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01976 061>edUHeHHI>IU UHCIIIUIIIYIII JldepHI>IX UCCAe006QHUU ,l(y6Ha 

1. BaepeHae 

EonhwoA o6beM aKcrrepaMeHranbHhlX naHHhlX no Hnep
HbiM peaKUaHM Dpa Ha3KaX a CpeDHHX 9HepraHX ynoaner
BOparenbHO OITaCbJBaeTCH Ha OCHOB8Haa KOHUerruaa, BDep
Bhle rrpennoMeHHoA H.EopoM, cornacHo KoropoA Ha rrep
BOH cranaa peaKuaa o6pa3yercH B036yMneHHoe cocraBHOe 
Hnpo. Pacrran cocraaHoro Hnpa He cBH3aH c axonHhiM Ka
HanoM, a orrpenenHercH repMonaHaMaqecKaMa xapaKrepac
raKaMa, TaKaMa, K8K 9HTpODaH, 9HepraH B036yMDGHaH, 
reMrreparypa, MOMeHr Konaqecraa naaMeHaH a r.n. UnH 
HDepHhlX peaKUaA C THMenwMa aoHaMa ycraHOBneHo,;qro 

.l 

rrpouecc o6pa30BaHaH cocraaHoro Hnpa aMeer HaH6Dnbwee 
ceqeHHe ITO cpaBHeHam C npyrHMH peaKUaHMH ITpH 9Hep
rHHX qacrHU arrnorb no 10 MaB/HyKnOH. He Bbi3biBaer 
COMHeHaH KaqeCTBeHHOe COOTBeTCTBHe MHOrHX ¢eHOMeHO
noraqeCKHX 38KOHOMepHOCTeA peaKUHH C THMenhlMH aoHa
MH rrpencraaneHHID o6 o6pa3oaaHaH cocraBHoro Hnpa. B 
TO *e BpeMH rrpa KOnaqeCTBeHHOM orracaHHH T8KHX xapaK
repHCTHK, K8K ¢yHKUHH B036y)KileHaH neneHHH ana HCITape
HHH HeArpoHOB, yrnoawe a aHeprerHqecKHe pacrrpeneneHaH 
rrponyKTOB peaKUHA, B TeOpHH HCITOnb3YIDTCH ilOITOnHHTenb
Hhle MonenbHhle rrpencraaneHaH H qHcneHHhle rrapaMerpw. 
B aroA qacrH reopHH B HacroHmee apeMH eme HeonHo-
3HaqHa, r.e. B pa3nHqHbiX pa6orax acrronb3YIDTCH pa3naq
Hbie MonenH H pa3naqHbie Ha6opbi rrapaMerpoa. Bbi6parb, 
KBKHe H3 HHX cooraercraymr neAcraarenbHocra, 3arpyn
HHrenbHO, ITOCKOnbKY pa3naqHhle napaMeTphl MOryT il8BBTb 
YilOBneTBOparenbHOe OITHC8HHe 9KCITepHMeHT8nbHbiX il8HHbiX. 
CrarHcrHqecKaH reopHH pacrrana cocraaHoro Hnpa 6a3apy-
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eTCB H8 3H8HHH ~YHKUHH ITJ10THOCTH ypOBHefi B 38BHCHMOCTH 

OT 3HepPHH B036ymoeHHB, H3 KOTOpOfi rronyqa~T 3HTpOITH~ 

H TeMrreparypy Bopa. HaH6onee qacro Hcrronb3yercB ~yH

KUHB ITJ10THOCTH ypOBHefi M008J1H HBB38HMOO~fiCTByhlmHX 
2y-E 

qacrHU (Mooenu ~epMH-ra3a) p(E)=const e a , HHor-

na - opyraB ~YHKUHH p(E) =Conste E/T , COOTBeTCTBYhlmaH 

npH nocroBHHOM T MooenH c nocroHHHofi reMneparypofi. 

(~opMynhl 3arrucaHhl 30eCb B Hau6onee npocroM BHoe, 6e3 

yqera CIT8pHB8HHB HyKnOHOB H o60J10'letiHbiX a~4JeKTOB) • 
3KcnepHMeHTanbHbie naHHbJe/ I ,2/ no a6conhlTHbiM lllHpH

HaM pacnaoa COCT8BHOPO B~pa IIpH 3HepPHBX B036yMOeHHH 

(60-lOO)MaB, nonyqeHHbJe c rroMOlllbhl a~r;,eKra reHefi, Ha 

HeCKOJlbKO 110pBOKOB BellH'lHHhl OTJ1H'l8hlTCH OT IIpeOCK838-

Hfffi MOOemr ~epMH-P83a C IIpl!HHTbiMH 'lHCJ1eHHb!MH 3H8-

'IeHHHMH napaMerpos nnorHocru yposHefi. B MooenH c noc

TOHHHOfi TeMneparypofi HeTpyOHO nonytiHTb BpeMeHa *113HH 
COCT8BHOPO HOpa (lo-17_1Q-18)c, KOTOphle COOTBeTCTBYhlT 

aKcnepuMeHry. Pa6ora BhliiOnHeHa c uenbhl paccMorpeHHH 

B03MOMHOCTH 011HC8HHH B MOOenH C IIOCTOHHHOfi TeMIIepa

rypofi He TOllbKO a6COJ1hlTHhlX llll!pHH pacnaoa COCT8BHOrO 

HOpa, HO H 3KCIIepHMeHT8J1bHhlX 08HHhlX 110 OTHOlllBHHHM 

rf /rn • PaCCM8TpHB8hlTCH T8KMB ~li3HtiBCKHe OCHOB8HHH 
MOOellH If ee COOTHOllleHHB C MOOellbhl ~epMn-ra3a. 

ll. 0 repMOQHH8MH'I8CKOH 8H8J10PHH MOQ8J1H 
C ITOCTOHHHOfi TeMneparypofi 

Monenb ~epMH-ra3a HMeer xopowo orrpeneneHHyhl Tep

MOOHHaMH'IeCKYhl aHanOPHhl, 38~HKCHpOB8HHYhl B H83B8HHH 

MooenH. Bonpoc o repMoouuaMH'IecKofi aHanorHH MooenH 

c nocroHHHOfi reMneparypofi He o6cyMoancH B nureparype. 

8 CBH3H C HBHCHOCTbhl ~H3H'l8CKOfi 8H8J10PHH MOOena B03-

HHK8eT COMHBHHe B 11p8BOMepHOCTH ee I1pi1MBHBHH~ Bonpoc 

MO}KBT 6biTb JlBPKO peWeH, 8CJ1H BKnhl'Il!Tb 

llOHSlTHe rerrnoeMKOCTH HOpa c =(.£IJ.L) 
v aT v 

B paCCMOTpeHHe 

Xopowo l13BeCTHO, 

'ITO JlJ1H Jlhl60PO COCTOHHHH BemeCTB8 T811Jl08MKOCTb HBJlH-

eTCH pe3KO pacrymefi ~YHKUirefi s6nn3H a6conhlruoro HynH 

TeMHeparyphl B CBH3H C pa3MOp8MHB8HHeM CTelleHefi CBO-
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6oobi c ysenuqef!HeM a_!!,gprHH B036yMOeHHH. B Mooenu 

~epMH-ra3a c =2aT=2yaE, T.e. TennoeMKOCTb nponopuHoHanb

Ha y'r H reMnepaTypa -yE. HerpyoHo noHBTb, 'ITO noc

TOHHHofi TeMneparype coorsercrsyer rennoeMKOCTb, npo

nopunoHanbHaH nepsofi creneHH aHeprua so36yMoeHHH, r.e. 

cocrommhl semecTsa, onH KOToporo 'IHCno creneHefi cso-

6oObi rrpH HX p8BH03H8'IHOCTH ysenH'IHB8eTCH 11p0110pUHO

H8J1bHO 3HepPHH B036yMOeHHH. 3ro paccyMOeHHe eme He 

pelllaeT BOllpOC 0 TOM, K8KOfi ~H3H'leCKHfi 06beKT HaH6onee 

6nH3KO COOTBeTCTByeT MOOenH C llOCTOHHHOfi TeMneparypofi. 

OpocTbie Bbi'IHCneHHH rroKa3b!Bahlr, qro rsepnoe reno 

C ~yHKUHefi TeiTnOeMKOCTH ITO 3fiHWTefiHy B npu6nuMeHHH 

ManbiX re!\mepaTyp: 

c - E fn 2 
( con~) 

v E 
( 1 ) 

HMeeT BeCbMa 6nU3KYhl 38BHCHMOCTb HnOTHOCTH ypOBHefi 

OT 3HepPHH B036yMOeHHH K MOOenH C 110CTOHHHOH TBMITe

parypofi: 

liEO+en ~ 
p (E) - e E ( 2) 

EcnH B3HTb Mooenb ile6aH onH rerrnoeMKOCTH rsepnoro 

rena B 11pH6nH)KeHHH ManbiX TBM11eparyp ( KOT0p8H nyqwe 

011HChlB88T ~KC118pHMBHT8nbHhl8 T8ITJ108MKOCTH TBBpOhlX 

Ten) Cv -E 3
i

4, TO )lnH 11J10THOCTH ypOBHefi nony'IHM ~OpMyny, 
11pOMeMyTO'IHYhl MBMOY MOOBJlb~ ~epMI1-P838 H MOOenbhl 

C 110CTOHHHOH TBMITepaTypofi: 

ll E3/4 
p (E) - e (3) 

803MOMHO, aHanoraH MeMOY MOOellbhl C ITOCTOHHHOfi 
reMrreparypofi u Mooenbhl 3fiHlllTefiHa onH rennoeMKOCTH 

TBepnoro rena He o<IeHb nnoooTsOpHa (aro Tpe6yer cne

unanbHoro paccMoTpeHuH), reM ue Meuee Hanuqae raKoro 

cxoocrsa csuoerenbcrsyeT o roM, 'ITO Mooenb c nocro

HHHOH TeMneparypofi He HBnHeTCH M8TeM8TH'IeCKOfi <PHKUH

efi, nnweHHOfi ~H3H'IeCKoro CMbiCna. Boo6me, npuMeHeHue 

CT8THCT11KH 3f!H wrefiHa 0J1H CHCTeMbl ~epMl1-'I8CTHU HBJlH-
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eTC51 He06bi'IHl>IM IIOJlXOJlOM, 0TMeTHM 1 0JlH8K0 1 "'TO CT8-

THCTHK8 B036y)KJleHHH CHCTeMhl "18CTHU MO)KeT cymeCTBeHHO 

OTRH"'8TbC51 or Cr8THCrHKH "18CrHU 1 COCr8BR51~WHX CHCreMy, 

III • 0 cooraoUieHHH II8paMerpos Monenefi <bepMH-1'838 

If IIOCr051HHOH reMIIep8 rypbl 

B MOJleRH <tJepMH-1'838 OCHOBHbiM nap8MeTpoM 51BR51eTC51 

II8p8MeTp IIROTHOCTH ypOBHeii - a, 51JlepH851 reMIIeparyp8 

Bbi"'HCR51eTC51 H3 COOTHOWeHH51 E=aT2 HRH 6RH3KOI'O co-

OTHOUieHH51 E=aT~-TF • B MonenH g nocro51HHofi TeMnep8-

rypofi "!HcneHHbiM nap8MeTpoM 51BR51eTc 5I reMneparyp8 - T. 
floCKORbKY 3TO pa3Hble MOJleRH 1 TO MO)KeT He 6b!Tb IIp51MO

I'O COOrBerCTBH51 nap8MerpOB TeMIIep8Typbl B 3rHX JlBYX 

MO}leR51X 1 r.e. IIpH o6p860TKe OJlHHX If rex )Ke 3KCIIepH:MeH

r8RbHblX Jl8HHb!X napaMerpbi TeMIIep8rypbl MOJleRH <tJepMH-

1'838 H MO}leRH C IIOCT051HHOH reMnep8Typoii MOI'yT, B006Uie 

I'OBOp51, p83RH"'8TbC51o 

lln51 roro, "'T06bi IIOH51Tb 1 KBKHM o6pa30M MO)KHO Cp8B

HHB8rb II8p8MeTpbl reMIIepaTypb! B 3THX JlBYX MOJleR51X1 

p8CCMOrpHM BOIIpOC 06 3HeprerH"'eCKOM CIIeKrpe HCII8pH

TeRbHbiX HeiiTpOHOB 1 H3MepeHH:e KOrOpOI'O 51BR51eTC 51 H8H6o

nee npHMbiM cnoco6oM onpeneneHHH HJlepaofi TeMnep8rypbi. 

BbmeneM 3HepreTH"!eCKHfi crreKTp HefiTpOHOB o6UienpHHHrbJM 

crroco6oM (eM., H8np. /3/) 

I (E) dE = const E p ( E-B n- £ ) d £ , ( 4) 

rne £ -3HeprH51 aeiirpoaa, Bn -3HeprHH CB513H HefirpoH8, 

E -3HeprHH Bo36y)KJleHH51 no HCII8peHHH HefirpoH8. floncr8-

BHB B <tJopMyny p (E-8
0 

-E )=conste 2v'a(E-Bn-d H 

2 
HCIIORb30B8B coorHoUieHHe E- B n -E =aT F JlRSI 38MeHbi 

II8p8Merpa a H8 II8p8Merp T F' nony"!HM: 

2£ 

l(d dE= const E e- TF dE. (5) 

flono6Hb!H BbiBOJl JlRSI MOJleRH C IIOCr051HHOii reMnep8rypofi 

Jl8eT: 

6 

-t/T 
I(E)d£ = const E e d£. (6) 

0TCIOJla SICHO, "'TO TeMnep8TYPY MonenH <tJepMH-1'838 T F 
He06XOJlHMO yMeHbUIHTb B JlB8 p838 npe)K}le, "!eM Cp8BHH

B8Tb ee c II8p8MeTpoM T MOJleRH c nocTOSIHHOH TeMrrep8-

Typoii. Aa8norH"'HbiH pe3ynhT8T cnenyeT H3 npSIMoro p8c

cMoTpeHHSI <tJyHKUHH IIROTHOCTH ypOBHeH p(E) 1 IIOCKORbKY 

2E 
fnp = -- + const 

TF 
JlR51 <tJepMH-1'838 H fop= _g_ + const 

T 
JlRSI IIOCTOSIHHOH TeMnep8Typbi, 

3TOT pe3yRbT8T BeCbM8 B8)KeH 1 IIOCKORbKY IIOCReJlyiOII!Hll 

8H8RH3 3KCIIepHMeHT8RbHhlX Jl8HHhlX B MOJleRH C IIOCTOSIHHOH 

TeMnep8Typofi np!iBOJlHT K 3Ha"'eHHIO T= (0,8-0,9) M3B, B 

TO BpeM51 K8K p8C"'eT IIO MOJleRH <tJepMH-1'838 JlRSI 3Hepi'Hll 

so36y)KJleHHSI (60-100) M3B Jl8eT 3H8"1eHHSI T F =( 1,5-2) 
.'V\38. 3TO KB)Kyll!eeCSI IIpOTHBOpe"!He CHHM8eTC51 p8CCMOT

peHHeM, BbliiORHeHHbiM B Jl8HHOM II8p8I'p8<tJe. 

IV. P8c"!eT OTHOUieHHfi If lin B 38BBCHMOCTH OT 

3Hepi'HH B036Y)KJleHH51 

H8H6onee cncTeMaTH"!ecKHe 3KCnepHMeHT8RbHwe Jl8HHwe 

o6 OTHOUieHHSIX r fIr n JlRSI COCTBBHbiX SI}lep c z = (63-82) 
B peaKUH51X C TSI)KeRbJMH HOHBMH 6b!Rif nony"!eHbl B p860T8X 

/4,5~ AHanH3 naHHbiX nposonHnCSI B MonenH <tJepMH-I'B38 

JlnSI H3Bne"'eHHSI 3KCIIepHMeHT8nbHbiX 3H8"!eHHH 6apbepOB 

neneHHSI B f • Ebwo noKa38HO, "'TO nn51 ynosnersopHTenb

Horo BOCIIpOH3Be}leHHSI 6biCTpO paCTYIIIHX <tJyHKUiiH lf /1 0(£') 
Tpe6yeTCSI BBeCTH JlB8 napaMeTpa nnOTHOCTH ypOBHeH a 0 -

JlRSI c<tJepH"!eCKOI'O COCT8BHOI'O SIJlp8 If af- }lnSI COCT8BHOI'O 

SIJlp8 B cennosoii TO"!Ke; KpOMe Toro, aeo6xoJlHMbiM ycno
BHeM SIBnSieTCSI aanH"!He 3HepreTH"'eCKOH 38BHCHMOCTH OT

HOUieHH51 an/ a f (Ex ) • 
8 MO}lenH C IIOCTOSIHHOH TeMIIepaTypoii OTHOUieHii51 •r I r n TBK)Ke BOCIIpOH3BOJlSITCSI npH BBe}leHHH JlBYX napa-

MeTpOB: T n - nnSI c<tJepH"'ecKoro cocT8BHOI'O SIJlP8 H T f -
}lnSI S1Jlp8 B cennOBOH TO"!Ke. KaK 6yJleT IIOK838HO HH)Ke, 
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ang Toquoro cornacosaHaH pacqeTa c 3KcnepaMeHTOM ueo6-

XOAHMO BBOAHTh 3HepreTHqeCKyiD 38BHCHMOCTb OTHOWeHHH 

T efT n• 

a) 0CHOBHbie <flopMyJlbi 

cf>opMyJib! AJ151 WHpHH pacnaaa COCTaBHOro 51Apa f~ 11 ff 
6hlJ1H BhlBeAeHhl C nOMOWhiD CTaHaapTHoro peuenTa CTaTHC

T!fqeCKOH TeopH11/6/ np11 11CnOJlb30BaHHH <flyHKUHH nnOTHOCTH 
yposueii: p(E)=conste E x/T 

A213r 2 E~B -E 
1-, n 1 [ n R = -------- exp 

n 11 k
0

exp [(E x_E ) IT ] T 
H c " 

X 

] _ E -Bn- En 

Tn 
] ! 

(7) 

Tr Ex-8-Ef ( r: = ------! exp[---~l-1 l 8) 
f X T 

2 11 exp [ (E - E )IT ] r 
R e 

rae A -Maccosoe q11cno Hapa, k 0 =12,25 M3B, E -nonuag 

3neprH51 B036y)!<aenH51 51Apa, ~ -3HeprHH BpaWeHHH ang paBHO

BecnoA ae¢opMaUH11, E'- 3HeprHH spaweHHH na sepw11ne 

6apbepa, B n- 3Heprug RCBH311 uei!Tpoua, B f- 6aphep aenemHr, 

T - TeMneparypa cocTasnoro Siapa, T -TeMnepaTypa coc-c n 
Tasnoro Hapa nocne 11cnapeHHH neATpona, Tf- TeMnepaTypa 

cocTasnoro HApa na sepw11ne 6apbepa. 3neprHH sparne111151 
E BbrqHcnSinach ang MOMenTa 1111epu11H )!<eCTKoro ccjlepo11aa, 

np11qeM cpean11i1: KBaapaT yrnosoro MOMenTa <f2 ->sbrqi1CJ15IJ1CSI 

no Moaen11 qepnoro Siapa c yqeTOM orpan11qen11il no KpHTh-

qecKoMy yrnoeoMy MOMenTy.f paccqi1TwBaeTC51 no <flop-. . Kp 
Myne 113 pa6oTbii 7 I: · 

I '3 1,'3 . A1A2 fKpl1T =0,155r 0 (A 1 +A 2 )v--(EB -Q), 
AI+A2 

( 9) 

rae A1 , A 2 - MaccoBbie qucna 51Aep, M11wen11 u 6oM6apal1-

pyiDweA qacTHUbr Eu- 6apbep B3auMoaeilcTBHH B c.u.11., 

Q- nonnoe aneprosbraenen11e peaKU11H c.rHIHHHH. r 0 B pac

qeTax yrnosoro MOMenTa H MOMenTa HHepUKH np11n11MaJ10Cb 

paBnbiM 1,22 cf>l\t. BpawaTenLnaSI 3HepntSI cnnLHO aecjlopMII-

8 

posauuoro HApa ua sepWHHe 5apbepa aeneHHH paccqi1TwBa
nacb no ¢opMyne H3 pa6oTwl8 ' : 

f 2 3 
E R= ER(1-1,167 F - 5,026 F + 6,874 F + ... ) , lO o) 

rae F = (1- z2 I A I(Z
2
1A) 

KpMT 
2 '9/ 

np11 (Z I A) =45 B cornaCHH c aaHHbiMI1 
1 

• PaanHql1e 
KpHT 

B 3HeprHI1 BpaWeHHH ang paBHOBeCHOH <flopMhl 11 ang ae<flop

M11pOBaHHOrO Hapa B ceaJIOBOH TOqKe OKa3hlBaJ10 3aMeTHOe 

BJ1HHHI1e Ha BBJ1HqHHb! 1f 11 n 11 aasano B03MO:iKHOCTb pac

CMOTpeTb 3KCnep11MeHTaJ1hHbie aaHHbie 0 3aBI1CI1MOCTH 

1f /1 n OT yrnosoro MOMeHTa. 
KaK noKa3aJ1H nepswe :iKe pacqeTw, 3Kcnepi1MeHTaJ1hHwe 

lf /1 n He MOryT 6b!Th BOCnpOI13BeaeHbl B npOCTeii:weM 

npeanOJ10:iKeHHH 0 paBeHCTBe H nOCTOHHCTBe BCeX napaMeT

pOB TeMnepaTypbi ¢opMyn (7,8) T c = T n = Tr = const. 
OanaKo anH aocTH:iKeHI1H xopowero cornac11H Teopi1H H 

3;(Cnepi1MeHTa aocTaToquo npeanonO)ICHTh T fIT = T = const 
c n 

H BBeCTI1 cna6yiD ::iuepreTI1qecKyiD 3aBI1CI1MOCTh T f, XOTH 

6w B J111nei1:HOM npi16J111:iKeHI1H C oaHI1M aononni1TenbnhlM 

napaMeTpoM 

T f = T f (EX= E 0 ) + k (EX- E 0 ). ( 11) 

TaKI1M o6pa3oM, pacqeTbi coaep:iKanu KpOMe o6brqnbrx 

3nepreTI1qecK11X napaMeTpos Siapa ( TaKI1X, KaK B n, Br ) 

Tp11 napaMeTpa: Tn = Tc , Tr(E=E0 ), k • 3To ne 6onbwe, 

qeM B Moaen11 cj)epM11-ra3a, rae anH o6pa6oTKH 1r /in 
'I 0 II I 

BBOaSITC51 1 
' 

1 a n , a f H 6onee CJ10:iKnaSI, qeM J111Hei1:naSI, 

3nepreTI1qecKaSI 3aBI1CI1MOCTh a f Ian (Ex\ 3nepr1111 CBH3H 

neATpOHOB B H nonnbie 3HeprHI1 CB513H 6b!J111 B351Tbi 113 
n I 12 · 

Ta6n11ubr Mace· ', sen11q11nbr 6apbepos aenen11H Br 6pan11Ch 
1!3 pacqeToB / I31, a TaK:iKe 11cnonb3osani1Ch sen11q11nbr Be , 
nonyqennwe np11 o6pa60TKe 3KCnep11MenTanhnhlX lf /in 
B Moaenu cjlepM11-raaa / 4 ,5 / • B asToMaTI1qecKoi1: nporpaMMe 

pacqeTa na 38M sen11quua Br Morna 6brTh sapb11pyeMbiM 

B6J11131I pacqeTHhlX 3Haqeni1H napaMeTpOM. 
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6) Lf MCJJeHHbie peaynbT8Tb! 

EIMia p83p860T8H8 rrporp8MM8 JlJJSI 8BTOM8TI1'IeCKOH 

ITOiiT'OHKM H8 3BM CllC-6400 ll8paMeTpOB <PopMyn (7,8). 
nporp8MM8 OCHOBhiB8Jl8Cb H8 CT8HJl8pTHOH rrporp8MMe 

COMPIL i 
14-', MCnOJJb3YJOllleli perynSipi130B8HHbie 11TepauHOH -

Hhre upoueccbt Tl1rr8 f8yCc8-HbJOTOHa. 3Kcnep~tMeHTaJJbHbJe 

3H8LICJIHSI J'f /J': 4 •
51 

rrpH HeCKOJ!bKI1X 3H8'-IeHHSIX :'lHepf'11H 

no36y>~,llCHI1SI B 11HTC[lB8JJe (50-100) M3B c W8f'OM 5-10 

M:-lB BBOJIHJJI1Cb B 3BM, nporp8MMa Bhr6Hp&JJ8 HBI:Wy'-Ir.:mli 

(B CMJ.ICJ!C H8HMeHbWHX KBGilp8TOB) H860p 118p8MeTpOB 

Tr, k, Br • 

I
J 1 ~ l:t:l.-- tr. 0 165H 160 18 prtc. Ha rrp11Mepe peaKUHH "\..s t , o + , 

IH2 12 , W t C 110K838HO, LITO 3KCrrepHMeHT8JlbH8SI $yHKUHSI 

I 'r /I '
0 
(Ex) MOil\eT fi~>rTb xopomo nocnpo113BeAOIW np11 p83-

JJ11LIHt.rx :ll!aLII3H11SIX T n , CCJJH Bbi6paTb coorneTCTBYJOlll11M 

o6pa:30M Tr 11 k ; JJOKa3aHo TaK>KC, LITO flJJST T f.cconst/T n 

p8C'!ETili·IC 3Ha'-IeHI1SI CI1Jlbll0 OTJ!I1'!8JOTCSI OT 3KC11epi1MeHT8e 

napnMeTp T n c T,. B 6oiibW11HCTBe il8JlbHCHW11X pac'-IeTOB 

f'f / 1'
0 

C'li'JT8JlC51 qmKC!lpOBai!HblM rrp11 3H8'-IeHHSIX B6Jll1311 

(0,8-0,9) M3B, 'ITO nerrnoxo Bocrrp0113BOil11JJO 86COl!JOTHbie 

3H8'!eHHH 1'
0 

11 r'r (eM.(,_). 

P11c.2 rroK83LmaeT q1yHKUI1H I'r/l'n (E" )An'il onHoro 11 

TOf'O ~e COCT8BH0f'O SIApa, ITOJ!y'!aeMOf'O B peaKU11SIX C pa3-

Jlli"'HblMI1 HOH8MH 159'fb+ 22 Ne , 165Ho+ l60 , 169Tm+ l2C , 

6 165H 
OITTI1M113llU1151 Il8p8MeTpOB b!J!O Cilellall8 AJJSI peaKU11H 0+ 

+ 160 np11 T n =0,9. Pac'-IeT JIJJSI ilBYX npyntx KOM611nau11li 

MHWeHb-'!8CTI1U8 npOBOil11JlCSI nplt TeX ~e C8MblX rrapaMOTpaX. 

Xopowee corJJ8CI1e pGc'-IeTHI>IX TO'!eK c :-lKCnepnMeHTaJlbHbiMH 

Kp11Bh1Mll ilJlSI BCeX TpCX pc8KUH(! f'OBOpliT, '!TO BJlHSII!Ue 

yrJJOBOf'O MOMeHT8 Ha BeJI11'!11Hhl I'( /l'n XOpOWO Y'H1Tb!l>8-

eTCSI B Te0p1111. 

Ha p11C.3 il8H8 cepHSI KpHBblX rf /rn ilJISI COCTaBHblX Sl)lep 

C p83J111"1Hb!MI! Z B cpaBHeHUit C p8C'-IeTHhlMH Rel!H'li1H8MU. 

noK838HO, 'ITO BO BCeX CJly'-IaSIX ilOCT!1f'8eTCSI XOpDWee COr

Jl8CHe p8C'-IeT8 H 3KCnepHMeHT8. n8paMeTpbl paC'!eT8 T f • 

k , B f ecrecTBeHHO MeHSIJOTCSI B 38BHCHMOCTI1 or Z ; B 

T86JJ.} OHH npHBeAeHbl ilJISI TpeX B8p118HTOB paC'!eT8 11pH 

3H8'-IeH11SIX T n =0,8; 0,9; 1,0 M3B. EbiJJa BbmonHeHa cuc-

TeM8TH3aUHSI n8p8MeTpoB. H8 pHc.4 npHBeAeHLI 3H8'leHI15l 
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tgftJ / TnM3f> 
I 

o• 
_!.. 

___. I 

-1 

-21 ,?f I ~ I 

P HC .1 • Cnnolll-

iiLIMH JJHHHSIMH 

llOK838Hhl $yHK

UHH r f /rn (Ex ) 
AJJSI Hllep 149Eu, 

181Re 11 194Hg, 

p8ccqHT8HHbie 

np11 p83llH'!HbtX 

3Hll'l01111 SIX T n = 

=0,8,0,9, 1,0 M3B. 

Pac•reT npoH3-

BOilHJJCSI llpH 

qmKC 11p0Bll Hll !>IX 

3118'!eHHSIX Be

Jli1'!11H T ( / T n 

(np~tE=lOO M·c>B) 

11 OTIIOWCIIHii 

k/T : T r!T n = 

)-3L If/ 1 /1/v j =0,7~8; 0,8~7, _ 

0,81J 11 k/ln -
194 

•- Hg 

- 41 til . • 181 R n e r 

I 
149 

•- Eu 

0,0020; 0,00116; 

0,00075 /lJISI 

~nep 149Eu ' 

IHIR u 194H e g , 
COOTBeTCTBeHHO. 

To'!KllMU o6o3-

Ha'!Cllht 3KCHep11-

5(} 6() 70 80 9Q 100 ll) • Mei!TDJlbiiJ.IC 3!Ia-

E M3t> •re1111 ~~ H3 pa-

fioT 1 .:>. 

nyHKT11pH8SI 
181 

KpHBaH - p8C'-IeT AJJSI Renp11 Tn=0,9 M:c,B, K =0. 3Ha'!e-

HHe T f =0, 756 M3B Bbl6paHo c uenbJO rrpuBSI3KH K p8C'-IeTy 

c k/T n =0,00116 np11 3Hepr1111 B036y;KiJeHHSI 90 M3B. 

68pbepoB neneHHSI B0f B 38BHCHMOCTH oT Z
2
/A . BeJJH'!HHa 

B 'f ec Tb )KHilKOK8ITeJJbH8 SI coc T8BJl51IOUia 5I 6apbep8 

B of = B f -+ .'1 ( Z, N) - 8 , r11e nonp8BKH H8 cnap11B8HI1e 

HYKJJOHOB 11 o6ono'le'-IHhie 34J<PeKTbi B3SITbi 113 · 15/. To'lKH 
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lg!l rn 

-11 I l 61 I r > > 

181 
- 21 rt'? Re - I 

16CL + 12c o-:""lm 

165H + 160 A- 0 
-3L _Yf 159 ??. · 

•-Tb+-1\Je 

PHc.2. To'!HbiH pac

'leT f'c /f'a (Ex ) · llnH 
" I69T l2C. 

peaKUHH ffi+ , 

165H 160 l5'h.b 22N 
O+ , -. + e, 

rrpHBOJlHWHX K o6pa30-

B8HH~ OtlHOrO H TOro 

*8 COCT8BHOrO 51Jlpa 
181 Re c pa3JIH'IHbiM 

yrJIOBbJM MOM8HTOM. 

TiapaMeTphl JlJIH scex 

peaKUHll Bhl6HpanHCb 

paBHbiMH Tn =0,9.Tr(l00)= 
0,738 1\bB, k =0,00163, 
Bc=26,5 MaB. 

rronyqeHbi rrpH rroaroHKe 

KpHBb!X f'r I[' n 

rrpH T n =0,9 MaB, 

CITJIOWH851 JIHHHH - pe-

3YJibTaT TeopeTH'!ec

Koro paCCMOTpeHHH 

6apbepoB Jl8J18HH51 B 

pa6ore -·
13·• BHaHo, 

'ITO 3Ha'IeHHH Sapb

epoB aeneHHH, rrony

'IeHHb!e B HaWHX pac-

'I8TaX, He CHJlbHO OT

KJ10H51~TC51 OT TeopeTH'IeCKHX 3Ha'IeHHR. HMeeTCH srronne 

ecTeCTBBHHhlll pa36poc. 1\\o~HO 06Hapy~HTb TBK*e He60Jib

WOe CHCTBMBTH'I8CK08 OTKJIOHBHHe, KOTOpoe 6Vtl8T o6cy*

JlB TbC 5I B l6. 

PaccMoTpeHHe napaMeTpon Tr/Tn (E' =100 MaB) H 

k/T n , nonyqaeMb!X B pacLJeTax, noKa3anu, 'ITO OHH 

MoryT aaTb peryn>IpHYJO 3BBIICI11\IOCTb oT pii:lHocnt Br-B . • n 

12 

1 

If lgFn 

01 p ./ 

·--

-1~ 

-3L '., r 1 or 1 
"\1 

~ 70 90 110 f() 80 100 E. M3B 

PHc.3. CpaBHBHHe aKcnepHMeHTanbHbiX aaHHbiX no 

f'c / l~ (Ex) JlJIH smep or 1 '9Eu ao 198PbH3 pa6oT .· t ,5,' 

C paC'l8TOM B CJiyqae HaXO*tl8HHH ODTHM8JlbHhlX rra

paMeTpOB B'f ,T c(lOO) H k,npeacraBJ18HHblX B Ta6JIHUe I' 
JlJIH T n =0,9 MaB. 
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14 

s; 
M3B 0 

0 

20 

113 I 
P!ic.4. CpaBHeHiie TeopeT!i'lecKOH 3aBiiC!iMOCTii ' ' 

)i(!iJJ.KOKanenbHOH cocTasnsnowei1 6apbepoB neneHii H - B~ 
OT napaMeTpa z 2

/ A li 3H8'1eHiiH 8°f ' nony'leHHbiX npli 

TIOJ].rOHKe napaMeTpOB JJ.nH OTI1iC8H liH <t:JyHKUiiH lf /f' 
0
(E x) 

np!i T =0,9 MsB. 
n 

§ 

~ §f 
~, 

~~+ 

f 
0~ • • • • • • • • .t. . < . . I 
o~r;- ! f § ~ 

f 
I I I I I I 

0 4 8 12 16 20 Bt -Bn 
M9B 

Piic.5. CiiCTeMaTiiKa 3Ha'leHiiH OTHOllleHiiH T f /T n 

npli E =100 MsB li k/T B 38BiiCHMOCTii OT pa3Hocrli 
n 

Be - B n • 

Ha piic.5 npencTasneHa TaKaH 3aBiiCiiMOCTb, nei1CTBiiTenbHO 

paC'IeTHbie 3Ha'leHii5I liMeiOT He6onblllOH pa36poc OTHOCiiTenb

HO KpHBb!X 1 KOTOpbie MOryT 6biTb npoBeJJ.eHbl TIO TO'IK8M. 

Bo3MO)!(HO, perynHpHaH 38BiiCiiMOCTb T /T H k/T OT 
f n n 

pa3HOCTH ( Bf -8
0 

) liMeeT 
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Ta6mma la 

3Ha'IeHu.H rrapaMerpoB Bf, T£(100 MaB) u k, rrpu KoropbiX 

aocruraerc.H cornacue reopeTH'IeCKHX u aKcrrepuMeHranbHbiX 

38BHCHMOCTeil: rf ;r (Ex) an.H T =0,8 MaB 
n n 

CocTBBHOe 
JllijlO 

I49Eu 

I57Ho 

I?S,.a 

I?aw 
I79W 

raow 
rarRe 
I86Qs 

ra5J r 
ra? 1 r 
I90Pt 

I9IAu 

I94Hg 

I98Pb 

256Fm 

'laCTI!llB 

I60 
I60 
I60 

I9F 
I4N 

IIB 
I60 
I60 
I60 
I2c 

I60 
I60 
I2c 
I60 
180 

B f MaE 

33,3fi,6 

27 ,8:!;0,8 

26,3:!;0,6 

18,I:ti,4 

21,1:!;0,4 

23,0:!;0, 7 
25,3:!;0,4 

25,I:t0,4 

20, ?:tO, 7 

20,3:!;0,4 

20,3:!;1,3 

18,1:!;0, 9 

17,t>:t0,5 

I5,7:t1,4 

3.7±0,4 

T I Mae 
f roo Ma• 

0,631:!;0,017 

0. 663:!;0. 008 

0, 66B:!;O, 006 

0, 744:!;0,0!5 

0, 700:!;0,004 

0. !;95:!;0. 007 
0,66B:!;0,004 

0. 668:t0. 004 

0, 704:!;0,007 

o, 703:!;0,004 

0, 705:!;0,013 

0, 7I7:t0,008 

0, 725:!;0,005 

0, 730:!;0,012 

0. 833:!;0. 006 

K 

(0,132:tO,OI?)I0-2 

( 0, IIS:!;O,OIO)I0-2 

(O, IIB:!;0,09B) 10-2 

< o. 426:!;0, 020 > ro--3 

( o. 728:!;0. 044) ro-3 

< o, 954+0,I05) ro--3 
(0,1~0,007)10-2 

( 0, 133:!;0,007)10-2 

(0,102:tO,OI4)I0-2 

( 0, 995:!;0,085)10--3 

< o. 993:!;0. 242 > ro--3 

( o. 760:!;0, 162 > ro--3 

< o, 804:!;0, 097 > ro--3 

< o, 710:!;0. 328) ro--3 

0,000 

Bn 

8,643 

9,301 

8,697 

8,600 

6,776 

8,248 
8,514 

8,I02 

8,696 

8,366 

8,333 

8,630 

8,792 

9,009 
6,776 

!laE 

HeKOTOpbiH cpH3H'IecKHH CMbiCJI, C yseJIH'IeHHeM ( B f- B 
11

) 

yMeHblllaeTC5I OTHOllleHHe T f /T n<Eo) H yseJIH'IHBaeTCH K03cpcpn

UHeHT k • OrMeTHM Gaecb, 'ITO B orrpo6osaHHbiX sapHaHrax 

pac'Iera c rrapaMerpoM T 11 , 3aMeTHO 6oJiblllHM HJIH MeHblllHM 

(0,8-0,9) MaB, pa36poc rrapaMerposTr/Tn H K Ha 

38BHCHMOCTH, rroao6HOH pl!C.5, 3H8'-!JIT8JibHO B03pacTaeT; 

pa36poc OK83b!BB8TCH T8K)!(8 60JibWHM, eCJIII cpHKCHpOBBTb 

s pacqere 6apbepbi aerreHHH, rrorry'-!eHHlH:! C llhKenaHaoM 

B pa6orax ' 4 •5/ no H3MepeHJIID rf / I'n 
PerynHpHbiit xapaKrep H3~.IeHeHHH rrapai\IeTpoB B~ , 

T f /T 11 H k/T 11 or Hapa K Hapy IT03BOJIHeT prtccMorperb 

BO::.I\10/I(HOCTb BBeaeHHH rJia[lKI!X qJyHKUHOH8Jlb!J!,JX 3BBHCHMOC

reit aJIH 3Ti!X rrapaMeTpOn C U8Jlb!D OITHCClHH>l llMeiDIUHXC5I 

~-lKCITepaMeHTBJlbHblX ,08Hill>IX !JO BeJif!'-!IIHBI\1 .T 
n 

16 

Ta6naua 16, To me, 'ITO B ra6nHue 1 a, .anH Tn =0,9 M38, 

CoCTUHOe 'iaCTI!llB Bf !laE T I llae K Bn !Ia!! 
lllijlO f roo llae 

I49Eu I60 35,0:!;1 ,6 0. 692:t0. 018 (0,161:t0,02I)I0-2 8,643 

I57Ho I60 29,1:!;0,8 0, 739:!:0,009 (O,I4I:t0,013(I0-2 9,301 
17S,.8 

160 27 ,6:!;0,6 o, ?38:!;0,006 ( 0, 145:!;0 ,OI2)I0-2 8,697 

new 19F 18,8:!;1,2 0,829!0,014 < o, 555:!;0. 229 > ro-3 8,600 
179W 14N 22,2t0,4 0. 776:!;0. 004 (0, 901:!;0,057)10--3 6,776 
raow liB 24,1:!;0, 7 0. 770:!;0. 008 (O,IIS:tO,OI4)I0-2 8,248 
!SIRe 160 26,5:!;0,4 o, 73B:!;0,004 (0,163:!;0,009)10-2 8,514 
I86Qs 160 26,3:!;0,4 0. 73¥.004 (0,163:tQ,009)I0-2 8,102 
185 1 r 160 21,6:!;0, 7 o, '781:!;0,007 ( o, 128<-0, 016)10-2 8,696 
1B7J r I2c 21 .9:!;0.4 0. 780:!;0. 004 ( 0, 122~0, OII )I0-2 8,366 

190Pt 160 21 ,1:t1 ,2 o, 783:!;0,012 (0,123t0,027)I0-2 8,333 
191Au 160 18,9:!:0,8 0, 795:!;0,008 (0, 96¥,I8I)I0--3 8,63> 
I94Hg 12c l8,2:t0,5 0,80?t;0,005 (0,100:!;0,012)10-2 8,792 
I98Pb I60 16,6:!;1,2 0,808:t0,010 ( 0. 993:!;0. 350 )IQ--3 9,009 
256Fm 180 3,7:t0,3 0. 933:!;0. 005 0,000 6,776 

Ta6naua 1 B. To x<e, '-ITO B ra6nuue 1 a, .OJIH T =1 ,0 M38, 
n 

CoCTBI!BOe qBCTIIUB Bf MaE T I llaE K Bn Mae SlijlO f IOO Mae 

149Eu 160 36, 7:t1,6 0. 752:!;0. 021 < o. 192:!;0,025 Ho-2 8,643 

I57Ho 160 30,4:!;0,8 0,806:t0,0IO < o, I?O:tO ,016 Ho-2 9,301 

17S,.8 
160 28,8:!;0,6 0,805:!;0,007 < o, I74:!;0 ,or5 )Io-2 8,697 

I?aw I9F 19,6:!;1 ,2 0,909:!;0,014 (0, ?3I:t0,244)I0--3 8,600 

179W I4N 23,3:!;0,4 0,9~,005 (O,I09:!;0,007 )ro-2 6,776 

raow JIB 25,2:t0,8 0. 843:!;0. 009 (0,141+0,016)10-2 8,248 

I81Re 160 27 .6:!;0,4 0,806:!;0,005 (0,19~,010)10-2 8,514 

I86Qs I60 27 ,4:!;0,4 0,805:!;0,005 (O,I95:!;0,0IO)I0-2 8,102 

I85 1 r I60 22,5:!;0,6 0. 855:!;0. 007 (0,155:!;0,018)10-2 8,696 

I87 I r I2c 22,8:!;0,5 0. 855:!;0. 005 ( 0,148:!;0,013)10-2 8,366 

190Pf I60 22,0:!;1,1 0. 858:tO. 012 (0,149:!;0,029-)I0-2 8,333 

I91Au I60 19, ?:tO, 7 0,87It;0,008 (0, 120:!;0,019)!0-2 8,630 
194Hg I2c 18,9:!:0,6 0, 886:tO, 006 ( 0 ,121:!:0 ,015 )IQ-2 8,792 
I98Pb rs0 17, 4:!;1, I 0,884:!;0,010 (O,I3I:!;0,036)I0-2 9,009 
256Fm 180 3,2:!;0,3 I ,103:!;0,006 0,000 6,77G 
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li pac'IeTa J'f /1~ AJ151 Heii3y'IeHHbiX HAep. Bo BTOpOH 'I8CTU 
pa6oTbi/l6; rrpuBeAeHbi TaKMe pesynbTaTbi pac'IeTa a6co

nmTHhlX 3Ha'IeHUH WUpliH J'n li J'f li cpaBHeHiie IiX C 9K
crrepuMeHT8JlbHbiMli WiipUH8Mll, IIOJly'IeHHb!Mli Ii3 U3MepeHii51 
BpeMeH MU3Hli COCT8BHblX Mep C IIOMOillbiD a<jJ<j-leKT8 TeHeH, 
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