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ronoaasos n.E. 

0co6&BIIOCTB BSM&p&IIBR XO~BUB&IITOB T&DnonpOBOAHOCTB 
MRorocnoAsNX Bsonsn•A. 

HaA.aeso BllUBBe cj)osoeoro scjMII&JtTa, xomeBTpan•a aaoTa, napsoQea
TpanBB soaopona a pana npyrax +a~:Topos sa To•aocT& onpeneneRKB Jto~~
uaeB78 T:unonposoa~cTH aaonsn•• npB rpaa••ahlx T&MD&paTypax 298-77,6 K; 
298-20,4 K • 298-4 K. 

HsMepeaxe Tennosoro noToxa oaaospeM&Hso nsyMa cnoco6aMR: no-con•
.ecTsy BcnapBsmeAca *BAII:OCTH a no MomsoCTa aarpesaTena nano BOSMO•
BOCT& OU&IIBT& &nBRJIBQ T&Dnosoro·DOTOII:81 B03RBX8KMU&ro DpB T9Dn006M&IIQ 
o6paall8 BCcneayeMoA aaonlhlBB c OKPY•AJOmeA cp&IXOA (xpaesoA acjlcjleKT) aa 
peaynbTAThl B3M&peRBAo 

C~enashl aonhlTXB y.M&IIhWBT& xpaesol acjlcjlexT • onP.nenaT& omR6K~ 
soaaBX4JOmae oT aero npx onpenenea•• xoecjlcj!BnseRTa TennonposoaaocTB •ao
nsn••· 

DpeupaBT 061.euaeasoro ••c'l'll'I'YTa uepswz accne.Qoaaol. 
.lly«Ssa, 1887. 

Golovanov L,B, PB-3236 

Singularities of Measuring the Coefficients of Thermal 
Conductivity of Multilayer Insulations 

The influence of the background effect, nitrogen concentration, 
hydrogen paraconcentration and a number of other factors on the 
accuracy of determining the coefficient of thermal conductivity at the 
boundary temperatures 293-77,6°K, 293·20,4°K, and 293-4°K is 
found out. 

The measuring of the h~t flux both by the quantity of the li
quid vaporized and by the heater power makes it possible to estirn6-
te the effect of the heat flux, appearing at the heat exchange between 
the sample of the insulation inve.stigated and the medium (edge effect), 
on the measurement results, 

Attemps are made to dlminish the edge effect and to determine 
the errors due to this effect, while determining the coefficient of 
thermal conductivity of the insulation. 

Preprint. Joint Institute' for Nuclear Reaearch. 
Dubna, 19e7. 
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BBeneHHe 

~HorocnoAHaH 1!30nHUIIH o6nanaeT pHAOM cneuH¢HqecKHX oco6eHHOCTeA no 

cpaBHeHIIIO, H8Upi!Mep, C nopOWKOBO-B8KyyMHOA, 3TH OC06eHHOCTII 0Tp8311ni!Cb II H8 

onpeneneHHII Kos¢¢HuHeHTB TennonpoBOAHOCTII, np116ophl nnn onpeneneHHH Kos¢

¢HuHeHTa TennonpOBO.!lHOCTII, K8K npaBIInO, OCHOB8Hbl H8 113MepeHIIII TennOBOrO no

TOK8, H.!lywero qepe3 06paaeu 1130nHUIIII, np11 YCT8HOBIIBWeMCH pe)!{HMe, .[l.nH 113-

MepeHI!H KOs¢¢HUI!eHT8 TennonpoBO.!lHOCTII MHOrocnoAHOA 1130nHUIIII I!CnOnb3ylOTCH 

npH60pbi, HMe101.1.111e Ullni!H.!lpHqecKyiO 11n11 nnOCKYIO ¢opMy, B KOTOphiX 113MepeHI!e 

Tennoeoro noTOKa npo113BO.!li!TCH no MOWHOCTH HarpeeaTenH 11n11 no KOnHqecTBy 

HC118pHBWeAcH )!{l!,!lKOCTII, 4pe3BbJqaAHO B8)!{H0 3H8Tb TOqHOCTb 113MepeHIIH Kos¢¢11-

UI!eHTa TennonpOBO,!lHOCTII MHOrocnoAHOA 1130nHUIIII, 3TO nOMO)!{eT ,!lO HeKOTOpOA 

CTeneHII COKp8TIITb ,!lOBOnbHO qacTO BCTpeqaiOI.l.llleCH paCXO)!{,!leHI!H KOS¢¢11nlleHTOB 

TennonpOBO,!lHOCTII, 113MepeHHb!X H8 np116ope II H8 113.gen1111, 

npK60p, H8 KOTOpOM 6binll np0113Be,!leHbl 38Mepb! Kos¢¢11UIIeHTOB Tennonpo

BO.!lHOCTII II onpeneneHa TOqHOCTb IIX 113MepeHIIA, nOK838H H8 p11C,1, 0H COCTOIIT: 

K3 B8KYYMHOrO KO)!{yxa ( 1) 
1 

OCHOBHOrO (2) 1 OXp8HHOrO (3) II 3Kp8HIIpyiOI.l.lero (4) 

6aqKOB, OCHOBHOrO HarpeBaTenH (6), OXp8HHOrO HarpeB8Teng (7) II CIICTeMbl no.g-

/1 2 3/ 
)!{liMB ( 8), 8 OTnllqlle OT cyl.l.leCTBYIOllii!X np1160p0B 

1 1 
1 TennoBOA nOTOK, npoxo-

AHI.l.IIIA qepea o6paaeu 1130nHUIIII, 113MepHeTCH O,!lHOBpeMeHHO AByMH cnoco6aMH: 
/4/ 

no KOnHqeCTBY IICnapiiBWeAcH )!{l!,!lKOCTII II no MOI.l.IHOCTII HarpeB8TenH , 

Kos¢¢11u11eHT TennonpoBOAHOCTII onpenenneTCH no ¢opMyne: 

Aa q lJ ( 1) 
~'(Tm-Tx 
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r.ne q -TennosoA noToK, npoxo.a.sn.LtHA 11epe3 pat5o'lyl0 t~acT& o6paaua H30nliluHH, 

1J -Tonuiaaa H30UliiUHH, 

T x-, TeMnepaTypa >KHLlKOCTH, 3anHBaeMoA B OCHOBHOI! 6a'IOK, 

T m -TeMnepaTypa HarpeBaTenlil, 

F -nnoma.a.& pa6o11eA 'laCTH o6pa3ua H30UliiUHH. 

Pa6o11eA 'lacT&IO o6paaua aaonliiUHII aaa&IsaeTclil '18CTb o6paaua, aaKniO'IeHHalil Me>K.a.y 

'ocHOBHbiM 6a'IKOM II OCHOBHbiM HarpesaTeneM. 0THOCIITeUbH8lil TO'IHOCTb onpe.a.ene

HIIlil K03qxp11UIIeHT8 TOUliOUpOBO.!lHOCTH 3aBIICIIT OT TO'IHOCTII 113MepeHIIlil BeliH'IIIH, 

sxo.!lH!UIOc s ljlopMyny, 11 onpeaenlileTCH no ljlopMyne 

rae 

~.).-~q +~lJ + ~ F + ~ i.\T (2) 

~.). - OTHOCIITellbH8lil O!UH6Ka onpeaeneHIIlil K03qxp11UHOHTa TennonpOBO.!lHOCTII, 

~ q - OTHOCIITen&HaH oma6Ka onpeaeneHIIlil Tennosoro noToKa, 

~I) -oTHOCHTellbH8lil O!UII6Ka 113MepeHIIlil TOU!UIIHbl H30flli!UHII, 

L\ F - OTHOCIITen&HaH owii6Ka llaMepeHIIH nnomaaa pa6o11eA '18CTII o6paaua, 

~ L\T- OTHOCIITeUbH8lil OWII6Ka H3MepeH11lil pa3HKUbl rpaHH'IHblX TeMUepaTyp. 

VfaMepeaue TOnlUHHbl H nnomaau nosepxaocTH o6paaua, a TaK>Ke nepenaaa 

TOMnepaTyp He COCTaBUliiOT Tpy.!lHOCTH. TO'IHOCTb H3MepeHHlil STHX BOUH'IHH pasHa 

COOTBOTCTBOHHO: ~ 1J •-: 3%, ~Fa.:!: 0,3%, L\ ~T•;!: 0,1%. ,UsyMH no-

cneaHHMH senH'IHHaMH npu onpeaeneHHH omu6oK HaMepeHHH KoaljlljluuueHTa Tenno

nposoaaocTII MO>KHO npeae6pe'1&. OcHoBHoA aaaa11eA npH onpeaeneHKH Koaljlljlll

ul!eHT~"''ennonposoJJ.HOcTII HBnHeTcH onpeaeneHHe Tennosoro noTOKa 11epea o6-

pH30U II30!!HI!IIII II OUCHK8 ero TO'!HOCTH. 

vbMepeHHe Ten!!oBoro noToKa, npoxo,gmuero qepe3 pBGO'!YIO 

'lllCTh o6p83UU 1130lllill!llll, H OUeHKa TO'!HOCTII ero 113MGp8HHSI 

KpaesoA arprpeKT 

0.UHIIM H3 OCHOBHb!X YCliOBIIA, KOTOpOe .LlOliMHO Bb!UOliHSIThCSI llpH H3MepeHIIH 

TellnOBOf'O IIOTOKU, npOXO/lS!lUOf'O qepe3 o6pa3eU 1130liSIUHII 1 llBUSIOTClil TOMilecT

BOHHOCTb IIOTOK8 T0!1JI8 'i(,p03 HCCfiO.!lyPMbii! o6pa3GU llOTOKY Tenna '18p03 1130flli!UHIO 
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T8KOI! >KO TOfllUIIHbl, HO HeorpaHH'IOHHblX pa3MOpOB B YCTSI!OBIIBWOMCSI pO>KHMO Vf3-

MOpS10Mblll TennOBOI! nOTOK '19pe3 pa6oqy10 '18CTb 06pa3Uil MO>KOT 6b!Tb HCKa>KeH 

Tenn006MOHOM, B03HHK8101UHM MO>K.!ly pa6oqel! qaCTbiO o6p83U8 H OKpy>KaiOIUIIMH ero 

C TOpua nosepxHOCTSIMII. 3To SIBfiOHHe H83biBUOTCll 'Kp80BblM 3cpQJOKTOM", T.K. OHO 

Bb13B8HO CY!UOCTBOBSHHOM Kpaes y H30fl!IUIIH 1 T.e, KOHO'IHbiM p83M9pOM o6p83!lll, 

8 ll.!l98fibHbiX ycnOBIISIX, npH OTCyTCTBHH Kpaesoro acpljleKT8 1 HcnapeHHe >KH.!lKOCTH 

B OCHOBHOM 6a'!K9 .!lOfi>KHO npOHCXOLlHTb TOfibKO 38 C'IAT Tenna, H.!lylllero OT oc

HOBHOf'O HarpeB8TOflSI 1 T.e • .!lOfi>KHO C06JJIO.!laThCSI paBOHCTBO: 

qH = qO = q H (3) 

rae qo uaean&HbiA Tennosol! noToK qepe3 o6pa3eu 1130J1HUIIK ( np11 oT-

cyTCTBKK Kpaeaoro acpcpeKTa). 

'h TennoaoA noToK qepe3 o6pa3eu H30liHUIIII, 3aMepeHHbii! no Ko-

flH'IOCTBY IICI18pHBWOI!CSI MIILlKOCTK 113 OCHOBHOf'O 6a'!Ka, 

qH - TOnnOBOI! nOTOK '19p03 o6p830U H30filiiUHH, 38MOpOHHbii! HO MO!U-

HOCTH, nO.!l8B80MOI! Ha OCHOBHOI! H&rpOB8TOnb, 

8CSIKKA apyrol! TennOBOI! nOTOK K OCHOBHOMy 68'1KY Knll OCHOBHOMY Harpe

BSTeniO BHOCKT Olllii6Ky B H3MOpHeMyiO BOliH'IHHy. 

8 .!lOI!CTBIITOnbHOCTH MO>K.!lY TOpUOM H30filiiUHH II OKpy>KaiOUIIIMH ero nosepx

HOCTSIMH npOHCXO.!lHT TOnno06MeH, KOTOpblll BHOCHT OWH6Ky np11 113MOpOHHII Tell1tO

BOf'O nOTOKS '10p03 o6pa3eU K30flSIUIIH, OnpeaenHTb ll.!l98llbHblll TennoBOit noToK, 

T,e, IIOTOK qepe3 o6pa30U H30filill!llll np11 HLteanbHbiX ycnOBIIliiX ( npH OTCYTCTBHH 

Kpll9BOI'O acpcpeKTa), H OUOHHTb OWII6Ky 113M9pOHHI! MO){{HO B TOM cnyqae, OCJlll 

TOpeu H30fl!IUHII 6yaeT 3aU~HillOH TaKIIM o6pa30M 0 'ITO TennOBOII noTOK, 38Me

peHHblil no aarpesaTeniO, 6y aeT 38BO.!lOMO 6on&we, a TennosoA noTOK oaaospeMeH., 

HO 38MepeHHblll no HcnapiiTeniO, 6yaeT 38BOLlOMO MeHbWO HLl08fibHOf'O TOllliO-

BOf'O IIOTOK8 HUH H8060pOT. PaCCMOTpiiM .UBa npe.!lOflbHblX CJ1Y'I8SI 3allli!Tbl Top-

US H30nHUIIII: nepBblll - Topeu o6p83!la 1130filiiUHH 381UHIUOH 3Kp8HOM, IIMOIOUliiM 

TeMnepaTypy >K ll.!lKOCTH, 38JliiB8eMOI! B OCHOBHOI! 6a'IOK ( p11C.36) 1 BTOpOA - 3Kp8H, 

38IUIIU!aiOUlHII Topeu, I! MOOT TeMnepaTypy HarpesaTenH ~Hc.3a). B nepBOM cnyqae 

38IllHTHbll! 8KpaH XOJ10LlHOit, '19M TOpeu o6p83U8 1130flHUHII. noaTOMY OT Harpesa

TenH TOllbKO 1!8CTb Tenna IILll'T K OCHOBHOMY 6a'IKy, a OCTilllbHOf! TOIIJlO I!Ll<o!T K 
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Kpauy. TeMnepaTypa enoee HaonHUHH, aaLUHLUeHHbiX xonoaHbiM aKp..IHOM, nepepae-

1peaenHeTeR T<IKHM 06pa30M 0 'ITO K1VK llblll enol! H30nSIUHH CTaHOBHTCSI XOnOJlH911. 8 

TOM cnyqae TennOBOII nOTOK, 38MepeHHblll no HcnapHT9Jll00 6yJleT MeHbWe, a Tenno

ol! noTOK, aaMepeHHb!ll no HarpeBaTeniO, 6y Jl9T 60nbW9 1 'leM HJl9aJlbHblll T9nnOBOI 

OTOK 1 T.e. 

q < q < q (4) 
H 0 H 

Bo BTOpOM eny'la9 3aLUHTHblll 3KpaH T9nn9l 1 '19M TOp9U H30nSIUHH, noaTOMy 

ennoeoll nOTOK K oeHOBHOMY 6a'IKY HJl9T OT Harp9BaT9JlSI H OT 3KpaHa. TeMnepa

ypa cnoee H30nSIUHH, aaU~HLUeHHbiX TennbiM 3KpaHOM1 n9pepaenpeaenSieTeSI TaKHM 

6pa30M, 'ITO KB)I(Jlblil enol H30JlSIUHH eTaHOBHTeSI Tennell, 8 9TOM enyqae Tenno

'3011 noTOK, 38MepeHHblll no Harpe88TeJ110, 6yJleT MeHbWe, a T9nJl080ll noTOK, 38Me

peHHbiA no KOJlH'leCTBY aenapHBWefteSI )I(HJlKOeTH, 6yJl9T 60JlbLUe, '19M HJl98JlbHblll 

Telii!OBOil IIOTOK, T.e. 

qll > 'lo > qH (5) 

6b!!IO paecMOTpeHO Jl8a npeaenbHbiX eny'lall, npH KOTOpbiX HJleanbHbiA T90JlO

'l0A IIOTOK Jle)I{I!T Me)I(Jly Tenn08biMH OOTOKUMH, 38MepeHHbiMH no KOJlll'iCeT8Y Hena

pHBW8liCSI :-.{._.ltJlKOeTH H IJO MOLUHOCTH Harp9B8TenSI, 8 06LUeM eny'lae JlJ!SI T0£'0 0 

'IT06b! qo 388eJlOMO Jl9)1(aJlO Me)I(Jly q H H q H , He06XOJliiMO, 'IT06bl 6b!Jl 

• OJlHOCTOpOHHHft Tennoeoil nOTOK no 8Ceft BbleOTe o6paaua HJ!H OT TOpUa H30JlSI-

Illlll K 3aWHTHOft liOBepXHOCTI!, K8K B nepeOM cnyqae, HJ1H 0 H8060p0T 0 K8K BO 8TO

pOM. 3To rnaauoe yciioeHe 3<"-UI!Tbl Topua, np11 KOTopoM cnpa8eJlnll8bl HepaeeHeTea 

(4) If (5). 8 3TOM cnyqae HeKOMbiA Tennoaoft llOTOK 6yJleT pa8eH: 

q = K qu + q..a_ 
0 

(6) 

f'llt' !< - K03(jJcpuuneHT, aanncHIUHA oT pacnpeaeneHHSI TeMnepaTyp e o6paaue aao-
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nliUHH a aamawaiOLUell ero noeepxuocTa. B nepeoM npa6nH:>KeHHH 3TOT Koacpcpaua-

eHT MO:>KHO npHHS!Tb p8BHbiM e)lHHHUe. 

0THOCHTenbH8ll OWH6Ka H3MepeHHSl Tei1JJOBOrO llOTOKa, B03HHKaiOI.ilaSI OT Kpa-· 

e8oro a<!JcpeKTa• paeua: 

q - qH 
H 

~~·~ ±. qH + qH 
• 100 . (7) 

60JlbWOe BnHliHHe Ha OWH6Ky H3MepeHHSI TennOBOf'O nOTOKa OK83biB8eT OTHO-

WeHH9 Kos<!JcpauHeHTa TennonpoBOJlHOCTH Haonl!UHH nonepeK cnoee ·• ,\ nonep. 

K KoacpcpHuHeHTY Tennonpoeo.aaoeTH e.aonb enoee - A npo.a. Dn11 onp9.a9neHHll 

BJ!HSIHHSI ,\ nonep. i ,\ npo.a. Ha owH6Ky npa onpeaeneHHH Tennoeoro noToKa 

6bJJlH npOH3Be.aeHbl aaMepbl T9llJ10BOf'O OOTOKa qepea H30JlSIUHH, HMeiOLUHe 6nH3KRe 

,\ nonep. a paaHble ,\ npo.a. 11aMeHeHHe A npo.a. .aocTHranocb aa e'I&T 

H3MeHeHHll TOnLUHHbl 3Kp8H08 8 06p'i3Ue H30nS!UilH, npoKna.QO'iHblft M8TepHaJl 80 8CeX 

eny'i8liX 6b1Jl O.QHHM H TeM :>Ke, 3KcnepHMeHTbl np080.QHJlHCb npH TOnLUHHe H30JlliURH 

2 -5 -2 
20MM 0 y,aeJlbHOM .Qa8JleHHH Ha H30JlSIUHIO 1r/CM 0 OpH 8aKyyMe1·10 R 1·10 MM pT.e 

npu rpaHH'IHbiX TeMnepaTypax 77,6 u 293°K. no8epxuocTb, aawuwa10wa11 Topeu 

o6paaua, HMena TeMnepaTypy, 6nH3Ky10 K KOMH8THOll, PeaynbT8Tbl R3MepeHHil .Q8Hbl 

ua pHe.2. 

B&~we paceMaTpaeanHcb .aea npe.aenbHbiX cny'lall aawHTbl Topua aaonSJUHH, 

8 3THX eny'laliX OWH6Ka npH onpt!,aeneHRH TeOJ1080f'O llOTOK8 6b1Jl8 MaKCHM.:lJlbHOft, 

0wH6Ky MO)I{HO yMeHbWHTb, ecnH yM9HbWHTb nepena.a TeMnepaTyp. Me:>K.ay 3KpaHOM 

H TopuoM H30J!SIUHH, co6n10.aall rnaeHoe ycno8He aaWRTbl Topua. 

Ha HaweM npu6ope aawuTa Topua Hccne.ayeMoro o6paaua npoHa8o.aunaeb MHo

rocnoAHoA H30JlliUHeil C cpHKCHp08aHHblMH TeMnepaTypaMH eepxa H HH3a (puc,38 ), 

Dn11 cpHKCaUHH TeMnepaTypbi MHorocnoliHall uaonRUHH, co6paHHall B eu.ae neHTbl, 

npHKpennRnacb COOTBeTCTBeHHO eepxuell C80eA qaeTbiO K 0Xp8HHOMY 6a'IKY, a HH)I{

Heil - K oxpaHHOMY HarpeB8TeJ110, Ka'leCTBO H30JlSIUHH, el! TOnLUHH8 H MeeTO Kpen

JleHHll 6b1JlH 8b16paHbl TaKHM o6pa30M 0 'IT06b! npH Jll06biX yCU08HSIX HCllbJTaHHSI Hao

JlliUHH, T.e. npH pa3JlH'IHOM H30llliUHOHHOM 8aKyyMe H y .aenbHOM .aa8neHHH Ha Hao

JlliURIO, co6n10.aanocb rnaeuoe yeno8He aawHTbl Tapua. 

Ha pHc.3 aaHbl 4 paanH'IHbiX eapHaHTa: nepBble Tpu ( a,6,e) - e KOTOpbiX 

BblliOJ!HlleTCSI rna8HOe ycno8He aaLUHTbl TOpua H30llliUHH 0 H 'i9TB9pTblft 8apH8HT ( f') 

B KOTOpOM OCHOBHOe ycnOBHe aaWHTbl TOpUa He 8blnOJ!Hli9TeSI, Ha 3TOM :>Ke pueyH

Ke .aauo paenpe.aeneHHe TeMnepaTyp no 8bleoTe HeeneayeMoA H30J!SIUHH ( 1), pae-
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npe.oeneHHe TeMnepaTyp e 381UHLU810LUHX TOpeu noeepxHOCTSIX (2), nyHKTHpOM .ll8HO 

pacnpe.oeneHHe TeMnepaTyp e o6paaue H301!SIIlHH npH oTcyTcTeHH Kpaeeoro a¢¢eKT8 

(3), Vfa pHc,3; II eH.OHO, 'ITO e Tpex eapH8HT8X (a,6 H e) KpHehle pacnpe.oeneHHSI 

TeMnepaTyphl no eb1COT8 o6pa31l8 H301!SIIlHH H 381UHTHOA: noeepXHOCTH He nepeceKa

IOTCSI, T,e, cyLUeCTeyeT O.OHOHanpaeneHHhiA: TennoeoA: nOTOK, 8 STHX eapH8HT8X q 0 

ne*HT Me*.OY q 11 q o B eapHaHTe r KpHehle pacnpe.oeneHHSI TeMnepaTyp ne-
ll H 

peceKSIOTCH, T.e. cymecTeyeT .oeyxHanpaeneHHhiA: TennoeoA: noToK - rnaeHoe ycno-

eHtl 381UHThl TOpll8 He ebi001!HS18TCSI, 8 STOM C1IY'I88 iJ H q 601!blll8, '18M q 0 H H 
8 T861!.1 .08Hhl ee1!H'IHHhl TennoebiX nOTOKOe, 38MepeHHblX no MOLUHOCTH Ha-

rpeeaT81!SI H no K01!H'I8CTey HCnapHeLUeA:CSI )Kif.QKOCTH .01!!1 '18Thlpex eapH8HTOe, .OSH

HhiX H8 pHc,3. Bee H3MepeHHSI npOH3eO.OH1!HCb H8 O.OHOM H TOM )Ke o6p831l8 H301!SIIlHH, 

-. 

Ta6naua 1 

8e1!H'IHHhl TennoehiX nOTOKOe, 38MepeHHhiX no K01!H'I8CTey HcnapHeLUeA:cSI 

)KII.llKOCTH H no MOLUHOCTH HarpeB8T81ISI, e 38eHCHMOCTH OT cnoco6a 38LUHTbl 

Topua o6paaua H301!SIIlHH 

Cnoco6 aamHThl Topua H301!SIIlHH 

TennhiA: SKpaH T • 293°K 
a 

Xono.oHhiA: aKpaH T • 77,6°K a 

MHorocnoA:HaH H301!SIIlHSI c ¢aKcH-

poeaHHhiMH TeMnepaTypaMH aepxa H 

HH38 

HeaaLUHLUeHHhiA: Topeu 

TennoeoA: noToK, 

MeT 

qH qH 

50 27 

23,4 56 

24,5 32,5 

48 37,5 

Ha pH C. 4 .08Hhl K03¢¢HilH8HThl Tennonpoeo.OHOCTH H OLUH6KH, e03HHK810LUH8 

npH ax onpe.oeneHHH. Pac'I&T Koa¢¢HuHeHTOB Tennonpoao.OHOCTH npoHaeo.oancSI no 

.08HHblM Ta6n,1, Vf3 pHc,4 eH.OHO, 'ITO M8KCHM81!bHhl8 OWH6KH e03HHK810T npH ::a

lUHTe TOpll8 H301!SIIlHH X01!0.0HhiM H T8n1!hiM 3Kp8HOM ( eapH8HThl 8 H 6), 0TK1!0H8HHSI 

OT cpe.oHero 3H8'18HHSI YM8HbW810TCSI npH 381UHT8 T0pll8 H301!SIIlH8A: C ¢HKCHpOBaH-

8 

HblMH TeMnepaTypaMH eepxa 11 HH38 (eapHaHT e). 3aMephl, npoHaee.oeHH&le Ha o6-

paaue C H838WHLU8HHhiM TOpllOM (eapH8HT r) nOK83ble810T, 'ITO Koa¢¢HilH8HT Tenno

npoeo.OHOCTH e STOM C1IY'I88 1!8)KHT H8CK01!bKO eblW8, qeM e .opyrHX e8pH8HT8ll:o 

MHoro'IHcneHHhle HaMepeHHSI, npoHaee.oeHHhle no paapa6oTaHHoA: MeTO.OHKe, 

nOK83hle810T, 'ITO OTHOCHT81IbH8SI OWH6Ka npH onpe.oeneHHH Tennoeoro noTOK8, o6y

•C1!0e1!8HH8SI Kpaee&IM a¢¢eKTOM H nO.QC'IHT8HH8SI no ¢opMyne ( 7), K01!861!8TCSI .01!!1 

+ + 
p831!H'IHblX H301!SIIlHA: H ycnOeHJI H3M8p8HHSI e OCHOeHOM OT - 5 .00 - 30%. 

TennoeoA: nOTOK qepe3 H301!SIIlHIO H OWH6KH, e03HHK810LUH8 OT Kpaeeoro a¢¢eK-

Ta1 onpe.oenSIIOTCSI no K011H'18CTey HCnapHeLUel!CSI )Kif.llKOCTH q
11 

H no MOLUHOCTH, 

no.oaeaeMoll H8 H8rpee8T81!b q H o 8 CeOIO 0'18p8.0b, 3TH eenH'IHHbl MOryT 6b1Tb 

38MepeHbl C onpe.oeneHHOll TO'IHOCTbiO, 

To'IHOCTb onpe.oeneHHSI Tennoeoro noToKa no KOnH'!eCTey 

HcnapHeWeA:CSI )Kif,llKOCTH 

TennoeoA: noToK, aaMepeHHhiA: no K01!H'IeCTey HcnapHewerocH aaoTa1 onpe.oe

nHeTCSI C OWH6KOA: He 6onee ::!: 5%, 0CHOeHblMH HCTO'IHHK8MH OWH60K SlenSIIOTCSI 

OlllH6KH, e03HHK810LUH8 npH H3MepeHHH 06'b&Ma HcnapHeweliCSI )KII.llKOCTH (owH6Ka 

COCT8B11SI8T OT 1,3 .00 2, 7% ) H npH KOne68HHH .08e1!8HHSI H8.0 KHnSILUell )Kif.llKOCTbiO, 

TaK, Hanpi!Mep, np11 CT86H11H381lHH .OBeneHHSI H8.ll KHnSILUHM 830TOM C TO'IHOCTblO 

.00 1 MM.eO.ll,CT, OWII6Ka COCTBB1!SI8T 3%. CyMM8pH8SI OWH6K8 OT npO'IIIX ¢8KTOpoe 

COCT8e1!SI8T He 6onee 1%, Heo6xO.lliiMO OTM8THTb, 'ITO npHM8CH KHC110PO.ll8 e 830T8 

T8K)K8 eHOCSIT OWH6Ky, 0H8 COCT8e1!:I8T OK01!0 0,1% npH C0.08p)K8HHII KHC1!0p0.08 1%. 

Tennoeoll noTOK, aaMepeHHhiA: no K01!H'IecTey HcnapHewerocH eo.oopo.oa, onpe

.oenHeTCSI C OWI!6Koll He 6onee ::!: 4%. 0CHOeHblM HCTO'IHHKOM OWH60K Sle11SI1!8Cb KOH

eepCHSI eo.oopo.oa. TaK, HanpHMep, npH pa6oTe Ha eo.oopo.oe, HMeiOLUeM 95%-H&Ill 

napacOCTBe, OWH6KH COCT8e1!SIIOT 4,5%, 

Tennoeolt noTOK, aaMepeHHhiA: no KonH'!ecTey HcnapHewerocH renHH, onpe.oe

nHeTCSI c owH6Kolt He 6onee 2%. 

0wH6KH, e03HHK810LUH8 np11 onpe.oeneHHH Tennoeoro noTOK8 no K01!H'18CTey 

HcnapHeweA:CSI )Kif.QKOCTH, cee.oeHhl e T86n,2. 
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Ta6n11ua 2 

TO'!HOCTb onpe.ueneHIIH Tennonp11TOK8 K OCHOBHOMy 6a'!KY no 

KOllll'!eCTBY llcnapiiBWeJicg JKII.UKOCTII (a CK06K8X .ll8Hbl Bellll'll1Hbl 1 

npiiMeHHeMbie .ung pacq(!Ta) ~q11 

)!(ll,llKOCTb 

A3oT 99 15% 

llapaao.uopo.u 97% 

renllll 

<t>oHOBbiJI atlJtiJeKT 

To'!HOCTb onpe.ueneHIIH 

a% 

4,4 

316 

116 

(5) 

(4) 

(2) 

60llbW811 '!BCTb Tennonp11TOK8 K OCHOBHOMy 6a'!KY ll.lleT qepe3 o6pa3eU 1130-

TIIIUIIII1 a He6onbwag qacTb - oT oxpaHHoro 6a'!Ka. TennonpiiTOK OT oxpaHHoro 6a'!Ka 

K OCHOBHOMY (tiJOHOBbiJI atiJeKT ) B03HIIK8eT B CBH311 C TeM 1 'ITO .uaaneHIIe B oc

HOBHOM 6a':i'Ke no.u.uepJKIIBBeTCII HeCKOllbKO HIIJKe1 '!eM B 0Xp8HHOM, ilepena.u ,llaB

JWHIIJI He06XO.lliiM .llllH TOr0 1 '!T06bi ra3 1 BbiXO.llHWIIJI 113 OCHOBHOrO 6a'!K81 He KOH

.ll8HCilpOB8llCH no Tpy6Ke 1 OMbiaaeMoll JKII.UKOCTbiO oxpaHHoro 6a'!Ka. Benii'!IIHa tiloHo

rooro 3tPtlJeKT8 38BIICIIT He TOllbKO OT KOHCTpy,KUIIII II p83MepOB np1160p81 HO II OT 

!~8BJleHIIH B 1130llHUIIOHHOM npOCTp8HCTBe1 po.ua II COCT8B8 38lliiB8eMOJI JKII.llKOCTII 

B OCHOBHOJI II OXp8HHblll 6a'!KII 1 OT nepena.ua .uaaneHIIJI B 68'!K8X II T,n, Vf3 nHTII 

13ll.ll0B Tennonp11TOK8 K OCHOBHOMy 68'!KY TOllbKO .UB8 IIMeiOT cyweCTBeHHOe 3H8'!eHIIe-

3TO TennonpliTOK OCT8TO'IHbiMII ra38MII II TennonpiiTOK no CTeHKe ropllOBIIHb1 1 oc

T8llbHblMII MOJKHO npeHe6pe'lb, 

¢OHOBblll 3cj:JtiJeKT qtll 6blll no,llC'!IIT8H II 38MepeH np11 pa6oTe Ha 830Tel 

ao.uopo.ue 11 ren1111, J.13MepeHIIe tiJoHoaoro 3tPtPeKTa npe.ucTaanHeT HeKoTopyiO cnoJK

HOCTb 113-38 He06XO.llHMOCTII Tlll8TellbHOrO 9Kp8H11p088HHH OCHOBHOrO 68'!K8 CHII3y, 
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J.13MepeHIIH 11 pac'!C!Tbl tiloHoaoro atiJtiJeKTa npo113BO.llllll11Cb np11 nepena.ue .uaaneHHll 

MeJK.Uy 6a'!K8MH B 1 MMpT,CT, ilpH 113MepeHIIH tlJoHa Ha 830Te KOHUeHTp8UHH 830T8 

B OCHOBHOM II 0Xp8HHOM 68'1K8X 6&ma 9915%, llp11 113MepeHHII H8 BO.llOpo.ue KOH

ueHTp8UIIH nap8BO.ll0pO.ll8 6blll8 B OCHOBHOM II 0Xp8HHOM 6a'!Ke He MeHee 97%, Pe-

3YllbT8Tbl pac'I(!Toa 11 113MepeH11ll tiJoHoaoro atiJtiJeKTa .uaHbl Ha pllc,5. BenH'IHHa tiJo

Hoaoro acptileKTa Ha .uaHHOM np116ope cocTaangeT He 6onee 10% OT MIIHIIManblloro 

Tennoaoro noToKa qepe3 H30llHUIIIO. E&Ino onpe.ueneHo anHHHHe Ha tiJoHOBb!A atlJtiJeKT 

KOHUeHTp8UIIII 830T8 II napaKOHUeHTp8UIIII BO.ll0pO.ll8 1 38lliiB8eMbiX B OCHOBHOII H 

oxpaHH&IA 6a'IKII, .llng Toro1 'IT06bl tiJoHOBhiA 3tlJtiJeKT He npeabiwan aenii'IIIH1 .uan

HbiX H8 rpatiJIIKe 1 830T1 38lliiB8eMblll B OCHOBHOII II OXp8HHb!ll 68'1KII 1 .llOllJKeH IIMeTb 

KOHUeHTp8UIIIO He HIIJKe 9915%, Bo.uopO.ll 1 38lliiB8eMblll B OCHOBHOII 6a'!OK 1 .llOllJKeH 

IIMeTb napaKoHueHTpauaiO He HIIJKe 97% 1 a pa3HIIua napaKoHueHTpauiiA ao.uopo.ua 

B OCHOBHOM II oxpaHHOM 6a'!K8X He .llOllJKHa npeBbiW8Tb 2%, 

To'IHOCTb onpe.ueneHIIH Tennoaoro nOTOK8 no MOWHOCTII 1 

no.uaaaeMoA Ha ocHoaHoA HarpeaaTenb 

MOWHOCTb no.uaaanacb H8 OCHOBHOI II oxpaHHblll HarpeaaTenll T8KIIM o6pa-

30M1 'IT06bl TeMIIepaTypbl HarpeB8TeneA 6blllll nOCTOHHHbl II O.lliiH8KOBbl, KoHTpOllb 

TeMIIepaTypbl oxpaHHOrO HarpeaaTeng OCyWeCTBllHllCH Me.UHOKOHCT8HT8HOBOII Tep-

0 
MOnapoll C TO'IHOCTbiO ! 0 11 , KoHTpOllb nepena.ua TeMnepaTyp MeJK.UY OCHOBHbiM 

II 0Xp8HHb!M HarpeB8T9llHMH OCYW9CTBllHllCH TepMOCTOll611KOM C TO'IHOCTbiO 0,02°, 

To'IHOCTb, C KOTOpOll 113Mepgncg Tennoaoll fiOTOK no MOWHOCTII1 no.uaaaeMoll Ha 

OCHOBHOI HarpeB8T2llb1 38BIICIIT OT PH.ll8 lP8KTOpoa: Bo-nepBbiX 1 OT Tennoo6MeHa 

MeJK.Uy OCHOBHbiM II OXp8HHb!M HarpeB8TellHMII1 Bbi3B8HHOrO pa3H11Uell TeMnepa

Typ MeJK.Uy HIIMII B npe.uenax TO'IHOCTII fiO.U,llepJK8HIIH paaeHCTBa TeMnepaTyp 

( ow116Ka lla-aa Tennoo6MeHa cocTaangeT 3%); ao-aTopb!X - OT pacxo.ua Mom

HOCTII Ha 113MeHeHIIe TeMnepaTypbl OCHOBHOrO HarpeaaTeng B npe.uenax TO'IHOCTII 

e(l fiO.ll.UepJKaHIIH ( OWII6Ka OT 3TOrO tiJaKTOpa COCT8BllHeT 6%); B-TpeTbiiX1 He-

TO'IHOCTbiO 113MepeHIIH TOK8 1 H8UpHJKeHIIH II COnpOTIIBlleHIIH 1 no KOTOpb!M onpe

.uenHeTCH MOlUHOCTb1 fiO.ll8B8eMag Ha HarpeaaTenb (owii6Ka OT HeTO'IHOCTH H3-

MepeHIIH MOlUHOCTII COCT8BllHeT 3% ), TaKIIM o6p830M 1 CYMM8pHag npe.uenbHaH 
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OWH6Ka H3MepeHHS1 Tennoeoro nOTOK8 no MOlUHOCTH HarpeBaTeng COCTBBnSieT ~ :1. 12%, 
'la 

3aag eenHqHay ~oHoeoro 3~~eKTa K TOqHOCTb onpeaeneHKSI Tennoeoro no-

TOKa no KOnHqetTBy HCnapHBWeltCSI )f(HaKOCTH H no MOlUHOCTH HarpeeaTeng, Ha

xoaKM Tennoeoa noTox qepe3 HGOnHUHID: 

q 0 • K qH + ( qH - q~) 
2 

(8) 

Owa6xa onpeaeneHHH Tennoeoro noToxa qepe3 HGonHUHID paaHa: 

+ /\. 
qH '\! - ( qH - q dJ ) ~ 

q ± • 100 
(9) qH + ( q H - q ~) 

·"> qH 

0THOCHTenbHaH OWH6Ka, B03HKK8IDIUaSI npH onpeaeneHHH Tennoaoro nOTOK8 

qepe3 H30nHUKID 1 38BHCHT OT Tenno~H3KqecKHX CBOitCTB H30nSIUHH K ycnOBHit npo

eeaeHHH OnbiTa: aaaneHKH B H30nSIUHOHHOM npOCTp8HCTBe K yaenbHOrO aaeneHHSI 

Ha H30nHUHID, 0Ha MO>KeT KOne68TbCH B CpeaHeM OT 10 ao 35%, 0THOCHTenbH8SI 

OWK6Ka npH onpeaeneHKK K03~~KUKeHTa TennonpoeoaHOCTH K30nHUKH MO)I(eT KO

ne6aTbCH B cpeaHeM OT 15 ao 40%, YaenaqeHHe OWH6KH npH H3MepeHHK K03~~H
UHeHTa TennonpoeoaaocTH no cpaaHeHKID c owK6KoA npa K3MepeHKK Tennoeoro 

llOTOKa o6ycnoeneHo HeTOqHOCTbiD H3MepeHHSI TOnlUHHbl o6p83Ua, 

OnpeaeneHHe oruH6KH K3MepeHHH Tennoeoro noToxa npK 

OpKH8pHOM ero KOHTpone 

0wH6Ky, B03HHKBIDIUyiD npH onpeaeneHHH Tennoeoro noToKa qepe3 o6paGeu 

H30nHUHH, MO>KHO 3BMepHTb H npH OaHHapHOM ero KOHTpone, HanpHMep, no Ko

nHqeCTBy HcnapaerueAcSI )I(HaKocTH, B 3TOM cnyqae anSI onpeaeneHHH owH6KH 

Hy)I(HO npOH3BeCTH 2 38Mepa, nepBblll 3aMep Tennoeoro nOTOKa Heo6xoaHMO npo

K3BeCTH npH GalUHTe Topua HGOnSIUHH xonoaHbiM axpaHoM T = 77,6°K (npH pa6oTe 
3 

Ha aGoTe) H onpeaenHTb q x . BTopoA GaMep Tennoaoro liOTOKa Heo6xoaHMO 

npoHGBecTH npH 3BlUHTe Topua H3onHUHK TennhiM axpaHoM T ~ 293°K H onpe
a 

aenHTb qm . B 3TOM cnyqae aenHqaHa Tennoeoro noToxa 6yaeT paeaa: 

12 

(qx-q ) + (q m -fu 
q • K ¢ 

2 
( 10) 

a IipeaenbHBSI OTHOCHTenbHBSI OWH6Ka H3MepeHHSI 

~ q • K 
q m - q x 

• 100. ( 11) 
q + q 

m x - 2q<P 

CpaaHeHHe OWH60K npH H3MepeHHH Tennoaoro nOTOKB Ha 

nnOCKOM H UHnHHppHqecKOM npH6opax 

EcnH 11pHHSITb1 qTo anSI MHOrocnoltHb!X H30nSIUHil OTCyTCTayeT rpaaHeHT TeM

nepaTyp aaonb cnoea HGonSIUHH, T,K, A nonep. << A npoa., H qTo Tennoaoa 

nOTOK qepe3 TOpeu H30nSIUHH paaHOMepHO npHTexaeT K xonoaHhiM noaepxHOCTSIM 

OCHOBHOrO H oxpaHHOrO 6aqxoa, TO OTHOCHTenbHBSI OWH6Ka H3MepeHHH Tennoaoro 

noToxa aa nnocxoM npa6ope 6yaeT o6paTHo nponopuaoHanbHa nonoaHHe aaaMeTpa 

oxpaHHoro 6aqxa, T.e. 

~ qnn. 

A 
_D_ 

2 

(12) 

0THOCHTenbH8H OlUH6Ka H3MepeHHH Tennoaoro llOTOK8 H8 UHnHHapaqeCKOM npH60pe 

6yaeT o6paTHO nponopuaoHanbHa aaoAHoA anaHe oxpaHHbiX 6aqxoa, T,e, 

/),. -
'\xHn. 

A 

2<f 1 +f~) 
( 13) 

06naaaH 6onbweA TOqHOCTbiD, uanaaapaqecxHA npa6op HMeeT oaaH cyruecTBeHHbiA 
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IIIII.ILUUJIWJIIIl.llllJ.,WIIIWILlJJ.IJII).~.,_,_..,~ 

nHTepaTypa 
aetlOCTBTOK: HB HeM H9nb3SI M9pHTb K03cPcPHUH9HT TennonpOBOtlHOCTH H30nSIIl2H npH 

paanH'IHbJX aarpyaiax. ~- 1. M.r.Karaaep. Tennoaas Haonsuas B TexHHKe HH3KHX TeMnepaTyp. M.Mawaao-

Cpaaaeaae KoappauHeHTOB TennonpoBOtlHOCTH, HaMepeHHbiX 

no. pa3HblM M9TOtlHKBM 

8 T86n, 3 CpBBHHBBIOTCSI KOacPcPHUHeHTbl TennonpOBOtlHOCTH MHOI'OCnOIIHOit 

H30nHUHH, 3dMepeHHb19 HB npH6ope C tlBOitHbiM KOHTponeM TennOBOI'O nOTOKB, H HB 

aTOM >Ke npa6ope, HO TOnbKO no KOnH'I9CTBY HcnapHBWeltCH >KHtlKOCTH, llns CpBBHe

/1/ 
HHSI tlBH K03cPcPHUH9HT TennonpOBOtlHOCTH, B3HTbllt H3 pa60Tbl , KOTOpbllt 6bln Ha:-

MepeH no KOnH'I9CTBY HcnapHBW9ltCH >KHtlKOCTH, 

CpBBHHBBnHCb K03¢cPHUH9HTbl TennonpOBOtlHOCTH MHOI'OCnOitHOit H30nHUHH, COC

TOHWell aa cTeKno6yMarH CBP TOnWHHOII 50 MK H anJOMHHHeaolt ct>onbrH Tonwaaolt 

10 MK, 3BM9pbl npoH3BOtlHnHCb npH tlBBneHHH B H30nHUHOHHOM npOCTpBHCTBe 

-5 
1>10 MM pT,CT, 

113 TB6n. 3 BHtlHO, 'ITO K03cPcPHUH9HT TennonpOBOtlHOCTH, 3BMepeHHbllt TOnb

KO no KOnH'I9CTBY HCnBpHBW91tCH >KHtlKOCTH, M9HbW9 npH6nH3HTenbHO B 2 paaa KO

acf>cPHUHeHTB TennonpOBOtlHOCTH 38MepeHHOI'O npH tlBOltHOM KOHTpone TennOBOI'O no-

TOK8, 

AaTop Bblpa>KaeT cao10 npHaHaTen&HOCT& A,r ,3en&tlOBH'IY aa nnotloTsopHble 

o6cy>Ktl9HHH npH npOB9):l9HHH pB60Tbl H U9HHb19 3BM9'1BHHH, 

Ta6naua 3 

11aMepeaae 

Tennosoro 

noTOK8 

38WHTB TOpua 

o6paaua 

nnoTHOCTb Hao-

nli!.!HH 

no tlBH-

.>. • l 0 4 
J>:!A.T HbiM 

no tlBOitHOMY 

KOHTpOnJO Ten

noBOI'O nOTOKB 

no KOnH'Ie

CTBy HCnapHB

weltCSI >KHtl

KOCTH 

no KOnH'I9CT

By HCIIBpHB

weltcH >KHtl

KOCTH 

Maorocnollaas aaons

UHH C cPHKCHpOB8HHOII 

TeMnepaTypolt aepxa 

H HH3B. 

XonotlHbJit aKpaH c 

npoKn8tlKOII MHOro

CnOitHOit aaonsuaell 

M9>KtlY aKpBHOM H o6-

pa3UOM. 

14 

n.Cn/cM ;!:KI'/M 

25 107 

25 107 

25 95 

B M"I'PBtl 

0115111 0,7 

0115111 0,4 

Ill 0,3 

cTpoeHHe, 1966, CTp.l62, 

2. J.A.Black and P,E,Glaser, .ih Advancas in Gryogenic Engineering, Voi.9, 

Plenum Press, New York (1964) , p.52. 

3. R.H.Kropschot. Multiple Lager Insulation for Gryogenic Applicstions 

"Gryogenics" Vol, 1, N3, 1·961, p,171. 

4, n.B.ronOB8HOB, ABTOpcKOe CBHtl9Ten&eTBO ~ 162688 (}963), 

PyKonHc& nocTynHna B aanaTen&eKHit oTnen 

22 MBpT8 1967r, 
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Puc. I. 

2. 

1 

3 

L, 

5 

8 

CxeMa nnocKoro np116opa .anli onpe.aeneHHll Kos4Jti>RulleHTa Tennonpo-

BO,llHOCTII 1130JlliUIIOHHb!X MBTep1181lOB Ilpll p831lii'!Hb!X MeXBHII'IeCKIIX 

Harpy3K8X C .llBOl!Hb!M KOHTponeM T9IlJIOBOf·o IlOTOKa: 

- BBKyyMHbll! KO>KyX; 2 - OCHOBHOl! 68'IOK; 3 - OXp8HHhll! 68'10K; 

4 - 3Kp8HHpyiOU.llll! 68'IOK; 5 - IICCJie,llyeMBll 11301ll1UIIll; 6 - OCHOBHOl! 

HarpeaaTenb; 7 - oxpaHHhrll HarpeaaTenb; 8 - cucTeMa no.a>KIIMa, 

16 

I 

I 

I 

I 

I 

+ ~q% 

22 / 
, 6 

20 / 
18 / 

V' 

16 A 
fit / 

V' 

12 / 
10 6/ v -
8 '/ 
6 / 

v __.!--
Lt / ~ ~ 

2 
{ ~ 

r-- ------f-·--

0 ~ -- 0 

- -- .. _, 

1 1()"1 f() 2 I() 'J 10 I( to" .f~.,.,/ J. "~"'; 

Pnc,2, 3aBHCHMOCTb cpe.aHel! OTHOCIIT91lbHOI! OWII6KII, Bbl3B8HHOl! KpOE!BhiM 

s4J4JeKTOM npu onpe.aeneuun Tennoaoro noToKa qepea uaon!ltiiiiO, OT oT

HoweHI!ll Kos4J¢HU118HT8 T9IlJI011pOBO,llHOCTII HSOJlliUHH llOllepeK II B.ilOJlb 

-5 
Cfl09B np11 ,ll8BJ19HI!I! B 1!301lliUI!OHHOM IIpOCTpBHCTBe: 1- 1 10 MM pT,CT., 

-2 
2 - 1 10 MM pT,CT, 
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PHc.3, I, P83JlH'!Hble BBpHBHThl 38lllHThl Topua o6p83U8 H3011SIUHH OT Terrno

rrpHTOKOB, a) - 9Kp8H UpH TeMrrepaType 293°K; 6) - 9Kp8H llpH 

TeMrrepaType 77 ,6°K; B) MHOI'OCJJOI!HBSI H30JlliUHSI C cpHKCHpOBBHHbiMH 

TeMnepaTypaMH aepxa H HH3a; r) Topeu He 38lllH me H. 

II. PacnpeaeneHHe TeMrrepaTyp B o6pa3ue H30JJSIUHH 1 H B 3anmma10mel! 

TOpeu ITOBepXHOCTH 2 ITO BhiCOTe, nyHKTHpOM 3 IlBHO pacnpeaene

HHe TeMnepaTyp B 06p83Ue rrpH OTCYTCTBHH Kpaeaoro acpcpeKT8, 

18 
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PHc.4. BenH'lHHhl KoacpcpHuHeHTOB TerrnorrpoaoaHOCTH MHorocnoiHoA H3o

nHUHH, COCTOSilllel H3 CTeKnOXOJlCT8 H 8JliOMHHHeBOI cponbi'H TOJllllH

HOit 30 MK. 3aMepbl rrpOH3BeiteHhl UpH BhiCOTe o6p83U8 20 MM, C:lKa-
2 -5 

THH H30JlSIUHH 1r/CM UpH BBKyyMe 1·10 MM. pT,CT. npH p83JlH'IHhiX 

88pH8HT8X 38lllli-Thl TOpua: a) 9Kp8H npH TeMnepaType 293°K; 

6) 9Kp8H npH TeMnepaType 77,6°K; e) MHOI'OCJJOIHBSI H3011SIUHSI C 

cpHKCHpOBBHHhiMH TeMnepaTypaMH eepxa H HH38j r) TOpeu He 38-

lllHllleH. KoacpcpauHeHT TennonpoBOJlHOCTH onpeaengncSI: 0 -no 

KOJlH'!eCTBy HcnapHBWeiCSI :lKHJlKOCTHi 

aaaaeMol Ha HarpeeaTen&. 
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Pac,5. 3asacaMoCTb senH"'HH&I ¢oHosoro a¢¢exTa 
q¢ OT .ll8BneHHll B 

HSOnliUHOHHOM DpOCTp8HCTBe P npa nepenaae aasneHHA MeJK-

.lly OCHOBHb!M Iii OXp8HHblM 68'1KOM 1 MM pT,CT.: 

a) 68"!KH sanHTbl 830TOM 1 0CT8TO'IHbiA ras B HSOnliUHOHHOM npo

CTp8HCTBe 830Ti 6) 68"!KH 38nHTbl nap8BO.llOpO.llOM
1 

OCT8TO"!Hblft 

ras B HSOnliUHOHHOM npocTp8HCTBe - BO.llOPO.lli a) 68"!KH 38nHTbl 

renHeM, OCT8TO"!Hb1A ras B HSOnliUHOHHOM DpOCTp8HCTBe - renHA, 

CnnoWHbiMH nHHIIliMH .ll8Hbl axcnepaMeHTSnbHble .llSHHble, nyHK

THpH&IMH - p8C"'&T,Hble. 
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