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B nocnenaee apeMII pa31!H'IHbiMH MeTonaMH non y'leHbi HHTepecHbie naH 

Hhle 0 noaeneHHH KO~HUHeHTB nH~Y3HH B61!H3H KpHTH'!eCKOH TO'IKH ~HnKOCTb

n a p , H , P . KpH'IeBCKHM C COTpynHHKSMH B c e pHH pa6oT/I / 6b!IIO IIOK838HO, 

'ITO B nByXKOMIIOHeHTHOli CHCT eMe C MSI!b!M conep~aHHeM BTOporo KOMn O 

HeHTS KO~HUHeHT nH<Jxj>y3HH M S I!OrO KOMIIOHeHTS CTpeMHTCSI K HYIIIO l!pH 

npH61!H~eHHH CHCTeMbl K KpHTH'!eCKOli TO'!Ke ~HnKOCTb-nap, 3 KcnepHMeH 

T81!bHO H861!JOnai!OCb yMeHbWeHHe K03~HIJHeHT8 nH<j>!j>yaHH no I Q-7 CM2/ CeK 

B CHCTeMe CO~ - J H no 2 , !Q- 12 CM2/ ceK B CHCTeMe Cl 2 - Cl • Ka'!eCTBeH-

4 
Be HenaBHO 6bll! no-

ny'!eH PH'I'IH/2 / , PeaynbTSTbl 3 THX Ol!b!TOB HaxonSITCSI B cornacHH c Teope

TH'!eCKHMH npenCK838HHSIMH / 3 / , KOTOpble, OnHBKO , He 1!03BOI!SIIOT naTb HS 

rnSinHYIO MHKpOCKOIIH'!eCK YJO HHTepnpeTS UHIO SIBI!eHHSI. 

'-!HCIIO 3KCnepHMeHT81IbHbiX pa6oT, 110CBSI!IleHH blX HCCI!enoBaHHIO KOa<jl!j>H-

UHeHTS C8MOLIH<Jxl>y3HH 1J 0 B 'IHCTOM Be!IleCTBe B61!f!3H KpHTH'!eCKOM TO'!-

KH 3H8'1HTel!bHO MeHbW e , a pe3yl!bT8Tb l HX nopofi HOC SIT l!pOTHBOpe'!H Bblli xa-

paKTep. 

TaK, 5 aTa H np,/4/, HCCnenySI KB83Hynpyroe paCCeSIHHe HeliTpOHOB 

B 3<j>Hpe, o6napy~HIIH yMeHbWeHHe YWHpeHHSI KBB3HynpyrorO nHKS , 'ITO, B03-

MO~HO , COOTBeTCTByeT yMeHblJJeHHIO K03<Jxj>HUHeHT8 C8MOnH<j>!j>y3HH B61!H3H 

KpHTH'!eCKO tl TeMnepaTypbl, 

Ha6n H EnyMe/5/ c noMolJJbJO MeTona cni!Hoaoro 3Xa 3l1MeTIIITH HeMoHo-

TOHHOCTb HB TeMnepaTypHOli 38BIICIIMOCTH p D 0 ni!SI 3T8H8 , OnHSKO OKOH-

'ISTel!bH biX 38KI!JO'!e HHH 0 noaeneHHH K03{jxjlHuHeHT8 C8MOLIH$!j>y3HH B61!H3H 

KpHTH'!eCK O li TO'IKH ~lfLIKOCTb -nap H e 6bli!O C/lei!B HO, 

Tpa nneHbep H np,/6 / , HCCnenySI T eM Jl(e MeTonoM MeTaH, H e 06Hapy -

B61!113H KpHTH'!eCKOll TO'IKH. 11 , HSKOHeU , 
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He)lSBHO, HCCnenyH KSITHllllS!pHblM MeT OllOM n n cjJ$y3H IO H30TOIT8 U Ar B ecTeCT 

BeHHOH CMecn
1 

)le naa / 7 / T8K)Ke rrpmuen K BblBOJly o6 OTCYTCTBHH H3MeHeHHlt 

K03~HUReHT8 C8MOllH¢¢y3HR B6JJH3H KpHTHqeCKOlt T OqKH. 

B aaaaoA pa6oTe H3JJO)KeHbl pe3ynbTBTbi ncc neaoaaanlt Koa~nuneaTa 

CBMonncjJ$y3HH 3 T 8H8 B6JJH3H KpHTHqeCKOA TQqKH )KHnKOCTb- rr8p MeTOllOM KB83H-

ynpyroro pacceHHHH MeaneHHbiX ae 1\Tpoaoa. 

3KcnepnMeHT 

1. 06pa3eu. Mbi cqnTaeM aeo6xonnMhiM nonpo6Ho coo6UlHTb napaMeTpbi 

HCCnenyeMblX o6p83UOB, noCKOllbKY OT HHX B 3H8qHTellbHOtl CTerreHH 38BHCHT 

rrpOS!BlleHHe BCeX OC06eHHOCTel\, CBH38HHblX C KpllTll'IeCKHM COCTOHHIWM . 

06pa3eU ' ( pHC, 1) • p83MepaMH 25 X 25 X 1 CM3 COCTOHll Hd 60 Tpy6oK 

H3 aep)K8BeJOIUeA CT8llfl J:(HBMeTp OM 5 MM H TOll lllHHOI\ CTeHKII 0, 22 MM, pac-

nOllO)KeHHblX TBK , qTO RerrOCTOHHCTBO TOlllllHHbl CJIOH 3T8H8 6bJn0 MIIHHM8llbHblM. 

ilnH yMeHbllleHI!S! BnHHHIIS! rp8BilT8UHOHHOrO 3cjJ$eK T 8 Tpy6Kii pacnonar8JOTCH ropn-

30HT8llbHO, 0Hii H8ITOJJReHbl 3 T8HOM llO KpliTH'!eCKOH nnOTHOCTH ( p 
0 
~ 0,2048::t_ 

::t_0,0007 r/cM3). XpoMaTorpa<jJnqecKnl\ aHallH3 ucnoJJb3yeMoro 3Tana BbiHBHn 

npHcyTcTBHe cnenyJOUlHX npnMeceA: (% o6beMHbie) aaoT 0,02 % , KHcnopon 

0,004% n nponnnea 0,017%. 06be.M o6pa3UOB onpenenHncH npn KOMHBTt!OII 

TeMnepaType H 8TMOC<jJepHOM naaneHHH C TO'IHOCTbiO 0,01%. npn HanOllHCHHH 

o6p83UOB BBOllHll8Cb rrorrp8BK8 HB yBeJJH'IeHHe 06beMa, CBSI38HHOC C narpeaa

HHeM Tpy6oK no KpHTfiqeCKOA TeMnepaTypbl H p8CWHpell11eM HX non nei!CTBHeM 

naaneHHSI, noKB38HH8H H8 pHC, 2 rHCTOrp8MM8 pacnpeneneHHH qi1Cll8 Tpy60K 

no nl!OTHOCTH n03BOTIHeT y TBep)Kn8Tb 0 qTO 38nOnHeHne 11X 6b!T!O Kp11TI1'!eC-

KHM C TO'IHOCTbiO He X y )Ke 0,8%. nponyCK8HHe nyCTblX Tpy6oK nnH Hei1Tp0 -

HOB C 3Hepr11ei\ 5,2. 10-3 3B COCT8B1!51eT 0,88. 

2. TepMocTa Tnpoaanne. ilnH T epMOCTBT11poaa HHH o 6pa3Ubi c 3 T BHOM 

ITOMeUlBT!HCb B CITeUHBllbHbll\ KOHTeAnep, COCTOHU!H i! 113 nayx BCT8Bl!ell!lbiX 

npyr B npyra p8360pHblX 8T!JOMHH~!eBbiX KOp060K, K8)Kn8H 113 KOTOpb! X 0Mbl

B8ll8Cb TepMocTaTnpoaaHRoi! aonolt. Ha 6oKOBbJX cTeHKa x Kowret!Hepa HMe1!11CL 

OKH8 nnH nponyCK8HI1SI HeltTpOHHOrO rry'IK8 0 KOTOpbie 6bl.111 OCHOBHbiM HCTO'I

HHKOM TeMnepaTypHblX rpanneHTOB H8 o6p83Ue . ilTIH yCTpaHeHHH 8THX rpa -
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.aaeaToB aa OKRa 6blnH aaaeceabl acnoMoraTenbHbJe HarpeaaTena, 0TK8'1K8 

flOnOCTH MelK.QY KOp06K8MH .110 10-2 MM pT,CT, He npHBena K 38MeTHOMY 

ynyqweHHIO TeMnepaTypHOil CT86HnH38UHH H CHHlKeHHIO TeMnepaTypHbiX rpa

.QHeHTOB HB o6paaue, nponyCKBHHe nycToro KOHTeilaepa .anSI HeilTpOHOB C SHep

raeil 5,2.10-Saa cocTaBnSieT 0,94. HaMepeaae TeMnepaTyphl o6paaua npoaa-

BO.QHnOCb nnBTHHOBbiM TepMOMeTpOM COflpOTHBneHHSI C TO'IHOCTbiO a6conJOT

HOil rpa.ayapoBKH !_0,01°C. TeMnepaTypHbJe rpa.aaeHTbJ aa o6paaue aaMepSI

nHCh .aaljlqlepeauaanhHbiMH Me.ab-KOHCTaHTBHOBhJMH TepMonapaMH. HecTa6anbHO

CTH H HeO.QHOpO.QHOCTb TeMnepaTypbl o6p83U8 BO BpeMSI H3MepeHHil He npeBbi

WBnH !_0,Q05°C, 8 KB'IeCTBe KpHTH'IeCKOil TeMnepaTypbl STBHB HBMH tlbJnO 

npHHSITC. 3HB'IeHHe T 0 = (32,33!_0,01)0 C x/, 

3. PacceSIHHe, PacceSIHHe aeilTpoaoB Hccne.aoaanocb MeTo.aoM 6epHn

naeaoro ¢JHnbTpa nepe.a .aeTeKTopoM (pH c . 3) a a HMnynbCHOM peaK Tope HEP 

06'he.QHHeHHOrO HHCTHTyT8 Sl.llepHbiX HCCne.QOBBHHil / 8 / • 

06paaeu pacnonarancSI Ha nponeTaoil 6aae 37,5 MeTpoa, 'ITO o6ecneqa

Bano annapaTypHoe paapeweHae 2.10-5 sa .anSI aHeprHH 5,2.10-3 sa. Pacc e-

SIHHe OT KOHTei!Hepa C nycTblMH Tpy6KBMH COCTBBnSieT 30% OT pBCCeSIHHSI 

HB KOHTeilaepe C Tpy6KBMH 0 HBflOnHeHHblMH STBHOM, noKB38HHblli HB pHC, 3 

¢lanbTp c paaaeceHHhJM 6epannaeM HMeeT B 15 paa Meabwee nponycKaHHe 

.anSI TennoBbJX aeilTpoHoB, qeM o6bJ'IHO acnonbayeMblil ¢lanbTp c nnoTaoA yna

KOBKOA. npa TOnmHHe 6epannHSI 16 CM nponyCKBHHe ifJHnbTpa pBBHSinOCb 

1,5.10-4 .anSI ED > 5,2.10-3 aB H 0,4 .anSI ED< 5, 2.10-3 sa. lleTeKTopoM 

HeilTpoaoB cnylKHna 6aTapeS1 aa 17 nponopuaoaanbHbJX C'I~T'IHKOB, Hanon-

aeHHbiX Bf a ( 80% IO 8 ) C nnoma.QbiO • 700 CM2 H a<jxpeKTHBHOCTbiO 60% 

.QnSI HeilTpoHOB C SHeprHeil 5,2.10-3aB, 

Ha onacaaaoil ycTaHOBKe HBMH 6bmH BbmonaeHhJ .aae HeaaaacHMbJe 

cepHH H3MepeHHil .; C yrnOM p8CCeSIHHSI 8 c ( 8,5!_2,5) O, H nnOTHOCTbJO STBHB 

P = (1,03!_0,008)P 0 1 
a T8KJKe c yrnoM pacceSIHHSI 8 c(6!_2,5) H nnoT-

HOCTbJO STBHB p = ( 1,00!_0,008) p 
0 

J.iaMepeHHSI B OCHOBHOM BenHCb npa 

x/ 
ABTOpbl BhlpBlKBJOT 6naro.aapHOCTb B.A.CMHpHoBy H IO.P.4awKHHY, 

onpellenHBWHM no Haweil npocb6e aHa'leHHSI p 0 a T 0 • 
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T > T 0 , TSK KSK npH. T < T 0 3T8H CTSHOBHTCSI UBYXtP83HLIM H, npH Hcnonb-

30B8HHOA HSMH reoMeTpHH, HHTepnpeTSUHSI peaynbTSTOB HeB03MO*H8. 3a 

IQO qaCOB H3MepeHHA npH tPHKCHpOBSHHOA TeMnepaType unSI K03tPtPHUHeHT8 

C8MOAHtPtPY3HH AOCTHranaCb TQqHOCTb 25%, Ha pHC, 4 npeacTaaneH THUHqHbtA 

annapaTypHLtA cneKTp nocne BhtqHTSHHSJ tjloHa OT pacceSJHHSI Ha KOHTeAHepe 

C nyCTblMH Tpy6K8MH. 

PeaynbTSTht HaMepeHHA H o6cy*neHHe 

llnSI onpeaeneHHSI ywHpeHHSI KBBaaynpyroro naKa annapaTypHbtA c neKTp 

nocne KOppeKUHH H8 UOCTOpOHHHA tPOH H paCCeSIHHe OT KOHTeAHepa 6ea 3T8H8 

annpOKCHMHpoBanCSI MeTOUOM HaHMeHbWHX KB8Ap8TOB C UOMOWbiO Bbtpa*eHHSI: 

F ( x l - A x ~ + B x + C + - 1
- ( a x ~ + fh + y ) [ 1 + - 2

- arctg 2 , 

rue x - HOMep KaHana apeMeHHoro aaanHaaTopa, 

!....=..!.a 
r; 2 ( I) 

x 0 - HOMep KaHana, B KOTOpOM HaXOUHTCSI ueHTp 6epHnnHeBOA rpaHHUbl 

nnSI ynpyroro pacceSJHHSI. 

napaMeTp r I 2 cooTBeTcTayeT nonywHpHHe nopeauoacKoro qneHa a 

ABa>KAht aHtjl<jlepeauaanbHOM ceqeHHH KBaaHynpyroro pacceSJHHSI npH aHeprHH 

6epHnnaeaoro KpaSJ. AnnpoKCHMHpytomee Bbtpa*eHHe (I) MO>KeT 6btTb nony-

qeao H3 Toqaoro, ecnH caenaTb cneaytomHe nonymeHHSI: 

I). · HHTeHCHBHOCTb a cneKTpe nanatomax HeATpoaoa Mano H3M9HSJeTCSJ 

B npeaenax WHpHHbt KB83Hynpyroro nHI<a. 

2). 0THOCHT9nbH09 H3M9H9HH9 K~ B T9X >K9 npeaenax TaK*e UOCT8-

ToqHo Mano. 

S) 3tjl<jleKTHBHOCTb neTeKTopa B Tex >Ke npenenax MO>KeT 6hlTb npen-

cTaneHa B BHAe eaHHHqHoA CTyneHbKH, p8BHOA 0 npH E: >E Be H I npH 

E' <E (E' 
D Be n 

aaeprHSI pacceSIHHoro HeATpoaa, E88 - 3HeprHSI 6epan-

nHeBOA rpaHHUbl) • 

6 
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4) • MellneHHO H3MeHSIIOIUHeCSI KOMUOHeHTbJ H86nJOJl8eMoro cneKTpa (He-

ynpyroe, KB83Hynpyroe npH E 8 ;- E: « r H MHoroxpaTHoe pacceHHHe) B 

OKpeCTHOCTSIX E Be MoryT 6biTb annpOKCHMHpOB8Hbl KB8Jlp8TH'IHbiMH MHOrO-

qneH8MHo Ha-aa He3H8'1HTenbHOCTH Ha6nJOJlaeMoro ywHpeHHSI norpeWHOCTH 

B onpeJleneHHH r 38 C'I~T nepe'IHCneHHbiX llOUyWeHHi! OK83biB810TCSI M8nbiMH 

no Cp8BHeHHIO C OWH6Koll, o6ycnOBneHHOi! HellOCT8TO'IHOil CT8THCTH'IeCKOil 

TO'IHOCTbJO. KaqecTBo annpoxcHMB!lHH BHilHO H3 pHc. 4, Ha xoropoM cnnom

HaR nHHHSI COOTBeTCTByeT Bblp8lKeHHIO ( 1) • 

nony'leHHOe H3 ( 1) 3H8'1eHHe r HCnpaBnSinOCb H8 annapaTypHOe p83-

peweHHe ro, H8 BITHSIHHe BTOpOl! nponeTHOil 683bl H H8 KOHe'IHOe yrnOBOe 

paapeweHHe JleTexropa cnellyJOWHM o6paaoM 

r .r (2) 

rile v cpellHHll yron pacceHHHSI, 

npellenbHbie aHa'teHHe yrnoB pacceSIHHSI, 

I; ,L~ -JlnHHbl nepBOl! H BTOpOl! nponeTHOil 6a3bl COOTBeTCTBeHHO. 

3Ta nonpasxa ( nony'leHHaSI B npeJlnonolKeHHH nopeHuoscxoll <jJopMbi an napa-

TypHoro paapeweHHSI H paCCeSIHHOro cneKTpa, 8 T8K)Ke He3H8'1HTenbHOCTH C8MHX 

nonp8BOX) 0 B KOHe'IHOM C'I~Te He npeBbiW8eT 10% OT r . HeCMOTpSI H8 

cpaBHHTenbHO 6onbWYJO TonmHHy o6paaua(no 0,7), MHoroxpaTHoe pac

ceHHHe He BITHSieT H8 WHpHHY KB83Hynpyroro nHK8. 3TO CB!l38HO C 6biCTpblM 

yMeHbWeHHeM KB83Hynpyrol! '18CTII llBBlKilbl llH<IJ<VepeHUI!anLHOf'O Ce'teHHSI npH 

yscnH'IeHHH yrna pacceRHHSI. BecLMa Manoe ymHpCHHC xsaaHynpyi'oro nHxa, 

paBHOe • 3.10-4 3B, U03BOnSICT orp811H'IHTbCSI paCCMOTpeHHCM TOnbKO .UBY

Kp8TH0f'O KB83Hynpyroro pacCeSIHHSI. OueHKH UOK83b!B8lOT0 'ITO HIITCHCHB-

HOCTb JlByKp8THOrO KB83Hynpyroro p8CCCSIHIISI COCT8BJTSICT HC 6once 2% OT 

HHTeHCHBHOCTH OllHOKp8THOrO KB83Hynpyroro paCCCSIHHSJ. 

EcnH llOnycTHTb, 'ITO ywHpeHHC xsaaHynpyroro nnxa nocne nepe'IHC

neHHhiX HcnpaBJTeHHll uenHKOM o6ycnosneHo xnaccH'Iecxol! llH#yaHell Monexyn 

3T8H8 0 TO KOscjl<jJHUHeHT C8MOJlHcjlcpy3HH MOlKeT 6biTb nerKO nony'leH 
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o 
0 

.. licnp,Es 0 

"0 11 I( 

(3) 

rae E Be - aHeprHH 6epHnnHesoll rpaHHUbJ, 

npHMeHHMOCTb npH6nH*eHHH KnaCCHqeCKOll aH¢$y3HH Tpe6JeT 6onee 

aeTanbHoro o6cy *lleHHH, KaK 6bmo noKaaaHo noaropeUKHM H CTenaHOBbJM /9/, 

pacCeRHHe HeliTpOHOB Ha nnOTHOM raae MO*eT OTpa*aTb KSK MSKCBennOB

CKOe pacnpeaeneHHe CKOpOCTell, TSK H aH¢$y3HOHHOe aBH*eHHe MoneKyn, 

a aaBHCHMOCTH oT ycnoBHll aKcnepHMeHTa. KpHTepHeM npHMeHHMOCTH aH¢$y-

3HOHHoro npH6nH*eHHH HBnHeTCH BbiDOnHeHHe HepaBeHCTBa 

2k 8 T 
z »I 

M K D 

rae M - Macca aH¢$yHaHpyJOmell MoneKynbl. B HaweM aKcnepHMeHTe 

" = 12,5 H 6,2 anH yrnoB pacCeHHHH 6° H 8,5° COOTBeTCTBeHHO, qTo H 

D03BOnHeT nonb30B8TbCH aH¢¢Y3HOHHbiM npH6nH*eHHeM, npyrHM aoBOaOM 

B nonbay npHMeHHMOCTH aH¢¢yaHOHHOrO npH6nH* eHHH HBnHeTCH ua6n10aa-

eMaH nponopUHOHSnbHOCTb Me*lly r 
ceHHHH aaeT cosnaaaJOmHe auaqenHH D 

0 

H 1(2 qTo npH asyx yrna x pac-

Ha pHC, 5 npeacTaBneHbl HSWH peaynbTSTbl anH pa3HblX TeMnepaTyp 

H asyx yrnOB paCCeHHHH, Ma STOrO pHCYHKa BHaH01 qTo DpH6nH*eHHe K KpH

THqecKoll TeMnepaType snnoTb ao 
T - T 0 

.. 10-6 He BRHHeT Ha KOa!jl-
To 

!jJHuHeHT caMoaH¢¢yaHH c ToquocTbJO 30%. H a we cpeauee aHaqe nHe 

Do 
-4 

(6,8:!:_0,7).10 
2 

CM 
c eK 

Ha x oaHTCH B XOpOWe M corn aCHH CO 3 HaqeHHeM 

-4 CM
2 

D = ( 6,3+0,1).10 --
o - ceK 

uaiiaeHHbJM s /5/, H co a HaqeHHe M 6,10-4, nonyqeHHbJM 

H3 3HaqeHHH 0 
0 

npH HOpManbHblX yCn OBHHX/ lQ / , 

8 

1 
B npH6nH*eHHH 0 0 ,._ -
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0TCYTCTBH8 cymeCTB8HHbiX OC06eHHOCTel! B noseneHHH D 0 B6nH3H KpHTB

'18CKOA TO'IKH npH speMeaax aa6moneHHH • 5.10-12 ceK, xapaKTepHbiX nnH aa

wero 3KcnepHM8HTa, a TaKJKe peaynhTSTbi Tpanneabepa H np./6/ nnH speMeH 

I0-4ceK, H ne naaa/7/ nnH speMeH nHcjxpy3HH 104 / ceK, no-sHnHMOMy, nonTsepJK

naJOT oTcyTCTBHe aHoManHA D 
0 

nnH scero nocTynaoro aa6n10neHHJO HHTepsana 

speMeH nHcjxpyaHH. nono6Hbil! peaynbTaT nony'IHn KasacaKH/ 11/ ,accnenyH Koacjl-

~HUH8HT C8MOAHcjxpy3HH B nsyxaTOMHOA peweTKe B npH6nHJK8HHH 3aBHCHIIl8l! 

oT speMeHH MonenH HaHara, 

B aaKnJO'IeHHe aBTOpbi BbipaJKa-JOT HCKpeHHJOJO 6naronapaocT& npo~eccopy 

<ll.n.WanHpo, npennoJKHBWeMy naHHbiA aKcnepHMeHT, npo~eccopy H.P .KpH'IeB

cKoMy, n106eaao npenocTaBHBweMy sec&Ma 'IHCTbiA sTaH, npo~eccopy H.H.HwH-

ay a a BbmonaeaHe x poMaTorpa~H'IeCKoro aHanHaa sTaHa B ero na6opaTopHB 

H B.H.naaHHY aa 6on&wyJO noMoiU& npH BbinOnHeHHH sKcnepHMSHTa. 
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PHC. 1. 06mHII BHil KOHTel!Hepa C o6p83U8MH. 1 - Tpy6KH C 3T8HOM; 

2,3 - BHyTpeHHSISI H H8pylKH8SI 8fliOMHHHeBb!e KOp06KHj 

4 - npOTOqH8SI TepMOCT8THpOB8HH8SI BOlla; 5 - llOllOflHHTenb

Hb!l! HarpeaaTenb H8 OKHax; 6 - nnaTHHOBblli TepMOMeTp 

conpoTHBneHHH. 
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PH c . 2. PacnpeaeneHHe Tpy6oK no nnoTHOCTH , nony'ieHHoe npH KOHTponb-

HOM onpeaeneHHH llJ!OTHOCTH HOCne HdMepeHHI\ pacceHHHH HetlT
pOHOB. 
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PHc. 3. reoMeTpHH c-nbiTa . I - BBKYYMflbiH ueiiTpOHOBon; 2 - (0/1/lM 

MaTop; 3 - KOJI/lMM8TOp b l M3 K8llMMH; 4 - o6pa3Ubl C 3T8HOM; 

5 - TOHKOCTeHHbie 8/liOMHHMeBbie Tpy6bi , HBnOI!HeHH bie renMeM; 

6 - 381UMT8 neTeKTOpa ; 7 - 6epM1111MJ!j 8 - nponopUMOH8/lbHbie 

C'li!!T'lMKMo 



~ 
> :;, 
:;, 

"' "0 

"' -l 
'< 
"0 

"' !!: 

"" "' () 
:;, 
(1) 
:>: 
-l 

"0 

l:l 
::. 

"' "0 

~ ~ 
() 
(1) 

"' "' "' "' 
"' "' '< 
""J 
0 
::. 
Cl) 

0 

rr 

1/~Cna DTCIIETDB 
g ~ 



3 

r~\ rl f I 

10~ 

PHC . 5. 3 aBH C HMOCT b K0 3 <jxjJHuH e HTa CB '¥IO~<j>(jly3HI! 3 T 8 Ha OT T e Mnepa -

T YPg ' • !!.. - yro n pacceSIHHSI 6 , 0 - y ron pacceSIHHSI 

8, 5 • 3 a 4epH e HH hle T 0 4KI! OTHO C SITCSI K A BYX~a3 HOA o6n a CTH 

( T < T 

15 


