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AHHOTAUHR 

,UeTaJil>HO paccMO'r:pe!lll npo~ecca: n,,.Jlfee- ll li-teiFe~e-
C llOJil!pBSOBaHmiMH <iX>TOHSMR, KOTOPI:l:e MOryT li!CllOJI&SOBS.T:DCJI MJi 
Onp6.IteJieHW1 CBeTl'IMOCTll BCTpe"llll:l:X ¥{-nyq:KOB BI:l:COKO~ 3Heprma:. 
~'AeHI:l: nOJIHocT:&ID ~pemtHSJIDHHe ce11eHllli, aHepreTJINecltlle 
cneK'r:pa, mmmosHBHHe H nOJIHae ce11emm wm aTHX IIPo~eccoB. .IJJm 
pe~ u~)'/"-.e•e- B 0,ItHOmmJIR)SHBHOM Ce'lemnt ctOnffpH3SUHOH­

III:l:e a®eKTH 'AOCTHI'Sll'l' I 9% • 

YxasaHa HOBaSl'. KWieMaTH'lecitaJI o6JracT:&, .It~ CYll!eCTBeHHHit 
BKJm,tt B ce11eHJa:e o6paso:aamm 'leT1i1pex cTPY11 B K ( -coy~pemua. 

PaccMOTpeB Tax&e npo~ecc ~I-# x•Jr-e•e- B 6o.PHOBCKOM IIPH6-
JIBZeHHH • 
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l • BBE'JJEHID'] 

I. C03}J;amte BCTpe'lllblX e + e- n:y'lltO:S C :meprHei! ~ 100 raB, 
noBl'l.Itl'lMOMY,HaH60Jiee nepcnexTHBHo Ha JIHHelHHX ycxopHTeJil'DC [1] 
Ta.KHe llPmllU!T!RaJIDHO HOBHe YCTaHOBKR B HaCTomnee BpeMR: npoeKTH­
PYll'l'CH B HOBOC~6HpCKe (npoeKT BJIOIIll, aHeprWJ.2.E = 3CD+l000 raB, 
CB6Tl!MOCT:& L..ee = rn32 CM-2c-1 [2] ) H B CTaHqiop.n;e ( SL c ' 
2E = 100+140 raB, Lee = 6·I030 cM-2c-l [ 3] ). 

B pa6oTax [ 4. 5] ITOKa3aHO' qTo Ha 6ase 9THX ycxopHTeJieH 
MOJtHO IlOJIY'lllT:& BCTpe"!Hl:le ¥ K -JlY'IKl'l c npmepHo TeMH lite aHeprM­
MH H CB6TRMOCTHMH, qTo H ,JT.7I.ll HCXO,IJ;HUX e+e- coy.n;apem!M. Heo6xo,D;a­
MHe ,JT.7I.ll SToro HHT6HCHBHHe ( -ny'llGI npe,n;naraeTCH llOJIY'iaT:& npH 
pacceJllll!ll! cBeTa Jia3epa Ha a.nel!tTpomwx IIY1IKBX aTHX ycxopHTeJieii. 
Ilo3llte no.n;o6Hoe npe,lT,llOllteHHe 6wro Bll,103HHYTO Taia:e B pa6oTe [ 6] . 
B pa6oTe [ 7 J np0,If,1!0JlteHO llCllOJil>30BaT:& ~ep Ha CB06o,D;HHX MeK­
TpoHax aToro ze ny~a wm peammawm yKaarumoi\ B [ 4] cxeMl:l. 

2. 0,D;HH 113 rJiaBHHX napaMeTpOB ycKOpHTeJilt co BCTJl0inn.tMll nyq­
KaMB - cBeTmocT:& L onpe.n;e.JIHeTcn cooTHomemreM ii = /. a- , r.ne 
N - l!HCJio co61i1Tl!!i1 B e;rnnumy BpeMeHH ,JT.7I.ll npouecca c cettemteM 
CT • EcJnl ll3B6CT0ll ,D;OCTaTO'lHO TO'lHO :pacC'lHTHBaer.mli npouecc C 

He CJmlllKOM MaJWM ceti:eBHeM cr , xopomo oT.n;~ OT ,lijlyrmc npo­
ueccoB H y;no6Hlli! ,JT.7I.ll perncT~, TO ero HsMepeHl'!e nosBOJlllT He-
3aBllCBMHM 06pa30M onpe;ne.JIHT:& CB6THMOCT:& YCTBHOBIW l . Ilp:r.t STOM 
OTIIa,naeT Heo6XO,u;ml!OCT:& B ;neTaJ.ll>HHX CBe.n;eHlISIX 0 TPY,ltlIO H3Mepl!MOM 
pacnpe.n;eJieHIDl IIJIOTHOCTH nyti:KOB B o6JiaCTl! BCTpe'DI. lfaBeCTHO, qTo 
B e+e--coy.n;apeHiVIX ,I{Jlli onpe.n;eJieHBR: CBeTHMOCTH HCllOJI:&SyeTCH ne­
m ~ XOpOWO pacC'll'lTlmaeM!lX B paMKaX RBaHTOBOii aJl0KTpo;nmtaMH­
K0 npoueccoB : ynpyroe e+e--paccemme B o6JiacTH MaJmX yrJioB, o;n­
HoKpaTHoe HJilil .IJ;BOi\Hoe TOJlMOSHOe .1!3JIY'i6HHe (CM. , Hanpm.tep, [ 8 J ) . 

oHepreTlI'!ecKHii cneKTP cpoTOHOB, IlOJIY'i0lllWX npH KOMIITOHOBC­
KOM pacceJIHllDi!: Jiasepmnc 1}1oTOHOB, 6y.n;eT ,D;OBOJIDHO WHpoKEM. Iloa'l'OMY 
,JT.7I.ll np0,If,1!0Jlt0.HlWX B [ 4) X (-coy.n;apeHHii npo6JreMa Onpe,D;eJI0HHJI CBeTH­
MOCTH 3aM6THO CJIO.lKHee, llOCKOJI:&KY s;nec:. crpe6yeTcn KBJIH6pOBKa Kalt 

IlOJIHOA, TaR H Cll6KTPaJI:&HOi1 CB6THMOCTH. IlponeccH :imsmero llOpa;D;Ka 
no cJ. ( n .... r·J'- ' n ...., e• e- ) HMel>'l' MSJioe ,,.,eJ! Is cettemte B 
pacCMaTpn:BaeMol o6JiaCTH SHepr.iitli H IlO'l'OM;y Henpnro,JJ;Hll ,JT.7I.ll R8Jllt6-
poBKR. B pa60'l'e [ 5] npe,lT,llOllteHH .IJ;Ba OOHOBBHX xa.m6poBO'IHWC npo­
uecoa: 
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i k '"'* /'•/'- e• e- (I) 

u...., e • .e- e·~- (2) 

IIponecc (l) J1BJUieTCJ1, nOB'WN'>MY, 6onee Y.1to6mm Hs-sa oT­
HOCBTeJIDHoA npoc'l'OTH pel'JICTpanm! MllOHOB. Ilo.imoe ceqeJD!e 3Toro 
npo~cca WU! HenOJUJ.PBSo:sammx i!x>TOHOB BH'D!CJieHo B pa6oTax 
[ 9, IO] , OHO He 38.BHCHT OT auepl'JIH ( npll s )) "",: ) B paBBO ii) 

""fOf = i8d." [l 2+!.!!_l+ 'tBf]=5, 6~ · fD-!JcH~ (1a) 
~~~J<;..-~~e- fl.Hr ,,.a. 2f 63 

~ -

l = tri{trt,!f,,,:) = { 0,7- , 

IlpB CBe'l'JIMOCTH l u .... 1031 0111-20-1 o6pasyeTCJI 200 nap llllJO­

t!OB H 9J[6RTpoHOB B -qac, qTo BnOJIHe ,ItOCTaTO~O WU! ~eJieA R8Jll'l6-
poBRH. B pa6o'fe [ro] BH'D!CJieHH Taue aHepreTH'llecue pacnpe,1teJie­
Hlll1I MIDOHOB B aJieRTpoHOB WU! HellOJIJrpllSOBaHHSX i!x>TOHOB. 

IlOJIHoe ceqeoe npo~ecca (2) BH"Dl!CJieso B pa6oTe [I21 , oHo 
paBBo 6, 4 • ro-30 ml- H oqem, c.na6o saaHcn o'l' nOJIJrpHsar(d ifx>•ro­
HOB. SsepreTJA0CRBe pacnpe.u;eJieHU SJreRTpowm WU! H0llOJIJrpB30B8H­
moc ifx>'lOHOB onpe,IteJieHH B pa6oTe ( 8] • ,lT.lrJI neJieA I<BJm6poBIUI, no­
Bl'OUIMOMY, 6oJI:Lmd HH'l'epec npe.JtCT8.BJlJD>'f s:e am ce11eHHJ1, a l'IH­

KJmSHBHHe ceqeHHJI B o6.71acn 60Jll>lllBX (»mt>) nonepei:nmx m.myncon 
3JI6R'?pOBOB, RO'l'Opue He 6HJDI pacCMOTpeHH B [ 12] l'l [ 8] • 

3. B .u;aHBoi! pa6oTe ,Jt8Ho npmt'.rll'lecu noJIBoe oIIRcmme peax­
IXHA (I,2) c npoRsBOJILlraM o6pasOM nOJIJIPHSoBamim.m ifx>roRSMl'l. OT­
ueTm.t seo6xo~ocn yqeTa nOJIJrp.Bs~ ifx>roHoB, nocx~ Ha 
BJI3IlII l!l Sl..C It1la1DIPY0'l'CJI BMeTI> BHcoxonOJISpzsoBa.BBHe e- rryqim, a 
IIOJIJrpBS81tlilR x -nyqKOB BOSBBRaeT IIPB ROMIITOHOBCROlll paccemnm HS­
-sa II0JlBOHa11SJ.C>HOA nOJ.IRpBSaIUUI RSX JJBSepHWC ifx>TOHOB, 'l'aK l'l 
a.ueK'l'poBOB. OcHomme H0TJ)ltel!l8JI&HUe MOMeB'!'H pac'leTa Mil pas6mpa­
Jm Ha npaepe peaxrnm ( l) • ,lT.lrJI Hee MH HalllJD! IIOJJHoe ce11eBBe , 
ssepre'l'JNecitl'le pacnpe.u;eJieBl!IJ! 9JI0R'fPOHOB l'l MllOHoB, BHRJm8l!lBHHe 
IIO p- JI ).f•jr ce11eHHJ1 H BeRO'l'OpHe .ItPYl'll0 pacIIP0.It0Jl0HIUI. ORasa­
JIOCI>, ~o Bee ceqeBl!IJ! SaJlHCJl'l' TOJI!>ItO 0'1' nMHeAHO~ llOJUIPllS~ 

MY IIOJIHoe ce11eHHe nponecca (I) wm IIOJIJrpHBOBaHBHX ifx>TOHOB B~ 
11HCJ1Nl00l> B pa6oTe [II] , O,JtHaKO, IIOJJYqeHHJil! TaK pesy.lll>'l'Q'l' 
0B1B6oqes, 011. pas.n;e.n 'f • 
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i!x>TOHOB H Be SaBBCJIT 0'1' KPYI'OBOA nOJIJrpHSEUUDl. IlOJUIPR3aitfl[OBHH0 
ajxlleR'l'H B nOJIHOCTl>J) .ItlllPIJepeHD,litam.BOM ceqemm MOI'Y'l' 6H'l':& B6C:r:.Ma 
BeJIKial H IIPlimOJU!T R asm.,'TMDHHll KOP~.AM ROH0'C!HHX 1I8C'l'~. 
B mmJill3HBBOM ce11emm d a' / d .s !'I'- nOJIHpBSaitf!OHHHe ajxlleR'l'H MO­
I'YT Jil3Mewrr:& ce11eHBe Ha .±19%. A nOJIHoe ceqeHJle l'l auepreTlfCleo­
IGie cneitTPH CJia6o (Ha ypoBHe l.. l,4%) saBHCJl'l' OT mmeitBHx nOJUf­
pBsaitf!A ifx>TOHOB. 

,IJ.rur pe~ (2) paccMoTpeHH amurorK"!HHe ce'leHBJI n npoBe.n;e­
Ho CpaBHeHRe S'l'IDC .ItBYX pe~. 

4. Pac11eT peBJtLUii! (I. 2) B o6JiacTH 60Jll>lllll:x nonepe'llmX BM­

nyJIJ:,COB JiD4eeT npmaoe oTHaueHBe K 'ieTupexcorpyDHliM nponeccSM TB­
na u .., ~Qt i B KBWiTOBOii xpoMO.n;BHaMBKe ( ~ 111 i - pasHlile. 
BOo6me roBOpa:, KBapru!). 8TB nponeccH paccMa'l'Pl!lBSJDllC:& B pa6oTa.x 
Epo.n;cxoro, .Ue I'palma R .n;p. f 131 B J1orapuqi.mqecxoM IIPB6.n:aemm. 
Kalt CJie.u.yeT HS H8111HX pac'I0'l'OB (cM.pa3].teJI 3) BX SHaJIJ!S J!BJil10TCJI 
Cynt0CTB6HHO HeIIOJ!HlilM. HMeHBO,OHl11 yql'ITHB8Jlll 'l'a.KOD Me:xaHHSM poll.Ite­
HWI CTpyii, xor.n;a ~ qioToH qipaI'MeBTBPYeT B napy KBaPKOB c OT­
HOCl'l'l'eJihllO ue60JilJllll'lMB nonepe'llWMB .HMIIY.lll>C&m ¥r., 61 q , fa.~ '?t , 
a saTeM .n;sa KBa})Ka IIPR coy.ttapemm at,_, Qt np11106peTallT 60Jilr­

mo:n nonepe'!llHH HMIIYJIDC (cM. (3't)). ORasmiaeTC.R:, ecT:& ,ItPYro:a Me­
xamISM (~ BKJia,I( Toro lite nO.PS!'JUt8., a IIPH mQ » ,,,"' SIBJI.fllllldc.a: 
.n;oMWUipylWU'lM), IIPl'l RO'l'OPOM o.n;m ifx>TOH R8K H pasee rpparMeHTHpyeT 
B napy KBap:ROB h .., ii . sa'J.'eM o.n;m HS RBapROB HCnyCRae'l' rJlllOH 
He60Jll>llloA aueprB.B i .. ' 1£. , a rJlllOH IIPH cTOJIRHoBeHBB c i'1 

o6pasyeT ,ItBe CTPYE Y1 ~ ~ ~ Q c 60JIJXlmMll nonepe'IHHMlil: m.mym.-
cm.m, JI6TJU!lH6 B o.ney CToposy (CM. (24)). (,IT.nJI pea:KI(ID! (I) 3TOT 
MexaHHSM JIBJISieTCJI onpe.n;eJDUIJU'IM) . M!i Ha,!(eeMCJI Bepsy'l'I>CJI R S'l'OM;Y 
BOnpocy B OT].te.JU.HOD ny6.1J:lmaium. 

5. B pas.n;eJte 5 MH paccMOTpeJIH wm nOJIHO'l'H nponecc 

Ki _, 'Jr+ Jr- e" e- (3) 

B 6opHOBCROM npl!6.n:aeHHB, C'IBTM mIOBH TO'lel!HlilMH 11aCTtmaMJ1[. Pa­
aee nOJIHoe ce11eHBe .w.ui &Toa peaxmm B .1t8HHOM np.B6mmemm Bll11Hc­
JllL7lll lleur .III By [ 14] . 0.n;Haxo, li!X paccMoTpeHBe uey.n;oBJieTBOpHTeJIT>­
HO B .ItBYX O'l'HOIJleHBJDC. Bo-nepBHX, BS zx pa6o'J.'H COBelllleHHO He JIC­
HO , HMeeT Jlll ,nwmoe IIPH6Jma:eIDie XO'l'l> RBROe-HH6Y.T\l> OTHOmeHBe R 
pea.n:&HHM IIBOHBM. Bo-BTOpHX, BX pac'IeT B yxa3aHHOM IIPB6Jraemm 
oum6o'leH (cM. (Sit)). OcaoBHHe pesyJII>Ta'l'H 1J,7IH. Moro nponecca 
no.icy:•UUJTCH .ItOCTaTO'lHO IIpoCTO HS COOTBeTCTBYIXllRX ce'leHlliil 1J,7IH. 
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nponecca (I) • 
6. Ilp:ime.neM OCHOBHHe o6oSHa'leHBS:, BCIIOJILsyeM!ie B CTaT:&e, 

Ha npm.repe nponecca (I) (CM.pile.Ia). MY BCIIOJIL3yeM Cl1!CTeyY O'l'­
C'leTa, B KOTopoi\ o6a qx>TOHa ,ll.llD',YTCJI HaBCTpe'IY -;rpyr JrPY'J!Y (.no-
6oooe coy~peHBe) c pasmDOI, BOo61ne roBopa:, SHepr:e:m.m w1 B '-'~ 
O.ItHOro IIOps,inta w, .. WL • OcI> ~ BH6pa.Ha B;D;o.nl'> m.myJJl>ca I-ro 
!lX>TOBa, TSR 'ITO 4- HMIIYJJl>CH qx>TOHOB k, = w, (I,0,0,I) 111 ~, = 
Wa. (I,0,0,-I). 4-mmyJJl>CH ROHe'IHWC 'laCTHn fj :(Ei,f.·) , i = 
= I+4, np:irqeM p, (fa) COO'.rBei'CTBYll'l' J'. (JI+) ' a PJ r,,) COO'rBeTCTBY­
ll'r e-ce+). IIepe.na'la oT IIepBoro qx>Ton:a K MJlOJDioi\ IIape 

i= ft+f1.-kf = k,-f,-f, I (4a) 

~ IIOIIepe'IBHX K OCB ~ COCT8BJIJDJlll1!X BMeeM .. ... ... ... ... 
fl J. .. f1" + fu = -f'•J. - fu . 

Yr.m 'f i 111 cf t. - SSBM;YTaJJl>BHe yr.RH BeRropoB ;,. 
Toro, o6osHa'IBM 

(4B) 

... 
111 i KpoMe 

s=:Z.k,1<1 ='tw,w1 , s,=:zk,f, s,=.-tk,i, (5) 

x,,, = E-1,1/w., , 'lt,1. = £1.,,,/,.,,_ , 
T. e. X1,z ecT:& .ItOJISI sHeprHB IIepBoro (poToHa YHOCJ1!M8ll )c • , a 
~1,1 - 'JI.OJIH. aHepru Broporo qx>ToHa, yHoc!IMWI e:i. 

lIOJIHPBSSiij!OHHOe COCTOIDUle IIepBoro (BToporo) qx>TOHB. 88,ltae'l'­
CJI IISpaM8TP8MJ!l CTORCa l; ( i, ) ; CTeIIem. JIJIHei\HoA llOJWplllSaIUDt 

t, = VJ,1 + s,2. 111 l2 = rfj,t + if ; "18.C'l'O BOTpe'laelf8SI KOM0BHartJ1!S{ 

I. : l.a j, - 'i, .f, = ~ ~ loS 1J' (6) 
r.ne 1- yrOJI Me.llr,ey mmpa:BJLeBBmm MaKCBMaJI:&HO:l:l JIHHeAHOA IIOJISIPll3a­
IJ;l1!H nepBoro B BToporo qx>TOHOB. 

OTMe'fHM B 88KJro'10Hl!e, 'ITO TO'IHOC'l'D Bcex npllBO,ttBMHX <f>oOOJI 
( sa BCRJIIReHBeM <fx>PMYJI pas.u;e.na 3) onpe;o;eJ.!JleTOH OTOpomeHHHMPI CJia­
raeMHMJI, KOTOpHe JllMell'l' OTHOCBTeJJl>HYJ) MaJIOCTl> 

"' 
•I I. 
P1L +mt' 

s 

6 

(7) 

... 

2. OEUHE OOHUJ!li JJ)IH IIPOUFXXJA tk_,.JW/'-e+"-

I. IlpH BHCOROA SHepro CT8.mmB8111UOCCJI (f>oroHOB w.,,2. » ,,,_., 
ocHOBHoil Bit7IB,D; B ce'leHBe nponecca (I) ,u;BJJT .ItBe 6Jio'IH!le .D;Bal'p8M­

Mli pnc.Iaj.p (fx>TOBHHM OOMeHOM B t -RalUUie. llacTBnH RSJtl(OA HS 
poll,D;emmx nap JieTJl'l' B;D;OJI1> mmy.n:r.ca "cBoero" (fx>ToHa, BMea Oo.JI:&­
nme SHepl'HB E0 "'w,,z. 111 MaJIHe IIOIIepe'IHHe m.my.n:r.cH p,·J. << w-1,1,. 

Ilo8TOMY c TO'IHOCT:&J) ( 7) mr.rePI>epeHIGJJI .D;JUU'paMM PBC. Ia 111 IB OT­
cyTCTBY0T, T.e. 

dnj.l .. l'~·~.r= drfa.+d(J'1; da't = t:f0'4(ft.1.~ fJ,t), (8) 

r.ne ce'leHBe dtr4 o'.rBe'laeT .D;l1!8.I'paMMe PJ!C. Ia. 

B CBOO O'lepe.n:r. ce'leHBe d6Q. c Toi\ ze TO'IHOC'l'l>J) MOl!BO IIpe.tt­
CTaBBT:& B BB;ll;e (011.npuoseHBe A) 

(9) d~ : rJ~ ti~ Jtra dSL rflfL 

ct s, s'- "!Ir" 
r.tte da'411 cooTBeTcT.ByeT BepxHeMY (HDHeu;y) 6.no:gy Ha PJ!C.Ia. 
To'IHee, dd

1 
ecT:r. ce'leHBe Ill)O~ecca PJIC. Io, B ROTOpoM BHPTYSJ.WIW! 

(fx>TOH BMeeT "MaCcy" 'J.1 
% - ta B Belt'fOp llOJmpl'!Sa:Q;ID[ ~ /f fJ. f ! 

dt,dst _ "t1..1.{1-2.,. K 6-) dif,J. d-,., d•plLrb .• rr + ~ -'i)6" + - ,\. 
s: -~ t t ( .. ' &}( .. a •) UlftJ. faJ. n rlr, ~~ 1;, 
' f1J. +m,.. f1" + m,.. (!Cla) 

G- =~.[a' 4- {(),,'-<;;JJs .2Q,.Q1 1,](~:+,,,;Jr;;:.,,.:) 
'JJ. -

... Pf.1. Pu 
Q = "!!+111& + fa'+•• • 

ltJlll HllDIHero 6.noRa •.1. .,.. ' :.-

"'• "s a. d<t1r/s1 r- .... .. · .., (IOil) T =- s:, r., .. ~'5.t,,f"-.-, ... ,,,,,....,'"f',J~, .. ,.~,;1,..,1 .. ,1, .. -i,) 
~!MYJIH ( 8-IO) onpe.ne.IJDl'r IIOIBOCTI>ll ,lOl@epeBIJ)IMl>Hoe ce'le­

HBe :nponecca B JlBJUlllTCJI OCHOBOA JP1ll IlOJIY'lelDlll pas.mromx '18CTRKX 
pacnpe.tte.nemd. 06paTJIM 'BIJllMA'RJ!e B8 TO, 'ITO 9TOT OTBeT He 3tm.B­

CBT OT f •• 'i. ' T.e. 0'1' gpyroBOI IIo.napBSa:Q;ID[ ~TOHOB. 

2. IlpJI cJmtCB.POB8BHHX SB8116JDIJIX Pt,1.t BCJI 88BllCl1!MOCTli cne-
Hllll d er A OT 1( l • 1 i Onpe,tte.lUleTOJI B&pBSeBBeM x, )C .a r;.. • Pao-
CMOTPBM IIOJU>Q6Bee ~lUUijill (r • HCIIOJ[f>SJJI JIBJDd BJl,1l i MOZHO 
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IIOR83aT:O, 't!TO 

0 < G-< 2 (II) 

B 'tlacTHocT111, np111 ,., « p," «flL::: 'ii 
i'f. 

<r= 1+ f.s C()S2'f4 +"ff 1b12Yt, 

HMeeM 
(l2a) 

llp111 ~" <'- P•L ( np111 aTOM f;,-:::: - h" ) 111MeeM 

G- = (1!1, .. ) 1.- p'- 1p(f, cost),+ toJlt') + !, [lws 11), .. y) + C4'J.f();-yJJ} 0 2B) 

r,u;e != ;.~ tm! , a 11 ('f) - yrOJI MeJUC' B0KT~ f;L H Han-

pa.BJietmeM IIOJI!IPH3~ nePBoro tfx>TOHa (BeKTOpoM '"· ) • Hs tfx>p.!YJI 
( II-12) BIWIO, 'tl'l'O Sa.BHCHMOCT:& OT x ,, 2. IJJIB.BHruI, ce'tlemte ( lOa) 
H, CJie,l!;OBaTeJll>HO, d(f It m.seeT MBKCJllllYM IIPH x, _, 0 Ill "f., _, l Ill 

MHlil!MYM IIPH X 1 :: Y.1. = 1/2. 

3. B ,nam.Be~meM oKaJKeTCJi nOJiesmIM sHaT:o noBe.u;eHHe ce'tleHruI 
da-i B ~yx CHMMeTpimwx o6JiacTSlX 

""e '~ f u. << f,,'- ' f,u ~ - ii_ , 
M41 (.< f4J. (( fJL J 1.1'- ~ - <;, 

B nepBo! 111s HHX (c y-qeToM (l2a)) 

(;/(: p/s ~r f - - ,, "l"J.. "'J' ~i::: 2 ot 1-11,{t·Y,) 1+ Is co:..t~ -J1 l-i1t2fs)j ~ 
~L • /'SJ.. q..L 

(l3a) 
(I3n) 

(14) 

0TCll,lta Bil'JtHO , 't!TO B nepBof& ( B'ropo:a) o6JiacTH ( 13) pacnpe,u;eJieHHe 

no PH ( f"") BMeeT JiorapH<lNH'!ecm xapaKTep: d 1lu. /ti 
( r).'f1u / f.,~ ) H 't!TO IIPH a3JIMYT8:!!1>HOM ycpe,lUlerum aToro ce'tlelmll 
no yr;ry 'f?. ('f.,) Sa.BHC:HMOCTl> OT J, PIO'tlesaeT. Ees TBRoro ycpe,lUle­
HBSI Be.1.llNHHa IIOJJJlPHSB.UE.O!IllHX aqxpeKTOB onpe.u;eJIJieTca O'J.'HOCHTeJII>ImM 
KOaj$mllleHTOM IIPH - j) C.OJ .t fJ + j, )•id 'fJ , KOTOpliii pa.BeH 
t'j,(1·'l1)/{1-n,r1·Y1)] H MOllteT ,u;ocTHI'aT:o I. O'l'cJJ,n.a BIWIO, 
't!TO B o6JiacTH (l3a) aJieKTpoH BHJieTae'l' IIpeJIMYllteC'l'BeHllO B IJJIOCKOC­
TH nepneIW1KyJIJiPHo:a HanpaBJieHHJ> .m.meDao:a IIOJI!tPH3~ BToporo tfx>­
TOHa. 

4. JJ.m nQ3IY'ieHllfi aaepreTH'tlecRoro pacnpe,u;eJiemm s:eo6xo,JU!Mo 
JipOBeCTH JllHTerpzpoBaHHe no ~.u B (lOa). IlpH STOM Mil llo.nyimM 
(CM. JipHJIOJleW!e A) -

dtr~~1, = si/-2{ ~ -x, ~i [;, ... (2 Fi-Fi){ ts '''lfJ + s,><112'ri~}~r,,.,,.,)lf1,.1~ l5a) 

8 

- (''- I ) ~ A-fslt# 2 I ~:: F', 2~,.. ' F;f') = .,,.,, ' Fa= a~• AtsJ,i - f, 

r.ne 'f.,, - asm.tyT8Jlldllilfl yrOJI BeK'l'Opa. ~ • AHaJlOITmo 

t. 
,ftr,JsL_ Od. J- r- (:- -)(- ~ ll 
s;- - ~J.t 7~-~.'j, Fl.-t 2F,-F. JJC.OSZ~-J,sid'f,)j;<Yr1,t~-9il.Jl~(l5B) 

f.:=,:.(tt1) 
I I JMe , 

lipPI ll8JIHX CJ.i_ C8"18Hllll (15) ROHe'IBH,Ha.Dpmrep, JIIlil 'i .. <~/rt~ 

r/~qr, o·"''[ ( - - ;J ,1 {I6a) ~ : ~ 111 .t 3 - 9.113, 2 + JJ COJJ'fi - I, std'f,_)J o ('J,• J,-t;tl;, t11 .. . 
• 

lipH 60JlI>lllHX ~.t. OHH y6Imal>T "'1/ 'l"t. , HaIIplDlep, JIIlil '.L)) "'• 

I. o" r!M!.1 'tlr.t. 'f. ) tJ ,... ( - - \l (l6B) 
$l. = £• L (1-2J,Y. 07 111: "29,~ .. f-}J GMl'fi T J, li.lll'f,11'5(1,•:J.-t)4-,,!I~. 

rJJ:alllluA Jiorap~eCRKi .BRJl8J:t B 9'?0 CelleHHe BOSHHKae'f lt8lt pas 
HS 06.irac'feA (13). 

H:a (16) motHO, 1ITo OTHOCBTeJIIaBSR BeJI.RtDIHa CJial'aeMKX, npo­
llOPIGIOBaJILJWX ii ecn 

'1r':l1.f1.F,-~J -'J 1/<t > ~"'""'E' 
F,- "·"'" ?,_ ... l c tnf7.1.t1,.,:J +1T1

, 

(I7) 

'.L » ~E'} 
T. e. IIPH MaJIWC 'h lIO.."LlpHSa:qHOl!Jlb!il' 8@leRTH 1DICJieHHo He BeJJJ1KJI, 

XOT.S: B MOryT .nocTBraT:r. 25%, a Il}lB 60Jllilll.RX 'h OHll J!Orap~ec­
RJll IlO;itaBJieml. 
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3. KATIECTBEHHOE OIDfCAHHE PEAKWiH ~r--J'•)re+~­
(CTAHllEE JIOr~MWIBCKOE IIPHE.llliJBEff) 

06mHe qiC>pMYJil:l wm: peaxo;mi (I), IIOJl'.Y'!emme B npe.mmyDte:M 
pas,D;e.ne, ,u;oc-raTo'!!Ho CJIOEBH. Me:a:,ey TeM B o6.nacTsa:, ,I1;aDllBX l'J.W.B­
mll1 :BKJIBJt, CB'cyaIJ,JIH CYDl6CTBeHBO ynpol!IEl8TCSf B ,I!;Ollj'CES.eT npocTOe 
JI Hal'Jt!J,lUloe l!CTOJIKOB8Hlle • Tax, npB BIRl!CJieJDtB IIOJIHoro ce11emm 
B aBepreTK<IeCXBX pacnpe,u;e.neBBA BosmmaeT 60J.W11ol napaMeTP 
L = enrm; (m~) = IO, 7; Ilpll Blil'lllCJiemm BBKJill3HBH01'0 ce11eHWt 
BMeeTC.S: 6C>JI:Lmoil IIapaMeTP en[rp,'·l.+ ,.,_,:,Im; 1 > l - ' a B o6J:r.a.cm 
011em. 60Jll>lllJ!'.X sm11em fu. e111e H P,,,(p,: /m,:) • IIoaTOMY BJroic­
Jiemm B CTapneM JIOl'apmpmqecXOM npu:6Jnmemm, 06.lla,ztaa IIJ?OCTOTOB, 
MOI'YT MTI> Ka116CTBeBHoe IIOmwaHlle l1I ,Italle BIIOJme JipBeMJieMYll wm: 
6HCTplilX o~eBOR TO"lHOCTI>. 

I. PaCCMOi'pBM nponecc o6pasoBa.!1HSI .JI- M630Ha, COOTB6TCTBYl>­
lllB2 ,ItllaI'paYMe pxc.Ia. Ey,D;eu cimTaTI>, 'ITO nonepe'<!Hliti m.myJII>c 
MeSOlilB. Be CJIBDIROM Be.mot 

nt,.. ~ f1.L « 111) /me= 20 r38. (IS) 
CwlCJI 3T01'0 orpmnrqemm BH.8'.CHHTCH m!Xe, BO BCJIKOM CJIY'lae, 3Ta 
o6Jm.CTI> OXB8.THBaeT Bee IIpaKTH'leCIQt lilB.TepecHHe aBa'leHWI ftJ. 
IlpB 3TOM OCHOBHOil o6.n:a6TI>ll, ,naDI!el l'JIBBmill JIOrap~ecRBA 
BitJia,lt, smJmeTc.a: o6JiacTI> MaJII:i1X sRa11em 'i.L : 

... 1 -1 l - -'j.J. <<- ft.L +Ifft' ' l'u ~ - 1'1.1. ( I9) 
ll o6JiacTH (I3) ]!)ISI l'J,H • B 06.n:aCTH (I9) wm: Bepxuero 6.JIOita 
BHPTY~ qie>-roB MOlDIO paccwaTpima.Ti. ItaK no11T11 pean.m c 118.c­
Toroii 

.... 2 
W = ...!!... = p,.L+"!-- , (20) 

""'' "w, 1C1 1Ct 

a ce11eHJ1e rJ~ - runt ce11eHHe peaJILBOl'O npo~ecca j i'-.~'jJ- ,It.lIH 

IIOJ!.8'.PllSOBWmHX qiC>TOBOB ( Cp. ( 5. 33) BS [ I5] ) 
.... t 

~r ] d'f,,,t.,, W ~'- ft,. +M..., ) (2I) 
d~1:. ""'u•J':-· = .2« 1-u.,r1-x,)G- ('1!+m:)1 r 'fw,-..,r1-x,) , 

l')te G- onpe,u;eJieHo B (I2B). 

IloCJie STOl'O JI6l'RO ynH,U;eTI>, 'ITO paCCMa.Tp:r.maeMJ:dl npo~ecc 
MOl!HO npe.u;cTaBBTI> B BH,U;e orpex IIOCJI0)t0BaTe.n:I>HHX IIO,u;npo~eccoB. 

IO 

I) ~TOH k2 nopoZJtaeT pea.7.Il>llHA 3JiexorpoH c nonepe'!!HHM l'!M-

nyJII>coM ~J.. H ,u;OJiel 3Beprl!D!! ~, H BHI>TYa.in.mdl IIOSH'rpOH c IIO-
nepe'llWM HMIIYJII>COM f J.. = - fu. H ,u;o.nel aBepru 'J = 1- 'J1 

(CM.06JiaCTI> (I3a)). l!HCJIO TarulX BHp'eyaJII>HWC IIOSHTJ>OHOB o6osHa­
'lm.& ine• (f,. , ~) . B 06.JiaCTH (I3B) qiC>TOH kt IIOpoxJtaeT 

d11v_fp ... ,~J BBPTyaJU>BHX 3JieRorpoHoB c l=--f,,J. , 'j= 1-9_.-=,,, l'Jte 
(cp. (I4)) 

ol. d'f ... d~ [ - ~ 11 d n er f'4,'J)-=- .u·i ---,r 1- 2.!ff-~)( 1 +I, toJlf, +1,>inl'fpJj ( 22) 

( 'f p - a3Jll:MYT8J.II>HHi! yrOJI BeRTOpa f.L ) • 
2) Bu:poryaJII>mll! JIOSllTpOH (BJIH 3JI6KTpoH) HCIIYCitaeT 9RBHBa-­

JI6HTHHe qiC>TOHli, 'IHCJIO KOTOplilX 

ol .. "' 1/lf.L d"' n" ( 'l.L, w) = :h'11. i... w-
(23) 

STK qiC>TOBH IIOJIHOCT:Lll JIHBebo IIOJlaPllSOBallll, BX BeltTOP IIOJI.S:p.1!!38-
n;mt pa:seB t I f ti . 

3) ::lRmmaJreBTHHe iP<>TOHH C'l'amtHBallTC.S: c peaJII>BSM IIOJillPBSO­
B8.BHHM qiC>TOHOM k, H o6pasyllT )'·)'- uapy; ce11eBBe 9T01'0 npo­
necca ,u;aeTca iP<>OOJIOl (2I). 

B HTOl'e' ce11eBBe ri<rea (9) MOZHO B o6Jiacm (IS) Ilpe,JtCTa­
BHTio B BH,U;e 

da-lt=- [dne.<-r~.~,)+dlle-r-; .. J.,'J.)] d11J('IJ.)w)dOJ.1.,.,,- r;;.L,r,,..,,) (24) 

Ome'fHM, 11ro .JtO BHIIOJIHemm asJ!IMYTaJ.II>ma: ycpeJtHeHllD IIOJillPBSaml­
oHHHe ajxlleRTH u:oryT 6HTI> BeJIBRJI. Tax, O'l'BOCBTeJII>HHil xo~B'l' 
IIPB iJ B ""~· pa:seB -2'J .. {1-Y1.)[1-2y,(f·Y.>f'costl'fJ H MOU'l' 
JtOCTHl'a'l'I> 3B811eBlll.1 ±r. 

2. Hs ce11emm (24) Jiel'lto no.nyqaTI> cmme pasBHe pacnpe,u;e­
JielD!.II. Tax, aBepreTB11eeue pacnpe,neJiemm YODO II~I>, HH­

rrel'PHPY'I dne~ no f,,l/J. B o6.nacTK (13), a elf!;>?!" no f.,.L 11 

,ttaJiee da-,,_ no ~.L B o6JmcTH me <''JJ. <' "'J' : 

a<rll = :1r~: [~-: x,rf-11,)][1-.2y,,f.f-11,JJL~xf~!I,,. 
~ 

(25) 
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CpaBHeHRe nOJIYlleHHoro oTcll,I{a nOJIHoro ceqelil1fi c \j&)nosnOJIJieT 
o~eHHT», ~To TO"!HOCT» cTapnero ~orap~ecxoro npB6.lm:!telililJi 
paBHa npHMepHo 30%. 

.AHaJ!OI'H'UIO, no;n;CTaBJI.Sm B (24) ne+ +lie-: ~ en (~.1.'fm;) 
nOJlY'll!M ltBWlr,Itli mm.ims:imHoe ceqemte 

Jl l ... 

d - t,rJ.Y ( ) i;t ftlflt, af,.Ltlt1. (,,~ O (K .. )( -f) (26) 
(!'4. - Jj(J 1-2,.,x,r;. •.t r .. •+111l):t ,,,1. , . ~ . 

'1.1. f1.1. ,,. Q 

XapaKTePHO~ ocoOeHHOCTbE BToro ceqeHHR: JtBJIReTCJI OCTpHl! llDK 

npB MaJmX sHaqemmx CYMMaPHoro nonepe"!Horo .BMIIYJII>Ca napu CJ.L • 
Ms (26) BB,J:J;HO, q'fo B ;zta.HHOM npBdJIHlltemm MOOHH "nOMrmT" TOJIDKO 
nOJIJipBSaI.OD> "cnoero" (fioToHa. 

3. 0,ll;HEM BS CJie;n;cTlllll! MBJIOCTH ~l no CpaBHemm c P1,u sm­
mieTcH xapaxTepHoe ocTpoe pacnpe;n;e.neHDe no yrJzy pacxoMIIJIBHap­
aocTH 1' - yrJiy MeJll'JC' BeKTOpoM p;.L H (- Pa.1.) • CBcyaznm B 3TOM OT­
Homemm o~em. ~sxa It CJIY'i8IO IJOl!,l(emut napu .qac~ SKBHBaJieBT­
:FWMR iiioTOHaMH B e + e - -coy;n;apeHWtX (CM. [ I5 J ' pas;n;e.n 5. 6) • Ilo:s­
TOpaH BLIKJia,ll,RB yxasmmoro pas,Ite.na, nOJIY'll!M HS (26) B ~ora:pllfllm­
qecxoM np:e6.lm:!teHHH ( npB I "'I » ttr.f Po. ) 

cJr. = 2ot"[ ft~.,.-_: ] rAt Jp,,: rb, P. t,f,~s,;,'J 
a J:Jr 1-2lC,{'1·X,){P.~+m~)t 1.:_'f't 1:•~-212 /)'} 

(2?) 

4. Hlwms:imaoe no)'.- ceqeHRe IIOJiy-cmM, mrrerpl!pyJI (26) no 
il B 06.nacTH m; « 'i.2 « p ,~ ... ,.,; • Il:pH ycpe.IUiemm qiymanm G-

( I2B) no 8SJ11MYT8J.Il>l10MY yrJiy B0KTopa 'l.L OHa CliIJI:&HO ynpo~TCSI 
(cp. (I2B)) 

J(r rN., _ .i!:...13_- 2pl ~a;., <6->= ur - -
(1+ J)~ 

B HTore 

2 o{ y ] ti1
ft.L &f K-t (p 

dcra. = !JJr' [ 1-2 r.,f-1-x,)< &> ( f,,~ .. m,,..'-)" ( vl1 
i: .. JH,,.)2. 

,,, :t 
(! 

(28) 

(29} 

BeJIJ!'DIHa IIOJIJip!!S~ommx aqxpeltTOB OII];le.D;eJDleTCJI OTHOCBTeJibiWM 
ItO~eHTOM np:e f1""'-1'1 , KOTOpWi eCTb 4X,f1-1,)p•[t1+1Jt-
-21,fH1)ft+lJT1 B m.teeT paBBWt I/3 MBKCHMYM np:e: p

4
.L = m,.... B 

I2 

x1 = I/2. Ilp11 p1L » m,.. cl'>YHitnl!JI I. 6-) - I H IJOJIJipHS&UIOHHHe 
~KTH zcqesaroT • 

5. OTKallteMCJI Tenepb OT orprumqeHl!JI (!8) B paOCMOTPKM 06-
MCTb O'leHb 60Jll>IIIHX p., J. )) m,.. ' Tpe6yJI JIHlltD' 'lTOOli Pt J. « fi. 
H IIPH 9TRX YMOBWIX OCTaeTCJI CfiP8.Be;D.1IHBHM YTBepir,neHHe 0 TOM, 
'!TO 06.naCTH (13), (19) ,ll.al>T Jiorapzq,.m.iecKH 6o.nhlllO.i.! BKJia;n;. Ho 
Tenepb BOSHHKaeT H HOBaJi 06.na.CTb, B KOTOpo~ MIOOHHBJI napa Be,ll.eT 
ce6JI no,11.06Ho SJieKTpoHlio~. T.e. HMeeT pesKo Hecm.weTp.lflIHoe pac­
npe,11.eJieHRe, alfMor:e:qHoe (13): 

m,., « ft.L <" ?u::::: 'IL' (30a) 

rn,.. (< fu .(( /'H Z 't.L • (3Qn) 
COOTBeTCTBYDUHe no,D;IIpo~eccu Tenepb BhlI'JIH,J:tllT Ta.K! I) TOT xe, qTo 
H pallhllle. 2) <J?o_;oH kl nopol{,Il;aeT oln,.,.r-f, .. } ;c,) BHPTYM:&HHX 
)' .. Will d",,.- (-fu, )I,) BBPTYaJIDHHX J'- , nonepe'DWe m.my~chl 
KOTOphlX MaJili no cprumemm c 'i.t • lh!MO Bl!pTYaJI:&HliX MllOHOB ecTb 
(cp. (22)) 

dnl't {~ 1 J<) = .2:' "!:. ~x [1-2 XfH.)(t+ sJ CIJl'fp-f, .;,,a'f,)]. (3I) 
f .. 

+ 
3) BxpcyM:&HHe~t cTaJIKHBanTcJI c BHPTYaJII>HliMlll e- B npaoopeTaroT 
~mo~ nonepe'llllidi m.my~:&c, fiPHMepHo panHIIi'I ~J. • Ce11eID1e aToro 
npo~ecca 

cl - 'trJ.1. d2 
O')tt "*)'E' - -~ 1.1. • 

ii-' 
(32) 

B wrore' ce~em1e d~4 COCTOJ!T HS 'J.tBYX BKJISJ10B 

drr"' = rArfQ.r + ri<r/ (33) 

r,11.e rA~I - aTo fiPeJtHliti\ BKJia,11; (24) :es 06.na.cTe~ (I3} .14 (19), a 
d~! - HOBbtii BKJia,n HS 06.nacTe~ (I3) H (30) 

a<!l : {dn,,..f-fw Xe) +dr;.J-fa.l,x4)]· flfo;.e-.,11e ri_J · 
(34) 

' [ ""e· r-!u 1 '11.) +- "'"e-f-f.,l ,J,)] . 
B 'laCTHOCTH, .HHKJil)SBBHoe no ;r ce'lemae rl~ i BosmmaeT BS 
06.nacTeii (I3) B (30n)' B KO'l'opwc: ft.L ~ t. 

I3 



d11tt = c:ln_,,-rr.,J t n,~ ... n.,-) "~" ... .I'" ff;.1.) = 
(35) 

2 p,' l 
_ y(JCf [-t-2~,{1-1'1)] d ffid~t fn __!:..en_!!;_; /'fJ.'::.~L»"",-t. 
- 3Jr2 p." m2 ,,,c. 

"• e /'f 

Ce'IeHJie (35) cpa:emmaeTCJi c ce'IeHl!eM (29) Jmlll:& np:m 2.lrrfp,~/m},}::::.. 
fn(p,~Jm!), T.e. npH. PtL"',..,,_;;,.,,e • IlpHMelWllBX f1'-Ce'l:eHl!e 

(35) MaJio, oTclO,Il;a H no.n:yqaeM orpaHll'IeHHe (18). 

4. 8HEP.I'ETWIECIGI PACIIPFJLF,JJEHHff H IIOJJHOE CElIBHHE 
PEAYJUIB K r - I'+;'- e + e-

~To6S nOJiy•UIT:& aaepreTH'!Jecro1e cneRTPH Ml>OHOB H a~eRTpoHOB, 
no,D.CTaBHM B ( 9) BlijlaiteHWI (15) H npoBe.IJ;eM IDITerpHpOBaHHe no 

'ii . Ilp:e aTOM BOSHBI<aKJT HHTerpa.mi BB,D.a 

°" 
'J .. =1~~ F.r~JFJ"'"~), i1j=t,t, 
~ 0 ~ I fP19 

ROTopse yze 61Ll!ll BH'DIC~eHbl B [IO] 

t 2 f D ,,,t 
a = '111 = i L + r l + 1. = .io, s ; l = en,.,; = 10, t6 j 

~ 

(36) 

13 "" ' = '1!11 = f L1 
+ Ta l + n = :i a, 1 ; (37) 

C = 'J 12 = f L 2 + Fl + ~ = AS, 8 ; 

d= 'lu =; L2 +JL + :; = 'fg,o. 

OTHOCHTeJ!l>HSH llOpJJ;o;OK OT6pomeHHWC npH BS'IHMeHHH ~J tLlleHOB ecT:& 
,,,~ /~ • B lilTore nOJiy'!JaeM 

cJ I"ll :::. ::: r a - ~i ICt g -Y, Y2 C + X, lCQ Y, 'If ( o{ + { },° _)] • 
~ 

~(',c, .. 1'1 -t)o{Y1·Y1 -1) rl-f.,oly.t cl'J,d'f1 

f. = ~Cl - t -c + f of = : L - f, = 1, 12 I 

(38) 

r.ne I_ onpe.neJieao B (6). B~o. 'ITO Blt1.UlJJ. MaraeMoro, nponop­
UJilOHam.aoro 1 _ MaJI ( ~ I' 4%) ( X8K lll O'lf.B,ll.aJIOC:&' CM ( 17) ' ( 25') ) • 

14 

ft 

11 

t 

MHTerpJllPYH no ':J ,,1 nOJIY'DIM aHepreu11ecKJ11e cneK-rps MOOHOB, 
~eTR!llHX B.IJ;OJII> Hallpa.BJieHJIUI ,ItBHJteHJllJI nepBOI'O !{loTOHa. 

dG'ct = ::: [a-*~ - ic,xi(t-f J- irr.)]sr,, .. ~.-1)fb,J.,.~ . (39a) 
/4 

no6~ BKJia,Il ad'' , no.n:y'IlllM OKOITT:aTeJil>HO 

arru-/1/'e( •. u Jr [. f 
r)(

1
Ji.«., = 3,68·10 (lof

1 1-(,H· ~t.L(1-0,0f'fI.)]· (39B) 
1 

sr11 f'E.1-r.1,) ( J] 
• + "'' .., "'a . 

"'' IlOJIHoe ce'l:em1e npon;ecca (I) no.n:y'l:HM, HHTerpupya ($9a) no 
1-t, 'J. H ,llo6a.B.1J.IUI CT't == 0Q. ( cp. ( 1ct) ! 

- - Q' UllfO( /ltl.'f ") ( 4Q) <Sn .. r·re•e· - .2a'c:i - li.,l''Jl·e·~- + 21.ll',,,t. fl-; ~- • 
"' 

Ce11eHHe (40) B .IJ;Ba pasa 60Jll>llle no.n:y'l:eHHoro B f rr] . 8To pas.tm-

11He o6yC.!IoBJieao Tax, 'll'l'O B [II] Y'!JTeH TOJII>Ko BRJia,It O"ct H npony-

l!leH BKJia,Il O'' . 
Ilpii '[_ = 0 Hanm !{lopMYJW (38-40) COBnB,ItaDT c COOTBeTCTl!YD­

llllilMK !{lopMyJIBMH HS [ 9, IO] . 

5. HHKJID3HBIDIB CEtIEHIDI c/(/d7, rJ1,_ H 
d tr / r;/3 ft .rr;m IIPOI4ECCA i J' ... I'·}'- e ~ e-

I liHKJmsJ11Baoe no o6o:BM MllOHaM ce11eHJ11e llfOmlO noxy'lll'l':&, 
no.ncT~ B (9) mteCTO r)tf,tls,js, BSpa&emte (IOa)' a BMeCTO 
d~ rlltfs, Bspa&emte ( I5B) 111 :im'l'erpupyH no i£ , ':lt,z 

:tol~ { ) &fr.,n~-t) dl.f1l1b,rJ•p .. t1r., 
dtra. = 33Fl 1-u,x, r,. rfu.+fi,) 1t~: .. m;1r;,~ •"J!) 

(41) 

• [ 6 F,-f. - (1 F,- ~){ j 1 crJJ J'f~ - i, siril'f~)] . 

BB,nBo, 'ITO pacnpe.ne.n:eHBe no xi - r.na,11.1toe, a pacnpe.ne.neHBe no 
nonepe'l:HHM m.my.za,ca.M JrIMeeT ooTpwt nHK np11 J&SJIHX saa"l:eHHHX 
.. 1 - ( 'l, == fu. -t p1J. - CYJ.NapHoro nonepe11Horo m.myJU>ca MllOHOB CM. 06oys-
.r1em1e B nyHKTe 3.2 H 3.3). 

15 



2. HHTerpl!pyH ( 41) IIO fJ. B )(' t • IIOJIY'U!M BHKJlllSHBHOe no 
r- ce'leHBe ( cM. np11JIOJ1eHBe B) 

_ 1.e1.¥ 'Jd'f1d1-1, 1_ F:.,.r. + .,. +-"' (42a) 
da"ct- 3 ,,.2 m" , - o lri. F..L F.~+ P_ir.J. 

" 3.n:ecb KOM6.HHanKK napaweorpoB CTOKca rlJoTOHOB onpe,n;eJieHH COOTHO-
melil!SMH (CM.Ta:itllte (6) B pBc.2) 

1l: l3 '()J2'f, + i, k1't.f, = '1 c.11J2f, 

I_ = JJ i',, - J, J, = '1 fi cost ft, -Ii) , 
(42B) 

~+ = (j• i'J + f,I,) costr, +(I,i.J -3_,i,)sil'l'tf, ='1fz ~1.(f,+h), 

f 3 :: i. 'o'J.f1 - ~ si,,!.f, = !1. CDJJfl., 

r.n:e f, - 83BMYTaJIDHld! yr011 )4- • a i'1 ((4.) - yr011 Mez.itY B0KTO­
poM p, J. B HanpaBJieHBeM MaRCBMaJ[DHOil JIBHelHoil IIOJLllPB3~ nepBoro 
(BTOporo) rlJoTOHa • .H.nsl SaIIHCB BXO,It111ltl!X B 'J ®'~ onpe.n:e.mn.t 

-& 

! - f4
1. IJ " o m 1 - ,,, .. ' ,= '11(1+/),, l=c11-dl, 

If - "'• 
(42c) 

R = L2 
+ U 1.L +1) f ""L • 'f tt.- !. .!/ ti.f fnf1~,.J + f 1-.2., 

TOrM 

E = ~ - 1 x.ri-x,J[r~+rtR-(!.L +1){1'-'fJ+1}-1l(J'-8p +J)- 'fJ'], 
0 (f+JJ'L (1+ t J" 

F lfX1f1-'1,)[l) l e ( Z) f 1 =o ... -6-.3+ --1+'f/-'!f---r 
3 J ( 1+ pJ" pl. ! 1 

F. = XtfN1lfL+2l-3+3f•f12)) (42.n;) 
- (1+f)" l 

r = /l.1ff-'11) ["''(1.-J) ... !1 +If.,.'.!; - I( ll. + 1! .. 1t+6r-J't) 1 
,..,. (1+fJ" J 2. J J .f J, 

F.. = _ fr.,-rr)-r _ x.r1-•1~ ~ rL. 1t/-s1 .2-tl(1 +J+f+ l')]. 
l J'{1tf)I.. (1+f) 1 

!6 

3aBBCBMOCTb Kmtlil>SBBHoro Ce'leHHSI (42) OT IIapaMeTpoB CTOKCa 
"llYZOro" rlJoToua i, onpe.n;eJIJieTCJI OTHomeHBRMH Ft:/Fo B ~IF; . 
KaK B OJIB.n;aJIOCb (cM.(17) B (29)), 3TJl1 O'l'HOllleHJIIJI OKSSMBCb BCIJ.n;y 
M8JlI:l (< 3%). HanpoTBB, 3B.BBCBMOCTli OT IIOJ.UqlB3aIU!B "cBoero" qio-
TOHS BIIOJllie 38MeTHa. Ha PBC. 3 .n;aHH rpa.qimtB ip~ Fo • F'.J B 
OTHOOJemm f) /Ii, • OTMeTBM, 'ITO 

ma1. (FJ/Fo) = 0,19 npB j = I,2, X, = 1/2 (43) 

B CTapmeM JiorapBqa.mqecKOM npB6Jmlrtemm 

J= L1.+'flf+3f1.[1 - ~,.,r1-1,J('f+ t_ t l )] (44) 
(1+ f)i (f+j')t J ! J J ~ °:)>i I 

'ITO COBna,n;aeT c CYM140il BX.lIB,IlOB (29) JI! (35). 

3. CnelUU!Jll)HW! .HHTepec MOJlteT npe,ncTaBJIJIT!> .JtOJUI O TB.KHX 
C06YTHi!. Kor.n:a )'- BYJieTaeT c IIOIIepe'DWM m.my.m:.coM Clom.Dll!M He­
KOTOporo MllllIBMaJIDHoro 

... /"" O(jo, x,) = J F, df J F. rlf , 
J. 0 

(§-)t 
ft~ 

fo= ,.,t ', 
,.. 1111., 

(45) 

~ aToit ipyHKIOtH npe.n;cTB.BJieH Ha p:e:c.4. OT14eTBM, 'ITO SElBJIICB­
MOCTb STO~ g_)y~ OT t AOBOJlDHO CJia6aa: B, 'ITO npB 60J1D111BX 
!, » 1 oHa na.n;aeT no saxouy t I fo 

oO 

f ~elf= fo{f1-2·M1-1,)][l 2+L('ll,+S)+Jfo
2r1e+;) + 

~ (~ 

+ fl.1-t (1-11) { 2 L + 2 P, + J)j ; f.:: fn f P j fo » 1_; 

po 11.C 
J r:;,JJ'= L 1 +Sl+8-1-,{f· x,){1li+~L+ 11 )znS-3.J9J<1 f1-x,J. 
0 
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6. PEAKUHH '( '( - e•1r e+e-

I. PaccMoTpeHlile sTon pe~ npoBO)OITCJI no Ton xe cxeMe, 
'!:TOH )l;Jili pe~ (!). OcHOBHOi! BMB.n B ceti:eHJile .nam ,D;Be 6Jioti:­
H!ile .D.HarpaMMli p111c.Ia~,B KOTOPHX MIOOJ:IH!ile JIHffi'IH .D.OJDKH!il ONT:& sa­
MeHeH!il Ha SJieKTpomrae. Yti:eT TOll!,ll.ecTBeHHocT111 aJieKTpoHOB npHBo­
.D.BT K TOMY, '!:TO B OTJllf'IHe OT (8) ceti:eHlile paCCMa.TpHBaeMoro npo­
necca ecT:& 

.J"' = :, {rlrrtt + dcr") = rl~a. . 
e11 ult .. e•e·e•e- "'· 0 

(47) 

ITOJIHOCT:&ll .D.Hcppepe~a.in.Hoe ce'l:eHlile 3Toro nponecca onpe,neJIJ1eTCJ1 
qiopMyJiaUl! (9-IO), B KOTOPHX BCl)J(y aa.no npolil3BeCTJll ecTeCTBeHHYll 
saMeay .ffl,14 ~ ""e . 

3HepreTF1ecKBe pacnpe,neJiemm onpe,n0JIJDl'l'CH qioIJ'YJiaMH 
Jll (39a), B KOTOP"X 

a= 1t;f1)= 1,os; B=c=t4•f= -1,sri d=tu·[=1,soi 

{::j:ci.-f =o,1S1j JO)= -t,102, 

(38) 

(48) 

IIp111 I_ = O 9'1'11 pacnpe;n;e.nelllilH coBIIB.nB.llT c nOJiy11eHHm.m B pa6oTe 
[ B] . OTMe'l'lilM, ti:TO BKJIB.n CJiaraeMoro nponopJ:4ZOHM:&Horo ~- M8Jl 

(~ 2,2%). 

HHTerpzpya (5' a) no X-t,L , no.ny'IHM ~OJIHoe ceqeHJile 

,.. o1
4 l ill "' n ) t.. ] L 

\J XE ... e•e-••e- = ,, m: 36 JO) - ii .., lii -sri - 11 I. J = ( 49) 

= ,, 4 (1t o,Do1 ~-)·1"· 1 ° CHl, 

3'l'OT pesynTaT COBIIa,naeT c peayJD>TSTOM, Hai1.IJ;8HH!i1M ,IU>YrlllM CIIOC0-
60M B [I2] • OcHOBHOA BKJJ'.8,lt B ce'l:eHHe MST oOnaCT:& 'iJ."' '"" ' B 
KOTopoA HeT napaMeTpJllt{eCKOro ( TJ!lla 1 I en ( m,.,1 /1t1! ) )l;Jili peaK­
~ (I)) no,naBJiemm saBBCJllllBX OT napaMeTpoB CToitca CJlal'aeMHX, 
• , t 

O.JUmRO ecn 'DICJieHHWi M&JIOCT:& "" t-tl'f) ((os 11'{',_) ...., 3% (cp. 
(I6a) 1i1 ( I7)). 

+ 
2. Ceti:emte, JilHKJill3HBHoe no e-, JieTJDl{HM B,D;OJI:& m.myJD>ca nep-

Boro qioToHa OIIpe.IJ;eJlll6TCH qiC>p.tyJIOi! (41) c SSMeHoi! m,.., -4/f'ff • H3 
Hee BB,nHO, "<!:TO OCHOBHOD BKJ18Jl; B nOJIHoe ce'l:eHBe npoHCXO)OIT H3 
o6JiacT:e p1 .. "' p2 J.."" mi' , B KOTopoii, IIOBJll)OIMOMY, TPY.nHO perHcT­
pRpoBaTJ:i tJ:aCTJllii1l. IlpB . I' fJ.. »m~ OCHOBHOi! BKJIB,It ,JJ.allT ,JI.Be cyll(eCT-

:." 

T8 

BeHHO pa9JIH'lliWC KHHeMaTH'leCKRX o6JiaCTH (I9) Ill (30), 06cy3',I(a.B­
nmecn B 3 pa3,JJ.eJie. Kati:ecTBeHHait KapTHHa COOTBeTcTByeT TOMY, '!:TO 
o6a CJiaraeMLIX da-,} 111 d<tl (33) ,v;a1>T npKMepao O)OIHaKOBlile BKJia­
,IU:il. 

HmtJ'msHBHOe ceti:eHHe d<f/d1f, npH P1i. >>m-e MOllHO IIOJIY'!HT:& 
KS ce'leHWI (42)' eCJIH paccMOTpeT:& B HeM npe,neJI Pti. )) ~ ' a 
saTeM c,neJiaT:& saMeHY "',.., ... me • B HTore IIOJiyti:aeM 

...I( = .2ol~ J d'P,i.rb.1. _ + .~"' (50a) 
CAii .. e·e·e•e· JJr2 p,1 i'J-~+f..r.s+F.I_f.I.,..,IJ, 

r.ne KOMOWianBH napaMeTpOB CTOKCa onpe,neJieHlil B (42B), a 

F:. = 3ft.+tf-2-o,r1-~,Jtfl-f), ~ =-'fr1 r-1--,.,) 1 
D 

r:_ = f ~,f-f-~t) I F.,. :: K,{1-"f.1)/l-J), 
(50B) 

~ =-f .. 1 .. 2~,ff-~1)/f-2), 

f::: ~(f1~ffl?!) f1.i. » rne · 

CetteHlile c f 1 J.. > f u "',.,, 
pKpoBaHHeM 

nOJiy11aeTCH OTCll,ll;a npoc'.l'lilM WITer-

~11 · 
qfu..,e·~-t·<-:: F ":' [3fot.+8f0 +6-6x,[H,)ff,+r)t.+ ,, ........ 

+ i J,(N,)1-] I e ::: tnr,,~,,, .... 1111~ J. 

(5I) 

3. l1HTepecHo CpaBHZT:& .JilHKJil)3HBH!ile ceti:eHHH o6pasoB0.HHJ! e· 
.H ;r , JieTSllllHX B,D;OJI:& HanpaBJieHJIUI ,nmmeHHR: nepBoro qioToHa. OT­
HomeHlile 'IKCJia e- K 'lllCJIY "- sa.naeTCH OTHOWeHHeM q)yHKnB:H Fo H3 

~ 
(5DB) K q)YHKnB:HJ'FoH3 (42~) .H llpe,JJ.CTaBJieHO Ha p111c.5. IlPHfi.1.""'..-. 
aJieKTpoHoB B 7~9 pas OOJI:&llle, qeM MJX>HOB, a npe: p,: = 1()m; aTo 
OTHomeHHe YMSH:&lllaeTCH .no BeJIB'DiIHH 2+3. 3TO npeBlilllleHHe CBH38HO 

c TeM, qTo o6JiacT:& (30) ell(e He ,naeT BKJia,na B ceqeHHe o6pasoBa­
lillf{ MllOHOB. 
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7. PE.AKUIDI ~ l - :rr .. Jr- e~ e-

1. Mb! OJltH).(aeM, 'tiTO HCTIDIHOe (c y'IeTOM CRIJ.lbHoro B3aHMO-

.n;ei!cTBWI) ce'tieHHe !IpOu;ecca "(j.-tJr•Jr- ( l• - BHPTYaJU>HIDi 

q,oTOH) ,Il;OJD!HO na.;a;aTl> c pocTOM RHBapHaHTHO:itl MaCCli !i" - CHCTe­

~ ~ BlrIPTYaJil>HOCTH q,oToHa 'l"::: -1} . IIoaTOMY COOTHODl0HWI ( 8) t 

(9) 6y.n;yT B~OJIHSITl>CSI C BHCOKOE TO'IHOCTblJ II ,IVIJI peaKJ..tJDJ (3), 
eCJm: no.n. ci '1'1 no.u;paaYMeBaTl> 11cTmmoe ce'tieHHe ( K • -t Jr~ Jr-
!IpOu;ecca. HsBeCTHo [16] , 'tiTO Ha MaccoBoil noBepXHocTH ce'tleHHe 

npou;ecca 11' ... Jr' Jr- xopomo oimcIIBaeTCSI 6opHOBCKml! npH6Jnate-

imeM ( TO'tie'tiHHe n110HH) OT nopora .n.o ~ma'Iem mmapli!aHTHHX Mace 

"3t-"' noPIJ.l(Ka m.r • MacmTa6 zaMeHeHIDI aToro ce'tleHWI c pocTOM - jt 
.IJ,OJ.lllt0B 6!lTl> IIOpll,n.Ra mf (MO,ll;eJll> BeKTOpHO:itl .IJ,OMHHaHTHOCTH). B 

KBaHTOBOil a.neKTpo,n;IDiaMRKe aTOT MaCmTa6 mh':,,. • IloaTOMY B 06.nac­

TH lIMIIYJll>COB :Jr~ MBSOHOB TaKHX, 'tiTO RX mmapKaHTHaSI Macca 

M0H!tllle mp ' a ;;Le~ .r, 6opHOBCKOe !IpR6Jml!teHHe xopomo OmICIIBa-

eT peaiauro (3). IloaTOMY pac'leTH .n;H@lepeimzam,Horo ce'!emm 

peaKIJ;Jrm (3) B 6opHOBCKOM !IpR6Jnc!teimH .zvm aToil o6JiacTH SIBJIIDOT­

CSI BIIOJIHe o60CHOBaHH!lMH. B TO xe BpeMI! Ha6JID.ll;eH1i!e aTOH peaKI.OUl , 

noBli,Il;RMOMY, o'!eHI> saTPY.1tH8HO Bs-aa 6oJilillloro q,oaa OT !IpOu;eccoB 

n .. a.npoHH c 60JllilllHM ce'tieHlleM - 3·10-31 
ci?,..,1036"1(-71J1ee . 

(J) 
IlOJIHoe ce'tleHRe peaiuum~!Ipe,11;eJIS1eTCS1 HHTel'paJIOM 

f(aj /s,) II( r, , B KOTOpoM 6opBOBCm BI<Jia.;a; . ~OJlteT HM0'l'I> CM!lCJI HIDK-

He:ltl oueHRH (BIIpo'tleM, 6!lTl> MOllt9T He DJIOXOH - Ji!s-sa 6HCTporo na­

.n;emm <1"1 / s, c pocTOM s, ) . 

2. B 6opHOBCKOM !IpH6.1IHl!temm BMecTo (lOa) BMeeM 

r.#cf1qfs, 1 rPf<L «x1 dlfud~t. _ _ .... s- = 2a1 11,x16-(f-a •Jr-· •J 5(f,J.+f2L-iJori,•),-1), 
f , .. •m,. f•• .. ,.,,. 

(52) 

r.Ite WYHKI(WI tr ora ae, 'tiTO l1I B ( IOa) c saMeHoit m,. .... m,,. . CaMliM 
BalmllM OTJIH"llleM OT ( IOa) SIBJ!Sle'l'CSI ,DJ>yran SaBHCliD40C'l'l> OT )( i • 
Ce-qemi:e ( 52) 06pamaeTCS1 B HYJfb IIPH x1 ""* 0 ll' x 1 ~ I H 

HMeeor MaICCBMYM npB ._ 1 = ~L = I/2 . .Herxo BH.n;en, 'ITO nee oc­

T8JlI>1Uie q,opr.ayJIH ,IVIJI peaiw;HH (3) MOryT 6HTlt llOJIY'ti6Hl:il R3 COOT­

B0TCTBYxmntX ({lOoo.n .IVJJI peaKil;ilB (1). eCJIH B noCJie,Il;HJIIX OT6poCBTl> 

CJiaraewe He !IpOIIOpD;HOHaJil>Hlie MBOlltHTeJill X1 "X.. B peayJll>TaT 

YMffOUTb Ba (- 1/2) (c saMeHoD m,.. ~ "'" ) • B 'tiaCTHOCTB, l1I3 

(39a) llOJIY'llD4 cneKTPll IIROHOB (cM.pBc.6): 
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o/ lid." {I / -1 (53) 
a-ti':. :Jrm: JC,K, o- 6 d- 'fI_)oft,+Xi-1)t!x.,tfy.2· 

IIOJIEloe ce'tleHHe peaKI.OUl (l) IIOJIY'll!M, mi:Terpmpyn ( 53) IIo 

X1,2. II .n;o6a:BJ.tfm ' er'= o'lt (CM. (8)): 

Bo,.n . = ,2(]'. = lfot~ a [La+ ~l ... ·t6J_ J._(3L-f)Z_J: <ru .. :t•J'·e+e- a 1.1;-m,. J 18 ta. (54) 

= o,~2. (1- o,ofl(I_).10-JJ'"'"; }., =- f11(111~/"'! ). 

Ce'tieHHe ( 54) OTJiliAae'l'CSI OT IIOJIY'{eHHoro B [ 14] 06111HM MHOUTe­

JieM 2 B SHaKOM nepe,n; I_ . IlePBoe pasJ.lHlme CBSISB.Ho c TeM, 'tlTo 

B f 14] Y'ITeH TOJll>KO BRJIB,It O"ct B !IpOIIj'llleB BRJIB,It a' & , BTOpoe. 

KaK B:imHO H3 q,opeyJI, !Ipli!Be.n;emwx Bf I4] , llOBli,Il;RMOMY, SIBJIJI0TCSI 
one'tiaTKo:R. 

IlOJISiPBSau;HOHHlie ~KTH B IIOJIHOM Ce'tleHBH O'ti0Hb MaJIH. O.n;­

Ha.KO, B mm.ztllSBBHOM ce'tieHHH OHR OK83HBal>Tc.R: .l{Wlte 60J!I>llle, 'ti9M B 

c.ny'Iae peaKD;HB (I) . :3To ce-qemi:e o:npe,n;eJISieTCSI q,oPMYJI&m ( 42) c 

yKaSammMPI 3BM0BaMH. Rax H .IVJJI pea.KIUm (I) OTBODl0HHI! Fr /J:; B 

fJ~ Ma.mi (< 4%). I'pl$m oTHomewm (-fi/f"o) .n;B.H Ha pzc.7, 
OTM0TBM, 'tiTO .IVJJl Jm6HX X1 

ma1-(-I)/~) = 0,49 npH fu. ~ msr. (55) 

!Ab! 6Jiaro,ZJ,aplib! lit.cti. rltltt36ypry ,A .rr. Otty<UlHY' B.B.Cepe6pHKOBy 
Itl B.lit.TeJIEttony 38 rroJie3ttble o6cy~,ZJ,eHitlH. 
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IIPWIOJBEHKE A 

Aw.r.Jmrry;zcy M , cooTBeTCTBYDllYll .zumrpaMMe pzc . I a , MOJKHo 

npe;a;CTaBHTl> B Bl!,l{e M = M(,., ff:i v 'j ,.. v I C/-1. • r;a;e M r,X. - aMIIJLH-

'fYlf,a BepXHero (lmlmero) 6Jioxa Ha pHc. Ia, (- ,,,..,, /1,) ecTl> MaT-
pmw. IJJIOTHOCTH Blitp'fYaJU:.HOI'O <l>OTOHa. c TO"lHOCT:&I> (7) aTy MaTPB­

ey MOJmO npeo6paaOB8Tl> K BH;a;Y (CM. [ I7] ' § 4.8.3) 

MliI K BH,l(y 

J"'J)~ 
j_/(RK>' 
__ '.!_1. 

s 

q ;1Y .~ :LS 'j.!< O V 
a .s., s:t J.. t• . 

(A.I) 

(A. 2) 

OTC~ Blil,tl;HO, ~TO BlitpTyam:.HHA cpoTOH llOJIHOCTl>ll llOJIJIPl!SOBaB H 

ero B6KTOP llOJIJIPHSar(HH e,, ;. ifJ I t I . IricnOJil>sya (A. 2)' 
MOlKHO npe;a;CTamt'l']) dda. B BB;o;e (9). ,lJ,ruI pac~eTa BeJDfllllH dd',,:z 
y;a;o6Hee HCllOJI:&SOBaTli (A.I) 111 npeo6pasOB8T:& qi.om 06'beM c 
llOMODt&ll COOTHomeHHJI 

d~f:i djf'f - rl' i.L 
(5(k,+k:z-f1-f1-/'J·f,,) 2.E .t.f - --

,_ 'I 

OcTa:aJIJUl B d <'1 Jil!lll]) CJJaraeMYe KOHe'llll:le npll s ~ l)Q ' IIOJJ:Y'll!M 

IIOCJre CYMMJIPOBaHHli IIO CllllHOBlilM COC'l'0$111HJD& MDOHOB 

vfd1 ds1 _ 

s, -
/ M/"' K:," It d'frJ.. cil~; 

('iJr) 1 ~: sa. x, f1-X1) = 

- :l, ol2. IJ 'f I Ltj 

[ 
5.. Q· "'· ] 

- (f{:+111;Jrt~!+,.,,:J - ~d1-~,) q; eit:J~d/,J.ht~ 

fit 
,() - :t l.¥• - f~11. + m,.. 

l fJ:. 
+ f:i l 

oi + "'"' /~J. ')t 

, 

(A.3) 

r.tte e, - BeitTOp IIOJIJIPll8aJtllll II8PBOI'O <l>OTOHa, IIpliNeM BH,ll;eitCH 

l,J oTBe'lall'r .Dllll> nonepe"DISM cocTa.BJDlllltBM: l,] = X,'j • 3aMewm 
• {[ op -1 .... ei e • ..., f<j :. "i 'f + s q- i/ , rlf,e cr - Ma.T~ Ila;yJDl, IIOJJY'DDl 

( !Oa~ • IlpB 88IlllCJI MB.'rplm;B IIJIOTBOC'fB J{,IJI B'l'Oporo <I>oiroea CJie)tye'l' 
~ecu, ~To BH6paHH8JI H8111l oxcHM8 0Tc11eTa_oo:sna.~aet• c ecTecT­
BeHBoll ;n;1IH onpe;a;eJieBJIJI IIapa»e'fJ>OB CToitca ~ t BTOporo <I>oiroaa 
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npl! OTpaaemm: ~ lit ~ oceA, noaTOMY ;n;1IH BTOporo <l>OTOHa 

ti = ~ [1 - ~,er. - iJ rr:r +- i3 o-l Jij • 

IlpH KHTerpeyoBarum (A.3) no fu B03mntalOT CJie;zcyll!Ule 

HHTeI'paJm i J c{l f/I .. 

Y (f,:+m;Hf,.:+m)) = ~i Ff ; (A.4) 

;]QiGjd'f~J.. = :t.o,;(Fi-~) +~ ~/1'(2Fr-Fj_), 

r;a;e <PYHKUJm F1,:i. onpe;a;e.neHH B (I5). 
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nmnomoo: B 

B aToM npuOJtemm MH noRalleM, Ka.It BIRHCJIS:eTca <.l>YBiantJI J 
(42). IlpJI 9TOM Mil 6y.n:eM JilCllO.lll>SOBaT:D o60SHa'leWlR: (42B) Iii (42c) 
H y.no6icyD CJilCTeMY O'l'C'leTa c OC:DD x. B,ItOJD> BeKTOpa 1i J. • B STOA 
cHcTeue onpe.neJIBM 6espasuepHI:i1e ,n:eyuepH1i1e nexTopa 

f= ftJ.Jm_,.: (f~O)i f=iJm_,, :.{~C'1S'f,~lt'11'f) 
H o6osHa'IJIM 1. 

.. ,,. .f.)/ Jt. (""' ""') f A = ( f,~ + 1t1;JJm; =f•f; $ = (fit.J. +m,., m,., = i-f +-

Tor.na HS (4!), (42a) BMeeM 

·J = J...j ~f _!_ - ! x,r.,-i,J ,,,,. .. [ &1 
+ (a:-a;)!3 + iel~ Q111]· 

:Jr 't1 
A-B ~l. (B. I) 

.[ f1 - f',_ {I3 UJS1'f - ff, Sill2'f)]) 

Q'- = .• _!
1

• [1+q.~+f2 ~.2+.2f''jf1-p')u:sf-2f'-CCS.t'f'], 

Q/·-0~1 = .t !'- ~ [-2lTf'-<f...:i.f'J(1-r')wJ'f+/1•t2)<os:.y;] 
A .ll m,... , 

. ~ !!. 

a Cl"' a~ = ... ,... [ 2fi Stt!lf + (1-f:) ~i11 a'f], 

"' ) ¥le._, 
ft = h fi;;;: , ftr~)= lvlz1-T A 1sh i + i 

1 

f!Z(l) = 1-

OTMeTHM, 'ITO 

A't)hi 
l v'~t.+1 

. I v>~t) ci .(.< tt!d1tt,., {"'it I 

f 1 -t ·, 2. 7 
!l. L + { +Uf'l<j,%. I ~ »"'e/~,,. r 1 ) 
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~ (.< Jtle/m.lf 

9 »Me/IU)'• 

(B.2) 

Ilp:a saweHe lf~:ur-'( Koajxpml;l'leHTH npz 5
1 

Iii~' B (B.I) 
H3M6HllDT 3HBX, a BCe OCTa.Jll>HHe CJiaraeMHe He H3M6HSl!OTCJI. OTO 03-
Ha'!aeT, 'ITO llOCJie HHTerp!lpOBaIDUI llO If B OTB6T M.Of!YT BOi!TH 
JIHIJI'f> CJie,I(y!OOUle KOM6~ napaMeTpOB CTOKca: S3 'SJ ~j '~ 'sf r, 
Trut KBK E zs6~oi! Hmm cHcTeMe oTc'leTa £J = s3 , iJ = ~ , 
~ t = S~ i3 - s, 51 , TO B HTOre ]J)IJl j MH llOJIY'U!M npe,JtCTaBJie-

HJile (42a), B KOTOpoM 

F_ =-J_J~[-1- - ~ x,(1-~1)mzi1.}•f,,. 
0 :rr 'F '4& 'i~ ,,. J. , , 

F!o = -/l x,(1-x,) m_:j· d
1

't-- (a'- - c." 2). { 
Jrq.t, ~ ~ f 

i 
r- ::. ~,(1-~,)1 :!_]_ [ t( 1. ) . (B.3) 
r_ A'1 .Jr~ 2 i31 1 + f ~ -:l. vc~if +:J.pi( cos'f'-

- f'l f..&} Jr) + f ~ l.."S 'f 'f' J . fa ; 

F Y:rf'f·),) j dli [ ,) 
+ = A 1 .Jrqf. 82. r + rr~z-1)c~·s.t.r + tn (u•.S3'f-f~U'5'fj +-

1- tC S '(If']• f .z j 

F. '= _ ij az£.{ w~2t _ £~,r1-~,)[-p 2 r1+<..el4'f') +nr1-t~· 
3 :Jr 1L AB ,p g.2. 

•{lei<{'+ c.c:d'f) + (-f +f'~t-rfv)c.<l)it]}·f.i • 

,lJ.nH onpe.neJiemm 3THX <PY~ Heo6xo.u;m.ro BH'DICJlllTI> I2 mITerpa­
JIOB CJie,I(ylOOIIilX W3YX THJIOB: 

(11 = iJ'l'''~!>~'f r dz . "= !..j i"tcrnf z 
tts Jr ~u 13s 11 ~ 1 fts 1r q'-"' e,s fad 9- • 

(B.4) 

IlpH Bll'UIC~emra 3THX HHTerpaJIOB Mll OT6pacHBaJm MBJllie CJiaraeMHe 
~ m~ /(j,1 + m,!) = m: /A JH_.£. • B RTore Heo6xo,l(HMlle ]J)IJl nOJcy-

'!emm ( 42.n) mt:TerpaJIH paBBH 
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£ 1 _ fi 1 _ t -i E.2 1 z e 
/1 - A) E11 - 1- A ' 12 =A!. ) £(1. = 1- ! ) 

3 £. [ 0 !(£ ... !)] ~ - 3f 1 (3 g ) E,,2 = 
1

J,L - [ + 1A , £31 - - r +ii ; + 2 ... .r ) 

E;,_ = A
1
1 (l-3+i.f+J)J C1~ = 1 '~~ =/z_{R•ty-1)f1l+1)+.2t(y-3))

1 

co~= J.L+1+9.t, CJ~= A~[(.2L+1)f+i-if(} +.t-1)]' 

C1~ = ~ {J.L+1-.2{(j-1), 

(B.5) 

Kopo'l'Ito IIOSICBBM CIIOco6 BH'lllCJiemm STHX HBTerpa.llOB. Hs onpe­

,Jte.llemm (B. 4) B cBoilcn i.[lyHiaUm { 2 (B. 2) BH,D;Ho, wro IIep1nre mecn 

BBT8rpaJlOB ltOHe'UIH npH me ~ 0, IIOSTOMY B mcc MOllHO 38MeHBTI> 

fi ... I' IIOCJie 11ero OWi npeo6peT8.M' IIpoCTOI BJl,1t 

1 ( Re[(~x +ih)"] t _ ., {-rd-!)/ J «.-r-tr1-rA.t·'l. dti.. 
Jrj(fJ"frf-lJ1 +1]$ dj- f ('l·1)J{,·tJ! o (tip1 +f)'l+S-f 

llo~TerpaJll>ime qiy:manm ocTam.mtX mecu BBTerpa.noB cO)(epmT .no­
rap.Hq:amqecKHe oco6eBHocu npH me ... 0. ,ll;.ltsl xx BH'll!CJieHBll y'JI.O(>­

Ho pas6HT:D o6Jra.cT:& HHTerpHpoBmmt IIO ~!J.. Ba ~ mrrePBaJ,Ia: 
'iz ~ <r H qz > fJ" , I',Jte me"/;rm; <,< <J' <.< i . B IIeJlBOA oOJracTH 

MOKHO IIOJr8I'aT:D B = A, IIOOJie 11ero OCTaeTCJI lllBTerpa.n 

J
"dat ~ rt.,/< l 

0 
'i'~ f1 =fl ... fno-) +L.-4~-li j fz f~ == J, +!H~-i. 

Bo BTOpol o6Jra.cTH KOZHO BM8CTO ll>YHltlOtH {1 llCIIOJl:D30BaT:D ee 

acmmTOTmty f 1 -'? fl + f + i In Cf~ ' 'llTO npeo)Ul'l' R YlipOlllemm 
BS'llHCJieBJd. B 01t0H118'1'8J.!l>HOJ1 o9eTe napa14eorp a- zc11esaeor. 
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Ilo,IODICH x pzcyHKaM: 

PJlc.2. 06os&a11eos: yrJloB ,D;JISI HHKJlllSJ[Bl{Oro ce11eH11S1 (42). BexTop 
ii, { ~) Sa,tta.e'l' muq>aBJleHHe MSKCHMaJil>BOi\ JIJIHeAHOA IlOMpH­

saxnm nepBoro (BToporo) qx>roua. 

PHc.3. a) 3a.Bzcm.tocTI> Fe, F~ (42) OT nonepe'IHoro m.my.7ll>ca .f-
B) 3a.BzcHMoc'l'b acir1MMe<rpJD1 F~/Fo = {do;/'-da-/ )/( c/<fa_11 +dU"aJ.) 

HHKJll)3KBHoro ce11emm pe~ &'I ....,/'/'"-f!•-e-· OT 
nonepe11Horo m.myJII>ca )'- ; do;/ ( dcra4) oTBe11aeT CJIY­
"IBJ), xor~ HanpaBJieHHe MBKClDrfWII>HOil nOMpzsmum nep-.. ~ 

Boro qx>ToHa .neJIJ!lT B IL1Iocxoc'!'H p)<-J k
1 

(nepneH.J:O!-
KYJIJIPHO K Heil) . 

Ji=_ L L 
Pl!c.4. ,µ;1111 MllOHOB c f1.i>ft.J.rt1(11 B Sa.Bl!CHMOCTH OT p1 ... ,.:11/m,.. 

npll X1 = O. 

Pl!c. 5. Cpa.BHeHHe HBKJlll3lmHHX ce11emtl! npo14eccoB a ( ~ e +-e- e ,. e -
II! 'K'K ~ )' j"' ' '€ + -e • ,D;JISl CJIY"!aSI HeilOMpHSOBaHHHX <lJoTOHOB. 

PHc . 6. SHepreT:r.t'Iecxd cnexTp nzoHoB, .neTSllllHX B,IJ.o.nI> m.myJ!l>ca nep­
Boro qx>TOHa B peaKJ.41Ui l J' _,, Jr~ Jr· e +-e - • 

PJ!c . 7. 3a.BHCHMOCTI> acmaJie'rpml ( 3 f re = (d<!/-da'o.J. )/(cJrtci11 
+ (/<!(/) 

mm.Jlll3HBHoro ce11emm peaKJ.41Ui Ji - Jr+Jr·-e~~ - OT 
nonepe'IHoro mmyJll>ca ;r - ; d (fo, 11 (d d'" .J.) oTBetraeT CJIY"lal> , 
ROI'~ HanpaBJieHHe MB.KC.HM8Jll>HOil nOMpHSaIUm nepBOI'O rpoTO­
Ha .neimT B IIJlOCKOCTR i- I k; (nepneH,IO!KyJIHpHO K Heil). 

~fl-(p1) 

f'll ... ( P2) 
I 

~e-(P3) 

e ... (plof) 

a) o) 

1<1 

q~=~+Xfe 
c) 

FLCJ.. f 

y 

P1.1. 

~ I - x 

Ftct. 2 
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