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Pabota BeimonHeHa B MefepanbHOM rocyAapCTBEHHOM YHHTapHOM IPENIPHATHH
«HayyHo —  HccnemoBaTeNbCKMM ~ HHMCTHTYT  BaKyyMHOH  TEXHHMKH  HMEHH
C.A. Bexumuckoro», ®eepansHoM TroCyHapcTBEHHOM OIODKETHOM O06pa3oBaTelbHOM
yupexaeHun  Beicliero  npodeccHOHarpHOro — obpasopammia  «HammoHaneHbIA
HcclenoBaTeNbCKuil yHHBepcuTeT «MOW»

Hay4Hblii pykoBOOHTE B! JIOKTOp TeXHUIECKHX HayK, npodeccop
Hecrepos Cepreit bopucosra

Hayunblif KoHCYJIbTaHT: JOKTOp MeTUIHHCKHX HayK, Ipodeccop
Byropuna AntoHMHa BaneHTHHOBHA

OdunnanbHbie ONNMOHEHTDI: JOKTOp TEXHHYECKUX HayK, IIpodeccop
Xepnes AnaTonnii AHaToNBEBHY

KaHJUAAT TEXHUIECKHUX HayK
Pe3nnnxuii Banepuit I'puropseBua

Beaymasn oprannzanuns: 000 «Kpuomain - banamuxunckuii
3aBOJ] KPUOT€HHOI'O MAIHHOCTPOCHHS»

3ammra cocroutcs « 30 » Mas 2012 r. B 16.30 gacoB Ha 3aceJaHHH JUCCEPTALMOHHOTO
coBeta /] 212.141.16 B MoCKOBCKOM TrOCYJapCTBEHHOM TEXHWIECKOM YHHUBEPCHTETE MM.
H.3. baymana no agpecy: 107005, r. Mocksa, JlepoproBckast HaGepexHas, 4.1., Kopryc
¢axynsTera «QHEProMalIMHOCTPOSHHUEY.

Bamu OT3BIBEI B 2-X 3K3€MIUIIpaX, 3aBepPeHHbIE MEYaThIO YYpEXKIEHUd, MPOCHM
BEICEIATh ITO YKa3zaHHOMY anpecy: 105005, r. Mocksa, yiu. 2-as baymanckas, 1. 5.

C nuccepranuneil MOXHO 03HaKOMHUThCA B GnbmoTeke MI'TY mum. H.D. Baymana.

HTBE MFTY um.H.9. BaymaHa
Asropedepar pazocnan «____ » anpens 2012 r. , " ” ’ m ” “ , , /\(Q)t)
1997102
KoHopaTerko P.0.PaapaBoTka
YueHHI# cexperapb

JAuccepTaiHOHHOro coBeta [1212.141.16
KaHIHJAT TEXHUYECKHX HayK, JOUEHT %‘ Konocos M.A. KH



Qrf 1
OBINASA XAPAKTEPUCTHKA PABOTHI

AkTvajbHoCTh _pabornl. 19 XONoaunbHOW M KPHOTEHHOH TEXHOJIOTHH
aKTyalbHOH 3ajayeil ABIIETCS CO3/laHHE palHOHAIBHBIX HCTOYHMKOB XOJIOAa ANA
MeIHUIMHBL. B MeauLnHe KpHOMETOIE (KpHOoTepariis, THIIOTEpMHS, KPUOXHPYPTUs H
KPHOKOHCEPBalMsA) BO3HHKIM CpPaBHUTENbHO HelaBHo. HampuMep, KpHOXHpYprus
CTajla NpPU3HAHHBIM XHPYpPru4eckHM MeToaoM ¢ 1964 roma. Torma Hauanocs
u3garenscTBO XypHana «Cryobiology». Cran ROCTYHHBIM XXHAKHH a30T M ApyrHe
KpHOAreHTHl, OBUIH CO34aHBI NepBhle KOHCTPYKUMH KPHO30HIOB C JKHAKHM a30TOM
Ul HeHpOXWpYpruM ¢ BakyyMmHoi Temousonsmueii M.C. Kynepom (CILUA) u
AWM. HlansauxoBemM (CCCP). B 1974 romy 6muio cosmaHo MexayHapoaHoe
kpuoxupypruyeckoe cooduectBo (ISC). C atoro BpeMeHH Ha4yalHUChb WHTEHCHBHBIE
MPUKIIaZHbIE HCCIEJOBaHHSA KPHOMETONOB IOYTH BO BCEX O0JIACTAX MeIHLMHEL
OtoMy CcHocoOCTBOBAJIIM MOJyYeHHBlE KIMHHYECKHE pesysNbTaThi, KOTOpbIE
y6enuTenbHO JOKa3bIBAOT 3(P(PEKTHBHOCTh H INEPCHEKTHBHOCTh NPUMEHEHHUS
KpHOMETOHOB. KpHOMETOABI NpOCTH, JIErko NEpPeHOCHMBI OGOJBHBIMU HOGOro
BO3pacTa, MPaKTH4YecKH O6e30macHB H OTIHYHO COYETAOTCA CO BCEMH IpPYTHMH
MeTozamu jedeHns. KpuoBosaeicTBHe Ha OMOTKaHb GECKPOBHO M MMEET XOpOLUMH
KOCMETHYECKHH U QYHKLIHOHAIBHBIA HCXOX.

OnHako, KaK [10Ka3blBaeT aHaJIN3 Hay4HO# JIMTepaTyphl, 40 HACTOSILIEro BpeMEHH
BCE MPUKJIaJHbBIE HCCIIEXOBAHUS KPHOMETONOB MPOBOAATCS C MPHMEHEHHEM Pa3HBIX
HUCTOYHHKOB XOJOJAa MoKa 0e3 3HaHHA MX pealbHOH MOLIHOCTH OXJXIEHUA B
KOHTaKTe C 33JaHHOK IIOBEpXHOCTBIO OpraHa. 3Ty MOIIHOCTh OXJIAXIEHHS
co3JaBaeMoro (M TIpPUMEHSAEMOro) HCTOYHMKA XONoJa B KOHTAaKTe C TKaHbIO
aKTyalipHO M ynoOHO B IpakTHKe BbIpaaTb B BHae 06a3oBoro rpaguka co
CIEOYIOIMMY KPHUBBIMMU:

— 10 [AWHaMHKe H30TepM B OHOJOTMYecKON TKaHW, COOTBETCTBYHOLIEH
KOHBEKTHBHBIM YCJIOBHAM OXJIOKIEHHA 3aJaHHOH IOBEpXHOCTH opraHa (1o
TemmepaTypsl He Hike -2 °C) IpM KPHOTEpAalMH H THIOTEPMHH (HAIpHMEp, TIpH
HCIIONB30BAaHUH MAaKETOB CO JIbJIOM, CHCTEMBl Ia3oBhIX CTPYH, XONOJHOH BOABI,
KpHOCayHBI U T.[.);

— [0 AHHAMMKE POCTa TONIIMHBI 30HbI 3aMOPaXHBaHUA B OMOTKaHH ANA KaXKAOTo
3aJ]aHHOrO pa3Mepa paboyero HaKOHEeYHHKa B KOHTaKTe ¢ TKaHbIO (y CO31aBaeMoro u
NPUMEHAEMOT0 KPHOXHPYPTHYEeCKOr0 HHCTPYMEHTa) C YKa3aHHeM KPUTHYECKOTo
YCIOBHS, KOr/Zla B 30He 3aMOpaXXUBaHHUA NpeKpallaeTcs KpHOAECTPYKLHMA KIETOK.

OT1cyTcTBHE BBlIIEYKa3aHHBIX ©0a30BbIX IpadHKOB B Hay4HOH nHTeparype M
[IPaKTHYECKUX PYKOBOACTBaxX JUIA Bpaded ABIAETCA IPEMATCTBHEM A
CTaHJapTH3alMH U LIHPOKOTO BHEAPEHHS B NPaKTHKY KpUOMeTonoB. B wacTHocTH,
3TO He JaeT BO3MOXKHOCTH AOCTOBEPHO 0000m1aTh COOCTBEHHBIE pe3yNbTaThl C
MOJOOHBIMH JaHHBIMH KOJUIEr, KOTOpble IOJNydeHbl ¢ NPHMEHEHHEM JpYyrux
HMCTOYHHKOB XOJIOZa, a TakKXKe CPaBHUBAaTh M BBIABIATH Ha phIHKE NHOO co3gaBaTh
HOBYIO 3((EeKTHBHYI0 KOHCTPYKIMIO KpHOAIIapara, COOTBETCTBYIOULYIO YCJIOBHAM
paboTsl.

Hear pa6orel. OCHOBHOH HENBIO paGOTH SABIAETCS CO3NAHME aKTYalbHOH H
YBOOHOH B MpAaKTHKE METOAMKH [0 YCTAHOBICHHIO BENHJMHu, MOIIHOCTH
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OXNAXJIeHHs NPUMEHAEMOro ¥ CO3JaBaeMOro KpHOanmnapara B KOHTakTe ¢ TKAaHbIO,
T.€. 110 YCTAHOB/IEHHIO COOTBETCTBYIOIIMX €if 6a30BBIX KPMBBIX:

~ [10 TUHAMHUKe H30TepM B GHOTKAaHH NPH KPHOTEPAIIHH;

— 10 IMHaMHKe POCTa TOJUIMHBI 30HBl 3aMOPaXKHBAHHA B TKAHH JUIA 33aHHOTO
pasMepa KOHTaKkTHOH IMOBEPXHOCTH pabodero HaKOHeUHHKA (C yKa3zaHHeM
YHHMBEPCAIHHOTO KPHUTHHYECKOTO YCIOBHS, IOCNIE KOTOpPOro B 30HE HAajibHeiIiero
3aMOpa)XMBAaHHA MpeKpalaeTcs KpHONECTPYKIMA KIETOK), 4YTO BaXHO Ui
KPHOXHPYPTHH.

C 1nenslo 3KCMepHMEHTANBHOM NIPOBEPKH YKa3aHHOH METOJMKM cO31aTh 00pasIbl
KOHCTPYKUMIH aBTOHOMHBIX KPHOMHCTPYMEHTOB IJI1 MECTHOH KPHOTEpaluH H IJIA

KPHOXHMpPYPTHH.

Hayunas HOBH3HA.
1. BrnepBole omnpelefeHa UHTEHCHBHOCTh TEIUIOOTHaYM K OKPYXKaloIEeH ra3oBoH

cpefie OT MAMCIIEpCHOH Hcnapsioleiics CTpyH, KOTOpas COOTBETCTBYET YPOBHIO
60 BT/(M>K). DTO TM03BONAET YCTAHOBMTh HYXHBIA JWAINa30H H3MEHEHHS
OTHOCHTENPHOTO DPAacCTOSHHS OT cCpe3a coIjla 10 CTEHKH IpH HCTEYCHHWH B
BO3JYLIHOH Cpelie KMITALIMX CTPYH XIaJJareHTOB H HX CMeceii;
2. ins KpuOTepanHMH 3KCIEPHUMEHTAIBHO IOATBEPXKIEHO, YTO INPH pacHbUICHHH
KAMAIMX XJaJareHToB M MX cMecefl OSKOHOMUMYHO U YHOOHO IPHMEHSATH
CrieLHaIbHOE KalmHJUIAPHO-IIOPUACTOE INOKPBITHE, KOTOPOE BITMTHIBACT KU yAaepxupaer
XJIalareHT, MO3BOJIAS HHTEHCHBHO OXJIAXJaTh OHMONOrHYecKyl0 TKaHb B TEUCHHE
3 - 6 MuHYyT;
3. BriepBrle mpoBeneHb! U3MEpeHH IWHAMHKY H30TEpM IO ryOHHE TKaHH in vitro
OT OXJIAXIAEMOM MOBEPXHOCTH UIS pa3HbIX HCTOYHHUKOB XOJOMA C MCIIOIb30BaHHEM
NpeUM3MOHHOTO  UHppakpacHoro TepMorpada. OHH IO3BONWIH  JOKa3aTh
CTIpaBeUTMBOCTH NPEUTOXKEHHOH JUIT 9TOro METOJMKH pacyera;
4. Pe3ynbTaThl HCCHEJOBaHHSA TEMIIEPATYpPHOrO MOJNS Ha KOXHOM IIOKpOBE IpH
pacrnbUIeHUH OXJIAKAAIOMNX Ta30KHAKOCTHRIX cMecelt ¢ Temmeparypoit -35,5; -25;
-15 °C (uponan-Gyran [40/60% wmonbH.]; npoman/6yTan/R123 [28/42/30% wMonbH.];
nponan/6yran/R123 [12/18/70% wmoneH.]) u3 comna mmamerpoMm 0,1; 0,5; 1 MM
¢ paccrosausa S; 50; 100; 150; 200; 250; 300 MM MO3BONSIOT NPOCIENUTH JUHAMHKY
H3MEHEeHUs TEMITEPATyphl TKAHH BO BPEMEHH IIPH €€ OXJXJEHHWH U OTOTPEBAHHH,
OIpeNeNnUTh NpenesbHbli 6e30onacHsli MepUoN ATy OXNAaXAEHU 3aZlaHHOTO y4acTKa
6noTkaHu (KOXH, CHU3HCTOH OOONOYKH), KOTOpHIH 3aKaHYHBAETCH MOMEHTOM
JOCTHXXEHHS TEMIEPATypsl KPUCTALIH3ALMMM KIETOK TKaHu Tip = -2 'C, a Taxke
ONpeNieINTh BpeMs, CIYCTA KOTOpoe HeoOXOAWMa IIOBTOpHas Ipouexypa
OXJIXIEHU S

IlpakTHYecKas EHHOCTh.
1. Jins MecTHOH KpHOTEepanmMH CO3JaHa CepHs aBTOHOMHBIX anmapatoB (B BUZE
GanmnonuuxoB Ang 0,2 11 XUIAKOro XjajareHTa IpH JaejeHUH 5,5 - 6 6ap, KoTopsle
IpOCCENTMPYIOT  HCHapsIONyIocs JUCHEPCHYI0 CTpYIO M3 pasHBIX cMecei
XJIaareHToB, B YaCTHOCTH, CMECH € TeMIlepaTypaMHu KumeHus -35,5; -25; -15 oc,

ITonmy4yens! pesynbTaThl N0 3¢ (HeXTUBHOCTH OXJIAXEHHS 3aXaHHOH IOBEPXHOCTH
opraHa IpY pacliblIEHHH HCNapsolleiics NUCHEpCHON CTPYH B OTCYTCTBHH H IpPH




HaJIM4MH  KalWULIDHO-TIODHCTOTO IIOKPHITHS Ha TKaHH. OTO  IIO3BOJIMIO
PEeKOMEHI0BATh:

— palHOHANbHBIA M OesomacHblf Ay OGHOTKaHM pacXol H COCTaB CMECH
XJIaJlaTeHTOB, B  YacTHOCTH, cMechb mponaH-6yran  [40/60%  MonbH.);
nponan/6ytan/R123 [28/42/30% monbH.]; nponan/6ytan/R123 [12/18/70% monbH.];

— pachnbUleHHe CTpyH cMecH mpornad-OyraH (40/60% MONBH.) BO3MOXHO
HCIONB30BaTh B KOCMETONOrdH, paepMmartonorid ¥ B JIOP o6GnacTH BMecTo
[IPUMEHAEMOH B HaCTOsILEe BPEMs CTPYH KHIALIEro asora (M MaccaXHOIro BaTHOFO
TaMIIOHa C XXHJIKHM a30TOM), TaK KaK IIPH TaKoi e HHTEHCHBHOCTH OXJI&XIEHHS Ha
MOBEPXHOCTH opraHa (KoXXH JHOO CIM3HCTOH 06OJOYKH) MCKIIOYAETCS MOHMKEHHE
TeMnepaTypsl Huxe -2 "C H, CNIeJOBATENBHO, 3aMEP3aHHe H KPHONECTPYKLHA TKAHH,

— aKTyaJlbHO MCIOJIB30BaTh CTPYI0 cMecH mnponaH-6yraH [40/60% MonbH.];
nponan/6yTan/R123 [28/42/30% mounsn.]; nponan/6yran/R123 [12/18/70% monsH.]
Mpu MECTHOH KpuoTepanud (0cCOOEHHO B CHOpPTE), COBMECTHO C MCCIIEIOBAHHRIM
KallM/UIAPHO-TIOPHCTBIM IOKpBITHEM C TonmuHoH 0,5 - 2,5 cM W auamerpom
6,5 - 12 cM, koTopoe ynoOHO ISl MPaKTHKK U HMeeTcs Ha pbiHKe. [lokpeiThe GeicTpo
(B Teuenme 10 C) NpPONMUTHIBAIOT CMECHIO, IIPU OTOM OHO OXJAXAAETCA JO
temnieparypst -10...-18 °C, B 3aBHCHMOCTH OT BHIGPAHHOTO XJIA/Ar€HTa, 3aTeM
GHUKCHPYIOT Ha 3alaHHOM NOBEPXHOCTH opraHa. 3To ofecnieydBaeT palHOHANBHBIH
Ul KpHOTEpAIiH NEPUOK OXJIaXIeHHa OHOTKaHHM 3 - 6 MUHYT u bonee sdpexTHBHOE
OXJIaXCICHHE TT0 CPAaBHEHHIO C NTaKETOM TAalOLLIEro JbJa.

2. Jlns KpHOXMpYPIHHM CO3laHa Cepus aBTOHOMHBIX ammnapaToB eMkoctbio 0,3 i,
HCIIONB3YIOIKX B KayecTBe XJIaJareHTa XUAKUH a30T. OHM CHaGXeHbl CMEHHEIMH
aNIUIHKaTOpPaMH, KOTOpble Yepe3 MeIHbIi TEeIUIONPOBOAHBIA MOCT OXJaXIAIOTCH B
peXXUMe Ty3bIPBKOBOro KMIIEHHMA a30Ta M B KOHTaKTe C TKaHbIO HMEIOT NOCTOSHHYIO
TeMnepatypy — 185 ’c+5°C.

3. AnmapaThl NPOUUTH TEXHUYECKHEe U KIIMHUYECKHE MCTBITaHUS, PEKOMEHIOBaHbI K
IPHMEHEHHUIO B MEIHLIMHCKOMN NIPAaKTHKE U MPOMBILUIEHHOMY IIPOH3BOACTBY.

ABTOp 3amuniaeT
1. Pe3ynpraThl HcclegOBaHUS Temoo6MeHa HCMAPSIOWMXCS NUCHEPCHBIX CTpY#H
pasHBIX XJIaZareHToB (M HX cMeceil) B yCIOBUAX HaTeKaHHsA B BO3IYILUHOM cpele Ha
TOHKYI0 (onbry (n60 Ha KOXy 4eloBeKa) C H3MepeHHeM TEeMIIepaTypHOro Mot
HH(paKpacHbIM NIPELH3HOHHEIM TepMOrpagom;

2. Pe3ympTaThl HCCIENOBaHHA 3(P(PEKTHBHOCTH OXJIAKICHHS TKAaHU KUIAIIKAMH
JUCHEPCHBIMH CTPYSAMH XJIaareHTOB IIPU OTCYTCTBHM H HAIMMHHM KalMWULIPHO-
MIOPHCTOr'O TIOKPBITHA [Ii MECTHOH KPHOTEPAIIUH;

3. Pe3ynpTaThl 9KCIEPHMEHTANIBHOrO HCCIEJOBAHUSA 110 YCTAHOBJIEHHIO MOLUHOCTH
OXJIAKJICHAA 3aHaHHOrO HMCTOYHMKA XOJoJa WM COOTBETCTBYIOLIEH eMy JMHAMHKH
H30TEPM MO TIIyOMHE TKaHM in Vitro OT OXJaXIaeMOH IOBEPXHOCTH C
HCIIONB30BaHHEM HH(PaKpacHOro MPELH3HOHHOro TepMorpada;

JocTOBEPHOCTD MOJYYEHHBIX PE3YJbTATOB.

JloCTOBEPHOCTh ~ 9KCIIEpUMEHTaNBHBIX  MCCIEJOBaHHH [OATBEPKIAeTCH
[IaCMOPTHBIMH OaHHBIMHM HCIIOJNB3YEMbIX NPUOOPOB, METOLMYECKON INOIPEeLHOCTBIO
MeToZla HCCIIe[JOBaHMA, COIIOCTaBIIEHHEM C aHaJOIMYHBIMH TEOPETHYECKAMH M
9KCIIEpHMEHTATEHBIMY JaHHBIMH.




AnpoGauus__pa6orbi. OCHOBHEIE MONOXEHHA [UCCEPTAIMOHHOH paboTE!
JOKJIa[[BIBAITHCh U OOCYXIANCH Ha:

- 4,5, 7, 8 MEeXIyHapOIHOl Hay4YHO-TpaKTHYecKol KoHbepeHIMH «KpHoreHHEIE
TexHONOruM u o6opynosanue. [lepcriexTussl passutusy (Mocksa, 2007, 2008, 2010,
2011 r.);

~ 14, 17, 18 MexayHapogHOM HaydYHO-TEXHHUYECKOH KoHpepeHIHH «BakyymHas
Hayka ¥ TexHuka» (Coun, 2007, 2010 r., Cynax 2011 r.);

—~ 15 MexIayHapoxHON Hay4HO-TeXHUYeCcKOH KoH(depeHIMH «PaJuo3nexTpOHHKa,
3/IeXTpOTeXHHKa U 3HepreTHka» (Mocksa, 2009 r.);

- 4, 5, 6 MeXIyHapoAHOW HAy4YHO-TeXHHUYecKo#i KoH@pepeHnuu «BakyymHas
TeXHHKa, MaTepuaibl U TexHonorua» (Mocksa, 2009, 2010, 2011 r.);

~ 16 MexayHaponHOH  Hay4YHO-TEXHHYECKOH KoH}epenrmu «Bricokue
TEXHOJIOTHH B npoMsiuLienHocTd Poccum» (Mocksa, 2010 r.);

- 2 MexayHapomHoO#H Hay4Hoif koHbepeHuun «IIpombinuienHsle raser» (Mocksa,
2011 r.);

~ HayyHo-TexHU4eckux cemuHapax ®PI'YIT «HUMBT um. C.A. BexkmmHckoro»
(Mocksa, 2009,2010, 2011, 2012 r.);

— 3acefianny Kadeaps! NedeGHOM GU3KYNBTYphl U cnopTHBHOH Mexuuunsl HWJI
npoGyieM (QU3HIECKOro W ICHXUYECKOTO 310pOBbI POCCHICKOro rocyapCTBEHHOIO
MeauUMHCKoro yHuBepcureTa (Mocksa, 2010r.);

— 5 MexJAyHapoIHOH HayJHOH KOH(QEpEeHIMH IO BOIPOCaM COCTOSHUA H
MepCcreKTUBaM  pa3BHTHS  MEJULHHEI B  CHOPTE  BHICIIAX  JOCTHXEHHH
«CnopTMe,u-ZOIO» (Mocksa, 2010 1.);

23  MexXAyHapoIHOM  KOHIpecce  XOJOJWIBHOH  IPOMBIILICHHOCTH
«IIR International Congress of Refrigiration» (ITpara, 2011 r.).

Hy6aukauun. [To Teme muccepranmu omy6nukoBaHo 20 me4aTHsIX paboT, B TOM
yucne 13 craTeit U MaTepuaoB B TpyAax KoHpepeHiuii, 1 Tesuc noxnana, 6 crarei B
JypHaJe, B TOM YHClie 4 CTaThH B XKypHaJaX, pekoMeHaoBaHHbIX BAK.

Crpykrypa M 06bem paGorsl. Jluccepranusi COCTOMT U3 BBENEHHS, TpeX TIJIaB,
BEIBOZIOB, CIMCKa JIMTEPATyphl, IPHJIOXKEeHUIt 1 umeeT o0beM 140 cTp., BKmodas 68
pHUCYHKOB, 7 Tabnmuu ¥ 6 npunoxenuii. bubnuorpadus priroyaer 96 HaMMEHOBaHHH.

COJEPXXAHUE PABOTHI

Bo BBeaenuH 000CHOBaHa aKTyaJlbHOCTh TEMBI, CHopMyIHpOBaHa Leb U obas
METOJMKa BBITONHEHUS paboThI.

B _nepBoii r1aBe (AHajH3 TeMT000MEHHBIX MPOIECCOB, CONPOBOXKIAIOIIHX
KpPHOTEpanHlo, THNOTEPMHI0 H KPHOXHPYPrHIO) MpOBEINECH aHAN3 HAy4YHOMH
JUTEpaTypel M CYIIECTBYIOLIMX pelIeHH#, B pe3yjbTaTe dYero YyCTaHOBJIEHBI
HeJOCTaTKM U chOpMyIHpOBaHBI 3a/1a4d UCCIIEJOBAHHUH.

AnmnapaTsl 11 MecTHOH u obluell kpHoTepanuu (HanpuMep, C HCHOJIb30BaHHEM
XOJIOAHBIX BO3LYIUHBIX CTPYH, ITaKeTOB CO JIbIOM, XOJOAHOU BOJBI, KPHOCAYHBI H
T.K.) pa3spabaTbIBaOTCs U NPUMEHSIOTCS NoKa 0e3 3HaHHs BENW4MHE! [I0ABOJA TeIUia
OoT OHOTKaHW H, COOTBETCTBEHHO, 0e3 06OCHOBaHMA LieNecoOO0pasHOro NepHoia
OXJIOXKIEHHSA 3aJaHHOH IIOBEPXHOCTH opraHa Ary Il KOHKPETHOTO HCTOYHMKA
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xoiona. i1 KpHOXHPYPIrHYeCKHX alllapaToB B IMTEPATYpe He MPUBOAAT PealbHYIO
MOILHOCTh OXJIKJICHHSN B KOHTaKTe C 3adaBaeMoM NOBEPXHOCTHIO OpraHa Iy
KaXkZI0ro CO34aBacMOro M NpUMEHAEMOro paboyero HakoHeuHuKa. JleHCTBUTENBHO,
NIOKa OTCYTCTBYeT BO3MOXHOCTh I  YAOBJIETBOPHTEJBHONO  pacieTHOro
NPOTHO3HPOBAHMA JHHAMUKH pOCTa TONUIMHEI 30HH 3aMOpaXXUBaHHS B OuOTKaHH
UL K&XKAOro 3alaHHOTO pa3Mepa pabodyero HaKOHEYHHKa B KOHTakTe€ C TKaHbIO
BBHJIY CJIO)KHOCTH H HaJIM4Ms MHOTHX HEM3BECTHHIX IEPEMEHHBIX.

Puc.2. IIpumep 3amopaxusanus 4%
pacTBopa XKeNaTHHOBOTO rens

Puc.l. Pasnuudeie Monu¢ukauuu (MOAeNbHas  cpeda, Onmskad 1o
aBTOHOMHBIX KpHoanmapaToB 4 CBOMCTBAaM K TKaHhW In  vifro,
CHEMHbIX HAKOHEYHUKOB K HUM A=0,55Br/MK):a)t=0¢;6)7=30c;

B)T=60c;r)t=120c¢

310 06ycNOBNEHO, HanpHMep, HAIWYHEM CYLIECTBYIOLIEro pa3HooGpasus 1o
HYXHOH (QopMe U pa3Mepy KOHTaKTHOH HOBEpDXHOCTH CTeHkH paboyero
HakoHeyHHKa. [IpM 5TOM HeH3BECTHbl KOHBEKTHBHbBIE YCJIOBHA IO OOTeKaHHIO
BHYTPEHHEH TOBEPXHOCTH €ro CTEHKH IMOTOKOM KHIsLIeH KpHOreHHOH xuakoctd. To
€CTb, HEH3BECTHBI, HAlIPUMep, 3Ha4YEHHs ero MacCOBOH CKOPOCTH M mapocoiepiKaHus,
TeOMeTpHYECKHEe H JpyTHE NapaMeTpbl BHYTPH HaKOHEYHMKaA, YTOOBl MOXHO GbUIO
65! NPOrHO3UPOBAaTh MHTEHCHBHOCTH TEIUIONEpENadH o, U AMHAMHKY MOHWKEHHS
TeMIepaTypbl CTEHKM HAaKOHEYHMKa B KOHTAKT€ C TKAHBIO M COOTBETCTBEHHO
JUHaAMHKY POCTa TOJIIHHbI 30HBI 3aMOpaXHBaHUA B GHOTKaHH.

OnHako, B HacTosilee BpeMs CYLIECTByeT YHOOHast Ui NPaKkTHKH METOIHKa
co3naHus 6a3oBoro rpaduKa AN BRIPAKEHUS MOILLHOCTH OXJIXIECHHU, CO31aBaeMoro
H IpUMEHSeMOro HCTOYHHKA XOJIofla B KOHTakTe ¢ TkaHb [bynpuk B.B.
Ou3pyecKde OCHOBBI KpHOMeTOHoB B Meauuute. 2007r.]. s xpHoTepamuu — 3T0
KpHMBbHle MO AMHaMHKE H30TepM B OHOTKaHH [I pa3sHbIX KOHBEKTHBHBIX YCIOBUI
oXNaxHeHus (HampuMep, IPHU HCHOJB30BaHHH Ppa3HYHBIX KpPHOAMILIHKAaTOPOB,
CHCTEMBI TIa30BBIX CTpyH, XONOAHOM BOABI, KpHocayHs H T1.4.). s



KPHOMHCTPYMEHTOB B XHPYPIHH — 3TO KpHBHIE 110 THHAMHKE POCTa TOJHIMHBI 30HBI
3aMOpaXMBaHHS B TKAHHU H, B YaCTHOCTH, B NPO3Pa4YHOM reJie.

Jlna BHelpeHHS B MpPaKTHKY y PEKOMEHAOBaHHOH METOIHKH OTCYTCTBYET DA
BaXHBIX JKCMEPHUMEHTANLHBIX JOKa3aTeNnbCTB. B 3TOH cBA3H, OAHOH M3 3amad
HACTOSLIMX HCCIENOBaHUM ABNAETCA IKCIIEpUMEHTalNIbHAs MPOBEPKA MpPeJIOXEHHOH
H co3naHHne OOOCHOBAaHHOM METOAWKM, Kotopad Oymer ynobHa B TpaKkTHKe
KpHOTEpanMH M KPHOXMPYPIrHH [UI1 YCTAaHOBIEHHS MOIIHOCTH OXJIKACHHA,
co3gaBaeMoro (M MpPUMEHAEMOro) MCTOYHHMKA XONOAa J000H KOHCTPYKIMH B
KOHTAKTe C TKaHBIO.

Jna aTOro CO3naHml CHelHabHble 3KCIEPHMEHTANbHbIE CTEHMBl, OIIBITHEIE
ofpasiibl KPHOUHCTPYMEHTOB U1 MECTHOH KPHOTEPAIIHH H KPHOXHMDYPIHH.

OrcyrcTBHe YKa3aHHBIX 0a30BBIX TIpauKOB (I BHIPRKECHUA MOLIHOCTH
OXJIRKAEHHs KaK CO3[aBaeMOro, TaK H NPUMEHIEMOr0 HCTOYHHKA XOJIOAa B KOHTAKTe
C TKaHBIO) B HAay4HBIX TPYJaxX M NPaKTH4eCKUX PYKOBOACTBAaX IUIS BpaueH ABIsAeTcs
TOPMO30M IS BHIpAOOTKM CTaHJAPTH3AlMKM M LIMPOKOTO BHEAPEHMSA B MPAKTHKY
KPHOMETONOB. B 4acTHOCTH, 3TO He IaeT BO3MOXHOCTH [OCTOBEpHO 06061maTh
CcOOCTBeHHbIE KJIMHHYECKHE Pe3yJIbTaThl ¢ MMOAOOHBIMM JaHHBIMH KOJUIET, KOTOpbIe
MoJTyYeHsl C MpHUMEHEHHEeM IPYTHX HCTOYHHKOB XONOHa. A Takke CpDaBHHBAaTh H
BHISBIATE HA pBIHKEe (WM CO3[0aBaTh HOBYIO) 3(GEKTHBHYIO KOHCTPYKUMIO
KpHoaniapara Ha 3aJJaHHBIE YCIIOBHA paboTEhL.

B rnase 2 (Mccneposanue TemiooGMeHa B YCJIOBHAX B3aMMO/JeficTBUS
HCNAPAIOUINXCA AHCIEPCHBIX CTPYH XJaJareHToB €O CTEHKOH A JIOKaJbHOH
KpHOTEpanuH) COINEPXHUTCS OIMCaHHE METOAHKH IPOBEJEHHUS OSKCIIEPUMEHTOB H
aHaMM3  MNONyYEHHBIX  pe3ynbTaToB. MeTo  OXJIaXAeHHs  MOBEPXHOCTH
Ouonorudeckoil TKaHW OpOHIEHHEM OTKPHITOH I'a30)KHUAKOCTHOH CTpyeH XiiagareHTa
HIXPOKO NPUMEHSETCS B JIOKaIbHOM KpHOTepanuu. Yallle Bcero XJiaareHT XpaHHTCS
MO [aBJIeHHEM, [IPH TeMIlepaType OKpyXaioliel cpensl, B 3aKpHITOH €MKOCTH,
HampuMep, B a3po30ibHOM OamnoHuuke (puc.3.). IlpH Haxatum Ha KiIanaH
a’pO30JIBHOrO OaTIOHYHKA XJIaJareHT APOCCENUPYeTCs M3 COMUia PacHbUIMTENbHOH
HacagKH B BHJAE Ta30XKUAKOCTHOH CTPyH ¢ TemmepaTypod oxiaxneHus ITo.
Pezynerar, nonyyaeMslii mpu paciiblIeHMH Ha TPaBMHPOBAaHHOE MECTO, BbIpaXaeTcs
B OBICTPOM OXJIAXKAEHHH IIOBEPXHOCTH TKaHH.

Ha HavyansHOM 3Tame HcclaeoBaHHE OBUI YCTAHOBIEH palMOHAIBHBIA U
Ge3onacHbIif NpU KPHUOTEpANlMM COCTaB CMECH XJIaJlareHTOB, B YacTHOCTH, CMECh
npornan/6yran  [40/60% MoneH.], nponan/6ytan/R123 [28/42/30% wmonbH.];
nponan/6ytan/R123 [12/18/70% moinsH.]. Bein paspaboran u cepuiiHo NpoH3BeleH
OMBITHBIH o6pasent (puc.4) aBTOHOMHOTO ammnapara, COmepaluii GaJuIOHYHK s
0,2 1 )HIKOro XJajareHra IpM HaBieHuM 5,5 - 6 6ap, KianaH ¥ CMEHHYIO HacajKy ©
JIpOCCEIIbHBIM COILIOM, KOTOpas ApOCCENIHpYeT UCNapsIOLyIOcs AUCIIEPCHYIO CTPYIO
M3 pa3HBIX CMecel XJ1aJlareHToB.

Ha puc.5 cxeMaTH4HO noka3zaHa 3KCIlepUMEHTaNbHAs YCTaHOBKA JJIS U3MEpeHHs
NoJIA TeMIepaTyp 9 ¢ NOMOILBIO NMPELM3HOHHOTrO HH(ppaKkpacHOro Tepmorpada 7 Ha
HOBEPXHOCTH CTEHKH (ayroMuHHKeBas (onbra mi6o MOBEpXHOCTh KOXH) B YCIOBHIX
HaTeKaHUs Hcnapsiolleiics QUCIEpCHOH CTPYH XJ1afiareHTa NPU pa3HbIX 3HaYEHUSAX
OTHOCHMTENIFHOTO PacCTOAHMUA OT cpe3a corua (L / d) no creHku.
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Puc.3. BHyrpeHHee  ycCTpo#CTBO
a’po30JIbHOro GayIoHuMKa. 1 — Kilanas;
2 - xpeimka; 3 — 3abopHas TpyOKa;
4 — xynapareHT; 5 — 3abopHas Tpy6xa,
6 — Kopmyc KkjanaHa, 7 — NpYXHHa;
8 — kprimka; 9 — mrrok; 10 — Hacanka;
11 — comro HaKOHeYHHKa; 12 — KianaH;
13 — yIUIOTHHTEIb.

7

Puc.5. Cxema 3KCnepHMMEHTaJIBHOTO
CTeHIa M HCClefOBaHUS XapaKTe-
PHCTHK OXJIaXAAOLIel ra30)KHAKOCTHOH
CTpYH M TEMIIEpaTyPHBIX NOJNEH IMpH ee
pacrbLIeHUA Ha MTOBEPXHOCTb.
1 — 6aIOHYHK; 2 — COILIO HAKOHEYHUKA,
3 — ra3’oXHAKOCTHasA CTPYs XJialareHTa;
4 — middepeHUHANBHBIH MaHOMETP;
5 ~ oxjaxnmaemas [OBEPXHOCTb;
6 — Becel; 7 — tepMorpad; 8 — OBM;
9 — u3MepsieMoe Molle TeMNepaTyp Ha
OXJIXKIaeMO# TOBEPXHOCTH 00 BEKTa

Puc 4.

obpasen
aBTOHOMHOIO aimnapatra A9 MECTHOM
KpHOTepanuu (Bepcus A CIOPTHBHOM
MEIULUHE])

OnBITHBIH

- s B 1 a
Puc.6. BrReumui By NPOrpaMMHOrO
IPOIYKTa JJI1 HCCIENOBAHHA TeMIie-

paTypHOro  mois, MOy4EeHHOro ¢
MOMOILIBIO Tepmorpada «HPTUC-
2000C».
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Puc.7. Paciipesenenne reMnepatypsl Ty Ha amoMHHMEBOH (oJbre TOMOUHOM J = 10
MKM IpH OXJIKACHUH Ta30XHUAKOCTHOH cMechio mnponan/Oyrtan (40/60 % MoibH.) C
To = -35,5 oc, Bpems akcrozuuum — 2 c; auaMerp corvia Hacamxu d = 0,1 MM.
1-L=150mMm;2 - L=100MmM; 3 -L=50;4—-L=5mm.

a)

Dy =48 mm Dy =15 mm

Dy = 60 Mm Dy = 60 Mm Dy =35 Mm

140 180 200

80 100 120 160

L, Mmm

Puc.8. ®oTorpaduu rasoxuaKOCTHOH CTPYH IPH PaclbUIEHHH OXJIaXJAOIEH CMeCH
nponan/6yraH [40/60% MoJBH.] ¢ OTMEYEHHBIMH 3HaYeHUAMH AuameTpa Dy obnactu
OXJIQXKIOCHUSA [UIS Pa3iIMYHbIX pacCTOAHUH pacnbuleHus L. a) d = 0,5 mM; 6) d =1 Mm.
d - InaMeTp coUla HacagkK. YroJl paclUMpeHus MNOTPaHU4HOro Cios
y HCIIapSAIOLIMXCS CTPY#H cocTasiser okoino f =11 rpan.
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Bnaromaps mamod TtonmmHe Qonbrd (10 MKM), TEIUIOMPHTOKH ¢ THUIBHOM
CTODOHBl [OBEDXHOCTH H [0 CEYEHHIO €€ TOPLOB MNpeHebpexxMMo Majsl Mo
CPaBHEHHIO C TEIUIONIONBONOM OT KHILAIIETO XJaJareHTa Ha CreHke (KoTopas
HMHTHpPYET NIOBEPXHOCTh OMONIOrHYecKo# TKaH#). ITO J3ET BO3ZMOXKHOCTD:

— ONpERENHTh TEMIIEPATYPy Ha MOBEPXHOCTH CTEHKH Ty NpH B3aHMOIEHCTBHH C
OXJIKJAKOIIEH cTpYyeH;

— ONpeNeNMTh 061acTh OXJNaKIEeHHS (30Ha Ha MOBEPXHOCTH CTEHKH NUaMETPOM
Dy, nnomansto Sp ¥ Temnepatypoii Tp) s pa3iHYHBIX PacCTOSAHHH pacrbuleHus L
U IUAMETPOB d COIUIa HacaIKH;

— OLIEHHTH KOJHYECTBO OTBOAHMOTO XJIaffOHOCHTeNeM Teruia (Jp OT NOBEPXHOCTH.

Ha puc.6 npencraBneH BHEUIHHH BHA IPOrpaMMHOIO MpoXyKTa Ais obpaborku
JaHHBIX II0 TEeMIEpaType NOBEPXHOCTH, MOJYYEHHBIX C TOMOINBIO TepMorpada
«UPTHUC-2000 C». IIporpamMma mno3BojifeT MOJY4aTh TEMIIEPATYPHOE ToJie
uccnexyeMoro obsexra, NpeACTaBIsTh €ro B JBYX- HIM TPEXMEPHOM BHIE, HMeeT
HHCTPYMEHTBl [UI1 aHAIW3a [OJNYYEHHBIX JIaHHBIX, I[O3BOJAET 3KCIOPTHPOBATH
nanHsle B Microsoft Exel anst nocnemyromnero peqakTHpOBaHHA.

IIpu pelneHUH HaHHO# 3aauyd Ha CTeHJe ObLIM MONTydYeHHl 3KCIEPUMEHTANLHEIE
JaHHBIE 110 paclpeleNeHHI0 TeMIIEpaTyphl Ha ATOMHHHEBOH (oJbre TONIIMHOMN
0 = 10 MM mocle B3aHMOHEHCTBHA C KHIAMEH rasoXHIKOCTHOH CTpyed cMecH
nponaH-6ytan  [40/60% mossH.], nponan/O6yran/R123 [28/42/30% monbH.],
npornan/6ytan/R123 [12/18/70% monbH.] ¢ Temmepatypo#t oxnaxnenus Tp = -35,5;
-25; -15 °C npu mpoccenmpoBaHME H3 CcOIIa nuametpoM 4 = 0,1; 0,5; 1 MM
¢ paccrosHuit L =5, 50, 100, 150, 200, 250, 300 mm. Ha puc.7 npeacrasieH npumep
TaKOro paclpeeneHus.

Hsmepenns Temneparyp Ha pHc.7. [OKa3bIBAaIOT, YTO OXJIXKIECHHE TOBEPXHOCTH
CTEHKH IPOUCXOAUT HEPaBHOMEPHO, 10 LEHTPY paclbUIEHHs TeMIlepaTypa HHXe,
yeM Ha nepudepnu. Ha xpusbix (3) u (4) HaOmopmaeTcs miuoniagka ¢ NOCTOAHHON
TeMnepatypoi, 6;u3koll x TeMneparype oxnaxneHus Tp, B cirydae KpuBsix (1) u (2)
Takasg IUIOMIafka He HabmojaeTcs, a TeMmIiieparypa Ha CTeHKe He HocTuraer To.
CnenoBarensHO, HauWHas ¢ HEKOTOporo paccrosiHus L > L* Bca HHM3KOKunsAas
¢pakmus B cMecH (IpoliaH) McrapseTcs, B3aWMOAEHCTBYS C BO3QYXOM IO KacaHus
MOBEPXHOCTH CTEHKH.

Jnsa naHHOro ciydas Toneko ¢ paccrosHus L < L* = 100 MM (xpuBas 3,4)
HU3KOKHMIIAIMA KOMIIOHEHT cMecH (TIpoNaH) AOCTHUraeT MOBEPXHOCTH, CMaYHBaeT
OXJIaXHaeT ee o TeMIiepaTyphl Ip Ha obnactu auamerpoM Dp. dns paccrosHus
L =50 MM (xpuBas 3) nuametp obnacTu oxnaxxaeHus coctaBiger Dy = 27 MM, jis
pacctostHus L = 5 MM (kpusas 4) ero 3Hadende Do = 42 mM. C pocToM paccrosaus L
quameTrp Dp o6nacTH OXJIaKAEHHs yYMEHbIIAeTcs W IPH HEKOTOpOM 3Ha4yeHuu L*
npudmxaercs k 0.

B nucceprauun npencrapieHsl 3Ha4eHHA quaMetpoB Do obnactu 3¢dexkTHBHOrO
oxJaxAeHHs Ui cMecH nponaH/6yTaH (40/60% MOJNBH.) AN pa3u4YHbIX JHAMETpPOB
d comna HacaiKy IIpM DPa3MYHOM pPacCTOSHMM pachlbUIeHHA L, Takke ykasaH
06BbEMHEIH pacxos cMecH Gy JUIS KXo HacalKH.

Ilpu d=const, Gy=const ¢ pocroM paccrosuua L puamerp D, obnactu
OXJIAXKIEHHS YMEHBIIAeTCs M TIPH HEKOTOpOM 3HaueHuu L* npubmmxaerca k 0.
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Hanpumep, ans d = 0,5 mm; L* = 100 MM uMeeM IIPaKTHYECKH HyneBo# quametp Do.
CrenoBarenpHO, HauMHas ¢ L* ¥ Gonblle BCA HHU3KOKMIAILAA (paknusa B CMECH
(nponan) Hcnapsercs, B3aUMOIEHCTBYS C BO3LYXOM JO K4CaHUS IIOBEPXHOCTH
CTEHKH.

OLEeHUTh MAaKCHMAalbHOE KOJMYECTBO MOABOAMMOH K OXJIaKIAeMOH CTEeHKe
TemwioThl Qp = Qmax MOXHO, IIOCYHTAB TEINOTY Oycrr, YXOAALIYIO HAa HCIIADEHHE B
BO3/yXe BCell HU3KOKHIsIeH Qppakuuu (ponaH) 0 B3aHMOJEHCTBHA CO CTEHKOH B
clyyae pacrnblieHus ¢ pacctosHus L*. Termnota Qycpy 9KBHBaIEHTHA MaKCHMalbHOR
Terore Omar , KOTOPYIO MOXHO OTBECTH OT IIOBEPXHOCTH CTEHKH B Hpolecce
HCMapeHHs Ha Hel oxJlaXaarolled CMeCcH:

Oucnt = Omax=j GvprLr, (H

rae QOmay — MaKCHMallbHas TeIUIOTa, KOTOPYI0 MOXXHO OTBECTH OT CTEHKHM B
npolecce UCTIapeHHs Ha Hel oxyaxJaloleidl cMecH (IIpH MaKCHMaJbHOM 3Ha4YeHHH
AuaMeTpa Dy obnacTu oxnaxieHus);

j = 0,59 — MaccoBas Joid coaepXaHHA HH3KOKMIAIUe# ¢pakuuu (nponaH) B
cMmecH;

Gy=0,15-10 — 06bemHubIi pacxoj cMecH, M/c;

pL=0,4 prnrorara + 0,6 preyraps = 600 — IIOTHOCTD KUIKOMH a3kl cMecH, Kr/M;

r =427 — tennoTa napooOpa3oBaHUA HU3KOKUTIsAMIeH (ppakiumu (ponaH), KIDK/Kr.

Jisi d = 0,1 MM: Opax = 600-0,006:10%-0,59-427 = 0,9 Bt

Jlist d = 0,5 MM: Qpasx = 600-0,15-10%-0,59-427 = 22,7 Br

Jnsid =1 MM: Qpax = 600-0,6:10°-0,59-427 = 90,7 Br

Takum oOpaszom, mis auamerpa coma d = 0,1 MM MakcHUMaJibHas MOIIHOCTB
OXJIAXIEHHS B MpOLiECCE KUIIEHHUSA Ha CTEHKE MOXET COCTaBIATh (Onq = 0,9 Br, a
Iuamerp obnacti oxiaxaenus Do = 42 MM, Takux pe3y/bTaTOB MOXHO IJOCTHYH
IIpY pachblIEHUH OXJaXIAoLIeH CMecH ¢ paccTosHuA L < 5 MM.

Jnsa nuamerpa comta d = 0.5 MM nipp L < 5 MM MakcHMalibHas MOILMHOCTD
OXJIOKAEHUA B Npoliecce KUNEHHS Ha CTEHKE MOXET COCTABIATh (g = 22,7 BT, a
AuaMeTp obsactu oxnaxaeHus Do =45 mm.

Jna nmnamerpa comna d = 1 MM MakCHMalbHas MOIIHOCTh OXJIQKICHHSA B
Tpoliecce KUMEBHs Ha CTEHKE MOXET COCTaBIATh Oy = 90,7 BT, a nuamerp obnactu
s¢dexrBHOro oxjaxaeHus Do = 60 MM. Takux pe3ynbTaToB MOXKHO JOCTHYb IPU
pacnbUIeHHH oXJaxaalomei cMecu ¢ paccrostus L < 150 mM.

INockonrky s d = 0.5 MM Ha paccrosHun L*=100 MM Bcs HH3KOKHIIAUIAS
¢pakuns ucnapsercs, He HOJIETEB A0 CTEHKH, Mbl MOXeM OTpeleNuTb KO3)QHUHEHT
TEIUIOOTAAYH OT BO3JyXa K OOKOBOH NMOBEPXHOCTH NOTPAHHYHOIO CIOS CTPYH IO
cooTHOLIEeHHIO (3), Ipe[cTaBKB CTPYIO B BHJE KOHYyca ¢ yriioM pacmeiia =11 rpan.
JaHHoe mpeamosioXkeHHe MOATBEPKAAETCA SKCMEPUMEHTATBHO IOJyYEeHHBIM
CHHMKOM CTpyH (puc.8):

Aoz = (T“_“Q]‘T_m)“‘:g““ ) 2)
oc 4o/ Ook

rae, Ssox=(% rroryca L)/cosp = (3,14:0,02-0,1)/0,98 = 0,0064 — mwiomans 60koBoii
TIOBEPXHOCTH KOHYCa, M';

Toc = 20 °C — TemnepaTypa oxpyxatomeii cpesst, °C;
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To=-35,5 oc- TeMIiepaTypa OXJaXAeHHUS, °C;

B uTore nomyuaem apozr = 22,7/ ((20+35,5)0,0064) = 64 Br/M*K.

JlaHHOoe 3HaueHHe JMUIA KHUILIEH ra3’0XMIOKOCTHOM CTPYH C TeMmepaTypoi
To = -35,5 °C npuMepHO OIMHAKOBO Ml  BCEX CITy4yaeB pAacCIbUIEHHS
(d=20,1; 05 1; 1,5 MM) H He TIPOTHBOPEYHT CYIUECTBYIOLIUM KOHBEKTHBHAIM
JIaHHbIM.

Hatinem ynensHsIi TEILI0BOH MOTOK gp OT TOBEPXHOCTH CTEHKH:

B 5
o) S, ’ 3)

ra€ Spax = % Do 24 - IJTOMIAAb OXJIaXAaeMOi MOBEPXHOCTH, M.

Jins d = 0,1 MmM: go = 0,9-4/(3,14:0,042%) = 652 Bt/™M* = 0,065 Br/cm?

Jlis d=0,5 MM: go = 22,7-4/(3,14-0,048%) = 12541 Bt/m* = 1,25 Br/em?

Jns d =1 MM: go = 90,7-4/(3,14-0,06%) = 32049 Br/M* = 3,21 Br/cm?

Ero BennuuHa 6JM3Ka K M3BECTHON BEIHWYMHE IUIOTHOCTH TEILIOBOIO MOTOKA MPH
IUICHOYHOM KMITEHHM a30Ta B YCIOBHAX cBoOomHON koHBekiwu. Harmpumep, korna
PacHBUISIOT JKHIKYIO CTPYIO a30Ta Ha nosegxnocn opraHa (TeMneparypa ee GhICTpO
MoHMKaeTcss ¥ MoxeT OwiTh Hmke -2 C), cpemHee 3HaueHWe ko3dduuneHTa
TEILIOOT/IauM TIPH IUIEHOYHOM KHTIEHHH COCTaBIseT @,= 150 Br/M*K, a npu cpenueit
Temmneparype TkaHd T, = 10 °C monyuaem Bemuunny go = 150 (10+196) = 3,1-10*

Br/M’.

B 3T0if cBS3M, O9eBHAHA NEPCNIEKTUBHOCTH HCIIONIB30BAHHS PACIIBUICHUS CMECH
nponaH-0yTaH (HanmpuMep, ¢ IpUMeHEeHHeM TOHKOH H I0CTaTOYHO JUIMHHON HacajKH,
puc.9) mpM MeCTHOH KpHOTEpanWH B KOCMETONOTMH, AepMaTosiorid u B JIOP
061acTH BMECTO OCTOPOXHO IpHMeHseMoH (He Gosiee Tpex CeKyHA) AUCTIEPCHOM
CTpyH a30Ta, THO0 MacCaXXHOTO BATHOTO TaMIIOHA, HPOMHUTAHHOTO XUIKUM a30TOM.
Oto Oynmer rapaHTHpOBaTh, I'IaBHBIM 00pa3oM, 6esomacHocts (puc.10) B BUAy
HCKJIIOYEHHs 3aMep3aHHuA TKaHM Ha IOBEPXHOCTU opraHa (KOXXH 1160 Ciau3ucTOM
060J104YKH) ITpH NPOYUX PUMEPHO OJMHAKOBBIX YCIOBHAX OXJIaXI€HHs TKaHH.

Ilpu oxnaxxneHUH OHOJOTHYECKHX TKaHEeil MEeTONOM OpOIUEHHS ra30XKHIKOCTHON
cTpye#t xyajareHra HeoOXOOUMO, YTOOBI TeMmepaTypa KOXH Ha OXJIaXAaeMoii
II0BEPXHOCTH TKAHM He omyckanach Huxe Txp = -2 °C. Jlisi 5TOro ClefyeT OueHuTs
TpefieNnbHBIA Ge30macHbIi mepuos Azs OxNaXxkIeHHs 3a1aBaeMOro y4JacTka GHOTKaHH
(xoxu, cnu3ucToit 060NMOYKH), KOTOPBIH 3aKaHYHBAETCS MOMEHTOM IOCTHXXEHHS
TeMIIepaTypsbl KpHCTaJUIH3alUI KJIETOK Ha NIOBEPXHOCTH TKaHU
T, KP= -2 OC.

C sTo0it nenpio ObUIO MPOBEIEHO HCCIEN0BaHHE TEMITEPATYPHOIO MONA Ha KOXKHOM
TIOKpOBE IIPU paclbUIEHHH OXJKAAIomel rasoKUAKOCTHOH CTpYyH C TeMIepaTypoi
To = -355; -25; -15°C (npomaw/6yran [40/60% wmonbH.}; mnponaw/6yran/R123
[28/42/30% MoieH.]; mpornan/6yTan/R123 [12/18/70% monpH.]) U3 coruta auaMeTpoM
d=0,1; 0,5; 1 mm c paccrosuua L = 5; 50; 100; 150; 200; 250; 300 mm. Ha puc.10
II0OKa3aH NpHMEP MO M3MEPEHHIO JHHAMMKH H30TepM 7 (T) Ha KOXHOM TNOKpoBe (C
TIOMOLIBIO MPELM3HOHHOTO HH(ppakpacHoro Tepmorpada) NpH pacHbUIEHHH CMECH
nponan-6yTtas (40/60%) oxoi0 ABYX CEKYHN.

11



I'paduueckne 3aBUCHMOCTH JHHAaMHKH U30TepM 1(7) Ha TIOBEPXHOCTH
6HONOrHYeCKOH TKaHU MO3BOJIAIOT:

— IpPOCNEANTh AHHAMHKY HM3MEHEHHS TeMIlepaTypbl Ha NOBEPXHOCTH TKaHH BO
BpPEMEHH IIPH €€ OXJIAKAEHHH H OTOTPEBAHHH;

— OmnpefenuTh TpeleNbHbIH Oe3onacHbiii nepHon Aty OXJIKIEHUS 3aJaHHOIO
yyactka OMOTKAaHH (KOXH, CJIHM3UCTOH 000JOYKH), KOTOpBIA 3aKaH4YMBAETCS
MOMEHTOM JOCTHXEHUSA TEMIEePaTyphl KPUCTALTU3AMMHU KICTOK TKaHH 1 xp}

- ONpedeaHTh BpeMsi HOBTOPHOI'O OXJIXKAEHHS.

30
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Puc. 10. JluHaMuka U3MEHEHHS TeMIle-

paTypbl Ha MOBEPXHOCTH KOXM PYKH IPH

LUKJIMYHOM PACHBUICHHH OXJIKIAIOLIeH

cMecn nponaw/6yran (40/60% MonbH.)

¢ Temreparypo#t Tp =-35,5 %C. Paccrosaue

: go comwta L = 100 MM, aumamerp coiuia

Puc. 9. Ilpumep Hacanku A JIOP  yacamn d= 0,5 MM pacIbUIEeHHH K3 COILIa,

obnacru. korua D =15mM, pacxon Gy =
=0,15-10 %, M’/c).

B rnase 3 (M3mepenHe AHHAMHKH H30TepM Mo rjy0HHe TKaHH in vitro ot
oxJaxaaeMoi NOBEPXHOCTH ags PasHbIX HCTOYHHKOB xoJ03a
C HCNoJIb30BaHHEeM MNpeuH3uoHHOTo HH(pakpacHoro Tepmorpada). C uensio
MOBBILIEHHS 3 (GEKTHBHOCTU MECTHOH KPHOTEPAIUH U, B YACTHOCTH, JUIA YCIIEIIHOTO
Jle4eHHs IOCNEeACTBHE OCTPBIX TpaBM y CHOPTCMEHOB (YIUMOBI M pacTSKeHHs),
HEOOXOAHMO [ONOJIHMTENBHO IIPUMEHSTh CHELMAIbHOE KallWUISPHO-IIOPHCTOE
MOKpBITHE.

Yt06b1 BEIOpaTh yIOOHYIO AJIS MPAKTHKH KOHCTPYKLHIO KalMJUIAPHO-TIOPHCTOTO
MOKpBITUA, OB CO3NAH JKCIIepUMEHTANbHEIA cTenn (puc.ll, 12). On mosBodeT
H3MEPATH (YTO BAXHO IUIA CONOCTAaBIEHHA C pacueToOM) NMHAMHUKY u3otepM I(t) mo
rnybuHe TKaHH In Vitro, UMM npospauHoro resii (Boja + xenartud 2...4%), npu
OXJQXIEHHH ero INOBEPXHOCTH Pa3HBIMH MCTOYHUKaMH XOJIOZA C HCIOJL30BaHHEM
NpeLM3HOHHOr0 UH$ppaKpacHoro Tepmorpada (puc.13 u 14).

Hannuue 6a3oBbix rpadukoB 7(t) AN TeX WIH MHBIX KOHBEKTHUBHBIX YCJIOBHIA
OXJIKIEHHA MO3BOJISAET:

— JIOCTOBEDHO COMOCTABHTh METOI OXJIAXAEHHS OHONOTrHYEeCKOH TKaHH
CMOYEHHBIM B XJIaJareHTe KamuUIAPHO-TIOPUCTHIM IIOKPHITHEM C JPYTHMH METOJaMMU
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JIOKANBHOM KPHOTEpAITHH: METONOM JIOKQIbHOM KPHOTEpPAarMH C TPUMEHEHHEM
Pa3NIUYHBIX KPHOAMIUIMKATOPOB, NAKETOB C KPHOTeNeM, JILIOM, METOAOM CTPYHHOTO
OXJIaXIEHHSA, a TaK )K€ IPH 0oOleH KpHOTEepanuH ¢ NpHMEHEHHEM XONOAHOH BOJHI,
KPHOCayHEI;

— NpOCNEIUTh NHHAMHMKY HM3MEHEHHMs TeMIlepaTyphl IO TIyGHHe TKaHH BO
BpeMeHH IIPH ee OXITaXIeHHH;

— CPaBHHTb NONy4eHHBIE JaHHBIEe O JHHAMHKe H30TepM T(7) C pacYeTHBIMH, TEM
CaMbIM NOATBEPAHUB TOYHOCTH METOAHKH pacueTa,

— BbIOparh 3(GEKTHBHBIE YCIOBHS OXJI@KAEHHA 3aJaHHONO  y4acTka
BHONOrHYeCKOM TKaHM JUIA JOCTIKeHHs TeMnepatypsl Tr = 12 °C Ha rny6une Z = 3
MM (mocTikeHHe 3¢ dekra 06e36oaBaHu);

— onpezenuTh paboyee BpeMs HCIapeHHs XJIAJareHTa 3 KalWLUIIPHO-TIOPHCTOro
MOKPBITHS TIPH OXJTAXKIEHUH.

B wurore, BmepBele OB BHINONHEHb! M3MepeHHs (YZOBIETBOPHTENHHO
COBMAJAlONHE C PacyeToM) N0 AHHAMHKe M30TepM MO IiIyOMHe TKaHH in vitro, WM
npo3payHoro rens (Boxa + enaTuH 2 - 4%), NpH OXJIAXKAEHUN €ro MOBEPXHOCTH
pa3HBIMH HCTOYHHKAMH XOJIOJa C HCIIOJIB30BaHHEM NPELH3HOHHOrO HH(MpaKpacHOro
TepMorpada.

9 1 oxJjaxJaaeMoro ofbexTa, MONYyYEHHOE C
IoMoLibio TepMorpada

7

Puc. 11. Cxema  3KClepHMEHTANIb-
HOro CTeHja IO  MCCIENOBaHUIO
IuHamuku uzorepM T(z) no rny6une Z
OXJIAXAaeMOM TKaHH C IIOMOIIBIO

Puc.12. Tepmorpamma B
nHppakpacHOM Juama3oHe rens (4%
pacTBOp KeJlaTHHA, aHANOT TKaHW in

TPEIM3HOHHOTO uadpaxpacioro P

TepMorpagpa. 1 — OGaIOHYHK C vitro) no riayOuHe TIpH JIOKAJBHOM

OXNKAAIOLIEH CMECBIO; 2 — 3amuTHas O CIKACHHH ero MIOBEPXHOCTH
Bl €HTe KAIWUIAPHO-

IUIeHKa, 3 — KANWULIPHO-TIopHCToe OO CHHEIM B XJajiareHre PHO

[OPUCTHIM HOKphITHEM (Mapias 18 cmoes
50x40x5 MM) C  TeMIepartypoii
To = -15 °C B Teuenue 7 Munyt. CHEMOK
CHelaH C TOMOINBI0 HMHQPaKpacHOro
npeuu3noHHoro tepmorpadpa UPTHUC -
2000C. TeMneparypa Ha  CHHMKE
Beipaxena B °C

MOKpbITHe; 4 — MoJenbHas cpepa (4%
pacTBOp JKeNaTHHA, aHaJIOr TKAaHH in
vitro); 5 — npospaunas mix UK -
[Mana3oHa TOHKas HOJMITHIIEHOBAs
IUIeHKa; 6 — mH3a; 7 — TepMorpagd; 8 —
3OBM; 9 - TteMmmeparypHoe moNe
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Puc.13. Pacuér U Puc.14. Pacyé€r H 3KCIEpPUMEHTAIBHO
3KCIEpUMEHTAIBHO MOJiydYeHHble  MONy4YeHHble JaHHble M0 JUHAMHKE

JlaHHBIe MO0 OJUHaMHKe u3otepM () Ha
rnybuse Z = 0, 2, 6 MM B pacTBope

usotepm T(T) B pacTBOpe XenaTHHa NpH
OXJIAK/IEHHH cMechio ponan/0yran/R123

XeJaTHHA I@pH OXJNaXiaeHMH ero 1npu To = -15 %C ¢ wucnons3oBanHeM
MOBEPXHOCTH TMaKeTOM C TajolMM  KalHWULPHO-TIOPHCTOro TIOKPBITHA
maoM ¢ To = 0 °C. Orxnonenwe (Mapma 18 cnoes  (50x40x5  mm).
IKCIEPUMEHTAIBHLIX  JaHHBIX 0T  OTKIOHEeHHe IKCIEPH-MEHTAIBHBIX
pacuérupix 2 °C. JaHHBIX ~ oT  pacuétHex 2 °C.
1 - o3kcnepumeHT, Z 0 MM; 1 - o3kcnepument, Z 0 MM
2 - oaKcnepuMeHT, Z = 2 MM; 2 — OKcHepuMeHT, Z = 2 MM;

3 — okcnepuMmeHt, Z = 6 MM; 4 —
pacuert, Z = 0 MM; 5 — pacuet, Z = 2

3 — sKcnepuMeHT, Z = 6 MM; 4 — pacuer,
Z =0 MMm; 5 — pacuetr, Z = 2 MM,

MM; 6 — pacuert, Z = 6 MM 6 — pacuet, Z =6 MM

BEIO yCTaHOBEHO, YTO AKTYAIBHO HCIONB30BAaTh CTPYIO CMECH IpomaH-OyTaH
(40/60%MonbH.) mpu MecTHOM Kpdorepanu (0COOEHHO B CIOPTE) COBMECTHO C
HCCIIeIOBaHHBIM KalTHJUIAPHO-NIOPUCTHIM OKPBITHEM (pHuc.15) ¢ Tommusoit 0,5...2,5
CM U AHaMeTpoM 6,5 - 12 cM, koTopoe YHOOHO I NPaKTHKW H UMEETCA Ha PBIHKE.
ITokpeiTe ObicTpo (B TeyeHHe 10 C) DpPONMTHIBAIOT CMECHIO, HPH 3TOM OHO
oxjaxnaaeTcs A0 Temmnepatypsl -10...-18 °C, B 3aBHCHMOCTH OT BEIOpaHHOrO
XJlajareHTa, 3aTeM ¢HKCHPYIOT Ha 3aJlaHHOM [OBEDXHOCTH oOpraHa. JTo
obecrieyuBacT palMOHANBHBIH U1 KpHOTEpalkdM HEepHOA OXJIaXAeHHs OHOTKaHH
3 - 6 MuHyT 4 6onee 3¢ dexTUBHOE OXJaXKEHHE 10 CPAaBHEHHIO C IIAKETOM TAIOLIETO
nbaa.

OCHOBHBIE PE3VJIbTATBI U BbIBO/IbI
1. TlpoBeneHHbIH aHaNW3 HayYyHOH JMTEpaTyphl MOKa3al, YTO A0 HACTOMILEro
BpPEMEHH BCe MPUKJIaJHbIe HCCeJOBaHUA KPHOMETOOB NIPOBOMATCH C MPHMEHEHHEM
pa3HbIX HCTOYHHKOB XO0JIOfa IoKa 6e3 3HaHHA MX pealbHOM MOIIHOCTH OXJIaXKAEeHUA
B KOHTaKTeé C 3a1aBaeMOii IOBEPXHOCTHIO OpraHa. JTy pealbHYI0 MOIIHOCTD
OXJIQXIEHUA CcOo3AaBaeMoro (M MpUMEHSEeMOro) MCTOYHHMKA XOJIOAa B KOHTAaKTe C
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TKaHBIO BXHO H YNOOHO B IpaKTHKE BhIpaXaTh B BHAe GasoBoro rpaduxa co
CleAyIOUIMMH KPHBBIMH:

— 1O JMHAMMKE H30TepM B OHOTKAaHH IS peajbHBIX KOHBEKTHBHEIX YCJIOBMH
OXJIaX/ICHHA 3a/]aHHOM MOBEPXHOCTH OpraHa (0 TeMIepaTyphl He Hixe -2 °C) npH
KpHOTEpaliy U T'HIIOTEPMUH, HalpUMep, IPH HCMOJIB3IOBAHHHM IAKETOB CO JIBAOM,
CHCTEMBI Ia30BBIX CTPYH, X0l0AHOH BOIKI, KPHOCAYHEI;

— [Oo JWHaMHKE pocTa pa3Mepa 30HBI 3aMOpaXMBaHHA B OHOTkKaHM
{cooTBeTCTBEHHO MO HauboNbIIeR KPATHYECKOH BENHYHHBI 30HBI KPHOAECTPYKLUMH)
Ui Kaxporo (co3faBaeMOro M NpHMEHSAEMOro) pa3Mepa pafouero HakOHEHHHKa
KPHOXUPYPIHYECKOTO HHCTPYMEHTA.

2. B pesynsTaTe BBIIOJHEHHOrO MHOTOIpaHHOIO HCCIENOBaHHA Terioo0MeHa B
YCIOBHSX B3aMMOREHCTBHSA HCHApSIOIHUXCSH MHUCIIEPCHBIX CTPYH XJ1aJareHTOB CO
CTEHKOH Ui Hy>JI MECTHOH KpHOTepanuH YCTaHOBJIEHO Cleyollee:

— Yron pacIUHMpEeHHs INOIPAaHHYHOrO CJIOS HCHapsIOLIeHCcs AUCIIEPCHOH CTpyH
xjmanaredta (mocne Apoccesupylonmiero comna) cocrasiser f=11 rpax, a
HHTEHCHBHOCTh TEIUIOOTHaYM K CTPYe OT OKPYXXAIOHIero BO3AyXa HAXOAMTCS Ha
ypoBHe 60 Br/(M*K);

— paluOHAJIBHEIA K 6e30macHbIH I GHOTKaHH pacXol CTPYH U3 CMECH IpOMNaH-
6yran (40/60%MonpH.), WIS pachblIeHHS KOTOPOH CO3JaHa CepHUs aBTOHOMHBIX
anmnapaTtoB B Bufie GamoHunmka s 0,2 1 XKUAKOro XJiagareHTa npu W3OBLITOYHOM
JaBieHuH 5,5 — 6 6ap ¢ KanaHoOM B CO CMEHHBIMU HacaJKaMH pa3HO# JJIHMHEI;

— pacnbuleHHE CTpyH cMecH nponaH-OyraH (40/60%MonbH.) aKTyansHO
HCIOJIb30BaTh B KOCMeToNoruu, AepMmaronorud U B JIOP obnactu BMecTo moka
HPUMEHAEMON CTPYH KHIAIIETO a30Ta (M MacCaXXHOTO BATHOTO TaMIIOHA C JKHIKUM
a30TOM), TaK Kak IpH TaKoif € HHTEHCHBHOCTH OXJaXAEHHS Ha IMOBEPXHOCTH
opraHa (KOXH 60 CIU3UCTOH 06ONOYKH) UCKIOYAEeTCs MOHIKEHHE TEMIIEpaTyphl
Hxke -2 °C ¥, ClIelOBaTeTbHO, 3aMep3aHue M KPHOJECTPYKIMA TKaHH;

3. BrnepBrie BRINIONHEHH! NOCTATOYHO TOYHBIE HU3MEPEHHUS (YIOBJIETBOPHTEIBHO
COBMAjaloIue C PpacyeToM) MO JUHAMHKE H30TepM IO TIIyOWHe TKaHH in Vitro, WM
npo3payHoro rens (Boga + xenatiHH 2 - 4%), NpH OXJAXAEHHM €ro IOBEPXHOCTH
PasHBEIMH HCTOYHMKAMH XOJIOZA C HCIOJIb30BaHUEM MPELU3HOHHOT0 HH(PaKpacHOro
TepMorpacda. YCTaHOBIICHO cleyoulee:

— aKTyaJlbHO HCIOJIB30BaTh CTPYI0 cMecH mnpomnaH-OyradH (40/60%MosnbH.) mpH
MeCTHOM KpuoTepanum (OCOGEHHO B CHOpPTE) COBMECTHO C HCCIIEJOBAHHBIM
KalWUIAPHO-MIOPUCTEIM TOKphITHEM ¢ TommuHoH 0,5 - 2,5 cM m 1amaMerpom
6,5...12 cM, koTopoe yIoOHO Ui IpaKTHKH K UMeeTcs Ha pbiHKe. [TokpeiTHe 6bICTpO
(B Teuenme 10 C) NPONUTHIBAIOT CMECHIO, OPH 3TOM OHO OXJaXaeTcs J0
Temneparypsl -10...-18 C, B saBucmMocTH OT BBIOpaHHOTO XJIAflareHTa, 3aTeM
(HUKCHPYIOT Ha 3aJaHHOH MOBEPXHOCTH opraHa. JTo obecneynBaeT palHOHABHbINA
JUTSL KPHOTEPAITHH IEPHOL OXJIaXKAeHHst OHoTKaHHU 3 - 6 MUHYT U 6onee 3G PeKTHBHOE
OXJTaXIeHHe N0 CPaBHEHHIO C ITAaKETOM TAIOILIero JbJa.

4. Co3naHHBIE ONBITHBIE KPHUOANIapaThl NPOILUTH TEXHUYECKHE U IUTHHHYECKHE
UCOBITAHUS ¥ PEKOMEHMOBaHbI K IPUMEHEHHIO B MEIHLHHCKONW NpaKTHKE H
TOPOMBIILIEHHOMY IPOH3BOACTBY.
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OCHOBHOE COJEP>XAHME JUCCEPTAIMU U3JIOXKEHO B CJIEAYIOIIUX
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