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OElllAH XAPAKTEPMCTMKA PAEOW 

AKTY8JIJ,HQCTI, TBMhl onpe;ziemieTCH npo6JieMol1 0Ill!C8I!IIH Hll3K03HepreTll
qecKOl1 lj)H3HKII a;zipOHOB H8 OCHOBe lj)yH;!l8MeHT8J!I,Hl,IX npe;!lCT8BJieHHH KB8HTO

BOH xpoMO;!lllH8llllKH. B o6JI8CTH BhlCOKllX 3Heprun MOlKHO HCnOJII,30B8TI, Teo

plllO B03Myll(eHIIH KB8HTOBOl1 xpoMO;!lHH8MHKll 611aro;ziapa CBOHCTBY 8CHMnTOTH
qecKol1 CB060;!lbl. B o_6JI8CTH HH3KIIX 3Hepr11n a\!)lj)eKTIIBH8H KB8pK-I'JllOOHH8H 

KOHCT8HT8 CBH3H pacTe.T, 'ITO ;zie11aeT HeB03MOlKHhlM np11MeHeHHe Teop1rn B03-
Myll(eH11n. KpoMe Toro, B 3TOtt o6JI8CTH KB8HTOB8H xpOMO;!ll!H8Ml!K8 11cnh!Tb!B8-

e T
0 

cymeCTB8HHhl€ MO;l(Hlj)IIK8UHII no Cp8BH6HIIIO C nepBOH8'10JII,H!,JM co;zieplK0Hll-
6M: ee lj)yH,1t8M6HT8JII,H!,J8 COCT8BJIH!Oll(He, KB8PKII II rmoOHhl, He H06JIIO;!l8lOTCH 
H0 3KC1le.p11Me.HT6 • Jl8HHOe CBOJ1CTBO IlOJIY'IHJIO H83B0HHe I!BeTHOI'O KOHlj)8ttH

M8HT0. BMeCTO HIIX HM88TCH orpOMHOe KOJlll'16CTBO 6eCUB8THhlX a;zipoHOB, 

B38HMHhl8 npeBpall(eHHH KOTOphlX HBJIHIOTCH npe;l(MeTOM TeopeTH'leCKOI'O II 3KC
nepllM8HT8JII>HOI'O Hayqemrn. Tpy.ztHOCTH, CBH38HH!,J8 C npl!MeHeHHSM KB8HTO

BOtt xpoM0,1tHH0MHKH K OilHC8HHlO lj)H311KH Hll3KIIX 3HeprHn, np11BeJIH K pa3BH

THIO p83Jlll'IHhlX MO;zie11en II Il0,1tXO;!lOB, KOTOphle, OCHOBhlB8HCI, H8 lj)yH~8M8H

T8JII,Hl,IX npe;l(CT8BJI8HHHX KXJI, Il03BOJIHIOT Bhl'll!CJIHTI, H06JII0,1t8eMble xapaKTe

pl!CTHKH a.ztpOHHhlX npoueccoB npH Hll3KHX 3HeprllHX. KaK npaBHJIO, cy111ecT

·By10111He no.ztXO;l(bl npo6neMy KOHlj)al1HM6HT8 B006111e HIIKBK He pacCM0TPIIB0IOT. 
HCKJIIO'l8Hlle COCT8BJIHIOT MO;!l8JIH MeWKOB, KOTOpble HMeIOT ,1tOBOJII,HO orpaHH

'18HHYIO o6naCTI, npHMSHIIMOCTII. Ycnex pa3BIIB88MhlX no;l(XO;!lOB np11 OnHC8HHH 

SKCnep11Me1IT8JII,HUX ;!(BHHhlX C03,1t0Jl Bne11aTneune O TOM, 'ITO KOHlj)attHMSHT 

He HBJIHSTCH cy111eCTB8HllblM B Hll3K03HepreTH'leCKOtt lj)ll31!Ke. IlO-BH.ztHMOMY, 
T8KOe HB6nl0;1(8Hlle cnpaBe.ztJIHBO npll paCCMOTpeHHH CT8Tll'l6CKl!X 0;1(pOHHhlX 
xapaKTepHCTHK, TaKHX, KOK M0CCU, pa;ziuyc1,1, WHPHHhl pacna;l(OB H T.n. OnH

C8HHe ;!l8HHhlX 3~~eKTOB He 30BHCHT OT npe;nCTBBJieHHH O BHyTpeHHett CTpyK
Type 8;1(pona. llMSHHO no 3Ton npll'IHHe 60111,woe np11MeHSHHe H8WJIH KHP8JII,
Hhl6 TeopnH, B KOTOPblX a;zipOHbl onHChlB8IOTCH JIOKBJII,HblMH IlOJIHMH, 8 RX B38-
HMO;nettCTBHe onpeA8JIH8TCH AHH8MH'leCKOl1 CIIMMeTpuen. 0.itH0KO OilHC8HH8 

6011ee TO~KIIX CBOttCTB a;zipOHOB, T8KHX,K8K lj)opMlj)0KTOPhl, lj)83hl pacceHHIIH 
H T.n., Tpe6yeT 3H8HIIH O noBe;neHIIH KBBPKOB, COCT8BJIHIO~HX a;zipoH, B o6-
JI0CTH 60Jil,WIIX paCCTOHHHtt. Ha Ham B3I'JIH;l(, noBe;neHH8 KBBPKOB B 3TOtt o6-
JI8CTH ,1tOJ!lltHO onpe;neJIHTI,CH ;!lllH0Mll'l6CKHM M8X8Hll3MOM IIX KOHlj)attHM8HT8. no-
3TOMY 8KTI8JII,HOtt 38;1(B'len B 143yqeHHH BHyTpeHHen CTpyKTyp1,1 a~pOHOB HBJIH

eTCH y11eT CBOttCTB KB0PKOBOI'O KOHlj)attHMeHT8 npH on11C8HHH aiWJeKTOB Hll3K0-

3HepreTH'l8CKOtt 8;1(pOHHOtt IDH3HKH. 
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ijellb!O AHCCepT8UHll HBllH6TCH IlOCTpOeHHe pel!HTHBHCTCKOH KB8pKOBOtt 

l.!O.ll,eHH C Y'l8TOM KOH(p8llH!.!6HT8, KOTOpaH • C 8,l(llH!lX Il0311Ullfi n03BOlIH6T on11-

C!lB8Tb KB8PKOBYIO CTPYKTYPY 8.ll,pOHOB _ ll ee nocne.ll,yromee npHM6H6Hll8 K 

onHC8HlllO Hll3KO:mepreTH'l6CKllX npoueccoB C Y'l8CTH6M K8K J.!e30HOB, T8K ll 
68pllOHOB. 

HaytIH8H H0Bll3Ha. B ,lillCCepT8Ullll OTKP!lTO HOBOe HanpaBneHHe B TeopHH 
CllllbHhlX B38llMO.ll,e!1c·rBHfi - p83BllT 6.1.iHHhlH nO,liXO;ll K 0Ill1C8HHIO Hll3K03Hepre

TH'leCKUX 8,llpOHHblX B3811MO,li8llCTBHH, OCHOB8HHLlll Ha onpe,l(e neHHblX npe)lCT8-
B nemrnx 06 8.ll,pOHH38UIUI U KOHg)8HHMeHTe. A;ztpOHbl pacc.MaTpHB8JOTCH K8K 

KOllll6KTl1BH!l8 6ecuneTHble B036YlK;zt8HHH B KB8pK-rlIIOOHHLJX B38ll!JO,lleHCTBHHX. 

ITpe.ll,nonaraeTCH, 'ITO KOHW8HHM6HT KB8PKOB o6ecne'lllB88TCH ycpe.ztHeHHeM 
no BBKYYMHLIM KOHg)HrypauHHM rnIOOHHoro nonH. 

Ha OC!IOBe AB~HHX npe,l(CT8Bll6HHfi c(J?opMylIHPOB8H8 pel!HTllBHCTCK8H 
KB8pKOB8H MO,l(eJib 8.ll,pOHOB C yqeTOM KOH(!)8HHM8HT8, H83B8HH8H MO;zteJiblO 
KOHqJ8llHMHPOBBHHh!X KB8PKOB - MKK, KOTOpaH npHM8HHeTCH ,lll!H onHC8HHH 

Hl13K03HepreTH'l8CKl1X 8,lipOHHhlX npoueccoB C uenbJO 113yqemrn BHyTpeHHeii 

CTPYKTypbl 8,l!pOHOB npH HU3KllX 3Hepr~rnx. l1lo;ztellb n03BOl!HeT 8,llHHhlM o6pa-
30M H3y'l8Tb K8K npoc:reiimue .ll.BYXKB8PKOBhl8 COCTOHHH.fl (Me30HH), T8K H 

6onee Cl!Oi!rnue o6p830B8HHH (MllOrOKB8pKOB!le c.ocT.OHHHH H 8.ll,pOHLI C 3K30-
TH'l8CKOH CTPYKTYPOH - rn106onu, ru6pl1,l!!l H T.n.). 

IlOK838HO, 'ITO npn HyneBblX 3HeprHHX MKK BOCnpOH3BO,l!HT Hl13K03Hepre

TH'leCKHe COOTHOill8HHH, nonytieHHble B KHP8llbH!lX TeopHHX, H, KPOMe Toro, 
Il03BOllff8T OilHCblB8Tb HMilYllbCHYJO 38BHCHMOCTb qJH3ll'l6CKHX M8Tpll'lH!lX sne
MeHTOB (napaMeTpbl H8Kl!OH8, g)OpMg)8KTOPbl, g)83bl pacceHHHH H T.;zi.) •. 

B p8MK8X p83BHTOrO nO,l!XO]l8 paCCMOTp9HO ClOllbWHHCTBO 3ipq)eKTOB Hll3-
K03HepreTH'l8CKOfi g)H3HKH MeBOHOB: Bbl'll1Cll8Hhl WllPHHhl pacna,l!OB BeKTOPHblX, 

nceB]lOCK8lIHPHblX, 8KCH8llbH!lX H CK8lIHPH!lX Me30HOB, nonytieHO noBe;zieHHe 
sneKTpOMBrHHTHblX l1 cna6ux qiopM(J?8KTOpon· nceB]lOCKBlIHPH!lX M630HOB, HC

cne;zionaHa CTpyKTypa HenenTOHH!lX B88llMO]l8HCTBHii KBOHOB, B!l'lHCll8H!l 3H8-
'l8HHH IlOIDIPHByeMOCTett IlHOHOB, C nOMOlllblO 8H8l!H88 MHOrO'l8CTH'lH!lX npo

ueccon H pacna;zion CKBIDIPHHX M830HOB HCClle;ztOBBH!l CBOiiCTBB CKBlIHPH!lX 
M880HOB H noK838H8 HX ponb B HH3K03HepreTH'l8CKOH g)HBHKe. IlOK838H8 or
paHH'leHHOCTb Tp8KTOBKH CK8lIHPH!lX Me30HOB KBR npoc:rettmnx :zlBYXRBBpKOBblX 
COCTOHHHil. 

Cpe;ziH peaynbTBTOB cne,l!yeT B!l]leHHTb Te, KOTopue nony'leH!l B CBH3ll C 
B!lilOlIHH8M!lMH Hllll nnaaHpyeUHMH 3KcnepHM8HT8MH no H3y'leHHIO BHyTpeHHeil 
CTPYKTypu a;zipoaon: + _ 

I. ButIHcneau napaMe:rpu HaKnoHa B ;ziann:ruencKnx pacna.ll,ax P-l P f 
H mnpHH!l pe.ll,KllX pacna;zioB nceB]lOCK8lIHPH!lX M830HOB p - f+f- . 8TH 

Bel!H'lilll!l xapaKT8PH3YIOT BHYTP8HHIOIO CTpyKTypy HefiTpallbH!lX nceB]lOCK8llilp
HblX M83OHOB. 
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2. B!l'lHCll8H!l 3H8'18Hl1fl sneKTPH'leCKOil H 1.18 rHllTHOll nonapuaye110CT8ll 

nHOHOB ll cetieHue WOTOp0lK,l!8HHH nHOHB B KY1IOHOBCKOM none H.ll,pa. 
3. ITonyqeHO OTHOill8Hll8 8KC118llbHOro ll BeRTOp:iOro qiopMqiBKTOpa B 

sneKTpocna6oM pacna;zie 7( .... ev J" . l1ocne;ziy10111ue sKcnepuMeHTBJibHhle na

Mepettua 3TOll B8Jlll'lllHhl no:ztTBep]lllllll IlOlly'leHHOe 3HB'leHH8. 
4. B CBH311 C nnattupyeMh!Mll :rncnepllM6HT8Mll no Ha6mo;zieHHIO ll ll3Mepe

Hlll0 npeMeH :ltll3Hll nerKHX ,l!HM8308TOMOB ( (1tn) ll (n IC) ) Bhl'lllCl!eHlil HX 

OCHOBH!le xapaK:repHCTHKH: npeMH )J(l13Hll, 3H8'16Hlle sueprllH OCHOBHOro coc

TOHHHH 11 ll3M60BCKoro C;!lBHra. 
Bnepnlile B paMKBX 8]lllHOro ;!lllH8MH'leCKOro IlO,liXO;zta K OllllCBHll!O KBBPKO

BOH CTPYKTypu a;zipoHOB paCCMOTpeHa Hll3K03Hepre:ruqeCK8H Wll3HK8 HYRlIOH8 
11 A -nao6apu K8K TpeXKB8pKOBlilX CHCTeM. Buq11cneH!l CT8TH'l6CKl18 xapaKTe

pllCTHKH HYKlIOH8 ll A -uao6apu ll nony'leHO noBe,l\eHHe sneKTpo~1arHHTHblX 

qiopMg)8KTOpOB B HH3R03Hep~eTH'l8CKOH 06l!BCTl1. Ilony'leH!l CllllbH!le M830H

HYKJIOHHLJe ~OPMi~KTOpu, onpe;zielIHIOlllll8 HYKJIOH-HYKlIOHHUll noTeHUllBll. 
Ilpe,l(l!OlK8H8 KB8pK-,llHKB8pKOB8H annpOKCHMBUHH TpeXKBBPROBOH CTPYKTY

Plil HYKlIOHB ll B ee paMKBX BN'lllCJleHu {IJ831,1 If/{ -paccemum. 
IlpaKTH'l8CK8H µeHHOCTb. PeaynuaThJ llCCll6;!lOB8HHH, H8 JtoTOP!lX OCHOB8-

H8 ;!lllCC8pT8UHH, YlK6 H8W1Ill IlpllM8H8Hll8 npu 0Ill1C8Hl1ll p83lll1'IHUX 3WW8KTOB 
Hll8R03HepreTH'l8CKOH ~113llKH a;zipOHOB. Peayl!bTBT!l p8C'l8TOB napaMeTpOB H8-

K1IOH8 nepeXO]lH!lX qiopMg)BKTOPOB ]l81IHTUeBCKHX pacna;zioB 11 WllPllH pe;ziKHX 
pacna;zioB HettTpaJibH!lX nceB,llOCK8lIHPH!lX M630HOB 11cnOllb30B8llllCb B COOTBeT

CTBYJOlllllX 3KCnepHMeHT8X no HX ll8MepeHHIO (YCT8HOBK8 "JienTOH-<li11
, 11~B8); 

peaynl>TBT!l pacqeTOB nonapuayeMOCTeii nHOHOB ll C6'18Hllll (J?OTOPOlK;zteHHH nuo

HB B KY)!:OHOBCKOM none H,l(pa HCilOllb30B8l!HCb B 3KCnepuMeHT8 Ha yc:raHOBKe 
11 Cur.1.1a-AflKC" (0~1H11, 11~B8); B!l'lllCl!eHHOe 8H8'18Hll8 OTHOWeHllH 8KCll8l!bHOrO 

u :eeKTopttoro (J?opMqiBKTopon :a sneK:rpocna6oi1 pacna;zie' nuona 61mo nnocne:zt
CTBHH nO,l!TB8plK;ll8HO B 3KCnepllM8liT8X HB M830HHlilX qia6pl1K8X SJ If (llinenua
PHH) n LAMPF (KaHa;zia); pacctIHTBHHhle xapaK:repucTHKH n!;JrKux ,l!HMeaoa:ro

MOB uoryT 6UTb UCllOllb80B8H!l B 6y,l!ymux 3KCnepHM8HT8X no HX U3MepeHHIO 
HB ycTaHOBKe 11IT03llTPOHHll11 (O!IJH11-H~B8); paCCMOTP8HH8H B03MOlKHOCTb rnro-

60llbHOtt HHTepnpeTBUHll CKBlIHPHOro G (I590)-M830H8 OK838ll8Cb noneattotl 
]lllfl o6cyx;zieHHfl peayl!bT8TOB 3KCnepHMeHTOB no ero HB6l!IO,l!8HHIO (cneKTpO

MeTp rAMC, 11<l!B8-UEPH). 
KnapKOBOe onHCBHHe CllllbHlilX HYKJIOHH!lX ~OpM(J?BKTOPOB, nunol!HeHHOe B 

MKK, ]t88T B03MOlKHOCTb MllKpO~KOilll'leCKOro HCCll6;!lOB8Hllfl xapaKTepllCTHK 
HYKllOH-HYKlIOHHOro B38llMO,l!ellcTBHH, Hrp8IO!llero (J?yH]l8M8HT8llbHYIO polio B 

H.ztepHOil ~ll3HKe. 
Cne;ziy10111111.1 waroM B pa3BHTHH npe;zinollteHHOro no;zixo;zia HBllHeTCH llCilOllb-

80B8Hll6 6onee peBJillCTH'leCKOtt qiyHKUHH rpHH8 rl!IOOH8 H8 ClOllbWllX paCCTOH

HHHX ll CBfl3b ee qiopM!l C ll,l!pOM ypaBH8HHH TllllB ypaBH9HHH EeTe-Co.mm:Tepa 
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Ha CBR38Hffile COCTORHHH B 6eCUB9TffilX KB8pKOBb!X CHCT9M8X.P83BHTM cxeua 
MOJK9T 6b!TE npHMeHeHa )])IR. OilHC8HHH MHOrOKBBpKOBHX COCTOHHHH (6apHOHHH, 
,IUI6apHOffil H T .,n. ) H a.npOHOB C 8K30TH'l,9CKOH CTpYKTYPOit ( rJID60JIH, rH6pH.Inl 

R T.n.). IlepcneKTRBHOll Bll'Hff,l\RT 38,l\aqa 6,l\RHoro OilRC8HHff WYHA8M6HT8nL
HhlX 1( 1( 1f /{ H }f /( B38RMO,l\6llCTBRit, paCCMOTp6HR6 nOHHPR38UHOHHb!X , . 

HBH6HRit B HyKHOHHOll WR3RK6 H onRC8HH6 HenenTOHHhlX B38RMO,l\6llCTBRit ru-

nepoHOB •. 
· Ha 3811JRTY Bb!.lJBHraroTCH cne.1jy10tgue peaynoT8Thl: 

1. IlOCTpOeHa peJiffTRBHCTCK8H KB8PIWB8ff MO,l\6HI, C yqeTOM KOHilJ8llHM6H

T8. A,l\pOHhl p8CCM8TpHB8IOTCff K8K KOnneKTRBHb!6 6ecuneTHhl6 B036yJK,l\6HRff B 

KB8pK-rnIOOHHHX B38HILO,l\6llCTBHHX. Ilpe,l\nonaraeTCff, qTo KOHql8itHM6HT o6ec

neqaB86TCH ycpe,l\H6HH6M no B8KYYMHb!M rnIOOHHUM KOHiparypauaHM. MO,l\6HI, 

Il03BOllff6T C e~HHhlX noaauan onHCHBBTI, HH3K03HepreTKqecKyIO WH3HKY 8,l{

pOHHHX B38HMO,l\6llCTBl1ll H aayqaTI, 3{,'!JeKTfl, CBff38HHfl6 C npoHBJl6HH6M 

BHYTP6HH6ll CTPYKTypu a,npOHOB. 

2. Paapa60TaHfl M6TO,l\fl nuq;rnneHHll ipH3RqecK.IdX M8TpRqH!lX sneMeHTOB B 

npe,l{nOJK6HHOM nO,l\XO,l\8. IlOK838HO, qTo npR HyneBflX 3HeprHHX MO,l\6HI, BOC
npOH3BO,l\RT HH3K03HepreTHqecKHe COOTHOW6HHff, nonyqeHHHB B KHp8HI,HhlX 

TBOPHHX. KpOM6 aToro, MO,l\6JII, noaBOHH8T HayqaTE HMnyn1,cny10 aaBRCHMOCTI, 

ipH3HqecKRX M8TpHqHHX aneMeHTOB {ipopMip8KTOphl, wash! pacceHHHff H T.n.). 

3. IlpOB6,l\6Hhl pacqeThl 60JII,WHHCTB8 a~llJ6KTOB HH3K03HepreTHqecKoit ipH-
3HKH nerKHX M830HOB. Oco6oe BHHMaHHB y,l\eneHO ponu KB8PKODOtt CTpyKTypu 

M830HOB B pacCMOTpeHHb!X npoueccax. BflqHCJieHH WRpHHfl OCHOBHflX pacna,l{OB 
nceB,l{OCK8JiffPHHX, BeKTOPHhlX, 8KCll8JII,HHX M630HOB. IlonyqeHo nOB6,l\8HHe 
nHOHHOrO q!OpMilJ8KTOp8 R ql83H s; 7['7[ -paCCBffHHH. BflqncneHH aneKTpO-
M8rHHTHH8 P8.l\HYChl KaOHOB H napaM6Tphl /{"3 -pacna,l{a. Hccne,noB8Hhl paa
nnqHue B03MOJKHOCTH onHC8HHff cna6ux HenenTOHHhlX B38ffi&O,l\6llCTBHit H o6~HC
HeHHff npaBana t:..l=I/2 B HenenTOHHHX pacna,nax K80HOB. IlOK838HO, qTQ 
H30TOnHqecK8ff HHB8pHaHTHOCTI, HapywaeTCH, B OCHOBHOM, 38 cqeT paanHqHff 
napaMeTpOB, xapaKT8pH3YIOUlHX u- l'I cl-KB8pKH. IlonyqeHHhl8 peaynI,T8TH 
HBXO,l\ffTCH B cornaCHH C aKcnepHM6HT8JII,Hb!MH ,l\8HHhlMH. 

4. B paMK8X npe,l\HOJKBHHOrO nO,l\XO,l\8 BhllJHCneHhl xap8K'l'6pl!CTHKH HH3KO
l3HepreTHqeCKHX npoueccoB C YIJ8CTH6M nerKHX M630HOB; KOTOpue HBHfflOTCH 
npe,nMeTOM COBP6M6HHb!X 3KCnepHM6HT8HI,HHX HCCH6,l\OBaHHtt. BHIJHCneHH napa
M6Tphl H8KHOH8 B ,l\8HHTU6BCKHX pacn8,l\8X nceB,l\OCK8HHpHb!X M630HOB H WHpH
Hhl pe,l\KHX nenTOHHHX pacna.non nei1Tpan1,ttuxnceB,l{OCKaID1pHhlX MeaoHoB. On
pe,l\eneHo OTHOW6HH6 8KCH8JILHOro H B8KTOpHoro q,opMllJ8KTOpOB B aneKTpocna-
6oM pacna,l\e nHOHa. C llOMOU(I,JO 8H8JIH3a MHOrOIJ8CTHIJHHX npoueccoB H pacna

,1\0B CKBJiffpHhlX M630HOB HCCJl8,l\OB8Hhl CBOitCTB8 CK8HHpHb!X M630HOB. IlOK838- \ 

Ha pon1, nerKoro 6 {600)-ueaoHa n· HH3KOsHepreTaqecKoll ipHaHKe. CAenaH 
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BhlBO,l\ 06 orpaHUIJ6HHOCTl1 Tp8KTOBKl1 CKaJiff PHLIX M630HOB J(BK npoc Tetlwux 

ABYXKB8pKOBLJX COCTOffHllH. 

BhlqucneHb! aHaqeHHH nOJiffPll3Y6MOCTell Ill10HOB H ceqeHRff QOTOPO~,l\6Hllfl 

Ill10H8 B KYJIOHOBCKOM none ff,l\pa. Onpe,neneHLJ OCHOBHLl6 xapaKTepHCTHKH pe
JIHTllBllCTCKHX ('Jr 1'l) H ( 1T: I{) ,l\RM6308TOMOB. .llCCJl6,i!OB8H8 B03MOJKHOCTL 

rn1060JII,HOii HHTepnpeT8Ulll1 CK8JlffPHOro G- (!590)-MeaoHa. 
5. Hccne.l\OB8Hhl cBottcTBa HyKnotta u a-aao6apLJ K8K TpexKBapKOBhlX 

CHCT6M. BhfqucneHb! M8rHllTHb!6 MOM6HThl, OTHOW6HR6 G-A/Gv, 3JIBKTpOM8r
Hl1THhl6 paAHYChl H Wl1PHH8 pacna,l{a A .... p'l(, . IlonyqeHO none,l\eHll6 aneK

TPOMarHRTHhlX H CRJII,Hb!X HYKHOHHhlX ipopMilJaKTOPOB npll mI3KRX 3H6prHHX. 
Ilpe,nno~eHa KBapK-,l{llKB8pKOBaH annpoKCUMaURff Tp6XKB8pKOBOH CTPYKTYPb! 

HYKHOHa H Bee p8MKaX nonyqeHO noBe,lleHue waa //"If -pacceffHllfl. 

Anpo6ag11H .ljHCcepTaguH. 0CHOBHhl6 peayJII,TaTfl ,nnccepTaURR ,l\OKna,nuB8-

llRCI, H8 C6MHH8pax na6opaTopnu·TeopeTR~eCKOll ~H3llKH 06~e,l\l1H6HHOrO HH

CTl1TyTa ff,l\6pHL!X 11CCJl6,llOB8HRJ.t {,lly6Ha), .llHCTllTYT8 ff,llepHb!X llCCJl6,l\OB8Hllit 
AH CCCP {MocKBa), .llHCTHTyTa TeopeTnqecKoll u aKcnep11MeHTaJ10Hol.t llJH3llKl1 

{MOCKBa), flHCTl1TYT8 Wll3HKH BLJCOKRX atteprull {IlpOTBllHO), ~RauqecKoro 

HHCTHTyTa AH CCCP HM. rr.H.ne6e,l\eBa (MOCKBa), ~3HqecKoro HHCTHTyTa 
1!CAH {Ilpara), ~11auqecKoro nHCTHTyTa CAH {BpaTHCJiaBa), ua cecc11Hx OTAe
neHHff ffA6pttoll llJH3HKH AH CCCP !978-1988 rr, Ha WKOne netturpa,l\CKoro HH

cTHTyTa ff,l\epHb!X uccne,l\OBaHHn {I'aTIJHHa, 1979), H8 BceCOI03HOM C8MllHape 

no nporpaMM6 accne,llOBaHHit Ha Meaontton 11Ja6pHKe !Aflfl AH CCCP {3nenuro

poA, 1987), H8 COBe~aHHH no HeHyKJIOHHb!M CT6Il6HffM CB060,l{b! B H,npax 

{ I'aTIJHH8' 1987)' Ha COB8~8HHH 11 .llHilJpaKpacttoe noBe,l\eHue B KX,ll" (T6HnH
CH, 1988), H8 BceCOD3Hb!X KOHilJepeHUHHX no TeopHH aneMeHTapHb!X IJ8CTHU 

{TawK8HT, !985, !987), Ha M6JKAY.Hap0,l\Hb!X KOHilJepeHUllffX:: "ITpo6neMU 
KBaHTOBOll TeOpHR noJIH11 {AnymTa, !979, 198!, 1984, 1987), "KnapKH~O" 
(Cyxy1m, !980), "Ilpo6neMll waaHKH BllCOKHX attepratt H TeopHH noJIH" {Ilpo
TBHHO, 1980, !988), aa MeJKAYHBPOAHb!X ceMHHapax no TeopHH ManoqaCTHtJ

HHX H KB8pK-8,llpOHHHX CHCTeM {,lly6Ha, !987), no npo6neMaM WH3llKH Bb!CO
KHX 3HeprHl.t {,lly6Ha, 1986, 1988), Ha MeiK.JlynapO,l\Hb!X KOHilJepeHUHffX no ~H-
3HK6 Bb!COKHX anepr11ll {KopAo6anr, I',llP, l 986), 11 A,npoHLJ-87" {CMonenuue, 

1ICCP, 1987), no TeopHH aneM6HT8~HhlX IJ8CTHU {ApeHCXOOn, I',llP, 1988). 
Ily6nHK8UHR. no peayn1,TaTaM ,l\HCCepT8UHll ony6JIRKOBaHO 42 pa60TH. 

06~eM pa60Tb!. ,llHccepTaUHff COCTOHT H3 BB6,l\6HHH, IlffTH rnaB OCHOBHO
ro T6KCT8, aaKJIJOqeHHff H Tpex·npuno~eHHll. Otta CO,l\6p~HT 216 cTpaHHU Ma
mHHOilHCHOro T8KCTa, BKJIDIJ810U(8rO 30 Ta6JIHU, 45 pHCYHKOB H 6H6JIHOrpallJH

qecKHit CllHCOK JIHTepaTypu H8 266 H83B8HHtt • 

• 
5 



conEPIAHME,PAEOT~ 

Bo BBe,iemrn ,l(8H KP8TKl'ltl o6aop pa3Bl'ITl!fl npei'{CT8Bn6Hl'ltl O KB8pKOBOit 

CTpy:KType 8i'l;pOHOB, o60CHOB8H8 8KTyanoHOCTo npOB6i'l;6HHOro B i'{l'ICCepT8Ul'IH 

HCCH6,l(OB8Hl'lfl l'I ,l(8HO Kp8TKOe 1'13llOJKeHl'le COi'{6plK8Hl'lfl paOOTbl. 
B nepBoit rnaBe uanaraeTCH cxeMa nepexoi'l;a K 6ecuBeTHhlM KonneKTl'IB

HhlM nepeMeHHhlM B npOl'l3BOi'l;flll!6M KXJI-~yHKUl'IOHane. 
B § l CT8Hi'l;8pTHhlM o6p830M npOl'l3BO,l(l'ITCH p8361'16Hl'l6 rnIDOHHOro nonH B 

npOl'l3BO,l(fllll6M KXJI-(liyHKUl'IOHBne H8 B8KYYMHhl6 rnIDOHHhl6 KOHWl'lrypauHl'I H 
KB8HTOBhl6 qinyKTyau1rn. C noMOlllolO TOJK,l(6CTB6HHNX npeo6pa30B8Hl'ln KXJI
qiyHKUHOHan npe,l(CT8Bllfl6TCH B qiopMe, Oill'ICblB8IOlll6H B381'1MO,l(eitcTBl'le UBeTHhlX 

KB8pKOBhlX TOKOB nocpe,l(CTBOM nonHoit rnJOOHHOit WYHKUl'll'I I'pl'IH8 BO BHefilH6M 

BBKYYMHOM none. 
B § 2 uanaraeTCH nepeXO,I( K 6ecuBeTHhlM M630HHhlM nepeMeHHhlM B nony

qeHHOM KXn-qiyHKUl'IOHane B COOTB6TCTBl'IH C nO,l(XO,l(OM HaM6y-llOH8-R831'1HHO. 
06cyJK.l(86TCfl B03MOlltHOCTo l'ICil0llo30B8Hl'IH 6onee peanuCTl'lqec1rntl ipyHKUHH 

I'pllHB rJIIOOH8. 

B § 3 nOK83blB86TCH, qTQ Bhlfil60nl'IC8HH8H CX6M8 nepeXOi'l;8 K 6eCUB6THhlM 

M630HHhlM nepeMeHHhlM B cnyqae i'lBYXKBBPKOBhlX COCTOHHl'ltl nonHOCTolO 3KBl'I

B8ll6HTH8 cxeMe 8APOHl'l38Ulll'I, OCHOB8HHOll H8 p8B6HCTB6 HYHIO nepeHOpMHPOB

KM BOHHOBOit ipyHKUl!H M630H8, B38HMO,l(encTBYIOll!ero C COOTB6TCTBYIOlllllM KBap

KOBhlM TOKOM. naHH8H CX6M8 8i'l;pOHH38Ul'll'I nerKO o6o6maeTCH H8 cnyqait MHO
rOKB8pKOBhlX COCTOHHHtl. 

Bo BTOpon rnaBe qiopMynupyIOTCH OCHOBHhl8 nonoJKeHl'IH penHTl'IBHCTCKOit 

KBBPKOBOit MO,l(emt C KOHqianHM6HTOM, H83B8HHOH MO,l(enoIO KOHqianHMl'lpOB8HHhlX 

KBBPKOB (MKK). A;11pOHhl p8CCM8Tpl!B8lOTCH K8K KOnneKTl!BHhle 6ecuBeTHble ne

peMeHHhle B KB8pK-rnlOOHHhlX B381'1MO,l(eitcTBHHX. Ilpe.l(nonaraeTOH, qTo KOH-
W8HHM6HT o6ecneqHB86TCH ycpe,l(HeHlleM no BBKYYMHhlM rnJOOHHhlM KOHq>HrypaunHM. 

B § I CWOPMYHllpOB8Hhl OCHOBHhle IlOCTynBThl MKK. Mo.l(eno l'ICXO;lll'IT 113 
cneKTp8 M8CC 8,l(pOHOB C 38,l(BHHhlMH M8CCBMH rnH ll KB8HTOBhllU1 q11cnBMH 

JPC. Iloc_TynnpyeTC.il KB8pKOBblit COCT8B 8,l(pOHOB ll CTpOl!TCH narpa!IJKl'IBH 

B381'1MO,l(etlcTBl'lfl Bi'l;POHOB C KBBPKBMH. KOHCTBHTB CBH3H onpe,l(enHeTCH H3 
ycnOBl'IH CBH3HOCTl'I, 

B § 2 npe,l(CTBBneHa rl'IIlOTeaa O KOHq>8tlHM6HTe KBBpKOB, OCHOB8HH8H 

aa onpe.l(eneHHOM npe;11cTaBneHHH 06 ycpe.l(HeHHl'I qiuauqecKHX 11aTpn1mux ane
M8HTOB no BBKYYMHhlM rnIDOHHhlM KOHq>Hrypaul'IHM. ~1'13l!qecKl'l8 BenuqHHhl onpe

,l(6HHIOTCH YHl'IBepcanoHOit WYHKU1'18it KOHW8nHM6HT8 1 KOTOp8H HBHH6TCH uenon 
8HanHTHqecKOH·q>YHKUll8tl, y6hlB810lll8it ,l(OCTBTQqHo 6blCTpO B 8BKllll,l(OBOlt 06-
n~CTl'I. llOK838HO, qTQ BHPTOH-KB8PKOB8H MO,l(8llo (BKM) MOJKeT 6b1To nonyqe

HB aa MKK c noMOllloIO cneuuanoHoro Bhl6opa KBK npoue;11yphl ycpe.l(H8HHH no 
B8KYYMY, T8K H ~OpMhl ~YHKUIW KOHip8llHM8HT8, 
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B § 3 cqiop1.1yirnpoBaHhl npamma BbJqucneHutl (lll131'1qecKl'IX MaTpnqHbJX ana

MeHTOB B MKK. OHl'I OCHOB8Hbl H8 J/14 -p83HOiK6Hlrn, KOT0Phl8 B cnyqae 
M830HOB 8KBllB8JI8HTHli pa3n0~8Hl'IIO no KB8pKOBblM neTnflM. IlepB08 npu6nu~e-

HHe no 1/11;, , l'llll'I o,n;HoneTneB08, COOTBeTCTByeT .l(peBeCHblM ,l(H8rp8MM8!.I 

Kl'lpanoHOil Teopl'IH. OTm1qne COCTOl'IT B TOM, qTQ 8.l(pOH-8.l(pOHHble BepUil'IHbl 

Oill'ICblB8IOTCfl KB8pKOBhIWI neTnHMl'I, onpe,n;enHIOllll'IMl'I CTPYKTYPY a,n;pOHOB. Bo 
BTOpOM npn6nH~6Hl'll'I no 1/11t B M8Tpl'lqHblX aneMeHT8X noHB11HIOTCfi noporo

Bble oco6eHHOCTl'I, COOTBeTCTDY!OlllH6 npOM8:iYTO'IJ:HblM ,l(ByxqaCTl1qHhlM 8.l(pOHHhlM 

COCTOflHl'IHM, 
B rnaBe ill q>HKCupyroTCH CBo6o,n;Hhle napa1.1eTphl Mo.n;enn c noMOllloIO Wl'ITl'l

poBaHl'IH no OCHOBHblM pacna,l(aM M630HOB l'I npoBepmoTCH 1'13BeCTHhl8 Hl'l3KO
aHepreTH'IJ:8CKl'l8 COOTHOUl6HHH, nonyqeHHhl6 B p8MK8X Kl'lpanoHhIX Teopnn. 

Bo BBO;IIHOM § l ,n;aH o6aop YCT8HOBH6HHNX 38KOHOMepHOCTeli Cl'llloHblX 

B38llMO,n;eliCTBl'lli nerKllX 8.l\P~HOB B p8MK8X Kl'lpanoHb!X Teopuli l'I M8TO,l(OB an

re6phl TOKOB. 
B § 2 Ha OCHOBe npoCT8Hfill'IX narp8H~l18HOB B381'1MO,l(encTBHH nernHX M8-

30HOB C KB8pK8Ml'I B paMK8X MKK Bhlql'IC116Hhl, oeHOBHbl8 p8Cil8,l(hl STHX M630HOB 

l'I onpei'l;eneHhl OCHOBHbl8 napaMeTphl MO)l6111'1, IlOK838HO, qTo B upe,l(ene Hyne

BNX M8CC M830HOB BOCnpOif3BO,l(HTCH OCHOBHhl8 Hl'l3KOSHepreTl'lqeCKl'le COOTHO

fil6Hl'IH Kl!panoHhlX T80pHn (COOTHOfil8HHe rono,l(6eprepa-TpenMaHa, 8HOM8lloHhl8 

TOJK,l(8CTB8 Yop.1(8, runoTeaa 06 YHHBepcanoHOCTll B6KTOPHhlX MB30HOB l'I T,,l\.) 
B § 3 nccne,n;OB8H Bonpoc O HapymeHl'll'I Kl'lpanoHOli Cl'IMM8TPl'll'I B MKK Ha 

npHMepe nepeX0,1(8 OT 4-qiepMHOHHOro narp8HJKl'l8H8 HaM6y-VloHa-Jia31'1HllJO K 

COOTB6TCTBYIO~l'IM M6SOHHblM narpaHJKl'l8H8M. IlOK838HO, qTo B pe3ynoT8T8 Ta

KOro nepexo.n;a B03HHK86T CT8H,l(8pTHhln narp8HJKl'l8H G-' -M0,1(6111'1, B KOTOPOM 
Kl!p81loH8H Cl'IMM8Tpl'IH H8pymeHa K8K 38 cqeT lll'IH8liHoro a"' -qneHa, T8K l'I 38 

cqeT pa3nl'lql'lfl M8CC n- ll a-' -M830HOB, 

rnaBa IY nocBn~eHa onncaHHID Hl'l3KOaHepreTnqecKotl Wll3HKH Me30HOB B 

paMK8X npeAno~eHHOro no.n;xo,n;a. PacqeTbl npOBO,l(HTCH B paMK8X K8K BHpTOH~ 

KBBPKOBOii MO.l(emi (BKlii), TBK n MOAe nu KoHwaliHMl'IPOB8HHhlX KBBPK OB (MKK). 

IlOK838HO, qTo peaynoT8Tbl STHX .l\BYX MO.l(eneii npaKTHqecKH He OT1ll'lq8IOTCH 

B 0611aCTH M8nhlX aaepruil. Cne.n;yeT no,n;qepKHYTo, qTo MKK .ilBnHeTC.il cne,l(y

lO~HM 3T8DOM B p83Bl4Tllll li,1(8¾ BKM l'I noaTOMY npHM6HllM8 ,l(HH 6onollillX aHep

rnn. MKK Il03BQnHeT OilHC8To 6onee ilHpOKHii Kpyr HB116Hl'lli HH3K03HepreTH
qeCKOli qJH3llKH H nonyqllTo 6onee TOHKHe xapaKTepl'ICTl'IKl'I a,n;pOHOB, qeM BKM. 

Bo BBO,l(HOM §I o6cyJK~8IOTCH COBpeM8HHbl8 aKcnepl'IMBHT81loHhl8 uccne,l(OB8-
Hl'IH, HanpaBneHHhl8 HB nayqeHHe TOHKl'IX xapaKTepHCTl'IK a;11poHOB, OTpaxaD~l'IX 

l'IX BHYTP6HHDIO CTPYKTYPY• -. 
B §2 BblqucneHhl napaMeTphl H8KHOH8 nepeXO,l(HhIX qiopMqJ8KTOpOB ,n;aJU!TU6B

C!(l'IX pacna.l(OB f'-Jf+f- l'I v➔ pf'f- ll mzpl'IHhl pe,l(Kl'IX pacna,l(OB nceB.l(O

CK811HpHblX M630HOB P- f+P- • 
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§ 3 IlOCBlil!leH om1camuo aneKT20L1arm1THOrO qiopMqJBKT~pa IlHOH8 B lilKK 
B o6nacTl4 -IO raB2 :!6.? 2 E: I raB , {JJ.e 'I - nepeABHHli.11 HMny111,c. Il_ony
tJeHHoe noneJJ.6Hl4e dlopMibBKTopa H Sl __. dlaa1i1 rr TC- -pacceHHHH xopowo corira

cyeTcH C aKcnepHLleHT8Jil:,HWJli JJ.BHHblMli. 

B § 4 B pauKax MKK Bbl'lliCJI6HO OTHOWeHl46 8KCli8JIE,HOro li B6KTOpHoro 

q>Opll(l/8KTOp8 B aneKTpOCJI8ClOM pacnaJJ,e ,r-ellJ" • IlOK838HO, IJTO Cyil(eCT

BeHH.blii BKJI8JJ. j'.\80T npoMelltyTOIJHhlll 8KCli8JIE,Hhlli ai -MeaoH. Bhl'lliCJieHhl Wlipli

Hbl CliJll:,HhlX li p8,llli8l\140HHliX pacna,110:a a, -Me80H8. 
B § 5 B p8MK8X MKK Bbl'lliCJieHhl 8Jl6KTpOM8rHl4THble pa,11Hycu K80HOB 14 

napaMeTpbl Jfp~ -pacna,11a. IIonytJeHHb16 8H81J6Hl4li H8XO,llliTCH B cornaCHl4 C 

14MeDUU4M.IICli 8KcnepHM6HT8JIE,Hl,IMl4 JJ,8HHl,IMli. 
B § 6 B Bl.W BbllJJ4CJieHo ceqenHe dloTOp0lltJJ,6Hl4li IDIOHOB B KY~OHOBCKOM 

nMe H,lijla. 
B § 7 B PBMKBX MKK liCCJI0,llOB8H8 npo6neK8 OilHCBHlili CK8JlliPHhlX K680-

HOB B Hl48K08HepreTHIJ8CKOii W148liKe. IlOK888H8 orp8HlilJ6HHOCTl:, TpaKTOBKli 

CK8JIHPHl:lX M680HOB KBK npocTeiiumx JJ.BYXKB8pKOBblX COCTOHHUH • BBeJJ,eHO ,110-
IlOJIHHTen1,Hoe JJ.BYXKBBPKOBoe B88liLIOJJ,eiiCTBHe C npOH8BO,llHOH. IlOK888H8 cy

U(6CTB6HH8li pon1, npowelltyTOIJHOro E (600)-M630H8 B MHOrOIJBCTHIJHliX IlPOL\0C

cax { 111T - 7T 1r., 'ITJ .. Hf _11 T .,11.). Onpe,11eneH1a1 napaueTpu, xapaKTepHayIO-

ll!He CK8JilipHble Me30Hhl, H BbllJHCJI6Hl,I WliPHHhl CHnl>HhlX .II 3Jl6KTPOMarHHTHhlX 
pacna,110:a CK8JIHpHhlX M630HOB. 

,B § 8 onpe,11eneHh1 OCHOBHhl6 xapaKT6pHCTHKH nerKIIX ( 1[11) H ( 1rl{) 
JJ,lll46308TOMOB (BpeMH lltH3HII, 3H81J6HIIli BOJIHOBOfi WYHKL\BH B Hyne li CJJ.BHI' 

~S-2P ypo:aHeil) B CBH3H c nnaHHpyeMl:lMII aKcnepHMeHTBMH no HX naMepe
Hmo. 

B § 9 BbllJIICileHU 8H81J6HHli IlOJilip1IayeMOCTeli IlHOHOB H nponeJJ,eHO cpa:a-

H6HH8 C 8KCnepID1eHTOM H peay~TaTm.ra .IqlyrHX llOJJ.XOJJ,QB. • 
§ IO nocBHU(eH onncaHHD HenenTOHHux pacnaJJ,oB IC-MeaoHoB H o6~Hc

HeHHD npa:aHna AI=I/2. HccneJJ,OBBHU p83JIHIJHbl6 B03MOEHOCTH OilHC8HHli ne
peXOJJ.OB CA S =I. PaCCMOTpeHU W6HOM8HOJIOrli'l8CKli8 4-KB8pKOBil8 narp8HlKH-
8HU, KOTopue •CTporo aanpelllBDT nepexoJJ,u c AI=3/2 (narpaH:itliaH, npeo6-
paayDII!HilcH K8K W6CT8li KOMilOH8HT8 OKT8T8 H narp8.HlltH8H, .11cnon1,ayD1llHff 
l\B8THil8 CTeneHH CBOClOJJ,li KBBPKOB). Buq11cneau WHPliHU pacnaJJ,OB K- 21/J 

31l', tr> 1'(,r er • HCDOilb30B8H H3BeCTHUff 8~6KTHBHlill narp8HlB:H8H C 
A~ =I, nonyqeaHuil :a MOJJ.enH BailH6epra-Canawa npH yqeTe rnDOHHux K.I,ll
nonpa:aoK. COOTB6TCTBYllllllf6 K08qJqJHl\H8HTU 88WHKCHPOB8Hli C llOMOIJlbll qJHTH
POB8H.IIH no pacna,llaM K .. 1. 'It, 2J" • IloKaaaHo, tJTO ocHOBHYD poni :a 0611-

HcHeH.llli np8BH118 A I=I/2 HrpaeT npOM8lltYTOIJHilil /j (600)-MeaoH. C llOMOllll>ll 
8~8KTHBHOro narp8Hl!tHBH8, OllHCUB8DU(ero nepeXOJJ,Il cAS'=2,BlllJHC118H8 paa
HOCTb 1.1sec HL - Ks -1,1es0Ho:a. 

B §II .11ccne,l!OB8H BOnpoc O HBpyweHHli H30TOilHIJ8CKOff .IIHBBIJIDHTHOCTH. 
PaCCMOTpeHU JJ,B8 B03MOlltHOCTH ee HBpyweHHH: 38 CIJ6T sneKTpOMBrHHTHOro 
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B88IUIOJJ,eilcTBHli KB8pKOB H aa C'leT Cliill>HOro B88HMOJJ,eHCTBHfl, npHBOJJ.Hlllero 

K paanli'l.lllO napaMeTpOB u.- H cl -KBBPKOB. Ha OCHOBe pactJeTOB paaHOCTli 
Mace 7(+ .11 1( 0 MeaoHoB, w.11pHHu .11 napaMeTpa RBKJIOHa B pacnaJJ,e 

2 _. 3 :,z: ' WHIJHHU pacna,lla w ➔ 2 7t CJJ,e naH Bb!BOJJ, 0 TOM' IJTO HapyweHHe 

H30TOilH'l6CKOll .IIHB8p.118HTHOCTli HMeeT, B OCHOBHOM, H83Jl6KTPOMBrH.IITHYIO 
llPHPO.l!Y• 

B § 12 accne~OB8H8 BOSMO~HOCTI, rnI060nbHOil HHTepnpeT8l\BH CK8IlliPHO

ro 6 (I590)-M630H8 B p8MK8X BKJJ. Ha OCHOBe pacqeTOB WHIJIIH pacnaJJ,OB 

b' ..,. ? ~, '2 ~ I MOlltHO CK888Tb, IJTO HM61lllUl6Cli 8KCnep1rneHT8JII,Hb16 ,ll8HHU8. 
He KCKnJJqSDT KHTepnpeTBL\HH G {I590)-Keao~a KBK rn1J6ona. 

rna:aa '1 llUCBHlll6H8 OllHCBHBIO CBOiiCTB HYK110H8 .II A -H306apu K8K Tpex

KBBPKOBHX CliCT6M li MHKpOCKOllHIJ8CKOMY OllHC8H.IIIO HyKnoa-HyKnOHHOro 1338H
MOJJ,8llCTBHH, arparoll!ero WYH.lt8M6HT8JibHYll pon1, :a a~epHott qi.11a.111te. 

Bo BBOJJ.HOM § I o6cyllt~aroTCH oco6eHHOCTH OlllicaH.11H VV-Baa.111o1o~eilcT

BHH B p8MK8X MOJJ,enen, OCHOBBHHUX HB OJJ.HO- .II JJ,Byx6osoHHUX OClMeHax. 0T
M61J86TCH, tJTO can1>Hhle MeaoH-HYKJIOHHhle qiopMWBKTopu CTpoHTCH weHoueHo
noraqecKHM o6pasoM. 

B § 2 llOCTIJ08Hll SUc2)-TpexKB8pKo~ue TOKH C KBBHTOBblMH 'lliCil8MH 
HyKnoHa H A -.11ao6apu. 

B § 3 BUIJ.IIC118HU 3Il8KTpOM8rHHTHil8 .II cna6hle WOPMqJ8KTOphl HYK110HB. 
IlpOB6JJ,6HO cpaBH8HH6 C aKcnepHM8HTOM H peaynbT8T8MH JJ,pyrnx llO,l!XOJJ,OB. 

B § 4 BUIJHcneHbl C.11111>Hll8 M830H-HyKnOHHhle WOPMqJBKTOpu. IlpOB8JJ,8HO 
cpaBHeH.11e c weH0MeHonor.11qecKHM.11 wopuwaKTopaMH, ·ncnoniayeMuM.11 JJ.11fl ona
caHHH ~aa N'N"-pacceHHHH. 

. B § 5 npe,llno~eHa KB8pK-JJ,HKB8pKOB8li'8llllpOKCHM8l\Hfl TP6XKB8pKOBOil 

CTIJYKTypu HYK110H8. B paMK8X STOil K8pT.11Hli BhllJHCneHU CTBTHIJ8CKH8 xapaK
TepHCTHK.11 HYKJIOHa, ero aneKTPDMarHHTHue H cnn1,Hue WOPMWBKTopu. IIo
CTpoeH IlOT6HUH811 OJJ,H06080HHOro o6ueHa .II BUIJHC116Hll waau ~If -pacceH
HHH. 

B 38K11DIJ8HHH JJ.8H8 CBO,l!K8 OCHOBHUX pesynbTBTOB JJ,HCC6pT8l\.llH, YK838-
Hll npHnOllt8HHH ST.IIX peaynbT8TOB li H8M61J8HU 38JJ,81Jli ,l!Jlli ClYJJ.YlllHX .11ccneJJ,o
B8H.llff. 

B IlpHnoxeHHH I ltanollteHa T8XHHK8 BUIJHC116H.llll KB8PKOBUX JJ,.llarpBMM B 
MKK. 

B IlpH110llt8HH.II Il H8Il0l!t6H anropHTM BUIJliCneHHff WH8.IIIJ8CKHX MBTPHIJHl,IX 
aneM8HTOB B B.IIPTOH-KB8pKOBOii MOJJ,8Jl.ll, HBilHIOmeilCH IJBCTHUM cnyqaeK m. 

B IlpH110llt6H.IIH ill JJ,8H8 CBOJJ,KB OCHOBHUX KHH6M8THqeCKliX WOPMYB, rpyn
llOBilX cooTHoweHHll H npH:ae,lleH HBHull BH.lt rpo1o1oa,l!KHX :aupaxeH.11il. 
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