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Pa60Thl no ¢H3HKB aTOMHoro HApa npecnBAYIDT ABB uenu: uayqeHHB 

CTpOBHHH aTOMHoro HApa KaK TBKOBOro H uayqeHHB aneMeHTapHbIX B3BHMO

ABHCTBHi1, npoHBnHIDIUHXCH B CBOHCTBBX BTOMHbIX HABP, PaCCMOTpHM BOnpo

CbI, CBH3aHHblB C H3Y'IBHHBM CTpOBHHH aTOMHoro HApa. 

l13y'IBHHB aTOMHoro HApa HMBBT npHHUHnuanbHbIH HayqHbIH HHTepec. 

3TO yTBBp)KABHHB MO)KHO nOAKpenHTb ABYMH AOBOABMH, ITepBbIH CBH3BH C 

HCKmO'IHTBnbHO BB)KHQH ponblO BTOMHbIX HABP B npHpOAB, qTo oco6eHHO Hp

KO npOHBnHBTCH B 3BB3ABX, rAe .IIABpHbIB rrpeBpamBHHH urpalOT onpeABnHID

myID ponb, Bropoii AOBOA - H3Y'IBHHB aneMBHTapHoro aKTa B3BHMOABHCTBHH 

ABYX 'IaCTHU ABBT HBAOCTaToqHyID HH¢0pMBUHlO O CBOHCTBaX 9THX 'IBCTHU, 

6onee nonHhie CBBABHHH MO)KHO nonytiHTb HS H3Y'IBHHH CHCTeM cunbHO B3aHMO

ABHCTBYIDIUHX tiaCTHU, KaKHMH HBnHIDTCH aTOMHblB HApa. 

ATOMHo'e HApO npBACTaBn.SIBT co6oii BBCbMa cnO)KHylO CHCTBMY, xapaK

TBpH3YIDIUYIDCH 6onbIIIHM 'IHCnOM CTeneHei1 CB060Abl, l1sy'IBHHe CTpoeHHH SIA

pa Tpe6yeT npHMBHBHHH paanuqHbIX 9KCnepHMBHTanbHbIX nOAXOAOB, OCHOBaH

HbIX Ha ¢H3H'IBCKHX npoueccax, CB.SI3aHHbIX C CHnbHbIM, aneKTpoMarHHTHbIM 

H cna6bIM B3BHMOAB_HCTBHHMH, 

IT OCTpOBHHB TeOpHH .IIApa Ha TanKHBaeTCH Ha 6onbIIIHB TPYAHOCTH, BbI3-

BaHHblB TBM, 'ITO Heo6XOAHMO HBHTH onucaHHB CHCTBMbl KOHB'IHOrO 'IHCna 

CHnbHO B3aHMOABHCTBYIDIUHX qacTHU npH OTCyTCTBHH napaMeTpa ManoCTH~ 

B HaqanbHblH nepHOA pa3BHTHB TBOpHH HApa npOXOAHno no nHHHH nouc

KOB npOCTbIX MOAeneii, IToTOM BMBCTO npOCTb!X MOAeneii CTanH Hcnonb3OBaTb 

pasnH'IHbIB npu6nume~Hb!B ·noAXOAhI, B KOTOpb!X Y'IHTh!BalQTC.II CHnhI, Hrpa10-

lllHE! onpBABnH10my10 ponb An.II ABHHblX CBOHCTB .IIABp. 
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B coBpeMeHHoif Teopmr SI/lpa ncnonbayeTcSI 6onbJIIOe 1:rncno paamrqHhIX 

npn6nmKeHHhIX MeTOllOB, KOTOpble ycnOBHO MO)KHO paa)lenHTb Ha Tpll Tnna: 

¢eHOMeHonornqecKne, nonyMHKpOCKOnnqe~KHe ll MHKpOCKonnqeCKHe. 

ITpll ¢eHOMeHonoruqecKOM onncaHllll CTPYKTypbl cnO)l{HbIX SI)lep BBOJlSIT· 

KonneKTllBHbie KOOpllllHaThI, xapaKTepnay10nme OTCTynneHHSI ¢opMbl SIJlpa 

OT ¢opMbl mapa, ll B036y)KJleHHSI SI)lpa CBSI3h!Ba!OT C BpameHHeM SillJla KaK ue

noro ll C Kone6a.HHSIMll SI)lepHOH IIOBepXHOCTll. ITpll TaKOM OIIHCaHHH Ka)K

llOe SlllPO xapaKTepnayeTCSI HeCKOnbKHMll rrapaMeTpaMH. 3Heprllll B036y)KJleH

Hb!X COCTOSIHHH, llX MynbTlllIOnbHhle MOMeHTbl ll BepoSITHOCTll :,meKTpoMarHHT

Hh!X nepeXOllOB Bb!pa)K8IOTCSI qepe'.3 9TH napaMeTpb!. 3HaqeHHSI napaMeTpOB 

)lnSI Ka)K)lOPO Mpa orrpe)lenSIIOTCSI ll3 COOTBeTCTBYIOIIIHX 9KCrrepnMeHTanbHbIX 

)laHHhlX. TaKoMy qucTo ¢eHOMeHonorHqecKOMY onHCaHHIO npHCYIIIll cepbe3Hbl0 

orpaHuqeHHSI ll HellOCTaTKll. 

ITonyMHKpOCKOnllqeCKOe OIIllC8HHe OCHOBaHO Ha BhJ6ope a¢¢eKTllBHOPO 

SIJlepHoro B3aHMO)leHCTBllSI. ITpll rronyMHKpOCKOnuqecKOM onncaHHH B38llMO

)leHCTBHSI Me)KJlY HyKnoHaMH B SI)lpe paa)lenSIIOT Ha llBe qacTH: cpe)lHee nope 

SI/lpa ll OCTaToqHble B38HMO)leHCTBHSI. Cpe)lHee none - 9TOT TOT SI)lepHbIH 

noTeHUHan, KOTOpb!H C03)laeTCSI BCeMH HyKnoHaMH Slll)?a. EonblllaSI COBOKyn

HOCTb 9KCrrepHMeHTanbHh!X ll8HHhlX, nonyqeHl!b!X npll nayqeHHH a-, {3-, y-

cneKTpOB H SI/lepHb!X peaKUHH, ncnonbayeTCSI JlnSI onpeJleneHHSI napaMeTpOB 

noTeHunana cpe)lHero nonSI. OcTaToqHbJe B38HMOlleHCTBllSI - 9TO Ta qacTb 

cnn, KOTOpaSI He BKn10cieHa B cpe)lHee none. OcTaToqHbJe B38HMO)leHCTBHSI 

nrpa10T B SI)lpe BeCbMa Ba)KHYIO ponh, OHH MOHOTOHHO ll Me)lneHHO MeHSIIOT

CSI OT SI/lpa K SlllPY, OHH He Manbl ll HX Henb3SI yqnTbJBaTb no Teopnn B03-

MyIIIeHHH. Ponh cpe1l11ero nonSI SI/lpa BecbMa BenuKa,. cpellHee none· onpe)le

nSieT MHorne CBOHCTBa SI/lep HenocpellCTBeHHO, KpOMe,Toro OHO ynpaBnSieT 

OCTaToqHblMH B38HMO)leHCTBllSIMH, T.e. )laeT B03MO)KHOCTb B TOH nnn HHOH 

Mepe npoSIBnSITbCSI JleHCTBHIO SI)lepHblX cnn. TaKHM o5paaoM, cpe)lHee none 

onpe)lenSieT KOHKpeTHbJe CBOHCTBa Ka)KJlOPO SI/lpa, OHO OTBeTCTBeHHO 38 OT

nuqne MHOPHX CBOHCTB 0/lHHX SI)lep OT Jlpyrux. 

Ha OCHOBe aHannaa SI/lepHb!X cneK~pOB BbJ5HpaeTCSI BHll OCTaToqHb!X 

cnn ll rrpoBO/lSITCSI pacqeTbl pH/la CBOHCTB rpynilbJ SI)lep. B peaynbTaTe pac

qeTOB o6'bSICHSieTCSI qacTb 9KCIIepHMeHTanbHblX ¢_aKTOB H )lena10TCSI HeKOTOpb!e 
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npe)lcKa3aHHSI. 3¢¢eKTHBHbie Cllnhl HMeJOT MHOPO paannqHblX KOMnoHeHT ll 

cymecTBY!OlllllH 9KCIIepnMeHTanbHb!H MaTepnan )laeT B03MO)KHOCTb onpelleIIHTb 

TOIIbKO qaCTb H3 HHX. HoBbie 9KCnepnMeHTanbHbie ¢aKTbl II03BOIISIIOT yToqHHTb 

a¢¢eKTHBHbie CHIIhl, Jlanee npOBO/lSITCSI HOBbie pacqeTbl H T.ll. 

• 
ITonyMHKpOCKOTIHqecKaSI Teopirn, B KOTOpoif yqHTb!B8IOTCSI cpe)lHee none 

SI)lpa, B3aHMOlleHCTBHSI, npHBOllSIIIIlle K napHbIM KOppenSIUHSIM cBepxnpOBOllSI

IIIero THna, ll TaK Ha3bJB8eMbie MyIIbTHnonh-MynbTHnonbHbJe Cllllhl, nonyqnna 

Ha3B8HHe CBepxTeKyqeif MO)leIIH SI/lpa. B paMKax CBepxTeKyqeif MO)lenll SI)lpa 

Yll8IIOCb nonyqHTb llOBOIIbH0 XO po wee onH_CaHHe; Hil3KOIIe)K81IIHX Boa6y)KJleHHhlX 

COCTOSIHHH cpellHHX ll TSI)Kellb!X SI)lep, 

MnKpOCKonnqecKoe onIICaHHe OCHOBaHO Ha IICnOIIb30BaHHII 9KCnepnMeH

T81IbHblX ll8HHblX no HyKnOH-HYKIIOHHOMY pacceSIHHIO JlnSI BbiqncneHHSI 'taKHX 

OCHOBHblX CBOHCTB, Kf!K IIIIOTHOCTb SIJlepHoro BemecTBa ll a11epr1rn CBSI3H HyK

noHa B SI/lpe. Pa3BHTile 9TOPO HanpaBneHIISI BCTpetjaeT 60IIbJIIHe TPYllHOCTH. 

TaK, Il3 HYKII0H-HyKII0HHoro pacceSIHIISI MO)KHO nonyqIITb TOIIhKO qacTb Heo6-

XOJlllMhlX )l8HHhlX, T.e. TOIIhKO 3HaqeHIISI ¢yHKUHH Ha 9HepreTuqecKOH noBepx

HOCTII ( KOr)la HMilyIIhCbl llBYX KOHeqHb!X qaCTIIU CBSI3aHbl 3aKOH8MII coxpaHe

HIISI I1Mnynhca H aHeprnn). Cno)KHOCTb II 11eonHoa11aqHocTb HYKIIOH-HYKIIOHHoro 

noTeHunana npHBO/lIIT K Heo6xollIIMOCTH ncnOIIb30BaTb B pacqeTaX HeKOTOpb!e 

a<p<peKTIIBHbJe rroTeHunanhJ, qTo yMeHblllaeT npIIBIIeKaTenbHOCTb 9TIIX pacqeTOB 

C noruqeCKOH ToqKH apeHHSI,·· 

EbICTpb!H rrporpecc B pa3BIITHll BbJqIICIIHTeIIbHOH TeXHllKH CTHMynnpoBan 

pac111npeHI1e ¢poHTa MHKpOCKonnqecKllX pacqeTOB no IIHHHll rrpollBll)KeHHSI 

K 6onee CIIO)l{Hb!M SI)lpaM n no nyTll pacqeTOB SI)lepHb!X cneKTpOB, 

ITpn nayqeHilll <::TpoeHHSI aTOMHoro SI)lpa llBH)KeHne ll)leT B llBYX Han

paBneHHSIX: nepBoe - ll3MepeHHe xapaKTepHCTHK OCHOBHh!X H BCe 6onee H 

6onee Bb!COKllX B036y)K)leHHblX COCTOSIHllH, BTopoe - pacmnpeHne o6nacTll 

nayqaeMh!X SI)lep rryTeM y1laneHHSI OT 30Hbl 5eTa-cTa6HnbHOCTli II np0llB!f)KeHHSI 

B o5naCTb CBepXTSI)KeIIb!X aneMeHTOB, 

lleifCTBHTeIIhHO, lllIH noHHM8HllH CTpoeHllSI H)lpa Hellb3SI orpaHHqHTbCSI 

nayqeHHeM 0/lHOPO nnn pSill8 SI)lep. MHorue xapaKTepncTllKH qeTHo-qeTHbJXT 

SI)lep OTIIHqa10TCH OT TaKOBblX lllIH coce)lHIIX HeqeTHblX HIIH HeqeTHO-HeqeT

HhlX SI/lep. CTpoeHne nerKHX Hnep OTII!fqaeTCH OT CTpoeHHSI cpe/lHllX ll TSI-
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m:enbIX SJAep, CTpyKTypa necpopMHpOBaHHbIX S!Aep CllnbHO OTnllttaeTCSI OT CTpyK

Typbl ccpepHttecKIIX Hnep II T,n, Eonhllloe pa3nIIttHe Ha6monaeTcSI na~e cpenII 

necpopMnpoBaHHblX sinep, TaK, no cpaBHeHll!O C SlllP8Mll ll3 o6naCTll 150 < A< 190 

ocooeHHOCTII necpopMHpOB8HHhIX sinep B o6nacTII aKTIIHllAOB nposiBnSIJOTCSI, Ha

npIIMep, B neneHIIII. HcHo, 'ITO Henh3SI H3yttaTb neneHIIe, _OCHOBbIBaSICb Ha 

CBOil:CTBaX penKo3eMenbHhIX lf30TonoB. Ecmr sinpa B o6naCTSIX 150 < A < 190 

H 228 < A < 254 HMe!OT cpopMy Bh!TSIHYTOI'O annHnco.Hna BparueHHSI, TO 'I8CTh 

srnep B o6nacTsix 50 < Z , N < 82 II 28 < Z < 50, 50 < N < 82, B03MO)KHo, 

IIMeeT cpopMy cnmocHyT0ro annIIncoHna BpameHIISI II T,n. 

ITepettIIcneHHe Tex sinepHbIX xapaKTepHCTHK, KOT0pbie MeHSIIOTCSI llp!I rre

pexone OT OAHIIX sinep K npyrHM, MO)KHO rrpononm:HTh, OnHaKO ym:e SICHO, 'ITO 

HeCMOTpSI Ha TO, 'ITO CHnhI 0 neil:CTBy!OIUIIe Mem:ny HyKnOH8Mll 0 SIBnSIIOTCSI Oll

HIIMII II TeMII )Ke BO Bcex sinpax, CTpyKTypa Sl/lep pa3nH'IHa H HeB03MO)KH0 

II3y'IaTb ee 6e3 3Ha'IIITenbHOI'O paCllIIIpeHIISI o6naCTII IICCnenyeMbIX sinep, 

OnHaKO o6naCTb sinep, o6Hapym:eHHhIX B onhITe, COCTaBnSleT He 6onee 

qeTBepTH Bcex B03MO)KHbIX sinep. ITpnMepHO TOnbKO y OAHOil: necSITOil: 'I8CTH 

H3BeCTHbIX Sinep H3y'IeHbl HH3Konem:aruHe B036ym:neHHbie COCT0SIHllSI, Co3A8Hlle 

Macc-cenapaTopoB Ha nytIKax qacTHU II llIHpoKoe npHMeHeHIIe ycKopnTeneil: 

TSlm:enbIX IIOHOB na10T B03MO)KHOCTb nanbHeil:lliero pacllIIIpeHIIH o6nacTII 

II3y'IaeMbIX Hnep. 

OcHOBHOe MeCTO B sinepHoil: cpH3IIKe 38HIIM8IOT pa6oTbl no onpeneneHIIJO 

xapaKTepIICTIIK OCH0BHhIX ll Bee 6onee ll 6onee BblCOKIIX B036ym:neHHhIX coc

TOHHIIil: aTOMHbIX S!Aep. HH3Kone)KaIUHe B036y)KneHHbie COCTOHHIIH B paMKax 

nonyMIIKp0CK0nH'IeCK0I'0 nonxona 0IIl!CbIBaIOTCH, C noMOlllbIO KBa3H'IaCTHU II 

cpoHOHOB. B necpopMIIpOBaHHhIX Hnpax Ha 0CH0BHhIX, KBa3II'IaCT.H'IHhIX H cpo

' 
, HOHHblX C0CT0SIHHHX nocTpoeHbl poTaUIIOHHbie nomcica. C p0CT0M 8HeprllII 

Bos6ym:neHIISI B3aHMoneil:CTBIISI KBa3II'I8CTIIU C cpOHOHaMH K0pH0nHC0BO B3aIIM0-

neil:CTBIIe II npyrIIe CIInhI npIIB0ASIT K ycnom:HeHIIIO CTPYKTYPhI B036ym:neHHblX 

C0CT0SIHIIil:, 

PaccMOTpHM, HanpIIMep, CIInbH0 necpopMHpOBaHHbie Hnpa. C noM0IUbIO 

6eTa-,raMMa-cneKTpOCKOnIIII, ( n y) - II npSIMbIX peaKuIIil:: 
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1) II3y'IeHbl poTBUII0HHbie non0ChI, nocTpoeHHbie Ha OCH0BHbIX II HII3KO

nem:aIUHX B036y)KlleHHbIX C0CT0HHIIHX II nonytteHbl BenH'IHHhl MOMeHT0B IIHep

UIIII, KBanpyiionhHhIX M0MeHT0B II 3HatteHIISI I'IIp0MaI'HIITHb!X OTHOl!!eHHil:; 

2) Hail:neHbl 8HeprIIH KBanpynonhHbIX II 0KTynonbHbIX COCTOS!Hllil: H BenH-. . 
'IIIHbl B(E2) II B(E3) 

3) onpeneneHbI cnHHhI I , IIx npoeKUIIII K II 'IeTH0CTII 7T nnsi 6onb-

llI0I'0 'IIICna ypoBHeil:. KpoMe 8THX xapaKTepHCTIIK Heo6XOllIIMO nony'IIITb 60-

nee neTanbHbie CBelleHIISI O CTPYKType COCT0SIHIIil:. ilnSI KBa3H'IaCTII'IHbIX coc

T0SIHIIil: Heo6xonIIMO onpe11enIITb C0B0KynH0CTII a,CIIMnT0TII'IeCKlIX KBaHT0BbIX 

'IIIcen. ilnH BII6paUIIOHHbIX C0CT0HHIIil: - IIX K0MnOHeHTHblil: C0CTaB, TaK KaK 

B0nH0Bbie cpyHKUHH BH6paUIIOHHhIX COCTOHHHil: npe11cTaBnSIIOTCH cynepno3IIUIIeil: 

llBYXKB83H'IaCTII'IHhIX COCTOSIHHil:, 

ITocMOTplIM, KaK 9KcnepIIMeHTanbHO M0)KH0 onpe11enIITb aCIIMnTOTII'Iec

KIIe KBaHTOBbie 'IIICna II 'IIICT0TY KBa3II'IaCTII'IHblX C0CT0SIHIIil:. MeTO/lbl a-, 
~ -cneKTp0CKOnHH no3B0nSIIOT Hanem:Ho onpe11enIITb aCIIMnTOTII'IeCKHe KBaH

T0Bbie 'IHCna B cnyqae pa3pellieHHoro He3aMe11neHHoro au ~ -pacna11a II 

6naronpIIHTHoro a -pacna11a. O11HaKo B o6nac~n 150 <A< 190 IIMeroTCH au -

nepeXOllbl TOnbKO Mem:ny llBYMSI napaMH COCTOSIHIIil:, a B o6naCTII 228< A< 254 

IIX HeT C0BCeM. YIIcno 6naronpIIHTHbIX a -nepeX0ll0B TaKm:e HeBenIIKO. IToa-

T0MY MeT0/lbl a - ~ -cneKTp0CK0nIIH llBIOT HenocTaT0'IHbie CBe11eHIISI . 06 

acIIMnT0TII'IeCKIIX KBBHT0BbIX. 'IIICnax KBa3II'I8CTH'IHbIX C0CT0SIHHil: II npaKTII

qecKH He 11a10T IIHcpopMaUIIII 06 IIX 'IIICT0Te. 

O6paTIIMCSI K npS!MbIM peaKUIIHM nepella'IH 0AH0I'0 HyKnoHa. H3MepeHIIe 

0THOCIITenbHhIX IIHTeHCIIBH0CTeil: 3aceneHIISI poTaUII0HHbIX nonoc, nocTpoeHHbIX 

Ha C0CT0SIHHHX C OAIIHaK0BbIMII 3Ha'IeHIISIMII K77 
B He'IeTHbIX Hnpax, no3B0-

nHeT 0AH03H8'IH0 npIInIIC8Tb 8TIIM C0CT0SIHIIHM C00TBeTCTBy10ruIIe acIIMnT0TH

'IeCKIIe KBaHT0Bbie 'IHCna. ITo II3y'IeHHbIM pacnpeneneHIIHM IIHTeHCHBHOCTeil: 

3aceneHHSI ypoBHeil: poTaUIIOHHbIX nonoc B npS!MbIX peaKUIISIX nepena'IH 0AH0I'0 

HyKnoHa nony'IeHbl naHHbie no acIIMnT0TII'IeCKIIM KBaHT0BbIM 'IIIcnaM 0AH0-

II ABYXKBa3II'IaCTll'IHhIX C0CT0HHHil:. 

CotieTaHHe MeT0A0B ~ ~ y -cneKTp0CK0nHH C npsiMbIMH peaKUHSIMH 

0AH0HYKn0HHbIX rrepena'I no3B0nHno nony'IHTb xapaKTepIICTHKH nnSI nocTaT0'IH0 
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I . 
'6onhIIIOI'O qucna KBa3H'1aCTH'1HbIX COCTOS!Hllli B necpopMHpOBaHHbIX sinpax. I1s-

MepeHH8 Ce'IeHHH B036y)!{A8HHSI OAHOcpOHOHHbIX Bu6paunoHHbIX COCTOS!Hllll rros

BOnSieT orrpenenHTh nx KOMIIOHeHTHbIH COCTaB, ITepBbIH aHanns IIOKasan, 'ITO 

Teopnsi naeT rrpaBIWhHbie BenH'IllHbI. Hau6onhIIIHX KOMIIOHeHT raMM8-BH6pauuoH

HbIX COCTOSIHHH B psine sinep. 

CnenyeT OTM8THTb, 'ITO KOMIIn_eKCHOe nsyqeHHe CTpOeHHSI sinpa MeTona

MH a-, f3 - ll y -crreKTpOCKOIIHll ll_ M8PHblX peaKUHH eme He rrony,:mno nocTa

TO'IHOI'O pa3BHTHSI, B psine cnyqaeB MO)!{HQ Ha6n10naTb, KaK TpynoeMKHe pa-

60TbI IIO usyqeHHlO {3- H y -crreKTpOB cpaKTH'IeCKll He naIOT HOBOH llH!pOpMa

UllH O CTPYKType usyqaeMOI'O sinpa. 

I1ccnenoBaHHSI, rrpoBeneHHbie C IIOMOillhlO. anhcp?-, 6eTa-, raMMa-crreKTpO-

CKOIIHH II sinepHbIX peaKUHH, nann 6onhIIIOH 9KCIIepnMeHTanbHblH MaTepuan 06 

aHeprusix, 

COCTOSIHHH 

CIIHHaX H MHOI'HX HHTerpanhHbIX xapaKTepHCTHKaX HH3Kone)!{aIIIUX 

B ccpepll'18CKHX II necpopM11poBaHHbIX sinpax, Ha OCHOBe 9THX naHHblX 

orrpeneneHbI rrapaMeTpbI rroTeHunanoB cpenHero rronsi u npyrue sinepHbie xa

paKTepHCTHKH ( MOMeIJ:TbI nHepuun, KBanpyrronhHbie MOMeHTbI II T.n.). 

BecbMa Ba)!{Hb!M SIBnSieTCSI BOIIpOC - HaCKOnhKO TO'IHO IIPHHSITOe_orrnca

HHe MepHbIX COCTOSIHHH unu KaKOBbI rrpuMeCH BbICIIIHX KOHcpnrypauuii: B KBa3H

qacTH'1HbIX II !pOHOHHbIX COCTOSIHHSIX? Hau6onee IIpOCTO OTBeT Ha 9TOT BOII

poc MO)!{HO rrony'IHTh rrpu nsy'IeHHH sinep, 6nU3KHX K ABa)!{/:lbI 'MarnqeCKHM, 

rne ponb OCTaTO'IHbIX B3aHMOA8HCTBHH MHHHManhHa. ITepBbIH Illar B 9TOM 

aonpoce cnenaH B rrocnenHue ronb1 (cM, N. Stein , MoHpeanbcKaSI KOHcpepeH

unsi, 1969 ron). C IIOMOillhlO sinepHblX peaKUHH C MOH09HepreTH'18CKHMH rryq

KaMH IIOKaSaHO, 'ITO nnsi nBa)!{/:lbl MaI'H'18CKHX smep rrnroc-MHHYC onnH HyK

noH OAH0'1aCTH'1Hbie COCTOSIHHSI no 1,5,-2 ,o MaB SIBnSIIOTCSI 'IHCTbIMli, y 6onee 

BbICOKHX COCTOSIHHH HM810TCSI 3Ha'1HT0nhHbie rrpuMeCH BblCIIIHX KOH!pHrypaunii:, 

Cnenyromnii 9Tan - nsyqeHne CTpyKTYPbI !pOHOHHbIX COCTOSIHHH, HaXO)!{/:l8HHe 

TpeXKBa3U'1aCTll'1HbIX COCTOSIHHH ll T,II. B OKOnoMaI'H'18CKHX sinpax rrpencTaB~ 

nsieTCSI nocTaTO'IHO TPYAHbJM. 

BorrpOCbI )!{8 0 B8lIH'1HHaX IIpHMeceii: BblCIIIHX KOH!pllI'ypaUHH K KBa3H'1aC

TH'1HbIM COCTOSIHHSIM, CTpyKTYPbl cpOHOHHbIX COCTOSIHHH II T.n. B cqiepn'IeCKHX 

H necpopMupoBaHHbIX sinpax eme )!(J:lyT CBOero peIIIeHHSI, EonhIIIOH HHTepec 

npencTaBnSieT nsyqeHue noBeneHHSI KBa3H'1aCTH'1HbIX ll !pOHOHHbIX COCTOSIHHH 

H !IX B3aHMHOI'O nepenneTeHHSI C pOCTOM 9Heprnu B036y)!{neHHSI, 
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Ha OCHOBe naHHbIX no CBOHCTBaM sinepHbIX COCTOSIHHH MO)!{HO cnena Tb 

Bb!BOA, 'ITO HH3KOne)!{aIIIne COCTOSIHHSI sinep OKasanHCh cymecTBeHHO 6onee 

cnO)!{Hb!MH no cpaBH0HHlO C 'HaIIIUMll npencTaBneHHSIMH, ccpopMynnpoBaHHbIMH 

B nocnenHne ronbr. ITosT'oMy nnsi nanhH0H11;!0I'O H3Y'10HHSI CTpyKTypbi HH3Kone

)!{all!HX COCTOSIHHH M0P II npOABll)!{0HHSI K 6onbllillM 9HeprHSIM B036y)!{A0HHSI 

Heo6xonHMO npOBOnHTh KOMIIneKCHOe H3Y'10HHe, C0'1eTa10mee MeTOAbl anbcpa-, 

6eTa-' raMMa-9rreKTpOCKOIIHll ( BKnIO'IaSI ( n y ) - peaKUHH) C IIpS!MbIMll peaKUH SI

MH, ncrronb3YIOillHMH MOHOXpOMaTH'18CKHe IIY'IKH 6onbIIIOI'O 'IHCna 'IaCTHU BIInOTb 

no TSl)!{enbIX HOHOB, 

EonbIIIOH Kpyr nccnenoBaHHH CBSI3aH C nsyqeHueM paBHOBeCHOH cpopMbI 

sinep B OCHOBHbIX II B036y)!(J:l0HHbIX COCTOSIHHSIX, Ecnu paBHOB8CHaSI cpopMa oc

HOBHbIX COCTOSIHHH 6onhlliHHCTBa sinep, Haxonsimnxcsi B 30He 6eTa-cTa6nnh

HOCTH, SIBnSieTCSI H3B8CT~oii:, TO usy'IeHue ·paBHOBeCHbIX aecpopMauuii: OCHOBHblX 

II paBHOBeCHhIX necpopMaunii: B036y)!(J:18HHbIX COCTOSIHHH sinep HaxonnTCSI B Ha

qanhHOH CTannu. I1 M010TCSI HHTepeCHbie BonpOCbI, CBSI3aHHbJe C H3Y'10HH0M 

H30MepoB cpopMbI, oco6eHHO CTpyKTypbl cnoHTaHHo-nenSIIIIHXCSI H30MepoB, SIAep 

c cpopMoii: cnnrocHyToro annnnconna n T.n. Becb_Ma Ba)!{HbIM siBnsieTcsi nsy

'IeHue neneHnsi sinep, B TOM qucne rrpo£BneHne--B·'aeneHHH oco6eHHOCTeii: sinep

Hoii: CTpyKTypbl, 

I1sy'IeHue CTpoeHHSI sinpa Hepa3pbIBHO CBSI3aHO C BblSICHeHneM MeXaHH3Ma 

SIAepHbIX peaKUHH, CyrueCTB0HHbIH ycnex B TpaKTOBKe IIpS!MbIX sinepHbIX peaK

unii: nosBonnn nony'IHTb ueHHbie CBeneHHSI O M0pHOH CTpyKType. TaK, C no

MOillhlO MeTona HCKa)!{eHHbIX- BOnH nony'IeHbI naHHbie O rnaBHbIX KOMnoHeHTaX 

MepHbIX BOnHOBbIX cpyHKUHH, nnsi 6onee nonHoro orrpeneneHHSI KOMIIOHeHTHO

ro COCTaBa sinepHbIX COCTOSIHHH Heo6xonnMo npoBeCTH YTO'IHeHne MexaHH3MOB 

SIAepHbIX peaKUHH, 

no CHX nop 06Cy)!{Aannch OCHOBHbie H Hll3KOn0)K8ll!H0 COCTOS!HllSI S!Aep, 

ITOCMOTpHM, KaK o6CTOHT neno C usyqeHneM CTpyKTypbI 6onee BbICOKHX B03-

6y)KJ:l0HHblX COCTOSIHHH aTOMHbIX sinep. 06naCTh B036y:m:neHHSI OT 2-3 M:,rn 

no 9Heprnu CBSl3H HyKnOHa B cpenHHX II TSl)!{enbIX S!Apax HSy'IeHa 0'18Hb cna-

60. 

EonhIIIHe B03M0)KHOCTH H3Y'10HHSI ypOBHeii C 9Heprneii B036y)KJ:l0HllSI 2 

II 6onee MaB cpenHHX II TSI)K0nbIX HeiiTpOHOA0!pHUHTIIb!X Mep HM010TCSI Ha 

9 



Macc-cerrapaTopax Ha rryqKax qacTHU Tnrra ISOLDA ll HCHATT n c rro-

MO!UbIO rrpoTOHHbIX nanyqa Tenefi. C y.oaneHIIeM OT 30Hbl 6eTa-cTa6nnhHOCTll 

B CTopoHy, HefiTpOHOi:teqmunTHbIX ll30TOITOB CIWbHO B03pacTaIOT SHepI'llH 6eia

rrepeXOllOB, qTo .oaeT B03MOlliHOCTb uayqaTb ypoBHll C SHepruefi B036YllilleHug 

2-5 MsB. Cne.oyeT OTMeTHTb, qTo rrpe.ocTaBngeT llHTepec uayqeHue CTpyKTY

pb! KaK oqeHb KOpOTKOllillBY!UllX ll30TOITOB, y.oaneHHb!X OT 30Hbl 6eTa-cTa6unb

HOCTll Ha 15 ll 6onee HefiTpOHOB, TaK ll KOpOTKOllillBymux ll30TOITOB, y.uaneH

HbIX OT 30Hbl 6eTa-cTa6nnhHOCTll Ha 8-14 HefiTpOHOB. BecbMa BalliHO, qT06bI 

rrpOllBllllieHHe K 6onbIIIllM SHeprngM B036ylli.OeHng 6bWO IlOCTerreHHbIM ll npo

xo.onno lllllpOKllM ¢poHTOM. 

MeTOllbl HefiTpOHHOfi crreKTpOCKOilllH Il03BOnnnu nonyqllTb CBei:teHug 06 

. ycpe.oHeHHhlX xapaKTepllCTHKaX KOMnayH.O-COCTOgHllfi B6nll3ll SHepI'llll CBg3ll 

HefiTpOHa. BbrnCHeHue npupOllbl 3TllX COCTOgHufi ( paannqne CTpyKTyp; ! ypOBHefi 

c OllllHaKOBb!Mll CilllHOM u qeTHOCTbIO, rrpogBneHue o6onoqeK a T,A,) gBnsi:eT

cg BalliHOfi HayqHofi aa.oaqefi. 3AeCh Haa6onhIIIllfi llHTepec rrpeAcTaBngeT nay-

qeHue (ny) u(nq) peaKuufi Ha peaoHaHcax, 

B o6naCTll KBa3HHerrpepb!BHOI'O crreKTpa 6onhll!Ofi llHTepec npeACTaBngeT 

nayqeHne aHanoI'OBblX COCTogHnfi H' pa3H~I'O Tuna I'HI'aHTCKHX pe30HaHCOB. 

Bpg.o nu CTOllT I'OBOpllTb, qTQ uayqeHHe aHanOI'OBbIX COCTOgHllfi ll TOHKOfi 

CTpyKTypbl ruraHTCKllX peaoHaHCOB HaXOllllTCg B HaqanhHOfi CTallllll, 

C Kallii:tb!M I'OllOM B03pacTaeT KonuqecTBO HH¢opMaUllll O CTpOeHHll gApa, 

nonyqeHHOfi ll3 Oilb!TOB no B3allMOAefiCTBllIO qaCTllU npoMelliyToqHbIX H Bb!CO

KllX SHeprufi C gApaMll, TaK, paccegHlle 6b!CTpb!X sneKTpOHOB yKa3b!BaeT Ha 

OTKnOHeHHe rrnOTHOCTll sneKTpuqeCKOI'O aapg.oa B gApax OT ¢epMHeBCKOI'O pac-

rrpe.oeneHllg, TTornomeHHe -K -Me30HOB g.opaMH yKa3bIBaeT Ha B03MOlliHYIO 

o6orameHHOCTb noBepXHOCTll g.opa HefiTpOHaMll. 

UeHHYID HH¢opMaUHIO O CTpyKType si:.opa .oaeT H3yqeHne 3aXBaTa µ 

Me30HOB gApaMH ( orrpe.oeneHlle ¢op Mb! g.oep, CTPYKTypa .ounonbHblX ll KBaApy

nonbHblX B036ylli.OeHnfi, rrapuuanbHbie rrepeXOAbl). BaaHMOi:tefiCTBllg rr-Meao

HOB C g.opaMll .oaIOT CBei:teHHg O KOpOTKOi:tefiCTBYIOIUllX KoppengullgX HyKnOHOB 

B g.opax, HeKOTOpyIO llH¢opMaUHIO O KnacTepax B g.opax .oaIOT ceqeHllE npsi:

MOI'O Bb161rnaHug 6bICTpbIX nerKHX gAep rrpn B3aHMOi:tefiCTBllll npOTOHOB C gA

paMll, BonbIIIOfi llHTepec npei:tCTaBngeT uayqeHne MeXaHH3Ma B3aHMOi:tefiCTBHg 

qaCTllU BblCOKHX SHeprHfi C g.opaMH. 
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nng rronyqeHag AaHHbIX o rrnoTHOCTH pacrrpe.oeneHnsi: B g.opax g.oepHoro 

BemeCTBa, CTpyKTypbl ¢oHOHHblX COCTOgHnfi ll MHOI'HX llPYI'llX xapaKTepHCTIIK 

Heo6XOlll!Mhl rryqKII rrpOTOHOB, AefiTpOHOB, sneKTpOHOB ll .opyr11x qaCTllll B 

lllllpOKOM AllaITa30He SHeprnfi C llOCTaToqHo xopoIIIefi MOHOSHepreTllqHQCTbIO, . 
Heo6XOlll!Mbl TaKllie llHTeHCIIBHble nyqKll K -Me30HOB, 

BonbIIIHe Hai:telliAbI BoanaraIOTcg Ha 113yqeH11e rurrepgAep. B rurrepgApax 

B3aHMOi:teficTBHg rnnepOHOB C HyKnoHaMH H M0llillY co6ofi He cunbHO ocna6-

neHbl AeficTBHeM rrpHHUIIIla TTaynn ll noSTOMY IIMeeTcg B03MOlliHOCTb .ong uay

qeH11g HOBb!X CTOpOH B CTpOeHHII gApa. B Hacro~mee BpeMg rrp11 uayqeHl!ll 

rurrepgAep OCHOBHOe BHHMaHHe y.uengeTcg orrpe.oeneHHIO xapaKTepllCTIIK HYK_

noH-I'IIIlepoHHOI'O ( CilllH-CilllHOBag 3aBIICllMOCTb, TeH30pHbie KOMnOHeHTbl II 

T,A,) a rnrrepoa-rurrepoHHoro rroTemmanoB, ponu TpexqacTnqHbIX can B rnnep

si:.opax ll T.n. Eme HeT llOCTaroqHb!X CBei:teHHfi O CBg3aHHb!X B036ylli.OeHHblX 

cocrogHngx rnnepg.oep, a rrpoi:tBHllieHne B o6nacTb 6onee TgllienbIX rurrepg.oep 

IIA0T B0CbMa MeAneHHO, 

CneAyeT OTM0TIITb, qro HeCMOTpg Ha B03pacTaHue BKna.oa ¢H3llKII Bbl

COKHX SHeprnfi B uayqeHne CTpOeHng g.opa B 6nii:lliafiIIIHe I'OAbl STOT cyMMap

Hbifi BKnaA rro KonuqecTBY a ueHHOCTµ 1IH¢opMaU1III, IlO-BllllllMOMY, 6yAeT oc

TaBaTbCg OTHOCHT0ITbHO He6=blllllM, 

PyKonucb nocTynuna B uanaTenhCKHil oTnen 

15 anpeng 1970 Pana. 
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