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E~e COBCeM HeAaBHO ~~S~Ka BbICOK~X 3Hepr~~ npeACTaBnRna co6o~ 

KaSaBW~~CR 04eHb AaneK~M or npaKT~K~ paSAeJ1 "4~CTO~ HaYK~II. Ce
rOAHR pacve r RAepHO-<t>~S~4e<::K~X npOLteCCOB, npOTeKaIOU\~X non, Ae~CT
B~eM BbICOK03HepreT~4eCKOrO ~SnY4eH~R, Heo6xOA~M AJ1R peWeH~R Ba~

H~X np~KnaAH~X SaAa4 - npOrHOS~pOBaH~R ~ O~eHK~ paA~aL.t~OHHO~ 

06CTaHOBK~ Ha 60nbW~X BblCOTaX ~ aoxpyr YCKOp~T.,ene~, COSAalOU\~X 

MOU\H~e nY4K~ npOH~~alOU\erO ~SnY4eH~R: AnR onpeAeneH~R AOS ~ no
6<;>4Hb1X 3<t><t>eKToB npa MesoTepan~~ paxa , AnR, Hapa6oTK~ C nOMOU\blO 
YCKOp~Tene~ 6onbw~x Kon~4eCTB HOB~X ~SoTonoB, np~MeHReMwx B Me
A~Lt~He ~ B RAepHO~ 3HepreT~Ke, H TaK' Aanee. 

BMeCTe C TeM ~SY4eH~e npOLteGCOB" npOTeKalOU\~X nOA Ae~CTB~eM 

BbICOK03HepreT~4eCK~X 4aCT~L{ B aTOMHb!X anpex , ~ccneAOBaH~e <t>OTO
3Mynbc~oHHblX "SBeSA" ~ W~POK~~ aTMoc<t>epHblX n~BHe~, nOpO>KAeHHbIX 
KOCM~4eCK~M~ 4aCT~L.taM~ CBepXBblCOKHX 3Hepr~~, AaeT ~CKnI04~Tenb

HO ~a>KHble CBeAeH~R O CBO~CTBax rny6~HH~X 113~,a~eWI OKPY>KaIOU\e~ 

Hac npuponu. 
XapaKTepHO~ oco6eHHOCTblO RA~pHO-$~S~4eéK~x np0LteCCOB, CBRsaH

-H~X C B~COK03HepreT~4eCK~M ~~J1Y4eH~eM, RBJ1ReTCR 60nbWO~ 4~cno 

~ W~POK~~ 3HepreT~4eCK~~ cneKTp BOBne4eHH~x B_npoLtécc 4aCT~L.t. . .* 
Hanp~Mep, np~ ~TonKHOBeH~~ npOTOHa C RAPOM ypaHa np~ T = 1 r3B 
B c~eAHeM pO~AaeTCR OKono 25 BTOp~4H~X 4aCT~Lt, B TO~ 4~cne~ 
20 He~TpoHoB, KOTop~e, pac~pocTpaHRRcb B BeU\eCTBe, MHorOKpaTHO 
IlpasMHq~alOTcRII B cepaa cTonKHoBeH~~ C RApaM~, oxaaruaaa ~HTep
Ban OT TennOBblX 3Hepr~~ AO SHa4eH~~, 6J1~SK~X K 3Hepr~~ nepB~4
HO~ 4aCT~L.t~. np~ ~ ~ 10 

3 
r3B B RAepHOM CTonKHOBeH~~ BOSMO>KHO

' 

pO>KAeH~e cpasy HeCKonbK~X COTe~ 4aCT~L.t. B pasB~BalOU\~~cR sa~eM 

KaCKaA /naB~HY/ pO~AaIOU\~XCR ~ pacceaaaouijrxca B BeU\~cTBe 4aCT~I..l, 

~alOT BKnaA cy~ecTBeHHO pasn~4H~e no cBoe~ np~pOAe RAepH~e peaK
--Ltlll'~· 

B uenox pacnpocrpaueuae f1Y4Ka aucoxoauept-e ruuecxax 4aCT~L.t 

B cpeAe OKaS~BaeTCR HaCTonbKO cnO>t<HWM RBneH~eM, 4TO on~c~Tb ero 
aHan~T~4~CK~, C nOMoU\blO K~K~X-TO ypaBHeH~~., Kpa~He saTpYAH~Tenb

HO, oco6eHHo ecn~ y4~TblBaTb CnO>KHYIO reOMeTp~1O saAa4~ ~ MHoro
KOMnOHeHTH~~ COCTaB BeU\eCTBa cpeAbl. TpYAHOCT~ BósH~KaIOT Y>Ke Ha 
CTaA~~ saAaH~R MHoro<t>aKTopHo~ ~CXOAHO~ ~H<t>opMaLt~~ AnR on~caH~R 
CBO~C~B ~Aep~~X-peaKL.t~~. 

B 3T~X ycnoB~R~ Ha~6onee aAeKBaTH~M cnoco6oM TeopeT~4e~Koro 

aHan~sa npeACTaBnReTCR CTaT~CT~4ec~oe MOAen~pOBaH~e RBneH~R Ha 

* 3~ecb li, nearre zranee T - KliHeTlitIeCKaR aaepraa Ha.neTalO~eH:
 

tIacr.H~bl ~ na6opaToPHii~~tTêMe KUOi~~
:.r •.:.....1. <J;" ...Ui r1Ct~ ';Ji l 
uefl8ídl M( "'Jt,n:l!~:m~Jii 

. ! ~t.1t:"e il/t..J, r ,-:"J J.. 
,./ 
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:J~r 

OCHOBe MeT.OAa MOHTe-Kapno. np~ 3TOM YAaeTCR He TOnbKO Y4eCTb 
pa3HOo6pa3H~e AeTan~ RAepH~X B3a~MOAe~CTB~~, HO ~ MOAen~pOBaTb , * 
cne~~$~4eCK~e OC06eHHOCT~ KOHKpeTH~X YCTaHOBOK ~ 3KCnep~MeHTOB. 

MeToA CTaT~CT~4eCKOrO MOAen~pOBaH~~ pa3n~4H~X npO~eCCOB, 

CBR3aHH~X c paCnpOCTpaHeH~eM B~COK03HepreT~4eCK~X 4aCT~~ ~ RAep 
B KOHAeHC~pOBaHH~X ~ ra3006pa3H~X cpeAax, B Te4eH~e pRAa neT 
pa3pa6aT~BaeTCR B O~H~. 3aAe~CTBOBaHH~e Ha 3BM naKeT~ npOrpaMM 
n03BOnR~T aHan~3~pOBaTb B3a~MOAe~CTB~R aAPOHOB ~ ~er~~x RAep 
c reTepOreHH~M Be~eCTBOM npaKT~4eCK~ npO~3BOnbHO~ reOMeTp~~ 

~ 
~ COCTaBa B ~HTepBane 3Hepr~~ OT AOne~ 38 /nY4K~ ~HAy~~poBaH

H~X TennO~~x He~TpoHoB/ AO HeCKonbK~X AecRTKoB r3B. ~cnonb30Ba
H~e MOAene~ KBapK-rn~oHHbIX CTpYH - HOBblX KOpOTKO>K~BY~~X <t>~3~

4eCI<~X "06beKToB, 'o6~a3Y~~~X'CR np~ B3a~MoAe~cTB~RX 6blCTPblX aA
pOHOB, - n03BonReT pacnpocr panar s pac-re'ru Ha euie õonee BbICOK~e 

3Hepr~~. Pa3pa6oTaHH~e MeToA~ n03BonR~T paCC4~TaT~ ~HTeHC~BHOCTb (lO' 

~ cnexrpu 4aCTY/~ pa3n~4Hblx T~nOB BHYTP~ ~ BHe oõnyuaeaor-o Be / ..
 
urec r aa , npoc rpaucr eexaoe pacnpeneneuue ~ napaaerpu npoAYKTOB
 
RAepHblx peaK~~~, pacnpeneneaue TennoBbIAeneH~R.
 

B3a~MoAe~cTB~e B~coKo3HepreT~4ecKo~ 4acT~~~ C Be~ecTBoM npeA
CTaBnReT co6o~ 6~CTPO pa3B~~a~~~~cR co BpeMeHeM naB~Hoo6pa3H~~ 

npouecc ; "KaCKaAHoe nepe ao!' C 04eHb 6onbw~M 4~cnOM I'BeTBe~" 

/np~ B3a~MoAe~cTB~~ npoToHa C 3Hepr~e~ 1 r3B C ypaHoBo~ ~n~ , 
CB~H~OBO~ M~weHblO 4~cno I'BeTBe~" AOCT~raeT MHor~x TbICR4/ ~ flAep
HbIM~ B3a~MoAe~cTB~RM~ B· ero "yanax'", Pac-rer KaCKaAHoro nepeaa 
rpeõyer MOAen~p08aH~R rpex OCHOBHblX. npoueccoa: 

- B3a~MoAe~cTB~R 4acTM~bl C BCTpe4a~~MMCR' Ha ee ~YT~ aTOM
HblM RAPOM, conpOBO>KAa~~erOCR B cnY4ae Heynpyroro B3a~MoAe~cT
B~R pO>KAeH~eM BTOp~4HbIX 4acT~~, ~HorAa pac~enneH~eM Mn~ Aene
H~eM flApa; 

- npoüera 4acT~~bl B cpene OT ozn-oro RAepHoro B3a~MoAet1cTB~R 
AO APyroro C Y4eToM nOTep~ 3Hepr~~ 3apR>KeHHO~ 4acT~~bl Ha ~OHM
3a~~~ aTOMOB cpeA~; 

*Op;iIáKO ÕbIJlO 5bI HenpaBHJIBHblM npOTHBonOCTaBJIHTb nonxonu na 
OCHaDe aHaJIHTHqeCKHX MeToAoD, - B qaCTHOCTH, Ha OCHOBe KHHe
THqeCKHX ypaBHeHHH, - MeTOAY MOHTe-KapJIo. B pHAe CJIyqaeD HCnOJIh
30BaHHe aHéiJIHTHqeCKHX MeTOAOB oKa3bIDaeTCH Oq~Hh ~<l>4JeKTHBHblM.Ha
n:RHMep, npn pacve're TOJICTblX CJIOeB panaainronnoã 3~HTbI MOHTe
~ .

KapJIOBCKOe MogeJIllpOBaHHe TpeõyeT CJIlllliKOM ÕOJIblliOrO BpeMeHH 3BM 
aecpasnenno õorrsme , qeM npn HCnOJIb30BaHHH armapara KimeTHqeCKHX 
ypaBHeHHH. KaK npaBllJIO, HaHJIyqllille pe3YJlbTaTbI AaeT COBMeCTHoe 
HCnOJIbsoBaHHe ABYX nop;XOAOB: cTaTHCTHqeCKOrO MOAeJlHpOBaHHH ,!J;JIH 
paccMqTpeHHH OÕJlaCTeH co CJIO~HOH reoMeTplleH, rp;e npOHCXOAHT pe3
Koe H3M8HeHHe COCTaBa H 3HeprHH nyqKa qaCTHU;, H aHaJIHTHqeCKH~ 

MeTop;OB, HCnOJIb3YlO~X pe3YJIbTaTbl MOHTe-KapJlOBCKHX pacxe-r-on ,Bbl
nannsre na rrpoc rsrx nOBepXHOCTHX, B xaxec-rne naxarrsnsrx H rpalmq
HhIX YCJIOBHH. 

2 

r'jl
I' 

./ 

B03MO>KHOrO pacnaAa HecTa6~nbHo~ 4acTW~bl B npOMe>KYTKe Me>KAY 
ABYMR RAepHbIM~ B3a~MOAe~cTB~R~~. 3TO, KaK npaB~no, cnY4aeTcR :1 

+ . 
C "~Me30HaM~, a ~ npOTR>KeHH~X cpeAax ~ C "--Me30HaM~. C pOCTOM ~! 

.1 

3Hepr~~ 4acT~~ BepoRTHoCTb ~X pa"cnaAoB YMeHbwaeTcfI cornaCHO :1 
'li 

penflT~B~cTCK~M 3aKOHaM. 'r 

PRc.I. ITpHHIJ;HnHaJIbHaH cxeMa paCqeTa ~~HAep
aoro xacxana J3 aemec rae , I - p03bIrpb'"UII 3HeprHH 
H npyr-ax napaxe-rpon nepBHqHOH qaçTHIJ;bI; 2 - npo
BepKa Toro, HBJlHeTCH JlH qaCTHU;~ "-Me30HOM; 
eCJlH Aa, TO Bep;eTCfl paCqeT BepOHTHOCTH ee pac
naAa; 3 - qaCTHIJ;a He pacnanaCb, oc~eCTBnReTCR .: 

pacqe: ee npoõera; 4 - paCqeT H~epHoro B9aHMO
AenCTBHH. OnpeAeJIRlOTCH xapaKTepHC~HKH pOEAa~ 

~XCR qaCTHIJ; H OCTaTOqHOro RApa /WUI er9 o~~oh
KOB npH AeJIeHHH/; 5 - qaCTH~a pacnanacb, ~~T 

BbI60p HOBOM: qaCTHIJ;bI. Etna paccxarpaaanace nen
BHqHaH qaCTHIJ;a, TO OC~eCTBJlHeTCR nepexóA 
K ÕJIO~y I /noKa3aHo nYHKTHpOM/. PeanbHaH cxeMa. 
p acneron axniouae'r MHoro AOnOJlHHTe.rIbHblX ~eTaJIeH 

li n03TOMY 3HaqHTeJlbHO CJlO:lKHee. 

HeTPYAHO B~AeTb, 4TO paC4eT ~MeeT ~~Kn~4ecK~~ xapaKTep ~ CBO
A~TCR K MHoroKpaTHoMY nOBTopkH~~ HeCKonbK~X OCHOBH~X 6noKoB 
/p~c.l/. nocne Toro Ka~ paCC4~TaHO OAHO KaCKaAHoe Aepeao, B~

4~cneH~R nOBTopR~TCR AnR HOBO~ nepB~4HO~ 4açT~~~*. 3aTeM A~R 
cneAy~~e~, ~ TaK Aanee. PaCC4~T~Ba~TCR MHor~e AeCRTK~, a ~HorAa 

M COTH~ AepeBbeB, AnR TOrO, 4To6bl "YMeHbW~Tb CTaT~CT~4eCK~e 

<t>nYKTya~~~ ~3Y4aeMb1X Ben~4~H·. TaKO~ nonxon coor ee r c reye'r peane> 
H~M <t>~3~4eCK~M npo~eccaM, npO~CXOAR~~M B npHpoAe, rAe pe3ynbT~
JPY~~~~ 3$~eKT COCTaBnReTCR ~3 He3aB~C~M~X BKnaAoB 60nbworo 4~C

na KaCKaAOB. 
PaC4eT IY3nOB" KaCKaAH0ro AepeBa - HaV160nee OnO>KHaR ~ TPYAO

eMKaR 4aCTb 3aAa4~. B np~H~~ne AnR on~caHJ,1R 3T~X "Y3nOB'1 MO>KH0 
Bocnonb30BaTbCR <t>eHbMeHonor~4eCK~M~ annpoKC~Ma~~RM~ ~3BeCTH~x 

3Kcnep~MeHTanbH~X AaHH~X. TaK~M' 06pa30M, n04T~ BcerAa YAaeTCR 
XopOWO on~caTb ynpyr~e CTonKHOBeH~R, KorAa ~3MeHR~TCR n~wb ~M

nynbc~ CTan~~Ba~~~XCR RApa ~ 4atT~~~, a ace oCTanbH~e ~X caO~CT

B~ coxpaHR~TCR. 4TO ~e KacaeTCR Hernpyr~x CTonKHOBeH~A~ CBp~C7

Ba KOTOp~X cy~ecTBeHHO 3aB~CRT OT 3H~pr~~ 4aCT~~~ ~ T~na RApa
M~weH~, TO <t>eHOMeHonór~4eCK~e annpOKC~Ma~~~ OKa3bIBa~TCR 3<t><t>eK
T~BH~M~ Ton9KO B ~eKOTOp~X 4aCTH~x cnY4aRX /Hanp~Mep, KorAa 

*ECJlH nepBHqHOe H3JlyqeHHe Heop;HopOP;HO - pacnpegeJleHO no Tll 

naM ~aCTHI~, HX 3HeprHRM H" HanpaBneHHHM p;BH:lKeHHH, TO npeABapH

TeJIbHO HaAO paasrrpa'rs no 3a.AaHHbIM pacnperrenenaax napaxe rper nep

BHqHoii qaCTHI~hI. 3TO - qaCTO BCTpeqaJO~HCH ~a npax-raxe cnyqa:H'.
 

.3 



~HTepeCY~TCH ycpeAHeHHblM~ XapaKTep~CT~KaM~ ~3nY4eH~H ~ M~WeHHM~ 

npOCTOrO X~M~~eCKOrO COCTa8a/, XOTH ~ 8 ~T~X CnY4aHX nOArOT08Ka 
$eHOMeHOnOr~4eCKHX annpOKC~Ma~~~ AnR W~pOKOrO ~HTep8ana 3Hepr~~ 

CaMa no ce6e 04eHb TPYAHaH 38Aa4a, onpaBAaHHaR n~Wb B cnY4ae 
MHorOKpaTHoro nOBTopeH~H' paC4eTOB AnH BeuteCTsa Aat4Horo COCT8Ba. 

Op~eHT~PYHCb Ha pa3Ho06pa3H~e 3aAa4K, M~ t caMoro Ha4ana 
OTKa3an~Cb OT TaKoro nOAXOAa, BwnonHHH BMeCTO 3Toro B KamAOM 
I'Y3nê" pacver ynpyroro ~n~ Heynpyroro RAepHoro B3a~MOAe~CTB~H. 

HçKn~4eH~e COCTaBnReT ri~Wb. 06naCTb 3Hepr~i1., MeHbw~xl 0,5 M3D, 
rne ace Bbl4HcneH~H Me}/(bHAepHOro KaCKaAa BblnonHH~TCH Ha OCHOBe 
H'3BecTHoi1 26-rpynnoBoi1 C~CTeMbl KOHCTaHT Jl.n.A6arHH ~ AP. /11. 
HaH6onbw~e TPYAHOCT~ np~ ~cnonb30BaH~~ rpynnoB~x C~CTeM KOHCTaHT 
CBR3aH~ c pé30HaHcHo~ 06n~cTb~, rAe pe3KHe ~3MeHeH~H ce4eH~n 

np~BoAHT K ~Ha4~TenbHbIM ~3MeHeH~RM B Hei1TpoHHoM cnex rpe , a 3TO, 
e CBO~ ouepens , He n03BonReT nons aosar s ca Ha6opoM YHVlBepcanbHblx 
KOHcTaHT, nonyueuuax B peayns r are ycpeAHeH~H ce4eH~i1 c KaK~M

n~60 ~TaHAapTH~M BHYTp~rpynnoB~M cneKTpOM. B npocToM cnY4ae 
rOMoreHH~X ~n~ n04T~ rOMoreHH~X /T.e. cna60 ~3MeHH~ut~XCH Ha AnM ~" 
He np06era/ cpeA B~xOAoM cnymHT KoppeKT~poBKa KOHCTaHT c no
MOutb~ TaK Ha3~éaeM~x Kci3~$~~~eHToB caMo3KpaH~poBK~. TepM~H 

l~aM03KpaH~pOBKail CBR3aH c TeM $aKTOM, 4TO B cneKTpe Hei1TpoHoB 
BQ3HJ1Ka~T npoaana np» 'r ex 3Hepr~HX, rne ce4eHHH ~Me~T pe30HaHC
H~e MaKC~MYM~, cneACTB~eM 4ero HBnHeTCH YMeHbweH~e rpynnoB~x 

ce4eHH~. jl.rm r-erepor-eaaux cpen BeCbMa 3<t><t>eKT~BHbtM 0r<a3b1BaeTCR 
"nonrpynnoeoã. MeTOA", n03BonH~ut~ti Y4WrblBaTb peaonaacuae B3a~MO

li ••• 

Ae~CTB~H H~3K03Hepre~~4eCK~X He~TPOHOB, He np~BneKaR AeTanbHMX 
cBeAeH~ti 06 3HepreT~4ecKo~ 3aB~C~MOCT~ ce4eH~i1. OCHoBHaH ~A~H 

aroco MeTOAa COCTO~T B paaneneua» OAHOi1 3HepreTH4ecKo~ r pynnu 
Ha He.CKonbKO orzrensuux rronrpynn , B Ka)KAY~ ~3 KOTOpblX 06"beA~

HHIOJ'CH ace 3HepreT~4eCK~e ~HTepBanbl c 6nH3K~M~ 3Ha4eHHHM~ non
/1 2/

Horo ce4eH~H ' . 
B uac roauiee BpeMH ~3BeCTHO MHoro MOAeneti RAepHblX B3a~MOAe'i1cT

u I 
B~H np~ B~COK~X 3Hepr~RX, no $OpMe ~ AeTanEM 4aCTO BeCbMa 3Ha
4~TenbHO OTnH4a~ut~xcE OAHa OT APyroti. OAHaKa B HX OCHOBe~ KaK 
npaB~no, nem~T 6A~H ~3 ABYX MexaH~3MOB BHYTp~RAepH~X B3aHMO
Aet1<:TB~ti, - KaCKaAHbH1 MexaH~3M, xorna B3a~MoAei1cTB~e paCCMaTpH
BaeTCH KaK pa3BeTBneHHaH nocneAOB~TenbHOCTb HeKorepeHTH~X 

B3a~MoAei1cTB~i1 6~CTP~X 4aCT~~ c ÕTAenbH~MH BHYTpHHAepH~M~ HYK
pOHaM~, H Konne'KT~BHblti MexaH~3M, npH KOTOpOM B3a~MOAe~CTB~e 

6blCTPOti 4aCT~~bl npO~CXOAHT xorepeuruo cpaay c HeCKonbK~M~ BHYTP~
~"IHAepHblMH HYKnOHaM'\.1. 3TH A~a THna B3a~MoAei1cTB~~, KOHe4HO, He /, 
I 

HBnH~.TCH aõconoruo ~30n~pOBaHHbIM~ ~ MorYT nepexonur s OA~H B APY
roi1 no ~epe Toro, KaK KOrepeH~Hoe B3a~MoAei1cTB~e, pean~3Y~utee-

I' 

'(,
CR B QTAenbH~X Y3nax KaCKaAHoro AepeBa, nOCTeneHHO 3aXBaT~BaeT 

Bce 3TO AepeBO /~n~, Ha060pOT, KorAa eA~Hoe KonneKTHBHoe B3a~MO-J 

Ae~CTB~e 'pacnaAaeTCH Ha ornensuue 060c06neHHble 6noKH/. 8 Haw~x -r-' 
r, 

\1' 
' 

<,	 nporpa-eeax ~cnonb3yeTcH IIKacKaA.Ho-~cnap~T·enbHaHIIMOAeJlb RAep
Hb.X pea~~~1i1 /3,5/. B cooTBeTCTB~1~ c onerroa C4HTaeTcR, 4'TO HeYflPY

4	 t 
I 

'"	 " 

PHc.2.llpHH~HnHarrbHaH CX~Ma paCqeTa BHYTPH
HAepHoro' KaCKaAa. 1 - p03NrpbM xapaKTepHcTHK 
nHYTpHHAepHbm HYKnoHOB /HX KooPAHHaT, HMllynb
COB" . 3apHAoB/; 2 - pacver TOqKH sxona nep
BHqllOH qaCTH~I B HAPO; 3 - nponepxa -; Aq
CTaTOqHa rra suepr-aa qaCTH~bI AJIH npeonorrenaa 
nOTeH~Harrb~oro õapbepa H Bb~OAa H3 HAP~; 

4 - qaCTH~a nornOTHnaCb B HApe; 5 - paCqeT 
npoõera qaCTH~bI AO B3aHMoAeHcTBHH; 6 - npo
aepaerca , BbIlIlJIa rra qaCTH~a 113 HApa; 7 
sanacs napaxerpoa BbIJIeTeBmeH qac.TH~bI B naMHTb 
3BM; 8' - npOBepKa - pa3pemeHO nH B3aHM~AeHcT
BHe npHH~HnoM llaynH; 9 - paCqeT napaMeTpOB 
qaCTH~, pOAHBmHXCH BO BHYTpHHAepHOM B3aHMO
AeHcTBHH; la - paCqeT pacnaAa HApa, OCTaB
merOGH nocne BbilleTa Bcex KaCKaAHb~ qaCTH~. 

OnpeAeneHHe napaMeTpOB pO~aro~XCH npH 3TOM 
qaCTH~ H OCTaTOqHOrO HApa /HnH OCKonKOB, ec
nH npOH30mno AeneHHe/. IToAPoõHee CM. MOHO- , 
rpacPHlo/3 / . 

,/ 

·rHe Bsa~MoAei1cTBHH 4aCT~~ c 3Hepr~HM~, MeHbW~M~ HeCKonbKHX Ae
CRTKOB M38, conpoaoxaao r ca 06pa30BaHHeM TaK HaSblBaeMoro 'II KOM
naYHA-HApa" - c~nbHO B036ymAeHHoi1 C~CTeM~, pacnaAa~ei1cR c HC
nYCKaH~eM OAHoro ~nH ABYX HeHTpOHOB ~nH Y-KBaH~a. npH 3HeprHHX, 
60nbw~x HeCKon~K~X AeCHTKOB M3B, npeAnonaraeTcn, 4TO HeynpyrHe 
B3a~MoAei1cTB~H npOTeKa~T B Tp~ cneAy~utHe APyr sa APyroMI~TaAHH. 

npo~ecc Ha4~HaeTCH c 6~CTpO npOTeKa~utei1 ~KacKaAHbi1 CTaAHH1 1 
,
 

xorna ~3 HApa aunerao'r BHOBb POAHBWHeCH' 4acTH~bl ~ BbI6HT~e
 
BHYTp~HAepHble HYKnOHbl, a nAPO OCTaeTCH B c~nb.HO Bos6ymAeHHoM
 
COCTOHHHH. Ha BTOPOti CTaAH~ npO~CXOAHT npo~ecc penaKca~HH 3~0


ro HApa AO paBHoBecHoro COCTOHHHR /np~ 3TOM TaKme MorYT ~cnyc-

I	 .

KaTbCH ornens aue õucrpue 4acTH~bl, YHoCHutHe 60nbwy~ nono auep
r~~ Bos6ymAeH~H/. B3a~MOAei1cTB~e 3aBepwaeTcH cpaBH~TenbHo MeA- . 
neHHO nporekaouteã "pacnanaoã cTaAHeW', KorAa HAPO r epaer 3Hepr~m 

Bos6ymAeH~R nocpeAcTBoM KOHKYPHPy~ut~~ MemAY c060ti npo~eccoB 
,~cnap~HHB 4aCT~~ H AeneH~H HApa /06pasy~~~ecH OCKonK~ AeneH~R, 

KaK npaB~no, TaKme ~~nbHo B036ymAeH~ ~ TepH~T CBO~ 3Hepr~~ ny-
TeM HcnapeH~H 4aCT~~/. PacnaAHaH CTaA~H saBepwaeTCH ~cnYCKaHHeM 

Y -KBaHTOB, nocne 4ero HAPC;:> okeauaaerca B Aonrom~BYuteM COCTOH
H~~ /p":lc.2/. 

8 CBoeM pa3B~TH~ KaCKaAHO-Hcnap~TenbHaH MOAenb npowna He
CKonbKO 3TanOB - OT OAHOMepHoro HepenHTHBHCTCKoro Ka~KaAa B.nep
Bb~X p~60Tax AO TpexMepHoti penHTHBHcTcKoi1 KapT~H~ B 7AP~ c AH$
$Y3HOH nnOTHOCTb~ pucnpeAeneH~H HYKnoHoB, ~3MeHH~uteH H B npo
uecce B·3aHMoAei1cTB~H.. .	 5 
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B 06~HX 4epTaX paC4eT BHYTpH~AepHOrO KaCKõAa - S'4õCTHOCTH, 

onpeneneuae AIlHHbl cB06oAHblXnp06erOB 4aCTH4, - 611l-13KO K pacue
TY KaCKaAa B Be~eCTBe; cy~ecTBeHHOe OT11H4He COCTOHT 11HWb B AO
n011HHTe11bHOM Y4eTe B Be~eCTBe HOHH3a4HOHH~X nOTepb 3HeprHH 
H paCnaAOB KaCKaAH~X 4aCTH4. npH 3HeprH~X, 6011bWHX HeCK011bKHX 
r3B, c11eAyeT npHHHMaTb BO BHHMaHHe 06eAHeHHe RApa HYK110HaMH 

'B pe3Y11bTaTe B~6HBaHHR nOC11eAHHX 11aBHHO~ 6~CTP~X KaCKaAHWX 
4aCTH4, npeHe6pe~eH~e 3THM 3~$eKTOM npHBOAHT K 3Ha4HTe11bHOMY 
3aBblweHHIO MHo~eCTBeHHocnl pO~AalO~J.1XC~ 4aCT1-14. 

npH MOAe11HpOBaHHH BHYTpH~AepHoro KaCKaAa HH$opMa4H~ o Me30H
HYKnOHH~X H HYK110H~HYK110HH~X B3aHMOA~~CT~HRX 3aAaeTCR ~eHOMeHO
Jlor'~4eCK&.1S SHAe aHamnH4eCKHX H Ta611H4HblX pacnoeneneaaã , no 

KOTOpblM np0J.13BOAJ.1TCR p03~rpblW xapaKTepHCTHK pO~AalO~J.1XC~ 4aCTJ.1~. 

no CpaijHeHHIO co C11Y4ae» a,qp6H-AAepH~X B3aJ.1MOAeHCTBltIH &.1H~OpMa
4~R o	 C,T011KHOaeHJ.1RX 311eMeHTapH~X 4aCT~1~ ,He CTonb MHorO$aKTopHa 
/MeHbwee 4Hcno pa3mt4HblX T&.1nOa "Y3110BII .K8CK8AHpro aepeea/', tI'1 ee' 

MO*HO KOMnaKTHO H B TO ~e speMR AocTaTO~HO T04HO 8nnpOKC~MHpO- . 
8aTb aHahHTtI'14eCKJ.1MH B~pa~eH~~MJ.1 c Ta611J.14HblM~ K03$$H~weHTaMJ.1, 

nd;q06paHHblMH no COOTBeTCTBYIO~H'M 3KCnepJ.1MeHTal1bHblM A8HHbIM. B Ha
weM·pacnop~meHJ.1J.1 HMelOTCA AOCTaT04HO T04Hwe annpOKC~Ma4J.11t1 aAPOH

aAPOH"blX 838J.1MOAeHCTBHH ,. npJ.1MeHHMble an110Tb AO HeCK011bKJ.1X TbIC~4 
r38/3,6 / 

8 K8mAOM aKTe e3aJ.1MOAe~CTaJ.1A, oc06eHHo npJ.1 He~o11bwoM 4J.1Cne 
pO}l{ÀalOU4~xc~ QaCTJ.14, He06xOAJ.1MO Y4HTblB8Tb 3aKOH GOXpaHeHHA 3Hep
rHH-HMnY11bC8 - 3aMblKaHHe MHoroyro11bHHKa 4eTblpeXMepHWX HMnY11b

coa BTOp~4H~X 4acTH4 B CHCTeMe HX 4eHTpa Macc. 

CpaBHeHHe c onblTOM nOKa3wBaeT, 4TO a C11Y4ae aAPOH-AAepHWX 

B3aHMoAeHcTaH~ KaCKaAHO-&.1CnapHTe11bHaR MOAe11b npJ.1rOAHa Bn110Tb ' 
AO.3Hepr&.1H T ~'10 r3B. B C11Y4ae CT011KHoaeHHR Aayx AAep o611acTb 

ee npHMeHHMOCTH MeHbwe: T ~ 1-2 rSB/HYK110H Ha11eTalO~ero 11erKoro 
flApa H e~e MeHbwe - npH CT011KHOBeHHH TRme~wx ~Aep/7/. npH 60nb
WJ.1X 3Hepr~1RX MHomeCTBeHHOCTb pO~AalO~HXCR HH3K03HepreT~4eCKHX 

4aCTH4, ~apaKTeJ}H3YIOU\aR pa3BeTa11eHHOCTb /IIMOU\HOCTb l l / r eoperw-'. 
uecxor-o KaCKq.qa, npeSOeXOA\.1T 3KCnepJ.llMeHTanbHYIO, \.1 A00011bHO '6blêT
po B03paCTaeT npH YBe11H4eHHJ.1 3HeprJ.1\.1. J	 ; 

AHal1\.13 nOKa3a11, 4TO 3TO npOTHBOpe4\.1e 06YC11oaneHO npem,qe Bce
ro npeHe6pe~eHJ.1eM npOCTpaHCTaeHHo-apeMeHHOH 3B011104J.1e~ aAPOH
aAPOHHblX B3aJ.1MOAeHcTBHa:1 BHYTpJ.1 ~Apa /8-10~ Hx Henb3~ C4~1TaTb 
~HOBeHHblMtI'1; \.1MeeTC~ OnpeAeneHHoe BpeMA $OpM\.1pOBaH\.1~ BTOp\.14HbtX 

4aCT~4~ B Te4eHHe KOToporo aHYTpH RApa pacnpOCTpaHRIOTC~ KBapK
r11lOOHHwe 06beKTbl, e~e He ycneBwHe $parMeHT\.1pOBaTb B aAPOHW. 

CpeA\.1 60Ilbworo 41.1C11a 06cymAalOU\HXC~ B 11J.1TepaType nOAxOAOB 
K onHcaHHIO npOCTpaHCTBeHHO-BpeMeHHOH 3B011104H\.1 aApOH-aAPOHHoro 
B3aHMoAea:1cTBIil~ - noxanyü , HaH6011ee MHoro06e~alO14J.1M Bblr11RAHT nOA

XOA, nOACKa3blBaeMbl~ Ton011orH4eCKHM pa3110meHHeM 6HHapHOH KsapK
r11lOoHHoi1 aMnmnYAbl aAPOHHoro B3aHMOAeHCT~HR. EC11H B 3TOM pa3110
meHHH	 orpaHH4HTbCR T011bKO n11aHapHblMH H 4H11HHAPH4eCK\.1MH AJ.1ar

paMMaMH', OTBe4alO~HMH t -KaHa11bHOMY 06MeHY COOTBeTCTBeHHO n011IO~ 

6 
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}: caM\.1 PeAme H n011~COM nOMepaH4YKa, TO MO~HO C4HTaTb, 4TO B MO

~' MeHT cOYAapeHJ.1~ nepBH4HWX 4aCTH4 npOHCXOAHT 111.160 aHH~rH11R4H~
~
 

1\í MeA11eHHWX Ba11eHTHWX KBapKOB c 06pa30BaHHeM OAHOa:1 KBapK-r11lOoHHo~
 

t 
\~ CTPYHbl, 11H60 l~BeTOBa~ nepeaapanxa nYTeM 06MeHa r11IOOHaMH, «orqa 

o6pa3YIOTcR ABe KBapK-r11IOOHHwe CTPYHbl, pa3JleTalO~HeCR B C\.1CTeMe 
ueurpa Macc CTa1ll<HBalO~HXCR aAPOHOB B npOTHBon011omHblX H8'npaB11e
HHAX. KaK nOKa3WBaeT aHa11H3, KHHeMaTH4eCKHe CBO~CTBa 3YHX CTPYH 

cyw,eCTBeHHO pa311H4Hbl, H \.1X MomHO paccwarpaaar s KaK He3aB\.1CHMble 
~H3H4eCKHe 06beKT~. B Aa11bHeHweM KBapK-r11IOOHHwe CTpYHW pa3p~

BalOTCR BaKYYMHWMH KBapK-aHTHKBapKOBblMH napaM~, nopomAaR 11HBHH 
aAPOHOB - npOHCXOAHT np04ecc $pqrMeHTa4~H HaXOAA~HXCR Ha KOH

4ax ÇTPYH KBapKOB /aHTHKBapKOB/ tI'111H KBapK8 ~ ~HI(BapKa B aAPOHW. ~ ~4 npH He6011bl,UHX' 3HeprH~X CTa11KtI'10alOU4HXCA 4aCTH4 CTPYHbI $aKTH4e
CKH He OT11~4aIOTCA OT pe30HaHCOB /B 4aCTHOCTH, WHpHHa ~X pacn~Aa 

nopRAKa "X Macc~/. np\.1 CTonKHoeeHHH ~~COK03HepreT~4eCK~X aAPOHOB1
/. 

1

f<BapK-rI1100HHble CTPYHbl \.1MeIOT Q4eHb 6011bWl-te MaCCbI, w~pHHa pacna


na TaKHX CTpYH r < h/ ôt - hei~~ ~ 1 r3B, rne ~x ... 0,2 $M - oaa


Mep 0611aCT\.1 o6pa30BaHHR CTPYH !0611acT~ KOH~aHHMeH!aJ.
 

BHYTP\.1 RApa KBapK-rI1100HHbte CTPYHbI eeAYT ce6A KaK caMOCTOR~ Te11bHble <p\.13H4eCK\.1e 06beKTbl,. «or opue ',MOfYT pacnac r s cn /<pparMeH

L THpOBaTb/ Ha aAPOHbl H11ltl me ycne r s npOB3aHMOAeHCTBOBaTb c BHYTPH
11 
4'	 ~AepHblMH HyK110HaM\.1.
\1 

05pa30aaHHe KoapK-r11IOOHHWX CTPYH B CT011KHOBeHHH ABYX aAPOHOB 

~ HX pacnpOCTpaHeH\.1e 8HYTPH ~Apa AO pacnaAa 1.1111.1 B3aHMoAeHcTBHR 

t MO)l(HO paccaarpanar b c nOf.10114blO t:1eTOAa t10HTe-Kap11o /11-13/np\.1 YMeHb

lueHHH 3HeprH\.1, KorAa KBapK~rnlOoHHble CTpYHbI paCnaAalQTCR npaKTH
l' 4eCKH cpa3Y ~e nOC11e HX 06pa30BaHHR, KacKaAHaR Mo,qe11b co CTPY~ 
~' 

H~M\.1 aBTOMaTH4eCK\.1 nepeXOA\.1T B 06bl4HYIO KacK~AHYIO MOAenb c pefi, 
~' ,	 30HaHCaM\.1. np~ e~e MeHbWHX 3HeprHRx, KorAa H pe30HaHCH~e 4aCT~

4b1 pacnaAalOTCR 86111.131.1 T04eK \.1X p0)l(AeH\.1p., OCTaeTCR 11~Wb nHOHt, HYK110HHblH KaCKaA. 
K CO)l(aneHH~, BHaCTORU\ee Bp~M~ Het AOCT8T04Hb YAOB11eJBopH

Y' Te11bHOH AHHaMH4eCKO~ TeopHH, KüTopaR n03B011R11a 6b1 KohH4ecTBeH
\ 

HO paCC4~Tbl8aTb np04ecc pacnaAa KsapK-r11IOOHHOH CTPYHbl Ha aAPOHbI'
i1t. 

H ee G3a\.1MOAeHCTBHR c HYK110HOM. Ka~~aAHYIO MOAe11b CO CTPYHaMH(' 
cerOAHR CKopee c11eAyeT paCCM8T.p\.1BaTb KaK peWeH&.1e 06paTHoi1 3aAa

t~ 41.1: n011Y4HTb cBeAeHHH O CBO~CTBax KBapK-r11IOOHHblX CTPYH \.13 cpas
li	 

HeHH~ pe3Y11bTaTOS paC4eToa c on~TOM. 

~1
I, BMeCTe c TeM CneAyeT 3aMeT\.1Tb, 4T0611arOAapR ycpeAHeHHRM
 

l1AepHo-<t>H3\.14eCKHe npoueccu B cpene AOB011bHO C11?60 4YBCTBHTe11b

HbI K AeTa11~M BHYTpH~AepHWX B3aHMOAe~CTBHH, H Aa~e 06b14HaR Kac

K8AHO-,I-1CnapHTe11bHaR MOA'e11b, He Y4HTbIBa!ol~aR «aapxoaux 3$$eKTOB,
 
n03B011ReT paCC~HTblBaTb <pH3\.14eCK\.1e RB11eHHR B cpeAax no ~paHHeH
 

~' Mepe AO 3Hepr\.1~ nop~AKa HeCKOI1bKHX AecATKoa f3B. 
I( 

, A11H'Ha npoõer a 4acTH4bl B cpene t-1e)l(AY ABYMR nocnenoaareru.ueuor 
Y
 

RAepH~MH B3aHMoAe~CTBHRM\.1 onpeAe11~etC~ H3 ypaBHeHHR
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1\ 

rne À = 1/ k a. (T (~) )P. (r) - IIcpeAHIlli1 npo6er B T04Ke l l r , a. 
i 1 . 1 . 1 

nOijHOe Ce4eHllle BSaIllMoAei1cTBIIIR 4aCTIII~~ C RAPOM copTa i B T04Ke r, 
p. -.nnOTHOCTb 4111cna 3TIIIX RAep, ç - cnY4ai1Hoe paBHoMepHo pac

1
npeAeneHHoe 4l11cno. HHTerplllpOBaH~~ BblnOnHReTCR BAonb TpaeKToplll1ll 
4aCTIII~bl. 3TO ypaBHeHHe RBnReTCR o606~eHllleM 1113BeCTHoro COOTHowe },
HIIIR e=. -A lnç c nOCToRHHblM 3Ha4eHHeM À Ha HeOAHopOAHble cpenu , 

'~ 11I Y4111TblBaeT 1113MeHeHllle 3Heprllllll 4aCTIII~bl T = T (r) anons ee TpaeKTO

pllllll B pe3ynbTaTe 1II0H1II3a~1II0HHb1X npo~eCCOB. BenH4~HY 3Heprllllll, 3a

Tpa4l11BaeMoi1 Ha 1II0HIII3a~lII~ cpeAbl, MO~HO onpeAenHTb nYTeM o6pa~e
 'I 
HHR XOPOWO H3Y4eHHoro B 3KcneplllMeHTax COOTHoweHlllfl Me~AY AnlllHoi1 
1II0HIII3a~HOHH.Or:9 npoôer a 11I 3Heprlllei1 4acTIII~bl L = L(T). 

Ecnlll 3apR~eHHaR ~atTIII~a 3aMeAnReTcR AO 3HeprHi1 TS10-15 H3B,
 
BepoRTHoCTb ee RAepH~x B3aIllMoAe~cTBIlli1 CTaHOBIIITCR npeHe6pe~IIIMo
 

Manoi1. TaKaR 4acTIII~a n~16o OCTaHaBnlllaaeTCR 11I TepReTcR B cpeAe
 
/npOTOH/, nlll60 pacnaAaeTcR /rr± -MesoH~/. Hei1TpoH~ Man~x 3Hep

rllli1, Hao6opoT, IIIcn~T~Ba~T 60nbwoe 4111cno flAepH~x cTonKHoBeHH~,
 

11I Io1X npaxonar.ca noocnexaaar.s AO 04eHb HIIISKIIIX 3Heprl-1i1. r
 

PaC4eT KaCKaAa 4aCT~Q B cpeAe cy~ecTBeHHO 'ycnO*HReTCR, ecnlll
 
nOA Aei1cTBlo1eM IIIsnY4eHIIIR cpeÁa 1113MeHReT CBOIII CBO~CTBa. HanplIIMep,
 
B cnY4ae 04eHb Io1HTeHtIo1B~Oro 06nY4eHIo1R, KorAa C 6onbwoi1 CKOPOÇTb~
 

npolllcxoAIo1T HapaCTaHHe KOH4eHTpa"t:"opa OCKonKOB pac~enneHIIIR RAep,
 
IIInlo1 B AeJ1~~HXCR cpeAa.x., rA~ Ka~Aa"R.. nepBH4HaR 4aCTIi111a C 3Heprlllei1 ...
 
T ~: 1 r3B nopO~AaeT B cpeAHeM OKono. COTHH MeAneHH~X Hei1TpoHoB,'
 
oõpaayouiax uoeue .nnpa 114-16/.El!-'e OAHIIIM Ba>KH~M nplllMepoM HenHHei1Hoi1,
 
3aAa4H MO>KeT cnY>KHTb pacnpOCTpaHeHlo1e 4aCTlo14 B cpeAe, CBOi1CTB~
 
KOTOPOi1 cansuo 3aBIIICRT -or ee r eaneperypu. PaC4eT B 3TIIIX cnY4aRX
 
ycnO>KHReTCR npemAe Bcero ~eM, 4TO 1013MeHeHllle CBOi1CTB cpeA~ npOHC

XOA~T HeOAHopoAHq, no-paSHOMY B paauux: ee oõnacrnx .
 

B Ka4eCTBe npMMepa MOHTe-KapnOBCKoro MOAenlllpOBaHIIIR np04ec
COB, npolllcxoAR~IIIX B cpenax nOA Aei1cTB~1eM nOToKOB B,bICOK03Hepre

Tlo14eCKIIIX 4aCTIII~, Ha plo1c.3 npuaeneua 'BbICOTHaR saBIllCIIIMOCTb AOSbl
 

\ I 

o6nY4eHIIIR Hesa~lII~eHHoro 4enOBe
~ i i xa npOTOHaMIII, He~TpoHaM'1II 11I tr>
~l i 

Me30HaMIII, reHeplllpOBaHH~MIII B aTMó
c~epe naAa~~IIIM Ha 3eMn~ KocMlII4e~ 

U. 

~ CKIIIM IIIsnY4eHllleM /16~ AnR HarnRA
~ 1õ1 HOCTIII aoaa o6nY4eHIo1R, ,nony4eHHaR 

( ~ 

U 

B Te4eHlo1e 4aca Ha onpeAeneHHoi1 
< 
rt) B~coTe.D[4ac], nplllBeAeHa B OT .\',.
o 
q: HoweHIo1H K Benlll4lo1He cpeAHeCYT04
L-J1Õ~ HOi1 AOS~ DcaH~T' nplo1HRTo~ AnR 

nlll~, pa6pTa~~lIIx c paAlIIoaKTIIIBH~MIII i!
!~ 

Pac.3. ~03a o6ny~eHHH Ha pa~r10 ~._I __ • 

nH~HhIX BhICOTax. Ha,D; YPOBHeM HOpH 
BblCOTA [KM] IHa nonmce;lliHPoTE 42° H 3KBaTope/. 

O 10 20 30 40' 50 60 

8 

-3 ! I 

PHc.4. 3HepreTl1"tjeCKl1H cnexrp HeJITpo105 =I I . , 
HO~ B aTMoc~epe Ha BwçOTe 4,]2
 
H 50 KM Hap; ypOBHeM MOpH Ireorpa

qlH~ecKaH mapora MeCTHOCTH - 42 °I.
 
Cnnonmaa rHCTorpar-lMa - uam pac~e'r
 

.nYHKTHpHaH - pac~eT T.ApMcTPoHra/\8~ 
Kp'HBaH - axcrrepm-ren'r-àrn.asre AaHHhIe. 

3
" 10-1 10

Tn(M3&,] 

"Cnenye-r HMeTb B BH)J;Y, ~TO c amrr-apnsre npanana YCTaHaBnHBalOT 
HeAenbHYIO H rogoBYIO npep;enbHO AonYCTHMbIe A03M o6ny~eHHH. AnH He
60JIblliHX ;HHTepBaJIOB BpeMeHH .n;onYCTHMbIe caHHTapHhIMlI, npananana A03hI 
MorYT BO Muoro pa3 npeBocxo.n;HTb cpeAHlO1O .n;03Y .. 
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~I
d, raMMbl npàHcxoAR~HX RBneHH~ n03BonReT cy~ecTBeHHO YMeHbWHTb BpeMR

Ta6JI!,~a . r 
"/ 

,/ 

HX auarraaa H C3KOHOMHTb 3Ha4HTenbHble cpéncr aa , nOÁCKa3~BaR HaH
~, õonee 3etl<iJeKTHBHble riYTH 3KcnepHMeHTanbHblX HccneAoBaHH~ H n03BO~ IXapa~TepHCTHKH BSaHMogeHcTfiHH npOTOHOB H geHTpoHOB 

c MHllIeHblO HS eCTeCTBeHHOl'O ypaHa. MHmeHb B <POPM~ Il;HJIHH,IJ;pa	 f nRR HHorAa Bo06~e 060~THCb 6e3 npOMe*YT04H~X MaKeTH~X pa60T. 
: T04HOCTb BenH4HH, nonY4eHH~X TaKHM nYT~M, KaK npêBHno, OKaAJIHHOH 90 cM,AHaMeTpoM 120 CM. TIYQOK nepBHqHb~ qaCTHIl; 

'li 3bIBa'eTCR B npenenax T04HOCTH COBpeMeHH~X axcneoaaeurans aux AaH'"::nonanae r B Y9KYlO oceBYIO uterrs rny6HHoji 26 CM. Bce gaHHble -
HbIX. 4,!o kaceerca BpeMeHH pacvera , to AnR TaKI-'lX BenH4HH, KaKB pacxe're na ornry rrepBHqHYIO qaCTIdIJ,Y. CTaTHC'I'WleCKHe ~ ,I

, HHTerpanbH~e cneKTp~ 4aCTH4 BHYTPH 3a~HT~, cneKTp~ 4aciH4	 3a
~omH6KH - OKOJIO 5%.	 .1 

!, 3a~HTO~C Ton~HHO~ B AeCRTKH CM, pacnpenene-me TennOBblAeneHHR, 
~, 

3TO BpeMR Ha 3BM C 6~CTpOAe~CTBHeM OKono MHnnHOHa onepa4H~ B ce
T = 1 r9B	 T = 2 r9B 

KYHAY COQTaBnReT OKono 30-60 MHH. BpeMR C4eTa cy~ecTBeH~o B03pa
CTaeT DPH nepeXOAe K 04eHb cnORM KaK Y>Ke OTTonCT~M ~e~eCTBa; 
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HHpoBaHH~~ cnoc06 paC4eTa, KorAa pe3ynbTaT~ CTaTHCTH4eCKoro MO
qHcnO pO~~XCH Aem~poBaHHR BblAalOTCR Ha HeKOTOpy~ npOCTY~ n,OBepXHOCTb H-pac

197 205HeHTpoHoB 89 96	 
'CMaTpHBa~TCR Aanee KaK HCT04HHKH B COOTBeTcTBy~~eM KHHeMaTH4e
CKOM ypaBHeHHH.

~Hcno o6~a3~xcH 
/HAep Pu 39- 82 90 181 187 BpeMR paC4eTa KaCKaAoB B aTMOC(j)epe C 5%-~ T04HOCTb~ B HHTer, I 

- panbHblX cnexrpax 4aCTH4 COCTaBnReT oxono 4aca. 
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