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KPUOXUPYPI'MYECKUE AMNMNAPATbI, PABOTAKOLWWUE HA 3TUITOBOM CITUPTE

B cmamwe paccmompenvi cepmemuunvle Kpuoxupypeuveckue annapamoel, pabomaiowue Ha meepoom
amunogom cnupme. [Ipusedenvl ypasnenus, onpedensiowue meniogvle NOMOKU, NPOXoOaujue om 3amo-
pascusaemoco obvekma yepes KpUo30HO (MeOHblll CIepHCeHb) K HCUOKOMY U, odiee, K M8epoomMy Chup-
my. st onucanus npoyecca OXaaxdcoeHusl, 3aMOPANCUBAHUSL U NEPEOXTANCOeHUsT M8epdo20 00beKma
KPUOXUPYP2UL 86€0€HO NOHSIMUE IKGUBANEHMHOU MenionposooHocmu. Onpedenenvl U3MeHIOWUECs. 60
BpeMenU menjiogble NOMOKU, MOIUUHA HCUOKO20 CRUPMA U MEMNEpamypHble Homepu no KpPuo3oHoy u
arcuokomy cnupmy. Ilpugedennvle pacuemmule ypagHeHUs: NO3G0ISIOM GblOPANb KOHCMPYKYUIO Annapama
0715 pA3IUYHBIX 00BEKMOE KPUOXUPYPUU.

Knroueswte cnosa: Kpuoxupypeuueckuii annapam; Kpuozono; Pabouee meno; dmunosuviii cnupm; Tenio-
npPOBOOHOCHIb.
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KPIOXIPYPTUYHI AMTAPATWU, AKI MPALUKOKOTb HA ETUITOBOMY CIUPTI

B cmammi pozensioaromucsa eepmemuuni Kpioxipypeiuni anapamu 3 meepoum emunogum cnupmom. Ilpu-
8e0eHi pIGHANHHA, AKi GU3HAUAIOMb MENI08i NOMOKU, WO NPOX0OAMb 8i0 00 €Kma, wjo 3amMopPOHCYEMbCA,
uepes3 Kpio30HO (MIOHUL CMpudicels) 00 3piodiceno2o i, oani, 00 meepdozo cnupmy. s onucy npoyecie
0X0100iCYBAHNS, 3AMOPOIICYBAHHI A NEPEOXON00ICYBAHHSL MBEPO020 00 €Kma Kpioxipypeii 66edeHo no-
HAMMS eKGi8aIeHmHOI menionpogionocmi. Buseneno mennogi nomoxu, SKi 3MiHIOIOMbCA Y YACT, MOBUU-
Ha 3pIi0HCEeH020 Cnupmy ma memnepamypHi mpamu no Kpio3oHO0y ma 3pioxceHomy cnupmy. IIpusedeni
DIBHAHHA 00380510Mb 0OPAMU KOHCIPYKYIIO anapama 0 pisHux 06 €kmig Kpioxipypeaii.

Knrwwuosi cnoea: Kpioxipypeiuni anapamu; Kpiozono; Poboue mino; Emunosuit cnupm; Tenionpogio-
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|. BBEAEHUE II. TEOPETUYECKUI AHAJIN3 ATIIIAPATOB

Kpuoxupypruueckue ammaparsl HaXOAAT LIMPOKOE
npuMeHeHne B MeaniuHe. Haunbonee pacpocTpaHeHHBI-
MU SIBJIIIOTCSI OTKPBITHIE aIlllapaThl, B KOTOPBIX B Kaye-
cTBE pabodvero Teia MPUMEHsETCS KHUIKUH a3oT ¢ (a3o-
BBIM TIEPEXOJIOM KUAKOCTh — map. OcoOEHHOCTh OTKPHI-
THIX alNapaToB 3aKIIOYaeTCs B TOM, YTO OOpa3yroUTHii
mpu paboTe ammapara Hap OTBOAUTCS B OKPY)KAIOIIYIO
cpeny M KHIKHH a30T HEoOXOAMMO IOIONHATH MOCTe
MIPOBEJICHUSI KPHOOTIepalii. JOTO OCHOBHOH HEIOCTaTOK
TaKUX anmnaparos.

CpaBHUTENBFHO HEJABHO OBLT NMPEJIOKEH aImapar, B
KOTOPOM ISl TIOJTyYEHUsI XOJI0Aa UCIIONb3yeTcs padouee
TeJo ¢ (ha30BBIM IIEPEX0JIOM KUAKOCTH-TBEp o€ Temo [1].
Tak kak 00beMBI )KUAKOCTH M TBEPJOTO TEJIA OTIMYAIOTCS
HE3HAYNTENBHO, TO B TaKUX amlaparax KOHTEHHep, Ine
XpaHHUTCs pabouee TeI0, MOKET OBITh H3TOTOBIICH TepMe-
TUYHBIM. Tako# ammapaTr OTHOCHTCS K KJIACCY 3aKPBITBIX
anmaparoB U pabodee Telo B HEM He pacxomyercs. OmHa-
KO, B 3THX amlaparax Iepelx MPOBEIEHHEM KpHOOIepa-
UM pabodee TelIo JOIDKHO OXJIAKIAThCAd W 3aMOPaXKH-
BaTbecsl. [ 3TOr0 HYXXHBI MPOCThIE KPHOTEHHBIE MallH-
HBI, pabOTaONINE HAa CMECSIX XOJIOAMIBHBIX areHToB [2].
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Ha Pucynke 1 u Pucynke 2 nokazaHbl KOHCTPYKLMH
TaKMX anmapaTroB ¢ HEOPEOPEHHBIM M OpeOpPEeHHBIM Mej-
HBIM CTEP)KHEM — KPHO30HJIOM, CBSI3BIBAIOIINM KOHTEMH-
HEP, B KOTOPOM XpaHHUTCS pabouee Teno, ¢ O0OBEKTOM
KPHOOTIEPAIHH.

B kagectBe pabouero Tena, 3aJIMBaéMOrO B repMme-
TUYHBIA KOHTEHHEDP, MOXHO INPUHATh JTUJIOBBI CHUPT.
Temnodusnyeckue cBoiicTBa 3THIOBOTO CHHUPTa IMpHBE-
nensl B Tabmune 1, [3].

Taonuya 1 — Tennogusuueckue ceolicmea smun08020 CRUpmMA.
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Pucynok 1 — Cxema annapama c HeopebpeHHbIM
KPUO30HOOM:
1 —naxoneunux, 2 — meoHwlil cmepoicens, 3 — Konmetinep

IIpuBeneM pacueTHble ypaBHEHMs annapara. Tem-
nouznyeckre CBOWCTBA YEIOBEUYECKOH OHMOIIOTHYECKO
TKaHU OJM3KM K CBOWCTBAM YHNHTAHHOW CBHHHUHBI, CBOH-
CTBa KOTOpOit puBeneHs! B Tabnuie 2, [4].

Tabnuua 2 — Tennogusuueckue ceoticmea buonocuye-
CKOU MKAHU C8UHUHDI.
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Pucynok 2 — Cxema annapama c opedpeHHbiM
KPUO30HOOM
1 — nakoneuHuk, 2 — mMeOHbIl KPUO30HO, 3 — KOHMellHeD,
4 — mennousonayus, 5 u 7— pebpa Kpuosouoa, 6 — pebpa
Konmetinepa, § — 3anueHoe omseepcmue.

CHavana ompeneinM, Kakoe KoJimdecTBo Teruia Q
(xI>K/KT) HY>XKHO OTBECTH MPH OXJAKICHHUH, 3aMOPaKH-
BaHUHM U epeoxiaxacHuu Tkanu — Q1, Q2 u Qs.

Q=Q1+Q2+Q3v @)

31ech
Q :m-C(TC —Tg),
Q,=m-r, (2)
Q3 = m'CT (T3 _TK)

B cucreme ypaBHeHwMi (2) 0003HAYEHO:

m — macca oOpabatsiBaeMoro kpuoooOwvekra, C u Cr —
yIeJbHbIE TEINIOEMKOCTH OXJIaXKIaeMOW M 3aTBepleBLICH
TKaHH, I TEIJIOTa 3aMOpaXXMBaHWsA TKaHu, I¢ —
HavalibHasi TeMIepaTypa Kpuoodbekra, 73 — TeMmnepary-
pa 3amep3aHusi 00beKTa U Tk — 3a/laHHasi KOHEYHAs! TeM-
neparypa 3aMOpakMBaHus 00bEKTa.

Kpome kosmuecTBa Teruia HEOOX0AUMO 3HATh U TEl-
JIOBYIO MOIIHOCTb. [[Jisi 3TOT0 JOMYyCTHM, 4TO BpeMs IIpO-
BEJICHHS KPUOOIIEPAIlMM COCTaBIISIET HEKOTOPYIO 3aJaH-
HyI0 BenuuuHy 7, Toraa TeruioBas MOIIHOCTh (XOJIOJ0-
TIPOU3BOANTEIBHOCTD) Qo, HEOOXOAMMas JUIS 3aMOpPaXKH-
BaHMs 00BEKTA 32 3a]aHHOE BPEMsI 7, COCTaBHT:

Qo :9’ Bt (3)

T
DTa MOIIHOCTh, OTBOJAWMAsi OT KPHUOOOBEKTa, He-
paBHOMEpHAa BO BPEMEHH, MPOXOJHUT MO KPHO30HAY H
IJIaBUT Jied 3THIOBOro ciupra. [IoTOKM Teruia oT oxia-
KIACHHS, 3aMOPKUBAHUS M TEPEOXJIAKACHHUS TBEPAOH
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TKaHU pa3felieHbl BO BpeMeHU. PeanbHo Bce 3TH mpouec-
Cbl MPOXOJSAT OJHOBPEMEHHO M TOYHO PACCUMUTATh HX
O4YEHb TPYAHO. JlJI yNpoLIeHus 3TOM 3a1auy BBEIEM I10-
HSTHE SKBHBAJICHTHOW TEIUIONPOBOJHOCTH A3, KOTOPYIO
OTIPEJICTINM M3 CIEAYIOIIETO yPaBHEHHUS:

+Q, + A
Ql QZ Q3 — fC _Q(TC _TK)’ (4)
v c
rae fc u lc — mwiomans 3aMopakuBaeMoit TKaHU U €€ TOJI-
IMHA.
U3 ypasuennii (2), (3) u (4) cnenyer, 4to
_ m[C(T. -T,)+r+C, (T, -T,) ]I,
v (Te —Ty)

A Q)

CornacHo cxeme ammapata (0e3 opeOpeHus cTepik-
Hs), 3alIMIIEM CHCTEMY ypaBHEHH, ONMCBHIBAIOLINX HPO-
IiecC TeIIonepeadl 0T KPHOOOBEKTa KO JIbJLy STHIIOBOTO
cnMpra:

A
Q = fc |_3(Tc _TH)’
C
;LCT
Q, = fer _(TH _Tl)’ (6)
CT
A
Qo = f}/« |_}K(T1_Tnﬂ)
XK

3neck for — mmomaap cedeHus: KPUO30Ha, HAXOIS-
mierocst BHE KOHTeWHepa W uMmeroniero guamerp der

2
( f or = T dc% j ; ler — nnMHA KPHO30HIA MEKITY KPHO-

00BEKTOM (HAKOHEYHHKOMM) W KOHTEHHEPOM CO JIbJIOM
STHJIOBOTO CHHPTa; 71 — TeMIepaTypa KpHO30HIa BHYTPH
KOHTeWHepa; Ty7 — TeMieparypa IJiaBjieHus apaa;, Ty —
TeMIepaTypa HAaKOHEYHHKa KPHO30HIA, KOTOpas IpH
MIOJITOTOBKE K OMNEpaIK ¥ BO BPEMsI ONEpalyy NP KOH-
TakTe ¢ OOBEKTOM IPOXOAWUT BHAYaje OT TeMIIepaTyphl
156 K no 309,6 K, a 3arem magaer A0 TeMIeparypsl 3a-
Mep3aHus T3 W janee 10 3aaHHOM TeMIepaTyphl 3aMo-
paxuBanust o0bekTa kpuoxupypruu (253 K); l,. — ton-
LIMHA CJIOSl XKMIKOTO CIHPTa; Ax — TEIIONpPOBOIHOCTh
KUAKOTO CHHPTA, T — IOBEPXHOCTH MEIHOTO CTEPIKHS-
30HJa BHYTPH KOHTEHHEpa, KOTopasi OOMEHHBAeTCs Tel-
JIOM C JKUJIKHM CITUPTOM:

fo=z-dg-L, (7)

31eck L- aimHa cTep)kHS BHYTpH KOHTEHHepa.
3anmnieM cucteMy ypaBHeHHi (6) B ciemyronieMm
BUJIE:

Q!
TC_TH:fO‘/{:'
C €]
Q|
TH _lefo./,lCT’ (8)
Cr CT
Q!
T Tnﬂ_fo./{K
XK K
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CyMMUpysl ypaBHEHHUSI CUCTEMBI (8), MOIy4nm:

TC _THJY = Qo ©)

C nmpyroil CTOPOHBI, MOKHO 3aITUCATh BBIPAKCHHUS
JUIS OIpeNeNieHHs] KOJIMYEeCTBA JKUAKOCTH pacIlIaBUBIIeE-
rocst cnupta M 4yepes TerioBoi motok Qo:

Qo'T

r

M =

;wmm M =V - p, (10)

rae V- 00beM KHUIKOTO CIHpPTa; I — TEIUIOTa IUIABICHUS
TBEPOTO CIUPTA.

V=rxd -l L (11)

3nech di u L- quameTp u 1uiHA KpUO30HAA BHYTPH
KOHTEHHEpa.

C yd4eToM 3THX 3aBHCHMOCTEH HMEEM HOBYIO CH-
CTEMY ypaBHCHHI:

Ic + ICT + I)K
fc';ta fCT'/lCT f}K'/l}K

o=
T rpoaed L

Tc T = Qo
(12)

Pemas cucremy ypaBHenwil (12), momydum KBasu-
paTHOe ypaBHEHME BUJA!

a-Q}+b-Q,—c=0, (13)

rac an b 3aBucar or BpPEMCHU 7, & C — IIOCTOsIHHAS BEJIU-
YuHa.

T

a= , (14)
rpzd L-f -4
b= l + ler , (15)
f<: 'ﬂa fcr 'lcr
c=T.-T,,. (16)

3aMeTHM, YTO TOJIIIHHA 3aMOPa)KMBaEMOTO KpPHO-
obbekra Ic ¥ ToNmMHA KMUAKOTO 3THIOBOrO cnupta lx
SIBITIOTCS. QYHKITUSIMHA BPEMEHHU.

OnpenenuM 3HAYEHUS XOJIOAOIPOU3BOIUTEIHHOCTH
B Hadase pabotel ammapata (7 = 0) 1 B KOHIE pabOTHI
(3amannas BenmuuHa 7= 300 cek).

B navane kpuooneparuu kodddumment a = 0 u Be-
JIMYMHA TOJIIIAHBI IPOMOPAKHABAEMOTO KprooObekTa lc =
0. Torna npu 7= 0 MOKHO 3aMKCaTh:

b-Q,—c=0, 17)
rIae
potor (18)
fcr '/1CT
25



XornoagwunbHa TexHika Ta TexHonoris, 52 (2), 2016

I/ISBCCTHO, 4TO AUCKPUMHUHAHT ﬂ KBaJApaTHOTO

ypasnenus (13) pasusiercs: /] =b° —4ac. YpasHeHue
(13) nmeer nBa cepyrOmAX KOPHA: Q) = M
2a

JleiCTBUTETFHBIM PE3y/IbTaTOM OyJeM CYUTATh II0-
JIOKUTENbHBINA KOPEHb.

Taxum 00pa3om, ompeneneHbl MEPEMEHHBIE TEILIO-
BbIe NTOTOKH IS 3alaHHOM CXEeMBI TeIIoNepeaadn uepes
HEopeOpEHHBII KPHO30HI.

Ecnu crepkeHb, paclojiOKEHHBIM B KOHTeHHepe,
opeOpeH, TO OCHOBHBIE PAacUYETHHIE COOTHOLIEHMS OCTa-
I0TCS, B OCHOBHOM, TaKHMH JK€, KaK U IIPH HEOPEOPEHHOM
crepkHe. VI3MEeHHTCS TOJIBKO KOA(MQHUIUEHT &8, KOTOPBIH
OyneTr UMeTh BHI:

T

a=
rp-(z-d +2-n0)-L- - Ay

31ech N — uncio pedep u b’ — mmpuna pedpa (Pucynok 2).

111. PACYHET AIIITAPATA JJI5s1 KPUOOIIEPAIIUN
MMWHJIAJINHBI

Pacuer mnpoBeneM mnst ciaydas HeOpeOPEHHOTO
CTEPIKHSL.

[Tepen npoBeneHreM onepalyi CHUMaeM C armnapa-
Ta BHEIIHIOI TEIUIOM30JIMI0O M amnmapaT BMECTe CO
CIHMPTOM 3aMOpPaXKMBaeM B KaMepe IO TeMIIepaTyphl 3a-
Mmep3anus cnupta (156 K).

Temnodusznyeckue cBOMCTBA MHUHAAIMHBI U CIHPTA
1 KOHCTPYKTHUBHBIE OCOOCHHOCTH ammapara NpUBEICHB B
Tabmmmax 1 u 2, a Takoke Ha Pucynke 3. [To ypaBHeHHIO
(2), 3amaBmmce Maccoit MuHmanuuel M = 0,02 Kr U TeM-
neparypamu Tc = 309,6 K, 73 = 270,8 K, Tw =253 K u
Ten = 156 K, wmaiimem, uro Q1 = 2,21 x/x, Q2 =
3,08 kI, Qs = 0,566 x/x u Q = 5,856 k. IIpu Bpe-
MEHH TIpOBe/ieHHs Kpuoorepaiun 7, pasHoM 300 c, cpen-
HSISL XOJIOJIONPOM3BOINTENBHOCTh paBHa Qo =19,52 BrT.
Uepes 300 ¢ Bcs TommumHa MUHAAnUHBL, paBHas 0,005 M,
3aMOpO’KEHA.

[IpeneOperaeM TEpPMHUUECKHMH COTPOTHBICHUSIMHU
MEXAY 00BEKTOM KPUOXHPYPTHH U HAKOHEUHHKOM KpHO-
30812 (To6 =TH), a Takke MEXIy MMOBEPXHOCTHIO KPHO-
30HJa BHYTpPHM KOHTeHHepa M >XMAKUM cruprom (T1 =
Tcm).

HomycTrM, 9TO AMaMeTp MUHIANUHBI dc U quameTp
BepXHel YacTH KpHo30oHIa (HakoHeuHnka) ey ommHaKo-
BbI ¥ paBubl 0,012 M. Torma, mwiomnams 3aMOpO3KH 00BEK-
Ta paBHA IUIONIAIM BepXHe# yactu kpuosonaa: fec = for =
1,13 10* m? Kosdpduuuent ¢ pasen 153.6, a Ap =
15,256 Br/m K. TemionpoBOOHOCTh MEAHM H3BECTHA —
384 Br/m K. U3 Puc.3 BugHo: ler = 0,1 M, auamerp
cTepxHsi BHYTpH KoHTedmepa d. = 0,02 M u mmmHa
CTEepkHsI BHYTpH KoHTelHepa L = 0,2 m. TeruronpoBoa-
HOCTB kuaKoro cnupra pasua 0,187 Br/m K (Tabnuna 1).

PaccMoTpuM 3Ha4YeHHsI pacyETHBIX MAPaMETPOB MPH
orepai MUHAAIMHBI B JII000H MOMEHT BPEMEHHU B HH-
tepBase 0 ... 300 c. {ns aToro pazo6sEM BpeMEHHOW HH-
TepBaJ Ha y4acTKH. IIpennosnoxumM, 4TO TOJNIIMHA IPO-
MOPOKEHHOH TKaHM W3MEHSETCS C TEYEHHEM BPEMEHHU
smHeHo ot 0 10 TonmuHel MuHAanuHse! Ic = 0,005 M.
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Pucynok 3 — Pacuemnas cxema annapama.

Pe3ynpraThl pacueToB BPEMEHHOH 3aBUCHMOCTH XO-
JIOOTIPOU3BOANTENLHOCTH Qo M TOJIIMHBI CIIOS JKUIIKO-
CTH - |;x, BO3HHKarOLIEH OT IIABJICHUS TBEPIOro CIUPTA,
npuBeneHsl B Tabnuie 3 u Ha Pucynke 4.
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Pucynok 4 —3asucumocmo Qo, lc u lx om epemenu.
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Tabnuuya 3 — 3uauenus pacuemHvlX NAPaAMempos8 npu
onepayuy MUHOAIUHbL 8 000U MOMEHM 6peMeHl 8 UH-
mepeane 0 ... 300 c.

T Ic a b Qo Lx
CeK MM -- - Bt MM
0 0 0 2,3 66,78 0
5 0,083 | 0,002 |2352 |6200 | 0,290
10 0,166 0,004 2,400 58,25 0,547
50 0,833 | 0,020 | 2,790 | 42,25 | 1,980
100 1,666 | 0,040 | 3,270 | 33,45 | 3,140
150 2,500 0,060 3,378 28,08 3,960
200 3,332 | 0,080 | 4,230 | 24,73 | 4,650
250 4,165 0,100 4,700 22,20 5,220
300 5,000 0,120 5,260 20,00 5,630

OmnpenenuM TeMIlepaTypHbIE ITOTEPU IO TOJIIUHE
®uakoro crupta (71—TIuT) U TI0 METHOMY CTEPIKHIO MEX-
Jly HAKOHEYHMKOM MU KOHTEHHEpOM, B KOTOPOM XpaHWT-
csau cnupT (Temneparypa Tx). s aToro cucremy ypas-
HeHuid (8) mepenuiiieM OTHOCHTEIBHO TEMITEPaTyp:

T, =T1+Q‘"—ICT=T1+2,3QO (20)
ct "t
nIn
T, _309,6- 2l (21)

c M

st mpoBepku TeMmmeparypsl 1y paccuuTacM ee Io
ypasHenusMm (20) u (21).

Pe3ynpraThl pacyeToB TeMIIEpaTyp NpPHBEACHBI B
Ta6muue 4.

PaccmoTpenne naHHBIX, IpUBeACHHBIX B Tabmmme 3
n Tabmune 4, Mokas3pIBaeT, YTO HPHUHATHIE IOIMYIICHHS
IIpU BBIBOJIE PACUETHBIX YPAaBHEHHH B HE3HAUMTENIBHOU
Mepe UCKaKaIOT MPOLECCHI, IPOUCXOIAIINE B annapare, U
TIPUEMIIEMBL.

X0J1010TIPON3BOAUTENILHOCT  anmnapaTa yMEHbIIa-
eTcsl 110 Mepe MPOMOPaKUBaHUS 0OBEKTa U 110 MEPE pocTa
XKHUIKOHN TUIeHKH cnupTta. Temneparypa 7y, paccuuTaHHAs
«CBEPXy», T.€. C y4ETOM TEPMUYECKOTO COIPOTHBICHUSI
o0bekTa (ypaBHEHHE 21), YIOBICTBOPUTENHEHO COBIANACT
¢ Temneparypoil Ty, pacCUNTaHHOW «CHHU3Y», T.C. C yde-
TOM TEPMHYECKOTO CONPOTHBICHUS XHIKOTO CIHpTa U

Q, I ME/IHOTO CTEpP KHS MEXy HAKOHEUHHKOM U KOHTEHHEpOM
T, =156 + =2 (19)  (ypaBenus 20 u 19) (Pucynoxk 5).
X K
Tabnuua 4 — Pesynomamul pacuemos memnepamyp.
QO ) I}I( IC QO . IC Th Th
T Qo Ilc bk f)K A T: 2 f Vp-Hue 2,3-Qo Yp-Hue
c M c M (21) (20)
ceK Br MM MM K K K /Bt K K K K
0 66,78 | 0 0 0 156,0 0 0 309,6 153,0 309,6
5 62,00 | 0,083 | 0,290 | 7,66 164,0 0,048 2,976 306,6 142,6 306,6
10 58,25 | 0,166 | 0,547 | 13,60 169,6 0,097 5,627 303,9 134,0 303,6
50 42,25 10,833 | 1,980 | 35,56 191,6 0,483 20,400 289,2 97,2 288,8
100 | 33,45 | 1,666 | 3,140 | 44,70 201,0 0,966 32,300 277,3 76,9 277,9
150 | 28,08 | 2,500 | 3,960 | 47,25 203,0 1,450 40,700 268,9 64,6 267,6
200 | 24,73 | 3,332 | 4,650 | 48,96 205,0 1,930 47,700 261,9 56,9 262,0
250 | 22,20 | 4,165 | 5,220 | 49,38 205,5 2,410 53,500 256,1 51,0 256,5
300 | 20,00 | 5,000 | 5,630 | 48,10 204,0 2,900 58,000 251,6 46,0 250,0
320 3AKJIIOYEHUE
300
[TpenMymiecTBO paccMaTpUBacMBIX anmaparos, pa-
280 L= T 00TalomuX Ha TBEPOM STHJIOBOM CIHPTE, 3aKJII0YACTCS B
* 260 TrepMETHYHON KOHCTPYKLIMH KOHTEHHepa, KOTopas naer
§ - BO3MOXKHOCTh MHOTOKPaTHOTO HX HCIIOJb30BaHUs 0e3
g 3aMeHbI paboYero Tea.
o 220 T BBeeHre MOHATHS KBUBAJICHTHOW TEIUIOMPOBO/-
é 200 - HOCTH J]a€T BO3MOKHOCTh MPHUOJIMKEHHO OIUCATH CIIOXK-
HBIE MPOLIECCHI OXJIAXKICHHUS, 3aMOPO3KU U HIEPEOXIIaxK/Ie-
i HUSI TBEP/IOTO 00BEKTa KPHOXUPYPTHH, & TAKIKE TEIJIOBBIE
160 MIPOLIECCHl B KPHO30H/IE U B KOHTEHHEpE, B KOTOPOM Xpa-
140 HHUTCS paboyee Teno.
0 50 100 150 200 250 300 IIpuBeneHHbIE ypaBHEHHUS MO3BOJSIOT IPOBECTU
Bpewms, cek TEIJIOBOH pacyeT Kpuoammapara W BbIOpaTh KOHCTPYK-

Pucynok 5 — 3asucumocmo memnepamyp Kpuo3onoa
u 06vexma om epemeHu
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LU0 ammapaTa ISl pa3InyHbIX 00BEKTOB KPHOXUPYPTHH.
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CRYOSURGICAL APPARATUS OPERATING WITH ETHANOL

The article deals with sealed cryosurgical devices operating on the solid ethyl alcohol. The equations that
define the heat flows passing from the object which is freezing through the cryocatheter (copper rod) to
the liquid and then to a solid alcohol are given. To describe the process of cooling, freezing and
undercooling of solid object the concept of equivalent thermal conductivity was introduced in
cryosurgery. Varying in time heat fluxes, the thickness of the liquid alcohol and temperature losses on
cryocatheter and liquid alcohol were defined. These estimated equations allow you to select the device
design for various cryosurgery objects, e.g. apparatus for cryosurgical operation of tonsillar. The calcu-
lations were performed for the case of non-finned rod. Before the operation the unit was removed from
the outer insulation and the apparatus together with the alcohol in the chamber was frozen to the alcohol

freezing point (156 K).

Keywords: Cryosurgical apparatus; Cryocatheter; Working fluid; Ethyl alcohol; Thermoconductivity.
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