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B nocneAHHe roA~ e 3KcnepHMeHTanbH~x HccneAoeaHHRX ceoHcTe 
aTOMH~x RAeP ace oonee WHPOKoe pacnpocTpaHeHHe nony4a~T naaep~ 
c nepecTpaHeaeMoH 4aCTOTOH. 3TH naaep~ noaeonR~T ocy~ecTenRTb 
nnaBHy~ nepecTpOHKy 4aCTOT~ BO BCeM BHAHMOM AHana30He CBeToeo
ro H3ny4eHHR, x~aKT:CH3Y~TCR B~COKHM 3HepreTH4eCKHM pa3pewe
HHeM I ~E/E=10 -10 I H oOnbWOH M~HOCTb~ lAO HeCKOnbKHX 
AeCRTKOB BT B Henpep~BHOM pemHMe H AO 108 8T B HMnynbCHOMI. 
TaKHe CBOHCTBa na3epHOrO H3ny4eHHR OTKp~Ba~T HOB~e B03MOmHOCTH 
B HCCneAOBaHHH CTPYKTyp~ aTOMHOrO RApa. 

1 • OnPEliEJlEHI1E PA3MEPOB 11 <I>OPMbl PAlii10AKT118Hb/X ~liEP 

l\nR onpeAeneHHR cpeAHHX paAHYCOB pacnpeAeneHHR 3aPRAa H 
RAePHOrO Be~eCTBa, a TaKme OTKnOHeHHH 3THX pacnpeAeneHHH OT 
c<J>ePH4eCKOH CHMMeTPHH HCnonb3yeTCR ~en~H PRA MeTOAOB: ynpyroe 
H Heynpyroe paCC~HHe 3neKTpOHOB, npoTOHOB H TRmen~X HOHOB, 
OOTH4eCKHe H peHTreHOBCKHe cneKTP~ aTOMOB, y -cneKTp~ M~OHH~X 

H nHOHH~X aTOMOB. Bee 3TH MeTOA~ Tpe6y~T 3Ha4HTenbH~X KonH-
4eCTB HCCneAYeM~X aTOMOB IKaK npaeHnO. 6onee 1016 aT/c.M 2 / ~ 
003TOMY npHrOAH~ nHWb AnR CTafiHnbH~X RAeP H, B KpaHHeM cny-
4ae, - AnR paAHOaKTHBH~x RAep, nony4aeM~X e peaK~HRX c 6onb
WHMH B~XOAaMH. 11cnonb30BaHHe naaepHOrO H3ny4eHHR AnR B036ym
AeHHR pe30HaHCH~X 4aCTOT aTOMOB TpefiyeT 3Ha4HTenbHO MeHbWHX 
KOnH4eCTB Be~eCTBa H3-3a B~COKOH HHTeHCHBHOCTH CBeTOBOrO no
TOKa lAO 1019 KBaHTOBicl H fiOnbWOrO Ce4eHHR pe30HaHCHOrO B036ym
AeHHR lnopRAKa 1~IO CM 21. 3TO 003BOnReT npOBOAHTb H3MepeHHR 
C paAHOaKTHBH~MH RAPaMH, o6pa3y~HMHCR B peaK~HRX C Man~MH B~xo
AaMH H nema~HMH BAanH OT nHHHH ~ -cTafiHnbHOCTH. 

l\aHH~e 0 3apRAOB~X paAHYCaX H RAePH~X MOMeHTax lcnHH~, 
MarHHTH~e AHnOnbH~e H 3neKTPH4eCKHe KBaApynonbH~e MOMeHT~I 
nony4a~T H3 H3MepeHHH H30TOOH~X CABHrOB lpa3HOCTH pe30HaHCH~X 
4aCTOT aTOMa AnR COCeAHHX H30TOOOB OAHOrO 3neMeHTal H CBepx
TOHKOH CTPYKTYP~ onTH4eCKHX nHHHH. OnHcaHHe HcnonbayeM~x npH 
3TOM MeTOAHK H o6cymAeHHe nony4eHH~X pe3ynbTaTOB OOAPofiHO H3no
meH~ B 063opa~l-a/. 3TH MeTOAHKH A0CTaT04HO MHOroo6pa3H~ H 
Tpe6y~T KaK nony4eHHR aTOMH~X IHnH HOHH~XI OY4KOB HCCneAYeM~X 
H30TOOOB, TaK H onpeAeneHHR 4aCTOT~ pe30HaHCHOrO norn~eHHR 
naaepHoro H3ny4eHHR aToMaMH H30TOnoe. EcnH nepeaR 3aAa4a aaeH
CHT OT MeTOAa nony4eHHR H B~AeneHHR H30TOOOB, TO AnR peWeHHR 
BTOpOH o6~4HO HCnOnb3Y~T OAHH H3 Tpex cnoco6oe: 11 perHCTpa~HR 
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PHc.I. H3MeHeHHe gapa~osoro pa
~yca H30TOITOB py6H~HH. 

pe30HaHCHO-pacceRHHOrO CBeTo
aoro ~3ny4eH~R; 2/ MHOrocTyneH-
4aTaR ~OH~3a~~R aTOMOB c nocne
AY~~ei1 per~cTpa~~ei1 o6pa3y~~~x

cR ~OHOB; 3/ ~3MepeH~e aH~3o
TPOn~~ RAePHOrO ~3ny4eH~.FI np~ 

o6ny4eH~~ aTOMOB ~~pKynRpHO
non.Rp~30BaHHbiM cseTOM /onT~-
4eCKaR HaKa4Ka/. nocneAH~H cno
co6 ~MeeT Ha~GonbWY~ 4YBCTB~
TenbHOCTb /np~ per~cTpa~~~ a -
4aCT~~ ~n~ OCKOnKOB AeneH~R, 
KOrAa AeTeKTOP~ ~3ny4eH~.FI ~Me~T 
H~3K~i1 $OH, AnR ~3MepeH~i1 Aoc

TaT04HO 105 -1C 6 aTOMOB/, OAHaKO OH Henp~MeH~M K RAPaM CO cn~
HOM 0 ~n~ 1/2. 

K HaCTOR~eMy speMeH~ c noMO~b~ na3epHoro ~3ny4eH~R npose
AeH~ ~3MepeH~.FI pa3HOCTeH 3aPRAOB~X paA~YCOB ~ RAePH~X MO~eH
TOB An.Rlln~HHbiX ~30TOnHbiX ~eno4eK ~enoro P.RAa aneMeHTOB -
20-31.,~/4/ 40-4R~ !.~f '1R-QR~.I(;! 11Q ••~- l"?t 

... ~,.,. , va. , nu , --- --- LdS' , 

126-140Baf8: 181-' 205 Hl91 · B OCHOBHOM 3TO ~en04Hble ~ ~eno4H0-
3eMenbHble MeTannbl, TaK KaK OH~ 3$$eKT~BHO pa3Aen.FI~TC.FI Ha 
Macc-cenapaTopax ~ ~Me~T YA06Hble An.R ~3MepeH~H onT~4eCK~e cneKT
pbl. Ha p~c.1 a Ka4eCTBe np~Mepa npeACTasneHo ~3MeHeH~e 3ap.R
AOBoro paA~yca RAep Rb C pOCTOM 4~Cna HeHTpOHOB /no OTHOWeH~~ 
K ~30Tony 87 Rb, ~Me~~eMy 3aMKHYTY~ o6on04KY 50 HeHTPOHOB/. 
B~AHO, 4TO ~3MepeHHa.FI 3aB~C~MOCTb COsepWeHHO He COOTBeTCTByeT 
TOH, KOTOpa.FI cneAYeT ~3 noCTO.FIHHOH nnOTHOCT~ .FIAepHOrO se~ecT-
sa ~ onpeAen.ReTc.R Bblpa>KeH~eM: R = r 0 A113 , rAe ·A - Maccosoe 
4~cno ~3oTona. TaKoe pa3n~4~e o6b.FICH.FI~T ~3MeHeH~eM $OPMbl RAPa 
no Mepe 3anonHeH~.FI HeHTPOHHbiX o6ono4eK /no.RsneH~e Ae$opMa~~~ 
np~ 4~cne He~!TPOHOB N < 44 ~ N> 60/. noA06Hble OTKnOHeH~.FI 
~Me~T MeCTO ~ An.FI APYr~x ~30TOnH~X ~eno4eK. no3TOMY npeACTas
n.ReT 6e3ycnosHbiH ~HTepec pacw~p~Tb o6nacTb ~ccneAyeMbiX .RAeP, 
a 4aCTHOCT~, nepei1T~ K 6onee T.FI}I(enbiM aneMeHTaM. B nepsy~ 04e
PeAb He06XOA~MO OTMeT~Tb Ra, KOTOPbiH .FISn.FieTC.FI ~en04H03eMenb
HbiM MeTannOM, no3TOMY An.FI Hero np~rOAHa Ta }l(e MeTOA~Ka ~3Me
peH~H. H3oTonHa.FI ~eno4Ka Ra nepeceKaeT 3aMKHYTY~ o6ono4KY ~3 
126 HeHTpOHOB, np~ 136 HeHTPOHaX Ha4~HaeTC.FI oGnaCTb Ae$OPM~-
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poBaHH~X .FIAep. EcTb yKa3aH~R Ha TO, 4TO B Ha4ane 3TOH o6-
naCT~ .FIApa Ra ~Me~T CTaT~CT~4ecKy~ OKTynonbHY~ Ae$opMa~~~ 
/rpyweB~AHY~ $OpMy//101. 

2. OnPEAEnEHHE $0PMM ~AEP B H30MEPH~X COCTOHHH~X 

Hcnonb30BaH~e na3epHoro ~3ny4eH~.FI no3son.ReT TaK}I(e onpeAe
n~Tb ~3MeHeH~e $OpM~ RApa np~ nepeXOAe K ~30MepHOMy COCTO.FIH~~. 
B 3TOM cny4ae ~3Mep.ReTc.R pa3H~~a pe3oHaHCHbiX 4acTOT aTOMa 
B OCHOBHOM ~ ~30MepHOM COCTO.FIH~~ ~ csepXTOHKOe pac~enneH~e 
onT~4ecKoi1 n~H~~. H3MepeHHble TaK~M o6pa30M pa3HOCTb 3aP.RAOBbiX 
paA~ycos, 3Ha4eH~.FI cn~Ha ~ KBaApynonbHOro MOMeHTa no3son.R~T 

OAH03Ha4HO ycTaHOB~Tb sen~4~Hy, 3HaK ~ xapaKTep /cTaT~CT~4ec
Ka.R ~n~ A~HaM~4eCKa.R/ Ae$opMa~~~ .FIAPa B ~30MepHOM COCTO.FIH~~. 

3T~ 3KCnep~MeHTbl CB.FI3aHbl, KaK npas~no, C 60nbW~M~ TPYAHOc
T.FIM~ no CpasHeH~~ C OnHCaHHbiMH B~We H3MepeHH.FIMH ~30TOnHOrO 

CABHra, TaK KaK npHXOAHTC.FI HMeTb Aeno CO CMeCb~ .FIAep B OCHOB
HOM H H30MepHOM COCTO.FIHH.FIX. 3TO npeAb.FIBn.FieT 6onee mecTKHe 
Tpe60BaHH.FI K 3HepreTH4eCKOMy pa3peWeHH~ H CTa6HnbHOCTH CBeTo
BOrO H3ny4eHH.FI na3epa, CB.FI3aHHble C He06XOAHMOCTb~ MHOrOKpaT
HbiX ~3MepeHHH /pa3AeneHHe 3$$eKTOB OCHOBaHO Ha pa3HH~e B ne
pHOAaX nonypacnaAa .FIAep B OCHOBHOM H H30MepHOM COCTO.FIHH.FIX 
HnH Ha pa3HH~e B~XOAOB B peaK~H.FIX C pa3nH4H~MH 6oM6apAHpy~
~HM~ 4aCT~~aMH/. oonee 4eTKOe pa3AeneH~e .FIAep MO}I(eT 6b1Tb AOC
THrHyTO np~ H3MepeHH.FIX aH~30TpOn~~ .FIAePHOrO ~3ny4eHH.FI, TaK 
KaK ero 3HeprH.FI H HHTeHCHBHOCTb, KaK npas~no, pa3n~4Hbl An.FI 
OCHOBHOrO ~ H30MepHOrO COCTO.FIH~H. 

H3 TeopeTH4ecK~x pac4eTos 
$OpMbl noTeH~HanbHOro 6apbepa, 

I 
OCHOBHOE 
COCTORHHE 

H30MEPHOE 
COCTORHHE 

\nE~ 

'DA ~~HbiH nEPEXO.!l 

a TaK}I(e ~3 ~3MepeHHbiX Ha onbiTe 
cneKTpOB B036y}I(AeHHbiX ypOBHeH 
cneAyeT, 4TO B ~enOM P.FIAe .FIAeP 
MOryT ~MeTb MeCTO H30MePHble 
COCTO.FIH~.FI, xapaKTepH3Y~~~eC.FI 

paBHOBeCHOH Ae$OpMa~~eA, KOTo
pa.FI 3Ha4~TenbHO OTnH4aeTC.FI OT 
Ae$OpMa~HH .FIAPa B OCHOBHOM co
CTO.FIHH~. 3Ta pa3H~~a Ae$OpMa~~A 
OC06eHHO senHKa An.FI HeKOTOpbiX 
~30MepHbiX COCTO.FIHHH T.FI}I(enbiX 
.FIAeP /cnOHTaHHO Aen.FI~~eC.FI ~30-

0,2 0,6 1.0 
.QE~PMAljHR 

PHc.2. 3aBHCHMOCTb rroTeH~anb
HOH 3HeprHH OT ~e~opMa~H H~pa. 
Crrocoobi pa3pa,o;KH H30MepHhiX co
CTOHHHH • 

3 



OTKnOHAIOUIAA 
nnACTI-1HA y+V 

~ 

nPOnOPI..II-10HAnbHbiE 
C4ET41-1KI-1 

nA3EPHOE l-13nY4EHI-1E 

PHc.3. CxeMa 3KcnepHMeHTa AITH onpe~eneHHH KBa~pynonhHOH 

~e~opMa~HH CUOHTaHHO ~enH~XCH H30MepoB. 

Mepbl, pl'!c.2/. /.l.n.A OAHOro 1'13 TaKI'IX COCTO.AHI'IH /
240

Am, Tl/ 2 
=0 ,9 MCT"'i30K-PI'IA>Ke /CI!JA/ Oblll 1'13MepeH 1-130MepHbiH CA81-1r' II! 0Ka

aanocb, 4TO 3TOT CA81'1r C00T8eTCT8yeT napaMeTPY K8aApynOJ1bHOH 

Ae¢opMa~l'll'l .AApa 8 1'130MepHOM COCTO.AHI-11'1 ~ 2 =0,66, 4TO 8A80e 
60ilbWe, 4eM Ail.A OCH08HOrO COCTO.AHH.A /~2 =0,28/. 0AHaKO Malla.A 
CTaTHCTHKa C06biTI'IH, HeAOCTaT04HOe 3HepreTH4eCKOe pa3peWeHHe, 

KOTopoe He noaaonHilO Ha6n~AaTb C8epxTOHKoro pac~enneHH.A, nnoxa.A 
80cnpoH380AHMOCTb pe3YilbTaT08 Aena~T Kpar:iHe >KenaTeilbHbiM npo8e

AeHHe AailbHeHWHX, 6onee T04HbiX, H3MepeHHH Ail.A OKOH4aTeilbHOro 
peweHH.A 80npoca o 8enH4HHe Ae¢ooMaUHH .Aaoa 8 H30MP-DHOM rorTnR
HHH. 

npo8eAeHI'Ie TaKoro 3KCnepHMeHTa nnaHHpyeTC.A 8 na6opaTOpHI'I 
.AAePHbiX peaK~HH OHHH Ha ~I'IKilOTPOHe T.A>Kenblx HOH08. CxeMa 3Toro 
3Kcnepi'!MeHTa npeAcTa8neHa Ha pHc.3. 8bi6HTble H3 MHWeHH .AApa 
OTAa4H 8 H30MepHOM COCTO.AHHI-1 OTAeil.A~TC.A C noMO~b~ 3IleKTPH4ec

KOrO /Hill'! MarHHTHOro/ non.A OT ny4Ka 6oM6apAHPY~~HX I'IOH08 H 
TOPM03.ATC.A 8 KaMepe,HanonHeHHOH He, rAe OHH o6ny4a~TC.A ~HpKyn.Ap

HO- nOI1.APH308aHHbiM C8eT08biM H3I1Y4eHHeM Jla3epa.npl'l pe30HaHCHOM 

8036y>KAeHHH aTOM08 Am TaKHM H3Ily4eHHeM npOHCXOAI'IT I'IX ~pHeHTa

~1-'!.A, a 8CI1eACTBHe ceepXTOHKOrO B3aHMOAeHCTBH.A 3IleKTpOMarHHT
HbiX MOMeHTOB .AAPa H 3IleKTPOHHOH 060J104KI'I - H Opl'leHTa~H.A .AAep. 
no3TOMY npH AeileHHH .AAep H30Mepoe nO.A8Il.AeTC.A aHH30TpOnH.A B Hc
nycKaHHI-1 OCKOI1K08, KOTOpble perHCTpHpy~TC.A ABYM.A n03H~HOHH0-
4YBCTBHTei1bHbiMH nponop~I'!OHanbHbiMH c4eT4HKaMH. EcnH Bbl6paTb 

Ail.A H3MepeHHi1 cnoHTaHHO _Aen.A2~HHCR 1'!30Mep 242 Am IT I/ 2 =14 Me/, 
peaK~H~ ero nony4eHH.A 238 U + Ne /ee ce4eHHe cocTaen.AeT 
1Qr3I CM2/, TO npH TOKe HOHOB 22Ne 10 MKA /TaKa.A HHTeHCHBHOCTb 

nony4eHa Ha ~I'IKilOTpOHaX nRP/ CKOpOCTb C4eTa OCKOilKOB, HCnyc
KaeMbiX noA yrnoM 90° no OTHOWeHI-1~ K HanpaeneHH~ na3epHoro 
Ily4a, 6yAeT COCTaBil.ATb ~ 1000 1/4, 4TO B 50 pa3 BbiWe, 4eM 8 
OTMe4eHHOM paHee onbiTe B 0K-P1-1A>Ke C H30MepOM 240-Am. 
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TaKa.A >Ke cxeMa 3KcnepHMeHTa npHMeHI'!Ma 1-1 Ail.A APYrHx KOpoTKo
>KHBY~~'~x 1'!30Mepoe, pacnaAa~~HXC.A nyTeM HCnycKaHH.A y -KeaHTOB 

Hill'! 3JleKTPOHOB KOHBepCHH, eCJlH HCnOI1b30BaTb AJl.A HX peri'ICTpa

~1'11'1 COOTBeTCT8Y~~I'Ie AeTeKTOpbl. H3MepeHH.A H30MepHOro CABHra 
H ceepxTOHKoro pac~enneHH.A no3BOI1.AT onpeAeilHTb Ae¢opMa~H~ 
.AApa B H30MepHOM COCTO.AHHH H TaKHM o6pa30M OAH03Ha4HO CYAHTb 
o npHpOAe 1'130Mepa. 

3. OPHEHTAI..IHR RAEP 

KaK y>Ke OTMe4aJ10Cb BbiWe, pe30HaHCHOe B036y>KAeHHe aTOMOB 
~HpKyn.ApHO-nOil.ApH30BaHHbiM CBeTOBbiM H3Ily4eHHeM naaepa npHBOAHT 
K OpHeHTa~HH .AAep, eCJll-1 HX CnHH He paeeH 0 Hill'! 1/2. 3TO OTKpbl
eaeT B03MOlKHOCTH C03AaHH.A paAHOaKTH8HbiX HCT04HHKOB OpHeHTHp0-

8aHHbiX .AAep, YCKOpeHHbiX nOil.ApH30BaHHbiX I'IOHOB, MHWeHeH 1'13 no
Il.ApH308aHHbiX .AAeP H HCnOI1b30BaHH.A HX 8 ~eilOM P.AAe 3KCnepHMeH
TOB. 0CH08HbiMH xapaKTepHCTHKaMH TaKHX aHCaM6neH OpHeHTHPOBaH
HbiX .AAep .A8Il.A~TC.A epeM.A ycTaH08JleHH.A OpHeHTa~HH, AOil.A OpHeHTH

pOBaHHbiX .AAeP H epeM.A Ae3opHeHTa~HH. 8peMR ycTaHoeneHH.A 
OpHeHTa~HH B HeCKOilbKO pa3 60I1bWe 8PeMeH lKH3HH B036Y>KAaeMbiX 
aT_OMHbiX COCTO.AHHH no OTHOWeHI-1~ K CnOHTaHHOMy H3Jly4eHH~. 3TH 
BpeMeHa 06bi4HO COCTaBJl.A~T 1 o-8 -1 o-7 C H onpeAeil.A~T HHlKH~~ 
rpaHH~Y nepHOAOB ~0Il!'pacnaAa HCCileAyeMbiX .AAep 1'1111-1 .AAePHbiX co
CTO.AHHH. 8 pa6oTe-' I 2; noKa3aHO, 4TO, HCnOJ1b3y.A MOAYil.A~H~ MO~
HOCTH pe30HaHCHOrO naaepHOrO H3Jly4eHH.A, MOlKHO OCy~eCTBHTb 9PH
~n•a4n~ n~t~ ~ ~~e uonee KOpOTKHMH epeMeHaMH lKH3HH /AO 10-''c/. 

8biCOKa.A HHTeHCHBHOCTb naaepHoro H3ny4eHH.A lAo 10m 1/c 
8 HMnyilbCe/ H 60ilbWOe Ce4eHHe pe30HaHCHOrO B036Y>KAeHH.A 
/l~IO CM 2/ no3BOI1.A~T B npHH~Hne ocy~eCTBHTb npaKTH4eCKH nOilHY~ 
OpHeHTa~H~ o6ny4aeMbiX .AAeP I AO 1 o"18 .AAeP/ CM 

2 I. 8peMR Ae30pHew 
Ta~HI-1 onpeAenReTC.A rnaBHbiM o6pa30M B3aHMOAeHCTBHeM B036Y>KAeH
HbiX aTOMOB Me)I{AY C060H, a TaK>Ke C nOCTOPOHHHMH aTOMaMH. 0HO 
AOCTaT04HO 8ei1HKO B CI1y4ae aTOMHbiX ny4KOB Hill'! aTOMOB B aTMOC
¢epe HHepTHbiX ra30B /HX aTOMbl HMe~T 3aMKHyTy~ 3IleKTp0HHY~ o6o

I104Ky/. 0AHaKO B CI1y4ae TBePAbiX Tell epeM.A Ae30pHeHTa~HH OKa-
3b1BaeTC.A, KaK npaBHilO, 04eHb MaJlbiM /< l~W c/, 1'1 3TO npHBOAHT 
K OOilbWHM TPYAHOCT.AM B C03AaHHH TBepAbiX MHWeHeH opHeHTHPOBaH

HbiX .AAeP. no3TOMY HaH60ilbWee 4HCI10 OpHeHTHPOBaHHbiX .AAep MO>KHO 
nOI1y4HTb IlHWb np~-1 pa60Te C aTOMHbiMH ny4KaMH/Ia/. 

4. 8nHRHHE nA3EPHOfO H3nY4EHHR HA CKOPOCTH 

RAEPH~X nPOI..IECC08 

3HeprH.A CBeTOBbiX KBaHTOB /HeCKOilbKO 38/ MHOrO MeHbWe THnH4-
HbiX 3HeprHH .AAepHbiX nepeXOAOB /1o4 -10 5 38/, a C03AaeaeMble 
Aa>Ke CaMbiMH MO~HbiMH naaepaMH Hanp.A>KeHHOCTH 3JleKTpH4eCKOrO nOil.A 
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/He 6o11ee 1 o9 
B/ CM/ HeAOCTaT04Hbl A11.R 11HAYLII1POBaHHbiX nepeXOAOB 

B .RApe. 0AHaKO B P.RAe C11Y4aee 11a3epHOe 11311y4eHI1e MOmeT cy

~eCTBeHHO B03AeACTBOBaTb Ha CK0p0CTI1 .RAePHbiX npOI..IeCCOB. 3TO 

B03AeAcTBI1e MOmeT npO.RB11.RTbC.R 4epe3 311eKTpOHHY~ 0601104KY aTo

Ma, a TaKme B o611aCTI1 BbiCOKI1X 3Hepri1A B036ymAeHI1.R .RApa, KOrAa 

paccTO.RHI1e MemAY ypOBH.AMI1 611113KO K 3Heprl111 11a3epHOrO KBaHTa. 

P.RA .RAePHbiX npo1..1eccoe /aaxeaT op611Ta11bHbiX 311eKTpOHOB .AAPOM, 

BHyTpeHH.A.R KOHBepCI1.R/ npoTeKaeT B pe3Y11bTaTe B3ai1MOAeACTBI1.R 

.RApa C 311eKTPOHHOA 0601104KOA. no3TOMy CKOpOCTb 3TI1X npOI..IeCCOB 

B 3Ha411Te11bHOA CTeneHI1 onpeAe11.ReTC.R COCTO.RHI1eM 311eKTPOHHOA 

o601104K11. B npeAe11bHOM c11y4ae no11HoA 110HI13al..l1111 aTOMa TaKI1e 

npOI..IeCCbl B006~e He 6YAYT 11MeTb MeCTa, 11, ec1111 KaKoA-111160 113 

3TI1X npOI..IeCCOB .RB11.ReTC.R eA11HCTBeHHbiM cnoco60M pacnaAa .RApa, 

TO paAI10aKT11BHOe .AAPO CTaHOBI1TC.R CTa61111bHbiM. Hanpi1Mep, ec1111 

n011HOCTb~ 110HI1311poeaTb aTOM 6ep11111111.R I z =4/ c paAI10aKTI1BHbiM 
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.AAPOM Be /OHO pacnaAaeTC.R nyTeM 311eKTPOHHOro 3axeaTa/ , TO 

.RApO, 1111WeHHOe 311eKTpOHHOA 0601104KI1, CTaHeT CTa61111bHbiM. 

HOHI13ai..I11.R 111111 eoa6ymAeHI1e BHeWHI1X 311eKTPOHHbiX o6o1104eK 

TaKme npi1BOAI1T K 113MeHeHI1~ CKOPOCTI1 pacnaAa /MeH.ReTC.R BepO.RT

HOCTb 311eKTpOHHOrO 3aXBaTa 1111~1 BHyTpeHHeA KOHBepCI111/. 3AeCb 

11MeeT MeCTO TOT me 3¢$eKT, 4TO 11 np11 113MeHeHI111 XI1MI14eCKOrO 

cocTO.RHI1.R ee~ecTea. np11 11cn011b30BaHI111 11aaepHoro 11a11y4eH11.R Mom

HO B036ymAaTb pa311114Hble COCTO.RHI1.R 311eKTPOHHOA 0601104KI1 11 TeM 

caMbiM 6o11ee AeTa11bHO 11CC11eAOBaTb 3TI1 .RB11eHI1.R. 

~::;;-,:;.:;::; .:-;~;.~..,:.. r., .. ,..:.~l~~ cOn.an\....,.ln D IJiyGun.nl\ ~Jit:I'\.11-JUHHbiA 

0601104KaX, TO np11 3an011HeHI111 3TI1X BaKaHCI1A BbiAe11.ReTC.R 3Hepri1.R 

B HeCK011bKO K3B. 3Ta 3Hepri1.R MOmeT 6b1Tb nepeAaHa .AAPY• B 

pe3y11bTaTe 4ero B03MOmHO B036ymAeHI1e HI13K011ema~I1X 1130MepHbiX 
COCTO.RHI1A /npOI..IeCC, o6paTHbiA BHYTpeHHeA KOHBePCI111/l 4,lS/• TaKOA 

npol..leCC, nO-BI1A11MOMy, Ha611~Aa11C.R B C11Y4ae 1130MepHOrO COCTO.RHI1.R 

C 3Heprl1eA ]Q 36 B .RApe 
235U np11 0611y4eHI111 ypaHOBOA MI1WeHI1 

MO~HbiM 11a3epHbiM 11311y4eHI1eM' 16 / • 

B o611acT11 BbiCOK11X 3Hepri1A eoa6ymAeHI1.R .RApa, KOrAa paccTo.R

HI1e MemAY YPOBH.RMI1 COCTaB11.ReT HeCK011bKO 36, CTaHOBI1TC.R B03Mom

HbiM 3axeaT .AAPOM 11a3epHOrO KBaHTa. np11 3TOM 3Hepri1.R B036ymAe

HI1.R .RApa npaKTI14eCK11 He MeH.ReTC.R, a ero Cni1H MOmeT 113MeH.RTbC.R 

Ha 1. B P.AAe C11Y4aee 3TO MomeT cy~ecTBeHHO 113MeHI1Tb eepo.RT

HOCTb pacnaAa B036ymAeHHOrO .RApa. Hanpi1Mep, B 4eTH0-4eTHbiX 

T.Rme11b1X .RApax Ae1111Te11bHble WI1P11Hbl /a C11eAOBaTe11bHO, 11 eepO.RT

HOCTI1 Ae11eHI1.R/ A11.R COCTO.RHI1H CO Cni1HOM o+ 11 2+ 3Ha411Te11bHO 

6011bWe /Ha HeCK011bKO nOP.RAKOB/, 4eM A11.R COCTO.AHI1A 1- .3TO CB.R-

3aHO C pa3HOA BbiCOTOA 6apbepa Ae11eHI1.R A11.R 3T11X COCTO.RHI1A 

/pl1c.4/. CocTO.RHI1.R 1- o6bi4HO eoa6ymAa~Tc.R e .RApax np11 nor11o

~~Y -KeaHTOB.0AHOBpeMeHHOe 0611y4eHI1e .RAeP 11a3epHbiM 11311y4e

H11eM 11 y -KBaHTaMI1 npi1BOA11T K B036ymAeHI1~ COCTO.RHI1A 0+ 11 2+ 
11 TeM caMbiM noeblwaeT eepo.RTHOCTb Ae11eHI1.R. Ce4eHI1e OAHOepeMeH-
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P~:~c. 4. llsMeHeHHe BbiCOTbi 
5aphepoB AeneHH~ B none 
nasepHoro ~:~snyqeHH.A. 

Horo nor11o~eH11.R y -KeaHTa 

C 3Heprl1eA B HeCK011bKO 

M3B 11 CBeTOBOrO KBaHTa 

onpeAe11.ReTC.R 11HTeHCI1B

HOCTb~ 11aaepHoro 11311Y4e

HI1.R 11 MaTpi14HbiM 311eMeHTOM 

nepeXOAa MemAY coceAH11MI1 

ypoBH.AMI1 eoa6ymAaeMoro 

.RApa /ee1111411Ha ero Hel1a

eecTHa 11 113MepeHI1e ee 

npeACTaB11.R110 6bl 6011bWOA 

11HTepec A11.R Bbi.RCHeHI1.R CTPYKTYPbl BbiCOKOB036ymAeHHbiX COCTO.RHI1A 

.RAep/. BoaMomeH 111 APYroil cnoco6 eoa6y>XAeHI1.R cocTO.AHI1A o+ 11 

2-1- - 4epe3 311eKTpOHHY~ 0601104KY C nOMO~b~ yKa3aHHOrO BbiWe npo-

l..leCca, o6paTHOrO BHYTPeHHeH KOHBepCI111. B 3TOM C11Y4ae pe30HaHc

HOe 11aaepHoe 113Jly4eHI1e eoa6ymAaeT aToM, 11 nocne aaxeaTa .RAPOM 

Y -KeaHTa 3Hepri1.R B036YMAeHI1.R aTOMa nepeAaeTC.R .RAPY· 3TOT cno

co6 B036YMAeHI1.R AOJlmeH 11MeTb 60JlbWee Ce4eHI1e, TaK KaK OH CB.R-

3aH C pe3oHaHCHbiM norno~eHI1eM CBeTOBbiX KBaHTOB 11 npOI..IeCCOM 

BHyTpeHHeA KOHBepCI111, KOTOpa.R np11 MaJlbiX 3Hepri1.RX .RAePHbiX ne

peXOAOB npe06JlaAaeT HaA npOI..IeCCOM y -113Jly4eHI1.R. 
B oa6oTax / 17 • 18/ oaccMaTDI1Banocb BJ111.AHI1e naaeoHoro 11311Y4e

HI1.A Ha ce4eHI1e B3ai1MOAeACTBI1.R HeATpOHOB H113KI1X 3Hepri1A C .RA

paMI1. noKa3aHO, 4TO B none CI1JlbHOA 311eKTPOMarHI1THOA BOJlHbl, 

C03AaBaeMOA naaepHbiM 113Jly4eHI1eM, y ypoeHeA COCTaBHOro .RApa 

nO.RBJl.R~TC.R CaTeJ1Jli1Tbl /AOn0JlHI1TeJlbHble KOMnOHeHTbl ypOBHeA BC11eA

CTBI1e KOJle6aHI1A 110Ha/. 3TO B P.AAe C11y4aeB MOMeT cy~eCTBeHHO 

yee1111411Tb ce4eHI1e aaxeaTa 111111 ynpyroro pacce.RHI1.R HeATpOHOB 

.RAPOM. 

5. AETEKTHPOBAHHE OAHH04HWX ATOMOB 

60JlbWOe Ce4eHI1e pe30HaHCHOrO nOr110~eHI1.R CBeTOBbiX KBaHTOB 

11 BbiCOKa.R 11HTeHCI1BH0CTb naaepHOrO 11311y4eHI1.A n03B011.R~T OCy~ecT

BJl.RTb per11CTpa1..111~ OA11HO~HbiX aTOMOB. np11 Tl1ni14HOM epeMeHI1 mi13HI1 

B036ymAeHHOrO COCT0.AHI1.R aTOMa lQ-8 C 11 CK0p0CTI1 aTOMa JQS CM/C 

Ha nyTI1 e 1 eM npoi130AAeT 10 3 nocneAOBaTe11bHbiX eoa6ymAeHI1A 

11 Aeeoa6ymAeHI1A aTOMa. Ec1111 3$$eKTI1BHOCTb per11cTpa1..11111 11Cnyc

KaeMoro aTOMOM CBeTa AOCTaT04HO BbiCOKa, TO VIMnyJlbC AeTeKTVIpy~

~ero ycTpOACTBa /Hanpi1Mep ~3Y/ 6yAeT 3Ha411TeJlbHO BbiWe ~OHa. 
Bonpocbl AeTeKTpl1poeaHVI.R OA11H04HbiX aTOMOB noAp06Ho paccMOTpeHbl 

B o63opJ 19/• Heo6XOAI1MO yka3aTb Ha npVIHI..II1nl1aJlbHOe OT1111411e 
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cnoco6oe perHCTpa~HH OAHH04H~X RAePH~X 4aCTH~ H 0AHH04HWX 
aTOMOB. B nepBOM cny4ae perHCTpa~HR OCHOBaHa Ha H3MeHeHHH HX 
COCTORHHR, HanpHMep, npH pacnaAe HnH npH TOpMomeHHH B Be~ecT
Be. no3TOMy C KamAOH RAepHOH 4aCTHQeH MOmHO npOH3BeCTH nHWb 
OAHO H3MepeHHe, ero Henb3R nOBTOPHTb. B TO me BpeMR aTOM 
nocne KamAOrO aKTa B036ymAeHHR B03Bpa~aeTCR B HCXOAHOe co
CTORHHe, n03TOMy C HHM MOmHO npOBOAHTb MHOrOKpaTH~e H3MepeHHR. 
3TO OTK~BaeT HOB~e B03MOmHOCTH B HCCneAOBaHHRX 04eHb peAKHX 
npo~eccoe. 

B 3aKn04eHHe aeyop~ ewpamaoT 6naroAaPHOCTb r.H.~nepoey 
3a nOAAepmKy pa6oTbl, a A.~.3ape~KoMy, ~.B.HayMoey, B.A.KapHa
yxoey H M.C.6aTKHHY 3a none3Hwe o6cymAeHHR. 
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OraHecRH ~.u., faHrpcKHH ~.n., MapKoe 6.H. HccneAoeaHHe 
CTpyKTypbl RAeP C nOMO~b~ na3epHOrO H3ny4eHHR 

P15-82-92 

OnHcbraa~TcR MeTOAbl npHMeHeHHR na3epHoro H3ny4eHHR c nepeMeHHOH 4aCTOTOH 
AnR onpeAeneHHR pa3MepOB H ~OPMbl paAHOaKTHBHbiX RAep KaK B OCHOBHOM, TaK 
H B H30MepHOM COCTORHHRX, HanpHMep, B cny4ae cnOHTaHHO AenR~HXCR H30MepOB. 
0TMe4aeTcR, 4TO na3epHoe H3ny4eHHe MomHo Hcnonb30BaTb AnR opHeHTa4HH RAeP, 
C ero nOMO~b~ B03MOmHO BnHRTb Ha CKOpOCTH RAePH~X np04eCCOB, a TaKme AeTeK
THpOBaTb OAHH04H~e aTOM~. 

Pa6oTa BblnOnHeHa B na6opaTOpHH RAePH~X peaK4HH OH.RH. 

npenpHHT 06DeAHHeHHOro HHCTHTyTa RAePH~X HCCneAOBaHHH. AY6Ha 1982 
Oganessian Yu.Ts., Gangrskij Yu.P., Markov B.N. Nuclear P15-82-9T 
Structure Studies by Means ot Laser Kaaratron 

Some methods of application of tunable dye lasers for determining dimen
sions and shapes of radiactive nuclei both in the ground and in isomeric 
states, for instance, in the case of spontaneously fissioning isomers are 
described. It will be emphasized that laser radiation could be used for 
orientation of nuclei, by its means one could affect rates of nuclear pro
ces·ses and detect single atoms. 

The investigation has been performed at the Laboratory of Nuclear 
Reactions, JINR. 
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