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I. B rrocne~ee BpeMH B nayqeHHR ynpyrHX npc~eccoB pacceRHnH 

Ha nepe,ItHR:tt wrrut Bll,lU3ID'aeTCfl nccne.n;oBamm peaKD;Hil c 6om,mm.m: nepe-

.n;atmr.m liMIIYJI:&Ca, 'Ror.n;a - ..£ ""- S --i' DO R -tfs - qlmtCRpoBaHO, 
2-t 'liTO COOTBeTCTByeT 1 COrJiaCHO <Jx>peyJie ~S fJ ::= i + -:5 

1 
60JibiiiRM yr-

JlaM paccesunm B cncTeMe ueHTpa Mace. HHTepec R STRM rrpoueccaM 

o6ycnoBJieH, C O~Oii CTOpoHU 1 3KCrrepRMeHTaJI:&HllMI1 B03MOlKHOCTHMR 

nony~einiH 6o~IX nepe.n;~q Ha HOBHX YCKOpnTeJIRX/I/, c .n;pyrofi -

RMeDTCfl TeopeTKqecKRe YKaaaHHH Ha ro,qro MexaHH3M B3aHMo~encrBHH npn 

60JI:&IIIHX nepe.n;a~ax MOJteT B KOpHe OTJIR~aT:&Cfl OT M8xaJm3Ma B3aRMO

.n;e:ttCTBml rrpH MaJlHX t 
IIpmmTo c~TaT:&, ~To B co6urmr:x c MaJIIiMR t ocHOBHYD poJI:& 

nrpaeT rJio6aJI:&HaR: CTPYKTypa a.n;poHa, xapaKTepnayeKUI Koa~eHToM 

Halt1IOHa .n;HqipaKUIIOHHOro mma, T.e. pa.n;!IyCOM B3aRMO.n;e:ttCTBml llOp!.n;Ka 

I qiep.m. 

EcrecTBeHHo o~aT:&, 'liTO B co6HTm!X c 6om,mm.m: nepe.n;a~aMR 

RMnym,ca 60JilllllJD poJI:& nrpaeT BHyTpeHHIUI. CTPYKTYpa a.n;poHOB, KOTOpaa:, 

COrJISCHO COBpeMeHHHM rrpe.n;CT8BJI8Hm!M, MOJteT RM8T:& "xecTKHf.i" TO~e~

HHH xapaKTep ( KBapror, rraproHH n T • .n;.). 

l{em, HaCTOHUieii CTaT:&R 3~88TCfl B TOM, 'I!T06H JK838T:& Ha 

BOSMOJKHOCT:& npogBJieHm! To~e~o:n CTPYKTYPH a.n;poHoB B ~cTo a.n;poHHHX 

ynpyrnx peamnmx np:n 6om:.nnrx nepe.n;a~ax RMnyJI:&ca. Mcxo.n;~~ na npmmmra 
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aBTOMO,Il;SJII.H~Tn:/2{ B paMK8X COCTaDHOll MO,Il;eJIR liOKa3aHO, wro npR 

--£
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S ~ Q:) H (fmtcRpoBaHHOM HSJIYJISBOM 3H8"!8Inm OTHomemm 74 
,Il;OJDml1 ltMST:O MSCTO CJie,Itylaltlr8 SCitMnTOTR"!8CK118 8BTOMO,Il;eJII.Hll8 

cooTHoruemm ~ .n;aqi{lepe~HHX ce"!emtii: ynpyrmc a,t(pOH-a.n;pommx 

R aJISKTpoH-a.n;pommx pe~. 
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·: B 06uteM CJIY"!SS npo~ecca CTOJIKHOBeHRfl 'IISCT~ fJ li · { , · COC:J:OH'"' 

!!tHX R3 h4 H /1i KBapKOB COOTBSTCT:OOHHO, SCHMIITOTliKa ,n;mMJepeH-.. · 

U~IaJII>Horo ce"!emm pacceamm Ha 6oJli>llll1le yrJJH onpe,n;eJIIleTCll BHpa-

zeHHeM 

.!!!!:... - L r li ) 
elf - s.tC"a."' »r .tJ T t S7. (I) 

,lVISI npoTOHa "r = 3 , a ~ liHOHa ~~~ = :l_. C"!nTaR: aJISKTpoH 

6ecCTPYKTYpHO~ SJISMSHTapHOH "!aCTHD;eil, DpR liC1IGXD30BaHHH COOTHome-

H:ml (I) CJie,n;yeT 1IOJIODIT:O nfl. = i 

4 

) 

. . 
r 

llODHTKll BUBo,n;a cTeneHHoro xapaKTepa acitMnTOTR"!ecKoro 

noBe.n;emm: .n;a([i{lepe~am.HHX ce"!eHH:It ynpyroro pacceamm Ha 60JI:o

nme yrJJH B pru.max MO,n;em.HHX npe.n;cTaBJieHH:It co.n;e:plltaTCll B p~J.Zte 

~e.n;aBHIDC pa6o~ I. 

2. llepeii,n;eM K BUBO,n;y flx:>JUYJJH (I), llpe,Il;CTaBJIIDDuteft OCHOBHOH 

pesym.TaT ,n;aHHoil pa60Tu. KaK 6HJio YKSSaHo BUI!Ie, nJlli BsamJio.n;eftcTBR

HX C OrpaHH"!SHHHMH nepe.ztS"!aMH 

6. ~ 1(-.t 
' r.n;e 1<- .1 cpepMH, 

OCHOBHHM pa3M8JlHHM UapaMeTpoM, onpe.zte.7tiDOIItiiM liOBe.zteHHe aMllJIRTY.ztU 

pacceamm, HBJliieTCll ~yc c:wu.ma: BSaHMO.zteilcTmtli • 

B npo~eccax c npe.n;em.Ho 6o~ nepe~"!SMH 

,,,... ~ ,... £ 
I 

E.~ oo 

~yc BSSRMo,n;eilcTmm He l'!I'paeT SaMeTHOil po.7m n xapaKTep acitMn

TOTIJKR onpe,n;eJUieTCll ,n;RHSMHKOH B3am&:>,n;ei1CTB:ml Ha MaJIHX paCCTOfiBHIIX 

R miTePBSJiax BpeMeHH, T. e. BJIYTpeHHeft JIOKaJil>HOii CTpyKTypoii a.zt
poHOB. 

PacCMOTpHM 06!ll1Iil CJIY"!Sii ynpyroro pacceamm: nponsBOJibHI:lX 

"!SCTHD; Q~ f ~ Q+ f • 

.UonycTHM, "!To B npe.zteJie 60JWliHX nepe.zta"! "lac~ ne.n;eT ceoo 

KaK COCTaBHafl CHCTeMa H3 nt.t. KBapKOB, BSKTOp COCTOHHlm KOTOporo 

HMeeT BH.n;: 

-0; /tl..>= ~ . / /l0 KBapKOB >. (2) 
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i 
TaK KaK pasMepHOCTb O~O~CTaqHOro COCTOHHnff·npH penRTRBRCTCRR 

-HHBSpRaHTHOil HOp.lliPQBite paBHa' ·•· 

L I .1 ?J"= m-.z' 

TO, KaK Jiei'ltO BR,IteTb t p8SMepHOCT:& HO:f.\WIPOBOtmOro MHOll!RTeJm 

CJie.ItYJOUI8fl: 

£ ~} = m:l{,A-.1.). 
(3) 

~~peHnHaJI:&Hoe ceqeHRe cBasaHo c MaT~ aJieMeHTOM nepexo~a 

o6~ o6pasoM: 

~; {ot~at}= ;c: 4 1 I :/q/'1.2. 
(4) 

IIo~cTaBJIJm Cll.lt8 COOTHomeHRe (2) ,ItJlfl BeitTOpa COCTOiilmfi ~CTmJ,U 

a_ R aHaJIOI'RtmOe COOTHomeHRe ,ItJlfl 'UlCTRuu t t HaitzteM 

r~e 

;';" (ol-ol}~ ~:~}L Fat' (s,~. 

F ol /'. · :t. I · /2. t~-l-}= s~ .(//A~~~~/7/na.,~/J,>i . . 

(5) 

SHall pasMepgocTR MHOlmTeJieil ~ R A( , Momo no~cqRTaT:& pasMep

H'ocT:& <fly~· 

' [ FJ = 111-~{/la+/1~-L}, 
(6) 

0«PoPMYJIRpyeM Tenep:& rBnOTesy aBTOMO~eJI:&HOCTR ,ItJlfl npo~eCCOB ynpy

roro paCCeJIHllH npR BHCOIODC SHeprmiX R 6oJI:&nm:x nepeM'UlX RMIIYJ!bca . 
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llpR 6om,nmx -1, · R S R npR !}itmcRpoBaHHOM OTHomeHRR i-6 Bee . 

cymecTBeHHHe ~ecitRe ltOHCTaHTU conepiaTCH JIRmb B MHOlmTero[X· 

.#'a. R ..Vt • TaKHM o6pasoM, corJiacno aToii moTese, cpyHmJ.MFal'fs-,9 
SaBRCRT JIRmD OT RRHeMa~eCRRX nepeMeHHHX S R i; R ll03TOM;y HpH 

MaanTa6HHX npeo6pasoBammX Ililt8Jili m.myJI:&coB 

f..-;)r. 
( . ' I 

$ _..,, ;,1 s. t"=q f I. 

t _:,· ))'Lt 

~OmKI!a npeo6paSOB!:lB8T:&CH Italt O~Opo~BSI «flYHR
D;Wl COOTBeTCTBYJOI!leil pSSMepHOCTR. CorJiaCHO (6) ,npR npeo6paso

BalmfiX (7) ~OJilliJIO l!MeTb MeCTO COOTHomeHRe 

P08 (ts,{t) = ;flt{"•"""'-z} F0~(s,~ 

:wm 

FQ'{s, t)= s~Cn,.;/1,-.t.) I Qr Y:) 
OrC!Wl BliTeitaeT ocHoBHSII «floPMYJia I. 

3. 3aMeTRM ~ OdCTOIITeJI:&CTBa: 

(7) 

(8) 

(9) 

B:>-nepmx, us (I) BH,ItHo, qTO acRMnTO~ecitoe noBe~em~e 

~qxpepeJmRaJI:&Horo ceqemm pacceJIHllH Ha· 60JI1:Jllllie yrm CYilleCTBel!Ho 

SamiCRT OT tmCJia' COCTaBJUW!llllX, T.e. OT CTeneHR_ ~c.iiO%HOCTR"qaCTmJ,U • 

llpn 9TOM CtmTaeTC1i, qTQ 9JleRTpoH J'IBJmeTCH RCTRHHO 9JleMeHTapgoil 

qacT~eii C tmCJIOM COCTaBJl!Uli$DC l}t! =-./. liTO ItacaeTCH ~poHOB, TO 

B MO~eJIR ltBaPROB Ha~ C OCHOBHOil ROH~y~eil B ~He npRCYT-
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CTBym C OIIpe.I{eJieHHOii BepOSITHOCTbD :KBap!t-8HTW038p!tOBHe napH cycy • 
Kor.I{a Mil rOBOpl!M 1 trrO npoTOH COCTOliT :US TpeX KB8p!tOB, 3TO OSHa

'tlaeT , 'ITO paSJIOJKeHIIe BeKTOpa COCTOHIDm npoTOHa B qoKOBCKOM 

npocTpaHCTBe Ha"lllHaeTCH C TpeXKB8p!tOBOro COCTOHIDm 

/r/== Jt~i!t e1~ tl~ ~(~~z ~~-ner~~~l~)l~, RLtfo·f~ 
Y"leT BKJIB,lta BHClllliX KOH(flllry~ npliBM 6H K IIOIIpaBKaM K -"'n -.I{liqxpepeimRaJI:&HOMY ce"!emno, IIMelOIIIEM OTHOCHTeJI:&Hllii nop!I.I{OK S f9 

r.I{e /Jff - "lllCJIO KBa:pit-aHTIIKB8p!tOBHX nap. 

TaKIIM o6pasoM, rJiaBHHii BKJia.It B .I{liqxpepeJmHaJI:&Hoe ce"leHIIe 

pacceamm Ha 60JI:&mne yrJIH npli BHCOKax 3HepriiHX .I{aeT OCHOBHag :KBaP

KOBaii KoH<fm'ypaQliii. 

B MO.I{eJili Tliiia naPTOHHOii MO.I{eJIII cfufiHMaHa 1 r.I{e "lllCJIO COCTaB

JlRKlllliX MOllteT MeHIIT:&CH B llllipoKIIX npe.I{eJISX li O~eHIIBaeTCH CBepxy 

MaKCliMaJI:&HW/1 "lllCJIOM KHHeMaTli"leCKH .I{OnyCTliMHX BTOpHtrHUX 'lac~, 

T.e. 

/lQ + 11f ~ /)napTOHOB <::; II?, (II) 

Hallie paccMOTpeHIIe npiiBO.ItHT JOOIJ:& K HWmeii o~eHKe .IWI .I{liiPPepeJmHaJI:&

Horo ce"leHna ynpyroro pacceamm Ha 60JI:&mne yrJIH: 

-~VS'./..s 
do- / C/67) e .)-' . s~ C» 67-=-qJHKC.' df ( 17 ' I (!2) 
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I 

He nJX>mopeimnleii cTporoil"o~eHKe Uepy;ryca-MaPTeHa/
4
/II JioryiioBa

-MecTB~/5/ 
1 

n()JIY'ieHHOil:" B . paMKax:· 061!lliX. IIpliJmHIIOB :KBaHTOBOii 

TeOplili nOJlll. 

Bo-BTOplX 1 npiiBe.I{eHHHii Bllllle aHaJIHS He npoTHBOpe"lllT npmmmtY 

aBTOMO.I{eJI:&HOCTII .IWI a,IUJOHHHX cTb.mtHoBemtit,: paccMaTpmaeMHX 

no aHaJIOrliii C IJJIOCKliM BSp!lBOM li xapaKTepHSyeMHX;_C nO.I{aBmm!lleii 

BepOSITHO~bD o~eHBin.m nepe.I{a~i:u.m: liMIIYJri,coB: ii. noirepe~oii IJJIOc-

WJc;/2/. . . 

Tipo~eccH c 60JI:&IIIllMli nepe.I{a"laMII IIMIIYJI:&ca JIBJISJOTCH Bec:&Ma 

pe.I{IOl:MR Ha o6!1leM i{loue orpaHli"leHHHX nepe.I{a"l R onpe.I{emDOTCH o6JiaCTJIMli 

BSaiiMO.I{eiicTBEH c pasMepaMII1 MHoro MeH:&mRMH sqxpeKTIIBnoro nonepe"ll!HKa 

'tlaCTlm 

fo ,... : ~ /( ... 1 4JepKH. 

TaKIIM o6pasoM, npo~eccH c 6oJI:&IIDIMll nepe.I{a"laMII onpe.IteJliDJTCH B 

'OCHOBliOM JIOKaJI:&HO:fi C'l'PYKTYpoit B,ltpoHa 1 paccMa'l'pliBaeMOro K2K 

6ecKoHe"'Ho-TOHKHit .I{IICK 1 Tor.I{a lt81t nonepe"lliHe pasMepa ero He 

HrpalOT CYJ!leCTBeHHOft poJIII. ilpe.I{CTaBJ.tTleT IIHTepec npiiMeUeHIIe STliX 
. . . . . . . 

coo6paxemtit K. BSai!MO.I{eitCTBlilO pe,7.JJITliBliCTCKliX JI.I{ep, aHaJIOI'H"'HO 

pafJOTaM/G/. . . 

· 4. PaccMOTpel!Hlle s.I{ec:& coo6paxe~IEH MOlltHO pacnpocTpaHliT:& 

Ha aciiMIITOTII"lecKoe noBe.I{eUHe aJieKTpoMarHIITHHX <Ix>IYimtTopoB npii 

6oJI:&Illl'!X nepe.I{a"'SX llMDYJI:&Ca. 

CtnrraeM 1 trro B npe.IteJie 6ciJI:&IIIHX nepe.Ita"l 

F (f)===~ -/'Qt-&, (!3). 
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r.n;e ~ 
4 

( -f} He CO,ll;eplmT SaBHCHMOCTir OT (fmtCHJlC>BaHimX KOHCTaHT, 

a pasMepHocTI:. ~ .n:aeTC!I,:rum :a npe~e, coOTHomeimeM {3). Pas

MeiJHOCTL cpyH~ .;:a(-& , KaK Jierno C000pi3RTL, pruma: 

fj{tj~ m-2(~4-..t}. 
(I4) 

IIoaTOMY, corJiacHo npmmmxy aBTOMO,ll;eJII:.HocTn, npn MacmTa6HI:lX 

npeo6pasoBaHmiX {7) qJyHKI~ua /
4 (t) .n;OJDJata BecTn ce6.11 B cor-

Jiac:a:u CO CBOeii pasMepi!OCTI:.Il TaK: 

141-t)A. 
OTCBJ.n;a CJie.n:yeT, 'ITO .ztJlll aJieKTpoHa (KBaJlKa), MesoHa :u HY'KJIOHa 

SCl!MIITOTJRecKoe llOBe.n;eHUe <f?o:IJ$KTOpoB ,ll;OJillaiO HMeTI:. BIU(: 

SJieRTpoH: Fe(-f} "" .1. 

Me SOH: F"~ (r} ,... ....£. 
-t 

H,YKJIOH: Fp{f}"' _.L 
-(;!J-

('l'otietmocTL) 

(.n::anOJII:.). 

(I5) 

Jierno SaMeTnTL, 'ITO TaROe llOBe,ll;eHIIe B TOtmOCTn COOTBeTCTByeT 

pesyJII>TSTaM, nOJiytieHHHM npiMllM np:!<IMeHeHReM amurn:sa JXlSMepi!ocTefi 

It SJieRTpoH-a.n;poHHOMY H SJieRTpoH-aJieKTpoHHOMY pacceaHRD, rrpKBe

.n;eHHOMY B Ta6.TmQe I. 0TMeTHM, 'ITO SCHMnTOTHRn Bep!llniHllx <f?YHKintii 
C TO'IRH SpeHHa SHOMaJILHI:lX PaSMepHOCTeii paCCMaTpnBaJ!HCL B paOo
rax/7•6/. 

B SaRJilOl!emie aBTOIH npmioC!IT HceyeHHIOJl 6Jiaro.n;apHOCTL H.H. Eo

~oBy H A.A. JioryHOBy sa CTJIMYJIHpYDJ!llie o6cy2QteHEH, A.M. Ea.lr

.Itmiy, C.M. EwremKOMY, B.A. Melltepmony, H. A. CMopo.n;nHcKoMY, 

P.H.~ycroBy, ~.B.lliHpKoBy- sa nonesHue saueqaHHH H HHrepec K paOore. 
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