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2. on~CAH~E MOAEn~ 

B paMKax np~6n~*eH~~ 6opHa-OnneHre~Mepa OAH04aCT~4Hoe ~ Kon
neKT~BHOe AB~*eH~~ B ~Apax ~Bn~~TC~ He3aB~C~M~M~. nonHa~ eon
HOBa~ $YHK~~~ ~Apa 3aB~C~T OT OAH04aCT~4H~X (x) ~ KOnneKT~BH~X 
(q) nepeMeHH~x ~ MO*eT 6~Tb aan~caHa e aA~a6aT~4eCKOM npeAe-
ne / 18/ KaK npo~aeeAeH~e KonneKT~BHO~ (ell) ~ BHYTPeHHe~ (x) eon
Hoe~x $YHK~~~: 

/1/ 

M~ nonaraeM, 4TO raM~nbTOH~aH paeeH cyMMe KonneKT~eHoro ra~ 
M~nbTOH~aHa, Ae~cTey~ero Ha nepeMeHH~e (q), ~ BHYTPeHHero 
raM~nbTOH~aHa, Ae~cTey~ero Ha nepeMeHH~e (x) ~ napaMeTp~4ecK~ 

aae~c~~ero oT KonneKT~BH~x nepeMeHH~x: 

J{ {q, x)"' j{ coll (q)A + J{lnt (x; q) • /2/ 

B AaHHO~ pa6oTe Hint np~H~MaeTc~ paeH~M cyMMe OAH04aCT~4H~X 
H~nbCCOHOBCK~X raM~nbTOH~aHOB C KBaApynonbHO~ (£) ~ reKCaAeKa
nonbHO~ (£ 4 ) Ae$opMa~~e~ ~ 4neHa, on~c~ea~ero napH~e Koppen~
~~~. KonneKT~BH~~ raM~nbTOH~aH ~MeeT cneAY~~~ B~A: 

2 . B B a j{ , _1L[..L ..::!C.i a a H4 
coll 20 a£ D at a( D at 4 

a a a 
+-

af4 aq 
112 

+-l(l+l)+V(£,£ 4 ), 
2J 

D 
.l.....] + 
a 4 

/3/ 

2 112 
rAe D = I BH Bt t - BH I . 

4 4 4 
noTeH~~an V (f, t 4) HaWn~, cneAY~ 

MeTOAY o6ono4e4HO~ nonpaBK~ CTPYT~HcKoro, ~cnonb3Y~ napaMeTp~
aa~~~. on~caHHY~ e 1 41 .$yHK~~~ B (£,t 4 ) npeAcTaen~~T co6o~ 

tlfj 
KonneKT~BH~e Maccoe~e napaMeTp~, a J(t,t4 ) - MoMeHT ~Hep~~~ 
~APai ~ HaXOAATC~ np~ nOM~~ MeTOAa np~HYA~TenbHOrO epa~e
H~~ / 2• 1 ~/ . raM~nbTOH~aH /3/ 3PM~TOB, 3neMeHT 06DeMa paeeH 
drc D·dtd£ 4 . KonneKT~BH~e $YHK~~~ ella B /1/ ~Bn~~Tc~ co6cTBeH
H~M~ $YHK~~~M~ KOnneKT~BHOrO raM~nbTOH~aHa: 

A 

H 11 (t' t ) ell I (t' t 4 ) e ei ell I (£' t 4) . co 4 , n , n ,n 
/4/ 

C~Meon I o6oaHa4aeT yrnoeo~ MOMeHT cocTo~H~~. n npeACTaen~eT 
APYr~e KBaHToe~e 4~cna, e TOM 4~cne ~Me~~~e CMblcn Ha~6onee 
eepo~THoro 4~cna KBaApynonbH~x ~ reKCaAeKanonbH~X $OHOHOB. 3aAa-
4a Ha co6cTeeHH~e $YHK~~~ ~ co6cTeeHH~e 3Ha4eH~~ /4/ pewanacb 
nyTeM A~aroHan~aa~~~ Rcoll e 6aa~ce co6cTBeHH~x $YHK~~~ ABY
MepHoro rapMoH~4ecKoro oc~~nn~Topa c noTeH~~anoM, Ha~ny4W~M o6-
paaoM annpOKC~M~py~~M KOnneKT~BH~~ noTeH~~an B OKpeCTHOCT~ M~-
H~MyMa: 
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/5/ 

4~cno 6a3~CHbiX $OHOHH~X COCTORH~~ nOA6~panocb TaK, 4T06bl pe-
3ynbTaTW 3aa~cen~ oT Hero cna6o. Co6cTBeHHWe 3Ha4eH~R er,o 
onpeAenR~T cneKTp OCHOBHO~ poTa~~OHHO~ nonOCbl, a ¢YHK~~~ 

w 1 (e, e 4 ) = lc11 1, 0 12 D /6/ 

paaHw nnOTHOCT~ oepoRTHOCT~ HaxomAeH~R RAPa c Ae¢opMa~~e~ e,e 4 
B COCTORH~~ OCHOBHO~ poTa~~OHHO~ nonoc~. 3T~ ¢YHK~~~ on~CWBa~T 

3¢¢eKTW CBR3~ apa~eH~R ~ Kone6aH~~. 
3Han w

1
(e,e

4
),MO)!(HO Ha~T~ cpeAHee 3Ha4eH~e napaMeTpa MynbT~

nonbHO~ Ae¢opMa~~~ (edYn) ~n~ MynbT~nonbH~~ MOMeHT: 
A 

dyn I I QA ={QA(t,t
4

)w 1 (t,t 4 )dtde 4 , 7 

rAe QA (t, E 
4
) - onepaTop CTaT~4eCKOrO MynbT~nonbHOrO MOMeHTa /4/. 

On~caHHan MOAenb, 6e3ycnoaHo, 3Ha4~TenbHO npo~e o6~e~ MOAen~ 
oopa, OHa, B 4aCTHOCT~, He np~MeH~Ma AnR On~CaH~R c¢ep~4eCK~X 

RAeP, HO CAenaHHble ynpo~eH~R no3BOnR~T BKn~4~Tb B on~CaH~e 
reKcaAeKanonbH~e MOA~ Kone6aH~~. 

3. PE3YnbTAT~ PAC4ETA 

4~cneHHW~ aHan~3 npoBOA~ncn Ann nerK~X peAK03eMenbH~X RAep: 
Z = uL-uu, 1'\UIUI.JbiC ~CIL.IIUJIUmcno• •·•~m.c-a.,y ••~tJ~"'vM••uu""'' ,.., ,;,~t:-.:.~.:, H..: 
¢opM~poaaHH~M~ RAPaM~. ~3-3a MRrKocT~ noTeH~~ana /5/ a 3T~x 
RApax MOmHo om~AaTb 3Ha4~TenbHWX A~HaM~4eCK~x 3¢¢eKTOB. B To me 
apeMn 6onbwoe 3Ha4eH~e paaHoaecHo~ KBaApynonbHO~ Ae¢opMa~~~ 
(te) rapaHT~pyeT np~MeH~MOCTb Hawero nOAXOAa. 

~apaMeTpW, BXOAR~~e B KOnneKT~BH~~ raM~nbTOH~aH, Ha~AeH~ 
a pe3ynbTaTe pac4eTa noaepxHocTe~ noTeH~~anbHO~ 3Hepr~~ V(t,t 4 ) 
no MeTOAY CTpyT~HcKoro ~ TeH3opa MaccoBbiX napaMeTpoa no MeTOAY 
np~HYA~TenbHOro AB~meH~R. noTeH~~an H~nbCCOHa nn~c MOHOnonbHOe 
cnap~aaH~e reHep~py~T KBa3~4acT~4HW~ cneKTP RApa. napaMeTp~ 
OAH04aCT~4Horo noTeH~~ana aw6paHw cornacHo 1141 Ann A =165. 
OcTanbH~e napaMeTPW ~ AeTan~ pac4eTa nann~Tcn cTaHAaPTHWM~ 
/cM. 1141 /. Ha p~c.1 np~BOARTCR pe3ynbTaT~ cpaaHeH~R pacc4~TaH-

(~~~~~ ~ ~ 
150 156 154 154 156 162 

N 

4 

PHc.l. TeopeTHqecKHe 3HaqeHHH 

MOMeHTOB HHep~HH rrpH paBHOBeC

llli~ ~e~opMa~HHX B CpaBHeHHH 

C 3KCITepHMeHT3.11bHbiMH ~aHHbiMH. 

HbiX MOMeHTOB ~Hep~~~ np~ paBHOBeCHO~ Ae¢opMa~~~ C 3KCnep~MeHTanb
H~M~ AaHH~M~ /eM. /2, 3' /. TeopeT~4ecK~e o~eHK~ Ha 20-30% MeHbWe 
COOTBeTCTBY~~~X 3KCnep~MeHTanbHbiX 3Ha4eH~~. 4TO RBnReTCR T~n~4-
H~M Ann TaK~x pac4eToa. ~Hep~~anbH~e napaMeTp~ B B B 

u ' €€4' l l ' 
160 4 4 

a TaKme MOMeHT ~Hep~~~ J RAPa Er npeACTaBneH~ Ha p~c.2 B 3aa~-
C~MOCT~ oT e, e4 · BMecTe c V(t, t 4) /eM. p~c. 3/ 3T~ aen~4~Hbl nann~T
cn BXOAH~M~ AaHH~M~ Ann peweH~R ypaaHeH~R WpeA~Hrepa c KonneKT~a

HbiM raM~nbTOH~aHOM. 3Ha4eH~e V(e, e4) Ha rpaH~~e o6nacT~ Ae¢op
Ma~~~. yKa3aHHO~ Ha p~c.3, np~MepHO Ha 5 M3B 6onbWe, 4eM B T04-
Ke M~H~MyMa, 4TO RBnReTCR AOCTaT04H~M np~ onpeAeneH~~ xapaKTe
p~CT~K OCHOBHOrO COCTORH~R. B~4~CneH~R noKa3~Ba~T, 4TO MOMeHT 
~Hep~~~ J,Ha~AeHH~~ no MeTOAY np~HYA~TenbHOrO apa~eH~R, OKa3~
BaeTCR cn~WKOM Man~M Ann npaa~nbHoro on~caH~R ~HTepaanoa 3Hep
r~~ MeiXAY COCTORH~RM~ OCHOBHO~ nonOCbl. ArJn BOCnp0~3BeAeH~R 

cneKTpa OCHOBHO~ nonOCW BCe ~Hep~~OHHWe napaMeTpW 6~n~ YMHOmeHW 
Ha 06~~~ c)laKTOp, paBHbl~ 1, 7. np~ TaKO~ MOA~¢~Ka~~~ raM~nbTOH~a

Ha COXpaHR~TCR CBO~CTBa C~MMeTp~~ TeH30pa ~Hep~~anbH~X napa
MeTpOB 116 ~ CXOAHOe Ha6n~AeH~e 0 He06XOA~MOCT~ yaen~4eH~R Mac
COB~X napaMeTpOB B~CKa3aHO a 116 • 17~ rAe aHanor~4HW~ ¢aKTOP 
Bapb~pyeTCR B ~HTepaane 2-3 /Toro me 3¢$eKTa MOmHO AOCT~4b, 
yMeHbWaR c~noay~ KOHCTaHTY napHWX KOppenn~~~/. Pa3H~~a MemAY 
peHOpMan~3Y~~~M~ ¢aKTOpaM~ B HaWe~ pa6oTe ~ B I 17 I MOmeT 6biT b 
OTHeCeHa Ha C4eT pa3n~4~~ B MOAenRX: 3AeCb Y4~TbiBaeTCR reKca
AeKanonbHaR Ae¢opMa~~n, a 1171 - y-a~6pa~~OHHan cTeneHb cao6o-

nnoTHOCTb aeponTHOCT~ Ann Ae~opMa~~~ w1 (e E ) /eM. ¢opMyny 
!61 I RAPa 160Er np~BeAeHa Ha p~c. 4 np~ 4eTw~e~ 3Ha4eH~nx yrno
aoro MoMeHTa. B~AHO, 4TO pacnpeAeneH~e aeponTHOCTe~ MeHneTcn 
BMeCTe CO Cn~HOM, TaK 4TO Ha~6onee BepORTHaR Ae¢opMa~~R CMe~aeT
CR B CTOPOHY 6onbW~X no a6con~THOMY 3Ha4eH~~ OTPH~aTenbHbiX 
Ae¢opMa~H~ t 4 . 

CpaaHeHHe paCC4HTaHHWX 3HeprH~ COCTORHI-1~ OCHOBH~X nonoc 
a RApax Z = 62-68 c 3Kcnep~MeHTanbH~MH AaHH~MH npoBOA~TCR Ha 
p~c.5. OnHcaH~e 3KcnepHMeHTanbH~X cneKTpoa np~ He6onbWHX cn~Hax 
OKa3biBaeTCR AOCTaT04HO XOPOW~M, OAHaKO npi-1 yaenH4eHHH CnHHa 
pacxm:<AeHHe MemAY TeopHe~ 1-1 3KcnepHMeHTOM yaenH4HBaeTcn. Pac4eT 
orpaHH4eH IS 12, nocKonbKY np~-1 6onbwHx cnHHax cTaHOB~TcR aamH~M 
3¢¢eKT Kop~onHcoaa aHTHcnapHBaHHR. TeopeTH4eCKHe o~eHKH 3neKTpH-
4ecKoro KBaApynonbHOrO (Q2 ) 1-1 reKCaDeKanonbHOrO (Q 4 ) MOMeHTOB 
npeACTaaneHw Ha p1-1c.6. Can3b MemAY £,t4 , ~cnonb30BaHHan np~-1 
pac4eTe Q 2 ,Q 4, COOTBeTCTByeT MOAen~ )!(1-iAKO~ Kannl-1. 

Pacc4HTaHHble 3Ha4eHHR Q 2 1-1 Q4 HaXOARTCR a xopoweM cornacHH 
c 3KcnepHMeHTanbHWM~ AaHHWMH 1-13 /18,19~Haw~ o~eHKH ycTyna~T 
O~eHKaM, AaHHWM o 1131 , nOCKOnbKY MW He npHHHMan~ BO BHHMaHHe 
ycnoa1-1n cornacoaaHHR no Ae¢opMa~~~ np~-1 pac4eTe o6ono4e4HO~ 
nonpaaK~ CTpyT~HcKoro. 
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PHC. 2. KapTbl HHep~HOHHbiX ¢YHK~HH B u , B , B H Mo-
« ££4 £4£4 

MeHTa HHep~HH J, HaliAeHHblX no MeTOAY npHHYAHTeJlbHOrO 

ABIDKeHHH, AJ1H HAP a 160 Er. ll!ITepsan MeJKAY JIHHHHMH -

!Oh 2 /M3B. 

PHc.3. llosepXHOCTH noTeH~HaJihHOil 3HeprHH AJIH 160Er npH 

3HaqeHHffX yrnosoro MoMeHTa I= 0,2,10 H 20. HHTepsan-

I M3B. 
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PHc. 4. KonneKTHBHafl <PYHK~HH pacnpeAeJieHHH w 1 (£, £4) AJIH 

HAP a 160 Er s 6ec<PoHOBbiX cocToHHHflX npH I = 0, 2, to H 20. 
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PHc. 5. PoTa~HOHHbie ypoBHH, HaliAeHHbie B paMKax AHHaMHqecKoli 

MOAeJIH, B cpaBHeHHH C HX 3KCnepHMeHTaJibHblMH 3HaqeHHHMH. 

B KaJKAOM cToJI6HKe cnesa npHBeAeHbi pacqeTHbie, cnpasa -

3KcnepHMeHTaJibHbie AaHHbie. 
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PHc.6. TeopeTHqecKHe oQeHKH 
3neKTpHqecKoro KBaAPYITDnbHOro 
Q~ynH reKCaAeKanonbHoro Q d,[n 
MOMeHTOB H HX 3KCnepHMeHTanbHhle 
3HaqeHHH. 

PHc.7. UHHaMHqecKHH KBaApynonb
Hbui MOMeHT 3ap.HAa An.H pa3nHqHbiX 
COCTO.HHHH OCHOBHOH pOTaQHOHHOH 
ilOnOCbl HAep B CpaBHeHHH C 3KC
nepHMeHTanbHbiMH AaHHbiMH. ..... 
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KaK BHAHO H3 pHc.4, pacnpeAeneHHe sepoHTHOCTH AnH Ae~opMa~H~ 
(w I (t, t 4)) Cyll\eCTBeHHO H3MeHHeTcH co cnHHOM. CooTseTCTBYIOil\He 
H3MeHeHHH 3neKTpH4eCKOrO MOMeHTa Q2 noKa3aHhl Ha pHc.], rAe pac
C4HTaHHhle 3Ha4eHHH 3TO~ BenH4HHhl cpaBHHBaiOTCH C 3MnHpH 4ecKHMH 

leo, 211 B AaHHhlMH H3 • HAHO, 4TO HaWa MOAenb BOCnpOH3BOAHT HaKnOH 
KPHBhlX AnH Q 2(1) • HeaAHa6aTH4eCKH~ napaMeTp a, onpeAenHIOil\H~ 
HaKnOH, noKa3aH Ha PHC.8 B cpaBHeHHH C 3KCnepHMeHTanbHhlMH AaH-
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PHc.8. TiapaMeTp HeaAHa6aTHqHQCTH a An.H OCHOBHb~ nonoc. 
CnnomHa.H nHHH.H - pacqeT no MeTDAY, onHcaHHDMY B AaHHOH 
1"'\..,F:_rvnn • nTfT''T"\TT'V't"'\'D..,rT - ..,.,..,rtTTOf'T" TT~ /26/ • fT'f''\''CTVTJ' - <':'!o'tt"f"TTOT"\TJ'""A'OU.,..":ln~-

Hbie 3HaqeHH.H. 

HbiMH H3 /22-241 H c peaynbTaTaMH APYrHx Bbi4HcneHH~ /251. KaK BHAHO, 
HaWa MOAenb npaBHnbHO BOCnpOH3BOAHT H3MeHeHHH CO CnHHOM 
s pacnpeAeneHHH aapHAa. 

4. BbiBO,[Ibl 

HawH HccneAOBaHHH npHBOAHT K cneAYIOil\HM aaKnl04eHHHM: 
1. KsaHTOBOe OnHCaHHe KonneKTHBHhlX KOne6aHH~ H CBH3H KOne6a

HH~ C Bpall\eHHeM npHBOAHT K CYil\eCTBeHHhlM H3MeHeHHHM B TeopeTH-
4eCKHX o~eHKax cneKTpa H pacnpeAeneHHH aapHAa. 

2. ,[\nH BOCnpOH3BeAeHHH cneKTpa He06XOAHMO BBOAHTb peHOPMHpyiQ-
11\H~ ~aKTOp B onpeAeneHHe 3Ha4eHH~ MaCCOBhlX napaMeTpOB HAPa 
/ecnH nonb30BaTbCH MeTOAOM npHHYAHTenbHOrO ABH~eHHH/. 

3. BseAeHHe eAHHoro AnH scex HAeP H AnH scex Maccoswx napa
MeTpos ~aKTopa, peHOPMHPYIOillero TeHaop HHep~HH, noasonHeT soc
npoHasecTH cneKTPhl OCHOBHhlX nonoc HAep B o6naCTH.yMepeHHhlX 
cnHHOB H B(E2r~aKTopw AnH nepexoAOB BHYTPH ocHosHwx nonoc. 

0AHH H3 asTopos /3.n./ swpa~aeT npH3HaTenbHOCTb AHPeK~HH OH~H 
3a rOCTenpHHMCTBO H C03AaHHe XOpOWHX ycnOBH~ AnH pa60Thl. 
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