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AHHOTa.IUiff 

B CBff3H C ITyCKOM yCKOpHT8~ ]8il OTKPHBa8TCff B03MOXHOCTD 
rrpo~0~8HHff H3yq8HHH B HOBO~ o6~CTH aHepr~ ~aM8HT~Horo 
xpoMOJUma.MR't!9CKOro rrpo:o;ecca I e +e.-___... e t-e- + ec.J6o.H~~ 
rrpH 60JI.biiiHX sHa-qerumx nepe.u;$niOro RMIIyJI.bca tf2ll.. H 6onnm.x 
sHa'tieHWIX nonepe'llioro HMIIymJc3. ~r o6pasoBaBIIIKXCJI a.Iij)OHOB. 

• 

B HacToRmeM o6sope npHBo~TCff ~s~ecKHe apryMeHTH B noJI.bsy 
rrpoBe~eHRa BO BTOpOH ~38 aHa[H3a 3KCllepHM8HTaJI.bHHX ~aHHHX, 

no~eHHHX Ha ycTaHOBKe ~~M, Hsy-qeHZH nponeccoB c o6pasoBaHHe 
B ,nByXqx:>TOHHOM ef"e-_ B3a.HMO~t3HCTBRZ a.Iij)OHHliX CTpyH C 60JI.biiiHMll 

~r c :o;eJI.b:ro rrpoBeprur rrpe.n;GKasamlli KX,ll. 06cYJK,IJ;a.DTCff Tarorte 
OCHOBID18 xapa.KTepHCTHKR COOTBOTCTByJDIIU!X @r3H'18ClGIX C06biTHH 

ll BOITpOCbi H36aB~eHRH OT ®oHa, CBff3aHHH8 C Ha~HOH ~30H 
ITO.IJ;rOTOBKH K COOTB8TCTByJOm8My OT6opy H aH~3Y .n;aHHHX. 



§ I. 3Be1t~Hue 

rl3Y~8HH8 ROH8~HX aAPOHl~ COCTOHH~T B 
-1--e e - amm:r H.J1.fl-

I.J;llli llpH 8H8p:rH.HX JI3TI II03BOJI.n:'~ IIOJIY'IHT:O B8C:OMa BaJi\HIDl 8RCII8pii

M8HTaJI:oH:tra MaTepna.JJ. ,1T,.llli !IpOBt3pRH ITp8,11;CRa3a:rmH RaJIH6pOBO'lliHX 

Teopd CHJI:oH1IX II CJia61IX B3ruilii0,11;8HCTBIDI. 

Cpe,IUI aTHX npo:o;eccoB oco6oe MecTo srumr..mroT npo:o;eccH-

06pa30BaHRH a,II;pOHOB , 

BMpTyaJI:oHHX ~TOHOB, HCIIymemiHX CTaJJ.RHBaromHMHCH 8Jl8RTpOHOM. 

H II03HTpOHOM ( CM.[I]J a TB.IVKG[2- .9] ) . Ta.Roe IIOJ10iK8Hli8 .06YC

J7DBIJE HO T8M, ~TO H3M8p8HH8 8'rHX IIpOIJ;8CCOB II03BOM8T !IpOB8pHT:O 

p;r.n Bec:oMa O,II;H03Ha'IHHX rrpe.nc:ta.SaiD!H KBaHTOBOH xpoMo,rumawnm 

(-~a.r..18HTaJI:oHOH RaJI.n:6pOBO'lliOJr T80pM B3a.RM0,11;8HCTBIDI KBapROB 

H :rJliOOHO~, II0.!1~8HiillX Ha OCHOB8 8,7.UlliCTB8HHO IIOCJ18,1l;OBaT8JlbHO 

pa3BHTO:rO B HaCTO.r.rmee BpeMH anrrapaTa RBa.HTOBOH T80piDi IIO.JIH

- Teopu B03MymeH.Iri1 •. 

KaR H3B8CTHO 06JlaCT:O IIpJIM8HHMOCTH armapaTa T80piDi B03-

MymeHIDI KX.ll o:rpaimcreHa o6Jiac·::oro, r.ne RBa.n;paT1! nepe,II;aHHI:lX !L
l!M!IyJ!I,COB - j 2 = -;/> -;/) ,g t2 2.• a TaEite sHa"lelillff rrorrepe"!

Hh!X HMIIyJI:ocoB ~r a.n;poHoB. poJIOJ;aeMhiX B ROHe'IHHX cocTo.r.rHIDix, 

B8JI.HRZ. B pa.MRa.X nepTyp6aTHBHOi1: KX.1I. 6I::lJI c.n;eJiaH n;e.lill:i1: PJI,I( 

T80p8TH'!8CRHX IIp8.IJ;CRa3arurli O'mOCHT8Jl:OHO IIOB8.IJ;8IDlJI ce~mii.d 

pea.RI:Uitt pOJ10];8IDm CTpyH B qJQTOH-<J!OTOHHOM B3ruiMO,I(8RCTBim, RO-
.;.··. 

Topue rrpoBep.r.rJIHc:o B OII1IT?JC ~a ycRopnTeMX PETRA H PEP. ~y-

'!eHHe pea.KD;IDI THIIa e+e-:..;-e'e:j~HTepecHo no CJie.IJ:YIOIItiDJI rrpn-

'lirna.M: 

I. c pocToM 12.t M j>r 
pe3RO y6ImaeT. 

BRJl~ H9II9pTyp6aTHBHHX ~eHOB 
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2. 0CHOBH01t BE.Jia,n; B C8'!8I::..f:8 ITD.l! ClO .. TSilliX t2 H j;r BHoc.q 

,n:llarpa.M;·,ru, KOTOpLie ,n:a_ae B FJ13Ii.8M ITpllO .. illl.ir:eH~ co.n;ep.iKa.T KBapiW

B!:.ITI nponaraTOp, KOTOpEfJ Tei.! CEMHM rrp.m.10 OIIp8,JJ:8.i1fi8T ITOB8,JJ:8HZ8 

llO.]lHOro C8'!8F..IDI ( CM •.. HIDK8 pllC. I). 3TO IT03BOJL'I8T H8ITOCpe,n;CTB8H

HO H3Y'!a.Tb ~ru~eHTanDgyiD B8l~HY B KXn-KBapKOBliH rrponara.Top. 

C 8TOM TO'IKil 3peHIDI ,1U3yx~TOHE1lli rrpou;ecc e -~"e--r- ~ +B-t- ha.drP/Z,.:. 
HMeeT cymecTBeHHoe npemzymecTI o nepe,n; npoueJcoM aHH.Vli'H.71.fiiU!H 

e,+e-_,_,/:u:lr'?h,s"(cM. pHC. ~)! B ,Il;Ha.I'pa.MMY ~OTOporo KBa.pKOBJ:lli 

npona.raTOp B HII3ill8M ITOpsi,IJ;K8 HE BXO,Il;HT. B KaHane amm:riDI.FII.Um 

KBapKOBliH npona.ra.Top BHOCHT BB.]la,Il; B C8'!8HH8 .]lHillL B C.]l8,Il;yiDmHX 

ITOp.r.I,IJ;Y.a.x, Ha.rrpHMep, -qepe3 ,lUia.rpaMMY, OITHC1IBa.IOmyiO H~8HII8 rJllJOH< 

O,Il;HID.i H3 KBa.pKOB B KOH8'lliOM COCTOJIH.IDI (CM. pMC. -£), T.e. B 

,n;Harpa.MMY, OITp8,Il;8JL'IIOiey10 Tp8XCTpyiffioe C00!!TH8 B e+e- -a.HHBrH

JlffiJ;Im. 

3. B aMIT.]lRTY,IJ;y O,Il;HO~TOHHOH a.HHHr~ BXO,Il;HT nepBa.ff CT8-

ll8HL KBa.pKOBOrO 8.]18KTpOW~HRTEOrO TOKa., TOr,IJ;a KaK B a.Mn.]lHT~ 

,ItByxWOTOHHOro rrpou;ecca. ere-~ e t-e- -f ~/ro/Z,S 
BXO,lUIT rrp0H3B8,Il;8Im8 J-x 8JI8KTpOMa.I'HliTHHX KBa.pKOBHX TOKOB. 

3TO OOCTOJIT8.]1DCTBO IT03BOJL'I8T llpOHBHTbCJI nB8TOBOH OKT8THOH KOM

ITOH8HT8 8JI8KT:pOMa.rHHTHOrO KBa.pKOBO~TOKa., rrpOH3B8,Il;8HH8 KOTOpHX 

BHOCHT BI\Jla,I( B a.MII.JmTy;ny rrpon;ecca. dTO rrpHBO,IUiT K B03MOltHOC

TH CaMHM Ollp8,Il;8.]18HHHM o6pa.30M pa.3RH'IHTD M8~ HCITOJID3yeMHMH B 

Ka'l8CTB8 HH3mero rrpH6~8HHff KBapROBHMH MO,Il;8JIJIMH C pa3HHMH Bem 

Hatm 38.p5I)J;OB KBa.pKOB ( CM. § 2). 

4. I13Y'!8Hli8 pea.R.:IJ;HH Y r' ~ la.drtJh $' T8 CHO CBJI3a.HO 

u' r .2) 
c H3ytieHHeM CTPYKTypHOH ~~ @oToHa. F '(::rj t2 /-~aMeHTa.JID

xa/>tuc ~ uc;u ~ ./ 
HOM &ojfipmffii, BXO,IIIlli{8H B C8'!8H(Iff MHOr.RX I!pOIJ;8CCOB C yti8.CTH8M 

WOTOHOB H ~OHOB. 
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5. ?eaKJ.iWl ~ r ___. £a~CJ/l_s: . !.!OJA8T paCCMaTIJ.IillaT:OCII Klli\ 

c5.nY~..Jliiii aH8.110I' peaKLUDI rrp8BJ>Bm8H1J.q li:BYX I'JllOOHOB B a,IIJlOHt.I 

;;-.-f:u:ll/rPIZ,S , HBJLS:IOIIl8iiG.ff Bar.\.Hbii,I cyc5rrpOU8CCOM 1ffiK.iTI03.IffiH01: 

pea.KIJ;IIM ~~ ~ MCJII.PifJ; HHTeHCHBHoe II3y'IeEie KOTopoil: IIJiaiUipyeTc.s: 

Ha 6y.IJ:YIIU'IX I!pO TO HHIDC KOJI.Jiaii.n; epax. 

6. 11, Ha.ROH8U, cymeCTB8HlillM Oc5CTOHT8J1I:,CTBOM JIBJI5l8TC.ff 

HaJIR'IH8 T80p8TH'I8CKOI'O rrpe~CJ~aHHH 0 pOCT8 IIOJIHUX Ce~eHHH 

cf r -peaKU!lli TI'JJia ere--- {/ e-+ .#' 0' J"-1' 'l::, I" . ./ 
C pOCTOM 3Heprzn CTaJIRHBaiDmKCC.ff ~OB 3Jl8RTpOHOB 

o{Re~eeX)~ &rl._f%e), B TO Bperviri KaR ce~erum 
a.KIJ;ID1 ere-~§ (/:= r/~ ~I) rra,n;aroT c pocToM 

saKoey 6"' (ere-~_;r) -.. o/'E .2 • 

.Zr- pe 

E ITO 

.p~_a~C~ 
B HacTomneM oc5sope c5y~T OOm!lWHH ocHOBHHe q?Hs:a~ecKHe rrpo 

U8CC11, BHOCJIIJUI8 BKJ!a.U B C8'I8H.:I8 p8a.KI.Ulli e+e -~e.+e--1-

+ ,la/rt?/ZS C oc5pa30BaH.tr8M CTpyli C c50JII:,nmMI1 ~'? ( CM. 

§ 2), a Taror:e oc5cYJR,IJ;eH Borrpoc o Tpec5oBaHZ.ffX, Ha.JiaraeMHx rrp~ 

OT6ope COOTB8TCTByroiiWX COc5hiTHJ KaK ~ Oc58CII8'I8H.WI 11JK8CTKOI'O" 

p~~ ~a1i8HTaJIDHOI'O ~TOH-RBapKOBOI'O B3aHM0~8HCTBHJI, TaR 

H ~ H3c5aBJI8HHff OT ~Ha. ilpH 3TOM OCHOBH08 BEWlli1aHH8 c5y~eT 

y~eJI8HO TOJII:,KO T8M BOI!pOCa.M, KOTOphie CBJI3aH1I C Ha~a.JI..OHOH g_)a-

30H IIO.n;I'OTOBKH K COOTB8TCTBYIOITWM H3M9p9HIDIM R a.HaJm3y ~aHHHX. 

§ 2. llpencRaaaHR.F.r II9PTYP6aTHBHOH KXn OTHOCHT9JlbHO 

nBYX4PTOHHijX ITpOU9CCOB C c50JII:,illRMH 

I. HaHc5oJiee .r.rpRoe rrpe~cRasaHHe KXn KacaeTc.r.r acHMITTOTR~ec

Koro sHa~eHH.F.r OTHomeHR~ ce~eHRH oopasoBaHRff B JV~ -BsaRMo~ 
+ -

CTBHH ~OHOB K C8~8HHID 06pa30BaHH.F.r ~~ -napH (CM. pHC. 
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00YCJ10BJ18HHOI'O llpOU8CCOM O,IUIO(pcTOHHOll e e -aHIIHI'HJI.ffiUll:I, 

M300p8.iK8HHHM Ha pnc. 2. 
" .e .2 /J l. 

IIpn 6oJI.OJIDIX 3Hau.:eHIDix - fi = ~ , -,f.t = ~ .I , a Ta.ICK~ OOJIDIJID: 

3Ha'18HIDIX 3H8prrui ROH8'1HI:IX COC'l'OH:W v,, =~ Tl!.) ll 8H8p

I'll nyg:KoB E 1 3JI8KTpOHOB n II03llTpOHOB ( B Jia6. cncTer·.:e 

) ~~ £/' - ~p = ,..6.tP OTHOIII8HY~Y( 2) CTP8!.13lTCJI K CB08!1!y rrapTOH-

Hm.zy- rrp8.II;8JIY, KOTOpHJti orrpe;n;eJLqE~TCH TO.J1:0KO: 

I) B8JliPlliHa.Mki 3apH:.IJ;OB KBapKOB 7 , KOTOpbi8 pa3Iru:8 ,n;J1.li 

MO.IJ;8Jl8ll C U8JIO'il!CJI8HHI::IMli ll .IJ;OJIOHUMli 3ap.F.UJ;a.MII (U3 H JI3), 

2) 'IIICJIOM apOiii8.TOB / --' 

3) 'IIICJIOM IJ;B8TOB C }' ll- 1U'.18IDT CJI8.rzyiDJ:J:U!8 3Ha'18HIDI(rrpH yt!8T8 
_/ ~. 

Jimiii> u , « , ~ li _____ , c - KBapKoB) 

~ 9J3 
o21 (3) 

~3 
(4) 
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PasJI.H'ilie r.re;:;,ny -Rr0 ... Rt OCYC.7IOi3.1182:) T8:.~, '-:.~0, ?..E.K Bll,ILHO 

H3 pzc. I, B C.}Iy<-::ae .IU3Y:\:0o'!'OHEOI'O II:pOI.1;8CCa EBap?. ,nD~l:l :038.ll-

IJO.IJ;8:1CTBY8':.' C BIIpTya.i'GHl:II;I -toTOHOi.l, TaK -:r':' 0 B ar.m •. iDITY.IrJ B38..llL10-

,IJ;8:ilCTBMH BXO.IJ;ilT BTOpas: CT8II8H:O 3ap.li,Il;a KBa;ma (a B C8li8Illi8 -

'I8TB8pTas:), B TO Bp8Mff Ra.K B aYIITJlliTY.IJ;y O,JJ;HO~TOHHOH aHHill:'H.IDI

IJ;lli:I BXO.n;HT II8pBaff CT8II8H:O 3ap.q,ll;a RBapRa ( CM. pHC. I). ilp.II 

3TOM B )2{ BfO.n;HT TOJI:oRO CIDIPJI8TH2.ff (ITO IJ;B8TY) ROMIIOH8HTa 

KBapKOBOrO S~S~TPOMarHHTHOrO TJKa, KOTOpaq O~aKOBa B 060llX 

( ~ 3 .a ~ 3 ) MO,JJ;8JlffX. B CJIYCiae d ( -B3aJIMO,IJ;8HCTBIDi 

B aMIIJlliTY.IJ;y rrpouecca, H306paJK8:1HOI'O Ha pHC. I, BXO.n;HT rrpOH3B8-

,IJ;8Im8 JJJ3YX 3JI8RTpOMa.rHHTID:IX TO:WB( BR.JI.:-QliaiOin8e H CHHI'JI8THJlO 

'!aCT:O). 8TO ll o6yCJIOBJIImaeT pa:3JIH'!H8 MeJii,ICY ,Iij)06H0-3ap.ff.IJ;HOH 

(,U3) H U8JI0-3aPJI,14HO:tf (ij3) MO,IJ;8~UIMII. 

TaruiM oc5pasoM, B rrp.z:HIUIIIe, ll3HrepeHIIe acm.m'.i'OTIIcrecKoro 
( C'/1 Ne..tt'< Tb 

IIOB8,I1;8H.IDI B8Jill1lliE:H /(( ( II03BClJillT _ a3JIH1ll!'& M8JIUCY ,Iij)Oc5H0-

3ap.ri,JJ;HOZ H U8o~10-3a:pP'~HOil Bepcru::M.a RBapKOBOll T1m,I1;8Jlll, 'ITO, Ra.R 

CJI8.IJ;y8T li3 paH88 CKa3a.HHOI'O, HE~B03MOJKHO C~aT:O B RaHaJ18 

O,II;HOcPoTOHHOK e+ e- -aHHIIriDI.ffl;IIII. 0 COCTO.ffiDll:I Ta.KIIX II3M8D8IDili 
~ -

H 0 H806XO,IUIMHX ,II;Jlff ImX YCJIOBID3X 6y;n;eT paCCRa3aHO H J1 JK:e, 

CJie.nyeT OTM8THT:O, 'ITO B 6CJI88 CJIOEHOH RaJIH6pOBO'iHO-RHBa

pHaHTHOH RBapKOBOH MO,IJ;eJIH C U8J.03a~eHH~fir KBapKaMII, rrpe~o~eH

HO:ti IIaTH H CaJiaMoM[ II], ecT:o B03MO~HocT:o npH .n;orrymeH.wr HaJIHliiDI 

~~CCU y I'~Ha ITO,IJ;aBHT:O llpH 6on:omKX· &?J OKT8THHH BKn~, 
Ta.K, '1T06R IlpH J?2 )) JHj BOCIIpOH3BO,II;WIC.ff pesyJibTaT MO,IJ;eJm C 

.IJ;P06H03apmKeHH!lMR KBapKa.ME:. 0.IJ;Eia.KO, B CBeTe pesyJibTaTa, ITOJiy

'19HHOI'O .P L tl r {) [If}<") L 5 .MoB) 3Ta MO,neJib paCCMB.TpimaeTC.ff 

B HaCTORm89 Bp8MH CROpee KaK 3K30TH'19CKRM KOHKY.P9HT ,n;BYx OC

HOBHI:DC KBapKOBhiX MO,II;8JI9H, 06Cy:7l\a;a.:BIIIIDCC.ff BHIII9. 
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2. :I3B8CTHf) .T8.K7.:8, 'ITO }C{L - IIOJipaBKIT ?: acm.mTOT;~-qecKOI':'IY 3Ha'I8-
3 

HlllJ 12( - (4), paCCUJITai:HQ!.~T BIT.i10T~ ,ILO ~1J:8HOB ~ ( c2.2 
/13/ ( HS -cxeMa,f= s, 62.2= W 2

) 

12r (&4)-= ( s) 

= /2 1 + o<s{tJ'lJ +/.ilL [o<;-{~)J+t'i.<f3.~-/~lt;f_ rr:z rff L %_;- · i?;-J-~··· 

CJiyjKa'l' .O;D;HHM H3 Ha.H60JI88 IIp.iU.IUX M8Til,II;OB Oll:p8,1J;8JI8HIDI B8JllrtmHII 

CHJIDHOH ROHCTaHTH CBTI3H ~ ,( 12.2) II 3Ha'!eHIDI A. B 

Y..aHan.e e of~- - aHIDiriDlHil;Iill ( CM., Han:piDli.ep, [14}). I103TOM.Y 

cymecTByeT Ha.n;e£:,1l;a, 'ITO 6y.IJ:Y11tee H3Mepe:mre 3Ha'!eHIDI 

12{( (12.1.; ~ ~· v) , ,liJIH KOTOporo TaiOK8 ,!IOnyCTIIMO !Ip8,!1-

CTaBJI8HH8 B BH,IJ;e 1 a.HaJJ.OrH'IHQr.[ ( 5) , 6y,IJ;eT B8C:OMa ITOJI83HHM ,IJ;.,il!i 

HaxO.ili,IJ;8F..Z.S: 3Ha'I8llii8: ./L .IT II} OBepilli npe,IJ;Cm3a.IIHli IQUI. 

3. IIepefmeM Tenep:o K o6cyJK,ILeHmO noBe,IJ;eH.IDI caMoro ce-qerum peaK-

IUill rr -?a,Iij)OHil. 3a.M8TID:I, 'I'I'O ITOJIH08 C8'!8IDI8 3TOrO npo-

:o;ecca np.rr6JI.IDK8HHO 0Irn:C!:.!Ba8TC:I g)opMyJioli /I/ 

o!fr--la/ro/lj.)~ 6;, + ~ 
Wir 

r,IJ;e G; ~ 240 If J' , 6J.~ ==- 170 # Y. ;",r 
J/v(y = y ~~ t- fi):l.l 

- mrnapHa.HTHaJI Ma.CCa a.Iij)OHHOH Cl(CT8J.IJJH. 

) 

(6) 

, a 

,If)m IIpOBep:rm ll:p8,1J;CKa3aimH II8i)~'yp6aTHBHOii: KX,U HHTepecHa 06JiaCT:O 

6oJI:onmx 3Ha'Ie!IHH . Vrr tt.· 12L .t. ~ t2.z <- . 

B·3TOM o6J.IaCTH BRJia.IJ; pe30Ha.HCF.:hiX COCTO.ff~, 06:ortm:O yq:IiT:tmae

MIDC no MO.IJ;eJI.li BeKTOpHoii .ILOMRHc.HTHOCTH (V,() N) (eM. pHc. 3). 
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CTaHOBllTCH H860JI:Olli.ill;I ITO Cpa.Br:8ruDO C BI\.:18.Il;O?f. ,IU:Iarpa\1r;Jl, OII.ilCS

Ba.Iam8ll rrepexo,n rr~ 1'i (cl\1. pnc. 4), ocymeCTBJm8N'"'dE nyTe:.: 

TO'I8'IHOI'O B3a.IIM0,1J;8llCTB.IDI cJloTOHa C F'.BapKOM. .8&1a.n; Ta.KOI'O 

rrpouecca B noJIH08 C8'!8HH8 MOlt8T 6UT:O OU8H8H Ha OCHOB8 BU~CJie-
~aMMt. 

H.WI BKJia,IJ;a ,nHai'paMMbl "KBapKOBOI'O mrtHKa", ITO.JiytiaSMO:tii H~ 

JK8HHOH Ha pHC. 4} nyTeM ee KBcl,Iij)H:pOBaHI!fi. 8TOT BKJia.IJ; IDII88T 

BJli]J. [ I ] 

·fox 

6ft 
dliot.r I ')1 1 /1 /w;

2 

) , ~ e" . en (-, lY w/r h c f ~n,.2 (7) 

H BXO,nHT B ITOJIH08 C8'I8HH8 Ka:{ ,D;OIIOJIHHT8Jli>H08 CJiaraeM08 K ( 6). 

)lHarpaMMa, l:I306paJK8HHa.ff Ha pl:IC. 4 (Ta.IOK8 KaK H .n;HarpaMMU 

Ha pHC. I R 2) COOTB8TCTBY8T njJI8BOMY ( no o(S {&.2.)) napTOH-

HOMY rrpe,ne.Jiy KX,U. CorJiacHo L-I5] TO'Ie'!Hoe, "JKecTKoe" BsanMo-

,neitcTBRe rr ~ if r;.. o6yc.:ra.BJIID3a8T cneD;I!cpH'I8CK08 CT8II8H

H09- no ;67' ( -norrepe'llllifi RMliYJl:lC KBapKa llJlli pOJii,I1;8HHOll IDII CTpy-.ki 

rr -OCl~) {6UBaHR8 C8'I8HJIH TIDia ~a"/'~ OTHOCHTSJ!bHO 

-f 
~ h . 

Ta.Koe rroBe.n;erme cymecTBe mo OT.Jlli'IaeTc.a oT )'r - 3a.BHCH

MOCTH nepewepH'I8CKHX IIpOIJ;SCC JB B pea.ro::urn: rr~ _,fa drP/1~1 
o6yCJIOBJI8HimX H306paJK8HHJ:.lMH :ra pHC. 3. B3aHMO,TI;8HCTB:wThm r-KB 
TOB C a,Iij)OHa.MH ( M830Ha.Ml:I .ft.. . ) • 

3KCITOH8HUH~H08 y6UBaHH8 

i} 'Vtxf f-pj>r) u.w .-..e7ffpJ!1.:;-1J6f)s> 

Jil{:t ~ .. s-+6 
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r,n:e 06hl'<IHO IIO.TI; /nH II0~2.3Ji,:8B2.8TCH M2.CC2. f 
' 

-rtJ:e3oHa 

( /J7 M ~ /n.f). 0TCIO,Il;2. CJI8.IJY8T, 'ITO HaJI60.li88 B8pO.HTHbiM HBJI.H8T-

;6r (p7 L L /'.76), CJI pDE,I!; 8 !ill 8 a.IJ;P 0 H 0 B C M8JillMll 

TO'I91IH09 B3aHMO.TI;9HCTBH9 
-rr -.>-~1 , KOTOpoe ( 8C.Jm 

rrpe.n;rrOJIOUT:O, 'ITO IIpH 60JI:OIIIHlC RMiryJI:oCax r -KBaHTOB nporra-

raTOp RBapKa He OT.mi<raeTc.rr or rrporraraTopa ~ -MesoHa) 

.TI;O~HO 6HT:O aHaJIOrH'IHO TO'IHO paCC'IHTUB2.8MOMY B KoA B3aRMO-
+ -

.n;eHCTBRIO rr ~ r ;u . MI 3Jl8KTp0,1U!Ha.MH<I9CKOro rrpouecca 

rr~ ~ /- 3aBHCHMOCT:O )9'I8HIDI OT P'T' IIPOBepeHa Ha 
t{)rr~~.r -!i. .9z I?J~ r, , 7 

sKcrrepnMeHTe, KOTOpHil .naeT ;:,0~ ,....., j:;f? ;J L I6..J. 

06HapYJK9HR9 Ha 8KCII8pRMt~HT8 TO<I81IHOrO B3a.m.m.n;e:it1CTB.IDI 

cpoTOHa H RBapKa IIpOHBJlH8TCH :~K 06Hap~eHRe .n;ByxCTpyHHhiX C0-

6HTRE c 6o.1r:onmMrr }r , T.i;. peaR.I:Um e "~-e~ere--~o,!J;' 
EoJiee TO'IHM fPopMyJia .JJ:.;'L'I ce<rt:HK.9: TaKoro rrpon.ecca[ I5] RMeeT 

B4JJ,L-I7-2I] 

tlv t_ ~ /) ).2 !(! !7« .z F /- J 0/p; = { ;iJi t:n t , (t (;: i f;;;t"TI, (9) 

r.Ite Z'r = t2 )r/(s 
% llle.Z. 

B CJIY<rae '. 1~ $'th~& 
htJC/iJ t-totfl A:;U J 

a r (:xr) - 6HCTpoy61IBa.IOII{8.fi WYHR.I.:Um c pOCTOM :;r,r . 

ll3y'IeHHe IIpOIJ;9CCa TO'I9'IEOro B3aRMO.Jl9HCTBHR qJoTOHa C 

KBapKOM T9CHO CBR3aHO C R3MepeHReM TOR <raCTR CTpy-KTypHOH @.yHK-
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IJ;ll£ G<JT05a ;:;Ofx.J t2J EOTOp.~.,s: rrpe,n;eTa.B.i"LS:eT Ha.:i60JLS:IIY...t HE

Tepee e TO'OOI 3PeHID1 ~ !1 H )eHT ija3BaF...ze TO'ie~ott qae.T;: 
- 0 P". '/z.t -~ ~ 

eTpyKTypHO:i'l QJYHKIJ;RZ:: /; ( X.J rf(,~ • .i.i,eiieTBliT8.Jli>20, :a 

,,_st1f& ~ 11 
ITOCTaHOBK€ a:ct~nepJ!MBHTa ( T.e. KOr,I\a ,I\9T9KTJI

pyeTCff ~ 0~ paeceHHHHll .~8ITTOH, HarrpllMep, 3~8KTpOH, a 

OTHOellT8.7IbHO IT031:!Tp. OHa ll3Bee·rHO, 'ITO TOT~a eenaeTCff Ha 

CTOJTh Ma.Jllill yro~, 'ITO IIpaKTll.I8eKH OCTa8TCff ITy1{}!..8 (eM. ITO.IJ;-

po6ree § 3) » /ByxCTpyHHH8 COtjbiTIDI C 60JI.O fr OTHOCH

T8.7IbHO r r -OeH II03BO.IDI:OT Bhi,IL8.IDIT~ T8 C06:biTfLq, KOTOpll8 

OTHOCffTCH z Macey JKeCTilliX Wt)TOH-1JOTOHH1IX CTOJIKHOBerulli. 

Heo6XO,In.fMO OTivl8TllTb, 'ITt) B CJiyqae, KOr,n;a CllJlbHO. Bh'J)TY-

8JlbiillH ~OTOH B3aiiMO.IJ;8MCTBY8T e a,Iij)OHHOK KOMIIOH8HTOH IIO'ITH 

pea.n:oHOrO (go TOHa, T. e. C BBK'rOpHHM M930HOM _111. V == (f ~-) 
( CM. pne. 5) , TO C061ITII8 TO~D llM88T ,4ByxCTpyllHy:>O TOITOJIOriliO. 

0.IJ;Ha.RO, B CHJIY TOrO, 'iTO a.I!J)<)HH8..S: KOiviDOH8HTa ~~OTOHa IIp8.IJ;CT8.E

.IDI8T C060}~ CB.q3aHH08 COCTOHH.:l8 f ~ -CllCT8Mbi C orpaHll'18HUcl:.~ 

IIOIT8p8'ilillM m,myJibCOM ( ?r -;;~ 300 f1'J8B) rrpo:o;ecc rr- CTO.IIK 

HOB8H.IDI B r ~- C.IJ;.ll. BI:IT'JIH,Il;:IT CJI8.n;J.lOIIUTh1 o6pa30M: CMbHO 

BIIPTY~Iillli WOTOH c 6oJIDIII.ID\1 :u,myJIDcoM f.t Bbi6HBaeT H3 

B8KTOpHoro Me3oHa .11.. , rropo;K,Il;eHHoro cJia6oBnpTyaJThHliM { /j.tJ 
-KBRHTOM (fJ,2 ~ (l) , O.n;mi H:~ KllpKOB ( rryCT:O ~ ), KOTOpolli 

.n;aeT CTpYJO C 60JI:&IIWM Jr , B TO BpeMTI KaK H8B3a.BMO,ll;8HCT

BOBamHH Cll8KT)IaTop~ KBapK .n;aeT CTpyro ITO'ITH B HarrpaB-

Jl8HIDI d (f,t) IIy1ma ( 
1
b7 6 300 MaB) • ( 3Ta CTpyH B 

./ // 
Jia6opaTOpHO:t:i CRCT8M8 OTC1!8Ta BI:li'~T KaK JJ t?e?a P? -~pe 

cTpyH (eM. rro.rcpo6Hee § 3 ~· no saKoHy coxpa.HeHKFI 4-HM-
- d I /1 .L_ 1/ 

ny.Jibca CHCTeMI:l B paccMaTpnaHMOM 11~ 'tyliZ - LRf BapnaHTe 

RMliY.JibC Bll6llTOrO C 60JibiiDIM 
1

6,., KBapKa. ,ll;OJDK8H 6biT:O HaiTpaB"-7 

Jl8H B CTOpOHy, IIpOTHBOIIOJIO~TlO K HMIIYJI:&Cy paCCe.HHHOrO KBapKa 
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• 
( CM. p~W. 5). 

l3 CJiy-qae ;Ke paCC8.HHJ~ CU.GHO BM:pT:Ta.Jl.bHOrO r lft) IG8.ri

Ta Ha O,!l;HOL1 H3 Y..B!lROB B.lirpTyallbHOli f f napi:l YJ3.8 H8T xapaK

T8pHOrO ,Il;JL9: CB.H3aHHOi1: ( f j) - CHCT8Ivi!::l orpaHH'!8HIDI Ha ~p 
li p0JK,Il;8HH1I8 CTpyH MOryT ID.18To 60.llbilill:8 /77 OTHOCHT8Jl:bHO rr-

... ~ -OC.i!"h pOCTOM )'r .II 

HOM RrMIIOH8HTH rra,n;aeT, a BRJI3J]; T0'!8'!HO-IIm,D;06HOH KOMIIOH8HT1I 

t9 
,, 

BR.Jla,Il; H8II8:PTYP6aTHBHOH ~OH-

CTaHOBZTC.H ,!l;OMHHH:pYIOIIUIM. 8TO BII.n;HO 11:3 pzc. 6 H 7, Ha KOTOpHX 

rrpe.n;cTa.:BJI8Hhi .n;amrue ROJIJia6op 3Il;ID1 PL uro [II]. Ha pnc. 7 
~ 

llOKa3aHO IIOB8,Il;8Illi8 B8Jlli'IillB ,12 (( , ROTOpari Ollp8,Il;8Jlff8TC.H 

RaK '!HCJIO Ha6JIIO,Il;a8VlhiX C06biTirti, OTH8C8HH08 K 'illCJIY C06I:ITHiJ:, 

01KlUJ;aei·fibiX COI'JiaCHO KBapK-IIap rOEHOll MO,Il;8Jll!. 113 pHC. 7 MQjl\HO 

3a.RJIIO'IHT:S, 'ITO C pOCTOM j->7 ,!1;8llCTBHT8JlbHO TO'I8'!H08 B3aliMO

.n;eliCTBH8 r ~ , OI!p8,Il;8J1'II0m 38 rrapTOHHJTIO MO,!l;8JI:s, CTaHOBHTC.H 

.n;oMIIIDipJ"AliiUIM. Ta.Ka.H JKe TeH.n;e IIJ;IIH, RaK BH.D:HO H3 pnc. 7, HMee7 

M8CTO li c pOCTOM 12.2 .n;o IO raB2
npn 0,1UIOM H TOM JK8 g)RKCH-

pOBaHHOM />r , JI8.iKa.IT(8M B .iiHT8pBaJI8 .::f L. j:>r ~ 4 raB, 
~~rr n .:1 ~~ 

llOCKO.llbKy rrpH 60JI:siilliX ex n fr /'Cit """" ( {K > IO raB 

/>'? / 4 ThE) . 
0TCJO,IJ;a MOJKHO 3aKJIIO'I.IIT:b, 'ITO H3Meperure IIpOD;8CCa fJ -1-e ~ 

-7'- e+e-+ .#aclrt?l7tff B o6.rraCTR 60.JI:&IIIIIX /2.2. , CKait8M 

12.2 > IO raB2, npe,n;cTa.:BJl.ffiOJQefi 6ommoit HHTepec ;IJ;JL9: nsy-qerum: 

IIOBe,n;eH.WI CTpyKTypHOH ~! WOTOHa fi~'r:r..) a/, II03BOJlliT 

llpOB9pRT:b Ta.RJK8 H npe,n;CKa3aH:!Ie 1\X.U OTHOCRTeJibHO ,Il;OMIIImpy:IOIU8H 

pOJIH IIpH 60JI:biimX fr JK9C'l'IDIX IIpOD;8CCOB fl-.;--, f , IIpHBO· 

~IUIDC K 06pa30BaHmO B KOH8'!HOM COCTOHinm: ,n;Byx C~pytf. 



1·"1 

- J.~ -

• 
IB, IIOF.a3a.HHI::.I8 Ha prrc. 8, .S:B.'l.F.iJOTCJi "Ciacr:::s:J doJiee Od!HHi: 

;:urarpa.Ml\1, BL\JllJ"tia.KJIIUIX B ce6H 15JIOF..Z, CO,IL8pEaH(H8 CTpyKTy"})hJ!'J 

WfHKUID~ cpoToHa, ROTopa.H orr:rrc:ma.eT KBapiWBoe K rJIIOOndoe 

CO,ILep~Hlle 00TOHa. B COOTB8TCTBlill C 8THM Tp8XCTpyHH1I8 C06H-

Tllff B K 0 - coy,n;a.p8H.wiX MoryT 6uT:o np8.IJ;CTa.BJI8Hhi ,IUiarpaMM.a-

MR 6oJI88 o6m8ro BH.IJ:a (eM. pHc:. 9). Ha. ,IUia.rpaMMa.x a) H 6) 

OTKPHTHe KPYJK!ill rrpe,IJ;cT~JOT co6oil CTPYKTYPHyJD ~ iJ!o
TOHa FYx~ ~J, a B ~TM8cr8I::Hllli :rryHKTRpHOH Jimm8M rrp.,qMoy-

roJIDHllK 38..K.lll0'!8H1I ITO,IUUia.rpaMf\i1I 8Jl8M8HTa.pH1IX KXJl Cj'd-
II:pOD;8CCOB a) d ~ ~ ~ r 6) (~~~~ • B q(-C.D;.ll 

ROH8'IH08 ~OHH08 COCTO.ffHll8 !a.KITX IIpOD;8CCOB TOIIOJIOrH'!8CKll 

Bhii\Jlfi,IUIT Ka.K C06biTH8, B KOTOpOM HM88TCff .n;:B8 CTpyH C 60JIDIIIII-

Mll f'l' ( ITO OTHOIII8HIDO K 0 ::;.u ~ O- COy,D;apeHIDI} II O,IJ;Ha 

CTpyH, pacrr:pOCT:paF.JliOIIlaECS B H:i!Ipa.Bo~18lliili :o:yqRa 2: Be,eyma.,q 

oBoe rrpo.ucxo~8Hll8 OT Toro ocraTRa cocT~~m.ux ~TOHa., 

KOTOpli8 H8 rrpmmMaJUI. y't!a.CTM8 :3 8Jl8M8HTa.pHOM cy6rrpOD;8CC8. 

AHa.JIOrll'!HO B T8pMIDiax 6JII)ROBJ ll306pruKaromux CTpyKTypHYKJ 

QvHKIUIIO WOTOHa, rrpou;9ccu c o6J)a30Ba.HH8M 4-x cTpyii 6y;rs;yT BMecTo 

,IU1a.rpa.MM B) H r) Ha p.rrc. 

TonoJior.wr 8THX npou;8ccoB CJI8.IQ'IOII{aJI: - ,!038 CTpyz JI8T.ffT B .Han-

pa.BJI8Hm:I Ha'!a.JIDHHX nyq:KOB 0 , a ,!038 CTpyH C 60JIDIIWMH }r 
(OTHOCHT8JIDHO o(-OCH) Haiipc~8Hbi B llpOTHBOIIOJIOXHH8 CTOpOHH. 

C8'!8HIDI npou;8ccoB, noKa.sc:.HHmc Ha pHc. 9, 3a.IIHCHBa.IOTCff B 

Bnn;8{ 22] 
/f):!d , t 

E 4"'7P -j jtlxr tl7 
' t/f>U-1~ ,s'~ fp-'+ II.;. u ') 

Pit' 
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(106) 

r,11;e Wym\.U.IDI C Jle H3B8CTHa H3 K3.U, a QYHKI.Um pacnpe,JJ;eJieHIDI 

RBapKOB j H rTJlOOHOB ~ B 8Jl8KTpOH8 Ult'l)/e_ llOJ.ty-

qamTCff ns cue~ cBepTOK CTPYKTYPHOH ~ ~ToHa ~~) 
H Cr;e. 

L 

fJq~(xJp;)=J ¥· '~1/ft fi.xJ,P:)thf~cw 
;:)::! 

~ecTKaq" TO'Ie'!Haq -qacT:o cTpyKTypHoi1 g)y:-rKI.l;ID:I QPTOHa corJiac

HO ?~ rrporrOpUHOHaJI:oHa o6paTHOH CT8ll8Hll CRJI:oHOIT KOHCTaHTH 

CB!l:3l! c;!jfr (.z:_, av "" ~·'{a.tj [23 J. 3TO rrpl!BO,IU!T K 

B8Cb1a B~HOMY CBOHCTBY - COKpameHHID CT8ll8H8H ~ , BHOCll-
.. 

MHX 60JI88 Bl:ICOKilM rrapJI,lJ;KOM T9Jp.Im B03My:l9Hffif KX,U, H OTCYT-

CTBIDO ITO,Il;aBJ18HIDI BKJia,IJ;a ,11;Harp9.MM Tp8XCTJ)yihmx rrpOD;8CCOB _; 
.. ·- .. .. 

THna H306paJR8HHIIX Ha pnc. 8 H 9 ITO Cpa.BH8HIDO C BKJ1a,II;01! ,Il;HarpaT, 
) / 

Mil 2-X CTpyHHOrO npouecca, H3 )6paJK8HHHOrO H¢>Hc. I [ 18]. 

AHaJIOrkftmoe coKpa.meime rrpo.acx ),Il;HT .a ;rr;m ~arp-, on.acHBa-
,.. 

IOIIUIX 4-x CTpJHHhi8 npoueccu. B pe3y.7IbTaTe ce-qeH.IDJ: poJime-

rum 3-x, 4-x .a IY- cTp;rli He 3.3.BHCB:T B paccMa.TpHBaeMoM np:a6JIH

.xtemm: oT o<.,s .a ormmma.IOTCB: 1popMyJIOH [IS, IO] 
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-j 
co.n;epiKalUe~r o.nHY r: TY .a:e 32.Bl:8::MOCT:b orr /Jr :an.n;a ~'/7 , 

3.n;ec:o F(x 7') rre. Ee ca:,ra.s: jucTpoyo=ra.svmas Y:J}'1iKIUm orr ..:X:r 

'ITO n B ( 9) ( HO rroJia.raeTC.li, 'ITO F/.:x,.) -F4J IloBe,n;eHUe ce

-qemrti pa3flH'llillX MHorocrrpy}riD.Ix rrpoueccoB_. Ka.K g)yHKI.U:lli oT 

X7' = flJ>r /~ , IIOKa3aHO Ha piic. II, B3.HTm~: H3 [ 24} Ha 

KO Top oM np e,l( c TaBJI eHo 11 OB e,l( eH 11e o TH 'le H.l'l::ll a) 3-J e.f / .t -J "e:t, 
6) i-jetf.t-jd c) (~+Jr!L)-,/-(' 1,£-Jd . 
M3 STOrO pHCYHRa B~HO, 'ITO 2-X CTpJIAHH8 COOHTHH ,IJ;OMHHHpT~T 

B o6JiaCTH x?7 > 0,2, a rrpu x, L. 0,2 3-x I1: 4-x 

BR.Jia.IJ;. 

CJie.nyeT OTMeTIIT:b, 'iTO, KaR OHJio rroRasaHo B [ 25,26 J 
HM88T M8CTO OTHOIII8llii8 

c/O (e +e.---- e+e- .f j.,&M fek) 
--~----------------~---------~-- ~ tl,~~ 
tiO (e +e ---e "e-,rJl fez'$) ( I3) 

ROTOpoe H8 3aBI1:CliT OT X 77 II yrJIOB. IlOSTOMy pa3,IJ;8.JlliTb 

Kirn8Ma.Tll'I8ClWM 00pa30M BMa)l; rJllJOHHHX li RBapROBHX CTpyH 

cpe,IJ;H .nBYXCTpyHHHX !IpOI.l;8CCOB !IpaRTIIU.8CRll H8B03MO~O. En11:HCT

B8HH08 @ll3H~8CK08 pas~e M3~ HllMR MOE8T COCTO.HTb B OOJib

meii cpe,n;Heii MHOEeCTBeHHocTn .a B oommeii pasH.a3Ke no norrepe-cmo 

My mvmymcy l3 rJIIOOHH~ CTpY.HX, a TaK.iK.8 B IIO.IDlpH3a.I.UIOHHJlX Xa

paRTepHCTHKa.X. 

TeopeT~ecKHe npe,n;cRasa:I.WI ,nJI.a 3a.BRC¥IMOCTH ce~emlli 2-x, 

3-x n 4-x cTpymnnc npoueccoB oT Pr npe,n;cTaBJieHa Ha pnc. 

I2 (B3.HTOM H3 [ I7}), H3· KOTt)pOrO Ta.KiK8 CJie;rr:yeT, 't!TO CetieHM 

npoueccoB c 6oJiee, 't!eM 2-MFI ~~Tpym..m: ,n;oJIJKHH 6IIT:b MeHbme .D:BYX-
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CTpy-kiHHX d6fi-;~1t')<d¢(/~(s)~ do/2--;;CJX), 'ITO 06MCWI8TCS 

rrpncyTcTBHeM mTIIIHIIX cpa:rcTopoE Ffxr) . Ta.run.: o6pasoM, 

MH MOji\8M 3aKillO'liiT:b, 'ITO T!lla'I 8JILH08 li3Y'I8illi8 Ha yCTaHOBK8 

1JEA.IIN,-j>JI KOH8i:JRHX an;:pOHHbiX COCTO.Hmlli, o6pa30Ba.BllliiXCJi 

p83YJILTaTe ~yx@QTOHHOrO 8JI8KTpOH-IT03HTpOHHOrO B3aHM0~8HCTBHH 

IT03BOJ1R8T IIpOB8CTll ITpOB8PKY U8JIOrO p.H~a rrpe~CKa3aHHH KXn, 
OCHOBaHHhiX Ha ee g)ylmaM8HT8.11LHhiX rrpmrrumax. IlpH 8TOM rrpO~ll

JK8HlHr B 06JiaCT:b 8Heprmi ~'f. IT03BQJLqeT H~e.HT:bC.H Ha 

Ha6op 8KCIT8pHM8HTaJI:bHHX T0'18K HM8HHO B TO~ 06JiaCTH /J:t _JI 

A: , , r~e rrpm~eHm~ pac~eT~, BUITOJIH8HHH8 Ha OCHOB8 T80-

pHH BO 3My1Il erurn KX.J • 

§ 3. OrpaHH'-!eHIDI, HcrroJissyeMhie rm.z: oT6ope cTpyi!HbiX 

C06HTIDI C 60JILI.IliiM'f! p '? · 
I 

i\lH 6y~eM HCXO,IUIT:b .Z:3 yc.rro:all.S:, 'ITO 8KCIT8pHM8HT ITOCTaBJI82 

B J)~"'f te - ~tl~ f/ B 3.pMaHT8, T. 8. , KOr~a TO.JILKO O,IUffi 

li3 ITpOB3aHM0~8HCTBOBa.BillliX 8JI3KTpOHOB ( ~~ - 8JI8KTpOH) 

rrorra.n;aeT B ycTaHoBey rro~ yrJI )r,: f).i n per.z:cTpHpyeTC.H 

e:i1. .. ilpH.:3TO~T~H 8JI8KTpOH llCIIyCKa.8T (poTOH CO CTOJID Ma..Jlillv~ 

ITOITepe~~ ( ITO OTHOill8HHID K ny~ 8JI8KTpOHOB) HMITyJibCOM, 'ITO 

CaM rrpeTeprreBaeT OTKJIOH8HH8 OT ITy1{Ra JIHillb Ha B8C:bMa MaHHH 

yr'OJ! fll! , KOTOpiDI M8Hbill8 yr'JL§-1 IIO.IJ: KOTOp:biM BH,I(8H H3 
C" ,(,s/-l?a«-cu~ M££erJ/ 

T011KH Bsa.mvro~eilcTBIDI ,v/l 'Tv- Ta.KHM Oc)pasoM, ~ /?7' 
HCIIOJ!b3Y8TC.H ~ OT6opa T~C C06HTKH, KOr.n;a BTOpOR 8J!8KT,P~H 

ITpa.KTH"t18CKH He OTKJIOH1!8TCH 0~~ ny-qKa H He perHCTpiq>yeTCSI ycTa

HOBKO:II (n IUtl/- t"'l'iz.j n !! OOOTBBTCTBBHHO tlH'rH'l"tll'

-aJLeKTpOH) • 8THM o6ecnetnmae~~C.H MaJLOCT:b BeJm"tlRHEl f,e 2 ~ 0 , 

T, e. HCrryCKa.8MIDI a.HTRTarOM qx>TOH SIBJI.fi8TC.H IIO"t!TH peaJILiruM. 
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ITp:a aTOM WOTOH Jie T~T no.u MaJIHM yrJioM K FJ'i.KY 6J. ~ !nefE. 
HMIIy"JllJC II SHepr.IDI aHTIITara H8 perHCTp:apyiOTC.q. C.JI8,UOBa-

T8Jl1JHO t? H8H3B8CTHO II OITp8,U8JIIIT1J ll3 ru!H81Yla.TH.Illi B8JIII'li1-
f~ 2 

Hy IIHBapHaHTHOH 1'la.CCH o6pa3y-ICmeliCJI a,n;pOHHOH CIICT8MU Tfir =:: 

= (f:t -t- f:.) :2 HeB03MOlRHO. 8Ta BSJlli'll!Ha B ~_,,s/j&-
- fa~ I) IIOCTaHOBK8 :3KCII8pHM8HTa HaxO,UHTC.H IryT8M ee 

BOCCTaHOBJ18HM ITO H3M8p8H:rruM rrapa.M8Tpa.M (mvmyJl])C, JHeprM) 

a,n;pOHHliX Tp8KOB (CM. IIO,Up06HC8 06C~8HH8 B~I0_7 ), KOTOpU8 

T8M Ca.MllM ,UO.mKHhi 6UT:b OIIp8,U8JJ8Hbi C MaKC.illli8.JI:bHO B03MO.iKHOH IIOJI-
l!!o~ 

HOTOM. 0,UHaKO,Y1!aCT:b ImqJopJ.VIa.[Im rrpH 8TOM T8p.li8TC.H, TO .BOC-

CTaHOBJ18HH08 3Ha"t!eHHe ~~~· CIICT8MaTH1!8CRli M8H:bill8, 1!8M HC

THHH08 sHa"tieEme War . CymecTByeT paspac5oTaHHM rrpoue.n;ypc: 

BOCCTa.HOBJieHl!ii ( u It/" &f~; jJ) I!Cj~P aHa 'le~ <!JRaR'leCKI!X 

BeJlli'li!H ~ 4' u_ X = a . ( f/2' -~ }1P< 110 Xy~,S I! 'Wy,;s ) ' 
KOTOpaR IIO,Up06HO Oirn:CaHa B [1 J ,a Ta.IOK8 B [10 J . CBJI3:b BOC

CTa.HOBJ18HHOH QyHKIUlll, IrJCT:b ! (x) , C H3M8p8HHOM Ha 

aKcrrepi!MeHTe f (x r~;s:) mcTl!I'aeTCR c rroMOIIU>IO CJie.IzyiOII!ero 

llliT.erpM:bHOrO COOTHOIII8Illi.f! 

d 

I (.Xn;() =J7J(x j .r "";s- "' . .e)/ !X) if.x J < r4l 

r.ne - "qJyHKI.Uilff ,I1;8T8KTOpa". ,1I,JLq 

II.n;8aHDHOrO ,n;eTeKTOpa, IIOKpllBcOOmero B8C:b ~;.F TeJieCmtH 

yroJI, H perHCTpHpyromero BCe I~OB3aKMO,I1;8HCTBOBaBillH8 -qaCTHU# 

t/J(:r.Jxv;;s) = J"(x- ccX'vt:S~. 
Ha rrpaKTRBe xe 1J (X j :J::y,',1./ lcJ RBJJJieTCH ~KI.J;Rii n;eJioro 

Ha6opa napaMeTpOB K , tiaCT:b KOTOpiDC k..t.. II03BOJI.ff8T 

y-qeCT:b 3aBHCHMOCT:b OT xapaKTBpiiCTHK ,neTeKTOpa - paspemarome:ll 

CIIOC06HOCTH, Ha;WUUI .U!lP, CIIOC06HOCTII (pHKCHpOBaT:b H8RTpaJJ.D-
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!lli8 '!aCTIIL,TH ll T.)J;. ):.-~ * 

KpoMe Haoopa Ta.rurx rrapa.r IeTpo?orrpe,ne.IDiromnx 3a.B1W.IIMoc.T.:o 

'7$ (ErJ ..:x:'-y/_$' J k) OT KOHRpe~~Hl:.IX OTKJIOHeHJiii OT H,IJ;8a.JJ.]jHOJ:10 ,ne

T8KTOpa, B W.fHKUIDO ,neTeKTopa BXO.IJIIT H rrapa.MeTphi K ~ Mo.n;eJll:I 

(pparM8HTa.:o;I:m, OIIHCHBa.IOme:fi KOH8't!H08 a.Iij)OHH08 COCTORHH8 -RC.CJie-
1/tAt~o /' /. 

.IJ:~UHH~ lTpOIJ;8CCalMHOJK8CTB8HHOCT:b, yrJIOBOe pacrrpe,neJieHHe li 

T • )1.. ) \ 110 CKOJ!bKy l3JIRII!lli e )J.llp I! .n,pyr .IIX J![3l>ffHOB )1. e T9KTopa !i!Oltl!O 

ouem$-:b .JlHllib .3a.D:aBII.lliC:b H8KOTOpHM !Ip8,Il;CTa.B.718HH8M 06 yrJIOJ30M 

pacrrpe.n;eJieii.rur H MHO.IK8CTB8HHOCTH 'IaCTHIJ; B KOH8'IHOM COCTORHIDI 

(KOTOpaJI paCT8T no 3aKOHY (/.~ch)=lz.o T-t), «J,t5'ex)fi.J!j&z. &lj}P. 
, . 

r.n;e h.() = 3, 96 ± 0, 30). ITpoue.n;ypa OIITIDvTH3ar.um 3aBHCHMOC-

TH OT napa.M8TpOB MO.IL8JIH cpparH8HTa.IJ;Im k,e H OIITHMH3arum: 

KOppe~OHHOii 3aBIICIDviOCTH MElJK,Il;y rrapa.118Tpa.MH (tparM8HTa.I.Um 

H BoccTa.HoBJieHHID.m WYH:KIUL<niiH fr .x) H.JTII / ( W) pasfia6o

TaHa B CBR3H C H3M8p8H.IDIMH, npOBO,IUIBillillvlHCJI KOJLi'la60pC3.IUUU'viH 

'7'/lS$0 , .P~ti'T'O ;r !J/l?JE ( eM. no.npo6Het 

[I J H [ro] ). KoppeMrum rroJLJ-ieHHHX Ha. aKcrrep.:aMeHTe saBH-

cHMocTe:fi OT />r H (;,Z C rror,mm:E>Kl COOTHOill8HUff (14) rrpe.n;.-

CTaB.IDieT C060:fi Ba.r.t!illll 8Taii aHaJill3a 8KCII8piDvi8HTa.JI:bHWC ,Il;a.HHHX. 

IIocK4Jlbey usyqemre yrJIOllhiX pa.crrpe.n;eJieiDiit xrrpaeT BCUKHYID 

pO.Jlb IIpH H3y-!8HHH pe~ 0 C)O.JlbiiiiD.m />rr , TO H806XO,Il;HMO 

OTM8THT:b O.n;Hy CII8UHWH't!80KyiO CtC068HHOCT:b yrJIOBOrO pa.crrpe.n;eJieHm 

Tp8KOB, 06pa.30BaBIIIHXCJl OT OO - B3a.HMO,Il;8HCTBID1. 0 Harrpa.B-

JI8Hmi pa.3JI8Ta 06pa30Ba.BIIIHXCJ1 B QO- C.IJ;.H. CTpyH a,rij)OHOB MH 

YJKe roBoprum B § 2 • 

Ta.K Ka.K C.D;.H. ;rr;i3yx CTa.J:IGIBa.IOIIlRXCJl a,rcpOHOB He COBIIa.n;aeT 

C Jia.6opa.TOpHOH CHCT8MOH OTC't!E!Ta, TO B pesy.JlbTaTe JiopeHIJ;eBa. 
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JT O,IJ;HOH CllCT8I.lli OTC'I8Ta B .upyrytJ_ 

OCHOBH08 IIHT8p8CyiDE.(88 HaC 2-K CTpy-£H08 C062T.Z:8, l:IM8Blll88 B 

Q t- C.IJ;.H. TOIIOJIOrillO ~ ,IJ;Byr,m rrpOTliBOIIOJIOJZ.HO Haiipa.B.J18:1-

Hill.lli CTpymrn: a,Iij)OHOB, 6y,IJ;eT 1M8Tb Bll,IJ; C06HT.IDI C .1lBY11ff aj.Y.o.n.
JlliiDiapHIIMH CTpyHMH ( COC.ll-1TH8 JCROp8HO B HaiipaBJI8IDIH HMIIY.l.U>Ca 

.ueTeRT.upOBa.HHoro 8JI8RTpoHa). YroJI. Me.iiUJ:Y 8THMII .1lBY1·1ff aROJI.7lliHaa 

H1IMII CTpym,m H Ollp8,1J;8.IDI8TCJI :38Jlli'lliHOM JiopeHIJ;eBCROrO IIOBOpOTa 

(JiopeHIJ;eBcRoro 6ycTa). 

IIo8TOMY, ecJIIT co6HTHe HBJI.FieTCJI rroJIHocT:sro .n;eTeRTI:IpOBamrur.1 

TO ero UOJKHO II8p8C<rn:TaT:S (6yCT.llpOBaT:s) B CHCT8MY IJ;8HTpa 

IIH8pUIDI II TaM y7i..8 HCIIOJ!b30Ba':'b B8Cb apceHaJI aJirOpiiTMOB 

(cwepii'IHOCT:S, TpaCT, RJiaCT8plillll aJirOpHTM) rrpiD~8Hff8MHX ~ 

.H3y'!8HIDI CTpyii B llpOIJ;8CC8 O,lJ;HO~TOHHOll e.+e-- aHIDirWIHI.U:lli 

B C .IJ;.ll. CTaJLtarnaiOII"{rfXC.H 8Jl8R~~pOH-II03HTp0Hlli:TX ITij'L'\OB. i3 !IpOTlill 

HOM CJiyqae H806X0,1J;l:IMO B aJirQ}lliTM!l IIOIICRa CTpyM BRJIIO'lliT:S . 
K .'U<0, CJ.-/A.C' /e.~ 

8~~8RT::l aROJIJlllllliapHOCTH, BH3IIaHHHe 6yCTOM OT O (- C.IJ;.II. 

ilpll li3yti8IDIH C06HTilli Ha Ha.JllitJli8 B IDIX 6oJiee. 't18M 2-X CTpy-lf f 

60JI88 y:IJ;06IillM JIBJLqeTC.H RJiaCTE:pHill1 aJirOpliiTM ( C!.!. IIO.Iij)06Hee 

[ 10] ) ITOCRO.l.il>Ry 8Ta rrpo6J.:eMa. T8lOK8 CB.ff3aHa CO BTOpoli 

~30ll 8RCIIepm~eHTa - aHaJIH301l .n;aHHHX, TO M1I 3,1J;8Cb ~ 

llpHB8.D:8M H806XO,IU!Mii8 CCI-lJlRH E:a Tip8,IIl1,llyiilH8 8RCII8p.I:IM8HTI:l [ 27 

- 28, 12 J H nepeif,n;eM K OCHO:E HOMy BOrrpocy - Iq)HT9piDIM OT60pa 

C06l:lTIDr C 60Jllliiimvm fr . 

I) OrnaJI!!:qeim Ha m~-q;ecKI'!e l! MHOJKBCTBeH!lhle 

xapa.KTepHCTHRH 

BHa'IaJI& Mbi OCTaHOBHMCJI Ha T8X Orpa.mrtieHIDIX, ROTOpl:le 

HaJiaraiDTC.H Ha RHH8MaTH't18CKH8 H MH0~8CTB8HH1I8 xapaRTepHCTHRH. 

HsMepeHHe ~ecTRHX O (- nponeccoB c o6pasoBrurneM cTpyli c 
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6o.iiSIJHI.:rr Jr Tpe6yeT oT6opa ;o6!1TE c 60.JThlillr:.m 3Ha-qemrffi.m 

Q O- mmapliaHTHOit r.IaCCEI ~~ • C TO'li\.II 3p8HZ.H li3I:I8:;:J3-

/J•2 
F..IDI npouecci:J c 60JJ.biiii:IHH rx rrpe.n;cTa:sJLqiDTCH Ta.R.~e 6o.1ee 

6JiarOnp.IDITHhi1\TI:I, nOCROJJ.bKy pa1~C8JIHHllli Ha 60JJ.biiiOH yr'OJI 8Jl8RTpOH 

Bhi6.tma8T 'IaCT.IDJ;1I H3 ny'!Ra no;~ ,IJ;OCTaTO'IHO 60JII:,IIIllM yr'JlOM • 

.3 8KCII8piDv18HT8 ?~ /lf: s 0 [27 ]no ITOHCKy 2-X CTpyfumx 

co6HTHli f J,~1izj&. - {aj -Bapi:Ia.HTe ( cTpyH onpe.n;eJUI.llliCI>, 

HCnOJI03y.ff o6o6meHilllli \ 7' f t~ C 'T- a.JlilOpHTM) llpH OT6ope C06:!:l-

TIDi Ha.RJI.aJU:lBa.miC:b CJl8.1J:YIDIIU18 orpaHll'I8HI1H: 

I. Tpe60BaJIOC:b, 'IT06H B C06!1TM IIM8JlOC:b 4 II 60Jl88 sapn-

E.8HH1IX Tp8ROB, 

2. r3 /'~t ~ Vy,~ £ (l, .36"" v$_, 
3. ~ti-.X 'IaCTmJ; B CTpyE~, 

:J'e/ 
S:. 61!JI2. , no h'})rurne:i !.IE~pe, I cTpy .. s: c fo ~ J 17

;;-/". 

0CTa:Billli8CH nOCJl8 OQpesaHII.H r:o 8TIII.1 h"PllT8p.I1JIM C0611T:IDI liC

CJl8,IJ;OBa.JliiC:O --~eli I) pacnpe,n;eJieEHe no nonepe'IHOMY HMIIyJIOcy 

,C7" OTHOCIIT8JIOHO p8KOHC TpynpoBaHHOM OCII CTpyH, 

2) cgepH'IHOCT:b B 060llX CTpy.ffX OTHOCllT8Jl:bHO T8X ~8 ocet 

CTpy-il. 

CpaBH8HIDI llpOBO,IUIJillC:O C llp8,IJ;CRa.3aH.IDIMli ~.Jlt 11: nap

TOHHOM CTpyfiHOfi MO,IJ;8JIH. I13 pE C. I3 BH,IJ;HO, 'ITO TOJIORO llpH 
!Yet · // / .2 .2 ) pf' ~of.C ~:7e f/J?' ~ r/",~ / npouecc BHXO,IJ;HT Ha acm.m-

TOTHh7, llp8,IJ;CKa31IBa8MyiD napTOHHOM MO,IJ;8.7IbiD. 

B sKcnepRMeHTe ol' // 1J 1.:- £ 2s_h nocTa:sJieHHOM B 

JJ /11~ & - i ~ 11 BapHaHT~( CTPYH onpe.n;eJIJI.7IHC:b, HCIT0.7Ib3Y.ff 

RJiaCT8pHHH M8TO.IJ;) 

I) Tpe60BaJIOC:b , '!TOOI::I B COOHTHH HM8JlOC:b KaK MNIHI1MYM 4 
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Y:acT::IJ;2 ( 2:3 a.m: :r:2: :.::::l:::.:-y:.: 2 3a;ts:-::8?.2::8) , 

2) :3.£: Vv,~ ~ t10 f7~b/ 
3) 3H8priiH ,Il;8T8lCT:.""POBaH~OrO 8..:18KTpOHa ( B II8p8,Il;H8:.I 

.n;8Te:t-:Top8 34 6 &t ~ 75 MJipa.n;) .n;o.~1r.ma 6;;I':r:s 60 .. 188 

I~ r_'::l· / £ t'1,. 
'.:i. ., : e > 4 ThB • 

B 8KCII8plUII8HT8 p l /)'I 0 [ I2]' IIOCTaB .. 18HHOM B 

JJ Gillf ~ - tlij J) :aapHaHT8, ( CTpy.a Ollp8,1J;8JlH.JlliC:b C IIOMOl.$10 

Tpacro Co'l.O aHaJU.I3a) rrpki oT6ope co6HTID1 .acrro.J11>30Ba.Jllic:s 

c~e.n;yromue o6pe3aqaq: 

I) Tpe60BMOC:b, 'IT06H :a C06:!:1Tlli1 ill.18JIOC:b Ka.K Iv1llH.IDv1:y1.1 

creTHpe 3ap.lDAeHH!:Ie -qacTJIT~"J, 

2) 4 ~ Wy,~ £: :13 f7:-r~ 
3) 8H8prllH .IJ;8T8KTLj_)OBaHHOrO 8~8L-:TpOHa .IJ;OJD::Ha 6S:T:S 

6oJiee 8 T8B J 

4) / ~ j;,. / £ 3 /';./! , r.n;8 j;-;,. rrorrep8-cmilll 

(no OTHOw8HIDO K OCli e+,~- -rryg:KOB) .m,myJlbC KOH8'lliilX 

a CYVli·.mpoBaiDie OCymE CTBM8TC.q ITO BC8M 'tffi.CTm.J;a.M, 

7' a,f7- 3.-t..e K iioH. 
I 

IIocJie o6cYJ.QJ;elil1q 8TliX c 6pe3amlli no KHHeMaTII'tlecimM n8pe-

M8HHHM I:I MHO.iit8CTB8HHOCTII nere::mer.~ K orpaHM't!8HMM, HMaraer.:ar . 

.n;.JI.H yMeHI>IIIe:m:m BRJia.n;a q:oHo:a:cx npouecco:a. 

II) 0rpaHM'ti8Ill:IJI, BBO,IUIMI::e .n;.JlH H36a.BJI8HI1EI OT BRJia.n;a 

~HOBHX npoueccoB. 

0CHOBH1IM HCTO'tffillKOI11 cpOE:a. K pea.ro:,um e -f e- ~ .e_ + e-+ 

+ t a c/ I" D IL,S .HBJLH8TC.H npouecc aHIDiriDJJ:II.Um € -+ e -~ 
Jl +- * -~ /1(:u/rpn ,S , IIpOT8KaiOIIU::fi 1!8p83 IIO,IOlpOU8CC e e-?' ~~ ~ ~ 

llpH 60J1.I>IIIHX />T COOTHOill8HIW BRJICUJ;OB 9TI:IX ,n:Byx I!p0U8CCOB 6hiJI 
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o:o;eHeHo B [ 19, 20] , r.ne 6:biJIE. B:U'lliCJieHa .no6aBF.a Ll /d , o6ycJio:t 

JI8HHM BRJia,IJ;OM OT Bcex e -1-e.-__,_ e + e-+-lJW co6:uTirii, 
Yet nun 

xapa.KTepnsyeMcrx ~r ) f:>r/ K cTaH;LtapTHOMY -'{- sHa'ielliiiO 
n r -

/'<. ,IJ;JIR: e e - aHHHI'HJ1.8IUm, onpe,IteJieHHOMY qJopMy-JIOH ( 2). 

CorJiacHo[ I9,2o] rrp.K aHepr191X EGP-.PEr'/J./1- , T.e. 

ff = 30 ThB, aTa .JJ:06a.BKC. Be,IteT ce6.ff KaK 

nun 

(I5) 

ja.BncmvrocT:o Be.mrtm!:Ih! Ll R o'I 

B3HTOM .K3 [I9,20]. 

j:; r ll0Ka3aHa Ha pHC. .:i !f 1 

QymecTByeT ,ItBa MeTo,Ita ns6~eHEH oT aToro qJoHa. ITepBH! Me

TO,IJ; COCTOHT B B~CJieHHK HAr8H8PHPOBaHHHX M8TO,ItOM MOHTe-

KaPJIO O,ItHO~TOHHRX aHHEr~ROHHHX C06HTEH. 3TRM MeTO,II;OM 

noJI:osoBaJ.La.c:o paHee KOJlJla6opauwr i'/lSS 0 (eM. [r, 29..J 

BTopofi MeTO,It, KOTOpHH CT~ SaTeM 60Jiee pacrrpOCTpaHeHRID~, 

COCTOHT B HCllOJI&30Ba:a:HR u /ti':f fie - ~~ JJ M8TO,IJ;a, KOTOplidt 

nosBo~eT ycTpaHHT:& 6oJI:omym ~cT:o ~Ha, o6yCJIOBJieHHoro o,IJ;Ho

q,oToHHOi:t amm:rHJl.fi!lRei:t ( CM. 
1
(I ] H r2 j). 0,ItHaKO, ,ItaJKe rrpn 

L#'Z..ima ~Aa;/A e:u~~""~i(uPHue~l:-~ 
aToM ocTaeTCH npodJie~npouecca c ns~eHHeM ~TOHa B Ha~H 

COCTOH:a:HR ( CM. pRe. I5) t llOCKOJI:&Ky" "xecTrurlt" R3.n:ytl8H~ 

~TOH MOX8T B pesyJI:&TaTe KOBBepc.KH RJIH B3aHMO,It9i:tCTBEH C ~

KOM CTaT:O RCTO~OM HOBHX 8JI8KTpOHOB, KOTOpHe 3aCTaBffT cpa-

60TaT:O Tarrnpymmee YCTPOHCTBO (ecn.K OHO ,ItaKe pas~eT )/ 

H €) R TaK09 C06HT.K9 nonan;eT B 'lRCJIO R3y-Ia9MbiX ,n;syxqoTOH

HHX C06HTD [ 30 i ~ 
06H'1HHH CllOC06 RCKJIID-qeHZH Ta.KOrO ~Ha COCTORT B OT6ope 
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C06:UTIDI, B ROTOp!:IX Tarr.apyei.ruf~ 3JI8KTpOH ll f f KOH8'IH08 

COCTORHH8 paCIIOJIO~SHH ITO omry CTOpOHy OT nJIOCKOCTll, rrpOXO

,n;.qme.ti "ti8p83 TO"t!Ky B3aiDJ10,I(8.tiGTBRfi nepnemumy.ruiipHO R nyqKy 
-~7 ffl 

[ IO.J • KpoMe aToro RCIIOJI.:b3<>Brume o6peaamr..q no aHepru Tirrl!l 

irO 3Jl8KTpOHa ( 061rn!O ~'!f > (}, ft ~~ ) Ta.IOite II03BOJL<I8T 

HCKJ.UO"tiRT:O BKJiaJJ; OT KOHBepc.mr H3Jly-qB.8M!:lX ~TO HOB. 

B pa60T8 [ 29] HCIIOJI.:b3 OBaJICF.r .n:pyroit KpRTepd, KOTOp:uli, 

KaK YTB9PJK.lt8:8TCF.r, · · II03BOJL<I9T IIO,I(a.BRT:O ( ~ ell /a~) Ha 60% 
~HOBH8 COO:UTRJI, B8,I(yillH8 CB08 rrpOHCXOJR,I(8Em8 OT ~~- a.HHHrH

~.(ITpR 3TOM, KaK IIOKa3ruLO MOHT8 - KapJIO MO,I(8JIHPOBaHHe, 

TOJI:oRO 2 % OT aJij)OHimX .n;Byx~pTOHHHX COOHTD T9PJI8TCSI) • )J,Jm 

3TOro Ha Be~ HOpMHpOBru£HOrO O~ca npO,I(OJI:oHHX KMIIy~COI 

{#' ~ N 8) onpe,n;eJiemroro cooTHomeHHeM ( & - no.JL<lp-

H1lli yroJI TarrE:pym.mro aJISRTJ>OHa) 

(I6) 

r,n;e C~ H,I(ST IIO BCSM 3apm:eHHbiM Tp8KaM ( BRJIIO"t!M R 3Jl8KTpOE 

H ~TOHa.M, HaJiaraJIOC:O Tp800:Eiamr8 

CJie.nyiaitHM RCTO't!ImKOM cp:~aa JIB.7l.fil)TCJI npon;eccu, KOTop:ore 

HOCSIT H8.3Bami9 "Heyrrpyroro ~:OMIITOH-3qxpeRTa" R R300paJK9HH Ha 

pRe. j b. BKJiaJJ; Ta.KHX rrpon;eccoB R3~aJlCfl B [3I-33] • OH o6wm 

ycTpa!llleTca nyTeM Tpe6oBamtll ~~~ >t 1 f1p ( lllJII1I 4, > 
(/. (t t:~(Jhl . 

.. 
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8TO .iKe orpa:rm-qe:rme ~~~ ~ :://'})(IJ.03BOJlH.eT H36a.BHT:OCH 

H OT BKn~a rrpouecca r~6oRJHeyrrpyroro pacceHHHH Ha rase 

e./JI" ~ e I+ ./q/rPn~. 
BTOp1IM HaH60Jiee cymecT.BeHI:mM HCTO'Illl:IKOM qJQHa HBJlfflOTCH 

l!HCTO 8JieKTp0,1UIHa.MR't!eCIW:8 II)OUeCCht Tmia e-e-_._ e+e-+ ~t: 
r.n;e ~.:::: e .J r J Z. • 3TH ~lpOUeCCH paCCMa.TpHBaJIH]:O 'paHee B 

§ 2 KaK MO,I(8JI:DHHe_, IIOCKOJI:DKJ OHH RM8IOT TO'IHO TaKOe e ~?"' 

pacnpe.n;eJieime JieiiTOHOB C' npn 6oJI:oiiiRX ~,... , . R pac-

npe.n;eJieHHe CTpyH, B03HRKa.IOmliX H3 KBapKOB B npouecce, . € +e.- . 
~ ere - + ~ ~- . BRJia.;~ 8TRX rrpO:U8CCOB, BO-nepBWC, MOJKe .1. 

6HT:O JierKO y-qTeH, 8CJIR BOCIIOJI:o30BaT:OCH CTa.H,14apTHHW:! npor

pa.MMa.Wi }I.JJR MOHTe - KaPJIO remeparum C06HT.d [ 33] H 3aTeM 

npOH3B8CTH HX B:£:IqRTaHHe. KpoMe 8TOrO B pa60Te [ 29] HCIIOJI:o-

30BaJICH TaRO~ K_PHTepd, KaK OT60p C06HTD Jimii:o C TpeMa: .IJ;O

IIO.J.IImT8JI:o'EII:lMR (no OTHomeHHIO 1: TpeKy TarrR~:pyeMoro aJieKTpOHa) 

Tp8Ka.W:! 3apmiteHHHX 'IaCTHU, ~JJ;OBJ18TBOP,fUOO(liPC K TOMy JKe Tpe6o-

Ba.HIDIM fr >a L P;f; K c&14" ~' L. ~ g ;z • r.u;e &, . 

H ,P r - yroJI K nonepe'IH!iB: ;oiY"no ;THomemno K ocR ny-cma 

( B pa6oTe jr,I;/J£ sa OC:O DyqKa. BH6I!IpaJia.C:O OC:O 8Jl8KTpOHHI:lX 

ny'IKOB). AHaJIOrH-cmoe Tpe6oBaHRe RCIIOJI:o30BaJIOC:O R B pa60Te 

[ ... 30]. KaK 6W!O OTM8'I8HO B ~~29] T~860BaHHe ~~ > 3 /IJ 
CoBMeCTHO c T~e6oBaHHeM H3MepeHRff { B 6appane) 4-x R 6oJiee 

.ItOIIOJIHRT8JI:oHHX ( K 8Jl8KTpOHHOM:y) 3apsDKeHHHX TpeKOB II08BOJlffeT 

6 rr-f,..,.-K8 a.BKT:OCSI OT nporteCCOB, I!pKBO.Itffii1HX K pOJKJJ;8HmO c.. "L 

nap B .1.(- V ;if- B8a.RMO.rtei:~TBMX. KpoMe 8TOrO IIOCJie.z:tH.d 

KPHTep~ noaBOJlffST o6peaaT:o .~ WOH OT Heynpyroro KoMnTOH

a®>eKTa • 

.'J'a.KIDJI o6pa30M, IIO.n;BO,ltff ;!Tor, MOJKHO OTM8THT:O, 'ITO 06IIUmm 
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'!epTa.MII orpa.Hll'Iemrlt, .z:cnomHyeMOIX ,nJm OT6opa. co61ITID1 c 

60.JrbiiW:MH ~ T , HBJlfflOTCH CJ18)CY10IJUI8 o6pesa.HIDI: 

I) 3HeprHR ~eTeKTHpOBru:Horo (Ta.r)aJieKTpOHa. ~o~a. 6HTb 

6o.JJ:bme HeKoTopoli ~eJIH'OOlli t; ~ ) E ,'11'u)-z , KOToprur B1I6npa.eT 

nop.q;:uta. cJie,eyuneit BeJIH'tfmm E ~ J1 -:::::: 4. -;- 8 raB J 

2) Hf~;o, ~ ~~:;' ~ z;v:AX J 7~ 
~,;,. ~ '~ F,;o( J r..:"'-¥ "'~u · ;/j,_-e_+_e __ ...,. ~ 

Qrprum-qemre CBep:xy HCITO.JJ:b3Y6TCH ,nJm ITO,I4a.BJI6HRff qJQHa OT ..{ r ;, 
e -f e- -a.mnrrWI.fiUIDI, ITOCKOJlbKy MaC Ca. 8JWOHHOH CHCTeMH, 

e of -
pOJK.D;a.IOmeliCH B € - aHHHrWIJmm:I, HaMHoro 6o.JJ:bme MaCCI:I 

CHCT8M1I, o6pasymmefi~ B JJr - B3aHMO~e~CTBHH. Orpami'Ie-

HHe CHH3Y O~I:I'IHO BI:I6npaeTCI TaKHM 06pa30M, 'IT06I:I, Bo-nepBHX 

o6pasoBaBmaa:CJI f ~- napa K'vieJia. ~ocTaTO't!HyiO aHeprmo .lt7lff 

Tpa.HCqJoJ>M8W'flii Ka.K MmmMyM B .~e a,n;pomme CTpyH C ,D;OCTaTO'IHO 

BI:ICOKiiiMiii MHOX6CTB6HHOCTHM!ii H cpe.n;nHM!ii HMITy.JJ:bCaM!ii. Bo-BOTOpi:IX, 

'tfl06I:I H36aBHT:OCfi.~OT qJoHOBJ:DC npou;ecCOB Heyn:pyroro KOMIITOH

S~KTa H pacceHHHH Ha rase. 
u 

_ · • 3) 0THOCRT6.JJ:bHO "t!HCJia. 3a.pmKeHHHX lffi.CTHD; B C06I:ITRffX~CJia. 
'tfaCTm:( B CT:pye IIOJiaraeTCJI CJIH.ICVJOin66: 

h~ ~~ ..1 ~ief >/ ,t 
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Je.f. /TU;., r~ 
4) /Jr > ,Pr ~ £ Yc - Tpe6oBamre, 'IT062 

, no Kpa.fiHei1 Mepe, o,n;Ha cTp:yH HMeJia rronepe'IHJ:ill: HM:rrymc 

6oJiee 2 ThB/c. 

5) Tpe6oBrume 6a.Jia.Hca sap.q,na, -6aJia.Hca, ~H-

- 6aJiaHca. 3TH orpamrqeHI:iff lJ 03BOJL<IIOT Ta.IOKe yMeHDIIIHT:O cpoH OT 

.f { - a.HH.I:D:'~OHHI:DC llpCIJ;eCCOB, IIOCKOJ.U:,Ky !Ipli HenOJIHOM 

,n;eTeKTllpOBaHHR C06HTRa IIOCJie,n;HHe HM9IOT 6oJiee C~Hy.D TeH,n;eH

D;mO K Hapymemm 6aJiaHca. 

6) 3Hepr.IDI .IJ:9T9KTllp0Ba.EHOrO ( Tarrlq)OB~HOrO) 

,n;oJDKHa 6HT:o 6oJI:ome HeKoTopoi1 BeJllrtmHJ:l E e-:1 > 
KOTOpM BH6:a:paeTCH IIOpR..ltKa .!~71 :.-., ~ 4 -f 8 raB. 

' 

Bee STH KpHTepHH OT6opa He06XO.n;HMO yqeCT:O IIpH MO.IJ:9JllipO

BaHHR C06HTHH B YCTaHOBKe MeTO.IJ:OM MOHT9 - Kapno, HCIIOJI:o3YR 

CTaa.IJ:aPTHHe reHepaTOpH C06HTHH, paspa60TaHHHe ~ aTO~ IJ;9Jlll 

[ 33~] II HCIIOJlb30BaHHHe pff,ll;OM KOJJJia6opa.r:J.}611[ 12, 27-29_]. 
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l ''l Ji l\. .L:i~VJ.f".!.;.'"\..-u>'! 

Puc. I. ,IljrarparAMa .IJ;ByxgpTo H:Horo npo:o;ecca sJieKTpOH

nosrrTpOHHoro pacceHHHH c o6pasosaHHeM KBapK-aHTHKBapKoBoli 
~:..-.t,. 

rraphi. 

\ ?He. 2. )lHarpaMM:a O,II;HOWOTO =IHOM ammrRJl.ffiJ;IDI 8Jl8KTpOHa H 

II03~TpOHa B RBapK-aHTHRBapKOByiO napy. 

\ PHC. 3. ,I(HarpaMMH npouecca e.-+ e.-~ e+e-+ ~jx>H6t, 
OIIHCHBaiOIIUiX B p~ax MO,I1;8Jlli B8K'~OpHOM ,II;OMllHaHTHOCTH o6pa30Ba-

.--
HH8 KOH8~ ~OHHHX COCTOHHUli B ,IJ;ByX~TOHHOM B3aKMO,II;8HCTBHll. 

Pnc. 4. )lHarpaMMa npo:o;ecca nepexo.n;a ,IJ;Byx BHpTY~HI:lX 

qDTOHOB B KBapK- aHTHRBapKOByiO Hapy. 

Prr.c 5. ,Iljrarpa1u~ npo:o;ecca o6pasoBaHlle cTpyu Bo BSaim~o,n;eM

cTBHH CIDThHO BllpTYa..Jl])HOro gpTOHL C a.rq>OHHOH KOMITOH8HTOH <i>oTOHa 

- Millll8llii, IIp8,II;CTa.BJI8HHOH B8RTOpl:biM M830HOM .N_ • 

~co Fire. 6. MsMepeHH~ ROJIJI.a6oi~a.IU1:eli PltJ.7'1J [I2]npn 
pasHHX 3Ha'tleHHR.X ()Z 3a.BHC.IDAOC'I:b C8'tl8mti1 ,IJ;By:xCTpyfurnx C06H

TID1 oT norrepe't!Horo 111my~ca cTpyfi f1' , nsMepeHHoro B CHCTeMe 

IJ;8HTpa ~mCC Ha6~aeMOrO ~OHHCro KOH8'tiHOrO COCTOHHHff OT-

HOCHTen~HO K peKOHCTpyHpOBaHHOH K r -OCR. CnJIOIIIHa.ff .mnntff 

IIp8,II;CTa.B.Jlfi8T C060H llp8.D;CRa3aHHe KBapK-napTOHHOH MO,II;8Jm, a 

3aT8H8HHaff llOJIOCa - !Ip8,II;CKa3aHH8 MO,IJ;8JIH B8KTOpHOH ,II;OMHHaHTHOCTH. 

PHC. 7. llsMepeHHaJI KOJ1Jla6op9.Il;Heu P ~ U 7' 0 :.:_ [ !2] !!pH 

pa3JllrnnlX (},~ 3a.BHCHMOCT:O OT j:>T OTHOmemm flrr =. 

( 't{l!CJIO ,IJ;ByxcTpyihn:lx co6uT.d: c .n;a :mHM /'7' ) / ( lD!CJIO ]Il3yx-

cTpyihn:lx C06HTHH C TaM Jte f>r , npe,IJ;CKa.3aHH08 KBapK-napTOHHOH 

MO,II;8~IO ,II;JIR TO'tl8'tiHOrO ¥ r _.... 1 ~ nepexo.n;a) • 
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?H c • 8 • ,UllarpaMMbi pasmrn :u.x rrpou;e c c o::a , ::aH o cHIIUIX ( Hap.H,ny 

--rrpe,IJ;CTa.:BJI6HHOll Ha p.HC. I OCHOI>HOM ,IUiarpa.z,.!MOH) BRJia.IJ; B o6pa-

30BaiDie a) 2-X CTpy-.d OT .IJ:I>YX rJIIOOHOB, ~ 3-X CTpyii, 

6) H 'L ) 4-X CTpyH. 

PHc. 9. ,IJ;rarpa.MMEI rrpou;ecc:oB o6pasoBamm 3-x cTpyihmx 

C06HTHH, o6ycJIOBJ16HHHX CTpYKT.j~HOH ~eH ~TOHa (OTMe~eHa 

OTKpHTHM KpYJKK9M). B :JIYHK'l'HpHb:e pa.MKH B3HTH ,lU!arpaMMii IIO,IJ;

rrpp~eccOB a) ( t ~ 'f ff H cl'} ( 'f, ~1'f, o6yCJioBmmamro:: 

p~ . po.iK,IJ;ei:llie 2-x cTpyii c 6oJI:bm.mvm 
' 

Pxrc. IO. ,IJ;rarpa.MMEI, ormm:Ba.mure o6pa.soBarme 4-x cTpyHHI:lX 

co6!ITJ!H. 
ole- /.. + - ~ - · t +X' Pxrc. II. OTHocxrTeJI:bHIIi1: BI~ B d p;, 1 .e e ~e e + Je ) 

OT 3-X H 4-X CTpy-illnnc C06hiTHM: a) 3-Jet/fl-Je.,i .J 

b) ~-jd / ~-Jd , 8) (£-+ 3 +11.)-cJ·et / ll-cjd · 
':td7J/$) : 

PHc. I2. x,., ~ 3a.:BHCRMocT:r:, ( x, = Pr Y ~ J ce~e:fllfi:: 
2-X, 3-X , R 4-X CTpyHHHX rrpor;e6COB IIpR aHepriDDC JI3IT: 

( f.t. H ~ - 6HCTpOTH cTpyi1: c 6oJI:biiiHMH ,PP B .Jia6opaTop-

HOH CHCTeMe; f '1' -norrepe't!Hh:H HMIIyJI.DC CTpyxr) • 

PRC. I3. ilOBe,D;eHHe H3Mepe HHHX B OIIHTax KOJIJia6opa.IJ;KH ~ 

7' /ISS 0 [27]H . J'/11JE [28]ce-qerum cTpyiHwc 

C06HTHH B 3a.:BHCHMOCTH OT /> 7' : 

a) 7' fl ,$$0 pr pacnpe,neJ!eiDie crrpyit B 

:pea.mnm e. +e~ e+e-+ J'e/ t- ~:t' . To-qe-qaasr JIHHM - rrpe,ncKa-

3aHHe MO,D;eJIH BeKT~pHo~ .u;oMKHaETHOCTH VM . 3a.nrrpmcoBaHHBJI 

IIOJIOCa - rrpe.ncKa.saHHe rrapTOHHC H MO,IJ;eJIH ,ItJI.ff r r ~ If 
C RCIIOJI:b30BaimeM CTa.H.IJ;apTHOH D apa.M9TpH3a.rtH9it ~ @ar

M6HTa.rum IIO q'?HJI.I,,n;y - @eHHMaHY H IIO MO,IJ;eJIR C orpamrqeHHHM IIO 

;6r ~30BHM !IpOCTpaHCTBOM IIpH HCIIOJ!bSOBaHRH paSHHX Ha6o-

I 
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poB rrapar.mTpoB r.m.n;e.r.u:. 

~) :r IIJJE - /7' f-rr) 3aBZCI:I.10CTb C8'-I8HiiiT IT.J.)O-

uecca e+e.-~ e +e--t-c.f'et ~x , cpaBH8HH8.8: C rrpe.n;c:t-:a3a

IDI8M KBa:pK-rra:pTOHHOll MO.TI;8Jlli ( CIIJIOlliHaJI .7IIDIID1) C ,IIJ,)00H0-3ap.q:

.iK8HHHMII KBa:pKa.MH:. 

Pnc. 14. ofoiiieHHe A ,e =·6"(( (xr>x..,.) · o ;;jw 
C8'3:8Hllll o6pa30Ba. 2-x CTPYH B e+-e- .... e+e-rff(~+e-Cff. 
rrponecce K ~-qe rrpou;ecca et-e-_,.... ~~- ;n;Jlfi pa3HllX 

3Ha't1eHRli ~ • 

P.kic. 15. ,I.LHarparVIMa Cix>Ho soro amm:r.R.JJ.ffiU!OHHoro rrpou;ecca 

C H3~9Hll9M C1X>TOHa B Ha~gOM COCTOHHllll. 

PHc. 16. ,IU:rarpa.MMa Cix>Ho soro rrpou;ecca "Heyrrpyroro KOMII

TOH - 8qxpeETa. 

.· 

.· 
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