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1 • BBE,QEHH E 

OnpeAeneH~e 8PeMeH~ npoTeKaH~R peaK~~~ AeneH~R RAeP npeACTa8-
nReT ~HTepec AnR 8WRCHeH~R AeTane~ MeXaH~3Ma peaK~~~ ~ C80~CT8 

RAep 8 8036Ylt(AeHHOM COCTORH~~. 113MepeH~e 8peMeHHblX xapaKTep~CT~K 
peaK~~~ TeM 6onee He06XOA~MO, 4TO ycTaH08neHa HeOAH03Ha4HOCTb 
aHan~sa 6onbw~HCT8a TPaA~~~OHHWX 3Kcnep~MeHTanbHWX pesynbTa-
T08 no Ce4eH~RM, CIJYHK~~RM 8036yY.{AeH~R ~ cneKTpaM npOAYKT08 peaK
~~A. 06W4HO~ R8nReTCR C~Tya~~R, KOrAa 6onee ~n~ MeHee W~POK~~ 
Ha6op 3Kcnep~MeHTanbHbiX AaHHWX YA08neT8op~TenbHO 8ocnpo~38o
A~TCR 8 pac4eTax np~ 8W6ope HeeA~HCT8eHHoro KOMnneKTa napaMeT
po8 /eM., Hanp~Mep, 1 1·3/ /. B 4~cne napaMeTpo8 pac4eTa- TaK~e 
8a~Hwe Cll~3~4eCK~e 8en~4~Hw, KaK TeMnepaTypa, nnoTHOCTb ypo8-
He~ ~ MOMeHT ~Hep~~~ COCTa8HOrO RAPa, a TaK)t(e 6apbep AeneH~R 
~ OTHOWeH~e napaMeTp08 nnOTHOCT~ YP08He~ RAeP 8 CeAn080~ T04Ke 
~ 8 HeAe$opM~po8aHHOM COCTORH~~. BHeCT~ onpeAeneHHY~ RCHOCTb 
MO~eT ~3MepeH~e 8PeMeH~ npoTeKaH~R RAePHWX peaK~~~. TaK KaK OHO 
---· ··- ····-----··~---· .,,_, .. _ .... _.. .......... _._ ......................... ~ ............................................ -...................... _ 
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Horo R~pa. 
B 14 c noM~b~ 3CilelleKTa TeHe~ ~ccneA08anacb peaK~~R 16 0 + W. 

Hcnonb308anaCb TOHKaR MOHOKP~CTann~4eCKaR M~WeHb Ha nOAnO)t(Ke 
~ A8YXKOOPA~HaTHble no3~~~0HH0-4Y8CT8~TenbHWe nonynpo80AH~Ko8we 

AeTeKTopw AnR ~3MepeH~R napaMeTP08 TeHe8biX M~H~MYM08 8 npocT
paHCT8eHHOM pacnpeAeneH~~ ocKonK08 AeneH~R. PesynbTaT 141 co
CTORn 8 Ha6n~AeH~~ AOnrO)t(~8y~ero /r >10- 16 c/ KOMnOHeHTa peaK
~~~. ~HTepnpeT~po8a8werocR KaK 8KnaA cTyneHe~ AeneH~R cocTa8-
Horo RAPa nocne ~cnycKaH~R 4 ~ 5 He~TPOH08. ,l\onrolt(~8Y~~~ KOM
noHeHT AOCT~ran MaKc~ManbHO~ ~HTeHC~8HOCT~ 8nnoTb AO 20-25% 
oT nonHoro ce4eH~R AeneH~R 8 o6nacT~ 3Hepr~~ ~OH08 E L = 90-
100 M38. 8 3KCnep~MeHTe OH 8WR8nRnCR 8 8~Ae MaKC~MyMa 8 3Hepre
T~4eCKO~ 3a8~C~MO~T~ 8WXOAa 8 M~H~MyMe x AnR oce8o~ TeH~, Ha-
6n~Aa8we~cR nOA yrnoM, 6n~3K~M K 180° OTHOC~TenbHO ny4Ka. Ta lt(e 
peaK~~R ( 160 + W) 8nep8we ~3y4anacb c noM~b~ 3$¢eKTa TeHe~ np~ 
A8YX 3Ha4eH~Rx 3Hepr~~ ~oH08 8 pa6oTe 15~ He 6wno 8WR8neHo yKa
saH~~ Ha 8KnaA AOnrO)t(~8y~ero /r > 10-16 c/ KOMnOHeHTa AeneH~R, 
a o~eHKa 8PeMeH~ npoTeKaH~R peaK~~~ Aana pesynbTaT r~ 6·10-18 c 
8 npeAnonolt(eH~~ OAH03KcnoHeH~~anbHOro 8peMeHHoro pacnpeAeneH~R 
co6wT~~ AeneH~R 151 . HacTOR~aR pa6oTa 8WnonHeHa AnR nony4eH~R 
6onee noAP06Hwx pesynbTaTo8 no 8peMeH~ npoTeKaH~R peaK~~~ ~ 
npo8epK~ ~Me1001erocR pacxmKAeH~.A MelKAY pesynbTaTaM~ 14• 5/. 
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II. 3KCnEPHMEHT H PE3YnbTAT~ 

2. 1. MeTOAHKa 

B Ka4eCTBe MHWeHH HCnOnb30Banc~ TOnCT~H MOHOKPHCTann MeTan
nH4eCKOro eonb~paMa ecTecTeeHHoro H30TonHoro cocTaea, ero 
noeepxHOCTb coenaAana c KPHCTannorpa~H4eCKOH nnocKOCTb~ (110). 
,llee KpHCTannorpa~H4eCKHe ocH < 111 > cocTaen~nH yrn~ 93 1-1 164° 
C ny4KOM HOHOB, KOTOP~H Hanpaen~nc~ nOA yrnoM OKOnO 5° K nnoc
KOCTI-1 (110), nepneHAHKyn~pHoi1 noeepxHOCTH. Hcnonbaoeanc~ e~ee

AeHHbiH ny40K HOHOB HI 0 LIHKnoTpoHa Y-300 OH~H c 3HeprHei1 136 M3B, 
noHH~eHHe 3HeprHH ocy~ecTen~nocb an~MHHHeBWMH nornoTHTen~MH. 
ny40K orpaHH4HBanc~ KOnnHMaTOpOM 1-1 l-iMen AHaMeTp 1 MM Ha MHWeHH. 
T.K. ce4eHHe AeneHH~ doeonbHO peaKo y6~eaeT no Mepe TOPMO~eHH~ 
HOHOB B MHWeHH, 3~QeKTHBHa~ TOn~HHa pa6oTa~~ero cno~ 6wna cy
~eCTBeHHO MeHbWe nonHoro npo6era ocKonKoe. 0Ha Morna 6~Tb e~-
4HcneHa Hecno~H~M o6paaoM. 

OcKonKH AeneHH~ ~HKCHpoeanHCb cTeKn~HHbiMH TpeKOBWMH AeTeKTo
paMH, pacnonaraeWHMHC~ Ha paCCTO~HI-11-1 120 MM OT MHWeHH 1-1 nepeKp~
BaBWHMI-1 AHanaaoH yrnoe pacce~HH~ OT 70 AO 170° . CTeKn~HHble Ae
TeKTOP~ nocne XHMH4ecKoro TpaeneHH~ npocMaTpHeanHcb c noMO~b~ 
OnTH4eCKOrO MHKpOCKOna, nOAC4HT~Banacb nnOTHOCTb TpeKOB OCKOn
KOB AeneHH~ B 3aBHCHMOCTH OT KOOPAHHaT~ Ha AeTeKTOpe. B peaynb
TaTe cKaHHpoeaHH~ ocy~ecTen~nocb AHaMeTpanbHOe nepece4eHHe Te
Heeoro MHHHMYMa, a TaK~e nonHbiH npocMOTP ero l.leHTpanbHOH o6nacTH 
paaMepoM OKOno 2x2 MM2. 3neMeHT~n~nP nnnP ~nP~ua utAvnn~vn"~ 
HMeno nno~aAb 0,11x0,11 MM 2 . An~ HCKn~4eHH~· enH~HH~ ~~~~~~~o pac
npeAeneHH~ 4aCTHLI Ha ~OPMY TeHeBoro MHHHMYMa nonepe4HOe CKaHH
poeaHHe ocy~ecTen~nocb e HanpaeneHHH, no4TH nepneHAHKyn~pHOM 
nnOCKOCTI-1 peaKl.ll-11-1. npl-1 3TOM nHHI-1~ npOCMOTpa npOXOAHna Me~AY 
XOpOWO Ha6niOAaeMbiMH Ha AeTeKTopax nHHH~MI-1 nnOCKOCTH~X TeHeH. 
no peaynbTaTaM npoCMOTpa HaXOAHnc~ 06'beKTHBHbiH l.leHTp MHHHMyMa, 
onpeAen~naCb C MaKCHManbHO B03MO~HOH CTaTHCTHKOH nnOTHOCTb 
TpeKOB B MHHHMyMe 1-1 CTPOHnaCb nonHa~ ~OpMa TeHH npH AHaMeTpanb
HOM nepece4eHHH. OnpeAeneHHe OCHOBH~X napaMeTpOB TeHH - BWXOAa 
B MHHHMYMe X 1-1 nonHOH yrnOBOH WHPHH~ 1/J 112 Ha nonyrny6HHe -
ocy~ecTen~nocb c y4eToM nonpaeoK Ha yrnoeoe paapeweHHe, ce~
aaHHOe c paaMepoM ny4Ka, Ha H3MeHeHHe TenecHoro yrna H Ton~HHw 
pa6oTa~ero cno~ npH H3MeHeHHH KOOPAHHaTW T04KH Ha AeTeKTOpe, 
Ha npoc4eT~, CB~3aHHWe C ABOHH~MI-1 Hano~eHH~MI-1 TpeKOB. 

nop~AOK o6ny4eHHH MOHOKpHCTanna 6wn cneAY~HM: An~ H3MepeHH~ 
3aBHCHMOCTH napaMeTpOB TeHH OT A03~ HOHOB npOBeAeHO WeCTb nocne
AOBaTenbH~X o6ny4eHHH npH MaKCHManbHOH 3HeprHH HOHOB B OAHY 
1-1 TY ~e T04KY noeepXHOCTI-1 C ~HKCal.IHeH TeHeH B Ka~OM 1-13 HHX, 
Aanee Ha CBe~He Y4aCTKH MOHOKpHCTanna 6WnH CAenaHbl o6ny4eHH~ 
e~e npH Tpex 3Ha4eHH~X 3HeprHH HOHOB 1604 a TaK~e KOHTpOnbHbiH 
3KcnepHMeHT no ynpyroMy pacce~HHIO HOHOB 0 Ar c E L = 24 M3B. Pe
aynbTaTbl H3MepeHHH npHBeAeHbl e Ta6n.1. KpoMe nony4eHHblx aHa4eHHH 
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Ta6nHn;a I 
Pe3yJibTaTbi 3KCnepHMeuTa 

E1.1MaB I I roi6CM""2 ~(I640) ~;/. 'f'1fz(~~) I 
'f/~(93°) 1 

-.ccn. r'OOJI..._ 

9415 I 1I8 011805(69) 010651(1991 3100(15) 2145(15) 

9415 2199 0 I 2672 ( 100) 010425(239 2198(!5) 2155{!5) 
I04 0184 011827(51) 0104!2(!331 3125(!5) 2185(!5) 

II4 2128 012560(50) 010260(!36 3120(!5) 2180(!5) 

I3I 0168 01!822(52) 010247(!23 3115(15) 2185(!5) 

I3I !149 012534(7!) 010I84(I65) 3105{!5) 2165(!5) 
I3r• 2,34 0,2822(73) 0,0246(I701 3,05(!5) 2,85(15) 
131• 31!4 0, 348:.:!(95) -010093(214 3.05(!5) 2185(!5) 
!31 3,88 013747(93) 010094(215 3125(20) 3100(20) 

!31 4156 0,3598(!!0) 010143(254 3145(20) 2195(20) 
!9{40/lr) 01043 010769{37) 010IIO(GI) 3150(!5) 3120{!5) 

* MeJK,IJ;y o6ny'!eHH.RMH 6b1Jl c,D;enaH nepephiB B 8 ,D;Heii. 

X, ~X 1-1 1/J 112 An~ ABYX KPHCTannorpa~H4eCKHX osei1 AaHbl TaK~e cpeA
HHe no TOn~HHe MHWeHH 3Ha4eHH~ 3HeprHH HOHOB EL 1-1 £PeAHHe no 
HHTepeany o6ny4eHH~ 3Ha4eHH~ nnoTHOCTH A03bl HOHOB I • 

Z.Z. 3aBHCHMOCTb eenl-141-iH X 1-1 ¢112 OT A03bl HOHOB 
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BnH~HHe paAHal.IHOHHoro noepe~
AeHH~ MOHOKPHCTanna Ha napaMeTpbl 
TeHeBbiX MHHHMYMOB noKa3aHO Ha 
pHC. 1. C pOCTOM A03bl HOHOB BbiXOA 
e MHHHMyMe x '3Kc1(.164 ° I yeenH4HBaeT
c~, ~opMa aaeHCHMOCTH, npoeeAeH
HOH no T04KaM, He npoTHeope4HT 
~3BeCTHbiM AaHHbiM An~ HOHOB BOAO-

PHc. I . l13MepeHHhie ,ll;Jl.R peaKIJ;HH 
18 Q + W 3aBHCHMOCTH BbiXO,D;a B MH
HH!o{}'Me x '3KCn~ 164 ° I, pa3HOCTH ~X 
H yrnOBbiX mHpHH 1/Jl/2 OCeBhiX <Ill> 
TeHeBhiX MHHHMYMOB OT nnOTHOCTH 
,IJ;03bl HOHOB, 0 - 3HeprH.R HOIIOB 
131 r1:3B, o - 114 rbB, V - I 04 M3B, 
~- 94,5 M3B. ITorpemHOCTH ue 
noKa3aHhi B Tex cny'!aHx, Kor,D;a 
OHH MeHbWe pa3Mepa TO'IKH. 
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POAa 1-1 rehHH. B TO ~e speMH BHAHO, 4TO nHHe~HaH annpoKcHMa4HH 
X (l) =X (Q) + rl TaK>Ke YAOBneTBOf.HTenbHO COOTBeTCTByeT T04KaM. 
nony4eHHbl~ AnH B3aHMOAe~CTBHH 1 0 + W K03<)><!JH4HeHT r XOpOWO 
cornacyeTCH C CHCTeMaTHKO~/e/, B KOTOpO~ YCTaHOBneHa KoppenH41-1H 
nospe>KAaiOlJlero Ae~CTBHH TH>KenbiX HOHOB C HX HAepHO~ TOPM03HO~ cno
C06HOCTbiO B BelJleCTBe. BenH4HHa ~X,KaK HBCTByeT 1-13 T04eK AnH 
MaKCHManbHO~ 3HeprHH HOHOB, B npeAenax norpeWHOCTI-1 I-13MepeHHH 
He 3aBHCHT OT A03bl. C yMeHbWeHHeM 3HeprHH HOHOB ~X ysenH4HBaeT
CR. Ha PHC. 1/s,r/ BHAHO AOBOnbHO cna6oe, HO onpeAeneHHOe yse
nH4eHHe yrnOBO~ WHPHH~ MHHHMYMOB ~ 112 C POCTOM A03~. BepORTHO, 
3TO 06bRCHReTCR TeM, 4TO C ysenH4eHHeM BbiXOAa B MHHHMyMe nos~
WaeTCR ypoBeHb OTC4eTa yrnOBO~ WHPHH~ Ha nonOBHHe rny6HH~ 1-1 
COOTBeTCTBeHHO np~-1 coxpaHeHI-11-1 <)>opMbl TeHH npoHCXOAHT ysenH4eHHe 
~ 1 ; 2 • TeHeBO~ MHHHMYM np~-1 ysenH4eHHH A03~ HOHOB He npeTepnesaeT 
KaKHX-nl-160 3Ha4HTenbH~X 1-13MeHeHH~, KpoMe noB~WeHHR AHa nyHKI-1. 

2.3. 3aBMCMMOCTb senH4MH X M ~X OT 3HeprMM MOHOB 

Ha pMc.2 pe3YnbTaT~ H3MepeH~-t~ npeACTasneH~ a BHAe aasMCHMo
cTeA ~X 1-1 x/164°/ OT cpeAHei:i 3HeprMM MOHOB EL. npM EL=131 M3B 
ABHbl cpeAHHe no WeCTI-1 M3MepeHHRI~ 3Ha4eHMA. ~X AOBOnbHO perynRp
HO y6~saeT c pocTOM EL. BHAHO cooTseTcTBMe a npeAenax norpew
HOCTei:i Me)I(AY I-13MepeHHAMH ~X B HBCTOAlJlei:i pa6oTe 1-1 B /5/ 

npeACTBBneHHble Ha PHC.26 3Ha4eHHR X /164°/ He COAepmaT BKnBAa 
PBAHBLIHOHHOrO nospe>KAeHHR B senM4HHY X, T. e. OHI-1 nony4eHbl nyTeM 
3KCTpanonRl.ll-11-1 I-13MepeHHbiX 3Ha4eHHi1 K Hynesoi:i A03e C nOMOlJlbiO 3a
~MCMMOCTI-10 noKa3aHHo~ Ha pHc.la. norpewHOCTb HecKOnbKO ysenH-
4HsaeTcR 3a c4eT HeonpeAeneHHOCTH 3KcTpanonRLIHH. BnonHe 04e
BMAHO, OAHaKo, 4TO xI 164° I He y6btsaeT _c poeT oM E L• a AOBOnbHO 
cna6o so3pacTaeT. TaKaR 3asMcHMOCTb x(EL) HaXOAHTCR a npRMOM 
npOTHBOpe4HH C pe3ynbTaTOM/4/T.e. He nOATBep>KABeTCR Ha6niOAeHHe 

' 16 r~onro>KHBYlJlero epeMeHHOro KoMnoHeHTa I r > 10 - c/ AeneHHR e peaK-
41-11-1 160+ w. 
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PHc. 2. BbDWp; a MHHHMyMe X I I 64° I 
/3a BhNeTOM BKnap;a pap;Ha~HOHHOrO 
ITOBpe~eHHH/ H pa3HOCTb ~X B ga
BHCHMOCTH OT 3HeprHH HOHOB 160, 
0 H ~ - 3KCITepHMeHThl HaCTOH.eA 
pa60Tbl H pa60Thl /S/ 

0 
X H e - pe-

3YJ1bTaTbl pactieTa ITO cl>opMyJ1e I 7 I 
H ITO QOpMyJ1aM pa60Thl /12/ COOT
BeTCTBeHHO. 

2.4. 3aBHCHMOCTb senH4HH X OT TOn~HH~ cnOR KpMCTanna 

KaK yme OTMe4anOCb, cpeAHRR rny6HHa B~XOAa OCKOnKOB AeneHHH 
1-13 MHWeHH d MeHbWe nonosHHbl nonHero npo6era 1-13-3a cnaAa ce4eHHR 
ar(EL) np~-1 TOPMO>KeHI-11-1 HOHOB. no 3TO~ >Ke npH4HHe d 3BBMCHT OT 
3HeprHH MOHOB HB BXOAe B MMWeHb. XopOWO I-13BeCTHO, 4TO npM ysenH-
4eHHI-1 TOnlJlMHbl cnoR, npO~AeHHOrO 4BCTH4aMH B KPMCTanne, npOMCXO
AMT ysenH4eHHe B~XOAa B TeHeBOM MHHMMyMe X 3a C4eT np04eCca 
AeKaHanMposaHMR. Mo>KHO npeAnonomHTb, 4TO 3TOT npo4ecc oTseT
CTBeH 3a HaGniOAaeMoe ysem14eHHe x /164° I c ysenH4eHMeM E L 
/pHc.26/. AnR nposepKM npe~nono~eHHR cAenaH 3KcnepHMeHT no 
ynpyroMy pacceRHI-110 MOHOB 4 Ar /24 M3B/ Ha TOM >Ke MOHOKPMCTanne 
np~-1 Mcnonb30BaHHM cTeKnRHH~x AeTeKTopos. M3 yrnosoro pacnpeAe
neHHR B~XOAa pacceRHH~X Ha TOnCTOA MHWeHH HOHOB B MHTepsane 

(J L = 80-1]0 ° C npMMeHeHMeM <)>opt-lynbl M3 pa60Tbl /7/ onpeAeneH HM>K
HHA nopor perMCTPBLIMI-1 MOHOB 4°Ar CTeKnOM. 0H OKa3anCR paseH 
n = 4-5 M3B. 3HaHHe nopora perHCTPBLII-11-1 n c Y4eTOM noTepl-1 3Hep
rHM MOHOB Ha OTAa4y npl-1 pacceRHMM M TOPM03H~X noTepb 3HeprHH 
n03BOnReT Bbi4MCnHTb TOnlJlHHY pa60TBIOlJlero CnOR MMWeHH. AnA HOHOB 
40 Ar OHa OKB3biBBeTCA Manoi:i. no3TOMY noRBnReTCR B03MO>KHOCTb npo

eepHTb, HaCKOnbKO CHnbHO BnHAeT COKpalJleHHe TOnlJlMH~ CnOR Ha B~XOA 

B MHHMMyMe X• 
Pe3ynbTaT~, nony4eHH~e AnA pacceRHHA MOHOB 40 Ar,AaH~ B Ta6n.1, 

Ha pMc.3 noKa3aHo M3MeHeHHe x 0 /164°/ e 3asHCMMOCTM OT d/R, rAe 
R - nonHbti:i npo6er 4BCTM4. To4KBMM npegcTasneHbt 3Ha4eHMR. nonv-
4CHH~e AnA OCKOnKOB AeneHHR np~-1 4eT~peX 3Ha4eHHRX 3HeprMH MOHOB 
160M e cny4ae ynpyroro pacceRHMR MoHoB 40Ar. BenM4MHa x 0 /164°/= 

=X 3Kcn-;- X pat~.- X r nony4eHa nyTeM B~4MTaHMR M3 M3MepeHHoro 3Ha-
4eHMR X KOMnOHeHTOB, CBR3BHHbiX C PBAMal.IMOHHbiM noepe>KAeHMeM X paj~, 
M c speMeHeM 3aAeP>KKM coGbtTMi:i AeneHMR x,. Hcnonb30BaHo B~4MCneH

Hoe 3Ha4eHMe Xr /eM. pa3Aen III/. AaHHbte pMc.3 noKa3bl-
aaiOT CYllleCTBeHHOe yMeHbWeHMe x c yMeHbWeHMeM TOnlJlMHbl cnoA ee
lJleCTBa, npoXOAHMoro 4BCTM4aMH. TaK 4TO Ha6niOAaeMoe M3MeHeHMe 
X (EL) AnR peaKl.IMM 160 + W HBXOAMT ecTeCTBeHHOe 06bRCHeHHe. Hy)I(HO 
3aMeTHTb, OAHBKO, 4TO Ha6niOABeMOe Ha p~-tc.3 CylJleCTBeHHOe yMeHb
WeHMe X npM nepeXOAe OT OCKOnKOB AeneHHA K HOHBM 40Ar MO)I(eT 
6~Tb CBR3BHO He TOnbKO C H3MeHeHHeM d/R,HO TaK)I(e 1-1 C APYrHMH 
pa3ni-14MRMM npOlleCca <)>OPMMPOBBHMR TeHH AnA OCKOnKOB AeneHHA 
M HOHOB 40 Ar, 

0,2 

O,I .-----
~ --- -cr--h -

O,OL-----L---~~--~----~~ 

o,o O,I 0,2 0,3 d/R 

PHc.3. 3asHCHMOCTb BenHl!HHhl 

Xo/164o/=x3Kcn. -XpaA.-Xr oT 
cpep;HeA rJ1y6HHhl BhlXOAa qacTH~ 
H3 MHmeHH d,B3RTOH B OTHOWeHHH 
K ux ITOJ1HOMY npo6ery R.O- AnH 
OCKOJ1KOB p;eneHHH, e - AJ1H HOHOB 
40Ar, 
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III. PAC4ET 

nonHoe ce4eH~e AeneH~~ pacnpeAeneHo no HecKonbK~M seTB~M 
nocne ~cnycKaH~~ x HeATpoHos. Pe3ynbTaT~ ~3MepeH~~ napaMeTpos 
TeHeB~X M~H~MYMOB CaM~ no Ce6e He n03BOn~IOT OAH03Ha4HO Bbl~c

H~T b, KaK~e ~3 seT seA AeneHH.~ A a lOT sKnaA s sen~4HHbl x I 164 ° I 
~ 11x. no3TOMY An~ noH~MaH~~ nony4eHHbiX sen~4HH s 3as~c~MOCT~ oT 
3Hepr~~ ~OHOB He06XOA~MO CAenaTb pac4eT, npas~nbHO MOAenHpyiO~~H 

v ' KaCKaAH~~ np04eCC pacnaAa COCTaBHOrO ~Apa, speMeHHYIO 3aAeP~KY 
C06biT~H AeneH~~ H ~OPMHPOBaH~e TeHesoro MHH~MYMa np~ CMe~eH~H 
T04K~ ~cnycKaH~~ 4aCT~4 H3 y3na peweTK~. 

3.1. Bepo~THOCTb AeneH~~ 

nocneAOBaTenbH~H CTaTHCT~4eCK~H pac4eT o6~4HO BKn~4aeT B ce6~ 
Bb14~CneH~e Bepo~THOCT~ AeneH~~ B036Y~AeHHOrO ~APa. 0AHaKO Heon
peAeneHHOCTb B Bbl6ope napaMeTpOB npHBOA~T K 6onbWOH HeonpeAe
neHHOCT~ pe3ynbTaTOB. 0Ka3anocb 11,21, 4TO pacnpeAeneH~e Px non
Horo ce4eH~~ AeneH~~ no 4~cny HeATpoHoB x, ~cny~eHH~x AO 
AeneH~~.He MOmeT 6~Tb OAH03Ha4HO onpeAeneHO pac4eTOM. no3TOMY 
An~ HaXO~AeH~~ Bepo~THOCT~ AeneH~~ ~AeP B KaCKaAe pacnaAa co
CTaBHOrO ~Apa 6yAeM OCHOB~BaTbC~, rnaBH~M o6pa30M, Ha pe3ynb
TaTaX ~3MepeH~H, ~MeiO~~XC~ B n~TepaType. np~ MeHbWeH TeopeT~-
4eCKOH 060CHOBaHHOCT~ 3TO MO~eT AaTb 60nbWyiO AOCTOBepHOCTb. 

<ilyHK4~~ B036Y~AeHH~ AeneH~~ a r(EL) pa3HbiX ~30TOnOB BOnbQpaMa 
... 1A- lA I -

,,_""' M'-"'''-, c.,.,~~;;,..,.. .... uMutj v ••JJV1tst::l-4t=:Hbl ~ ... , l..pe.qHee ce4eHHe An~ 

M~WeH~ ecTeCTBeHHoro ~30TonHoro cocTasa npaKT~4ecK~ cosnaAaeT 
c <l>YHK4~eA B036Y~AeH~~ An~ ~30TOna 184 w. no3TOMY B AanbHeAweM 
An~ ynp~eH~~ pac4eT BblnOnH~eTc~ An~ peaK~.~~~ 16 0 + 184 w. nonHa~ 
sepo~THOCTb AeneH~~ cocTaBHoro ~APa Pr ~ arl a c• onpeAeneHHa~ 
B 14~ XOPOWO COOTBeTCTByeT sen~4~HaM Pr,~3MepeHHbiM a 111 An~ 
6n~3KOH f.eaKI..I~~ 19 F + 1 81Ta,np~BOA~~e~1 K TOMY ~e COCTaBHOMY ~APY 
200 Pb. B 11 onpeAeneHa TaK~e 3as~c~MOCTb sepo~THOCT~ AeneH~~ 
Pr 0) OT yrnosoro MoMeHTa, TaK~M o6pa30M onpeAen~eTc~ cn~Hosoe 
pacnpeAeneH~e A en~~~ XC~ ~AeP a I P f (I) • 0HO OKa3b1BaeTC~ AOBOnbHO 
Y3K~M c MaKc~MYMOM np~ 3Ha4eH~~x I, 6n~3K~x K MaKc~ManbHOMY 3Ha-
4eH~IO I~ TaK KaK Prill AOBOnbHO pe3KO HapacTaeT s o6nacT~ 
I::: ao1i. Han~4~e y3Koro pacnpeAeneH~~ no yrnoBOMY MOMeHTy noa
son~eT npo~3secT~ 3aMeHy <)l~3~4eCK~x sen~4~H, 3as~c~~~x OT I, 
Ha cpeAH~e no cn~HOBOMY pacnpeAeneH~IO c He 04eHb 6onbwoA no
rpewHOCTb~. B 4aCTHOCTH, 6bln~ Bbl4~cneH~ cpeAH~e 3Ha4eH~~ 3Hepr~~ 

spa~eH~~ H sepo~THOCTH AeneH~~ An~ aHcaM6n~ Aen~~~xc~ ~Aep, Ko
Topble He cosnaAaiOT c onpeAeneHHbiM~ An~ aHcaM6n~ cocTaBHbiX ~Aep: 

1i 2 I m 
a - 1 I. I (I + 1) a P (I) ; 

2J r 1~ o I r 111 

6 

) 

I 

121 

rAe J C4~Tanc~ paBHbiM MOMeHTY ~Hep4~~ TBePAOro wapa, ay~21+1. 
8 Ta6n. 2 npHBeAeHbl 4~cneHHble 3Ha4eH~~ I liP < E sp.>, < Pr >. Ecn~ 
~3 KaK~x-n~6o Ao6aB04HbiX AaHHbiX nony4~Tb pacnpeAeneH~e Px -
4~cna ~cny~eHH~X AO AeneH~~ HeHTPOHOB, TO onpeAen~TC~ sepo~T
HOCTb TaK~X C06b1T~H, KOrAa ~APO ~cnycKaeT X HeHTPOHOB, a 3aTeM 
Aen~Tc~ Gxr .. Px<Pr >. H3 sen~4~Hbl GJ:t y>Ke HeTPYAHO Bbi4Hcn~Tb 
cpeAHIOIO sepo~THOCTb AeneH~~ Pxr An~ ~Aep, AOCTHrw~x x-A seTs~ 
KaCKaAa, TaK KaK: 

x-1 
G ~ P II (1 P ) xr xr kt 0 - kf • 131 

<llyHK4~~ P x (x) 3Kcnep~MeHTanbHO onpeAeneHa IS! An~ AeneH~~ co
cTasHoro ~APa 204 Pb, o6naAa~ero HecKonbKO MeHbweA Aen~MOCTbiO, 
4eM ~HTepecy10~ee Hac 200 Pb. TeM He MeHee, Ha ocHose pe3ynbTaTa 181 

~CHO, 4TO px MOHOTOHHO yMeHbWaeTC~ C POCTOM X, B~A 3TOH <)lyHKI..I~~ 
noAo6eH pe3ynbTaTy pac4eTa, CAenaHHoro sIll An~ 200 Pb s npeA
nono)l{eH~~ B r ~ 0, 94 BL , a I a ~ 1, 05. C ~cnonb30BaH~eM peaynb
TaTos 11,8/ nocTpoeHbl J>acnrpeAe'heH~~ P , KOTOPble 3aKnaAbiBan~cb 

X 
s Ka4eCTBe ~CXOAHoro Hynesoro np~6n~MeH~~ s pac4eT An~ n~T~ 3Ha-
4eH~i1 3Hepr~~ ~OHOB 16 Q, 

Ta6mn.1,a 2 

EL,M3B I m•1i < E sp.>. ~bB < P r > v 

94,5 37 5,2 0,38 I ,27 

104 46 8,0 0,66 1,47 

114 53 9,8 0,78 I ,65 

122 58* II ,6 0,33 I, 78 

131 58* II ,6 0,83 2,03 

* Y'ITeH KpHTH'IeCKHI1 yrnosoti MoMeHT nornm'1eHHH THJKenoro HOHa, 

nony'IeHHbDI C HCn~nb30BaHHeM CHCTeMaTHKH /14/ . 

3.2. BpeM~ ~~3H~ so36Y~AeHHbiX ~AeP 

BpeMeHH~e pacnpeAeneH~e co6~THA pacnaAa B036Y~AeHHoro ~APa 
C4~Tanocb 3KcnoHeHI..I~anbHbiM c napaMeTpoM r = 1i1 f'T, rAe nonHa~ 
w~p~Ha f' 1' ~ f' n (l - Pr ) - 1. Ben~4~Ha f' n Bbl4~cn~nacb no o6~4HOH <)lop
Myne CTaT~CT~4eCKOH MOAen~: 
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rAe ko= 8,65 M3B. 3Hepr~H cnap~saH~H onpeAenHnacb H~ ycnoe~~. 
4To cpeAHHH 4eTHo-He4eTHaH eapHa~~H 3Hepr~~ CBH3~ HeHTPOHOB 
AnH HccneAyeMbiX HAeP 194·200 Pb pasHa ~n ~ 4TO ~p = ~n. nn~THOCTb 
ypoBHe~ p H TeMnepaTypa T B3HT~ no CHCTeMaTHKe, nony4eHHO~ 

8 pa6oTe/9/ Ha ocHoee aHan~3a 3KcnepHMeHTanbHoro MaTepHana no 
cneKTpaM He~TpOHOB, HCnycKaeM~X B036ymAeHH~M~ HAPaM~: 

T = Ct( ~*)113 , 

SA 1/3(E*)2/3 
p ""' const exp---"-"'---

2Ct 

/51 

/6/ 

rAe ct- napaMeTp, KOTOP~~ MomeT 6~Tb onpeAeneH ~3 ycnoBHH co

rnacoeaHHH pac4eTa ~ 3Kcnep~MeHTa. 
nocKonbKY HAPO, AenH~eecH nocne HcnycKaHHH x He~TpOHOB, npo

xoAHT HecKonbKO nocneAOBaTenbH~X cTyneH:~ pacnaAa, xapaKTepH- v 

3yiOl!I~XCH CBOHM napaMeTpOM r , TO epeMeHHOe pacnpeAeneHHe C06biTH~ 
AnH x -~ eeTB~ coAepmHT 3Ha~onepeMeHHbl~ PHA 3KcnoHeH~Hanoe: 

N (t) 
X 

X 

l 
f' 1 .. - n 

X - -

X 

C -t/rk 
xk e 

n (r - r ) 
j=O;jf k k j 

171 

Coo= 1. !8/ 

TaKHM o6pa 3oM, AnH nony 4eH~H epeMeHHoro pacnpeAeneHHH x-~ eeTB~ 
AeneH~H CHa 4ana B~4HCnHeTCH cpeAHHH 3HeprHH B036YmAeH~H HAPa 

- k 
nocne HcnycKaHHH k He~TpoHoB np~ k oT 1 AOXUk=E*- 1~ 1 (~1+ 2~), 
rAe T

1
- cpeAHHH TeMnepaTypa, xapaKTepH3Y~l!laH i-~ cTyneHb, 

3aTeM pacc4HT~Ba~TCH 3Ha4eHHH Pkr /eM. pa3Aen 3.1./, onpeAe
nH~TCH napaMeTp~ rk C HCnonb30BaHHeM ¢opMyn~ /4/ ~ HaXOA~TCH 
pacnpeAeneHHe N x (t) no $opMyne 17 I. 

3.3. nepeXOA OT r K een~4~HaM X~ ~X 

B HaCTOH~ee speMH pa3B~T~ 4~cneHH~e MeTOA~ B~4~cneH~H napa
MeTpos TeHeeoro M~H~MyMa AfiH cny4aH ~cnycKaH~R 4aCT~~ RAPaM~, 
cMe~eHH~M~ ~3 y 31108 Kp~cTa1111H4eCKO~ peweTK~. HeTPYAHO ycTaHo
B~Tb, OAHaKO, 4TO cpaBH~TenbHO npOCTaH aHall~TH4eCKaR ¢OpMyna 
H3 pafioT~/10/ AaeT AOCTaT04HO 6S1~3K~e pe3YilbTaT~ K 6onee CllOmH~M 
sap~aHTaM 4~CS1eHHOrO MOAen~pOBaH~R TeH~. np~MeHeH~e aHall~T~4ec-

8 

KO~ ¢opMyn~ e cny4ae MHorocTyneH4aToro pacnaAa oco6eHHO ~ena
TenbHO, T.K. OHO n03BOnHeT peWHTb 3aAa4y B HBHOM BHAe. B 1111 

nony4eH~ B~pameHHH AnH B~4HCneHHH B~XOAa B TeHeBOM MHHHMyMe 
AnR cny4aH MHorocTyneH4aToro pacnaAa cocTaBHoro HApa: 

n 
X = l P X ; 

x=O X X 

1 
X 

l 
v rx k=O 

-r/vrkl, + v rk e c 

/9/ 

rk ] + 

/10/ 

rAe v- cocTaBnH~~aH cKopocTH AenH~erocH HAPa, HORManbHaH K K~H
cTannorpa¢H4ecKo~ ocH; napaMeTpbl 0=2,5, rc= 0,4 A, r 0 -= 1,37 A 
AnH MOHOKPHCTanna w. <!>opMyna /10/ nony4eHa c npHMeHeH~eM aHan~
TH4ecKoro e~pameHHH M3 pa6oT~/10/ H ¢opMyn~ /7/. HeAOCTaTKOM 
npHBeAeHHOrO eapMaHTa pac4eTa HBnHeTCH TO, 4TO B HeM OTCYTCTByeT 
y4eT AMCnepCMM OCTaT04HO~ 3HeprMM Ux nocne MCnyCKaHMH X He~Tpo
HOB. KamAaH cTyneHb pacnaAa xapaKTepM3yeTcH e /10/ enonHe onpe
AeneHHbiM TX, 4TO BHOCMT HeT04HOCTb M3-3a MMe~~erOCH pa36poca 
U X M CBH3aHHOrO M3MeHeHMH T (UX) • 

B 1121 pa3BMT cnoco6 pac4eTa eenH4MH Xx' Y4MTbiBaiOI!IH~ AMCnep-
Cl-1Kl QCTaTO~HO~ ~HPnrLAlA Rrv::th~'\JI.n.ow•Ao .Q~~ ;:::::.:.:::::::;: .:..:.M.:.·~,.., ,-,,:,..w.Jtu\..o 1 

OAHaK~ eeecTM ynpo~a~l!lee npeAnonomeHHe o B03MomHocTM annpoKcH
Ma~MM epeMeHHoro pacnpeAeneHMH Nx (t) OAHOi:i 3KcnoHeHTO~ c CYMMap-

x-1 
HbiM cpeAHMM epeMeHeM mM3HM rx =r(Ux) \~o rk(Uk) • Cnoco6 pac4e-

Ta, onMCaHH~~ B/12/, Y4MT~BaeT B HBHOM BMAe pacnpeAeneHMe OCTa
T04HO~ 3HeprHH B036ymAeHMH dW/dUx , 3aBMCMMOCTb OT Ux epeMeHM 
mM3HM r (U :~~) M eepoHTHOCTM AeneHHR Pr (U x) HAeP. KamAbl~ M3 ABYX 
o6cymAaeM~X BapMaHTOB BW4HCneHMH Xx HMeeT CBOM npeHMy~eCTBa 
M CBOM ynpOl!la~l!IMe npeAnonomeHMH. no3TOMY pac4eT BblnOnHeH M TeM 
M APYrMM cnoco6aMM, KaK no ¢opMyne /7/, TaK H no ¢opMynaM pa6o
Tbl/12/ c ~enb~ npoeepKM ycT0~4MBOCTM pe3ynbTaTa. B o6oHx eapMaH
Tax Y4TeHO M3MeHeHMe aHM30TpOnMH yrnOBOrO pacnpeAeneHMH OCKOnKOB 
AeneHMH C M3MeHeHMeM X, KOTOpoe AaeT HeKOTOPW~ BKnaA B H3MepHe
My~ eenM4HHY ~X. 

IV. 06CYmAEH~E PE3YnbTATOB 

3Ha4eHMH pa3HOCTH BbiXOAOB TeHeB~X MMHMMYMOB ~X ~ BKnaAa Bpe
MeHM lKM3HH B B~XOA X /164 °/ B~4HCneHbl npM nHTH 3Ha4eHMHX 3Hepr 
rMH HOHOB e ABYX sapMaHTax $opMyn. Pe3ynbTaT~ noKa3aH~ T04KaMM 
Ha pHc.2 e cpaeHeHMM c M3MepeHH~MH 3Ha4eH~HMH. Bapb~pyeM~MM 
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napaMeTpaM~ pae4eToe 6~n~ K03~$~4~eHT Ct, onpeAenfl~~~i1 TeMne
paTypy, ~ een~4~H~ P x AI1fl eeTeei1 AeneH~fl, Aa~~x eyll\eeTeeHHbiH 
BKI1aA B ~X· KaK B~AHO ~3 p~e.2, YAanoeb AOeT~4b Hennoxoro eooT
eeTeTB~fl pae4eTa ~ 3Kenep~MeHTa e onpeAeneH~~ ~x. Aea eap~aHTa 
$OPMYI1 AI1R nepeXOAa OT r K X Aa11~ 6n~3K~e pe3yi1bTaTbl np~ OAHOM 
Bbl6ope eapb~pyeM~x napaMeTpoe. T .o. ReHo, 4TO ynpOII\a~~e npeA
nonomeH~R, pa3n~4H~e e 3T~x ABYX eap~aHTax, He e~nbHO ~eKama~T 
pe3yi1bTaT. HeKOTOPaR e~eTeMaT~4eeKaR norpewHoeTb pae4eTa 
1-20% een~4~H~ ~X I MomeT B03H~KHYTb 3a e4eT ~enonb30BaH~R 
aHc'311~T~4eeKOrO eOOTHOWeH~R ~3 pafiOTbl /10/, 

np~ YAOBI1eTBOP~Tei1bHOM on~eaH~~ een~4~H ~x. 3Ha4eH~R X T I 164 ° I 
OKa3an~eb ey~J4eeTBeHHO MeHbW~MI-1, 4eM I-13MepeHHble 3Ha4eHI-!R 
X:JKcn /164 ° I - Xpa,ru 1-1 AOBOI1bHo ena6o MeHR~I-IMHeR e 3aeHeHMoeTH 
OT 3HeprHH HOHOB. CneAOBaTei1bHO, rnaBHblii BKI1aA B x/ 164 °/ BHOeHT 
MeTOAH4eeKaR eoeTaBI1RIOII\aR MHHHMai1bHOrO BbiXOAa, eBR3aHHaR e He
XOAH~M HeeoeepWeHeTBOM MOHOKPHeTanna 1-1 AeKaHai1HPOBc'3HHeM. 

Ha p~e.4 AaH~ $YHK4HH P (x) 1-1 r{U), nony4eHH~e e pae4eTe. To4-
4 lt v 

KaMH Ha p~e. a-r noKa3aH~ 3Ha4eH~R p ,HaHAeHH~e 1-13 ye110BHR lt v 

Ha~ny4wero onHeaHHR 3KenepHMeHTanbHo onpeAeneHH~x 3Ha4eHHH ~x. 
no ~YHK4~RM plt HaXOAHTeR epeAHee 4He110 v HeHTpOHOB, ~enyll\e~H~X 
AO AeneHHR /eM. Ta6n.2/. BHA ~YHK4HH P eooTBeTeTsyeT pe3YI1bTa
TaM11•81, HeTPYAHO noHRTb, 4TO TaKoe n~BeAeHHe P 03Ha4aeT AO-

x v 

eonbHO ena6oe H3MeHeHI-1e eepoRTHOeTH AeneHHR RAeP e 3HeprHeH 
B036ymAeHHR RAPa. npH 3TOM Ha6mlAaeM~i1 poeT $YHK4HH (ur/ u c)(EL) 
eneAyeT OTHeeTH rnasH~M o6pa3oM K yeenH4eHHIO epeAHero yrnoeoro 

,.. - -
MVMt::M I c.;2 \...U\,.. I dt:SMUI V .MI-4..,d \,.. yt:n::::.t1Vl~CMY1CM >3MCtJI nn YIVnVD • V.II~HVDO 

TenbHO, 6apbep AeneH~R flAeP Pb eyllleeTeeHHo noHHmaeTeR 3a e4eT 
BPall\aTei1bHOH 3Hepr~H 1-1 eTaHOBHTeR 611H3KHM K 3HeprHH eBR3H Hei:\T
POHa. $yHK4H~ r (U) AI1R RAeP 195·200 Pb, noKa3aHH~e Ha p~e. 4A, 
eHI1bHO y6~BciOT e poeTOM U, OAHaKO 3TOT enaA 3Ha4HTei1bHO MeHbWe, 
4et~ npH HenOI1b30BaHHH TeMnepinypbl RAPa B MOAei1H QePMI-1-ra3a 
T- {E*/A) 112 • Heperyr.RpHOeT~ s noeeAeHHH r(U) npH ~3MeHeHHH 
4Hena X eBR3aH~ e HeperynRpH~M ~3MeHeHHeM 3HeprHH eBR3H HeHTpo
Ha Bn(A). 0HH 4aeT~4HO eoxpaHR~TeR, HeeMOTpfl Ha y4eT epeAHei:1 
3HeprH~ enapHBaHHR. 

YAoeneTBOPHTei1bHoe onHeaHHe epeMeHH npoTeKaHHR peaK4~H Aene
H~fl RAep 16 0 + W RBI1ReTeR XOPOWHM apryMeHTOM B nOI1b3y enpaeeA
I1~BOeT~ eHeTet~aTHKH TeMnepaTypbl RAPa B BYIAe T = ct (E*/ A) 113 • 
nony4eHO 4Hei1eHHOe 3Ha4eHHe Ct= 1,94, KOTOpoe He 04eHb eHI1bHO 
OT I1H4aeTeR OT Be11H4HH~ C t = 2, 22, HaHAeHHOH B 191 Ha OeHOBe 
aHai1H3a eneKTPOB Hei:\TpOHOB B WHPOKOM Al-1c'3na30He 3HeprHH B036ymAe
HHR RAep. HeKOTOpoe pa3111-14He MOmeT B03HHKHYTb, HanpHMep, B pe-
3YI1bTaTe HeT04HOrO y4eTa BKI1aAa 4aeTH4 npeApaBHOBeeHOH 3MHeeHH 
a Hei:1TpOHH~e eneKTpbl. TaKI-1~1 o6pa30M, YAanoeb yeTpaHvtTb eyll\eeT
eeHHoe pacxomAeHvte t~emAY 3Ha4eHI1RMH T eMnepaTypbl, nony4eHH~Mvt 

1-13 aHai1vt3c'3 apeMeHH llPOTeKaHH:l peaK41-1H e OAHOi'l eTOPOHbl ~ 1-13 illena
PI-ITCJlbHbiX eneKTPOB 4aer1-14 - e APYrOH. 
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T 

PHc.4. a-r/ PacnpeAeneHHe qHcna Hcny~eHHWX AD AeneHHH 
TTnT:rm.,......,,.,.,...~ 0 fv'\ ..... -.- -.~ ..... _ _ __ _ _ Pflll-. _, 
------r----- -x ,-, ...- .t' .... "-.&.LUoM'- .C.I.'-"AV.U.OV.I. v .11,t..\,1JC1 ru, UU.IJd-

30BaHHOro B peaKIJ;HH 16 0 + 184 W UpH :meprHH HOHOB 94,5; 
I 04; I I4; I 3I lhB cooTBeTCTBeHHO. AI 3aBHCHMOCTb speMe
HH 1KH3HH T pacnaAaiO~XCH HAep OT CpeAHefi TellnOBOH 3Hep
rHH B036)T)KAeHHH U nocne HCUYCKaHHH X HefiTpOHOB. lbicna X 
AaHbJ Ha PHCYHKe, 

0TMeTvtM, 4TO pae4eT e TeMI-1 me napaMeTpaMH n03BOI1ReT OnHeaTb 
TaKme Benvt~I-1Hbl ~X, nony4eHH~e e 1131 npvt HeeneAOBaHI-11-1 MeTOAOM 
TeHeH peaKl.IHH 22 Ne + W • 3KenepHMeHTai1bHO onpeAeneHHble 311,514eHHR 
~xpaBHbl 0,070/25/ H 0,037/9/ npH 3HeprHH HOHOe HeoHa EL= 109 
H 166 M38, a pae4eT AaeT 0,058 H 0,034 eOOTBeTeTBeHHO npH He
nOI1b30BaHHH $YHKLIHH Plt(x), eXOAHbiX C TeMH, 4TO noKa3aHbl Ha pHc.4. 
KpoMe Toro, cneAYeT cKa3aTb, 4TO YAOBneTsopHTenbHoe onHcaHHe 
nony4eHHbiX 3Ha4eHHH ~X AI1R HCCI1eAYeMbiX peaKl.IHH MOmeT 6b1Tb CAe
naHO 1-1 e TOM cny4ae, ecnH RAePHaR TeMnepaTypa 6onee cna6o 3a
BHCHT OT 3HeprHH so36YmAeHHR, 4eM T- (E*) 173 , HI1H ecnH T MeHbwe 
no a6con~THOI1 eenH4HHe npH coxpaHeHHH 3aBHCHMOCTH T- (E *) 118 • B 
3THX eapHaHTax pac4eTa cornacHe c 3KcnepHMeHTOM nerKo AOCTHraeTcfl 
npH YMeHbWeHHH CPeAHero 4Hcna Hei1TPoHos, HCnYII\eHHbiX AO AeneHHR. 
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V. 3AI<IlN:>4EHHE 

Ha OCHOBe ~ccneAOBaH~R C nOM~b~ 3¢¢eKTa TeHeH peaK4~~ Aene
H~R RAeP W nOA AeHCTB~eM ~OHOB 16Q,a TaKme B~nonHeHHOrO aHan~3a 
3KCnep~MeHTanbH~X pe3ynbTaTOB MOmHO CAenaTb cneAY~~e B~BOA~: 

1. 3aB~C~MOCTb BpeMeH~ m~3H~ RAeP CB~H4a OT 3Hepr~~ B036ym
AeH~R YAOBneTBOP~TenbHO aocnpo~3BOA~TCR cTaT~CT~4eCK~M pac4eTOM 
np~ ~CnOnb30BaH~~ RAePHOH TeMnepaTyp~ KaK QYHK4~~ 3Hepr~~ B03-
6ymAeH~R B B~Ae T(E *) = 1,94 (E* I A) liS • 

2. BKnaA 3M~cc~OHHoro AeneH~R /nocne ~cnycKaH~R HeHTPOHOB/ 
np~ pacnaAe COCTaBH~X RAep CB~H4a RBnReTCR BeCbMa cy~eCTBeHH~M, 
4TO COOTBeTCTBYeT 3KCnep~MeHTanbHOMY onpeAeneH~~ /SI , HO OH He 
CTOnb Ben~K, KaK B Bap~aHTaX paC4eTa 12~ B KOTOP~X rnaBHaR 4aCTb 
Ce4eH~R AeneH~R CKOH4eHTp~poBaHa Ha nocneAH~X CTyneHRX HeHTPOH
HOrO KaCKaAa. 

3. He o6Hapyl!<eHO 6onbworo BKnaAa AOnrmK~By~ero I r > 1 o-16 c/ 
KOMnoHeHTa B nonHoe ce4eH~e AeneH~R. 

ABTOP~ 6naroAaPH~ r.H.$nepoay ~ ~.u . oraHeCRHY 3a ~HTepec 
K pa6oTe, r.OTTO 3a npeAOCTaBneH~e MOHOKP~CTanna W, rpynne 
3KcnnyaTa4~~ 4~KnoTpoHa Y-300 3a nony4eH~e ny4KOB HymH~x na
paMeTpoa. 
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