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OEtUAR XAPAKTEPHCTMKA PAEOT!l 

M_llaJI:&HOCT:& TeMH 

B HOoJie,n:oBaHHH BB80MOn:e!OTBlI11 OI.ICTJJHX 'l'.8CT~ C .IID;paMH TeCHO 
neperrJieTaIOTC.II qiyHn:aMeHTaJI:&HHe BOnpoc11 qiaBmtl'I BJieMeHT8pHHX qacT~ 
II CTPYRTYPH 8.TOMHOI'O JI.n:pa • .UeilCTBHTeJI:&HO, B H8CTOJI111ee BpeMR: y:5e
,D;ll:TeJI:&HO IlOKB.BaHO, 'ITO 08 a.n:poH-RD;epHHX BBam.mD;eHCTBliii MOllteT OHTI, 
HBBJietJ:eHa HeTpHBli8J.11,H8Ji UHqJOPMaUM O CTpyKType .f!D;pa; C n:pyrott 
CTOpOHH, C8MO JI.n:po MOXeT lft'paT:& pOJII, oeJieKTopa, ~T61!paDmero Heo6-
xo,n:IDJJHe aMIIJiliTYD;H BJieMeHTapHoro BBBIDliOD;ettcTmm. BoJiee Toro, JI.n:ep
HaJI ql030K8 BUCOKl:IX 3Hepr1:111 OTKplIBBeT YHl!K8JII,HHe B03MOlitHOCTl'I )'.(JUI 
H3JtJeHruI BBaHMon:ettcTBIDI HeoTaOHJI:&HllX '!BOT~ - HJlH B OoJiee oomeil 
q,opMJJiffpOBKe - D;Jlil l:IOOJien;oBaHH.!I npocTpaHCTBeHHO-BpeMeHHOH K8pTff-
Hl1 an:poHHHX CTOJIKHOBeHHtt. B TO lite CaMOe BpeM!I B .!IztepHHX peaRUruIX 
npn oocoKBX aneprmx o6HapyxeH pan: oneu0qiHtJeomrx JIBJieHB!, np0pon:a 
KOTopux ,no 00x nop eme ,n:o Konua ue BH.!IcHeHa. 3To - BH61maH0e 03 
J!.,L(pa OJIO.l!tHHX '!BOT~ BllCOKOH 8Hepr00, BMHCOIDI TSIJKeJIHx qiparMeHTOB, 
rJiydoKoe R,n:epuoe pacmenJieu0e Ii T.n. BoJI:r,moe BHHMaHBe npllBReKaeT 
BKTya~:&uaJI npo:5JieMa pollOl;eHIDI B TaKHX rrpoueccax KYMJJUITlffiHHX qnc
T~. He liCKJI!OqeHa BOBMOllUIOCTI, npoJIBJieHIDI B Rn:epHHX coynapeHruIX 
KBKHX-TO HOBI.IX qjopM KOJIJieKTHBHOro ,D;BlllteHHJI .!ID;epHott MaTepBB HJili 
HSOOII'!HHX COCTO.!IHlitt Rn:pa. illBpOKlie nepcneKTHBll' OTKpHB8JXIllieC.!I B 
liCOJie.D;OBaHlili BBal!Mo.n:ettcTBl'ltt ItBYX .!Iztep npa BHCOKHX aHeprMX, np0-
BeJI0 K C03D;8Hlm HOBOro HanpaBJieHruI - peJI.IITlfBHCTOKOff . .flztepHoil qJliJBBKH. 
YHHBepcaJI:&HOCT:& cBJI:&Irux Baam~o,nettcTBB!, npOJlllJUIJO!llaJICJI B no.n:0600 
PJ!.,L(a OCHOBHl:IX xapaKTepllCTliJK 8D;POH-aD;pOHH!lX Ii an:poH-.!ID;epHHX CTOJIK
HOBeHUii , CT8B0T ID!TepecHylO rrpoOJieMy O CB.!I81! MSxaHHBMa JID;SpHOff 
peaKURli co CBOttOTBaMli aReMeHTapHIIX BB81IMO,n:ettcTBnff. 
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llccJie,noBaHlle <fJYJm811ieHTa%HHX npodJieM .fln;epHOH qillamrn CTf!My
JIHpyeTCII TaruKe Heodxo.nmr.ocTbIO pewemm lilllpoKoro Kpyra 11pITT{J!anm,1x 
aanaq, B qaCTHOCTl1, BOilpOCOB pa.rnmUl10HHO.U 38Ull1Thl YCKOpllTeJielt 11 
KOCMllqer,,rnx annapaTOB, pIIna reO<pl131l'IeCKl1X 11 KOCN.OqJll311'!eCKl1X aa
~aq, 

PeweH11e oTMeqeHHoro Kpyra npodJieM npenrroJiaraer rJIYdoKoe no-
11mv1am1e cf,ll31lKll npollcxoivru111x JI1.tepHHx npoueccoB, paaB11T11e Teopu11 
11eynpyr11x Baa11Mon;eilcTB11ii qacnm c mwar.111, Tpa,nm..{110HH1Je Mero,ui 
reop1111 III{epHHX peaKUltil, ycnelilHO 11CilOJlb3yerme npll ll8BJ!e'!eHl11l l!H
cpop11.au1111 o crpyrtType Rnpa ( dopHoBcKoP. np116Jimrrnn11e, np116m~em1e 
l1CKa.JKemrux BOJIH, MCTO,nhl y'leTa CB.fl311 Ka11aJIOB ll T, Il,), He IlO,Il;XO[VIT 
D;JIII paccMorpemm peaKUl!il, Korn:a npo11cxon:11r cymecTBemroe 11aMene1me 
Rn;pa-MlllileHll, a B KOHeqHQM COCTO.fIHl111 IIMeeTC.fl dOJII,lilOe q11cJIO qacTIB..{, 
C ,npyroil cropoHhl, MeTOnH, paammaeM,rn qJIII rmoro,rnCTll'!HllX peaKl\llH 
B an;poHHOit <pll31lK8 BtlCORllX :meprllii (cT8TllCTl1qecKa.fl M0'4eJib ~pr:11 t 
r11n;po~111rm.111qecK11ti non;xon, MJJibTimepmpep,1qecK0e Mon;eJ111 11 T. n,), 
He woryr 0h1Tb npocTO nepeHeceHhl Ha CJ!yqaii lU.{CpHhlX B3811YOn;eilCTBl1H 
!.{JIII odcyJK,qaeMO.U nepeXOI{HOH odJiaCTl! 3Hepr11i'i OT J\eCHThOB MsB n:o 
n:nyx-Tpex necJITKOB Urn. Heodxo,n11Mo paapadoTaTb HOBhle ;v1eTOn;hl, yq11-
Th!Ba100111e oTMe'leHHYIO cneUB<pl'IKY JIBJieHll.fl, 3.neci, M11oroodema10m11M rrpeJ.t
crnw:He-rcrr HanpaBJ1eH11e, l!Cll0Jlb3YIU!lee odmyIO 11n:e10 CTUTl1CTll'rncKOH 
cp113!1I:II O "COKpm11eHHOM", "orpydJieHHOi'l' on11caHl11l CUCTe!l.ll, Bm~pooe 
ara 11!.{eJI dhlJJa qeTKO BhlcKaaaua II peaJ111aoBaua B pa6oTax H.H.Eoro
JIJOdoBa, Il;a13lllero MmtpOCKOilll'l8CKOe odoCHOBaHlle Kl1HeTll'leCKOMY 11 
r11n;pO!.{BHa.MBtJeCKOMY no,nxo,naM. 

UeJJb~ pa6oThl .fIBJllleTc.fl nocrpoeu11e n paMKax Kl1Her11qecKoro 
rronxona reopeT11qecK11x MeTon;oB on11caHWI ueynpyroro Bsa11uoneiicTBll.fl 
61JCTpl-1X lJaC1'IB..{· 11 J1erqailw11x .fII{ep C aTOMHHMB .fil.{prut.11, 11CCJJen;oBaHBe 
Ha 11X OCHOBe o6IQl1X 88KOHOMepHOCTeil Jin;epHHX peaKUl1i1 B o6JJaCTll 
3Hepr11ll To~ 30 r:rn, Bhl.fIBJieH11e OCHOBIIOro MexaHl13Ma. Hcynpyrl'IX 
IIqepHhlX coyn:apeu11il, np11J10JJtett11e paaBUThlX ~r.eronoB K pewemm npo:5-
JJerm npoxoJK,Il;eHWI BhlcoKoauepreT11qecKoro 1'13JJyqenll.fl qepea nemecTBO, 

HaytJHa.fI HOB_l13Ha ll npaxT11qecK8.ll ll,CHHOCT~b 

HollhlM BKJianoM .fIBJI.fl8TC.fl pa3pa:5oTKa COBOKYilHOCTl'I KOHitpeTHh!X 
l'i.o,neJJei-i (KaCKa,l.{HOll, __ -_ ,YCOBepweHCTBOBaHHOi-i KaCKan;HOH, KaCKal.{HO
-aKCllTOHHOti), peaJil13YKJllleil Kl1HeTll'lecKlfH nonxo.n K .fII{epHh!X peaKUH.mil, 
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l!HllU1111pyeMUM 6ucTphllcl1 anpoHaMl'I, ¥ -KB8HTaM0 11 JJertJailnrnMI'! .fl'l;pa
Ml1, 

BnepBlle Ha OCHOBC el.{l'JHOro KllHeTl1tJeCKOro no,nxon;a 1.{8HO reo
peTl'!'Iec1we on0cau11e MHoroq11cJ1eHHh!X sRcnep11MeHTaJibHhlX .naHHllX B o6-
JiaCTl1 <p[rn'1Kl1 npoMeJKYTOqHhlx 11 OOCOKJ1X sueprl1il, ycTaHOBJ!eHhl 11 IlOJIY
q0J11l o:5'hf!CHeHl!e odm11e 33.ROHOMepHOCTI! .fin;epHhlX peaKUITTi, l!X npO.fIB
JleHl1e B crreump1111ecK11x npoueccax (ipparMeIITal.{ll.fI, Bh!coKoauepreTll
qecKoe n;eJJeHl'le II pacmerrJJerrne Rnep, npe,l\paB11ouec11an aiv:0ccll.fl qac
TIB..{) 11 oco6eHHOCTl1, CB.fI38HHhle c nrroM 11 auepr1rni-i 60M6apn11py10meil 
qacTl!I.{hl, 

Paspa6oTamrue TeopeT11qecK11e MeTOI{hl· cTa.JJl'I npa.RTl'lqec1rnM 1:i1-

cTpy11curoM ,!\JUI 1U!aJll!3U al\.CI1ep111.1e11raJibHhlX .J],a!IHhlX, CJ!yJi{aT O Cl!OBOil 
).{JI.fl oueHoK l'I npenmwaanRn paanooi:lpaam.1x xapartTep11cr0K Heynpyr11x 
Rn;epHhlX B3al!Mo,nei1:CTBl!il t RBHJil'ICI, 6aaofi TIOCTpoemm: YHHBepcaJibHHX Me
TOI{OB pacqeTa. npOXO)KIJ;CHil.fl BhlCOKOaHepreTl1t{~CKHX '18CTJ,JI.{ qepea Be
mecTBO, 

.ilmI aamlfTH Bhl,llBl1T'aDTCR CJ!e)!.V!Olljl'le OCHOBHhle pesyJJbT8TH, 
noJJyqeuHh!e n g11ccepraµ11a 

I. PaaBl'!Ta KacKan;uo-11cnapl'!TeJ11,ua.fI Mol.{eJib a.npoH-m~epHhlx 
peaKUl!H ll Ha ee OCHOBe 1.{aH Cl1CTe11.aTl1'IeCKlfH a.H8JJl13 11MeIOl!U1XC.fI 
aKcnepm~eHTOJ!bllhlX 1.{3HHhlX no HeynpyrllM .fin;epHhlM coynapeHll.fIM, BH.fIB
JJeHa odJJacrb aueprllil, rne Baamv1oneficTB11e an:poHa c HnpoM MOlKeT 
6ur1, c:ueneuo K cep1111 He381311Cl1MHX ,nByma.cTHqHhlx coynapeu11ti. YKa
aaHhl xapBKTep11CTIIBI!, Ha11:50J1ee qyncTBflTeJ!bHhle K .l'!8MeHeHl'JIO Mexa
Hll8Ma pea.K!.{00, ITpe.ncraBJJeHa CIICTeMaTHKa. npel.{CKa3aHl'IH KaCKan;uoi-i 
MOl.{eJIB, IIOJIC3lla.fI np0 IlJ!aHHpOBa.Hflli 3KCnepl1MeHTOB, 

2. Ilp11 npoMeJKyroqHHx ( T0 < I ran) aueprll.flx 60Mdap,n11pyromei-i 
tJaCTfilU1 o:5uapyJJteH cymecTBeHHh!ti BKJJan; JIT{epHhlX a!p!peKTOB B npouecc 
o6pa3oBaHl1.l! Ha Rnpax d~CTphlX rrpoToHoB n Kl'IHEMaTlfqecKoff 06JiacT11, 
aanpcmeHHoi-i n;M cBodo.nuoro paccMHll.fI qacTIB..{, 3,necb ycTaHOBJieHa 
CJJa6aJI qyBCTBllTeJII,HOCTb 11HKJlll311BlillX pacnpe,n;eJieu11n K neraJl.fIM Me
XaRl18Ma B3811M01.{ei-icTBl1.fl, 

3. YCTaHOBJICHO 11 11CCJieI{OBa.HO ll3MeHeHl'le MeXaH03?,lB anpoH
.fil.{epuoro BsarorioneilcTBl1.fI np11 aueprwrx \"" (3-5) ran. IIocTpoeHa_ 
ycoBeplileHCTBOBBHHa.fI KaCKaI{Ha.fI MOI{eJJb, Il03BOJl.fliJIQ3R 06'haCHl!Tb 
STOT <paKT 38 cqeT JIOKaJibHOro ll3MeHeHl1.fl IlJIOTHOCTl1 JUJ;pa no Mepe 
pa3Bl1Tll.fI BffYTpll.fln;epuoro Kac1mna. B paMKax ycoBepwenc'l'BOBaHHoil 
KacKan;Hoi-i 1/IO_n;eJil'I n;auo 06'b.fICHeHl'Je OCHOBHhlX CBOHCTB BHCOROaHep-
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reTeqecKoro neJieHWI, ~paI'MeHT8Ull'.H a fillJleHWI nomoro pacrrana 
smep. 

4. IIoKaaaHo, qTo npn i;, :::. IOO M:rn cymecTBeHHidl BKJia,n; B 
o6pa30BaHlle 6HCTp!lX qacTim naeT M8xa.Hll3M npenpaBHOBeCHOtt aMHC
cea. B aToff CBSI30 npe.I(J!OllteHa aKCHTOHHa.R: MO!l0JIL npe.ItpaBHOBeCHoro 
pacnan:a an;ep a paapa6oTaHa KacKan;Ho-aKCll'.TOHHa.R: Mon;eJIL JI.n:epHHx 
peaimrut, pacmepmomaa o6JiacTL npll'.MeH'l!MOCTII'. Kll'.HeTll'.qecKoro rro.ItXo.n:a 
Ha :meprmi T, :!: IOO M:rn. 

5. Cq)opMyJIHpOBaHa renoTeaa an;epHoro KBaall'.cKettJill'.Hra, Bl:lpa
l!t8l'.lll1rut BaxliyID pOJIL npe.ItpaBHOBeCHOtt 3MliCCll'.0 B npo~ecce o6pa3OBaHWI 
gacTim BHe Kll'.HeMaTll'JeCKOit o6JiaCTH, !lOCTynHoit JVUI CBO6o~oro pac
CeRHWI. IIpoaHaJill'.3lipOBB.HlJ CJI8.ItCTBWI aTOit rll'.IlOTellli, n:onyCK8lOO\ll'.8 
aKcnepHMeHTaJILHYID npoBepKy. 

6. .UaHo 0606mem1e MO.IteJia BHYTPll'..R:llepHoro KacKa,n;a Ha CJiytJaff 
~TO.R:n;epHHx perumaft npll'. Bl:lCOKHX aaeprMx. Ha 6aae aTott Mo.zteJIII'. 
BnepBl:le IlOJiyqMa o6~.R:CH8Hll'.e 60Jil>llla.R: COBOKYITHOCTL 3KCrrepHMeHTaJIL
Hl,lX .ItaHHHX B 06JiacT0 Bume nopora ~Topo~emm: 'Ji -MeaoHoB • 

7. IIocTpoeHa KacKa.n;Hrut MO,IteJIL pe~att, miim0:epyeM1,1X JI.n;pa
MH n;ettTepWI, Tp0TM a reJIWI. HccJie,ItOBaHl,l o6mne 3aKOHOMepHOCT0 
Heynpyrwc JI.n:po-JI.n;epuux coy,n;apeHrut. 

8. Ha ocHoBe paaBarux MO.IteJiett anpoa-an:epHHx pea:imea paa
pa60Truru KOIIKpeTHHe MeTO,ll:U pactJeTa B3aHMo.rtellCTBWI 6UCTp!lX gac
TllU c 6JIOKBMH BemecTBa, BKJIIDqaa .rteJI.R:llleeca cpenu, qTo 0:MeeT 6oJI:i;.

moe aHatJeHee n;Jl.11 pemeHWI p.R:n;a npliKJia,n;HUx aa,n;aq. 

Anpo6agM gll'.ccepTagll'.n 

OCHOBHHe Ma.TepHaJI!,1 n:nccepT81{00 Heon;HOKpaTHO ,ItOKJ!a.n;I,IBaJilfCL 
Ha CeMll'.Hapax Jia6opaTOpll'.II'. TeopeTll'.'IeCKOit ~li31iK0. ~sm peayJILTaTOB 
.ItOJIOllteH Ha XI Mellt,IzyHaponHott KOHqiepe~ll'.11'. no KOCMll'.qecKll'.M JiyqaM 
(Ey.ztanemr-!969), Mex,ItyHapo.n:uott mKOJie UEPH-OHHH (Bapaa-I9?I); 

rop,ItOHOBCKOft KOHqiepe~aa no JI.n;epHOit Xll'.MHII'. {CIIIA - !970, !972), 
Mewaapon;Hott KOHqiepe~ll'.11'. no ~ll'.30:Ke Bl:lCORll'.X llHeprll'.tt Ii CTPYKType 
JI.n:pa (Hm-itopa:-!969, .lly6Ha-I9?I), Meir.cyHapO!lHOM CeMll'.Hape no B3aK
MO!l0!CTBIDO 6UCTpl,IX HettTpOHOB c JI.n;paM0 (rayccll'..I' -!973, !975), 
BcecOD3HOit KOHqiepe~00 no JI.n:epHUM pe~WIM npa Bl:lCOKHX 3Heprruu: 
(T6Me:ce-I972), CoBel!laHHII'. no nporpaMMapoBaHHD II'. MaTeMaTaqecKll'.M 
MeTon;aM pememm ~Hall'!ecKwc aa,n;aq (.lly6Ha-I973). 
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IIy6JI1mag1rn 

!Io peayJILTaTaM .It0CC8pT8UHII'. orry6JI1iKOBaHO 53 CTaTLII'.. CymecT
BeHHa.R: qacTL peayJILTaTOB BulDJ!a B MOHOrpa~IDJ "Baall'.Mo,ItefiCTBll'.8 Bl:l
COKOaHepreTll'.'IeCKIDC qacTim If aTOMIJl,IX .R:n;ep C .R:D;paMII'.". 

06MM pa6OTl,I 

,UeccepT81{11'..R: COCTOll'.T 0:3 BBe,n:eHIIIJl, mecTli rJiaB OCHOBHOI'O co
.It8pxalill'..R:, aaKJIDtJeHIDI e npeJiollteHM, co.n;epxeT 226 cTpamru: Maunrno
necHoro TeKCTa, 75 pecyHKOB, 15 Ta6JillU 0 6H6JIHOrp~eqecKll'.it cnecoK 
JIHTepaTypu H3 268 Ha3BaHll'.it. 

CO.llEP]tAHI!E PAEOTII 

Bo BB0.1{8Hll'.II'. KpBTKO 03J!Ollt0H MaTepll'.aJI .n:eccepT81{11'.II'. II'. D;BHO 
o6oCHOBaHHe a.KTyBJILHOCTII'. e BalltHOCTH IlOCTBBJieHHHX npo6JieM. 

B rrepBoff · rJiaBe .n:11,ccepT8Ull'.II'. ecqJien;oBruru ocHOBHUe ~0a0.qec1rne 
rrpen;noJIOZeHM, npa KOTopux H3 .ItBHBMmecKl'IX o6paTliMl,IX ypaBH0Hlltt 
n;JI.R: A qaCTllU rrpl'IXO,ItffT K "orpy6JieHHUM" y~aBHeHWIM, OTill'.C!,1BB1£Ill0M 
Heo6paT!ill,rue npoueccu. !Ipll'. aToM odcyllt~amTc.R: Te ~pM!,1 Heo6paTHMUX 
ypaBHeHlfi!, KOTOpue H8.IDJ10 rrpHMeHeHll'.8 B Teop00 .R:n;epHUX pe:um0tt, -
o6odmeHHOe Kll'.HeTHqecKoe (Mac Tep-) ypaBH0HHe, YPaBH8H0e EoJILUll.aHa, 
ilioKKepa-!IJIBHKa, r0n:pon;HHaM0qecKRe ypaBH9Hll'..R:. STo IlO3BOJI.R:8T Bl:l.R:C
H0TL ycJIOBM npHM0H0MOCT 0 ypaBHeHHff, .R:B.7llIIOlll0XC.R: OTilpaDHOtt ToqKott 
.I(Jl/I pa3Bll'.BBeMUX B IlOCJ18llYDlJl0X rJiaBB.X ~eHOMeHOJioreqecKll'.X MO,IteJieff 
B381iMO,n:ettcTBWI qaCTWl C smpBM0. 

BTopa.R: rJiaBB n:nccepT81{00 IlOCBllUleHa IlOCTpoeHIDJ KB.CKa,n;Hott 
MOn;eJIII'. an;eplll,IX peBRUBtt Ha OCHOBe 6oJIJ,UMBHOBCKOro YPaBHeHWI. 06-
CY)lUlaeMUe B § 2.I ycJIOBlifl npll'.MeHHMOCTII'. ypaBH8Hll'..R: EOJIJ,UMBHa K orrn
caHIDO an:epHoff peBRUll'.11'. Tpe6ym, qTo6u_oHeprim paccMaTpHBaeMott qac
TllUU 6uJia .n:ocTaTOqHo Bl,ICOita, 

T>~ Bcb MH * <.O:::. !). (I) 

{s.n:ecL Bet, - aHeprM cBSiae HYKJIOHa B an;pe, A - cpenHee MeJK
HyKJIOHHOe paccTO.R:HHe), a BpeMH B3aHMo.n:ettcTBWI 6UJIO 61,1 MHOro MeHb
me BpeMeHB MeJKn;y IlOCJIB.ItOBaTeJILlll,IMII'. coyn;apeHWIM0 qacTim, 

iei < < 1 / < 0 p > tr , {2) 
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r.ne <6 pY! - cpen;mrn cBo6omrul1 rrpo6er qacT1mu B Rnpe. B rrpeHedpe
iKemrn OCTaToqH11~111f B3a~on;el1CTBMMR Melltny 6HcTpUM!,! (RaCRanm,11,'.H) 
tJacTm.ta.Ma yprume1rne EoJJI>UMaHa mmeap1rnyeTcR, H nM cRaMpHoro rro-
ToRa qacTm.t <P (r;'ir, t) B cJJyqac rroJJydecRoHe•rnoli mi;epHoll MaTe-
puH MOXeT 1UTI, rrpuBeneHo R HHTerpaJJLHOMY ypaBHeHf!IO 

""' ~' 
<P(r,it,t) = q,

0 
exp [-J ds < 6p)] + J ds' exp[-J ds"< 5p~J Q(r-s'Q ;ii-,i-s11J), (3) 

0 0 

r.n;e ;li0 - rrai:ta'OmHii rroTort qacTm.t, a <J>ymmrur HcToqmma Q oopmr.a-
eTcR qepe3 HHTerpaJJ OT <P • YpaBHeHlle (3) coBira.n;aeT rro <f>opMe c 
ypaBHemrnM, OlIHCllBaJal\l'IM rrpoxoxneHHC 'IaCTlil{ qepe3 BemecTBO, 'ITO 
lIO3BOJJReT naTI, er/fy IIpOCTyIO BepoRTHOCTHYRJ 11HTeprrpeTau;ll!O 11 C rro
MOlllLID MeTOl{a MoHTe KapJJO pa3Bl1Tl, COOTBCTCTByIOuzyro cxer,1y peIDeHIDI. 
OTMe'leHHaR aHaJJOrM B!lpruitaeT OCHOBHYRJ 11,nero Rac:imn;HOH MOl{eJJH, KO
TopaR CBO!{HT B381'IMO.n;ettcTBHe 6ucTporo anpoHR C Rn;poM K cep~H rro
CJJen;o.aaTeJII,HllX CTOJlRHOBCHllH tJacTt,!UU C BHyTpminepHllW! HYKJlOHaMH. 
KoHKpeTHall peaJJll38D;llJI MOl{eJIH rrpencTaBJieHa B § 2.2. Ilpll 3TOM 
y'ITenu nmfxf;y3HOCTL pacrrpeneJJeHM mi;epHoll MaTep,rn 0 R.nepHoro rro
Teffi.\HaJJa, 3qif)eKTU BHYTPMt:tepHoro n;BHXemm HyKJJOHOB H rrpll~nrr 
Ilay;rn, rrpou;eccu rr0OHoo6pa3oBaHM 11 rrorJiomemm 'Jf -Me3OHOB na KBa-
311,n;eliTpomwx napax. Pacrra!( BO36yllt!(emrux mi;ep, odpa8OBaB1IJ0XcR rroc
Jie npOXO].il{eHIDI qepe3 R!(pO JJaBf!Hll RaCI{a!(HHX HYKJIOHOB, paCCMaTpl1-
BaeTCJI Ha OCHOBe paBHOBecHoll CTaTllCTlltJCCKOJl Teopllll lIOCJJe,noBaTeJJI,'
HOH 8MllCCllll ("ncrrapemm") qaCTl1U: (§ 2.3). 

B paMKaX pa3BliTOti K3Citan;H0-!1CITapi1TeJlI,HOH MO.!(eJlll B CJie.n;yro
ll!eM rraparpaipP 11;accepTau;Hil rurroJIHeH aua.1m3 11111eKJ!J1llXCR aKcrreprut.eH
TaJI.&HllX !l;tlHHHX ITO ueyrrpyro~ coy.n;apemm npOTOHOB H 'IT -l\1C3OHOB C 
R!(paJ:.ll rrp11 :-:rneprrurx OT HeCKOJII,KllX n;ecJITKOB MsB no T,, ~ 30 rsB, 
BURBJJeHa O6JlaCTI, peaJI!l3aD;llll KaCKanHoro MexaHll3Ma PCalUlllll 11 CTerreHI, 
pacxoxneHM upe!(cKaaami:tt lV!O!(eJ111 c orruTOM. IIo:KaaaHo, tJTo B 06JiacT0: 
sHeprilll T,, ::s- (0.I-5) raB Mo,n;eJIL .n;aeT xopomee orrncaHile cpen;HBX 
MHoJKecTBeHHocTeii tJaCTm.t, nx yrJJoBUx pacrrpencJieHilii, sHepreTilqec1rnx 
crreRTpoB, a Ta!Olte !(BOJ1Hllx n;mpt,epe~l1aJJl>HllX pacrrpe!(eJieHilff BHe 
Kl1HCIWlTH'IeCROH o6JiaCTl1, xapaRTepHOli .l{JIH nmt,paKu;ilOHHOro pacceJIHIDI 
qacT1~. 

Ilpll. doJiee BUCOK0X To Teo)eTlftJecRtte MHOl!teCTBeHHOCT0: Hepe-
JIRTUB0:CTCKilX ( g- 0: b- ) qacTm.t* HaqB:HaIOT rrpe:sumaT.& ::mcrrepB:MeH-

;f)~lll IIClIOJJI,3yeM TepMi!HOJJOrlllO ,rrpi!HRTyIO B OIIHTax C R.D;epHoil: 

~

T08MyJII,Cileii:QeJlRTHBilCTCR0:e s -qacTlfi.\H (v-~ 0, ?c). g-qacTllu;!J poTOHll c 30<T<450 MSB, 'TI"-1r.e3O:iru c T<80 tl::rn)il b-qacTllUH poTOHll c T< 30 MaB H MHoroaapa,n:irue tJaCT!,!UU). 
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T8JJI,Irue: MOl{CJll, rrpe1{CK33llBaeT MOHOTOHHUii pOCT ng(Toh nb(To j , 
Torna RaK ::>Rcrrep0:MeHTaJI1,Irue aHaqeHIDI BUXOJ¥'!T Ha "rrJJaTo". 3To pac
.x:o~neH0:e qeTKO rrpoRBJIR6TCR B xapaKTepe ROppeJJRu;lfOHHUX Rpi!BHX 

f1g(n5) • PaCXOXI{eHlle C OITUTOM ITO MHOllteCTBeHHOCT0: peJJRTl1BHCT
CRilX s -tiacTm.t HacTyrraeT rrp0 irneprMx :sume ~ 20 ran. 

OrpaHllqeHl!R Ha rrp11MeHl1MOCTI, KaCR3.1{H0-11ClI8pl1T6JII,HOil: Jl.01{8Jil1 
co CTOpOHH MaJillX sHepr0~, odycJIOBJICHHb:e HapymeHl1eM ycJIOBi!R (I), 
rrpoRBJ1RRJTCR IIp11 To~ I0D MsB. Xapa.KTCp OTKJIOHeHHH OT npeqcKaaa
HHH KaCKal{HOfi Mon;eJIH yKa3HBaeT Ha BKJian; rrpoueccoB IIpRn;paBHonecHoll 
8t.'.11CCHil qacTtmo 

,llJm: odJiaCT ii sHeprHff O, I :'S T0 :S 5 I'aB, rne Ta.KM t.•o.neJII, orrpaB-
.nana, nmrn TeopeT11qecRHc npencKaaaH.m !l;JIR paaJIH'!HllX xapaRTep11cTHK 
Heyrrpyr11x HYKJIOH- ii t.\63O_H-JI1{epHUX B3aID~o.n;eficTBHfi. 3TO BalKHO .ll)L'l 
corrocTaBJ!eHr..IT C pe3yJII,TaT8!Vl1 !IOCJie.n;yIOutilX OI11!TOB 11 TIJI8Hl1pOBaHllR 
HODUX aRcrrepm,eHTOB. 

B § 2.5 HCCJie.nonaua qyBCTBB:TeJII,HOCTI, IlOJJYtJeHHHX pe3yJII,T8TOB 
K rrapaMeTpat✓, Mo,neJI11 11 n;aHo ee cpaBHemrn • c ,npyrm,,il BepcMM11 Rac
KanHoil MOl{eJIH. 

B CBR3f! C rrpodJieMOE Jill;epHoro cRefiJIIDira llCCJie.noBaH f.'.CXBW!3M 
peaRu;,rn, 11p1rnol{Jlm11fi K ooJJeTy ducTporo rrpoToHa B aa.n;IOOIO rroJiycq:epy 
(§ 2 .6). Pa3Bi1TaR Teop.m rrpHMeHeHa K 8HaJlll3Y COOTB8'l'CTDyJOOtero 
2Rcrrepm,•eu'l'a, oonoJJHemmro B JiillI 011FH1 11p0: T0 =640 MsB. ORa3a
Jioc1,, qro, Bo-rrepBHX, D odpaaoBaHlle TaRl1X rrpoTOHOB cymecTB8HJil;ll 
BRJl81{ T(aeT rrpou;ecc polK~em-IH 'ii -Me3OHa B Rll;pe C IIOCJleeyIOlUl1M lIOl'JJO
me1rne11. ero llEYXHYKJIOHHOil accou0au;0eii, pacrran:aromellcJI c ooJJeTOM 
rrpoToHa 1Ia3a1{. Bo-BTOPLIX, 0:3 IlOJJyqeHH!,IX pe3yJII,TaTOB CJieeyeT, '!TO 
HHRJll0311Billie pacrrpeneJiemm cJiado qyBcTBl!TeJ11,Iru R n;eTaJJRr. Mexa
HH3Ma B38HMOIJ;ettcTBWI qacTllllH C RIJ;pOM. 

B HaqaJie TpeTI,eH rJiaBIJ n11ccepTau;0:11 p8CCl'l'RTp11Bru'.lTCR qil1311-
'IeCKl1e s(fxpeRTH' ROTOplle rrp11 To.:. 5 r.rn rrpI!BO,W:rT K i13MeHeHl1!0 Mexa
Hll3Ma a.upon - 1rnepHoro E3am.rn.nel1cTEllJI, 06cyl!!,Ilae11:oro B npe.D;bl.IJYIJlCil 
rJiaEe. 

AlmJior.m c rrpoxoJKne1meM qacTm.t qepe3 HenpepllBHYJO cpe.!lY, 
BHp8.lK6HHaR ypaBH6IIl1Clf. ( 3) , orrpaBl{aHa , eCJI0 tJHCJJO HYKJIOHOB d A , 
BOIJ.lleqeHHllX B K8CK8IJ;IIYRJ JJaBimy, HeBeJI0KO, fl A<< A , ll He rrpllBO
IJ;l1T K cymecTBeHHOMY H3MeHeHll!O CBOllCTB Rqpa. Ilpil BHCOR0:X ,rnepri!RX 
11 B cJiyqae _11erKHX m1ep-rt.11IlleHett 3TO ycJJOBl!e He BUilOJJIUieTcR. B 
CBR3il C 3Ti!M B § 3.2 pa3BHT3 HOB8R KaCK8llHllll Mon;eJJI,, KOTOpaR yq11-
TI1Baer, '!TO dLICTpllC peJIRTHB0:CTCRl1e qaCTBu;U, o6pa3JI(lllileCR yxe B rrep-

7 



i 

BUX a.KTax Heynpyrax 'fTN Will. N N CTOJIKHOBeHHii, IIpHBOIUIT K JlO
KaJII,HOMY H3MeHeHIDO J!,I!;epHOH IIJIOTHOCTH. B pe3JJII,TaTe 6oJiee Men;JieH
Irue, g -qacT~,CTaJIKHBaJJTCJI C OTHOCllTe~I,HO MeHI,llillM qHcJIOM BHYT
pMn:epiruX HYRJ.IOHOB. :3TOT aippeKT Ha3:S8H aqxpeKTOM "TpaJiemm" IIJIII 
"06e.ItHemm" .ll!{epnott IIJlOTHOCTll no Mepe pa3BHTlill BHyTpMn:epHoro 
KaCI<an;a. Ero y'IeT II03BOJI.lleT KOJ!lltJecTBeHHO o6'b.llCHHTI, BUXO.n: MHO
JKeCTBSHHOCTll 1Ill3KOaHepreTlitJecKHX IJ8CTHr(, rlg ( T0 ) R rlb ( T0 ) , Ha 
"nJiaTo". TaKoff peJKHM !{OCTHraeTc.11 npa Ta~ (3-5) raB n:.11.11 Hn;pa Ag 
H rrp1I T0 :,: 0, 8 raB .ll:Jl.11 .11erKott MHmeHR 12c • l.Io~eJI:i, npaBBJII,HO o6Mc
H.lleT TaruKe a;pyrHe xapaKTepHr.THRII peaim1m, B tJaCTHOCTH, Koppemmmr 
IVJIOlKeCTBeHHOCTH rig ( ns) • C.11e~eT OTMeTHTI,, IJTO paCXO]K!{eHHe no 
MHOJltflCTBeHHOCTH s -tJaCTHr( npll To~ 20 raB OCTaeTC.11 n B aTott 
ycoBepmeHcTBoBamrott KacKan:nott Mo.n:e.1111; ero npHtJmru paccMoTpC!ill 
HHlKe. 

.llpyrHM orpaHWJeHHeM KaCK8,llHOtt Mon;e.1111 co CTOpOiru BllCOKllX 
aHeprHtt JIBJI.lleTC.11 YCJIOBl!e (2) , KOTOpoe npe.n:noJiaraeT, 'ITO KalKD;a.R: 
tJaCTHr(a, 06pa_soBanHa.11 B xo.n:e BHyTpli.lln;epHoro KacKa!{a, ycneBaeT 
n:o noc.11e.n:y10mero aKTa B3aHMo.11ettcTBlill "pasBHTMJI", "c<f>opi.rnpoBaT:i,c.fl" 
n:o CBoero aCIDmTOTHtJecKoro COCTO.IIHH.fl. Pol!i,n;eHHe pe3oHaHCOB, HH
TeHCllBHO IIpOlmXO,D;Illjee npll :3Heprllll B HeCKOJII,KO rsB, H llX BOBJIC'ICH.lle 
BO BHyTpli.lln;epiruii KaCK8,!{ rrpl:IBO,D;IT K Hapymemm YCJIOBIDI (2). Ha oc
HOBe KUCKa,n:Hott MOD;CJIH B § 3.3 BUnOJIHeHa oueHKa M8KC0MaJII,Horo DJIH
.IIHH.11 npouecca o6paaoBaHM pesonancoB Ha 06m0e xapa.KTepHCTHKH 
8,l{pOH-.11n;ep!illx B3aHMo,n:ettCTBlltt. IloKa3aHO, 'ITO OltllH STOT aqxfieKT He 
MOJlteT BOCilpOH3BecTII BUXO,It Ha "nJiaTo" cpe,ItHHX MHO.llteCTBeHHocTett 
ng( To) !_ nb ( To l i KatJeCTBeHHO n:pyrott Blin; HMeeT KOppeJ11IUllOHHa.ll 

Kp11Ba.R: n9 ( n5 l • 
B CJISlt.Vi)llleM naparpa.qie n;aH xa•rcCTBeHl-illii aHaJlll3 CJieitCTBIIH 

aqxfieKTa "TpaJieHH.11". IloKasaiio, 'ITO Ha OCHOBe aToro aqqieKTa MOlKHO 
noH.IITI, o6mae 3aKOHOMepHOCTll .IIB1IeHllH <J>parMeHT8,UHH, n:eJieHIDI If pac-
111enJ1eHM Rn;ep. B t.JaCTHOCTH, !{aHO 06'b.flCHeHHe aHepreTHtJecKOMy no
Ben;emm cetJeHHtt o6pasoBaHM <J>parMeHToB B an;pon-an;epirux pe9.RUH.11X, 
cTa6HJIH38UllH <f>opMH yrJioBoro H anepreTlltJecxoro pacnpen;eJiemiii <J>par
MeHTOB, aHepreTatJecxott 38BHCHMOCTH a~mHpll'IecKHX napaMeTpoB, Oilll
CllB81CllillX BUXO.l{ OCTaTOIJ!illX an;ep B peaimrurx pacmenJieHM. 

B paMRax Kacxan;nott MOD;eJill C ytJeTOM, 3ippeKTa "TpaJieHH.11" B 
§ 3.5 BUnOJIHeH TeopeTH:IJSCKrui aHaJIH3 aKcnepHMeHTaJII,1-illX .D;8H!illX 
no ..n;eJieHmo .11.n:ep, 6oM:5ap,n:0:pyeM1:1x an;pomtMH oocoKoff anepr1111 • .lleJienae 
paccv.aTpllBaeTCJI Ka.K rrpouecc, KOHKyp0pynn11ii C HcnycKaHlleM tJaCTHU 
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Ha Men;JieHHoii, acnapllTSJII,HOH CT8!{lll1 D3aHMo.n;ettCTBl1.fl. IIpe,D;JIOJlteII 
MSTO.D; anrrpOKCID.laUllll 6ap:i,epoB .n;eJieHM .fi!lep, KOTopuii B cotJeTaHl11l 
co cTaTHCTlltJeCKOtt TeOpHett !{8eT xopomee OIIHCaHlle OTHOllleHM BepO.flT
HOCTett .11n:epHoro n;eJieHM 11 HcnycKaIIM HeiiTpOHOB, rf I fn • Co:5CTBeHHO 
npouecc neJieHM BUCCKOB036YJK.D;eHIJUX Jin;ep T8Kllte paCCMaTpHBaeTC.fl B 
pmmax CTaTllCTHIJeCKOro no,n:xo,n:a. ITO!ta38IIO, 'ITO npeztJIOllteH!l3.ll MOD;SJII, 
rrpe.n:cKa3llBaeT npaBHJII,Hoe n0Be,n;en11e · 11 a6coJI10T!lle 3H4tJeHM .ItJI.fl r.e
tJeHHtt n;eJieHl1/I .11nep, xapa.KTepHcTliK tJacTHU, oonpoBo~rr;aIDm0x ,n:eJieH11e, 
II tJaCTRn, llCIIYlllSH!illX B co6UTl1llX 6e3 ,n:eJiemm. 

B § 3.6 ycoBepmeHCTBOBaHHa.11 KacKan;Ha£ MO,zteJII, npHMeH.fleTC.11 
K l!cc.11e.!{OBamrn npouecca "noJIHoro pacnan:a" .11n;ep. BurroJ111emrul1 B 
.n:11ccepT8,Ullll 8Ha.Jil13 Ka.It CTeneHH corJiacl1ll T80plll1 C OIIllTOM, Tax rr 
xapaKTepa OOHapylKeHHUX pacxo~n;eHHtt noKaSllBaeT, IJTO "IIOJIHU.li P8CII8I(" 
mi;ep He TpeoyeT ltJl.11 CBoero ITOHHMaHM BBe,n;ellIDI K8Koro-To HOBoro, 
cneullaJII,HOro MeX8H03Ma. peaK[lllll (HarrpHMep, TliITa yn;apHOll BOJI!ill) 
l1Jllf, no-KpaiiHeii Mepe, pa.CcMOTpSH!lle xapaKTep11CTHKll He'!yBCTBl1-:
T8JII,Iru K HCMY. 

B 88KJIJOIJHTeJII,HOM rraparpa<J>e aTott _rJiaBU oOcylK.D;aIDTC.fl orpaHll
tJCHll.fl npen;JiolKeHIIOro BapllaI!Ta K8CKan;Hott MO.D;CJ111, KOTOpble npllBO-
,((JIT K npemmemno pactJeTHOtt MH0'1t8CTBeHHOCTl1 peJI.flTIIBllCTCKllX S -t.JaC
THr( Han; aKcnepHMeHTaJII,IlhlMll 3HatJeHl1.f!Mll. :3To CBf!38HO C HapymeHHeM 
ycJIOBM (2) II He06XOltHMOCTI,lO ytJeTa DHyTpeHHeii (KB8pK-mlpTOHHOtt) 
cTpyKTYpll a,n;pona, 'ITO npoJIBJIJieTC.11 B cymecTBOBaHHll 30HU cpopM11po
BaHll.fl an;pOHHOii qiaau. HccJie,n:oBaHH.H., BUnOJIHeH!lle B n:11ccepT8,Ullll, 
rrpHBO.IUIT It BUBO.D;Y, 'ITO T8Klle aqxlieKTll HeOOXO,ItllMO Y'lllTUBaTh npH 
3Heprll.lIX To~ 20 raB. 

B tJeTBepToli rJiaBe nocTpOeHa MO.f(eJII, npen;paBHOBCCHoro pacna.
n;a JJ.n:ep. Ona 11CnOJII,3J8TC.fl !{JI.fl onHCaHH.fl nocJieKac1rn,n;Hol1 CT8IJ;llll 
B38llMO,n:ettCTBM I KOTOPIDI panee paccMaTpllBaJiaCI, B pa.FK8.X llCITapll
TeJII,HOtt MO,IteJIH. :3Toro Tpe6yeT llHTepnpeTauM llHKJlll311BHUX pacrrpe
rr;eJieHml qacTHr( np11 T0 ~ IOO MaB (rJiaBa IT) 0 oT,n;eJII,1-illX xapa.K
TepHCTHK Hll3K03HepreTlltJecxol1 KOMIIOHeHTH npll 6oJiee B!:lCOKllX OHep
rMX (rJiaBa III). 

B ~ilccepT8,UHil npeD;JIOJlteHa 11 pa3Bl1Ta aKCIITOHHaJI MOD;eJII, .ll!{ep
Hott peaK(lHH, KOTOpa.11 paccMaTpliBaeT BSallMo,n;eiiCTBlle tJaCT[mi,! C .IID;pOM 
Ka.K npouecc nocJien;oBaTeJII,Horo ycJiolKHeHM cocTO.flHM al{pa sa ctJeT 
OcTaTOIJ!illX .n:ByXtJaCTlllJllliX BSaHMO,D;elicTBl1ii. B OCHOBe Teopl11l Jle'1tl1T 
rriacTep-ypanHeH11e D;Jl.11 BepO.flTHOCTli B ( t l sa.ceJieHM cocTO.flHHii c 
pa3Jil11J!illM IJHC~OM B036ylK.D;eH!llx tJaCTHr(-lJ;llpOK (aKCl1TOHOB) 
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aP~(t) = ~ [ w (v~ll) p (t) - W(-J-J') ~{t)] at -y;- J' · 
(4) ·' 

Y'ITeHa B03MOl!UIOCTI, aMl!CCIHl '18CTl1U 113 .H.,llpa Ha npen:paBHOBeCHOfJ: CTa

n:1111. Ycpe)lHeHirne MaTpli'llll.le aJieMeHTH JJ;Jl.ll BepOJITHOCTe!t nepexo,nOB 

W { J'-+ v) noJiy'leHH B KJiacc0.qecKoM np06J111JKemrn, a BeJil!'lllHa W(.J'.. vl 
n;J!Jl l!CTIYCKOHWI 'lf'CTl!U oueHeHa Ha OCHOBe CT3Tl!CTl!'!eCKOro paccwoT

pemm.C HCTIOJIL30B8HJ,!el,i CBJl31I da3l:Cl!oro ypaBI!CHlffi l•,10.ll,eJI11(3) co CJIY

qaiiHm.m nponeccair,11 peaJill30B8Ha r110HTo-KapJ10BcKaJI cxer.1a ero pell!eH11Jl. 

l1ccJie,noBaHa n;l!HaMmta aKCl!TOHHoff Mon:eJII! npen:paBHOBecnoro pac

nan:a (§ 4.4), xapaKTepHOfJ: qepToi1 KOTopoii .R:BJI.lleTC.fl KOppe~WI 

lKeCTKOCTI! aneprcTl!'!eCKOro cneKTpa C MOMeHTOM BpeMeH0 11cnycKaHl!fl 

qaCTl!Ul1 ( l!Jll! co CJ!OJKIIOCTI,IO COCTOJIHl!Jl, 03 KOToporo l!CTIYCKaeTCJl 

qacTw~a). 

CpaB!leJ!l!e c SKGTiepl!MeHTOM, IfilTIOJIHeHHOe B § 4.!;i npl! :meprMx 

~ ~ (ID-30) Man, '!eTKO yKaaunaeT Ha cymecTBenHHtt BKJia,n npouecca 

rrpe11paBI10BeCHOfJ: SMl!CCl!ll 'laCTl!U B "lKeCTKYJO" '18CTI, crreKTpa. 

B § 4.6 3KC0TOHH8Jl MOUeJII, BilCpBHe pacnpocTpaHeHa Ha qx>TO-

Jin:epHHe pear~011. :Urn aToro rrpl!lIIJIOCh BBeCT0 psn( o'.l111nx cTpyKTYPHHX 

oco6eHHOCTeii, CBJl3aH!IlJX C HaJil!'!l!eM B Hn:pax r11raHTCK0X J:1l1ITOJ!I,HllX 

pe3oHaHCOB, Y'leT aToro :ijxpeKTa rro3BOJil!JI orrncaT1> ::mepreT0qecK11e 

crreKTpH qxJTOHeiiTpOHOB. 

B § 4. 7 11a OCHOBe pa3Bl!THX uoue11en BHyTpl'illn;epHoro K8CK8I(8 11 

rrpen:paBHOBeCHOro pacrran:a CqxJpMyJJl!pOBaHa KaCK3UH0-3KCl!TOHHall MO

n:eJII, HnepHl.lx pe3KU11fJ:, rro,npa3,neJUIJOmaH rrpouecc B3al!Mo.n:efJ:cTBl!fl ua 

Tpl! CTan:m1: KaCKan;nyJO, rrpe,npanHOBecHyJO., I! paBEOBecHyJO (T.e. o'.l

pa30BaHl1e KOMII8YHI.\-JIUpa). RoHKpeTHHe BH'll!CJieHll.H, Bb!IIOJIHeHHHe B 

paMKax STOfJ: MOl{eJil1 rrpl! To< 100 MaB, ycTpaH.fflOT paCXOJKI(eHl!fl c OHH

TOM B IUIBJ11031!BHHX pacnpen:eJieHl!fIX, OT:.:e'!eHHHe pairne B rJiaBe. n. 
ltn:e.q rrpen:paBHOB8CHOfJ: 8MllCCl11! '18CTl1U '13 B036yxmeHHoro m:i;pa 

naeT B03MOlKHOCTI, IIO-HOBOMy rron:ofl:TI! K aHa.lBrny aKcrrep0MeHTaJII,HHX 

,naHHHX no Jl.1].epHOMy CKCilJlllHry. 0'.lHapylKeHo, '!TO rrapaMeTpH CTpyKTYP-. 

Hott q;yHKu1rn E d6;d?.p cJiac5o 3aBl!CJIT oT ivaccoBoro '!0CJia A yJKe B 

o6JiaCTI! anepr0i1 T0 ~ IOO MaB (JI~ep1run KBaa11cKenJ1nHr). CorrocTaB-

JieHHe B § 4.7 oom11x CBOilCTB rrpe,npaBHOB8CHon KOMilOHeHTH C aMIIll

pH'!ecKm.m 38KOl!OMepuocTJIMI! fII(epHoro CKel1JI0Hra Il03BOJIBeT BI1CKa-

3aTI, ril.IIOTe3y O TOM, '!TO Ka.K KBa31'1CKeilJI>lHr, Ta.K I! JlJJ;epHHii CKeil

JlllHr B 3Ha'lnTeJ11,non cTerreH11 ooycJionJieHH rrpoueccoM npe,npaBHO-
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BeCHOlt 31\:l!CCl'JU '!aCTIIU. ilpoaHaJ11!3tiponalill cf,ll31!'!eCKlle CJien:cTmur 

aTott rnrroTeau, rconyCKaKJ!I!l!e aKcrrepaMeHTBJibHJIO rrp011epKy. 

MeTo,mi, pa3Bl1THe BU me I{JI.li an:poH-srriepHHx E3al!t'oneiiCTBl!ii, 

MoryT dHTI, o'.lod!!i9HH Ea CJiy'l'aii peaKilllii, llH0[l11Hpyewx l!' -KB8HTatdf 

n J1erqafim11MH srup'3.MI!, 3Ta 3a,naqa pemaeTcJI B ~ rJiane .nlilocep
TBl(lll'l. 

B § 5. I IIOCTpoeHa MO,I(OJII, qxJTOJII(epHHX peaKu,iil !1pl1 ::meprmi 

BHllle 06J1acT0 r11raHTCKoro .n0rroJI1>Horo pea0uaHca. DHa Y'l0THBaeT 

rrpoueccu rrorJiomeHM '6 -KnaHTOB rrpoToH-HefJ:Tpomroii rrapoii u cfioTopoJK

n:en0e CJT -Me30HOB HO OTL(eJlhHHX BHyTp11srnepHHx HYKJIOHax, '!TO f!03-

BOJil!JIO Brrepooe l!CCJiercoBaTI, neyrrpyrne B3alIMOJ;eltCTBIDI '6 -KB□HTOB 

C n:npm,rn BITJIOTI, Tl;O aueprm1 ~ I,5 I'aB. ilOI<a3aHO, '!TO RaCRD,!UlaJI l.'.O·

neJih qx>Tosrnep!llx peaRl(!iH. BIIOJIHe YTTOBJleTBOpl!TeJibHO orrncuBa CT pmmo

oopa3HH e xapa.KTepricT1IB11 rrpouecca, BKJllO'laJI ce'!ennn qx,TonenennH Hnep. 

· Odoc5memrn KBCKBI(HOfi f,'.On;em1 Ha CJiyqafJ: nefJ:TpOH-5Il\8pl!llX CTOJIK

HODeHllfJ: Bl:lIIOJIHeHo B § G.2. ITOCROJlbRY .nelt!pOH JlBJIHeTCJI CJiac5o Cllil-

3aHHOH Cl!CTeMoil,B rrepBOM rrp00Jll!lK8Hl!11 ~ro B3aHMon:eiiCTBl!C C Hn;pOM 

MOlltHO rrpcncT3BllTI, KaK cy1Jeprro311.U010 BHyTpMnep1rux K8CI\BI{OB, rene

p11pyeMHX H.YKJIOH8MU n:eiiTpom1. CorrocTaBJieH0e TeopeTll'ICCKl!X pe3yJII,

TBTOB C .n:aHHHMI!, l!MelO!!lW.-,rnc:JI .Jll'JJ~I, B OdJiaCTM cpaBHllTeJil>HO 1!8BblCO

KMX SHeprnfJ:, ITOI(TBepJR:naeT OCl!OBHLie IIOJlOJKeHM MO,n;eJII! • .l{a11u npen

CK838HWI K3CK8I{HOii won:eJII! .JJ;Jl.ll B3al!MO,n;eiiCTBl!Jl nefJ:TpOHOB C Hi1Pill.:I! 

qxJT03MYJll>CMl:I ,I{O 3HepT'l!ll T0 ~ Tct/ 2 =20 raB/HyKJIOH. ITOK83!ll!O, '!TO, 

KaK 11 B 8,npOH-Jin;epHHx coynape!lMX (rJiaBa llll, 3qxp8KT _:TpaJieHM" 

rrp11Bon:1:1T K ooxony Ha ''rrJiaTo" ::iaB1ICHMocT11 rlg(T
0

) 0 nb{T
0

) • Cpe,n

HHe ~IHOlKeCTBeHHOCTH BTOpl1'1HHX 'laCTl!U, 11H0U11Hpye\V.llx rrepBl'l'IHHMI! 

n:efiTpOl!a.Ml'J 11 IIpOTOHaMH, He YTCOBJieTBOpillOT rrpocTHM COOTl!OllieHl'JJlrt. 

Tll.rra ~A( Td):;, 2 fip+A { 11 / 2 ) ' OJKl1n;aeMHM 03 Hal!BHoro rrpel(CTaBJie

Hl!fl O He3aBl'lCllMHX K3CKanax. OrryOJillKOBaHHUe rroa.zuree pe::iyJihTaTH lil3-

MepeHlilii, BHilOJIHeHHHX B JJB3 Ollill1 rrp0 Ta =3,3 ran/11y~JIOH, IIO,I(TBep

,ll;l!Jll! rrpe11cKa38HlilI KBCK8I{HO!l MOI{eJII!. 

B § 5.3 IIOCTpOeHa KaCK8QHaJI iv.on:eJII, peaRl(l!lt C '.lHCTpHMl'l d.,

'J3.CTl!UaMl1. IIocKoJI1>Ry 3,nec1, ynpomaRJmee rrpe.nrroJ10JKem1e o 11eaan11c11-

MOM B3a0Mo,neltCTBllli HyRJIOHOB Jl,I(pa-cHapana He fIBJI.lleTCfl CTOJII, )KC 

oqeBl!.IIHHM, Kax UJI.ll n:ettTpoH-fl[{epHHx coyn:apea11lt, rrpor~ecc 11ccJie,qo

BaH TBX.JKe l'l B .zrpyroM rrpel(CJlI,HOM CJiyqae, Kor.na rrepBl'l'IHaJI ol-'18CT0-

ua ruuc ueJioe naa11Mon:ettcTByeT c HYKJIOHOM ~npa. IIoKa3auo, '!To Wlll 

odcyJR:n:ae~.'IlX rJ106aJI1>HHx xapaKTep0cTnK o6e Mo.n:eirn nam oqeHI, '.lJ1113-

Klle peayJihTaTH. 06mtte TeHQeHU011 38Bl1CIDmcTeil r1 {T
0

) Te JKe, '!TO 
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ll ,llJJJl perutilllll d + A , HO Bl:lXO,ll Ha "IIJI8T0 11 H8CTyrraeT rrp0 MeHI,
WllX aHatiemmx To • K MoMeiITy paapa6oTK0 MO,n;emr a1tcrrep111MeHT8JlI,
HHe )l8HHHe rrpaKTIIJ'leCKll OTCYTCTBOB8JIIII. IloJiytieHIIJe rrytiKOB peJ!JlTll
BllCTCKllX ol -qacTim Ha CllHXpoqaaoTpOHe OIBIM OTKp!:1'10 B08MOlltHOCTJ, 
npoBepKll rrpen;CK888Hlltt Mo,n;eJI0. PeayJIJ,T8TH OIIhlTOB C ipoT03MYJI:bCllel1 
np11 T0 =3,3 raB/HyKJioH 0KaaaJI0c1, B xopomeM corJiac011 c TeopeT0-
tiecK11Mll 0Xllll;8HMM0 no paaHoo6pa8HHM xapaKTepllCT0KaM, BKJI10'18.fl 
Koppe.11.fIUllli MHOXeCTBeHHOCT0 '18CT1m paaJI0'1HOro copTa. 

B ~ rmrne .n0ccepTau110 paapa:loT~rHHe MeTon;H 111ccJ1e.n;oBa
HM Heynpyr0x B881lMO'AettcTBllltt an;poHOB C Hn;paM0 npHMeH.IWTCH R peme
HlflO pgn;a 3a,n;a'I, CBH88HHHX C rrpoxox.n;eH0eM 'I8CT1m Bl:lCOKOff 8Hepr011 
~epea BemecTBO. OCHOBHHe q>ll80'IeCK0e rrpen;IIOJIOXOHl!./I ll o6maH cxeMa 
pactieTa B880Mon;ettCTBM '180,Tlm C 6JIOKaM0 BemecTBa, 6aa0pyUI!aHCH 
Ha MOHTe-KapJIOBCKOM pememrn TpaHCilOPTHOro ypaBHeHM, Kp8.TF.O [18-
JIOXellli B § 6.I. B § 6.2 Bl:IIIOJIHeH aH8Jilll8 cneKTpaJIJ,HO-yrJIOBl:IX 
xapaKTep0CT0K 1118JIY'leHM aa CJlOHMll aamllTH pa8Jllll'IHOff TOJimlllHH, 'ITO 
0MeeT Herrocpen;cT Bemroe oTHomeH0e K rrpo6JieMe pa.n:0au00HHott aam0TH 
ycKOp0TeJiel1 0 KOCM0'IeCKllX arrnapa.TOB. Ilp0Be.n:elfil n;Ba rrp0Mepa KOCMO
q>081l'IeCKllX aa,naq. !Ia ocHoBe pactJeTa mwpocTett ·o6paaoBaHl!.II pa.n:00-

. aKTllBHHX ll80TOIIOB B XeJieaHHX TeJiax rro.n: n;ettCTBllleM KOCMll'Iec1toro 
08JIY'IeHM BOCCT8HOBJieH n;oaTMOCq>epHHll paaMep Apyc-Hp.lll,IMJlliHCKOro 
;;;eJieaHoro Me·reop0Ta 0 11ccJ1en;oBa.H Borrpoc o Bap0au1111 raJ1aKT01Jecrto
ro 11aJ1ytJeH111I aa n;JI11TeJI1,HHtt (nopHn;Ra Ml!JIJ111apn.a JicT) rrepno.n Bpe
MeH11. 

~aHa oueHKa qi0a0qec1t0x napaMeTpoB aJieKTPOH.n:epHoro MeTo,n;a 
noJiy'IeHM 0HTeHCIIBHHX HettTpOHHHX llOTOKOB. B arott CBH81l pacc'I0Ta
HH paaJili'IHHe BeJill'IliHH, xapaKTep0aymm0e npoqecc paaMHoxemm HellT
poHOB B ,n;eJ!JlmllXC.fl open.ax: 'IliCJIO HettTpOHOB, o:lpaayiannxcH B 6JIOKe 
Ha on;1rn rrepB0'IHHff npoTOH, npocTp8.HCTB8HHOe II crreKTp8JIJ,HO-yrJIOBOe 
pacnpe,neJie~l!./I qaCT!m, 'IllCJlO pan;111au00HHHX 88XB8TOB, 'IllCJIO ,n;eJieHllff 
II T.n. IloKa.aaHo, 'ITO 8aMeHa nepBll'IHOro npoTOHHoro IIY'IK8. Ha 
n.ettTpOHHHtt npllBOD;IIT R aaMeTHOMY yBeJIH'IeHIID BHXO,n;a HettTpOHOBj 
Ha060J1ee nepcneKTIIBHott npe.n;cTaBJIHeTcH o6Jia.cTJ, aHepr11tt b"' 0,6+I ~- . 

B 3mt.11IOtJeH1rn KpaTKO nepe'IllCJ!JiDTCH OCHOBHHe peayJIJ,T8TH. 
noJiy'IeHmie B .n:0ccepTau110. 

B IlpllJIOXeHllll ll8JlOEeH MeTo,n; CTaT0CTll'I8CKoro MO,lleJillpOBaHl!./I 
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