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BBe,neime 

B HaCTOJJlllee BpeMII Ha.KOIJJieH o6tru!pHl,li aKcrrepRMeHTa.n:I,Hbla Ma.Tep.WM 
0 CBOAcTBax Ka.K HH3KOJielKa!llHX KOJIJI8KTHBHhlX, Ta.K H rlll'aHTCKRX MYJil,TH

ITOJil,Hl:lX cocTORHRtt .11,Ilep, B036y;,r,ri:aeMl:lx B rrpoueccax Heynpyroro pac
ceRIIBR. Oco68HHO llOJI83HlilMRI .lt,1III H3y,l8IIBR CBOttCTB 8TRX COCTORHRA 
OJCa3SJU1CI, pea.KURR Heyrrpyroro pacceaHHR 8,Iij)OHOB, ITOCKOJU,KY xapaKTep
HHe oco6eHHOCTH ,)TJIOBblX pacrrpe,neJieHHA paccemnmx a,npOHOB IT03BOJiffiOT 
onpe,neJIRTI, /I-41 MYJII,THITOJU,HOCTI, l , -qeTHOCTI, TT , o6JiaCTI, JIOK8JIH-

3auRH ITO aHeprHH B036yll,lleHHhlX COCTORHHtt H T • .n. 0,nHa.KO CJie.nyeT 
rrpH3HaTI>, 'ITO MexaHH3M Heyrrpyroro pacceRHHR Bee eme He BblRcHeH .no 
Koima , XOTR rrpz B036y;,r,ri:eimz HH3KOJielltallU!X COCTORHRtt CHTYal.U!JJ .nocTa
TO'IHO rrpoapa'IHa. nettCTBHTeJII,HO, B036yJK,ll8HHe HH3KOJielKallUlX KOJIJI6KTHB
Hl:lX COCTORHRtt paccMaTpHBaJOT Ka.K llpRMOtt rrpouecc B38J!MO,ItettcTBWI 
HaJieTanueit '!JaCTHI.lbl c KOJIJieKTHBHl:lMH CTerreMMH CB060,Itbl R,Itpa (MeTO,It 
HCKalt6HHblX BOJIH B 6opHOBCKOM np.wclJm~eHHH - Mml),H Ta.Kott no.nxo.n 
BeCI,Ma IJJIO,ItOTBOpeH rrpH Oill!CaHRH COOTBeTCTBYKIUHX aKcnepHMeHTaJII,HblX 
,naHHblX. ~opM:lJrucTop pea.KUH.Ii Heyrrpyroro pacceaHHR B aTOM CJiy,tae HMeeT 

IlOBepXHOCTHbltt xapaKTep 

K ~ 'dt.l V 
ft_ ( 'C) =-~ ~ 2" lu1 

' 
(I) 

CTpyKTyPHM -qaCTI, aa,na-qR CM3aHa C rrapaMeTpOM .ItRHaMH'!Jeciott .ne~opMa
UHR PL , KOTOpbltt o6H'IHO orrpe,neJIReTCR (CM., HarrpRMep, / 5 ) H3 
CpaBH8HHR aKcrrepHMeHTaJII,HblX ce-qeHRtt C TeopeTH'leCKHMH, Bbl'IRCJieHHHMR 

B rrpH6JIR~eHHH Mml. Onpe,neJieHHHtt TaKHM crroco6oM rrapaMeTp .ItRHaMH'lec
Kott .ne~OPMaUHH ,naJiee Ml:l Ha30B8M aKcrrepRMeHTaJil,Hl:lM 3Ha'leHReM /Ji • 
B HeKOTOpblX CJ!y,laRX 161 B8.1IH'IHHl:l ~ Bbl'IRCJIJIIOTCR B paMKax KOJIJieKTRB

HO tt Mo,neJIH H xopomo corJiacymca c .,8~ - aKcrrepHMeHTaJII,Hl:lMH. nettcT
BRTeJII,HO, CaMocorJiaCOBaHHble pac'leTij CBO,CTB HR3KOJielKallUlX KOJIJI6KTRB
HHX COCTORHHtt HOPMaJII,HOtt '18THOCTR /?-IO ITOKa3blBaJOT, 'ITO KBaHTOBHe 

'de/ 
rrorrpaBKR K KJiaCCR'!JeCKOtt -qacTR ~opM:lJa.KTOpa B036yl!meHWI ( ~ ~ ) 
MaJibl, ~TO Ka caeTCR B036yll,lleHRtt BHCOKHX aHeprRtt B o6JiaCTH r.wraHTCKHX 
pe30HaHCOB, TO HX ~op~a.KTOpbl rroKa RCCJie,noBa .llll ropa3,It0 XyJKe. Mo~HO 
TOJU,KO CKa 3aTI>, 'ITO rrepexo.n.lllle IIJIOTHOCTH St~{2) r.wraHTCKHX 
pe30HaHCOB HMeiJT ITOBepXHOCTHl:ltt xapa.KTep /?-II/, a 3TO 3Ha'!JHT, 'ITO 

Ta.Kott ~e xapa.KTep ,ItOJilltHH HMeTI, R ~op~aKTOpbl Heyrrpyroro B036yll,lleHRR 
I'P. B CaMOM ,neJie, ~op~a.KTOp B036Y!in8HWI no orrpe,neJieHHIO paBeH 

(2) 



r.ne F('i, 'i') - aqxpeimrnHHe Hl'MQR-:BY~OHre CllJW, .fIBJifilOUlH6CJi, 
HanpnMep, ROM6llHal.tlf6il CllJI ~Ra.BU (o6sop r2 If CCU~ B HeM), Ta.R 
'tTO B pesym,TaTe MU IlOJ!Y'IllM j;(t) , cocpe,UOTO't6HH!:lil Ha noBepxHoc

.. TH; .impa. IIoaToM;T npe,nnOJIOllmM, ·tiTO qiopMfirutTopu lios6ylK,!le·HHil ' '.:& (rz:.) 
-•llM6IOT· Bil.It' (I)-~ C. YB6Jili't6I!lleM 8H6pl'llli B086Y)!UteHnil ·pacTeT ''tHCJiO · ,' 

HaC!.mo.naeMHX:cCOCTOJl:Hlltt If, YCJIOJltHJl:6TCJi, llX CTpyit.'17pa;, ·a, 'STO cbs;n;aeT· · 
TPY.nHOCT.ll Rrut ;nJIJJ aRcnepHMeH'J'a.m;•aoro::usjtl!e!'iM~- .<rrut 1.lf:,11x~'Teope<fif<tec-

. •KOI':O Oil.If CaHHH".r IlOSTDMYi (pa8yMHO 'llCCJI6,UOBa'l'J:f'i'tfi'l'Eirpam,1We· xaprufre ,Pll C
TllRll COC.TOJi.HRil, B036y~aeMUX 1J '88.nilHHOM 'HlITSpBMe'•.a'Hepr.Hil (CB'te'W!Ji, 
IlPa.BWia cyMM}.~ XOTJi Bonpoc O MexaHll8Me ,perua.tHil If npn Ta.Roi!: riOcTruiOB
Re sa,naqn ocTaeTCH oTRpl,ITHM~ -:TeM ·ae MeHee _ami.Jrus ::i.KcnepHMEiHirwmbc 
.naHHHX ll llX TeopeTll't6CROe 'OilllCaHIJe. YII]?OII!aIOTC.RJ'no'cROJll,Ry H8T''. •'. 
aeo.6XO,IUiMOCTll, npoBO,D;llT1, · pa8JIOllteHH8 HHTerpmmix '·aRcnepmieHTWinix 

· C8't6Hllii Ha napnHanHl:le C8'tB.mv.! 'c o?;e,neJie'HllHMH' r,z · '.' · C .iipyrotf CTOpo
HU, MllRPOCKOnwteCRnil rro.uxo.u ;rr,r3 (cqiop.MyJm,POBa.Rffliil B'pMo'iax/14• 
r51 n: ll03BOJIIDOO(ai1 'aqxpeR'r.l!BHl:le ffYRJIOH-HYMOHmie B8rul:MO.l(e'ftcTBM 'crurnaTI, 
c xaprutTeJ)KcTllRaMH . cp'e.itHero • nOJIH' ·~a)'· xoporiro npn'crio'co6Jie'H · 'Jiifu··. ·· · · :: 
BU"Ill~8.!IKJl' '. IIHTerpam,tmx' xapa.KT·e PHCTMR . BOS Oy!\l:(8Hllti ~ ; MJl.' ·p,cctTJ)llBaeM 

. IlOJIHoe 'taCTll'tHO-,nupotJHbe' ROHqinryp~bHli08 npbcTpa}fon3cV I6 / '<'I'ro' . 
ycTpaHJJeT rorne TPY.UHOCTll, OTMS'teme B ?wa6oTaic 'Hl'HaTIORa''c co'Tpy.it
HHRaMR 16 , ncnom,soBa.BIIIllX no.uxo.n 1~~15 

)1)IJl: oil.lfcaHHH peaKIU!il H6Yil.Il'f-
roro pacceaHHJi HYMott.oB. , . , · · ·· ·_ · ,- \ . ir 

OcHOBHaJJ ueJtI, Hallleil pa6oTH - ripoBecTn aHaJili8 BKJia,na np!IMWC 
npoueccoB B • Jia6.mo.naeMUe: cneRTPH Ha ocHoBe caMocorJiacoBaHHOil\ Mo;ieJill 
C TO'tHHM y,JE!TOM O.UHO'!JaCTli'tHOro, RO}{TllffYYMB. H Cpa.B1iTI, ;IlOJJ:Y'JSHHl:le .,,: 
peaym,TaTU,paC'tBTOB C SRCilepHMSHTaJtI,HJ:lMll'.UallH!:lMa .!?/Ha npliMepe -
P8aKIU!ll,',58M'(p;p:"'. )..··•.·· , :•· _.; ,'·•.·-·' .. ' .. •:·· ::,.,,',;:s.·", 

,(,•" 

::1,, ~ 2. OcHOBJII,18_ QOOTROme_Iij{Ji 
.!' .·.• 

. · .. -.. IIpe,nnOJiollteHRe. o noBepxHocTHOM xapakTepe qiop1,1prutiropa ROJIJieRTKB
HHX'Bo_a9rneHMil ,npMBO.nRT' R ·cenapa6em,Hoi.& Bif.ltY sqxpeRTHBID.lx:·i:Js~M~ 
.ueilcTBlltt /II,+3/, , ·, ·· , • , · .· • · · . · 
' ,, : .. j::'7f ~1 ;,·3:"PP/i;~? ";; ~n~ :'d¼ :~_E:' t{i) t1,,_(i/ . : . 
; :,,.,.,_·, ·, .. 1._r r'· .. : .. •::•: J.;.:;,.,: ·: ,. : ·,,: ,_.,:ii?' .. ,, .. -- ,11·-,.,: ·· · 

. ~n,,,. : - ... •' ·J. .. /'luo g~ ~ V. /. .. \v"':("' r , ✓ • ,.-r.s, -.1)· · _,rr/:'/Jk -,., ,_ ;/I' .. !!:!! :.:.- L....._ 1 ;_· ,~.,_- 1, .. _z / 
I. .. ,_2,_'Z, ~-~ ,:1.~,4" / .-. o/,~l!:: g~! ./1 1.11, ,. <11. •. 

! ' . : ; ' '· ; •:, .,_ .- J. --- ', . ~· . ·. . '', .. . 
, ... ,,,. C.µr_oBHe; ROH_CT{iH~ ,~n,r .. ,ll Jeni! npH :, ,4.•:=·-J. O,IU!08Ha'tHO · onpe,ue-
JIJJIOTCJi,• )l.~LYQJIOBM , c;op.nac-OBaHllfL· {~9Z ( . ''. '.' •'. . > . , , ., · · ·: :: . , · . , , 

(3), 

~~ (.;t>,:.) = ~!J;···;;:; i..-:f~i"'),,',,:),/ .', , > (4) 

2 

! ' 

_:,,,-_ 

r.ue Ji/=:(!?· :/ft_} (s.uec1, nplUUiTO, 'tTO ll80B6RTOpHl:lil IlOT6HUHM 
t{t cpe,D;Hero IlO.IDI nponopUHOHMSH ll80CRMHPHOMy ll,, : 

~F L i 
'4.(7:)=-'( y- L/o('z) ). 13H6op B8aHMO,U8HCTBllJi (3) C <f'11n If ~np , 

onpe,ne.IDieMHMH_ll8 YMO~llJi (41i COOTBSTCTByeT TpaHCJUIUllOHHO-HHBaplla.HT
HOil MO,U8Jill 1 B086y~eHHil 87. )lJm B086~eHHil C /, >.f npllMSM , 
ROJIJieRTllBHYIO Mo,uem, IlOB8PXHOCTHl:lX ROJie6aHRil /I4,r5/, B STOM CJIYlfae 
)1,JIJi onpeneJieHHJi ROHCTaHT ~ in ( ~;I') IlOJ!Y'IllTCJi TO'tHO COOTHome-
Hlle (4), noaTOMy B ,nam,HeilmeM ~:,. {:k?;,,,) = ~:,. (;ie:,,,,) =£,,,,(.e,.),l..=.1,2,.J. 
PacqeTH / 261noRa8HBa.IOT, 'tTO .UM Hll8ROJI8JKa.lllllX COCTOJl:Hllil ROJIJieRTllBHOil 
npnpo.nu .impa 208 Pi IlOMe.nHee COOTHomeHHe BHilO~HJi6TCJi c xopomeil 

TO'tHOCTI,IO. 
)lJm MOHOilOJU,Hl:lX B086y~eHHil CllTYal.tlfJi CJIOiKHee no cpa.BHSf\.l!IO C 

Bos6yll{,lJ;eHHJiMH ,npyroil MyJ1I,TllilOJ1I,HOCTll ·(cM., ttanpHMep, o6sop /20/). 
)lJm onpe,neJieHllJi OCTaTO'tHl:lX CllJI MOiKHO BOCilOJ1I,80BaTI,CJi YCJIOBHeM 

corJiacoBaHnJJ, 

S-t/ = frt'K ~K 
1 

, (5)' 

r.ne ~ K · ·' onpe,ne.IDieTCH na MacmTa6Hor6 npeo6pasoBaHllH / 2I/ 
'Z'.....,. ~ (I - ~ ) 

rfK = -r,( (s~K + 'l'<lf K) = .<.f/(2) • . (6) 

Ilpn ClltaTHllAereTcsr HS TQJll,RO 'cpenHee n6Jie .impa, HO If IrnHSTll
qecRaJJ SHSprllH 22 , IlOSTOMy B 061116M HSJII,8.ff YT,mll{,lJ;aTI,, 'tTO t}l/ 
HM68T Ta.ROil lKS Bll.U, RaR 8'°5 • OitHa.RO ll8B8CTHO , 3I/, 'tTO 'fiq 
BKIIlO'IaeT B ce6SI IlOBepXHOCTHl:lil If OCl'l,eMHUil 'tJI6Hl:l. HCXO,U:SI ll8 STOrO 1 

npe,ncTa.BHM 

! l o"t// 
$'(I = - o( (~Cl + ~o'2' ) (7) 

r.ue 1 - napaMeTp sa,naqn, ROTOpHil onpe,ne.IDieTCJi ll8'YCJIOBllJi COBil8,ll8HllJi 
BH'tllM8HHOrO IlOJIOllte"Ji P,880HaHca C 8RCil8pllM6HTaJU,Hl:lMH ,naHHl:lMH,(JlmI 
a,npa 58M 'B pa6oTe 237npn pacceJJHHH .ueilTOHOB c aHeprnen I08 MaB 
IlOJ!Y'I8HO IlOJIOlK8Hlle MOHOilOJll,HOro pe80HaHCa "'-'o = I6,5 MaB, B 
pa60T8 1241 npn pacceSIHllli 3ne CE= 708,5 MaB Wo = I7,I MaB, npH 
pacceSIHllll npOTOHOB c E = 60 MaB 125 

Wo~ I9,8 ± 0,5 MaB. MH ;nJIJi · 

onpe,neJieHllH napaMeTpa 1 npn.HHJIH BHa'teHlle '-"0 = I7 MaB Rrut Han6oJiee 
,UOCTOBSPHOe, npll STOM IlOJiy't.liJill 1 = -0,6). 

Ilpe,nnOJiaraJJ, 'tTO aqxpeRTllBHl:l8 MOHOilOJII,Hl:le CHJIH cenapa6em,Hl:l 

sr:; 1111(-z, 7') =si:;""'6, 7')= «'0
1111 ~ (?:)t, (z'), 

(8) 

3 



:F/P(iz:, 'l') == J;':;"("l, 'Z') = ri!/1' lo [?)./o [,,,'), 

H3 YCJIOBHJI corJiaCOBaIDm (5) onpe.n:eJIJieM CliJIOBJ-le ROHCTaHTl:l ~Mn ~np 

H pa,n:mlJII,fIYIO 3aBllCllMOCT1, lo {'Z) = - fr Vo {z) + Z ::'° ). 
Boa6ylli,ll;eHHl:le COCTOJIHllJI Cl!CT6Ml:l rlltHO onncaT1, liCXO,n:JI H3 a.MIIJrnTy

TY;n,I pacceJIHnJI HYRJIOHOB B cpe.n:e /I9 • B cJiytiae cenapa6e.JU,HHX aqi
qieRTHBHHX B3aHMO,n:eilcTBHil (3) H (IB) aMITJIHTy,n:a /7 TaRllte npe,n:cTa.BJIJieT
CJI B cenapa6eJU,HOil qiopMe 

r;nn{?, 'l:~ w) = ~ nn(w)tf?),t ('-.') 

flPP['l', -z;w) = cf'l'(w)/J"l)~ (7'} (g) 

rn'°f'l' 'l:' w) = 1,PYrz-, 'l'; w) = e/Pf w).£ (-e)/J~') 
~ , , . , 

r;ne ~("l) = ;!/ ;nJISI /,~L nfo{z)=-(¥Vo+z~~lI)IJI/,=0. 

IloCJie oT.n:eJISHHJI yrJIOBHi nepeMeHHHX H3 nepeHOPMllPOBaHHOro ypaB
/'7 /I9 HeHHJI .ItJLIJ a.MIIJIHTY.n:H 1 • • , • ✓• _/., 

ptK = y-u:.,. y-t/ A f7v" 
ITOJiytlaIOTCJI npoc'l'.He CHcTeMl:l ypaBHeHHil lI)IJI onpe;neJieHHJI HeH3B8CTHHX 
ROaqiqiru.tnSHTOB cf~ /II/ 

{ 

l. PP { 1-')C.np ( i - a:.'nn A,, )¼ - <Rnp /In 'L = .l:"nn 

l. PP l. '1/' (- a?,y, J,., ) ~ + {t-;;e,,,,,A,) C°t = .t>,,,,, 

( i. - :J?nn ''n ) Ct. - a?,,/' ''I' L - n1t 

[ 

\l nn ( I~ '> c"P - cl'! 

(- ~"I' Ji:,)~nn + (i-3?n11 A;) c:I' = ~"I' , 
(IO) 

r.n:e ,t "'-(/.t.·A/rw>l) • $n;ec1, Al -iracTntJHO-;ItHpotUIHil nponara-
~o/I9/, BH'IHCJISHH6 KOTOporo COBepmaeTCJI B ROOp,n:HHaTHOM IT~?CTaB
JieHRH, IT03BOrr~eM TO'!HO yqecTl> O,n:HOtJaCTlltUIHH ROHTHHYYM /I • 

B pa6oTe II 61:lJIO ITORa3aHO, 'ITO napaMeTpH .D:HHaMntJecRoil .n:eqiopMa-
~ h ., 

IU,!H /31. npocTO CBJI3aHH C R03qiqiHIU,!6HTaMll "~ (w,, 

( K/ ·')2 2'-'"L - KK /lL ,w,, :::: - 171<-? .Lm ~ • (II) 

3aMeTnM, itTO~~)~ lI)IJI COCTOJIHllil ROHTHHYYMa JIBJIJieTCJI paaMepHOH 
BSJIHitnHOil ll onpe;neJIJieT OTRJIHR CHCTeMl:l Ha BH6UIHS6 ITOJie (~Jr) npn 
B036Ylli,ll;6Hlill HA 6.n;HHH'IHHH HHTepBaJI aHeprnH. 

lia-aa cenapa6eJU,HOcTn aqiqieRTHBHHX cHJI noJiytiaeTCJI npocToe 
BHpaJKeHHe lI)IJI cetJeHnJI Heynpyroro pacceJIHnJI eyRJIOHOB Ha qeTHO
tJSTHOM JI;npe B npH6JIHllteHHll MIIB: 

d
2
v G 2 --= ~ K,s 2 LMZ 

d.Q dw 2/T ~,? ) 7 /ii ( w) r::: If 1/ ,( 11 • 

4 

) ~ •'-1_1.l'f ft.-/f-J~ -)V*[:11/ ✓,Jy{-,()_ -) 
(2L+L l :: az l',e {.K,ti, 'l 0, 'Z/ h., 'l f',( .t;i, Z J (I2) 

r.n:e t_ onpe,n:eJieHH BHl!Je. BHpalKSHHe (I2) y,n:o6HO .n:JIJI BH'lliCJieHHJI 
HHTerpa.JU,HHX ceqeHHt1 B onpe,n:eJISHHOM HHTepBaJie 3HeprHil B036Ylli,ll;6lllJI, 
CTpyRTypmm ll RHHeMaTHtJeCRaJI qacTli 3a,[(a'lit paa.n:eJIJIIDTCJI, ll HX MOlltHO 
BH'IHCJIJIT1,· H83aBHCHMO ;npyr OT .n:pyra, 'ITO 3HatJHTeJil,HO o,6Jier11aeT 
pactJeTH. 

§ 3.,~nCJieHHHe EeayJIJ,TaTH 

.UeTaJIJ,HOe HCCJle,n:oBamrn CBOilCTB CI'!JIOBHX qiyHRIU,Iit B J)aMRax 

pacCMaTPHBaeMoro no.n:xo.n:a .l!JIJI pa,J:tBaIU,!OHHHX BHSIDHHX IlOJiet1 (~tt) li 
. ( ~u) lI)IJI ITOJiett, COOTB6TCTB~X 'eynpyroMy JlacceJIHliIO a,n:pOHOB ~ 9F ,-

OOJIO npoBe,n:em:i B pa6oTe II • EllJio nor<a-aaHo, q\'o auepreiruqecRH 
B3B6ill6HHOe ITPaBHJIO CYMM ( Ew.s' I<. ) lI)IJI._ ''.HYRJIOHIWx; BH6U!Ht!X ITOJieil" 
HCtJBPITHBaeicsi mi'ropaa.ito 60Jiee- llll'!pOROil HHTep:ii~e ~Heprnil B036yiK.n:e
HHff, 'ISM .n:JIJI pa,rtBaIU,!OHHHX BHSIDHHX ITOJieil, npn'lBM C ~oapacTaHHSM 
MyJil,THITOJll,HOCTH B036Ylli,ll;eHHJI 4 .D:OJlH EWS'/( , HCtJeJ)ITHBaIOII!aJICJI Ha 
aa.n:aHHOM HHTepBaJie 3HeprHil (IO+ 30 MaB), yMeH1>maeTCJI lI)IJI o6onx 
ITPaBWI- CJMM. Il03T01,\Y' rP C 60Jil,IDHMll ,G H6JII,3JI Bl:ltJHCJIJIT1, 1l orpaHntJeH
HOM iracTHtJHO-;ItHPOtJHOM npocTpaHCTBe. EoJiee Tor-0, aRcnepHMSHTaJII,HaJI 
llHqJOpMaIU,!JI O CBOHCTBaJC I'P C 4 7 3 qJaRTH'l:6CRH OTcyTCTByeT, ll03TOJ.tY 
;ItJISI HayqeHHJI TaRHX cocTOJIHHil MH .ztOJilltHH B ocHOBHOM OITH,PaT1>CJI Jfa 
peaymTaTH TeopeTHtJeCRHX pacqeTOB,H 3TO 3aTPY.IUIJI6T YTOtJHeHH6 CHJIOBHX 
ROHCTaJIT ocTaTotJHHX ~aaHMo;neilcTBHil. , 

Pe3yJII,TaTl:l pactJeT~BCITeKTpa.m,HJ:lX ~HT/!HCHBHOCTSH 

&41,·.,. }A 

' ft/rw,•) :: ,t f ,13} {w)clw 

~--JA 
. · (I3) 

.n:JIJI B036Ylli,ll;eHI'!t1 HOPMa.JU,HOil '!6THOCTH B JI,n:pe 58M' rrpe.n:cTaBJie!ru Ha 
' -~ 

puc. I-2. Ha pHcyHROB BH,n:Ho, 'ITO IlOBe;neHHe 13~(w,-J B 3aBHCHMOCTH OT 
3HeprHH B036Ylli,ll;eHnJI nMeeT CJIOJKHHil xapaRTep. IlOJIOllt6HHJI rP pa3JilltJHHX 
1,\Y'Jll,TlillOJll,HOCTeil npH MaJil:lX 3Ha~eHHJIX k Cli.Jll,HO nepeRpHBaJOTCJI, a 
lI)IJI 60.JU,IDHX MyJU,THITOJll,HOCTeil ITOJIOllt6Jrn6 I'P CMemaeTCJI B CTOPOHY 
BHCORHX 3HeprHil B036ylllIJ;em,r.fI. Ha PHC.' ,3-5: ITORa3aHO' ITOBe.n:eHHe 
ITPOTOHHHX H HeilTpOHHHX ROMITOHeHT nepexo.n;HHX IlJIOTHOCTet1 .n:JIJI OT,n:e.JU,
HHX pe30HaHCOB pa3.JIH'IHOil 1,\Y'Jll,THITO.Jll,HOCTH, TP C 60.Jll,IDHMn B(E~) nMeIOT 
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OT"!eTJIBBO BHpa.JKeHHl,lfi llOBepXHOCTHl,lil xapa.KT6p,H B OCHOBHOM 3TH 
B03Clyli\neHHR RBJIJilOTCR H30CRMHPHl,IMH. CocTORHHRM C MaJIHMH B( £,!, ) 

COOTBeTCTBYIOT rrepexo~Hl,le IDIOTHOCTH CloJiee MOlltHOil CTPYRTYPH,HSROTOpble 
H3 HHX RBJIJilOTCR U30BeRTOpH1,1Mli. TaKUM o6pa30M, B HCMe,nyeMOli OMaCTH 
B036Yli\ll:SHHfi (IO - 30 MaB) BCTPS"IaIOTCR Ra.K 11:socKMHPHHe, Ta.K H 
H30BSR~opirue COCTORHHR. HHTepecHO OTMeTHTb, "ITO .ItJIR ,4 = 0 rrepexo~
HaR IlJIOTHOCTb,cOOTBeTCTBYIO!llaJ! ruraHTCROMy.MOHOllOJII,HOMy pe30HaHCY 
6Jrn3Ra ITO qJOpMe R qJeHOMeHOJIOrH"!eCROil ( .3_s> -,. zf!- ) , B TO ' 
BpeMR Ra.K ~ 6oJiee BHCORRX B036Yli\neHHfi OT~aeTCR OT Hee. 

OrrupaRCb Ha MHRpOCROllH"ISCMS pac-qeTbl /i} , Mil rrpoBeJIB aHaJIB3 
BRJia.na llps!MNX nepexo~OB B lltecTeyD "!aCTh crreRTpa Heyrrpyroro pacce.lIHHR 
rrpoTOHOB c aHepruen 60 MaB Ha smpe 58 N; . IlapaMeTpH orrTnecRoro 
rroTem.urMa .ItJIS{ llPOTO,OB BO BXO~HOM.li BHXO,llHOM RaHMax 6~H liCllOJII,-
30BaHH H3 pa60Tbl 127 ,a rrapaMeTpH cpe;:i:Hero IIOJI.fl - H3 pa60TH/28(3aMeTHM, 
"ITO IlOJIY1IeHHl,le pesyJII,TaTH ycpe~HeHl,I IIO qiopMyJIS BpefiTa-BllrHepa Cr= 
2,5 MaB. PeayJII,TaTH Trutoro aHMHBa rrpe~cT~eiru Ha puc. 6. 
COBMeCTHO C COOTBSTCTBYI<lllHMli 3RcnepliM8HTaJII,Hl,IMff ~8.HHHMH 1251. 
B~HO, "ITO B OClJiaCTli 3H6pr.Hii B036yli\ll:8HHR OT I3 JlO 18 MaB .RMeeTCR 
Heruroxoe corJiac.He pacclfilTa.HHHX l!HT.Srpa.7IIBHX ce-qeHHfi IIpH 0 =I2° c 
aRcrrep.HMeHTaJII,JruMH ~aHJruMH, a npH 3HeprIDIX BHrne I8 MaB TeopeTlitISC-
rure CS'IeHH.II Jie~T Hlillte aRcnepuMeHTaJII,HIDC. Or(eHRa .Hcnap.HTSJII,HOil tiaCTH 
cneRTpa pSa..fCWiH Ha 58 M' . noRaaHBaeT, 'ITO ROMJiay~-npoueccH He _ 
~aIOT BaMeTHoro BMa,na B cetieHHe npu aHepr.H.IIX Boa6yli\neHRR Mem,rne 
25 MaB. YKa3aHHOe pacXOli\neHHe C 3RCll6pHMSHTOM MOlltHO o6'E>JICHRTh TeM, 
'ITO B Harn.HX pactieTax 6HJI .HCJIOJII,aOBaH nJEBHll 6opHOBCRHfi rropimoR ucRa
lKeHHHX BOJIH, a,Ra.K JIO.KaBaHo B pa6oTax . •29~ npu BblCORliX aHeprIDJX 
B03ClYli\neHHtt ( E ;. 20 MaB) cyrnecTBeHJruil BRJia,n B cetieH.He ~OJillteH ~aBaTI, 
BTopott JIOPfmOR Mlffi, ROTOpblfi CM3aH C IIps!MNM B036yl!OteH.HeM COCTORHHti 
6oJiee MOlltHOfi rrpupo~ (;zniyxqiOHOHJruX), KPOMe TOro,He.lICHa POJ!h, 
ROTOPyD urpaIOT npoueccH B036yli\neHH.II COCTORHHll aHOMaJII,HOil 1IeTHOCTH B 
HeyrrpyroM pacce.lIHHH npoTOHOB. 

MHTepecHo npoaHaJIBBupoBaTh naP!lHaJII,Jrufi BMa.!l paaJrnqirux MyJII,TR
JIQJII,HOCTett BoaCly,imeHH.II B noJIHoe ce-qeHue npouecca. Ilp.H MaJIHX yrJiax 
( 0 = 4°) pacce.lIHH.II B ocHOBHOM B036Yli\naIOTCR cocTMHIDI c /, =0 .H 
B Mem,rnen cTeneHH c t. = 2, o~HB.Ko c YBeJI.HqeHHeM yrJia pacce.lIHH.II 
~OM.HHHpyIOl!Wfi BRJia,n B HHTSrpaJII,HOe ceqeHHe 6y~T ~aBaTI, yllte COCTO.IIHH.II 
c ~OJII,!llHMII .t • Hanpui.rnp, npu 8 = 32°npeo6Jia,naIOOjliM B036yli\neHUeM 
JiBJIReTCR COCTO.IIHHe c I. = 4. B npo.HHTerpupoBaftHOe no yrJiai.1 cetieHHe 
Heynpyroro . pacce.lIIDilJ np.H6JIBSHTeJII,HO O~HaKOBHti BMa,n ~aIOT B036yl!Ote
Hll.lI C /, = 0, 2 .I! 4. 
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IlpH BwmCJiemm cetremur qiopl\$.ttTopu pearunm 6wm B3JITII 
pe8JU,HHMH,H BXO,lUIIllHe B HHX rrapru~eTpll COBIT8,llaJIH C rrapaMeTpa.MH 
cpe,nHero rroJIJI ~pa 58Nt· • 0.rtHa.KO ~opM'pa.RTopu MO~Ho orrpe,neJIHTb 
trepe3 OITTHtrecKHfi rroTemwa.n BUXO.ItHOro RaHaJia,H Tor,na OHH 
cTaHy-T KOMWieRCHHMH. B 3TOM CJIYtrae HHTerpa.JlbHHe cetreHHJI YBeJIHtJ:HBa.JOT
C.fI Ha 25 -30%, a B OCT8Jll,HOM BC.fI_KapTHHa ocTaeTCJI Ta.ROH me, Ra.R 
H C pea.JlbHHMH ~OPMI!illtTOpa.MH. Ta.Roe me H3MeHeHHe cetreHHH B03MOmHo 
H3-3a Bapnrumn rrapa.MeTpOB OITTHtrecRoro'rroTemwa.na BXO.ItHOro H BUXO.ItHO
ro RaHa.na. 

3aR.JnoqeHne 

B H~7T0Hmen_pa60Te, OITHPaJICI, Ha pesy~TaTU MHKpocROITHtJ:€CKHX 
pactreTOB II/.Ilapa.MeTpOB .ItHHa.MHtreCKOft .ItElq}OpMBUHH•B paJ,1Kax Ca.MO-

.. cor JiaCOBaHHOft '·Mo,neJIH c ceriapa6e~HHMH S~eRTHBHHMH CHJia.MH H TO'!fillM 
YtJ:€TOM O.ItHO'!IaCTHtJ:HOroRdHT.II~Ma:;6wm paCCtJ:llTalru ce-qeHHH Heynpyroro 
pacceHHHH rrpoTOHOB mi .fl.ripe 5 ;V/ · • Pesy~TaTU pacl!eToB rroKa3UBalO',l', 
'!ITO Bos6y,imeanH an;pa ''.c pasJIUlIHHMH MY.lffiT~ITOJII,HocTHMH cn~Ho nepe
KifilBa.JOTCJI '.npyr ·6' ,npyroM. 3Td rrpHBO.ItMT it ,CYmeCTB€HHHM TPY.ItHOCT.fIM rrpn 
HX BU.It€JI€HHH li3 SKCITepnMeHTmHHX .Ita.HHHX. HeCMOTP.fl Ha.HeKOTOpyIO He
onpe,n:eJief{HOCTb B a6COJIIOTHOH lleJIH'!IHHe cel!eHHH, C:aJJ3aHeyID c'Iipoue,ny
poft ycpe.n:HeHHH,· ITJIOXHM 3Ha.HMeM a~eKTIIB!illX Bsail:Mo.neftcTBHft Mew Ha
JieTaIOl!lllM HJKJIOHOM H ~J)OM, C BU6cipOM Iiapa.MeTpOB OilTH'!I€CKOrO ITO
T€HUHaJia H T • .n. ,' H~tine "rrpirna.na'" .B TeopeTH'!I€CKHX C€'1!€HHJDC rrpn 
aHeprrurx Bos6y~eHHH Ev;,:,. 18 MaB roBopnT o Heo6xo.n:nMocTH 
YtJ:HTUBaTb IlpJIMOe B036y,imeHne·cocTO.fIHHft 6o~ee CJIO~Hoft npnpo.n:u, '!ITO_ 
cor.iracyeTCJI C pe3yJU,TaTa.MH pa60T / 6,29/, :r,n:e I10Ka3aHa BamHOCTb YtJ:€Ta 
ITpJIMOrO B036y~eHHJI .nBYX~OHOHHHX· COCTOHHHft' rrpH 60~IlillX 3HeprHHX 
Boadyl!r,IteHHJI ~pax>. 06paTHM BHHMaHHe Ha To, '!ITO .ICJI.fI paccMaTpHBaeMoft 
pea.RUHH ocHoBHOft BKJia,n B ce-qeHHe npouecca (~ ~ 25 MaB) ,naeT · 
ITpJIMOff M€X8.HH3M B036y~neHH' ~a, a BKJia.rtOM OT npe,npaBHOBecHoro 
MexaHH3Ma MOmHO npeHe6pe-q1, 32 • 

ABTopu 6.Jiaro.n:apHH '1>aHHcy C.A., ·ttrHaTIOKY A.B., EyHa.ROBY B.E., 
MHxatlJroBy M~H. H Ka.rtMeHCKOMY c.r. aa ITOJI€3HH€ o6cy~eHHH. 

x)KpoMe Toro, B pa6oTe / 33/ yKaaaHO Ha B~ po~ Boa6y~eHHJI 
COCTOHHHft aHOMaJibHOft l!€THOCTH. 
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