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38,ll8'1eli: KB8HTOBOJi: TeOpllH MHOI'HX Ten. B" TO me BpeMSI, IIpH paCCMOTpeHllll 

KOH~pe!HhiX _SIB,rreHHJi: IIIHpOKO ,~cm~nb3YIOTCSI IIpe.nrronomeHHSI 06 OIIpe.nenSIIO-

. mell: ponn Tex nnn HHhiX cTerreaell: cBo60.llhi cncTeMhi qacTnu •. 3necb oco6hrll: 
:-··:;<: • ·, .· :" ... _,'". - '" : .. -·· . ·-

rrpaKTH~ecKnli: n TeopeT.nqecKnli: HHTepec·rrpencTaBnSieT rnrroTeaa o KBaanqac-
••• ..,·• •• - ' 'f' : •• • . :-· ·' •• ", ' 

TH_'IHOM xapaK-r:epe HH3KHX . B036ym.nemill: CHCTeMhl C ,llOCT8TO'IHO 6onbll!HM 

. qncnoM cnnbHOBaanMoneli:cTBYJOIIIHx, qacTnu. XoTSI na o6mnx cflnanqecKnx co­

o6pameanll:, cTporo .roBopSI, n He cnenyeT cymecTBOBaane TaKoli: BeTBH crreKT-
- . . . . . ~ ' . ~- ; ' 

pa, KOTOpaR COOTB9,TCTBOBana 6b! ,llBH)KeHHIO KB83H'I8CTHUhl B cpe.nHeM none 

neBo3MyiiieH~~to OC'I:~T~a ( "B~KyyMa~), TeM He MeHee, KaK .rro~a~a~o. cpaB-. . . ·, . . . . . ~ . . . . . : ' ': ' . 
HeHHe C OIIh!TOM, ST8 I'HIIOTe3a OKaaanaCb BIIOnHe Y.llOBneTBOpHTenbHbiM IIpH-

6nnmenneM 'K peanba~cTn.· 06 sToM, B 'lacTm)cTn, -cBn.neTel.ibcTByeT ycrrex 

o6ono'le'IHOJi: MO,llenn, 06'bSICHHBIIIeii: Uelrhlfi pSI,ll Ha6nJO.ll8eMhiX 38KOHOMepHOC-
" • •• - •.·- -·· •• > • •• • • 

_, " .. T_ell: B. cBoli:cTBax. 6onbmpro ·t:);npna -SI.nep. Onaa~o. HeKoT.opbre sKcrrep~MeHTanb-

Hbie naltHhie cimneTenbCTBYIOT n o 'iipoTn.Bope'IHSIX c • npencKaaaanmin SToll: 

. MO,llenn. 0KOH'IaTenbHhlfi OTBeT Ha BOIIpOC 0 rpaHHU8X IIpHMeHHMOCTH IIOHSI-

3 

., 



'• 

. THii KB83H'i8CTHUbl H CBSI38HHOI'O C Heii cpellHero nonSI MOrna 6bl ll8Tb no-

cnenoBaTenbH8Sl MHKpOCKOnH'ieCKaSI TeOpHSio 

B HacTosrmeii pa6oTe o6cy:>KJlaeTcsr B03MOmHoCTb BBeneHHSI cpenaero 

nom1 JlnSI KB83H'i8CTHUbl B KOHe'iHOli CHCTeMe HyKnOHc;>Bo .llnsr 60nbmeii 

HarnsrllHOCTH cHa'iana (pa3nen 2) Hcnonb3yeTcsr MeTOil npoeKUHOHHhlX one­

paTopoB B npellCTaBneHHH BTOpH'iHOI'O KB8HTOB8HHSlo 3aTeM (pa31len 3) npH-
' 

MeHSieTCSI annapaT ~yHKUHii fpHH8 1 C noMOIIIbiD KQTOpOI'O nony'iaiDTCSI CTpo­

rHe COOTHOIIIeHHSI Me>K!!Y MSCCOBbiM onepaTOpOM H S~~eKTHBHbiM B38HMO­

JleiiCTBHeM KB83H'l8CTHUo QqeBHilH0 1 'iTO onpeneneHHe. KOHKpeTHOI'O BHil8 H 

BenH'iHH8 MSCCOBOI'O onepaTopa HenocpellCTBeHHO CBSI38Hbl C pemeHHeM npo-

6neMbl MHOI'HX Ten. JlocKOnbKY B TeOpHH Slllpa STa npo6neMa no H3BeCTHbiM 

npH'iHHSM eme naneKa OT CBoero pa3pemeHHSI1 B ll8HHOii pa6oTe llenaeT~Sl 

nonbiTK8 yCTSHOBHTb 06IIIHe CBSI3H C paanH'iHbiMH ~eHoMeHonOI'H'ieCKHMH 

nonxonaMH (pa3nen 4). 

2. M e T 0 ll n p 0 e K U H 0 H H bl X 0 n e p a T 0 p 0 B . 

MeTOil npoeKuHoHHbiX onepaTopoB npHM£HSieTCSI o6bi'iHO. B TeopHH srnep-

/1/ .. 
HbiX peaKuHii • B Hameii 3alla'ie o BbrneneHHH KB83H'iaCTH'iHbiX cTeneHeii 

CB.060ilbl STOT MeTOil, KSK Mbl ·yBHilHM HHme,· He SIBnsreTCSI CTpOI'HM1 TeM He 

Meaee c ero noMoriti.ro ynaeTcsr nony'iHTb llOBOnhHO aarnSIIlHbre npencTaBne­

HHSI 0 CTpyKType MSCCOBOI'O onepaTopa. 

lJTo6br Bbrpa3H'rb 'cpenaee noire' qepe3 noTeHuHan B3aHr-.:wneftcTBHsr 

CB060ilHhlX HYKnOHOB1 Yll06Hee BOCnOnb30B8TbCSI BTOpH'iHO-KB8HTOB8HHOii. 
. . . . . x/ . 

CXeMOli1 I'lle I'8MHnbTOHH8H CHCTeMbl HyKnOHOB HMeeT BHil 

H = J .dx if;(x} Tr.I/J (x} +i fdx dx'¢(x)I/J(x'}u(xx'}I/J(x:}I/J(x) 1 

( 2.1) 

x/ , . 
3necb Mbi orpaHH'iHnHcb· paccMoTpeHHeM xonbKO napHbiX cHn. Be3 oco6biX 

TpynaocTeft peaynbTaTbi MoryT 6biTb o6o6meHbi 11 aa cny'iaii 6onee cnom­

HbiX B38HMOileiiCTBHfto. 

4 

'' 



--

rae ~ ( x) 11 1./1 ( x) - onepaTopbi po)K,lleJi11SI 11 yR11"'TO)KeJi11SI ayKnoaa, noa-

"111RmonmecSI 113BeCTJibiM npaa11naM KOMMyTau11ir AnSI tjlepM11oaoa, .x - coao-

KynaocTb npocTpaacTBeRHbiX1 cn11aoBbiX 11 113ocn11ROBbiX KciopA11RaT ayKnoaa, 

·u ( x x ') - noTeau11an napaoro asa11MOAeitcTB~SI RyKnoaoa, T x - onepaTop 

K11ReT11"'eCKoit aaepr11111 a 11RTerpan no x .osaaqaeT 11RTerp11poBaH11e no 

npOCTpaRCTBeHHbiM 11 CyMM11pOBaH11e no Cn11HOBbiM 11 1130Cn11JiOBbiM nepeMeJi-

JibiMo 

.UnSI BbiAeneH11SI KBa311"'aCT11"1Jioro AB11)KeH11SI B C11c'TeMe .113 A + 1 ayK­

noaoB BBeaeM npoeKu11oRHbiit onepaTop: 

P =J dx rfr(x)><Y,(x) (2.2) 

rae I> - BeKTop ocaoaHoro cocTOSIH11SI C11cTeMbi 113 .A ayKnonoa 

( H I> = £ 0 I>) • nerKo B11AeTb1 "'To aeo6xoA11MbiM ycn~B11eM cymecTBoBaR11SI 

opToroaanbaoro P onepaTopa Q ... l-P SIBnSieTcSI paBeHCTBo · P 2 
= P 

.UnSI ero BbmonaeR11SI Mbi noTpe6yeM, "'T06bi 

" f dx 1./1 (x) > < f3 L 1./1 (x) ::> = 0 ( 2.3) 

rae I f3 > - mo6oe cocTOSIR11e c11cTeMbi ll3 npo11sBonbaoro "111cna ayKnoaoa, ,, 
a· L - mo6oft, ae saB11CSIIU11ft OT x onepaTop, cocTaBiieRHbiA 113 npo-

11 1./1 · o ·¥fs ( 2.3) 11 KOMMyTaU110HHbiX COOTHO!IleH11it AnSI 

1./1 11 1./1 cneayeT: 

P 2 = f dx dx' l.jJ (x)> < l.jJ (x) Y,(x') >< 1./1 (x ') 

= p ':"" f d X d X ' if; (X) > < iji (X ') l.jJ (X ) > < l.jJ (X ') = p 
(2.4) .. 

3aMeT11M1 "'TO aononH11TenbHOe ycnOB11e ( 2.3) HanaraeT BeCbMa cymecTBeH-

Hbie orpaH11"'eH11SI aa ocaoaaoe cocTOHH11e I > 1 a 3TO MO)Ker np11BeCT11 

K npoT11Bope"'11SIM (eM. H11)Ke). TonbKo B onpeaeneHHbiX np116n11)KeH11SIX, aa­

np11Mep, B o6ono"'e"'HOft MOJlen111 OHO J:\biiTOnHHeTCSI CTporo. 

Tip11H11MaS11 "'TO cooTHO!IleH11e ( 2.3) 11MeeT~ · ecn11 lie cTpor11:1t, To, no 

Kpa:ftaeft Mepe1 np116n11)KeHHbi:ft CMbiCn1 ypaBHeH11e llipeJl11Hrepa JlnSI C11CTeMbl 

113 A + 1 HYKnOHOB 
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H 'P>.. 
+ ,~. ·., 

E 'P .,L ,.'A 

t,·• 

( 2,5) 

C. llOMOmb:EO B38UMHO · OpTOI'OHanhHbiX onepaTOpOB p H Q. MO)KHO 38llHC8Tb 
' ' ' . .. . . . ' 

B BH/l9 /lBYX. sauenmi:EOmHXCH ypaBH9HHli: 

+ . ·;· ' . , ·, ' ' .! I (E: -Hpp)'I'AP .. ~"Po'~'Ao• (2.B) 

(EA. - Hoo) 'P'A.o= HOP 'P'A.P , (2,6') 

I'/l9 'P>.. p =PIP>.., ~ 0 = Q 'P >.. , Hp·p= PH PH T,/l, -113 ( 2.6') lj;>opManhHO cne/lyeT: 

~ 
'l' , = H 'P • ( 2 7) 

. 1\ Q ·.. · i ~ Q.P .:\P . ' 
E+ - H 

llo/lcTaBnHH aTo B~pa)KeH~QB (2.6) :BMecTo 'P, . ; nony•mM ypaBHeHHe 
. 1\Q 

llnH 'P .\ P : 

. + Ill 
(EA. - Hpp ) -r'A.P 

'' .. 

1 
= Hp o E+ -

h. Hoo 
~ P'PAP (2,8) 

YMHO)K8SI.8TO ypaB!;I9HHe cneBa Ha <tfr (x) 1 Y'IHTb!BaSI (2,3) H COOTHOUI9HHH 
' ' ' . . . '~ . ' ~ ' 

KOMMYTBUHli _llnH. if; H tfr : 1 a . T8K,)K9.~ BB!>!lH 0603H8'19HH9 

p '!). I d X tfr (X) > tfr>.. (X) tfr>.. (x) "'< tfr (x) 'PA > • (2,8) · 

6y!leM HM9Tb! ·' 

( E+ 
>.. 

I'/l9 

T-V (x))tfr,(x)=Jdx'<~(x)HQ ·l QH~(x')>tfr,(x'),~ 
X HF 1\ ' ~- H 1\. 

.\ oo 
(2.10) 

-£ -
0 

VHF ( x) - noTeHunan B npH6nH)K9HHH XapTpH-cl>oKa: 

VHF( X) tfr A (x) = fdx' VHF ~xx.') tfrA (~ ') = f dx '<~ (x ') u(xx')tfr(x ')> tfrA ( x) 

( 2.11)' 

- _ f dx' < tfr. (X.') u ( x x ') tfr ( x) ' > tfr >.. ( x ') 

6 
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.<l>y!IKUHH t/JA (X) HMeeT JlOCTaTO"i!IO HC!Iblfi cl>HSH"ieCKHfi CMbicn: BenH"iH!Ia 

I t/IA (x)) 
2 
dx nponopuHoaanbaa BeposrTaocTH aafiTH · B cocTosraHH t/JA o.ona 

ayKnoa B OKpeCT!IOCTH TO"iKH X 1 a OCTanb!lbie A ayKnO!IOB - B oc­

!IOBHOM cocTOH!IHH I>. B To me BpeMH Ha onpe.oeneansr (2.9) BHJlHo, 'iTO 

t/IA (x) onHChiBaeT cnomHoe o6paaoBaHHe (KBaaH"iaCTHuy), KoTopoe na-aa 

KOppenHTHBHb!X B3aHMOJlefiCTBHfi1 Boo6me I'OBOpH1 He npeJlCTaBnHeT co6ofi 

oT.oenbHoro HyKnoaa, aaxo.nsrmerocsr B none ocTanbHhiX "iacinu. Tonbtco B 

npocTel!:wel!: Mo.oenn o6ono"ieK 1 Kor.oa nonaraeTcsr, 'iTO Bee HyKnoHbi JlBH­

myTcH B H9KOTOpOM noTeHUH£tne 6ea KaKHX-nH6o KOppenHTHBHbiX BSaHMO­

.Oel!:CTBHl!: Mem.oy C06ofi1 t/J A (X ) npOCTO paBH~ BOnHOBOfi cl>YHKUHH HyKnOHa Ha 

aeaanonaeaaoM ypoBae A • O.oaaKo TaKoe npn6nnmeane 6y.oeT onpaB.oaa­

llbiM ·TonbKO npH cna6oli: aaBHCHMOCTH npaBofi "iaCTH (2.10) oT E: 
B o6meM cny"iae Ha ( 2.10) cne.oyeT, 'iTo scl>cl>eKTHBHhiM ( o6o6meHHhiM) 

xl 
nOT9HUHanoM ycnOBHO MOmHO HaaBaTh BenH"iHHY 

M+ (xx' c .. VHF(xx' )+ < ifi(x) HQ 
1 

. QHifi(x') >, 
£-(HQQ-f,9)+1a (2.12) 

(f = E - £
0
). 

Tor.oa ypaBaeaHe JlBHmeHHH KBaSH"iaCTHUhi ( 2.10) npHMeT BHJl 

(3.oecb H HHme OTC"i~T 'aaepi'HH CHCT9Mbl H3 A + 1 HyKnOHOB Mbl B9JleM 

OT aHeprHH OCHOBHOI'O COCTOHHHH A HyKnOHOB). Onpe.oenGHHhifi TaKHM 

cnoco6oM onepaTop M+ no cBoeMy cl>naH"iecKoMy CMbicny aKBHBaneaTeH 

MaCCOBOMY onepaTopy • 'f90pHH nonsr, a t/JA (x) - cl>YHKUHHM1 B03HHKaiOWHM B 
' /2 3/ 

cneKTpanbHOM paanomeHHH OJlHO"iaCTH"iHOfi cl>YHKUHH fpHHa '. • . 

x/ . . 
Manasr MHHMaH .oo6aBKa ia (a-+ 0 ) B aHaMeHaTene BToporo "ineHa cnpa-
Ba B ( 2:12) BB~JlHTCH _.onsr Y"i~Ta rpaHH"iHhiX ycnoBHli: B aenpepbiBHOM · 
cneKTpe. 

7 
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s"aBHCHMOCTb M+ ~; 'aHe~rHH o6ycno8n~Ha ~3anMoaellCTB~~~ KBa3H~ 
f.') ' • , . :' '• . 

traCTHUbl CO BCeMH OCTanbHbiMH CTeneHSIMH CB060Abi1 KOTOpbie BbiAenSieT 
. ' ' ' /2/ 

onepaTop Q • TaK, B cnytrae, Koraa npn6:m:>K~Hne. XapTpH-<PoK~ oKa-

3biBaeTcSI rnaBHhiM, onepaTop Q 6y.neT 'coaep)!{aTb Tpex- (aae tracTHithi + 

+ O,l:l~a AblpKa) 1 ITSITH- H ToAo "KBa3H'I~~Tll'l:Hbie COCTOSiliHSI B ITOTe~UHane 
. ' . ' ' ' . ~ ,,, ' ;:' . . . ~. " ··- ~ 

VHF. a BTopoll trneH cnpaBa B (2.12) 6yaeT aaBaTb nonpaBKY K VHF. B 

o6o6meHHoll Moaenn Q BhiAenHeT KoppenSITHBHbie cTeneHH cao6oAhi1 a M 
+ 

co,nep:>KHT trneHbl B3aHMb,nellCTBHSI KBa3Htr.aCTHUbl C Kone6aTenbHbl~H HnH 

BpamaTenbHbiMH COCTOSIHHSIMH SI,npa • . .' __ .., 

OtreBHAHO, qTo nocne,noBaTenbaoe MHKpocKonntrecKoe BbitrHcneHHe M 
.: . ,· ·. . : .. ; ·. ·, .. + 

C HCITOnb30BaHHeM ITOTeHUHana B3aHMOAe,fiCTBHSI napbi CB060AHbiX HyKnOHOB 

SIBnSieTcrr daaa~ell He MeHee cno:>KHoll, .treM Henocpe,ncTBeHHoe pemeHHe 

ypaaueHHSI lllpeanHrepa anSI A HyKnoaoa. Oco6aSI cno:>KHOCTb aToll aaaa­
+ 

trH CBSI3aHa He TOnbKO C MHoroTenbHOCTbiO H OTqyTCTBHeM ManbiX" napaMeT­

poB1 HO II C HeAOCTaTO'IHOll onpelleneHHOCTbiO B .SHaHHH B3aHMO,ne:iJ:CTBHSI 

cao6oaHhiX HyKnoaoa. Ecnn, TeM He MeHee, ITbiTaTbCSI paccMaTpHBaTb M+ 

c KaKIIM-nn6o sapnaHTOM ycTaHoaneHHoro no pacceSIHHIO cao6oAHhlX HyKno-. . ' . 

HOB napHoro noTenunana u 1 TO Cpaay :>Ke CTaHeT SICH0 1 'ITO VHF He 

,naeT, OCHOBHOrO B.Kna,na B l\1 +' . ,· ITOCKOnbKY o6mne CBO:iJ:CTBa U .. 1 KaK 

H3BeCTH01 He y,noaneTBOpSIIOT ycnoBHSIM npHM~HHMOCTH MeToaa XapTpH-<Po-

Ka. B tracTHOCTII, Hanntrne OTTanKHBaTenbHOll cepaueBHHbi a· u · npnaeaeT 

K TOMy; 'ITO BKlr8A BTOporo trneHa cnpaBa B (2.12) 6y,neT cpaBHHM C VHF • 

3aMeTHM, trTo cncTeMa ~yHKuHll ~A (~ He SIBnSiercSI nonHo:it H opTo­

HopMnpoaaHHoll, KaK B' cnyqae 06bi'IHOrO ITOTeHuHana. nellCTBHTenbH01 H3 

opToHopMHpoBaHHOCTll ~yHKUHll ~X nonytraeM:' 

+ 
0AA,=<'l'A 'l'A,> =<'l'AP'l'A,>+<'l'A Q 'l'A> =Jdx~A (x) ~A~(x) +· 

( 2.14) 
+ 

1 fdxdx'¢+(x) (M (xx'e-1) -M (xx'e+))~ (x') 
A + A + A' A' e+ -e+ 

A' A 
nerKO Bl!,l:leTb, 'ITO npHAf, A, npaBaSI traCTb ( 2.14) TpHBHanbHO paBHa ·Hynro, 

a npH A = A ' HMeeM: 
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t/J A (X ') 

(2,15) 

.llnsr Bhistcnennsr HeKoTophiX o6mnx cBoiiCTB . M+ npeJlnonomnM, 'ITO onepa­

TOP H 0 0 IIMe~T nonnyro opTonopMHponannyro cncTeMy co6cTBeHHhiX tiJynK- : 

UIIM X II 

= e+ X • p X 
II II II 

=0 ( 2,16) ( H -c ) X 
QQ 0 II 

Tor)la MaccoBhiM onepaTop ( 2,12) Momno aanncaTh. cneJlyJO!IliiM o6pa.3oM: 

• 
M (XX, E 

+ 
= V (xx ') + k 

· HF v 

+ A (x) A (x ') . . . 
II II , A (x) =<tjJ(x)Hx >.( 2,17) 

c- e+ + ia 
II . V . 

v 
0TCJOJla cneJlyeT, 'ITO aeno:KanhHhift onepaTop M+ (c) nMeeT nonroca npn Tex 

.3H8'19HIISIX E t KOTOpb!9 OTB9'18!0T H90JlHOKB83li'I8CTII'IHhiM COCTOSIHIISIM 

cncTeMhi c raMnnhTonnanoM H 0 0 • ITpn aToM, ecnn KaKoe-nn6o JlHCKpeT- '' 

HOe C06CTB9HH09 3H8'19HIIe E:: · O:OBITaJlaeT C OJlHOM H3 Benii'IIIH e t 1 · 
To M + ( c X o6pamaeTcsr B 6ecKoHe'InocTh, a t/Jt.. (x) - B. ny.rih na-sa 

ljlnan'!ecKoro Tpe6onannsr orpaHII'IeHHOCTH I t/JA. ( x) 12 < 1 • Ho paneHCTBo 

t/J'A. ( x) = 0 oaHa'!aeT, 'ITO cooTBeTc:rnyromee cocTosrnne t/J A. 

c x 
11 

II srnnsreTcsr cymecTBenno neoJJHOKBaan'!aCTII'IHhiM, 

COBlla)laeT 

ITocKo~hKY BTopoii 'In en cnpaBa B ( 2.17) nenhasr C'IIITaTh ManhiM, 

npeJlcTaBIIM M+ B BIIJJe· 

M (xx'c) =W (xx' 
+ + 

+8 M+ (xx'E), W (xx')=M (xx'l/),(2,18) + . 

8 M (xx 'E) = k A ( x) A+ (x') ( - 1
!:---

+· • v 11 11 c-e++ia 
v 

9 

1 

p.+- e+ 

"' 
(2,19) 
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r.ne 
+ + A p. = E 0 (A+l)- £

0 
( >-aHeprn!'t oT.neneHMSI 

ITpu sHa'lJeHMSIX E , 6nnsKnx K P. 
+ 

(A+ 1) -ro HyKnoaa. 

, ecnn B6nnsn 
+ p. OT-

CyTCTByeT KaKOfi-nM60 H90.rlHOKBa3M'lJaCTM'lJHbii1: ypOB9Hb V C 9Heprnei1: e+ 1 . v 

B91IM'IH~a 8 M+ (£) 1 KaK STO cne,nyeT M3 (2.19) 1 6y,neT Mana M W+ (xx') 

npH61JM)K9HHO MO)KHO C'lJMTaTb noTeHUMa1IOM .il1ISI KBa3M'lJaCTMUbl Y noBepXHOC~ 

TM Q>epMM. Ecnn B 8 M,+ HMeiOTCSI nonJOCa npn .£ "' p. + 1 TO noHSITMe 

Cp9.rlH9I'O nonSI .rl1ISI HM3KMX B036y)K.rl9HMi1: MO)K9T noTepl1 Tb CMbiC1l M3-3a 

• x/ 
pesKnx nsMeHeHnn M+ npn nepexo.ne oT ypoBHSI K ypoBHIO 

ITony'IeHHbie Bhrme Bbipa)KeHMSI anSI M+ cnpaBe.nnnBbi n B. o6nacTn He­

npepbiBHoro crieKTpa. · l1MeHHO anSI y_q:~Ta rpaHM'IHhiX ycnoBni1: · sana 'In pacceSI-

HllSI M 6btn& BB9ll9Ha MHMMaSI ,no6aBKa i a B sHaMeHaTenb BToporo 'IneHa 

cnpaBa B ( 2.1 2) ( B .rlMCKpeTHOM cneKTpe ee MO)KHO onycTMTb) • ~T06bi He 

nOBTOpSITb 3Jl9Cb M3B9CTHbiX BbiK1la)lOK .,n.1ISI onpe,neneHMSI . pa31IM'IHbiX B91IM­

'IMH1 xapaKTepM3YIOUIHX npouecc pacceSIHMSI1 Mbl COUI119MCSI H8 pa6oTy f. IPeUI-

/1/ 
6axa , r.ne 6bmo nony'IeHo Bbrpa)l<eane ,nnSI o6o6meHHoro onTn'IecKoro no-

TeHunana, aHanorn'IHoe (2.12). OTnM'IMe Hamero MeTo.na saKnJO'IaeTCl1 B cne­

llYJOUieM: 1) H8Mll MCn0.1lb3yeTCSI IIp9JlCTaB.119HMe BTOpH'IHOI'O KBaHTOBaHHSI II 

TeM caMhiM TO'IHO y'IMTbiBaeTcSI npHHunn ITaynn; 2) pasneneHHe Ha "oTKpbi­

Tbre" U "saKpblli'bie" K8H81lbl npOBO.rlMTCSI He no 8CMMnTOTM'lJ9CKOMy noBe,ne­

HMIO <j>yHKUMi1: KaH81IOB 1 a no p831Ill'IHbiM CTeneHSIM CB060llbl SI,npaj 3) B .rl8H-

• 6 Ill 6 u HOM pa OTe B OT1IM'IH9 OT · He BBO.rlllTCSI OCO OI'O B38HMOlleMCTBHSI 

HYK1IOHa C SI,npoM: OHO II01ly'lJaeTCSI Ha OCHOBe e,nMHOI'O ll1ISI BC9X HYK1IOHOB 

raMnnbToHnaHa H • PaccMoTpMM Tenepb cncTeMy ns A-I HyKnoHOB n BBeneM 

rrpoeKunoHHhlii onepaTop 

x/ . 
fio,no6HaSI CMTyaUHSI B03HHK89T1 HanpnMep1 B CBepxnpOBOllHMOCTH1 KOI'.rl8 

CBSI38HHOMY COCTOSIHHIO rrapbl 'lJaCTHU OTB9'lJ89T II01IIOC B M8CCOBOM one­

paTope. ITpaB.na, B aToM cny'Iae y.naeTcSI coxpaHMTb noHSITne cpenHero 

Il01ISI1 npHM9HMB M3BeCTHbi9 .npeo6pasoBaHHSI KB83H'lJaCTH'IHOI'O 6asnca. 
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p f dx 1/J (x ) > < 1/J ( x ) ( 2.20) 

BhiAenmo!lliill AhiPO'Ulhie COCTOSII!IISI II YAOBneTBOpSI!O!lliill ycnoB!H0 1 aHanOI'lPI-

HOMY ( 2.3): 

,, -
f dx 1/J ( x) > < (3 L 1/1 ( x) > = 0 . ( 2.21) 

ITpii aToM ycnoBIIII P 2 
p II C IIOMOlUh!O B381IMHO opTOI'OH8nhHhiX onepa-

TOpOB p II q = 1 - p MO)KHO COBepme!IHO T8K }Ke 1 K8K 8TO Aenanocb 

Bhillle .AnSI KB831I'I8CTIIU 1 pas61ITh ypaBI'reHIIe illpeAIIHrepa AnSI A -1 HyKno-

HOB 

(2.22) 

Ha CIICTeMy ABYX ypaBHeHUH AnSI rPAp 1 a saTeM nony'IIITh AnSI 

., . 

1 H ( 2.23) 
H 

qp 

q q· 
<f/j (X) 1 y'IHTb!B8SI ( 2.21) ~ COOTHO!lle-

HIISI KOMMyTaUHH AnSI onepaTOpOB 1/1 1 rronyqnM: 

( E T +V (x))¢~(x)=Jdx'<i(x)Hq 1 qHI/J(x')>c,b,+(x'), A -£q ·+ X HF- 1\ E""-H 1\ 

A qq (2.24) 
+ -

rAe c,b X (x) =<1/J(x)¢ A>. TaKnM o6pasoM 1 ponh BonHoBoil cpyHKunn .tihipo'IHoro 

COCTOSIHHSI Bb!IIOnHSieT MaTpll"iHhiH aneMeHT 

¢x'(x)· = < .¢AI/I (x) > ( 2.25) 

KOTOpb!H rrponopUHOHaneH 8MIInHTyAe BepoSITHOCTH H8HTH B OCHOBHOM CDC-

TOSIHUH I> OAHH HyKnOH B OKpeCTHOCTH TO'IKH 
.X a A.:... 1 HyKno-

.. 

11 



HOB - B COCTOSIHllll .cpA o J13 ( 2,24). cneJlyeT1 'ITO MaCCOBblfi onepaTop Jlblp-

Kll paBeH: 

' 1 
M (xx't:)=V (xx')+<Y,(x') Hq -qHY,(x) > , 

- HF c-(£
0 

-Hqq }+ia ' 
( 2.26) 

a ypa,BHeHne JlnSI ¢A ( x) npnHnMaeT Bllll 

(t:x- Tx ) ¢A (x) =Jdx'¢A (x') M_(xx~ £~) • ( 2.27) 

B 3HaMeHaTenb wroporo "'neHa crrpaBa B ( 2.26) ManaSI MHnMaSI Jl06aBKa 

ia (a > 0 ) BBOJlliTCSI · JlnSI y"'~Ta B03MomHocTn pacnaila cncTeMbi npn 6onb-

nmx Boa6ymJleHnstx. 

nonarast cHoBa 1 'ITO onepaTop H q q nMeeT nonayro opToHopMnpoBaH-

Hyto CliCTeMy co6CTB9HHblX lj>yHKUllfi h 11 1 He COJlepmalliliX JlblpO"'HblX COC-

TOSIHllfi 

+ . 
(t: - H ) h =e h , ~ h h = 1 , ph = 0 

0 qq IJ IJ IJ IJ IJ IJ ' IJ 
( 2.28) 

nony"'nM JlnSI M_ : 

M (XX 'E) = v (XX') + ~ 
HF II 

'ni?eJlCTaBnSISI M_ B BHJl9 

+ By(x)Bv(x} 

£ - e- + ia 
11 

, B (X}"" <hv H if! (x) > • 
II ( 2,29) 

M_(xx't:)=W_(xx')+oM_(xx'£); W_(xx') eM_(xx'IL) ;IL =c0 (A) -E0 (A-J~, 

(2.30) 

+ ' 
, "" + , 1 1 - "" Bv(x') Bv ( x) 

oM (xxt)""~ B (x)B(x}(----)=(IL-d~ 
11 11 11 c-e-+k IL--e- 11 (t:-e-+ia)(IL--e-) 

II II II II 

(2,31) 
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MO:>KeM 38KJI!O'IHTh, ·'ITO, ecn:u np:u f ,. fl.- B aM_ neT rromocoB, TO 

orrepaTop W_ ( xx .') rrp:uon:u:>Kenno paBeH cpenneMy rronro nmi nhipKn c anep-

r:ueil: £ ' OJIH3KOH K fl. 

YciioBHe HopMHpOBKH ¢YHKuni1: ¢A (x) HMeeT TOT :>Ke Bun, 'ITO n ( 2.15) 

+ - , aM_(xx'E) 
I dx ¢A (x) ¢j., (x) = 1. +I dxdx ¢A (x)(. a E ) ¢: (x_') •. (2.32) 

E = fA 

B GaKmo'len:ue aToro paGnena cnenyeT rronqepKHYTh, ·'ITo, HecMoTpSI Ha Ha-

rnSinHOCTh ITOJiy'leHHbiX Bb!ll19 pe3yJihT8TOB1 MeTon rrpoeKUliOHHbiX orrepaTo­

pOB aeJih3SI C'lliTaTh cTporo o6ocHoBaHHhlM. OnHa ll3 rrpnHunrrnanhHbiX Tpyn­

'HocTeii GneCh'" B03HHKaeT. 11pH orrpeneneHHll OCHOBHOrO COCTOSIHliSI B38liMonei1:­

CTBYIOillHX '18CTliUo lleiJ:CTBIIT9Jih!I0 1 ll3 TO:>KneCTB9HHb!X COOTHOil19Hllll 

I dx < tjJ (x) H tjJ (x) > 

. -
c

0 
I dx·-s tjJ (x) tjJ (x) > + Idx <tjJ(x) [H, tjJ (x)] > 

( 2.33) 

.A c
0

- J dx < tjJ (x) (Tx + Jdx' tjJ (x') u (xx') tjJ(x')) tjJ(x) > 

·nerKO ITOJIY'IIITh nJISI Eo 

( 2.34) 

= :S f dx ¢+ (x") T ¢ ( x) + _!_ :S fdxdx' ¢ (x)M (xx 'f-)¢+ (x ') 
A. A X A. 2 A. A - A A 

13 
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C npyroil: cTopoHhi, noncTasnsrsr c10na Bhipa)!{eane nnsr · M ll3 ( 2.26) 1 

nposonsr cyMMnposamie ~o 'A. n y-quTbiBasr 1 'ITO q 1/1 ( x) > = 0 1 cpaay )!{e 

nony-qaeM: 

(0 

1 -
fdx < 1/J(x) Tx 1/J(x) > + 2 Jdx dx' < 1/J(x) VH~xx') 1/J (x '). ( 2.35) 

Ho sTo npoTnsope'lnT -ypasaean10 HI > = € 0 \ >. 
Ecnn )!{e npoeKUIIOliHbie onepaTOpbl nocTpOIITh Ha OCHOBHOM COCTOS!Hllll 

npnonn)!{eHnH XapTpn-ctJo'Ka, To · npn BhiBone Bhipa)!{eHnsr, nnsr Maccosoro 

onepaTopa cnenyeT Bhii:leniiTh 1'nnnmiie" -qneHhi Tm3cBH3Hhie nn~rpaMMhi) 1 

B03HIIKaiOIUUe onaronapsr KoppemiTUBHhiM B3aiiMO)leil:CTBIISIM B peanhHOM OC­

HOBHOM COCTOSIHIIII. 3TO OOCTOSITenhCTBO cymeCTBeHHO' OCnO)!{HSieT 38)l8'1Y• 

3aMeTnM
1 

'ITO sseneaiie c caMoro aa-qana sMeCTO (2.1) raMnnhTOHnaaa 1 

conep)l(amero HeKoTopoe cpenHee none V II 
1
'0cTaTO'IHoe" saaiiMoneil:cT-

sne f 
1 

He MO)!{eT ncnpaBIITh nono)!{eHIIH, He ronopsr y)!{e o aenaoe)!{HOM 

npOII3Bone ~ BhlOOpe v n f npii TaKoM nonxone. TaKnM o5paaoM 1 

H3 nony'leHHhiX Bbiiiie peaynhTaTOB MO)!{HO II3Bne'lh Bb!BO)lbl TOnhKO OOIIIero, 

Ka'leCTB9HHOrO xapaKTepa. qTOOhl nony'IIITh oonee CTpOriie COOTHOIIIeHIISI; B 

cneny10IUeM paa.oene Mhi oopaTuMcsr K nonesbiM MeTo.oaM Teopnn MHornx Ten. 

3. M a c c o B hi il: o n e p a T o p n a 4> 4> e K T II B H o e B a a n M o n e il: c T B n e 

KB83IIiJ:aCTIIU 

l1asecTHO, 'ITO B nonesoil: Teopnii MHornx Ten MO)KHO aanncaTh Bhipa­

)!{eHne nnsr Maccosoro onepaTopa M -qepea noTeHuiian saanMo.oeil:cTBllH 
. /2 3/ 

· csooo.OHhiX -qacTIIU · u n .osyx-qacTn'IHYIO £i>yHKUIIIO fpnHa ' • OnaaKo .onsr 

aHanH38 OOIIIHX CBOil:CTB M STO Bb!p8)!{9Hlle B OTCYTCTBI!e. ManhiX napaMeT­

pOB no cymecTBY OK83biBaeTCSI 5ecnone3Hb!Mo llnsr CllCTeMbl HyKnOHOBI KpO­

Me TOrO, I!MeeTCSI II )lononHnTenbH8SI TpynHOCTh B BhiOOpe nOT9HUllana U 

aana'IB onpeneneHnsr KOToporo na onhiTHhiX naHHhiX ewe naneKa oT csoero 

aaseprneHnsr. 
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ITo<.>TOMY obinO 6Lr IIHTepecuo ycTaHomrTh cooTuomeu11e Mell<JlY Mac­

coBbiM orrepaTOpOM II scpqleKTHBHbiM JJ3811MOAeiicTBileM KB83II'I8CTIIU 1 He I!C-

nonh3YH np11 .aToM KaKoro-n116o pa3no~eHnH1 ocuoBanuoro na npeAnono~e-

HIIHX 0 KOHKpeTHOM BIIAe II BenH'IIIHe IIOTBHUIIana U , 4TOObl ycTaiJOBIITh 

TaKyiD CBHjb 1 paCCMOTpiiM ABYX'I8CTH'IHYID cpyHKUIIID fpnHa: 
/213/ 

-
G II ( 1234) < T ( r./1 (1) c/1(2) ~'l(3) t/1(4)) > ( 3.1) 

rAe UHcppaMH 0003H8'IaeTCH COBOKYIIHOCTb KOOpAI!H8T X. II BpeMeHH 

( 1 = ( x 1 , t 1 )) 1 orrepaTopLr c/1 6epyTcH B rar13en5erroBcKoM npen-

tHt ) -iHt 1 CTaBneHIIII. ( c/1(1) = e 1 c/l(x
1 

e 

ITpupaBHIIBaH B ( 3,1) ( x 2 , t 2 ) II ( x 4 , t 4 ) 1 pacmrcLrBaH T -rrpo­

li3Beneu•1e II ytrHTbiB8H 1 'ITO orrepaTop rronuoro trHcna tracTIIU N' = Jdx
1 

~,(1)t/l(l) 

. ·He 38BIICIIT OT BpeMeHl!1 IIOny'IIIM: 

rne G (13) =-i<T(c/1(1) ij, (3)) > 
I . 

OllHO'I8CTH'IH8H cpyHKUHH fpHHa 1 

r > 0 
e ( r ) 

r < 0 

ITepexonH, B ( 3,2) K ¢yphe-rrpencTaBneHI!ID no 1 ytrHTLrBaHI 

'ITO G 1 (L 3) 38BI!CilT oT pa3HOCTH t 1 t 3 . 1 oyAeM I!MeTb: 

00 00 

J dt
1 

J dt
3 

Jdx
2 

G 11 (l,2,3,2+) e
1

<r
1
r-

1
<3

1
3= 

,-oo -oo 

(3,3) 

= 2rri Ao ( < - < ) 
I 3 

G ( x x c ) + ( G ( x x -<) - G ( x x c )) 
I I 3 I I I 31 I 131 c - c 

I 3 
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Bocrronh3 yeMCH Terre ph ypaBHeuneM EeTe-ConrrnTepa JlnH JlByxqacTnqHoii. 
. /3/ . ' . 

¢yHKUIIII fpnHa B KaHane qaCTIIUa-JlbtpKa : 

L(l234)=G (l4)G (23)-ifdl: •. d4' G (ll')u(l.'2'3'4')G (3'3)L(4'22'4) . j 
I . I • I I . · · .' '•J , 

L (1234) = G I (13) G I (24)- Gil (1234). (3.4) 

3¢¢eKTIIBH09 B3allMOJlei1cTBII9 U orrpeJlenHeTCH 3Jl9Ch KaK coBoKyrraocTh 

H9IIpiiBOIUIMbiX CBH3aHHhiX JliiarpaMM, Hll OJlHY II3 KOTOpbiX H9nh3H IIp9JlCTa­

BIITh B BIIJl9 JlBYX qacTeli, C09JlllH9HHhiX JlPYI' C JlpyroM niiHIIHMII paciipOCT-:-
/3/ . . 

paHeHIIH qaCTIIUhl II JlblpKII 

3aiiiiCbiBaH )lane e. ¢yphe-IIp9JlCTaBn9HII9 IIO Bp9M9HaM B ( 3.4) 0 IIOJl.:. 

CTaBJtHH 3aTeM ( 3.3) B ( 3.4) II BCIIOMIIHaH 0 qTQ .. 

u (1234) = 

= J dc1 dc2 dc3 d€4 

(2rr) 3 

. -l(fltl +€2t2-£gtg:;-:E4t4) 

o(E +E -E -€ )u(x X X X , E E ,E -€ )e 
12 3412341213 

rronyqiiM: 

G
1
(xx 'd-G

1
(xx'c -w )=-wfdx 1G1(xx1dGI(x

1
x 'E-:~w )+ 

+ J 
2
d;; Jdx

1 
••• dx

4 
G

1
(xx1dG

1 
(x3x 'E-w)u (x 1x2x3x4 ,E,E ',w) x 

x ( G
1 

( x
4 

x 
2
E '+ w)- G 1 ( x4 x 

2
E')) • 

0TCIDJla II II3 ypaBH9HIIH JlnH OJlHQqaCTIIqHQH ¢yHKUIIII fpiiHa 

(c-T )G
1 

(xx'c )- fdx 1M(xx dG (x x 'c )=o(x-x') 
X 1 I I 

cneJlyeT pa3HOCTH09 COOTHOIII9liii9 JlnH MaCCOBOI'O onepaTopa 

M(xx 'd-M(~~ 'E-w) =f~fdx dx u(xx x'x H'w)x 
2 

. I 2 1 2 
IT 1. 

x (G
1 

(x
2

x
1 

E '+w )- G
1 

(x2 x 1 E ')), 
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( 3.5) 

( 3.6) 

( 3. 7) 

l .,) 

l 
1\. 

J 
l 

I 
I 
'( 

l ., 
4 r 
+ f 

'~ 
i· 
( 

). 
J 
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L 

KOTOpoe M9*HO.paCCM8TpHB8Th KaK cnomHOe HenHHeilHoe ypaBHeHHe anH 

pa3HOCTH M(E )_M (E...:w ) • 

8TO COOTHOlileHHe MOlliHO 38IIHC8Th H B npyro·fi· <jlopMe 1 ecnH BBeCTH 

BeplilHHHYJO '!8CTh J (i23) 1 

G n HnH <jlyHKUHJO L 

KOTOpaH , KaK H3BeCTHO tBbipamaeTCH qepe3 

(eM, (3.4)) cnenyroiUHM o5pa3oM12~ 31 : 

L(l232+) =Jdl'd2 'G (ll')J(21'2')G (2'3). 
I I · (3.8) 

Terre ph yme aaanorH'IHO ToMy 1 KaK aTo 5bmo cnenaao rrpH Bb!Boile ( 3. 7) H3 

( 3.4) 1 nerKo rrony'IHTh: 

L (M (xx 'E)- M(xx 'E -w ))=8 (x-x ')- Jdy J (y x~ 'cuE), 
_(<) 

rne <jlyphe-rrpencTaBneHHe ITO BpeMeHH OT BepiUHHHOll '!8CTH J 

cH rro <jlopMyne 

dw d Ed E' 
J(l23)= J--

(217) 2 

IW t -lEt +IE' t
3 o (E-E '-w )J(x x x wde 1 2 

1 2 3 

(3.9) 

orrpenenHeT-

f1pH .we> 0 H3 (3~9) cnenyeT onao H3 H3BeCTHbiX nH<jlcjlepeHuHanhHbiX 'l'Om­
/2 3/ 

necTB Yopna ' : 

aM(xx'E) 
~-- = 0 (X -X ')- f dy j ( y X X '0 E ) , a( 

HnH npyraH ero ¢opMa 1 KoTopaH rronyqaeTCH H3 (3,7):. 

a M (XX , L ) d ( , a G < · , ) 
< J J d ( . 0) . I X2 X 1 ( = --.- dx 1.x 2u xx 1x'x 2 u' 

a( 2171 . a(' · 

( 3,10) 

H3 (3, 7) HnH ( 3,11) nerKo BHneThi' 'ITO BcnencTBHe o5pauieHHH B 

·aynb npenena G ( E ) rrpH E ... "" rrpen·nonO)KeHHe o ae3aBHCHMOCTH u (u 'w) 
I 

OT E' IIpHBOllHT. K He 3aBHCHIUeMy OT 9HeprHH MaCCOBOMy orrep9TOpy 1 T,e, 

K. MonenH o5onoqeK c aenoKanhHbiM rroTeHuHanoM, 0Tcrona .H H3 (3,9) MO)K-

17 
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HO 3aKll!O'IIITb 0 'ITO B MO.Ueliii OOOliO'IeK, KaK ll B cnyqae CB050.UHbiX qac-

TIIU, BepmiiHHaH.'IaCTh .uon*Ha y.uoBneTBopHTh ycnoBIIJO 

fdyJ(yxx'fw )=8 (x-x '). 
( 3.12) 

QqeBII.UH0 0 'ITO 'MIIKpOCKOllii'IeCKOe" orrpe.ueneHIIe tPYHKUIIOI!allbl!Oll saBIICIIMOC­

TII U OT KOOp.UIIHaT II. ::meprHII - sa.uaqa rrpaKTII'IeCKII HeBbiilOliHIIMa~. lJTo­

Obl rrpoJ3ecTII KaqecTBeHHbiH aHaniis ooruiix cBoilcTB MaccoBoro orrepaTopa, 

~eOOXO.UIIMO c.uenaTb KaKIIe~TO rrpe.UITOliO*eH!IH Q.CTpyKType U 

Mbi rrpe.urrono*IIM, 'ITO pesy,1hTaTbi rrpe.ubl.llYlliero pas.uena ~ OTHo···~eHIIII 

9HepreTII'IeCKOll 3aBIICIIMOCTII COXpaHHIOTCH II ITp!I TO'IHOM paCCMOTpeHIIII. 

I1CXO.UH II3 9TOrO .UOITyllieHIIH, Mbl .UOll*llbl Ha OCHOBe ( 2.18) ITpliHHTh .llliH 

MaCCOBOrO orrepaTop~ KBa3II'IaCTIIU ITp!I €=~+ II w< 0 

· · ·+ . .. . A . (x) A+ ( x ') 
M (xx'~ -WJ=M (xx '/)-w I v . ...!v~-·----

+ + v ( ~ +- w- e + + i a)( ~+ - e + ) 
v v 

( 3.13) 

a II3 ( 2.30) .UliH ".UbipO'IHoro" orrepa'ropa M- rrpii f= ~-: II W > 0 

·+ . B ( x) B (x ') 
M (xx'~--ill)=M (xx'~-):.:. .. w I v v 

- - . v . -
(~--w-e +ia)(~--e-) 

.. v v 

( 3.14) 

B 9TIIX .UBYX <jJopMynaX BCe Bellli'llil!bl · IIMeJO.T TOT *e ciJ"31I'IeCKIIll CMb!Cll 0 

'ITO II B pas.uene 2. I1o9TOMY ITp!IBe.ueHHbie TaM paCCY*.UeHIIH 0 CBOHCTBaX 

M ± OCTa!OTCH B Cline II B ITp!IMeHeHIIII K HOBb!M Bb!pa*eHIIHM ( 3.13) II 

( 3.14) • Cne.uyeT, O.UHaK0 0 !IMeTb ~ BII.UY, 'ITO Terre ph Beliii'IIIHbl B ( 3.13) II 

( 3.14) Y*e IIe co psp)l{aT raMIIllhTOHIIaHa II TaKIIM rrpHMbiM oopasoM, KaK, 

HaiTpiiMep0 B tPOpMyllaX ( 2.17) II ( 2.29), II rrpe.UCTaBliHIOT COOOll CliO*Hbie,, 

rrepeHopM!ipOB8l!Hhle tPYHKUIIOHallhl OT U 

3aMeTIIM 1 'ITO MaCCOBblll orrepaTOp BIIJl8 ( 3.13) II ( 3.14) MO*I!O ITO­

. liY:'IliTh II3 ( 3. 7), rrpenrronaraH JJliH u .cneJJyJOlliYJO ljlopMy: 
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>C-

o-

:IIH 

K, 

H n + ( X X ) R ~+ ( X X ) 
u(x· ... x , H 'w) =U (x ••• x w) +! ·---=-'---~1_-=:.2_...;-=-~3:...._.:!.4 __ 

. I 4 I± l 4 n + 
l+l'-1;-+ia 

n 

( 3,15) 

rJle n 2 t. He 38BHCHT OT l 

CHCT9Mhi c A+2 HYKJ10H8MH • 

II € t 3H8'IOK n HyMepyeT COCTOHHHH 

+ 
/; n- - aueprHH 9TIIX COCTUHHIIH ( 3·HaK 

rrmoc cooTBSTCTByeT M+ , MIIHyc - M-- ), TaKoli BIIJl n cneJlyeT B 

orrpeJleneHHhiX rrpn6nn)!{eHHHX na JlnarpaMMHoro rrpeAcTaBneHHH, B qacTuocTn, 

C IlOMOmbiq TaKOrO Ilp9JlCTaBJ19J:!HH U MO)!{HO OIIIIChiBaTb II 9QltP9KThi CB9pX-

IIpOBOJliiMOCTH, 

4, H e K 0 T 0 p hi e tP H 3 ll 'I e C K H e C n e Jl C T B H H 

PaccMoTpHM Terrepb Borrpoc o CBH3H rronyqeHHhiX peaynhTaToB c <iJeHo­

MenonoruqecKHM orrncaHneM OJlHOtiaCTU'IHhiX Boa6y)!{Jl9HHH B Hnpax. 3AeCb ue­

o6xoAHMO cpa 3Y )1{9 OrOBOpHTbC5I 0 'ITO OJlHO'!aCTH'IHhiH IIOTSHUHan, rronyqae­

MhiH IIyTeM o6pa60TKll OilhiTHhiX JlaHHhiX 0 IlJlOTHOCTH pacrrpe)leneHU5I HyKno­

IIOB H HH3KHX B036y)!{Jl9HH5IX B HApax, BOo6me rOBOp5I, He Jl0Jl)!{9H COBIIa­

Jl8Th C MaCCOBhiM orrepaTOpOM Jl8)!{9 IlpH O'I9Hh HH3KHX B036y)!{Jl9HH5IX, 3TO 

CB5I3ai!O Ilp9)!{Jl9 BCero _ C T9M 0 'ITO tPYHKUHOHaJlbllhiH BHJl V Bhi6npaeTC5I 

H3 coo6pa)!{9HHH OTHOCHT9JlhHOH rrpOCTOThi MaT9M8TH'I9CKOrO OIIHC8l!H5I IIJlOT­

HOCTH H ypOB!ISH 5IJlep ( HarrpnMep, OCUHJln5ITOpHhiH IIOTE!HUHan), B TO Bp9M5I 

K8K MaCCOBhiH orrepaTop H B cny<rae cna6hiX Bo.a6y)!{Jl9l!HH HM99T CJlO)!{l!hiH 

HenoKanhHhiH. xapaKTep,- TipaBAa, B rpy6oM rrpn6nH)!{9HHH MO)!{HO C'IHTaTb, 

'ITO HenoKanhHhiH orrepaTop· cBeAeTCH K noKanhHoMy rryTeM nepexoAa oT· 

peanhHOH MaCChi HyKnoHa B onepaTope imneTnqecKoli aHeprnn K aqxpeKTHB-

/3/ 
HOH Macce· KB83H'I8CTHUhi , 0JlHaKO H IlpH ·aTOM H3 9KCnep!IM9HTOB H9Jlh-

3H ycTaHOBIITh BeJlH'IHHY a<iJ<iJeKTHBHOtl MaCChi, TaK KaK 3Jl9Ch CHOBa 

npOHBHTCH.H90JlH03HaqnbcT~ B Bhl6ope "4JeHOM9HOJlOrH'I9CKOro" OJlHO'IaCTH'I-

Horo raMHJlhTOHHaHa. 
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'• 

TeM ne Menee, ocTaBaHCb n paMKax ¢euoMenonoriitiec~oro no.uxo.ua, 

Mhl 6yneM llb!T8TbCH C,ll9IT8Tb HeKOTOpb!e Ka'!eCTBel!Hhie 38KITIO'Iel!IIH 0 llOBe­

,lleHUU cpenuero ITOITH Dpii OTl!OCIITeiTbHO 60ITblliiiX KB83II'I8CTII'IHhlX II ,llhlpO'I­

. HhiX nos6y)K.uemmx. 

PaccMOTpi!M CH8'Iana cyMMhl ITO rrpoMe)KyTO'IHh!M COCTOHHIIHM B rrpa­

BHX qacTHX qJOpMyn ( 3.13) II ( 3.14) • Ecmr OTBne'IbCH OT OC06hiX CITY'Il!eB 

rrepeXO.llOB TilDa ¢a30BbiX1 8TH ,llBe cyMMh! 1 ITO_;BH,lll!MOMY 1 He ,llOIT)Kl!hl Cy­

wecTBeJIHO OTni!'I8TbCH npyr OT npyra. [letiCTBHTenbH0 1 rrnOTHOCTb "MHO­

I'OKB~3ll'I8CTD'IllhlX" COCTOHHIIH V .ll0n)KH8 paCTII C pOCTOM 8Hepi'HII 1 II rrpii 

± 
,llOCTaTO'Il!O BhlCOKIIX C v 

6yneT IIp!!MeHIIMO CTaTUCTII'IeCKOe paCCMOTpeHHe; 

JlpH 8TOM pe3ynbT8T CyMMI!pOB8HUH 1 DO-Bll.lliiMOMy 1 He 6yneT 38MeTHO 38-

Bl!CeTb OT TOI'0 1 COCTOIIT nil CHCTeMa H3 A+ l HnH A- l 'I8CTIIU. A 

oTciOna y)Ke MO)KI!O c.uenaTb nosonbno pasyMnoe rrpenrrono)KeHIIe o BII.lle 

x/ 
M8CCOBOI'O orrepaTopa : 

+ 
M± (xx '11 --w )=W £ ( xx ')- w R (xx 'w ). ( 4.1) 

[lanee, nnH rrpocTOThi cpannenrrn c o6bi'IHO ncrronhsyeMbiMI! ¢enoMenonoru­

•wcKnl\m noTeHuHanaMn 6yneM C'IITTaTb 1 'ITO orrepaTop l\1 ± B xopoweM rrpu-

6mi)Kemm HBmieTCH nor<anbllbiM: 

. +. + 
~11 (xx 'll-_w)=o(x-x ')M(xJL- -w) 

=0 (x-x ') (V(x)-wR( xw )). 
(4.2) 

x/ [lnH nos6y:N<neJirrii, ne:Nwwux n nerr;:>epbiBHOM crreKTpe, l\1 ± 6yneT. 

KOMnneKCHOil qJyHKUl!ex'i. 3necb Mbl OI'p8Hil'IUMCH paCCMOTpelll!eM TOnbKO 

nefiCTB3TenbHOfi 'I8CTII. 
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TaKofi BHA M8CCOBOro onepaTopa COOTBeTCTByeT npeAnonollieHHID 0 TOM 1 

'ITO npH ManbiX Boa6ylliAeHHSIX ( w 6nHaKo. K Hynro) M± coBnaAaeT c 

aMnHpH'19CKHM cpeAHHM noneM V ( x) • 

Unst TeopeTH'lJecKoro onpeAeneHHSI aHaKa cpyHKUHH R conocTaBHM co­

OTHoweHite (3.9) C (4.2). TipH aTOM H3 (4.2) nony'IJHTCSI: 

+ f d y J ( y xx 'w p. - ) = 8 ( x-x ')(l- R (x w )) • ( 4.3) 

Ha cpH3H'lJecKoro CMbiCna BepwHHHofi 'lJaCTH cneAyeT, •iTo cpyHKUHSI 

R (xw) AonlliHa 6biTb nonolliHTenhHofi, TaK KaK Ha-aa Koppenstunn ( B nx oT­

cyTCTBHe n BHe stApa R ( x w) = 0 ) BaanMoA.eficTBHe KBa3H'lJ8CTHUbi c BHew­

HHM noneM MeHb1IIe1 '19M · B cny'lJae CB060AHbiX 'lJ8CTHUo 

TaKHM .o6paaoM1 na TonbKO 'ITO npnBeAeHHoro cpaKTa BbiTeKaeT, 'IT~ 

Bo-nepBbiX1 38BHCHMOCTb CpeAHefO nonSI OT aHeprHH SIBnSieTCSI Heo6xOAHMb!M 

'CneACTBHeM HanH'lJHSI KOppensiTHBHbiX B38HMOAefiCTBHfi H1 ,BO-BTOpb!X1 rny-

6HH8 acpcpeKTHBHoro OAHO~aCTH'lJHoro noTeHunana (MaccoBoro onepaTopa) 

AOnlliH8 6b!Tb 6onb1IIe AnSI AblpO'IHbiX ( Ctl > 0) H . M9Hb1IIe AnSI KB83H'IJ8CTH'IJ­

Hb!X (w< 0) COCTOSIHHHo 06CyAHM Tenepb H9KOT0pb!e KOHKpeTHb!e cpaKTbi H 

B03MOlliHbie cneACTBHSio 

Ynpyroe pacceSIHHe npoTOHOB n HefiTpoHoB Ha Sinpax 

HHTeHCHBHhle nccneAoBaHHSI ynpyroro paccestHHSI aefiTpoHOB H npoTo­

/4/ 
HOB Ha liiHpOKOM Ha6ope SIAep npH . pa3nH'IHb!X SHeprHSIX ( OT 30 MaB 

AO .180 M~B). npoBeAeHHbie B nocneAHee BpeMst,. H aHanna nony'leHHbiX 

ABHHbiX Ha ocHoBe onTH'lJecKofi MoAenn yKa3biBaroT Ha HanH'lJHe aaBHCHMoc­

TH K8K MHHMOfi1 T8K H AefiCTBHTenbHOfi 'lJ8CTefi noTeHUHana OT SHeprHHo 

HanpnMep, AnSI npoToHoB aaBHCHMocTb cpeAHero stnepHoro noTeHuna­

na oT' aHeprnn MollieT 6biTh onncaHa npn6nnllieHHofi ¢.opMynon
151 

]ReV (E)I=53,7 exp(-0,0069E) MaB. 
p (4.4) 
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C TO.lJKH speansi, H3iiO)!(eJIJIOll B n,n, 2,3 Teopnn, Jl8illl'1He . 38BHCHMOC-

TH cpeJlHero noil51 OT saeprllli npeJlCT8Bii51eTC51 COBepllleJIJIO ecTeCTBeJIJlb!M, 

BTopoii •mea B COOTJIOlllelUUI ( 4,2) COOTBe'fCTByeT noii51pll3BUliOHHOMY stjl­

tjleKTY, KOTOpbiii, KaK sTo cneJlyeT Jlame ns sneMeHTapRbiX tjlnsnqecKnx co-

' 
o6pameanii, Jlonmea 6hiTh tjlyaKuneii oT saeprnn. BxoJl51!11YJO B sToT qneH 

cyMMY no B036y)!(JleJIJlbiM COCT051HH51M 5I.Ilpa Heilh351 noKa Bbi'IHCiiHTb Teope­

TH'leCKHo 0Jl118KO OU.eJIHTb ee 3118'leHHe nyTeM Cp8BJleHH51 C ( 4.4) HeTpyJlHOo 

npn HeBb!COKHX saeprH51X E "' 30-40 M sB s He prn51 w t OTC'III-

TbJBaeMa51 oT rpaHIIUbi tt>epMn, cocTaBn51eT w "' 40-50 M sB. TorJla ( 4,4) 

MO)!(HO npeJlCT8BIITb B BI!Jle 

I Re V ( w ) I ;; V - 0,4 • w • 
P op ( 4,5) 

TaKa 51 saBncnMoCTb Re ·v ( ru) · c xopollleii TO'IHOCThro coEinaJlaeT c tjlopMy-

noli B nnHeiiaoM npn6nnmeamr no w 
/5/ 

aeil:TpOJIOB C 51Jlp0M : 

I Re V ( w ) I ;; V - 0,37 w • 
. n on . 

, nony'leHHOll Jlil51 B38HMOJleiiCTBH51 

( 4,6) 

CpaBHHBa51 ( 4,5) n ( 4,6) c ( 3,13), nonyqaeM Jlil51 cyMMbi no cocT051JIH5IM 

3Jl8'leJIHe "' 0,4, 

OueaKa 3Ra'leHH51 cyMMbi caMa no ce6e npeJlcTaBn51eT HHTepec, TaK 

K8K ee 'lileJlbi COOTBeTCTBYJOT IIHTeHCIIBHOCTII pas6poca aMniiiiTYJlbl 0JlHO­

KB83II'l8CTII'IHOrO COCT051HII51 no B036ymJleHHb!M COCT051HII51M CIICTeMb! 0 COOT­

BeTCTBYWlllliM 6onee cnomHofi CTPYKType. 

nocKOilhKY B ( 3.13) npeJlnol!araeTC51 cyMMnpoBaHne no orpoMIIOMY 

'IIICiiY COCT051Hllll 51Jlpa, pacnpeJleneHHb!X no BCeMy HHTepBaily 9Heprn:ii, TO 

eJlJIJICTBeJIHb!M nyTeM, ll03BOiiHJO!I1IIM cnenaTb Ka'leCTBeHHblll BbiBOJl 0 llOBe­

)leHHII 'lileHOB cyMMb! 0 51Bii51eTC51 HCnOiib30B8HI!e JlOnOiiHI!TeilhHbiX npn6nnme­

Hllllo nonomnM Jlil51 sToro x = x' ( npn6nnme!lne nr;KanhHOCTH) n nepeiiJleM 
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-1. 

r-

31HI 

JT-

·o 

M. 

OT cyMMHpOBBHHSI K HHTerpnpOB8HlliD, ITpn 9TOM B HHTerpan BofineT Beco­

B8SI tPYliKUllSI P (ev) 1 COOTBeTCTBYIDIUBSI nnoTHOCTll ypoBHefi CHCTeMbi, I13 CTa­

TllCTll~eCKOH TeOpllll Rnpa ll3BeCTH0 1 ~TO nnOTHOCTb ypOB.!Iefi MO~.!IO ripen-

CT8BllTb COOT.!IOIUeHReM 

p (e~.~)=bexpy~e"'. 

2 
0Tcrona RCHo, ~To Benn~nHa lA ( e ) I 

J.l J.l 
non~Ha obiTb aKcnoaeHunanb.!IO 

yobmaroruefi tjlyaKunefi, TaKnM oopaaoM, c yBenn~eHneM aHeprnn nong on-

HOKB83ll~8CTll~HOrO COCTOS!HHSI B Jl8HHOM COCTOS!Hllll )( J.l pe3KO yMeHbiUaeT­

CSI, 8ToT naTepecHbrfi Bonpoc a~cny~nBa~T BHnMaimR n TpeoyeT nononHn­

TenbHbiX nccnenoBaHnfi. 

ITpouecc KBaanynpyroro BbronBaang rrpoToHoB 

nononHRTenbllbie 3aKniD~eHllS! MO~HO cnenaTb1 paccMaTpHBaSI peaynb­

·TaTbi aKcnepnMeHTanbHbiX nccneiloBaH~fi peaKunfi K~aanynpyroro BbronBaHR5! 
171 

ITpOTOHOB ( e, e ' p ) ll ( p, 2 p ) ll3 Rnep pa3nll~Horo Beca .npn OOnbllillX 

aaeprnRx nanaromnx aneKTpoHoB n npoToHoB. Ecnn nnR n~TepnpeTaunn Ha-

. onronaeMbiX crreKTpOB npoToHoB ncxonnTb na npocTofi ooono~e~Hofi Monenn, 

TO KnHeMaTn~ecKnfi aHanna peaynbTaToB naMepeHnfi npnBonnT K o~e.!lb naTe­

pecHoMy BbiBony: nono~eHne Hanoonee rnyooKnx RnepHbiX ooono~eK (Hanpn­

Mep, 1 S -,1 p - ooono~eK) He COOTBeTCTByeT pac~~TaM B OObi~HO HCITOnb-

ayeMOM npnonn~eHnn cTaTn~ecKoro ( He aaBRCSIIUero OT aHeprnn) no-

TeHunana. HanpnMep, B CTaTn~eCKOM _noTeHunane CaKCO.!Ia-Bynca c oomenpn­

HS!TbiMll 3lla~.eHHS!Mll napaMeTpOB 9.!1eprllSI npOTOHOB B 1 S - COCTOS!Hllll 

gnpa 
27 AI non~Ha cocTaBnSITb IE I= 40 MaB.: OnaaKo peaynbTaTbi yno-

CB 
MmiyToro Bbrrne aHannaa naroT alia~eaue 1 E 1 55-60 MaB. ITpn~eM 

. CB 
naHHbre, nony~eH.!Ibie na paa.!lbiX npoueccoB (( e, e 'p) ( p , 2 p )) , HaxonRT-

CR B,XOpOIUeM COOTBeTCTBllll, 

TaKnM oopaaoM, BbronBaeMbrfi na rnyooKofi ooono~Kn npoToH "'~yBcT;_ 

ByeT" oonee cnnbHbifi RnepHbii"r noTeHunan, ~eM npoToH, IiaxonRmnficR B co-
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cTOHHnii Bannan rpaHnUbi <PepMn, HaMH obmn npoBeaeHbi pac'!eTbi1 B KoTo-

pbiX onpeaemrnoch nonomeHne l S , . ..., lP -cocToHnnfi B noTenunane CaKco~ 

ua-Byaca B. aaBncnMocTn oT ero rnyoHHhi. fnyouHa HMbi1 ooecnequBaiOmasr 

ansr l S -cocTOHHHH aHa 'IeRne aHeprun cBH3H IE I"' 55-60 Man c xopomefi 

TO'IHOCThiO paBHa 67-72 MaB, BbionBaHHIO npoTona c aTofi ooono'IKH co-

. OTaE)TCTByeT 8HeprUSI . B03oy:>KA8HIISI til"' IE I - 10 Man. TaKHM oopa30M; 

f:,.V* (w) l(u,5o p "' 15-20 MaB1 • 
'ITO B nnHefinoM npnonHmeHnH no aHeprnu aaeT: 

f:,. V* (w) "' (0,3 -0,4) w MaB, (4.7) 
p 

CpaBHnBaH ( 4.7) c BbipameHIIeM ( 3, 14) 1 nbny'IeiiHbiM ansr AbipO'Il!biX 

COCTOHHIIH1 nony'Ia8M1 'ITO CYMMa no COCTOHHHHM paBHa 013-0;4, To eCTh 

cyMM8 no COCTOHHHSIM e V 1 OTB8TCTB9HH8H 38 nonsrpU38UHOl!HbiH a<fl{jleKT1 

u B aToM cnyqae pasHa npiionnanTenhHO Tofi me Benu'InHe. ITpu aToM aHaK 

nonsrpuaauuonHofi aooaBKH npoTnBononomeH ee anaKy B cnyqae qacTU'IHbiX 

BoaoymaeHnfi: 

- f:,. v =6. v * 
p p 

TaKnM oopaaoMI MO:>KHO ycTaHOBIITh BS8IIMOCBH3h Mex<AY pa3HOp0l\Rb!MII 

ua nepBbifi Barnsra HBnennHMH. 

Bo3MO)KH08 BnnHHH8 afficbeKTa H8 CBOHCTBa cnnhHOneffiopMnpoBaHHhiX 

.illllill.. 

Oobi'IHO CIT8KTp OAHOKBa3n'IaCTH'IHbiX COCTOSIHIIH ae{jlopMHpOB8HHOrO H.Q­

pa oTbiCKnnaeTcH no MeTo.tiy anarouanuaauuii Ma.TpnUbi aHeprnn no cocToH­

l!nHM1 COOTB8TCTBYIOlllnM perueHniO aa.Qa'IH CO ccpepH'I8CK·H-Cl!MMeTpn'IHbiM 
. /8/ . 

noTeHunanoM ( cM. 1 uanpuMep1 ) • ITpu aToM nonaraeTCH1 'ITO noTenunan 

aaBHCnT oT napaMeTpa· ae(jlopMauuu f3 , onpeaenmomero (jlopMy srapa1 u 
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an 

H 

He 38BllCllT OT 9Heprnn. Ecnn nonb30B8TbCH TepMllHonornefi ll8HHOM , CT8Tbll,' 

TO cpeanee none cqnTaeTCH cTaTuqecKHM, T.e. OllllH8KOBbiM anH Bcex 

COCTOH HllM0 He38BllCHMO OT TOI'0 0 'HaCJCOnbKO llX 9Hepi'llH c 

rpaH~Ub~ <PepMn (c F ) 

yaanena oT 

OT {3 

P~ccMoT~eiine cxeMbi ypoBHeii: a~!flopMnpoBaHHhiX Hllep B saBncnMoCTII 

, . nonyqeHnoii: T~KnM cnocoooM aeM~HCTpnpyeT xoporno H3Bec;Hhift 

!flaKT onycKaliHH (noannMaHnH) ypoBHe~, pacnonomeHHbiX na 3HaqnTenbHOM 

yaanennn· oT cF 

Bbxrne o6cymaancH Bonpoc o Benuqune nonHpnsaunoHHoii: aooaBKn n ee . 

BnHHHHH na cpeanee none npn cpaBHHTenbHO 6onbrnnx snaqennHx c • Be-

nuqnna -9Toii: aooaBKll npn ManbiX .. c . noKa neHcna •.. OanaKo -~ ee ·MacrnTao 

MomHo nonyqHTb, ecnn noaBeprnyTb anannsy aaHHbie no 'oanoKBasuqacTnq­

HOMY cneKTpy CHnbHOlle!flopMHpOB8HHb!X·Haep BonH3H paBHOBeCHOI'O 3HaqeHHH 

napaMeTp~ • ae!flopMaurrrr: f3 = f3 0 ""• 0,3 • 

Pacq~Tbi cneKTpoB Haep peaKoseMenbHhiX aneMeHTOB B cTaTrrqecKoM 
/8/ 

nprr6nrrmennn nprrBOllHT K nennoxoMy cooTBeTCTBrrro Teoprrrr rr aKcneprr-

MeHTa, qTo yKaSbiBaeT ila Manyro Bemrqrrny a~eKTa nonHprrsaurrrr nprr ne:-

6onbm rrx 

OanaKo Te me pacq~Tbi anH Hllep ypaHoBoii: rpynnbi aaroT. saBbiiDeHHYID. 

nnoTHOCTb oaHoKBasrrqacTnqHbiX ,YPO:f3Heii:. B ycnoBrrHx Kpaii:ne 6om~rnoii: 

nnoTHOCTH ypoBHeii: yq~T aame Manoii: nonHprrsaurroHHoii: aooaBKn K noTenurra-
, ' •' ' . . ' ' •· ~ ' . . ' . . ' 

ny MomeT nprrBecTn K cymecTBenn,oMy ynyqrnennro crrTyaunn: caBrrr ypoB­

·Heii: cornaCHO rrsnomeHHOMY Bb!llle aonmeH npOHCXOllHTb B HanpaBneHHH OT 
. • • . I 

:rpaHHUbl <l>epMHt T.e. npHBOllHTb K yMeHbllleHHID nnOTHOCTH ypoBHeii:. 

T~KHM ~6pasoM, nonHpnsaurroHHbi~ a!fltjleKT MomeT oKasaTbCH BamHbiM 
· .. 

rr anH cneKTpocKonnrr crrnhHone!flopMrrpoBaHHhlX Haep. 

PacCMOTpllM erne OllllH HHTepeCHbiH Bonpoc: MMeromrrii: npHMoe OTHO­

ruenrre K cBoii:cTBaM ~aKrrx Haep. Cor.riacno c~Bp·e~eHHbiM npeacTaBnemiHM 

xapaKTeprrcTnKn aTnx Hllep npn 6onhmnx ae!flopMaunH~ (~~nrrqrrHa, !flopMa 
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11: nono*e.ane 6apbepa nene.ang, .aanH'IHe 'BToporo"' MH.IIli:MyMa B a:RTprnH. 

ne<jlopMaunH KaK <jly.aKunH napaMeTpa ne<jlopMaunH f3 {0,5_:Sf3 ~ I ) ) , . c 

KOTOpbiM CB5I3biBaiOT 5IBne.llll:e li:30MepHH <jlopMbt) CaMbiM cymeCTB9.11.11biM o6-

pa30M aaBli:C5IT OT o6onoqeq.llbiX a<jl<jleKTOB0 a TO'I.IIee, OT 060nO'I9'1.11biX qln!OK-
/9/ 

Tyaunii nnoT.IIOCTll: ypoa.aeii a6nH3ll: rpa.llli:Ubi cl>epMn • ¢yHJ:taMe.IITanb.aoit 

Benii'IH.IIOii B TaKli:X nOAXOJ:taX0 onpenen5IIOllieit B OC.IIOB.IIOM B?IO CHTyaUHJ?t 

5IBn5IeTC5I 

a g < f3 > = g < £ • f3 > -g < £ , f3 >. 
F "hell. F F 

rAe 

I .t:F({3)-t:>..({3) 2 
g (t: ,{3)=--Ie.xp[-{ ) ],y·=I-3Maa; 

"hell F yy;- >., y 

I £ F ( f3 ) - l >.. ({3) 2 = 
g (t: ,{3 )=--I exp [- ( ) ], y = 5-IO Mas; 

·F =./-A = 
Yv 17 Y 

aHeprng £>.. OJ:lHO'IaCTli:'IHOrO COCT05IH11:5Ij a y, y - napaMeTpbi, onpe-

J:ten5tromne· paaMepbi aHepreTnqecKoro li:.IITepaana, no Ji:oTopoMy npoHaBOAHT­

/9/ 
CH ycpen.aeHne (neTanb.IIYIO apryMeHTaunro eM. B ) • 

Bee pac'leTbt yKaaa.IIHhtx B~nn'IHH, Bbtnon.aeHHbie no .aacTo5Imero ape­

MeHn,. 6aanpy!OTC5I Ha lJ g ( {3) t nony'le.II.IIOit B ITflH6nli:)K9.1fll:ll: CTaTH'IeC-
F . 

Koro noTe.IIUllana. lloaTOMy npeJlCTaBnHeT li:HTepec np011:3BeCTH XOT5I 6b! 

rpy6yro oueHKy Bnli:5IHH5I aaancnMocTn cpen.aero nong oT a.aeprnH .aa noae­

J:te.ane 8gF(f3). 

8Ta <jlyHKUli:SJ; 6btna paCC'IHTaHa HaMH B ABYX . Bapll:a.IITaX J:tnH CX9Mbl 
. . . . 1101 

.aeiiTpo.ll.llbiX ypoaneii TH)KenbtX HJlep, npenno)Keli.lloit HnnbcconoM (oqe-

Bli:AHO, 'ITO J:tnH OUeHKll: MaCWTa6a HBne.IIHH .lleBa)KH0 0 KaKaSJ: KOHKpeTHaH 
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~-' 0,5 

·0,5. 
3aBHCHMOCTb <j>yHKUUH lJ gNF({J) OT napa'Aerpa KB8Jlpyn01IbHOfi ne<j>OpMaUWU {3 o 
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. . N . 
cxeMa yposHefi ncnonbaosaua}. B nepsoM. sapnauTe 8 g F(f3 ) nonyttea:a 

Ha OCJIOSe 06bi'lliOI'O CTaTR'IeCKOI'O npn6nnmeHRSI ( Ha pHCYIIKe- nyll:KTHp} • 

Bo sTopoM sapnaa:Te ( Ha pHCYHKe - cnnou!HaSI KpnsaSI J yposa:n c ,\ 6bmn 

cnsna:yThi no nnHefiHoMy aaKoa:y !lc ,\ "'!!. V n (c iic F } • B o6onx cnyttaSIX 

JlnSI napaMeTpOS ycpeJlll:eHRSI 6binR npRllSITbl 0/lllR R Te me 3ll8tteHRSI: Y = 

"' = 2 Mas, Y = 5 Mas. 
N 

<l>yHKURR 8 g F ( {3) Mano OTnRttaiOTCSI npR ne<lJopMaURSIX f3 S f3 o ,.0,3 • 

OnHaKo npn 6onbillRX 3Hattell:RSIX {3 oTnnttne s nx noseneHRR yme a!lattn-

Tenba:oe. 
' . p 

Aa:anornttHhifi 9IP4JeKT nonmeli npoSISRTbCSI n s nosenea:nn 8 g ( {3)­
F. 

nnOTllOCTR npOTOHHbiX ypOSHefi. 

CnenosaTel1bHo, ytteT aasncnMoCTR cpena:ero nonSI o1-· aHeprn n MomeT 

CRnbHO nosnRSITb Ha TeopeTRtteCKRe oueHKR senRttRHbi1 nonomell:RSI R <lJopMbl 

6apbepa neneHim, a 3!lattnT, n Ha pemea:ne sonpoca o speMeHax pacnana 

TSimenhiX R csepXTSimenhiX SI/lep. 

KaK SRilHO R3 pHCYHKa 1 9TOT ytteT MomeT CRnbHO nosiJRSITb TaKme R Ha 

KatteCTSeHHYIO RHTepnpeTaURIO SISneHRSI R30MepRR <lJopMblo 

5 •. 3 a K n 10 tt e H n e 

B npe/lCTasneHHOH pa6oTe noKa3aa:o, 'ITO cpenHee none Sl/lpa,Haxo­

llS!illei'OCSI S S036y)KJleHHOM COCTOSIHRR1 R3MeHSieT CSOIO senRttHllY R 9TO R3-

MeHeHRe o6ycnosneHo nonSipnaaunoHHhiMR a<lJ<l!eKTaMR. KaK aTo 'cnenyeT na 

n.n. 2
1 

3, nonSipR38UROHllbifi atlJ<lJeKT SISnSieTCSI 'MaKpOCKOnHttecKofi" XapaK- · -- . 
TepRCTHKOfi, T8K K8K onpenenHeTCSI OI'pOMllbiM ttRCnOM COCTOS!ll:Rfi1 OTnHtta­

. romnxcSI. no· csoeit CTPYKTYPe oT ona:oKsaanttaCTR'!HhiX. HMeHHO noaToMy 

nonSipR38UROHll8SI Jl06aBK8 K cpenlleMy non101 nonytteHHOMY S CTaTRtteCKOM 

npn6nnmeHRR 1 no senRttHlle He 3aSRCRT OT SRJla S036ymneHRSI ( ttaCTR'lHOI'O 
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I 
HnH flbiPO'IHoro) H paanii'IHbie no MexaHII3MY soa6y)KJleHIISI npoueccbi - ynpy-

roe pacceSIHHe HyKnOHOB II peaKUIIII KB~~11ynpyroro 

B8lOTCSI CBSI38HHbiMII Jlpyr C JlpyroM, 

Bb!OIIB8HIISI - OK83bl-

PaayMeeTcsr, Henb3SI C'IIIT8Tb, 'ITO np11 6onbWIIX eoa6y)KJleHIISIX pean11-

ayeTCSI MOJlenb o6ono'leK, OTnH'I8IOW8SICSI OT OObi'IHOll: nllllib Hanll'llleM 38BII­

CHMOCTII cpenHero nonsr OT SHeprllllo Pac'leT 0JlHOKB83H'I8CTH'IHOro COCTOSI­

HHSI C yqeTOM nonSipii38UIIOHHOro s~eKTa MO*eT JlaTb niiWb cpeJlHee nono­

*eHHe ypOBHSI, HnH TOqHee,, 'ueHTp TSI*eCTIIr TeX COCTOSIHIIA SIJlpa, no KO­

TOphlM npOIICXOJliiT paa6poc JlaHHOrO 0JlHOKBa311'1aCTII'IHOrO COCTOSIHIISI, A 

STOT paa6poc, KaK BIIJlHO ,qa*e 113 rpy6oro aHanll3a peaKuHll: Tnna (e,e 'p) 

H (p,2p) t 'He Man II yeenii'IIIB8eTCSI C pOCTOM SHeprllll B030Y*lleHIISI 

. /6 7/ 
(eM, piiCYHOK B paooTe t ), nanbHell:wee HCCne]lOBaHHe 3aTpOHyTbiX BOnpo-

COB npeJlCTaBnSieT HHTepeC He TOnbKO C TO'IKH 3peHIISI o6well: TeOpHH SIJlpa, HO 

IIMeeT npaKTII'IeCKOe 3Ha'leHIIe, KaK STO ObinO noKa3aHO HaMil Ha HeCKOnbKIIX 

UpiiMepaX II KaK STO cnenyeT 113 pSIJla JlpyriiX ITOJlXOJlOB, o6cy)KJlaBWIIXCSI B 
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