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. 1 . BB-e.llE!HHe 

·B o6JiaCTH B036yiK.neHH~ sr,npa M~lie,ny OCHOBHHM COCTO.HHHeM H 

HeHTJlOHHYMH. pe30HaHCaMW (B SE. 6+8. UaB) npOHCXO,IlHT nepexo,n _ OT 
.~ ' n . " 

.nocTaTO'IHO niwcnix, ypoBHeii ( KaK npaBHm~.i H3Becilloii CTPYKTYPH) 

K7 

npe~eJibHO CJIO~HHM KOMnaya.n - cocTO.HHHsrM: CHcTeMaTH'Iecioe .-

·. H3y'leHHe 

MHeHHIO, 

.llHHaMHKH_ 3Toro ·npouecca 

OCHOBHJ:lM HCTO'IHHKOM -

MO~eT. CTa Tb·, 

HHCpopMaUHH . 0 

. B3a.HMO.!leH_C::TBRH HYKJJOIIOB B sr,npe npH MaJIJ:lX" 3HeprHsrx;. 

no· HaweMy 

npHpo.ne 

- YHHKain>HYIO- · Bo3MO~HocTb '.llJISI cHcTeMaTH'IecKoro 

O,llHOBpeMeHHOrO H3y'leHHH., 3TOH. o6JiaCTH _ sr~epHHX B036yJI.neHHH 

·npe,llCTaBJISIIOT .KaCKa.llH: H3, .llBYX llOCJie,llOBaTeJibHO . HCnyuteHHJ:lX npH 

pac?na.ne Koi.inayH.n - coc1-osiHHH -r-nepexo.no~;. · cooTBeTcTBYDut~H 
.--~ . ~ •, I .. 

MeTO,IlHKa [ 1, 2) ll03BOJISieT '- O.llHOB peMeHHO Ha6JIDi:taTb B O.llHOM, 

O~E!Hb np~~T,OM H y,n~6Hb~ .llJISI aHaJIR3a eneKTpe KaCKaJiH,- 3HeprHSI 

:npoMeiKyTo'IHoro · ypoBHH_ ltoTopHx oTJIH'IaeTcH :H~ s-7 MaB • 

oclioBl!aSI · Macca Hil.6mo.naeMHX - KacKa,noB HNeeT .llOCTaTO'IHO . . . '-. -
_ MaJIHe 3Ha'leHHSI HHTeHcHBHocTeii. Ha HX_ qJOHe B' JII060M Sl,llpe 

.BHieJIRIOTCSI HeCKOJibKO ,nec.HTKOB ( coTeH) Ka:clta.noB M:aitc.lnniaoA 

- ••• < 

·aTHOCHTeJibHO . 
~ . ' . ' 

~-nH3 ionelKautHe npoMe~yTO'IHJ:le COCTOSIHHSI. _ .• ...,. 

CJie,nyeT 3aMe1HTb, 'ITO O'leHb HHTeHCHBHI:le 7:-nepeXO.Ill:l · .. 

(KaHa~H pa~ll(i.ll;_) - xapaKT;pHaSI -oco6eHHOCTb .SI,nep o6JI~~TH 
4s-MaKCHMyn'HeHTpOHHOH.CHJIOBOH ctJYHKUHH;·H O'leHb cymeciBeHHO, 

. . i .. . '.· .·· . --~ . 

'ITO . · OHH np_OHBJISillTCSI _He TOJibJCO ·, B KOMnayH,Il-COCTOSIHHSIX, 

onpe.nenHDinHX _3axBaT Tenm)Bwx HeiiTpo.HoB, -Ho .H 8 liwweJieliCautHx 

HeiiTpoaH~x :pe3oHaHcax· [3]-. 

K· '~o~aJieHHlCl, ~ .HMellutHeCSI • '3KCnepHMeHTaJibHJ:le ,naHHJ.Ie 

· .no_Ka3HBaDT cpaKT ycHneHHSI HHTeH~HBHOCTeH HeKoToporo .noc_TaTO'IHO 

MaJioro · 'IHCJia -r-nepexo.noB.· pacna.na KOMnayH.n-coCTOSIHHR, 'Ho He ·. -. ·. ,· . ' . . ' . - '"~ .. - .. · -· .. - ._.·- . 
,llaDT HHKaKOH HHqJOpllaUHH 0 MeXaHH3Me TaKOrO YCHJieHHsr:. -

. f ;~ ~ . - • • • ' . '. ' • • . ' : · •. 

AHaJIH3 - c1-eneHH --- cpe.nHero npeawweHHSI _ :utcnepifMeHTaJi&_Ho 

~ .. "'--: ___ ........ ;'_.. . ..,. .. .,.:: .. ____ .......,.. .... ~~ 

.,~-J ~,;<:~:~:i~~-.t~t:~:~. !~~:=r~,.·~~ 
. :;._ ii;~f~:i~ll: tCj :J_(·-~t~~ r!~t;~i:~~ 
it · ~~~~,Jlff,~;:iT~~·{.(+; 
,..J.:.-.-~~~1:~ ~ '".~ '~~_;, .... --..-

·, _,_ 
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"Ha6mo,naeMDIX HHT_eHCHBHOCT.eH KaCKa.IlOB ~Ha.Il' npe,ncKa3aHHHMH -

MO.IleJieH _B - CJiyqae - ,eTHO:....He'IeTHll:X COCTaBHll:X H,nep npHBO.IlHT K . . . . ., . . . '' 

,3aKJIJO'IeHHIO, _ ,'ITO 3a'Iil.CTYIO •: .IlO . llOJIOBHHll: _oqmeH:. HHTeHCHBHOCTH 

,nepBH'IHll:X nepeXO.IlOB- MOlKeT -6ll:Tb, CBH3aHO .[4], C .yCJ{JieHHll:MH 

O.IlHO'IaCTH'IHll:MH_ nep.eXO.IlaMH. ··MeJK,ny 4s H 3p HeHTpOHHll:MH 

o60JIO'IKiMH, , <flpa~MeHTHp~BaHHll:MH- no O.IlHOKBa3lP{ac{~H'IH~M --- . . . -~ . -~ -- . 

cocToHHHHM B cnyqae .ne!popMHposaHHDix H.nep [ 5]. ::!To YC:HJieH~e 

- ,nocTaTO'IHO Har JIH.IlH~- ~p~HBJIHeT~-H ~. B - 'IeTHo-=:'<ieTHll:X COCTaBHll:X 
' < __ ..;- 150 - 156' 158 

-H,npax B . paH:oHe 150SA:S170. HanpHMep, -B Sm, Gd, Gd, 
164ny·· [6:-9]- B paH:oHe '3Hepr»~ -nepB~'IHDIX nepexo.nos_ ._2_;_-M3B 

_ ( 3HeprHH 'so36yJK.neHHH :H.np~- 5;-6 M3B) - 3KcnepHMeHTaRbHO 
~ • . --..! " ; . • • • - J • • 

Ha6JIJO,naeMaH· . HHTeHCHBHOCTb. ,npeBDIWaeT- --. pac'IeTHoe- .. 3Ha'IeHHe, 
-·- - t' • \ -- • ,- :: ·- : •••• : --

noJiy'IeHHOe .c HcnoJib30BaHHeM _ o6menpHHHToR , Mo.nenH' !1JIOTHOCTH 

ypoBHeH; npaKTH'IeCKH Ha IIOpH.IlOK-.· . . . .. ' ' . - . 

. Kaqe~-r'seHHoe·. • 
1

, o6'hHCHeHli~ · - H~6nJO.naeMoro . y_cHneHHH 

HHTeHCHBHOCTH ,< KaCKiuioB : : .. O.IlHO'IaCTH'IHll:MH Uefpexo,naMH ' MelK.IlY-
,., •. ··. -· . . .. ·. .· -.-- ., . . . 

HeHTpOIIHll:MH o6on'o'IKaMH . 4s H 3p, B. pa3JIH'JHDIX- H,npax cne.nyeT H3 

.Taro,. ~To' llOJIOlKeHHe ~poMe~yTO'IHll:X YIJOB.HeH. -~CHJie~~ll:X, KaCKa.Il~B 
~op~WO ~~pp~JIHpyeT , c . - picqeT-~ll:MH . llOJIO~~HHHMH~ ypoBH~H 

• • • r • - ·_ - • J •• "• • .. • - ,, • . ' • 

<flparMeHTHpOBaHHOH. 3p • He~TpOHBO~ no,no60JIO'IKH ,ne!popMHpOBaHHOrO . · . ' ' ' ,. __ ·, ·, .. "'- . ' \,: ' . 
H.npa. . - . . . 
' . . . . . \ . ' - ' 

B TO lKe BpeMH-. H3BeCTHO, 'ITO 'IHCTile · ... O.rtH~ (·;Byx)-. 

KBa3Hii'acTH'IHDie · cocTgH~m( M~~l{O ; Ha6n10.naTb. 'fOJibKO .np~ O'!eHb -

MaJIDIX .. 3HeprHHX , B036ylK.zieHHH H,npa. C llOBll:WeHHeM 3HeprHH 

ao36ym.n~H~H · .cTpyK~ypa; . ·ypd~HeH:· ycJIOlKHHeTCH . K~K 3a. \ C'IeT 

MHOro~aCTH'IHll:X CO.CTOR~HA>·T~K H 3a C'IeT KOMiiOHeHT C'O.Il~~M-HJIH . . ,, , . ,• ; - . 

HeCKOJibKHMH <flOHOHaMH. ,ll03TOMY pacxoJK,neHHe_, Mem.ny pe3yJibTaTaMH 

3 KCnepHMeH.T~. H ·. npb_CTDI~ MO.IleJibllll:M ~- ';,; C;aTHCT~<ie~KHM;~ .. paciJ~T9~ 
' [ 4-9L Mo~eT 6DI-~b ~BH3aHo Iie· 'TOJibKO c np~cTbiMH -~:rmo l.rtByx(-

KBa3li'IacTH'IHDIMH KOMno~eHTaMii BOJIHOBOH IIJYH~riH~, HO HC 6onee·', 

CJIOlKHDIM~.: HaKOnJieHHaH K Ha.CTOHU!eMy BpeMeHH ~;!pop~-~UHH o 

KaCKa.nax 7~nep~xo.nos _ · no3-BOJIHeT npHCT-yiiH~~; 'K --·~ noHcKy ·• _ ;aKHX 
. . _ .. - -. . t. j. - .- • - ' •• 

. 3<fl<fleKTOB. 

ConocTaBJieHHe [ 10] HHTeHCHBHOCTeH nepBH'IHUX . ri.epexo.zioB 

npH 3aXBaTe ,T.eiiJIOBll:X H~HTpOHOB -H -:n·Pii 3aXBaT~ B ;;~~pe,nHeH~UX;, 
pe30HaHcax HeKOTOpll:X qeTHO~'IeT~ll:~ ,ne!pop~Hposa~HUX H,nep 

. -. . . • - . . . ~ . ·- :. i __ __,__ -· , ... '~- -;:-:-·· ' 
llOK_a3DIBaeT, 'ITO _HX HHTeHCHBHOCTb . Ollp~,neJIHeTCH. OC06eHHOCTHMH 

2 

'! ;·: 

/ 

h 

./;,.~ 

-./ 

f .__ ._ . 

CTPYKTYPDI. B036yJK,naeMDIX. ypoBHeH:, T. e·. · Ha6n10.naeTCH BJIHHHHe, 

cTpyKTYPDI npoMelKyTO'IHoro ·YPOBHH Ha HHTeHCHBHOCTb nepBH'IHoro 
.,. ' ' '. . . . ... ' 

IIepexo.na npH .IlOCTaTO'IHO 6oJibWHX Bq36yJK,neHHHX., JlpyrHM 

.OTKJIOHeHHeM 'OT- cymeCTBYIOD!HX npe,ncTaBJieHHH. 0. HeCeJieKTHBHOCTH 

riyTeH: . pa~n~~a. HeH:~p~HHOro pe3oHa~ca 'HBJIHROCb 6DI :HatSJIIO.IleHHe 

y'IIOpH.IlO'IeHHOCTH ( pery JIHp.HOCTH) B HHTeHCHB HOCTHX . HaH60Jiee 

. CHJibHll:X KaCKa.IlOB. -.. TaKyJO ynopH,noqe'HHOCTb 'IHCTO K~'IeCTBeHHO 

MOlKHO , 06'bHcliHTb MHoro!pOHOHHll:MH , B036yJK,neHHHMH . ( XOTSI TaKoe 

o6'bHCHeH~e MOlKeT 6ll:Tb .He e.nHHC;BeHHll:M!) ;- . ,-__ : . 

YnopH.IlO'IeHHOCTb'3HeprHH B03ClylK,neHHH HaH6onee-HHTeHCHBHll:X 

·. ~;;.CKa.IlOB H'arJIHJl!fee~; BCero .·.~ HaCTOHU!eMy BpeMeHH' npt:J_HBHJiaCb B., 

<- . pacnpe,neJieH~I1, HHTeHCHBHOCTH KaCKa.IlOB [ 11] ·MelK.IlY 
'. - . ' ' - 174 ' __ , .•. ·. . _c·. - - ' 
KOMnayH,n-COCTOHHHeM Yb . H ero nepBDIM 'B036YlK.IleHHll:M ypoBHeM 

c . • "/' • ... • 

( pHC.l). B , COOTBeTCTBYIOiueM cn'eKTpe Ha6niOJ:ta'eTCH He MeHee· 
~ ' - - . \ ·. .... . ' . )" 

'IeTDipex rpynii HHTeHCHBH!lX KaCKa,nOB '. paCCTOHHHe 1 MelK.IlY KOT_OpllMH I ,! 

.npaKTH'IeCKH- llOCTOHHHO •. :AHaJIOrH'I~YIO 3KBH.IlHCTaHTHOCTb M;OlKHO '-..' 

BDI.IleJIHTb np'a.KTH'.ieCKH' BO BCeX. noJiy'IeHHll:X K-·HaCTOHU!eMy BpeMeHH 

no.no6Hll:X -p~cnpe,neJieHHH~ .Il~~. H.Il;p,·. OTJIH'IaJOillHXCH TaKHMH 

napaMeTpaMH; 
' ' . 

'IeTHOCTb 'IHCJia .HeH:TpOHOB HJIH .ne!popMaUHH . .KaK 

( pHc. 2-4). . . 
l .•. t ·. 

He66xo~HMO. no,nqepKHYTb, 'ITO Ha 
/ 

BllOJIHe_ 
. . 

OIIpe,neJieHHOM . 

• -'paCCTOHiiHH OT npoMelKyTO'IHOro' ypoBHH Ha6JIJO~aeMoro HHTeHCHBHOro 

·· KacKa.na · MolKeT noHBJIHTbCH lie TDJibKo. yposeH'b' · .npyroro o.nHHO'IHoro: 

ycHJieHHOro- KaCKa,na, ·:~o·-. H rpynna. · {MyJibTHllJI.eT) . npoMelKyTO'IHll:X 

ypoBHeH: H.HTeHCHBHiix: ia~Ka.nos ( pHc. 3 H 4). . . . . . 

. 3TO ·· . - BeCb~ . CHJibHll:a . ap~yMeHT, llO.IlTBeplK,naiOIUHH .. 

HeCJiyqaH:HyJO npHpo,ny Ha6JIJO,naeM!lX ycHJieHHll:X· KaCKa,noB •.. 
• "' . . I I 

TeopeTH'IeCKHH- aHaJIH3 ( HaripHMep ~ ._. [ 12]) noKa;;,maeT, ~TO -npH 

yseJIH'IeHHH ~HeprHH Bo36ym,neHHH Hilpa CHJia HeKOToporo COCTOHHHH 

( Haripii~ep, - o~HOKBa3H'IacTH'Iiioro, · MrioroqacTii<moro ~JIH 
KBa3H'IaCTHUa · ® <floiioHDI) !pparMeHTHposaHHa uo rpynne ypoBHeH:. 

ECJIH- 3Ta cPParMeHTaUH~ pa3BHTa O'I~HI; cnaf>D, \TO CHJia CO.CTOHHHH 

MOlKeT 6ll:Tb·. CKOHUeH~pHpOBaHa Ha HeCKOJibKHX ~elKaU!HX pH.IlOM_ 

ypoB.HRX.. 11MeHHO B, TaKOM cnyqae B CIIeKTpe ' HCCJie,nyeM!lX, 

B036ylK,nE!HHH MOlKeT llOHBHTbCH MY JibTHllJieT. 3TO, B03MOlKHO, H 

Ha6JIJO,naeTCH B npHBe.neHHll:X. Ha ·pijC .' 3 - H 4: ,pac'npe,neJieHHHX _ 
. . ...... . --. ' . 

HHTeHCHBHOCTH KaCKa.IlOB. llpH'IeM · paCCTOHHHe MelK.IlY TaKHMH 

. I 

3 
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I 

MYJibTHUReTaMw·· ( rpynnaMH YPOBJ:Ieli) COOTBeJCTByeT. npHBe.neHHUM -

HHJKe .naHiluM-.o nep1m.na~ • 3~BH:ztHcTaHTHOCTH. --
· Ha6n10~aeM:ue. Ha pm!~-::t-4 3KBH.nHcTafiTHue HHTepsanu Mory.T: 

! I • ' -

1) 6UTb 'IHCTO cnyqaRHUMH; 

2) cooTBeTCTB~BaTb .npyroH CHCTeMe 3KBH.nHcTaHTHOCTH.: 

3TH o6cToSITenb.c_TBa nocTaBHJIH nepe.n HaMH npo6neMy- ·naHcKa· 

3!p<peKTHBHoro anropHTMa~: · oTBe'laiOmeFo Ha sonpocu: 

a) · cnyqaAHa HJIH HecnyqaAJia· ~a6n10.naeMaw s • 3KcnepHMeH're· 
- • - - - . J "' ~ -- • .- ~ 

3KBH.l{HCTaHTHOCTb. HHTepsaJ:iOB MeJK,ny . npoMelKyTO'IHUMH "··ypOBHSIMH - . ,.. . -

HaH6onee. CHJibHLIX'KaCKa,noB? 

6) KaKOH nepHO.l{ 3K~H.l{HCTaHTH~CTH HaH6onee sepoHTeH ? 

·AHa1IH3 nonyqeHHLIX K HacToS~meMy . speltiemi . .nmr MHOrHX H.nep 

pacnpe.neneHHR ·. HHTeHcHBHOCTH ·· - J{acKa.nos noKa;3LIBaeT I 'ITO.,:· B 

.OCHoinioR . HX. Macce ·Ha6JIIO.l{a!QTCH. cneiiy10mHe oc66~HHOCTH ~ 
- - • • ' • • • \, '("- _J • • • .' -· - ·:,. .~ >-

1. B cneKTpe HMeiOTCH ,nsa. ( HJIH 6onee) npaKTH'I.eCKH UOCTOSIHHhiX >-
HHTepBa.Jia ,' M~;,ny. -.- 3H~prHSIMH . ~ 1-KBaHfOB . · .l{OCTaTOtJHO-· 

(nH60 'f{aH.6onee)- CHJibj{UX KaCKa.noa·. ; . Ba pHaUHH. 'paCCTOHHHH np~ . 
3T~M ,no~TaTO'IHO MaJihi - MeHee .HeCKOJibKHX .npoueH;O·B. . - . 

2.HHTe~CHBHOCTb TaKHX 3KBH.n~cTaHTH.UX KaCKa,noB ', · o6uqim 

H3MeHSieTCH .. HpJ! H3MeHeHHH. · 3HeprHH ; B036yJK,neHHH :. H,npa~ .B. 

npe.nnonaraeMoH ~KBH.nHcTaHTHoiVrpynne B~~o.nHy. H TY ,;c'e ciopoHy ~ .-·-· 
. . - ' - .. . . . . . : -.. ~- - . ~- ·-.. I· . . : . . . 

llOHCK BU,neJIEHIHhiX . nepHO,I{OB 3KBH,I{HC,'raHTHOCTH {' . .BhiUOJIHeHHUH 

HHJKe I Hcnonb3 ye~ 3TH oco.6eHHCJ~TH 1'.:.IJ~cna.na ·)3 KaqecTBe .6a3oaux · 

KpHTepHeB'HaJlH'IHH.HCKOMoro·3qlipeKTa. 

. TeopeTH'IeCKOe. 'pa~-C~OTpeHHe :.:_~ BH6pauHmiH~X ;· cbCTOHHHH B 

'· paMKaX : MO,n~m{. '~ B3a~Mo . .n:eACTBYIO~;X .. 6o30HOB .• [1.3] npH~~.n~T- .K 
.- . ·- . -... . '. -

3aKJIIO'IeHHI0 1 • 'ITO HX ~neKTIJ·; MOlKeT 6UTb ra.pMOHH'I~CKHM HJIH ,n~iKe 

He~Horo: ... CJKa~LIM; •... 1-iMeHHO. rap~OHH'IHOCTb ~H Ha6Ji10,naeTCH B 

pacnpe.neneHHH~ HHT~HCHBHoc~-eH .nayxKBaHTOBLIX KacKa.noa. . ' .. . - - ' - - . . ' 

-2.MeTO.l{HKa aHa1IH3a 
----.. ~ -. 

·· nepe'IHCJieHHLie · oco6eHHOCTH aHaJIH3HpyeMoro 3!p<peKTa 

cinpe.nenHIOT Tp~6osaH!iH K ~YJ:IKUHo1i'any·~ 3~aqeHHe · Ko'foporo · MOlKH~-
paccMaTpHBaTb . KaK .. , Kp~TepHH ·H~JI~'I~H . . HJIH ' OTC}TCTBHH 

ns'H.nHcTaHTiiocTH~ npH _ero sli'IHcneHHH Heo6xo,nHMo: 

a) :3qxp9KTHBHo Y'~HTHBaTb, TOJibKO ;Te. KacKa.nu, . '3HeprHH 
.. ~ . . 

l 
1· 

.I • 

;i~, 

B036yl!C,neHHH' . npoMelKyTO'IHUX . ypoBJieR KOTOphiX·. OTJIH'IaeTCSI Ha 
• • • ~ • • ,_. '>. - • I ' • . 

·seJIH'IHHY :ll.Eo:nTI r.ne T - riepHo.n·- HCKOMOH 3KBH,nHcTaHTHOCTH; 
• . t : "" ' . ' . - ~ 

6> -- su6paTb B nepay10 o:qepe,nb HaH6onee· CHJibHUe 

/ (HecTaTHCTH'IeCKHe) KaCKa,nu; 

B) 3!p<peKTHBHO no,naBJISITb. _cnyqaAHLie nepHo.nu 

3KBH.l{HCTaHTHOCTH; 

QqeBH.l{HOI 'ITO, HCUOJib3YH. pa3JIH'Illhle !pOpMU ,CBSI3H 3_Ha'leHHH 

3Hepr'HH ·. KaCKa,nHLIX· nepeXO,I{OB . H _ HX · HHTeHCHBHOCTH C qJOpMaJibHhiM 

napaMeTpoM' T 1 MOlKHO CKOHCTpyHposaTb pa3JIH'IHLie IPYHKUHOHanu. 

'· .. 0T60p ·HaHJIY'IWHX 'so3MO~eH. npH MO,nenHpOBaHHH CHTyaUHH
1

• ·_6JIH3K.OH - ~ .... ~ . . ' 

\ 

K OlKH,naeMOMY 3!p<peKTY c era cny'laHHhiMH .OTKJIOHeHHHMH. 

,nepe6op. B03Mmimux aapHaHTOB noKa3an;· ·'ITO no.nxo.nHmHM ' . 

H 6~nee.~-: . ¢YHKUHOHanoM; . Bhi,l{eJIHIOmHM rpynny H3 Tpex 

3KBH.l{HCTaHTHhiX HHTeHCHBHhiX ;: Kac~a,I{OB. H y,nOBJIBTBOpHIOmHM 

c!popMynHpoBaHHLIM suwe Tpe6dsaHHHM;' HBJIHeTcSI · cne,ny10mHA: I· 
. _. . . ·' 'I: . , . 

i(T) =_\ s ._ s .. e~p·[. L ~ J. -. 
. ' i 

. . . '2. ; '2. 2 
< s . -s . ) ] . r l1E . ; 

~ J ' ~ . 
<S>2 .. , r2ll.E~ .+(ll.E~ .::..T2 ) 2 •. 

~J . ~J .. 

>. s~skexp[ 
. J ; ' . 

2 . 2 2 . 
(Sf"Sk). ··] ;- r ll.Ejk. ___ . • 

<5>2 -· r2ll.E~ +(ll.E~ ..:.T2)2 . . __ ,Jk . .Jk . 

' .· ...• 2 . ' . \ . 2 2 

( 1) 

·.sksi e_xp [-:-_· • .._ J 

( ll.Eijll.E ~)}· · . . J r ll.Eik :;" 

• 2 · ·-·r?l1E2·+(l1E2_4T2)2 
. lk . lk 

',\ -:. 
~{ 

3,necb: s .HHTeHCHBHOCTb · KaCKa,na r HOMep 
• • t t' 
~I : Ji _HJIH .k; <S> ~ 

cpe,nHHSI _HHTeHCHBHOCTb. aHaJI~3HpyeMoro. B 3KcnepHMeHTe Ha6opa 

KacKa.noa 1 ·fl.E· · - pa3HOCTb 3HeprHH .. B036yJK,ne1!HH npoMeJKy.To'IHLIX . 

ypoaHeH· .nayx pacc~aTpKaaeMLI~ KacKa.noa; 

perynHpyiOmHH a_en'HtiHHY BKna.na .naHHoro 

. ( 1) • 

r=O~ iT '-K03!p<pHUHeHTI 

KaCKa,na:· B !JlJHKUHOHaJI 
·---.\ 

. ,llJlSI ,naHHOro·TeCTHpyeworo 3Ha'leHHSI T•KaCKa,n .k Bhi6HpaeTcSI· 
- . • . - 't • . • • 

TaK, 'IT.06H !JlYHKUHOH~JI (1) 6un 6LI_MaKCHMaJibHhiM·.I{JISI ,naHHOH napu 

KaCKa,I{OB i H j. 



1. 
. - . . -) ". ·, " 

BoJiee o6mJ:1M MeTO,ltOM H3y'ieH~~· CHCTeMaTH'ieCKHX. OTKJIOHeHHH 

HHTeHCHBHOCTH KaCKa,ltOB OT.: cpe.ilHero . 3Ha'ieHH.SI, · npHBO.lt.RmHM · K 
\ . ~ ~ ! . . 

llO.SIBJieHHD 3KBH,ltHCTaHTHOCTH~ 

npeo6~aio~aHH.R;~Y~be: •. 
, I , , .. r 

F(T) =·~ S exp(-2rrjE z.~). : (2): . r, 1 · 1 -

.SIBJI.SieTC.SI .. MeTO.lt ,ltHCKpeT~OrO 

} 

9TOT q>yHKUHOHaJI · MOlKeT: 6i.lTb llpHMe,HeH K . llOHCKY. 

3KBH.ltHCTaHTHOCTH, o6ycJIOBJieHHo~". oTKJioiieHHeM oT· cpe.nHHX 
, ' -· ' . ' . . •/ . 

. 3Ha'ieHHH OCHOBHOJi Mac cu.· Ha6JJD,naeMUX KacKa,noB, <l>yHKUHOHaJI· · ( 1) 
. . : . ' . .J • • . • . . 

'iYBCTBHTeJieH 'K HaJIH'iHD· JIOKaJibHOrO YCHJieHH.SI HHTeHCHBHOCTH 
·\ 

OT,lteJibHUX KaCKa,ltOB. ' . ' ' . '" / .~/ 

HaJIH'iHe (oTcyTcTBHe) su.neneHHoro nepao.na T onpe.neJI.RJIOCb 
! ' . • - '. "' •', 

B 060HX CJiy'ia.SIX' no HaJIH'iHD ( OTCYTCTBHD) 'ieTKO ·: BUpalKeHHOrO 
, I· • ·. . ,. 

MaKCHMYMa ~- 3aBHCHMOCTH F 6T Bap~HpyeMOH nepeMeHHbli T. 

. 'cne,nye.:r. OTMeTHTb; 'iT~ npHMeHeHHe··'PYHK~H~HaJIOB: ( 1) H ',(2) 
• ' • ~ • • -~ ' ' ' " ' • • • p 

,nJI.R, ·· aHaJIH3a . KacKa.nos· ·B 'ieTHo..:'q~THux, .si..npax· ·.naeT 3Ha'ieHH.R 

neiJHo.na 3Kl!H,nHcTaHTHO(!TH ,T, oTJI~'iaDmeroc.R He . 6onee . 'ieM B t, s· 1
' 

· pa3a ~JI.SI _ocHOBHOH qacTH ,i13y'ieHimx .R,ne~-~ -
1 

• • • 1 J. 

OnHpusaeMUJi . HHlKe , aHaJIH3. BUf!.OJIHeH C · HCnOJib30BaHHeM 

q>yHKUHOIHl;Jia: ~ (1) nocTOJibKy, nocKOJlbKY. CTpyKTypa. H3y'iaeMUX 

npoMelK}hO'iHUX ypOBHeH. KaCKa,ltOB ~e MOlKeT, \GUTb O,ltHHaKOBOH; . . '· .· . ' .' 
TI03TOMY Tpy,nHO . OlKH,ltaTb HaJIH'ili.R .sipKO BUpalKeHHoro llHKa B, ( 2) B 

~ ' • ' • ' • < • • ' • ', I ' ' I - t ' 

CJiyqae, · eCJIH HHTeHCHBHOCTH KaCKa,noB · qepe3 ypOBHH,· 

OTJIH'iaDmHeC~ .THnOM qJOHOHa') X-apaKTepH3yeMUe pa3~H~HUM. nepao.iJ.oM 
. ".: ·.. . .\· . , , . ., . . .. · ,· ... ··· ··:·· ·I,.. .'.. .. · .. 

3KBH,ltHCTaHTHOCTH, HMeDT 6JIH3K!H~ '3Ha'ieHH.SI,' H, ·. COOTBeTCTBeHHO, 
• •' ' '. '_ - • 1,•, ,• •· • f ,•'," ; • •' n','1') 

BUpaJKeHH.SI_.(1) H.(2}. ·n·pHBO)UIT(K O,ltHHaKOBOMy·'pe3yJibTaTy, eCJIH 
. , .. , . :. . ·. . ... o: . . . . . .. . ·. ;I . . ·• ' . 

B, aHaJIH3HpyeMOM. Ha6ope ,naHHUX ,ltOMHHHpyDT' HeCKOJlbKO i HaH60Jiee 
I ,, •· ) :· • ,'' 'J • < ·, , 

I HHTeHCHBHUX /KacKa.noa, . npoMelKyTO'iHUe ypoBHH . KOTopux oTcTp.RT 

.npyr i:JT .npyr:a: 1I'a o,nHo H TO JKe p~ccTd.R,HHe •• ·\ 
' 1\ 

, 3.Mo.nenH{JOsaHae oJKH,naeMoro 3q>q>eKTa· .1 

I 9q>qJeKTHBHC,.~Tb.. . ·· acnoni.3yeM~X '. q>yHKU~OHct.iiOB 
~npo6aposa~a Ha:· 2:rre;yKimeli Mo'.ixenH; 

a) . KOHCTpyap'o~anoc~ N=-25+33 "nonoc" 
' ... 

KacKa.nos, co.neplKamHx , no• ·.m=4 

"noiwce"; 
. 

I 

HJIH' · 3 ' 'iJieHa 

· 6~na 

3KBH,ltHCTaHTHUX 

B ·. 3KBH,ltHCTaHTHOH 

6) HHTeHCHBHOCTb KacKa.noB • B nonoc'ax MeH~IJiacb' cny'iaHHO OT 

MaKciiMaJibHoif .no- 'MHHHManhHOH yMHoiKeHHeM · npe.nu.nymero · 3Ha'ieHH.R 

' · . .naHHOH "nonocu" Ha: cny'iaHHYKl BeJIH'iHHY i;;:S1; . . ' 
. < 

. i 

r-.i /' 

' •'\ 

1 
·.·!· 
i••t· .. 
'1 { 

f· 

\i 

I· 

t 

.. 

/ 

;·· 

_( 

/· 
/, /"" 

·' 

·. ; " 

LL: 
( 

J', 

'. \ . 

;' 

'.\ 

'· 

npHM'ep . "y.i:ta'IHoro" · onpeneneHH.R _HcKoMoro nepilona. 
" ' , '\. . 

3KBHJlHCTaHT~OCTH (T=500-~3B) B MO,lteJIHpyeMOM H~cirip~. 
\.· ,' . 

. \ 
"·: 

\ . 
I -,. 

':;.,, .· \ 
',. \ 

/' 



I 

/ 

I 

-.' 

(' 

\ 
'<:' 

/ 

u_' 

-, 
:\ ·,, 

J . • .. 
·. ;,H,cf 6., To 'lKe caMOei · "Hey.n~'I!Ill;fl'_' ·cnytiaii 
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B) HHTepl!~n • T .• M:eJK.ny .nsyM.II qneiiaMH._ Mo.nenHp'yeMofl ,"nonocu" 

HCKa~aeTC.II. npiftJaBn~H~eM K 'KaXC:Uoi.t:y 3Ha'leiiHJO aHep;HH cny-qaltHOH 

.. HOpMa~b~O pac~pe~eJJeHHoi':i ,· c;w~6KH c' .nHcriepcHefl - cr:t. npHMepu 
- ,_- . ' - -· - .· -- I. . . ,. 

nony'leHHllX 3Ha'leHHH ClJ~HKUHOHana· (1) .llJI.II N=25, m=4, T=SOO K3B 

H <1,;,10 ~3B npHBe,neHll Ha pHC.S H 6;1 

, r)- iaKoH H3MeHeHHH HHT~HCHBH~cTeii ,neHoB pa3nH'IHllX nono~ 

·' :•sJi6HpaJJCH TaK, - - 'IT0611 B uenoM socnpoH3BeCTH ~opMy 
. . ' I . . ' ' 

pacnpe,neJJeHHH H~TeHCHBHOCTeH aHaJJH3HpyeMllX KaCKa,noB. 
, ' , .· I .· . " 

•• 113 MO,neJJHpOBai,IHH CJJe,nyeT, '1~0: -

a) JicnoJJb3yeMufl nepHo.n• npH .nocTaTO'IHO .Manux 3Ha'leHHHX 

npOH3B~,neHHH . ·N·m· (H~np~~ep, . pa~HOM . 100) MOlKeT '~11Th 
. . 10+20 % no_ BOCCT~HOBReH so· MHOrHX CJJy'laHX. C norpeWHOCTbD 

MaKCHMYMY 3Ha'leHHH.ClJYHKUH~Hana·(1) .!.. pJiC:.s; 
··. ? . ' . . . ' _, . ' 

', 6) TIOMHMO HCTHHHbiX peweHHfi HeH36elKHO llOHBJJeHHe H JJOlKHbiX .. 
, ' ' ' • . :I__ . ·• .I .' . : '. • ', •. '. , ' . , • . , 

MaKCHMYMOB, cooTBeTCTBYDwHx HaH6onee -qacTo, Himpini:ep. -T~O,ST 
If T;,1,5~ (pH~.6l;. . .. . i.. . . .. 

\ " \; . 
B) B03MOlKHOCTb BOCCTa~oi~eHHH HCKOMOro• 3Ha'leHHH. T 

i • ~- ·~ • :; I ./ 

MO,neJJbHOrO'H~6opa npaKTH'IeCKH .HC'Ie3aeT 
. '· , . . . ,, I ,. 

,UJJH 
.:, ' •' ; /. 

'cpyHKUHOHana ( 1). H3 ,nJJH 

N•m>2'oo; . ' ' . . 
~) . 'HcriOJJb·iyeMllH ClJYHKUHOH<lJI' ( 1)_ He ll03BOJJHeT - O.llH03H.a'IHO 

.! 
; 

'., ·~ 
. • • • ' • i ' ) 

- _onpe.nenHn_ e.n~mcTBeHHo~ 3Ha'leHHe. T .nnH cny'laH cr>O; · 

' 

. .n)> paccMa;pHB·~eM~H 'npo6JJeMa. TaKOBa, 'ITO ee:,.pewemie, B 

· npHHUHTie, B03MOlKHO ,TOJJ,bKO _,nJJH HeKOTOpOH. 'laCTH aHaJJH3~pyeMllX 

,· .n_aHHUX; I/ / 

!. 
. 4. Pe3yJJbTaTll; aHa-JJH3a: 

K HaCTOHrueMy BpeMeHH KaCKa~ll H3 .nsyx ~-riepexo,nOB'H3y'leHll · 
\ ; . . . . . - . I 

aKcnepHMeHTaJJhHO · 6onee · 'leM · B 18 . .11,npax · o6nacTH - 4s-pesoriaHca 
•' i i .. I ' • • • ' /.."' ' ' C • '. \ • I ! " ' . ' ! ' ~ 

HeHTpOHHOfi'CHJIOBOH ClJYHKtiHH: HeKoiopue ·,naHHlle o6 ~THX ·.II,npax 

~pi.!~e.n~H~ I .·s ~a6n~ue: .. TaKofl, ·H~6op ' .ziaHJiux· .. no3BOJ.1HeT_, HaM 

- npoBeCTH aHaJJH3 B WHpOKOH ., o6JJaCTH' H,nep. llpH aHaJIH3e 

·Heo6x~.nHMO y'liiTu:BaT~ cne.nyDw~e· o~cTo.II~enbcTBa: 
\ ·.·a) ycTaHosneHHaH· cxeMa pacmi.na H3y'laeMllX H.nep MO)KeT, ;B' 

npHHUHite, co,neplKa~b ypOI!H~ C. OWH60'IHO y.cTaHOBRellHllM. ~Op.II,nKo~·. 
cne.nosaH;,{H KBaHTOB B .KaCKa'.ne, nH60 Hepa3peweHHWH MYRbTHTIJJeT, 

; • ' ! · • . .I \. . ~ ,, ., ' I • 

mi6o no)KHllfl MYJJbTHnne:r npoMe)KyTa,Hux yposHeii ·(He ~~:aclta.nos ! ); 

'. 

'f, 
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• Ta6nHua. 
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COCTaBHOe Bu.neneHo cyMMapHaw 'IHCJio·· JIHTepaTypa' · 

HHTeHCHBHUX cHHTeHCHBHOCT~; KOHe'IHUX 
' .. · .·' ·'; ./, l ·' . 

KacKa.noB % Ha pacrra.n. , ypoBHeH 

g,npo / 

•: 

... t ~ "- ) .. 

\1 · ·., , . _.;· KaCKii,nOB 

-----------------------------~----------~--------------------· 

t44Nd. 

t46Nd 

tsosm 

is6Gd 

tsadd . 

\ 

t640 Y

i6aEr ··. 

t74Yb 

t~aHf ·,_. 

iaoHf · 

'.( 

t43Nd \ 

t63Dy 

t6sD:f. 

t7sYb 

t79Hf 

_tatHf 

. 183w 

187w' 
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~ 101 

144 

146 

114 

123 
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i26. 

36 

148 

110 
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. 6) IIp~.nrro.riaraeMaH 3KBH.nHcT.aHTHOCTb MOJKeT 6UTb, B npHdUHIIe_~ 
o6ycJIOBJie.Ha' 3aMe_THUM BJIHHHHeM Ha IIapuUaJibHUe WHpHHU KOMIIOHeHT 

BOJIHOBOH !JlYHKUHif,. OTJIH~aJOIUHXC51 TO.rih~~ 'IHCJIOM !JlOHOHOB. ll03TOMY 

1 
MOJKHO OJKH,n~Tb, 'ITO 3TO ~JIHH~HS 6y,ne,: H~O,nH~aKOBU~ B g,npax C 

pa3JIH'IHOH 'le~HOCTb~ .. t{H.CJia 'laCTHU H3-3a HaJIH'IHH B3aHMO,neHCTBHH . 

KBa3H'IaCTHU c · ·q>oHoHaMH, xopowo. H3BecTHoro · H3 . TeopeTH'Ieci<oro. 
\, .. 'I . . 

H3 Y,'leHH51 g_npa; .· . . 

B) cTpyKTypa BOJIHOBOH !JlYHKUHH Kofleqliux ypoBHeli H3y'leHHUX K 
' ~ J j . . . • •. 

HaCTOHIUeMy BpeMeHH · ,nByXKBaHTOBUX KaCKa.noB B · 'leTHO-He'leTHUX 

g_np~-X CyiUeCTBeHHO. pa3H006pa3Hee, 'leM B · H3y'leHHUX . 

'leTHo->qe-rHI1x;: B rrocne.nlieM cny'lae · ·;·To < o6u'I'Ho ·ypoBHH 

poTaUHOHHOH,IIOJIOC!l OCHOBHOro COCTOHHHH H 'qacTO,- l'-IIOJIOCU ,nJI51 
\ i' • ' . / (" ,.-' . 

-.neq>opMHpOBaHHUX ;5I.nep'; :· OCHOBH'oe • COCT051HHe, •. onHo.,.:._, H 
. . •· ····' '. . .. . I 

.nBYX!JlOHOHHUe ypoBHH B cq>epH'IeCKHX g,npax. 113 ::iKCIIepHMeHTaJibHUX 

JlaHHux · o .. KacKa.na~· -r:-rrepexo~oB '[2] o.n~oiHa'IHo • cne.lxyeT, • 'qTo 

HHT~HCHBHbCTb KaCKa.na 51BHO 3aBHCHT 01: CTpyKTypu ero KOHe'IHOrO 
. , . . . , • I , . . . 

ypOBH51. ll03TOMY, · KaK MHHHMyM, · g,npa C pa3JIH'IHOH 'leTHOCTbiO 

'IHCJia . HY~JI,OHOB . cne.nyeT • · • aHaJIH3H!JOBaTb ;. . pa3.nenbHo , H 

'IJieHaMH ·, KOHKpeTH,OH 
... 1 \. 

- ()rpaHH_'IHBaTbCR _ KOHe'IHUMH ypOBH51MH 

poTahHoHHOH rronocu.B .ne~dpMHpoBaHHux g,npax • 
( ' ' . '! J : ' . . 

Ha .pHc. 7-8 rrpHBe.neHu · 3Ha'leHHH !JlYHK_UHOHiiJia . ( 1) \; · · ,nJIR 
'' ·I,··. ' · __ , '{''•: 

'leTHO-'IeTHUX H. ''ieTHO,..:.He'leTHUX ,R.nep. _ npH'IeM . B 
1 

::noM aHaJIH3e 

HHTeHCHBHocni' KacKa.zioB; 3aKaH'IH.BaiOIUHXCR pa3JIH'IHUMH KoHet.tHUMH . , . . . 
ypoBHRMH, cyMMHfJOBaiHcb-' ( B ·.·.!JlYHKUliH 3HeprHH B036ylK.neHHR ), .UJIR 

yp~BHeH. · poTaUHo~iwa . . rronocu . oc~oBHoro c~cToHHHR 
,ne,q>op~iHpOBaHHUX . 'leTHO:_t.teTIILIX '-g,nep H. , poTaUHOHHOH · IIOJIOCU, 

' rr . - .. . . . . . 
rrepBoro ,coc~oRHH51 c •. K · =1/2· , JielKaute.ro y .rroBepxHOCTH <llepMH, 

.n.riSI 'leTHo-He'leniux. Y, cq>epH'IeCKHx ~ R.nep ·Bu6Hpamicb Kaci~.nil, 
. I . , ' , . " . 

3aKaH'IHBaJOIUHeCR, .OCHOBHUM, · O,nH0""7 H ,nByXqJOHOHHUMH . COCTOHHHRMH 

H3y'lae~oro.g,npa. 

lis. 3aBHCHMOCTH, IlpHBe.neHHOH. Ha pHC. 7, ,nJIR 'leTHO-'-'IeTHUX 

R.nep, ··BH.nHO; 'ITO. ,nJIR MHOrHX g_nep MOJKHO. BU,neJIHTb ,o,nHO 3Ha'leHHe 

HHTepBaJia. 3KBH,nHCTaHTHOCTH. 11 3TO 3Ha'leHHe ,3KBH,nHCTaWfHOCTH 
' . . 

(51pKO BUpaJKeHHOe•. B pR.ne .cJiy'laeB~ _H3MeHReTC51 B' HHTepBaJie 
I . ·. . ' . .., . . 

. 500:ST:S800 K3 B ( pHc. 9) • ' 

CHTyaUHH C ''leTHO-He'leTHUMH ~g,npaMH ~p~C.8)i"He CTOJlb 
, •I . . . . . 

IlpOCTa . H : O'leBH.nHa. B pR,ne CJiy<JaeB qeTKO H o,nH03Ha'IHO 
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PHC~7. 3Ha<feHHe- !JlYHKUHOHaJia ;(1~. JlJIH_. pa3JIH'IHOro nepHOJla 

.OliC~JlaeM~H 3KBHitHcTaHTHOCTH T ·_-B ':feTHO-'IeTHHX COCTaBHI>IX 
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I, ' 
poTaUHOHHOH. ,nOJIOCI>I COCTOSIHHH. [ 521) ~ ·.· JlJISI 1 

JlHCnp03HSI H [510)1- ~C~aJibHI>I~ 1 SIJle~. 
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3aB~CH~O~Tb 3HaqeHHg ~aH6onee '·BepogTHo+o ·riepHoaa 

/3KBH.itHCTaHTHOCT~ .OT aTOM~ofo Be'ca H3~q~HHI>IX :gaep: 

D . - q.eTHO-:-_qeTHble gap a 

o -. qeTHO-HeqeTHHe gapa c r 0 /<f 0 >'->/ ·1 
· , .. ~ n .... n 

X - q~T~O-:-Heq~TH~~ gapi C f0/~~0> C 1 
.~- , · ·· _-· · -. ··n n. 

+ _'gnpa 168ErH t80Hf •. ~' ··, 

., 
;>.' 

rnaaKHMH diHHHgMH ·· ' coeaHH9Hbl MHHHMaJibHble H 

MaKCHMaJibHLie 3-HaqeHHg •; ··_, 

-·,;-· 

-ts 

·---' ', 

·, 

I 

1. 

:· ' . 
' . .· . -- . ' 

npogBJigDTCg 3HaqeHHg~3KBHaHCTaHTHOCTH, 6JIH3 Kl;f_e- -K aHaJIOrHqHJ,IM 

. '3Haqem{gM 3Toro· lKe napaMeTpa B coceaHHX qeTHo-qeTHI>IX gapax. 
~- ,.- . ' I· -~. -~- - . ' ,<'-, -

Ha pHc. 9 npeacTaBJieHa -3aBHCHMOCTb BHaeneHHoro nepHoaa 
J -- ' ' . .. 

3KBHaHCTaHTHOCTH" -B .qJyHKUHH aTOMHOro 

. BHaHo, · q.fo 3HaqeHHe. · T a~ir gaep 
143Nd; 

Beca H3yqeHHoro gapa: 
16

.
3 Dy H. 

183
W Ha :::2oo 

K3 B 6oJibWe, qeM · B coceaHHX qeTHo~·qei-HHX • gap ax. · 3TH gap a 

OTmiqaDTcg. OT a·CTaJibHI>IX qeTHO-HeqeTHI>IX gaep MaJII>IM 3HaqeHH9M 

npHBeaeHHOH H9HTpOHHOH .mHpHHI>I f 0 pe~oHaHca, onp·eaeJigDlllero n . . . .. 

ceqeHHe· 3axBaTa T9llJJOBI>IX HeHT,POH,OB. KaK. OTMetiaJIOCb B [2, 4], 
• • • ' •. • . . ... /.- ~ .) 1 - ' ~ 

3TOMY o6<;TogTeJibCTBY CO_?TBeTCTByeT 3HaqHTeJibHoe YM.eHbWeHife 

· HHT9HCHBHOCTH KaCKaaoB,. B036ylKaaiolllHX KOHeqHJ,Ie ypOBHH Jp 
/ ·.- . . ·. 

HeHTpoHii'oii o6onoqKH·. · OTcDaa · cJieay.eT rHnoTe3a, ~qTo npH ipacnaae 
• . ·.:. . • . 0 . . . :. . . .; 

KOMnayHk:COCTQgHHH ·c pa3JIJiqHI>IMH 3HaqeHHgMH fn B036ylKaaDTC!i 

npo~e~yT6QHHe_ypoBH~: KacKaaoB c pa3JIHqHo~ CTPYKTypoii • 

CO.OTBeTCTBBHHO .nep~oaH 3KBHaHCTaHTHOCTH\ aiig_ ~HX .MoryT.·6HTb. 

pa3JIH~HI>IMH. 

Ha :. 3TOM ·:lKe 
"" ... . • '· . 168 · .. 

OTMeqeHH , gap a · · Er · H t80Hf, pHCYHKe ang 

KC>TopHx i{eTHOCTb. KOMnayHa-cocT051!1Hg H qeTHOCTb KOHeqHHX 

· ypoBHeH_ 'KacKa:aoB · oa~a··· H .ia lKe' -(rr~~) •• .llJig a"cex · ocTaJI-bHHx· lKe 

gaep OHa. pa3JIJiqHa; pa3JIHqHJ,I H THiii>I MY JlbTHllOJibHOCTeH · KBaHTOB· 
. ' . . . - . . ~ \ ' . ' 

.KaCKaaoB·. HeT- TeopeTHqecKHX OCHOBaHHH OlKHaaTb, qTQ 3HeprHH 

·np~anona,raeMHX qJOHOHOB' (T. e. BeJIHqHHa HCKOMOH 

3.KBHaHCTaiiTHOCTH) ang ypoBHeH, cBg3biBa9MI>IX E1~ HJIH M1-

riepexo.ziaMH, 6y.ziYT. H~en;· oaHy -~ TY lKe · BeJIHqHHy, · a' 3HaqeHHg T 
. ·. l68 •· ·:·· 180 ' · • · . . · · 

aJig . Er H Hf. 6yayT, COOTBeTCTBOBaTb aH.aJIOrHqHJ,IM 3HaqeHHgM 

B _coceaHHX gapax. 3aecb'cneayeT TaKlKe .. yqHTHBaTb H_apyroe.· He. 
-~ . . ' . --· 

: Meiiee BalKHOe . 06CTOWf9JibCTBO: .qJyHKUHOHaJI ( 1) · He ·MOlKBT 
'. • -' • • ' • • • . ' ~- \. \ 'I • • • i - - _· -

o6ecneqHTb 'nonyqeHHe oaHo3HaqHoro peweHHg B.cH_JIY oco6E!HHOCTeH 

3TOH. n'po6JieMbl - o6paTHOH; nJIOXO o6ycJIOBJieHHOH MaTeManitie·cKOA ' . 
3aaaqH~ · f· 

/ 

5. B03MOlKHOCTH aaJibHeHwero 3KC':ieP.HM9HTaJibHOrO H3yqeHHg 

. . npo6JI9MI>I 3KBH~HCTaHTHOCTH 

MexaH.H3M; co3aaDlllHH. · Ha6JIDaaeMHH 3cpcpeKT, MOlKeT', 6HTb ' ~ . 

• CJieayDlllHH: .B aaHHOM KOMnayHa-COCTQgHHH ( H9HTpOHHOM pe30HaHCe) 

: H3-3a' CJiyqaJiHI>IX qJJiyKTyaUHH WHpHH• ( JIH60 - · HecnyqaifHoro HX 

ycHJieHHH) t.io.lKeT c .6oJiblliOH aepm:ITm:>cTbJ() il036yaHTbcg cocTogHHe, · 

.· 

. ,. 

/" 



. ,. 

~ " .... .., 

sepOHTHOC'fb pacna,na KOTOpOrf:? Ha 3l1;iaHHLIJ:I HH3KOJieJKaiUHJ:I ypoBeHb 
·-.. . -\- - ·.-- . ' 

·,nocTaTO'IHO BeJIHKa; 

'COOTBeTC;BeHHO, BLI.WeJieJKaiUHe ypoBHH;' OT~TOHinHe 110.3HeprliH 

so36yJK.neHHH. ia T,. 2T H. T.,n., MOq~T CTaTb llpOM.eJKyTO'IHLIM~L 
. ' - .. - - . . . . . -.. ··~ 

ypoBHHMH ycJiJieHHLIX Ka·cKa,noB; ecJIH. HX CTpyKTypa OTJI_H'IaeTCSI' OT 

cTpyKTyp·LI .pacc~aTpHsaeMoro~ ypoBHH H~ . cooTBe;cTByJOIUee - 'iH'C:n~ 
3JieMeHTapHLIX · sci36yJKiteHHJ:I . ( B03MOJKHO - lfloHoHos) , JIH6; · cna6o 

BJIHSIIOIUHX Ha HHTeHCHBHOCTb 

JIH60 ycHJIHBaiOIUHX HX. 

nepBH'IHLIX 7-nepexo.nos KacKa.nos, 
.,.J 

ECJIH 3TO TaKo.-~~TO- c.iie.nyeT oxCH.naTb KoppeiiHUHH' ( H;, B03MOJKHO, 

·3Ha'iHTeJibH~e) HHTeHC~~HOC~ej:{ ~aCK~JioB, ~OTJIH'iaiOIUHXCH 110 

3HeprHH so~6ylttn~HHH .· npoMeJKYTO'iH~~~o ypoBHH Ha .semi'i~my T il·. 
HeJ:ITpOHHLIX pe30HaHeax •... OTCJO,na 11pHMO CJie,ny~T, . 'i~O , ,nJIH . 

.naJibHeJ:Iwero noHcKa __ npe.nnonar~eMoJ:I 3_KBH.nHcTaH_THOCTH 110!JOlKeHHJ:I ·. 

npoMeJKy.To'iriLix yposHeJ:I ycHJieHHLix :Kaci<a'.nos .:fieo6xo.ni1Mo H3 y'ieHHe 
' •• ..._., • "- - ~ • , ' I ' • 

KacKa.nos i-nepexo.ltos · npH · 3a:isaTe HeJ:ITpoHoB ·a.: -p-a3jiH'iHLIX 

... 

pe3oHaHcax ~~~oro H Taro JKe/H.npa.- . . . 
. .. ,-. :~ 

OoJio6HLie ~ ··; KCI1epHMe.HTbl ; MOryT . 6LITb Bbli10JIHeHLI H~ . : JII060M. 

HCTO'IHHKe ,pe30HaHCHLIX. · HeJ:IT'poHOB c. ,neTeKTopaMH ,nOCTaTO'iHO 
. .. . . . I . . 

6onbwoJ:t 31flifleKTHBHocTH. , HanpHMep •. 30+50 % HPGe :::neTeKTopaMH. 
. • • ' .. _.·: ,._ ' ·._ ·,. _·. ~ - . • J • . . 

,,-, _.:.-..-.. •. 

'6~3aKn~~eHHe . · .· 

ECJIH H<l6JIJO,naeMaH · HaMH -3KBH,nHCTaHTHOCTb iHeprHJ:I 

B036yJK.neHHH HaH6o.Jiee CHJibHLIX KacKa.nos s.ielflopMHposaHHLIX
1 

H.npax 

C ·n~pHO,nOM T=500+800 K:i!B ··He HBJIHeTCH 'cJiyqaJ:IHOJ:I, TO no,n~6Hble 
B036yJK,neHJ,iH MoryT .. 6LITb -:-H~c~e,nosaHU -3KC~ep~M~HTaRbHO.. . : . ·- . . . ' ~.... . . - --· .. --- ---· 

.; · JlJIH. 3Toro . .nocTaTo'mo · H3y'laTb KacKa.nu H3 ·.nayx 7-nepexo.nos 

MeJK,ny KOMI1~YH:n-cocTOHHH~MH 'H: HH3KOJieJKa~HMH ypoBHHMH H.npa ,nJI~ 
MH~rHx· HeJ:ITpOHH~X pe30Ha.i!_coB: ~nH .. MaKCH~M~JibHO :WHpOKOro Kpyra .· 

,' ' . ' . . - - . . ' 

CTa6HJibHLIX H,nep-MHWeHeJ:I~ 

' 

\--

;'f 

npOHBJIHIOTCH 3Ha'ieHHH 3KBH,nHCTaHTHOCTH, 6JiH3KHe K a'HaJIOrH'iHfiM: 
··,. ·. . , ,· ' .-· "• " 

. 3Ha'ieHHH_M 3To:o JKe napaMeTpa .S COCe,nHHX_ 'ieTHO~'ie.THLIX. H,npaX. 

Ha pHc,_ 9 npe,ncTasneHa '3aBHCHMOCTb BLI,neJieHHOro nepHo,na 
._- , ,; ~ 

3KBH,nHCTaHTHOCTH .B lflYHKUHH aTOMHOro 'seca H3y'ieHHOro H,npa.·. 
,• •. ' . ' . ' 43•, ··163. ,·, 183'' 

BH,nHO,. 'iTO 3Ha'leHHe T ,nJIH H,nep 
1 

,Nd, .DY H ' 111 Ha :::200 

K3B . 60JlbWe; 'qeM B coce,nHHX 'leTHO.:_'IeTHLIX . H,npliX •.. 9TH H,npa 
·- ./. . . 

oT~H'iaJOTCR o-T · · ocTaJibH~x -lfeTHo-H~'ieTHLix ·, si.nep. MaJILIM 3Ha'ieHHeM 
• c ' • •• ; 0. 'i - . : f,_ • ___ . • > ' 

11pHBe,neHHOJ:I .. HeJ:ITpOHHOJ:I ·WHpHHLI· r • pe30HaHca, 011pe,neJIHIOIUero 
, _ _- n _ 

·ce'ieHHe 3aXBaTa. Tei1JJOBLIX~ HeJ:ITpOHOB ,' KaK OTMe'iaJIOCb B (2, 4], 

3TOMY., o6CTOHTeJibCTB~ COOTBeTC;ByeT :3Ha'IHTeJibHOe · ~-MeHbWeHHe: 
' HHTeHCHBHOCTH KaCKa,nOB, ~036Y.JK,naJOIUHX · KOHe'iHble ·~ypo.BHH ·. : 3p 

/ . - '/.. " . ' 

--- HeJ:ITpOHHO.J:I -06DJIO'iKH; -· O'rciO.na· CJie.riyeT rHI10Te3a, 'iTO npH pacna,ne 
• ' . .·· . . ' . . .. , ··, . '6 .·. ' . ' 
:J~OMnayH,n-COCTOHHHJ:I, C ,pa3JI_H':iHLIMH· 3Ha'lei}HHMH , r n" B036yJii,naJOTCH 

npoMei;cyTo<rHbie··ypo'Bm.;. KacKanoa'. c> pa3JIH'iHO~ · · cTpyKTypoJ:t. · 

Coo'TB~TCTBeHHO ,nepHO,nLI 3KBH,nHcTaHTHOCTH ,nmr HHX M~r;yf tJi>IT~ 
pa3~!f'iHLIMH .' 
'·. ' -Ha . 3TOM .liCe 

. ·' 
pHCYHKe 

' .·. ·168 '180 •·. 
OTMe'ieHLI · H,npa· Er H , Hf, ,nJIH 

KOTopLix· · 'ieTHOCTI> i<oMnayH.n-cocToHiiHH · H 'ieTHOCTb~ · KoHeqHLIX 

ypo,BHeJ:I Ka'cKa.lioB o,nHa; H -Ta JKe, '(-~=+ ). JlJIH Iicex OCTaJibHbl~ lf(e 

H.nep qHa _. pa3JIHtiHa':/ pa3JIH'IHLI. H T-~nLI. MYJibTHno~bHOCTeJ:I ·.KBaHTOB 

KaCKa,nos·.' HeT TeopeTH'iee~HX OCHOBaHHJ:I ·OJK~.naTb, 'ITO 3HeprHH_ 

HCKOMOJ:I npeJinonaraeMLIX · IJlcmo~os (-f.' e. seJIH'IHHa 

3KBH,nHcTaHTHOCTH) ,,nJIH ypoBHeJ:t; CBH3LIBaeMUX E1.,-' HJIH Ml.,. 
':·' . \. - . . - - .. ' :'' . .· ··-, ': . -' .. 

nepexo.naMH·, 6y.ny'r mieTb~o.niiy H TY. JKe 'BeJIH'IHHY, a 3Ha'iel-IHH_. T 
. . 16 8 ' ' .. · i 8 0' . . . ' ' •.· . . . . : ., ' . . ' >- ' . 

,nJIH Er ;H . ·Hf 6y,nyT COOTBeTCTBOBaTb · aHaJIOrH'IHLIM 3Ha'leHHRM 
• ,' .•. • . I' .. . ,·' • '" . .: .• :_ .: ' ·• -· ·. ' . .,/· .··.' /<';: ~ ' - . :_ .· • '..-

B•COce,nHHXH.npax. 3,necb cne.nyeT TaKJKe Y'iHTLIBaTb H .npyroe'He 

MeHee B.aJKHOe o6cTOHTen~CTBO: . lflYHKUHOHa;· : ( 1 )'. He . ·MOJKeT 

o6~cne'IHTb noJiy'ie~HE! :<::l:UH03Ha'IHOro peweHHR B ·.· CHJIY ·oco6eHHOCTeJ:I 
·. . .·. ' -. . . . . ·':. ;." '. --· ' •. . 

3TOJ:I ·,npo6JieMLI - o6paTHOJ:I, ·n~OXO ·o6yCJIOBJieHHOJ:I_ MaTeMaTH'IeCKOJ:I. 

3a,na'iH: 

"·' 
-~- -...... .. 

\ 

· 5. Bo3MOJKHOCTH .nan~hHeJ:tniero 3KcnepHMeHTaJibHoro }{3 yqe~HH 

11p06JieMbl 3KBH,nHCTaHTHOCTH 

MexaH.H3M, c~;,naJOIUHA H~6JI~,naeMLIR 31JlifleKT, , MOJKeT. 6LITb 

·:c.fle.nyJOIUH~: · u .naHHOM KoMnay!:i.n~cocToHiiHH ( HeJ:ITpoHHOM pe3oHaHce) 

H3-3a CJiyqaJ:IHLI~ lflJIYKTY~UHJ:I WHpHH .(JIH60 - HecnyqaJ:IHoro. HX 

'ycHneHHH) ·MoiKeT· C 60JibWOJ:I BepoR~HOCTbiO B036y,nHTbCH C~·CTOHHHe, 

I, 



',"J 

-~ 

sepogTHOCTb pacnana KOToporo Ha 3aJtaHHI:.IH_ HH3KoJieJKaiUHH tPOBeHb 

JlOCTaTOt{HO BeJIHKa~ 

.coo:rlleTcTiieHHo, .' auweneJKaiUHe ypOBHH! .OTCTOgiUHe no·3H~prHH: 

B036y)I(Jlem;g Ha T, "2T H , T. Jl. , MOryT .CTaTb npoMeJKyTOt{HI:.IMH 

ypoBHgMH ~ ycHJieHHI:.IX. KaCKaJ{OB, eCJIH ~H~---CT_pyKTypa OTJJHt{ae~cg _- OT 
'- . .-- -- - ·- ' - - - . - - . -

cTpyKTYPill- paccMaTpHsaeMoro yposHg Ha cooTBeTCTBYIOIUee 'iHCJIO 

3JieMeHTap~ux B03ClylKJl~HHH ' ~( B()3Mo:imo - !pOHOIIOB), . JI~Cf()· cna6,p 

BJIHgJOIUHX Ha HHTeHCHBHOCTb nepBHt{HI:.IX- 7-nepeXOJlOB KaCKaJ{OB, ::.; ' - - ' .. ) ' 

JIH60 ycHJIHBaiOIUHX HX. 

E-CJIH- .3TO TaK, .~0 CJieJ{yeT ~~HJ{aTb KOppeJig~HH' (H, B03MOJKli01 

__ :- 3Hclt{HTeJibHI:.Ie) HHTeHCHBHOCTeH KaCKaJ{OB, OTJIHqaJOIUHXCg no 

3He~rHH llo36YJKJleHH.si npoMeJKyTo'<IHoro - yposHg Ha seJIHq'WHy T B 

;HefiTpoHHI:.IX ,pe3oHaHcax. OTciOna- :'-npgMo ::_:_c'nenyeT, q~oc- JlJI~ 
' , ,' :- - ' . .. - . 

J{aJibHeHWero noHCKa· _ npennoJiaraeMOH 3~BHJlHCTaHTHO~TH nOJIOJKeHHH --. 

npoMeXcyTOt{HI:.IX: ypoBHeH: ycHJieHHI:.IX:.KacKa.i:toB -~eo6XOJlHM~ _H3 yqeHHe 
' . .. . --~.: .. , ' . ' . ~. ' ' -' -

KaCKaJ{OB - 7-nepeXOJlOB . npH _ 3~XBaTe HeHTpOHOB B pa3JIHt{HI:.IX 

pe3ol!_aHcax onHor:o _H Toro JKe g~pa. 

no~o6Hue 3KcnepHMeHTI:.I MoryT 6uTb BI:.InOJIHeHI:.I _ ,Ha -: JII060M-

HCTOt{HHKe , pe30HaHCHI:.IX _ HeHTpOHOB C . J{eTeKTOpaMH JlOCTaTOt{HO •-

6oJibWOH 3cppeKTHBHocni,- _!:i_anpHMep, :. 30+50 % _HPGe -:-neTeKTopaMH. 
~ 

- ~ .. 
· 6. 3aKJIJOt{eHHe 

~a6JIIOJ{aeMalt·-· :. 'H;MH' ,3KBHJlHCTaHT!iQCTb 
-, 

3HeprHH.:·. ECJIH 

_s·o36ylKJleHHg HaH6onee cHJibHI:.IX KacKanos BJe!popMHposalmux gnpax

c · nepHOJlOM T;,500+800 K3B He. gsngeTcg c~yqa.HHOH; TO non~6Hue 
. . •' " ' ' 

B036y)I(JleHHg MoryT ,6I:.1Tb _ HCCJieJ{OBaHil 3KcnepHMeHTaJibHO.~ , . 

.zing::3Toro nocTaTot{HO :H3yq~nb 'KacKanu H3 nsyx 7-nepexonoB 
··- ~ 1-- ' - '• -. • -~·, - ' . . • ' • 

Me)I(Jly KOMnayHJl;_COCTQgH}fgMH H HH3KOJielltaiUHMH · ypOBHgMH gnpa JlJig 

M~orHx iieH:TpoHHI:.IX :pe3oHaHcoa nng ~aKcHMaJibHo··· wHpoK~ro. Kpyra 
. CTa6H~bHI:.IX. gnep-M-HWeHeH., - . /-. - -· . · . ..· . ---:: > 
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