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1. BBE,IlEHHE 

B HaCTOR~eH pa6oTe onHc~aaeTcA cnoco6 oxna*AeHHA TenecKo
noa H3 nonynpoBOAHHKOB~X AeTeKTOpOB H HX npeAYCHnHTeneH, pac
nono*eHH~X B BaKyyMHOH KaMepe CHHXPO~a30TpoHa fla6opaTOPHH 
a~coKHX 3HeprHH OHRH. 

Ha4HHaR c 1964 roAa, nocne H3o6peTeHHR rpoaepoM c coTPYA-
HHKaMH floc-AnaMOCCKOH na6opaTOpHH TennoBOH Tpy6~/l~oHa Hawna 
WHPOKOe npHMeHeHHe B TeXHHKe. TennoBOH Tpy60H /TT/ Ha3~BaOT 
repMeTH3HPOBaHHY0 KOHCTPYK~HO /Tpy6y/, 4aCTH4HO 3anonHeHHY0 
*HAKHM TennOHOCHTeneM, KOTOpaR ocy~eCTBnReT nepeHOC Tenna npH 
HcnapeHHH *HAKOCTH a HarpeaaeMoH 4aCTH TT /a 30He Harpeaa, 
HnH HcnapeHHR/ H KOHAeHca~HH ee napoa a oxna*AaeMoH 4aCTH TT 
/B 30He oxna*AeHHR, HnH KOHA8HCa~HH/. ,llBH*eHHe napa OT 30H~ 
HCnapeHHR K 30He KOHAeHca~HH npoHCXOAHT 3a C4eT pa3HOCTH AaB
neHHH Hac~~eHHoro napa, onpeAenReMOH pa3HOCTbO TeMnepaTyp a 
30Hax HCnapeHHR H KOHAeHca~HH. Bo3apa~eHHe *HAKOCTH a 3c\y 
HCnapeHHR ocy~eCTBnReTCR nH60 38 C4eT BHeWHHX B03AeHCTBHH 
/CHn~ TR*eCTH, ~eHTpo6e*HOH CHn~, pHC. 1a/, nHfiO 3a C4eT KanHn
nRpHOH pa3HOCTH AaBneHHH no KanHnnRpHOH CTPYKType /~HTHno/, 
pacnono*eHHOH BHYTPH TT, 4a~e acero Ha ee cTeHKax /pHc. 16/. 
~HTHneM MoryT cny*HTb pa3nH4H~e nopHCT~e M~epHanw /ceTKH, 
cne4eHH~e nopHCT~e CTPYKTYP~/, KaHaBKH Ha BHYTPeHHeH no8epx
HOCTH Kopnyca Tpy6~, a TaK*e 6onee cno*HWe CTPYKTYP~ /KaHanw, 
apTepHH/, cnoco6H~e OCy~eCTBHTb nepeHOC *HAKOCTH H3 30HW KOH
AeHCa~HH B 30HY Harpeaa 3a C4eT AeHCT8HR KanHnnRpH~X CHn/1-3~ 

Tennoa~e Tpy6~ c ~HTHneM AnA ao3apaTa *HAKOCTH MoryT pa6o
TaTb He3a8HCHMO OT opHeHTa~HH 8 none TR*eCTH H 8 He8eCOMOCTH, 
no3TOMY OHM nony4HnH 60nbWOe npHMeHeHHe 8 KOCMH4eCKOH TeXHH
Ke/1,3/. 

TaK KaK H3MeHeHHR TeMnepaTypw no AnHHe Tpy6~ npoHCXOART 
no nHHHH HaC~~eHHR, a Aa8neHHe napa npH 1 8TM H a~e MeHReTCR 
He3Ha4HTenbHO, TO nepenaA TeMnepaTypw napa MO*eT cocTaBnRTb 
MeHee 1°C Ha 1 M AnHHw; TaKHM o6pa30M, TT cnoco6Ha nepeHOCHTb 
6onbwHe Tenno8we M~HOCTH npH Man~x rpaAHeHTax TeMnepaTypw. 
Oco6eHHO 8enHKH nepeHOCHM~e MO~HOCTH 8 TT c *HAKOMeTannH4e
CKHMH TennoHOCHTenRMH. ?ony48HH~H nOTOK Tenna 8 H8CTOR~ee 8pe
MR AOCTHraeT 15 K8T/CM2 4/. 3~eKTH8HaR T'nnonpOBOAHOCTb HaT
pHe80H TT cocTaanReT A 3ww~10 BT/(CM°C) 4~3To 3Ha4eHHe K03~
~H~HeHTa 3~eKTH8HOH TennonpoBOAHOCTH 8 3·10 5 pa3 a~e Tenno-
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Pac. I . CxeMa pa6oTbi TeltJioaoH: 
Tpy6bl: I - 30Ha Harpeaa /norno
~aeTCH TeltJio + Q I; II - ap;aa6a
TaqecKaH soHa; III- soHa oxnax<
AeHHH /BbiAenHeTCH TeltJio - Q I. 
3neMeHTbl KOHCTPYK~HH: I - repMe
THqHbiH Kopnyc; 2 - nneHKa EHA
Koro TeltJIOHOCHTenRj ) - AB~eHHe 

napoa TeltJioHoCHTenH B KaHane TT; 
4 - EHAKHH TeltJIOHOCHTenbj 5 -
~THnb. TeltJIOHOCHTenb nepeMe~a
eTCH H3 30Hbl KOHAeHCa~H B 30Hy 
Harpeaa noA Aeil:CTBHeM rpaBHTa
~OHHbiX can /a/ HnH no WHTHniD, 
npoTHB AeiicTBHH rpaBHTa~HOHHbiX 
can /6/. 

npoBOAHOCTH MeAH IAcu"' 3 BTI(cM °C) npH t=10oooclo-'l.AHana30H 
pa604HX TeMnepaTyp OnpeAenReTCR B~60pOM TennOHOCHTenR H KOH
CTpyK~HOHH~X MaTepHanoe H npoCTHpaeTCR OT t•-200°C npH HC
nonb30BaHHH a3oTa AO t • 2400°C npH Hcnonb30BaHHH cepe6pa e 
Ka4ecT ee TennoHOCHTenR I 41, 

•. 

2. BW60P TEnnOHOCHTEnR AnR TEnnOBO~ TPY6W 

AnR o6ecne4eHHR nepeAa4H 6onbworo KOnH4eCTBa Tenna e 3aAaH
HOM HHTepeane TeMnepaTyp TennoHOCHTenb AOnmeH o6naAaTb e~co
KOH TennoTOH napoo6pa30BaHHR, HMeTb AOCTaT04HO B~COKY~ nnoT
HOCTb napa npH pa6o4HX TeMnepaTypax, xopowo cMa4HBaTb KanHnnRp
Hy~ CTPYKTYPY ~HTHnR, HMeTb 6onbWOH K03~~~~HeHT noeepXHOCTHoro 
HaTRmeHHR H Hee~coKy~ BR3KOCTb. AnR o~eHKH B03MomHocTeH Tenno
HOCHTenR no TennonepeHocy Hcnonb3Y~T 12,4/ TaK Ha3~eaeM~e K03~
~H~HeHT~ nepeHoca mHAKOCTH N ~ H napa N~ , onpeAenReMble cne
AYIOUIHM o6pa3oM: 

* n Ng=u* ·r·p*/r'*; Ng=u*·r·pn/11n. 
rAe u*- K03~~H~HeHT noeepXHOCTHOrO HaTRmeHHR *HAKOCTH; r -
CKp~TaR TennoTa napoo6pa30BaHHR; p* H Pn - nnOTHOCTH mHAKO
CTH H napa; 71 * , 11n - K03~H~HeHT~ BR3KOCTH *HAKOCTH H napa 
COOTBeTCTBeHHO. 
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B~6HpaR TennoHOCHTenb AnR 3aAaHHoro HHTepeana TeMnepaTyp, 
HaAO CTpeMHTbCR K TOMY,4T06~ TennOHOCHTenb HMen HaH60nbWHe 
3Ha4eHHR eenH4HH N~ (t) H N~(t). MaKCHMYM TennonepeHoca y TT 
c AaHH~M TennoHoCHTeneM pacnonaraeTCR e HHTepeane TeMnepaTyp 
C rpaHH~aMH, COOTBeTCTBY~UIHMH MaKCHMYMaM KpHB~X N~ (t) H N~(t). 
0pHeHTHPOB04H~e AHana3oH~ pa6o4HX TeMniaTyp AnR HeKoTop~x 
TennoHOCHTeneH TT npHBeAeH~ e pa6oTe l2 . 

CneAyeT OTMeTHTb, 4TO B o6naCTH HH3KHX TeMnepaTyp Tenno
HOCHTenH o6naAa~T cpaBHHTenbHO nnOXHMH TennonepeAa~UIHMH CBOHCT
BaMH. TennoT~ npeo6pa3oeaHHR H K03~~H~HeHT~ noeepxHocTHoro 

. HaTRmeHHR y HHX Man~, a BR3KOCTH mHAKOCTeH aenHKH. TaK, Ha
npHMep, AnR Tpex TennOHOCHTeneH, pa6oTa~UIHX npH pa3nH4H~X 
TeMnepaTypax, cKp~T~e TennoT~ napoo6pa3oBaHHR r Ha nHHHH Ha
C~UieHHR lnpH AaeneHHH HaC~llleHH~x napoe 8,7 KrlcM I o4eHb 
CHnbHO pa3nH4a~TCR no BenH4HHe /8/: 

11 AnR nHTHR (Li) r = 18079 KAm/Kr, t= 1730°C; 
21 AnR aMMHaKa (NHa) r= 1187 KAmiKr, t = 20°C; 
31 AnR ~peoHa-13 (CF8 Cl) r =118 KAmiKr, t = -30 °C. 

TeM· He MeHee npH HH3KHX TeMnepaTypax 3~~eKTHBHOCTb Tenno
BOH Tpy6~ 3Ha4HTenbHO B~We, 4eM y MeAH. 

npH B~6ope TennOHOCHTenR Heo6XOAHMO CTpeMHTbCR K TOMy, 
4T06~ AaBneHHe HaC~U16HH~X napoa 6~no AOCTaT04HO B~COKHM AnR 
o6ecne4eHHR 6onbworo nepeHoca Tenna H Manoro nepenaAa TeMne
paTyp~ no AnHHe Tpy6~. TennoHOCHTenb TaKme AOnmeH HMeTb e~

coKy~ 4HCTOTY, TaK KaK 3arpR3HeHHR MOryT CHH3HTb noeepXHOCT
HOe HaTAmeHHe, CMa4HBaeMOCTb H YXYAWHTb KOPP03HHH~e CBOHCiaa 
TennOHOCHTenA. 8 KOPP03HHHOM OTHOWeHHH TennoHOCHTenb AOnmeH 
6~Tb coaMeCTHM~M c MaTepHanaMH cTeHKH TT H ~HTHnA eo seeM 
AHana30He pa604HX TeMnepaTyp. Kopp03HHH~e CBOHCTBa MHOrHX Ma
TepHanoa npHBeAeH~ a pa6oTax 12,7/, 

K TennOHOCHTen~ MOryT 6~Tb npeADRBneH~ Tpe6oBaHHR AOCTa
T04HOH TepMH4aCKOH CTOHKOCTH H CTOHKOCTH B ycnoBHAX HOHH3H
PYIOUiero H3ny4eHHA. noA A6HCTBHeM Harpeaa HnH HOHH3HPY~Uiero H3-
ny4eHHA TennoHOCHTenH MoryT pa3naraTbCA Ha ra3oo6pa3H~e HnH 
TBepA~e npOAYKT~. B nepeoM cny4ae acneACTBHe noAeneHHR raaoa 
e TT B03HHKaeT HeH3oTepMH4ecKaA aoHa Ia o6nacTH TennooTBOAa 
nOABnAeTCA ra30BaA npo6Ka, KOTOpaA yMeHbWaeT TennoOTBOAI, BO 
BTOpOM - B03MOmHa 3aKynopKa ~HTHnA npOAYKTaMH pa3nOmeHHR. 

Ha TennonepeAa4y 6onbwoe BnHAHHe oKa3~Ba~T reoMeTPH4eCKHe 
pa3Mep~ Tpy6~, pa3Mep~ 30H nOABOAa H OTBOAa Tenna, xapaKTepH
CTHKH ~HTHnA. ApyrHe ~aKTop~, anHAIOUIHe Ha TennonpoBOAHOCTb TT, 
paCCMOTpeH~ B /1,2,41, 
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3. KPATK~E CBO~CTBA CnEKTPOMETPA R~EP OT~4~ 

B OCHOBe cneKTPOMeTpa RAep OTAa4H ne*HT MeTOA MHOroKpaTHo
ro npOXO*AeHHR BHyTpeHHero ny4Ka yCKOpHTen.R 4epe3 TOHKy~ MH
WeHb, pacnono*eHHY~ 8HYTPH KaMep~ yCKOpHTen.R/8/,H perHCTpa
~~~~~~~ RAeP, 8~neTa~~HX H3 MHW8HH 8 pesynbTaTe peaK~HH ynpyroro 
H Heynpyroro pacceRHHR RAep ny4Ka Ha RAPaX MHWeHH H ~parMeH
Ta~HH RAeP MHWeHH. 

YcTaHOBKa co6paHa Ha OAHOM H3 nHHeHH~X npoMe*YTK08 CHHXpo
~a30TPOHa na6opaTOPHH 8~COKHX 3HeprHH OHRH. PasMep~ aaKyyMHOH 
KaMep~ nHHeHHOro npoMe*YTKa /8~COTa -0,5 M, WHpHHa -2,5 M/ no-
380n.R~T pa3M8CTHTb BHYTPH KaMep~ MHWeHb H T&neCKOn~ H3 nony
npOBOAHHKOB~X AeTeKTopo8 c npeAYCHnHTenRMH /pHc.2/. CneKrpo
MeTp coAeP*HT 4 TenecKona, Korop~e 8 pa6o4eM-no.no*eHHH pacno
nara~TCR B ropH30HTanbHOH nnOCKOCTH /Ha PHC.2 yKa3aH TOnbKO 
OAHH renecKon/. TenecKon~ MO*HO noaopa4H~BOKpyr aepTHKanb
HOH OCH, npOXOAR~eH 4epe3 MHWeHb, 4TO n03BOnReT H3Mep.RTb B~

XOA RAeP H3 MHWeHH noA pa3nH4H~MH yrnaMH OTHOCHTenbHO Hanpa8-
neHHR ny4Ka yCKOPHTen.R. C8eTHMOCTb MHWeHH COCTa8n~eT 

-1034 cM-2 c- 1 npH c6poce Ha Hee 5·10 10 4aCTH14/14HKn; 3To no38o
nReT H3Mep.RTb AH~epeH14HanbHWe ce4eHHA c aenH4HHaMH ~100 H6/cp 
H HCCneA08aTb cneAy~He nPOI48CC~: ynpyroe pacceAHHe AA8P;~par
M8HT814H~ RA8P MHW8HHi KYMYnATH8HWH 3~KT/9~a T8K*e nQHCK 
C8epx'o'6Y*A8HHWX COCTOAHH~ AABP ny4K8 H HOBWX H30TOnOB THna 
He aotto , 

CyMMapHa.R ron~HHa npHMeHAeM~x KpeMHHeawx nonynpoaoAHHK08WX 
AeTeKTOPOB 8 OAHOM TeneCKOne COCTa&nAeT -2 CM• ~TO onpeAenAaT 
HHTepaan 3HeprHH perHCTPHPYBMWX AAep, 

~eMaTH48CKH KOHCTPYK14HA 48CTH cneKTPOMBTpa, YCTaH08neHHOH 
Ha yCKOPHTene, noKa3aHa Ha pHc.2. BaKyyMHwH 6oKc /3/ 4epes 
wH6ep /2/ COeAHH8H c aaKyyMHOH KaMepoH /1/ nMH8HHOrO npoMe
*YTKa. 8 OTKpbiTOM COCTOAHHH wH6ep HM88T OT88PCTH8 AMaMeTpOM 
380 MM, 4TO HaKnaA~8aeT orpaHH48HHA Ha P83M8PW KOHCTPYK14HH, 
880AHMOH 4epe3 Hero 8 KaMepy nHH8HHOro npOM8*YTKa. 

8 HCXOAHOM COCTO.RHHH WH6ep 3aKpWT, 8 60KC8 aTMOC~PHOe AaB
neHHe; HMeeTCA AOCTyn K TeneCKOnaM, npeAYCHnHTen~M, CHCTeMe 
Ka6eneH H pas•eMo8. TenecKon /6'/, npeAYCHnHTenH /7'/ c noM~b~ 
Tenn080H Tpy6~ /8'/ nOA8H*HO KpenATCA K ~KCaTopy /10'/, KOTO
P~H MO*eT nepeMe~aTbCA 8AOnb wTaHrH /11/, KOTOpaA, 8 C800 04e
P8Ab, HM88T B03MO*HOCTb nepeMe~aTbCA 8 88PTHK8nbHOM Hanpaane
HHH. 8 HCXOAHOM COCTOAHHH KOH8l4 wTaHrH 8M8CT8 C A8Tanb~ /9/ 
saHHMaer nono*eHHe /9'l. 

B pa6o4eM nono*eHHH ycKopeHHWH ny40K AA8P /4/ npoxOAHT 4e
pes MHWeHb /5/, RAPa OTA84H perHCTpHpy~TCA TeneCKOnOM /6/; 
CHrHan~ YCHnH8a~TC.R npeAYCHnHTenAMH /7/ H no Ka6en.RM nepeAa
~TCR B KOMHaTy C 3neKTPOHHOH annapaTypoH. 
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PHc.2. CxeMa pacnono~eHHR AeTeK
TopoB, npeAYCHnHTeneA H MHWeHH 
ClleKTPOMeTpa RAep OTAaqH Ha yc
KOpHTene: I - nHHeHHhlA npoMe~
TOK YCKOPHTenR; 2 - BaKYYMHhlH 
WH6ep; 3 - BaKyyMHblH 60KC; 4 -
nyqoK YCKOpHTenR; 5 - MHmeHh; 
6/6'/- TenecKon H3 nonynpoBoA
HHKoB~x AeTeKTOpoB; 7/7'/ - npeA
YCHnHTenH; 8/8'/ - TennoBaR Tpy~ 
Oa; 9/9 '/ - AeTanh, oxn~aeMaR 
pacconoM (KCl), HellOABlUI:HO ga
KpenneHa Ha KOH~e mTaHrH JJ; 
10/10'/ - WHKCaTop, B nono~eHHH 
10 oH ~ecTKo ~HKCHpyeT KOHe~ TT 
8 H AeTanh 9; II - mTaHra /Tpy-

6a H3 Hepll:aBe~eA CTanH/ t llpH ABlUI:eHHH mTaHrH BBepx sneMeHTbl 
6-10 saHHN~T nonoll:eHHe 6'- 10':12- MarHcTpanb c pacconoM, 
npoxoAUT BHYTPH mTanrH II, paccon oxn&li:AaeT AeTanh 9; 13- sa
KYYMHoe YllnOTHeHHe; 14 - repMeTH3HpOBaH~e BBOA H B~OA pac
cona B MarHCTpanh 12. 

nnR Oxna*A8HHA AH~Y3HOHH~X HaCOC08, ycTaHoaneHH~X Ha yc
KOPHTene, npHMeHAeTcA paccon (KCl), oxna*AeHH~H AO TeMneparyp~ 
--30°C. Paccon 4epea ~BOAW /14/ noAaeTCA a MarHcTpanb /12/ 
H oxna*Aaer AeTanb /9/ /pHc.2/. Tenno or npeAYCHnHTeneH /7/ 
H AeTeKTopoa /6/ c no~b~ TT /8/ OTBOAHTCA Ha AeTanb /9/. 
Bcero 8 cneKTPOMeTpe RAeP OTA84H Hcnonb3yerc~ 4 Ha6opa rene
cKonoa, npeAYCHnHTeneH H TT. 

npHMeHeHHe TT .R8n.ReTCA HaAe*HWM, YA06HWM • KOHCTPYKTHBHOM 
OTHoweHHH H 6esonacH~M An" pa6orw ycKopHren.R cnoco6oM oxna*
AeHHA. 

4. KOHCTPYKUHR TEnnOBOA TPY6~ 

KoHCTPYK14H.R TT npHBeAeHa Ha pHc.3. Kopnyc TT a~nonHeH H3 
MeAHOH Tpy6~ AnHHOH 600 MM C 8HewHHM AHaMeTpOM 16 MM, TO~H
HOH CTeHKH 2 MM, repMeTH3HP08aHHOH C o6eHX KOHI40B M8AH~MH 
npo6KaMH. K BHyTpeHHeH cTeHKe Tpy6w nnoTHo npHneraeT ~HTHnb, 
COCTOA~HH H3 ABYX cnoe8 /BHTKOB/ C8TKH H3 Hep*aBe~eH CTanH 
C .R48HKaMH 150 MeW /Mew - 8AHHHI4a H3MepeHHA, yKa3bl&aeT KOnH-
4eCTBO R4eeK ceTKH, npHXOAA~HXC.R Ha OAHH A~HM/. BHYTPH ren
noaoH Tpy6~ COA8P*HTC.R -18 r TennoHOCHTen.R ~peoHa-22 (CHF 2Cl), 
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~ ~ PHC. 3. KOHCTPYKQHH TenJIOBOH Tpy-
~ ~ 6&1: I - Tpy6a H3 MeAH; 2 - cjiHTHJib; 

lJ-=jEt;+C~-- 3 - npo6KH H3 MeAH; 4 - Tpy6Ka 
H3 MeAH AHaMeTpoM I MM, CJIY1KHT 
AnH sanonHeHHH TT TennoHOCHTeneM. 

PHc.4. CxeMa sanonHeHHH Tenno
BOH Tpy6hl TennoHOCHTeneM: I -
6aJIJIOH C ~AKHM ~peOHOM-22; 
2,4,5,6,7- BaKyyMHhle BeHTHJIH; 
3 - peAYKTop; 8 - MepHhlH o6beM 
/TOHKOCTeHHhlH pe3HHOBhlH map/ 
AnH H3MepeHHH KOJIHqeCTBa raso
o6pa3HOrO ~peoHa; 9 - Kopnyc 
TT; 10 - coCYA ~biDapa c ~AKHM 
asoToM; II- ~opaaKyyMHbm Ha
coc. 

tt 

nepeA c6opKOH TT ace AeTanH T~aTenbHo 04H~a~Tc~ MeTOAOM 
TpaeneHH~. npo6KH npHnaHBa~TC~ K KOH~aM Tpy6w npHnOeM nCP-45. 
Bo epeM~ naHKH BHYTPb TT noAaeTc~ ra3oo6pa3HWH renHH, 4To6w 
3a~HTHTb BHyTpeHH~~ noeepxHOCTb OT OKHCneHH~. 

CxeMa 3anonHeHH~ TT ~peoHoM noKa3aHa Ha pHc.4. BHa4ane ec~ 
CHCTeMa OTKa4HBaeTC~, 3aTeM npOMWBaeTC~ ~peOHQM7 B MepHWH 
o6DeM OTMep~eTc~ -21 r ra3oo6pa3Horo ~peoHa npH AaeneHHH 
-f aTM /3TO -4,8 n ra3a, 4TO COOTBeTCTByeT 06DeMy wapa AHaMeT
pOM-21 CM/. 3aTeM 3aKpWBa~TC~ BeHTHnH /6/, /4/, OTKPWBa~TC~ 
BeHTHnH /7/, /5/. nocne OTKa4KH BeHTHnb /7/ 3aKpWBaeTC~ HOT
KpweaeTC~ eeHTHnb /6/. TT norpy~aeTc~ a ~HAKHH a30T a cocyAe 
Ab~apa. fa3oo6pa3HWH ~peoH nepeTeKaeT H3 MepHoro o6DeMa a TT 
H BWMOpa~HBaeTC~ Ha ee BHyTpeHHeH CTeHKe. no OKOH4aHHH BWMO
pa~HBaHH~ Tpy6a BWHHMaeTc~ H3 cocyAa Ab~apa H MeAneHHO oTen
n~eTc~ Ha B03Ayxe. KorAa H3 TT a o6DeM /8/ BWHAeT -3 r ~peoHa 
IAHaMeTp wapa -10 cM/, Tpy6Ka /4/ /pHc.3/ nepe~HMaeTc~ H 3a
naHeaeTc~. 

B ycTaHoeKe a pa6o4eM cocTO~HHH TT HaXOA~Tc~ a ropH30HTanb
HOM nono~eHHH /3oHa Harpeea Mo~eT pacnonaraTbC~ HH~e 30HW 
KOHAeHca~HH Ha 0+10 MM/. H3roToeneHHwe TT HcnwTwaanHcb a ro
PH30HTanbHOM nono~eHHH /TennWH KOHe~ HaXOAHnC~ HH~e XOnOAHOrO 
Ha 0+10 MM/ B BaKyyMe, B HHTepeane nepeAaHHWX MO~HOCTeH 

5+40 BT /30Ha Harpeea 7 CM/ npH oxna~AeHHH 30HW KOHAeHca~HH 
/c Top~a/ a HHTepeane TeMnepaTyp 0+-30°C. H3MepeHH~ noKa3anH, 
4TO H3roToeneHHwe HaMH Tennoewe Tpy6w HMe~T Tennoeoe conpoTHB~ 
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neHHe 0,45+0,65°C/BT, 4TO a 30+20 pas MeH&we Tennoeoro co
npoTHeneHH~ MeAH npH AaHHWX TeMnepaTypax. 

5. 3AKJD04EHHE 

npHMeHeHHe Tennoewx Tpy6 An~ oxna~AeHH~ AeTeKTOpoe H npeA
YCHnHTeneA BHYTPH KaMepw YCKOPHTen~ B cneKTpOMeTpe ~Aep OTAa-
4H nOATBepAHno CBO~ 3~~eKTHBHOCTb H HaAe~HOCTb npH pa6oTe 
cneKTPOMeTpa B 3KCnepHMeHTaX. npH He06XOAHMOCTH yeenH4eHH~ 
TennonpoeoAHOCTH TT cneAyeT BMecTo ~peoHa-22 Hcnonb3oeaTb a 
Ka~eCTBe TennOHOCHTen~ aMMHaK, KOTOpWA B Kopp03HAHOM OTHOWeHHH 
YCTOA4HB C an~MHHHeM H Hep~aee~~eA CTanb~. 

B cny4ae YXYAWeHH~ TennonepeAa~~Hx ceoAcTB TT npH AnHTenb
HoA 3KcnnyaTa~HH HX B paAHa~HOHHWX ycnOBH~X HMeeTC~ B03MO~
HOCTb nepe3anpaBKH TT cae~HM TennoHOCHTeneM. 

B 3aKn~4eHHe ewpa~aeM rny6oKy~ 6naroAaPHOCTb AOKTopy ~H3H
Ko-MaTeMaTH4eCKHX HayK B.A.HHKHTHHY 3a BHHMaHHe K pa6oTe H no
ne3HWe o6cy~AeHH~. 
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