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HecKonbKO neT HaaaJI 6bm npeJino*eH MeToJI HaMepeHHB speMeHH 

npoTeKBHHH HJiepHhlX peaKUHA C HCnonb30B8HHeM 9~~eKTa TeHeA, Ha6nro

JIBIDIIlHXCH B yrnOBbiX pacnpeJieneHHHX 38pH)f(eHHbiX 'IBCTHU - npoJiyKTOB 

HJiepHbiX peBKUHA npH o6ny'l!eHHH MOHOKpm::TannH<ieCKOA MHllieHH ny'l!KOM 

I 1,21 
6oM6apJIHpyiDIIlHX <iBCTHU • 

.fiaHHbiA MeTOJl noaBOnHeT H3MepHTb qpe3Bbi<i8ftHO KOpOTKHe 0Tpe3KH 

BpeMeHH ( < -15 ) 10 CeK 0 <iTO HeB03MO)f(H0 C noMOIIlbiD KBKoro-nH60 

Jipyroro H3 H3BeCTHbiX B HBCTOHIIlee BpeMH MeTOJIOB HaMepeHHH BpeMeHHbiX 

HHTepBanoB. J1aBeCTH0 0 <iTO HJiepHbie peaKUHH npHHHTO paaJienHTb Ha JIBS 

Knacca: npHMbie HJiepHbie peaKnHH H peaKuHH, npoTeKaromHe qepea cTaJIHID 

o6paaOB8HHH COCTBBHOrO HJipa. XapaKTe,pHoe BpeMH npHMOA HJiepHOA peaK

UHH cpaBHHMO C BpeMeHeM nponeTa HaneTaromeA <iBCTHueA paCCTOHHHH 

-22 
nopHJIKB paJIHyca HJipa ( ~ 10 CeK), CTOnb KOpOTKOe speMH He MO)f(eT 

6b!Tb H3MepeHO MeTOJIOM 0 HCnonbayiDIIlHM a<jl~eKT TeHeA. 0JIH8KO BpeMH 

-15 
)f(H3HH COCTBBHhlX HJiep,no OUeHKBM,COCTaBnHeT senH<iHHy (~ 10 -

-20 10 ceK), JIOcTynHyro JinH HaMepeHHH JIBHHbiM cnoco6oM. CneJiyeT 

OTMeTHTb0 <iTO 9KCnepHMeHTBnbHOe onpeJieneHHe BpeMeHH )f(H3HH B036y)f(

JieHHOrO cocTaBHoro HJipa, o6paayromerocH H pacnaJiaromerocH B nponecce 

npoTeKBHHH HJiepHoA peaKUHH 0 HMeeT BB)f(HOe 3HaqeHHe JinH noHHMBHHH 

MeXaHH3MOB0 JieftcTBYIDIIlHX B B036y)f(JleHHOM HJipe,JinH npoBepKH npaBHnb

HOCTH CTBTHCTH<ieCKOft TeOpHH COCTBBHOrO HJipa H onpeJieneHHH ~eHoMe

HonorH'l!eCKHX napaMeTpOB nocneJIHeA. KoHuenUHH COCTBBHOrO HJipa, snep-
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Bbie rrpeano)KeHHaH H. EopoM, rrpHMeasreTCH cetiqac ansr orrHcaHHH ocHOB

HhiX xapaKTepHCTHK UIHpOKOf'O Kpyra Sl/.lepHbiX IlpOUeCCOB, B TOM "'HCne 

H ansr C03l.I8HHSI TeopHH Sll.lepHbiX peaKUHti Me)Kl.ly CnO)KHbiMH Sll.lp8MH, 

KOTOpbie HHTeHCHBHO H3Y"'810TCSI B IIOCnel.IHHe f'Ol.lbl Ha 6a3e YCKOpHTeneA 

TSI)KenhiX HOHOB. 

KaK cneayeT H3 aKcrrepHMeaTanbHhiX aaHHhiX, o6pa3oBaHHe coc

TaBaoro Hl.lp8 SIBnsreTCSI HaH6onee BepOSITHbiM IlpOUeCC0M IlpH CTOnKHO

BeHHH LIBYX cnO)KHbiX Hl.lep. llpH 8TOM COCT8BHOe Sll.lpO rronyqaeT 3H8"1H

TenbHYIO aHeprHIO B036y)Kl.leHHSI, BbiCOKHA cpel.IHHA yrnOBOA MOMeHT H 6onb

UIOH HMrrynbc OTl.la~H. CHcTeMaTH"'eCKoe H3MepeaHe a6conJOTHoro BpeMeHH 

)KH3HH CTOnb He06bi"'HhiX SIJlepHbiX COCTOSIHHH 110 OTHOUieHHIO K aeneHHIO 

H HCIIapeHHIO HeATpOHOB cymeCTBeHHO ansr IIOHHM8HHSI ¢H3HKH rrpouecca, 

a T8K)Ke Mo)KeT aaTb MaTepHan ansr oueHoK H aKcTparronsruHfi, KacaJO

mHxcsr IIOBel.leHHSI O"'eHb TSI)KenbiX KOMII8YHLI-Sil.lep B peaKUHSIX, KOTOpbie 

He06XOLIHMO ocymeCTBnSITb ansr CHHTe3a CBepXTSI)KenbiX aneMeHTOBo 

B aaHHofi pa6oTe cTaBHnacb 3aaaqa H3MepeHHSI BpeMeHH )KH3HH 

COCT8BH·b!X Sll.lep B peaKUHH W ( 22 Ne , f ) C HCIIOnb30B8HHeM a¢¢eKT8 

/3/ 
TeHeA. MeTOLIHKa aKcrrepHMeHTa rroapo6Ho orrHcaHa HaMH paHee • B pa-

/3/ 
6oTe IIOK838HO, 'ITO IlpH oony"'eHHH MOHOKpHCTanna BOnb¢paMa HOH8MH 

22 Ne B yrnoBbiX pacrrpeneneHHSIX ocKonKOB neneHHSI Ha6nJOJlaeTCH SlpKo 

Bbipa)KeHH8SI KapTHH8 OCeBbiX H IlnOCKOCTHbiX TeHefi ( CMo pH Co 1) o 3TOT 

¢aKT 1103BOnsreT OllpeaenHTb BepXHIOIO rpaHHUY BpeMeHH )KH3HH COCT8BH0-

-18 
f'O SIJlpa B Jl8HHOH peaKUHH (r 1; 2 'S,. 8.10 CeK) o OueHHTb CTOnb KOpOTKOe 

BpeMSI B Jl8HHOH peaKUHH yaanOCb B CBSI3H C TeM, 'ITO CKOpOCTb OTJl8"1H 

KOMIIayHJl-Sil.lpa B peaKUHSIX C TSI)KenhlMH HOH8MH BeCbMa 3H8"1HTenbH8 

H SIJlpO OTJl8"1H 38 CTOnb KOpOTKOe BpeMSI ycrreBaeT CMeCTHTbCSI H3 

Y3na KpHCTannH"'eCKOH peUieTKH H8 paCCTOSIHHe 110pS1JlK8 rrapaMeTpa 8TOM

H0f'O 8KpaHHpOB8HHSI ( = 10-9 
CM). 0CHOBHOH HHTepec, 0JlH8KO, rrpeJlCT8B

nHeT Ilony"'HTb He TOnbKO BepXHIOIO rpaHHUYt HO H C8MO 3H8"1eHHe BpeMe-
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HH )KH3HH COCT8BHOf'O Sl)lpa. HaH6onee "'YBCTBHTenbHbiM K CMemeHHIO H3ny"'a-

10Uiero Slllpa H3 y3na peUieTKH aneMeHTOM TeHeBOft KapTHHhl SIBJlSieTCSI rny-

6HHa oceBoA TeHH. Onaaxo H3BeCTHo, 'ITO aa)Ke rrpH HyneBoM cMemeHHH 

rny6HH8 TeHH 6y)leT KOHe"'HOft BenH"'HHOfi, 'ITO CBSI38HO C HeH)leanbHOCTbiO 

KpHCTanna, TerrnOBbiMH KOne6aHHSIMH 8TOMOB, paccesiHHeM H KaHanxpo-

BaHHeM IlpOJlYKTOB peaKUHHo B CBSI3H C 9THM B03HHKaeT 38Jlaqa BbiJlenHTb 

H3 Ha6moaaeMoA Ha OllbiTe rny6HHbl TeHH annapaTypHyiO COCT8BJ1SIIOUIYID 

H OllpeaenHTb "18CTb, CBSI38HHyiO CO CMemeaHeM KOMII8YHJl-SIJlep. 

3Ty 38Jl8"1Y MO)KHO peUIHTb, H3Mepgg 38BHCHMOCTb rny6HHbl TeHH 

OT yrna Me)KJly KpHCTannorpa¢H"'eCKOH OCbiO MOHOKpHCTanna H IIY"'KOM 

0 6oM6apJlHPYIDUIHX "18CTHUo nefiCTBHTenbHO, ecnH 9TOT yron paBeH 90 , 

TO SIJlpa OTJl8"1H CMeUI810TCSI rrepneHJlHKynSipHO UeiiO"'Ke 8TOMOB H H3MeHeHHe 

rny6HHhi TeHH 3a C"'~T cMemeHHSI 6yaeT MaKCHManbHhiM. EcnH )Ke yron 

0 
Me)KJly IIY"'KOM H KpHCTannorpa¢H"'eCKOA OCbiO 6nH30K K 0 , TO SIJlpO OT-

Jl8"1H JlBH)KeTCSI Bl.IOnb UeiiO"'KH 8TOMOB H H86JlJOJl8eM8SI rny6HHa TeHH B 

aToM cny"'ae 6yaeT Mano oTnH"'aTbcsr oT annapaTypHofi. nono6Horo THrra 

Ollb!Thl BhiiiOJlHeHbl B Jl8HHOA pa6oTe. 

3xcnepHMeHT H pe3ynhT8Thi 

Ollb!Tbl rrpoBOJlHnHCb Ha BhiBe)leHHOM Ily"'Ke UHKJlOTpOHa na6opa

TOpHH srnepHhiX peaxuHfi 011.HI1 Y -300, MaKCHManbHaH aHepl'HSI HOHOB 22 Ne 

cocTaangna 174 MaB. XopoUio KonnHMHpoBaHHhiA ny"'OK HOHOB 22 Ne 
0 

C yrnOBOA paCXOJlHMOCTbiO He 6onee } , JlH8MeTpOM } MM H HHTeHCHB-

HOCTbiO 50 H8 Bb!3b!B8Jl )leneHHe Sl)lep MOHOKpHCT8J1JlH"'eCKOH BOnb¢paMOBOH 

MHUieHH. MoHoKpHcTann 6hrn opHeHTHpoBaH TaKHM o6pa3oM, 'ITO oaaa 

H3 ero KpHcTannorpa¢H"'ecKHX oceA < Ill> 6bma HanpaBneHa noa yrnoM 

(J =00°, npyrasr non yrnoM (J = 160° K rry"'KY B nnocKOCTH peaKUHH. OcKonKH 

aeneHHSI perHCTpHpOB8JlHC& CTeKnSIHHb!MH IIJ18CTHH8MH, p8CIIOJlO)KeHHhlMH 

t s .~ 



Ha paCCTOSIHHH 100 MM OT MHII19HH B H8IIpaBn9HHSIX yK838HHblX KpHCTanno

rpa~HqeCKHX oceA. TaKHM o6pa30M 1 B ODHOM OI1hlT9 perHCTpHpOBanaCb Te

neB8SI K8pTHH8 B6nH3H DBYX oceii: ODHH8KOBbiX HHD9KCOB1 HarrpaBneHHbiX 

IIOD pasnHqHblMH yrnaMH K rryqKy, TaKaSI IIOCTaHOBKa OIIbJTa HCKmoqaeT 

B03M0)KHbi9 rrorpe111HOCTH 1 CBSI3aHHbl9 C H9H369)Kif0H H9HD9HTH'IHOCTbJO DBYX 

pasnHqHbiX o6nyqeHHii:. BpeMSI 9KCII03HUHH Bbi6Hpanoch TaKHM o6pasoM, 

'!T06hl rrnOTHOCTb TpeKOB OCKOnKOB neneHHSI Ha IIOB9pXHOCTH D9T9KTOpOB 

4 2 
6hma rropSIDKa 10 IIMM • flpH aTOM rrocne XHMl14ecKoii: o6pa6oTKH rroaepx-

HOCTh cTeKna CTaHOBHnaCb MaTOBOH H TeHeBaSI KapTHHa 6bJna BHDHa BH

syanhHO (eM. pHC, 1). OceBaSI TeHb Ha IIOBepXHOCTH D9T9KTopa HMena BHD 

IISITH8 DHaMeTpOM 5-6 MM 1 rrepeceKaJOIIlerocSI nHHHSIMH IInOCKOCTHbiX TeHeA. 

3TO o6cTOSITenbCTBO II03BOnSinO nerKO o6Hapy)KHTb T9HH 1 COOTB9TCTBYIOII1H9 

OCSIM H nnOCKOCTSIM MOHOKpHCTanna orrpeneneHHhiX HHDeKCOB1 Haii:TH C DO

CTaTO'IHOH ToqHQCTbJO U9HTp OC9BOH TeHH H Bbi6paTb nHHHIO IIpOCMOTpa, 

He rrepeceKaJOII1YJO IInOCKOCTHbie TeHH. 

flpoCMOTp D9TeKTOpOB OCYII19CTBnSinCSI C IIOMOII1bl0 OIITHqecKorO MHKpO

CKOIIa, floDC'IHTbJBanOCb 'IHCnO TpeKOB OCKOnKOB neneHHSI B aneMeHTe rrno-

maDH IIOBepXHOCTH D9T9KTOpa B SaBHCHMOCTH OT paCCTOSIHHSI Me)KDY U9HT

poM oceBOH TeHH H IIOnO)KeHH9M rrpocMaTpHBaeMoro aneMeHTa rrnolliaDH. 

KaK rrpaBHno, yKasaHHhiM aneMeHTOM rrnomanH SIBnSinoch rrone speHHSI MHKpo-

2 
CKOIIa 1 KOTopoe IIpH yBenH'I9HHH 450 HMeno pasMep 0,27x0,27 MM , TaKHM 

o6pasoM, ynaaanoch nocTaTo'IHO rronpo6Ho rrpocneDHTh HSMeHeHHe rrnoT

HOCTH TpeKOB OCKOnKOB neneHHSI IIpH rrepeceqeHHH OC9BOH T9HH. Ha pHC, 2 

IIOKa3aHbl pesynbTaTbl IIpOCMOTpa TeHefi B yrnOBblX pacrrpeneneHHSIX OCKOn-

KOB neneHHSI 1 COOTB9TCTBYJOII1HX OCSIM < 111 > KpHCTanna BOnb~p8M8 1 Ha-

rrpaBneHHblM IIOD yrnaMH 90° H 160° K IIY'IKY HOHOB 
22 Ne C SHeprHeii: 

174 M 9B, KaK BHDHO H3 pHcyHK8 1 ~opMa TeHH orrpenenSieTCSI 50-60 TO'!Ka

MH IIpH DOCTaToqHOH CTaTHCTH'!eCKOA TQqHoCTH Ka)KDOH H3 HHX. TeHb HMe-

eT 3Ha'!HTenbHYIO rny6HHY 1 rrnOTHOCTb TpeKOB B MHHHMyMe IIpHMepHO B De-
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CSITb pas MeHbll19 1 qeM Ha rrepH~epHH, 3To CBHDeTenbCTByeT 0 XOp01119M 

KaqeCTBe HCIIOnbsyeMoro MOHOKpHCTanna, He6onhlliaSI aCHMMeTpHSI T9HH 

CBSI3aHa C BnHSIHHeM yrnoBoro pacrrpeneneHHSI OCKOnKOB neneHHSI, Yrno-

0 0 
BaSI 111HpHHa TeHH Ha IIOnOBHHe rny6HHbl COCTaBnSieT 2 -2,5 , 

M3MepSI9MOH ~H3H'!9CKOii: BenHqHHOH1 KOTOpaSI B nanbHeii:WeM HCIIOnb-

syeTCSI DnSI BbJqHcneHHSI BpeMeHH )KH3HH COCTaBHoro SIDpa, B DaHHbiX OIIbi-

Tax SIBnSinacb rny6HHa TeHH X < 1 (OTHOIIleHHe IInOTHOCTH TpeKOB 

B MHHHMyMe K IInOTHOCTH TpeKOB Ha rrepH~epHH 

0 
rny6HHbl TeHeii:, COOTBeTCTBYIOWHX yrnaM 90 H 

TeHH), a T8K)Ke pa3HHUa 

0 
160 ' ~X = X oo o - Xt6o o. 

Ms pHC, 2 BHDHO, qTo T9Hb B yrnOBOM pacrrpeneneHHH OCKOnKOB neneHHSI 

0 0 
B HarrpaaneHHH 90 1 SIBnSieTCSI 6onee MenKOii:1 '19M T9Hb B6nH3H 160 

X oo o > X t6o 0 ) • Ha6n10naeMoe pasnH'!He B rny6HHe TeHH neaenHKo, 

ODHaKO OHO cyWeCTBeHHO BbJXOAHT 3a paMKH CTaTHCTH'I9CKOH HeorrpeneneH

HOCTH 9KCIIepHMeHTa, Jlng HarnSIDHOCTH KpHBbJe Ha pHC, 2 COBMeli19Hbl Ta

KHM o6pa30M 1 qTo6hi OHH COBIIananH B BepxHeii: CBOeii: '!aCTH, YKa3aHHbl9 

Ha OCH OpDHHaT UH~pbi DaJOT IInOTHOCTb TpeKOB DnSI T9HH, COOTB9TCTBYJO-

O 0 
meii: 160 1 DnSI TeHH B6nH3H 90 HCTHHH8SI IInOTHOCTb TpeKOB B 1,11 pa3a 

HH)K9 H3-3a BnHSIHHSI yrnOBOH aHH30TpOIIHH OCKOnKOB neneHHSI B peaKUHH, 

JJ.ng 6onee TO'!Horo orrpeneneHHSI rny6HHhi TeHeii: H rrpoaepKH ~aKTa cymecT-

aoaaHHSI pa3HHUhi !1 x 6bin I1pOB9D9H IIpOCMOTp HeCKOnhKHX rroneii: 3p9HHSI 

B6nH3H MHHHMyMa T9HH H H8 rrepH~epHH H OIIpeneneHO OTHOIIleHHe CpeDHHX 

aemrqHH rrnOTHOCTH TpeKOB B STHX DBYX 30HaX. KpoMe TOrO, OIIbiT 6hin 

IIOBTOpeH H9CKOnhKO pa3 IIpH o6ny'!eHHH pa3nH'!HhiX yqaCTKOB IIOB9pXHOCTH 

MOHOKpHcTanna. PesynhTaTbi rrpHaeneHbi B Ta6nHue. PasHHua ~ X na6nJO-

naeTCSI BO BCeX OilbiTaX, pa36poc 3Ha'!eHHH He rrpeBbiiilaeT CTaTRCTH'!9CKOH 

rrorpe111HOCTH, cpennee 3Ha'!eHHe !1 X 0,040;!:,0,003. 

TaKHM o6pasoM, H3MeHeHHe rny6HHhi TeHH B saBHCHMOCTH oT yrna 

Me)I{Dy narrpaaneHHeM KpHcTannorpa~HqecKoii: ocH < 111 > H ochJO rryqKa 

nnSI peaKUHH W ( 22 Ne , f rrpH sneprHH 22 Ne 174 M 9B MO)KHO 
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ObinO C'IHTaTb JlOCTosepHo ycTaHoBJieHHhiM cllaKToM. 0JlHaKo npe>KJle 'leM 

csSJ3biBaTb HaonxoJlaeMoe aHa'leHHe ~ x C KOHe'IHbiM BpeMeHeM )I(R3HH 

COCTaBHOrO SIJlpa H Bbi'IHCnSJTb nocneJlHee, HeOOXOJlHMO ObinO JlOKa3aTb, 

'ITO ITOJlOOHblft acJ!cJ!eKT He MO)I(eT B03HHKHYTb B peaynbTaTe KaKHX-nHOO 

CHCT9MaTH'I9CKRX norpelliHOCTeft aKCIIepRM9HTa. B CaMOM Jlene, OCKOnKH 

0 0 aeneHHSJ, llBR)I(YlliRecg s naoopaTopHoft CHCTeMe s HanpasneHHSJX 90 H 160 

no oTHomeHHIO K nyqKy,oonaaaxoT paanH~Hoft aHeprReA (eM. TaonHuy 

H H9CKOnbKO paanH'IHbiM CI19KTpOM MaCC B peayn&TaTe JleftCTBHSI nepeHOC

HOA CKOpOCTH aengmerOCSI COCTaBHOrO SIJlpa. KaK BHJlHO R3 pHC. 2, yrno-

() 0 0 
BaSI lliHpHHa T9HH IlpR L •90 M9Hbllie, '19M ITpH fJL•160 • 3TO pa3nR'IRe, se-

pOSITHO, csgaaHo c paanR'IReM aHeprRA ocKonKOB E 90 0 H :E 160° 
t t 

BoaHHKBeT sorrpoc, He MO)I(eT nH ObiT& H pa3HHua '~ X CBSJ3aHa c TeM 

)1(9 oocTOSJTen&cTBOM? CymecTsyxomag rro.nyKonHqecTseHHaSJ TeopHSI rrponecca 

oopa30S8HHSI TeHeft IlpH IIPOX0)1(Jl9HRH 38pS1)1(9HHbiX 'IBCTHU S MOHOKpHCTanne, 

9CT9CTS9HHO, He M0)1(9T JlaTb JlOCTOSepHDrO OTBeTa HB aT·OT SOIIpOC. noa-

TOMY Obin rrocTasneH PSill JlOrronHHTen&HhiX aKcrrepRMeHTos. Bo-rrepsbiX, 

- 0 - 0 
E 90 

H E 160 
ysenH'IHsaeTCSI c pocToM aHeprRR 6oM6apJlHpyiO-t t 

paanH'IHe 

lliHX 'IBCTHU. B CBSI3H c aTHM senR'IHHa ~ x Jl0n)I(H8 yMeHblliHTbCSI IlpH 

IIOHH)I(9HHH aHeprHH ROHOS 22 Ne • EcnH )l(e ~X 0Tp8)1(89T BnHSIHHe 

KOH9'1Horo SpeMeHH )I(H3HH COCTaSHOrO S!Jlpa, TO ~X JlOn)I(HO ysenR'IHTbCSI 

c rroHH)I(9HHeM E 1 1 TBK KBK C YM9Hblli9HR9M aHeprHH S030Y)I(JleHRSI COC• 

TasHoro SIJlpa speMSI )I(R3HH ero ysenH'IHSaeTcSJ. Ha pHc. 3 rroKaaaHbi TeHH, 

0 0 
rrony'leHHbie JlnSl yrnos 00 H 160 IlpH SHeprHH OOM08pllHpyiOlliHX 'laCTHU 

116 Mas. Brronae orrpeaeneHHbiM SJSnSJeTcSJ ysenH'IeHHe pa3.HHUbi ~ x rro 

cpasaeHHIO c peayn&TaTaMH aa pHc. 2. B o6nacTH aaeprHft 108-116 Mas 

HBMH OblnH CJlenaHbi TpH OilbiTa, peaynbT8Tbl KOTOpb!X Jl8.Hbl S Ta6nHU9
1 

rrony'l:eHo cpeaaee a.Ha'leHHe ~ X 

ITO'ITH s asa paaa 6on&me, 'leM JlnSI 

0,070 JlnSI aTOft o6naCTH aHeprHH, 'ITO 

Em ax 
I 174 Mas. Peayn&TaT aToro 

SKCIIepHMe.HTa rosopRT S IIOn&ay SbiSOJlB 0 TOM, 'ITO Ha6niOJl89MbiA S OilbiTe 

~eKT OTpa)l(aeT BnHSIHHe KOHe'IHoro speMeHH )I(H3HH cocTasuoro SJlpa. Ha 
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pHeo 4 nOK838H8 38BHeHMOeTb 11 X OT SHeprHH 6oM6apJlHpy!OIUHX 'IBeTHU 

JlnSl peaKUHH 1' ( 2:1 Ne ' r ) 0 

OaHaKO MO>KHO npeanono>KHTb1 'ITO KaKaSl-TO aong senH'IHHbi 11 X 

see >Ke eBSl38H8 e HeH)leHTH'IHOeTbiO oeKOnKos1 JlBH>KYIUHXCSI B H&npasne-
0 0 

HHSlX (j L = 9() H (} L = 160 o HaMH 6brn noeTasneH npS!MOA MO)lenb-

HbiH onbiT no H3MepeHHIO 38BHeHMOCTH rny6HHbl TeHH OT SHeprHH 'IBeTHU 

e HenonbaosaHHeM ynpyroro paeceSIHHSI HOHOB 84 Kr , yeKopeHHbiX Ha 

UHKnoTpoHe Y-300 ao sHeprHH 74 Msso YMeHbiiieHHe sHeprHH 84 Kr ocy

weeTBnBnocb c noMO!IlbiO aniOMHHHeBbiX <flonbro 11oHbr KpHnToHa no saeprHH 

H Sl)lepHOMy 38pS!JlY He CHnbHO OTnH'I&IOTeSI OT OeKOnKOB aeneHHSI B peaK

UHH W (22 Ne , f ) 1 'ITO )laeT OeHOB8HHSl paenpOeTpBHS!Tb peaynbT8T MO

aenbHOrO OnbiTa H Ha onbiTbl e OeKonK&MH aeneHHSlo KaK BHJlHO H3 Ta6nH

Ubi1 B npeaenax TO'IHOeTH 9KenepHMeHTB H8MH He 6binO o6Hapy>KeHO H3Me

HeHHe rny6HHbl TeHH B yrnOBOM paenpeaeneHHH ynpyro paCCeSIHHbiX HOHOB 

84 Kr npH H3MeHeHHH 9HeprHH no'ITH s asa paaao 

llauee 6brn noCT&BneH OnbiT no aa6niO)leHHIO TeHeH B yrnOBbiX pac-

npeaeneHHSIX OCKOnKOB aeneHHSl JlnSI peaKUHH W (16 0, f ) H H3MepeHHIO 

senH'IHHbi 11 X anSI sToA peaKUHHo Bee ycnoBHSl 9KcnepHMeHTa 6brnH cosep

IIIeHHO 110Jl06Hbi onHeaHHbiM Bbiiiie )lnSI peaKUHH w ( 22 Ne ' r ) . KHHeMaTH-

'leeKHe pa3nH'IHSI 9HeprHH H cneKTpa MBeC OCKOnKOB1 JlBH>Ky!llHXCSI nOll pa3-

nH'IHbiMH yrnaMH B na60p8TOpHOH eHeTeMe 1 Jl0CTBTO'IHO S!pKO Bbipa>KeHbi H B 

enyqae peaKUHH W ( 160, f) . 0JlHBKO npH 9HeprHH HOHOB 16 0 , paBHOH 

0 0 
137 Mss, paaHHUbi s rny6HHe TeHeA s6nH3H 90 H 160 He 6brno o6Hapy-

>KeHo, senH'IHHa 11 X eoeTaBnBeT - 0,005 .:!:.. 0,0 10. 

TaKHM o6paaoM, onHcaHHbie Bbriiie sKcnepHMeHTbi noasonHIOT caenaTb 

BbiBOJl 0 TOM1 'ITO Ha6n10Jl8eMbie B onbrTe H3MeHeHHSI rny6HHbl TeHeH 8 yr

nOBbiX paenpeaeneHHSlX OeKOnKOB )leneHHSI npH o6ny'leHHH MOHOKpHeTanna 

BO.'Ib<flpaMa HoHaMH 22 Ne npH HaMeHeHHH yrna Me>KJlY aanpasneHHeM 

KpHCTannorpa<fJH'IeeKOH OeH H oeH ny'IK8 H npH H3MeHeHHH 9HeprHH 6oM6ap

JlHpy!O!IlHX '18CTHII CBSI38Hbl e BnHSIHHeM KOHe'IHOrO BpeMeHH >KH3HH eoCTaB

Horo SlJlpa B 9TOH peaKUHH, 
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~? 
~ 

06cy>KJleHHe pe3yDbT8TOB 

Ha OeHoBe H3MepeHHOH 8 OnbiTe BenH'IHHbl 11X XgoO - xl600 

)lnSI peaKUHH W ( 22 Ne , f) MO>KHO Bbi'IHenHTb BpeMSI >KH3HH COeTaBHOro 

S!)lpa e nOMO!IlbiO TeopeTHqeeKoro paeCMOTpeHHSI 38BHeHMOCTH rny6HHbi 

TeHH OT senH'IHHbi casHra Hany"l'.BIOIUero Bllpa .H3 yana peiiieTKH s Hanpas

neHHH, nepneHJlHKynBpHoM KpHcTannorpa<f!H<~ecKoA ocH, Pae<~~T nposoaHnCSl 
/4/ 

no <flopMyne H3 pa60Tbi 1 KOTOpaS! nony'leHa JlDSI aKeHanbHO CHMMeTpH'I-

HOrO aTOMHoro noTeHuHana THna ToMaea-~epMH anB ueno'IKH aToMoB e o6-

peaaaHeM noTeHuHana npH onpeaeneHHOM paeeToBHHH r r c ' ITapa-

MeTp aToMHoro sKpaHHpoBaHHSI C'IHTancH paBHbiM 0, 1R, Ha pHc, 5 noKaaa-

Hbr paee'IHTaHHbre aaBHeHMoeTH senH'IHHbi 11 X 

npH pa3nH'IHbiX 3H8'1eHHSIX napaMeTpa r 
0 

• rli 

OT npOH3BeaeHHH V 0 T 1; 2 

- nOCTOHHHaH 9KCno-

HeHuHanbHoro aaKoHa pacnaaa eoeTaBHoro sapa, V
0 

- eKopoeTb OT)la-

'IH eoeTasHoro Bapa, EcnH e<~HTBTb napaMeTp o6peaaHHSI aTOMHoro noTeH-
o /4/ 

uHana r c paBHbiM 0,4A , cornaeHo pa6oTe , To HaMepeHHbre senH'IHHbi 

- -18 
11 X Jl810T 3H8'1eHHSl BpeMeHH >KH3HH COCTBBHOrO HJlpa r 

1
;

2 
=2,54,10 eeK 

22 -18 
npH sHeprHH HOHOB Ne 1 paBHOH 174 Mss,H r1; 2 = 4,02,10 ceK npH 

E ~ax = 114 Mss. llaHHbre aHa'leHHSl r
1

;
2 

cywecTBeHHO Bbiiiie senH'IHH, 

npeaeK83biB8eMblX eTaTHCTH'IeeKOH MOJleDbiO COCT8BHOrO S!Jlpt:t npH napaMeT-
A A /5,6/ 

pax nnoTHOCTH yposaeA a = _.c...,_ , a t = ....,a_ o OaHaKo 
0 10 8 

npe>KJle qeM o6cy>KaaTb sTo pacxo>KJleHHe, aeo6xoJlHMO yaocToBepHTbeH, 

KOppeKTHO nH Bbi'IHeneHHe 9KenepHMeHT8nbHblX 3Ha'leHHH , T 1; 2 • llefteTBH-

TenbHO, s pae'I~Te no cymecTBY npeanonaranocb, 'ITO coeTaBHbie Hapa 

xapaKTepH3YIOTeH OJlHHM napaMeTpOM pacna)la T1j2 • B peanbHOCTH >Ke 

npH o6ny'leHHH ecTeeTBeHHOH eMeeH H30TOnOB BODb!flpaMa o6pa3yeTCH Ha6op 

eoeTaBHbiX SI)lep e pa3nH'IHbiMH MaeeoBbiMH 'IHenaMH, KB>K)lOe H3 KOTOpbiX, 

soo6me rosopB, o6naaaeT co6eTBeHHhlM nepHoaoM nonypaenaaao KpoMe Toro, 

B pae'I~Te eneayeT Y<~HTbiBaTb BKnaa sMHeeHoaaoro aeneHHH noene Henape

HHSI aeATpOHOBo B CBSI3H e 9THMH o6eTOSITenbCTBaMH Heo6xoJlHMO noeTaBHTb 
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aKCI19pHM9HTbi C MOHOKpHCTannaMH, COCTOSHIIHMH H3 pa3J]eneHHbiX H30TOI10B 

BOnb<jlpaMa, 'ITO J]aCT B03MO}KHOCTb 11pH yq~Te 9MHCCHOHHOrO J]eneHHSI 110ny

'IHTb 11apaMeTpbi Bp9M9HH }KH3HH COCTaBHbiX SIJlep C BI10nHe 011peaeneHHbl-

MH 3Ha'leHHSIMH Z A H aaeprHH B036y}KJleHHSI, B TO }1<9 speMSI secb-

Ma HHTepeCHhlM <jlaKTOM SIBnSieTCSI 9KC11epHM9HTanbHO o6Hapy}K9HH09 OTCyT-

CTBH9 pa3HOCTH ~ )( J]nSI peaKUHH w ( 160. f ) 

M9HH }KH3HH COCTaBHOrO SIJ]pa B 9TOft peaKUHH r 1/ 2 

, 'ITO aaeT oueHKY spe

-18 < 1,95,10 ceK. 

YMeHhmeHHe speMeHH }KH3HH anH aToft peaKUHH 110 cpaBHeHH~ c peaKuHeft 

W ( 22 Ne , f) MO}KeT CBHlleTenbCTBOBaTh o BnHSIHHH 11pOTOHHOft o6ono'IKH 

( Z = 82)Ha 11apaMeTpbl 11nOTHOCTH ypOBHeft COCTaBHOrO SIJlpa, 0CHOBHOH 

BbiBOll J]aHHOii pa60Tbl 3aKn~qaeTCSI B cneay~IIIeM: 110Ka3aHa B03MO}KHOCTb 

9KCI1epHM9HTanhHOrO Ha6n~J]eHHSI a<jl<jleKTa KOH9'1HOrO BpeMeHH }KH3HH COC

TaBHOrO SIJ]pa B peaKUHSIX C TSI}K9nbiMH HOHaMH H 110ny'I9Hbl KOnH'I9CTB9Hbl9 

OU9HKH J]aHHOrO BpeMeHH }KH3HH ,.llnSI 6onee TO'IHOrO 011peaeneHHSI Bp9M9HH 

}KH3HH cocTaBHhiX Siaep c o11peaeneHHbiMH Z H A aeo6xollHMO 11pOBeCTH 

Ol1b!Tbl C MOHOKpHCTannaMH H3 pa3J]eneHHb!X H30TOI10B, 

ABTOpbl rny60KO 6naroaapHbl aKaJ]eMHKy f,H, <f>nepoBy 3a BHHMaTenb

HOe OTHOlli9HHe K pa6oTe H COB9Tbl 0 HM9BlliHe cymeCTB9HHOe 3Ha'I9HHe, Mb! 

11pH3HaTenhHbi 11po<jleccopy A.<t>. TynHHOBY H ero coTpyllHHKaM IO.B. MenH

KOBY H IO • .ll.OTcTaBHOBY 3a meapy~ 11epeaa'1y Ol1hJTa pa6oTbi 11pH 110CTaHoB

Ke aKc11epHMeHTOB 110 aa6n~aeHH~ at!Jt!JeKTa Teaeft H 11one3Hhre o6cy}I<Jl9HHSI 

pe3ynhTaTOB. A BTOpbl 6naroaapHbl TaK}Ke IO.A. My3bi'IK9 H E.H. nycTbinbHH

Ky 3a o6Cy}KJl9HHe pe3ynbTaTOB H rpy1111e 9KCI1nyaTaiiHH IIHKnOTpOHa flHP 

Y -300 110ll pyKOBOllCTBOM E.A. 3arepa 3a o6ec11eqeaHe a.P.PeKTHBHOH pa6oTbi 

ycKopHTenH. 
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PyK011HCh 110CTyi1Hna B H3llaTenhCKHft oTaen 

11 aeKa6pH 1970 roaa. 

PHC, 1. l1306pa}KeHHe KapTHHbl TeHeft Ha CTeKne 11pH Bb!COKOH 11nOTHOCTH 

TpeKOB OCKOnKOB aeneHHSI, OceBaSI TeHb COOTBeTCTByeT KpHCTannorpat!JH'IeC

KOH OCH < 111 > MOHOKpHCTanna BOllbi!JpaMa, 
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PHc. 2. YrnoBbie pacrrpeaeneHHR ocKOnKOB aeneHHR B6nH3H KpHcTannorpa-o 0 
tPH'IeCKHX oceli < 111 > , H8ITpaBneHHbiX H8 90 H 160 K ITY'IKY HOHOB 

22 Ne c aHeprHeH 174 MaB. Ha ocH opaHHaT yKa38Hhi uHtjlpbi, cooTBeT

CTBY!OlUHe 'IHCny 38perHCTpHpOB8HHbiX TpeKOB OCKOJIKOB aeneHHR anR K8}K

aoli TO'IKH yrnoBoro pacrrpeaeneHHR. 
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P11c. 4. 3aBHCHMOCTb senH'IHHbi ~X = x
900 

- X lfi.Q 0 OT sueprHH 6oM6ap-

ll.HpyJOIIlHx 'IBCTHU E max llnSI peaKUHH W ( 22 Ne , f ) • Ha BepxneA 
I 

ll.HarpaMMe yKaaaHbi ycpeD.HeHHbie 110 uecKonbKHM 011btTaM auaqeHHSI ~ X • 
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