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YqeHI>IH ceKpernp1, 

~~pe~heB .[lHCcepTaQH0HHoro C0BeTa 

KaH.IJ:II,[{aT qJII3.-MaT. Ha}'K, CTapIIIIIll Ha)"IHI>IH C0Tpy.D:HIIK 

06m:aJI xapaKTepHCTHKa pa6oTbl 
AKryaJILHOCTL npo6JieMLI. 

lfccJie.D:OBaHlliI K)'MYJI5ITIIBH0f0 pmK)leHlliI qacTHU, T.e. qaCTllU, po

)K.[leHtte K0T0pbIX 3anpern:eHO 3aKoHaMtt coxpaHeHlliI B CTOJIKHOBeHlliIX 

CB060JlHbIX HYKJIOHOB, 5.IBJI5IIOTC5.I Ba)KHI,IM llCTQqHIIKOM ttmpopMaUIIII 0 

xapaKTepe B3allMO)leiicTBlliI ll BHyrpeHHell CTP}'KType CTaJIKHBaIOllillXC5.I 

ofo,eKTOB, O)lHllM ll3 KOTOpbIX o65.13aTeJII>HO )lOJI)KHO 6nITb 5.!JlpO. B TaKllX 

CT0JIKHOBeHlliIX B03HttKaIOT qacTIIUbl C ttMnyJinCaMll, KOTOpbIM COOTBeT

CTBYJOT 3HaqeHtt5.I Macuna6Hoii nepeMeHHOH Xe, npeBnIIIIaIOllitte eJJ:tt

HttUy. <l>tt3ttqecm 3TO mHaqaeT yqacTtte B npouecce B3attMOJlettcrnm.1 

KOHqmrypauttII, . KOrJ];a .[lBa ( llJIII 60JibIIIe) HYKJIOHa cpparMeHTHPYIOlliero 

5.!Jlpa HaX0MTC5.I Ha pacCT05.1HlliIX MeHbIIIIIX, qeM xapaKTepHbie paCCT05.I

Hll5.1 Me)K.[ly HYKJIOHaMtt. K. HaCT05.lllieMy BpeMeHll CTP}'KTypa aTOMHbIX 

5.!Jlep Ha paccT05.IHll5.IX, MeHblllllX llJill cpaBHIIMbIX C pa3MepaMtt HYKJIOHa 

(:S 1 cpM), myqeHa HeJlOCTaTOqHo KaK C 3KCnepIIMeHTaJibHOH, TaK ll 

c TeopeT11qecKoii ToqeK 3peHlliI. Ilo3TO¥Y nonyqeHtte JJ:onorrHttTeJII>HI>IX 

3KCnepIIMeHTaJibHbIX JlaHHbIX 0 3aKOHOMepHOCT5.IX po)K.[leHlliI K)'MYJI5.ITllB

HbIX qaCTllU npeJlCTaBJI5IeT llHTepec KaK C TOqKII 3peHlliI nonyqeHll5.I llH

cpopMaUllll _ 0 CTp}'KType 5.(Jlep Ha MaJibIX Me)KHYKJIOHHbIX paccT05.1Hll5.IX, 

TaK II C TQqKII 3peHlliI nOHttMaHlliI_MexaHll3MOB peaKUHII. 

IIpII 3TOM myqeHtte nompmauttoHHbIX Ha6JIIOJ];aeMbIX J];aeT 6orree J];e

TaJibHYIO, no cpaBHeHHIO C peaKUlliIMll C ~eIIOJI5.1pll30BaHHbIMll qaCTll

uaMtt, IIHqJOpMaUttIO 0 faMllJibTOHllaHe B3allMOJleHCTBlliI, MeXaHII3MaX pe

aKUllll ll CTp}'KType qacTHU, yqacTBYIOllIIIX B peaKUttII. .D:ettTpOH ll3 Bcex 

5.(Jlep npeJlCTaBmeT oco6n10: ttHTepec: Bo-nepBI>IX, 3TO Hatt6onee my

qeHHoe 5.!JlpO KaK C 3KcnepttMeHTaJibHOH, TaK ll C TeopeTttqecKOH Toqel( 

3peHtt5.I. BO-BTOpbIX, )lJl5.I J];eHTpOHa, KaK )lJl5.I npocTettIIIero 5.(Jlpa, ne:rqe 

pa3o6paTbC5.I C MexaHll3MaMtt peaKUIIll. B-TpeTbIIX, J];ettTpOH ttMeeT He

TpllBllaJibH)'IO CIIllHOBYIO CTp}'KTYPY ( CIIIIH, paBHbIH 1, tt HeHyneBOH KBa

JlpyrroJII>HbIH MOMeHT), rrpeJlOCTaBJI5IIOllIYIO IIIttpOKlle 3KcnepttMeHTaJib

Hble B03MO)KHOCTII JlJl5.I ll3)"IeHlliI CIIllHOBI,IX Ha6JIIOJ];aeMbIX. 

3KcnepttMeHTaJII>HI>Ie JlaHHI>Ie no TeH3opHoii aHaJitt3ttpYIQrn:en: crro

co6HocTII A~y peaKUHll cpparMeHTaUllll nOJI5.1pll3oBaHHbIX J];eHTpOHOB, B 

K)'MYJ.15.!TllBHbie IIIIOHI,I B nepeJlHIOIO norryccpepy, rrpeJlCTaBJieHHble B JlllC

cepTaQllOHHOH pa6oTe, CB5.13aHbI C TaKHMll He Jl0 KOHUa llCCJieJ];oBaHHbIMll 



TeopeniqecKHMH imnpocaMH; KaK. onHcaHiie";cB513aHHl,IX 'COCT05IHHH B CH

CTeMe peJI5ITHBHCTCKHX qaCTHQ, OilHCaHIIe B3clHMOlleHCTBllil H)'KJIOHOB Ha 

MaJII,IX pacCT05IHH5IX, H C B03MO)KHl,IM np05IB.JieHHeM IieH)'KJIOHHI,IX cTe

neHeii CB06ou1,1 B Mpax~. a TIOTOMY npellCTaBJI5IIOTC5! aKryaJII,HI,IMH. 

· IIonyqeHHI:.Ie sKciiep0MeHTan1,H1,1e uaHHI:.Ie rro3BOIDIIOT npOllBHHyTI:.C5! 

B IlOHHMaHHH CTIHHOBOH CTPYKTYPI,I ueii:TpoHa Ha MaJibIX Me)KH)'KJIOHHI:.IX 

pacqo5IHH5IX H ll0IlOJIH5IIOT HH<pOpMaQHIO O CTpYKType ueii:TpOHa, nony

qeHHYJO B 3KCnepHMeHTaX C nenTOHHI,IM npo6HHKOM H IIJ1H H3yqeHHH 

peaKQHH pa3BaJia TeH30pHO nompmoBaHHI,IX ueiiTpOHOB. IIpoBelleHHl,lll 

TeopeTHqecKHH aHaJIH3 Il03BOJIHJI BI:.IBBHTI, cneu;HcpHqeclrne oco6eHHOCTH 

IlOJI5IpH3aQHOHHI,IX Ha6JIIO,[(aeMI,IX .[(JI5I peaKQHH cppa™eHTaQHH TeH3opHO 

nompmoBaHHI,IX ueii:TpOHOB B IllIOHI,l II cymecTBeHHO CY31ITI, Kpyr MO

,[(eJiett, KOTop1,1e MOryr npeTeH,[(OBaTI, Ha OillICaHIIe npoQeCCOB po)K,[(eHH5! 

KYMYJI5ITIIBHI:.IX qacTIIQ. 

:0:e.JILIO pa60TLI 5IBJI5IJIOC1, nonyqeHIIe 3KCnep1IMeHTaJII,HI,IX ,[(aHHI:.IX 

0 3aKOHOMepHOCT5IX po)K,[(eHH5! KYMYJI5ITIIBHl,IX qacTIIQ B CTOJIKHOBeHHII 

npOTOHOB II Mep C cppa™eHTIIPYJOIQIIM MPOM. B qaCTHOCTII, nonyqeHIIe 

3KCnepHMeHTaJII,Hl,IX ,[(aHHI,IX: 

• 0 3aBIICHMOCTII H30TOil1IqecKoro ·scpcpeKTa .[(JI5I KYMYJI5ITIIBHI,IX IllIO

HOB OT aTOMHOH MaCCI,1 Hanernromero Mpa; 

• 0 3aBIICIIMOCTII H30TOnliqecKoro scpcpeKTa .[(JI5I KYMYlliITIIBHI,IX IllIO-

HOB OT MacIIITa6HOH nepeMeHHOH. . 

3TII .[(aHHI:.Ie Il03BOJI5IIOT nonyqlITI, .[(OilOJIHIITeJibHYJO IIH<pOpMaQIIIO O Me

xaHH3Me po)K.[(eHH5! KYMYJI5ITIIBHI:.IX qacTIIQ. ~ nonyqeHH5! 6onee onpe

ueneHHI:.IX BI:.IBOllOB H3 3KCneplIMeHTaJII,HI,IX .[(aHHI,IX B .[(HCcepTaQIIOHHOH 

pa6oTe TaK)Ke npoBe,[(eHI,I OQeHKII BKJIMa OT pacnauoB KYMYJI5ITIIBHI,IX 

p- II ~-pe30HaHCOB B cneKTpI,1 KYMYJI5ITIIBHl,IX npoTOHOB II IllIOHOB. / 

IIpoBelleHI:.I TaK)Ke OQeHKII BKJIMOB B cneKTp1,1 KYMYJI5ITIIBHI:.IX npoTOHOB 

II IllIOHOB OT pacnauoB KYMYJI5ITIIBHl,IX p- II ~-pe30HaHCOB. 

~ nonyqeHH5! IIH<popMaQIIII O MexaHH3Me po)K.[(eHH5! KYMYJI5ITIIBHI,IX 

qacTIIQ CTaBHJiac1, 3Maqa nonyqeHH5! 3aBIICIIMOCTII ceqeHIIll po)K,[(eHH5! II 

cpopMI:.I cneKTpa KYMYJI5ITIIBHl,IX qacTIIQ OT aTOMHOH MaCCl,I Mpa MIIIIIeHH 

nplI cppa™eHTaQIIII HaJieTaIOIQIIX ueii:TpOHOB B KYMYJI5ITIIBHI,Ie IlHOHI,I. 

3TH 3KCnepHMeHTaJII,HI,Ie .[(aHHI,Ie Il03BOJI5IIOT cuenaTI:. BI,IBOllI:.I O MIIHe 

cpopMHpoBaHH5! IlHOHOB B cpe.[(HIIX II T5I)KeJII,IX Mpax II, TaKHM o6pa30M, 
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npo5ICHIITI, Bonpoc1,1 B3aHMOlleHCTBH5! IllIOHOB C MPaMII. 

)],.rm nonyqeHH5! HH<popMaQHII O CilHHOBOH CTPYKTYPe ueii:TpOHa II Me

xaHII3MaX pO)K.[(eHH5! KYMYJI5ITIIBHI,IX qacTIIQ CTaBHJiac1, 3Maqa nonyqeHII5! 

3KCnepHMeHTaJII,Hl,IX ,[(aHHI:.IX no TeH3opHOH aHaJIH3Hpyromett cnoco6HO

CTII peaKQIIH J + A --+ 7r±(0 > 90°) + X cppa™eHTaQHII TeH30pHO 

nomp1I30BaHHI,IX ,[(ettTpOHOB B K)'MYJI5ITIIBHI,Ie ( nounoporoBI:.Ie) IllIOHI,l B 

nepe.[(HIOIO nonyccpepy Ha pa3JIHqHI,iX MIIIIIeH5IX, nplI pa3JIIIqHI,IX yrnax 

pemcTpaQHII nHOHOB, .[(JI5I pa3JIIIqHI,IX 3Hepmtt HaJieTaIOIQIIX .n;eii:TpOHOB 

II pa3JI1IqH1,1x 3HaqeHHii: Macrnrn6Hott nepeMeHHOtt. 

U:eJII:.IO pa60TI,I 5IBJI5IJiac1, TaK)Ke npoBepKa MeKBaTHOCTII TeopeT1Iqe

CKOfO OTIIICaHH5! nomp1I3aQIIOHHI,IX Ha6JIIOL(aeMI:.IX II cneKTpOB KYMYJI5l

TIIBHI,IX IllIOHOB B BI,IllleYKa3aHHOH peaKQH .[(JI5I IIIHpOKOfO Ha6opa BOJI

HOBI,IX cpyttKQIIH II cxeM pemTIIBH3aQIIH. 

HaY11HaH HOBH3Ha pa60TLI. 

1. IIonyqeHI,I eL(lIHCTBeHHI:.Ie Ha HaCT051IQHH MOMeHT 3KCIIepHMeHTaJil,

HI,Ie L(aHHI:.Ie no TeH30pHOH aHaJIH3Hpyromett cnoco6HOCTH Ayy pe

aKI.J.IIH cppa™eHTaI.J.HH nompH30BaHHI,IX .n;eii:TpOHOB B KYMYJI51THB

HI,Ie nHOHI,I, HcnymeHHI,Ie B nepem-11010 nonyccpepy (cM. [A7], [A9], 
[All], [A12], [A13], [A15], fA16]). 

2. BnepBI:.Ie IIOJiyqeHI:.I 3KCIIepHMeHTaJII,HI,Ie L(aHHI,Ie no 3aBHCHMOCTH 

H30TOIJHqecKOfO scpcpeKTa .[(JI5I nHOHOB OT aTOMHOH MaCCI,I Mpa, 

Ha KOTOpOM npoHCXOL(HT cpparMeHTal.J.H5!. IIoKa3aHO, qTo H30TO

nHqeCKHll scpcpeKT np05IBJI51eTC51 H npH cpparMeHTaQHH Ha Mpax C 

HyJieBI:.IM H30CnHHOM ( CM. [A3]) 
3. BnepB1,1e nonyqeH1,1 sKcnepHMeHTan1,n1,1e .n;ann1,ie, YKa31,rnarom1Ie Ha 

cymeCTBOBaHHe H30TOIJHqecKoro scpcpeKTa B peaKU.HH po)K.[(eHH5! KY

MYJI51THBHI,IX nHOHOB npH cpparMeHTal.J.HH MHllleHett H3 pa3L(eJieHHI,IX 

H30T_OnOB (cM. [A3]). 
4. BnepB1,1e IIonyqena 3aBHCHMOCTI:. ceqenliii po)K.[(eHH5! KYMYJI5ITHB

n1,1x nHOHOB npH cpparMeHTaQHII .[(eii:TpOHOB OT aTOMHOH MaCCI,I 

Mpa, Ha KOTOpOM npOHCXOL(HT cpparMeHTaQH5!, BKJIJ0qa5I Bo.n;opo.n;. 

3TH L(aHHI,Ie no3BOJIHJIH ou;eHHTI, MHHY cpopMHpOBaHH5! nHOHOB, 

KOTOPM .[(JI5I cpe.n;HHX II T5I)KeJII,IX Mep COCTaBHJia BeJIHqHHY no

PMKa 3,5 cpepMH (cM. [A2]). 
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5. BnepBbie no.rryqeHbI ouemrn cB·epxy ceqemiii po)KJ:{emrn KyMymI

. TIIBHbIX p- II L1-pe3oHaHccm'. a TaIOKe BKJia,n:o~ 11acTIIU. oT pacna,n:oB 

3TIIX pe3oHaHcoB B cneKTPbI KyMymITIIBHbix n110H0B 11 npoTOHOB. 

3KcnepIIMeHTaJibHbre .n:aHHbie .D:mI po)K,l:(em1~ K)'MYIDITIIBHbIX p 11 11 
OTcyrcTByroT ( CM. [A5]). . 

6. BnepBbie II3MepeHa Berr111111Ha TeH3opHoii aHaJIII311pyromeii cnoco6-

aocTII T20 B peamIIII d + A 4 1r± ( 0 = 0°) + X cpparneHrnu,1111 

TeH3opHO nomipII30BaHHbIX .n:eiiTpOHOB B KyMYIDITIIBHbie nIIOHbI no.n: 

HyJieBbIM yrrroM [A7], [A9], [A12], [A13]. 
7. BnepBbte npoBe,!l;eHbI pacqeTbI ce11eii11ii II nomipII3aI.J,IIOHHbIX Ha-

6monaeMbIX .D:mI peaKUIIII cppaIMeHTaI.J,IIII .n:eiiTpOHOB B nIIOHbI c 

IICnOJib30BaHIIeM umpoKoro tta6opa BOJIHOBbIX q>YHKU.IIH . .n:eiiTpoHa 

(cM. [A4], [A8], [A9], [AlO], [A14]). 
CrrenyeT OTMeTIITb, 'ITO .n:aHHbie no 3aBIICIIMOCTII II30TOnII'leCKOro 3cp-

cpeKTa B po)K,l:(eHIIII K)'MYIDITIIBHbIX · nIIOHOB II ){aHHbie .D:lliI TeH30pHOH 

aHaJIII3IIpyromeii cnoco6HOCTII Ayy peaKI.J,IIII cppaIMeHTaI.J,IIII .n:eiiTpOHOB 

B nIIOHbl .n:o HaCTOSIIIIero BpeMeHII 5IBIDIIOTC5I e.n:IIHCTBeHHbIMII. 

Hay1mo-npaKm":leCKWI 3H8":IHM0CTh pa6oTLI, 
B HaCTOSIIIee BpeM5I BOnpOCbI on11caHII5I peaKI.J,IIH C yqacTIIeM pem1-

TIIBIICTCKIIX COCTaBHbIX qacTIII.J, IICCJie,!l;OBaHbI He,!l;OCTaTO'IHO KaK C 3KC

nepIIMeHTaJibHOH, TaK II C TeopeTII'leCKOH TO'leK 3peHII5I. 

T~, B npIIHI.J,IIne, IIMeIOm;IIeC5I TeopeTII'leCKIIe MO,!l;eJIII onIICbIBaIOT 

3KCnepHMeHTaJibHbie .n:aHHbie .D:lliI ce11eHIIH po)K,l:(eHII5I KYMYIDITIIBHbIX qa

CTlllJ, B crryqae HenomipII3oBaHHbIX .n:eiiTpOHOB. . Oi:t:HaKO cymecTByroT 

He no KOHI.J,a nOH5ITHbie 3cpcpeKTbI, TaKIIe KaK 3aBIICIIMOC~b OT aTOMHOH 

MaCCbI cppaIMeHTIIpyiomero 51.D:pa, B TOM 'IIICJie II30TOnII'leCKIIH 3cpcpeKT. 

IlpencTaBJieHHbie B .D:IICCepTaQIIOHHOH pa6oTe 3Kcnep11MeHTaJibHbie naH

Hbie nmI 3aBIICIIMOCTII ce11en11ii po)K,l:(eHII5I KyMYIDITIIBHbIX nIIOHOB OT 

51.D:pa, Ha KOTOpOM npoIICXO)];IIT cppaIMeHTaQII5I, HaKJia,r{bIBaIOT orpaHII'le

HII5I Ha BbI6op Mo.n:erreii, KOTOpbie MOryr 6bITb npe.D:JIO)K:eHbI .D:mI neTaJib

HOro. onIIcaHII5I MexaHII3MOB po)K,l:(eHII5I K)'MYIDITIIBHbIX. qaCTHQ. KpoMe 

Toro, 3KcnepnMeHTaJibHbie naHHbie no 3aBIICIIMOCTII ce11eH1IH po)K,l:(eHII5I 

KyMYIDITIIBHbIX nIIOHOB OT aTOMHOH MaCCbI 51.D:pa, Ha KOTOpOM npo11cxo

)];IIT cppaIMeHTaQII5I, .n:aIOT IIHq>OpMaI.J,lIIO O MIIHe cpopMIIpOBaHII5I nIIOHOB 
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B 51.D:pax. 3Ta IIHq>OpMaQII5I Heo6xo.n:11Ma M5I noHIIMaHII5I 3aK0H0Mep

HOCTeii B3aIIMO,!l;eHCTBII5I a,n:p0H0B C 51,!l;paMII. HeKOTOpa5I 'laCTb Teope

TII'leCKIIX Monerreii 0Ka3anacb Henp11ro.n:Ha .D:lliI n0HIIMaHII5I noBe.n:eHII5I 

TeH30pHOH aHaJIII3IIpyroIIIeii cnoco6HOCTII T20 II K03q>q>IIQIIeHTa nepe

.n:a1111 norr5IplI3aQIIII K, B peaKQIIII cppaIMeHTaQIIII norr5IplI30BaHHbIX .n:eiI

Tp0H0B B np0T0HbI, .n:pyra» qacTb noTpe6oBana cepbe3HOH .n:opa60TKII. 

TaK, 3Mn11p1111ecKIIH yqeT HeHYKJIOHHbIX CTeneHeii cBo6o.n:bI B CTPYKType 

.n:eiiTpOHa Ha MaJibIX paCCT05IHII5IX n03B0JIIIJI n0H5ITb 3KCnep11MeHTaJibHbie 

.n:aHHbie no T20 11 11, .n:o 3Ha11en11iI BHyrpeHHero IIMnyrrbca HYKJI0Ha B .n:eii

TpoHe ~ 0,5 faB / c, a TaIOKe norryqIITb orpaHII'leHIIe Ha BeJIII'IIIHY T20 
npII aCIIMnTOTII'leCKII 60JibllIIIX BHyrpeHHIIX IIMnyrrhcax, M0THBHp0BaH

H0e KXJJ:. Ba)K:HO OTMeTIITb, 'ITO npei:t:CTaBJieHHbie B .n:11ccepTaQIIOHHOH 

pa6oTe .n:aHHbie no TeH3opHOH aHaJIII3IIpyroIIIeH cnoco6HOCTII Ayy peaK

QIIII cppaIMeHTaQIIII nomipII30BaHHblX .n:eiiTp0H0B B KyMymmIBHbie nII-

0HbI B nepei:t:HIOIO norryccpepy He onIICbIBaIOTC5I HII O,!l;HOH 113 II3BeCTHbIX 

Mo.n:erreii. 

TaKIIM o6pa30M, norryqeHHbie i:t:aHHbie npei:t:CTaBlliIIOTC5I cymecTBeH

HbIMII .D:mI ,!l;aJibHeHIIIero pa3BIITII5I Mo.n:erreii, KaK npe.n:Ha3Ha'leHHbIX M5I 

on11caH1I5I CTPYKTYPbI K0pa .n:eiITpOHa, TaK 11 .D:mI 6orree o6mero crryqa» 

CB5I3aHHbIX CIICTeM C0CTaBHbIX 061,eKTOB, .D:BII)K:yIIJ;IIXC5I C peJI5ITIIBIICT

CKIIMII CK0pOCT5IMII. 

Crre.n:yeT OTMeTIITb, 'ITO npe.n:cTaBJieHHbie .n:aHHbre no Ayy Ha HacTo»

m11ii M0MeHT 5IBIDIIOTC5I e.n:IIHCTBeHHbIMII, nocK0JibKY M5I npone.n:eHII5I Ta

K0ro pona II3MepeHIIH neo6xo.n:IIMbI nyqKII nomiplI30BaHHbIX .n:eiiTpOHOB 

c 3HeprneiI B HeCK0JibK0 f3B. Eorree Toro, B 6rr11)K:aHII11Ie HeCK0JibKO rreT 

.n:aHHbie no cn11nonoiI CTPYKTYPe .n:eiITpoHHoro Kapa B 3Kcnep11Menrnx c 

MP0HHbIM npo6HIIKOM Moryr 6bITb norryqeHbI T0JibK0 Ha ycK0pIITeJibH0M 

K0MnrreKce JIB'.3 OM5IH. 

Anpo6aQH5I pa60TLI H ny6JIHK8QIIH. Pe3yJibTaTbI, Jie)K:aIIIIIe B 0CH0-

Be .n:11ccepTaQIIOHHOH pa60Tbl, 6bIJIII norryqeHbl B C0CTaBe Me)K,l:(Y8apo.n:

HOH KOJIJia6opaQIIII 11 .D:0KJia,r{bIBaJIIICb Ha ceMIIHapax no peJI5ITIIBIICTCKOH 

».n:epiioii cpm11Ke JIB'.3 OM5IH, Me)K):(Y8apo.n:HbIX pa601111x conemaHII5IX, 

KOHcpepeHQII5IX II CIIMn03HyMaX ( CM. [I]-[XIX]). 
OcHOBHbie pe3yJibTaTbI .n:11ccepTaQIIOHHOH pa60Tbl ony6rrIIKOBaHbl B 

pa6ornx [Al]-[A16]. 
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06'LeM H crpy1nypa pa6on.1 •. .D:uccepTaUHOH:1fIDI pa6oTa H3JIO)KeHa 

Ha 181 CTpaHHl.{e, COCTOHT H3 BBe.u;eHIBI, lliITH rJiaB, 3aIGIIoqeHIBI H ,u;Byx 

ITPHJIO)KeHHH, co.u:ep)KHT 96 pHC)'HKOB, 28 Ta6JIHI.{ II CITHCOK l.{HTHpyeMOH 

JIHTepaTypbI. H3. 202 HaHMeHOBaHHH. 

Ha 3311.{IITY BLIH0CHTCH 

1. IIporpaMMa HCCJie.u;oBaHHH, ITpoue.u:ypnI . H3MepeHHH u o6pa6oTKH 

H 3KCITepttMeHTaJII,HI,Ie .u;aHHbie, JKa3bIBaIOll.{He Ha cymecTBOBaHHe 

H30TOITHqecKoro 3cpcpeKTa B peaKl.{IIH po)KJJ:eHIBI KJMYmITHBHbIX ITH:

OHOB ITPH cpparMeHTal.{HH pa3,u;eJieHHI,IX H30TOITOB [A3]. 
2. Pe3JJibTaTI,I HCCJie.U:OBaHIBI 3aBHCHMOCTH H30TOIIHqecKoro 3cpcpeKTa 

OT THna 51.U:pa, Ha KOTOpOM npoHCXO.U:HT cpparMeHTal.{H5I. lb 3THX 

3KCITepHMeHTaJII,HblX ,u;aHHI,IX CJie.u;yeT, qTo BeJIHqHHa H30TOilHqe

CKOro 3cpcpeKTa He 3aBHCHT OT 51.lJ:pa, Ha KOTOpOM ITpOHCXO.U:HT cppar

MeHTal.{Irn, B TOM qucJie 3cpcpeKT ITp05IBJUieTC5I H ITPH cpparMeHTal.{Hlf 

Ha 51.lJ:pax C HyJieBblM H30CilHHOM [A3]. 
3. 3KcnepIIMeHTaJII,HI,Ie .u;aHHI,Ie ITO 3aBHCHMOCTH H30TOITHqecKoro.3cp

cpeKTa OT KJMYmITHBHoro qucJia [A3]. J,fa 3THX 3KCITepuMeHTaJII,HblX 

.u;aHHhlX. CJie.u;yeT, qTo. BeJIHqHHa H30TOIT~eCKOro 3cpcpeKTa He 3aBH :

CHT OT MacrnTa6Hott KJMYmITHBHOH ITepeMeHHOH B uccJie,u;oBaHHOH 

o6Jiacm 0,59 .< Xc(7r) < 1,38. 
4. 3KCITepHMeHTaJII,Hbie .u;aHHbie ITO 3aBHCHMOCTH ceqeHHH po)KJJ:eHllil 

KJMJJI5ITHBHI,IX IlHOHOB ITJ)H cpparMeHTal.{IIII .u;ettTpOHOB OT aTOMHOH 

MaCCI,I 51.lJ:pa, Ha KOTOpOM ITPOIICXO.U:HT cpparMeHTal.{H5I, B T.q. Ha 

BO.U:Opo.u:e. 3TII .u;aHHbie IT03BOJIHJIH Ol.{eHHTI, MIIHY cpopMHpOBaHllil 

ITHOHOB, KOTOprur M5I cpe.u;HHX H T5J)KeJiblX 5IJJ:ep COCTaBHJia BeJIH

qIIHY ITOP5IJJ:Ka 3,5 cpepMH [A2]. 
5. OueHKII CBepxy M5I ceqeHHH po)KJJ:eHllil KJMYmITHBHblX fr- II L1-

pe30HaHCOB, a TaK)Ke JJ:JI5I BKJiaJJ:OB qacTIII.{ OT pacITa.u;OB 3TIIX pe30-

HaHCOB B CITeKTpbI KJMYJI5ITHBHhlX ITIIOHOB II ITPOTOHOB' [A5]. 
6. IIporpaMMa H ITpoue.u:ypa mMepeHHH, a TaK)Ke 3KcnepnMeHTaJinHbie 

.u;aHHbie M5I . BeJIIIqIIHI,I TeH30pHOH aHaJIH3Hpyiomeii: CITOC06HOCTH 

T20 B peaKl.{HH cpparMeHTal.{Hll TeH30pHO .ITOJUipH30BaHHbIX .u;ettTpO

HOB B KJMYJI5ITHBHble ITHOHI,I ITO.U: HyJieBbIM.yrJIOM B .U:Byx ITOCTaHOB-

KaX [Al], [A6], [A7], [All], [A12]: 
• ITPH qJHKCIIpoBaHHOM HMITJJibCe ITHOHOB P1r = 3 ,0 ['3B / C JJ:JI5I 

HMITYJII,COB .u:eii:TpOHOB Pd B HHTepBaJie OT 6,2 .no 9,0 foB/c; 
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• ITPH cpHKCIIpOBaHHOM HMITJJII,Ce .u:eii:TpOHOB Pd= 9,0 ['3B/c JJ:JI5I 

HMITJJII,COB IlHOHOB P1r B HHTepBaJie OT 3,5 .no 5,3 foB/c. 

7. 3aKJIIOqeHHe O TOM, qTo H3MepeHHIDI BeJIHqHHa TeH30pHOH aHaJIH-

3Hpyiomeii: cIToco6HocTH T20 He 3aBHCHT OT aTOMHOH Macc1,1 A 51.lJ:pa 

MHIIIeHH B HHTepBaJie A = 1 -;- 12. 
8. 3aKJI10qeHHe O TOM, qTo H3MepeHHIDI BeJIHqlfHa Tzo He 3aBHCHT OT 

3HaKa perncTpnpyeMoro ITHOHa. 

9. 3aKJI10qeHHe O TOM, qTO H3MepeHHIDI BeJIHqHHa T20 .U:IDKe Kaqe

CTBeHHO He OITHCbIBaeTC5I H3BeCTHI,IMH Ha .u;aHHblH MOMeHT Teope

THqeCKHMH pacqeTaMH B HMITYJibCHOM ITpH6JimKeHHH B HYKJIOHHOH 

Mo,u;eJIH .u;eii:TpoHa (A4], [A5], [A8], [A9], [AlO], [A14]. 
10. 3KcITepHMeHTaJII,HI,Ie ,u;aHHbie ITO BeJIHqHHe TeH30pHOH aHaJIH3H

pyiomeii: cIToco6HocTH Ayy B peaKUHH J + A -+ 7r±(e =135, 
180 Mpa,u;) + X cpparMeHTal.{HH TeH3opHO ITOJUipH30BaHHbIX .u:eii:

TpOHOB B KJMYJUITHBHI,Ie IlHOHbl. .D:n51 yrJia 180 Mpa.u; .u;aHHbie ITO

nyqeHbl M5I .u;Byx 3HaqeHHH lIMITyn1,ca .u;eii:TpoHa pd: 5 H 9 foB / c 

[A9], [A13], [A15], [A16]. lfaMepeHHIDI BennquHa Ayy coBMecmo 

C ,u;aHHI,IMH, ITOJiyqeHHbIMH ITO.U: ttyJieBI,IM yrJIOM, JKa3bIBaeT Ha TO, 

qTo: 

• cKeHJIHHr ITO KJMYmITHBHOH ITepeMeHHOH, ycTaHOBJieHHnIH pa

Hee M5I ceqeHHH po)KJJ:eHIBI KJMYmITHBHbIX qacTHI.{, Hapyrna

eTc5I, qTo Bn1pa)KaeTC5I B cymecTBeHHOH 3aBHCHMOCTH Ayy OT 

ITOITepeqHoro HMITYJinca KJMYmITHBHOro ITHOHa; 

• TeH3opHrur aHaJIH3Hpyiomrur cIToco6HocTn Ayy B peaKl.{H5IX po

)KJJ:eHH5I KJMYmITHBHbIX npOTOHOB H ITHOHOB HMeeT pa3HbIH 

3HaK H o6HapJ)KHBaeT KaqecTBeHHO pa3JIHqHoe ITOBe,u;eHHe B 

3aBHCHMOCTH OT KJMYJUITHBHOH ITepeMeHHOH. 3To JKa3bIBaeT 

Ha HapyrneHHe cynepcKeHJIHHra JJ:JUI CITHHOBbIX Ha6JIIO,u;aeMbIX 

B peaKl.{H5IX po)KJJ:eHIBI KJMYJUITHBHbIX qacTHI.{. 

11. Pe3yJinTaTbl pacqeTOB ceqeHHH H ITOJUipH3al.{HOHHbIX Ha6n10.u:aeMbIX 

.!J:JUI peamm1: cpparMeHTal.{HH .u;eHTpOHOB B IlHOHbl C HCITOJII,30BaHHeM 

rrmpoKoro Ha6opa BOJIHOBnIX cp)'Hmnii .u;eii:TpoHa [A4], [A8], [A9], 
[AlO], [A14]. lfa 3THX pacqemB cne.u:yeT, qm: 

• ceqeHHe po)KJJ:eHIBI H ITOJUipH3al.{HOHHbie Ha6n10.u:aeMnie He OITH

CbIBaIOTC5I HMITJJlbCHI,IM ITpH6JIH)KeHHeM B paMKax HYKJIOHHOH 
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MO.D:e.JIII; 

• ceqeHIIe po)KJ:{emrn K)'MYIDITIIBHI>IX nIIoHOB qYBCTBIITeJII>HO K 

BI>16opy BH,n:a BepIIIIIHI>I N N ➔ ~ X; 
• TeH3opHllil aHaJIH3IIP)'IOIUllil cnoco6HocTb T20 cna6o 3aBIICIIT OT 

BI>16opa BH,n:a BepIIIIIHbI N N ➔ 1r X; 
• npIIMeHeHIIe cxeMbl MIIHIIMaJibHOH peIDITIIBII3aQIIII ynyqIIIaeT 

mmcaHIIe sKcnepIIMeHTaJII>HbIX ,n:aHHbIX .D:IDI ceqemrn po)KJ:{e

Hilll KYMYIDITIIBHblX IIIIOHOB; 

• TeH3opHllil aHaJIH3IIpyiorn;llil cnoco6HocTb T2o qYBCTBIITeJII>Ha K 

Bb16opy BOJIHOBOH <PYHKllIIII ,n:eiiTpOHa; 

• sKcnepIIMeHTaJibHI>Ie ,n:aHHI>Ie .D:IDI Ayy He onIICI>IBaIOTC5I HY

KJIOHHOii MOJJ:e.JII,IO B IIMilYJibCHOM rrpII6JimI<:eHIIII rrpII paccMO

TpeHIIII 60JII,IIIOro Ha6opa o6merrpIIH5ITblX BOJIHOBI,IX <PYHKllIIH 

,n:eiiTpoHa. 

12. Pe3yJII>TaTI,I aHaJIH3a rrp05IBJieHillI HeHYKJIOHHI,IX CTerreHeii CB060,n:1,1 

B BOJIHOBOH <PYHKllIIII ,n:eiiTpoHa. TaKOH yqeT rrpIIBOJJ:IIT K 6onee 

)KeCTKOMY pacrrpe,n:eneHIIIO 110 BHYTpeHHeMy IIMIIYJII>CY B BOJIHOBOH 

<PYHKllIIII ,n:eiiTpOHa. J,fa cpaBHeHillI npOBe,n:eHHblX pacqeTOB C SKC

nepIIMeHTaJII,HI,IMII .D:aHHbIMII cne.n:yeT, qTo: 

• BBe,n:eHIIe 2 + 4 % rrpIIMeCII HeHYKJIOHHOH KOMilOHeHTbl 1103BO

IDieT OilIICaTb 3KCIIepIIMeHTaJII,HI,Ie ,n:aHHble .D:llil ceqeHIIH cppar

MeHTaQIIII ,n:eiiTpOHOB B KYMYIDITIIBHbie IIIIOHbI; 

• 3KCIIepIIMeHTaJII,Hbie ,n:aHHbie .D:ID1 TeH30pHOH aHaJIH3IIpyiomeii 

crroco6HocTII T20 B paMKax paccMoTpeHHoii cxeMI>I yqern He

HYKJIOHHI>IX CTerreHeii CB060,n:1,1 He OIIIICbIBaIOTC5I. 3TO MO)KeT 

yKa3bIBaTb HJIII Ha HerrpIIMeHIIMOCTI, IIMIIYJibCHOro rrpII6JIII)Ke

HllI, HJIII Ha Heo6XO,n:HMOCTI, IICIIOJII,30BaTb 6onee COBepIIIeH

H)'IO cxeMY peIDITIIBH3aQIIII. 

Co].lepJH:aHHe }.lHCCepTaD;HH 
Bo· BBe)J;eHHH ,n:aH KpaTKHH o63op COBpeMeHHOro COCT05IHillI IICCJie

,n:oBaHIIH peaKQIIii po)KJ:{eHillI KYMYIDITIIBHI>IX qacTIIQ. Uen1,10 sToii qacTII 

,n:ncceprnU:IIH 5IBIDieTc5I: 

• BBeCTH H pa31>5ICHHTI, OCHOBHI,Ie IlOH5ITillI H orrpe,n:eneHllI, KOTOpbie 

Tpa,n:IIQHOHHO HCIIOJII,3)'IOTC5I rrpII aHaJIH3e peaKQHH po)KJ:{eHH5I Ky

MYIDITHBHI,IX qacTHU:; 
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• O3HaKOMHTI, qnTaTeIDI C COCTO5IHHeM 3KCnepnMeHTaJII,HI,IX If Teope

Tnqecmx HCCJie,n:oBaHHH B paccMaTpHBaeMoii o6naCTH n TeM CaMI,JM 

,n:aTb rrpe,n:cTaBJieHne o MecTe n ponn pe3yn1,TaToB, npe,n:cTaBJieHHblX 

B ,n:wccepTaQHOHHOH pa60Te. 

B · rrepBOH rJiaBe rrp1rne,n:eHo onncaHne sKcnepnMeHTaJII>HI>Ix ycrn

HOBOK JJJ1CK - 2 n rrepe,n:Hero ,n:eTeKrnpa ycrnHOBKH Ccl>EPA, KOTop1,1e 

HCilOJII,30BaJIHCI, .D:llil nonyqeHillI o6c)')KJ:{aeMblX B ,n:nccepTaQHH 3KCIIe

pnMeHTaJII,HI,IX ,n:aHHbIX. OnwcaHbl ycnOBillI H3MepeHHH, opraHH3aQmI 

Tpnrrepa H rrpou:e,n:ypbl o6pa60TKH. 06cy)KJ:{aIOTC5I pe3yJII>TaTbl MO,n:eJIH

poBaHH5I n MeTo,n:nqecmx mMepeHnii. 

Bo BTOpo:u rJiaBe rrpe,n:crnBneHI>I sKcnepnMeHTaJII>HI>Ie ,n:aHHMe M5I 

ceqeHnii po)KJ:{eHllI KYMYIDITHBHI>IX qacTHU: B rrpoToH-51.D:epHI>IX n 51,n:po

MepHbIX CTOJIKHOBeHllIX. 

B nepBOM naparpa<.l>e o6Cy)KJ:{aIOTC5I IIOH5ITillI "H30TOilHqecKoro" H 

"H30TOHifqecKoro" scpcpeKTOB B peaKQillIX po)KJ:{eHillI KYMYJI5ITIIBHI,IX qa

CTIIQ. BrrepBI>Ie 3TH scpcpeKTbl 61,mII O~Hap~eHbl B po)KJ:{eHIIII KYMY

JI5ITHBHbIX rrpOTOHOB ( II30TOilIIqecmii scpcpeKT) II, HeCKOJII,KO 1103,n:Hee, 

HeiiTpOHOB (moTOHIIqecmii scpcpeKT) (cM. [1], [2], [3], [4]). YKa3aH

Hbie scpcpeKTI,I COCT05IT B TOM, qTo ceqeHillI po)KJ:{eHillI KYMYJI5ITIIBHI,IX 

rrpoTOHOB n HeiiTpoHOB 3aBIIC5IT He TOJII>KO OT qIIcna HYKJIOHOB BO cppar

MeHTIIpyiorn;eM Mpe, HO II OT co,n:ep)KaHII5I B HeM npOTOHOB If HeiiTpOHOB. 

IlOCKOJlbKY II30TOilHqecKIIH ( II30TOHHqecKIIH) scpcpeKT 61,m o6Hap~eH 

npII cpparMeHTaQHH II30TOilOB 110,n: ,n:eiiCTBIIeM rryqKa rrpoTOHOB H npn 

cpparMeHTaQIIH MIIIIIeHeii If3 II30TOilOB B KYMYIDITIIBHI,Ie npoTOHbl II Heii

TpOHbl, TO fama npe.D:JIO)KeHa II peaJIII30BaHa rrporpaMMa H3MepeHIIH, 

npII3BaHHllil OTBeTIITI, Ha cne,n:yiorn;He BOnpocbl: 

1. CymecTByeT nn moTonIIqecKIIii scpcpeKT .D:IDI ,n:pymx KYMYIDITIIBHI>IX 

qacTIIl.l ( OTJIIIqHI,IX OT npOTOHOB H HeiiTpOHOB)? 

2. KaK H30TOilIIqecKIIH scpcpeKT 3aBIICIIT OT II30CIIIIHa Mpa, Ha KO

TOpOM IIpOIICXO.D:HT cpparMeHTaQillI? B qacTHOCTH, cymecTByeT Jill 

II30TOIIIIqecmii scpcpeKT npii cpparMeHTaQHH Ha Mpax C HyJieBblM 

H30CillIHOM? 

B paMKaX peanmaQIIII npe.D:JIO)KeHHOH rrporpaMMbl 6I>mII IIOJiyqem,1 

3KCIIepIIMeHTaJII,HI,Ie ,n:aHHble .D:llil ceqeHIIH peaKQIIH 

Ar(P = 4, 5 ThB/(c • HYKJIOH)) +At= c(0 = 120°) + X (1) 

9 



i1.1 
: 1. ·~ !5.1.05 

l········L...····~h+:A1=f +f··:i··· 

-8 ' 
{o••f +:-,:-_--:-·l--=--~----; .... ; ..... ,._ 
:!.., 0.9 ~ 

-Boes • · · · · ' ' 

~1 

it. 1.1 

i 1. 

~1.05 z 
iL 
~0.95 

-8 0.9 

2.53354 
A, 

~:t 1=:~' ~~:.~_::~ 
~ ·--;---'- ! 

;,o.ss 

i 0.9 

0.85 

~1.1 

it. 1. 
< 
J1.os 

!2' 
iL0.95.--

i 0.9 

A, 

PHc. 1: O_THOIIIeHHe HOpMHpoBaHHbIX Ha H)'KJIOH ceqeHHH po)KJ{e

HHH 7r±, rrpOTOHOB H ,neii:TpOHOB rrpH cpparMeHTaQHH H30TOI10B 64Zn 
H 64Ni B 3aBHCHMOCTH oT THrra HaJiern10rn:eii qacTHU:bI Ab. 

K)'MymITHBHbIMH qacTHQaMH C 6bum ,neii:TpOHbl, rrpOTOHbl H 7r±' a rryq

KOBbIMH qacTHIIaMH Ar, KOTOpbie B TaKOH ITOCTaHOBKe HrpaIOT porrb qa

CTHU:bl, Ha KOTOpoii: rrpOHCXOJ:{HT cpparMeHTaU:IDI, 6bIJIH rrpoTOHbl Ar = p, 
,neii:TpOHbI Ar = d H aJibcpa-qacTHU:bI Ar =4He. 5I,npa MHIIIeHeii B Ta

KOH IlOCTaHOB.Ke HrpaIOT porrb cpparMeHTHPYIOrn:ero 5.IJ:{pa. McrroJib30BaJIC5I 

IIIHpOKHH Ha6op MHIIIeHeii:, BKJIIQqa5I MHIIIeHH H3 pa3,nerrel!HbIX H30_TOITOB . 

.Il:aHHbie 6bIJIH rrorryqeHbl Ha ycTaHOBKe .D:MCK-2, OITHCaHHOH B rrraBe 1 
J:{HCCepTaU:HOHHOH pa60Tbl. IlorryqeHHbie ,naHHbie YKa3bIBaIOT Ha TO, qTO 

ceqeHH5I po)KJ{eHH5I ITHOHOB 3aBHC5IT OT Heii:TpOHHOro H rrpOTOHHOro co

,nep:)I<aHH5I cpparMeHTHPYIOrn:ero Mpa .. 3To 03HaqaeT, qTo H30TOrrHqecKHH 

( H30TOHHqecKHH) 3cpcpeKT rrp05IBJI5IeTC5I H J:{JI5I peaKQHH po)K,[{eHIDI KYMY

JI5ITHBHbIX ITHOHOB. 3aBHCHMOCTb H30TOrrHqecKoro 3cpcpeKTa OT COCTaBa 

HaJiern10rn:ero 51,npa rroKa3aHa Ha PHc. 1. B .I{Hcceprnu;HoHHOH pa6oTe 

rrpe,r:i:cTaBJieHbl ,r:i:aHHbie J:{JI5I ceqeHHH po)KJ{eHH5I K)'MYJI5ITHBHbIX qacTHU: 

rrpH cpparMeHTaU:HH H30TorroB 64Ni, 64Zn, 58Ni, 114Sn, 124Sn H J:{JI5I MH-
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PHc. 2: 3aBHCHMOCTb OTHOIIIeHIDI ceqeHHH po)KJ{eHIDI oTpHU:aTerrb

HbIX H rrorroxHTeJibHbIX ITHOHOB da( 1r-) / da( 1r+) oT: 

( crreBa) OTHOIIIeHIDI qHcerr Heii:TpOHOB H rrpoTOHOB N / Z BO cppar

MeHTHPYIOID:eM Mpe; ( crrpaBa) OTHOIIIeHIDI qlfcerr BaJieHTHbIX d- H 

U-KBapKOB Nd/ Nu BO cpparMeHTHPYIOrn:eM Mpe. JlHHHH 3a,n:aIOT 

rpaHHU:bl TeopeTHqecKoro OITHCaHIDI OTHOIIIeHIDI da(1r-)/da(1r+) B 

paMKax: ( CJieBa) H)'KJIOHHOH MOJ:{eJIH qJJIYKTOHa B rrpe,nrrorroxeHHH, 

qTo ceqeHH5I po)K,[{eHIDI ITHOHOB pa3HbIX 3HaKOB HMeIOT pa3HYIO BeJIH

qlfHY B rrpOTOH-Heii:TpOHHbIX H rrpOTOH-rrpOTOHHbIX CTOJIKHOBeHIDIX; 

( crrpaBa) MO,[{eJIH, yqHTbIBa10rn:eii: HeH)'KJIOHHbie cTerreHH CB060,nbI 

(cM. [5]). 

IIIeHeii, 5IBJI5IIOID:HXC5I ecTeCTBeHHOH CMeCbIO 3JieMeHTOB. IlorryqeHHbie 

ceqeHIDI po)K,[{eHIDI CBe,neHbI B Ta6JIHU:bI, rrpe,ncTaBJieHHbie B rrpHJIO)Ke

HHH II J:{HCCepTaU:HOHHOH pa60TbI. Pe3yJibTaTbl H3MepeHHH ( CM. PHc. 1) 
I1O3BOJI5IIOT c,nerraTb crre.n:YIOrn:He BblBOJ:{bI: 

1. H30TOI1HqecKHH 3cpcpeKT I1pO5IBJI5IeTC5I H rrpH po)KJ{eHHH K)'MYJI5ITHB

HbIX .I1HOHOB (cM. PHc. 1); 
2. J:{JI5I Ha6opa 5.IJJ:ep, Ha KOTOpbIX rrpoHCXOJ:{HT cpparMeHTaQIDI (p, ,neii:

TpOHbl H aJibcpa-qacTHU:bI), B rrpe,nerrax 3KcrrepHMeHTaJibHbIX OIIIH-

6oK He Ha6rr10,naeTC5I 3aBHCHMOCTb H3OTOITHqecKoro 3cpcpeKTa OT 

Mpa Ha KOTOpOM rrpOHCXOJ:{HT cpparMeHTaQIDI. / B rrpe,nerrax 3KC

rrepHMeHTaJlbHbIX OIIIH60K He Ha6rr10,naeTC5I 3aBHCHMOCTb H3OTOI1H

qecKOro 3cpcpeKTa OT Mpa, Ha KOTOpOM rrpoHCXOJ:{HT cpparMeHTa

U:IDI, J:{JI5I HCCJie,[{OBaHHOro Ha6opa TaKHX 5.IJ:{ep - P, ,neii:TpOHbI H 
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PHc. 3: 3aBHCHMOCTb HOpMHpoB1iHHbIX Ha H)'KJIOH ceqeHHH po

)K)];eHH5I ITIIOHOB OT aToMHOH Macchi cpparMeHTHpyrorn:ero 5I,Ilpa .wrn 
pa3HbIX HMITYJibCOB n±. 

aJibcpa-IJ'aCTIIIIbl. Crre.n;oBaTeJibHO, MO)KHO 3aKJIIOqIITb, qTo BeJIII

qHHa II30TOITHqecKoro 3cpcpeKTa OITpe.n;emeTC5I II30TOITHqecKMM co

CTaBOM cpparMeHTHpyrorn:ero 5I,Ilpa. 

B paMKax MO,n;erreii, Tpa.n;IIIIHOHHO lICITOJih3yeMbIX M5I o6'b5ICHeHII5I po

)K)];eHH5I KYMYJI5ITHBHbIX qacTHII, lie y.n;aeTc5I o6'b5ICHHTb II30TOITHqecKHH 

3cpcpeKT H, B qacTHOCTH, OTHOIIIeHH5I BbIXO.U:OB 3ap5I)KeHHbI,X ITHOHOB ,WUI 

Bceii o6rraCTH lICCJie.n;oBaHHbIX 5I,Ilep. 3TO yrnep)K)];eHHe WIOCTpHpyeTC5I 

Ha PHC. 2Ha .n;aHHOH CTa,n;HH ITOHIIMaHH5I 3aKOHOMepHOCTeH po)K)];eHH5I Ky

MYJI5ITHBHbIX qacTHII 3KCITepIIMeHTaJibHbie .n;aHHbie He OITHCbIBaIOTC5I HII 

B paMKaX H)'KJIOHHOH MO.U:eJIH, HH B paMKaX Mo.n;erreii, yqHTbIBaIOrn;HX 

BKJia,n; HeH)'KJIOHHOH KOMITOHeHTbl. 3TO 03HaqaeT, qTo ITOJiyqeHHbie .n;aH

Hbie ITO 3aBHCIIMOCTII ceqeHHH po)K)];eHH5I KYMYJI5ITIIBHbIX qacTHII OT 5I,Ilpa, 

Ha KOTOpOM ITpOHCXO.U:IIT cpparMeHTaIJH5I, YKa3bIBaIOT Ha Heo6xo.n;HMOCTb 

.n;opa60TKII M .n;eTarrII3aIIHII lIMeIOllIHXC5I TeopeTIIqecKMX ITO.U:XO.U:OB. 

Bo BT0p0M rraparpac}>e ITpHBe.n;eHbl .n;aHHbie O 3aBIICHMOCTH II30TOITII

qecKoro 3cpcpeKTa OT lIMITYJibCa ( CTeITeHH ITO,n;IToporoBOCTH) .n;eTeKTHpye-
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PHc. 4: 
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10 100 
ATOMHruI M3CC3 At 

3KCITepHMeHTaJibHbie .n;aHHbie ITO 3aBHCHMOCTH ceqemIH 

po)K)];eHH5I KYMYJI5ITIIBHbIX ITIIOHOB OT aTOMHOH MaCCbl 5I,Ilpa, Ha KO

TOpOM ITpOHCXO.U:HT cpparMeHTaIJH5I. KBa.n;paTbl - o6cy)K)];aeMbie .n;aH

Hbie, TpeyrOJibHHKH - .n;aHHbie ITO peaKIJHH (2) .wrn cpparMeHTaIJHII 

H,n;ep yrrrepo.n;a. flHHHH - pe3yJibTaT oriIIcaHH5I ITO ITpe.n;rro)KeHHOH B 

.n;HccepTaIIIIH Mo.n;errH .wrn At =H, D, 4He, C, Cu, Pb .wrn pa3HbIX 

3HaqeHHH MHHbl cpopMHpOBaHH5I L,r: CIIJIOII1Ha5I - L,r = 3,5 cpM; 

ITyttKTIIpHa5I - Lrr = 2,5 <pM; IIITpHXOBa5I - [,rr = 4,5 qJM. 

Moro a.n;poHa C B peaKIJIIH 

p(9,0faB/c) +At= c(0 = 120°) + X (2) 

B II3MepeHH5IX lICITOJib30BaJIC5I IIIHpOKHH Ha6op MIIIIIeHeH, BKJIIQqa5I MII

IIIemI II3 pa3.n;erreHHbIX II30TOITOB. Ta6JIHIIbl C .n;aHHbIMII M5I IIHBapII

aHTHbIX lIHKJII03HBHbIX ceqeHHH ITpe.n;cTaBJieHbl B ITpHJIO)KeHHH IJ .U:HC

cepTaIJIIOHHOH pa6oThI. Pe3yJihTaTbI II3MepeHHH ITOKa3aHbI Ha PHc. 3 • 

lfa ITorryqeHHbIX .n;aHHbIX crre.n;yeT' qTQ M5I peaKIJIIH ( 2) II30TOITHqecKIIH 

3cpcpeKT Ha6JIIO,n;aeTC5I .n;JI5I 7!"±-Me30HOB B lIHTepBarre IIMITYJibCOB OT 0,3 

.n:o .n:o 0, 7 r3B / c. YKa3aHHhrii HHTepBarr IIMITYJibCOB orneqaeT 3HaqeHII5IM 

MaCIIITa6Hoii KYMYJI5ITHBHOH ITepeMeHHOH 0,59 < Xe < 1,38. 

B TpeTLeM rraparpac}>e o6Cy)K)];aIOTC5I .n;aHHbie ITO 3aBHCHMOCTH ceqe

HII5I cpparMeHTalllIII .n;eiiTepH5I B 7l"--Me30Hbl OT aTO~HOH MaCCbI 5I,Ilpa, 

Ha KOTOpOM ITPOHCXO.U:HT cpparMeHTaIIH5I. H3MepeHH5I ITpOBO.U:HJIIICb ,M5I 

peaKIJIIH 

13 



0.2 

~ -o F ... :;e·_.?::P··· I' I T I 
I-

-0.2 

-0.3 

0.6 0.8 1 1.2 1.4 1.6 1.8 2 

Xe 

PHc. 5: 3aBHCHMOCTb OT K)'MYJI51THBHOro 1IIICJia Xe TeH3opHOH aHa

JIII31Ipyrorn:eii cnoco6Hocrn T20 wrn peamlIH ( 4): 
OTKpbITbie Kp)')KKH - 7r+, MIIIIIeHb C; 3aKpbITbie Kp)')KKII - 71"-, MH

IIIeHb C; 3aKpbITbie TpeyroJibHHKH - 71"-, MHIIIeHb Be; 3aKpbITbie 

KBa,npaTbI - 71"-, MHIIIeHb H; CIIJIOIIIHa51 JIHHH51 - pe3yJibTaT <pHTH

poBamrn Bcex ,uaHHbIX JIHHeHHOH 3aBHCIIMOCTbIO Tzo = ao + a1 · Xe; 
nyttKTHpHbie JIIIHHH noKa3bIBaIOT "Kopll.[(op OIIIH6oK". 

d(9 fsB/c) +At ➔ 1r-(0°) + X (3) 

Ha MIIIIIeH51x At =H, C, Cu, Pb. 

B pe3yJibTaTe nonyqeHo, 'ITO cneKTpbI K)'MYJI5ITHBHbIX 71"- no,uo6Hbl 

nplI cppaIMeHTaQHH BCeX HCnOJib30BaHHbIX MIIIIIeHeii, a 3aBHCHMOCTb HH

KJII03HBHbIX ceqeHHH OT aTOMHOH MaCCbl Mpa, Ha KOTOpOM npoHCXO.[(HT 

cppaIMeHTaU:H51, B o6JiaCTH cpe,UHIIX H T5J:)KeJiblX 51.[(ep HMeeT nep1Icpe

pH1IeCKIIH xapaKTep d<7 ex A?tt. Oco6eHHOCTb TaKOii nocTaHOBKII sKc

nepHMeHTa 3aKJII01IaeTC51 B TOM, 'ITO 3aBHCHMOCTb Ce1IeHHH OT aTOMHOH 

MaCCbI Mpa MHIIIeHH OKa3bIBaeTC51 1IYBCTBHTeJibHOH K .[(JIHHe cpopMHpOBa

HH51 KYMYJI5ITHBHbIX nHOHOB. IlonyqeHHbie 3KcnepHMeHTaJibHbie ,uaHHbie 

H ou;eHKH ,[(JIHHbI cpopMHpoBaHH51 noKa3aHbI Ha PHC. 4. 
Ilo,uo6He cneKTp0B ir--Me30HOB npH cppaIMeHTaQHH ,ueiiTpOHOB Ha 

pa3JIH1IHbIX Mpax, HapMy C nonyqeHHbIMH ou;eHKaMH ,[(JIHHbI cpopMHpO-
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BaHH51, Heo6XO.[(HMO yqHTbIBaTb B MO,Uemx, paccMaTpHBarorn:Hx npou:eccbI 

nepepacce51HH51 K)'MYJI51THBHOH 1IaCTHQbI B CTaJIKIIBarorn:HXC51 Mpax. 

B qeTBepT0M naparparpe npe,ucTaBJieHbI ou;eHKII cBepxy ce1IeHHii po

)K,[(eHH51 K)'MYJI5ITHBHbIX p 0-Me30H0B H ~ ++ -mo6ap. 3KcnepHMeHTaJib

Hbie .[(aHHbie M5I ce1IeHHH po)K.[(eHH51 K)'MYJI5ITIIBHblX pe30HaHCOB K Ha

CT051ID:eMy BpeMeHH OTCYTCTByIOT. B CBOIO oqepe,ub, 3HaHIIe BKJIMOB OT 

pacna,noB pe3oHaHCOB B cneKTpbI K)'MYJI5ITHBHbIX a,upoHOB Heo6xo,uHMO 

nplI HHTepnpeTaQHH 3KCnep1IMeHTaJibHbIX ,uaHHbIX. B pe3yJibTaTe MO.[(e

JIHpOBaHH51 nonyqeHO, 'ITO nplIMecb B cneKTpbI K)'MYJI51THBHbIX 1IaCTIIU: 

pacna,n;HbIX qacTIIU: He npeBbIIIIaeT 1 %. Ilpe.[(JIO)KeHHblH no,uxo.u OCHO

BaH Ha yqeTe 3KCnepHMeHTaJibHbIX 3aKOHOMepHOCTeii, ycTaHOBJieHHbIX 

npH myqeHHH HHKJII03HBHbIX ce1IeHHH po)K,[(eHII51 K)'MYJI51TIIBHbIX 1IaCTHU:, 

H npHMeHHM K JII06bIM pe30HaHCaM, a He TOJibKO K Po II ~ ++. 
B Tpen,eii rJiaBe on1IcaHa npou:e.uypa nonyqeHH51 3Kcnepm.1eH

TaJibHbIX ,uaHHblX no TeH30pHoii aHaJIII3Hpyrorn:eii cnoco6HOCTH T20 pe

aKQHII cppaIMeHTaQHII TeH30pHo nompii3oBaHHbIX ,ueiiTpOHOB B KYMYJI5I-

TIIBHbie nHOHbI J +A ➔ 1r±(e = oo) + X , (4) 

o6cy)K.[(aIOTC51 ycnoBH51 nocTaHOBKII 3KCnepHMeHTa II T01IHOCTH II3Mepe

HHH - CHCTeMaTH1IeCK1Ie H CTaTHCTH1IeCKIIe OIIIH6KH, a TaK)Ke npHBe,ueHbI 

OKOH1IaTeJibHbie 3KcnepHMeHTaJibHbie ,uaHHble. 

B rrepBOM rraparparpe H3JIO)KeHa 3KcnepHMeHTaJibHa51 nporpaMMa [1] 
myqeHH51 TeH30pHoii aHaJIH3Hpyrorn:eii cnoco6HOCTH T20 peaKQHH cppar

MeHTaQHII non51pII30BaHHbIX ,ueiiTpOHOB B K)'MYJI5ITHBHbie a,npOHbI, OCHO

BaHHa51 Ha HMerorn:HXC51 3KCneplIMeHTaJibHbIX ,uaHHbIX O po)K.[(eHIIII K)'My

JI51TIIBHbIX a,npOHOB B CTOJIKHOBeHH51X Henomp1I30BaHHbIX qacTHU:, ,uaH

HbIX no nompmaQHOHHbIM Ha6nro,uaeMbIM B peaKQHH pa3BaJia nompH-

30BaHHbIX _,ueiiTpOHOB II Ha TeopeTH1IeCKIIX MO,Uemx, npe,[(JIO)KeHHbIX .[(JI5I 

onHcaHH51 YKa3aHHbIX peaKQHH. lfayqeHHe nompH3aQHOHHbIX Ha6nro.ua

eMbIX B peaKQHH d + A ➔ 7r±(0 = 0°) + X cppaIMeHTaQHH no.irnpH-

30BaHHbIX ,ueiiTpOHOB B K)'MYJI51THBHbie n1I0HbI - a,upOHbI C KBapKOBbIM 

COCTaB0M, OTJIH1IHbIM OT COCTaBa npoT0HOB - MO)KeT ,UaTb ,uonOJIHIITeJib

Hyro HHcpopMaQHIO O CTPYKType ,ueiiTpOHa Ha MaJibIX pacC1'051HH51X, B 

nOJib3Y qero MO)KHO npHBeCTH cne.uyrorn:1Ie apryMeHTbI: 

• B3aHMO,UeHCTBIIe B KOHe1IHOM COCT051HHH MeH51eTC51 C II3MeHeHHeM 
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nrna BTopn:qHoii qacTHU:bI, qTo HeceT ,nonoJIHllTeJibH}'IO n:mpopMa

u:mo O MexaHlI3Me pmK,nemrn K}'MYJUITllBHbIX qacTn:u;; 

• perncTPaUIDI qacTHU: no,n HyJieBbIM yrnoM n03BOJUieT yrrpoCTIITb BbI

pIDKeHn:e J{JUI ceqeHIDI n: lI36e)KaTb nonpaBoK Ha Hann:que BeKTopHoii 

KOMnOHeHTbI nollilpll3au;n:n: B nepBn:qHOM TeH30pHO noJUipll30BaH

HOM rryqKe ,neiiTpOHOB; 

• pa3Jin:qHbie KBapKOBhie COCTaBbI npOTOHa ll nHOHOB no3BOJUIIOT c,ne

JiaTb BbI6op Me)KJ{y pa3Jin:qHbIMll MOJ{eJUIMll, yqHThIBaIDr.u;llMll HeHy

KJIOHHbie CTeneHH CB06o,nhI B Mpax, Ha OCHOBaHHll 3Kcnepn:MeH

TaJibHbIX ,naHHbIX no T20 J{JUI K}'MYJUITllBHbIX npoTOHa ll nHOHOB. 

Bo BTOpOM naparpac}le npoBeJ{eH aHaJill3 lICTOqHlIKOB ClICTeMaTHqe

CKlIX ourn6oK, onn:caHa nOCTaHOBKa 3KCnepHMeHTa, lI3JIO)KeHbI ycJIOBll5I 

npoBe,neHIDI lI3MepeHHH. I13MepeHH5I TeH3opHoii aHanlI3n:pyiorn:eii cno

co6HOCTH T20 peaKI.I;HlI <pparMeHTaU:lllI TeH3opHO noJUiplI30BaHHbIX ,neii

TPOHOB B K}'MYJUITlIBHhie nHOHbI no,n HyJieBbIM yrnoM npoBOJ{lIJillCb Ha Ka

Hane 4B cHcTeMbI MeJ{JleHHoro Bhrno,na CHHxpocpa30TpoHa IlB'.3 OI15II1. 

Ilyqok TeH3opHO noJUiplI3oBaHHbIX ,neiiTpOHOB C03J{aBaJIC5I lICTOqHlIKOM 

ITOJUIPMC [6], a ero TeH3opHa5I non5IplI3au;IDI H3Mep5IJiach c noMor.u;bIO 

noJUipHMeTpa AJib<l>A [7]. 

I13MepeHIDI npoBOJ{lIJilICb B cne,nyior.u;HX ycJIOBll5IX: 

1. BpeM5I BbIBO,na nyqKa COCTaBJI5IJIO 400 -;- 500 MCeK; 

2. qaCTOTa nOBTOpeHHH ~ 0,1 ru;; 

3. lIHTeHClIBHOCTb B llHTepBane OT 1-109 ,no 5 -109 ,neiiTpOHOB 3a c6poc; 

4. BeJIHqlIHa TeH30pHoii noJUiplI3au;n:H nyqKa ,neiiTpOHOB COCTaBJI5IJia 

Pzz ~ 0,60 -;- 0,77, cna6o (He 6onee qeM Ha 10 % ) MeH5I5ICh .B 

npe,nenax ,naHHOH cepn:n: lI3MepeHHH, a npn:MeCb BeKTOpHoii nOJI5I

plI3aI.I;lllI COCTaBJI5IJia Pz ~ 0,20-;- 0,25; 

5. OCb KBaHTOBaHlliI J{JUI noJUiplI3au;n:n: HanpaBJieHa BepTHKaJibHO; 

6. o6ecneqn:BaJilICb Tpll COCT05IHlliI nollilpll3aI.I;lill - "+" (noJIO)KlITeJib

HbIH 3HaK nollilplI3au;n:n:), "-" (oTpHu;aTeJibHbIH 3HaK noJUiplI3a

U:lill)' "O" ( OTCYTCTBlle nollilplI3au;n:n:)' MeH5IBIIIHeC5I Ka)KJ{bIH U:HKJI 

ycKopn:TeJUI, TaK qTo B Tpex nocne,noBaTeJibHbIX U:HKJiaX nyqoK llMeJI 

pamHqHbie COCT05IHlliI noJUipH3aI.I;HlI. 

11epBa5I nocTaHOBKa 3KCnepHMeHTa n03BOJI5IJia YBepeHHO BhIJ{eJUITb 

nHOHbI, HCnOJib3Y5I KpHTepHii BpeMeHH nponeTa Ha 6a3e 74 M, .lI .3a 
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cqeT HaJiliqlliJ rneCTlI OTKJIOH5IIOr.u;n:x ManmTOB HMeTb npeHe6pe)KHMO .Ma

JIOe (MeHbIIIe qeM 10-4
) OTHOIIIeHn:e <poH/CHrnan J{JUI Bpew.inponeTHbIX 

cneKTpOB ,na)Ke Ha IlOJIO)KlITeJibHO 3ap5I)KeHHbIX qacTn:u;ax. Ilo,naBJieHHe 

)Ke npOTOHOB (Ha J{Ba nop5IJ{Ka) B Tpmrepe C noMOr.u;hIO qepeHKOBCKOro 

cqeTqlIKa lICilOJib30BaJIOCb J{JUI }'MeHhIIIeHIDI MepTBoro BpeMeHH. Mc

noJib30BaJillCh yrnepo,nHbie MHIIIeHH (50,4 r/cM2 lI 23,5 r/cM2). 3Kcne

pn:MeHTaJibHbie ,naHHhie B nepBOH nOCTaHOBKe Ha6Hpann:cb TOJibKO npH 

OJ{HOM 3HaqeHllll lIMnyJibCa IlllOHOB (3,0 faB/c), BbIJ{eJUieMOM KaHaJIOM 

4B, a YBeJIH:qeHn:e CTeneHH lIX rro,nnoporoBOCTlI J{OCTHraJIOCb 3a cqeT 

}'MeHbIIIeHH5I HMnyJibCa nepBn:qHbIX ,neiiTpOHOB. ' 

Bo BTOpoii cepn:H lI3MepeHHH ,naHHhie Ha6n:panHCb B HeCKOJibKO llHOH 

KOH<pHrypau:m~ ycTaHOBKll_ c MHIIIeHhIO, pacnOJIO)KeHHOH B cpoKyce F5 

(,nanee - "BTOpa5I nocTaHOBKa"), qTO YBeJin:qlIJIO qlICJIO nHOHOB, J{O

CTHraIOr.u;HX <poKyca F6 pe3 pacna,na, C 55 % ,no 85 % ll n03BOJillJIO 

onepaTHBH_O MeH5ITb .HX HMnyJihC, BbIJ{eJUieMbIH KaHaJIOM 4B. 

I13MepeHlliI BTOpoii cepHH fihIJIH npoBe,neHbI C BO,nopo,nHoii (7 r/cM2), 

6epHJIJilleBOH (36 r/cM2) lI yrnepo,nHOH (55 r/cM2) MHIIIeH5IMH. 

B TpeTLeM naparpac}le npHBe,neHhI nonyqeHHbie 3KCnepHMeHTaJibHbie 

,naHHhie J{JI5I TeH30pHoii aHaJilI3Hpyiorn:eii. cnoco6HOCTH Tzo. .[(aHHbie 

npe,nCTaBJieHbI Ha PHC. 5 B 3aBHCllMOCTlI OT K}'MYJI5ITHBHOH MaCIIITa6Hoii 

nepeMeHHoii. 

Bo3MO)KHOCTll onn:caHIDI 3TlIX ,naHHbIX B paMKax HMnyJihCHOro npH-

6JIH)KeHH5I paccMaTpn:BaIOTC5I B rnaBe 5 ,nn:cceprnu;n:oHHoif pa6oThI. 

B 'leTBepToii rJiaBe npe,ncTaBJieHhI 3KcnepHMeHTaJihHhie ,naHHhie 

no TeH3opttoii aHaJIH3Hpyiorn:eii cnoco6HocTH Ayy peaKU:HH cppai:¥eHTa

U:HH TeH30pHO nomiplI30BaHHbIX ,neiiTpOHOB B K}'MYJUITlIBHhie nHOHbl . . 

d+A-Hr(0)+X, (5) 

n:cnyrn:eHHi.Ie B nepe,nHIOID nonyccpepy 81r < 90°. O6cy)K)];aIOTC5I ycnoBII5I 

nocTaHOBKlI 3KcnepHMeHTa ll ToqHOCTlI II3MepeHHii - ClICTeMaTIIqecKn:e ll 

CTaTIICTn:qeCKIIe orntt6KH, npHBe,neHbI OKOHqaTeJibHhie 3KcriepHMeHTaJib

Hbie ,naHHbie. 

B nepBOM naparpac}le o6Cy)K)J;aeTC5I MOTHBaU:lliI H3JiaraeMbIX HlI)Ke lI3-

MepeHHH. 3Ta MOTHBau;IDI onIIpaeTC5I KaK Ha 3KCnepiIMeHTaJibHbie .ttaH.: 

Hbie no T20, npn:Be,neH:Hbie B rnaBe 3 ,nn:cceprnu;n:oHHOH pa60TbI, TaK lI Ha 
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3KCnepHMeHTaJibHbie ,n:aHHI,Ie no Ayy ,n:.mI peaKUHH cpparMeHTaI:.lHH TeH-

30pHO nmrnpmoBaHHbIX .n:eiiTpOHOB B KyMylliITHBHbie npOTOHbI no.n yrnoM 

85 Mpa.n: (B CHCTeMe cpparMeHTan:im rryqKa ,n:eiiTPOHOB) [8]. IloCKOJibK)' 

3KCnepHMeHTaJibHbie J:(aHHbie ,n:mI T20 He onHCbIBaIOTCH B paMKax HY

KJIOHHOH MOJ:(eJIH .neiiTpOHa B KyMylliITHBHblli o6JiaCTH, npe,n:CTaBlliIJIOCb 

ecTeC_TBeHHbIM pacumpHTb KHHeMaTHqeCKYJO o6JiaCTb HCCJie,n:oBaHH5! no

IDipman:HOHHbIX Ha6mo.naeMbIX .n:mi peaKUHH cpparMeHTaU:HH ,n:eiiTpOHOB 

B KYMYlliITHBHbie nHOHbI ( 3aMeTHM, qTo no.n: ttyJieBbIM yrnoM HMeeTCH 

CBH3b T20 = -v2Ayy). 
KpoMe TOro, KaK OTMeqaJIOCI, B pa60Te [8], J:(aHHbie .n:mi Ayy B pe

aKQHH cpparMeHTaU:HH .neiiTpOHOB B KYMYlliITHBHbie npOTOHbI no.n: HeHy

JieBbIM yrJIOM 6onee qYBCTBHTeJibHbI K BbI6opy cxeMbI pelliITHBH3aU:HH 

B<I>,U. TaK, npH OTXOJ:(e OT KOJIJIHHeapHOH KHHeMaTHKH peaKUHH B03-

HHKaeT BOnpoc O BbI6ope HanpaBJieHH5! OCH KOHyca CBeTOBOro cppoHTa, 

KOTOpM HBJIHeTCH q:>HKCHpOBaHHOH B cxeMe MHHHMaJlbHOH peIDITHBH3a

U:HH H COBna,n:aeT KaK C HanpaBJieHHeM .ll:BH)KeHH5! .n:eiiTpOHa, TaK H C 

HanpaBJieHHeM .ll:BH)KeHH5! ,n:eTeKTHpyeMOH qacTHU:bI. B cnyqae )Ke H3Me

peHHH no.n HeHyJieBbIM yrnoM HanpaBJieHHe .ll:BH)KeHH5! .n:eTeKTHpyeMOro 

a.n:poHa He COBna.n:aeT C HanpaBJieHHeM .ll:BH)KeHH5! ,n:eiiTpOHa, H Bonpoc 0 

Bbl6ope HanpaBJieHH5! OCH CBeTOBOfO cppoHTa Hy)K.n:aeTCH B J:(OnOJIHHTeJII,

HOM o6ocHOBaHHH. 

IlpHBO.ll:HMbie B rnaBe 4 3KCnepHMeHTaJlbHbie pe3yJibTaTbI npH3BaHbI 

,n:aTb .n:onOJIHHTeJibHYJO HHq:>OpMan:mo O CTpYKrype .n:eiiTpOHa H orpaHH

qHTb Kpyr MO,n:eneii, KOTOpbie HCnOJib3YJOTCH npH onHCaHHH peaKU:HH 

po)K.ll:eHH5! KYMYlliITHBHbIX qacTHU:, T.e. peaKUHH, ,n:mI KOTOpbIX cyme

CTBeHHbI 6oJibIIIHe BHYTpeHHHe HMrryJibCbl (MaJible Me)KHyK.JlOHHbie pac

CTOHHH5!). 

Bo BTopoM naparpa4>e onHcaHa npon:e.n:ypa mMepeHHii _H npoBe,n:eH 

aHaJIH3 CHCTeMaTHqecKHX oum6oK npH H3MepeHHH TeH3opHOH aHaJIH3H

pyiomeii cnoco6HocTH Ayy• l·fa-3a KOHeqHoro yrnoBoro aKcenrnHca H 

pacXOJ:(HMOCTH II)"IKa BKJia,n: B qHCJIO 3apernCTPHPOBaHHbIX qacTHU: Moryr 

,n:aBaTb Bee cnaraeMbie, BXOMmHe B ypaBHeHHe .n:mi ceqeHH5! po)K.ll:eHH5! 

nHoHoB noIDipmoBaHHbIMH ,n:eiiTPOHaMH: 

a= ao[l + 2iT11Re(it11) + T20t20 + 2T21Re(t21) + 2T22Re(t22)] . (6) 
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PHc .. 6: 3aBHCHMOCTI, TeH30pHOH aHaJIH3Hpyiomeii cnoco6HOCTH 

Ayy OT KYMYIDITHBHOH · Macrnrn6Hoii nepeMeHHOH Xe. KpyxKH -

Pd = 9,0 faB/c, 01r = p5 Mpa,n:; 3aKpbITbie KBa,n:paTbI - Pd = 
9,0 r3B/c, 01r = 180 Mpa,n:; TpeyroJibHHKH BepIIIHHOH BBepx - Pd 
= 9,0 faB/c, e'lr = 0; TpeyrOJibHI:JKH BepIIIHHOH BHH3 - Pd = 
5,0 r3B/c, 01r = 180 Mpa,n:. OTKpbITbie KBa,n:paTbI - ,n:mI peaKU:HH 

cpparMeHTaU:HH ,n:eiiTpOHOB B npOTOHbI no.n: HyJieBbIM yrnoM, KpHBM 

- pe3yJibTaTbI pacqern no MO,n:entt H3 [19]. 

J,fa pe3yrr1,TaTOB Mo.nenttpoBaHHH 61,mo nonyqeHo, qTo B npe,n:enax Toq

HOCTH He xyxe 1 % ,n:JIH BbI6paHHOH reoMeTpHH 3KCnepttMeHTa qHCJIO 

nHOHOB, 3aperncTpHpOBaHHOe ,n:mI nyqKa ,n:eiiTpOHOB C BeKTOpHOH nollil

pman:tteii P( H TeH30pHOH P(( .n:aeTCH Bblpa)KeHHeM: 

· · ( · 3 1 ) N = No 1 + 2AyP( + 2AyyP(( , (7) 

r.ne No - HOpMHpOBaHHOe Ha MOHHTOp qHCJIO qacTHU:, 3aperncTpHpOBaH

HbIX ,n:mI HenollilpH30BaHHOro nyqKa. B (7) HCnOJib30BaHa CBH3b: 
. 1 

Ayy = - v2T20 - v'3T22 (8) 

113MepeHHH npOBO.D:HJIHCb npH -rpex COCT051HH5IX TeH30pHOH noIDipma

U:HH Pt,, P(( tt A; = 0, ("+", "--:-", "0"), nocne.n:o:saTeJibHO MeHH1;1IIIHXCH 

OT U:HKJia K U:HKJiy. CoorneTCTBYJOmHe 3HaqeHrnIBeKTOpHoii H TeH3opHoii 

aHaJIH3HpyiomHx cnoco6HOCTeii, BbJqHCJieHHI,Ie H3 (7), ,n:aIOTCH CJie,n:yIO

mttMH Bbipa)KeHHHMH: 
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PHc. 7: 3aBHCHMOCTb TeH30pHOU: aml.JIH3Hpyrom:eu: cnoco6HOCTH 

Ayy OT nonepeqHoro HMnyn1,ca K}'M}'IBITHBHbIX nHOHOB Pr. Kp)')KKH 

- Pd = 9,0 ThB/c, 01r = 135 Mpa,n; KBa,npaTbI - Pd = 9,0 TuB/c, 

01r = 180 Mpa,n; TpeyroJibHHKH - Pd= 5,0 ThB/c, 01r = 180 Mpa,n. 

_ -~ ( 1 ) (P«(N+ - N°) - Pt,(N- - N°)) 
Ay- - + + - o 

3 P(P(( -P(P(( N 
' (9) 

_ ( 1 ) (Pc(N+ - N°) - Pt(N- - N°)) 
Ayy-2 -+ +- 0 P(P(( -P(P(( N 

' (10) 

rAe N+,-,o - qHCJIO 3apernCTpHpOBaHHbIX nHOHOB ~ AaHHOll MOAbl no

IBipmauHH, HOpMHpOBaHHOe Ha COOTBeTCTBYIOW:HU: MOHHTOp. THnHqHI,Ie 

3HaqeHIDI TeH30pHOll H BeKTOpHOll noIBipH3aUHH npH H3MepeHHH nOA 

pa3HbIMH yrJiaMH COCTaBIBIJIH: 

Pt(= 0,63 ± 0,04 ; Pt= 0,19 ± 0,02 ; (11) 

Pc, = -0,12 ± o,o4 ; Pc = 0,21 ± 0,02 . 

Onm6Ka Ayy, cm13aHHruI c ToqHOCTbIO H3MepeHIDI noIBipH3aUHH nyqKa, 

B 3THX YCJIOBIDIX COCTaBIBieT 6 + 8 %. 
B TpeTLeM naparpa«I>e npeACTaBJieHbl 3KCnepHMeHTaJibHI,Ie AaHHbie 

no TeH3opHo:u aHanmHpyrom:eii cnoco6HoCTH Ayy ~ peaKQHH d + Be = 
1r-(01r) + X. JJ:aHHbie nonyqeHbl ~ CJieAyrorr:t:HX HMnyJioCOB AeiiTpOHOB 

H 3HaqeHHM yrna perncTpaQHH nHOHOB: 

• Pd = 9,0 ThB/c, 01r = 135 Mpa,n; 
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• Pd= 9,0 ThB/c, 01r = 180 Mpa,n; 

• Pd= 5,0 ThB/c, 01r = 180 Mpa,n. 

3aBHCHMOCTb nonyqeHHOll BeJIH:qHHbl TeH30pHOll aHaJIH3Hpyrom:eii cno

co6HOCTH Ayy OT KYMYIBITHBHOii MacIIITa6Hoii nepeMeHHOii Xe noKa3aHa 

Ha PHC. 6. lfa 3TOI'O pHCYffKa BMAHO, qTO 3aBHCHMOCTb Ayy OT Xe He 

.sIBIBieTC.sI YHHBepCaJibHOU:. '.3To, B qacTHOCTH, BblpIDKaeTC.sI B TOM, qTo 

HMeeTC.sI cym:ecTBeHHruI 3aBHCHMOCTb. Ayy OT nonepeqHoro HMnyn1,ca nH

OHa, qTo HarJI5IAHO nOKa3aHO Ha PHC. 7. 
B DHTOH rJiaBe npeACTaBJieHbI pe3yJinTaTbI AeTanoHoro aHanma 

npouecca cpparneHTaUHH TeH30pHO noIBipH30BaHHbIX AeiiTpOHOB B Ky

MYIBITHBHbie nHOHbl. B paMKax peIBITHBHCTCKOI'O HMnyJioCHOI'O npH-

6JimKeHIDI HHKJII03HBHbIM cneKTp nHOHOB H TeH30pHbie aHaJIH3Hpyrom:He 

cnoco6HOCTH T20 H Ayy paccqHTaHbl C HCnOJib30BaHHeM pa3JIHqHI,IX CXeM 

peIBITHBH3aUHH H ~ pa3JIHqHI,IX BOJIHOBbIX q>YffKUHll AeU:TpoHa (Bet>,!(), 

B TOM q0CJie - COAepxam:Hx P-BOJIHOByro KOMnoHeHTy. 

D p' 

r 1 
s t' . Jx 

L ~Sy 

p 
.... 

.. ' 1C 

PHC. 8: .!(HarpaMMa HMnyJibCHOI'O npH6JIH)KeHIDI AJI.sI po)K):{eHIDI 

nHOHOB B peaKQHH p + D ➔ 1r + X. 

B nepBOM ,naparpa«I>e o6Cy)K):{aIOTC5I HMeBnmec.sI AO nonyqeHIDI 3KC

nepHMeHTaJII,HI,IX AaHHbIX pacqeTbl, B TaKXe o6cy)K):{aeTC5I noAXOA, Bbl-

6paHHbl:U ~ onHCaHIDI peIBITHBHCTCKHX acpcpeKTOB. 

,no nonyqeHIDI 3KcnepHMeHTaJII,HbIX AaHHbIX no TeH30pHblM aHaJIH-

3Hpyrom:HM cnoco6HOCT5IM T20 H Ayy peaKUHH cpparMeHTaUHH TeH30pHO 

noIBipH30BaHHbIX Ae:UTpOHOB B K}'M}'IBITHBHI,Ie nHOHbl, npeACTaBJieHHI,IX B 

AHCcepTaUHOHHOU: pa6oTe, cym:eCTBOBaJIH pacqeTbl [9] ~ T20 B paMKax 

HYKJIOHHO:U MOAeJIH. 0AHaKO 3TH pacqeTbl npoBeAeHbl B paMKaX OAHOll 

MOAeJIH AeHTpOHa, KOTOpruI HCnOJib3yeTC5I TOJibKO ee aBTOpaMH. Ilo3TOMY 
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rrpeJJ:CTaBJI5IJIOCh aKTj'aJihHhlM rrpoaHaJIII3IIpoBaTb rrpeJJ:CTaBJieHHbie J:{aH

Hbie, ·KaK C IICllOJib30BaHIIeM pa3JIIIqHhIX cxeM peJrnTIIBII3aIJIIII, TaK- II C 

IICllOJih30BaHlieM pa3JIIIqHblX BcI>)J:. IlpII :3TOM C caMoro Haqana CTaBIIJiaCh 

3aJ:{aqa OllIICaHII.51 peaKIJIIII cpparMeHTaIJHH TeH30pHO llOJI51pII30BaHHbIX 

J:{ett:TpOHOB B KYMYJI51THBHbie llHOHhl llOCJieJ:{OBaTeJihHO peJrnTIIBIICTCKHM 

o6pa30M, HCllOJib3Y51 HYKJIOHHyro MOJ:{eJib J:{ett:TpOHa C pa3JIHqHhIMH BCl>.IJ:. 

.IJ:n.51 sToro B paMKax cpopManII3Ma EeTe-Conrrmepa (EC)· 3arrttchrnm0Tc51 

llOJIHOCThlO KOBapttaHTHbie BblpIDKeHII.51 turn Bcex Ha6JIIOJ:{aeMhIX. · TaKOH 

llOJ:{XOJJ: ll03BOJI51eT J:{eJiaTh 06111IIe 3aKJIIOqeHH51" 06 aMllJIHTj'J:{e npo11ecca, 

a HepeJI51TIIBHCTCKHH rrpeJJ:eJI 6e3 TpyJJ:a BhJqHcfilleTC.51. 

· Bo BBeJ:{eHIIH K JJ:IICCepTaIJHOHHOH pa6oTe OTMeqaJIOCb, qTO HMeeTC.51 

6oJihIIIoe Konnqecrno MOJJ:eneii:, B KOTOphIX ceqeHH51 po)KJJ:eHH51 KYMYJI.51-

THBHhIX qacTHIJ OllHCbIBaIOTC.51 C llOMOIIJhIO BBeJ:{eHII.51 B BOJIHOByro qJYHK

IJIUO cppaThleHTIIpymmero Mpa HeHykJIOHHbIX CTerreHett: CB060JJ:hl. TeM 

He MeHee, llOCJieJ:{OBaTeJihHOe BKJIJOqeHHe B pacCMOTl)eHHe HeHYKJIOHHbIX 

CTerreHett: CB060J:{hl J:{OJI)KHO rrpOBOJ:{HTbC.51 rrocne yqern BKJiaJ:{a OT HYKJIOH

HhIX CTerreHett: CB060JJ:hl. I1o:3TOMY 0)1,HH H3 B03MO)KHbIX BapttaHTOB yqern 

HeHYKJIOHHhlX CTerreHett: CB060J:{hl rrpoBeJ:{eH rrocne llOCJieJ:{OBaTeJibHOro 

paCCMOTpeHH.51 pe3yJihTaTOB, K KOTOpbIM rrpHBOJ:{HT HYKJIOHHa.51 MOJ:{eJib 

JJ:]151 pa3JIIJqHbIX BCl>.IJ: H pa3JIHqHhIX CXeM peJrnTIIBII3aIJHH. TaKHM o6pa-

30M, H3JiaraeMhIH B J:{aHHOH rnaBe aHaJIH3 51BJrneTC51 He06XOJJ:HMhIM IIIa

fOM wrn TeopeTnqecKoro tt3ytj:eHII51 peaKIJIIH KYMYAATHBHoro po)KJJ:eHH.51 

II yqern B03MO)KH0f() _BKJiaJ:{a B Ha6JIIOJ:{aeMhie J:{JI.51 TaKoro. poJJ:a peaKIJIIH 

OT HeHYKJIOHHhlX CTerreHett: CB060JJ:hl B J:{ett:TpOHe. 

Bo BTOpOM rraparpac}Je II3JIO)KeH cpopMaJIII3M peAATIIBIICTCKOfO IIM

rryJihCHOfO rrpII6JIII)KeHH51, KOTOpbIH IICllOJib30BaJIC51 wrn'·pacqeTa ceqe

HIIH II TeH30pHblX aHaJIII3IIpyroIIJIIX cnoco6HOCTett:. PacqeT rrpoBOJ:{HJIC.51 

J:{JI.51 rrp51MOro MexaHII3Ma po)KJJ:eHII.51-llIIOHOB, T.e. Ha·OCHOBe J:{IIarpaMMhl, 

rrdKa3aHHoii: Ha PIIc. 8. 
Mcrronh3Y51 peAATIIBIICTCKIIii: ITOJJ:XOJJ:, orrIIpa10111IIn:c51· Ha aMITJIIITYJJ:hI 

EeTe-ConrrIITepa, B JJ:IICceprnIJIIOHHoii: pa6oTe rronyqeHhI Bhipa)KeHH51. wrn 
ceqeHIIH po)KJJ:eHII.51 II TeH30pHbIX aHaJIII3IIpyroIIJIIX crroco6HOCTeii: J:{JI.51 

peaKIJIIII cppaThleHTaIJIIII J:{ett:TpOHOB B' llHOHhl. ·. B KOMllaKTHOH cpopMe 

crreKTP ITIIOHOB Eda/ dp = Po (pD ➔ .-1r) II TemopHa.51 .· aHanII3IIpyroIIJM 

crroco6HOCTh Ayy rrpeJJ:CTaBJI5IIOTC51 B BIIJ:{e: 
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Pnc. 9: MHKJII03HBHhrn crreICTp IIIIOHOB peaKIJHII p + D ➔ 1r + X 
rrptt Pp= 9 fsB/c II yrne BhIJieTa llHOHOB 1}7r = 180° B CIICTeMe rro

K0.51 J:{ett:TpOHa, BbJqIICJieHHhlli B paMKax PeJI5ITIIBIICTCKOro IIMnyJihC

HOro rrpII6JIII)KeHH51 C IICITOJih30BaHIIeM pa3JIIIqHbIX cpopM HepeJrnTH

BIICTCKOH BCl>.IJ:. CITJIOIIIHa.51, lllTpIIXIlYHKTIIpHa.51 H IIITpIIXOBa.51 JIH

HHII - BbJqHCJieHH51 c rrapll)KCKOH [11], 60HHCKOH. [12] BcI>.IJ: tt BcI>.IJ: 

PeHJ:{a [13], COOTBeTCTBeHHO. TOHKa.51 IIITpIIXOBa.51 JIHHII51 - pacqeT n 

rrpeJ:{ITOJIO)KeHHII He3aBHCIIMOCTII crreKTPa :3JieMeHTapHoro rrpo11ecca 

N N ➔ 'Try OT JII06bIX peAATHBIICTCKII-HHBapIIaHTHhlX rrepeMeHHhlX 

(p(NN ➔ 1r) = 1) wrn naplI)KcKoii BcI>.IJ:. 3KcrrepIIMeHTaJihHhie 

J:{aHHhie B351Thl II3 pa6oTbl [10]. 

- _l_ j j ,\(p,·n) [ . (u) ] m2d3q ·( ) 
Po(pD. ➔ 1r) - (21r)3 ~ ,\(p, D) p(pN ➔ 1r) Cl> (l<zl) Eif , 12 

Po(pD ➔ 1r) · Ayy = 

__ l __ J ✓,\(p,n) [ (pN ➔ 1r) .Cl)(t)(lm] (3cos21Jq- (1) m2d3q (13) 
(21r)3 J,\(p, D) p q 2) Eif ' 

fJ:{e cl:>YHKIIIIII Cl)(u) (1'11) II Cl)(t) (1'11) 3ailIIChIBaIDTC51 B TepMIIHax JJ:eiiTpOH

HhIX rrapIJIIaJibHhIX BOJIH C,J!eJJ:yroIIJIIM o6pa30M: 

Cl>(u)(l<zl) = N-2Mf {U2 + wz - v;2 - v:z + 
m 
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Pttc. 10: Pe3yJibTaTI,I pacqern HHKJII03IIBHoro crreKTpa IIIIOHOB 

.[{.JHI Bcf>,[{, co.u:ep).l(all.lIIX P-BOJIHy. CIIJIOIIIHruI TOJICTruI JIHHIDI co

OTBeTCTByeT BbNIICJieHIDIM c Bcf>.[{ [14], r.n:e BeJIHqHHa Pv c:::. 0,2 %. 

CIIJIOIIIHruI TOHKruI, IIITpIIXOBruI Il IIITpHXIIyttKTHpHruI JIHHHH rrpe.u:

CTaBJUIIOT pacqeTbl C IICIIOJib3Q'BaHHeM Bcf>.[{ tpocca [15] IIpH pa3-

JIJfqHoH BepmITHOCTII CO]lep).l(aHII5.I MaJibIX KOMIIOHeHT B .u:eiITpOHe 

Pv =0,03 %, 0,44 % II 1,46 %, COOTBeTCTBeHHO. lllTpHXOBruI JIII

Hll5.1 C JlBYM5.1 ToqKaMII - pacqeT C rrapII).l(CKOH HepeIDITIIBHCTCKOH 

B<l>,[{ [11]. 3KcrrepHMeHTaJibHbie )laHHbie II3 [10]. 

+ ~~ (( v'2½- ½) u - (½+ v'2½) w)} (14) 

cf>Ct) ( I lll) 
M2 

N-2 ____!2... {2v'2UW + W2 + V,2 
- 2V2 -

m2 t s 

~llll [(u _ w) Vt + (u + v'2w) v:]} 
y13m v2 v2 s 

(15) 

B Tpen.eM naparpafiJe rrpHBe,u:eHbI pe3yJihTaTbI pacqern ceqeHIDI po

).l(JleHIDI KYMYIDITIIBHbIX IIIIOHOB. Ha PIIc: 9-11 noKa3aHbI 3KcrrepIIMeH

TaJibHbie .u:aHHbie II3 pa60TbI [10] Il pe3yJibTaTbI pacqeTOB C IIIIIpOKIIM 

Ha6opoM Bcf>.[{. Pe3yJibTaTbI pacqeTOB ceqeHIIH po).l(JleHIDI ,KYMYIDITIIBHbIX 

IIHOHOB C arrrrpOKCHMau;IIeH 3JieMeHTapHOro ceqeHIDI II3 pa6oTbI [18] JllliI 

HepeIDITHBHCTCKHX Bcf>,[{ rrpIIBe)leHbI Ha PIIc. 9. qT06bI IIOKa3aTb, Ha-
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PIIc. 11: 11HKJII03IIBHbIH crreKTp IIIIOHOB, BbNIICJieHHbIH B paMKaX 

cxeMbI MIIHIIMaJibHOH peIDITHBII3aU:Hll (MRS) [16], [17] c IlCIIOJib-

30BaHHeM pa3JIIIqHbIX cpopM HepeJI5.ITHBIICTCKOH Bcf>,[{: rrapII).l(CKOH 

[11] - CIIJIOIIIHruI JIHHIDI, Pell)la [13] - 0

IIITpIIXOBruI JIIIHIDI, )lBa BapII

aHTa 6oHHCKOH [12] - ,U:Be ).l(IlpHbIX IIyttKTHpHbIX JIIIHHII. PacqeTbI 

C rrapH).l(CKOH Bcf>.[{ 6e3 yqern peIDITHBHCTCKHX 3cpcpeKTOB IIOKa-

3aHbI TOHKOH IIyttKTHpHOH JIHHHeii. 3KcrrepIIMeHTaJibHbie ,U:aHHbie 

II3 [10]. 

CKOJibKO ,u:aHHbie qYBCTBIITeJibHbI K BbI6opy 3JieMeHTapHoro ceqeHII5.1, Ha 

TOM ).l(e pHCyttKe rrpIIBe,u:eHbI pe3yJibTaTbI pacqeTOB C p(pN -r 7r) =Const . 

Ha PIIc. 10 rrpe,U:CTaBJieHbI pe3yJibTaTbl pacqeTOB JllliI Bcf>.[{, co.u:ep).l(all.lIIX 

rrpIIMeCb P-BOJIHbI, KOToprui B03HIIKaeT II3-3a yqeTa PeJI5.ITIIBIICTCKIIX 

3cpcpeKTOB. 3,u:ecb, KaK II B HepeJI5.ITIIBIICTCKOM rro.u:xo.u:e, BHYTpeHHIIH 

IIMIIYJibC rrpIIHIIMaeTC5.I paBHbIM IIMIIYJibCY HYKJIOHa ( B CIICTeMe IIOK05.I 

.u:eiiTpOHa), B CTOJIKHOBeHIIII KOToporo C rrepBIIqHbIM rrpoTOHOM po).l(Jla

eTC5.I IIIIOH. Pe3yJibTaTbI pacqeTa ceqeHIIH B paMKax cxeMbI MIIHIIMaJibHOH 

peIDITIIBII3aU:IIII (MRS) rrpe.u:crnBJieHbI Ha PIIc. 11. ,[{Jl5I Toro, qT06bI Ha

rII5.!Jl~O IIOKa3aTb BJIIDIHIIe 3cpcpeKTOB peIDITIIBII3aQIIII, IIOKa3aHbl TaK).l(e 

pe3yJibTaTbI pacqeTOB C HepeIDITIIBIICTCKOH rrapII).l(CKOH Bcf>.[{. 
113 IIpIIBe,U:eHHblX pe3yJibTaTOB pacqern MO).l(HO c.u:enaTb cneJlYIOIIIIIe 

BbIBO)lbl: 

1. 113 pacqeTOB c p(pN ➔ 1r) =const (PIIc. 9) cne.u:yeT, qTQ ceqeHIIe 
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PIIC. 12: 3KcrrepIIMeHTaJibHbie .naHHbie [Al 1] II TeopeTIIqecKIIe 

pacqeTbI ,wrn TeH3opHoii: aHaJIII3IIpyromeii: crroco6HocTII T20 peaK

QIIII D + p ➔ 1r(fJ1r = 0°) + X. PacqeTbl rrpoBe,neHbl B paMKax 

pemITIIBIICTCKOro IIMIIYJibCHOro rrpII6JimirnHII5I C IICIIOJib30BaHIIeM 

pa3JIIIqHbIX cpopM HepeJI5ITIIBIICTCKOH Bet>,[(. CIIJIOllIHa5I II llITpIIXO

Ba5I JIIIHIIII - BbiqIIcJieHII5I c rrapmKCKOH Bet>,[( [11] II Bet>,[( Peii:,na 

[ 13]. llJTpHXII)'HKTHpHa5I JIHHH5I H lllTpHXOBa5I JIHHII5I C .L{B)'M5I TOq

KaMII - pacqeTbl c pemrTHBHCTCKOH H IIOJIHOH 6oHHCKHMII Bet>,[( [12]. 
TOHKa5I llITpIIXOBa5I JIHHH5I -: pacqeT B rrpeHe6pe)KeHHII BHyrpeHHeii: 

cTpy1(Typoii: :::ineMeHTapHoii: BeprnHHbI, p( N N ➔ 1r) = 1. 

cpparMeHTaQIIH .neii:TpOHa B IIIIOHbl B K)'M)'JI5ITHBHOH II HeK)'M)'JI5ITHB

HOH o6nacrnx q)'BCTBIITeJibHO K Bb16opy 3aBHCHMOCTH 3JieMeHTap-,. 
HOro ceqeHII5I OT COOTBeTCTByIOllllIX KIIHeMaTJiqecmx rrepeMeHHblX. 

2. B HeK)'M)'JI5ITIIBHoii: o6nacTH Xe < l 3KcrrepIIMeHTaJibHbie ,naHHbie 

xoporno OIIIICblBaIOTC5I IIMII)'JlbCHbIM rrpII6JIII)KeHIIeM BO BCex pac

CMOTpeHHbIX rro.nxo.nax (PHC. 9-;- l l ). 3TO roBOpHT B IIOJib3)' rrpH

MeHIIMOCTH IIMII)'JibCHOro rrpH6JIII)KeHII5I H BbI6paHHOH arrrrpoKCH

MaQHII ceqeHII5I :::ineMeHTapHoro aKTa. 

3. PacqeTbI c HepeJI5ITHBHCTCKHMH Bet>,[( II pacqeTbI c Bet>,[(, yqIITbIBa

lOlllIIMII peJI5ITHBIICTCKIIe :::icpcpeKTbI BKJIIOqeHIIeM P-BOJIHbI (ypaB

HeHHe EeTe-CoJIIIHTepa, KBa3HIIOTeHQIIaJibHbIH rro.nxo.n f'pocca) He 

OIIIICbIBaIOT 3KCIIepHMeHTaJlbHbie .naHHbie ITO po)K.L{eHHIO K)'M)'JI5ITHB-
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PIIc. 13: l.J)'BCTBHTeJibHOCTb T20 K BKJia.D:Y P-BOJIH ,neii:TpoHa. O6o-

3HaqeHII5I Te )Ke, qTO Ha PHC. 10. 3KcrrepHMeHTaJibHbie ,naHHbie H3 

[All]. 

HbIX IIHOHOB, )')Ke HaqIIHa5I c Xe ~ l ( CM. PIIC. 9-;-10). .[(JI5I 
Xe ~ 1,5 pa3JIJiqIIe Me)K,L{)' 3KCIIepHMeHTaJibHbIMII ,naHHbIMII H pe-

3)'JibTaTaMH pacqeTOB rrpeBbilllaeT rrop5!.L{OK. IlpH 3TOM pe3)'JlbTaTbI 

pacqeTOB cna6o 3aBIIC5IT OT BbI6opa Bet>,[(. 
4. IlpHMeHeHHe cxeMbI MIIHHMaJibHOH peJI5ITIIBII3aQIIH 3aMeTHO ynyq

rnaeT cornacHe TeopeTJiqecmx pacqeTOB H 3KcrrepHMeHTaJibHbIX 

,naHHbIX .wrn Xe 2: 1. O,nHaKO 3KCIIepHMeHTaJibHbie ,naHHbie He 

OIIHCbIBaIOTC5I II B cxeMe MHHHMaJibHOH pemrTHBH3aQHII HM 0.L{HOH II3 

HCIIOJib30BaHHbIX Bet>,[(. 1ITO•KacaeTC5I peaKQHII cpparMeHTaQIIII .neii

Tp0H0B B K)'M)'JI5ITIIBHbie' rrpoT0HbI, TO ,wrn ceqeHII5I 3TOH peaKQHH 

TaK)Ke 6bmO II0JiyqeH0 [19], qTO HaHJiyqrnee 0IIHCaHHe 3KCIIepHMeH

TaJibHbIX ceqeHHH 3TOH peaKQHH .L{0CTHraeTC5I rrpH HCII0Jlb30BaHHII 

cxeMbI MIIHIIMaJibHOH pemITIIBH3aQHH. 

B qernepToM naparpac)>e o6c)')K.L{aIOTC5I pe3)'JibTaTbI pacqeT0B TeH-

3opHbIX aHaJIII3HpyIOlllHX crroco6HOCTeii: Ayy II T 20• O6paTIIMC5I K o6cy

)K,L{eHIIIO pe3)'JlbTaT0B pacqeTa_ TeH30pHOH aHaJIH3Hpyromeii cnoco6HOCTII 

T20 B peaKQHH D + p ➔ 1r + X npII yrne Bbmern IIIIOH0B f)1r = 0°, 
II0JiyqeHHbIX B paMKax peJI5ITIIBHCTCK0ro IIMII)'JibCH0ro rrpH6JIII)KeHII5I. 
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Puc. 14: Pe3yJihTan,r pacqern reH3opHoii aHanmupyroru:eii cnoco6-

HOCTU T20 B paMKax CXeMbI MUHUMaJibHOH pelliITHBH3aU:HII [16], [17] 
C UCIIOJib30BaHIIeM pa3JiuqHI,IX cpopM HepelliITUBUCTCKOH B<l>JJ:: na

pU)KCKOH [11] - CIIJIOIIIHlliI JIUHIDI, Peima [13] - IIITpUXOBlli! JIUHIDI, 

U L(Byx THIIOB 6oHHCKOH B<l>JJ: [12], pemITIIBUCTCKOH - IIITpUXIIJHK

TUpHlliI JIUHIDI II IIOJIHOH - IIITpUXOBlliI JIUHIDI C JJ:B)'M51 TOqKaMU. 

3KCIIepuMeHTaJibHbie ,!(aHHbie B35.ITbI U3 [ A 11]. 

Ha Puc. 12 npeJJ:CTaBJieHbI TeopeTuqecKue pacqeThI T20 u 3Kcnepu

MeHTaJihHbie J:{aHHbie, KOTOpbre o6CJ)KJJ:aJIUCb B maBe 3 J:{UccepTaU:UOHHOH 

pa6oTbI. Ha Puc. 13 npeJJ:CTaBJieHhI pe3yJihTaTbI pacqeToB T20 JJ:JI5I BOJIHO

BbIX cpyttKQUH ,!(eHTpOHa, COJJ:ep)Karn:ux npuMeCb P-BOJIHbI, KOTOpasI B03-

HUKaeT U3-3a yqeTa peJUITUBUCTCKIIX 3cpcpeKTOB. Pe3yJihTaTbI pacqeTOB 

T20 U Ayy B paMKax cxeMbI MUHUMaJibHOH pemITUBH3au:uu npeJJ:CTaBJieHbI 

Ha PIIC. 14-15. L(JI5.1 Toro, qTOfar HarJI5IJJ:HO IIOKa3aTb BJIIDIHUe 3cpcpeK

TOB pelliITIIBH3aU:IIU, Ha Puc. 13 u_ Puc. 14 IIOKa3aHbI TaKXe pe3yJibTaTbI 

pacqeTOB C HepeIDITUBUCTCKOH. napU)KCKOH BOJIHOBOH cpyttKU:Ueii B Hepe

JUITIIBUCTCKOM IIOJ:{XOJ:{e. 

B IIHTOM rraparpact>e npeJJ:CTaBJieHbI pe3yJihTaThI pacqeTOB ceqeHUH U 

TeH30pHOH aHaJIU3upyroru:eii CIIOC06HOCTU C yqeTOM HeHYKJIOHHbIX CTeIIe

Heii CB060JJ:bI. B pMe pa6oT ceqeHue po)KJJ:eHIDI KJMYlliITUBHbIX aJJ:pOHOB 

OIIUCbIBaJIOCb, UCXOM U3 npeJJ:IIOJIO)KeHIDI, qTO B B<l>.U Ha MaJibIX Me)K-
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Puc. 15: Pe3yJihTaTbI pacqeTa TeH30pHOH aHaJIH3Hpyrorn:eii CIIO

co6HOCTU Ayy B paMKax cxeMhI MUHUMaJibHOii peIDITUBmau:uu JJ:JI5.1 

B<l>.U Peii,!(a [13] JJ:JI5.1 pa3JIIfqHI,IX yrJIOB Bbmern IIUOHa 07r: 135 MpaJJ: 

- CIIJIOIIIHlliI JIUHIDI, 180 MpaJJ: - IIJHKTUpHlliI JIUHIDI. 3KCIIepu

MeHTaJibHbie J:{aHHI,Ie JJ:JI5I E>1r: 135 Mpau; - KBaJJ:paTbI, 180 Mpa.!( -

KpJ)KKU. 

HYKJIOHHbIX paCCT05.IHUH IIp05.1BJI5.IIOTC5.I HeHYKJIOHHble CTeneHU CB060JJ:I,l 

(cM. [19]-[21]). li3JIO)KeH cpeHOMeHOJiornqeCKUH IIOJ:{XOJJ:, npu KOTO

poM HeHYKJIOHHbie CTeIIeHU CB060JJ:bI IIp05.1BlliIIOTC5.I, B KOHeqHoM UTOre, 

B JBeJiuqeHUU )KeCTKOCTU IIMIIYJibCHOro pacnpeJJ:eJieHIDI B HYKJIOHe. 

IloBe,!(eHue BbICOKOUMIIYJihCHOro "XBOCTa" B HYKJIOHHOM pacnpeJJ:eJie

HUU J:{eiiTpOHa MO)KeT 6bITb IIOCTpOeHO Ha OCHOBe npaBHJII,HOH aCUMIITO

TUKU Pe,!()Ke, aHanornqHO TOMY, KaK 3TO J:{eJiaJIOCb B pa6oTe [22]. 3TO 

II03BOJI5.leT onpeJJ:eJIUTb napaMeTpbI cpyttKU:UU pacnpeJJ:eJieHIDI U3 3KCIIe

puMeHTaJII,HI,IX J:{aHHbIX 06 UHKJII03UBHOM CIIeKTpe IIpOTOHOB B peaKU:UU 

pa3BaJia JJ:eiiTpoHa D+p-+ p+X [22], [19]. HcxoM m JJ:ByxKoMIIOHeHT

Hoii B<l>JJ: u CJieJJ:y5.1 pa6oTaM [22], [19], BbI6upanacb cJieJJ:yrorn:asi cpopMa 

B<l>JJ: c:I>(u)(jkj): . 

<t>(u)(lkl) = N- 1 :t {(1 - a(6q)) · [u2 (lkl) + w2 (ikD] + 
41rx ..... 

+a6q E- · G6q(x, k_1_)} , (16) 
q 

me IIapaMeTp a6q eCTb Bepo5.1THOCTb cyrn:ecTBOBaHIDI B ,!(eiiTpoHe HeHy-
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PHe. 16: I1HKJII03HBHbIH eneKTp nHOHOB peaimHH p + D ➔ 7r + X 
npH Pp = 9 r3B/e H yrne BbDieTa nHOHOB f)'lr . 180° B eH

eTeMe nOK051 .n;eiiTpOHa, Bbl'IHeJieHHbIH B paMKaX peJI5ITIIBIIeTeKOrO 

HMnyJioeHoro npII6JimKeHlI51 e yqeTOM HeHYKJIOHHOH KOMnOHeHTbl 

B .n;eiiTpOHe (16) .D:JI5I pa3JIJiqHI,IX BeJIJiqJIH npHMeClI HeHYKJIOHHOH 

KOMnoHeHTbl 0'.6q K napmKeKOH B<I>,[( [11]: 0'.6q = 0,02 - )KJipHa51 

IIITplIXnyttKTIIpHa51 JIHHlI51; 0'.6q = 0,04 - )K1IpHa51 nyttKT1IpHa51 JIH

HlI51. CIIJIOIIIHM JIIIHlI51 - paeqeT e TOH )Ke HepemTHBIIeTeKOH B<I>,[( 

B paMKaX exeMbI MHHIIMaJibHOH pemTHBII3aIJ,HH. TOHKM IIITp1IXOBa51 

JIHHII51 - paeqeT e napII)KeKOH B<I>,[( B HepemTIIBIIeTeKOM no.n;xo.n;e. 

KJIOHHOfO eoeT051HlI51 JJ:Byx emnaHHbIX 6eeu.BeTHbIX 3q-KJiaeTepoB, a 
. _, b2 r(A + B + 2) A B , -bk ) 

G6q(x, k1-) = 27r · r(A + l)r(B + l) • x (1 - x) • e .L • (17 

Pe3yJioTaTbl paeqernB eneKTpa II TeH3opttoii aHaJIII3HpYIQmeii: enoeo6-

HoeTH T20 .D:JI5I TaKOfO BbI6opa B<I>,[( noKa3aHbI Ha PHe. 16 II Pile. 17, 

eooTBeTeTBeHHO. 113 3TIIX pIIeyttKOB ene.n:yeT, qTo: 

• B paMKax onHeaHHOH BbIIIIe npou.e.n:ypbl yqeTa HeHYKJIOHHbIX eTe

neHeii eBo6o.n;bl y.n;aeTe51 onIIeaTb 3KenepIIMeHTaJibHbie .n;aHHbie .D:JI5I 

eneKTpa KYMYJI5ITIIBHbIX nHOHOB, BBOM BeJIJiqHHY npHMeeII HeHy

KJIOHHOH KOMnOHeHTbI nopMKa 4 %; 
• 3KenepIIMeHTaJibHbie .n;aHHbie .D:JI5I TeH30pHOH aHaJIII3HpYIQmeii eno

eo6HoeTII T20 He onJiebrnaIOTe51 B paMKax paeeMaTplIBaeMoro no.n:-
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Pile. 17: TeH30pHa51 aHaJIII3HpYIQIIJ.a51 enoeo6HOeTb T20, Bbl'IIIeJieH-

Ha51 e yqeTOM HeHYKJIOHHOH KOMnOHeHTbI [A4]. 0'.6q) - Bep05ITHOeTb 

eymeeTBOBaHII51 B .n;eii:TpoHe HeHYKJIOHHOro eoeT051HlI51 .D:Byx eB513aH

HbIX 6eeu.BeTHbIX 3q-KJiaeTepoB, T.e. BeJIHqJIHa rrpHMeeII B B<I>,[( 

HeHYKJIOHHOH KOMIIOHeHTbI. CIIJIOIIIHM JIIIHlI51 - a = 0, 0'.6q = 3 %; 
IIITp1IXOBa51 - a = 0, 0'.6q = 4 %; IIITpIIXnyttKTHpHa51 - a = 2,3, 

0'.6q = 3 %; TOHKM IIITpHXOBa51 - paeqeT B exeMe MHHIIMaJibHOH 

pemTIIBII3aIJ.HH e B<I>,[( Peii.n;a [13], a = 0, 0'.6q = 0 . ToqKJI -

3KenepIIMeHTaJil>Hbie .n;aHHbie H3 [ A 11]. 

xo.n;a. 
B mecTOM naparpac)>e o6e~aIOTe51 pe3yJinTaTl>I paeqeTOB H B03-

MO)Kiibie IIYTH IIX ynyqIIIeHII51. B qaeTHOeTH, o6e~aIOTe51 B03MO)KHble 

H3MeHeHII51 exeMbI Bbl'IHeJieHIIH, KOTOpa51 MO)KeT YJI)"IIIIIITb eornaeIIe e 

3KenepIIMeHTaJibHbIMH .n;aHHbIMII no nompII3aIJ,IIOHHbIM Ha6JIIO.D:aeMbIM B 

peaKIJ,IIH cpparneHTaIJ.HII TeH3opHO nompH30BaHHbIX .n;eii:TPOHOB B Ky

MYJI5ITHBHbie IIHOHbI. Hap5IJJ:Y. e yqeTOM .n:onOJIHIITeJibHbIX ( K HMnynoe

HOMY rrpII6JIH)KeHHIO) .D:IIarpaMM o6e~aeTe51 TaK)Ke 0enOJib30BaHIIe 60-

Jiee o6oeHOBaHHbIX exeM peJI5ITIIBII3aIJ,IIH. B exeMe MHHHMaJibHOH pem

THBII3aIJ,HII Bbl6op HanpaBJieHlI51 KOHyea eBeTOBOro cppOHTa qJHKeIIpOBaH 

yeJIOBHeM z + t = 0, a oeb z HanpaBJieHa no rrepBJiqHoMy nyqKy. 

B pa60TaX A.B.KapMaHOBa rrpe.D:JIO)KeH 6onee noene.n;oBaTeJibHbIH no.n:

xo.n: K OIIIIeaHHIO , peJI5ITIIBHeTeKHX eB513aHHbIX eJieTeM B JJ:HHaMIIKe Ha 

eBeTOBOM cppome (eM. pa60Ty [23] II eel>DIKH B Heii). B TaKOM no.n;

xo.n:e HanpaBJieHHe eBeToBoro cppoHTa npoH3BOJibHO, a B<I>,[( IIMeeT 60-
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nee CJIO)KHyro, qeM WUI cxeMbl MIIHIIMaJlbHOH pemITIIBII3al{IIII, CTp)'KTypy. 
B pa6oTe [24] rro.n:xo.n: KapMaHOBa IICIIOJib30BaJIC5I IIPII OIIIICaHIIII 3KC
rrep1IMeHTaJlbHblX .n:aHHbIX IIO Ay; B peaKl.{IIII cpparneHTaU:IIII TeH30pHO 
IIOlliip1I30BaHHblX .n:eiiTpOHOB B rrpOTOHbl rro.n: yrnoM 178 Mpa,n:. B pe3yJih
TaTe norryqeHO, qTO 3TOT no.n:xo.n: rryqrne OIIIICbIBaeT 3KCnep1IMeHTaJlbHble 
,n:aHHbie. 

B · 3aKJnoqeuHH rrepeq1IcrreHbI pe3yJihTaThI, BhIHOCIIMhie Ha 3all{IITY. 
B npHJIOJKeHHH I rrplIBe,n:eHbI ocHOBHhie IIOH5ITII5I, K0Topb1e 1IC

norrh3YIOTCH nplI OIIIICaHIIII peaKl.{IIH C yqaCTIIeM qaCTIIU:, IIMeIOil.{IIX CIIIIH 
1 (cM. [25], [26]). B qacTHOCTII, B COOTBeTCTBIIII c M3,n:IICOHOBCKOH 
KOHBeHl.{IIeH ( CM. [27]) o6CJ)K.n:aIOTC5I Bb16op KOOp.D:IIHaTHblX oceii, orrpe
.n:erreHII5I IIOlliiplI3al{IIH aHcaM6mI qacTIIU: co CIIIIHOM 1, aHaJIII31IpyromlIX 
cnoco6HOCTeii II T.Il. [(eJib 3TOro rrpIIJIO)KeHII5I - o6rreflllITb 3HaKOM
CTBO C ,n:IIccepTaU:IIOHHOH pa60TOH, II03B0JIIIB qlITaTeJIIO He rrp1I6eraTb K 
cneU:IIaJihHOH JIIITepaType. 

B npHJIOJKeHHH II nplIBe,n:eHbI Ta6JIIIU:hI c 3Kcnep1IMeHTaJibHhIMII 
,n:aHHbIMII wrn ceqeHIIH po)KJl:eHII5I KYMYJIHTIIBHhIX. qacTIIU:, rmrryqeHHhIMII 
rrplI lI3yqeHIIII lI30TOil1IqecKoro 3cp<peKTa B peaKU:II5IX ( 1) II ( 2). 

OcHOBHLie pe3yJILT3TLI ,!J;HCCepT3QHH Jl:0KJl3,!J;LIB3JIHCL Ha CJie,n:yw
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