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Bs enenue 

B rrocne.nHHe ro.a.hr BLinonHeHo 6onbrrJoe ttHcno pa6oT, rrocaGJ119HHbiX H3yl.JeHHio llHHBMH 

KH MOll€KYll B p83JlH"4llbiX .>KHllKOCTHX C ITOMOIUblO p8CC€stHH5I XOllOLlHbiX H€HTpOHOB/ )-3/ 

Han6onhwee t.IHCno ny6nHKBUH~ noces:~weHo cneKTpaM paccestHHH xononHbiX HeATpoHoe 
/4 8/ /4,5/ 

a aone - • 11HTepec K aone CTHMynHpoeancH, a t..tacTHOCTH, peaynhTBTBMH pa6oT . B 

3THX pa60T8X 1 BO - nepBbTX , ITpOHBHllHCb ITHKH 1 COOTB9TCTBYJOWH9 LlHCKp9THbiM nepenat.t:BM 

-3 
01.J.9Hb M8ll b!X nopiHttf ::meprHH ITOpSlllK8 lQ 3B j: BO-BTOpbiX, H86JlJO,ll89Mbltf HerrTpOHB,.,.Hi" KO::$ -

6bm HatiaeH ynHBHTenbHO MBllbiM -

D < 0, I D0 , rne D0 - KoacjlqmuuenT caMOLlHcPcPY"'"', naMepeHHhlH KnaccR'leCKIIMII 
17 f31 

MeToaaMH, TBKHMH, nanpHMep, KaK s:~nepHbri'r napaMarnHTHhirl peaoHaHc . B .npyr11x paUoTax ·' 

OllHBKO, 3TH a¢cfJeKTbl H9 na6nlO.ll8flliCb. 

lln51 BblfiCH9HH51 fiOnO>K9HHS1 H8MH 6btno npe.nnpHHHTO H3Y1·19HHe KB83Hynpyroro p8CC9Sl-

HIHI H9iiTpOHOI3 B 80.0.9 C pa3p9lli8IOlll9ti CfiOC06HOCTbiO nyt.IJli911 1 Y9M HCITOnh30B8HH8SI B npe-

llulllYU!HX pa6oTax. YnyqweHIIe pa3peweHRH cTano B03MO)I{HblM 6naronapH Hcnonb30BaHRIO s 

Ka'!eCTBe HCTO'IHI!Ka Hei!TpoHoB RMnynbcHoro 6b!CTporo peaKTopa (VI EPa ) OV!5lVJ
19

• 101• V!C>-
11 I I 

MepeHHH npoeo.a.HnRCh c aonoA KOMHSTHOti TeMnepaTypbt. E hino HaAaeHo , qTo ITHKH, 

COOTB9TCTBYJOlllH9 M8nbtM JlHCKp9THbiM nepeaaqaM 3H9prHH 1 ecnH H Cytn9CTBYlOT 1 TO HHT9H

CRBHOCTb RX 01.f9Hb MBnB - He 6onee H9CKOflhKHX npOU9HT08 OT 06WeA HHT9HCHBHOCTH pac 

C9HHHS1 npH .OBHHOM apeMeHH nponeTa. Ehtno noKa3aHo, t.tTO yllinpeHHe aeA:TpoHHoA: nHHHH 

IIpH paCC9SlHHH OIIpe.aeneHHO CyU1.eCTBY9Tj ecnR HrHOpHpOBBTb B03MO>KH09 H8nH'-IH9 M8nbtX 

nepen:aq 3HeprH H H C'4HT8Tb IlOllnO>KKY fiO.ll KB83RynpyrHM ITHKOM I1pHM9pRO ITOCTORHHO:ti , TO 

Ha6niOllBeMbiA K03cjl¢HUHGHT ll11¢cPY3HR paBeR D = 0,5 D
0 

• 

f1pencTasnswo onpeueneHHhili RRTepec nposeneH>Ie nono6HblX 113MepeHHA Ra npyrHx so -

llOPOllOCOllep)I{BWRX )I(J<llKOCTSIX, OTnii'!BIOWRXCH llpyr OT llpyra xapaKTepOM Me)I{MOneKynHpHo

rO B3BHMoneAcTBHH, B HBCTOHmeA pa6oTe H3naraiOTCSI 11 o6cy)l{llaiOTCSI nanbHei!wue pe3ynh-

T8Tbi 1 nony1.feHHbl9 .On51 BO.abt 1 H .ll8HHbl9 llnH H9KOTOpbiX .llpyrHX >KHJlKOCTet\, KBK o6p83YIOlllHX 

Me)I{MOneKynHpHbie BOllOPOllHb!e CBQ3H ( 3THneHrnRKOnb, yKCyCHBSI KIICnOTa ), TBK H He o6pa -

3YIOWRX rrono6Hbie CBl'I3R ( 6eH30II, HacjJTaniiH, lliiOKCBH). HeKOTopoe ycosepweHCTBOBaHHe 

ycTaHoBKR no3sonHno pacnpocTpaHRTb H3MepeHRH ua o6nacTb 6onhumx nepenaq 3Hepr11H 

( Reynpyroe pacceHRHe ) H npOBOlll!Tb HX npl! pa3nR'IHb!X TeMnepaTypax, B TOM 'I>ICne II HR-
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II. 0!1HC8HH 8 3KCl18pHM8HT8!1bHOI'O M8TO!l8 

YfcnO.rJb30B8HH8H 3KCnepHM8HT8nhH851 yC T8HOBK8 JJOK838H8 H8 pHC . 1 H Kp8 T KO OllHCBHB 

B pa6oTe/1
2

/ , 6 bJC Tpbl8 H8HTpOHbl H3 p88KTOp8 l10l181l810T H8 38M81ll1HT8l1b, YCT8HO Bl18HHblll 

a6nH3M aKTH BHor, 30Hbl . B nnoTH YJO 38 3aMen nHTeneM noMemeH 6noK 6epHnnHst nnHHO fl 32 CM 1 

s:tBnHlOillHi1cn ctmnbTpoM xonoaHbiX Het\TpOHOB. E epunnH ti H 3aMe.o.nHTenh oxna>KnaroTcs:r no TeM~ 

nepaTypbl li<IH!KOI'O 830T8, ¢lH!IbTpOB8HHb!H n y'iOK XOliOilH bJil HeilTpOHOB CO Cp81lH8il 3H8pi'H8H 

~ 0,0035 aa H pe3KOii rpaHHuen npH 0 , 0 0 52 aa nanaeT Ha HC c ne!lyeMbill o6pa3eu, pacnono

x<eHHbiA Ha paccToHHIIH ~ 25 CM OT 6epH niiH5l , M eJKilY 6epHnnHeM " o6pa3UOM H8XOilHTC5l Kall -

MH€8851 38CnOHK8 1 cny}f(8Ul8SI ll nH nepeKpbiB8HIHI n y l.JK8 XOnO.OHbiX He:t\'TpOHOB n e pe.O o6p83UOM 

C U8l1bl0 H3M8p8H HS'I tjloH a , perHCTpHpyeMOI'O U8T8KTOpOM. 

3Hepr1Hl ~-tei!TpoHOB, pacceHHHbiX Ha o6paaue Ha yron 75° , H3Meps:t e TCSI no apeMeJ-nt 

nponeTB paCCTOSTHHH " o6p83€U - Jl,8T€KTOp"" B 60.rJblUHHCTB€ 3 KCnepH M8HTOB llpH ITOMOIUH 

!024 - K8H8!1bHOrO Bp8M8HHOI'O 8H8!1 H38T0p8 C UJHpi'!HOil K8 H8!18 32 MKC8K, 8 ll8HH0il p860T8 

B OCHOBHOM HCflOnb30BBnBCb npC.i8TH8H 6838 .,. 17 M; B OTnenbHbiX Oflb!T 8 X *" 45 M ,. B K8 -

'48CTB8 ll8T9KTOp8 liCTIOnb30B8nCs:t CUHHTHnnHUHOHHbllf ae T 8K T Op IlflOUI8.0biO 2QQQ CM
2 

/
131 

Cx e M8 KOHT8i:'rHepa , B KOTOpblfr 38KniO'tl8fl8C b H3YY89 M8H )KH,llKOCTb, npHB8,ll8H8 H 8 p HC . 2+ 

Kopnyc KOHTeiiHCpa H3rOTOBn8H 113 TOflCTOrO nHCT 8 K8,llMHH, B KOTOpOM HMeeTCH y rny6neHB8 , 

rny6HH8 KOTOpOro onpeaens:reT TOnlHHHy o6p83U8 o llnH YM8HbW8HHH MHOrOKp8THOro p8CC8HHHH 

TOflWHHI>l o6pa3UOB B8pbHpOB8nH Cb B npeaenax 0,2 - 0 , 7 MM ; B 6onh W HHC TB8 OilbiTOB nponyc

K8HH8 o6pa3ua cocT aBnHno H e MeH ee 85%. Co CTOpOHbi nyYKa nei1:TpOHOB >KHllKOC Tb 3aKpbiBa 

nacb 8JJIOM H HH8BOfr cflonbrott TOnlUHHOii ""' }QQ MHKpOH o P a60 '-18H nnoWB.Ob 06p83U8 COCT BBnHnB 

2 
-= 10 x 15 CM • K 3B.OHB11 c T eHKe KBllMHeaoro K o pnyca KOHTel"mepa npHKpenns:rnach cHcTeMa 

oxna)KneuHH H 11arpeaa o6pa3ua . llns:r Harpeaa o6pa3ua Hcnonh3oaanacb 8neKTpHt.Je c Kas:r cnH 

panb , H e TIOK838HH8H H8 pHC o 2. 

Oxna*.ne i-me o6pa3ua ocywecTans:rnocb nponycKaHHBM noToKa xonoa Horo a3oTa, noc -

TynaiOwero H3 KpHOCTaT a c 3aMennHTeneM H 6epH nnueM. EoKOBbie n 3aaHHH noaepxHoCTH 

I<OHTel"lllepa noKpbiT b l Tennoaofi H30nHuH ert . B o H 36e)K8HHe K O HJl e HcaunH anarn HB o6pa3ue 

npH era OXn8 )Kll8HHH l-JH)K8 0° C KOHT 8i1Hep 38Kpbl T r epMeTH'-IH b lM 8fliOMHHH8Bb lM KO)KYXOM 

TOntUHHOi1 ::.~ 100 MHKpoH. P e rynHpOBK8 nocTynaiOwero ans:~ oxn8)K.U8HHH o6pa3ua noTOK8 xonoa 

uoro El30T8 H perynHpOBK8 H8rpeaa o6p83 118 npOH3BO.OHnHCb 8BTOM8TH1.JeCKH, T 8K 1.!TO T eMne - , 

pa T ypa o6pa3U8 l10UU8plKHB8!18Cb !30 Bp8MS'I H3M8p8Hilll ilOCTO I'I HHOfi B !Ipenenax ::!: 0 , 5°C, npe - · 

nenbi 11 3M8p8HH ~ T 8 Mnepa T ypbl o6p831!0B COCT8Bl11'1!1 1l - 20° C + 200 °C, 

Ha nnaTQlopMe , 118 KOToprnJ HaxO.OiinCH liCcne.nyeMblt'! o 6pa 3eu, Mor ycTaHBB1IH B8TbC ~ H 

nTOpOi"! 06p838U ( 06bl'-ll-10 B8HB.ll. Hf'l) • flH C TBHUHOHHO MO)KHO 6b!fl0 nonep8M8HHO BBO.llHTb .8 ny

'-IOK XOnO[lllbiX H9tiTpOHOD O.UJIH H3 o6p83UOB. n epHOllH1.J 9CKH8 H 3 M8p8HHSI p8CC8SIHlHl H 8 B8H8 -

Jl HH u cnon h 30B8nHcb anH KOHTponSl cTa6unbH OCT H 3neKT pO HHO ti anna p aTypbi n anSI onpeaene -

lll!Sl cneKTp8 II E'i'I T pO IIOO , na.UBIOHUIX H 8 06pa3eU. 

4 

P e3yl1hTBTbi H3MepeHI11 

K8 XOllO.OHblX neiiTpOHOB npn 

liRCb H8 nponyCK8HH8 6-MJ.I!I. 

Horo ny4Ka , H HB ocna6neHH 

poa H e eaKyyMHpoaaH ). CyM 

pi1C, 3, n11K H8 KpHBOfi npn 

MOM C8LJ8HHH pacces:rHHH anK 

H3MepeHHn nponycKaHHSl Tex 

l18pHM8HT8, 3TO cymeCTB8HH 

BOil nponyCK8HIIR p83!1H'U!8 l 

HeKoTopbie H3 nony'!eH 

pHC , 4-9. 8 113M8p8HHI'IX HCn 

JlnH .llpyrHX mHJlKOCTeH - MB 

O.UHBKO KOflH'-18CTBeHHOrO BHl 

8 MOU8!1H HenpepWBHO' 

MOH03HepreTH1.!8CKHX H8HTpO 

rae hi/ - H3MeH9HH8 Hl 

8 MO!l8!1!1 npbllKKOBOil UR<jltjly: 

npH yCllOBHH , LJTO apeM5l np1 

T 0 • B 3TOM cnyqae , e c 

we cpeaHero KBaapaTa OT Kn 

rile e -•w - .lle6ail - 8 aneJ 

npll CTynel!'i8TOI1 Ijl Op> 

E > Eo • F(E)dE ~ EdE 

.BOJlHT K p83MbiTHlO rpaHHUbl 



Ha puc. I H KpaTKO onucaHa 

3M8LI.11HT91lb, YCT8HOBI18HHblfi 

;nOK 6epunnHH !tnHHOi! 32 CM, 

11HT81lb OXI18:>K.ll8JOT CSI .00 T 8M-l 

r pouoa co cpeaHei\ :meprHelt 

neayeMbltl o6pa3eu, pacnono

' B o6p83UOM H8XOai1TCSI KBa 

< Hei!TpoHoa nepea o6pa3uoM 

, H3M9pH9TCH no Bp9M9HH 

JHM8HTOB npH rtOMOLUH 

2 MKceK . B aaHnoli pa6oTe 

HblX OITbJTBX ItS 45 M_. B K8 -

IIIOIU8abl0 2000 CM
2 / 13 / 

HllKOCTh, ITpHB9Jl9H8 H8 pHC . 2• 

'<OTOpOM HMC9TCH yrny6neHR9, 

lHH MHOrOKp8THOrO p8CC9H HHH 

6onhlllHHCTB9 OITbiTOB nponyc-

i9fiTpOHOB >KHll.KOCTb 38Kpb1B8 -

llfl0lli8Jlb 06pa3U8 COCT8Bl1Hl18 

tepa npHKpennHnacb cncTeMa 

IOB8n8Cb :3li9KTpHY9 CK851 CITH-

xononHoro aaoT a , no c -

H 38QHHR ITOB9pXHOCTH 

BIIBrH HS o6p83Ue 

o6paaua noToKa xonoa-

lJ9CKH 1 T8K lfTO TeMne - , 

:!: 0,5°C. npe - · 

YCT8H8BliHB8TbCH H 

a ny-

p8CC9HHHH H8 B8H8 -

annapaTypbl n ann onpeaene -

In. 3 Kcn-epHMeHTBnbHbie p e3 ynhTB T bi 

PeaynhTBTbl H3MepeHHt1: nocne BbiqHTBHIHI ct>oaa c yqeToM Terrnoaoro 38rpR3H8HHH nyq

Ka xonoaHbiX Het\TpOHOB npHBOaHnHCb K flOCTOIIHHOtl a¢<jJeK THBHOCTH aeTeKTOpa R HCnpaBnll

llHCb H8 ITpOllyCK81U18 8-MHilllHM8TpOBOrO CllOH 8/liOMHHHH, H8XOtlHBWerocs:t H8 nyTH p8CC8fltf 

HOrO ny'!Ka , H Ha ocna6neHHe ny'!Ka a Bo3ayxe (ua nponeTnoi! 6a3e Y'<BC TOK anHHOt:l 5 MeT~ 

poa He aaKyyMHpoaaH) . CyMMapHall nonpaaKa ua yKa3aHHble a¢¢eKTbl npeacTaaneHa Ha 

pnc. 3. flRK H8 KpHBOil npn 3HeprRH ~ 5, I M3B o6ycnoaneH a •Hj>paKUHOHHblM MBKCHMy.,-

MOM ceqeHHSI p8CC8SIHHH 8/lJOMHHHH IIpH 8TO~ 8HeprRH . Donp8BK8 ITOCTp08H8 HB OCHOB8HHH 

H3Mep8HHt\: IIponyCK8HHSI T8X C8Mb!X 811JOMHHH 8BblX 11HCTOB 1 KOTOpbl8 HCfl01lb30B811HCb B 8KC 

nepHM8HTe. 3TO cymeCTB8HH0 1 T8K KBK H3 - 38 HB/lHqHSJ T8KCTypbi B811HqHH8 IIpOB8118 B KpH 

BOA rrporrycxaHHSI paanHqna LI.IlH p83HbiX o6paanoa anJOMHHHH . 

HeKoTopbie H3 nonyqeHHbiX TBKHM o6pa3oM aettTpOHHhiX cneKT poa npHaeneHbi Ha 

p11c . 4-9. B H3MepeHHHx Hcrronh3oaanHCh o6pa3Ubi H3 .llBB>K.llbi .llHCTHnnHpoaaHHott BO.ObT
1 

a 

JlllH OpyrHX >KHJlKOCT9fi - M8pKH *xHMHlf9CKHfi YHCTbttl* C JlOITOllHHT9llbHbiM 0693BO>KHB8HH9M ; 

O.llH8KO KOllHY9CTB9HHOrO 8H8l1H38 COCT888 o6p83UOB H9 ITpOBO.llHllOCb. 

IV. Kaa3Hyrrpyroe pacceHawe 

B Moaenw HenpepblBHOfi an¢¢Y3HH MoneKyn *llaKOCTH ITHK KBa3Hynpyroro pacceiiHHII 

MOH03HepreTH'IeCKHX H6HTpOHOB HMeeT nopeHueay <jlopMy ~ nonywHpHHOtl/ l 4/ 

2 r ~ 2hK o , ( I) 

rae - H3M9H9HH9 HMITynhCB rrpH paCC9HHHH 1 D - KOa<jJ<jJHUHeHT C8MOaH<jJ<jJy3HH. 
/ 15/ 

B MoaenH rrpbl*Koaoi\ an¢¢y311H KB83HyrrpyrHA TIHK TBK*e o6naaaeT nopenueson ¢opMofi 

IIpH JCllOBHH 1 YTO Bp9M51 I1pbDKK8 t
1 MHoro M9Hblli9 Bp9M9HH KOne6aT9llbHOro ll.BH>K9HHH 

T 0 • B aToM cnyqne , ecnH cpeAHHH KBanpaT cMemeHHH aa apeMH 

we CpeAHero KB8ll.p8T8 OTKllOH9HHH MOl19KYllbl OT ITOllO>K9HHH p8BHOB9CHH
1 

rue 

2h 
( 1-

'o 

e -
2

w - D e6aJ''J - BanepoBCKHI1 ¢aKTop. 

·2w 
e 

) ' 

IT pH cTyneH'I8TOI1 ¢ opMe naaa10mero HeliTpOHHoro cneKTpa [ F( E) ~ 0 

MHoro 6onh -

(2) 

ann 

F(E)dE - EdE an11 KBa3Hynpyroe paccennHe npH -

BOaHT K pa3Mb1THIO rpaHHUbl cneKTpa. flpH nopeHueaoli <jJopMe nHHHH ywHpeHHe rp8HI1Ubl CBII -
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38HO C nonywHpHHOI! r 
11 11 

COOTHOW8HH8M 

~Eo 

r- -- 1 /t:.t + : S 
TT 0 

(3 ) 

rae t 
0 

- apeMH nponeTa, cooTBeTcTByromee aHeprHH E 0 5epHnnneool! rpaHHUbi, tJ. t - · 

nonywnpHHa rpaHHUbi B wKane apeMeHH nponeTa (eM, pnc, 10). C yqeToM annapaTypaoro 

paapeweHHH !J.t Bbi'IHCnHnocb no <jlopMy ne 

!J.t~ V ( !J.t JKH.OK) 2 - ( !J.t 
2 

BaHa.o) (4 ) 

3.oecb tJ. t lKH.OK , !J.t B8H8a - nonywHpHH8 nng *R.QKOCTH H B8H80HSI COOTB8TCTB8H~ 

HO, 

npH onpeaeneHHH BenH'IHH bl ywnpeH!I!I !J.t JKH.OK . BCTaeT Tpy.oHaH npo5neMa oTaene-

I:HH KB83Hynpyroro nHKB OT fiO.OnOlKKH, o5ycnoBneHHOl! HeynpyrHM pacceHHHeM, nocKOnbKY 

no.onoJKKa cna5o MeHHeTCH c aHeprHel!, Mbi npHHHManH ee B o5nacTH 5epnnnneBol! rpaHHUbi 

fiOCTO!IHHOl!, KBK nOKB38HO HB pHC, 10 ( Kp!!BB!I 1), n pyrHe CfiOC05bi nnaBHOl! 8KCTpanonHUHH 

no.onOlKKH OT pyKH, y KB38HHbJe HB p!!C, 10 ( Kp HBbJe 2-3), np!!BO.O!In!l K H3MeHeHHIO 

1\t lK!!.OK He 5onee '!eM HB 15 H 25% COOTBeTCTBeHHO, nony'!eHHbie TBKHM o 5pa30M 3H8-

'!eHHH f" = tJ. E Jl. flH H3Y 1.J 9 HHblX >KH.0.KO C T9 -A npH H8C KOnbKHX T8MITepaTy p8X npHB908Hbi H8 

p11c, 11-14" B Ta5nHuax 1-2. 

Ha pHC , 11-14 nyHKT!!pOM HBHeceHbl 3 Ha'leHH!I r, paCC 'II!TBHHbie no <jlopMyne Henpe-

p blBHOl! .OH<jl<jlyaH!I ( 1) HB OCHOBe 3 HB'IeHHll D r H3M8p9HHbiX H8H8t\TpOHHbiMH M9TO.Q8MH 

HnH, ecnH TBKHX Ha MepeHHI! HeT, pacc'IHTaHHbiX no <jlopMyne CTo Kca-31!HwTel!Ha 1!3 aHa'le
/ 16, 17/ 

HHI! BH3KOCTH '1 • KaK H3 BeCTHO , <jlopMyna CToKc a-3l!HWTei!Ha 

D = · k T 
4rrrry 

2r = (~)t/s 
N 

(5) 

V - MOnHpHbt l! 05'beM, N - quc n o Aso ra.opo) onpaB.ObtBaeTcH c TO'IHOCTbJO 10-20% 

an<~ u enoro pHaa lKH.OKOCTeA . 

Pac c MOTpeHHe pi!C, 11-13 H Ta5nHU 1-2 noK83bi BaeT, 'ITO 1!3MepeHHbte 3 Ha'!eHH!I r 
M9Hblli9 paCC'l.{HT8HHbiX 1 I1pHq8M p8 3 HHU8 OC068HHO B8nHK8 JJ.nH >KHllKOCTef:t, B KOTOpbiX cy-

mec TByJOT MeJKMOneKynHpH bte BO.OOpO.OHbie CB!I3 1! ( H 2 0 , y KCYCH851 KHCnOT8, 3THneH -

rnHKOnb nplt Bb!COKIIX TeMnepaTypax, pH C. 14). YMeHbWeHHe r no cpaBHeHHJO co 3H8'!e

HHe M, aaBaeMbiM ( 1), MOJKHO o5MICHHTb npbi lKKOBbtM MexaHH3MOM .oH<jl<jlyaHH, HanpawHBa-

nTC H BbiBOll
1 

ttTO I1pbl>KKOB8H JlHQlcily3 HH 6onee C HnhHO n p OHBnfi 8TC51 B }f{HJlKOCTHX C BOllO-

po.OHO A CBH3b JO. 

6 

' 

no.OCTaBnAH B ( 2) H3M 

3 H 81..f9H He D 1 MO>KHO OfT 

K 8MH j npu 3 T OM peaynhTBT 

nHue 3 npHaeaeiiLI 3Hat.reHHH 

W = X) • D nH >KHOKocTe 

10-
12 

CeK , n nH li<H.OKOCTei!, 

H 9C KOnbKO pa3 M9HbUJH9 3H8 

c nyl.fae He Ol.f9Hb rrpaaoMepH< 

r 2 << r 
0 

V. KBaanyi 

Oco5oro o5cyl!<aeHHA a. 

(pHC, 14 ), BA3KOCTb KOTOpor 

ITOHIDK9HH9M T8MITepnTypbl 

90; 50; 10; 0°c1181• 

Ha p11c , 14 nyHKTHpHaH 

no Moaen a HenpepbiBI!Ort .oncjlc 

31B f 3TH neHrnHK0flH, nonyl.JeHI 

3H8l.f9HHA BH3KOCTH . Kax BHn 

M8HT8flbHW9 nonywHpHHbl rH 
HJ.fn B>~aKocTH r .c npH T 

BH3K 

l1cnonbaoaaHMe anH pacl.feTa 

'I !IT 8Ty p83HHUY, 

A Hano rH 'IHOe pacxol!<.oeF 

H3y l.I 8 HHH p8CC9H HJ.1 51 XOnOllHbl 

HOM 11 P ail11u
1201 

a onhtTax , 

OT r 6brno He Ot.J9Hb 3H 
B fi3K 

H anoJKeHHwe <jlaKTW no6 

<jlopMynht C ToKca - 3nHwTeriHa 

pbi X Me T annOB , llnH KOTOpbiX 

• / 18,: 
llnH T B9pllOro COCTOHHHH 

.ooMy T eny aoapacTaeT Ha 6-· 

pa THOMY acjl<jJeKTy , 8TO 03H8'lc 

B TB9 p .O.biX Tenax H"HOti: , l.J8M 

cjlopMyn bi C ToKca-3I1HwTei1Ha 

110 non Horo aaTaepneHHH . 8TH 

A.H. Cn5 nneaa , KOTOpbiM 5bm 



(3 ) 

!pHllllHeBOll rpBHHUbl, 6. t - · 

• C yYeTOM arrrrapaTypHoro 

2 
) (4) 

TPYUHBS! rrpo6neMa oTuene

IIM pacceS!HI!eM. nocKO!lbKJ 

inaCTH 6epHllllHeBOl! rpaHI!Ubl 

'C06bi IT1I8BHOt\ 3 KCTpa noJIRUHH 

O.ll.R1IH K H3M8H8HHID 

HHble T8KR M o6pa30M 3H8 -

TeMnepaTypax llpHBeaeHbl HB 

IHT8HHble ITO IjlopMyne Henpe• 

H8Hef:tTpOHHbiMH M9TOll8MH 

TOKCB-3AHUJTellHB H3 3HBYe -

-3AHUJ TellHB 

(5) 

9eTCSl C T OYHOC T blO 10- 20% 

~ H3MepeHHWe 3 HBYeHHQ f 

JKHUKOCTetl, B KOTOpb! X cy -

{KCYCH8H KHC1IOT8 1 3TH1I9H-

f ITO CpBBHeHH!O CO 3H8Ye 

\>!OM aH,P<jJy3HII . HarrpaUJHBa -

!TC fl B )f(H!lKOCTHX C BO!lO -

' ' 

noaCTBBllHSl B ( 2) H3MepeHHOe 3HB<JeHHe f 11 113MepeHHOe 111111 B!.IYHClleHI!Oe H3 ( 5) 

D , MO*HO onpeaenHTh aanee napaMeTp 'o - cpeaHee apeMH M9*!tY ITJJL.DK-

KBMHi npu 3TOM pe3yllbT8T He CllHUJKOM CHllbHO 3813HCHT OT <jJaKTOpa Lle6aH - 8anepa. 8 Ta6 -

nuue 3 npnaeaeHbi 3HB'-19HH5I 'o r p8CCYHT8HHbl9 A KpaiiHHX np9!lrTO.rJO)K9HHSIX \V = 0 H 

w == :00 • llnH :>KJ.f!lKOCTeil C BOLlOpO!lHOfi CBSI3bl0 T
0 COCTBBn ~I 9T II9CKOnbKO eaHHJHl 

10-
12 

CeK . LlnH JKHUKOCTeil, He o6pa3y!OUJHX 80/lOpO!lHbiX CBS139ii , TBKOti >K9 p8C'-I9T llBCT B 

H9CKOnbKO pa3 M9Hbl1Hf9 3H8 49HlHJ r O , OUH8KO HCl!Ollb30B8HHe <jlopMJllbl (2) B 3TOM 

Cnyqae He 0'-19Hb np8BOM9pH0 1 T8K KBK H9T ysepeHHOCTH D cnpaseaniiBOCTH ycnODIHJ 

r t << r o 

V. Kaa3Jtynpyroe pacceHHHe a BH3Knx *HllKOCT5IX 

Oco6oro o6cy>KaeHHH 3acny>KHBBFOT pe3ynbTBTbl, nonyt.JeHHbie anH 3THneHrnHKOnH 

(pH C. 14), BSl3KOCTb KOTOporo B 113yYeHHOM HHTepaane TeMnepaTyp 6b!CTpO B03pOCT8eT C 

TIOHU)f{9HH9M T9MrT9pDT,Ypbi 

90; 50; 10; 0°c
1181

• 

ry = 1; 2,4; 6,7; 3 5; 70 Cll3 COOTBeTCTBeHHO llpH T = 150; 

Ha pHc . 14 nyHKTHpHaH Kpl!BBH .aaeT nonymHpHHbi KB83Hynpyroro nHxa, pacct.IJ.~TaHHbie 

no MonenH nerrpepbiBHOfi aH¢¢Y3HII I ¢opMyna ( 1) I, lll!Sl 3HaYeHHi1 Ko3¢¢HuHeHTa caMonu¢¢y -

3HH 8THneHrJIHK01IH , nonyY:eHHbiX no ¢opMyne C TOKca-311:niJJT8JIHa (5) H3 3KcnepHMeHT81IbHbiX 

3HatteHHti BH3KOCTH. KaK BlHlHO, npH HH3KHX TeMnepaTypax ( 6onhWHX BH3KOCT5IX) 3KCnepJ.f 

M8HTB1IhHbie 001IYWHpHHbl f H€i'rTp ~K83biB8lOTCSl 60JibW8 p8CCl.JHT8 HH L>IX HB OCHOB8 HHH 3H848 -

HHil BH3KOCTH r BS! 3K . ( npH T c 275 K 3HaqeHHe r Hell TP npeBb!UJBeT 3HBYeHHe r BS!3K B 10 pa3). 

VfcnOllb30BBHHe UllSl pacqeTa f BH
3

K <!JopMJllbl llpb!JKKOBOI! MOllel!H LIH<fJ<IJY3HH ewe 6onee yBel!H -

YRT 3Ty p83HHUy. 

AHanorHYHoe pacxoJKaeHHe 6b!llO oTMeYeHo paHee llapcoHOM H Llanb6oproM
1191 

npH 

H3yl.JeHHH pacceSIHHH xonO.ll.HbiX HeHTpoHoB B rnHuepHHe H oneHHOBOti KHcnoTe 11 CayH.nepco -

" P3 ... H .. 
1201 

a orrb!Tax co crrHpTaMH, r HOM u rrpH48M B OOC1I8.ll.H8M cnyqae 0Tl1Hl.JH8 H e ATp 

OT f 6bi1IO He oqeHb 3H8l.J HT81IbHbiM . 
Bfi3K 

J13llOJKeHHbte IjlaKTb! li06yJKUB!OT llpeJKae BCero pBCCMOTpeTb BOllpOC 0 llpi!MeHHMOCTH 

B 061I8CTH 6onbWHX BH3KOCTeH . flnH H 8KOTO-

H pbi X M9T 81I1IOB 1 llllH KOTOpb!X 3H8l.J:8HHH 

/ 18, 2 1/ 
LlllH T Bep.noro COCTOHHHA , npOH3Be.ll9HH8 

H3B8CTHbl KBK .Dllfl }f{J.t!lKOro , T8K H 

llpH nepexone OT JKHUKOCTH K TBep-

llOMJ Teny B03p8CTBeT HB 6-8 l!OpS!UKOB. DoCKOllbKY ynenH YeHHe rrpnneno 6bi K o6 -

p8THOMy 9¢J¢eKTY 1 3 T O 03H81.:f89T, 4TO M6X8HH3M O.llHOrO H3 npoueCCOB, B9pOHTHO, Bfi3KOCTH
1 

a Taep.a.hrx Tenax HHOH, t.JeM B }KH.DKOCTHX. Mox<HO 6bt1IO noao3peaaTh, t.tTO OTKnoneHHH oT 

¢opMynhi CToKca-3iiHUITe0Ha a otieHb BH3KHX cpeaax HBl.JRHatoT npoHBJIHThCH ewe aaaonro 

!10 nonHOro 38TBep.neHHH. 3TH onaceHHfl , no-aH.Q.HMOMy, OTBepraiOTCH pe3ynhT8TBMH 

A.Y!. C116nnena, KOTopbtM 6btnH BbiiTonHeHbl H3MepeHHSl Ko3¢¢HuHeHTa CBMOllllip!jly3HI! un" 

7 



3THneHrllHKOnfl np11 TeMnepaTypax 10,1 7 n 25°C MeTonoM cmniOBoro axo . B npeaenax TOY 

HOCTH onhJTa ( 10- 15% ) nony4eHHbJe npe.ooapHT81lhHbie .aamibie ot.teiJb xopomo cornacyioTCS-l c 

paCCl.fHT8HIIh!MII 11.:3 13S-l.:JJ<OCTH ITO <jlopMyne ( 5) • 3TO COf'Jl8CH9 MQ)KHO p8CCM8TpHB8Tb T8K)K8 

KaK yKa3a!IHC Ha TO , 'ITO pa3Mep ilHtPcPYIIilHPY!OlUHX '-!aCTHU ( nepeHOCHlUHX npOTO!Ibi) He CHnb -

HO OT1llf'-!88TCS-l OT p83MOpa M0118KYJll>l 8 TH11 8 Jtf'JlHK01lH; 8CT8CTB8HHO .OYM8Tb, t!TO OT.081lbllbl8 

MOJ18KY1ll1l 3T HJlCHf'1lHK01lS-l H f!DJlS-l!OTCS-l ,llHctJQJyn.D.HpyiOlllHMH l.f8CTHU8MH . 

T aKHM o6pa30M, npHXOD.HTC<;I npH3HBTh, t.tTo cywecTaycT peanbHoe pa31lJ..PIHe M8)KOY 

P.9JUfYHH8MH K08QJ¢HUH811TOD D.H¢QJy3HH D BS-l3KHX cpe.aax , KOTOpbl8 npOS-lBJlS-lJOTCS-l npH p8CC8H 

HHH HCJ1Tp0110D It ITpH npyrHX M8T008X H861liOnOHH51 1 T8KHX 1 K8K ITpOTOHHblfl M8f'HHTilblf'l p830 -

H8HC . 

~ 

npu paccem-IHH HeiiTpOHOB C nepe.D.Bl.fei't HMITY1lhC8 1\ K , xapaKTep pacceHHIIS-l 

onp9ll811519 T C 51 UBit)KeHH8M p8CC8HB810lU8f'O U8HTpB B 06118CTH C JlHH9i'JHbiM p83M€pOM nopH.OKll 

~ " 1/< ~ 10 CM . 6onb!U8H sen ii'-IHHa Ko3<jl!jlnuHeHT8 ill1cPcPY311H , ,.Ha6niOuaeMOrO HeiiTpOHOM , 

yK83b!B89T , t.tTO MHTp 8Ull'il pacceHB8IOlU8f'O l19HTp8 H8 paCCTOHHlHf :::~ ] 0-B CM ( T.e . 38 

Manoe npeMH rrop<~nKa 

- 8 

1 -II 
t ~ -r.::- ~ 10 CeK ) H)leT C 60nbUieii CKOpOCTbiO, '-!eM Ha pac -

K D -II 
CT OHHHH » 10 CM » 10 CeK ). 3TH C006pa)!(ei!HH MO>KHO HnniOCTpHpOB8Tb cne -

ny10meii MonenbiO ( 11e npeTeHllYIOlUeil Ha TO'-!HOCTb) . PaccMOTpnM cjJyHKUHIO aBTOKopennHUHH 

n anne r aycc HaHa 

H IT0110>1UfM 

rue D1 » D • 

2 

G • ( r,t ) 
-3/2 r 

[ 217)'( t )\ exp l-2y(t) 

y( t) e 20 , It I 

y(t)e 2D , to + 2Ditl 

npn It! -;:. t 0 

npH I tl 2: t 0 

nollCTaBn"H ( 6 ) H ( 7) B Db!pa)!(eHHe UnH 3aKOHa pacCeHHHil 

.... 
1 

-t<~;\ w t > 
S(< , w) c -- fe >< G (~t ) d;dt 

217 

rwny'-laeM nnH nsyx npenenbHbiX cny<~aes cjJopMy nHHHH pacce<IHHH: 

2 
K D t 0 » 1 

W + (K-DI) 
s ~ 

8 

(6) 

(7) 

(8 ) 

(9 ) 

:0 

2 
Dt 

0TCJO.ll8 BH.llHO , tiTO rrpH 60111 

B9TCTBY8T 60Jlbll10MY 118l.f81lb 

illHpH H8 Jl HHHH 0Dp8D.CJ1S-l8TCS-l 

HOCHT9JlbHO BbiCOKyJO ITOllDH)K 

MO)KHQ 05bi!CHH Tb CyWeCTBOE! 

Ha , H 8 KOTOpb!X H9 CI<83b!B8E 

T aK H MH DBH)K9HHSTMH Mr 

MQ)KHbiMH fi0110)K9HHHMH BHYT 

HH~ H KOJ1958HH~ M01l€KY1lbl J 

H apHllY c 9T HMH uBH)!(e 

113 OllHOn KB83HKpHCT81111Hl.f9C 

11H B8!0W H 9 8CHMITTOTHY€CKY10 

(Man hie cMelUeHHH) nomKeH c 

T eMnepa T ypH851 38BHCHMOCTb 

l.{TQ K8K pa3 H COOT B8TCTBy£ 

n epexo.Obl KBK epameHHSl Man· 

3Y11bT8T8 110MKH BO.OOPOllHOti: 

YCM8TpHB88TCSl B TOM, YTO T 

Ta ilHtPtPY3H H rnHUepHHa COOT: 

pa3pb!Ba OUHOfi BOilOpOUHO!l C 

ilnH nanbHeAwero rrpoHc 

r o pacce~HHSl 8 8~3KHX )KH.OK 

.aocTHrHyToro ao HB CT oHmero 

B 3aKn!v qeHHe OTM9THM 

uepHHa Mbl He Ha6niOnanH ym 

HH)!(e TO '-IKR 3aMep38HHH -15° 

11 0f' l11.(H8~ OU9HK8 5bi118 nonyq· 

HReM 45 M: r < 1.10- 5 
3 

A) B ona 

B caMbiX o6m11x qepTax 



nora 3 xo . B npenena x TOY-

t_reiJ b xopo111o cornac y roTC5I c 

)lli!IO pBCCM8TpHB8Tb T 8Klli€ 

eHOC5IUH1X rtpOTOIIbl) II€ CH:Ji h"'""' 

HHO JlyMBTb , 1 ITO OTll8JlbHbi8 

8MH . 

G8Jlh ll08 p83J1HYH8 MC>J<.Uy 

? npo5IBJ15IJOTC5I npu: pacces:~ -

rtpOTOHH blii M8f" IIHTHblil pe30 -

, xapaKTep paccemmn 

Jl"rH8fiHbiM p83MCpOM nopffllKll 

36JlfOD88MOf"0
11 

u e ftTpOHOM, 

aH IQ-
8 

CM ( T , e, 38 

~if C KOpOCTbiO, t_I8M H8 pac -

MQ)KHO HnJlJOC TpH pOBBTb CJ18 -

M ~yH KUH ~ BBTOKOpenn~UHH 

(6 ) 

(7) 

: t 0 

(8) 

« 1 s -
" ' 2 + (, 2 D) 

( 10) 

0TCJOll8 BH.UHO, '-ITO rrpH 60JlblliOM nepG.0.8HIIOM HMrtynhC8 
2 

K » 
~ 

U!HpHH8 JlHHlHf COOT -

BeTCTByeT 6onb WOMY na'lanbHOMy Ko3cjl<)murreHTy niHpcjJy3HH o, • HanpoTHn, npH 

WHpHHB Jl HHHH Ortp8!l8J15I 8 TC5I MBJli:.IM 8CHMrtTOTH 1·18CKHM K03{j)~JHUH8HTOM ancfJcfJy3HH 

HOCHT8JlhHO BbiCOKyJO riOllBJOKHOCTb p8CC8HB8JOI.llero ll 8 HTpa rtpH MBJlbiX Bp8M8H8X HB 6 JliOJlGHHH 

MO)f{HO 06b~CHHTb Cyill8CTBOB8HH8M JlBH)f{8HHi1" C OrpBHH1..J8HHOi1 8Mrtlnt:TyJloil CM81Il81HiH rtpOTO-

HB, HB KOTOpb!X H8 CJ(83bi888TCH M8KpOCKOriH1..JGCK8H nS13KOCTb Cp8Qbl . 

TaKHMH LJBH>KeHJHI M H MoryT HB!'HThCH nepexoabr MoneKynhJ Me*nY HeCKOJlhKHMH aoa

MO)f{HbiMH riOJlO>K8HJHIMH BHyTpH ODHOi\ KB83HKpHCT8JlJlHY8CKOA ~P·-1 8t1KH , DHctJcfJy3 HOHHbi8 Bpawe

HHSl H KOne6aHHff MOJ1 8 KYJl b l HJlH U8ITO Y:KH MOJ1 8 KYJ1 H T . rr . 

Hapsu1y c 3 THMH .D.BH>f<eHJHIMH cywecTBYJOT npyrHe, TBKH e, KBK , HanpHMep, nepecKOKH 

113 OllHOii KB83HKpHC T8JlJ1HY 8CKOi1 ~JlteiiKH H8 B8K8HTH08 M9CTO B COC8ll H8i1: 5ft_IBI1Ke, o6ycn8B -

nHB8~lliH8 8CrrMnTOTH~eCKy~ nwcjJcjJy3H~ H8 6onhWHe p8CCTO~HH~ . nepexonaM nepsoro THna 

(Manbie CM€Ul8HH51 ) JlOn>KeH COOTBeTCTBOBBTb MeHbWH:tf 6apbep, 8 3 H8"4HT
1 

6onee M€LinBHH8S1 

TeMnepa TypH8H 38BHCHMOCTb KOacjlcjJnuHeHT8 nncjJcjJy3HH 0 ~eM nnH 8CHMnTOTHqeCKOA nwcjJcjJy3HH, 

YTO KBK pa3 H COOTB€TCTBY8 T 3KCnepHM8HT8JlbHbiM liBHHbtM . n apCOH/
3 / p8CCM8TpHB88T 3 TH 

nepeXOJlbi KBK Bp8W8HHff MOJ19KYJlbl HnH ee Y:8CT8Ii, KOTOpbl8 CT8HOB51TC51 B03 MO>KHbiMH D pe -

3ynbT8Te nOMKH sonoponHotl CBH3H, YKa38HHe Ha onpenenH~lliY~ pOnb BOnoponHOtl CBH3H 

YCM8TpHB88TCS1 B TOM, '-ITO TeMnepaTypH851 38BHCHMOCTb BHDHMOro HeJ1TpOH8MH K03¢~HUH 9H

T8 nncjJcjJy3HH rnnuepHH8 COOTBeTCTByeT 8HeprHH 8KTHB8UrrH 3 KKan/Monb, paBHOtl 8HeprHH 

pa3pb!B8 OnHot\ BOnOpOnHOil CBH3H , 

UnH nanbHet\wero npOHCHeHHH CHTYBUHH lKenaTenbHO npoBeCTH H3MepeHHH KB83Hynpyro 

ro p8CC8HHH51 B B5l3KHX >KHJlKOCT51X B o6nBCTH nepeLIBHHbiX HMnynhCOB , 38M9THO M8HbWHX 

nocTHrHyToro no HBCTo~rnero speMeHH npenena ~ 2 
= 0, 7 A - 213 • 191 , 

B 3aKnhlqenne OTMeTHM, qTo B oTnnqne OT pe3ynhTBTa pa6oTbr
131 

nnH TBepnoro rnn 

uepnna Mhi He Ha6n~nanl! yumpeHHH nRHHH B aTnnenrnwKone npw TeMnepaType - 17° , T, e , 

HHl!<e TQqKH 38Mep38HI!H -15°C ; TQqnee, H3 H8WHX naHHb!X cnenyeT f < 2, 10-5 3B, Ana 

norHqHaH ouenKa 6btna nony~e!ia nmr nbna npn - 3° C H3 R3M e penwA c nponeTHhtM paccTosr 

HHeM 45 M: f < 1, ·10- 5 
8B, 

(9 ) ~. Heynpyroe paccesruwe 

A) B ona 

B c aMbtX o6rnux qepTax 'lony'!eHHbte KapTHHbt cneKTpos neynpyropacceHHHbiX nellTpo-

9 



14 ,61 
HOB cornacylOTCH c apyrHMH .llBHHbiMH K puaaH .anSI nbaa qeTKO noKa3b taaeT rranHqHe a 

cneKTpe Heynpyroro pacceHHl!H Tpex MBKCHMYMOB npR 3HeprRHX Hei\TpOHOB ~ 70 M3B , 

24 M3B H 12 M3B . npn rrepexoae qepe3 TQqKy nnasneHRH CIT9KTp H9CKOnbKO BHllOH3M9HSl 9 T 

CSl ; rrpOHCXO.OHT o6mee ytuHp9HH9 M8KCHMYMOB, K8pTRH8 crna>KHB89TCH ; BbiCOK03H9preTHl.J9C 

Kl!l\ MBKCHMYM pe3KO CMemaeTCH B CTOpOHY MeHbWRX 3HeprHi\ ( ~ 60 M38), HH3K03HPpreTH -

1..1 9CKHt\ - B CTOpOHY 60n b WHX SIHeprHA. . 0LlHOBp9M9HHO ITOHH>K89TCH HHT9HCHBHOCTb KB83H -

y npyroro nHKa ( 4TO yKa3bJBaeT HB yMeHbweHne ae6aeBCKoro ¢aKTopa B soae) H ysenH4H -

B89TCH HHT9HCRBHOCTb Heynpy roro p8CC9HHHH . 3To COrnacyeTCSl C H3M9peHHHMH nonHOrO 

/ 33 / 
C9Y9HHH npH n e pexone OT nbllB K 80.09 , TBK KBK CK89K006pa3H09 YM9H bW9HH9 ceqeHHSl 

KB83HynpyrorO paCC9SlHHH KOMff9HCHpy9TCSl C K8YK006pa3 HhlM yaen H1..J9HH€M ceqeHH~ Heyrrpyro -

ro pacceHHIHI . 

B biCOK048CTOTH biH MBKCHMyM, o6Hapy>t<eHH hii1 paHee onTt.PtecKHMH MeTo.oaMH , HaH6onee 

1..J8CTO HHTepnpeTMpye TCH K8K 38TOpMO>K9HH0 9 Bp8lU8HH e MoneKyn BO.Obl B none , C03.08HHOM 

ee coce.nHMH . MaKcHMYM npH E = 24 M8B OTHOCHT o6bP.tHo K Tpa HcnHUH OHHb iM Kone6aHIHIM 

MOneKyn , COeul!HeHHblX BOliOpOliHOI\ CB513b!O 0 _ , H ••• 0 
1221 

• 0uH03H84HOrO HCTOnKOB8HHH HH3 • 
/ 23,24 / 

K0 8 H e preTH1..J9CKOrO M8KCHMYM8 B HBCTOHLU€9 Bp9MH He CYIIl€CTByeT • Vf3 - 38 CXO.OCTB8 

CrT€KTpOB p8CC€51HlHI OT ' nb.08 H BOJloi a6nH3H TQqKH nnaane HH51 flapCOH/
251 

n.nH OIT HC8HH51 

paCC9HHIHt H 9 fiTpOHOB B }t{H.QKOCTH BBen H € KOTOpbltf CIT9KTp 48CTOT ( ITOll.06HO cymeCTBY10lll9MY 

nnH Taepa.oro Tena ). B uenHx eaHHoo6pa3HH npe.ocTaaneHHH aaHHbiX H eoaMomHoCTH cpaeHe -

HHH ITOn J 4 8HHWX peaynbT8TOB Mbl T8K>K€ p8CC1..JHT8nH CrT€KTp 48CTOT 

HOM rtpH6nH>K9HHH : 

f(w) ~ I (E)~ 
k 

w hw/k T 

.;(T(e - I ) , 

f( U; ) 

' i"ne I ( E) - H3MepeHH bit\ 3 H epreTJ-P·I 9CKHtf CIT9KTp pacce~JIHblX HeATpOHOB ; .. .. 
H848nbHbii1 H KOH€ 1-IHblfi BOnHOBbl8 B 9 K T Opbl H€ilTpOH8 ; K = k - k 0 ; h w =E - E0 

Typa o6pa3ua . 

B OliHO¢OHOH -

ko 

T - TeMnepa -

Ha pHc . 15 npencTaaneHbi Bbi4HcneHHbte n o y Ka3aHHOH <flopMyne cneKTpb! 48CTOT a nH 

nbua 11 BOlibl npH TeMnepaType + 1°C. B o6naCTH 6onbwHx nepeua 4 3HeprHH cneKTP qacTOT 

llll5I BO.Clbl ITO cp8B H 9 HHJO CO CJ18KTpOM l.f8CTOT llnH nbllB CM8Ill8 H B CTOpony M€HbWHX 3 HeprH"H 1 

l.fTO cornacyeTCH co CK84Koo6pa3Hb!M yaenH49HHeM T enno e MK OCTH npH nepex oae OT nbaa K 

/25/ 
aone. Ha S TOM )Ke pHcyHKe npe.ncTaaneH T BKme cneKTP 4 8C T O T , B3~T bll1 H3 , pacc4HTaH -

Hbtll H3 H3MepeHHR pacceHHHH xononHbiX HeATpoHoB Ha yron 30°. HawH naHHbie oTnH48 IDTC ~ 

OT pc3ynbT8TOB flapCOHa/
251 

t ITOK83bTB8JOW HX J10flH08 COBJ18Jl8HH8 C IT €KTpO B 4 8CTOT lll151 flbll8 

H OOflbl B6nJ.f3l1 TOl.JKH ITn8Bll€HlHJ . 

P acxo>K.ne HH e peaynbTBToo a o6nacTH ManLix nepeaa 1.1 aucprH H, ao3MO>KHO, CBH38HO c 

MHOrotPOIIOHIIb!MH npOU€CC8MH , pOllb KOTOpblX B .08HHOi'f 3Hepr eT lP-l€CKOii 06ll8CTH B H8UJ RX H3 -

Mepel1H51X ( y ron pacceHliH H 75° ) 6onhwe , •JeM B pa6oTe
1251
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IO 

,; 

~ 

6 ) 3THn eHr." HKOnb H 

KapTHH bl Heynpyroro p1 

noTe OY9Hb 6nH3KH .Opyr K .ll 

eTCH B o6nacTH Hey npyropac 

20 M3B. B o6uJH x 4epTa x 

TpOHOB H3M9 HH 9TCH 099Hb en 

ro fUfK8 yaenJ.P.I H B89TC~ , 8 91 

qa e 8THneHrnHKOnH CM€W9HHE 

8 H epr wt1: 6onee 3aMeTHO, qeM 

nono6Hbl€ U1Hp0KH9 M8K 

y paanJ-PHihiX aemecTB c aoac 
I 

KOM6 H1J 8UHOHHOrO pacce~HII~ 

Ofibi~HO OTHOCRT K Tp8HCn~UH 

BOli0pOliH011 CB513b!O 0 -II •.. 0 

MHTepecHo 3aMeTHT b , q· 

KQ:t\ ITOnOCbf B 38BHCHMOCTH 0 

Het\TpOHOB , p8CC€ ST HHbiX HB 0! 

B) 6eH 30 n 

npH nepexoue '!epe3 TO • 

HHlO IT8.Cl8JOWet\ H€t'!TpOHHOi1 nli 

n pH yBenH'!eHl!H TeMnepaTypb· 

KBB3Hynpyroro pacceHHHH . 3T 

T9MnepaTypb!H MHJlKOrO 6eH30 

KOMY pe3KO eo3pacTaeT HHT eJ 

TH CIT9KTpa, l JTO T8KM9 ITOllTE! 

Typbi"' npH nnaaneHHH. BbiCKa.:: 

nHK a ynpyroro pacceHHHH a ~ 

.O.BIUKBHHn, orrpooepraeTc~ aaH 

eHT C8MOL!Hcj:Jcj:Jy3Hl! .npu TeMn< 

naaaeT c senH'IHBOil Ko3¢¢11u··• 

TenbH biM KB83HynpyrHM ITHKOM 

K apTHB bl cneKTpoB pace< 

BODHnHCb H3M9p€H Hfl paccemiH 

apyr K apyry. Cna6oe H3Mene 

rrpu 6onbwMx ncpPaaqax SHepr 

o6ycnoaneHa snyTpHMoneKynHp 



HeiiTpOHOB 0 7Q M3B , 

1 H8CKOJlbKO BH.llOH3M8HH8T-

l8TCH ; BblCOK03H8preTHl..J8C -

~ 60 M3B), IIH3K03HPpreTH -

:Sl HHT8HCRBHO CTb KB83H -

<TOpa B BOlle) H yBeiTH'IH -

c H3MepeHHHMH nonHero 

3H08 YM8H b ill8H H8 C8l..J8HHS1 

H48HH8M C8l..J8HHS1 Heynpyro-

:KHMH MeT O!l8MH , H8H60nee 

BOllbl B none , C03ll8HHOM 

. HCllSlUHOHHbiM KOlle6aHHs:JM 

)3HB'·IHOrO HCTOllKOBBHIHI HH3 -

eT123 •24 1, H a - aa cxoacTBa 

1apCOH
1251 

llnH 011HC8HHS1 

r ( noao6no cymecTeyroweMy 

biX 1-1 B03MO)f{HQCTH Cp8BHe -

·oT f( «-) B OllHO<jJOHOH -

HetiTpOHOB f k O 

hweE-E
0 

T- TeMnepa-

tyne CIT8KTpbt '-18CTOT .llllH 

3'-J S HeprHM cneKTp lJ8CTOT 

3 CTOpOIIY MeHbWHX 8Hepr11ti 1 

npH nopexoae oT nbna K 

" /25/ 
33HTblll H3 , pBCC'-IHTB H-

cneKTpOB Y 8C TOT JlllR 1lbJl8 

'HH 1 B03MO>KH0 1 CBH38HO C 

5) 3Tnnenr n HKOITb H yKcycnaH KHcnoTa 

KapTHHhi Heynpyroro pacceHHHH xonOllHbiX HetiTpOHOB a 3THneHrJJHKone H yKcycHoJ1 KHC· 

IJOTe O'!eHb 61Jil3KH llpyr K llpyry. B TBepll&l" 3THITeHriTHKOITe H yKCyCHOI! KHCITOTe H86niOil8 -

eTCS1 B o6rraCTH HeyrrpyropacceHHH biX HetiTpOHOB OllHH O'!eHb WFipOKRii MBKCHMYM 11pH 3Hepr>!H 

20 M3B, B o6wnx qepTax rrpn rrepexoae '!epea TO'IKY nnaorreHHH cneKTp pacceHHH~x neii

TpoHoe H3M8HH8TC51 Ol..J8Hb cna6o. C .081lbH9fiWHM pOCTOM TeMnepaTypbl MHT8HCHBHO C Tb 3TO

ro IIHKa yeenH4HB88TCH , a era MBKCHMYM cMemaeTcn e cTopoHy 6onhi.UHx 3HeprHI1. ( B cny -

l.f88 3THll8Hr1lHK01lS1 CM81U8HH8 M8KCHMYM8 C Il0BbiW8HH8M T8MIIepaTypbi B CTOpOHy 60Jl b W HX 

8H8prHti 6onee 38M8THO , t.I8M B Cnyqae YKCYCHOA: KHCJlOTbl) . 

Do.oo6Hb18 U!HpOKHe M8KCHMYMbl B .ll8HHOJ1 3HepreTH1.JeCKOif o6n8CTH paHee H86JIJO.ll81IHCb 

y pa3nH1..fHbiX BeWeCTB C BOJlOpO.llliOtf CBS13bJO KBK MeTOllBMH HH<fJpaKpBCHOrO nornonteHHn H 

/ 22 / / 20 / 
KOM6 HH8UH OHHOrO paCC8s:t HHH 1 TBK H ueifTpOHHbiMH MeTOll8MH • 3TH W ltpOKHe ITOliOCbi 

06bJ"tHO OTHOCSJT K Tp8HCliHUHOHHblM KO!Ie68HJHIM MOlleKyll 1 C09llHHeHHbJX Me)f{M0119KYllHpiiOtf 

BOilOpOilHOii CBS13bl0 0 -II ... 0 . 

l1HTepeCHO 38MeTHTb, lJTO B cnyqae 3THll 8HrllHKOll~ ITOllO>K~HHe MBKCHMYMB 3TOff WHpO -

KOf\ ITOilOCbi B 388HCHMOCTM OT TeMnepaTypbi rtpHM8pHO COBIT8ll88T C MBKCHMYW.OM CIT8KTpa 

H8fiTpOHOB, p8CC8fJHHbiX HB O.llHOBTOMHOM ra3 e C MBCCOfl. BTOMB , paBHOtt MBCCe npOTOJ-Ia . 

B) 5enaon 

npH nepexoae qepe3 TO'-IKy fiilBBneHHH ITHK 1 COOTB8TCTBY101UHtf KB83HynpyroMy pacceSI 

HHlO IT8Jl8JOIUef:i: HeilTpOHHOfl JIHHHH, ITpOHBll519TC51 B CITeKTpe >KHllKOro 6eH30118 OlJ9Hb cna6o . 

npH yaenHlJeHHH TeMnepaTypbl ITpOHCXOllHT .ll81lbHetfwee Cr118)f{HB8HHe CITeKTp8 B patfOHe 

KB83Hyrrpyroro p8CCeHHIIS1, 3TO YK83biB8eT H8 Manoe 3HB'!eHHe 3¢<jleKTHBHOii • ne6aeBCKOii 

TeMnepaTyphr" >KHilKoro 6en3orra . O anoBpeMeHHO npn nepexoae OT TBepaoro 6enaorra K "'Hil -

KOMy pe3KO B03p8CT8eT HHTeHCMBI-IOCTb p8CCeHHHbiX HetfTpOHOB B HH3K03HepreTH'-18CKOti t.t ac 

TH CITeKTpa, l.JTO T8K>K9 ITO.llTBep>K!lBeT H.lleJO C CHllbHOM yMeHbWeHHH ,.. ne5aeBCKOA' TeMnepa 

/ 2f:l / 
Typb!"' ITpH D118BJleHHH . 8blCK838HHOe B flpe.lliTO/IO>KeJ-IMe, ~TO O.llHOfl 113 npMlJHH p83Mb!THR 

11HK8 ynpyroro pacceHHHH B >KHilKOM 6eH30ITe 
/27/ 

nBH>KeHHH , onpoaepraeTCR naHHbiMH , rne 

eHT C8MOJlHcpcpy3HH .npH TeMnepaType 20°C 

HB11H9TCH H811HlJ H e CHllbHOro DHcflrfJy3HOH110ro 

3KCrrepHMeHT811biiO 6bll1 onpeaerreH KOa<jJQ!HUH 
- 5 2 

D = 2, 14,10 CM /ceK, T . e . npHMepHO COB -

1181l8eT C BeiTH'!HIIOH KOa<jl<jJHu"·enTa CBMOilH<jJ<jlyaHH 111111 BO/lbl , X8p8KTepH3YIOillellcS1 3 H8'lll-

TeJibH biM KB83HynpyrHM TIHKOM . 

/26/ 
KapTHH bi crreKTpoa paccefiHHhTX HeJ1TpoHos a .llBHIIoti pa6oTe H pa6oTe , rne npo -

aonHnHcb H3MepeHHH p8CCOSITJHs:t liB >KJ.f.llKOM 6eH30ne flpH KOMH8 TH Ot:i T 9MnepaType , 6Jl H3K H 

apyr K apyry. Crra6oe H3MeneHHB neynpyroii 'IBCTH pacce"""" c TeMnepaTypoii ( oco6enuo 

ITpH 6onbWMX nepena'-18X 3HGprHH ) yKB3biB8eT HB TO, lJTO 8 OCHOBIIOM 3T8 '-I BCTb CITeKTpa 

o6yC!IOBJieHa BHyTpHMOJI8KynSipHhiMH JlBH>KeHHHMH DpOTOHOB , l.JTO H8XOLlHTCSI B COr118CHH C 

II 



/ 28 / / 26 / 
C tf3M€p9HHHMH HHcflpaKp8CHOrO nornOlll9HJHl • 0.0H8KO B OTn~PHI€ OT Mbl H€ He6nrona -

nH C llOCT8TQl{HOH H8Jl9)f(HQCTblO B BbiCOK03H9preTHqeCKOH: '-IBCTH CIT9KTp8 ypOBH9i1 1 rlpOHBnSHO

fllHXCH a onT~<rtieCKOM cneKTpe 6e H3ona. B epos:ITHO, 3TO CBH3aHo c necKonhKO xynweH , qeM a 

pal5oTe1261 , pa3pewaJOUlel\ CI10COOHOCTbiO HBWei1 yCTBHOBKH B llBHHOl! 00118CTH 3HeprHii . 

r) Ha<jJTanini 

KaK a Ha¢TanHHe, TBK H a .OHOKCaHe , c aocTaT01.1HOtf cTaTHCTH49CKoi't TOt:IHOCThiO 6btna 

H3MepeHa TonhKO HH3KoqacTOTH8~ qaCTb crreKTpa , KoTopaH H npHBOllHTCH Ha pHc. 8-9. B 

TBepllOM HBcjlTBITHHe 11pH 3Q°C 8 HH3KO'!BCTOTHOi\ '!BCTH crreKTpa H80n!Oil6!0TCH MBKCHMYMbl 

npH 31leprHHX HefiTpOHOB 9, 5 M3B, 15, 6 M3B, 29,6 M3B H 52 ,7 M3B, XOpOWO COBI181lBIOWHe 

C .08HH blMH , nonyqeHHbiMH MOT0.08MH HH¢paKp8CHOrO nornOUl9HIHI M KOM6HH8UHOHHOrO pac 

cemJHH/22 •29•301 , npH rrepeXOile qepe3 TO'!KY 11!1llB!1eHHSl HII3K03HepreTH'!eCKHe MBKCHMYMbl 

pa3Mb!B8lOTCSI H HC'-183810T , '-ITO BflOnHe cornacyeTCSl C RHTeprrp8T8UHOH HX npOHCXQ)K!l,8HIHI 

/22/ 
KBK Me>KMoneKyn~rpHbiX Konel5aHHll KpHCTannH'!ecKoil peweTKH , KapTHHB Heyrrpyroro pac-

ce~HJHl HB .>KliL(KOM HBQJTanMH8 0'-18Hb 6nH3K8 K K8pTHH8 paCC8SlHHSl HeiiTpOBOB H8 .a.pyrOM 

npe.a.cTaan:Tene apoMaTH'-IeCKHX yrneaonoponoa - Ha )KR!lKOM 6eHaone. TipH nnaaneHHH nHK , 

COOTB8TCTBYIOillHH KB83HynpyroMy paCC8SlHHIO, rt8'-IRH88T ITpOSlBflSlTbCSl B Cfi8KTpe cna6o ; 

pe3KO B03p8CT88T HHT8HCHBHOCTb paCC85IHHbiX H8tl"Tp0HOB B HH3K03Hepr8TH1.f8CKOti Y8CTH 

Cfi8KTpa . TipH yaenH'-18HHH T8Mfi8paTypb1 ITpOHCXO!lHT nanhHeHwee Crna)KHB8HH8 Cfl8KTp8 . 

Bee aTn clleKTbl n,alOT yKa3aHHe HB Manoe 3Ha LJeHHe a£!:lcfleKTHBnoii: "ae6aescKoli TeMrrepaTyphr• 

>K H.OKOrO H8¢TanHH8. 

il) ilHOKCBH 

B cneKTpe HeynpyropacceHHHbiX HetfTpoHOB KBK a TBepnoM , TBK 11 mH.OKOM , D.HOKcane 

HBOITIOilBIOTCSl llBB MBKCHMyMa npH 8HeprHH HellTpOHOB 45 M38 H 12,5 M3B, nonO>Keime 
/3 1/ 

nepaoro M8KCHMYM8 .llOBOllbHO XOpOWO cornacyeTCSI C pe3yllbT8T8MH OITTH'48CKHX H3M8p8HHJ'i 1 

BTOpOH M8KCHMYM p8H88 H8 6bin o6Hapy>KeH . C npyrofl CTOpOHbl , Mbl H8 Ha6nJ0,08liH '48CTM 

/32/ 
11 HHHfi, KOTOpbi8 npOHBHnHCb B OITTH48CKHX CIT8KTp8X 

AaTopbl 15naronapS!T f. A . BapeHHKa, B.6. ily'luua, 6 . 11 . KHcenl!aa, H <I>.A. PSJ15oay 38 

60llblliY HJ ITOMOlllb npH ripOB8Jl8HHH H3M8p8HHI'i H HX o6pa60TK8 BO Bp8MSI Bbill011H8HHH Jl8HH011 

pa15oTbi , 
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/26/ 
t.tHe OT Mbi He He6nlO.llB -

Cll8KTp8 ypOBH€11 1 np051BRSHO-

C H8CKOnbKO XY.llW8'A , YeM B 

HHOA o6naCTR BHeprHA, 

CTI.P.J8CKOI1 TOl.JHOCTbJO 6bin8 

HBOilHTC5l na pHC, 8 - 9. B 

Ha6niO.ll.SJOTCH M8KCHMYMbi 

M3B, xopowo coana.aaiOUIHe 

I H: KOM6iiH8UHOHHOrO pac -

)HepreTIPI8CKH8 M8KCHMYMhi 

T8UH8fr HX npOHCXO*Ll8HH51 
I 
• KapTHHa Heynpyroro pac-

HI H8J1T pOllOB H8 .llpyroM 

3one . TipH nnaaneHHH nHK , 

TbCH a crreKTpe cna6o ; 

~03HepreTHt.t8CKQij Y8CTH 

crna*HBBHHe cneKTpa . 

1 •ne6aeacKo'A TeMnepaTypbr"' 

: , T8K H >KH.llKOM , 1J. HOKC8H8 

>B H 12,5 MBB. nono~<€HH€ 
/3 1/ 
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T a 6 n vr Q a I 

TeMnepaTypHaH 3UBMCHMOCTh TIOHYWBpMHH KDU3Mynpy r oro TIHKa 
ABH 6e H3o na 

0 t.E pacq ' :;:Jt 3B C. E ll)4 T K 3ICCTI ' 38 

2b0 s ,5 6, 6 :!: 2, 5 

290 10,5 8, 0 :!: 2, 5 

t.E 3Kcn - 3KcnepHMeHranbHHe AaHHHe 

C.E pacq - ~aCC'!HTaHHHe 3Ha'!eHHH no ~OpMyne HenpepHBHOH AH~
~3MH Ha OCHOBe BeBH'!HHH D 113 ~OpHyBH CTOKCa-
11HWTei-!Ha . 

M3-3a cnaoon BNpa~eHHOCTH KBa311ynpyroro n11Ka He Aenanoch 
IIOTIHTKI1 onpeAe BMTh Y11111peHJ1e npM donee Bb!COKV!X Tel.mepaTy pax , 

T a 6 n H Q a 2 

TeMneparypHaH 3aBHC MMOCTh nOJlYWHpMHH KBa3Hynpyroro nHKa 
.nns HacpranvrHa 

T°K 

358 

373 

L\E 
3KCn 

t.E 
pacq 

t.E pacq 'I04 3B C. E 3KCn • 104 3B 

9,0 7,0 ! 2,0 

12,0 9,0! 2,5 

- 3KCTiepHMeHTaBbHHe ,D;aHHHe 

- paCC'!l1TaHHHe 3Ha'!eHHH no ~OpMyne 
.D;H~Y3HH Ha OCHOBe BeBH'!HHH D 
CTOKCa-3HHWTeRHa, 

HenpepHBHon 
H3. rpopuynH 

14 

~r.M,li,KOCTh 
T°K 

--
274 
277 

1J o A a 290 
333 
-
c90 

YKcycHaH 323 KMCBOTa 
373 
-
287 

Jl.HOKCaH 303 
343 
-

HaqJranvrH 358 
373 
-2eo 

EeH3on 290 

3Ha'!eHHH 'o 
neparypH, onpeAeneH 
(B cnyqae BO,li,H npHE 
Hl1H 2W M3 paOOI 



rn pyroro fli1Ka 

•Kcn · 104 3B 

2, 5 

2,5 

e HenpepHB HOH ,1\ K~-
3 ~opHynu CroKca-

o n~Ka He .n;enanoch 
1.meparypax. 

1pyro ro TI.l1Ka 

2,0 

2,5 

· HenpepblBHO it 
H3. 'POPMYJihl: 

~n. >1:)\11.0 C T h 

:U o .n; a 

YKcycHa.fl 
K~cnora 

Jl.MOKCaH 

HaqJTaJI~H 

EeH30JI 

274 
277 
290 
333 

290 
323 
373 

287 
303 
343 

358 
373 

2UO 
290 

T a d n ~ ~ a 3 

1,5 
1, 25 
1, 1 
0, 54 

1, 3 
1, 2 
1, 0 

0, 2 

0, 2 

0, 2 

4, 2 
3, 5 
2, 6 
1, 1 

3, 5 
2, 5 
1, 6 

2,3 
1, 8 
1,2 

1, 7 
1, 3 

1, 8 
1,5 

3 
2,5 
1, 9 
o,e 

3Ha4eHK.fl r 0 ,1\Jl.fl pa3JI~4HHX ~~KO CTeH B 3aB~CKMOCTK OT TeM
neparypu , onpe.n;eneHHhle npH npe.n;nonoxea~.flx w = 0 11 w = ~ 
(B CJiyqae BO)\bl np~B04a~G.fl TaK~e .n;aHHhle np~ KCilOJih 30BaH~K 3Ha4e-
H~.fl zw ~3 padoThrlb/) . zw = o, 142 K • • 
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p H C , 1, 

I 

5 

CxeMa ycTa HOBKH npw HMnynbCHOM peaKTope AnR H3MepeHHA c xonoAH hiMH 
Het\TpOH8MH. 
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p II C , 2, 

10 

\ 
7 1 

r-

CxeMa KOHTPi'1Hepa .nnH o6pa3ua ~ 1 - aniOMHHneBt.>lli KorKyx ; 2 - KB.llMIIODbii'l 

8Kp8H j 3 - T€Till00851 H30liSTUHH ; 4 - CHCT€M8 0Xli8>K,ll8HIHI o6p83UB ; 5 - Tep 

MOCOnpOTHBJleH JHI ; 8 - HCCl18Ll.Y9MblH 06pa3eU i 7 - K80MH€Bbl1f K Opnyc I<OH 

Tetl:nepa ; 8 - BBKYYMHoe ynnoTneHHe o6pa3UD ; 9 - antoMHHHeBaH cJ1onhra ; 
10 - 3anacHoii pe3epsyap . 

\ 
\ 

' ' 
\ 
\ 

~----~w~a----~2~aa~---,Ja~a,----u4o~a----~5~aa~----6·a~a.---~roo N 
~----~2~0~0-n8"D-5no~-Jrno--z~o·-----,11.75---,8n.o-----,5~.2---------- mev 

Kpl!DU51 H cnpo.nl!e HHH 3I<crrepnMeHT8llbllillX naJlllhJX, Y'-li!TLJDBIOIItaSl 31~H~'0 1<T II OIIOC"Tb 

!lBTCKTOpa , flpOllYlK8HJJG [1,-l!Qr.HIHIHl H D030yxa D :3.1nllrlll\l0CT!f OT 3 1!Pprllll 

p8CC8SlliHhiX H 8ii TpOliOB J1 npeMBIIII r!p0110T8 , Db! ,[l)l(8 lJ1JOf' O B Jl0~10fl8X J\D.lJDJil1 

npeMenuoro auanu3aTopa. 
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4. CneKTpbl ueRTpouon, paccenHHbiX cnoeM BO.!lbi TOniUHHOfi 0,2 MM. PaccTosu-me 
OT o6paaua .oo aeTeKTopa-17 M. WnpHHa KaHana epeMeHHoro aHanH3 8Topa -

32 MKCSK. 
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o6paaua +10 C u + 150 C). PaccT09HH e OT o6paaua no neTeKTopa -17 M. 

Wupuna Kanana epeMeHHor o BHBIIH38Topa - 32 MKCeK ). 
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6. CneKTpbl HeRTpoHoe, paccestHHbi X cnoeM yKcycHon KncnoTbt TOil lllH HO fl 0,25 M~' · 
PaccTORHHe oT o6paaua ao aeTeKTopa - 17 M. Wnpnua Kauana epeMeHuoro 

8H8mf38TOpa - 32 MKC9K• 
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0------- -
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p H C , 7. CneKTpbl ueATpoHoe, paccestHHbiX cnoeM 5euaona TOnWH HOA 0,4 MM. Pacc Ton 
HH e OT o6paaua .ao .aereKTopa - 17 M. Wnpnua KaHana epeMeHHoro auannaa 

Topa - 32 MKC9K. 
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p H C , B. HnaKoaHepr eTHtreCKH e tta cTH cneKTpoa netl:TpOHoa, pacces:rHHbiX cnoeM HacflTa
JJHHa TOJJWHHOH 0 ,70 MM. PaccTO QHH e OT o6pa3ua no neTeKTOpa - 17 M. 

W!!pHHa KaHana BpeMeHHoro aHaJJH38Topa - 64 MKCeK. 
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p H C, 10. OnpeneneHHe aen ~P.tHH bi ywHp8HH51 KBB3Hynpyroro OHK8 H pa3nHt.t H hi9 M9TO!lbl 
Bbll..J:HTBHH~ OOJJ.nO>KKH Heynp_yroro pacceHHHs:r. 

~ £x10 ev 

20 

15 

10 

5 

p " c . II. T eMnepaTypHaSI 3BBHC HMoc Tb nonywHpHHbi KBB3Hynpyroro mrKa nng BOn hr . 
CnnowHaSJ KpHaan - aKcnepHMeHTBnbHbte JlBHHble; nyHKTHpHaH - paccquTa -

HB no tOpMyne HenpepbiBHOtl nHcj>cj>y3HH HB OCHOB8 3H8 '18HHl\ D H3 pa -
OOTb/3 1• 
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12. TeMnep8TYPHBSI aaeHCHMOCTb noTij"WHpHHhl KeaaHynpyroro nuKa anst y Kcyc 

uof\ KHCnOTbl . CnnomHaR KpHBBSI - SKCnepHMBHTBn bHbi9 Ll8HHbl9 j nyHKTRpRa SI~ 
pacc1.u1TaHa no tflopMyne Henpepb1BHOJ1 n ucfxPya uH na ocHone a ua<teu nA D 

na ¢opMynbl CToKca-3nHwTefiHa. 
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TBHa no ¢opMyne HenpepbJBHOH LlHCfJciJy3 HH H8 OCHOB9 3H8"19HHH 0 H3 

¢opMym,J CToKca -3tiHwTe~Ha. 
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rnHKonn. CnnomHan KPHBiHI - 3KcnepJ.tM9HT81IbHbJe llBHHbte ; nyHKTHPIIIHl -

LJ.8HHbl9 , p8CC9.HT8HHhl9 110 ciJOpMyne Henpepb!BHOA .OHclJciJya HH H8 
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