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CBepxTeKy'IaSl MOAenb S!AP.a, B KOTOpoli: . Y'IIITb!BaJOTCSl rrapHbie 

KOppensium1 ll MynbTl!lIOnb-MynbTlllIOnbH0e B31ll!MOAeli:CTBne, B Ha-'. 

cTomuee apeMsi HaXOJlllT rrp11MeHeH11e rrpn nccnen0Baf!1111 MHornx. 

rrpo6neM, CBSl3aHHblX. co ;CTpyKTypoli: ·sinpa. OHa .S!BnSieTCSI nanba_eli:

WIIM pa3B11TlleM MOAenn He3aBl!CIIMbIX ,'IaCTIIU II o6o6meHHOli: Mo-

,. /1/ 
nenn SIApa Eopa II MoTTenbcoHa • 

/2,3/ 
MaTeMaTn'IeCKOli: OCHOBOli: CBepxTeKy'Ieli: MOAenn S!Apa 

/4,5/ 
S!BnSIJOTCSl MeTOAbI, pa3B11Tb!e B Teopnn CBepxrrpOBOAIIMOCTII 

II B KBaHTOBOli: CTaTl!CTIIK~/a/ 

C lIOM0IUblO. MIIKPOCK0lil!'IeCKbro lIOAXOAa CBepxTeKy'Ieli: MOAe

nn ynaeTCSI 06bSICHllTb TaKUe CBOli:CTBa cpeAHIIX II TS!lKenbIX S!Aep, 

. KaK .menb. B. aHepreTl!'IeCKOM crreKTpe 'IeTHO-'IeTHhlX S!Aep, M0MeHThl 

l!Hepu1111 neqiopMIIPOBaHHhlX S!Aep, Benl!'Il!Hhl rrapHhIX aHeprnli:, paBHO

BeCHble ne¢opMau1111 SIAep II MHorne npyrne. 

OAHO 113 caMhIX 6onbWIIX AOCTl!lKeHnli: cBepxTeKy'IElli M0Aenn -

Ml!KpOCKOlil!'IeCKOe Olil!CaHne KonneKTIIBHbIX HepOTaUl!OHHhlX C0CTOSI-
'. . /7 8/ 

Hl!li: 'IeTHO-'IeTHhlX II Heqe~Hh!X S!Aep ( CM., 'HarrpnMep, ' ) • 

8 caepxTeKy'Ieli: MOAenn B3al!M0Aeli:cTBl!e MelKAY HyKnoHaMII 

B S!Ape paanenSieTCSI Ha Tpll 'IaCTII: 

H ~ Hav + II pair + H coll 

T.e. BhIAenSieTCSl cpeAHee none HyKn0HOB ff av , OCTaT_O'I_Hoe B3al!MO

Aeli:CTBl!e MelKAY K0TOpb!MII naeTCSI ABYMSI npyrnMI! 'IneHaMI! 

raMnnbTOHl!aHa H pair n H coll 3necb H pair B3al!MOAeli:CTBl!e, 

rrpl!B0AS!IUee K rrapHhIM KoppenSIUllS!M CBepxrrpOBOASIIUero Tllrra, 
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H coll coneplKIIT MynbT1Inonb-MynbT1InOnbHOe B3alIMoneiiCTBIIe. 

·a pa6oTe B.r. Conoabeaa
121 

noKa3aHo, 'ITO II3 caMoro o6mero 

B11na raMllnbTOHllaHa ooa1IMOAe1kTBIIH MOlKHO CTporo BbIAenlITb 

cpenaee none Hnpa II B3a1IMoneiicTa1Ie, np1IaodHmee K napHhlM 

KoppenSl!lllHM. 

ilo nocnenaero apeMeHII np1I 11ccnenoaaH1I1I caoiicTB ne¢opM11-

poBaHHhlX Hnep B paMKax MIIKpOCKOn1I'1eCKoro nonxona B Ka'leCTBe 

cpenHero nonH 11cnonb30BanHCb_ co6CTBeHHble 3Hepr1111 11 BOnHOBbie 
/9, 10/ 

¢yHKUIIII noTeHunana HnnbCCOHa • B pHne cnyqaeB TO'IHOCTb 

pac'li'lTOB 6bma orpaHH'leHa HeTO'IHbIM on1ICaH11eM OAHO'laCTII'IHbIX 

3Hepr11ii II 'aonHOBb!X ¢yHKUllii cpenHero nom1. B CBH31I C 3TIIM 

B pe¢ep1IpyeMoii n11ccepTau1111 6bmll 11ccnenoBaHbl HeKOTOpb1e CBOHCT

Ba ne¢opM11pOBaHHblX II c¢ep11qeCKIIX HAep C ncnonb30BaHlleM B Ka

'leCTBe cpenHero nonH ae TOnbKO n0Teau11ana H11nbcc0Ha, HO II 60-

nee peanHCTll'leCKOro noTeHUIIana KOHe'IHOH rny611Hbl - noTeHu11ana 
/ 11/ 

Bynca-CaKcoHa • 

B n11ccepTau1Iii B paMKax caepxTeKy'leii M9nen11 Hnpa 6bm11 

11ccnenoaaHb1 caepxTeKyq11e xapaKTep11cT11K11 HAep c A> 100 

( rn. 2)' paBHOBeCHbJe ne¢opMaUIIII OCHOBHblX II B036ylKneHHblX coc

TOHHIIH HAep B o6naCTII aKTIIHIIAOB ( rn. 3), CBOHCTBa KonneKTIIBHblX 

HepoTaUIIOHHblX COCTOHH!lii 3TIIX HAep ( rn. 4 II 5) I! HeKOTOpb1e npy

r11e BOnpOCbl CTpyKTypb! S!Apa. 

B nepaoii rnaae o6ocHoBbIBaeTcH Bb16op MonenbHoro raMHnb

TOHllaHa II npllBOAHTCH OCHOBHb!e MeTOAbl pemea11H HAepHoii 3aAa'IH 

MHOrllX Ten np11 Hanll'IIIII napHoro II MYnbTllnonb-MynbTHnonbHOro 

B3a!IMOneiiCTBHii. 

OcHOBHbJe pe3ynbTaTbI .n11ccepTau1111 113nolKeHbI B 2-5 rnaaax. 

rnaBa 2 nOCBHilleHa 113y'leHll!0 napHblX KoppenHUIIH CBepx-

. A 100113• 141 06. · npOBOAHillero Tnna B S!Apax C > • bl'IHO np11 11ccne-

AOBaHIIHX TaKoro Tnna c¢ep11qecxne II ne¢opM11poBaHHh1e HApa pac

cMaTp11aan11cb OTAenbHO, B pac'leTaX Y'IIITbIBanocb pa3nll'IHOe KO

nll'leCTBO ypoBHeii •. noaToMy 6bmo TpyAHO conocTaBIITb pe3ynbTaTbI, 

nonyqeHHbie i:i.nH pa3nll'IHblX o6nacTeii IICCnenyeMblX HAep, B 'laCT-

HO_CTII, 3HaqeHIIH KOHCTaHT napHoro B3a11MoneiicTB,1H GN 11 Gz · 

4 

1 
ii 

/13/ 
B pa6oTe anepab1e npoaeneHo 1IccnenoBaH1Ie napHbIX 

KOppenHUllii a IlllipOKOH o6nacTII Hnep 100 < A< 256. B Ka'leCTBe 

ypoaaeii cpenHePo nonH 6bm11 B3HThI ypoBHH noTeaunana Hnnbcco
/ 10/ 

Ha C HeCKOnbKO 113MeHeHHblMII napaMeTpaMII II nononHHTenb-

HblMII cna11raM11 oTnenbHbIX mino6ono'leK. Eonee nonHbJe nccneno-
. /14/ 

BaHIIH caepxTeKy'IIIX xapaKTepllCTIIK HAep npoaeneHbl B pa6oTe 

rne 11cnonb30BaP.J,1 cxeMbI ypoaaeii, nony'leHHbie c IIOTeHmrnnoM 
/ 11, 12/ • 

Bynca-CaKCOHa • BcH o6naCTb 6bma pa3611Ta Ha HeCKOnbKO 

30H, B KalKAYIO 113 K0TOpb!X BXOA!Inll Hnpa, Mano pa3nlI'laIOill!leCH 

no MaCCOBOMy 'lllcny, II ne¢opMaUIIII 0CHOBHOro COCTOHHIIH KOTOpblX 

np116n11311TenbHO paBHbl MelKAY co6oii. 

KoHcTaHTbl napaoro B3allMOAeiiCTBIIH G N II G z B 3TIIX 

pa6oTax HaiineHbl IWH ',l~iiTpOHHOii II npoTOHHOii CIICTeM He3aBIICII

MO 113 cpaBHeHHH 3KCnep11MeHTanbHblX II TeopeTH'leCKIIX 3Ha'leHHii 

napHbIX 3Hepr11ii. CToKa3aHo, 'ITO. G N ,z• A IIOCTOHHHa nnH KalKAOii 

06nacT11 Hnep. OnHaKo 3Ta aen11'111Ha Ha 15-25% 6onbrne nnH o6nac

Teii ne¢op'M11poBaHHblX Hnep, 'leM nm1 c¢ep1I'leCKIIX. 3TOT a¢¢eKT 

KaqeCTBeHHO o6'hHCHHeTcH, ecnn npennonOlKIITb, '1Tb napaoe B38IIMO

neiicTB!le aaa11c11T OT aenn'IHHhI noaepxHocTH Hnpa, a, cnenoaa

TenbHo, OT ero ne¢opMau1111. 

nocKonbKY cnapnBaHlle OKa3b!BaeT 6onblliOe BnllHHlle Ha MHO

rne caoiicTBa Hnep, TO nony'leHHbie np11 naHHOM 11ccnenoaam111 

caepxTeKy'IHe xapaKTep11CTIIKII HAep - KOppenHUIIOHHhle ¢yHKUIIII 

II XIIMll'leCKlle IIOTE'HUHanbI - MoryT 6b!Tb llillpOKD ncnonb30BaHbl 

npn 113Y'leHIIII cneKTpOB HAep, !IX 

pacnanoa, y -nepexonoa II T.n. 

CBOiiCTB OTHOCHTenbHO a - I /3-

rnaBf!___Q_ noCBHilleHa H3y'leHIIIO paBHOBeCHblX ne¢opMaunii oc-

HOBHblX -11 B036ylKneH.HblX COCTOHHIIii HAep B o6naCTll aKTIIHIIAOB. 

OcHOBHOe BHHMaH11e np11 3TOM ynenHeTCH pac'leTy paBHoeecHb!X 

"' • 6 " 
1151 

06 ne't'opMaunn B03 ylKneHHblX COCTOHHIIII Hnep • cylKnaeTCH 

B03MOlKHOCTb cymecTBOBaHIIH 1130MepoB ¢opMbl B THlKenbIX CIInbHO-
/ 15 16/ 

ne¢opMHpoBaHHb!X Hnpax I • 
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flocKOnbKY BBnll'IliHbl pa_BHOBBCHblX ne<popMaUl!ll Boa6yJKABHHblX 

COCTOHHl!ll B 3Haq~TenbHOii Mepe "orrpenenHIDTCH rroaeneHl!BM rronHOll 

aHepr1111 5; 0 ({3, y) ocHo_BHbIX cocTOHH_llii _qeTHo-qeTHhIX HABP B aa-

BIICIIMO_CTII _OT rrapaMeTpOB ne¢opMau1111· /3 II y , To Heo6xo- " 
AIIMO 6bmO rrpoBeCTII pacqeTbl rronHoii 8Hepr1111 J:lnH nelfiopMl!pOBaHHblX 

I 16/ . . . . - ·. - -
gnep • 3TOT pacqeT rrpoBOAIJ:nCH MBTOAaM11, 1!3nOJKBHHbIMII B pa-

/20/ 
6oTe. • Ha pile. 1 AnH rrp11Mepa rrpl!BOAIITCH KOHTypHaH nnarpaM-

. 238 ' 
Ma, Ha KOTopoii n_aHa rronHaH _ aHepr_ng &0 (/3 ,y) nng U • !:fa p11-

cyHKa BIIAHO, _qTo ¢yHKUIIH & 0 l/3 ,y) l!MeeT Ml!Hl!MyM rrpn /3 0 = 0, 24 
' .' ~ 

11 y O = O, rny6nHa aToro Ml!HnMyMa - 5, 7 Maa. 

TeopeTnqecKl!e 3HaqeHIIH paBHOBeCHbIX nelfiopMaunii OCHOBHblX 

COCTOHHllll aKTll~l!AOB xoporno cornacyroTCH C 3KCrrep11MeHTaribHb!MII 

naHHblMII. flonyqeHHbie B pacqeTax 3HaqeHIIH rny611Hbl ITOTBHUl!anb

HOll HMbl AnH ne¢opM11pOBaHHbIX gnep IIMeroT 6onee paayMHYID Be

n11q11Hy rro cpaBHeH11ro c peaynbTaTaM11 npyr11x aaTopoB. LlnH acex 

CllnbHOAe¢opM11poBaHHblX Hnep BIIA 3aBIICIIMOCTII IJOnHoii 9Heprnn 

OCHOBHoro, COCTOHHIIH OT ne<popMaUl!II 6nll30K K rrapa6one, qTO CBll

neTenbCTByeT O Manoii aHrapMOHl!qHOCTII Kone6att11ii. 

floKaaaHo, q~o · nnH c11nbHo~e<ji~pM11poBaHHhIX Hnep ne<jiopMa1111g 

OCHOBHoro II B036yJKAeHHb!X COCTOHHIIH, KaK rrpaBnno, paannqaeTcH 

oqeHb He3HaqHTenbHO, rrpn 9TOM HApa B B036yJKABHHbIX COCTOHHIIHX 

coxpaHHIDT aKCl!anbHO CllMMeTpl!qHyro <popMy. OnHaKo B oTnenbHbIX 

cnyqagx, oco6eHHO nnH HeqeTHO-HeqeTHbIX Hnep, BO3MOJKHO OTKnoHe

Hlle ne<popMaUIIII B036yJKAeHHOro COCTOHHIIH OT paBHOBBCHOll ne<pop

M8llllll 3Toro JKe Hnpa B OCHOBHOM COCTOHHIIH. B CBH3ll C 9TIIM 

pacCMOTpeH aorrpoc O BO3MOJKHOM o6bHCHeHnn cyrnecTBOBaH~H KOpOTKO-

lKHBYIUHX CITOHT8HHO 

/15/ 
HOBblX aneMeHTOB 

nenHIUHXCH naoMepoB B o6nacrn TpaHcypa-

11ccnenoBaHnro KonneKTIIBHbIX HepoTaUIIOHHblX COCTOHHllll qeTHO

qeTHb!X ne<jiopMnpoBaHHbIX gnep B paMKax MIIKpOCKOITllqecKoro rron

xona IlOCBHIUeHO AOBOnbHO 6onbrnoe Konnqec'TBO TeopeTnqecKIIX 

/8/ 
pa6oT ( CM. HarrpnMep,. ) • 

flpencTaBneHHble B rnaae 4 nccnenoBaHnH nnH Hnep B o6nacTn 

/17 18/ 
aKTllHllAOB ' oTnnqaroTCH OT paHee orry6nnKoBaHHbIX 6onee 
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Pnc. 1. flonHaH aHeprng & 0 (/3, y) 
MIi o6o3HaqeHo rroBeneHne 
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TOqHbIM Bb16opoM c'peAHero nom1. KaK 113BecTHO, OAHoqacT11qffb!il: 

5a3l!C 11rpaeT pewarowyro ponb·np11 onpeJ:1eneH1111 caoil:cTB HepoTa

u110HHbIX B035yJKAeHHb!X COCTOSIHl!il: B )leqiopM!!pOBaHHblX S!Apax. B pa-

/ 18/ 
5oTe anepable 5bmll BbIITOnHeHbl pacqeTbl 9TIIX CBOHCTB )lnSI 

o5naCTI! aKTIIHl!JlOB 'c 11cnonb30BaHl!eM BOnHOBbIX qiyHKUl!il: II co5-

" /12/ 
CTBeHHbIX 9Hepr1111 noTeHu11ana ByAca-CaKCOHa • 

B 
. / 17, 18/ .. 

pa5oTaX • 5bmO noKa3aHo, qTo C lIOMO!UbJO llBYX 

CB050JlHblX napaMeTpOB - KOHCTaHT ,MYnbTl!nOnbHOI'O B3al!MO)leil:CT

BIISI K<
2 > 11 K (S), MO)KHO 05'b_SICHl!Tb_ l!MeJOIUl!eCSI 9KCnep11MeHTanb-

Hbie )l8HHbie no 9Heprl!SIM Y -a116pau110HHbIX II OKTynonbHblX 

COCTOS!Hllil: a qeTHo-qeTHblX S!Jlpax o5naCTII aKTIIHl!JlOB. llnsi on11ca-

HIii! /3 -B116pau110HHbIX COCTOSIHl!il:: KOHCTaHTy KBaJlpynonbHOI'O B3al!MO-

" lC!) 
)lel!CTBl!SI K npl!XO)ll!TCSI 3aMeTHO 113MeHSITb JlITSI Sl)lep B Ha-

qane paccMaTpl!BaeMciil: o.6nacT11. TonbKO TaKl!M nyTeM yJlanocb 

o5'bSICHl!Tb l!MeJOIUl!ecsi 9Kcnep11MeiITanbHbie pe3ynbTaTbl no 9Hepr1111M 

9TIIX. COCTOS!Hllil:, .He BBOJlSI K8KIIX-n1160 JlOlIOITHl!TenbHblX Cl!n II He 

MeHSISI cxeMbl OJlffOqacTl!qHblX ypOBHeil:· JWSI 9TIIX Sl)lep. 

O)lHOil: 113 BamHeil:w11x xapaKTep_llCTIIK KonneKTIIBHblX COCTOS!Hllil: 

SIBITSIJOTCSI npl!Be)leHHb!e BepOS!THOCTI! sneKTpOMBI'HIITHb!X ,;repeXOJlOB. 

TTpl! 11ccneJlOB8HIIII 9Tl!X Bennql!H 06b1qHo BBOJll!TCSI )lononHl!Tenb

Hblll napaMeTp - 9qlqleKTIIBHb!il: 3apSIJl, no3BOITSIJO!Ullil: yqecTb BITIISI

Hl!e J:1aneK11x npoToHHbIX COCTOSIHHil:. lln11 SIJlep paccMaTp!!BaeMoil: 

o5naCTI! 9KCnep11MeHTanbHblX )l8HHblX no BepoSITHOCTSIM nepexo)lOB 

113 OKTynonbH~IX 11n11 KBaJlpynonbHblX COCTOSIHl!il: npaKT11qecK11 HeT, 

nosToMy B pacqeTaX co cxeMoil: Hl!nbCCOHa 3Haqea11e e ell 5bmO 

B3SITO paBHblM aen11q11He; 11cnonb3yeMoil: 06b1qffo JlITSI smeR_ peJlKO-

aeMenbHOil: 06nacT11 ( e ell = 0,2 ). B p~cqeTax co cxeMoil: ByAca-

CaKCOHa yql!TbIBanoCb ropa3)l0 5onbwe MaTpllqHblX sneMeHTOB 

11 ypoBHeil: cpe)lHero nonSI, nosToMy aen11q11Ha sToro napaMeTpa 

np11H11Manacb paBHoil: Hynro. 

/17,18/ 
TTpoBe)leHHbie B 11ccneJ:10BaHl!SI noK83b!BaJOT, qTo Hll-

)Kail:w11e COCTOSIHIISI C K" = o+, 2+. 0- B S!Jlpax aKTIIHIIJlOB CllnbHO 

KonneKTIIBll311pOBaHbI, oco5eHHO B Haqane paccMaTpl!BaeMoil: o5naCTII 

(cM. p11c. 2,3). Oco6eHHO H113KO nemaT OKTynOnbHbie COCTOSIHIISI 
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3aepr1111 y '-B116pau110HHblX COCTOSIHl!il: ( BepXHIIH pl!CYHOK) 

11 npl!BeJleHHbie BepOSITHOCTII E2 -nepeXOJlOB 'Ha 9TII 

cocTOSIH.IISI ( a11mH11il: p11cyHOK), paccq11TaHHbie. co cxeMaM11 

y·poBHeil: 113 pa5oT/ 17/ (cnnoWHbie n11H1111),/13/ (KopoT-

Klle WTpl!XOBbie ITIIHIIII) 11112/ (Jlnl!HHbie nyHKTl!pHbie 

nl!HIIII). 3Heprllll )laHbl B M SB, B(E2) B O)lHoqaCTllqffblX 

e)ll!HIIUax (s.p.u.) • TTonbIMII KpymKaMII 113o5pameHbl 9KCnep11-

MeHTanbHbie )laHabie0 
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Pn:c. 3;· 3Hepr1111 OKTYIIOIIbHblX COCTOS!Hllil C K17 =0- (BepxHllil pn:cy

H0K) 11 rrpn:BeneHHbie BepOS!THOCTII E 3 -rrepeXOllOB Ha 

COCTOSIHIISI c K17 I =0-3 (HlllKHllil pn:cyHOK). O6o3HaqeHl!SI 

Te lKe, qTo II Ha pn:c. 2. 
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17 
cK =0 B 1130TOIIax TOpllSI. OKTYIIOIIbHbie COCTOSIHIHI C K17 = I -

II 2- 3KCIIepn:MeHTanbHO 113yqeHbl IIOKa nnoxo. PacqeTbl ITOKa3bIBa

IOT, qTo 3TII COCTOSIHIISI, KaK rrpaBn:no O nelKBT llOB0IIhHO Bb!COKO 

II KonneKTIIBII311p0BaHbl cna6ee no cpaBHeHl!IO C OKTynonbHbIMII COC-

K 17 -
TOSIHIISIMII ~ = 0 B 3TIIX lKe sinpax. OnHaKO _llIIS! 0KTynonbHbIX 

C~CTOS!Hllil_. pe3yIIbT8TbI,_ rronyqeHHbie co cxeMoil H11nbCCOHa _II Bynca

GaiccoHa, B HeK0Topb1x· cnyqasix pa3n11q{l10Tcsi MeJKAY co6oil~ B pacqe-

Ta,x co, cxeMoil· ypoBHeli, II BOIIH~Bbl~~ qiy:iKIIII_SIMI{ IIOTeHu11ana Byn

ca..:ca~coHa AII'il 6-pIIblllllHCTBa sinep'. IIpl!IieneHHbie. BepoSITH0CTII 

. . ·11 - ·'. -
E3. -nepexonoB H1I oKTyrronhHbie co~TOSIHIISI c· K = 1 11_ 2 OT-

n11qa!ClTCS1 _OT Ben11q11H ll(E3) Ha' COCTOSIHIISI,. C K '! 
1?- :.,,.,._, 

= 0- B 2-3 :pa3a, 

B TO BpeMSI KaK B pacqeTBX CO cxe'i,,1oil . Hmii;ccol!a 3T0 pa3n11q11e . ,- ,,... . ~ 

31Iaq11-rem;ao 6onbllle. OTCY1'CTBl!e SKcnep11MeHT8IIbHb!X 1::taHHblX . 
~- ' . 

He rroaBonsieT cnenaTb orrpenene:Hiroro 3a.Kn10qeH11si o TOM, KaKasi 113 

CXeM naeT 6onee TOqHbie pe3yl1bT8TbI. 

CocTOSIHIISI c K 17 3- BO Bcex pacqifrax rronyqaJOTCSI cna6o 

KonneKTIIBl!311posaHHhIMI!. BonHoBaSI qiyHKu11si' ·sT11x cocTOSIHl!il 06h1qao 

·coneplKl!T 97-99% K8KOil-nH60 OllHOil llBYXKBa311qaCT11qHoil KOMITOHeH

Tblo a_. sHeprmt _npaKT11qecK11_co,EnanaeT c sHepr11eil nepBoro no_nroca 

ceKynsipHoro ypaBHeH11si. 

.Oco6b1il l!HTepec _rrpencTaE!nsiIOT cnyqan, Korna B onaoM sinpe 

3KCIIep11MeHTanbHO 113BeCTH0 HeCKOIIbK0 COCTOS!Hllil C OllHIIM II TeM 

lKe 3HaqeH11eM K 17 • Harrp11Mep, B 
246 Cm o6HapylKeHO nBa coc-

T0SIHl!SI C K17 = 1- C 3Hepr11eil 1080 KSB II 1351 KSB. Teopn:SI rrpen

CKa3bIBaeT llIISI 3Heprn:il 3HaqeHl!SI 1,01 II 1,4 MsB, COOT_BeTCTBeHHO. 

H3BeCTHbie 113 3KCnepl!MeHTa Ben11q1IHbl fog ft nnsi f3 -nepexonoB 

Ha 3TII COCT0SII_IIISI. HaXOllS!TCSI B KaqeCTBeHHOM C_OrnaCl!II C 'rron:yqaeMoil 

113 pacqeToB cTpyKTypoil BonHoBoil qiyHKIIl!II sTnx co~TosiH11il. 
/17 18/ . 

B pa6oTax : ' 6bml! nccnen~BaHbl _KBanpyrronbHbie II OKTy-

IT0IIbHbie COCTCiSIHl!SI OKOIIO 30 qeTHo-qeTHblX '1130TOIIOB 8KTl!HllllOB, 

llIISI 60IIbllll!HCTi;Ja 113 KOTQpblX oqeHb.. Mano 11~11 l)006llle HeT 3KCITepl!

M~HT8IIbHO,il IIHipOp'MaUl!II 06 3TIIX COCTOSIHl!SI~. TTosToMy ITOinyqeHHhie 

pe3ym,TaTbI Mory·T oKa3aTbCR iione3HbIMI! ,:ipn: n_anbHeilllleM sKcrrepn

MeirTanbHOM UccnenoBaHl!l!'STIIX S!llep. 
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Ta6nnua 

3aeprns1, cTpyKTypa H q,aKTOpbI aanpeTa nm1 a -pacnana Ami KonneKTHBHhIX 

COCT0SIHHll H C0CT0SIHHll cnoi1rnoll CTpyKTYPbl Aeq,opMHpoBaHHblX S!Aep 

Hnpo 3aeprnSI, <l>aKTOp aanpeTa 

K3B HF 

K" 3KC- pac- 3KC- pac- CTpyKTypa COCTOSIHHll . 
nep, qeT nep. 'leT 

235(,l I/2- 652 660 75 300 63Ii+Q (30)52%;76Il34%; 76H+ Q (20)9% 

235u 1/2+ 77I 760 25 60 640f 59%; 640t+ Q (20)24%; 63I~+ Q (20)6 ,5% 

- 237u_ 112- - 630 - - 63Il,+G(30)55%; 76IP3%; 76It+O(20) ?,5% 
"' 239u_ 112- 685 530 - - 63It + () (30)66%; 76IJ 27%; 76Ih Q (20) 3 ,8% 

239& I/2- 451 560 - 63Ih (l (30)81%; 76If 17%; 

237'4 5/2- - 900 - - 642hQ(30)92%; 512f5,8%; 633t+Q(3l)0,5% 

23Wp 5/2- 722 IOOO I3 IO 523,J+ G(20)98%; 523U,I%; 642f+Q(30)0,3% 
237~ I/2+ . 332 250 - 4o0f- 79%; 4oot+ a c20>10%; 402i+ a c22)4,4% 

239~ 5/2- - 800 - - 642f+ a (30)94%; 5I2f5,2%; 523i+ a(20)0,2% 
2391f,, 5/2- 666 930 24 II 523!+ {) (20)97~; 642,f-+ 0(30)0,5%; 523}0,4% 
239~ I/2+ (327) 460 - - 400t77%; 530t+ Q(30)13,4%; 400f+!l (20)8,4% 



XoT.11 pac'I1\TbI, BbIITOnHeHHbie co cxeMoil By/lC8- CaKCOHa, 

He O'IeHb c11nbHO ynY,11118IOT peaynbT8TbI, nonY,leHHbie co cxeMoii 

H11nbCCOHa, Heo6XO/ll!MO IlOll'IepKHYTb, 'ITO B cxeMe ByAca-CaKCO

Ha He np?113BOLllinOCb HIIK8KIIX 113MeHeHllil napaMeTpOB noTemmana 

An.II OTllenbHbIX o6ono'IeK cxeMbl 11n11 CllBIIrOB KaK11x-n1160 ypoBneil, 

CBepxTeKy'Ia.11 M01len1, C napHblM II MynbTIIIlOnb-MynbTIIITOnb

HblM B381!MOlleilcTBl!eM MOlKeT 6bITb ycnemno np11Menena npll 113y'IeHIIII 

CBOilCTB He'IilTHbIX .11/lep, 

rnaBa 5 IlOCB.l!IlleHa 11ccneAOBaHIIIO CTpyKTypbl OCHOBHbIX 

II B036yJKJteHHbIX COCTO.l!Hllil He'IeTHbIX /lecpopMIIpOB8HHbIX .11/lep B o6-

/ 19/ . 
naCTII 8KTIIHII/lOB , TTocKonbKy B He'IilTHOM .11/lpe IIMeeTC.11 OllH8 

'I8CTIIU8 BHe qeTHO-'IilTHoro OCTOBa, TO cneKTp TaKoil CIICTeMbl 

B caMOM rpy6oM np116n1IJKen1111 6yAeT COCTO.l!Tb II3 OllHOKBa31!'Iac

Tll'IHbIX COCTO.l!Hllil II COCTO.l!Hllil KB831I'I8CTIIU8 nn!OC cponon. MynbTll

nonb-MynbTIIIlOnbHOe B3811MOAeilcTBl!e IlplIBO/llIT K CMeilllIB8HIIIO 

/21/ 
T8KIIX COCTO.l!Hllil, B pa6oTe B.r. ConoBbeBa npellnOJKeH MeTOll 

yqeTa 3Toro B381IMOlleilCTBII.11, 8 pa6oTe B.r. ConoBbeBa II 8BTO.;. 

/19/ 
pa 3TOT MeTOll BnepBbie np1IMeneH K IICCneAOBaHIIIO neqilTHbIX 

.111:tep o6naCTII aKTIIHIIllOB, Y'IIITbIBaeTCH B3al!MOlleilcTBIIe KBa31I'IaC-

TIIU C KBallpynonbHbIMII II OKTynonbHbIMII cpoHoHaMII. nocKonbKY CBOilCT

Ba cpoHOHOB onpeAeneHbl nplI 1Iccne1lOBaH1III 'IeTHO-'IeTHbIX .11/lep, 

TO B Teopl!IO ne BXOAIIT HI! OllHOro CB060llHOro napaMeTpa. 

lln.11 COCTO.l!Hllil He'IeTHblX .11/lep, KOTOpb!e paHbille TpaKTOBa-

nlICb KaK 'IIICTO OllHOKBa31I'IaCTII'IHbie, B 6onbilllIHCTBe cnyqaeB OKa-

3b!BaeTCH 3aMeTHOil nplIMeCb B BOnHOBOil cpyHKUIIII KOMilOHeHT KB831I

'I8CTIIU8 nn!OC cponon. 3To CIInbHO BnlIHeT Ha HeKOTOpbie xapaKTe

pllCTIIKII Hllep, B 'I8CTHOCTII, Ha napaMeTpb! pa3B.113b!BaHII.11, BaalIMOlleii

CTBIIe KB8311'I8CTIIU C cponoHaMII nplIBOllllT K o6paaoBaHIIIO B He'IilTHblX 

.11/lpax KonneKTIIBHblX COCTOHHllil II COCTO.IIHIIil cnO,KHOil CTPYKTypb!, 

PaCC'IIIT8HHbie anepr1m KonneKTIIBHb!X COCTO.IIHIIil xopomo cornacy!OT-

C.11 C 3KcneplIMeHTanbHbIMII llaHHbIMII (cM, Ta6n1Iuy). 

TTpoBelleHHblil ananlI3 noKa3bIBaeT, 'ITO Ha CBOilCTBa HII,K8ililllIX 

B036Y)KlleHHb!X COCTO.IIHIIii He.qeTHb!X .11/lep na116on1,mee Bnll.llHIIe OKa-

3bJBaeT B3allMOll0ilCTBl!e KBa31I'I8CTIIU C {3 - B1I6pa111IOHHbIMII II OKTY-
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rronbHb!Mll C0CT0SIHllSIMH, X0TSI a HeK0T0pb!X cnytiaSIX Heo6XO/lHMO 

y'lHThIBaTb B3aHM0/leilCTBHe C 0CTanbHblMH cjmH.OHaMH., B . cny'laSIX 1 

K0r/la ?'leHb a,amHyID ponb HrpaeT B3aHMO/leilCTBHe C ~ -BH6pa~ 

UH0HHblMH cjioH,OHaMH, He06XO/lHMO Y'lHTbl_BaTb a raMHnbT0HllaHe _.,_ 

qneHb;, ''ncKnID'laIDIUHe 'llyXoBoe' COCTOSll!~·e. 

. CaoilCTBa KonneKTHBHb!X C0CTOSIHHil H COCTOSIHllil cnomHoil 

CTPYKTypbI, a TaKme .rrpHMeCH B C0CT0SIHHSIX, 6nH3KHX K 0/lH0KBa-

3H'laCTH'lHbIM, Ilp0S!BnSIIDTCSI B BepoSITH0CTSIX aneKTpH'I,eCKllX E 2-

H E 3 -rrepeX0/l0B, a - H ~ - pacrra1t0B, B BenH'lHHax crreKTp0CK0-

IlH'lecKllX cjiaKTopoB ·a rrpSIMbIX si1tepHbIX peaKUHHX H T,ll~ ·a pa60-
/ l9/ •! . . .: .· , 

Te paCC'lHTaHbI, B 'laCTH0CTH, cpaKTOpbi aarrpeTa /lnSI a -pae-

lla/la Ha KonneKTllBHbie C0CT0siHHSI B HeK0T0pbIX ·He'leTHbiX Sl/lpax. 

Ha rrpH.BeaeHH'o11 Ta6~H~bI BH/lH01 ~To pacc~ttTaHH~ie aHa'leHHSI c1JaKTO

poB aarrpeTa_ Il0/lTBepm/laIDT rrpasi-iiibHOCTb ipaKTOBKll KbnneKTllBHblX 

COCTOSIHHil. 

OcHOBHbie peayrii.TaTbI, H3/I0llieHHble B /lHCcepTaUllll, orry6n11-
/ 13-19/ . . 

K0B8Hbi' B pa6oTax · .· 11 /lonomeHbI. Ha XVII , XVIII . 11 XX 

emero1tHhIX coaemaH1111x_ no cTpyKType ~llpa 11. HllepHoil crreKTpocKo

rrH11, Ha Melli/lyHapO/lHOM CIIMil0311yMe no CTpyKType Slllpa B ily6He 

(.1968) II Ha Me)KnyHapO/lHOil KOHcpepeHUllll ITO _C/la6b!M B3aHMO/leilCT

BIISIM B ile6peueHe (BHP) a 1968 r., a TaKme 06cym1tani1Cb Ha 

Melli/lyHap0lll!Oil lllKOne 110 TeopeTH'leCK0il !pll311Ke B Tp11ecTe ( l1Tanl!H) 

B 1969 r, 
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