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llpll TCOpCTl!qecROM ¥!3yq8HHR cna60~ Typ6y~8HTHOCTM 06HqHo npe

He6p8raiOT yr~OBOH 3aBMCllMOCTb!O CllCRTpMbHOH <!>YHK!\11U pacnpe~OJ!CHIUI 

:meprmr, T. e. no~aram pacnpe.nMemre naoTponHliM /I/. B peMbHHX 

ycnoBIDIX Typ6y~eHTHOCTb, reHepRpyeMrur, HanpnM~P, B npoueccax nma 

nyqROBOH Mll pacrra[\HOi:i HCYCTOHql!BOCTM, .f!MIIeTCR OOH'<HO UHH30TpOllHOH, 

a l!HnYI.UIPOBaHHhl~ xapaKTCP npouecca reHepauJm itojre6aHllli ( 'vJ ~- e (.:- L~ 
npHBO,lll1T K pe3KOlt a.HJ1!30tpomrH B03Hl1KaJO!llero pacnpe,ll81!elll1H. 

0CHOBHhlM M8Xal!ll3MOM, KOTOphlH MOJKEiT npl1B8CTH R 1130TpOllH3al.llllil !tal\ 

~eHrMIOPOBCKOi:i, TaR ll l!OHH0-3BYROBO~ Typ6y~eHTHOCTll (Mhl paCCMaTpl!Ba

CM M83MY 683 MarHRTHOrO no~), ~.f!CTC.f! ~nYI.IliPOBaHHOC pacceRH¥!8 

M83MOHOB H8 HOHSX, BMecTe C TCM 3TOT npouecc np:HBO.n:HT R YMCHbWe

HHD cpe~8ro BO~HoBoro ~ORa naKeTa K~86aHJil~, T.e. R nepeRaqKe 

aHeprHR no cneRTPY B CTOpOHY MMhlX K , reHep8Ull.f! K~e6aHJili:i 06h!'<HO 

( 
~Alp<. v. 

npo:HCXO.n:HT B o6~8CTH BO~HOBhlX ~CM I<~ "- k' d <. I< J I< 1 :. · 3 v,} ' j 
I<&= Wf'c /Ve ), Pacnpe.ll;MCH¥!8 MO:ItHO no~araTb H30TpOTIHhlM, e~ 

ORO CT8HOBHTC.f! T8KOBhlM npe;K[\8, qeM naRCT C.ll;Bl!HCTCR B 06~aCTb 

, TaR RaK npll I< <. I<'* npouecc n8peKa'<KH HOCRT 

JIHTerpMbHhlH xapaKTep t A 1<.. - I< ) li CKOpOCTb 8rO B8CnMU BMll!ta, 

ToqHa.f! Ko~u-qecTBCHHrui xapaKT8pucTJIKa "u3oTponHOCTn" pacnpe.nMeH!m 

6y.neT .~:~;aaa HJDKe. 
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B pa6oTe 121 nrrepnHe nsyqanacb .nKHaMKKa TPeXMepHoii ~eRrMroponc
Koii Typ6y~eHTHOCTll B 11 'JUCTOM BUne" l'l 6~0 ITOK838HO B lffiMBHHhlX 

::mcrrepUMBHTax, 'ITO U30Tpolll'l38~ JIBJIJieTCJI ropa3,l~O 6o~ee MB.M8HHHM 

npo~eccow., 'IBM npe.nnOJ--raranocb. I<porne Toro, 6~o OTKPHTo .fiB.IIemre He

mmefuwro samrpamm ysrmx no k II yr~y naKeTon B orpaHU'leHHOH oMacTn 

KOOPUIIHaTHOrO npoCTpaHCTBa, oncHeHa K~l'l'J8CTB8HHO CKOpoCTb H30Tpo-

II!13ar.um c IIOMO!IU>ID BBeummoii WYHKI.Um "ami30Tpolll'!n" , HafineHa o6-

J18CTb npHM8Hl!MOCTH Jll30TpoiiHoro npM6JUDitemm, OKa3aEUiaSICJI B6CbMa 

orpaHU'IBHHOU, a TaKJKe K8'18CTDBHHO IIpC,!l;CKa3aH xapaKTep 3B~IDI.J;IHI He

KOTOpb!X pacnpe[(eJI8Hl!ll ~CHr'MIDpoBCKJIJX BO~H. PaCCMOTpeHJie 3DO~IDI.J;I!H 

~eHn~IDpOBCKOH Typ6y~eHTHOCTl'l B / 2/ HOC~O MOD;eJibHHll xapaKTep B TOM 

Cl\lh!C.ile, 'ITO I) HatianbHHe IJaKeTH BH6Upanl'!Cb B cne~anbHOM BJ!l.!l;B, '1T06H 

BHJIBMTb xapaKTepHHe 'iepTH sTofi ano~rol.J;I!U; 2) npeHe6peranocb rrpo~ec

caMH reHepa~H U 38TYXSHUJI KOJie6aHJifi. r~aBHHfi K8'1CCTBBHHHfi BUBol2/ 

COCTOI!T B ITO,!l;TBB~!l;CI-UHI riiiTOT83hl 0 BaiKHOCTI! JllCC~8.!l;OB8HliJI TpeXMepHhiX 

38.ll;8'1, RJIH, n;pyrUMII C~OBaMII, B HB,!l;OCTSTO'IHOCTI! orpaHl!'IBIDill npii6~

.lKe!ll!CM U30TpoiiHoi1 Typely.'!eHTHOCTU npii nayticmm KOHKpeTHWC WU3l'l'!ecKJIJX 

rrponecCOB, B KOTOphiX Ba.lKBH Y'IBT yr~OBOR 38BUCHMOCTI! CITBKTpanbHOi1 

iflYHY~ pacnpe,D;eJIBHUJI. 

YpaBHemm, Olll'!CUB8KlltaB ,D;UHBMHKY TpeXMepHUX pacrrpe.D;MeiDitl BMH, 

JIBnJ!IDTCJI HenKHeftHHMn MHTerpo-~u~epeH~ManLHUYH M YHOrouepHUMM M 

,l(OCT8TO'lHO MOJJUW ,l(JIJI TOro, 'lT06ll IIO.D;aB.1I.fl!!lll66 6MbiimHCTBO aHam!TR~ 

'l6CKRX l'!CM~l(OBaHUA He BllXO~O sa paMKR K8'l6CTB6HHHX oneHOK. TMD

KO 'll'!MeHHHit 3Kcnepl'!MeHT MO~eT .D;8Tb IIMHJD KaPTRHY 3BoniDI.J;I!U. HCHO, 

KpOMe TOro, 'ITO OKOH'l8TeJILH06 l'l IIMHOe pemeHMe BOrrpoca 0 cymeCTBO

BSIDIH R iflopMe CTS~OHSpHllX CII6KTpoB H6B03MOXHO 6e3 paCCMOTpemm 

8HU30TPOITHHX pacnpen;eJieiDifi. 

B c HaCTOJIIl.lefi pa6oTe, KOTOPaJI RBJIJieTCJI Jrorn'leCKIIM rrpo,n;o~ermeM/~/ 
paccMaTpUBS!OTCJI .U:BB KOHKpeTHH6 381(8'll!, B KOTOphiX BS.lKHO ITOHJIM8lll!e 

xapaKTepa ano~I.J;I!U crreKTPaJibHOi1 tlJYilKI.Ulll no yr~aM. B nepnofi tiacTu 

MO.l(eJIHpyeTCJI .!l;UH8MHKa TpeXMepHOll ~BHrMIDp0BCI<Ofi Typ6y~eHTHOC'l'H, 

B036~!(8BMOll peJIJITiffiUCTCKJ~ ~CKTpOHHHM lly-qKOM, EO BTOpofi - HCMe

n;yeTCJI npoMeMa aHOManbHoro pacceJimm n nponecce Typ6y~eHTHoro 

Harpena Maaw ~asepHHM M3JiyqeHJieM (c Y'JOTOM YrJionoro paa6poca 

CBBTOBOrO ny;ma), CBO~Il.laJICJI K nayqeHHID .!l;UH8MHKH 8HH30Tp0ITHOH 

I!OHH0-3BYKOBOi1 Typ6y.'IeHTHOCTH, B030YJK.It8CMOH JiaaepH!lM ITY'l!<OM. He

KOTOplle pe3y~bT8Thl, npe.D;CT8BliCHHhiC 3.UCCb, BKpaT~e Olll'!CSHhl B /
3/. 

I. MogMuponaHUe @HBMHKH ~eHrnroponcKoii TYpoy~eHTHOCTH, 

B036Y?i(gBeMOfi npu TOpMO.lKBHUH B M83MC peJIJITiffiHCTCKOrO 

s~eKTpoHHoro ny;ma 

§ I. 11pe@apnTMbHUe coo6pa.lKemm 

IIpo6JreMe naaliMo.n;eficTBHJI MOillHUX ~aaepHux n peJIJITUBHCTCimx 

a~eKTpOHHHX ny-qKOB C ~83MOi1 B ITOMC!l;HHB ro.nu Y.T~CJIJICTCJI 3H8'lHTC~b

HOe nm~aHMe I 4-I5/ n cnJiau c cos.n;aHHeM B03MO.lKHOCTeti nOJIY'IOiniJI 'l.'a

KHX IIyqKOB /I0-I2/ H C Jll.IJ;Oeii l'!CIIO~b30B8HI!JI STUX IIyqKOB MJI Harpena 

~83M .ItO TCpMOJI.D;epHHX TeMnepaTyp /I6/. 

IIpe.n;cTa~m UHTepec nonpocH o IIYTJIX l'l .BMM'lnHe nepe.[(a'In 

3HeprHH OT fiY'lRS K M83Me, 06 a~eKTHBHOCTI! B036~D;eHl!Jl Typ6y~eHT

HOCTl'l, .rtanLHefuneit ee aBMIOI.Ulli n T •. n;. O~eHKa rrepcrreKTHB sToro MeTo

.Ita Harpena M83MH Tpe6yeT lWMe.D;OBaHHJI K~CKTlffiHUX M6XaHH3MOB 

B3aMMO.D;eitcTBHJI ny-qKa c-MaaMoii, n6o TOpMoJKeHHe ny-qKa sa C'IeT nap

HllX CTO~HOBeHUii .fiB.IIJieTCJI 06hi'IHO BeCbMa Hes~eKTHBHWvl. ll STOll 'l8CTl'l 

paClOTll Cly~yT OClCyllt~aTbCSI TOJihKO peJIJITUBllCTCKH6 3JI6KTpOHHbl6 HY'IKH. 



Cyl.li8CTBYKXI\H8 3RCII8piiM~HT!:l /II-I2/ CBIIJ(8T8JI:bCTBYl01' 0 TOM, 'ITO 

aqxflmc'l'UBHOCTb TOpMoJKeHIDI peJIRTimncTCIDIX IJY'lliOB B rura3M8 3Ha'IHTeJI:bHO 

HlllKC, 'lCM H8peJIJITMBHCTCKllX.~3M'ICCIDI 3TO CBJ138HO; BepoJITHO, C poe

TOM ::>p!J8KTUBHOCTU HeJIMH8fllillX 3qxp8KTOB B3aiiM0,!{8HCTBIDl rrpo.!{OJI:bH!:lX 

ROJieelamiii rura3M!1 rrpH yllenH'ICHHH cpasoB!:lX CKopoc:rea nnasMeHH!:lx BOJJH M 

c peJIJITUBHCTCIDIM YTJIJKeJieHHeM aJICKTPOHOB nytiKa. B paMKaX rma3IrJIHHellHo

ro rrpn6JlllxeHHff 3anaqa o ·peJiaKCaunH aJieKTPOHHoro nytiKa B ruraaMe c 

~KCHpoBaHH!:lMl1 BO BpCMCHH napaMeTpaMR pemeHa B paOOTBX / 4,?,S/ KBK 

.n.JIJI O,!{HOpO!{HOn, TaR :11 HCO.!{HOpO,!{HOH IlJI83Mll. 0.!{H8KO . BO MHOrHX rrpaK

TH'ICCRM Ba.JKHllX CJIY'laJIX KpllTCpHit rrpllii!CHIIMOCTH KB83RJIHHCft!OrO rrpncJ

JII!lK8HHJl He BIHIOJIHJieTcJI I 41, noaToMy MCCJie.nonaHHe HCJIImefuioro peJKI'!Ma 

peJiaKca~u rrpuoelpeTaeT ocoelufi miTepec. B paeloTe /I?/ noxa3aHo, 'ITO 

SBOJIIOUIIJI JI8!1rl\'liOpOBCROH TypelyJieHTHOCTU 1 B030j'Jl\!{8CMOH 3JICKTPOHH1IM ITYtJ

ICOM, MOJK8T rrpHBCCTM IC CTU0HJIU38~H ilY'lEOBOlt H8YCTOfi'IUBOCTU. EoJI:billaJI 

aifxpeiCTMBHOCT:b HCJIHHe:lhrux B3aiiM0.!{8HCTBHH rrpnBO.nHT K ClucTpo:ll IT8peKa'Iltc 

IlJI83M8HH!:lX ICOJIC08HHH 113 OOJI8CTM reHepa~ B 00JI8CT:b MaJI!:lX BOJIHOB!:lX 

'IMCeJI: npM aTOM cfJYinCUIIJI -pacnpene.Jiemm nyqxa He ycnenaeT U3MCHHT:bCR 

38M8TH!:lM oelpa30M 113-38 B03!{8HCTBIIJI KOJIC08HHH. 3ueprHR KOJIC08HHH, 

B030YJ!\!{88Ml:lX ITYlJKOM, nep8IC8'IUB88TCJI B Hepe30H8HCHYI0 C HIIM OOJiaCT:b, 

r.n8 JCOJieelaHHR nepecTam B3aiiMone:ilcTnonaT:b c aJieJCTpoHaMH nyqKa. Ha

KOITJieHHe JCOJieOaHHlt B OOJI8CTU lllaJI!:lX BOJIHOB!:lX 'IHCeJI npHBO.!{HT IC IIOJIBJie

HHIO CHJI:bHOPO ~eKp8M8HT8 38TYX8Hl1Jl B OOJI8CTH reuepaUErri, cpaBHl'!MOPO 

C HHKpeMeHTOM H8YCTOfi'luBOCTH, 'ITO BC!{8T K npeKp8l.li8HHIO reHeparurn KO

JieOaHHn B pe30H8HCHOH oelJiaCTM l1 K 11 38MOpaJKIIB8HHKl11 aHeprirH KOJieOaHHit, 

B3auMO~eitCTBY~ c ITY'IKOM, HB BeC:bMa Hl13KOM ypoBHe. B paeloTe /IS/ 

YTBCIJZ.!{88TCR, "'TO "l8Tl:lp8XIJJI83MOHHHe B3aRM0.!{8ilCTBHSl MOpYT rrpeliRTCT

BOB8T:& HaKOilJI6HDl KOJieOBJm:lt B Wil'fHHOBOJIHOBOft "'BCTH CIICKTpa, "paacJ

paC!:lBM" KOJieOaHHff, TCM CaM!:lM CIIOCOOCTBYR YM8Hbill8HHKl aqxpcKTifBHOCTH 
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rrepexa"'KR B Hepe3oHaHCHYKJ oelJiaCT:b n YBeJIIf"leHifKl aqxpcKTirBHOCTn peJiaK

carum. O~aKO cor;racHo peayJI:&TaTaM paOOT!:l /I9/, ITJia3MOH-ITJia3MOHH!:le 

B3aHMO,!{CiiCTBHR IIPRBOMT K CillO OOJiee cJllCTpoit TpaHcqopM~I CITeKTpa 

B 06JI8CT:& MaJI!:lX 1<. , ITOB!:lillaJI TCM CaMllM 3i.{xpeKTUBHOCT:b He.'llffiefuloii 

CT80Wili38Ullli. Bo3MOlltHOCT:b B03BpaTa KOJiedamm OcJpaTHO B pe30H8l!CilYIU 

OOJI8CT:b MOlltHO BH.!{8TI> CJCOpee B npon;eccax TRIIa COJII!TOHIIOll TJfOYJICHT

HOCT.Il: f 20•2I/ 11 KOJIJianca / 22•23/.-

KoHKpeTHWI!H npon;eccaMR, rrpUBO.nRl.liiiMH JC neperca"llte aHeprnu RO.'Ic

ClaHHii ITO CITCKTpy H OTBO.!{Y ee H3 pe30H8HCHOH o6.1IaCTU, JlBJI.fllOTC.'i l!H.izy

~poBaHHOe pacceRHHe rura3MOHOB Ha aJJCKTpoHax II noHax rura3r,m. i';lo.neJI:r:, 

peJiaKca~ •. nocTpoeHHasr Ha nepnoM npon;ecce, rro.npoelHo paccMaTpnna-

nac& n114~a.nocrpoeHHan Ha n:ropoy- B. padore15~npv.qeM B nocne~HeM dHno 

cnpaBC',WIUBO OTMC'tJCHO, 'ITO lUi!{Yl.(llpOBaHHOC paCCCRHHC Ha llOHaX .fiil.lJJ'leT-

CJI ropa3.l{O 60Jiee acfJcfJeKTHBHWII R 6ucTpUM npon;eccoM OTBOIJ;a ImJJe6aHHi1 

:113 pe30H8HCHOH 06JI8CTH, "18M paCCCJIHilC Ha 3JlCKTpoHaX B illUpOicoi,i 00-

JIBCTH rrapaMeTpOB 

(~t./ T, ~Te ~ 
"'"' 

( v..p :: wp•/~< ). 

Pe3yJI:bT8T!l OOCMX paOoT, O,!{HaKO, HOCJIT Ka'leCTB8HHHfi X8J.I<HtTcp: 

B IIOCJIC,!{Hen TaKJKe ,!{8JI88TCJI HC000CHOD8HHOC YTDCplK.!{8Hl18 06 1130'rJ-'Offii-

3~ cneKTpa reuepupyeM!:lX ROJieelaHHfi KaJC o Hanelo;rce, 6!lcTpOIA npo~ecc8 

BO BCeii oelJiaCTU K < K ;J • 

0T!.l8Tl'!M 81!{8 6JIM3Jzyl0 P.O rJYXY 11 OT'l8CTU HO pC3YJl:bTaTaM K uarrre~i 

Pa6oTy /
6/, B KOTOpofi l!3J'IaJI8C:b SBOJIJIJI.(l!JI llHH30~poiiHUX pacnpC)~eJie

HIUt JICHrr.nopoBCKUX BOJIH B n!{Ui{x])epeHWraJI:bHOAf' Ilp:HOJIID:teHJlli ( I< >> K ,. ) 

R 6WI BWIBJ1eH 
11

CTpy:furuli" xapaKTCp Cll8KTpoL. 
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" 2. TlocTaHOBKa saga11n 

fi,YC'l'b B OD;HOllO[{HJIO !L'I83MY C I1JIOTHOCTb!O n I!HJK8KTl'lpyeTCR peJUI-

Tl!Bl'!CTCKI!fi ::weKTpoHllliit IIY1IOK c ruroTHOCTI>IO nt I'! Cp8.J:IHCll CKO-

pocTI>IO V ( • KoppeKTHOe MO.J:IMl'!ponaHue 3BOJI10Will no36YJK.n;aeMofi He

ycTofrtnrnoCTII Tpe6yeT Bl:lllOJIHCHI'IR pll,J:I8 YCJIOBI!ii H orpaHWieHHii Ha na

paMeTpl:l san;a111r: 

I) llpoxoJK.n;emw TOKa 11epes ruraaMJ Bhl3b!BaeT, noo6me ronopn, no!lll

JleHue 110 3CIKOHY l1H.f!YKLU1U odpaTHOrO HOMTICHCl'!pJ!OJjOro TOKa, KOTOpb!i1: 

BHOCilT CBOit BI\.IIa.:J; H HarpeB IL183Ml1 K8K Sa C"'ICT ot{.Jl"'ICCI<Oll .D;llCCviTiai.Uni, 

Tait l1 38 C"'ICT reHeparnm KOJI808HIIM. Y1IOT HCJCTOii'lliBOC'l'H, CB.fl38Jlli0ll 

C o6paTHLI1.J 'l'OitOM, CJ.lJibHO JCJIOJKH.fiCT 38!l;81Iy; B .D;8HHOH MO.!l;Ml! Mll dy-

i~Cit. npe.D;TIOJI8r8Tb OTHO!ilC!lllC t1 € In !l;OCTaTO"'IHO MaJillM, a HMCHHO, TairnM, 

'!~'0 CKOpOCTb 3JICKTpOHOB odpaTHOrO TOK8 V1 ::: w V( ::. ~( ~ <. Ve. , 

rrr,e V e. - TO!UIOB8H CIWpOCTb 3JICKTpOHOB I1JI83~ill. ilpl! 3TOM JCJIOBUU 

HCB031.10J&H3 reHcpai.UUI J!CHrMIOpOBCKHX KOJiedaHHfi, a H8JCTOWll!BOCTb llO 

OTHOlllClil!lO J{ DO::J6y;'i\il;8ID!IO HOHHhlX I<OJie6amt:ii UM88T 3Ha'll!T8JibHO M8Hblill18 

mmpeMCHThl. 

2) Boa(JyJi{D;8Hl18 KOJI868IDIH paCCMaTpl!B88TCH B Hpl!dJIIDKCHill! 
11

MOHO

XpOMaT:!118CKOro" ny-qKa. YcJionue "MonoxpoMaTH"'IHOCTn" UMeeT Bll.I\ 171: 

J< tc-,V't 'r. (LI) 

!Ja;ec:r, I< -BOJIHOB08 "'IIICJIO B036YJK.n;a8Ml1X KOJieda:mrit, D V - paa6poc 

TIO CKOPOCTillJl B rry<me, 0 - IIID<pCMCHT H8JCTOi1:'ll!BOCTH. ilpn 3TOM 

yCJiomnr ncc:r, rry11oK naxon;IITCR n pesonaHce c KaJi{D;Oii rapMoHPJKoltnoa6YJK

n;ael'l.h!X I(OJI86annfi, HCJCTOi11II!BOCTb HBJIJICTCR rll,J:1pOD;I1HaMH"'l8CKOii, H, 

CJIC.ll;OBaTC.I1bHO, CIIJibHOH. ilpn OTCJTCTBID! BH8!1IH8rO MariDITHOro IIOJIR H 
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B IIpeHe6pexeHHH C06CTBeHHHM MarHHTHHM IIOJieM MaKCRMani>HH:lt HHKpeMeHT 

HapaCT8HRR IIO IIpo,!tOJ!bHOMY. BOJIHOBOMY 'lliCJIY Ku .ItOCTH!'aeTCR npii· 
. .... paneH /4,7/ Ku=J<o:: Wj>c./V( .. 

_ 13 G,r )~ ( ~ _£ + 0 & - jv~ Wj>e 11 ~· J<Z ~·J It:)~ 
Kl • I 

(1.2) 

3.zteci> 0 o - pe.wrTRBl!CTCKRlt ({laKTop 
r. L -7 

( 1. - v' I c . ) • Ilpll: . 3TOM c 

TaKRM RHKpeMeHTOM paCKa~aDTCR Kone68HliR 1 -qacTOTa ROTOpNX 6JIR3Ka K 

llJI83MeHHOH W f> e. • Bo36Y'llt.)te:mre KOJie6a:mrti nyt!KOM COIIp<>BO.llr.l{aeTCH 

"paaMHTReM" ero <f>YHKrnw pacrrpe,n;Memm, "<ITO ne.zteT K Hapywe:mriO yCJio

BM MOHOXpoMaTH"'lHOCTH If CMI>HOMY JMeHI>WeHHIO HID<peMeHTa O •. B CJiy-qae 

HepeMTliBVICTCKOrO IIY"'!Ka 
11 

rVI.Jtpo.D;HIIaM1l'I8CKM 11 CT8.D;IIR, COOTBeTCTBYIOIJlM 

MOHOXpoMaTH"'lCCKOMJ TIY1IKY 1 38I<aH"'ll!B8eTCR O"'!eHb 6UCTpO, 1I IIID<p8M8HT 

rra.ztaeT OT ·3Ha"'!el!liR - wj>~ ( W) ~3 Ha rnn;po,D;IIHaMI!'IeCKoii CTa.n:nn .n:o 

wl' ... · ~f rrpn I ~ vI "' V ( • Ilpn PCJI.f!TliBHCTCIDIX aHeprHRX IIY"'!Ka , 

C OJUfOH CTOpOHhl, IIpol!CXO.IIl!T H8KOTOpoe JMeHI>WO~e liiDtpeMCHTOB BBlJ.n:Y 

YBMH"'lemm Maccu -qacT~. 3aTo sa cqeT yn~n"'!el!liR 3Ha"<Iemm rrpo.n;oJII>Hoii 

M8CC!:l 3aM8TH!:lii pa36poc IIO CKOpOCTRM .JtOCTVIraeTCR IIpll ropa3.I{O 60Jibll!IDC 

3Ha"'!e.HIDIX BHeprnii KOJie6a:mrii, CMbHO B03paCTaeT BPCMR rll.JtPO.IIl!HaMH"'leC

KOti CT~D;l!li H?OOTB8TCTBCHHO, ~OJIR 3HeprvtH, TepReMOH IIY"'!KOM Ha 3TOH 

CT~D;l!li. B HTore Ml:l IIPRXoD;HM I< CJie,l\YDlllelly yCJIOBHD. 

. ~ 1. 3) PaccMaTpnBaeTCR CIIJII>Ho pMRTliBHCTCIDiii IIY"'lOK (t1( In) o .. ~ ; 
"<ITO orrpaB.I~HBaeT nu6op nm<peMeHTa :B B~n;e (1.2) VI HCH3MeffirnM B Te"<IeHIIe 

Bcero Bp8MCHH pa3BHTI'IR li 3BOJIIOI(I!l! HeyCTOWiliBOCTli B ,n;aHHOH MO.D;Mlf. 

4) RaK YKa38HO B pa6oTe /4/, Hapyme:mre MOHOXpoMaTII"'!HOCTU li 

yMeHI>WeHHe HID<peM8HTa MOJiteT IIpOU30iiTH 38 C"'leT yrJIOBOro pa36poca 

rry-qKa. Mu 6y.n;eM paccMaTpHBaTI> rrytioK c He60JII>lill1M Ha"'!ani>Hl:lM paa6pocoM 

' . ~ So <. ( n (In) 7" ?fo-z li paccMaTpunaTI> npeWI pa3BHT:Kft Hpoi.tecca He 

HaCTOHI>RO 60JII>lill1M, "<IT06H yneJm"<IeHHe yrJioBoro paa6poca MorJio rrpnBeCTlf 

K HapymeHHIO YCJIOBI'IR MOHOXp<>MaTH"'ll!OCTli. 
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5) Cy'mecTneH~oe BJIWimre Ha ~B~IO. B03.0YJ!t.D;aeMoll TypoyJieHTHoc

TH Olt83Wl86T XBpaKTep li CROpoCT:b. ,ll;liCCHilamm KOJieOamril, TpaHcqop.m-
. ;: ' - ' . -._. . . . . -·· 

pyeMHX B ~onoJIHOBYIO ~acT~ crreKTpa. CHaooe norJio~emre MoxeT npn:-

necTII. K H8ROIJJI6miiO I<OJieOamrfi B OOJiaCTII MaJWX /< , 110JIB1ISmiiO MOl!f-

HOrO '·.l(eRpeMeHTa B OOJI8CTR reHepamm II IIOJIHOMY CpUBy HeyCTO~OCTH. 

B .ItaHHOil MO.ItMH He paccMaTpHDaeTCR e~e He.n;ocTaTo~Ho HcCJie.l(onamrun 

MexamrsM "pasopacHBamm KOJiec5amril" sa c~eT rrpou;eccon Tima: KOJIJian-. 

ca /.a2, 23/ ll:' COJill:TOHHOil TypOyJieHTHOCTII, II Mil orpaHWmBaeMCR BBe.n;emreM 

TOJIIJRO ~CTO CTOJIKHOBll:TeJIEIIOrO 38TYxrum.llo 

B paMRaX .l(aHHOll MO.l(eJill: llpou;ecc B03HHKHOBemUI ll: SBOJilOII;ln1 JI6Hr

·MIOpoBCKOit TypOyJieHTHOCTH OllliCHBaeTCR HHTerpO-~H~epeHQManbHRM ypaB

HemreM /I/ 

dtc lVI(' ""QKB N;(' -\le M~ -t-N;< S&.(Si<LJN.q cl~. (!.3) 

3.nec~ N_il ·_ ~CJIO JieiirMIOponcKIIX IJJia3MOHOB; (f,o = OK o" , r.l(e 

O e .l(86TCJI qxJpMyJIOlt (!.2) ;- liHRpeMeHT HeyCTOfMreOCTH; Ve. - '1!8CTO

Ta CTOJIKHOBHTeJI~Horo saTyxaHHR; 'c:l K = tltli<?:n &c18 c1 g ; O.(tZ K.J.) -
R.ItPQ HHTerpa.nl>Horo tUieHa - HeJimteilHoro HHRpeMeHTa - orrpe.neJIReTcR 

qop~J!oa ·._ · · 
r:;;::. ... ..., ~ ~ { 

Q(--) __ VJ_JrWl.e..(KI::t)U<t-K/ [_ t/. l !J· 
K,Kt - :'lll. h.l KICL tit.JI<":t ext[ W. ~k'- V, J 

(
_., _.._ e e '} t t ) 
IC."' K-1<1.. j w_:::: w,7 - Wi(L =X Ve(l< -KL}/W/'e • 

3.l(ec~ .JWI· npocToTu rroJiollteHo T" ::=. T t ::. T . 0 ", ' .nai<lltl1li sanH-

cHMocT~ HimpeMeHTa H6YCTO~IIBOCTH OT /( , Mil BROepeM B BH.zte 

y _ [ ( K- Jt:o/: J 
u·K-exp- ~.cK~ J (!.4) 

r.ne 1<., ::: w t;.:lv t _;:.(;)! .. /e. , n,t<. - llOJIYiill'lpHHa B030Yli\naeMoro cneRTpa 

RoJiec5amr!. 
·' 
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'I. 

l 
1 

·' 

we~-~.:;, o •<t 
BBe.neM IJJIOTHOCT~ aHep~ rryJI~clUUrll W 1<8= (:!.r.Jl Ntz _, 

. . 

KOTO~·npennOJiaraeTCR aRCliaJI~Ho:-cHMMeTpli'IHoil, H CleapaaMepHHe rrepe-

- . "'" --MeHHRe X: K/K:f- j 't ::.0f i W;-s:: nT W"'o~~ • S.n;ec~ 0 - MaRCIIMaJI~ 
' y 

mdt HHRpeMeHTHeyCTOitm:BoCTH: ~ ::.(fSJ9.'v1)- WJ>e lh.f/n)3
• 

IloCJie aToro ypa.BHeHHe (!.3) npzoopeTaeT mm, Y.ztOOHHft .IWl 'tHC

JieHHoro MO.l(eJIHpoB8.HWI: 
. . 

d'i: VJI(e -:. o x• Wxe -v Wxe + W~9 j G(~ x't.)W.-,e,dx;d<9,cP~(I.5) 
r.l(e 

QX.&::: ( <!D1~c9,o;2 +1~11~8)exp[-(><-k'o/K._)~;JClXot]; 
- ,_ " . .· ~ ~ . 

\) == ('J'v-.../{3) ~ (~) ~ . e. '/'e . n & . .J 

t ...,..-;,_· )C, .. -xt [ · (></'-x) J 
0. = A~ (x, ')(t_) tc;,..:'j(J e xp - 8 1 ><t- xJ J (!.6) 

/'\ 
091 (~ XL) = .e,.n 8 Go» c9:1 -1 1 ~n e.-s \n e~ CoS Cj / 

l"l} 
A :::. :-,:~ o c.n>h 

-i 

( ~)~ h{ . 

MaTeM8T~eci<He cooOpa&eHHR, DROOp paSHOCTHOA CXeMR, MeTO.l(KKa 

"'HCJieHHHX. pac~eTOB aHaJIOrH'I!Hll H:J40~eHHHM' B / 2/. C~eCTBeHHRM OTJIH

~eM RBJIJieTCR OTCYTCTBHe 38KoHa cox:PaHeHHR aHeprHH B .ztaHHoil aa.n;a'l!e 

B CM3H C H~eM HCTO~HHKOB polK.zteHHR ·. li .nHCClii!au;:IIH. IJJI83MOHOB, a 

Tarute B03MOlltHOCT~ 3H8"'HTeJIIJHRX H3MeHeHHft BeJIH~HH MO.ztYJIR rrpaBOH 

"'8CTR ypaBHeHHR' (I.5l RaR Me.ztCTBHe rrpe.l(II.ey~ero iflaRTa. B CBfl31I C 

ST:IIM .IWI OOecrre'l!emiJI YCTO~OCTll OCOOeHHO BSXHa 8BTOMaTJI"!eCKaR 
. ',, 

llO.ItCTpo:l!xa mara 110 BpeMeHH: war BHOll:paJICR B BH.zte 

h-.. :::: /0-</("-ol<~e, + ,..,ox/lf,..6/ +Maxl't~o ••. J)) 
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r.n:e 0 11.:.... - HeJIIDiefumn mn<peMeHT rrepeKalffiH. OTJiaJKeHHOCTb rrporpar.!-

MH Ha 6oJiee npocTo:ii sa.z:ta"'e padoTH /2/ (c coxpaHemmM Hopr.m W x8 ) 

~aBGU<a ~ocTaTO"'HYID rapaHTHID ~ocTonepHOCTH pesyJII>TaToB. KpoMe Taro, 

KOHTpOJIHponanacb 6JIH30CTb K HYJIID COXp8HRIDm8HCR BeJIH"'HHH 

R."' 519- WI(' WXi, eli( clx£ (paBHOH HYJIIO B CHJIY 8HTHCUMM8Tpllli JJ,z:tpa). 

OnrorneHHe R/~R (~R~ R(IS.I) He rrpeBHIDaJIO m-3 Ha rrpOT.fl.lKeHHH ncero 

C"'eTa. 

§ 3. OdcymgeHHe pesyJII>TaTOB 

Ha"'aJII>Hlle .z:tBHHHe c Y'!JCTOM orpaHH"leHHn, CJie.QYromnx ns .z:taHHofi 

MO.[(eJIU H Il:3JIOJKCHHl1X Blllile, Bl16HpaJIHCb CJIC,[(YIO~e; n = 5·I022; 

n ' = !018; \) e =I012; Te =-To. =- j K3B; t D = 20. II pH 3TOM JierKo 

IIOKa38Tb, 'ITO Ko ~ ~1>e:: 6 l<>f • ;rt<- 38BH~nMOCTb liiHKPCMCHT8 OT 

J<- D116HpaJI8Cb raycCOIIO.JJ;06HOH C BCCbMU MaJIOH lilHpHHOli! A)(. =I/{50. 
TaKID.1 o6p830M, 38BliCHMOCTb HHKp8MCHT8 OT X (B 6e3p83MepH!1X rrepeMeH

HHX) IiMCCT BH.[( 

¥ x == exp [- ;l 00 ('X'- G/ J . 
ilpou;ecc pa3BHTU!I li 3BOJI!OIUlli Typ6yJieHTHOCTH HJIJIIOCTpHpyeTCR pHc. 

I-4. Puc. I rrpe.n:cTaBJIJieT Ha"'aJII>Hyro cTa,[(HIO Typ6yJieHTHOCTH - nosmm

HoneHHe U H8KOIIJICHHC KOJie6aHHfi D 06JI8CTli reHepau;uu I!pCJIMY!IlCCTBeHHO 

rro.n: yrJioM .~ Jl I ;1.. B cHJiy HH.JJ;Yu:llpoBaHHoro xapaKTepa rrpou;ecca 

( W x ~ - e t ... " ) . IIpli aToM HapacTaeT HeJIIDie~ mn<peMeHT nepeKa'l

rur c MaKCUMYMOM n I< - 3 1< * . ITo .n;ocTID!temm: onpe,n;e.neHHoro yponHR 

ROJie6aHHii B o6JiaCTH reHepau:nR B Rrpy 3~KTHBHO BCTyrraiDT HeJIRHeil:

HHe B38nMO,[(CHCTBHJl li H8'1IDI88TCJI 6!1CTpllil: poeT KOJie6aHH:ii B lilHpoKOil: 

o6Jiacu: 110 I< C u;eHTpoM B MaRCHMYMC :mn<peMeHTa. B MOMCHT BpeMeHH 

7: = 14 ypoBHH Typ6yJieHTHOCTl!l B odeRX o6JiaCTRX CpaBHHBam'CJl (JY.z:tY'lli 

p8BH11MH ~ 5• IOI B 6e3p83MepHHX e.[(HHlntaX, 'ITO Bll.nHO H3 pHC o 2. 
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Q[(Harw crre~TPaJII>HHfi och.eM DHOBI> no:mnmrrero rraneTa ropa3.[(0 6cni>ne, 

'18M nepBOH8"18JI1HOrO, T8K KaK HOBLIH II8KCT ropa3.[(0 llllipe ITO K 

IIO.[('l8IJKHCM, BO-IIepBIDC, 'ITO MU IIMCCM 3}~8Cb ,[(eJIO C C8T8JIJIHTHOfi rrepe

K8lJKOH, BIIOJIHe 8H8.J!Orli"'HOH O,ll;HOMepHOMY CJIY'!J8IO, eCJIU p8CCM8TIJUB8Tb 

rp.mcuponaHHUe yrJihl, MeHI>rnne Ji /:., • CaTe.Tl.!IliTHI:lH xapaKTep rrepenalffin 

.ll;DBOJibHO O"'CBII,[(eH li3 C006pazelfi1H, U3JIOJK8HHl1X D pa6oTe /I9/; H8'!87I1-

HHiii IlillWT O'I8Hb J30I< II p8CIIOJIOZ8H OTHOCU'l'eJibHO .ll;8JI8HO 38 I<"" 

0[(H8I<O Terrepb .fiCIIO, 'ITO B .[(aJ!bHefmrer,J nepeK8'll\8 cly.n;eT IIOCI!'l'b HHTer

paJibHhlfi xapai<Tep; HOBllll II8HCT BCC1M8 llliipo!\ !!0 I< II p8CIIOJIOR8H 

.[\OCT8TO'IHO 6JI!13KO It J< '*" • c'IJOJIIOIJ;!IJI yr.iiOBOrO pacrrpe,TJ;CJICHHH IIP0.1l;-

CT8BJIH8TC.fi [\OCT8TO'IHO HHTepeCHOH. C O.!{HO:ti CTOpOHhl, pacrrpe,l~eJICHU\) 

CT8HOBMTC.fi BCe 60JI88 8HU30TpOIIH11M B CHJIY TOrO, 'ITO H8I<OITJieHHe KO

Jl868HH:ti B Ha'laJibHOil: CT8,nHM npoHCXO.JJ;HT llp8nMY!IleCTB8HHO ITO~ yrJiaMH, 

6JIHsKHMll: K 51 I~ , T. e. rrOJIYlJaromeecJI pacrr'pe.[(e.rreHHe 6JIHsKo K ".D;IIC

KOBOMY" (eM. /
2/), BCCbM8 JCTOittrn:BOMY B rrpou;ecce 3BOJIIOUI1llo Hs pHc.2 

H ITOCJI8,[(Yl0111IDC ".1:\HCKOBllfi" X8p8KTep pacrrpe,!(eJieHUH ,[\OCT8TO'lHO JICHO 

BM.[(CH (IIO.I\'l8pKH8M, 'ITO H8 pHCYHI\aX IIOI<a38H JIOrapncj:M V/ x 6 . ) • 

C ,n:pyroi1 CTOpoHhl, n orrpe.ne.neHHOM Cl\ll1CJie rrponcxon;nT usoTpomr- · 

38IJ;!I.fi KOJie6aHH:ti, 8 l1MCHHO, IlpOUCXO.[\IIT rrepeKattK8 B yrJILij 60JI1lill!8 

Ji /~ , poJK,n;emw KOJie6aHHfi B HOTOphiX 3arrpemeHo. 3TOT npou;ecc no 

CKOpOCTM Cp8BHIIM C rrepeKaqKOH DO K .IIJIH ~axe l.!e,D;JieHHee ee .II DpH

DOD;IIT K CHMM8TpU3ill.Ufli pacrrpe,[\8JI8Hlill ITO yrJiy B IIHT8PB8J}8 [0.~ Ji J 
HO He CpaBH.IIll CO CKOpOCT:bD H8.KODJieHI1S! :meprH.II B yr~ax,6m13KHX K 

Ji !:J.. • B 3TOM CMllCJie pacrrpeneJieH:rre cTaHOBHTCJI Bee 60Jiee. aHH30Tpon:-

Hl1M. 

PJ.rc. 3 HJIJIIOCTpiipyeT CJlC.[(YJOl.Izy'IO CTa.I(Hro 3BOJIIOIJ;llli Typ6yJICHTHOCTli • 

Herrpepl1BHM ~~.[(K8'IK8 .H 6!lCTpaH rrepeK8lffi8 3Hepr:m! IIPIIBO.nHT . K H8KOU

JI8HHID 60JII>rnoro KOJIU'leCTBa 3Heprnu B o6JiacTn I<< 3 K• , rrpii'leM 

13 



acpiJOKTliBHOCTl> CTOJIKHOBl!TeJI:&HOll .ltliCCIDiauiDi noRa HC.l(OCTaTO'!Ha ,IJ;ILII 

TOre, 'ITOOH orpaHl!'ll!Th YPOBCH:& TYpOYJICHTHOCTII. JllUpoKIIfi no K II 

BCe c!oJiee CIIMl\18Tpii3YIOU!YIH ITO yrJiy rraKeT OHCTpo .l(BID!t8TCR B ~nmHOBOJI

HODY!O oc!JiaCT:&, YBeJUI'lliBMC:& no a~11JJiliTY.l(e, C03,l(aBM CliJI:&HHfi ,!(8Kp8M8HT 

saTyxamm n oc!JiacTu renepar.um II orpami•rrrnM TaM yponeH:& KOJiec!aHufi. 

Harwnen, p11c. 4 .IteMoncTpMpyeT nOCJie.l(HIOIO cTa.l(liiD paccMaTpunae

Moro snecl> npor\ecca. IIotJTU BCR anepr1m KOJiec!amxil cocpe,%\OTO<Iena B 

oc!JiaCTII Bc!Jmsii K~o • Pacrrpe.neJiemw pesKo aHHsoTpoiiHo c MaKCIDIIYMOM 

B .Ji I:;. 11 rrpaitTII<IecKII cl1MMeTpii'IHO no yrJiy. YponeH:& KOJiec!amiii 

H8CTOJII>KO BeJIIIK, 'ITO Typc!yJieHTHOCTL B oc!JiaCTH I'8H8P8Uffi1 rrpaKTl!'l8CKl! 

nOJIHOCT:&IO no.l(aBJieHa. Ha puc. 5 npC,l(CTaBJieH rpa~IK BB8,!(8HHOH B / 2/ 

WYHKI.{Uir "aHHsoTponuu" f'l (Wx 61 'i:) , onpe.neJIReMofi CJie.l(Y.IOlljYIM odpasoM: 

p(Wx6_,t)::: ~~ j/W,...(f)- \;i"(t)/ cl-,cd8
1 

(1. 7) 

r.ne Vv= Sw~.cfxcf€! - HOpMa 'Wx8 • a w.(t) ... f,J..v~.cJe-
ycpe.~enuoe no yrJIY pacnpe.ncJremre w,e c Toil JKe HopMOit. Ee none

.l(eHIIe COrJracyeTCJ! C paCCMOTpCHHOil Bllle 3BOJIIOU11efi CITCKTpaJI:&HOfi ITJIOT

HOCTU 3HeprUI!: p83KIIH poeT B Ha'!aJil>HHH nep~TO.T( pa3BUTUJI HCYCTOHtiU-

DOCTU .!{0 3H8'!8HUJ! "- 0.:3 t 3aTCM HCOOJI:&lliOH Cll8,!( npu 't = I4 B MOMCHT 

paneHCTBa aMDJIUTY.It H8'laJI:&HOro IT8KCTa li BTOporo, B03HUKlllero aa C'ICT 

nepei<a'IKII, u CJiac!ue ocUIIJIJIJimnt npu TeH[\enu;uu K .l(aJI:&HefuueMy MezvreHHo

MY pocTy no Mepe naKoiTJJemm ROJie6amlii B oc!JiacTu 1< , c!Jrnairnx K HYJIIo. 

TaKIIM o6pa30M, Ml1 HMCCM S.l(CC:& ,l(eJIO C HCJIHHefiHofi CTa0liJII13ai.(l!eit Heyc

TOit<iliBOCTU. JlerKO npe.l(CRa3aT:& .rtaJI:&HefuuyiO 3BOJIIOI.tl110 npouccca B l(aHHOH 

MO.l(emt. Yponen:o Typc!yJieHTHOCTU B o6;mcTn MaJIUX I< c!y.!(eT nocTeneHHO 

YMCHbWaT:&CJl Sa C'ICT .!{I!CCimauuu, COOTD8TCTD8HHO 6y.!(eT YMCH:&lilaT:&CJI !(8K

peMCHT SaTyxaHHJI D 06J!aCTH renepaUirn; B onpe.l{eJICHHHH MOMCHT l!HKper.lCHT 

HC]CTOHtmBOCTU CTaHeT CYII!CCTDCHHO npeo6.na.l(aTb, 11 OllliCaHHHfi Dl:ll!Ie npo-

14 

necc nonTopuTcR c car,:oro na<IaJia, IIMMO B UeJIOM nyJr:ocnpyKY.unfi xapaKTep.; 

IIpn aToM, pasYMeeTCR, npene6peraeTCR II3MeneHneM !lJYHKUirn pacnpe_qeJie-

. HllJ! nytiKa, KOTOpoe MOllteT CYII!8CTB8HHO J'M8H:&ll!l1T:O liHKpeMeHT HeycTofi'lll

BOCTll aa C'ICT YBeJill'ICID!ii pas6poca ITO YI'JIY ll CKOpoCTII. HCHO T?J.Klt.e, 

'ITO 8CJlll reHCpaUl!ii 6y,l{eT npoUCXO.l(UT:O .l(OCTaTO'IHO .l(aJICRO sa /<.'i

nyJI:&CUpy101J1Ufi XapaKTep IIpol.{CCCa ITpUBC.l(CT C TC'ICHl!CM JJpCM8HII l{ ITOHBJIC

HHID ll paciTpOCTpaHCHIIIO l.{CITO'IIUI ITO.l{OOHUX rraKC'l'OB, IIORBJifliOUli!XCJl B OClJrac

TU, 6JIH3KOfi It I<' 'J, u .l{nuraromuxcR B .!VIIlHHOBOJIHOBYIO oc!JiacT:o, noc·reiTeH

HO YMCH:&IIJMC:& ITO aMDJIUTY.!(C il3-aa .l(llCCHITai.UIIl. IlpH'ICM Il 3aEUCIU!JOCTl! 

0'1' COOTHOIIJCID!ii napaMe'l'poD B03MOlKHa ll CaTeJIJIHTHa.!I, H I!HTCrpaJibHllii, 

n CMeiiiaHHM 'ITepeKa<IKa (anrurorwmo T~eM cJiyiJaH!.I pacloTu/2/, CCJIH pac-

cMaTpHBaT:o ycpel(HCHHOe no yrJiy paciTpel(eJienue). Har.oHP.I~, Heo6xo~JTI.Io 

ITO.!('ICPKHYT:&, 'ITO Y'ICT ITp01(8CCOB TIIfla KOJIJiaiTca, CIIOCOOHUX "po3opacLI

BaT:&" KOJiec!aiDIR, -·~loJKeT naMeHHT:& .l(aJI:&Hef!WYIO 1m pTm!y onoJIIQII;>UI (eM. , 

HarrpuMep, 1231). 

ABTopbl rrpnanaTCJII>HLI A.A.HnaHony 3a o6cy;~'\CHHC noc'l'aHOBWi 3a~a'IH, 

E.TI.lKMJ(KOBY II iv!.r .i,lelJ1epmwnY sa II0.!\4CllJ:CXY. 
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