrapaJIJIeJIhHhIX CJIOeB pa3HOM

TOJIIIII1HhI 11 C pa3HhIMll CBoMCTBaMll. CJIOll COCTO-

5IT 113 3rrllTeJIllH, )I(llpOBOM TI~:aHll 11 MhIIIIII. Hap~-

HhIH 11 BHYTpeHHllM CJIOll (pllC. 1) llMelOT pacrrpe-

)),eJIeHHhle llCTOl.fHI1Kll TerrJIOThI. TeMrrepaTypa CJI05I

MhIIIIII paBHa TeMrrepaType 5I)),pa - 37 °C, TeMrrepa-

Typa 3rrl1TeJII1aJIhHOrO CJI05I - 32 °C. B rrpe)),eJIax

)I(l1pOBOrO CJI05I TeMrrepaTypa 060JIOl.fKll 113MeH5IeT-

C5IJII1HeHHO.

Cpe)),H5I5I TOJIIIIllHa CJIOeB COCTaBJUIeT: ()3 = 2 MM,

()lK= 10MM. ITaccllBHa5I rpaHllIIa y)),aJIeHa OT Hap~-

HOH rrOBepXHOCTI1, ()rp = 50 MM. TeMnepaTYpa Mpa

rrOCT05IHHa t.= const = 37 °C, CJIe)),OBaTeJIhHO, Ha rrac-

CllBHOH rpaHI1IIe TeJIa npl1MeHllMO rpaHllqHOe yCJIO-

Bl1e rrepBoro po)),a. TellJIoqm311qeCKlle CBOMCTBa CJIOeB

rrpl1 HOPMaJIhHhIX yCJIOBll5IX npllBe)),eHhI B Ta6JI. 1 [2].
LI:JI5IMaTeMaTlll.feCKOrO orrllCaHIl5I rrepeHoca Terr-

JIOThI l.fepe3 CJIOI1rrOJIyorpaH~eHHoro TeJIa llCrrOJIh30-

BaHO ypaBHeHlle 3Heprllll B O)),HOMepHOM Bll)),e [2, 5]:

~ -_ aqx + (1)P a'T. - ax qv,
r)),e h - 3HTaJIhrrIDI (TellJIOco)),ep)l(aHlle) MaTepllaJIa,

06pa3YIOIIIerO CJIOH;

qx - TerrJIOBOH rrOTOK B)),OJIhKoop)),IlHaThI x;

PUC. 1. (/JU3UtteC/WJIMOaeJlb 06beKma

Kpuomepane6mUtteCK020 603aeUCm6UJ1

qv - TellJIOTa, BhI)),eJUIeMa5I BHyTpeHHllMll llCTOq-

HllKaMll B e)),IlHllIIe 06beMa.

ITPll 3aMeHe B ypaBHeHllll (1) rrp0I13Bo)),HhIX KO-

Hel.fHO-pa3HOCTHhIMll rrpl16JIll)I(eHIDIMI1 rrOJIyqeHo

(h'; - h;) __ qi+ I - qi +
P fl'T. - flx qv,

r)),e Hi - 3HTaJIhrrIDI B i-M TOl.fKe B MOMeHT BpeMeHll

'T.+ fl'T.;
q;, qi+j - COOTBeTCTBeHHO rrO)),BO)),TellJIOThI OT y3-

JIOBhIX TOl.feK.

PeIIIa5I ypaBHeHlle (2) OTHOCllTeJIhHO Hi' rrOJIyqaeM

h' = h + (q; - qi+ 1+ qvflx) fl'T. (3)
I I flxp

B TaKOM cPopMe ypaBHeHlle 3Hepmll rrpllrO)),HO

)J,JUIqllCJIeHHOrO Mo)),eJIllpOBaHIl5I npoueCCOB rrepeox-

JIIDK,ll,eHIDI 060JIOQKll TeJIa rro)), )),eMcTBlleM BHeillHero

OTBo)),a TellJIOThI.

ITo JIllTepaTypHhIM )),aHHhIM [5, 6] KOHBeKTI1BHhIM

OTBO)), TellJIOThI OT nOBepXHOCTll 06beKTa KpllOTepa-

rreBT~eCKoro B03)),eHcTBIDI B 3aBllCI1MOCTI1 OT TeM-

rrepaTYphI KplloreHHoro TellJIOHOCI1TeJUI COCTaBJUIeT

OT 1)),06 KBT/M2. Baphllpy5I 3Hal.feHlle qKOHDBYKa3aHHhIX

rrpe)),eJIax, MO)I(}IO npOaHaJIll311pOBaTh rrOCJIe)),CTBIDI

rrOCTerreHHoro CHll)I(eHIDI KOHBeKTllBHOrO OTBo)),a Ten-

JIOThI.

ITp0)),O.lDlCllTeJIhHOCTh KIDK,ll,OrO 3KCrrepl1MeHTa

orpaHWII1BaeTC5I C06JIIO)),eHl1eM YCJIOBI1HrllnOTepMll-

QeCKOM 6e30rraCHOCTI1 [2]. TeMrrepaTypa rrOBepXHOCTll

06beKTa KpllOB03)),eMCTBIDI He )),oJl)l(}Ia orrYCKaThC5I

Hll)I(e ypOBH5I -2 °C, TaK KaK 3TO 5IBJUIeTC5IBHelllHllM

YCJIOBlleM 6e30nacHocTll, HarrpaBJIeHHhIM Ha npe,nyrr-

pe)l()J,eHlle 06MOpO)l(eHIDI KO)I(}IOrO rrOKpOBa. BHyT-

peHHee YCJIOBlle rllrrOTepMllQeCKOH 6e30rraCHOCTll

HarrpaBJIeHO Ha rrpe)),ynpe)l()J,eHlle rrepeOXJIa)l()J,eHIDI

Mpa TeJIa, OHO orpaHllQllBaeT llJIOTHOCTh TellJIOBOrO

nOTOKa l.fepe3 BHyTpeHHlO1O rpaHllIIY )I(llpOBOrO CJI05I

BeJIllQllHOH 100 BT/M2• Mo)),eJIllpOBaHlle rrpOllecca

KOHBeKTI1BHOrO OXJIIDK,ll,eHIDI06beKTa KplloB03)),eMc-

TBIDI ocyrueCTBJUIeTC5I)),O Tex rrop, rrOKa He HapYllleHO

O,L(HO113,L(ByxYCJIOBllM:

ti= I ~ - 2 DC; qM-"':5. 100 BT/M2
•

B rrpOTllBHOM cnyqae l.fllCJIeHHhIH 3KcrrepllMeHT

rrpephIBaeTC5I, a paCl.feTHa5I rrpo)),O.lDlCllTeJIhHOCTh ox-

JIIDK,ll,eHIDI Cl.fllTaeTC5I MaKCllMaJIhHO )),OrryCTllMOH 3K-

crr0311IIlleM rrpOIIecca OXJIIDK,ll,eHIDI:'T.max = 'T.;-

TKaHh
IlnOTHOCTh, Co)].ep)I(aHHe TeruIOeMKocTh, TeruIOrrpOBO)].HOCTh, TeTUIOBbI)].eJIeHHe,

Kr/M3 BO)].bl,% )];)1(/ (Kr . K) BT/(M· K) BT/Kr

3rrHTeJIHH 1093 53,5-72,5 3600 0,389 10,06
MhIlllUhI 1041 68,5-80,3 458 0,439 6,99
)KJ{poBa5I TKaHh 916 15-20 250 0,200 -



MaKCI1MaJIhHa51 3KCrr0311I.(l15I 51BJI5IeTC5I BaxHOM

XapaKTepl1CTI1KOM TeXHOJIOrWleCKOrO rrpOI.(eCCa I1I1C-

rrOJIh3yeTc5I )l)UI paClIeTa I1HTerpaJIhHhlX XapaKTepl1C-

TI1K Kpl10TeparreBTl1lIeCKOrO B03D:eMCTBl15I.

YlIl1ThIBa51 TO, lITO I1CCJIeD:YeMa51 TeXHOJIOrl15l

I1MeeT rrpl1KJ1aD:HOe 3HalIeHl1e, BhIlIl1CJ15IeM rrpo,n:OJI-

)((JiJTeJIhHOCTh aHaJIhreTl1lJeCKOrO ,n:eMCTBl15I Kp110Te-

parrl1l1 [2]. LJ:J15I3Toro I1CrrOJIh3yeTc5I 3Mrrl1pl1lJeCKOe

Bhlp(l)l(eHl1e

B xo,n:e 3KCrrepl1MeHTa orrpeD:eJ15lIOTC5I 3HalIeHl15I

TeMrrepaTyphI 11 3HTaJIhrrl1l1 MaTepl1aJIa B Y3JIOBhIX

TOlIKax 06beKTa 06II.(ero Kpl10TeparreBTl1lIeCKOro B03-

D:eMCTBl15It; =I('t) 11 hi =I('t). BhIlIl1CJIeHl1e 3HTaJIhrrl1M

rr03BOJ15leT orrpeD:eJII1Th 113MeHeHl1e 3HTaJIhrrl1l1 K(l)I(-

D:oro 3JIeMeHTapHoro yqacTKa:

PaClIeT 113MeHeHl15I 3HTaJIhrrl1l1 rr03BOJ15leT orrpe-

,n:eJII1Th OTBe,n:eHHoe OT K(l)I(.LJ:OrOCJI051 060JIOlIKH KOJII1-

lIeCTBO TeIIJIOThI:

i=11l

Q, = L(~h;~Pi);
i= I

Q" = i~(~h;~Pi)'
i=m+l

r,n:e np n2 - I.(eJIOlII1CJIeHHhIe I1HD:eKChI rpaHI1I.( Me)K).Jy

CJI05lMI1;

n3 - HOMep CJI05l, 51BJ15IIOII.(erOC5IBHYTpeHHeM rpa-

HI1I.(eM 060JIOlIKH 06beKTa Kpl10TeparreBTl1lIecKoro

B03D:eMCTBl15I.

TaJOKe yql1ThIBaeTC5I TeIIJIOTa, n0D:BeD:eHHa51

K 3rrl1TeJIl1aJIhHOMY 11 MhIllielIHOMY CJI05lM OT BHYT-

peHHI1X I1CTOlIHI1KOB

QV3 = ~PI (n - 1)'tmaxqgl;

Qv,,= ~p3(n; - n2 - 1)'tmaxqg3;

r,n:e qgl' qg3 - TeITJIOBhI,UeJIeHl1e eD:I1HI1I.(hI MaCChI 3rrl1-

TeJIl1aJIhHOrO 11 MhIllielIHoro CJIOeB COOTBeTCTBeH-

HO (CM. Ta6JI. 1).
Ha K(l)I(.LJ:OMBpeMeHHOM lllare OCYllleCTBJ15IeTC5I

lIl1CJIeHHOe I1HTerpl1pOBaHl1e TeITJIOBhlX rrOTOKOB lIe-

pe3 BHelllHl1e 11BHYTpeHHl1e rpaHI1I.(hI 06beKTa:

TeITJIOTa, rr0D:BeD:eHHa51 OT 5ID:pa 06beKTa Kp110-

B03D:eMCTBl15I, orrpeD:eJ15leTC5I 113 TeIIJIOBOrO 6aJIaHCa

060JIOlIKH

Q.= QKOU.- (Q3+ QlK+ QM+ Qvr).

IIOJIyqeHHhIe pe3YJIhTaThI rr03BOJlJllOT rrpOaHaJIl1-

3l1pOBaTh TeIIJIOBhIe rrpOI.(eCChI, rrpOTeKaIOII.(l1e B 060-

JIOlIKe 06beKTa Kpl10TeparreBTl1lIeCKOro B03,n:eMCTBl15I,

orrpe,n:eJII1Th MI1HI1MaJIhHhIe Tpe60BaHl15I K 3HeprOBO-

op)0KeHHOCTI1 Kpl10TeparreBTl1lIeCKl1X CI1CTeM.

Ba)l(J{eMllll1M rrOKa3aTeJIeM 3cj:>cj:>eKTI1BHOCTI1Kpl1-

OTeparreBTl1lJeCKOrO B03,n:eMCTBl15I 51BJ15IeTC5IBeJIl1lIl1Ha

3cj:>cj:>eKTI1BHoro D:eMCTBl15I (BpeMeHI1) 06II.(eM Kp110Te-

parrl1l1.

fpacj:>I1K 3aBl1Cl1MOCTl1 BeJIl1lJI1HhI 't:><j>OT I1H-

TeHCI1BHOCTI1 KOHBeKTI1BHOrO OTBOD:a TeIIJIOThI qKOHB
C rrOBepXHOCTI1 06beKTa OXJ1(l)1(.LJ:eHl15Irr03BOJ15leT orr-

pe,n:eJII1Th OrrTI1MaJIhHhIe 3HepreTl1lIeCKHe xapaKTe-

PI1CTI1KH rrpOI.(eCca Kpl10TeparreBTl1lIeCKOro B03D:eMC-

TBl15I (Pl1c. 2).
fpacj:>I1K I1MeeT MaKCI1MyM B 06JIaCTI1, rD:e IIJIOT-

HOCTh TeIIJIOBOrO rrOTOKa rrpeBhIlliaeT 3,0 KBT/M2.

MaKCI1MaJIhHa51 rrp0D:OJDKMTeJIhHOCTh aHaJIhreTl1lIeC-

Koro D:eMCTBl15I COCTaBJ15IeT 'IyTh 60JIee 6 lI, lITO COOT-

BeTcTByeT rrpaKTl1lJeCKHM pe3YJIhTaTaM [1, 3]. Y Be-

JIl1lIeHl1e rrJIOTHOCTI1 KOHBeKTI1BHOrO OTBo,n:a TeIIJIO-

TN C rrOBepXHOCTI1 06beKTa Kpl10TeparreBTl1lIeCKOro

B03,n:eMCTBl15I OT 1,0 D:O 3,0 KBT/M2 COrrpOBO)l():l;aeTC5I

pOCTOM T
3
<POT 0,25 D:O6,1 lI, T. e. rrOlITI1 B 25 pa3. IIpl1-

lIeM OCHOBHOM POCT Ha6JIIOD:aeTC5I B I1HTepBaJIe OT 2,5
D:O 3,0 KBT/M2. PaclIeTHhIe 3HalIeHl15I BeJIl1lIl1HhI 3cj:>-

cj:>eKTI1BHOrO BpeMeHI1 B 06JIaCTI1, r,n:e ITJIOTHOCTh Terr-

JIOBOrO rrOTOKa yseJIl1lIl1BaeTC5I OT 1,0 D:O 2,0 KBT/M2,

He rrpeBhIllialOT 0,5 lI, rr03TOMY 3Tl1 Bapl1aHThI rrpaK-

Tl1lIeCKOM I.(eHHOCTI1 He I1MeIOT. B 06JIaCTl1 60JIhlllOM

ITJIOTHOCTI1 KOHBeKTI1BHOrO oTBo,n:a TeITJIOThI rrpol1c-

X0D:I1T rrOCTerreHHoe CHlDKeHl1e BeJIl1lIl1HhI T:><j>,n:O1,5 lI,

rrpW:leM B I1HTepBaJIe OT 3,0 ,n:o 4,0 KBT/M2 Kpl10Tepa-

rreBTl1lIeCKHM3cj:>cj:>eKT rraD:aeT B D:Ba pa3a, a 3aTeM TeMrr

CHlDKeHl15I pe3YJIhTaTa yMeHhlllaeTC5I. Pa3JIl1lIHhIM

xapaKTep Kpl1BOM T,<p=1(qKOHB) B 06JIaCT5IX, pacrrOJIO-

)l(eHHhlX crrpaBa I1 CJIeBa OT MaKCI1MyMa, YKa3hIBaeT

Ha TO, lITO yseJIl1lIeHl1e IIJIOTHOCTI1 TerrJIOBOrO rrOTOKa

rrpI1BOD:I1T K KalIeCTBeHHhIM 113MeHeHI151M rrpOI.(eCCOB,

rrpOTeKaIOII.(I1X B CJI05IX 06beKTa KpI10TeparreBTW:leC-

Koro B03,n:eMCTBl15I.

IIocJIeD:cTBl15I 113MeHeHl15I ITJIOTHOCTI1 TerrJIOBoro

rrOTOKa rr05lCH5IeT rpacj:>I1K 3aBl1Cl1MOCTl1 ti~l =1 (1:), rro-

Ka3aHHhIM Ha PI1C. 3.
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Puc. 2. 3aeucUMocmb ee.nU'IUHbl 3q)(jJeKmueHo2o epeMeHU om 11Jlom-
Hocmu me11JlOe020 nomOKa c noeepXHocmu o6beKma OXilaJICOeHUJl
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Puc. 3. J13MeHeHue meMnepamypbl n06epXHocmu o6beKma
OXilaJICaeHUJI npu pa3flu'tHou fIJIOmHOCmu mefIJI06020 nomOKa

fpaqmK rrocTpoeH )J;J15ITpex Bapl1aHTOB, B KOTO-

pbIX rrJIOTHOCTb TermOBoro rrOTOKa COCTaBJUUIa 1,5; 3,0

l1 6,0 KBT/M2• Hcxo,ll;5I l13 Toro, qTO TeXHOJIOrl1qeCKOM

3a,uay:eM OXJIffiK,lJ.eHl15I5IBJI5IeTC5I CHIDKeHl1e TeMrrepa-

TYpbI rrOBepXHOCTl1 ,ll;0 Ml1H.l1MaJIbHO ,ll;OrrycTl1Moro

YPOBH5I, T. e. (;=1 -> -2°C, MO)I(HO yTBep)l()l;aTbCJIe.IJYIO-

IIJ;ee: 3Ta 3a,uaqa BbIIIOJIH5IeTC5I TOJIhKO B Tex cnyqa5IX,

KOr,ll;a q ~ 3,0 KBT/M2• IIpl1 MeHhllIeM IIJIOTHOCTl1
KQHB

TeIIJIOBOrO rrOTOKa OXJIffiK,lJ.eHl1e rrOBepXHOCTl1 l1)];eT

CJII111IKOM Me)J,n:eHHO, TaK KaK TeIIJIOrrpOBO,ll;HOCTb

rrOKpOBHWX CJIOeB 06eCrreql1BaeT rrO,ll;BO,ll;TerrJIOTW

113 BHyTpeHHeM qaCTI1 060JIOY:Kl1. IIpou:ecc rrepeox-

JIa)l()l;eHl15I 060JIOY:Kl1 l1)];eT CJII111IKOM 6hICTPO, l1 YC-

JIOBl1e q".)f( :s; 100 BT/M2, orpaHl1ql1BalOIIJ;ee TeIIJIOBYIO

Harpy3Ky Ha MPO 06beKTa OXJIffiK,lJ.emrn, HapYIIIaeTC5I

paHhllIe, qeM rrOBepXHOCTb ,ll;OCTl1rHeT OTpI1u:aTeJIhHOM

TeMrrepaTYpbI.

Ha PI1C. 3 TOJIbKO ,ll;BeJII1HI1I1 (;~I=f( 't) rrepeceKalOT

1130TepMy ( = -2°C. B Bapl1aHTe C IIJIOTHOCThlO Terr-

JIOBOrO rrOTOKa 1,5 KBT/M2 YCJIOBl1e q"-)f( :s; 100 BT/M2

6bIJIO HapYIIIeHO qepe3 187 C rrOCJIe HaqaJIa OXJIffiK,lJ.e-

Hl15I. K 3TOMy MOMeHTY TeMrrepaTYpa rrOBepXHOCTl1

06beKTa Kpl10TeparreBTl1qeCKOrO B03,ll;eMCTBl15I co-

CTaBJI5IJIa 10,7 dc. .uJI5I TOro qT06bI rrpO,ll;eMOHCTpl1-

pOBaTh ,ll;eqmU:I1T OTBO,ll;a TeIIJIOThI C rrOBepXHOCTl1,

KPI1BYIO (;~1 = f('t) rrpl1 qKOHB = 1,5 KBT/M2 rrpo,ll;OJDKl1JIl1
,ll;0 rrepeCeqeHl15I C 1130TepMoM ( = -2°C. LI.JI5I TIoro

rroTpe60BaJIOCb 60JIee qeM B,ll;BOe YBeJIuql1Tb rrpo,ll;oJI-

)I(J1TeJIbHOCTb OXJIffiK,lJ.eHl15I- OT 187 ,ll;0 384 c. B 3TOT

MOMeHT TeIIJIOBOM rrOTOK Ha BHyTpeHHeM rpaHl1u:e

)I(J1pOBOrO CJI05I B 2,5 pa3a rrpeBhICl1JI ,ll;OrrycTl1MbIM

ypOBeHb: rrpl1 't
3

<1> = 384 C IIJIOTHOCTb TeIIJIOBOrO rrOTOKa

COCTaBl1JIa q".)f( = 252 BT/M2• IIpl1 TaKOM rrpeBhIllIeHl1l1

TerrJIOBOM Harpy3Kl1 Ha MPO TeJIa OpraHl13M rrO,ll;Bep-

raeTC5I cephe3HOMy rrepeOXJIa)l()l;eHl1lO, rr03TOMy rro-

nyql1Tb Kpl10TeparreBTuqeCKl1M 3Q;>Q;>eKT,He HapYIIIa5I

6e30rraCHOCTl1 rraU:l1eHTOB, rrpl1 MaJIOM IIJIOTHOCTl1

KOHBeKTl1BHOrO OTBO,ll;aTefIJIOTbI HeB03MO)I(H0.

Ha OCHOBe BbIIIOJIHeHHOro aHaJIl13a MO)I(HO C,ll;e-

JIaTb OCHOBHOM BhIBO,ll; 0 TOM, Y:TO )J;J15I,ll;OCTIDKeHl15I

cy:r:r:reCTBeHHoro Kpl10TeparreBTl1qeCKOrO 3Q;>Q;>eKTa

He06xo,ll;l1MO 06eCrreql1Th OTBO,ll; TeIIJIOThI C rrOBepx-

HOCTl1 06beKTa OXJIffiK,lJ.eHl15IC IIJIOTHOCTblO TefIJIOBO-

ro rrOTOKa B l1HTepBaJIe 3,0-3,5 KBT/M2• OXJIffiK,lJ.eHl1e

C MeHbllIeM l1HTeHCl1BHOCTblO He oQecrreY:l1BaeT ,ll;0-

CTIDKeHl15I OrrTI1MaJIhHOM TeMrrepaTYpbI Ha rrOBepx-

HOCTI1 TeJIa. YBeJIl1'feHl1e IIJIOTHOCTl1 OTBO,ll;aTeIIJIOThI

CBbIllie 3,5 KBT/M2 COKpaIIJ;aeT rrp0,ll;0JI)l(J1TeJIhHOCTb

KpI10TeparreBTl1y:eCKoro B03,ll;eMCTBl15I, 'ITO BW3WBa-

eT YMeHhllIeHl1e BeJIl1ql1HbI ,ll;OCTl1raeMOro 3Q;>Q;>eKTa.

CJII111IKOM l1HTeHCl1BHhIM OTBO,ll; TeIIJIOTbI C rrOBep-

XHOCTl1 3Haql1TeJIbHO rrpeBbIlliaeT rrO,ll;BO,ll;TerrJIOTbI

l13 BHyTpeHHl1X CJIOeB 060JIOY:Kl1, rr03TOMY rrepeox-

JIa)l()l;alOTC5I rrpel1My:r:r:reCTBeHHO rrOBepXHOCTHhle CJIOl1

3rrI1TeJIl15I, a TeIIJIOaKKyMYJIl1pYIOIIJ;a5I crroc06HOCTb

)I(J1pOBOrO CJI05I OCTaeTC5I Hel1CrrOJIh30BaHHoM.

IIocJIe,ll;cTBl15I He,ll;OCTaTO'fHOM l1JIl1 l136bITO'fHOM

fIJIOTHOCTl1 OTBO,ll;aTeIIJIOTbI OT rrOBepXHOCTI1 06beKTa

Kpl10TeparreBTl1qeCKOrO B03,ll;eMCTBl15I l1JIJIlOCTpl1pyeT

rpaQ;>I1K pacrrpe,ll;eJIeHl15I TeMrrepaTyp rro rJIy6l1He 060-

JIOY:Kl1B MOMeHT rrpeKpaIIJ;eHl15I 3KCrrepl1MeHTa (= f(x)
rrpl1 't = 'tmax' rrOKa3aHHhIM Ha Pl1C. 4.

Kpl1Bhle rrOJIyqeHhI rrpl1 pa3JIl1qHOM rrJIOTHOC-

Tl1 TerrJIOBOrO rrOTOKa C rrOBepXHOCTI1 06beKTa.

IIpl1 Ml1Hl1MaJIbHOM fIJIOTHOCTl1 TeIIJIOBOrO rrOTO-

Ka (1,0 KBT/M2) TeMrrepaTypa Ha rrOBepXHOCTI1 orryc-

KaeTC5I TOJIbKO,ll;O 18°C, HO 113-3a 60JIbllIOM rrpO,ll;OJI-

)I(J1TeJIbHOCTl1 rrpou:ecca OXJIffiK,lJ.eHl15I ('tmax = 221 c)

30Ha rrepeOXJIa)l()l;eHl15I pacrrpOCTpaH5IeTC5I Ha 60JIh-

IlIYIO rJIy6l1Hy. B Bapl1aHTe C MaKCI1MaJIbHOM rrJIOT-

HOCTblO TeIIJIOBOrO rrOTOKa (6,0 KBT/M2) Ml1Hl1MaJIb-

HO ,ll;OrrYCTl1Ma5I TeMrrepaTypa rrOBepXHOCTI1 ,ll;OCTl1ra-

eTC5I CJIl111IKOM 6hICTpO ('tmax = 43,5 c), rr03TOMY oc-

HOBHa5I qaCTb BHyTpeHHl1X CJIOeB rrO'fTl1 He rrO,ll;Bep-

raeTC5I rrepeOXJIffiK,lJ.eHl1lO. Harrpl1Mep, Ml1Hl1MaJIbHa5I

TeMrrepaTypa 3rr11TeJIl15I Ha rpaHl1u:e C )I(J1POBhIM

CJIOeM (x = 2,OMM) COCTaBJI5IeT 20,8 DC, B TO Bpe-

M5I KaK rrpl1 OrrTl1MaJIbHOM IIJIOTHOCTI1 TerrJIOBOrO

rrOTOKa (3,0 KBT/M2) Ml1Hl1MaJIhHa5I TeMrrepaTypa

B TOM)lCe TO'fKe COCTaBJI5IeT 12,6 DC. DJIaro,ll;ap5I TOMy,

Y:TO BHeIlIHl1M OTBO,ll;TerrJIOTbI 6JIl130K rro BeJIl1'fI1He

rrO,ll;BO,ll;yTerrJIOTbI OT BToporo 3JIeMeHTapHoro yqac-

TKa q2-1 = 2,65 KBT/M\ rrp0,ll;0JI)l(J1TeJIhHOCTb OXJIa)IC-

,ll;eHl15I OrrTl1MaJIbHa.

OCHOBHbIM l1CTOqHl1KOM OTBO,ll;l1MOM TeIIJIOTbI

5IBJI5IeTC5ITeIIJIOaKKyMYJIl1pYIOIIJ;a5I crroc06HOCTb TKa-

HeM 060JIOqKl1. Pe3YJIbTaTbI TeIIJIOBbIX pacy:eToB rrpl1-

Be,ll;eHbI B Ta6JI. 2.
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Puc. 4. PacnpeaeJleHUe meMnepamypbl no 2Jly6uHe
060JlO'tKU 6 MOMeHm npeKpaw,eHUJI 3KcnepUMeHma



Ta6JlULfa 2
Pe3YJIbTaTbl '1HCJIeHHOrO 3KcnepHMeHTa no Mo.ueJIHpOBaHHIO npou,ecca KOHBeKTHBHoro OXlla)K,lJ,eHHH nOBepxHocTH

06'beKTa KpHoTepaneBTH'IeCKOrO B03.ueHcTBHH

OTBon TenJIOTbI C nOBepXHOCTl1.o6beKTa

IToKa3aTeJIh OXJI~eHl1.H,KBT/M2

1,0 2,0 3,0 4,0 5,0 6,0
3cPcPeKTl1.BHOe BpeM5I Kp11.0TepaneBTl1'lecKoro B03neHCTBl1.H, Y 0,25 0,54 6,07 3,25 2,52 1,57
):(onycTl1.Ma51 npOnOJl)[(}1TeJIhHOCTh OXJIa)l(JleHl1.51,C 221 168,5 127,5 81,5 58 43,5
KOHBeKTl1.BHhIHOTBOn TenJIOThl C nOBepXHOCTl1.o6beKTa, K,l])K/M2 221 337 382 326 290 261
TenJIOTa nepeOXJI~eHH5I 3nl1.TeJIl1.aJIhHoro CJIOHo6oJIo'lKl1., K):()I(/M2 116,4 200,1 247,1 234,3 223,8 212,4
TenJIOTa nepeOXJI~eHH5I )I(J1pOBOrO CJIOHo6oJIo'-lKl1., K):()I(/M2 85,0 118,6 119,4 79,9 56,5 40,4
TenJIOTa nepeOXJI~eHH5I MhIllIeYHOrO CJI051o6oJIOYKl1., K):()[(/M2 9,6 7,8 5,7 3,6 2,6 2,0
CYMMapHa5I TenJIOTa nepeOXJIa)l(JleHl1.51 CJIOeBo6oJIOYKl1., K):()I(/M2 211,0 326,5 372,2 317,8 283,0 254,9
TenJIOTa OT BHYTpeHHl1.Xl1.CTOYHl1.KOBB CJIoe 3nl1.TeJIH5I, K):()I(/M2 4,9 3,7 2,8 1,8 1,3 1,0
TenJIOTa BHYTpeHHl1.Xl1.CTO'-lHl1.KOBB CJIoe MhIIlIU" K):()[(/M2 6,4 4,9 3,7 2,4 1,7 1,3
TeruroTa BHYTpeHHl1.Xl1.CTOYHl1.KOB,Bcero, K):()I(/M2 11,3 8,6 6,5 4,2 3,0 2,2
Ml1.Hl1.MaJIhHa51TeMnepaTYPa Ha nOBepXHOCTl1.06beKTa OXJI~eHH5I, °C 16,6 5,1 -2,0 -2,0 -2,0 -2,0
Ml1.Hl1.MaJIhHa5ITeMnepaTYPa Ha Hapy)[(HOH rpaHYllJ,e )I(J1pOBOro CJI05l,°C 22,1 15,4 12,6 15,8 18,4 20,8
Ml1.HI1MaJIhHa5ITeMITepaTYPa Ha BHYTPeHHei1rpaHlflJ,e ~OBOro CJI05l,°C 35,8 36,0 36,2 36,5 36,6 36,6
ITponOJl)[(}1TeJIhHOCTh pe3YJIhTaTl1.BHoi1 cPa3hI OXJI~eHH5I, C 0 0 22 14 10,5 7,5

KaK BH,lI;HOH3 Ta6JI. 2, OCHOBHM qaCTb OTBO)J;IilMOti

TeIlJIOTbI rrOJIY'IeHa 3a CqeT rrepeOXJlIDK)I,eHlliI TKaHeti

060JIOqKH. rIPH IIJIOTHOCTH TeIIJIOBOrO rrOTOKa C rrOBep-

XHOCTH 3,0 KI3T/M2 )l,OJUITeIlJIOTbI, rrOJIY'IeHHoti 3a CqeT

rrepeOXJlIDK)I,eHlliI TKaHeti 060JIOqKH, COCTaBJUleT 97 %.
TeIlJIOTa, BbI)l,eJIeHHM BHYTpeHHHMH HCTOqHHKaMH

B CJI05IX 3rrHTemrn H MbIIIIU:, COCTaBJUleT 1,7 %. OT Mpa

opraHH3Ma OTBO)l,MTC5I1,3 % OT Bcex rrOTepb TeIIJIOTbI

3a BpeM5I KpHOTeparreBTffqeCKOrO B03)l,eticTBlliI.

~ rr0JIY'IeHlliI MaKCHMaJIbHOrO KpMOTeparreB-

THqeCKOrO 3¢¢eKTa Heo6xo)l,HMO opraHH30BaTb ox-

JIIDK)I,eHMe TaKHM o6pa30M, qTo6bI OTBO)l,HTb TeIIJIOTY

rrpeHMYJ-I];eCTBeHHO OT 3rrMTeJIHaJIbHOrO CJI05I. B BapM-

aHTe C rrJIOTHOCTbJO OTBO)l,a TeIlJIOTbI 3,0 KBT/M2 )l,OJUI

TeIIJIOTbI, rrOJIyqeHHoti 3a CqeT rrepeOXJlIDK)I,eHlliI 3rrM-

TeJIH5I, COCTaBMJIa 65 %, OTBO)l, TeIIJIOTbI OT )I(J1pOBOrO

CJI05I 06eCrreqMJI 31 % OTBe)l,eHHOH TeIlJIOTbI. 06mee

KOJIMqeCTBO OTBe)l,eHHoti TeIIJIOTbI B 3TOM BapMaHTe

6bIJIO caMbIM 60JIbIIIHM - 382 K)J,)I(/M2 (CM. Ta6JI. 2).
YMeHbIlleHMe IlJIOTHOCTH OTBO)l,a TeIIJIOTbI rrpM-

BO)l,HT K CHJ{)I(eHMJO a6COJIJOTHOH BeJIHqHHbI OTBe)l,eH-

HOi1 TeIIJIOTbI H )l,OJIH 3HeprHH, rrOJIyqeHHoti 3a CqeT

rrepeOXJla)l()J,eHlliI 3rrHTeJIMaJIbHOrO CJI05I (pHC. 5). Ha-

paIliHBaHHe IlJIOTHOCTH OTBO)l,a TeIIJIOTbI yBeJIMqMBa-

eT )l,OJIJO TeIIJIOTbI rrepeOXJIIDK)I,eHH5I 3rrHTeJIMaJIbHOrO

CJI05I)l,O 81,5 %, HO 06Ilia5I rrOTep5I TeIIJIOTbI CHM)I(aeT-

C5I)l,O YPOBH5I 261 K)J,)I(/M2 (CM. Ta6JI. 2).
L!:aHHble Ta6JI. 2 rr03BOJUlJOT yCTaHoBMTb rrpM-

qHHHO-CJIe)l,CTBeHHYJO CB5I3b Me)l()J,y rr03HTMBHbIM

3¢¢eKToM o6Iliero KpHoTeparreBTffqeCKOrO B03)l,etic-

TBlliI H KOJIHqeCTBOM TeIIJIOTbI, OTBe)l,eHHoti C rrOBep-

XHOCTH o6'beKTa OXJlIDK)I,eHlliI. MaKCHMaJIbHble 3Ha-

qeHlliI ':><j> M QKOHB rrOJIY'IeHbI rrpH IIJIOTHOCTM OTBO)l,a

TeIlJIOTbI qKOHB = 3,0 KBT/M2. O)l,HaKO TaKa5I TpaKTOBKa

rrpe)l,CTaBJUleTC5I He COBceM KOppeKTHoti, TaK KaK Be-

JIMqMHa '3<1> 3aBHCMT He OT rrOTepb TeIIJIOTbI, a OT TeM-

rrepaTypbI rrOBepXHOCTM 06'beKTa OXJlIDK)I,eHM5I.MMHH-

MaJIbHM TeMrrepaTypa rrOBepXHOCTM (ti=l rrpM , = 'maJ
)l,OCTMfJIa YPOBH5I - 2 °C TOJIbKO rrOCJIe Toro, KaK OTBO)l,

mm 0,8

lliOTHOCTh OTBo.ua TenJIOThI, KBT/M2
Puc. 5. PacnpeoelleHue menJIOmbl (%) nepeOXJlaJICOeHUfl no Cl/OJIM

0601l0'lKU npu pa3Hou nJlOmHOCmu om6ooa menJIOmbl

TeIIJIOTbI )l,OCTMr ypOBH5I qKOHB = 3,0 KBT/M2• 3TOT ypo-

BeHb CoxpaH5IJlC5I H B BapMaHTax C IIJIOTHOCTblO OTBO)l,a

TeIIJIOTbI 60JIee 3,0 KBT/M2, HO rrpM 3TOM CHM)I(aJIaCb

rrp0)l,0Jl)l(J1TeJIbHOCTb 3¢¢eKTHBHOrO )l,ei1:cTBM5I KpMO-

TeparrMM '3<1>. TaKHM 06pa30M, yCJIOBMe ti=1 ~ -2 °C 5IB-
JUleTC5I Heo6xo)l,MMbIM, HO He)l,OCTaTOqHbIM. JIorMqHO

rrpe)l,rrOJIO)l(J{Tb, qTO CYIIIeCTByeT eIlie O)l,HO yCJIOBMe,

OKa3bIBaJOIliee orrpe)l,eJl5IJOIliee BJIlliIHMe Ha )l,OCTMrae-

Mblti 3¢¢eKT. ~ HaXO)l()J,eHM5I 3Toro yCJIOBM5I rrOJIe3-

HO paCCMOTpeTb BbIpa)l(eHMe, rrpe)l,JIO)l(eHHOe)l,JUl pac-

qeTa BeJIMqMHbI 3¢¢eKTMBHOrO BpeMeHH [2]:

r)l,e 1 = 20
Cit ('1;:1 - 270, 5)2

OqeBH,lI;HO, qTO BeJIMqHHa '3<1> Orrpe)l,eJI5IeTC5I rrpo-

)l,OJl)l(J1TeJIbHOCTbJO rrpou:ecca OXJlIDK)I,eHM5I M MHTeH-

CHBHOCTbIO rHrrOTepMMqeCKOrO pa3)l,pa)l(eHH5I, KO-

TOpOe XOJIO)l,OBble peu:errTOpbI HCrrbITbIBaJOT rro Mepe

CHM)I(eHlliI TeMrrepaTYpbI rrOBepXHOCTH 06'beKTa KpH-



OTeparreBTI1'IeCKOrO B03,Il,eMCTBIDI (I - I1HTeHCI1B-e. II

HOCTb CTI1MYJIl1pYJOmero ,Il,eMCTBIDI KpI10Teparrl1l1).

Bblpa)f(eHl1e Ie. II = f (ti=l) rrpe"Il,CTaBJUleT C060M I-IaCT-

HbIM CJIyqaM 3arrl1Cl1 3aKOHa C. CTI1BeHCOHa, KOTO-

PbIM Orrl1CbIBaeT KOJII1y:eCTBeHHYJO CB5l3b Me)l()J,y CTI1-

MyJUlTOpOM, TeMnepaTypoM nOBepXHOCTI1 06beKTa

11Cl1rHaJIOM pacrrOJIO)((eHHbIX Ha nOBepXHOCTI1 XOJIO-

,Il,OBbIXpeuenTopOB B Bl1)J,e rl1nep60JIl1Y:eCKOM ¢YHK-

UI1I1. LJ:JI5lrl1nep60JIbI xapaKTepHO HaJIl1'Il1e yqacTKa,

Ha KOTOpOM MaJIOe npl1pameHl1e apryMeHTa Bbl3bIBaeT

3HaY:I1TeJIbHOe 113MeHeHl1e ¢YHKUI1M. HeTpy"Il,HO rro-

Ka3aTb, Y:TO npl1 M3MeHeHMl1 BeJIM'IMHhI ti~l B MHTep-

BaJIe OT 32 "Il,02 °C MHTeHCMBHOCTh CTI1MYJIMpYJOmero

,Il,eMCTBIDIKpl10TepanMM HeBeJIMKa (I ~ 1). LJ:aJIhHeM-
e.1I

wee OXJIa)I()J,eHMe COrrpOBO)l()J,aeTC5l 6bICTPhIM pOCTOM

BeJII1Y:MHbI (II. IlpM ti=l - -2°C Ie. II - 80.
. TaKMM 06pa30M, HaKOIlJIeHMe n03MTMBHoro 3¢-

¢eKTa Kpl10TeparrMM npOI1CXO,Il,MT Ha 3aBepwaIOmeM

3Tane OXJIa)I()J,eHIDl, KOma nOBepXHOCTb 06beKTa,Il,OCTa-

TOY:HOnepeOXJIa)I()J,eHa (2 °C ~ ti=l > -2°C). TaKOM 3¢-

¢eKT rrpMH5lTO Ha3hIBaTb pe3YJIhTaTMBHOM ¢a30M KpM-

OTeparreBTl1Y:eCKOrO B03,Il,eMCTBIDI tpe3 [2, 3]. PaC'IeTHhle

3Hay:eHlliI np0,Il,0JI)f(J1TeJIhHOCTM 3¢¢eKTMBHOM ¢a3bI

OXJIa)I()J,eHIDI rrpM Pa3JIl1Y:HOM MHTeHCMBHOCTM OTBO,Il,a

TeIlJIOThI OT nOBepXHOCTM 06beKTa OXJIa)I()J,eHIDI npMBe-

,Il,eHbI B Ta6JI. 2. IlpM MaJIOt!: MHTeHCMBHOCTM OXJIa)I()J,e-

HIDI (qKOHB < 3,0 KBT/M2) yCJIOBMe 2 ~ ti~l HeBbIIlOJIHMMO,

rrpouecc He rrepeXO"Il,MTB pe3YJIbTaTMBHYJO ¢a3y(tpe3 = 0),

rr03TOMY Kpl10TepaneBTl1Y:eCKOe B03,Il,et!:CTBl1e npOCTO

HeB03MO)((HO. B CJIyqa5IX C nOBbIllIeHHot!: IlJIOTHOCThIO

OTBO,Il,aTeIlJIOTbI, KOr,Il,a qKOHB > 3,0 KBT/M2, Ha6JIIO"Il,aeTC5l

rrOCTerreHHoe CHJ1)f(eHMe np0"Il,0JI)f(J1TeJIhHOCTM pe3yJIh-

TaTMBHot!: ¢a3hI tpe3 - 0 M YMeHhllIeHMe ,Il,OCTMraeMoro

¢M3110TeparreBTl1Y:eCKoro pe3YJIbTaTa.

LI:JUIrrOJIyqeHIDI BblCOKoro KpMOTeparreBTMy:eCKO-

ro 3¢¢eKTa M C06JIIO"Il,eHIDI Tpe60BaHMM rro 6e30rrac-

HOCTM naUMeHTa He06xo,Il,MMO 06eCrre'IMTb MHTeHCMB-

HbIM OTBO,Il,TeIlJIOThI C rrOBepXHOCTM TeJIa. IlpM 3TOM

e,Il,MHCTBeHHbIM 6e30nacHbIM cnoc060M nepeHoca Ten-

JIOTbI OT rrOBepXHOCTM TeJIa K TeIlJIOnpMeMHMKY CMCTe-

MbI OXJIa)l()J,eHM5l5lBJUleTC5l ra30Ba5l KOHBeKUIDI - npo-

uecc C ,Il,OCTaTOY:HOHM3KOt!: 3¢¢eKTMBHOCThIO OTBO,Il,a

TeIlJIOTbI. I1MeHHo 3TO npl1'IMHa Toro, 'ITO)J,JUI OTBO"Il,a

TeIlJIOBOrO rrOTOKa C BhICOKOM IlJIOTHOCThIO rrpMXO,Il,MT-

C5lMCrrOJIh30BaTh Kpl10reHHhle TeMrrepaTYphI. I1crroJIb-

3y5l Bblpa)((eHMe )J,JUIonpe,Il,eJIeHIDI TeIlJIOBOrO nOTOKa,

MO)((HO rrOKa3aTb, 'ITO MMeHHO TeMnepaTYPa ra3a-Terr-

JIOHOCI1TeJUll1rpaeT orrpe,Il,eJUlIOlJ..(YJO POJIh B o6ecrreY:e-

HI1I1 He06xo,Il,MMOM IlJIOTHOCTI1 OTBO,Il,aTeIlJIOTbI:

IloKa3aHo, 'ITO)J,JUI ycnewHoro C06JIIO,Il,eHI15l Bcex

yCJIOBMt!: TeMrrepaTypa TeIlJIOHOCI1TeJUI ,Il,OJI)((Ha co-

CTaBJUlTh OT 130,Il,0 140 K.

Bce BhIIlOJIHeHHhle pacy:eThI OTHOCI1JII1Cb K e,Il,M-

HMue rrOBepXHOCTM 06beKTa KpMOTepaneBTI1y:eCKoro

B03,Il,et!:cTBM5l. IlpM rrpoeKTMpOBaH1111 peaJIhHbIX CI1C-

TeM Ha"Il,O yql1TbIBaTb, 'ITO rrJIOma"Il,b Bcero TeJIa Y:e-

JIOBeKa B Cpe,Il,HeM COCTaBJI5leT 1,5 M2. CI1CTeMa Kpl1-

OCTaTMpOBaHIDI Kp110TeparreBTI1'IeCKOrO KOMrrJIeKCa

,Il,OJI)((Ha 06eCrre'IMBaTh OTBO,Il, TerrJIOBot!: HarpY3Kl1

113 paC'IeTa 4,5 KBT Ha O,Il,HOrO naUl1eHTa, rrpl1y:eM

OTBO"Il,MTbTerrJIOTY Ha"Il,O Ha TeMrrepaTypHoM ypoBHe

He BhIilie 140 K. EOJIhilil1HCTBO COBpeMeHHbIX Kpl1-

OTepaneBTM'IeCKl1X CMCTeM He MorYT y,Il,OBJIeTBOpI1Th

3TM Tpe60BaHIDI, TaK KaK He 06JIa"Il,aIOT "Il,OCTaTOY:Hot!:

3HeprOBOOpy)f(eHHOCThIO 11pa60TaIOT Ha 60JIee BhICO-

KOM TeMrrepaTypHoM ypoBHe. Orrpe"Il,eJIeHl1e y:eTKl1X

Tpe60BaHMM K 3HeprOBOopy)f(eHHOCTM KpMOTepa-

neBTM'IeCKl1X CMCTeM 3amMTl1T PbIHOK Me,Il,I1UI1HCKOt!:

TeXHMKl1 OT HeKa'IeCTBeHHOM KpMOTepaneBTM'IeCKot!:

anrrapaTypbI.
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