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/1/ 
nony'I9HHbl9 H9.QaBHO SKCnepHM9HTanbHble .Q8HHbl9 Henocpe.QCTB9HHO 

/2/ 
nonTseplK.QaiOT peaonaHCHblll: MexaHH3M aaxsaTa 1-1 -Meaonos. Cornacno 

aToMY--MexaHH3MY npn nornomeHnH 1-1 -Me30HOB S!LipoM ( A , z ) o6pa3y:

eTCH npOM9JKYTO'IH09 SILIPO (A, Z -1) , KBa3HCTaUHOHapHble COCTOSIHHSI npoMe- • 

lKYTO'IHoro SI.Qpa aaTeM pacna.QaiOTCH c ncnycxaHHeM, rnaBHbiM o6paaoM, ueli

Tpoua, 06pa30B8HH9 T8KHX COCTOSIHHll: npHBOLIHT ,K CHnbHOll: CBSI3H pa3nH'IHbiX 

xananos pacnana, B peaynbTaTe qero sneprnH B036ylK.QeHHH S!Lipa MOlKeT nepe

aaTbCH He Heli:TpOHy, a ·npO~OHy HnH .Qpyroll: 3apHlK9HHOll: '18CTHU9 - .Qeli:TOHy,. 

a -'laCTHUe H T,.Q, CBH3b Kananos o6ycnosnena nanH'IHeM aanbHoaell:cTBYIO

IItHX KOppenHUHll:, Y'IHTbiB89MbiX BB9.Q9HH9M OCT8TO'IHOI'O B38HMO.Qeli:CTBHSI 

HyKnOHOB B H.Qpe, 3TH KOppenHUHH HI'pa!OT OCHOBHYIO pOnb B o6naCTH I'HI'8HT<?KOI'O 

pe30H8HCa H onpeaenHIOT CTpyKTypy cneKTpOB Heli:TpOHOB H 3apS!lK9HHb!X qac-

' I 
THU B STOll:\ o6naCTH, npn BbiXO.Qe H3 p930HaHCHOll: o6naCTH B CTOpOfiY 6onb.-

WHX SHeprnll: BblneTeBWHX npO.QYKTOB CTaHOBHTCSI 6onee CYI!t9CTB9HHbiM Y'I9T 
f' I" / 

xopoTKOAell:cTBYIOIItHX xoppenHunll:, xoropble npnBo.QHT K o6paaoBaHHIO B H.Qpe cxop-

pennposaHHbiX rpynn HyKnOHOB, B STOM cnyqae MOlK9T H.QTH. npouecc npSIMOI'O 

nornomeHHH 1-1 -Meaona Taxoll: rpynnoll:, 

XapaKTepbl cneKTpos, o6ycnosneHHblX STHMH .QBYMH MexannaMaMH, paa

nH'IHbl, MolKHo olKH.QaTb, 'ITO ocnosnoll: axnaa B cnexTp npnxot~HTCH na aon10 

peaonaHcnoro MexaHH3Ma, no cneKTp 'laCTHU .QOBOnbH9 MSII'KHA. B npoTnso

nonolKHOCTb 3TOMy- 1 cneKTp '{8CTHU npS!ll:fOI'O 38XB8Ta 6y.QeT 6onee lK9CTKHM, 

HO OTHOCHTenbHblll: BblXO.Q Man, Oanaxo aTo TonbKO xa.fecTBeHHble coo6palKe

HHH. llo HaCTOSII!t9I'O BpeMeHH H9T paC'19TOB cneKTpOB 3apSilK9HHbiX 'ISCTHU 
. ' . 

npH pe30HaHCHOM ,MeXaHH3Me 38XBaTa, 3TO CBH3aHO KaK C 6onbWHMH Tpy.QHo-

~TSIMH B paC'IeTaX, TaK H C TaM ~aKTOM, 'ITO TOnbKO H9.Q8BHO nOHBHnaCb 

/3-6/ 
6onee A9TanbHaSI HH~OpMaUHSI 0 38pS!lK9HHbiX 'taCTHUaX B I' -3aXB8T9e 
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. • 17,81 . 
PacqeTbl npSIMOrO MOXaHH3Ma aaxsaTa TaK)Ke .QaneKO He nonHbi, B CBSI-

3H C STHM npe.QCTaBnHeT HHTepec·Hccne.QOBaHHe BbiXO.Qa aapH)KeHHblX 'laCTHU 

c. TeM, "'T06bi CBH3aT.b sTy npo6neMY c o6wel! npo6neMoll MexaHH3Ma aaxsa

Ta /l -M930Ha H CTpyKTypbl SI.Qpa, 

B naHHOll pa6oTe Mbi orpaHH"'HMCH HccnenoBaHHeM onpeneneHHoro KaHa

na npH aaxsaTe p -MeaoHOB llliPOM 12C , 3KcnepHMeHTbi, nposeneHHbie c 

cjlOTOSMynbCHSIMH, .QaiOT .QeTan&ayiO HH«lJOpMaUHIO 0 nponeccax 3aXBSTa, KOr.r:ta 

B KOHe'IHOM COCTOSIHHH o6paayeTCSI Sl.r:IPO 
8 

Ll , B cuny cnena«lJHKH pacnana 

SI.Qpa Li STOT KaHan Ha.Qe)KHO H.QeHTH«lJHUHpyeTCSI, 

CornacHo peaoHaHCHOMY MexaaaaMy npH aaxsaTe p -MeaoHa H.r:tpoM 

12C o6paayeTCSI npoMe)KyTO'IHOe SI.QpO 
12

B 

"' 
+: uc .. '2a + II (1) 

HMeeTCSI .QBa OCHOBHbiX KaHana, npHBO.QSIWHX K o6pa30BaHHIO SI.Qpa. ll Li : Ka

Han nocnenoBaTen&aoro paasana npoMe)KfTO'IHoro SI.Qpa, KOTOpbill, KaK cne-
. /9/ . 

.QeT H3 nocne.QHHX SKCnepHMeHTSnbHbiX .QaHHblX 0 naeT .QOBOnbHO 60nbWOit 

BKnan, 
12 Ir .. n +nB 

L... 3·He +· aLi (2) 

H KaHan npHMoro paaBana 

i2 A .. a +' Li (3) 

0CHOBHOll BKna.Q B KaHan (2) o6ycnosneH nepeXO.QaMH 0 B KOTOpbiX B036y)K.Qa-

eTCH BHyTpeHHHll i S .::npOTOH H o6pa3yiOTCSI .QblpO'IHbie COCTOSIHHSI lls-llp 9 > 

SI.Qpa 12 B , 3Ta BeTBb soa6y~neHHH pacnanaeTcH, rnaBHblM o6paaoM, c ac

nycKaHHeM ael!TpoHa H o6~aaosaaaeM noqepHero H.r:tpa 11 
B B llbipO'IHOM co

CTOHHHH I is - 1 tp 8 >·, KOTopoe aHepreTH'IeCKH pacnono)KeHo BbiCOKO, BbiCOKo-

soa6y)K.r:teHHble cocTOHHHH 11 B 6-y_nyT pacnanaTbCH no Kaaany 
3 

He+ 
8 

Li .reHe-

anorHqecKaH CTpyKTypa B036y)K.QSeMblX COCTOSIHHll 11 B TaKOBa, 'ITO STOT 

KaHan pacnana 6y.r:teT rnaBHbiM, 
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'i 

0CHOBHOfi BK~aA B KaHan (2) ooycnoaneH paapeweHHhlMH nepeXOAaMH1 " 

Korna npoTOH aaewaefi lp -ooono'!KH, nornoTHB f.l -Meaoa u npeapaTuawucb 

B aefiTpoa, ocTaeTCSI B TOfi lKe o6ono'!Ke, 3TH nepeXOJlbi aaanorH'IHbi nepe-

XOJlaM a SIJlpe 
1 2C npu neynpyroM M 1 -pacceSIHHH 6biCTpl.Ix aneKTpoaoa, 

Boa6ylKnaeMhle B OOOHX cny'!aSIX COCTOSIHHSI m;nmOTCSI aaanOI'OBbiMH, 3TO 

CBSI3BHO C TBM 1 'ITO OCHOBHOfi BKnaJl B MaTpH'IHbifi aneMeHT nepeXOJla o6y

cnoaneH OJlHHM H TeM lKe onepaTOpOM1 a HMBHHO 

A 

~ (4) 
1=1 

I'Jle j 0 (qr)- clj>epu'lecKaSI lj>yHKUHSI Eecceng ayneaoro paara, o:· -MaTpnua 

naynu, r Cal- KOMnoaeaTa onepaTopa uaocnu~a. B f.l -aaxaaTe a =-·1, 

'ITO npHBOJlHT K B030YlKJl8HHIO COCTOSIHHfi C ·T z =-1 1 a npu paCCBSIHHH aneK

TpOHOB a =0, noaToMy a nocneJlHeM cny'!ae aoa6ylKJlaiOTCSI ananoroBbie co

CTO!IHHSI C T z = 0, 

Ha 6onbworo 'lncna B03MOlKHbiX cornaclio npaaunaM oT6opa M 1 -nepe

XOJlOB B Mai'HHTHOM JlHnOnbHOM pe3oHaHCe Han6onee CHnbHO B030YlKJlaiOTCSI 
/10/ 

HH3WH8 no 9H8pi'HH ypOBHH C JlaHHbiMH KBaHTOBbiMH 'IHCnaMH , AaanOI'H'I-

Hblfi alj>lj>'eKT nony'laeTCSI H a f.l -aaxaaTe, 'ITO noKaaaao aa puc, 1, Ha pu

cyaKe. npuaeJleHa cxeMa aoa6ylKJleHHSI SIJlpa 
12 B npu nornoweauu f.l-Me

aonoa !IJlpOM 
12

C • B paapewsHHbiX nepexoJlax aqa6ylKJlaiOTCSI ypoaau 1" = i+ 
SIJlpa 128 • Y KalKJlOI'O ypOBHSI npHB8Jl8Ha BenH'IHHa BepOSITHOCTH 3aXBaTa 

-1 
B BJlHHHUaX B CeK 

OYlKJleHHbie COCTOSIHHSI 

nonaag aepOSITHOCTb pa3peweHHbiX nepeXOJlOB B B03-
U -1 

B OKaaanacb nopgnKa 430 ceK , TOI'Jla KaK aepo-

Ill/ 
!ITHOCTb paapeweHHOI'O nepeXOJla B OCHOBHOe COCTO!IHHe paBHa 

+300 -1 
6750-750 CeK BepOSITJIOCTb aaxsaTa c B030YlKJl8HHeM JlByx· aepXHHX ypoa-

aen J "=· t+· oKaaanacb npaKTH'IeCKH paauon· uynro, TaKHM o6paaoM, y'IHTbi-

aag aaanoru10 paapeweHHbiX nepexoJlOB a f.l -aaxBaTe C Mai'HIITHbiM JlHnOnb-

HbiM pe30HaHCOM1 a TaKlKe HenocpeJlCTBBHHbie paC'IBTbl f.l -aaxaaTa, MOlKHO 

CKa3aTb 1 'ITO B nei'KIIX Mpax yKa3aHHbl8 nepeXOJlbl OYilYT npiiBOJliiTb B OCHOB

HOM K B030YlKJl8HHIO HH3KOnelKaWHX ypOBHefi Jl0'18pH8I'O !!Jlpa, 

CocTOSIHIISI ]
17 

... i+ np11 5 u 9 Maa nelKaT HHlKe nopora RcnycKaHIISI 

aapSilKBHHhlX 'laCTHU.II 6yJlYT pacnaJlaTbCSI no uefiTpOHHOMY Kaaany. TaKIIM 
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o6pa30M0 TOnbKO ABa ypOBHB 1npH 9HeprHH 14 H 18 ~9B 1 MoryT pacnaAaTbCB 

C HCnycKaHHeM 3ap,BlKeHHbiX '!aCTHilo 0co6eHHOCTbiO ypOBHeli gangeTCSI T01 

'ITO OHH pacnonoJKeHhl B HenocpeACTBeHHOli 6nH30CTH OT noporOB HCnycKaHHB 

9THX '!aCTHU 13TO 03Ha'!aeT, 'ITO OCHOBHbiM KaHanOM TaKlKe 6yAeT HeliTpOHHblli, 
, /12/ 

BeCb pa~'!eT npOBOAHnCB,C noMOmbiO CTaHAapTHOro MeTOAa MOAe-

nll o6ono'!eK c y'I1!ToM ocTaTO'!Horo aaanMonelicTBIIB HyKnoHoB a SlApe, OcHoBHbie 

nonoJKel!IIB II AeTanll TaKIIX pac'!1!TOB HaCTOnbKO XOpOWO 113BeCTHbi1 'ITO HeT ge

o6XOAHMOCTH HX npHBOAHTb, napaMe,Tpbl MOAenH nOA06paHbl tlo xapaKTepHCTH

KaM HH3KOneJKamHX ypOBHeli, HHKaKHe HOBbie napaMeTphl He BBOAHnHCb, J1a 

acex napaMeTpoa MOAenn peaynbTaTbi pac'!eTOB 6onee KpHTH'IHbi K <; = a/,K

OTHOWeHHIO BKnana CnHH-op6nTanbHbiX CHn K BKnany UeHTpanbHbiX CHn B OC-

• TaTO'IHOM B3aHMOAeMCTBHHo KaK yJKe roaopnnOCb 1 OnTHManbHag BenH'IH~a 9TO

ro napaMeTpa H3BeCTHa, Ho TeM He MeHee Mbi aapbHpoaann ero c TeM, 'IT0-

6bi npoaepHTb 'IYBCTBHTenbHOCTb K HeMy nony'!eHHbiX peaynbTaToB. B wHpo-

KOM npenene H3MeHeHIIB OnTHManbHOrO 3Ha'IeHHB napaMeTpa AaHHble OKa3a

nHCb 6nH3KHMH, 0KOH'IaTenbHbie peaynbTaTbl npHBOABTCB npH OnTHManbHOM 

3Ha'IeHHH napaMeTpa, paBHOM -1 ,2, 

CxeMa pacnana B036yJKAeHHbiX COCTOBHrtli paCC'IHTbiBanaCb Ha OCHOBe 

"R -MaTpii'IHOli TeOpllll B paMKaX 06bi'IHOrO ljlopMani!3Ma npi!BeAeHHbiX Wll

/13/ 
p11H , BepoBTHOCTb npouecca no AaHHOMY KaHany A1 pasHa aepOBTHo-

CTI! nornomeHHB A Ha onpeneneHHOe COCTOBHI!e 1 YMHOJKeHHOli Ha OTHOCII-

·TenbHyiO BepOBTHOCTb pacnaAa no 9TOMY KaHany: 

AI 
rl (5) A 
~ r 
k k 

0THOCI!TenbHaSI BepOBTHOCTb pacnana onpenenBeTCB KaK OTHOWeHHe napHUI!anb-

HOli Wllpi!Hbl rl pacnaAa K nonHoll r = ~ 
i; 

rt 
npHBeAeHHag Wllpi!Ha ypOBHeli He Cl!nbHO 3aBI!CIIT OT napaMeTpa MOAenl!, 

EAIIHCTBeHHag BenH'IHIIa, KOTopag OKaaanacb O'leHb KPIITII'IHOli K napaMeTpy, 

sTo napul!anbHaB Wllpi!Ha pacnana no AellTOHHOMY KaHany. Ho'Kpi!TII'IHhlMI! 

OK1].3ani!Cb He ljlaKTOpbi 1 aaBI!CBml!e OT CTPYKTYPhl SIApa, a. aeni!'IIIlla npoHI!Uae

MOCTH.6apbepa, 3TOT ljlaKT o6ycnoaneH TeM, 'ITO ypOBHH neJKaT He O'IeHb, 

Bb!COKO OTHOCHTenbHO nopora, no9TOMy He6onbWI!e 1!3MeHeHHSI B IIX nonoJKe-

6 
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i 
1 

HHH yJKe CKa3b!BaiOTCH Ha BenH'IHHG npOHHUaeMOCTH .. EcnH ypoBGHb HaXO,IlHTCa 

HGCKOnbKO HHlKe paCC'IHTaHHOrO, TO H3-3a H3MeHeHHH npOHHUaeMOCTH 6apbepa 

BbiXO,Il ,llefiTOHOB CHnbHO yMeHbWHTCH, npaB,Ila 0 y'leT paa6poca 3TOrO COCTOHHHH 

no COCTOHHHHM 6onee cnolKHOfi npHpO,Ilbl MOlKeT npuaeCTH K TOMYo 'ITO 'laCTb 

ua nux 6y,11eT neJKaTb npu 6~nbwen a1,1epruu, TeM caMbiM pacna.11 aHepreTH

qecKH 6y.lleT paapeweH, 

Pac'leT noKaaan, 'ITO ypoaeHb 18,5 ~aa pacna.11aeTCH no HefiTpoHHOMY 

KaHany (60% cnyqaea) H C HCnycKaHHeM 3apHlKeHHhlX 'laCTHU - .llefiTOHOB 
-1 -1 . . 

( Ad .. 6 ceK ) H a -'laCTHU ( A a.=3 ceK ) • Ha .110niO npoTOHHoro H TPH-

TOHHoro KaHanOB npHXO,IlHTCH Manag 'laCTb nepeXO,IlOB 0 'ITO CBH3aHO C 6onb

WOfi aenH'IHHOfi nopora, 

YpoaeHb 13,5 ~aa pacna.11aeTCH no HefiTpoHHOMY Kanany (50-70%)• Ha-
. . . 1 

pH.Ily c aTHM H.lleT pacna.11 c ucnycKaHHeM .11efiToHa ( .. 100 ceK- ) H a -qac-
1 . . 

THUbl ( "' 25 CGK- ), npoTOHHblfi pacna.11 HeB03MOlKeH H3-3a anepreTH'IeCKOro 

aanpeTa. no Tofi JKe npH'IHHe pacna.11 c ucnycKaHHeM TPHTHH ManoaepoHTeH. 

' ' /14/ 
nonHaH aepoHTHOCTb aaxaa•. 3 p. -Meaonoa a H.llpe 12 C paaHa 

( 4 -1 3,71 ;!:.0,11 )•10 CeK , TaKHM o6pa30M0 OTHOWGHHG aepOHTHOCTH 3SXBaTa 

C HCnycKaHHGM aapHlKGHHhlX 'laCTHU K nonHOfi aepOHTHOCTH nornoweHHH OKa3a-

. -2 
nocb nopH.IlKa 0,5 ·10 • 0Tnowenne aepoHTHOCTH aaxaaTa c BbineTOM a -'lac-

-3 . 
THUbi K nonnon - nopH.IlKa 1• 10 , nocne.llHHH aenH'IHHa cornacyeTCH c aK-

/15/ 
cnepHMGHTanbHbiMH .llaHHblMH · no. nOpH.IlKY aenH'IHHbl 0 TOr,lla KaK nepBaH 

OKaaanaCb CnHWKOM aaHHlKGHHOfi, 3To ecTGCTBGHHO 0 T,K, HaMH He 6bin pac

C'IHTaH OCHOBHOfi KaHan (2) peqKUHH, Y'I~T 3TOro KaHana cyweCTBGH~O yae

nH'IHT BKna,ll aapHlKGHHbiX 'ISCTHU, 0TMeTHM OC069HHOCTb nony'IGHHOrO cneKTpa: 

OH HBnHeTCH O'leHb MHrKHM, 

~OlKHO. OlKH,IlSTb, 'ITO nony'IGHHble npH paCCMOTpeHHH p. -aaxBaTa Ha 

KOHKpeTHOM H,llpe 
12

C peaynbTSThl 0 BKna,lle paapeweHHblX nepeXO,IlOB BHYT-

pH O.llHOfi o6onO'IKH B IIOnHyiO'aepOHTHOCTb nornoweHHH0 a TaKlKG cnoco6 H 

ClleKTp pacnana o6pa30BaBWHXCH llpOMGlKYTO'IHbiX COCTOHHHfi 6y.llyT XapaK-

_TepHbl .11nH acex H.llep lp -o6ono'IKH, 

PaapeweHHbie nepexo.llbi 6y.11yT H.llTH, rnaaHbiM o6paaoM, Ha HH3KoneJKa

wne COCTOHHHH npOMGlKYTO'IHOrO H.llpa, KOTOpbie nu6o CBH3SHbl0 nu6o pacna

,llaiOTCH, B OCHOBHOMt C HCnycKaHHGM HefiTpOHOB, nonHblfi BbiXO.Il aapHlKGHHb!X 

'ISCTHU IIPH TaKOM B036YlK.119HHH Man, noaTOMY MOlKHO OlKH,IlSTb, 'ITO OCHOB-
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H8SI '18CTb 38pS!lK9Hil;;;X '18CTHU Bbin9T89T llpH B03oylKA9HHH BbJCOKOIT9lK81UHX . I 
llblpO'IHbiX COCTOSIHHlt rrpOMelKyTO'IHOI'O SlApS, 
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M3B 

36 0 I+ 

32 

0 I+ 
28 +---=--=--t 

I2c 
PHc, 1, CxeMa Boa6yJK.neHHSI H pacna.na cocTOHHHll 1 + H.npa 12 B , o6paaoBaB

WHXCll B pe3yllbTSTe paapeweHHbiX nepeXO.!lOB npH 3SXBSTe f.L -Me-
30HOB. B 12 C , 
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