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1.BBE.aEHHE 

50nbWO~ ~HTepec ~ccneAOBaTene~ K ~3Y4eH~~ CBO~CTB BOA~ ~ ee 
Ae~TepoaHanorOB B~3BaH W~pOK~M np~MeHeH~eM 3Toro Be~eCTBa B pa3
n~4Hb1X 06naCTflX HaYK~ ~ TeXH~K~. Hoaue , 6blCTPO pa3B~Ba~~~eCfl OT
pacn~ HaYK~ ~ npOM~wneHHOCT~, B 4aCTHOCT~ aTOMHafl 3HepreT~Ka, 

X~M~fl, 6~onor~fl, r~APOMeTeoponor~fl ~ T.A.,Tpe6Y~T rny60Koro,6o
nee AeTanbHoro ~3y4eH~fl CTPYKTypHO-A~HaM~4eCK~Xoco6eHHOCTe~ 

BOA~ B W~pOKOM A~ana30He ~3MeHeH~fl TepMOA~HaM~4eCK~X nepeMeHH~X. 

B nocneAH~e rOA~ ~H~opMa~~fl O CTpYKType ~ A~HaM~Ke BOA~ Ha
Kann~BanaCb 6narOAapfl yc~n~RM ~ccneAOBaTene~, ~cnonb3Y~~~X pa3
n~4H~e 3Kcnep~MeHTanbH~e ~eTOA~, BKn~4aA He~TpOHHy~/1-3/ ~ peHT
reHoBcKy~/4-6/ A~$paK~~~, HeKorepeHTHoe KBa3~ynpyroe/7,8/ ~ He
ynpyroe!9-11/ pacceflH~e MeAneHH~x He~TpOHOB, a TaKme KOMnb~Tep
HY~ TeXH~Ky/12-13/. 

OAH~M ~3 Ha~6onee npflM~X MeTOAoB ~ccneAOBaH~fl MoneKynflpHo~ 

A~HaM~K~ m~AKocTe~ B HacTofl~ee BpeMfl flBnfleTCfl Heynpyroe paccefl
H~e MeAneHH~X He~TpOHOB. KaK ~3BecTHO, ~3 cneKTpa HeKorepeHTHO
ro pacceflH~fl MomHO nony4~Tb ~H~opMa~~~ o AB~meH~flx OTAenbHO~ 

4acT~~~, TorAa KaK KonneKT~BH~e AB~meH~fl B m~AKOCT~ npOflBnfl~Tcfl 

B KorepeHTHOM pacceruun- MeAneHHblx He~TpOHOB. 

CBfl3b MemAY nonY4aeMblM~ B He~TpOHHOM akcrtepane are ABamAbl A~~
~epeH~~anbH~~~ ce4eH~flM~ /.a.aC/ HeKorepeHTHoro ~ KorepeHTHoro • 
pacceflH~fl MeAneHH~x He~TpOHOB c AB~meH~eM 4acT~~ Be~ecTBa YCTa
HOB~n BaH-XoB!14/,BBeAfl B paccMOTpeH~e npocTpaHcTBeHHo-BpeMeHH~e 
aBToKoppenfl~~OHHY~ Gs(r, t) ~ napHY~ Koppenfl~~OHHY~ Gd(r, t} 
~YHK~~~. Onpenene uue 3T~X ~YHK~~~ ~ OCHOBHble ~opMynbl, CBfl3bIBa~

~~e ~X c Re3y'nbTaTaM~ He~TpOHHoro 3Kcnep~MeHTa, MomHO Ha~T~, Ha
np~Mep, B/157. 

3~~eKT~, CBfl3aHH~e c aBTOKoppenR~~flM~, np~MeH~TenbHO K BOAe 
~3y/an~cb B W~pOKOM A~ana30He TeMnepaTYP ~ AaBneH~~ Ha 06pa3~ax 

H20 9-11/. Oco6eHHocT~ napH~x.Koppenfl~~~ ~ccneAY~TCfl Ha KorepeHT
HO pacce~Ba~~~x o6pa3~ax D

20.
CneAyeT OTMeT~Tb, 4TO ~Me~~~eCfl 3Kcnep~MeHTanbHwe AaHH~e no 

Baa~MoAe~cTB~~ MeAneHH~X He~TpoHoB c Tflmeno~ BOA7~ Ha YPOBHe 
.a.aC ~ 3aKOHa pacceflH~fl BeCbMa orpaH~4eHw/7,21-24 • B 4aCTHOCT~, 
C~CTeMaT~4eCK~X ~ccneAoBaH~~ TeMnepaTYPHo~ 3aB~C~MOCT~ cneKTpOB 
pacceflHHWX HeATpoHoB Anfl D20, B~nonHeHHWX B OA~HaKOBWX 3Kcnep~

MeHTanbHblX ycno auax , He npOBOA~nOCb. 

XOTfl pe3ynbTaTw paHH~X pa60T 6pOKxaysa, nsa, napcoHa ~ AP., 
HOC~Bw~e Ka4ecTBeHH~~ xapaKTep, nOKasan~, 4TO ~~s~4ecKafl KapT~

Ha Bsa~MoAe~cTB~fl MeAneHHblx He0TpOHOB c 6n~3Ka K TO~, KOTOD20 
py~ Mbl ~MeeM Anfl 06b14HO~ BOAb/25/, TeM He MeHee tiorYT Ha6n~AaT b
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e~ ~ 3aMeTH~e pa3n~4~~. Ae~eTB~TenbHO, ee4eH~e paeeeRH~R Ae~Te

p~~ Icrn = 7,7 6 I epaBH~MO e ee4eH~eM paeee~H~~ K~enopOAa IcrO = 
= 3,73 6 I ~, KpOMe Toro, crn Ha 70% KorepeHTHO. B eB~3~ e 3T~M 
np~MeH~MoeTb HeKorepeHTHoro np~6n~meH~~ leM.,. Hanp~Mep,/9/1 
K TRmeno~ BOAe Tpe6yeT ene~~anbHoro ~eeneAOBaH~~. 

KpOMe Toro, $~3~4eeKa~ KapT~Ha AB~meH~~ 4aeT~~ m~AKoeT~ 

He MomeT eerOAH~ e4~TaTbe~ nonHO~, een~ He np~H~MaTb BO BH~MaH~e 

TPo~7ble KORpen~~~~. TaK, B eep~~ pa60T n.~reneTa$$a e eOTpYAH~
KaM~ 16-201 npoaHan~3~poBaHa ponb TpO~H~X Koppen~~~OHH~X ~YHK
~~~ np~ onpeAeneH~~ TepMOA~HaM~4eeK~X ~ K~HeT~4eeK~X eBo~eTB 

npocrux m~AKoeTe~, a r a-ose HaMe4eHbl nYT~ nonY4eH~~ ~H$opMa~~~ 

o TPO~H~X npoeTpaHeTBeHHo-BpeMeHH~x Koppen~~~~x ~3 3Kenep~MeH

TOB no paeee~H~~ MeAneHH~X He~TpoHoB ~ peHTreHOBeK~X nY4e~. np~ 

3TOM rpe6Y~Te~ ~3MepeH~~ npo~3BOAHO~ no AaBneH~~ I~n~ TeMnepaTY
pel bT 3aKOHa paeee~H~~, An~ 4ero He06xoA~Ma pa3pa60TKa ene~~
anbHo~ 3Kenep~MeHTanbHo~ TeXH~K~. 

C Y4eTOM ~3nomeHHoro B~we B HaeTo~~e~ pa60Te np~BeAeH~ pe
3ynbTaT~ ~3MepeH~~ eneKTpOB paeee~H~~ MeAneHH~X He~TpoHoB Ha 
D O np~ TeMnepaTypax 23; 130 ~ 2000C ~ on~eaH~ oe06eHHoeT~ ~e

nÕnb30BaHHo~ npa 3TOM annap arypu, npOBOA~TC~ TaK)I{e «par xoe 06
eY*A~H~e nonY4eHH~X AaHH~X, KOTopoe Hoe~T npeABap~TenbH~~ xapaK
Tep. 

2.	 On~CAH~E 3KCnEP~MEHTA 

3Kenep~MeHT õsm eunonaea Ha ABO~HOM BpeM~nponeTHOM cnexr oo
MeTpe MeAneHHblX He~TpoHoB .a~H-1 M, pacnononreauoa Ha OAHOM ~3 nY4
KOB ~MnynbeHoro peaKTopa ~5P-30 B na60paTop~~ He~TpqHHo~ $~3~K~ 

O~R~. nOAP06Hoe on~eaH~e eneKTpOMeTpa MomHO 'Ha~T~ B/26, 271. 
~en~nb3yeM~~ B 3KenepHMeHTe 06pa3e~, nOMe~eHH~~ B BaKYYMHY~ 

KaMepy, eoeTo~n ~3 71 KBap~eBo~ Tpy6K~, 3anonHeHHO~ T~meno~ BO
AO~. Tpy61<~ paçnonaranac s e paBHoMepHo~ nnOTHOCTb~ TaK~M oõpa
30M, 4TO 06pa30B~BaIl~ ~~Il~HAP B 06~~M~ pa3MepaM~ d = 120 MM 
~ h = 155 MM. TeMnepaTypa 06pa3~a nOAAepm~BanaCb paBHo~ 23; 130; 
2000C e nOMO~b~ yeTaHoBK~ An~ He~TpoHH~X ~ccneAoBaH~~ m~AKoeTe~ 

B W~pOKOM A~ana30He ~3MeHeH~~ TeMnepaTYP ~ AaBneH~~, on~eaH~e 

KOTOPO~ eOAepm~T B 4acT~ 3. 
~3MepeH~~ 6bln~ eunormeuu ripa 3Hepr~~ naAaIO~~X Ha oõpaaeu 

He~TpoHoB Eo = 63,75 M3B. np~ 3TOM pa3peweH~e B ynpyroM n~Ke 

eoeTaBIl~IlO ~Eo/Eo ~ 7%.nepeAa4~ BonHOBoro BeKTopa An~ ynpyroro 
pacceauaa Q = 4n/Às i n8 /2 oxaaruaaru- ~HTepBan 1,2 R-I :;; Q ~ 

~ 9, 5 ~-1 Iyrnbl pacceanaa 12° ~ Q ~ 1220 1 . 3TOT ~HTepBan eOOT
BeTeTByeT 06naeT~ Q, Ha KOTOPy~ np~XOA~Te~ OC~~Iln~~~~ eTaT~4ee

Koro eTpYKTYPHoro $aKTopa S(Q) ~ rAe, eneAOBaTeIlbHO, eTpyKTypa 
D20 MomeT oxaauaar s Bn~~H~e ':ia A~HaM~KY ee MoneKyn. 

3Kenep~MeHTanbHa~ eep~~ np~ KamAo~ ~3 ~eMnepaTyp BKn~4ana 

B ee6~ Tp~ ~3MepeH~~: Ha KOHTe~Hepe e T~meno~ BOAO~, Ha nyeToM 
2 

KOHTe~Hepe ~ Ha BaHaA~eBOM ~~n~HApe, reOMeTp~4eeK~ ~AeHT~4HOM 

06pa3~y. noeneAH~e AaHH~e ~enonb30BaIl~eb An~ o~eHK~ pa3pewa~~e~ 

enoe06HoeT~ eneKTpOMeTpa B 06naeT~ 'ynpyroro n~Ka ~ AIl~ a6eon~T

HO~ HOpM~pOBK~ ~3Mep~eM~X ee4eH~~. 

An~ KoppeKTHoro Y4eTa $oHa ~3MepeH~~ npOBOA~n~eb B pem~Me 

e oe~~Iln~py~~e~ KaAM~eBo~ 3aenoHKo~/28/ 

3.	 YCTAHOBKA AnR ~ccnEAOBAH~R MOnEKYnRPHO~
 

A~HAM~K~ *~AKOCTE~
 

3aAa4a nOAAepmaH~~ HymHoro TepMOA~HaM~4eeKoro eoeTO~H~~ ~e

eneAYeMO~ m~AKoeT~ peuranac s B onacuaaeaoa axcrtepaae-rre e nOMO~b~ 

yeTaHoBK~, 6nOK-exeMa KOTOPO~ npeAeTaBIleHa Ha p~e. 1. 
KpoMe 06pa3~a ~ TepMoeTaTa, paenonomeHH~X B BaKYYMHo~ KaMe

pe eneKTpOMeTpa, yeTaHoBKa ~MeeT ynpaBn~~~~x ~3 KOP~A e~eTeM, 

TOp~X B AaHHOM 3Kenep~MeHTe ~enOIlb30BaIl~eb ABe: e~eTeMa KOHTpO
n~	 TeMnepaTYP~ ~ BaKYYMHa~ e~eTeMa. 

Cucrexa KOHTpon~ r estnepar ypu BKIl~4aeT B ceõa BbleoKOT04Hb!l':1 pe
ryn~Top TeMnepaTYP BPT-3 110 Ha p~e. li, AaT4~KOM K KOTOPOMY eIlY
m~T 06pa3~oBa~ nn-TepMonapa; Ha60p ~3Mep~TenbH~X XK-TepMonap; 
~~$pOBO~ BonbTMeTp m-68002, n03BoIl~~~~~ ~3Mep~Tb TepM03Ae e T04
HoeTb~ 1 MKB; ~ eaMon~ee~ KCn-4. 

C~eTeMa BPT-3 eoeTO~T ~3 Tpex np~60poB: ~3Mep~TeIlbHoro 6IloKa 
T~na ~-101, peryn~Topa P-111 ~ ye~n~TeIl~ T~p~eTopHoro T~na Y-252. 
B npaõope ~-1 O1 curnan llfl-rr epaonapu KOMneHe~pyeTe~ e~rHanOM OT 
BeTpoeHHoro 3aAaT4~Ka, ~ 3T~X ye~n~BaeTe~ npeApa3H~~a e~rHanOB 

Bap~TenbH~M ye~n~TeIleM. C B~*oAa 6noKa ~-101 ye~neHH~~ e~rHaIl 
• 

C!ÀCTEMAPHC. 1. EnoK-cxeMa YCTa BAKY»f1MI
KOHTPOMI ClACTEMA

HOBKH AITH HeHTpoHHb~
 

HccneAoBaHHH MoneKynHp

HOH AHHaMHKH ~HAKocTeH
 

B WHpOKOM AHarra30He TeM

rrepaTYP H AaBneHHã: 1 

rpY30rropwHeBoH MaHoMeTp
 
MIT-600; 2 - 06pa3~OBbrn
 

MaHoMeTp; 3 - CHnb$OH

HWH 3aTBOp; 4 - 3neKT

pOKoHTaKTHwH MaHOMeTp 
/3KM/; 5 - YCTPOHCTBO 
AnH HarronHeHHH BOAOH; 
6 - 06pa3uoBbIH MaHO
MeTp; 7 - caMonHceu 
KCrr-4; 8 - ~H$POBOH
 

aorrs-n-rer-p m-68002; 9 - TePMOnapHbrn nepexmoxarens ; 10 - BPT-3;
 
11 - )l(HAKHH a30T; 12 - $OpBaKYYMHblfI aaco c 2HBP-S,lJ;; 13 - BaKYY~1


MeTp BHT-3; 14 - a,n;COp6~HOHHbII';{ yr-orrsnsrá nacoc ; 15 -"Hop.n;-2S0".
 
- 3 



pa36anaHca nocTynaeT Ha BXOA P-111, B KOTOpOM $OpM~PyeTcR 3aKOH 
peryn~poBaH~R, ~ BXOAHO~ C~rHan npeo6pa3yeTcR B YH~$~4~pOBaH
HW~ C~rHan nOCTORHHOrO TOKa Ben~4~HO~ OT o AO 5 MA. Aanee c~rHan 

nOCTORHHoro TOKa nonae r ca Ha T~p~CTOpHbl~ ycurnrrens Y-252, rne 
OH npeo6pa3yeTcR B BWXOAHO~ C~rHan nepeMeHHOrO HanpRmeH~R, ~C

nonb3yeMw~ AnR n~TaH~R HarpeBaTene~ TepMOCTaTa. 4T06w ~36e*aTb 

BWxOAa ~3 CTpOR HarpeBaTene~ 3a C4eT CnY4a~HOrO KOHTaKTa ~X cn~

pane~ C 3neMeHTaM~ KOHCTPYK~~~ TepMOCTaTa, B 3neKTp~4eCKY~ cxe
MY õsrn BBeAeH pa3Aen~TenbHbl~ TpaHC$OpMaTOp. TaKO~ cnoco6 perynu
pOBaH~R n03BOnReT nOAAepm~BaTb TeMnepaTYPY B MeCTe pacnOnOmeH~R 

nn-TepMOnapW C T04HOCTb~ He xyme ±O,5°. 
PacnpeAeneH~e TeMnepaTYPbl no 06beMY 06pa34a ~3MepRnOCb 4~$PO

BblM BonbTMeTpOM 181 runa ut-68002 C nOM:>~61O XI(-TepMonap, OAHa 
~3 KOTOpWX, KpOMe Toro, BWBOA~naCb Ha caMon~ce4 171 Kcn-4 AnR 
aBap~~Horo KOHTponR TeMnepaTYPbl, ~ COCTaB~no ±0,5% OT cpeAHero 
3Ha4eH~R/TO eCTb 130±0,7° ~ 200±lol. 

KOHCTPYK4~R TepMOCTaTa cxeMaT~4eCK~ npeACTaBneHa Ha p~c.2. 

OCHOBHWM~ COCTaBHWM~ 4aCTRM~ TepMOCTaTa RBnRDTCR Konb4eBwe cn~
pan suue uarpeaar en» 131, pac nonoxeaaue B ooxyce peónexropo a • 

BepxHRR 4aCTb TepMOCTaTa on~
paeTCR Ha meCTKY~ paMY 14/, 

.KOTopaR, B CBO~ 04epeAb, CTO
~T Ha TepMOCTaTa.OCHOBaH~~ 

BCR KOHCTPYK4~R Kpen~TCR Ha 
~CT~pOB04HO~ nOACTaBKe 17/. 
AnR YMeHbweH~R Tennoo6MeHa . 
c oKPy}\{aIO~e~ cpenoü s a C4eT 

1 

~3nY4eH~R ~cnonb3yroTcR TOHK~e 

an~M~H~eBwe 3KpaHW 11/. B 4eHT
2 pe TepMOCTaTa pacnonomeH o6pa
3 3e4 15/. IHa p~c.2 ~306pomeH 

4 cTanbHo~ cn~panbHw~ o6pa3e4, 
1 ~cnonb30BaHHbl~ np~ ~3MepeH~Rx 

1 Ha H 0/ 9/ 1 . Cy~ecTBeHHwM MO
21 MeHTOM B nonY4eH~~ onT~ManbHO

1 
ro pacnpeAeneH~R TeMnepaTYPw 

5 no o6pa34Y RBnReTCR BaKYYM~pO

BaH~e KaMepw o6pa34a. 

3, 

PHc.2. TepMocTaT: 1 - aJllOMHHHe
nsre 3KpaHbI; 2 - pedinexropsr; 
3 - HarpeBaTeJlH; 4 - paMa; 
5 - oõpa3eQ; 6 - nO~BO~H~He 

xananrrapst ; 7 - lOCTHpOBOt.IHaH 
nO~CTaBKa. 

4 

BaKYYMHaR C~CTeMa YCTaHOBK~ ICM.p~c.11 n03BonReT npO~3BOA~Tb
 

OTKá4KY KaMepbl B Tp~ 3Tana: c nOMO~b~ BaKYYMHoro Hacoca 112/
 
2HBP-5A 4epe3 a30THY~ nOBYWKY KaMepa OTKa4~BaeTCR AO AaBneH~R
 

- 10- 1 Top, 3aTeM BKn~4aeTCR aAcop64~OHHW~ yronbHw~ Hacoc 114/,
 
~ Ha4~HaR c AaBneH~R - 10-3 Top pa60TaeT TonbKo MarH~Topa3pRA

Hbl~ A~OAHbl~ oxna*AaeMbl~ Hacoc 1151 ,iHoPA-250 ", n03BonR~~~~ no

nY4aTb BaKYYM B KaMepe - 10-5 Top. AaBneH~e B KaMepe ~3MepReTCR
 
BaKYYMMeTpOM 113/ B~T-3.
 

CneAyeT 3aMeT~Tb, 4TO B 3Kcnep~MeHTax on~CWBaeMoro T~na 

B Ka4eCTBe KOHTe~HepoB MorYT 6WTb ~cnonb30BaHW KaK CMeHHW~ KO~

Te~Hepw IKBap4eBwe TPy6K~ B AaHHOM 3Kcnep~MeHTe/, TaK ~ o6pa3
4bl, o6ecne4~Ba~~~e B03MomHOCTb ~3MeHeH~R TepMOA~HaM~4eCK~X na
paMeTpOB m~AKOCT~ IB 4aCTHOCT~, AaBneH~RI 6e3 OCTaHOBK~ 3Kcnep~

MeHTa ~ BCKPWT~R KaMepw o6pa34a. np~MepoM TaKoro o6pa34a MomeT 
cnym~Tb CTanbHO~ cn~panbHw~ KOHTe~Hep, ~306pameHHw~ Ha p~c.2. 

B 3TOM cnY4ae AnR C03AaH~R HymHoro Aa8neH~R ~cnonb3yeTcR C~CTe

Ma KOHTponR AaBneH~R, OCHOBHO~ COCTaBHO~ 4aCTb~ KOTOpO~ RBnReT
CR rpY30nopwHeBO~ MaHOMeTp ICM. p~c. li Mn-600 IKnacc T04HOCT~ 

0,05/. 

06pa3e4, BXOAHO~ ~ BWXOAHO~ wTY4ep~ KOToporo ynnoTHR~TCR 

c BHYTpeHHe~ CTOpOHW H~mHe~ KpWWK~ KaMepw o6pa34a, coeA~HReTCR 

c BOARHO~ Mar~CTpanb~ IHepmaBe~~aR TPy6Ka A~aMeTpOM 2,5 MM C Ton
~~HoA CTeHK~ 0,3 MM/, KOTopaR ,3aKaH4~BaeTCR rpY30nopWHeBWM Ma
HOMeTpOM 11/. AnR Toro 4T06bl Macno ~3 MaHOMeTpa 111 He nonaAano 
B Mar~CTpanb ~ o6pa3e4, 6wn ~3rOTOBneH c~nb$oHHw~ 3aTBOp 13/, 
BHYTpeHHRR nonOCTb KOToporo 3anonHReTCR MacnOM ~3 Mn-600, a Ha
PymHRR - ~ccneAyeMo~ m~AKOCTb~. AnR 3anonHeH~R Mar~CTpan~ ~ KOH- • 
Te~Hepa o6pa34a m~AKOCTb~ ~cnonb3yeTcR cne4~anbHoe YCTPO~CTBO 

15/. 
C03AaBaeMoe c nOMO~b~ Mn-600 AaBneH~e Macna 4epe3 c~nb

$OH nepeAaeTCR ~ccneAyeMo~ m~AKOCT~ ~ ~3MepReTCR ABYMR o6pa34o
BWM~ MaHoMeTpaM~ MO 12; 6 Ha p~c.11 Knacca T04HOCT~ 0,15. KpoMe 
Toro, B Mar~CTpanbHW~ TPy6onpoBOA BMOHT~pOBaH 3neKTpOKOHTaKTHwA 
laBap~~Hw~1 MaHOMeTp 13KM/, c~rHan~HaR naMn04Ka KOToporo BWBe
AeHa Ha nynbT A~CTaH4~OHHoro ynpaBneH~R. ~cnonb30BaH~e rpY30BO~ 

KonOHK~ MaHOMeTpa Mn-600'n03BonReT OTcnem~BaTb ~3MeHeH~e AaBne
H~R B 06pa34e ~OA Bn~RH~eM CYT04Horo ~3MeHeH~R BHeWH~X ycnoB~~ 

~ nOAAepm~BaTb AaBneH~e c T04HOCTb~ - 0,1%. 

C nOMO~b~ on~CbIBaeMO~ YCTaHOBK~ MomHO nonY4aTb ~H$opMa4~~ 

o MoneKynRpHo~ A~HaM~Ke m~AKOCTe~ B W~pOKOM ~HTepBane ~3MeHeH~R 

TeMnepaTYP IBnnoTb AO 4500CI ~ AaBneH~~ IAO 300 aTM.I KaK Ha 
YPOBHe AAC pacceRH~R, TaK ~ B B~Ae npO~3BOAHWX no AaBneH~~ ~ TeM
nepaType OT 3aKOHa pacceRH~R: dS(Q, nw)/dp; dS(~, n~)/dT,' KOTO
pwe CBR3aHW c TpO~HO~ KoppenR4~oHHO~ $YHK4~e~/1 -20/. 
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4. PE3YnbTAT~ 3KcnEP~MEHTA 
T --, -~T~-T' ~ PHe. 5. A6eoJIlOTHble ABéDI'{,IJ;bl ,lJ;H<p<pe

'D0 .' pennaansnsre eel..leHHH ,lJ;JIH D12 >- 2CneKTpw pacce~HHWX He~TpoHoB 6wn~ npeo6pa30BaHw B aGcon~THwe 
d2a/dndE [6/ep'3B]; n~ [M3n].T = 200°CAAC pacceRH~~. np~ 3TOM Y~~TbIBan~Cb nonpaBK~ Ha 3$$eKT~BHOCTb 10I . . T = 200°C . El = 12°AeTeKTopOB, nponYCKaH~e He~TpoHoBOAOB nponeTHo~ 6a3bl cneKTpOMeT I li ,

pa, ocna6neH~e nOTOKa He~TpoHoB o6pa34oM ~ pacce~H~e He~TpoHoB 

KOHTe~HepoM o6pa34a. HOpM~poBaHHble no BaHaA~~ AAC pacce~H~~ 

d2a/dQdE npeACTaBneHW Ha p~c.3, 4, 5 An~ TeMnepaTYP 23, 130, 
200°C COOTBeTCTBeHHO. 
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PHe.6. 3aKOH paeeeHHHH 

S(Q '. nw) [M3B- 1 ] KaK <pyHKIJ;HH 

-- Q[R-I] ,lJ;JIH pa3JIHl..IHblX 3Hal..leHHH: 

Inw [M3B]. 

~6 O 4 O 2 o O 2 O hW 

1 ao 
2 14 
3 2.06 
4 3.42 
5 5.54
6 7.75 
7 10.08 
8 12.52 
9 15.08 

10 16.87 

T=200°C~--IT= 130:CT:23°C 

1 

lU) 

11 -'9.65 
12 22.59 
13 24.63 
14 26.75 
15 30.07 
16 39.88 

O 2 4 5 8 10 0246810 024 6 1'> 1~- Q. [Ã-1
] 
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~cnonb3YH ~3BeCTHOe BWpameH~e: 

- d2 a 4rr Eo ~ E-Eo
S (Q, Mú)) = dndE . a;- (-E-) exp(2~)' 

~3 axcrtepuxear ans aux ,Q,QC '6bln nOnY4eH C~MMeTp~30BaHHbl~ 3aKOH pac
CeHH~H I~n~ A~HaM~4eCKH~ CTPYKTYPHW~ $aKTOpl ~(Q, fiú)). 3AeCb Eo , 
E - Ha4anbHaH ~ KOHe4HaH 3Hepr~~ He~TpoHoB, aB - ce4eH~e pacceH
H~H Ha CBH3aHHOM HApe, k - nOCTOHHHaH 50nb~MaHa, T - a6con~THaH 

TeMnepaTypa, Q - TenecHw~ yron. 
Ha p~c.6 3aKOH pacceHHHH ~(Q, nú)), npeACTaBneH KaK $YHK4~H 

nepeAa4H BonHOBoro BeKTopa Q np~ nocToHHHO~ nepeAa4e 3Hepr~~ hú). 
3Aecb n~H~~, coeA~HHICIl.l~e axcnepave ar ane aue T04K~, nposeneua AnH 
YA06cTBa ~ npoHYMepoBaHbl. KamAaH ~3 HHX 10T 1 AO 161 COOTBeTCTBY
eT onpeAeneHHo~ nepeAa4e 3Hepr~~, 4TO OTpameHO PHAOM B Ta6n~~e. 

Ha6n~AaeMwe nonomeH~H OCHOBHWX 
MaKCHMYMOB ~ M~H~MYMOB Kp~BWX 

XopOWO Koppen~PY~T co CTPYKTYP
HWM $aKTopoM S(Q) An~ D2 0 . OA
HaKO np~ 3Ha4eH~AX hú) ~ 15 M3B 
nOBeAeH~e S(Q, nú)) CTaHOB~TCH 

a	 aHOManbHblM, 4TO npOHBIlHeTCH 
B HeperynHpHocT~ H3MeHeH~H $op
Mbl KpV. BO~ . 

3aKOH pacceHH~H S(Q, nú)) 
KaK $YHK~~H nepeAa4~ 3Hepr~~ 

nú) np~ nOCTOHHHOM 3Ha4eH~~ Q, 
nonY4eHHw~ ~HTepnonH~~e~ Kp~

BWX p~c.6, ~306pameH Ha pv.c.7. 
3Aecb, KaK H B npeAwAYll.leM cny

'3 

20 40 

Q=3.5A- 1 

2020 

-,...."" I I~ ! '~6 

l ~ l I~ I '=lB

004 

4ae, cnnowHwe nHHHH npOBeAeHW
 
+c: AIlH YA06cTB9. BHAHO, (4TO B 06
S naCTH Q $ 6 °A-1AnH Bcex Hccne-

AOBaHHWX TeMnepaTYP 3aBHCHMOCTb 
~(Q, nú)) OT nú) HBIlHeTCH npaKTH~ 
4eCKH rnaAKO~ H MOHOTOHHO y6w
Ba~we~. OAHaKO Ha4HHaH c Q ~ 

::::: 6 ~-l Ha scex KpHBblX B TO~ HnH 
HHO~ CTeneHH npOHBnH~TCH HeKO
Topwe oc06eHHOCTH B BHAe nHKa _ 

,li) 

PHc.7. 3aKOH pacceRHHR 

S(Q, ~ú))[M3B-IJ KaK ~YHK~HR 
nú) [M3B ] ,lJ;JUI pa3J1H"lIHbIX 3Ha"lleHm1 

° 1	 'Q[A- J: ti - 23°C; 6 - 130°C; 
B - 200°C.nw 

HIlH nne4a ICM.pHc.]a H 76 AnA TeMnepaTYP 23°C H 130°c COOTBeTCT
BeHHoI. nOA06Hble aHOManHH .Ha6n~Aa~TCA H npu r exnepervpe 200°C° I pHc.7B/, HO npo~BnA~TcA OHH npH 3Ha4eHHAX ~Q > 8 A-I. 

I 060cHoBaHHaA $H3H4ecKaA HHTepnpeTa~HA oc06eHHocTe~ nOBeAeHH~ 
~ 

i S(Q, nú))~,,_ t H S(Q, nÚ))Q t Tpe6yeT AeTanbHoro aHanH3a uw-cons =cons u

nOIlY4eHHWX pe3YIlbTaTOB. CTO~T, OAHaKO, OTMeTHTb, 4TO npH4HHOH 
.J TaKoro nOBeAeHHA KpHBWX Ha pHc.6 H 7 MomeT OKa3aTbCA npOABneHHe 

3cp$eKTOB «onnexru BHblX MOA B >I(HAKO~ D
2 

O. 

'fi 

'I 
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TEMATHqECKHE KATErOPHH nYBRHKAUHA 

OB~E~HHEHHOrO HHCTHTYTA ~EPHYX 

HCCRE~OBAHHA 

HH~eKc TeMaTMKa 

1. 3Kcnep~MeHTanbHaR ~~3~Ka B~COK~X 3Hepr~~ 

2. TeopeT~4ecKaR ~~3~Ka B~COK~x 3HeprHH 

3. 3Kcnep~MeHTaJ1bHaR HeHTpOHHaR ~~3~Ka 

4. TeopeT~4ecKaR ~H3HKa H~3KMX 3HeprHA 

5. MaTeManiKa 

6. RAepHaR cneKTpocKOnHR ~ paAHOXHMHR 

], ~~3~Ka TA*en~X ~OHOB 

8. KpHoreH~Ka 

q_ YCKOOHTeJlH 

10. AeToMaTH3a~HR o6pa6oTK~ 3Kcnep~MeHTaJ1bH~x 
AaHH~x 

11. B~4HC11HTenbHaR MaTeMaT~Ka H TeXHHKa 

12. XHM~R 

13. TexHHKa ~H3H4eCKoro 3Kcnep~MeHTa 

14. HccneAOBaHHR TBepA~X Ten H *HAKOCTeH 
RAepH~MH MeTOAaMH 

15. 3KcnepHMeHTanbHaR ~H3HKa RAepH~x peaK~HH 
np~ HH3K~X 3HeprHAX 

16. Ao3HMeTpHR H ~H3HKa 3a~~T~ 

1]. Teop~A KOHAeHCHpOBaHHOrO COCTOAHHR 

18. Hcnonb3oeaHHe pe3ynbTaToe H MeTOAOB 
~YHAaMeHTaJ1bH~X ~H3H4eCK~X ~CC11eAOBaHHH 

B CMe*H~X o6naCTAX HayKH H TeXHHKH 

19. 6H~H3~Ka 

llHCHQKHH ID.B. H AP· 
PacCeRHHe MeAfleHHMX HeATpOHOB TREenoA BOAOA 
B HHTepsane TeMnepaTyp /23-200/°C 

P3-86-779 

flpeACTaBne~ pesynbTaT~ HCCneAOBaHHR THEenoA BOA~ npH TeMne
paTypax 23; 130; 200°C MeTOAOM ueynpyroro paccenHHn MeAfleHHMX 
HeATpOHOB. 0nHCaHa YCTaHOBKa AflR HeATpOHHMX HCcneAOBaHHA MOne
KynRpHoA AHHaMHKH EUAKOCTeA B mHPOKOM HHTepsane H9MeHeHHR TeMne 
paTYp H AasneHuA. A6conwT~e 9KcnepuMeHTanb~e ABaEA~ AH~epeu
~Hanb~e ceqeHHR pacceRHHR MeAneHHMX HeATpOHOB TREenoA BO~OA 
npeo6pasosa~ B saKoH paccenHHR npu nocTonuuoA nepe~aqe 9HeprHH 
fiQ H nocToRHHOA nepeAaqe sonuosoro seKTOpa Q. 3aMeqeuo aHoManb-
HOe noBeAeHHe KPHBMX saKOHa pacCeRHHR. 

Pa6oTa BhlnOnHeHa B na6opaTOpHH HeATpOHHOA ~H9HKH OHHH. 

CoofiUleHHe 061.e.llHHeHHoro HHCTHT)'Ta ll,llepHWx uccneAoaauuii. JlyfiHa 1986 

llepeBOA O.C.BuuorpaAosoA 

Lisichkin Yu.V. et al. 
Slow Neutron Scattering by Heavy Water 
in the. (23-200)°C Temperature Range 

P3-86-779 

The result on heavy water investigation at 23; 130; 200°C 
temperatures using inelastic scattering method are presented. 
The experimental equipment for neutron investigations of mole
cular dynamics of liquids·in a wide range of temperature and 
pressure variation is described. Experimental double-differen
tial cross sections of the slow neutron scattering by heavy . 
water are transformed into the scattering law at lie.> = const 
and Q = const. The anomalous behaviour of the scattering law 
curves are noticed. 

The investigation has been performed at the Laboratory 
of Neutron Physics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1986 




