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BBE.QEHHE 

MHOroneTHHe HCCneAOBaHHR B o6naCTH RAePHOH cneKTPOCKOnHH 1 

C OAHOH CTOPOH~, H HeHTPOHHOH cneKTPOCKOnHH, C APYrOH, noaeo
nHnH nOHRTb H OnHCaTb TeopeTH4eCKH OCHOBH~e 3aKOHOMepHOCTH npoc
TbiX HH3KOne>KaU1HX COCTORHHH RAep H npeAenbHO CnO>KH~X BbiCOKOBQ3-
6y>KAeHH~X KOMnayHA-COCTORHHH. 0AHaKO AO CHX nop nnoxo HCcneAO
BaHa nepeXOAHaR o6naCTb npoMe>KYT04H~X B036Y>KAeHHH 1 o6naCTb npeA
KOMnaYHAH~X COCTORHHH 1 KOTOp~e y>Ke OTHOCHTenbHO cnO>KH~, HO HX 
CBOHCTBa, BHAHM0 1 e111e He MOryT B nonHOH Mepe onHC~BaTbCR CTa
THCTH4eCKOH TeopHeH. 3AeCb AOn>KH~ npORBnRTbCR paanH4H~e npoMe
>KYT04Hble CTPYKTyp~, o6ycnoeneHH~e ~parMeHTa~HeH npocT~X COCTOR
HHH. B CBR3H c 3THM HccneAOBaHHe peaK~HH (n, 2y), To ecTb AByx
KBaHTOB~x y -KaCKaAOB 1 pa3pR>KaiOUIHX KOMnayHA-COCTORHHR npH 3Hep
rHH CBR3H HeHTPOHa Bn- 6-8 M3B, npeACTaBnReT 04eBHAH~H HHTepec, 
nOCKOnbKY npoMe>KyT04H~e COCTORHHR B KaCKaAe pacnonara~TCR H B o6-
naCTH npeAKOMnayHAH~X B036Y>KAeHHH. 

C4HTaeTCR, 4TO KacKaA~ y -nepeXOAOB, HAYIIIHX 4epea ypoeHH 
c 3HeprHeH eoa6y>KAeHHR nopRAKa Bn , nOA4HHR~TCR cTaTHCTH4eCKHM 
~dKUHUM~pHocTRM. UAHaKo e nocneAHee epeMR noRBHnHcb ~aKT~, nnoxo 
cornacy~HeCR c TaKOH T04KOH apeHHR. TaK, HanpHMep, ell/ 6~no 
noKa3aH0 1 4TO Y RAeP B o6naCTH 48 -MaKCHMYMa HeHTPOHHOH CHnOBOH 
~YHK~HH HHTeHCHBHOCTH y-nepeXOAOB C HH3KOne>KaUIHX ypOBHeH, 3a
cenReM~X y -KaCKaAaMH npH 3aXBaTe HeHTPOHOB B pa3H~X peaoHaH
cax, ~nyKTYHPY~T OT pe30HaHCa K pe30HaHCY 3Ha4HTenbHO CHnbHee, 
4eM 3TOrO MOIKHO 6~n0 OlKHAaTb Ha OCHOBaHHK CTaTHCTH4eCKOH TeOpHH 
y-pacnaAa. 6~no e~cKaaaHo npeAnono>KeHHe/I/,4TO TaKoe pacxo>KAe
HHe Me>KAY TeOpHeH H 3KCnepHMeHTOM 1 B03MO>KH0 1 o6ycnoeneHO CYUieCT
BeHH~M ycHneHHeM nepeXOAOB Me>KAY YPOBHRMH C 6onbWHM BKnaAOM 
OAH04aCTH4H~X KOMnOHeHT B HX BOnHOB~e ~YHK~HH. 

0AHaKo cpaeHeHHe 3KcnepHMeHTanbH~x napaMeTpoe, xapaKTepHay~
IIIHX ~nyKTya~HH aaceneHHOCTH HH3KOne>KaUIHX YPOBHeH, C pac4eTaMH 
Ha OCHOBaHHH CTaTHCTH4eCKOH TeOpHH AaeT nHWb KOCBeHH~e yKaaa
HHR Ha B03MOIKH~e HapyweHHR CTaTHCTH4eCKHX 3aKOHOMepHOCTeH B Kac
KaAaX y -nepexoAOB. MomHo HaAeRTbCR, 4To 6onee nonHoe npeACTae
neHHe o MexaHH3Me y-pacnaAa B yKa3aHHOH o6nacTH RAeP YAaCTCR 
nony4HTb C nOMOIIIb~ npRMOro Ha6n~AeHHR KaCKaAOB y -nepeXOAOB 
B (n, ~-peaK~HH. HaH6onee npoCTOH RBnReTCR MeTOAHKa B~AeneHHR 
ABYXKBaHTOB~X y-KaCKaAOB C 3aAaHHOH CyMMOH 3HeprHH nepeXOAOB 1 

COCTaBnRIOUIHX KaCKaA /MeTOA CYMMHpOBaHHR aMnnHTYA COBnaAaiOUIHX 
HMnynbCOB /CACHf/2/f, B KOTOPOH ~HKCHpyeTCR KOHe4H~H ypoeeHb 
KaCKaAa, npH 3TOM H3y4aeTCR 3aBHCHMOCTb HHTeHCioi.BijiOCTH KaCKaAOB 

'• ''·· 
1 



OT :mepn11-1 OAHOro 1-13 ·Y -nepeXOAOB. nepaoe lo13MepeHYte no 3TOH Me
TOAY!Ke c Ytcnonb30BaHY~eM Ge(Li)-AeTeKTopos npoBeAeHo np1o1 3axsaTe 
TennoB~X HeHTPOHOB ~ApaMYI 164 Dyf3/.3TO ~APO B~6paHO nOCTOnbKY, 
noCKOnbKY OHO HaXOAYITC~ B TOH o6nacTYt aTOMH~X BeCOB, rAe pac
XOmAeHYte paCC4YtTaHH~X no CTaTYtCTYt4eCKOH TeOpY!Yt QnyKTya~Yt~ 3ace
neHHOCTYt Hlo13KOnema~YIX COCTO~HYIH C 3KCneplo1MeHTanbH~Mio1/l/ 6nlo13KO 
K MaKCYIManbHOMy. 

B pe3ynbTaTe YI3MepeHYIH nnTYI cneKTPOB ABYXKBaHTOB~x y -nepe
XOAOB, 3acen~~~YIX YPOBHYI C 3HeprYteH AO 574 K3B, 6~no B~AeneHO 
180 pa3peweHH~X annapaTypoH YIHTeHCYIBH~X ABYXKBaHTOB~X KaCKaAOB. 
npl-1 3TOM 113 KacKaAOB YAanocb pa3MeCTYITb B cxeMe pacnaAa Yt HaHTYt 
nonomeHYte 43 yposHeH flAPa 165Dy np1o1 3HeprY~Yt ero B036YmAeHYt~ 
Er :5, 3978 K3B. 

B AaHHOH pa6oTe npYIBOA~Tc~ pe3ynbTaTbl aHanY~3a ycpeAHeHH~x 
YtHTeHCYIBHOCTeH ABYXKBaHTOB~X y-KaCKaAOB, lo13MepeHH~X B peaK~YIYI 
164 Dy (n, 2y) l650y Ha TennoB~X HeHTPOHaX. 

3KCnEPHMEHT 

noApo6Hoe onY~caHYte cneKTpoMeTpa, pean1o13y~~ero cnoco6 CACH, 
MeTOAYIKYI Yt3MepeHYt~ 1o1 o6pa6oTKYI AaHH~X 6~no AaHo B pa6oTax12- 4/. 
np1o1 CnO>KeHYtYt aMnnYITYA COBnaAa~YIX YIMnynbCOB, KaK 6~no noKa3aHo 
s/2~ B pe3ynbTY!py~~eM cneKTpe no~Bn~~TC~ nYIKYI, COOTBeTCTBY~Yie 
perYtcTpa~YtYI ABYM~ Ge(Li)-AeTeKTOpaMYI nonHOH 3HeprYIYI ABYX KBaHTOB 

- -
KaCKaAa. II01ly4eHHbllo1 TaKI1M OOj.la<SOM 1:1 ;;!KI..IIt::j.111Mt::H It:: l..llt::K lj.l IIIJt::i-1-

CTaBneH Ha PYIC.l. 
CneKTP, HaKonneHHbiH TOnbKO 1-13 TeX KOAOB aMnnYITYA OAHOro Ae

TeKTOpa, KOTOp~e B CYMMe C KOAaMYI APYroro nonaAa~T B OTAenbH~H 
nYtK cneKTpa CACH, Ha3oBeM AY1$$epeH~Y~anbH~M cneKTpoM /AC/. Anna
paTypHOH $OPMOH KaCKaAa 1-13 ABYX y -nepeXOAOB B TaKOM cneKTpe ~B
n~~TC~ ABa lo130nYipOBaHHbiX n1o1Ka OAYIHaKOBOH nno~aAYI, pacnonomeHHble 
Clo1MMeTplo14HO OTHOCYtTenbHO ~eHTpa cneKTpa. 0HYt COOTBeTCTBy~T cny-
4a~ nonHoro norno~eHYt~ 3HeprYIYt KBaHTOB KacKaAa B AeTeKTopax. 
B 3KcnepY~MeHTe 6~n1-1 nony4eHbl AC, cooTBeTCTBY~~Yte perY~cTpa~YIYt 

KaCKaAOB C CYMMapHOH 3HeprYteH 5715, 5607, 5556, 5534, 5176 
1o1 5142 K3B. B KamAOM AC Y~Me~Tc~ 4eTKO s~pameHH~e nYIKYI, cooTBeT
CTBY~Yte KaCKaAaM, pa3peweHH~M AeTeKTOpaMYI, lo1 Henpep~BHa~ 4aCTb, 
cB~3aHHa~ c nepexoAaMYI, He pa3peweHH~MYt HaweH annapaTypoH. TaK 
KaK AOn~ nno~aAY~, o6ycnosneHHa~ scnKoro POAa lo1CKameHYt~MYI B 1-13-
MepeHH~x AC, AOcTaTo4Ho Mana/2/, 3TYI cneKTP~ nocne y4eTa 3$$eK
TYIBHOCTYt AeTeKTOpOB lo1 6e3 BBeAeHYt~ KaKYtX-nl-160 AOnonHY!TenbH~X 
nonpaBOK YICnOnb30BanYtCb An~ onpeAeneHYt~ YtHTeHCYIBHOCTYt KaK pa3-
peweHH~X nepexoAoa/3/,TaK 1o1 Hepa3peweHHo~ 4aCTYI cneKTpa. 113 pac
CMOTpeHYt~ YICKn~4anlo1Cb nlo1Wb KaCKaA~, OAYIH 1-13 KBaHTOB KOTOP~X YtMen 
3Heprlo10 MeHbWYO, 4eM 520 K3B. 3Tio1M lo1CKn~4anc~ $OH, B~3BaHH~H 

nonaAaHYieM B AeTeKTOP aHHYtrYin~~YIOHHOrO KBaHTa npl-1 perlo1CTpa~Ytlo1 

BO BTOPOM AeTeKTope B OAHOB~neTHOM nYtKe np~Moro y-nepeXOAa Ha 
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PHc. I . CneKTP, nonyqeHHbnl: npH cnoJKeHHH aMnJIHTYA coanap;atolliHX HM
nynhcoa. UmppbJ Hap; llHKaMH - 3HeprHH KaCKap;oa /K3B/. 
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PHc.2. Pacnpep;eneHHe HHTeHcHBHOCTeli KacKap;oa c cyMMapHoli 
3HeprHeH y-nepeXO,IJ;OB, paBHOH 5534 K3B. 3HeprHH llHKOB - B K:3B. 

3 



KOHe4HbiH yposeHb HccneAyeM~X KaCKaAOB. B Ka4eCTBe npHMepa Ha 
pHC.2 npeACTaBneHO OAHO H3 nony4eHH~X B 3KCnepHMeHTe pacnpeAe- • 

neHHH HHTeHCHBHOCTH KaCKaAOB. 

AHAJ1H3 31<CnEPHMEHTAJlbHbiX AAHHbiX 

nno~aAb n~6oro y4aCTKa AC s 3HepreTH4eCKOM HHTepsane AEy 

nponoP4HOHanbHa senH4HHe 

1.11 

3TO B~pameHHe COCTOHT H3 ABYX CyMM: B nepBO~ H3 HHX 3HeprHH E; 
COOTBeTCTByeT nepBH4H~~ nepeXOA ABYXKBaHTOBOrO KaCKaAa, BO BTO
pOH 3TOT KBaHT RBnReTCR BTOpH4H~M. CyMMapHaR 3HeprHR KaCKaAa 
E =E' + E" ~HKCHposaHa. HanH4He ABYX cnaraeM~X oTpamaeT 

c ·Y y TOT ~aKT, 4TO n~6oi:1 y4acToK AC coAepmHT nHKH KaK oT nepBH4HbiX, 

TaK H OT BTOPH4HbiX y -nepeXOAOB. 
B BblpameHHH /1 I A H f - HHAeKCbl HCXOAHoro H KOHe4Horo cocToR-

HHH, g H h - HHAeKCbl npoMemyT04H~X yposHeH, KOTOp~e B036ymAa~T
CR KaCKaAOM C C'YMMapHOH 3HeprHeH Ec , f' - nonHble /OAHH HHAeKc/ 
HnH naP4HanbHble /ABa HHAeKca/ y -wHpHH~ COOTBeTCTBY~HX ypOBHeH 
HnH nepexoAOB. 4Hcno yposHei:1, soa6ymAaeM~X s HHTepsane AEv 
nepBH4HbiMH nepeXOAaMH E' H E", paBHO n H m COOTBeTCTBeHHO • 

y y 
AHanH3 3KcnepYf'MeHTanbHbiX AaHHbiX nposoAHncn nyTeM conocTas-

neHHR pa3nH4H~X ~yHK4HOHanOB, nony4eHHbiX no 3KCnepHMeHTanbHbiM 
AaHH~M H B~4HCneHH~X TeopeTH4eCKH B COOTBeTCTBHH C B~pameHHeM 
/1/ Ha OCHOBe CTaTHCTH4eCKOH TeOpHH y -pacnaAa· npH 3TOM B pac-

4eTe npeAnonaranocb: 
1 . nnoTHOCTb ypoBHei:1 HHme 3HeprHH CBR3H HeHTPOHa onHC~BaeTCR 

no MOAenH ~epMH-raaa /sapHaHT 11MOAenH C o6paTHbiM CMe~eHHeM
11

/5/ 
AnR MOMeHTa HHeP4HH RApa, pasHoro 0,5 OT TBePAOTenbHoro/. npH 
3HeprHH soa6ymAeHHR HHme 0,74 M3B npHHHManacb 3KcnepHMeHTanbHaR 

cxeMa yposHeH cor nacHo /6/. 
2. B y -KacKaAaX y4aCTBY~T TOnbKO y -nepexoA~ MynbTHnonbHo-

cTei:1 E1, M1 H E2. OTHoweHHe cpeAHHX 3Ha4eHHH HX nap4HanbH~X 
WHPHH npHHRTO paBH~M 1:0,15:0,006 npH 3HeprHH B036ymAeHHR 

5,6 M3B. 
3. 3HepreTH4ecKaR aaBHCHMOCTb nap4HanbH~X WHPHH E1- H M1-ne-

pexoAOB cneAyeT 3aKOHY E~, a E2-nepexoAoB - E.;. Pac4eT~ 6bWH 
BblnOnHeH~ TaK me H C HCnOnb30BaHHeM 3HepreTH4eCKOH 3aBHCHMOCTH, 
onpeAenReMoi:1 MoAenb~ rHraHTCKoro 3neKTPH4eCKoro pe3oHaHca /r3AP/ 
AnR E1-nepeXOAOB. npH 3TOM OKa3anocb, 4TO ~opMa pacc4HTaHH~X 
cneKTPOB cna6o 4yBCTBHTenbHa K BHAY 3HepreTH4ecKo~ 3aBHCHMOCTH 
nap4HanbH~X y-w~pHH. 3Ha4HTenbHO cy~eCTBeHHee BnHReT Ha ~OpMy 
pac4eTHOrO cneKTpa 3aKOH H3MeHeHHR nnoTHOCTH ypOBHeH. 

40 
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PHc.3. HapacTaro~e CYMMhl 3KcnepH
MeHTaJibHh!X I TO'iKH/ H pacqeTHbiX 
/KpHBbJe/ AH«W>epeHn;Ha.JlbHh!X cneKTPOB 
B 3aBHCHMOCTH OT 3HeprHHEy /K3B/ 
OAHOro H3 nepeXOAOB KaCKaAa• ITo
cneAyro~H cneKTp CMe~eH OTHOCH
TeJlbHO npeAbig~ero BBepx Ha ~I = 

= 20%. 

Ha pHc.3 H3o6pameH~ rpa~HKH 
HapacTa~HX CYMM HHTeHCHBHOCTe~ 
KaCKaAOB .s 3aBHCHMOCTH OT 3HeprHH 
OAHOro H3 nepeXOAOB. Pac4eTH~e 

/KpHBaR/ H 3KCnepHMeHTanbH~e /T04-
KH/ cneKTp~ HOPMHPOBaH~ Ha OAHHa
KOBY~ nno~aAb. H3 PHCYHKa cneAyeT, 
4TO ~OpM~ paC4eTH~X H 3KcnepHMeH
TanbH~X pacnpeAeneHH~ He cornacy~T
CR AnR BCeX nRTH aHanH3HpyeM~X 
cneKTPOB, 

B Ta6n. 1 nposeAeHo conocTasneHHe 3KcnepHMeHTanbH~X /HopMHpo
BaHHbiX Ha HHTeHCHBHOCTH nepsH4H~x y -nepeXOAOB c E - 4611 
H 4123 K38 H BepORTHOCTH COOTBeTCTBY~~HX BTOPH4H~Xyn~peXOAOB 
(nOAP06Hee CM.f7/ )/ H paC4eTHbiX AaHH~X 0 sepORTHOCTRX HHTero<Jnh
~vov c~AV~d ~~YXKBaHTOB~X KacKaAOB C 3aAaHHO~ CYMMapHO~ 3HeprHe~. 

HAHO, 4TO paCC4HTaHH~e senH4HHbl MeHbWe 3KCnepHMeHTanbH~X AnR 
BCeX H3MepeHH~X KaCKaAOB, MHHHManbHOe pacxo~eHHe Ha6n~AaeTCR 
npH pac4eTe, HCnOnb3Y~~eM MOAenb r3AP, HO H 3TOT pac4eT, KaK 
OTMe4anocb s~we, He AaeT npasHnbHoro onHcaHHR ~OPM~ AC. MomHo 
cpaBHHTb pac4eTHY~ CPeAH~~ BepORTHOCTb B~XOAa OAHH04Horo KaCKaAa 
C 3KcnepHMeHTanbHO Ha6n~AaeMO~ HHTeHCHBHOCTb~ KaCKaAOB, pa 3 pe
weHH~X B 3KCnepHMeHTe H pa3Meu~eHHbiX B CXeMe YPOBHe~ /3/, npH 3 TOM 
OKa3biBaeTCR, 4TO B HHTepsane 3HeprH~ nepBH4H~X y -nepeXOAOB OT 
-2 AO - 3, 5 M3B 3KcnepHMeHTanbH~e HHTeHCHBHOCTH pa3peweHH~x Ae
TeKTopaMH KaCKaAOB 3Ha4HTenbHO npes~wa~T pacC4HTaHHY~ cpeAH~~ 
BepORTHOCTb BbiXOAa OAHOro KaCKaAa C TaKOi:1 me caMOi:1 3HeprHei:1 
nepBH4Horo Y -nepexoAa. Ha PHC. 4 AnR npHMepa nPHBeAeH~ AaHH~e 
o6 HHTeHCHBHOCTRX •Y -KaCKaAOB C CYMMapHOi:1 3HeprHei:1 5556 K3 B, 
To4KH Ha pHCYHKe - pe3ynbTaTbl 3KcnepHMeHTa, KpHs~e - pac4eTH~e 

AaHH~e, nony4eHH~e s npeAnonomeHHH, 4To nepBH4H~~ nepexoA Kac
KaAa HMeeT MynbJHnonbHOCTb E1 /KpHBaR 1/ HnH M1 /KpHBaR 21. 

AnR ~npeAeneHHR CTaTHCTH4eCKOH AOCTOBepHOCTH paCXOmAeHHR 
3KcnepHMe~TanbH~X H pac4eTH~x 3Ha4eHH~ Iyy scneACTBHe cny4aHH~X 
~nyKTYa4HH nap4HanbH~X Y -wHpHH, HMe~~HX pacnpeAeneHHe nopTepa
ToMaca/B/, To ecTb AnR nposepKH rHnoTe3~ o cny4a~HOM xapaKTepe 
Ha6n~AaeM~X OTKnOHeHHH, HCnOnb30BanCR MeTOA, onHCaHH~~ B npHno
meHHH. B paMKax onHcaHHoro MeToAa cpaBHHBanHCb pacnpeAeneHHR 
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Ta6mn.~;a 

3KcnepHMeHTanbHhle Pexp H TeopeTHqecKHe PW H p G Bb!XOro>J 
Bcex KacK~OB c cYMMaPHOH 3HeprHeH IEy /B npoiJ;eHTax 
Ha 3aXBaT/ 

5715 5607 5556 55346 51766 51426 Ityy 

~xp ,% 1,8a 11 '0.:!:_1 '9 II , 5.:!:_2, 5 9,8.:!:_2,3 7,4.:!:_2,5 12,7.:!:_4,8 54,2 

P~.% 0,002 2,8 2,6 2,3 4,8 2,1 14,6 

PJ,% 0,02 7,7 6,9 6,4 3,4 5,3 29,7 

a - OIJ;eHeHO H3 3KCllepHMeHTanbHOro OTHOWeHHH nno~aAeH llHKOB 
5715 H 5607 K3B B cneKTpe CACH. 

6 - AY6neThl, pacqeTHaH HHTeHCHBHOCTb paBHa CYMMe HHTeHCHBHO
CTeH AnH COOTBeTCTByro~x KaCKaAOB. 

B - npHHHTO, qTo 3HepreTHqecKaH 3aBHCHMOCTb WHpHHbi E 1-nepe
XOAOB nponopiJ;HOilanbHa E}! • 

r - MOAeRb r3UP AnH ~1-nepeXOAOB, 

rue.<+. ..1KcnepHMeH'I'a.JibUbtt! / ., u ... r..n/ 

H pacqeTHbie /KpHBbie/ HHTeHCHBHO
CTH annapaTypHo pa3pemeHHbiX Kac
KaAoB B 3aBHCHMOCTH OT 3HeprHH 
nepsHqHoro y -nepexoAa. 3HeprHH 
KaCKaAOB - 5556 K3B, 

3Kcnepi'IMeHTaJlbHbiX I'IHTeHCI'IBHOCTea:\ KaCKaAOB B o6JlaCTI'I 60JlbWI-1X OT
KJlOHeHI'ta:\ OT ~-tx cpeAHero pac4eTHoro 3Ha4eH~-tR c TeopeT~-t4eCKI'IM pac
npeAeJleH~-teM. 

B Ta6n.2 np~-tBeAeH pe3yJlbTaT TaKoro conocTasneH~-tR. np~-t cpas
HeH~-t~-t Bbi41'1CJlRJli'ICb CJleAY~~I-le BeJl1'141'1Hbl: q - OTHOWeH~-te CYMMbl I'IHTeH
CI'IBHOCTI'I CI'IJlbHbiX KaCKaAOB K o6~eH I'IHTeHCI'IBHOCTI'I BCex KaCKaAOB, 
Pmax - sepxHRR o~eHKa sepoRTHOCT~-t Ha61l~AeH~-tR TaKoro 1'1111'1 6onbwero 
3Ha4eHI'IR q 3a C4eT eCTeCTBeHHbiX ~JlyKTya~~-ta:\ nap~l'laJlbHbiX y-WI'tpi'IH. 
JlnR onpeAeJleHHOCTI'I 3Ha4eHI'IR q 1'1 p max noJly4eHbl B T04Ke, B KOTO
POH ~-tHTeHc~-tsHocTb KacKaAOB npesblwaeT cpeAH~~ pac4eTHy~ a k = 
= 30 pa3. KaK BI'IAHO 1'13 Ta6n.2, AllR KacKaAoB c cyMMapHoH 3Hepr~-teH 
IEy S,5534 K3B c BbiCOKOH cTeneHb~ AOCTosepHOCT~-t MO*HO YTBeP*AaTb, 
4TO nORBJleH~-te YCI'IJleHHblx KaCKaAOB C 3Hepri-1RMI'I nepBI'I4HbiX y-nepe
XOAOB C paHOHe 2-3,5 M3B He RBJlReTCR CJly4aa:\HbiM. C y4eTOM Toro, 
4TO 3Ha4eH~-te Pmax RBJlReTCR sepxHeH o~eHKOH sepoRTHOCTI-1 cny4aa:\Ho-
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Ta6nHIJ;a 2 

3KcnepHMeHTanbHaH AORH q BKR~a B nonHyro llnO~aAb 
UC KaCKaAOB C HHTeHCHBHOCTbiD, npeBbiWaro~eH cpeAHee 
pacqeTHOe 3HaqeHHe B 30 H 6onee pa3; BepXHHH OIJ;eHKa 
BepoHTHOCTH Pmax /B npoiJ;eHTax/ cnyqaHHoro noHBneHHH 
TaKoro HnH 6onbmero 3HaqeHHH q Anfl KacKaAOB 
c CYMMaPHOH 3HeprHeH IEy 

5607 

o, 13 

7 

5556 

0,11 

13 

PHc.5. A6conroTHaH HHTeHCHBHOCTb 
IYY /B npoiJ;eHTax Ha 33XBaT/, yc
peAHeHHaH no 5 UC, B 3aBHCHMOCTH 
oT 3HeprHH nepBHqHoro nepexo-
Aa EY. ToqKH - pacqeTHaH HHTeH
CHBHOCTb. 

5534 

0,20 

0,4 

5175 

0,31 

<o, 1 

5142 

0,25 

<0, I 

~~ ~T~n0u~u~a. ~~uuw~ RWRon MO*eT 6b1Tb nPI'IHRT 1'1 AJlR KaCKaAOB 
C CyMMapHOH 3Hepr~-te.:1 5607 1'1 5556 K3B. 

Ha p~-tc.5 np~-tBeAeHa 3aB~-tCI'IMOCTb ~-tHTeHc~-tBHOCT~-t 113 pa3Me~eHHbiX 
a cxeMe pacnaAa/3/ KaCKaAoB, ycpeAHeHHbiX no 1-lHTepsany 100 K3B 
/r~-tcTorpaMMa/. A6con~THble ~-tHTeHCI'IBHOCTI-1 KacKaAa nony4eHbl 1-13 
npi'IBeAeHHbiX s/3/ OTHOC!-1TeJlbHbiX C y4eTOM nOJlHOH BepORTHOCTI-1 Bbi
XOAa BCeX 1-lCCJleAOBaHHbiX KaCKaAOB, paBHOH 54% Ha 3aXBaT /eM. 
Ta6n. 1/. AnR cpasHeH~-tR Ha p~-tc.5 HaHeceHa pacC41-1TaHHaR no cTa
TI-1CT~-t4ecKo~ TeOpl-11'1 BepoRTHOCTb BbiXOAa BCeX KaCKaAOB C TaKoa:\ *e 
3Hepr1-1eH nepB~-t4Horo nepexoAa. Ow1-16K1-1, np~-tBeAeHHble AllR T04eK, 
COOTBeTCTBy~T 0*1-lAaeMbiM /BCJleACTBI-le KOHe4HOrO 41-lCJla KaCKaAOB, 
nonaAa~l-lX B 3aAaHHbiH 1-lHTepBaJl/ ~JlyKTya~I'IRM nap~l'laJlbHbiX W~1PI'IH 
neps!-14HbiX y -nepeXOAOB. H3 p1-1c.5 BI'IAHo, 4TO MaKc~-tMaJlbHaR ~-tHTeH

CI'IBHOCTb KaCKaAOB 1-13 ABYX y -nepexOAOB B AaHHOM RAPe COOTBeTcT
ByeT CJly4a~, KOrAa nepBI-14HbiH y-nepeXOA ~'!MeeT 3Heprl-1~ B I'IHTep
BaJle- 2, 5-3 M3B. Ao6asKa KacKaAOB, He pa3Me~eHHbiX a cxeMe, He 
MeHReT noJly4eHHoro pe3y1lbTaTa. 

TaKI-lM o6pa30M, ~O*HO CAellaT b BnOJlHe onpeAeJleHHbiH BbiBOA 0 TOM, 
4TO B peaK~I-11-1 164Dy (n, 2y)I65Dy Ha6Jl~AaeTCR cy~eCTBeHHOe /no 
cpaBHeHI-1~ C npeACKa3aHHRMI'I CTaT~-tCT!-14eCKOH Teop~-tl-1/ yc~-tJleH~-te I'IHTeH
CHBHOCTH ABYXKBaHTOBbiX KacKaAOB, nepBH4Hble nepeXOAbl KOTOpbiX 3a
ceJlR~T COCTORHHR C 3Hepr~-teH B036Y*AeHHR -2-4 M3B. 
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06CYJKAEHHE 

Mo~Ho ~~~~0~o~HT~ cneAy~ee o6oRcHeHHe o6Hapy~eHHoro 3~~eKTa. 
CornacHo a paHoHe A = 165 npH 3HeprHH aoa6y~AeHHR finHaKoH 
K 3HeprHH CBR3H HeHTPOHa, HaXOARTCR OAH04aCTH4H~e HeHT~OHH~e 
COCTORHHR 1/2+[640) H 1/2+[651]. HH~e 3HeprHH CBRaH Ha 2-3 M3 B 
HaXOARTCR OAH04aCTH4H~e HeHTpOHH~e COCTORHHR 1 /r'[51 0) , 3/2-( 512) 
H OAH04aCTH4H~e npOTOHH~e COCTORHHR 1/2-'[530], 3/2-{532). BonHo
B~e ~YHK~HH KOHe4H~X YPOBHeH H3y4eHH~X KaCKaAOB COAep~aT 8 oc
HOBHOM KOMnOHeHT~ HeHTPOHH~X OAH04aCTH4H~X COCTORHHH 1/2-[521] 
5/£[ 512) ' 1 /2-( 51 0] • Me~AY npoMe~yT04H~MH H KOHe4HbiMH YPOBHRM·~ 
B036y~aeM~MH H3y4eHHbiMH KaCKaAaMH, HMe!OiqHMH OAHHaKOBYIO 4eTHOCT~ 
B03MO~Hbl Ml-nepexoA~, He aanpe~eHHble HnH cna6o aanpe~eHHble no' ' 
aCHMnTOTH4eCKHM KBaHTOBbiM 4HCnaM K17 [Nnz A]. npH HanH4HH 6onbWHX 
OAH04aCTH4HbiX KOMnOHeHT B BOnHOBbiX ~YHK~HRX npoMe~yTo4Horo H KO
He4HOrO YPOBHeH TaKOH Ml-nepeXOA AOn~eH HMeTb y -wHpHHy npeBbl
waiO~YIO cpeAHHe WHpHHbl npo4HX nepeXOAOB /THna nepeXOAa 11 ~oMnaYHA -
npocToe cocTORHHe''(CS) I. 3Ha4eHHR Hei1TpoHHbiX cHnOBbiX QlYHK~Hi1 
B o6naCTH AeQlOpMHpOBaHHbiX peAK03eMenbHbiX RAep/11/,KaKHM RBnReTCR 
HCCneAyeMoe RAPO, 06oRCHRIOTCR TeM, 4TO BOnHOBble ~YHK~HH HeHT
pOHHbiX peaoHaHCOB COAep~aT OTHOCHTenbHO 60nbWYIO OAHOKBaaH 4acTH 4 -
HYIO KOMn~HeHTy, o6ycnoaneHHYIO 6nH30CTbiO OAH04aCTH4HbiX HeHTPOHHbiX 
COCTORHHH 1 /2+ [ 651] H 1 /2+ [ 640) K 3HeprHH CBR3H HeHTpOHa. EcnH 
npeAnOnO~HTb, 4TO npoMe~yT04Hble ypOBHH, aoa6y~AaeMble KaCKaAaMH 
TaK~e HMeiOT AOCTaT04HO 60nbWYIO OAH04aCTH4HYIO KOMnOHeHTy, TO MO>K~O 
~~~:~~.~b ~ .. ~~~ nepeXOA H3 KOMnayHA-COCTORHHR Ha npoMe>KyT04HbiH 
"..----· ·- ~JH'- ~ voofJt::~t::JIHI bl.H UAHOKBa3H4aCTH4HbiMH KOMnoHeHTaMH BOn
HOBbiX QlYHK~HH KOMnayHA-COCTORHHR H npoMe~yT04HbiX ypoBHeH. TaKHe 
nepeXOAbl AOn~~~ 6b1Tb YCHneHbl no cpaBHeHHIO C O~HAaeM~MH cornaCHO 
CTaTHCTH4eCKOH TeopHH. 3TOT BbiBOA HaXOAHT caoe nOATBeP~AeHHe 
np~ aHanH3e_HHTeHCHBHOCTeH nepBH4H~X y -nepeXOAOB Ha ypOBHH c paa
H~H 3HeprHeH 1aoa6y~AeHHR. TaK, cornacHo AaHH~M o6 HHTeHCHBHOCTRX 

, E -nepexoAOB 121 c 3HeprHeH Ey > 4 M3B paAHa~HOHHaR cHnoaaR QlYHK
~HR pasHa 2,6·10-8 M3B-~ B TO ~e apeMR AnR ABeHaA~aTH y-nepe
X~AOB c 3HeprHei1 a HHTepaane 2,7-2,9 M3B, KOTop~e cornacHo/3/ 
H 121 paaMe~eH~ a cxeMe KaK nepBH4Hble E 1-nepexoA~ cpeAHRR HH
TeHCHBHOCTb B 8 pa3 6onbwe, 4eM 3TO cneAyeT H3 n~eAnono~eHHR 
0 noCTORHCTBe paAHa~HOHHOH CHnOBOH (j)yHK~HH. 

npeAnono~eHHe 0 3Ha4HTenbHOM BKnaAe OAH04aCTH4H~X KOMnoHeHT 
a CTPYKTYPY npoMe~yT04HbiX ypoaHeH nOATBep~aeTCR TaKM<e aHanH30M 
KOppenR~HH Me~AY HHTeHCHBHOCTbiO KaCKaAOB H ce4eHHRMH peaK~HH 
(d, p). 

3AKJ1104EHHE 

TaKHM o6paaoM, HccneAoBaHHR paAHa~HOHHoro aaxeaTa HeHTpoHoB 
c noMO~biO MeTOAa CACH noKaaanH HanH4He cy~ecTBeHH~X oTKnoHeHHH 
OT cTaTHCTH4eCKHX aaKOHOMepHOCTeH B noaeAeHHH ABYXKBaHTOB~X 
·Y -KaCKaAOB a RAPe 165Dy. npH 3TOM HaAO OTMeTHTb, 4TO AOnR HC
cneAOBaHHbiX HaMH nepBH4H~X y -nepeXOAOB COCTaBnReT 54%, TO eCTb 
OHH HC4epnb1BaiOT nonOBHHY nonHOH paAHa~HOHHOH WHPHHbl HeHTPOHHoro 
pe30HaHCa, OTBeTCTBeHHOrO aa ce4eHHe peaK~HH 1640y(n, y) 
Ha TennOBbiX HeHTPOHaX /eM. Tafin.l/. 3Ta CYMMapHaR HHTeHCHBHOCTb 
scex ABYXKBaHTOBbiX KaCKaAOB, aacenRIO!qHX HH3KOneM<a~He COCTORHHR 
c E

1 
< 600 K3B, oKaaanacb a 2-4 paa 6onbwe, 4eM 3TO cneAyeT 

H3 MOAenbHbiX pac4eToa. B TO ~e apeMR HaWH AaHHble xopowo o6oRc
HRIOT Manoe 3Ha4eHHe cpeAHeH MHO~eCTBeHHOCTH y-KBaHTOB pacnaAa 
HeHTPOHHbiX peaoHaHCOB AnR AaHHoro RAPa, KOTopoe cocTaBnReT 

3,0-3,2. 
B cny4ae ABYXKsaHTOBbiX y-nepexoAOB, HAY~HX 4epea npoMe~yTo4-

Hble COCTORHHR, pacnono~eHHble npH Et- 3 M3B, Ha6n10AaeTCR cy~ecT
aeHHOe ycHneHHe HHTeHCHBHOCTeH y-KaCKaAOB, npH4eM aepXHRR O~eH
Ka aepoRTHOCTH Taro, 4TO 3TO ycHneHHe ofiycnosneHO (j)nyKTya~HRMH 
WHPHH OTAenbH~X y-nepeXOAOB, B PRAe cny4aeB COCTaBnReT aenH4H
Hy, MeHbWYIO 10-3. 3aMeTHM, 4TO H npRMble y -nepeXOAbl Ha 3TH ~e 
COCTORHHR HMeiOT HHTeHCHBHOCTb, OAHHaKOBYIO C HHTeHCHBHOCTbiO ~ecT-
KHX y-nepeXOAOB B 3TOM RApe. 

3TO, B CBOIO 04epeAb, npHBOAHT K TOMY, 4TO (j)OpMa 3KCnepHMeH-
TallbHO Y13MepeHHUI U VIM I t::l ._,dJibMUI v IJU'-IItJ~H-i:.ii~; ;~;;:; :~~~:~~,;:::::= ~~= ,:_=:,'~ 
y -KBaHTOB, aacenRIO~HX HH3Kone~a~He ypOBHH RAPa 1650y, He OnH-

CbiBaeTCR CTaTHCTH4eCKOH MOAenbiO. 
Ha OCHOBaHHH nepe4HCneHHOrO BbiWe, a TaK>Ke HanH4HR AOCTOBep-

HbiX KoppenR~HH Me~AY HHTeHCHBHOCTRMH ABYXKBaHTOBbiX Y -nepeXOAOB 
lyy H Ce4eHHRMH peaK~HH (d,p), soafiy~a~HMH OAHH H Te ~e npo
Me~yT04Hble COCTORHHR/7/, MO~HO CAenaTb aaKnl04eHHe, 4TO B RAPe 
1650y npH 3HeprHH B036Y~AeHHR 2-4 M3B pacnono~eHbl COCTORHHR 
C aonHOBbiMH (j)yHK~HRMH, HMeiO~HMH 6onbWYIO OAHOKBa3H4aCTH4HYIO KOM
noHeHTY, KacKaAHbiH y-pacnaA 4epea KoTopble ycHneH no cpaaHeHHIO 
C npeACKa3aHHRMH CTaTHCTH4eCKOH TeOpHH. nocKOnbKY B 3TOH o6na
CTH B036y~eHHH HaXOARTCR H OAH04aCTH4Hble ypoBHH noTeH~Hana 
CaKCOHa-BYACa c K 17 = 1 /2-' H 3/2-', TO pacnpeAeneHHe aHa4eHHH Iyy• 
ycpeAHeHHbiX no HHTepsany 100 K3B, BHAHMO, HnniOCTpHpyeT npo~eCC 
(j)parMeHTa~HH TaKHX OAH04aCTH4HbiX COCTORHHH no KOMnaYHA-COCTOR-

HHRM B o6naCTH B036Y~AeHHR -3 M3B. 
TaKHM o6paaoM, nposeAeHHble HccneAoBaHHR peaK~HH 

1640y (n, 2y) 1650y npoAeMOHCTPHPOBanH HHTepeCH~e 3KCnepHMeHTanb-
Hble ao3MO~HOCTH MeTOAa CACH AnR H3Y4eHHR nPHPOAbl npoMe>KyT04HbiX, 
npeAKOMnaYHAHbiX COCTORHHH, HCCneAOBaHHR npo~ecca (j)parMeHTa~HH 
npocTbiX cocTORHHH. AnR RAPa 165Dy, cneAoBaTenbHO, noATBeP~AeHo 
BbiCKa3aHHoe HaMH paHee/1/ npeAnono~eHHe o cy~ecTseHHOH ponH AnR 
KaCKaAOB y-nepeXOAOB Me~AY ypOBHRMH C 6onbWHM BKnaAOM OAH04ac-
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Tl-14HbiX KOMnOHeHT B l-'IX BOJlHOBble !I>YHKI..Il-11-1, 4TO npl-'IBOAHT K 11KaHa111-1-
poeaHI-1~11 y -KacKaAOB - yMeHbWeHI-1~ 3!l>!l>eKTHBHoro 41-1C1la npoMemy
T04HbiX COCTOAHI-1H, y4aCTBYIOIJII-1X B AeB036ymAeHI-1H HeHTPOHHbiX pe3o
HaHCOB C nOMOIIIb~ y -KaCKaAOB. 

B 3aK11~4eHI-1e aBTOPbl Bblpama~T 6naroAaPHOCTb 
1-1 B.H.!I>ypMaHy 3a none3Hble A1-1CKyccl-1H. 

nPHJlOJ!(EHHE 

B.r.Conoebeey 

BepOATHOCTb C1ly4aHHOrO OTKJlOHeHHA HHTeHCHBHOCTI-1 KaCKaAa OT 
ee cpeAHero 3Ha4eHHA MOmeT 6b1Tb Ol.leHeHa B paMKaX CTaTI-1CTH4eCKOH 
TeopHI-1 y-pacnaAa B npeAnonomeHHI-1, 4To pacnpeAeJleHHe HHTeHcl-1e
HOCTei1 nepBI-14HbiX y -nepeXOAOB Onl-'ICbiBaeTCA pacnpeAe1leHI-1eM nopTe
pa-ToMaca/8/. Ec111-1 npeAn0110~1-1Tb, 4TO pacnpeAelleHHe BTOPI-14Hb1X 
Y -nepeXOAOB TaKoe me, KaK 1-1 Y nepBI-14HbiX, TO CBepTKa ABYX pac
npeAe1leHI-1H nopTepa-ToMaca 6yAeT pacnpeAe11eHI-1eM 6onee WHPOKI-1M, 
4eM pacnpeAeJleHHe l-1HTeHCI-1BHOCTeH KaCKaAOB y-nepeXOAOB. 3TO 
3aK11~4eHI-1e, KaK Bl-'IAHO H3 BblpameHl-'IA /1/, ABJlAeTCA CJleACTBl-'leM 
Ha111-141-1A KoppeJlAI..Il-11-1 MemAY nOJlHO~ y -Wl-1Pl-1HOH YPOBHA 1-1 BXOAA~ei1 

B Hee B Ka4eCTBe OAHOrO 1-13 cnaraeMbiX nap1.11-1a11bHOH WHpl-'IHOH ·Y
nepexoAa. 

AJ1A npoeepKI-1 cnpaBeA111-1BOCTH rHnOTe3bl 0 CJly4a~HOCTH Ha611~Aae
Mb1X OTKJlOHeHH~ Iyy He06XOAHMO HCn01lb30BaTb HeCKOJlbKO npl-16111-1me
Hl-1H. Bbl6epeM 1-1x e TaKa~ dlooMe. '-ITnfi~.o n'"'"' '>::>DL"~:!."'~ ::::::~:::::-:-::::;~-;-:.. 

C1ly4aHHOrO nOABJleHHA 601lbWHX OTKJlOHeHl-'IH B l-'IHTeHCl-'IBHOCTI-1 KaCKa
AOB: 

a/ pa3peweHHble B 3Kcnepl-1MeHTe KacKaAbl, He pa3Me~eHHble e cxe
Me YPOBHeH, BK11~4eHbl B aHalll-13 B npeAnOilOmeHI-11-1, 4TO nepBI-14HbiM 
ABJlAeTCA y-nepeXOA C 60JlbWO~ 3Heprl-1e~; 

6/ KaCKaAbl, He pa3peweHHble AeTeKTOpaMI-1, BK11~4eHbl B aHa11H3 
B npeAnonomeHI-11-1, 4TO nepBI-14HbiM y -nepeXOAOM ABJlAeTCA nepeXOA 
c MeHbwei1 3Heprl-1e~; 

B/ npl-'IHATO, 4TO HHTeHCl-'IBHOCTb 11~60r0 Hepa3peweHHOro KaCKaAa 
He npeBbiWaeT paCC41-1TaHHY~ no MOAe11H 6011ee 4eM B k pa3 /B AaJlb
He~weM npl-'IHATO 3Ha4eHlo1e k = 30/. 3TO YC110Bl-1e, KaK noKa3biBa~T 
pe3yJlbTaTbl pac4eTa, COOTBeTCTByeT TOMY, 4TO KaCKaAbl C nepBI-14HbiM 
y -nepexOAOM Ey ~ 2 M3B, l-1Me~~"'e l-1HTeHCI-1BHOCTb :<: 0, 5% /oTHocH

TeJlbHO CYMMbl l-'IHTeHCHBHOCTI-1 BCeX ABYXKBaHTOBbiX Y -KaCKaAOB C 3a
AaHHOH cyMMOH 1-1x 3Heprl-11-1/, AOnmHbl 6b1Tb pa3peweHbl AeTeKTopaMM. 
Ha AaHHbiX pa6oTbl 13 / Aei1cTBMTenbHO cneAyeT, 4TO Ha6n~Aa~TCA pa3-
peweHHble AeTeKTOpaMH KaCKaAbl, HHTeHCMBHOCTb 1-1 3HeprHA nepBH4HbiX 
nepeXOAOB KOTOpbiX YAOBJleTBOpA~T 3TOMY YC110BH~j 

r/ 0603Ha4MB 4epe3 Z = Ic/ <I> OTHOWeHMe MHTeHCMBHOCTM Kac
KaAa I c K ero cpeAHei1 pac4eTHO~ eenH4HHe <I >, onpeAellHM A11A n 
paapeweHHbiX KacKaAOB HapacTa~~Y~ CYMMY /e !I>YHKLIMH 3Ha4eHHA z I: 

D (z) = lz. /n1/ 

10 

AJ1A KaCKaAOB, He paapeweHHbiX B 3KCnepHMeHTe, aHaJlOrM4HOe Bblpame
HMe MOmeT 6b1Tb onpeAeJleHO A11A npOH3B01lbHOrO AOCTaT04HO Manoro 
HHTepeana 6Ey, Ha KOTOPOM MOmHO npeHe6pe4b M3MeHeHHeM Be11M4H-

Hbl <l>: 

1 c (k) = ~ 
1 <I>i 

k 
( z <l>i F (z) dz. 
0 

;n21 

3Ha 4eHMe HHTerpana B /n2/ B 3TOM CJly4ae npOCTO paBHO CYMMe HH
TeHCMBHOCTeH HepaapeweHHbiX KaCKaAOB /MHTeHCHBHOCTI-1 paapeweHHbiX 
onpeAenA~T aHa4eHHe BblpameHHA /n1//. !l>yHKLIHR F(z) e /n2/ ABnA
eTcA ceepTKOH ABYX pacnpeAeJleHHH nopTepa-ToMaca. 

AJ1A npoHaBOJlbHOrO aHa 4eHHA Z A011A KaCKaAOB, HMe~~HX OTHOCH
TeJlbHY~ l-'IHTeHCMBHOCTb, He npeBbl~a~~y~ 3Ha4eHHe Z, onpeAe11A6TCA 
TeopeTH4eCKMM pacnpeAeneHMeM: 

z 
T (z) = fz F ( z) dz. 

0 

c y4eToM npHHATbiX npeAnonomeHHH TeopeTH4ecKoe pacnpeAeneHHe 
/n3/ MOmHO cpaBHMTb C 3KcnepMM6HTa1lbHO Ha611~AaeMbiM 

Q (z) = C (k) + D (z) 
;n4/ 

npM 3Ha4eHI-1RX Z > k. , 
1 pa!l>l-'IKH pacnpeAeneHH~ /IIJ/ H /II'+/ npMBeAeHbl Ha pMc.o. t"ac-

npeAeneHMe T (z) nony4eHo e peaynbTaTe npAMoro MOAe11HpoeaHMA 
0,5·106 nap cny4aHHbiX 4MCe11, MMeiOIJIMX pacnpeAeJleHMe, COOTBeTCT
BYIOUiee pacnpeAelleHH~ nopTepa-ToMaca. 

Ha rpa!I>MKa BMAHO, 4TO 3KcnepMMeHTa1lbHble pacnpeAeneHMA cxo
AATCA K aCMMnTOTM4eCKOMY 3Ha4eHM~, paBHOMY 100%, MeAJleHHee, 4:M 
TeopeTM4ecKOe, omMAaeMoe cornaCHO npeACKa3aHMAM CTaTMCTM4eCKOH 

TeOpMM. ~ 

BepOATHOCTb nORBJleHMA nOA06HbiX OTKJlOHeHHH B pe3Y1lbTaTe cny-
4aHHbiX !1>1lYKTyai.IHH MHTeHCMBHOCTeH nepBM4HbiX y -nepeXOAOB MOmeT 
6b1Tb Ol.leHeHa nyTeM npAMOrO MOA611MpOBaHMR pacnpeAeJleHMA B CJly4ae, 
eCJlH MaBeCTHO 4HC110 BCeX ABYXKBaHTOBbiX KaCKaAOB, KOTOpbiMH B03-
6ymAaeTCA AaHHbiH ypoBeHb /B COOTBeTCTBYIOUieM MHTepeane 3HeprMM 

PHc.6: HaKonneHHaH eepoHTHOCTb 

p = t z F (z) dz AJIH pactieTHoro I I I 
pacri't>e,o;eneHHH H !3KcnepHMeHTa.J:tb
HhlX nc 12- 5607, 3- 5556, 4-
5534, 5- 5176, 6- 5142 K!3BI. 

Q (Z) n-rTTTTTT.,.-,--r;...,-rr"CTT,-r-rTTT"'" 

T!Zl 

511,1; ]II .., !I) .. 'lO .. .., z 
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so36y*AeHHR RApa/. KaK noKa3~saeT pac4eT no MOAenH, onHcaHHOH 
B~We, 4HCnO TaKHX KaCKaAOB HeCKOnbKO npes~waeT 3Ha4eHHe 103. 

B Ta6n. 2 npHBeAeH~ 3Ha4eHHe q - -1 - Q (k) - AOnH nn0111aAH pac
npeAeneHHR H O~eHKa Pmax - sepORTHOCTH. Ha6n~AeHHR TaKoro HnH 
6onbWero OTKnOHeHHR OT TeopeTH4eCKOrO 3Ha4eHHR q = 6,2% AnR 
k = 30. nony4eHHaR BenH4HHa RBnReTCR sepxHeH O~eHKOH BepORTHo
CTH nORBneHHR TaKHX YCHneHH~X KaCKaAOB H3 ABYX y-nepeXOAOB. 
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