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Hcaea n.C. P2-80-329 

r11y69K0Heynpyroe pacceRH11e nenToHos Ha. HyK1101-1.ax. 
napTOHHaR ~OAeJlb HYKJlOHa. 

neKUl111 noceR.eH~ 3Kcnep11MeHTaJ1bHOMY 11 TeopeTl14eCKOMY 
o6ocHOBaHl1~ napTOHHO~ MOAeJ111 HYKJlOHa, H3y4eHl1~ CTPYKTYP~ 
HYKJlOHa 11 no11Rp113au110HH~x RBJ1eH11~ a npoueccax r11y60K0Heyn
pyroro pacceRHHR nenTOHOB Ha HYKJlOHax, AOKa3aTeJlbCTBY Hapy
weHHR cKe~1111Hra a ar11x npoueccax. 

Pa6oTa e~nonHeHa e na6opaTop1111 TeopeT114eCKOH $H311K11 
OH.RH. 

Isaev P.S. P2-80-329 

Deep-Inelastic L€pt"on:-Nucleon Scattering 
Parton Model of Nucleon 

i 

The review -is devoted to the experimental and theore
tical foundation of nucleon parton model, to the study 
of the nucleon structure and polarization phenomena in deep 
irielastic sc~ttering ·of Jeptons on nucleons and the proof 
of scaling violation in these processes. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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§ I. CTOYRTYPa HJJt/IOHa 
I!poI{eCCU r.ny601tOHeynpyroro paccesmrutJieIITOHOB (MeRTpOHOB, 

f'- -Me30HOB, Hel'rpDO) Ha HYRJIOHax - 3TO npoI{eCCll C 60JII,mnt 
nepe.ita'IBMH TpemepHoro, mmyJI1,ca OT· JienTOHa HyltJIOHY. B ce-qe-
mm npoI{ecca cooTBeTcTBYll!lM o6JiacTI> aHepnm Ii' mmyJILCOB -. m.1.1teJie
Ha TeM, 'ITO OHa Ha'DIBaeTCJl· cpaay llOCJie peaOHaHCOB,' IIOCJie. BWCO.Ita . 
ce'ieHRli Ha MaTo (CM.Ha p:ac.3 06JracT1>.aHeprd paccemrnwc a.neK
TpoHOB; uem.mm: 8 raB). 

HcCJie,ItOBamte_npoI{eCCOB r,?IY60KOHeynpyroro paccesmmIJI8llTOHOD 
Ha HyltJIOHaJC JlB,IIO MO!ltHll8 TOJI'IOK paaBRTl!'.D rmIOTe3ll O napTOHHOM 
CTpoem HYMOHa, yr.ny6JreHHorq HCCJie,ItOBmmDacmmTOTlfCleCKOro nO-:
Be.IteHIDI: ce-qeHd ("<IJ:Hs:axa Ha cBeTOBOM KOHYCEf?-B·paMKaX K3l,Hea6e
JieB08 RaJIR6poBO'IH08 Teopo llOJIR, IIOCTpOemm ·PII,lta KOHKpeTHWC 
MO.IteJiel HYJt!IOHa. ,llo llOJIBJiemm napTOHH08 MO.IteJIZ HYKJIOHa_'laCTO 
nom,30:sa,mc1, 110.1teJ11,D, ID!eDll81_gmsnecm-cwCJI. IlyMoH npe,ncTB.B-:
JWica: COCTO.rmtl!ll H3 06JI8.ltOB impTyaJII,BJlX nap: e+e:-, )'.}I~, Itir, 
Jr1{'", Nii H T • .It. (cM.pHc.I), a pa.in,yc KBJQoro 06.,-uuta onpe.ite
JmJICJt KOWITOHOBCKOft .ItJ[HHOI ~OOTB8TCTBYD4HX 'iaCTKI{: 
pa.in,yc MeitTpoHJioro o6Jiarui _ t 

1_ l . ~ fll<C ' 
pa.in,yc Il"'.ftteSoHHoro o6Jiaita 

t 
1~ H T.,It. ,. i'l1JrQ, . 

B TaRO! MO.IteJil! HYKJIOHHOe 06.IIruto (.wm n,cipon Hy-KJIOHa, "ROP. " 
HYKJIOHa) nteeT pa:naep!l KOMIITOHOBcKo:lt n,mmz HYKJIOHa 'ZN~ ro-14cM. 
OHa MOrJia 6H 6llTL. 06Hapj'lteHa B 3KCll8pm.!eHTax, B KOTOPHX nepe,Ita-
1DI[ mmym,ca .ltOCTHrsm BeJmtIEHH jd p ,~ Mc ~ I raB/c. Tarote 
nepe,1ta'U[ mmyncon µ.e .itaBHo -Ha6Jn:utaJIHc1, B · e p '- H _,,4p-rJIY60Ko
Heyripyrou paccemmx, O.ItHaKO Hll8XHX 11pomem OTKJIOHE!HH.lt OT T0-
'18'DIOI'O,llOBe~emm HYKJIOHa 06Hapym:tTI> He Yl(MOCL. 

, Hec11:0J1I,KO JieT Basa.it ~am.umo,/I/ 6wra npe.MOJteHa 11apToimasi: 
l!O,IteJII, HYKJIOHa, HSIIOIIHH8.Dl!BJI 11':0,IteJil, M8KTpoHa KOHI{a XIX-Ha"IJWia 
XX BB,a litMeHHO: HyMOH llp8,IUIOJiaraeTCfi COC'l'OlllltBM :1!3 Mwn.TUU!mmc 'UlC-
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T.Hil-llapTOHOB, san~ BcenpoC'f'PaHCTBO BHYTPl! lfYMOHa. Boe 
COCTa:smn:mtKe HYKJIOHa T<m,IteCTBeHHH, l!X 8JleXTPJ!'ieCICl!e saps;lll,I O.ltBBB
ltOBll. 3TO - npocTelmasl napTOHBM 110,tteJII,. 0Ha BOSmntJia B !969 ro-
1IY npli! Hsytlemm 8Hepre'!TleCJtOI SaBl'lCll!IIOCTli! ce11eHJ1t11 rJIYdOltOHeynpy
roro pacceJUmll eJieXTpoHOB Ha HYXJIOBax. 3xcnepJD1eBTanmae ,tt!BBlie 
yKaSHBa.Jm Ha TO, 'llTO ce11emre B8l18T ceda IIO,ttOdHO ceqeBJIJ) pe.cce.mam 
Ha T011e'IHOM HYXJIOHe/2/ co 8H8118Hll8M sap!Dt8.,MeBlJIIDI e.JtlJ!Et&. Taxoe 
llOB8,118Hl[e ce11eHJ!H HSTOJI.KaYJIO Ha ll!iCJII,, 11TO BJieltTpoB pacce:oaeTCJI 
He Ha neJIOM HYKJIOH8, a Ha ero 11aCTli!,H 8Ta 11&CTl, lilJleeT T011811Bla8 
pas11epi. Ec.m nponecc r.JIY(So1t0Heynpyroro paccemm.a paccuTpnan 
B Cli!CTeMe ltOOPJtl!H8T, B XOTOpol HYMOH ltBDeTCH co cxopocn,m, CIJms
ltOI lt CltOpoCTll CBeTa,H npe,JtIIOJIOQTl,, 11'!'0 HYXJIOH COCTOHT HS naJ)TO
HOB, TO JICTHBH08 ,ttBaeDe COCT8BJIIJlllll[X '!lyltlIOHa d1Jt8'1' smre,ltJleBBID/I 
npH peMTJ!BJ[CTCXOM pacTDBHIIJ[ BpeMeHH, a pacnpe,tteJiene sapiota 
nporoHa, BCJre.ttcTBHe JiopemtoBcxoro coxpa111eBJ1J1, npmreT q>oJIIY' ,tt11cxa. 
B 8'1'll YCJIOB:UX HBJleT8DIIIIII JieIITOH d1,1teY pacce:eanca npaJtTneCD 
III'HOBeHHO H B81torepeHTHO Ba OT,tteJll,BOM II8J)TOHe HYMOHa. Pe&lll,md!: 
nponecc r.,ry601t0Heynpyroro pacceJDD!St ueltTpoHOB Ha npoTOHl!X B cJ1c
re11e neHTpa MaCC np• BHOOIOIX 8H8pl'JUIX JIBJIJl8TCJI xopomnr IIP•d.o
aBHH811 x pacceTpimae110I ~eJnt. 

. EOJiee CJtODHe napromme 110,ne.JIH OT.1[1f48J)TCJI OT llilll80DOaHHOI 
IIpe.ItIIOJIOUHllSDGI 0°'l'OII~ 'llTO napTOBla 110!')"1' dHTI, pa9BlilX copTOB C 
pasmDDI paspJI.It8l(H, He TO'lle1D!Hlm, IIOryT Dl8Tl, 0~' T.,11. 0,ttJla l!'.8 
no,1106ma uo,tteJiel B;ylt.l[OBa - 110,tteJ[L Rynt-Balcxomf)a 3 - nec1tOJ11,1tO 
no,11podHee 61,1teT paccamTp:oanCJI mme. 

II&p'l'OHBM MO,tt8Jll, ecTeCTBeHBHII odpe.8011 06'LJICWieT Cltel.mmro:eoe 
CBOICTllO r.,rydoltOH87IIpyl'Oro ce11eDJI p&oCeJUDDI. To11e11Hoe.npe.n;cTaue
HJ1e O pasuepax COCT8R!gpqn: ~ napTOHBOI 110.11e.mr coxpaueT BOSIIOZ

HOCTl, .BCIIOJll,SOBaHJUI ll&Tellan118CltOro annape.Ta '1'80,PKH BOSIQ'llleHHI. 
Bee eTo, mrecTe BS.flTOe, IIOCJIYDJIO sBJioroM ycnexa naproHBol uo,1teJIJ1 , 
HeCMOTp!J Ha TO, 'llTO OBB co;ttepnT HeltOTOpie llJlllUJ,iIIB4lll>HO aey,ttOBJI8T- I 
BOpHTeJil,Hll8 IIOCTYJiaffl (Hl!llIPJDl8P,OTcyTCTBBe B8aDIO;ttelcTBU 118aJIY ' 
IIaJ)TOH81Dt,H8B08110DOCTl, CTpororo TeOpeTJ111ec1toro OIIpe,tt8.X8HIUI ltOJm
qecTBa copTOB Ilap'l'OHOB H ipymantl! pacnpe;tteJieHHH 8Tli!X IIaJ)TOHOB no. 
JOmyJll,CSII BHYTpH HYlt,IOHa). IlOIIHTltl'I Ha!TH COCTaBHHe 'll&C'H. HYXJIOHB B 1 

CB060;ttHOM COCTOJDIKB ;ttO Cll nop OltaH'IJ[BMHCl, aerna11el.3TO,IIOUT 

THJK8HHJO BCe OOJiee BllCOKHX aaeprmi C ll0MOll$JO Bee OOJiee MOIItlillX ycIW
pHTeJieH, 'ITO OKa3UBaeTCH BeCLMa Tpy.zmoii 3a,na1Ieil. OcodeHHO Tpy.zmo 
!lOJIY'IllTL BllCOKOaHepreTH'lecrorli nytlOK aJI8KTpcl-IIOB HS-3a 60JII,IDIDC pa
]tlfal(IlOHHliX ITOTepL aJieKTPOHOB. Cettqac C Yl3epelllIOCTl,JOMO.lKHO CKa
saTL,'ITO AO 2000 roAa 3Heprnn ycKopeHHl.lX npoTOHOB 2-5 TaB dypyT 
rrpeA8JII,HO BUCOKHMH. 

MTrut, npo6JieMa nsyqemm CTPYKTYPll HyKJIOHa, TeCHO CBH3aHHM 
c ~HJIOCOq>CKOii npo6JieMOH CTpOeHrui: MaTeplllI, rrpeBpaTIIJiaCL cettqac 
B O;IJ.Hy RS Balltlrefunnx B o6JiacTH qnrsnrui BUCOKRX 3Heprmi IDlK B CBH3ll 
C llCCJI0AOBaHHeM rrpnpo.nu HOBUX ClIJI, AeiiCTByIOllll!X Me;,ii;,izy- COCTaBJIJIIO
mHMR HYKJIOHa, Tait ll B CBH3ll C HeOOXO,I(HMOCTLIO IlOCTpoilKH HOBllX MOlll
H!IX ycRopnTeJieH, Cll0C06HWC llPll6Jnr3HTL WHSRKOB K pememno 3TOH 
npo6JieMll, Ilpn 3TOM 6oJIJ,noe sna'!eHH~rrpH,ItaeTcH KOJU,UeBI,IM ycKopnTMRM 
Ha BCTpe'!H!IX nytIKax, B Ta6Jmue I A€MOHCTpnpyeTCH Y.IUIBRTeJILHllll 
B!IHI'pm!l B 8Heprlill B Jia6opaTOpHoii CllCTeMe KOOp,ItHHaT-, AOCTllI'aeM!Iii 
c llOMOl!lLIO YCKOPHTeJiefi llOAOOHOro poAa, MOJKHO CKa3aTL, 'ITO 6JIHJitall
mne 20-30 JieT llPOJil,JOT HOBHH CBeT Ha rrpo6JieMY CTpOeHIDI MeMeHTap-
HllX '!aCTHn H HYKJIOHa B '!aCTHOCTll. 

Ta6Jmua · I • 

CTa.TIKHBaxmtH8CH 3neprIDI B IlOJIHM aHeprIDI 3ItBRBa.TICHT B Jia6. 
IIy'!Kl'f 

PF 

e+1( 

Kom,ue B CllCTeMe U,M, CllCTeMe 
(f\,f,.,= 0,94 raB) 

5 raB IO ran 52 ran 
50 ran mo ran 5,4·103 ran 

500 raB moo raB 5,4•105 raB 
0,5 rsrr I raB 103 ran 

5 ran IO ran 105 raB 
50 rsB rno raB rn7 ran 

§ 2. Klmewmnta, ceqe1me nPouecca r.ny6oKoHeynpyroro 
paccemum n cirefunrnroBoe rroBeneHne cTpyK:r;v:prn 

Ym!!ill!!ii 
Ilpouecc r.11y60K0Heyrrpyroro pacceJIHIDI JierrTOHOB Ha HYEJIOHax 

, {+IV - f + X, - (2.I) 

6an, CBKS&HO C '!'811,'llTO 8Hepm CTU!Cl!B8DqJ!XCJI 'll8C'l'Bit,l10CTBraellHe 
Ha COBpeuemmx YO!tOp][TBJmX, ae;ttOCT&TO'IHO Be.DltH, 'llTOdH mi:CS:i[Tl, 

IIap'l'OH HS J!YMOHa. 0Tctma IIOHHTHO CTpellJ1'.eDe B Hallle Bpellli x ,llOC-

rAe )(. 06osHa1IaeT JII06oli AOnycTHMirlt SaKOHB.MII COxpaHeHWI .Hadop qac
~. B IIpH6JrwKemm O,IUIOqJOTOHHOI'O OOMeHa OimCHBaeTCll O,lUIOH ,It}Ifil'-

11 :paMMoii weiiHMB.Ha (CM~plIC.2). Y'IeT ]tlfarpaMM C 2-<!x>TO.HIWM OOMeHOM 
AOBOJt&HO CJIOJKeH, 
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BKJia.n; Truooc ,n.rarpaMM B ce'leHHe rrpouecca rrporropI.OIOHaJieH <X'. , H HM 
o6wmo rrpeHe6perruoT. ,Iym ormcaHrur rrpouecca BBO.IUITCR ,nBe IDIBapHaHT
HHe rrepeMeHHHe 1-1., ll . V • IIepeMeHHaJl cf orrpe,ne.,meTCJI Ka.K 
pa3HOCTI, 4➔depHl1X liMIIYJU,COB J!OIITOHa: 

lf;t_, ~ (1e-k:'/;. .irni.- .?EE
1
+ .f./i/Jir us6. c2•2) 

3,necl> 0 -.yrOJI pacceRHWI JIOIITOHa OTHQCHTeJII,HO HaIIpaBJI8HM rra
.I(aDIIIOro rryqKa JI8IITOHOB, h1 - Macca J!8IITOHa • .Il,1m 3JI8KTpoHa,KaK 
npaB:wro, £, E ' >;,, m, :e: noaTO?.\Y · 

cj/· ~ - 1,/E £ 
1
, ft.'11 z t . {2.3) 

BTopaR rrepeMeHHM v onpe,neMeTCR M8.nyJOlllHM D6pa3oM: . .. p, C 
v = !jf, {2.4) 

r.Ite' :, : ~I - Macca HyMOHa •. .. . . I 

B CHCT8Me Koop.znrnaT IIOKOmrterocR HYMOHa Y"' E 'E'. · . 

\ 

B .I(aJil>HettmeM 6y,neT RCIIOJ!l>30BaHa eme O,nHa nepeMeHHaJI w , ' 
KOTOPM onpe.neMeTCR KaK IDIBapHaHTHM Macca Bcex (KpoMe pacceRH
Horo J!OIITOHa) 'lacTR[( B KOH8'1HOM COCT~RHRR (cM.pnc.2): 

W .t.= M;.~-= ( P+ct,)': <2.5> 
B CllCTeMe KOOp,nRHaT IIOKOmrterocR HYKJIOHa 

W.t-= M}.,+.tM11+9,,i., 

4 -MePHaJI nepe,naqa 'rl, - B8Jm'IID!a OTPll[(aTeAI>HaJI. 
y,no6CTBa tJaCTO HCIIOJil>3YJOT B8Jlll'IID!y 

IIo:nor.w .IVI.ll 

. QJ..=-'1,2: (2.6) 
Tor.na ;., i., -1 , Q 1., 

W = l'1 + ,<,Hv - • (2.7) 
.t ,._ l},1.,1 Q2., 

B My'lae ynpyroro pacceRHrur W " M , •<,,n II = • 
SKcnepEMeHTaJil>HM npoue,nypa onpe,neJieHWI ,ItRqq>epeHI.OiaJil>Horo 

cetJeHHJI rAY60KOHeynpyroro. paccMHHJI 3JI8RTPOHOB ( _/A- -M830HOB) . 
Ha npOTOHax COCTOHT, B 06ll!IDC qepTax, B Me,nymmeM. IlytiOK JieIITOHOB 
C OIIpf.I(8J!8HHOil 3H8prll8H na,n;aeT Ha BO.I(Op0.nHYJO Mmll8Hl>. Paccemnwe 
J!8IITOHll aH8Jlll3HPYJOTCR no HM!IYJil>CaM C IIOMOlJl1,D MarHHTHoro cneKTpo
MeTpa •. B npouecce H3Mepemrl1 B LUU'HRTIWH cneKTpoMeTp Ha~ c pac
cemrnmm JieII';l'OHaMH nona,n;anT R ,npyr:e:e tJacTHIJ,H ( II-MeaoJW, K-Meao-

6 
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HH, rrpoTOHH H T • .n;.). IIPOTOHH MOryT 61lTI, OTHOCIITeJIJ,110 rrpoeTO OT,l:\e

JI81W OT JI8IITOHOB H3-3a 6o.n1>rnoi-i MaecH rrpoTOHOB, K-M830Hll 6HcTpo 
paerra,n;ruoTCR (B oeHOBHOM Ha A -M830HH). Hau6oJiee eJIOJKHO OT.I(8JIUTI, 
J:: -M830HH OT JI8IITOHOB. )f.lm 3TOrO CTaBRT IIOpOrOBH8 etJeT'Il!KlI. rum 

H8CKOJII,.KO o6H'IHHX etteT'IHKOB, pa3)];8J!8HHHX RaKHM-JIH6o MaTepHaJIOM , 
H Jf -M830lW errpe.nemnoTCR IIO IIOTepe 3HeprHH Ha 8.I(HHH[(e pa.I(Har{IIOH
HOH MHIW• )J,Jm .OT,ll;8JI8HHR 3JI8KTPOHOB OT II03HTPOHOB, odpaaOBaH
Hl1X OT pacrra,n;a J(' --M830HOB Ha 1)4- .-KBaHTH, HCIIOJil>3YOTeR rrpneM 
rrepeKJI10'I8HHR HanpaBJieHHR MarHHTHOro IIOM B CllOKTPOMOTpe. TaKUM. 
o6paaoM aaMep.ileTeR .f!lOH OT rroaHTpoHoB u rro 3TOMY 1I1ony onpe,neJIROT
CR BMa.n; rr°-Me3QHOB. Heo6xo.I(HMO TaIO!te HeKJIIOt[UTI, pa.n;n8.[(HOHHHO 
rrorrpaBiw. 3Ta aa,n;atta CJIOlltHM, BeJIBtJHHa pa.n;n8.[(HOHHU.X norrpa.BoK aa
BHCHT OT reoMeTpHH 3Kerrepm.reHTa. IIoeJie HCKJIIO'leHrut Bcex iiepe'!He
JieHHHX a@ieKTOB Hax:O,IUIT cetteime RCKOMoro npoueeea. 

PaeCMOTPHM eJIYtJafi paeceRHHR 3JIOKTpoiroB Ha rrpoTOHax. CTaH
,napTHM cpol)Ma cneKTpa paceeRHHHX SJIOKT_poHc>B B npor{eece {! t/ .. e.,. X 
np:e:Be,neHa Ha pne.3. 

CaMHtt BHeOKHH IIHK rrpn aaeprmr ~ 9,5 raB eoOTBOTCTBYOT rrpo-
ueecy yrrpyroro paeeeRHHR e+p ..... e-r P • MeJK.n,Y ::meprrurMH 
8 raB ll 9, 5 raB Ha6JIIO.I(aIOTeR TPH IIHKa, 'COOTBeT.CTBYJOU\HX B036j'i!{.l{OHIUO 
HYKJIOiillllX pe30HaHCOB €! + f ..... fl + Ll • 

lliIK, 6JIIDKaiillllrti K rm:ey ynpyroro paceeRHHJI, CBII3aH e Nil =I236 
MsB~ Me.ztYl!)lllIDi: - c M4 = I520 MaB, TpeTHii - e M4 = I?OO MaB. 
IlpH aaeprrurx paeeeRHHJI aJieKTpoHoB,MeHI>lllHX 8 raB,nueeTeR mn:poKoe 
IIJiaTO, OTBO'!aD111ee rrpoueccy rAY60Koaeyrrpyroro paeceRHrur JierrTOHOB 
Ha HyKJ!OHax: _€. + p - e. + Bee' 'I'l'O yro,nHo. 

Ha rpaipnKe {cM~pnc.3) )l;OJOEHH 6HJIH 6u IIpoRBHTI.eR ITUKH OT Beex 
H3BeCTHHX HH3KOJI8llt8.II!RX HYKJIOHHl:lX peaonatteoB. 0.I(HaKO H3-3a 60.JII,

lllOH nm:p:nJW peaoHaHeOB HllX OTHOCHTeJil>HO Ma.JIOH HHTOHCliBHOeTH OHU 
MHBaDTCH :e: CTaHOB/ITCR Hepaa~. 

ID!TepeeHO OTMeTUTI,, 'ITO eCJm Mil C'lliTaeM, 'ITO O.I(HDqlOTOHHM 
.nHarpaMMa (pne.2) a,n;aKBrutTHO ormcHBaeT npoueee 

l+p- l+X, 
TO Me,nyeT OU.I(aTh, Tfl'O B Ce'IOHHH rAY60KOH8YIT_pyfOrO pacCeRHHR 
,ltOJDKHli rrpoRBMTl>CR Bee Te peaoHaHCH, ROTOpHe rrpOJIBJUIIOTeR B rrpo
ueeee Heyrrpyroro B38.l!MO.I(8HCTBHR peaJII.HHX 'f -RBaHTOB e IIpoTO-
H8MH 

f+P -X. ,~.o) 
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PHc.1. HoAen• HyKnOHa. 

~ ~ ~ 

., 

k(E,k) . k '1E: k ') 

q=k-k' 

} )( (W, p' 

P (M,o) 

PHc.2. AHarpaMMa $eHHMaHa~ onHcY
ea~~aA npo~ecc rny6oKoHeynpyroro 
pacceAHHA nenTOHOB Ha HyKnoHax. 

!fnp11tuu 17UK/, 

A ll 
II 
I 

j \ 
~. I 

I !3He.QtuJI . 
• nallo,o~e20 _,, 
• nft/lrO 3/leKT/VHIIO 

') 
3,0 4,0 5,0 ?,0 7,0 80 9,0 1oor3B 

' 
PHc.3. CneKTP pacceAHHYX 3neKTPOHOB. 3HeprHA HaneTaOIJll,fX 
:iiiei<TpoHoB = 10 r3B. /Yron pacceRHHA 3ne1<TPOHOB = 6°/. 
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I 

Ta.K OHO H ecTh Ha CaMOM ~e~e/4/. C POCTOM aaepr:im HaJI8TaI01I1ero 
a~eRTpoHa H YJ3eJmtteHn:eM yr~OB paccemnm, T,e, C pocTori "MaCCli" 
BHPTYam,Horo '}' -RBaaTa STO pe3ouaacHoe rioBe,tiemte cei:remm no
cTeneHHO n:ci:re3aeT, ·t 

,I(n:qxpepeHI{llaJII,Hoe cei:remrn npouecca ( 2; I) B o~oqioTOHHOM np:rr-
6JrmteHHH onpe~eJIJieTCJI MaTpn:i:rmiM a~eMeHTOM: 

M = e"- ~(ic~JI;, u(ic.) i;: <Xf T..,(o)/,p >. 
• 

(2.9) 

E~ HBC He HHTepeCYJOT nOJIJipH8aI{llOHHli8 HBJieHrur, TO noc~e B08Be
~eHrur MaTpn:trHOro a~eMeHTa (2.9) B RBa,Iij)aT, Mli npOH8BO~HM cymmpo
BaHHe no ROHe'lliHM CllHHOB!,IM COCTOJIHRIIM n: ycpe~eHn:e no HB'IaJihHliM 
cmrnoBliM COCTO!iHIDIM, Ilpn: 8TOM BllpruiteHHe .Ir,1I.II ~cfxiiepemnm.7IbHOro ce
i:reHrur npHHHMaeT ~ 

$.x:oli._ 1, 

r~e 

ol16' 
d-€' J.Q:: 

e. .t 
ol= -lie 

'J, y 7" ~v, (2.IO) 

iv= ~'-2.2.[u(l<r:J1fl'-l{(~,rJ][u(1<,I)J'-.,tl{1t~I;J].: 
:;.M s .!' 

I (t I I I i. ) = ~ ~ tv -t- ~ llv + -;[} jl'" . 

~J = ~ [( Pµ -~ 'vp }[Pv-~ <v.r) ~ {v1 cvlJ-
- M"' ca - ~q.") w. , !J] (2.II) 

1pJ q,1. 1 ( v, 'y • 

CmmM. f i -08Hai:raeT cyw.mpoBaan:e ITO ROHei:rHHM H ycpe~HOHHe 
no HatraJIEH!,IM CnHHOBllM COCTOmtIDIM. 

TeH80p W"'~ co~epimT TonKo ~Be aesamrcHMl:le q1y1nmn:n: 
W1 (~, q,1}n: Wi, ( ", ~,1). J(oRa8aTencTBO aToro qia.RTa aaMo

r:rri:rao ,ltORa8aTencrny cymecTBOBaHIDI TO~RO l1.BYX qiopMpa!(TOpma: 
q,yHRI{llft .Ir,1I.II CJIY~M ynpyroro paccemrrur 8RORTpOHOB Ha rrpOTOHax/5/. 
0TJmtme COCTOHT B TOM, 'ITO eMH MJI ynpyroro pacceSIHHJI qJOPf,!paRTOP-
Hlie qiy1rn1~n: F1 (4

1) n: f,_ ('f-J.) saBHCJIT OT o~ott qepeMeHHoff 
} 1, (n:60 BTOPM rrepeMeHHEUI - KBa,IU>aT 4-Mepaoro m.mynca rrpo-

TOHa B KOHei:raoM cocTomtn:n: f, .i. : M :L - ecT1> Bemr<ruaa <pn:Rcn:po-
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II 

!i: 
'1 I 
I ;-I it 

I 

I' 
I 

:I 
ii 
I 

•11[ I•· 
11!1 
111 
1,f 

ii 
'I 

B8llHWI), TO JµIJI Heynpyroro paccemnm ~ W. H_ W.t saBHC.IIT OT 

,!Ulyx nepeMemrux, nocKOJIJ:,ey BeJIBtlHHa W ._ "' M:1-"' - He <pHKCH-

poBrurnaa: ( OHa MOllt8T 6UTL 3aM8H8Ha BeJIXlmHOli V ) • ·. , 
. 'l'eHsop ~ ti Y.ItOBJI8TBOpJI8T TpeOOBaHH.IIM rpa.mreHTHOH HHBa-

plmHTHOCTlI _(_ 9,,.. ~J ~ {j,v ~J "'v ) JI 3PMJITOBOCTJI. H3 IlOCJI8)t-

H8rO Tpe6oBaHlI.II CJI8,Ity8T. 'ITO <pyH~ w,, ( ~ r'-) lI IV,2 ( ~ 12J ' -
peam,HI1e ~-. , 7 .ii/ 

CBopa'IHBM T8H30pll ~ ti lI "';,.. ti 

111 1 hi -~<. - ,t.-<. 1 
E ' £' • 

lI HCITOJII,3YR npII6JrmteHIDI 

Q.t.::::: l../£B' {i.n,1..£ 

nanyqHM 
i·o 

J.€.' J9.= 
l/o1.i. £'

7 
CI-Jtj [wi( ", ii,1

) + ltlf ~C~ij]<2.r2) 
Q" 

MJI ' t • . 
Gfu' ,., [ ' .,·7 

df; c1fl.~ I: ' ~ ( t: W) + c · 5;_ (ff: ¢) • {2.I3) , 

r.zte 
o1.. 'J!. E. 1 1 . rt = ~J.. 7f- . E . M 

L 
• =- 4. '1 I_ v+ Q__ 
t 1 + ;l (-1 -i- v3/a•) t~ 2. f , ..J( - V1 , 

I 
l 

! 
l 

. X ~ GL ' 
W-1_ = v1r1.a1., , ~ ~ ~" 'hid-, az.+-vz.,( 6i + y'._). (2.I4) 

B <popMYJie (2.I3) BeJIH'IHHa ' (jt ('ti-~ Ii') OillICllBaeT C8'18HH8 no-

rJiomeHH.II BIIPTYMLHIDC qJOTOHOB C ITOnepetIHoii IlOJI.IIpJis~eii, a ' 

Ot ( t\ W) - cetJ:emrn ITorJiomeHH.II BHPTYam,HIDC <poTOHOB c ITpo...;'._ 

,IJ;OJILHOii IlOJI.IIPJI3~eii ( B npe.zteJie ff t_,. 0 BllprutteHHe (2.I3) nepe-, 1 

XO.ItHT B cetJ:eHHe <poTonorJiomeHH.II peaJILHIDC <poTOHOB). 't . onHcuBa- / 

eT cneKTP BHPTYBJII,HIDC <poTOHOBi. E : ITapaMeTp ITOJI.IIpHsarcim. 

Ilp:n: on:n:camm nponeccoB r;ry6oxoHeyrrpyroro pacce.lIHIDI tJ:aCTO 

ITOJIL3YIDTC.II ITepeMeHHllMH . .Jt. H ' lj- ' : 
I . Q~ . , v 

J/.= W: JA-111 I i = E • (2.I5) 

B'3THX nepeMemrux Bllpru1teime .ItJI.II .ItJI@Jepelll:(llam,Horo cet1eHH.1I nMeeT 

BH,It: 
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. 1., ' 
d;,t: = .fJr -~ . /1 E ft1_., _ Hx !I )1' £ti +- .!.. ;,i_L( 1Jt.,.) W,}(2.I6) 

,1/d.J CJ" li .r .ie .1.,1 .. , 

CB.II3L q>OPMYJI (2.12) ll (2,I6} onpe,IteJI.IIeTC.II ITO,ItCTaHOBKOii: 
' E I I 

rht<l'j --= ;i;iii1 rii=. JSl. 

<liyHKIUfll ,w,, ( v, f J ll 1-t:i ..:1 ( y, j 1-J HHOr.zta H~HBaIOT ITe pexo,ItHHMll 

qiopMPB.KTopaMJI nponecca Heynpyroro paccemum. ,lleiicTBHTeJILHO, OHR 

CB.II3alill C <popMpa.KTOpawr yrrpyroro pacce.lIHH.II COOTHOill8HH.IIMll: 

Q~ l ( QL , W,, = -. • ,. · , v - - ) 
1/MJ. ~11 ,Vt 

.1. a;., _ 1- ., (2.I7) 

\ti ·= Ce 1-~(,.M 'F (v - -'~) 
1 t- w,,,.. • 

r.ne (;..e, H G,., ) 8JI8KTpH'!:eCKHH ll MaI'HllTHllli ( caKCOBCKHe) 

<popM:paKTOpll HYKJIOHif. 
TO'!:HO TaK llte, KaK 3TO llM8JIO MeCTO npll onpe.zteJiemrn <popr,!<paKTO-

poB HYKJIOHa B nponecce yrrpyroro pacce.lIHll.lI,· tpy!IKilHH W1 ( v, 'f/)· 
H W.,i (-/, 'J,L) ITO <poPMYJI8 (2,I2) MOryT 6HTL onpe.zteJieHll H3 

ll3MepeHIIii ceqe~ ITO.It pasHllMH yrJiaMH ,ItJI.II 0.I{HllX U TeX lite 3Ha'!:eHHii 

iJ JI q/-· 16 • Ilo sHa'!:eHHJIM W1 (V, 'J}) H W.1. ( v, 'J,1) 
MOJKHO' HaiiTH B8JIH'IHHll ()t H fJ L . , a no HllM onpe.zteJIHTL 3Ha'le-

HH8 6'._ 
12 = ~. (2.18) 

IT.IITL B8JIH'IHH: /{ , (Yt , 0 L , t,t\ ll U1/ 2., , co,neplita.lllllXC.II B 

<poPMYJIBX (2.I2)-(2,I8), CJIYJ!t8.T 06'beKTOM HHT8HCHBHOro llCCJie,ItoBa

HH.II KaK C axcnepm.mHTaJILHOii, TaK H C TeopeTH'leCKOli TO'!:CK spemm. 

06ll'IHO OT,n8JI8Hll8 qJj'HI{Urul Jtt 1 ( \I I Cy t_j ll w{ ( V, J, "-) IlpO-

H3BO,ItlITCH rryTeM <pllKCanHH·napaMeTpa : 

( /·r, .... ) l- JfJ-L l- i.., 0· -i W - 1 , - • +I< L +2f. ill 
. 1 - ,lE JSl -ilG<. ,IQ H•U (1 ~12t~ J), 

W 1_i·r:) [:"r)-1. t- 1_, )(~)1 ~fl 
. i: lJ£;JJl. . JQ . d.+tv+~ il. r3 ip2.rn> 

. I~ ~H • 
( ,ff) ,.. 

r.zte J.EiJ,,1 ~ - aKcnepHMeHTaJILHOe cetJ:eHHe, 

(Jf) ,. JU }{~-I+ - MOTToBcxoe ceqemte paccemrmr, 

')c,, ... r,~~~F.1,; G,.,,cf1+-./J.ff.1.~ 11{"t,'-J lI ti(1,'J-aua.i1:oru 

il>YHKllllil "'11 H Wz .ItJI.II nponecca ynpyroro paccerunm. 

II 



I ,if') YJ.1·£1-.J.~1.1: .L4 ~Lt 
l. - . .: :: . (2.20) 

JJ2 lt&H Q., '1£.t, h11~f 

IlapaMeTp Jl onpe.zteJIJIBTCSI c ITOMOmI,10 qiopMyR (2.14) H (2.18). · 
CHati:aJia ROM6HHaI(HP. f't -t- p;t. H8Mepi1eTCR Rax qiyHRilIDI BeJIIrtJinra 

f_ , a aaTeM onpe.neJIJieTCSI napaMeTp fl • oTlIM nyTeM OH na-
MepSieTCSI 6' 6om,ll!HMH onm6RaMH, T.R. HaKIIOH E:.. MOXO onpe.zteJIJieT-

CSI B6JIH8ll M8.lIWC lf J., • B HaCTOJllllee BpeP_,UI tJHMemnre 8Hati:emm R... 
aaKJIIOti:eHU B npe.zteJiax (CM.§ 8): · 

(}./'( ~ /(. ~ 0, .v.-. (2.21) 

HaH6oRee BaJKHUM peay.m,TaToM rrepBWC HaMepemrll: ceti:eHHSI nponecca 
,rRY60KOHeynpyroro paccesrnrui SIBMOCI, Ha6uno,ne1me Ma6oii 8aBHCllMOC
Tlf H8MeHeHHJI OTHOmeHM 

Jo . _1_ _ w.,· (-v 2.I+ J.J,,J.f, tlfJv. 1,,( 
~ cJ£'JJl (eM) - :.. /rJ w-r1.z -f('.11'Jc2.22> 

J.fl /1,ff 

OT·rrepe.ztatJH q,L /?/ (CM,PHC,4). 3aMeTHM, RCTaTR, tJTO B nep:swc 
::mcnepRMeHTax nepe.ztatJH 'J, .t. 6wm HeBeJIRKR H \PYHitI.tRJI W., (":I ~':J 
Brma.n ROTopo:il B ceti:eHRe r~oRoHeynpyroro pac.ceSIHM Ma.TI, H8Me
PSIRac1, c 60JII,llll'!MR OWH6Ra.MH,' 

IlJiaBHoe HaMeHeime c}iy1uannt U1/'1 ( v, <;iJ :ir ~ (~ tJ,3/ yRa-
SllBaJIO Ha CKSMHHrOB!lll xapa.wrep HX noBe.nemm, paHee npe.ztCKa3aH
HOro EoepKeHOM, AHaRH3 ITOBe,IteHHSI O,ItHOBpeMeHHHX ROW.zy-TaTO
J)OB 8ReRTpOMarHHTHOro ITOJIH B KBaHTOBOll Teopun ITOM, npoBe.neHHlltt 
E.r,epKeHOM ,wm CJIYtJM 60.m,mnx aHati:eHlfll Y H 60JioIDHX ne-. 
pe.ztatJ <j- 2.;. , ITPHBBR R 8~MeHUID, tJTO cymeCTByeT HeROTOPM 
ymrnepcaJibHM qiyHRilIDI I- ' ROTOPM aaBHCllT JIUlllI, OT O,ItHOii Cirnff-'.11,t .. 
RmtrOBoii rrepeMeHHo:il w "' v/aL n tJTO cIJYHRUllll v WJ..(. ~ 'f 'j 
ll W1 ( y a.11 ,ItOJOKHU CTpeMHTI,CSI K 8TOH q;yHKuim F(w) B llpe,IteJie 

/7 -~ v- = , 'j,L_. (.;><'.) npn ycRoBn:n 'l/v'%&:"-I/: 

-v U\, (v1 ~,~ -+ f ( ~~ )= Tfw); _ W,,( ~ ri-,1 _,. F{w). (2.23) 

IlepBJ1e 8RCITepu11eHTaJiblille ,ItaHH!le .neiiCTBHTeRI,HO yRasllBMR Ha TO, 
tJTO qiyHIU.\lUf 'Y W2, ll w,, 8aBllCJIT TO.ITT,IW OT OTHOlllBHllJI mrnapHaHT
lillX rrepeMeHH!lX W -= .u11/a.L (cM.pnc.5). B amx: aRcnepHMeHTax, 
npoBe.zteHHUX ITPHMBPHO C IO% TOtJHOCTI,JO,YKa38.HJie Ha CRSMUHrOBOe 
noBe.neune C!JYIIKUHH v W;_ npo11Bwroc1, CRHIIIROM pauo, npn W ~ 4 lI 

12 

auep:ramc HaJI8T810ll(,DC 8ReRTpoHOB .( Iti I'aB. B nepeMeIIHHX Q_:l. STO 

8KBRMJI8HTHO 8Ha'leHHIO W ~ I,b I'aB. TaROe JIJiemrn llOJ.IY'llI.1IO 
uaaBaHRe "npe.JK,neBpeMeHHoro" CRatt.Jnwra ( "precocious scaling"). 

Manue aHati:eHHJI Jl (Ha P:HC, 5 Bemrnrna R. ,,; 0) osHati:airn Ma-

ROCTo OL ITO cpaBHeHIDO C O t: , 'ITO BeRO It TOMy, tJTO qiymu~ 
W1 ( v, (j,I. j TaIUte RMeeT CR8~0BOe ITOBe,IteHJie ,ItM 8HatJeHlfll 

V Ta.KHX, tJTO '-"/J.H < )<,, " (cM.qlOPMYRH(2,I4)) • 
Cero,ItHJI MH RMBBM (CM.§ 8) 81\CITBpllMBHTaJII,HOe .ItOKasaTeRbCTBO 

uapyIDeHHJI CRSMHHra B o6JiacTH .nocTyIIH!lX HaM aueprl!ll HaReTaxmtIDC 
aReRTpoHoB (.no 20 raB), noaToMy npo6JieMa !'npe:,imeBpeMeHHoro" 
cRatt.mrHra .HMeeT· RlI!Ilb HCTOPHti:ecRHii mtTepec n He.6y.neT .ztaJiee odcy,r;

.naToC.lt, 
Ha6op rrepetJHcReHH!lX B!lWe 8RCllepRMeHTaJiblillX ,ItaHH!lX llOCJIYJ!lliJI 

OCHOBOH ',ItM pasBRTM pi1,Ita llHTepecH!lX TeopeTirtJecrooc MO,IteRefi, npe
TBHJtY!OlllHX Rax Ha onRcaHHe. npo11ecca i'RY60RoHeynpyroro paccemrJIJI Rerr

TOHOB na HYRJIOHax, Ta.K ll Ha OITHCaHRe CTpyRTYPll IJYMOIIa. 

:: 
l 
~ 

8 -10" 
I\ 
·\ • -w-2r3B 

•---w.:'3r3s 
10-1L ~ · · •--w-3,SrsB 

.;:-?-?'~~ 
\ ~--... 

rn-2L \ ·~ 
\ 

\ 
10-J "' ·,vnpyroe 

'\ pacceRH1-1e "' .. 
'"-._ ·, 

1ff4 l , , , . ·:---- j 
0 1 2 .J 4 5 6 

q 2 tr3B/c 12 

~- H3MeHeHHe OTHOWeRHR ce4eHHM 

-
0
-- B 3a8HCHMOCTH OT, q2 MR 3Ha~e-
0Mon: . 

HHH W = 2, 3 1 3,5 F3B . .llnR cpaBHeHHR 
IlPKBeAeHO TaK*e OTHOtUeHHe ynpyroro ce
'-leHHl! pacceAH'1l! K O MoTT. Alll! . 0 = 10°. 
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7 

· 0,4 a) ·~·· 
.. 02 -f· ~4 

O,Jl •,Gi • I+ t II 

~ , · •cer- · ♦ E=10.Of"lB 0=6' 
0,1 ,:' tE•l3,5F~B 

0 i'"' ♦E •1sor,e 
t 2 J4567&9l0 203040 

w 

"'~ 61 
., -~~.•11¥>l1j 

"02 \a ~· 
·•·-),1 • 

0 
1 2 3 4 S.678910 20 JO 40 

w 

~• 3aBH01MOCTb (J)yHKll'1M v W:? 

OT '-" • 

al All" E = 10,0; 13,5; 16,0 F3B. 
6/ AJlR E = 7; 13,5; lS,2; 

17,7 F38; 0.; 10~ 
B a&,.,x cny'-lal!x R = 0 • 
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§3. CM311 CTJ?;YKTYPHHX diymq.mit B rroocT6lhnllx napToHHHX 

MOJieJISDC. Ilpampm cyMM 

B § I Mil yxe KaCaJmCL H0KOTOPWC IlOJIOlteHmt npllMHT:ifBHOtt nap

TORHOil: MOA0D HYMOHa. E~ npeAITMODTL AaJiee, 'ITO: 

I) Bee napTOHll 11Me11JT cmm = I/2; 
2) B3allMO'A0HCTBlle JI0ITTOHa C HYMOHOM ~ Hll3meM ITOJllmKe Teopmr 

B03MYJ!leHmt OCYll18CTBJIJI8TCH nyTeM o6MeHa OAHIIM BllPTYaRLHHM g)OTOHOM, 

B3allMOAeiicTB;yllll!HM C OAHHM 113 napTOHOB HYMOHa (cM.piw.6}; . 

3) MelK,lly napTOH/;lMll B HYMOHe eCTL H0KOTOpoe B3allMOAettCTBHe 

(TORLKO npll 8TOM ycJIOBmf llMilYRLC, nepeAaHHlltt OAHOMY J!'.3 napTOHOB, 

nepeAaeTCH HYRJIOHY B neJIOM}, TO, KaK OTMe'laJIOCL paHee,HeT Heo6-

XOAHMOCTll B CYllleCTBeHHoM R3MeHeHllll MaTeMaTR'lecKoro annapaTa K3.ll ,II 
npn onncaHmr ep- wm /u..p -B3allMO~ettcTBM. CJre.ey-eT RHmL yqecTL, 'j 

'ITO B3allMO'AettcTBRe JI0IlTOHa MOlteT npoll:CXOA:IITl> C Rlll61:IM napTOHOM 'j 

HYMOHa II Il08TOMY He06XOAlJMO npoBeCTll ycpeAHeHlle BMB,IlOB OT B3a- 11· 

HMOAettcTBIIH JienToHa co BCeMl!l napToHawi: HYRJIOHa. B03HllKalllllHe B l 
nponecce TaKOro ycpeAH0HllH qiyHKQllll OTO!r,It0CTBRHIIJTC.Ji C qiyHKnR!IMK i 

W-, ( v, 'y tJ H W.t ( •v, 'y 1'). IlpK 'AOBOJWIO ecTeCTBewmx 
Ilpe,zuIMOJJtemm:x: (I-3) B napTOHHO:ll MO'AeJllI B03HHKS.eT CKaitJmHroBaH 3a:-' 

BHCHMOCTl, 8THX ~ OT nepeM:eHHOii.tMv ! 

W"' ·. Gi''". 
PaCCMOTPHM B3allMO'AettcTB:e:e JienToHa C HYKIIOHOM B pBMltax paccMa.Tp:e:Ba-

eMOH napTOHHOii MOAeD (cM.pllc.6). IIOJIH!tlt HMnyJILC HYRJIOHa P, 
CMa,I(liBaeTC.Ji 113 CYMMU HMITYRLCOB BCex napTOHOB 

P: ~Pi.. 
Kax,nuil napTOH HMeeT llMITYJILC 

p, = Xi.P 
l. . 

c,~ ~ ~,). 
(3.I) 

IlpeAITMODM, 'ITO ~ce napTOHbl llMellJT O'All:HaKOBYJ) Macey /- -ll ,nJIJI 

KaJr,Itoro napToHa cnpaBe;vmBo cooTHomeHHe 

,. £;,"' C P.~ +- /"- ': 
... .... 

Pacnpe'AeJieH11e rrapTOHOB no m.myncaM B IJYMOHe 38,Ila.Itl™ qiyH:KitKeii 

j .. ( .... ) , r'Ae IDI.l{0KC h,, 03Ha'laeT 1i0ROTOPYID KOH!plll'yPllltlIIIJ 

napTOHOB ll HYKIIOHe. BepoHTHOCTL 06HapyxeHM KOHip:e:ryp~ 11.. 
napTOHOB B IJYMOHe o603Ha'lllM qepe3 P{n) • lhuteKC 11., PaBeH 

L ~ 
'l:IICJIY napTOHOB B HYMOHe. <'f (~ >,, pai!HO Cpe.ItHeJq 3Ha'l8HH!l ~ti. 
B Taxmc :itoHqlllI'ypanr.mx. 

14 

II 
ti ,jl 
•: ,, 

Bwnl:CJieHRe ipyHKnd w1lv,{)11 Wa (v,'f) ocymecTBJIJieTCH 

T8II8PL CJI8m'Jlll!HM o6pasou. TeHSOp \,t,',,L( V , .. OTBeTCTBeHJmi!: Sa BSam.m

AeffOTBRe Bll:PTYBJII,Horo g)OTOHa c OAHHM RS napToHOB HYRJIOHa, sami:cu

:eaeTCJI B oou,mofl: g)OJ!M8: 
I . ) I J H.~ (' r i. j 

·-;;-= ( LV J =- -,- I . ' t1 Ltf t-Ci,J - ,t,/-- 4 
J,t J.J 11c.f" .iE 1 "'11 t / • (3.2) 

3AeCL i'i 11 <v · - 4-MepHJ,te m.mym.c1,1. 

MHoimreJIK 1/ ~ ll 1/.;E 1 nOHBJISm'l'C.Ji :e:s-3a BHdopa HO.J!MHpoBRR Be-

Jm'll!H (-W,....,) "'"tr H l H I\,, ; Be.mrnma J::i. xap:,re;irsyeT He-
xsBec'l'H1J) 'laCTL BSallMO'AettCTBIDI napTOHOB Me~ co6oil: .I • -MaTpll'lllHtt 

aJieMeHT M rro npaBWim4 KBaHTOBofl: aJieKTPO'All:HaMIIRR nponopn:e:oHBJieH 

aJieRTp:lr'leCKOMY sapsmy napTOHa e i. t SamlCHBaeTCJI B B}J,I(e: 

M;,,"1"" = ei [ wc1/J r,,.. wr1,J]. 
ero KBa,Jij)aT paBeH (cu. (2.II}). . 

I., L' I I I ) IN I nil.ft' "' e;, ( Pir P;,tl + Pi,; P'/-< +- It,, {11,J ·<3.3) 

BcJre,1tcTB11e MMOCTR nonepe'lHWC nepeAatJ mmyJILCa (· aTo -aKcnepH

MeHTBJII,HHfl: qiaRT, Ha6JIJUtaem B r.ny6ox0Heynpy1·.1U. npo~eccax) MOX-

HO srumcaTL, tJTO Pt ~ P/ -:::: ')( ~ P R, CJie'AOBaTenHo, 

I i, L r 11, I 1 .] IM I "'-f" = (.i Li· ? I'., ·f- i_t11 fri) . (3.4) 

C .npyrol o-ropoHLI, B STOM xe npeAIIOJioxemm TeH30P W,,i., 11 

.ltJIJ! TOlJ8'lHOr.o HYKJIOHa EMeeT BIQt: 

w, , L-W (v Q.tJ't. 11 -l 11 i.w ,v 11" ] 
W,.u.i ~ M .2. , r "',, r11 ti, · ,, t , 'r 1 1,,1•" _ (3.5) 

YCpeltWIJ'I ( ~v' >napT. no BCeM naPTOHl!M C ytl8TOM qiyHltnim pao-
IIpe'AeJiemat f.,(-1-) ll Bep0HTHOCTH Hax()XJteHlllt ltOHq)Hrypat(ml f{,,), 

ll~: - 'pth) < :[.e,-' > . 1· f.,C'f)[J:f~f.,./11 +J-ri~• (rey)} 
w_,.,.o' - L l' i ' n 1 

.. n )( f [Cf p +-it~L- il] ~1, {3.6) 

r,Ite 'f 03Ha'laeT CYMM:f IIO BCeM BOSMOJmWd ROH!plll'ypSJ:t}l:!IM 

IIaPTOHOB B Hy1t1I0He. MHon:-ren Y-J lIO'A HHTerpaJioM lIO.IIBWICJI :11s-3a 
-1 e ; · mmc,rtnn,n,r )L ~ omomeimJI r:,1:,,;:; 12 "' f ; apryMeHT o ~filtttlDl (t;,t ... f 7" · '1 

B .1a6opa-ropHo:lt C11CT8Me ltOOpJtmiaT ( Pa H) npmnn.meT B:n;D; 
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J1/'l1;,+;lx,f1{t:-£1+f}711..:a. . (3.7) 

B (11,epReHOBCROM npe.tteJie B8D'D!Rmn! x~ H , .,,A J.., , A .t 

Moimo npeHeelpe%. BBe,11;eM cxel.mmro:eyD nepeMeJmYD x ,., - %,14 . 
HHrerpitpoBamre B (3.6) npoBO,ll;l!TCJI renep1, 'l'.PJIBJIMl,HO. CTOJmtYJ) B 
no,ll;HHTerpam,HoM wp~emm f -q,y1ua.vm MOXHo nepemrcaTL B lmll:8 

6 {JHx,.J- J.H:1vJ~ ~ .. f Uz-x). Tmtml oelpaso11, IIOCJie HHTel'J.lHPOBamUI 

(3.6) nOJJY"UD(: 

~,1-=f P{h)<Ie/.> l:ic,)_ftx!!,..P11+ li.,,(HvJ]. 
11. 

11 JMv (3.8) 

Ilpitpamm:aM (3.8) R (3.5), no.nytmM: 

· ,., it~ {v,i'J = f P{11 )< 2z-e/>., .(,,. (!l) .x == :J.(t-t/•7.."-. 

Mt W1 (v,q/)-= "I. P(H)< !- e/;>11 t., ,~ : /lc'I-J•'i-,.. 
(3.96) 

~ ' ,- ( 
Ec,m B ROHq:Mrypal:tRR h Boero O,ll;l!ll lll!lP'l'OH, TO ' h} .... 1. • 

< '%. e/ >=e'-. r.ite e L- - KB9,tij)8T sa~a OT.JteJII,HOro IIapTOHa K 
' 
v W.2. (v,l~::: et.x /1-1) lHt»1 {~f/:) = .e2/o'). (3.9 a) 

BHpaxemw: (3.9a) MOryT CIHTI, IIOJJyqeHH 113 (3.9 Cl) TB.De IIyTeM 

ycpe,11;Hemw: no h... rrapTOHaM II nepexo,11;y O'l' KOHWHl'YPsnD Ji.. IIaP-
TOHOB K OTJt8JI1,HOJIY napTOBY. 
EcJIE: B lfYRJIOHe .ttonycrnTI, Cj'll{eOTBOBaHKe H8CROJil,RHJC COpTOB napTOHOB, 
TO COOTHomeHRJi (3.9a) MOryT CIHTI, Sl!lllllCaHH B CIOJiee oel~el (Jlopt,re: 

. .t 
v w~ C'.,/,J ~ } ei •i· f-tJ 

Jit,/ W, ( ~l'~ ~ f e/ f;· /'1-J, 
(3.9) 

L • 
r,11;e _ f!. osHa1taeT KBSJU)aT . saPH,Ita j -ro copTa napTOHa, a 

Jp·.J' -pacnpe.1teJiem1e j -ro copTa napTOHOB no l100!Ym.CaM. 
CoomomeHlleM (3.9) CIY,11;8M 1taC'l'O IJOJ[l,80B1!1TJ,CJI ll,Pl! pl!lOCMOTpe

mm RBl!lpitOBOII M0,11;8JIH Hj'ltllOHl!l ( CM.,Hanpoep, (Jlo,PMYJIH (3.2?),(3.28), 
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(3:30) k T,Jt. !fa llllpaxeHHii (3.9) CJie.nyeT, 'ITO 

i.' V , -·- ht·tvn/-l = l~ {V n,..u J){:J. L 1·vJ 1 ,yJ- (3.10) 

co6THomem1e (3.IO} HasuBaeTcJI cooTHomemteM Ka.iurrum-rpocc/
8
/. 

TaIUIM- odpasoM, <pyHKUIUI v W.1, (~ <y1) H Mf l«-, (~ }½ :B rrapToH
Hott Mo,neJIE: B 6:&epKBHOBCIWM IIpe,IteJie 3aBl!CSIT TOJIJ,KO OT Clt3WIHHI'OBOH 

nepeMBHHOff t J.. Q ~ 
:X ::: - }./,fv -:: J./111 • (3. II} 

OTMeTIIM O,ll;HO H3 CBOffCTB \PYHKWIB f .. (~ J • BepoJITHOCTI, n:aii
TR B KOHqiHrypau;,m rrapTOHOB h., o.IUIB HS rrapTOHOB B cocTOJUIHH c • 

HeROTOPHM 3Ha'IemieM npo,ItOJil>HOro IIM11YJIJ,Ca Jl i.. , paBHa 
,f, 

( .. ('I ... ): j.1t1d.:h, .. di,.__
1 

• .fl .. ~, ... JJli._ · /., (x\... Y.) L {1-~x' ... J. 
0 

a IIOJIHM BepoJtTHOCTl, HaiiTH CHCTBMy rrapTOHOB co 3Ha'IeHH8M npo-

,nOJII,HIDI: ID4IIYJIJ,COB . .v., ' . . . J/.. • PaBHa e.IUimme:. 
-1. 
jJt ... /; ('I ... ) = 1 {3.12) t . • 

ill 0TCl),ll;a CJIB,ll;y8T, 'ITO <pyHKIJ;KII ? (:I) - .CHMMBTPH'IHM ipyHKilHJt 
CBOHX apryMeHTOB, G.ne,ll;OBaTBJil,HO, nepBWf MOMeHT cpy1ucrunr 

/ti. ('li.i) paBeH: ,f 

ji1:1"1,i-., t (Y ... ] ~ ~ • (3.13) 
0 

r.ne h.. - 'D!CJIO rrapTOHOB. 
TaRHM o6pa30M,H3 COOTHOmeHmi (3.9) H (3.12) CJIB.!IYBT~ 

.1 " i h r h 
JI Jfctx ~ P(i,J < z e.Z- ') ,.JI., l.it-1)= i N"J<'J:e/, .. (3.I4) 

I HJIK HllTerpaJI cJieBa paBeH cpe,ItHeitBaJU)aTlI'llIOMy sn:a'IeHRIO sapima . 
1 OT,ll;BJIJ,HOro rrapTOHa. IlO,ll;CTaHOBKa mipa%eHIDJ (3.9) B (3.14) Be,ll;eT 

K H3BBCTH~My rrpa.Bwry cyw.i: . 

( 
I . 

Jd.J., 2... P{>t) < ~ e/ >" X- ~(-1) = J.·y ~ ( ~,-ljrrh .. ' 
v °"CJ , P(.·J .._. i (3.15) Qtl dtl ~ n < ~e. >,, 

::: ii, . lV1.(v,.'r~ ·v = n,. ,~, 
/J/,f 

11

~&,;.;~;Lt: :,;,~!i ,:~11~ ;;rm:~:;, 
\;.h.J,M,1"1-t ,,.,,iw.~ ... ..., i:,J -~i!I.Wii)' j ~l 

- ~!f"Yi" -~",/ ~· ,,. '' ,. ~;"Jr' ~ 
1 

f.ii."' .. •" .• r ..... u.!f •. J1e,4ur:.ti.. .• , 11 

l (8tiJ[,:,J1l1JCT0.H1\ 1\ 



IJ'I. r •1 
- LI ~3B8C'l'Hll .HS 3aa-qe:mm qiy1um1m •v,.., L .,,,-, :.._ 

.nammx:, H cp8,!VieKBa,!Uia.'l'ltim08 3Ha'l8HH8 sapima napTOHa MOX8T 6HTL 

paCC'IRTaHO 'IRCJI8HHO: J . 
JL.f-1-J rli ~ o, I}- {3.16) 

,IT,lIH'ep-paccemmsr; 0 

.n;.,m en.-paccemmsr ,{ 

JI /c'f.)dx. ,:::::; 0. 13. 
J 

J 
BepHeMCH TenepL K qK)pMynaM (2.I4) H (2.I6) 
c IlOMODu,D COOTHOmeHHi (3.9), (3.IO): 

(3.I?) 

H o~eHIDA 3Ha'l8HH8 I<, 

Y.rJ.,oL l ,/, ·. . · 

b-, -= k. W1 ( v, Cf)-) 
~ = .1/1r:lJ... (Q~vl. i({_ lt-'.J 
lJ L :JI. L Q1. ;.. 1 

·t .:i. 

Q-= ~~ == a ~ .v , W1. _ 1 
Gl- . w1 

~ 

RlIH Q= a\i11.._1 -= 62 2.. 
v:i. ·. 'ii"' 

B npe.nene 
R . .-~·o • 

✓ -= ' 
'y 1..➔ O<) (npK !pKKCHpoBaHHWC saa'leHWDC Jl } !] 

' ' t ~ 

lIOCMOTPHM, onpa.B,naHH JIR npe,nnonoxeHKH I} H 2). BHCKa3aHHll6 
B Ha'IMe sroro naparprupa,c TO'IKH speHKH sKcnepRMeHT~HWC ,naHHWC. 
,UeicTBHT6llHO, ecn:H 6H napTOHll 6HJIR CltMHpmlM}I 'la0TKUaMH, TO 
'IJI6H C ff,A,1 B (3.4) OTCYTCTBOBaJI -6H1 H .n;JISI W-, ( V1 iy.t_) 
IlOny'llJJ.IOCL OH 3Ha'leHRe, paBHOe ayJID. IIp:a 3TOM 

Q =ex, • 

Ecn:H Bee napTOHH - 'laCTfiltli co CnRHOM I/2, TO, Kalt MH BIJ,ll;6-
. Jlll: BI,IIll6. 

Q~ 
-J?.= v"-· 

B npe.nene V -- ao , <!11._,. cc BeJllllllIHa fl. - o 
(3.I8) 

HaKOHe~. eCJlll: ,nOJI11 napTOHOB co CIDIHOM = I/2 paBHa "fl~) 
V1W1-= 1<-t)·f(Y.), HOTHomeHJiie' R., Pa.BRO. 

' TO 

.· L ' ~ ·== __g_ + ·1 ·- fl'1-) 
val 1 lY..) 

(3.I9) 
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B 6LepKeHOBCKOM npe.nene 
- k' -

1- }'(~) 
'}<U-) . {3.20) 

IIocKonKf s1mnepmeHTMLHHe .naHHHe .n;ruoT BenlflllmY ll ~ O,I4, TO, 
npeHe6perrui: nepBHM 'IJI8HOM B (3.I9), Ilony'IHM 3Ha'leHHe B6JIH'IRHll 

1li) , 6JmsKoe K 0,9 rum, l'IHmm CJIOBaMH, n~aeM yKa3aHHe Ha 
TO, 'ITO ,nanH CKBJIIIPHWC napTOHOB B HYMOH8 MaJia. 

IDITepecao sHaTL noBe.n;eH:ae !WllKUIDI ./ l 'i- ) iion:as:a .x' = 0 
lI Y... = I (.nse npe.n;enLHlie TO'IKH). 8KcnepHM8HTMLHHe .n;aHHHe 
YKa3HBaDT Ha TO, 'ITO !WllKilRll 'Y ¢'.,_ {v; 1J,t) npH X. - O 

Be.neT ceOH KaK KOHCTaHTa, wm _ O · Cc,i,f( 
(t'4, (NJ z -.x- , (3.2I} 

x-• 
~.e. 'IRCno napTOHOB C MaJililm J( BeJlllKO. IIoBe.n;eHKe !WllKUHK 

{l'I-) npH JL-,. ·1 6y.neT pacciraTpHBaT:&CH B § 8. Cett'lac 
TOllKO OTM6TRM, 'ITO K3 TeopeTH'l8CKHX coo6pazem MOlKHO IlOny'IHTL 
noBe.n;eHHe T:Hna 

(/u,, /tit-) --., (,(-JI..);.,, , (3.22) 
'x.-t 

r.ne hi - JID6oe uenoe tJJIOJio. 

KBapKR B po.,m napTOHOB. ECJlll npe,nnMODTL, t{TO B PMK nap
~OHOB BHCTYIISDT KBapKPI, TO npo~ecc rJIY60KOHeynpyroro paccemum: 
,lt0Jll[8H 6WI 6H B!lrnH,D;eTJ, MO,It8llHO TaK, KaK 8TO R306paxeao Ha 
pnc. ? • _TaKB.R: 140,ItenL AOnycKaeT npeBpanteHHe ItBapKOB B a,ItpOH!l, 'ITO, 
H8CMOTPH Ha ,Itpo6HHA sapim KBapKOB,B03MOZHO, TaK KaK npe.nnona
raeTCH, 'ITO KBapKH He CB060.n;Hll BHJ'TPH HYMOHa lI B KOH8'1HOM coc
TOmom MOryT TaK nepepacnpe.neJIR:~LCH, 'IT06H o6ecne'IRTL BHilOJIHeHHe 
38.KOHa coxpa11eH.HJ1 &neRTpH'leCKoro sapima. 

KBapROBYJl 140,Iten HYMOHa 6y,neM CTp0KTL H3 Tpex COPTOB 
KBapKOB! 

u (c sapimoM +2/3, 3Ha'lemreM CTPBHHOCTH O), 

J (c sapimoM -I/3, 3Ha'leHHeM CTpaHHOCTl! O) :II 

.1 (c sapimoM -I/3 H 8Ha'l8HH8M CTpaHHOCTl! I). 

nap:110HHl:lH saPH,It RU,Itoro :as KBapxos l< , I , ,1 . 
I/3. 

pa.BeH 

.lt,tit orracamm pacnpe.n;enemm: KBapKoB B RYMOHe BBO.n;HTCH mecTL 
'PYHRxnrlt: 

. ll lf) - 'll(OJIO t< -KBapKOB C mmyJILCOM j(. 
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dl-,.J - 'IlICJIO cl -KBapRoB c ID.myJU,COM Jl ; 

S{!L) - 'IlICJIO S - RBapROB C ID.myJII,COM Jl. ; 

n Tpn ,lij)yrmc 4JYHimHR 'Zi:( .... J , dl'iLJ , St"') , ormcUB8lOIItHX 

pacnpe,IJ;eJiemre cooTBSTCTBeHHo ~ , ,T , s - a.HTHKBapROB no 

ID.myJII,CaM .X. • .AHrnRBapRH HM8IOT Te lite RBaHTOBlle. 'IlICJia, tITO H 

RBapRH, HOC npoTHBOnOJIOJ!tHUM 3HaROM. 

.If.mI npOTOHa, 8JI8RTplltiectmtt 38.PJI,It KOToporo paBeH +I, MOlltHO 

sami:caTI, CJI~,ey10llt88 paB8HCTBO: -f i 

1-= ·} J [ L<t·,J - i:i £,<ljJ.I( - f j&,,1-ic,1].1.t -i}D(y.) -Sli<J].o.. (3.23) 

0 0 0 

CTpaHHOCTI, npoTOHa PaBHa eyJIJO. OTCIO,I(a CJI8,ll;y8T 811{8 

mre: · 1 

O = j [fo1J- sc.,,J]cli. 

O,ItHO COOTHOme-

{3.24) 
i) 

MOlltHO,HaKOH8U, onpe,IJ;eJIHTI, TP8TI,JO npoeKlJ;IIIO H30TOlllltJ:8CROro CITHHa 

npoTOHa B BH,lle 1 1 

i I Jt~ . · I j'[ - · I~ I L/.(1,t)-u c-,.JjdJI. - 'I ,({;L)-.,fr.,,JJ,U. (3.25) 
D 0 

(aTO COOTHOW8HH8 H3B8CTHO B JIHT8P8TYP8 KaR npaBMO CYMM A.Ivxepa ) • 

TaKHM b6pasoM, HM88TCJI TPH YPaBH8HWI .It,7I.II onpe,ll;eJieHWI 'IlICJia 

RBapKOB rnna 1-{ • ti H s COCTaBJIJilOIIIIDC eyRJIOHa. COOTHO-

meHHJI (3.23)-(3.25) Be,IJ;yT K pemeHHJIM: 
-1 f {tu1-1 - ~(-tJ] i:1x = L 

" '/Du"-1- Jc'/.;) t1.x ~ 1.. (3.26) 
0 ( - ,1 j {Jc-1!-H'>')jtbl.. :c. 

C 
PaBeHCTBa (3.26) npIIBO,lt/IT Hae K 3aRJl!OtJ:8HHlO, tJ:TO npo-
TOH COCTOHT II3 ,nByX u -RBapKOB II O,ItHoro d -KBapKa. 3TH ·TpH 

KBapRa Ha31lBaIOTCJI'BaJI8HTHUMH (H6o c me IlOMOll{I,ll onpe,l(eJIJIJOTCJI Bee 

RBaHTOB!le tmCJia eyKJIOHa). MOXHO npe,IJ;nOJIOlCHTI,, 'ITO B HYKJIOH8 8CTI, 

eme 6ecROHe"tJHo (1oJII,moe 'lHCJio nap ( II L< ) , ( J l ) , ( si'" • )-RBap

ROB, ROTOplle He M8HJIIOT KBaHTOBWC 'll'ICeJI npoTOHa. COBORyIIHOCTI, 8TJDC 

nap RBapKOB HHor.na Ha3llBaJOT "MopeM", HHOr,na 11I<Op0M11
• 

HcnoJI1,syJI oneprunm sap,moBoro conpmtteHHJI (oHa cBO,ll;HTCJI R 
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saMeHe V "'.'RBapKa Ha d -KBapK). MolltHo nOJiy'lllTb KBapKOBYJO 

CTPYKTYPY HefiTPOHa- - OH COCTOHT H3 ,lJ;ByX d, - KBapROB H O,ItHoro 

I.{ -RBap.Ka. Trut B!lr.rumIIT RB8PKOBM MO,ll;eJll, CB060,ItHllX HYKJIOHOB. 

PacCMOTpHM Tenep1, CBJI3I, CTPYKTYPHllX 4JYHroutii v W.t ('ii' J 
H }.,/1 W1 (v, it.J C 4JYHRillUIMH pacnpe,neJieHWI KBapKOB U{,<J, 

J(-1} , Sill.} II COOTB8TCTByioIItl!MH qzyHKUl1JU,m-JtJUI aHTIIKBap-

ROB. 

,lLlm paccemnm Ha npoToHe qJyHKnIDI 

JIJieTCJI B mme: 

{t1-t (cM.(3.9}) onpe.IJ;e-

/' I .z. lj c- - -, I - -;- ..,. I [ - -J-('l}r. fi ti {-I): iL-f{('/.}-H<l1-1j -t J pr.,_) ~df'J.!J + f 5('/.}+JIY'/_i. (3.27) 

l . 

C noMOilll>ll onepauIIB sa.PJI,ItOBOro conpmtteHWI (1!3 (3.27)} IlOJIY'laElTCJI 

aHaJIOrlltIHM qiyIIKlUUI .It,7I.II HeiiTpoHa: 

; i1-r , 1., , - - ., " r - ,1 1 ,, - (3 2a> 
] {-I)~{.. er. ;J<J.J::. f [1u~) .. t<1,'J ~ f L ll'l-}-,-dl~}j + _i t./'?,.Juj. • 

l • 

0tJ:8Hb BWllllO no.D;'lepRHyTI,, 'ITO B PaMKaX KBapitOBOii MO.IJ;eJrn HYKJIOHa 

B03HHKaeT ·rJIY60RM CBJI3I, npoueccoB pacceJIHU.ll 8JI8KTPOHOB H MIOOHOB 

Ha HYKJIOHBX C npoueccoM pacceJIHHJI HeiiTpHHO Ha HYKJIOHax:. JteiicTBH

T8JII,HO, BllpruKeHue .It,7I.1I ce•IeHHJI paccemnm HeiiTpIIHO (ruirnHeiiTpRHO} 
V 

Ha ~OHax: IIM88T BH.Il ( B nepeM8HHllX JI. • ~ ,, e ) : 
/s-v·• G-LNE ll fft:J) "Z.(. .I ~ 1 - -:: -- (tf-J--;-:=- vlt1 +-f 111>J~ +1(<--r}~-v ~"3.29) 
Jx,(y Ji U= J' 

r.n;e- 3HaRH (-) JI ( +} OTBetJ:aIOT npoueccaM pacceJIHHJI HeiiTpJIHO n rurrn

nefiTPIIHo, COOTB8TCTB8HHO. 

CpaBHHBM if,opMyJIY (3.29) C if,opMyJIOll (2.I6), MOlltHO YIJH,!{8TI, 1 'ITO 

B" Ce'leIDie pacceJIHJi!JI HefiTpHIIO ( a.HTIIH8HTPIIHO) Ha HYKJIOHe BXO,ll;IlT 

· O.IJ;Ha . .IJ;onOJIHHTeJII,HaJI CTPYRTYPHM qzyHKlUUI V W3 . IIpHBe,neM BIIpa-

geHHJI HeiiTpnmmx CTPYKTYPHllX 1JYHKUlrli 'lepes RBapROB!le t'pyHromu pac

npe,neJieHHJI .It,7I.II perumirn co. 3Ha'I8HHeM CTJJaHHOCTll B ROH8'lHOM an;poH-

HOM COCTOJIIDIII • paBHUM eyJIJO ( ,1 l" o /9/: _ 
Yf -It ,, - J I vn,, 

-vWl "':J.·i.z, = L:J[d<-,J +~c>1.J =:1·11. 

y l//
1
Vf= JI. J/f -: .2:1 [ctc'(.J -t UlfJ]:: Jl }/~ 

(3.30) 
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'Ii ii 
ii 
t1' . i 

I ,, 

. fi!i 
ii:: L- - ] .. v11., 

J., i l( (,c) -,I{,;.) = JJ 
>J - . . r.., . . ·_ ,)It, 

\.! l~ P = f./1· = £ L!<JLJ - /,({~)]= .JJ . 

,, ~t' >If 
.l . ·= 

{ -.Ip 
T . .1 = 

.Uo.rut pe~ c /J f= i · (T.e. npon;eccoB r.7IY60K0Heynpyroro pac

cemnm HeilTplIHO Ha eyRJIOHe, Kor.zta CYJAMaPHM CTPaHHOCTI, a,IU)OHOB B 
KOHelffiOM cocromnm: paBHa I) ,Malla. IIosToMY. 'AJUi CJIY'!WI AS =I CBHBI> 
~ WJ."',v E: ~ •"' c RBapKoBHMII <pyHKn;lllIMll . t({,;.J , 

c/l'l-l , S{~} He 6y.neT paccMarp:irnaTI>C.fI 3,necI>. Hcnom,sy.fI cpc5p-
My.lfH (3.27), (3.28), (3.30),MOXHO llOJIY'JE:TI> HSKOTOpHe coornomeHE:R 

n np8.BIDia cyw.1: 

0 (f ep - f e .. ) ~ J/1 - J./>t, (3.3I) 

fiv~-~ JJ-Yf, ~. :J { J ~ t-f e~) (3.32) 

HepaBeHCTBO (3.32) BllTeKaeT U3 IlOJIODTMI>HOCTH (no.nocTpoemm) 
BCeX <pyHKil;Hll pacnpe.zteJieHE:.fI'. l( ' d ' s ' k . t. ;;-. ·, r 
KBapKOB. BmnneM Sllle J).lm CJie,ncTBnir>: 

a) 

6) 

; l~ 
.l. ~ . - < LJ 
'f , ·· f lp "" I MR· Ji((.t)-cHMMeTPlltJHOll 

KBapROBOil ~o,neJIE: ·, 

J~ . 
(3.33) 

l ~ ~ ~ 3 ,ltJill St((3J_cm.1MeTpK'!Hoil 
1/ f I . .. KBapKOBOll MO.l(eJIH (3.34) 

1, . . . . 

B) j di.· .X -[ ll~J + icy.J ·t-J(,t.) +l( {'f) t- t/{Jt) -~J [-,t)] ~- i . · (·3.35) 

0 ' 
IlOCJie,nHee npaBRJIO CYMM - 3KBUBWieHT COOTHOmeHE:.fI. (3.12) JI Bllpaim-
.eT s,neCI> 3aKOH COXpaHeHE:.fI HMITYJII,Ca ( ero npo,ll;OJIJ,HOll KOMllOHeHTH) •. 
.3H8K H8paB8HCTBa BOSID!ltaeT. B TOM CJ.IY'{ae,. ec.m B :Mo,nem, BYRJIOHa, .· 
BBO.l(.fITC.fI HOBlle tJaCTUn;H - rJIDOHU, O,tJeM petJI> 6y.neT ~TE: mme-CcM. 
KOMMeHTapmr K qiopMy'Jie (3.39). B 06.mcTH 6QJII,mmc nepe,naq m.myJII>co,ij 
(MBJIWC npocrpaHCTBeHHO-BpeMemmx WlTepBBJIOB) HHOI',ll;a ,neJUWT ynpo- Ii 
ntaD111ee npE:6JIDeHE:e - npeHe6peraDT BKJia.rtOM aHTE:KBapROB , T. e. no- 1' 
JiaraDT, 'ITO ii c.,iJ ·:: ,({,c) = s ('Jl.} = 0. : 

x>.uoRaSaTeJII,CTBO HepaBeHCTB (3.32)-(3.35) .l(aH~ B pa60Te/9/_ 
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Tor.na ll3 COOTHOmeHU.fI (3.24} CJie.nyeT,' 'ITO f{,t.J -= o. B 3TOM 
c.nytiae qiopr.,yJia (3.32) nepexO.l(E:T B TO'!HOe paBeHCTBO: 

. v•i. vp ;g r f , t~ ' 
' +- - ·- (J I -1"J.. h - 6- + .I .1 {3.32a> 

H :irnor,na-3anRCUBa8TCH B HHTerpaJII,HOtt qiopMe 

},, r tp e, J 
l f (1-J + j U-J ,(Y.. J 

~ 

Af-JYf .I v,i ] 

J L- 1, {y.J + f;. {'I-) ":1. 
IK. 

(3.36) 

C 
3,necI> BHllllCaH ,naJieKO He llOJIHUii CIIlICOK Bcex BOSMOlKHUX COOTHOilleHHtt, 
CB.fI3UB8XlillRX npon;eccu {;{ - H v t,/ - rJIY60KOHeynpyroro pacceSI-
HHSI. Ho y1&e E:3 npime,neHlillX BHIIIS COOTHOmemm BH,ltHa lOC opraJIH'ISCRM 

CBJI3I,. 
BepHeMC.fI K o6cy,imemno KBapKoBoii Mo,nemr eyKJioHa. PaccMaTpE:Bae

MaJI moor MO.l(eJII> HMeeT CYlllSCTBSHHYJO TPY.nHOCTI,. BBe,neM o6osuatJeHU.fI 
f. . 1 1 . 

P= jxfM+i;:t1t1Ju~ N""' J:1-[Jc'I-Jt-Jc)t1},u;A-=},lf11-1t-I,~jjt//..(3.3?) 
l O V 

Be~HU £ , IV , A xapaKTepRsymT .no.mo l!M!IYJII>Ca HYKJIOHa, 
IlpHXO,!t.fill!erOC.fI, COOTBeTCTBeirHo Ha l( -, d -R // -Irnapirn: (CM. 
COOTIIOmeHne (3.35). ij3 3KCIIepnMeHTa E:SBeCTHU CJie.JlYIOllll{e BeJUI'IHHll 
(oHU onpe,neJI.fil)TC.fI KaK llJIOIIla,Itll no.n 3KCnep.HMeHTaJII,HhlM11 KPHBHMH 
(CM. (3.16), (3.I7)): ,. 

j Y- :f,<-1-J ,U ==- 0, /)- ~ 
1 

J.x. j.,l'I-J<i;/ ~ t1, 13. (3.38) 
0 ~: 

3Hatremm HlD!tHero H BepXHero npe,neJIOB IDITerpnpoBaHH.fI, KOHe'!Ho, ne 
.l(OCTlll'BDT OH I B YCJIOBH.filC 3KCne.PHMeHTa. Il03TOMY HCilOJII>3ye'I'C.fI 
pa3JMHM 3RCTpanoJJJin;IDI noBe,neHE:R f, {'I-) H f• {-IJ B6JUI3U 
3TIDC npe.l(eJII,HW{ TO'IeK. IIo,nCTaHaBJIHBM { 3. 27) , { 3. 28) H ( 3, 37) 
B (3.38), llOJIYtJaeM: 

L. I I 
:L. P + - N + - 1\ = d,I} s 'j !J 

.Lp + 'i.r1 r l /I "' 0,/J 
j ) J (3.39) 
P+-A1 -t-l\ = 1.. 
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IloCJie.ItHJIJI cTpo'IKa B (3.39) osHa11aeT npocTO SB.ROH coxpaHemm m:..' 

IJYJII,Ca B HYRJIOHe. 
Pememie cxcrew (3.39) npno.ItHT K sHa11eHHJIM: 

P= 0,I9; ,1'/ = 0,06; /1 = 0,75. 
IlOJIY11eiilllrll pesym,TaT no ~em,mett Mepe Henomi:TeH, _l,IO~O.lll,lty Hylt"." 

JIOHH - o6'I>eRTl:l, HM8.1JI11He HYJI8BYJ) CTJla:HHOCTI>, a ,ltOJI.li HMnyJII,ca, 

npmtOMD18JICJI Ha CTpSHH!le RBap!m, 0118Hl,. B8JmRa, Bllxo,!t 'Rs saT~
H8mtlI 6WI Hait;D;eH IJYT8M BBe.1temm: ,ltOllOJIHRTeJII,HOff I'HIIOT8Sl:l O CYl!l8CT
BOBamm BeKTOPHWC HeflTpaJII,Hl:lX, 6esMaCCOBl:lX napTOHOB (rJillOHOB) 
BHYTpH HYRJIOHa, p0JII, KO'l'Op!lX CBO,ltlIJlaCI, 61:l He 'l'OJll,KO it 'l'OMY, 'IIT0-
61:l npRHJin Ha ce6a sHa'D!'.TeJII,HYJ) .ltOJl'.ll Jl?,filYJII,Ca, npmro,Itmlleroca Ha 
CTpaHHHe Kl!apRH (R B:91014 CJfY11ae B COOTHOmemm (3.35) ,ltOD8H no
Jlllll:Tl>CJI .8H8.R HepaB8HCTBa), HO lI oCSecne11ll:Tl> B3aRMO,!telcTBXe M83;T(y 
RBapKaMH. TB.R BOSHRRJia coBpeMeHHSJI RBapxoBSJI Mo~eJI1> uyMOHa, xo
T9PaJI Te~epl> npe,1tCTaBJIJI8TOJI B CJre,JzyDl!eM Brote:.,HyRJIOH _COCTOHT HS: 

. . .. I) Tpex B8JI8HTHWC RBapKOB, o~eTC_TBeHBl:lX sa nep$~ecKB:e . 
Bsamiro~eicTBIDI R Bce·nauTOBHe 1IIICJia eyRJioHa; _ 

2) MOpJI KBapK~TmmapKOBHX nap ( t< ii , ,/d , SJ ) ; 

3) rJillOHOB, o6ecnemaimtmc BSaHMO,!teAcTBHe Me:s,n;y BCeMH RBap
Km.m: B HYRJIOHe. 

BsaHM9,1teficTBKe rJillOHOB C. RB~PKaMR OIIHCl:lBaeTCJI neaCSeJieBol 
KMH6poB011HO-mmap1umTHol T80pHel Hnra-MM.nca - KBaHTOBOI xpoMO
.JtHHaMRKOff. :3Ta T80pl!JI npe,1tCTaBJI/18T coCSoJJ ecTeCTB8HH08 paclllB:pe
HRe KBaHTOBO! 9JI8KTP0.ltHHSMlllm IJYT8M BBe,lteHRJI np:mmmia JIOR8JII,HOI 
KaJIKCSpoBOtJHOA lIHBaPH8HTHOCTlI H Tpe6OBaHRfl: mmapRaHTHOCTR·Teopim 
CR1Il>HHX B31'Ull!O,!telcTBmi OTHOCKT8Jll,HO JIOKMl,HOff rpymm RSO'l'OIIH11ec
KRX npeo6pasoBa.mr!. 

B HaCTOJIJllee BpeMSI Ha OCHOBe Teopim KaJIHCSpoBOtJHWC llOJiel ,lt8JI, 

OJI OOlll:lTRH llOCTpOHTI, j'lll!BepcaJII,HYJ) T8OpHJJ, OIIHCl:ll38JlllO'l)'CRJIT,Hl:le, 
9JI8RTpOM8.I'HHTHl:le H CJia61:1e B38.KMO,!telcTBHJI c 8,!tHHOI TO'lllm spemm. 

e e' · 

17/~ } a,qpOHbl 

PHc.6. CxeMa nenroH-HyKnOHHoro.e3aHMo
~eHcTBHR e paMKax npocTeHweH napTOHHOH 
MOAenH AnR npo4ecca rny6oKoHeynpyroro 
pacceRHHR. 
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• \L-}X 
PHc.7. CxeMa rny6oKo
Heynpyroro pacceRHHR B 
KSapKOBOH MOAenH HyKnOHa. 

§ 4. JipRIIIllfil a.BTOMOJleJII,HOCTll (HJIH MaCillTa6HOli 

:WIBapHaHTHOCTlI} 

Ha·pxc. 4 npnBe,lteHa 38.BHCIDIIOCTI, q>yl!KlJ,HH (2.20) 

\
VI ·J ·1 · 1 t1 til/ •) vi\. v, lv + .<.,t1L .l . ~i.,1 {~ r 

i.., 
OT 'r ,ItlI.II Tpex 3Haqemra aHeprntt: 2 raB, 3 ran, 3,5 ran. BH.I(HO, 
1:JTO OHa OpaRTll'I8Cim OCTa8TCJI ITOCTORHHOli B8JrullliHOli. IIo.n;o6Hoe no
Be.n;eHHe CTPyRTYPHl:lX qzyRKIJ,Htt ~ K tll'l, HarIOMHHaeT IIOBe.n;emre 
aBTOMo.n;eJII,Hl:lX pemeHJili pJI.Ita sa.z1aq RJiaccnqecRott rn.n;po.n1maM1urn, Ha
npHMep, 3a.z1atru CHJII,HOro TOqe'll{oro B3DIIBa!101• Ha qTo B CBOe Bpe
Mff o6paTHJI BIDIMaime H.H.1oro.mo6oB. B Taxoro po.n;a S8,lta11ax 11ac-
TO OOJII,9YJOTCJI MeTO,ltaMH TeOpHH 00.IJ;06IDI lI pasMepHOCTH, cneP,JKaHHe 
npmmmm aBTOMO.IJ;8JII,HOCTH HJilI MaCmTa6HOH HHBapHaHTHOCTH II7 B npu
M8H8Hlm R npoueccaM r.ny6oRoHeynpyroro paccemrIDI ~H aHHITT'HJilIUllll 
JI80TOHOB COCTOHT B TOM, qTO ce'ieHIIe .nrurnux npoueccoB He 3aBHCllT 
OT RaKHX-JIH6o qJyII.n;aMeHTaJII>HllX qms;rqecRIDC MacmTa6oB Tmra Mace a~e
MeHTapHllX qacT:im, aJieMeHTapHoli .n.mura n· T,.n;., a 8aBHCHT JilIIIII,. OT 
aHepr:im: II rrepe.n;atrn m.myJII>ca. 

, Tax, ecJIH B rrpouecce r.ny6oxoneynpyroro paccemrIDI B Ma.TpH'II
HOM aJieMeHTe IlpOBeCTH CY,.'!MlipOBal!He no BCeM ROHe'llillM COCTORHHRM 
MpoHOB,TO OOJIY'IBM ce11eH1Ie rnna 

f_+tv- f.+tv' 
I ' ' , 

r.ne I,/ -· !pllRTHBHM 'IaCTHUa, CetJeHHe Tlllla 2 _ _., 2 9aBHCHT OT 
~ 1'1~ Tpex nepeM8HHllX .) , If H RBa.IlpaTa HHBapllaHTHOtt Mac ell N, , 

a TaIOKe OT Mace JieqTDHa lI HYRJIOHa: 
dl,f' .1., +- ,, . ,:. t. t .i) 

EcJIJI 
mm 

JS1.c1e-= .:,1_ ls, CJi' f/11/, I Mc'., 1"1,v • 

,L .. A, 
S a L f;N. ':>> /111. 111,,; , TO B xopomeM npH6JIIDKe-' V' .I C , 

~r.' ( l l) d u, :::; J.. 1., r ~, <r , MN, . 
JQ.11::.' 

Tenep1,, no.n;6HpM pasMepHOCTH cnpruia H CJieBa, 
3aHHe Ha XO.It 3aBHCHMOCTH ce'!eHl'UI OT 5 
JiacTK Bl:lCORIDC 8Heprnli. 

M02tHO 00.J!Y'IBTb yRa-
1., "" ..t. 'f H ,.,N' B 06-

IlpHBe,lteM HeCROJibRO OpOCTl:lX IlpHMepoB. 
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I. Ilpouecc 
,,.;· + + ~ ---,.:,_.-t< 1- +;),1 - ( 4. I) 

B O,IUIQ{QC)TOHHOM npH6JrIDKemm OlIBCHBaeTCJI .ztHarpaMMOll (CM.PRC. 8) • 
IloJIIIoe ce'IeHHe npouecca (4.I) saBHCHT TOJinKO OT o,IUioil nepe-

MeHHOil: J' H nponopUHoHam.Ho ,:i. ,_ • CeqeHHe npouecca o 
llMeeT pasMepHOCTn • [cri t o(_ - 6espa3MepHM BeJIH'IHHa. Tarum 06-
pasoM, H3 coo6pruteHHll pasMepHOCTH .II npeHe6perM B 06JiaCTH B!lCO-,,, .. 
KIDC ~mepr.!Iil tJJieHaMH THna y-

€" = U•Ht 

t noJIY'IaeM 
2L,._ 
:,"' . '-- (4.2) 

B pa.MKax TeOpHH B03Mylll6HHH MOJKHO paCC'IllTaTn KOHCTaHTy ,ItJIJi npouec-
Yr/ ,.. .t I 

ca (4.I) - OHa PaBHa , 1j3 • 0TCJO.Ita 6' = 3TiJ. '§'". (4.3) 

BHcnm:e noIJJWU{ T80pllll B03Mylll8Hllli )lruJT JIOrapHqiM}l'IeCKHe lIOIIpaBKII 
K qop.MyJie (4,3) 

rr. PaccMoTpHM CJI6,Jzy10lJllie ii;Ba npouecca: 
a) li!+?-et-/',.__ 
6) e-r-- N-+ -I? r X- (4.4) 

B CJIY'Iae 6), KaK n paHnme, npouecc paccMaTpmiaeTCJIB o,IUio-
<pOTOHHOM npH6JrIDKeHHH (cM.pnc.2), npe,zuiOJiaraeTCJI CYMMllpoBaHHe rro 
BCeM KOHe'IHHM a,n;pormm.1 COCTOJIHHJIM. IIpoueccy a) COOTBeTCT-
ByeT .ztHarpaMMa (cM.pnc.9) • .ltmI npouecca a) .ztHqxpepeimnannHoe 
ceqemie 6yii;eT 3aBHCeTn OT nepeMeHirux P H 'J,L , a )lJIJI npo
uecca 6) - OT Tpex nepeMemrux: Ha'Iam.Hoil :meprHH cncTeMH S-1 

.I.. 
nepeii;a'Ill HMITYJinCa tJ, .z.. , KBa,n;paTa HHBapHaHTHOH MaccH U"', • B 
noCJie)lHeM CJIY'Iae OHO MOXeT 6HTn 3arillCaHO B BH)le: 

d..£ - -25:...1.. T( . L .· t J 
.lfl,L - [ ,~i. T S",, f/,, J;.,,, , (4.5) 

y - l, 

BMecTo Tpex nepeMeHHHX J' , t/, L , HN', MOlEHO B_BeCTH TPH 
J., f JHv 

ii;pyrne nepeMeHHUe S' , '} , 4J , rii;e w,. e21.. (6espasMepHM 
BeJIH'IHH~. Ms coo6paxeHHil pasMepHOCTH :irneeM: 

l Jr] = rc.1.(] v dt' L' . 

C.1reii;oBaTeJinHO, B npaBoil 'IaGTH paBeHCTB_a ( 4. 5) WHKUHJI _ f {~tf,~ w) 
ii;oJIJKHa 6Hn 6espasMepHoll cJ/YHKUHeil. B nepeMeHHWC S , (f ,_, w 
3To 6yii;eT 03Ha'!aTn, 'ITO 'F ecTn cJ/YHKUHJI 6espasMepHHX ·BeJIII'IRH 

'1-3/:J H W 1 T.e. 
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do _ ol :i-. 

ji;. - {t//-l 
, 'r;__ ) F(5 ,u). 

nellcTBHTeJinHO, TeopeTHtreCKHe pac'IeTH .n;m:r peaKUIDI 

(4.6) 

(4.4~) Be)lyT K 

Bllprutemm 
Jr;' 

"t"/,IJ = 

-, l ,,ll 
Lfrr ,1. L l(_j__ - .:L) v ~ +- ( t; Wt , , 
{ Cf;).l w s , (4.7) 

a )lJIJI pe0.KUHH (4.4a) - K <fx:>pMyJie 

1; = ~:~~ [1- f· ±{-1/Y) (4.8) 

OTMeTHM, 'ITO npn B!lBO)le qiop.MyJI (4.3), (4.4), (4.?) He06XO,IU1MO 
rrpOBO.ItHTn CYMMHPOBaHHe no KOHe'IHHM a,n;pOHHHM COCTOJIH.IIJIM. ECJill He 
npoBO.ItHTn CYMMHPOBaHllJI' TO OT)leJinHlle a,n;poHH B KO!Iff<J]!OM COCTomrnn 
MOryT He y)lOB)IeTBOPJITn Tpe60BaHlI10 f;_ ;;,), hit, H rHIIoTesa MaC
mTa6HOll HHBaPllaHTHOCTll no 3TOH nepeMeHHOH OKa.l!teTCJI uenpmmHI!!,!Oll:. 
ECTn )lpyrne CJIY'IaII, KOr)la HeJin3JI npeHe6peraTn MaCCOH 'IaCTHUU II 

. lllllpHHOil · pacna,na. Tax, Ha.iipHMep, B npouecce 

er -+-e- - f~ 
ormcHBaeMOM qiop.MyJioll Bpa.l1Ta-BnrHepa, Hem.sJI npeHe6pe'!D Im: IIIliJ)HHO.li 

pacna.naj>0-MesoHa (HHati:e ceqemre nporiecca o6paTHTCJI B uym,) ,HH ero 
:uaccoii (HHalJe He noJiy'IHM pesoHaHCHOro xo)la ce'Ieim:JI) • 

ECTn )lpyrM qiop.MymrpoBKa IIPHHUHIIa MaClllTa6Holl lIHBapuauTHOCTII. 
Tpe6yeTCJI, 'IT06H npn MaClllTa6HHX rrpeo6pa30BaHHJIX 

Cf,+ Ary • f.,. Af (4.9) 

CTpyKTyPHile %'JIKU.IIH W 1 ( '11
1

lj,J.) H Wi. (~t/1~ y,n:oBJieTBOPJIJilf COOT-
HOllleHruIM: 

W1 ( >-\1, "ift) = 

-~ (>/-{) r/"f°r) -

t l ) Wt UJ, J !'f 

W'.t C 1~ 11) · 

(4.IO) 

(4.II) 

QqeBll)lHO, 'ITO COOTHOllleHllJI (4.IO) H (4.II) MOryT 6UTn y,n:oBJieTBO-
peHH .n;m:r JIJOOHX (}' n p TOJinKo npn yCJiomm, qTo WYHKUHH 

W1 n Wi.. 3aBHCJIT OT OTHOlllemrn ± 
I'// 
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§ 5. ABTOMO)WJibHaJJ acm.mTOTHKa B KBaHTOBOii Teopmr 

!!Qlli! 

Mol!UIO J!lf IlOJIYtIHTb CK3HJ!HHrOBOe rrone.ne1rne mrnapnru1THllX <pyHK

uun lt{ D par.IBax aKCHOMaTUtICCKOfi ItBaHTOBOll TeOpllll IIoJIJI? 

OTBeT 11a 3TOT Borrpoc 6/ .nan B H3BeCTI!OH pa6oTe Eoro.mo6oBa, 

HJJa.nm.inpona 11 Tailxem1,n3/
12 • 

Amopll llaJ!lJIH CBR3b MeJKJJY OCOOCHHOCTm.ra KOMMyTaTOpa TOKOB 

B6JIH3II CBeToBoro KOHyca H acHMTOTil'JeCKllM rrone,neHHeM l!HBapHaHTHllX 

rjiyll!Olll11 n pro.max OOIUIIX rrpHHlJ,llilOD JIOKaJibHOfi KBUHTOBOtt Teop:im IIOJIR. 

Bcpnnma (cu.puc.IO) nxo.nnT B :Kna,npaT MaTpntinoro sJieMeHTa 

npouccca rJIYOOKoHeyrrpyroro pacceRHHR ( t- Ill ➔ fr Y: B Im,ll;e 

Tell3opa BTOporo pa11ra 

~~,J -v L J ~ f, 0 /[ L&),jv{9!]/ fl> /r)( ,{)( · (5.I) 
( 'l'} I 

JlocJie mITerpHponamm lllOPMYJia (5.I) nepexo,n11T B BUpallteHHe (2.II) 

wµV =- ft / c Pµ - ~t 'f, )u., -i 11.,) i(i,1~ t1- fl Yu14 ~ - 'I~;:J llli%":J. 
ACIIMIITOTl!'!P.Cl{J!C CBOl!CTBa rjiynmu1ii .. ~ (~If, ~ U W,; ( ~ 'V) ll3Y'laJIHCb 

D OOJiaCTli (.. 

/~~ -T t-'-~J, v ~ lp11-+= 1 1 = -! ~ Cc11tf (5 _2 ) 

( rjll!3ll'ICCl(Oit o6JiacTH COOTBCTCTByeT 1 ( U); 
}(Jiq y,no6CTBU HCCJIC,nOBaJHIR DllO,nRTCR l!OD!le qrymm,l!H t1 II f~ , 

CIUl31ll!IIHC C \):1 L V c/) ll ii';_ (v'1 j/) COOTl!OIIJeHlUIMl!:: 
. ...,.]... .. 

f~ = }\w1 --$\(j ; T;. = (3+~) t¼r ~:t~ !Vi-.(5.3) 

J(Jin Toro, t1T0Ci11 ooecrrctIHTb aBTOMo,neJJbHoc nonc.neHne qiyHKUHfi W1 
H W,.,, .I(OCTaTOtIHO TIOTpeOcrnaTb, tITOOH qiymnnrn f, H 1";.- t1 
CTpCMHJIIICb B (jllI3litICCKOli tiaCTH OCiJJaCTH ( 5. 2) It KOHC'llll1M H OTJIU'l

HWA O'f IIYJIH rrpe,nCJinM. nonOJIHIITCJ!hlllle ycJIOBHJI, JCOTOpHe ,nOJDKlill 

6uTL npn 3TOM na.110JKem1 •Ha •IJYJmunn T, n 1i-f1, 4JOPMYJIHJJYK)TCR 

B Tepr.mnax 11e1t0TOPHX necoBUX qiyimUHit "v'j, cooTBCTCTBYJOU!IlX 4JY!IK

UIUIU Tj ( j = 1, :L} D nnTerpaJILHOM npe,ncTaBJICHHH llocTa-JleMaHa-

.Uaficoua: 
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I 
! 
,! 

r (i) = ,-(f,)·1 [r--ti-wl->.1 lf {i!) AJJu, ✓ ).~ 

.. ') 
r.n;e '\(' ( '<, A - 0606nieH11aJJ grymunm Mewre1111oro pocTa, 

/u/~,1 ,\.t~(,r-f:t_if'-;. 
/ 

MOJKHO .noKaaaTL, 'ITO ~CJIH qiymc11mr t (f,) y.noBJieTBOpmoT CJie,lzyIO

llU{M YCJIOBIDIM (a.n;ecL .IlJIH rrpoCTOTl1 OHR aanncrum B CHCTeMe IlOKOR111e
rocJI HyKJJOHa p = ( M , O) ) : 

I. t{<i,j ::. -1t-i,) - YCJIOBIIe aHTHCHMMeTpillr q'Jyrucr.om f (f, j ; 
. i~ 

2. "f{1,,)= o , ecmr -li,-. 111 > 1 (T.e. rrpn J( -:>'1) - yCJioBne 
crreKTpaJIL~CTllj .t 

3. f={;,t,,J :::- 0 , eCJilf ;/.. < 0 - YCJIOBHe IIPH'll!HHOCTH; 

4. +{'1,)= F{f.//,tl) - yCJioBne PMHaJibHoii cHMMeTput1nocTn 

gryHKUIIii F ' 
TO <pyI{KIIHH W1 { V, f,, ~ ll ii?._ { V, tz, 3/ IDIJeIOT CKSiiJII!Hl'OBOe 

IIOBe.n;eHlfe. Ilpn 9TOM Ha KJJacc paccMaTpllBaeMiiX BeCOB!iX <JlYHICUHii 
\r ( f 1 ). ,t) HaKJ!BJWBaeTCR TpeOOBalme, t!T06H rrpn ,Il;OCT8TO'l-

HO 60JILmnx )i. L 0606nieH11M q1ymcmm lf-(f ✓ >/-J 611.71a OOlltfHOH 

qiy1mmrnii no ). L ll rrpn HeKOTOpoM k. > - 1. RMeJia OTJIU'IHl1ii OT 

HyJIJI rrpe,neJI ( B CMllCJie o6o6niemrnx 4JYIIKWl:ii no j' ) : · 
. t(!,~l.J 

(_ Lt!,, }/"- ::, "G (i) 
l / 

X---+"'' 
're (f )=I=- o. (5.4) 

ACHMilTOTHtfeCKoe IlOBe,nenHe <pyHKI.urli 
orrpe.neJ1JieTcR qx:>pMyJIOii: • . (7\ 

~ . li_ /" ( I )1:. [ ,o (x,o ) 7 T ( )(, p) -v ~ L- p )l.J c O x L J. 
"' , (5.5) 

r.ne gryHKUHJI G ~) orrpe.n;eJIReTcJI IDITerpaJioM 
f . 

GO)= Yrr] Y: (f) s,; u fc/J, <
5

•
6
> 

a j {'i, ).~ - II3BeCTH~ · rrepecTaHOBO'IHM gryHKUHJI ]1)LJI CBOOo.zurux 

CKaJIJlPHIDC rroJiett tfacTnn c Maccoli ).. • Ilpn k=o qx>pMyJia (4.5) 
ynpomaeTcR 

·::r:- 1. 
1 (~f) B ORpecTHOCTU JI "' 0 

,,.._., ' ,. , . 7 
f {x,p) -v;. O{pt.J 'rc{/tJ '/Jfr,~i (5.7) 
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r 

I 

r.ne Q (p}lj BUpaJKaeTC.11 "!8pe3 H8KOTOPYIO 1fJyHrunno, orrpe,ne.lIJIXlleyIO 

aIITOMo.neJII>HOe rroBe.neHHe <I,yHrunrn F { t-, /) 
Acm.mTOTima !lJY}IKUHi1 .?; .g, fr/ .>/-J B ORpeCTHOCTll 

CB8TOBoro KOHyca .x.1..=-o • orrpe,ne;meTCR rpopMyJraMU ! ~ J,;':f a,$(~,) S::-o 

]_

5 

J)(i Aj ~ :Jr. 
(5.8) l i(J-') J AH / 01 [('lo} 0(;l'J · X. 

J.,yJ.,(1} . 

e e 

-~ ______ /r 
~J1-

-s Jq2 

PHc.B. AHarpaMMa $eHHMaHa, onHCbl
~A npo~ecc e+e- ~µ. +-µ - e OAHo

~OTOHHOM npHfinH*eHHH. 

~- AHarpaMMa $eHHMa
Ha, onwc~san~aR npouecc 
pacceRHHR e J1 - e µ B 
OAH0¢0TOHHOM npH6nMmeHMM. 

q 

~- BepwHHHaR $YHK
~HA, onHCMBa~~aR npoijeCC 
Heynpyroro aaaHMOAeHCTBHR 
BHpTyanbHOro y-KeaHTa C 
HyKnOHOM. 
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I) 

§6. \rn3mta Ha CBeTOBOM KOHyce. Orrpe,ne;reHHe 1{03dtilll.,lll.eHTOB 

pa3.1IOJK8HliR Bn.m,coHa B6Jm3ll CB8TOBOro KOHyca 
l ~~ 

E1,epKeHOBCKHll: rrpe.n;eJI ( 'f -,. <>0 , v ➔ = , Lv~ ~" : (.;,><;,f) 

.JI.i!IR aMILIIHTY.Il!l rJiy60KOHeyrrpyroro rrpouecca pacceRHIDI osHa"!aeT To, 

'ITO rrocJie,nHRR paccMaTpnBaeTCR :a o6JiaCTH l.laJIUX ripocTpaHCTBe!IHO-

BpeMenHUX llHTepBaJIOB .J_ .l " Q , T, e. B6Jill3U CB8TOBoro K0!1YCa, 

3TO MOl!CHO IIOKaaaTI> CJ18,eyIOII1III\I oclpasoM. TeHaop ~" Bupa-

llta8TCJ1 "!epea rrpOH3Be,neHlle TOROB - CM (5.I). TaRUM ocipasoM, l[JYHK-

umr 1A:t1 U Wi., TaIOKe BUPruitaIOTCR "!epea rrpmrnBe,neHne TOIWB. Or-

paHHtll,IMC.11 ,ItJIJI IIPOCTOTU paccYJK,IteHHH CJiy'IaeM CRMRPHUX TOKOB, Pac

CMOTPHM HeKOTopyio rrpOl!3BOJII,HYJO cpy!IK1U[IO 

W( rt;, .. ·.) ·:=:j>1.eii;,.,_<J /.Qt1-J,M-JLJji >, (6.r> 

r.ne Jr,.) H Jt-~J - .IIBa cKa.,mpaux TOKa. BBe.neM cJie.nyIOnure rrepeue11-

HUe: 
y~ = fPL ( j:, 1>,i., 3) 

r.ne r l - HeROTopue 4-MepHUe llMIIJJII,CU. ITpe.nrroJiarae1.1, qro ITO 

KPaHHei1 Mepe 0.1.lllH ll3 llMIIYJII>COB /i :/ o, u BU6HpaeM HepaBHHe 

IiYJIBJ lfMIIYJil>CU JIUHei1HO-He3aBUCllM!lMll, Orrpe,neJIUM 3HepreTuqecRUe rre-

peMeHHUe S ~j =- I, IJ · • lfHTepecYJ0111Irii .Hae 61,epReHoncro1ii rrpe,neJI 

B HOBIIX rrepeMeHHUX o6oaHa"!aeT: 

l 't -+- C><) 

f I., 

• V u 

{, 
Cf 

S;j (6.2) 

~UKCllpOBaHiille B8Jlll'IUHU, 

IToRaJKeM Terrep1,, qTo B rrpe,neJie (6.2) HaudoJiee BruRHOH o6JiacTI,IO 

lIHTerpapOBaHHR 6y,neT 06JiaCTI>, pacrrOJIOJKeHHruI B6JIH31I cBeTOBOro KO-

riyca' T. e. o6JiaCTI, Jl 1..,:. V • BocrrOJil>3yeMCJ1 TOli\n8CTBOM: 

Wl"" ... J = /1 (~\ v,, \\ v;J{~ Jlt, 0{t.J, H{ll1 '} f(v.·- llf iJ. U\~,, .. : J, <6 •3, 

B ROTOpoM I!R06liaH 'f(/, v,, '11, v,) B03HHKaeT IIPll rrepexo.ne OT rrepe

MeHHUX lIHTerp1IpOBaHHR 'r K rrepeMeHHUM HHTerpuponaHllR" K": 
' 0(/(,\kf,11</'J., K.f1)• J ( t\v1, v .. ;· v,) = 

.Hb,, ~, ki, ki) 

Ilo.nc TaHaBJIUBruI ( 6. I) B ( 6. 3) , IIOJiyt:jllM 
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\~\.J= If j_ Jlx <-t /fr/!'.) 8/-,1)/ ~ > fi'k.-0(tt.jhll .... f,'j. f J{v, -Ill',) e illl("' 

... I(., C7L /,1. ., ., .I. ,l f I'' I (6.5) 
== Jd vi'. ·;(7 (1', v1, v,., v1 ; X; < ,:tt-J.-} /1;{-f..} i ), 

r.ne 
. ~i 

Gl/et v il.1. -~ • x) ·= /1/-1. : lk. cit t.J, e {Ii"'- 'fJe "-.v l I I J I ) I J { J IJ J t € i ~ ._,{ l ( V. - tf;). 

• 
(6.6) . 

ITpu 3aTiliCl! BUpruitemm ( 6. 6) MU BOCIIOJY:b30BaJIIlCL orrpe,ne;remrnM 

n. ) .
11

JJ, ,~.J..,(v,-IL/.) 
t('V,-llfi = J, lite . · 

!TOJIOJKliT€.1Jb~iO-tJaCTOTHM ''!aCTI, qiyuroum !TayJin-Mop,nana HMeeT BH,n/13/: 
j I tlo r , lj r" 

~ f (y.) = ,_. \ <Z , 0( ~.) cl ( k""- H1 d k.. 
,\; •MJ l J 

C ee IIOMOillLIO BUpaxeuae (6.6) MOllteT 6UTL rrepeIIl!CaHO B BH,ne: 

<1,,.'l .1 , , ,f-( ifA.) ird,ll, +~--<l ":1(6.7) 
;'_,l(ft,V. V., i"x) = 11 j fl.· e i '1J (x 2 ,P,tt, 

, I ) t J,r,- , 

r.ne 

I $1- {{i- 2.);/i) L; ~I.}= f✓ "Jc, 0{kv} ,t'(1/-·-'ff/((_ {.J{-T«J,} 

,{_., 
3,necL poJIL Maccu 11rpaeT KBa,npaT HMITYJILca 'f . Us orr-

pe,neJieHH.fI 53 -¢YHKI.Urn (6. 7) CJie.nyeT, 'ITO OHa cocpe,noTO'IeHa B 

odJiaCTH, orpaHI-ftleHHOtt HepaBeHcT:aro.m: 

I 
.J ~ ~ v 

l, 

u 
I 

f(Y- to<,P./"/-:$ ~~ (6.8) 

B lIHTepecyroiueM Hae rrpe,ne;re (6.2) BeJIII'IHHa cl,-+,;, u BO BTOPOM 

H€PaB8HCTBe (6.8) IIPH D03Be.l(eHl1I! B rrna.npaT MOJKHO orprum'IUTLC.fI 

rrepnolf cTer~eHLIO :..: L • TamlM odpasm.1, H3 (6.8) B rrpe,ne;re (6.2) 
IIOJiy'IaCM 

I 
x(., ~ v 

• I 

I 
/ .:i '-- _ 1 f d." I, 'i / ~ j,,,., ' 

11 ITOCKOJILKy 2~i. P, x. - BeJilI'IHHa Ol'prum'IeHHM, TO 

i... , I I ) }.x I <'. huu C ;: 
1 

½ , 
'ITO H YTBep;lU{aJIOCL B HatraJie naparpa.gia. 
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B Ha'Iane rraparprupa OTMeqanocL, 'ITO TeHsop Utv BUpruita-

eTcH 11epe3 rrpoH3Be,neHHe TOKOB. 0Ka3llBaeTC.fI, B o6JraCTH ..x'. st ~ o 

rrponsBe~eHHe ,nByx TOKOB MOJKeT dUTL sarrncatto B OTHOCHTeJILHo rrpoc

rott qiopMe. J.I,nJI TeopHtt, .{{OTOplle IIHBapHaHTHH,-B CKeMHHrOBOM CMUCJie, 
rrponsBe,neHHe .n:syx orrepaTOpoB 

.~ .. ; . 

j{Y-) l>lv.) 

B0Jm8H CB8TOBOro KOHyca MOllt8T OUTI, pa3JIOJiteHO B p.im TaKJIM o6pa30M, 

'ITO OCHOBHUe CHH.I'YJI.fIPHOCTH 3Toro rrpOH3Be.neHHJI 6y.nyT orrpe.neJIJITLC.fI 

rrpaBIUiaMH rrpocTOH pa8M8pHOCTH/r4/_ TeopH.fI, IIBBapliaHTHM B CK3HJII!H

roBOM CMUCJie, 03Ha'IaeT, 'ITO rrpeo6pasOBaHHe IDKaJIH ' X ~ ~x 
rrpe~CTaBJUieTC.fI JHHTapHUM rrpeo6pasoBaHH8M .B .I'llJII,OepTOBOM ITJ)OCT

paHCTBe ',i,aK, 'ITO MJ\t,ll;IlH.JIOKaJILHHil: rroJieBott orrepaTop 'J'<-,.J. rrpeo6pa-
ayeTC.fI no rrpaBHJIY · · "' ' ·' 

_, 'J(J') . 
U (J)9tv.Jl(ls) :::c S · CJ {.sx) 

, . . , . . 

r~e cl (<J) HasuBaeTCH pasMepHOCTLIO orrepaTopa 1'( ,t) . 
BcTpe'IaJOTC.fI ,n:ae cfx:>pMU p83JIOJKeHIBI ITpOH3Be~eHHJI orrepaTopon , 

Ha Ma.JIUX paccTOHHAAX (ero Ha3lll3rulT traCTQ1 BHJILCOHOBCRHM pas;ro-
JKeHHeM): • · · 

I) p (At-t)8{oJJ )Ir<~,.~ Ci (i-J E\_(<>J (6.9a) 
"v ~ 

li ~.) p (Afr.) l>l~J. ------- ~ <! r'j. v E. r ')( V; (6.96) }(_t...,, i <. L / I 

--...,, 

r.ne A-tl') , 8{v), EJ,'J - JIOKaJILHHe orrepaTopu, €; (x,cJ -
dHJIO~aJILHHe orrepaTOp!i) He Clliil'yJIJipHlle IipH, Jl_-; 0 , Ci,{~ J H 

(] i ()l 1J - ~ - 'IHCJIOBUe CHHryJI.fipHHe. B006me I'OBOP.fl, He COB-

rra.nruonu1e qiyn~. Eyimo:lt P odosHa'IeHo HeKoTopoe, cm.csoJIII-

11ecKoe .nettcTBHe, , coBeprnaeMoe ua.n rrpoasBe,neHHeM orrepaTopoB · ,./ f-,. J 
H /3(o) (HanpID,!ep, P f,l0llt€T 0003Ha'IaTL KOMMYTaIUWHHOe 
cooTHomeH11e) • 

I'JiaBHHM B pa3.Ji:01teH1riIX ( 6. 9) .fIMRBTC.fI T~, 'ITO BCD CHHryJIJipHOC-

TH rrpOH3Be.neHH.fI TOKOB,'· AN) 8(t) \> Ha CBeTOBOM ROHyce 3a.D;aIOT-

C.fI C. -'IHCJIOBUMII qiyHKinillMH. 

Pas;roxeHne (6;90) CYilleCTByeT B Teop.im CB06o~mnc :a cynep-nepe

HOpMHpyer.rux 'rroJieil:. B Teopn;r peHopMHpyew.r:x: B3aIDIIo,ne.lfoTBYJOllllIX rrOJie:lt 

OHO Ta:Kllte eCTL, HO 3aIIHCHBaeTC.fI B doJiee CJIOlltHOH qiopMe. !TOIIUTaeM-
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- ··-1 . 

't 

CH BOCITPOil3BeCTll pasJIOllteHIDI (6.9a) ll (6.96) B Teopllll CB060.IU{HX 

CKa1lflpHU..':: ITOJien. Orrpe,!UlJillM orrepaTOP TOKa _r (v.J_ B BU.l(e: 

. rt. -~ ..1,:+- #- ,,1,r,1.- ··-,..:-Jfr-J ·= : l'. {~}: =:'fM r/J(,)1 = .'y, </J +-t.y, Y' +p 't' :. 

A- f- -
r.l(e 'f' • cf, - ITOJIOJKilTeJibHO ll OTPlfUaTeJibHO-'laCTOTHllC 'IaCTH 

CKaJUIPHllX IIOJiett, a TO'IKlf 03Ha'laBlT , 'ITO orrepaTop 3aIIHC!lB8.8TCJi B 

HOPMaJibHOli cfJopMe/I3/ • 
B Bllpruitemmx (6.9) no.I( onepaTOpaMH :L'>l} u l,(oJ 6y.I(eM 

rro.npasYMeBaTL onepaTop TOKa Ji',lj • Tor.l(a, Hanprn.iep, B Bllpru:te-

mm T i AuJ nM} -=- ·r c 'J uJ Jl•JJ 
IlOHB!U'CJi 'IJi:eHH,KOTOpHe He OYJJ:YT HMeTI, HOpMaJU,HYJO q;op111y.Ec.,m llBeCTH 

HOPMaJibHOe yrrop.ano'leHHe· B TaKOM BHprur.:emra, TO IIPH nepecTaHOBKaX 

'i> ~ If 41 ·- 1103HHKffYT 1Ipl{'lllli!W8 IpyHKUllH l) c { X.. , ~ .t, ) • 

H B OKOH'laTeJibHOM Bll.l(e ITOJJY'faBTCJI: 
. { , 

. T( J{-,)Tl~, J ::::-1 [ ~\~, ... 1.f t-V, ~(l'l/ .. y ,-,;,~1lr•1: .,. :¥ {,-J {;{,;; : 

3HaK HOPMaJibHOro npmr::rne.l(eHRH 03Ha'laeT,. 'ITO 6ILJIOitMbHlle onepaTO-

pu He ID.IelOT CllHI'Y.IIHPHOCTeii npH j,L ➔ C 

Y,l(epxirnrut JI.Hlllb Be.n;ymRe c1mryJIHpHOCTlf B CpyJlfilU!HX 2 'f y_u,'): 
. . 

~
-ti . 1 -' I j r , l/ L . 11-,'- ~--.., - -1- = - (]{ J - ----
{ 11 ,_"-~v Y.-1. -JI. tiJ. 'fr Yr-lt'-- • 

rr -IIp01f3BC.l(eHIDI TOKOB Jf'l-j ll T/cj B, CJie-IIOJIY'!l!l,I pa3JIOJKeHlle 

,ny.lf.!ICM DU,rte: 

1~ 
I :lr,J ¢-N: A,i. ... 

Jj
i_ , l . ) ' + ; 'f {'f-j ¢I~'),; 
' t j[. -, {) ·rt JtiCJ JluJj -"~" Xr'' j_,/--,JJi.. 

KOTOpllH COBlla.l(aeT C·4JOPMOii (6.96). nlfJIOKaJII,HllH orrepaTOp ;r/('1-) q(,J: 
MOJKHO 3aMBHlfTb Ha JIOK8.1Il,HHH, eCJm.npoBeCTll -ero pasJIOJKeHRe 

peCTHOCTll TOl'.JKH ',/~ u 

; 1(-1)4(•) ; = : ~(cJ ,p(cJ : r ~-" , I<") "t VJ{r11; f-, • -

B 3TOM CJIY'lae ITOJiy'illM Pa3JIO:KE!Hlfe B qiopMe (6.9a): 

BOK-

T{Jf1) T/.Jj -~ I 1.. 1 - J("i - )(_,.. .T'''{•} 1-
'k1 {fl.-,J) Jj'-(,l-t.J.) .rL(~l.._i'J) • ., 

r,ne 

T"(~J = : ¢r"J ~ ~fDJ: 
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C1rnryJIHpHOCTll C · -'IlfCJIOBUX (PYf!ltUHH (!, { '1-) H c{ Lit') orrpe.rie-

JiffiOTCH 3.l(ecb rrpaBM8Mli npocToii pasMepHoCTH. TaK01toarJ1IimiireHTU 

i ~ (,£
1

) CCTb qiyma.crn C CHHryJIHpHOCTID.UI T,ma 

(
_!_)f(.1~+.{6-./e.) · 
~4 • (6.IO) 

JA , d 11 , dE - pea.n1,1me 'IHCJia, KoTopue HU3hlDaJOTCH pa3-

MepHOCTJtMH onepaTopoB A , i3 H E B e.l(llHHUax Maccu, cooTBeT

CTBeHHo. 

B peHopMHpyeMoii TeOpllH B03My!lleHllli BILJibCOHOBCKOe pasJio~eHue 

Ilpoli3BB.l(BHIDI .l(ByX II.JIU 6oJiee JIOKMbHHX OIIepaTOpOB HMeeT CIIl!ryJIHp
HOCTH, IIO.l(C'IIITHBaeMUe no npaBHJiy ( 6. IO) , B KoTopoM 3Ha'lenm!' pas- · 

MepHocTeii d 4 , .IH , ,Ii;! TaJOKe coBIIa.l(aJOT c l!)lf3HIJecnoii 

pasMepHOCTI,IO, BHpruitaeMoil B e.l(HHHU8X MaccH (1mor.l(a rOBOP.fIT -. C , 

HffiIBHOH pasMepHOCTb~IS/) '. ,11,]IJI CKaJIHpHoro ITOJIH d = I, MH , CITH

Hopuoro llOJIH cl = 3/2, cl ( ~) = I 
1 

,n;JIH TOKa cl = 3 u T .,I(. 

0.l(HaKO B MO.l(BJill THppHHra pasMepHOCTb OCHOBHOro ITOJ!.fl ecTb 

qiyHitUIDI ltOHCTB.HTll CBH3H. Ta.KM pa3ME_:Jpl!OCTb 6UJia Ha3BB.Ha .l(llHaMJ!

'lecnott B OTJIH'II!e OT Kru!OI!lf'leCKOH, ItOTOpaH ue 3aBHCHT OT ItOl!CTB.H

Tll CB!J3H ( H COBlla,l(aeT C "HrutBHOn"). 

HaJm'll!e .l(ByX rHIIOTe3 pa3JIH'IHHX pasMepHOCTett Be.l(eT K CHHry

Jl/lpHOCTJU/1 pasHoro THna,H pelllHTI, TeOpeTH'leCIGI BOIIpoc O TOM, ItaKM 

H3 3THX rHIIOTB3 BepHa, HeB03MOlEHO. 0.l(HaKO .l!JC 3KcnepHMeHT8JibHHe 

CJle.I{C'l'BllJi paSJIHTmH H 8KCII8pm,ieHTBJll,H!,[e ~WDllie npe.zt
IlO11TBT8Jll>Hee OIIHCllBa.XlTCH B p&maX I'HIIOTe31:l Ka.HOBH'!ecxoff pa3-

MePJIOCTlJ. 

B IIPllJIOXeHHH It rrpoueccy rJIYOOKOHeynpyroro paccBHHlfJI pasJio

~HHe IIPOH3Be~eHIDI .l(BYJC TOKOB, IIOHBJIIIJlllllXC~ B qiyH~lf Wµv (5.I). 
MOX8T 6HTI, HCilOJII,30BBHO ,ltJijl IIOJIY'l8HHH J)H.na CJie.l(cT13lrl1. OrrycTHM, 

rpoM03~KHe TO'llllle pac'l8Tll H HaMeTHM JIHll11, lfX cxeMy. BRlibCOHOBCKOe 

Pll3Jioiremre rrpoH3Be.l(eIDIJI TOROB (6.9), co.l(epJtalllerocJI B (5.U, IDAeeT 

BH.It: 
00, . 

[l/"-J,j,i~JJ~ L. fY,.(1.VY,t,, X;, • .... x.M.0,11< . ( 0 ) (6.II) 
I h-=o , I , ,PI •f• ... '/'M • 

CJre.nyeT IIOMHRTl>, 'ITO B:ltlll,COHOBCKOe pa3JIOX8.lme oepeTCH B6Jm3lf 

:i 1.. :::: 0 , T. e. B o6JiacTH 6oJII,nmx rrepe.l(aq <J, .t... ( B rrpe.l(eJie · 

c/- 00 
) • IlO.l(CTaBHM ( 6. II) B llO,JtlffiTerp8.7Il>HOe Bl:lpaie.1me ( 5. I) • 

ycpe,IUmM no cnm10BHM cocTOJIHRIIM H npoHHTerpnpyeM no J( • I'JiaB-
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r 
Ii 

11: 
l(t 

1r: 
1· 

: j 
, I 

I i 1 

1 ', 

Hl:le cHHryJ111puooTH B oReffmmronoft o6Jraom (B npHMeuemm R nponeooY• 
rJIY6oRoueynpyroro paooea:mm) HM81lT TBHOT = 2 (TBHOT onpe.I(eJ111eTOJ1·· 
RaK pa3HOCTL Me.ll,ey' pasMepuOCTl,ll H ommoM: TBHOT = paSMepuOOTI, -
omm). Boe onepaTOJlll B pas.11ozeHHH (6.II), RMelllltHe uammamyJJ pas
MepHoCTL G, 6ylfYT ~8.BRTL paBH03Ha"IHl:le BMB,l(H, PaaMepHOOTI, 2 osHa
qaeT, 'ITO K08<PPHI!HSHTl:l C~(vJ npH oooTB8TOTBflllIIHX onepaTopax 
HMSllT f -o6pa3Hl:l8 OHHryJIIIPHOOTH, T.e. 

(11.t (xi) .-v C., ,fo,:i.)El¥•}. (6.I2) 

IloMe lIHTerpHpoBrums: no J( no.nyqaeTOJI CB.a:31, M8.ll,ey' CTpyKTYJ)
HllMH qiy1ua:umMH · U71 cv, 11JH w~ ( ~ 1/2

) o o,l(Hoff oTopom, H 
ROaqxii~eHT&ffl pas.11ozeHHJI Bwn,oona C-~(i') , H MaTPl!t'mHMH 
9Jl8M8HT8MH O OT onepaTOpoB q.,.,,,.,,,,. ,,,..,_ (co} - C ,l(pyl'OH. 
MaT~fi 8Jl8M8HT 'o 80Tl, HSKOTOpruI KOHCTaHTa, ROTOpaJI H808T 
onpe,l(eJISJJHYI) HHqX)~ 0 MHIIl8HH. CB.a:s1, Meimy OTPYRTYPHHMH (F,YHR

'ItWIMH H Ro~eHTaMH pas.11ozemm Bwu,ooua o6utmo al!llmounaeTo.a: B 
BH,1(8 MOMSHTOB ~ 

--0 . ~ 

r,l(e 

f\,1 (aLI j',,{t,;; Vt,f(-1<1 11,,,jc11Jh,vlC~(viJJ~f..(flJO, 
r 11 J "" u'"H " ' I, ' (6.I3} 

.':J.. == 

1 v 
I 
-: 

Q L 

lflv tv 
l , 

IloBe,l(eHl!e MOMSHTOB npH Q --+- oO Onp8,1(8JIII8TOJI, RaR STO OJI.e,ry
eT HS (6.I3}, noBe,l(eHHeM R09qJpHIUJOHTOB , . (l. (Q<-) - , _ROTOpoe~ , 
BOB.Oil O'Jepe.I(b,SaBHOHT .OT IIOBe,l(emm TOKOB B6JIRSH.OB8TOBOro KOHY08, 
B KOHS'IHOM HTore SaBHOHMOCTI, 11 ~ ( 0 ') npH Q;,, -+- ~>O onpe,l(e- , 
JUI6TOJI BH,l(OM Teop~ • .llJm TO'Jetmoro 61,epxeHOBOROro OK91J.t:mira He06-
XO,l(HMO, llT06H ci~ (a';}-,.u.,1f ,IIPH QL••-o • .llJm peHOpMHPf8MHX 
Teopd paoqem B paMHax,Teop:im BOSMYJlleHKli B ~oM,noPJI.I(Re Be.JIYT. 
K BHpaxeHHll T~a e~rrY ";(ft .. r;2)/' , r,l(e fl1 - H8KOTOpoe ne
JIOe IIMOJmTMLH08 '!l!:OJIO •. CyMr,mpo:emme rJlaBHl:lX .11ora,PHqMOB, lIOJIY
'JaeMWC· ,ItJIJI ,PJI,Jta T80PJIH BOSMylliemrlt B np8,l(IlOJIOZemm KOH8"1HOOTH pe-
HOJ)MHPJ8?.f0r0 sa,PJI,Jta ,j, { Qt) (f- f. (rl) IIPH ·a• - ""'} 
npHBO,ItHT. K 80HMIITOTH'l80KOM,Y BHpazemm .THna '}~ . • I 

<!, rrx'l ~ &1t1,1. (t,. 6.?; 7•/ 
T,e. Be,l(eT 1n1apymemm oxalmmra (c.na6o OTen;HHOMY uapymemm 
OR91J.t:miral34/ • · - · ·:. · . 

B Hea6e.11ema: ItMH6ponotJHWC TeopmtX (RBaHTOBM xpoMo,ItHHm.uma orno-
01:To.a: _ it HX '!l!:OJIY} Taiate nOJIBIJieTo.11 ,l(OllOJIHHTeJILHasi: saDJ.'IOHMocn ' · 
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- II 
I 

Jro~eaTO:a c., ( & ~ 0'1' EORO'l'llllftl OMSJl f' IDil'-IIJIJ1:JlOOB

CDX no.rel. Hl!BaimuTJIHI S&,Plr.Jt Jl, , llOJIY1188&1 C IIOKODIJ,1) 

,PeRO.PMl'P1IIIIO:!OI '1'8:mnat B H110.ll3OBaHKII oamero(B'1'0,P01'0) IIO,PJl.lUta 
Teopn :aos11111emt1, Olta8DaeTOS: SUJlOR!ltD( O'l' &~ JI Bl:O.l;l[T 
B Bipueo:e .lt11II xo~e:a:TO:a . ~.. {,l, 3-) l! Jm',l(e: 

l(Q~ 'J)-= e:. (1, j)~ {- if ... (j:,C-)dX ), (6 .• I4) 

r.ite · ,Y 11. ( i I Jl) -UOHSJII,!UU! (ae onpe.D;eueMM paaee JIIOMHHaBmeloa 

4io:neoxoi pa8Me,PROC'1'1,JJ) P88118,PROO'l'I, o~paTopa C?,,..~, .... ,;'-<.. • 

~ aollllllITOtneon: Ol3O6oJtmtt Teopd - i _. o lIPll Q~,,., , 
11 ... (f J )I.)..,. 0 aa Depme11 IIpe,!teJle JIRTCrpaJra B (6.14). 0.JtHUO 

OTpeueDe ·~ .. (§"; JL) Jt BT,111 Ol't&SUaeTOJI H8,!tOO'l'tlTO11HO 
6HO!'}ml, "ITOOH J!H'l'Crpa;ir B 8XCIIOHCHT8 B ( 6. I 4) oopaHJJ:os: B li7Jll,. 
H HO Be.Jt8T l't JIOra~ecl'tDl IIOilJ)Ul'tal( Jt l'tO~eH'l'mr (f., (Q; 
IIjm 6)1 -,. 0<1 , a DiBHO 

~ 
~k {Q~ ~ f' (_!_).?',,• f-

Q-+-. k Ltt.~~ t 
(6.I5) 

r.ite ? - n:secnas: :n Teopu JtORO'l'UTa. 

TalaD( o6paso11, BIOO~ &OJDlll'l'O'l'Fleoa c:aodo.JO[ol neadue:aol 
E&Udpo:1O11HOI '1'80PD OUJ.lDIX Baailro.itelo'l'lld (DU'l'OBOI X,POII0.1;1(

.... a) OOllIQUT O !IIIJI0,18111( 'feOPD B081f11(tl!d, Boo.D; 0 'l'Oir, 
1l'l'O :a Teopo co ,•~.itelo'l'i,yill(ID JI0.tlllll[ 308DJWl'l' .rora,Pllflor-
11ecae IIOJipUD IS, upeJtC'l'UUC'l' SH&me.nmd Bll'l'eJ)eO. 3Jtcaepx

lleJl'l'UHll9 .umme :a :aaoTO~e 11pe1111 Re .1t&ll'f 11e'l'l'toro O'l':ae'l'& aa 
' .,. ·• •~: JtOnpocf ·o xapanepe npyaem c.1t1bura ~ ·· CSo.nur -· f!iL • B0.1ee 

b.QJOdJIOe ,, o6~eoe U,PYaeDII onbnra dp;eir IrpON,1;8BO :a.§ 9 .-· ,, 

Oaomu me· Jipoll8Jt1J)a n0.1J11eRU -•nTO:a npuo;a, K p,r- · 
X,- 1D DlNIOnD: !Wt J)el7.GT&'l'O:I: / 

r> t.tmaxu W1 cv, tyLJ • W.t {v, 't'-J .. .., cx,1-
.1Dro:10e lio:ae.ite:mre, 

2> t.f.lit(i..l 'W.dV,'J,11 ➔ f,rwJ • . w,. {"'Jr1/-/ifwJ 
CllUUII O00'1'HOll8D811 

~e 
w-= 

t, {cv) 

.ut~ 
Q'-

- I r ~ 3w T,1.{w) , 
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I) 

i 
it '. 

i 

3) 

4) 

Q - ~L. 
~t • 

. '11 
~cw) ..f 
:;::-r;-,_- -+.,_(w) :;:.o y • 

He~L3R CK8.3aTL, ~TO B HaCTOJm188 Bpewr 3Kcnepm.teHTaJll,HO ,ll;OCTill'HYT 

npan8Jl QJ.-+ o<> • II08TOMY npe,ncTa.BJI.II8T IDITepec 3H8lUie K03g)-

cpHWl8HTOB pas~olltemm (!i, (x~J (6.9) B o6~acTH ItoHetmllX 

3Ha~emrlt Q '- • 0K8.3llBaeTCR, KO~eHTJi (!;fr:) B pas~olltemrn: 
(6.9) MOryT 6!lTI, Bllpalltei_ra ~epes aiicnepHM8HT8JILHO HSMepgeM!le cpyHit-

I.tHH w, (vi1i,1.), · ~ (t, iy2.J, r;.tC~ i,j, _ G-J, C v, 1,,i._J 

(onpanMeime !WHKnd G-1 · H - G- ,na.Ho HDe - CM. qx:>pM. (2. 12)) 
T8D8 lI ,nJm: CJIY'laR ItOH8~ Q.f ,- Itor,na H8~3R npeiteOperaTL 

MacCOBllMR llOnpaBit&m /l7 • .IJ;elCTBllT8~HO, a,IU)OHHWi T8H30p ~v 

(CM. 2.II) CBJI3aH C MIDIMOI ~aCTI,IJ aMMUTY.D:ll -~., ItOMilTOHOBCKOro 

pacceRHHR Bilepe,n qlOTOHa C HMJIY~I,COM Cf' Ha Ilp0TOH8 C mmy~COM 

p cobTHOill8HH8M 

· t" -. "" j '}.,., 7;.,, (6.16) 

T,.., ~ tJ<• e it~: 0 (x.J < P / UA'.J, 1, {,) J/P > 1 
+ . IlO~HHOMHaJIJ,Hll8 -tJJI8HH ~ _ . ( 6. 17) 

Ee~ He npoBO,ll;HTI, cyw.mpOBam!SI·IlO ItOH8"llilp4 CllHHOBl:lM COCTO~ / 

ayMpHa,, TO _aMlJJil,:TY,IJ;a. T,u., MollteT 6HTL npe,ncTaBJieHa B BH.n;e I8 : 

" J - ( .. ····f'q,~)- . •.► ;1, I ( . ~)/ .· ··~f11_l ,,1 
,u.J-,':"; 1,µv+ ~2.° ~(v,Q~~if.1. P;+,Q..:;c/Jv+: Q'-112(..,,Qft 

. H, · ~ 6,.u ( ~ i ~ : ~ / r · d ; , c 1.1 . 
. t;.i __ ;-'1">-• i s . ·. 1. ~Q 1 + M ~ .. A, •i ~s .-f~., ; i-t~ ~ Q J. .. (6. 1a> 

Hs (6.16) H (6.18) peeM: 

w,,
1 

J, ,:,; 7-,i., rr4,l. · 
.,. 

G 
_ '1 U . (6.19) 

. ,r, 2. - /'ft. -t, L. 

iliyH~ W1 , Wa. :a G1 , C..t. MOryT d:i,r.r1, :e:suepeBH B npov;eo- · 
ce rJIY60KOHeynpyroro paccemnlSI noJUipHSOBaHHWC ~enTOHOB Han~

p:aso:eamrux h'Y}t,'IOHax: ( CM. § I2). .AJ.mml:TY.D:ll T, lI U i YJtOM8TBO

PRIJT ,nHCnepCHOHHHM COOTHOW8HHJDI 
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I 

~ 

T1 (v,Q 1
)-:: 

od 

i-: ( o, Qt.I + t.J. -J;_ Jv'. IV~·[.-; Gl') 
J ' Ji !i .,.,, C 11 ,l-_ v_:J 

)., 

0<1 

Tt(~QJ==;l 
v'Jv' 
v1':.vi.. 111/.l ( v/ al) 

:L 

( 
U J.. I v

1 
clv

1 
G, 1 lf.,, ~ Q J = Jr Q\ ylL_ v'- 1 (v I QJ' 

r. I 

U { ti ·- &~J J/ Jv - G (v' QLf i ~Qj.- .Jr yi'-VL .2.. I .J. (6.20) 

B6~3H cBeTOBoro KOHY,ca· '"J1 -nponsBe.n;eHne onepaTOpOB TOKOB MO~eT 

6HTL pas~oxeno B pJUJ:117•19/ 

Ti 1.}< l-tJ, %(0J J "' (~" pr -~ t) ~ · 1:- <! t (l-z d~.~ ..... {>,, r/'• .. J<r 
' . 'Jc ,l,, .. ~ (6.21) 

+ (1/AJ 1J.1 f + 7,:}1 up'- 'r ~ d~ -?! #v Ji J X. . 

\ ""'c'' _t•J . «fl'< .... /41'-). t L 'L . {t-tt i/,/
1

, .• x~_ · 0i /. roi-
_zv ! I I' /',-). '/ 

J" I "• 

"'<> J" 1 
(;< · .. ,/'1-1 

- ttr~r i 2_ ' i lfi ()(1:.ii.) ~ 1 ·-- • ~.,...; f)l ("i + 
, . . T-1,J,_ C 

l , · 1r1 ~-. ~ o.Tr.~• )X . 0>.'i', .... /'M + ( E,,..v,o ). 2:-- <y l;j ( lll L,l 1/(1'" ~1'-1 i _(o)_ 

.UMee, nepexo.n;R K ~~dpasy / [ t C'I-) 
1 

'J.,[oJ J R . 

HCil~SyH: ' 

I) CBepTitH/20/ 

g a. f /~~- . . f A J = (- tlf.t Q) ; ('t fJ ) • -rl',·· .. r,,r . J ~ ll 

r.n;e 
'11 (1/ J ~ "' 't- , a C:.7 (f - nOJIHHow rereHdayapa mr,neKca "I"; 

2) .n;HcnepcHOHH!le COOTHomeHHR ,n.,m: ~~ .t.. R t{ ..,, ,1.; 

3) opTOrOHaJIJ,HOCTI, ItOaqxpmnieHTOB Q ~ .J 

mo Bllpa.SH'l'l, X08~8HTLI -c{, . c'[ , 'l)f ( .T -'le;.!We) ·• 
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I 

·1: 
I• 

' I 

:1 ,. 

! I 

i 

j:. 
·ii' 

I 

I 
I 

l I 

l ! 

' 

I 
I 
I. 

2) l { J -H8'18T.IW8) '18p83 cpymtnml Wf, 'W:,_, &, B: 6-.ll., ll3J48p![8-

MH8 Ha onuTe, J:l8.llllHMep: 
r I C ( G') -=/ '1,T (Q~ - G /1.,; (G~ 

I j( ii C GJ -==_)J, 1
1
7 (a1, r;n:e1 

A J,'f.. J.x ] J't1 

f<-A,r= j 'I..'- [ hv1+ '{f1\t1/a' ,.,. 

J1,r r, r~~Y sJ",O 
- 3 

0 

i f J.11 U';1 ( 1. Q ~ - ( h + 'It; t) ~ w,_ c ~ Q ~ J 
l (11. 

T= o) J..,.. · Y-.::: J.:v 

1J. = 0 r~o 
I/ 

. I ( :I. [ Jx J J'+1 
Ji L,'7 = -. (J+l}(J-+3) 'J ~3 ' i + V 1 + 'IH~Yc1t tl 

0 

{

. l J .I I/H 2
'1.l Ytl-1 tj y 

.,_ (J" +J.3"+3 +- 3(Jt1} y1+ 7" + T(J+.t)W /1 ~(~oJ 

Bemrnrna T 1 ( 0 , 0.j .LI J, onpe;n:eJieHa xs KOJ.riITOHOBeKoro paeeeH-

mm: (!l()TOHOB Ha HYKJIOHax. 
Koeqxpmn'!8HTU (! T , Q 17 , ~ J{ 'leT) x» 7{He'1eT) He 88.BllCJIT 

OT V • TaK Ital( npH HenoJIM!OB8HHH yCJIOBHJi OPTOrOH8Jil>HOeTH 

nOJIHHOMOB rereH6ayepa ~; ( ~) . ,ll,JIJl BJ:m8JI8HIDi R09qXpmn'!E!,TOB 
(1 T ( Q~ Mil HHTerpllpoBaJIH no nepeMeHHOff r = ~ 

HJIH, 'ITO O;n:HO H TO xe, no nepeMeHHott 1/ 
TeHsop ~... MOl!.eT 6UTI, paee_'lHTaH B JIBHOM BH;n:8 noCJie 

no;n:eTaHOBKH pasJIO%8HIDI {6.2I) B (6.I7).Hs Hero MOlteT 6UTI, BU;n:8-

JieHa eTpyKTYPHrut qiymaum V Wa.,. lfuTepeeHO OTMSTHTl>, 'ITO nOJIY-
'l8HHrut B eaMOM o6IlleM Bll.ne CTPYRTYPHrut ~~ ~ u:,,.l. B6JmSK 
nopora JI.. ➔ 1 eTp8MllTe.lI R HYJIJJ eJie,n:yJ)IJtBM o6pasoM: 

(1-J1.) P+r,{{rx~, (6.22) 

r,D;e f - RaHOHJAeeKaH pas~SJ)IIOeTI, / 2!/, r - aHOIIMl,Ha.lI 

pasMepHoen, a / (G. ~ - He Ko To pan: TO'!HO paee'!KTUBa~Mrut 
<py1ua:~J1. PesyJIJ,TaT (6.22) Mil o6ey'A}IM B §.8 np:a: o6e~etnm COOT
HOmemdt APeJIJia-Hlla-BeCTa. 
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§ ?. Mo.neJII, lfyTll-Bai\eICompa 

B npe,nu,nyI!lllX uaparpaqiax (§§ 4-6) 61:lJI paeCMOTpeH PM 0611tme 
TeopeTnqeerorx acrreRTOB rrponeeea r.ny6oICoHeynpyroro paece.lIHllil:, eBJJ
SaHHUX e IlOBe,IteHl!eM eeqeHll.fI rrpH rrpe.neJibHO BUeORIDC 8HeprIDIX H 
npe.zteJIJ,HO 60JI1,mmc nepe.naqax m.myJIJ,ea. Ilpn aToM Hae MaJIO HHTepeco
BaJia eTpyICTy-pa HYKJIOIIa, OB8,I{8HWI O ROTopo! MOJKHO nOJly'llITI, Ha OCHOB6 
3HaHH.II eTpyRTYPHWC cpyHia.oi:ii ~ , W,t , (].~ K fJ.., • Bep
HeMe.lI Terrepb IC H8Y'!8HHIO CTPYRTYPU HYKJIOHa ll nOIDITaeMC.II B PaMKalC 
MO.D;eJIH orrneaTl> rrponeee r.ny6oRoHeynpyroro paeeemurn: JieITTOHOB Ha 
HYKJIOHax. 

OeTaHOBlUv'le.lI 6oJiee no,D;po6Ho Ha MO,D;eJIH Kyrn-BafieICorrqial3/ Ha-aa 
ee OTHOeHTSJibHOH rrpoeTOTU If 6oJIJ,moii MeTO,zmtieeKoii nemroeTH. D 
MO,IteJIH I{yTH-DaffeRonipa npe.nnoJiaraeTe.lI, qTo HYKJIOH eoeTOHT H3 Tpex 
BaJieHTHUX RBapICOB H MOPR rrapTOHOB (rrapTOHaMll MOryT 6UTb H RBap-
RH). 

BMeHTHUe ICBapICH OTB8'laDT sa Bee RBaHTOBUe 'tJHCJia HYRJIOHa 
H OTBeTeTBeHHU, D OCHOBHOM, sa nepHq>epH'leerore eoy.napemm. Ilap
TOHHOe Mope eoeTaDJIJieT BffYTpeHHIOD 'laeTI, l{Y'KJIOHa If OTBeTeTBSHHO, 
B oeHOBHOM, aa nponeeeu e 60Jinmon rrepe,D;aqeii m,myJil>eoB. 

Ilomruii m.myJibC IIYKJ!OHa p eKJia,It1:lBaeTe.1I HS CYJ,lM!1 HMIIYJib-
eoB eoeTaM.IIKlll{IIX HYKJIOHa: 

.,., 
L p. ~ f 
. l 
.. ": 1 

HJIIf, eeJIU BBeeTH OTHOeHT8JibHUH m,myJIJ,e ICalK,D;Oro napTOHa 
TO 

'i:_~; = 1.... 

IIpe.nnoJiaraeTe.lI, 'ITO Rm'JU;lii napTOH y.D;OB7I8TBOP.fI8T yeJioBmo 
L \ - L 

P, +)-<; "' t. i~ 

TaIC 'ITO L {;· = €= IPl+/1.l,' 
. l ' 

(?.I) 

P,· j, := T, 
(?.2) 

(7.3) 

r.D;e /< ~ - Maeea i -ro rrapToHa, Ei - airnpl'H.II z -ro napToHa, 
Macea HYKJIOua - 111 • B!lllierrepeqncJieHHUe rrpe.nnOJiol!teHID! JieltaT B 
OCHOBe BCei napTommx MO,D;eJieit HYKJIOHa. 

CJie,ZlYiooiHlt' mar B noeTpoemm MO.D;eJIH - sa,D;rume qiyma::urtt paerrpe
.neJieHll.lI eocTa.BJI.IIKJll!llX.HYRJIOHa no m,myJIJ,caM. JLM napTOHOB "MoJlli" 
(HJm "Ropa", Ital( Mil HHOr,D;a 6y.neM HaSI:lBaTI, "Mope" rrapTOHOB) 
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i' 
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'! i 

: ~ ; 
'I; 

I 
I' 
'I' 
I' 

qiyHKIUUI pacrrpe.ne~emm 38Ill!ICHBa8TCJl B (JlopMe, 8.H8JIOI'lf<IHOI qiopMe 

pacnpe.ne~eHWI o6HtJHoro qiasoBoro npocTpaHCTBa 

tf'(':1-J = l1-v~.1.·t-~72··. c?.4) 
WU! rJIJOOHOB - B 8.HaJIOrlltUtOH qiopMe 

--l{I} = j I 111,rL I ,uL/;)2, (7.5) 
. I. Yj +/ u:, • 

j/ I 
KoHCTaHTll 1/ 3 ll .f OTB8TCTB8HHU sa B3am.lO.I(8ilCTBHe 

I<BapKOB "Kapa" ll rJIIOOHOB. )T.,m BaJieHTHHX 1rnapKOB pacrrpe.ne~eHlle Bll-

ChrpaeTCJl B Bll,I(e: ,(- ot(oJ 
. ,. /j 

f('f) = s, '.fy=t.==A,_==., (7.6) 
Y ;r +/11. • 

r.ne s' - Koaqxpm.nrnHT nporropr.nmHMI,HOCTll, a oL/0) - sHa'leHne 

pa.nir;eBCKOil TpaeKTOPHll Ji. -Me30Ha, OTB8TCTBeHHoro 3a o6MeH B 

r.ny60KOHeynpyroM ~enTOH-HYMOHHOM paccemum. IlpaBMI,Hliil BU6op 
o/ { o) · o6ecnetmBaeT rrpamtlII,HYJO acm.mTOTllKY ce'l8Hllfi paccMaT-

puBaeMoro rrponecca. ti, - RBapKOB08 COCTOHHll8 HYMOHa 3aIIllCll-

BaeTCJl KaK rrpoll3Be.I(8HHe 0.I(HO'laCT.II'IHliX 4JYHKUIIH pacrrpe.ne~eHRli 

Cf'Jf1. {!j} lei_ Cf1) >:, -{j'le ff ·% x 
clP11 (~,, ..... j.,)= ?- l'., ! lc'.1. ! ILt.' e ! · J,1 (f +~J1e,f 

" n t-J(? ~ (A - i 'lj J. (7.7) 
L=-1 j=1 

r.ne 2 - HOPMHPOBO'IHM KOHCTaHTa, orrpe.neMeMM H3 yCJIOBM, qTo-

6u rrMHM Be poJITHOCTI, paBwt1Iac1, I , )1, = 3 + k, + k 2. + t J + e, , 
l = O, I , 2, • • • - tmCJIO r JIJJOHOB B 11, -qacTH'IHOM coo TOJIHHH, 

/{ 1 , k.1., , 1£.} - rro~OJKHTe~1,HUe KOHCTaHTll I COOTBeTCTBYDJIHe 

'IHCJIY l( ' d H ,s KBapKOB. 3TH qnc~a .1(0.llllll 61:lTI, '!{8THl:lMH, 

'lT06H He MeHJITI, ltBaHTOBlle '!{l!CJia ffYMOHOB. Tpoil:Ka, BXO.ztmll8JI B 11, -

8TO 'lllCJIO BaJI8HTHl:lX ItBapKOB. . /1 11 r· 
BBe.neM Terrep1, qiyHKIUm c.i 1) , l = (I,2,3,4). 

HH.neKc " i II BHH3Y orrpe.neMeT copT IrnapRa ( tr , I , $1 , rJIJr 

OH). HH.neKCl:l II f " H " h " - CBepxy - orrpe.neJl!IllT "rrpoTOH
11 

H 

"neil:Tpon" B o6utJHoM cMUCJie. <eyHKUIIH c/ {'/) n C.i' (t) onpe.ne- . 

JIJIKlTCJl.KaK BepOJITHOCTlI Hrul:Tll B rrpoTOHe wm HeffTpoHe rrapTOH copTa 

" t " c HMey~I,COM . 'J . B MO.I(8JIH ll~,I(Ilo~ru:;,aeTCJl, .'\TO S{,({3J -:
Cm.!M8TPM cnpaBe]tlllraa, H ll08TOM,Y' M8JIUlY C:,· H G:, CYJ118CTBYJ)T 
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CJieJzyJ)lltlle COOTHOWCHIDI 

G./ C~J = c~n,()J ~ 
A ·' If 

/' r:i,1 /' <'JI/ 
(."l l ifJ = Cr-1 { ✓/, 

c/ t ~J = c/ (yJ; c/JJ-= c,:'r,; <7.s> 
.lvrJI y.no6cTBa pac'leToB 4JYHKU!Ill Ci pas6HB810TCJI Ha ,I(Be 

qacTH: 
1,11 f;ti /',It 

&;, = C\v- +- C-(o, {7.9) 

r.ne Ci v- - qacT1,, OTBeTCTBeHHruI aa BMa.n BaJieHTirux KBaprmn, a 

C.;,~ - qacTI,, OTB8TCTB8HHa!I sa Blt1Ia.I( KOpOB!llC KDapKOB. 

qT061:l llOJIY'IHTI, paC~P8AM8HHe no HMIIY~Lcy 0,IUIOro·ua KBapKOB 

B HYMOHe. HYZHO npoHHTerpn:poBaTI, 4JYH~ ct/{ {f,,,... f~J no 

mmy~1,cru.r Bcex KBapKoB, KpoMe O.I(Horo, HHTepecYIO!llero uac. B pe-

. 3y~1,TaTe lIOJIYllaDTCJl CJI8JzyJ)lltll8 4JY}II(Inrll: 

p p f [ ·~ 4- 3 (1- dC•J}] --'l•J ( , 1-11-Jtd [1·.Jt•,J 
~ = JC. =- J, ~----c---- . u . ,(-~; 

i-... .ti.' r 8-J.£oJJ 1[1/1-JM)+ ?<] I 
I 

f p 'p 
G1c ~ ~:::, Jc 

- - , I I . -i+ d-- i c' ~/ ·cc =3 J-f(~-'J}, ~ l1-JIOJJ(7.IO) 

r.ne '}( :: '} + 1 I. 
Bu6op giyHKUIIii: pacrrpe.ne;reHd f 1 '{1 "f np:e: nceii: KaJltYllleliCJI 

CB060A8 -orpaHH'lllBaeTCJl J)Jl.I(OM YCJIOBHil. OHH .I(OJIJml:l 6UTI, TaKlrMll, 

'!{T06ll Haln;eHHUe C me llOMOl!ll>ll 4JYHKU!Ill (7.IO) Y~OM8TBOP~H Tpe6o

BaHRIIM 

a) c;_l (~} --r ( 4 -1) ~ t~ 1-

6) 'i l'fJ p '-~ 
,,, 

B) Jcv-{~)l# ::: Cons+. {7.II) 

•. -0 e-·'✓ 11 B acmmTOTHKy (7 .II a) OCHOBHOI BMa.I( BHOCHT tiaCTI, -, , CBJl-

3aHHaJI c BMeHTHUMH RBaPMMHi B acHMIITOTHKY (?.II 6) OCHOBHOl1 
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C. 
P, k 

BK.mm BHOCUT <!JYIIKI.U1Sl '" , a mITerpaJI (7,IIB) CBJI3aH c sa-
PMOM n MOllteT 6UTI, OTHOPMHPOBaH Ha sapll,n IzyKJIOHa. R YCJIOBRIIM 
(7.II) Heo6xo,nUMO ,no6aBllTl, yc~OBI!e no~OlltlIT8~l,HOli onpe,ne~eHHOCTH 

CK3MHHrOBIDC %7HK~li 'V W.i_, H ,U,/ IV,, I',,._ 
HaM OCTa8TCJl, HaROHen, onpe,ne~llTI, CBJI31, qiy1m1nnt G-, C 

!ffi'HKJ.J,lfJlMll v W.2. n U,t W-, • 3To ,ne~aeTCR npocTo. Paccemrn:e 

a~eKTpOHa Ha HYMOH8 paccMaTpirnaeTCJl KaR paccemme Ha O,nHOM H3 

COCTaJlJIJlIOlllHX KBapKOB IzyKJIOHa. RBapK CtrnTaeTCJl ToqetJHo-no,no6H!lM., 

JJ.,m ToqeqHo-no,no6Horo KBapKa ceqeHne 6y,neT onpe,neMTI,CJl MOTTOB

CKllM ceqeHneM 

JfHoH

JQ'-

l/,rol, L 

Q". 
(7.12) 

TaKHM o6pasoM, ceqeIJlle pacc.em{M Ha o,nHOM KBapKe 6y,neT HMeTI, BH)'.(! 

J'·o 
JQtJ,J 

::::, ,.IOH,H- . e,.'- I '/-,· • 0 l'y-." ·) 
JQ'- I, • V l) (' I (7.13) 

r,ne t ( '/. - J'. ~) o6ecnetrnB~eT ,nO~IO j; , KOTOPM TOl!U{8CTBeHHa 

Be~nq1me .X j/. = tv - IfHBap~aHTHM CK8~HrOBM nepe-

M8HIIM, ei - aapnn KBapKa B e,nnHmwx a~eKTpnqecKoro aapnna. 

CeqeHlle pacceRHHJI ua JIYIUIOHe cKJia,nllBaeTCJl na CJMMU ceqeumi pacceR-

HM Ha Tpex BaJieHTHWC KBapKax: 

i·u ,,.,, Jo,,,H- 2. 1. '12 G '✓" 
.IQ'-ctv :: c(Q).. [,_ ei . y i (xJ. 

l "-1 

Ifa cpaBHeHllJl ceqemm (7 .J4}, BllpaJKeHHoro -qepea cI1yirnuim 
aaBitC.fIIIUW OT CK3MllHrOBOli nepeMeHHOll JL , C ceqeHneM 

~Y'!llM 3 /.~ /,It p_.._ /11 , \ L r, ,., P 7', 
y l½, 1 

( ~ >1 = .X {- l i ~ ( '/-) ~ Y f (1-) = t (Y-J. 
t=1 

' ,~ 
Paao61,eM no ruiaJiornu c q)()przy~oli (7. 9) ifJYHKUim F ' c-1-J 

~l,11 ·- 1,., ~ ,,., 
f (Y.} : +i~ (y./ + f C ('Jl ). 

qacTH: 

C noMOll{l,10 (7.10) no~aeM 

,(7.I4) 
!,Ir 

Ci {-1; 

(2.12), no-

(7.15) 

ua ,nBe 

(7.16) 

f · 3 . 11 f ['J<+ J{1-J{c1]] 
T <~ J .,, - F. .. t1-J =- ( ., G )) 

~ -.i,., -1tr t-2{-1-,, .. 1 
·:/.. •{i-,i) ('..I7) 

v- 1- i r~-J1,,J1 a,.+u,-,,.,_ 
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-- 2- ' fc,('ll)-= sff-·(-1-Jl)-!+f-t-3{1-.tt•J) (7,1}) 

IIpn JI. -..1 BR.7I8,n BaJieHTHllX KBap.KOB ,nownrnpyeT, n6o r;_. {)( J 
npI! JI. ..... 1 y6uBaeT 6ucTpee. OTI!omeIDie t-y,:-P p npe.neRe 

Y..-+ 1 paBHO! f' ~ 
-= ;__ 
+' 3'. (7.IB) 

Mol!Ho noRasaT1,,.qTo qiyHRIJ,ll.fI ~ { ~ r-:1 CBJI38Ha C qiyHRUI!JlMH fr; . 
M8,nyIOl!ll'IM o6pasoM: 

' /11 J .l , ~., /. 
J,11 ~' (v,cyl-J = L. f;, ,' 1.:-i · LJt.) 

1::1 
(7.19) 

Ifcno~1,3yJJ JlBHlle BHPaJK8HRII (7.15) .I{ (7.19), II~aeM 

Qt .tN.x. 
Q-= ~=" (7.20) 

B qacTHocTI!, npn .x =- u111( n V - 0<1 neJmtmHa /2 ...,. o . TaKoBO 

ocuoBHoe n,nettuoe co,nepxrurn:e MO.IteJIR I{yTH-BruicRon(Jla. Mo,ne~ KaqecT

BeHHo y,noMeTBOPHT8~HO OllHCHBaeT noBe.n;em,:e Y ~ - qiyHKUllli, ,na-

8T npaBwn.Hoe noBe,neHHe CTpyRTypHWC qiyH.KUilff rrpn ..I{ -.. o , '0Tpa

lll'.a8T OCHOBH!le ~epTll noBe,neuHJI ceqeHIIJI r~6oKoHeyrrpyroro pacceJIHllJl 
I • , 

RenTOHOB Ha IzyKJIOHax. 0,nuaRO MO.It8RI, llM8eT PM H8.IJ:OCT8TROB: 

· I) oHa .n:aeT cTaTncTnqecRH Heo6ecneqeHHoe onncrume npo~ecc~ • 
r~6oKOHeyrrpyroro e I' -paccemnm (no ,-, 1.., ) ; 

2) OHa .n;aeT H8TOqHoe IIOBe,neHHe , pasttOCTH , f./- t,/' B~ll3ll 
MaJillX • J(_ ll ueROTOplle ,npyrne.' 

YISaJK8M eme ua o.zuzy ,noBOJII,HO CROJrnYIO naPTOHJIYIO Mo,ne~b iryKJio
Ha 1221 ~ ,B_ Heil Ral!IJJ.llff COOT~ rrapTOH (:wm RBapR) CaM irpe,n

CTaBM8TCJl C~Ol!CHHM o6~8RTOM, COCTOJlll!I!M ll3 Toqe'll{o-no,no6HWC napTO

HOB (ItBapROB, aHTIUrnapROB, HeiiTpMI,HIDC rJIDOHOB). BoJIHOBlle qi,yu~n 

a.n;poHOB KJiaccn~pYIJTC.ll no npe.n;cTaMeHH.JIM S' tl ( 6} €1 O ( 3 L IloMHMo 

rpoM08,1UtOCTH MaT8MaTHtteCROro rumapaTa 8Ta MO,iie~b Izy.KJl'.ORa RaiteTCR -

He C0l!C8M y.n;a'llIOil C nnefl:Hott (MH qMJIOCOq>cR0:11) TOl!Rlf apeHIDI: 

HMeeTCJl B Bl1,ny TO, qTo CaM HyKJIOH - HeT01ie1lH!tlt o6~eKT, rrepBaJI 

CTYI1eu1, ero coCTaB.1I.IIIDllllD - Tala'.e HeToqe"llIIlff o6~eRT, a yxe CJie.n;yio

~- C'lo/IleHI, COCTB.l3JI.lmlltHX OKa3llBaeTCJJ Toqe'fflllM o6~8KTOM~ Taxrur 
H)'.(eR cTpoeHIDI HYKJIOHa uymia TO~RO .nM BBe,nemur B Mo,ne.m,_,norroJIIrn:-
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TenmDC napaxeTpoB, 'l'l'O ~TCJI HeOIJp8.B,It8.HHHM C TO'IIOI spemm 8RO

HOMH1!'. MH111Jiemm. II01m110 aroro, MJI 06ecne11emm IJpaBJUI,Horo 3Ha11e-

mm: f:;· Ha.ItO BBO.JtHTL MJI BY}tJ!oHa cMeoL npe.1toTaBJiemdt 56 H ?O. 
0.ItHaKO 60JIJ,mOI Ha6op CB06omu,rx na~TpoB .n;aeT BOSMODOCTo 

1,lt013JI8TBOPJa:T8Jll,HO OII](C&To DO'ITB: Bee HM8Dlltll8CJI 8ROII8p&eHT8Jll,JIH8 

.ttamnie C xopomel T01IHOOTI,J). . 

CynteoTBYJ)T JI ,Iij)Jl'll8 uapTOHHR8 MO,Jt8JDI (cM., Haupoe/23/). 
BH6op IPYHRiodl pacupe.1te~emr.a: B Jlll6ol uo.n;eJDI -00.1tepmtT sHa111:

"1"enmrlt llp0J13BOJI. B CBJl3J[ 0 BTJIIM ~TepecHO BWICBJITo, MO:ry'!' JIJI 

MaJIH8 H3M8H8ImSI B8p0JITHOCTH pacnpe.n;eJleHJm :mmyncoB'napTOHa B 

"Rope" HY)tJlOH& CYJll8CTB8HHO Y~TD pesy.nTa'l'H MOJt8.D Kyn-Balc

KO$? lfCCJI8,ItOB8BJIJI IIOK8.38JDI 4 , 'ITO HSM8H8HIIJJ -Ollpe,IteJl8HHOI'O po,lt& 

SHa'U!TenHO ,~ CT&TJICTH'l8CKyl) ,JtOCTOB8!)HOCTo MO,IteJIJI. 

B:ee,JteM HOBHe ipyH~ pacnpe,Jte~emm: 

:fbj= 
I 

(! (9) 
3 v~L+ 1; 

~ . 'f (1) ~ ~ # . - ~ 
~ • 1_: 

(?.2I) 

:H~J - H~J 
I 

c { q) Li C ," ( 1 }-
0

HeKO'fOJM,e ~ OT .KOHCTallTJi 3 . 
HCIIOJIJ,3fJ! cpyH~ (7. 2I ), IIODO CBOBa IIOJIJ'll['l'I> Jispuemr.a: 

TJDia (7.IO), JtOTOJJle Tenepa n~ 60Jiee rpoMOsJUtd Ult (oBH 
S,Jt8Co He BHJD[CIIB8DTCJI). . . 

. C HOBllMH pacnpe.n;eJreHrun.m (? .2I) noBe.n;emrn @'H~H v' ~ {i) 
OilllCHBaeTCH ropaa.n;o y6e.n;:irreALHee .B oMacrn pacCMOTpemmx: HSMH 

3Ha'leJmil -Y H Cf' J.. ( CM.§ 9). 
1.1:0lltHO npH.n;aTL onpe.n;MeHHllit qJH3:Rl'leCRHil: CMUCJI BBe.n;eHHoil B 

( 7. 21) .n;o6aBRe K pacnpe.n;eAemm rJlJ)OHOB B "Rope 11 
( ~ e,-,:, ) • 

OHa oTp8llaeT codon cTaTHCTl!'lecKOe pacnpe.n;ene:ime H xaprutrepia:sy>eT 

CTeneHL ROHKypeHUHH CTaTHCTlf<leCRQro H -06HtIHOro ~OBoro pacnpe.n;e-· 

Aemrlt rJlJlOHOB 13 "Rope". Y'leT 8TOI .n;o6aBIGI CYJ11eCTBeH8H B PaMKaX 
Mo.n;eJlll Kyrn-Bail:cKo$. 

Ecnia: Mil XOTIDI IIOITH .n;anLme H BB8CTH B npouecc rAY60ROHeynpy

roro pacceJDUlll neIITOHOB Ha HYKJIOHax Hapyme:ime cxalJmHra, ·ro Heo6-
xoJ.tHMa ,ItanLHelmM MO,ItHqllitxanml pacCMB.TpH:eaeMol MO,Ite.mt. 3TO 6y.n;eT · 

C,D;MSHO B § 9. 
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§ 8. 3KcnepHM8HTaJil,HOe ){0Ka3aT8JibCTBO napyrnemrn 

CKSHJIHHra 

I'HnoTeaa cRsii;m11ra, RaaaBmrurcH nepHoli, noKa ToqHocii, SKcrre

pIIMeHTaJILmnc ,Il;aHHlDC 6UAa ~ IO%, He BH,nepJKaJia 6oAee r;ry60RO!i SKCIIe

pIIMeHTMLHOff IIpOBepmr. B SRCITepm.mHTax ITO pacCeHHHRJ SAeRTPOHOB Ha 

HYKJIOHax, npoBe.n;emrux C 60ALlllOH TO'lHOCTI,BJ; 650 /0Ita3aHO, 'lTO 

CRslbnmr no nepeMeHHoli CV -= ~~ necnpaBe,nJIHB 25 • EcAn l!MeeT uec-

To Hapymemre CRSHJillHra no W , TO 3TO MOlKeT 03Ha'laTL, 'lTO 

a)AH6o DeAIIlJllHa R. onpe.n;eJieHa HeTO'IHO li, l,!OJKeT 6HTI,, 

OHa - HenOCTOJIHHM BeJllI'IIDla; 

6) mr6o CKSHJIHHrOBM nepeMeHHM cv MMeeT HHOli BH,ll; (eCJIII 

Mil BCe'.""TaKH B~pllM, 'ITO CR3MliHI' CYllleCTBJ'BT) • 

B 'laCTHOCTH, B Pa3AH'IllllX pa6oTax IIP8.IlJiaI'MllC:& Pa3AH'lHlle Cirnli
.mrnroBHe rrepeMemrue: 

I w= 
ZM v r ai, /25/ 

ci.t. 
w :: _£ 

0

/26/ . 
1 

_ J/1v+ M/27/ ' 
S ,r"}l, U,"l. - 1 ,.. (8.I) 

U( J Q+J\ . 

B TeopeTH'l8CKHX pa6oTax_ qacTo MOJKHO BCTpeTMTL nepeMeHHYJO 
J_ _ . Yv 
''1 - Q 1 + 1/ Q ~ -r t/ ft i Q/ , 

Ilo%8Jlyii, Hrur6oJILlllHli ycnex BHna.n ua ,noJID nepeMeHHOfi: w'.. B rrep

llllX pa60T8X Hapymemre CK3li.JmHra, 6UJIO 06'.LSICHeHO BBe,neHHeM 8TOH 
nepeMeHHoli co 3HatiemreM napaMeTpa 

ct·"' H ~ (8.2) 
I 

C IIOMOIIILJO rrepeMemroit CV ,npe,IUIOJiaI'aJIOCL npo,n;mTL CRSHJIMHrOBOe 

IIODe,nemre WJIKumi 'V W,2. H V-f W1 B 06JmCTo MaJillX SHeprnii OT 

3Hatiemm ,· w = 2,6 rsB .no 3Haqeullii W· = I,8 rsB. ' 

BcRope JIOHBMHCL. HOBlle 8RCIIepHM8HTaJThHlle yRaaruum /28/ Ha no3-

MOlltHoe Hapyme:ime CRali.mmr.a. TaK;ll:3 KDapROBllX MO,!(eAett, B8.DYJllHX R 

cRsitmmry .It,m npoueccoB r;ry6oRoHeyrrpyroro paccemtru1,CJie,nyeT, 'lTO 
OTHO!Il8Hlle 

fl.. e,+e--.. aopcH11. 

= a+e ..:+ _,µ~- · (6.3) 

,ItOJilltHO 6HTI, IIOOTOHHHOtt BeiwmHott ( He CM81llliBaTL c odosHa'leHReM 

a_"' o'Y6"t: ! ). Jle!cTmrTwu.Ho,,It.llfl npouecca ,e~~--,. if; (r,ne 
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ff- JrnapH-aHTHKBa~KO~aJI n:a) MO~O 3aJJHCaTL COOTHOID8HH8 

n( e1-e - tJ,q,) = l · ,o,, rr t ,"J'i • 
C + -

r.ne ?',,« - noJIHoe ce11eHHe poJ1tJJ;eHHR napu /'? - B e e -anHH-

r11Juru.11H. TTo;moe cetJeHHe (i'tvt - nponecca e-,.e- - ~poHH MOllteT 

6HTI, Tor.na 3aJmcaHO B Bll,11;8: 

(jM (e1-e-➔ Clf/MIJ :::- ~ e/, o;.,/" 
( 

HJJU (j' f.t k::: ~ =Le;_'-- {cM.:j)oprzy.ny {8.3)). 
-;,,<l_r' t .L 

ll o6HtJHOH KDapROBOii MO,lleJm .:!: e, = .J ; B RBapROBOit MO,neJIK c 

YtJCTOM UBeTa' RBapKOB R.=- 3 ie: '" L; n RBapKOBOff Mo,ne;m c 

yqeTOM nneTa KBapKOB H mapMa /1. =- -!f • n OTJIIPme OT TeopeTR-

'ICCKIIX rrpe,ncKasrumtt 8KCrrepHM8HTaJ!bHH8 .IlaHHHe YKa3HBaJIK Ha pocT 

BeJIH'IBHH p_ C pOCTOM 8HeprHH napu e -t-e ~ 'ITO ne.neT 

K Hapymcumo CK3WHra. 

YRa3aI¾HR Ha HareHKe CK3li:JmHra 6UJIK nOJiyq8HH H B paCC8RHHH 

_/"-- -M830HOB / 28 • 
TaKKM o6pa30M,.IlaJil,H8HIDM 3KcnepID,,!8HTaJII:,l{aJI npoBepKa I'HIIOTe-

3H CK3HJJHHra ,liOJUOia 6HJia ll.nTH KaK no nyTH YJJY'IID8HHR TO'IHOCTH 3KC

IIepm.f8HT8JII:,HIDC .nammx. TaK H no IIyTH yne.7m'!emm _ aHepnm 

HaJJCTaJO!llllX JJCTITOHOB_H nepe.na/ ~JI!,C8. 

B TetJeHHe 1974-19?5 rr. 29 -6wrn noJiyqeHH HOBH8 .IlaHHHe no 

r.ny6oROHeynpyroiiy pacceRHmo 3JI8KTPOHOB Ha npoTOHax H ,neHTOHax B 

ll!HpoKoii 06JiaCTH yrJIOD (6°- 60°) II 3Heprnn, BITJIOTL .no MrutCHMaJILHO 

,nonycTHMHX Ha ycKOpHTeJIJIX ( 4, 5 raB - 19, 5 rail). Ha PIIC. II K306-

paJKeHO ?5 TO'l8K, KOTOpHe 6HJIII IICnOJih30BaHH J1,lU! BH.neJieHHR qiy1navrtt 
V W"' • ,},,M W1 H B8JIH'IBHH /<. (QL It!') = ~ J1,lUI npo_: , ' t: 

necca r.ny6oROHeynpyroro pacceRH:rut aJieKTPOHOB Ha npoToHax. KlIHeMa-

THKa 6HJia TaKOBa ( W L: J,+tv + f1i..+ (l!_j • 'ITO .naHHHe OXB8THBaJIK. 

mupo:eyJO o6JiaCTL K3M8HCHHR BeJIK'IHHH JI. (a. I <'. )(. < 0,8). Ha 8KC-

nepIIM8HT8 K3Mepmmch B8Jm'IBHH lJt ( a.',w'J, G'"t (a~ tr}II K, - Ol./f"t 

(cM.q>optzyJIH (2.13) II (2.14). Ha pnc. I2 .IlaHH pesyJII,TaTH H3M8peIDUI 

B8JIU'IHHH R_ • TTYHKTHPHM JIJUIHR o6oaHatJaeT JJY'IDfYD no.nroney- J1,lUI 

CJJy'laJI /.l...,. &1111 J1,lUI paaJIHtJHHX 3HatJeHml Jl • Ilpn aroM JIYtJ-
mee 3HatJe:irne /(. = 0,14 ± O,OII. J!HHHR. o6o3H8'18HHM TO'IltaMH, 

o6osHatJaeT no.nroHey BCJIH'IHHH fl- qiyHruvreii 
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X•1,00 

20[1 o.soo. 
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w2(r3e2• 

P11c. 11. K11HeMaT114ecKaR o6nacTb B nnoc1<ocTH w2
.Q 2 

HT04KH, HCnonb30BaHHMe AJlR HaXO*AeHHR CTPYKTyp
HMX cl>YHKUHH" vW2 H 2MW t e peaKUHRX e+p(d) ➔ e+X. 

0,8 

o,4 h. 
X• 0,10 

0 

~:·:t~s 
04 

0 

0,4 

0 

X•0,50 

-rJ I j 4 ,-=L-! 
X•Q,75 

2 4 6 8 10 12 14 16 

a2 ,rae2J 

PHC. 12; 3Ha4eHHJI eenH4HHM R /AJ1R npo
TOHOB/ 1 onpeAeneHHMe AJl,... T048K, npeA
CTBBneHHMX HB pHc.11. 
nyHKTHpHaR nHH~T ny4wyo noArOHKy 
ecex ABHHMX / R = coost I. CnnowHaff KPH~ 

B8JI onHCMBBeTCJI 4>YHKUH8H R~C(x)~. 
~Q2+d2)2 

To4KBMH o6osHa4eHa 1<p11aa>1 R= ~ , 
lo i_r 

rAe a• fJ - H8KOTOPMe KOHCTBHTM~ a C(x) 

H a
2
(x) - npo113eonbHMe $yHKUHH. 
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1/ ---•--·-· 

n ol..z.{~J 
1. K :: ~ Q7(!L' . (8.4) 

r,11e d.. ('!) - HeKOTO~ruI <liYHKnIDI Ji. ' ;"'- rrapru.ieTp, a CIIJIOm-
HruI JIHHIDI o603HatJaeT no,11r0Hey 8KcrrepHMeHTaJI&HWC ,IlaHHHX C IIOMOIIU,!l 

qiyHro.urn 1 - Q J., 

/2. '= Cc-tJ (Q .. +d 1t. 
C IIOMOIIU,JO qx>PMYJI (2.I4) 6wm BIJ,neJieHll cpymmmr _ v ~ n l/1 ~ 
,lJ,JUl pa3JIHtIHllX 3HatJemrli ljeJIHtJHHll .:X, ( CM. pnc. I3) • _ Qt 

lls pnc.I3 JierKO BU.IJ;eTb, 'iTO B CK8ttJmliI'OBWC rrepeMeWUIX Je=J,Hv 
,-.n p •l AA f 

Hll cpyl{KnID! V w:l ' HH .u·, ~ - ,!. ' He 
ID3JUIJOTCR IIOCTOmIH!,IMH BeJIHtJHHaMH. IlOIIHTKa-BBeCTll HOBYJO CK8HJIHHro

BYJO nepeMeHHYJO THIIa (8.2) 

Cva. -= w + ~ Ql., (8.5) 

TaIOKe He npHBeJia K ycnex:y. EHJio C,IleJiaHO npe,IIIIOJIOXeHHe, 'ITO cKaR

JIHHr HapymaeTCR • .ltruI <I>YHKLUIB v W,i (a.1.., W:) 6HJio BH6paHo no

Be,11eHne 

V Wl (Q~ W1 = f;_ (Wa} D( +- f~ Ql], (8.6) 

r,11e ~ - HeKoToputt rrapaMeTp, a cI>YHKUIDI irwa) npe,11cTaBJIRJia 

co6oJO HeKOTOPYJO IIO,IlrOHO'lHYJO <PY.!IKinm BH,Ila: 

? i 
~ ( Wet.) -= L ol~ (,17.x,J. 

i:3 

(8.?) 

EHJIO Haii.n;eHO, 'ITO IIPH 3Ha•remm --
'1._, = - oprr ± o,oor (raB)-2 (8.8) 

MOlltHO OTHOCHTeJibHO y,110BJieTBOPHTCJII,HO OIIlIC8TI, 3KCIIepHMeHTaJII,HUe 

.IJ;aHHlle ( n:cltllll'IBJJ o6Jrac--rr, ot1eH1> IUlJillX Ji. < 0. 03) • 
AHaJiorR'IJilltt aHaJIH3 6HJI C,IleJiaH IIPlI usyqeHlllI CK3ttJiliHI'OBOrO IIO

Be,IleHIDI ~ W1 ( Q.i, w.1) • 8Ta cpyHKUHJI 6HJia npe,11cTaBJie-

Ha B mme: 

W1 {a: w1= 1;.{w"'){4+t,QV 
1"" - • , 

t 

r,, (w"') = f p~ (,1- x,J .· 

~-

(8.9) 

(8.IO) 

0. lll 

~ 
;::, 

0.50 

0.4 

♦ + 
0.301- •♦ 

0.'541-

.. •u t 
0.:101- + 1 
02t, I l I I 

0.18 

♦ ♦ 
Qf6 ♦ 

014 

0.03 

x• 0.10 

y.#0.25 

I l I 
)(• 0.50 

♦ + 
+ + 

♦ 

0.021- X•0.75 
• ♦ 

o.01t 

0 2 4 6 8 10 

Q
2
{r3BJ 

+ ♦ 

12. 14 

PHc. 13a. nose}leHHe CTPYKTYPHOi-i r!JYHKl!HH vW2 AnA pa3-
~-aHa'leHH>i X • r!JyHKQHA V w2 He BeAeT ce611 ~aK 
nocTOAHHas BenH~HHa. CneAOBaTenbHO, CK3i-inHHr-Hapywa-
eTCR. 1 "' • • 
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1/ ;,7 

I ::: \11( 
Y.=0.IO 

2.2 

14~ 
X• 0.25 

::~ jl!f + ! I 
a. -
~ 

+ 
X•0.50 ~ 0.42t 

034 + 
+ + + + 

+ 0.26f-- + ' 
I I I 

ll• 0.15 

j j t 0.04f--

f 
0.03f-- f 

+ 
0.021 t I I I r t I I I I t I t I 

o 2 4 · ; .. 6 a 10 r2 t4 16 

02 (faet) 

PHc.136. noeeAeftHe CTPYKTYPHOH cl)yHKI.IHH 2MW1 • 3Ta 
¢lyHKlV1R TaK >ffe ,-KaK H V W2 t He HMeeT CK3Hn1-1Hrosoro 
noeeAeH"'IR. 
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B aTOM aHaJinae BeJmllllHa f 1 0KaaaJiac1, prumofi 

(1 = - 0,009 ± 0,004 (raB)-~ (8.II) 

'ITO xopomo corJiacyeTc.lI c BeJm'!lIHoff t',i ( 8. 8). 

TaRHM o6pa30M, rrpoBe.l{eHHmi 8HaJIU3 YKa3UBaJI Ha TO, 'ITO cmiil:-

.mrnr CJierxa HapymaeTC.II .l{JI.II o6eHX: 4JYH~ Y ~ ll W., ( B 

rrepeMemrax Yx'a. ::: ()}a. = W-+ g._'- ) . ~K$m v W,i ll w-, 
YM8HI,maDTC.II Ilpl!MepHO Ha I% IIPH H3M8H8HHH ©.I., Ha l raB2, 

HHTepecHO 38M8THTI,/30/, 'ITO CY1118CTByeT eme O.l{Ha rrepeMeHHM 

J Ir u>s ;:: Xs = w + QL, (8.12) 

BBe.l{eHRe KOTopott BMecTo cJ ll Wa Be.l{eT K TOMY, 'ITO KaK qzyJIK-

nrur 'V Wt , TaK R W1 , HMeJOT cKaffJIHHroBoe rroBe.l{eHHe 

(B OOJiacrn ~ ~ 0,15, w.t;:,, 4 raB2, IIPH I<. = 0,14). BBe.l{eHHe 

8TOff rrepeMeHHOff B IIPaKTHKY ~aeTCJl, 0.l{HaKO, B 8KCIIepHMeHT8JII,HOfi 
. ' .I., 

rrpoBepKe nyTeM pacmHpemm OOJiaCTll rrpHMeHHMOCTll no & n w . 
. Bu6op 4JYHKUHH Ti { ~),.) B BH.l{e (8. 7) CBII38H c TeM, 

'ITO eCJill CTPYKTYPHM q,yHRIOl.lI -v W,t MH neyrrpyroro e p -pacce.lI-

Hl!JI Be.l{eT ce6.1I BOJIH3R rropora CU --= ~ ~ 1. RaK cTerreHHM 

4JYHKUH.II JI. == i; 
,vi · P 

)} W,t rv C 1- .X.} , 

TO yrrpyrllfi qiopMpaKTOp IlpOTOHa 

cJie.nyJOll!HM oopasoM: 

~ (a3/ 

f-1 Be.l{eT ceCS.II rrpn 

(
. I )1±.i. ~ - ~ 
(QJ., . 

(8.13) 

Q.t..7<XJ 

(8.14) 

COOTHomeHH.II (8.13) n (8.14) Ha3liBallTC.II COOTHomeHH.IIMll J{peJIJia-Rna-, 

Bee Ta. 3RcrrepHMeHT8JII,Hl.le .l{8Hlfile yKa3llBaDT Ha TO, 'ITO i,, [Cl') "'Q v, 
1',e. BeJIH'!lIHa p+1 = if • TalillM oopaaoM, B qiopMYJie (8_.13) BeJIH

-rnma p = 3 H. CJI8.l{OB8'1'8JII,HO. B ( 8. 7) P.fI.l{ CJI8.l{y8T Ha'llIHaTI, C 
i = 3. 

Ilpll BliBO.l{e BUJ>lWlHH.II (8.14) rrpe,zmOJiaraJioc1,, 'ITO ocnoBHofi 

BK.1Ia.l{ B qx>pMpaKTOPHYJ) g>yH°imm:> IIPOTOHa .l{aDT .l{HarpaMMU (cM.pHc.14), 

a CMSI, Jr-Me30HHOI'O llOJIJI c·HyKJ[OHOM - nce~OCK8.1mpHWI.MOXHo T8Klle 

IIOitaSaTI,, 'ITO OTHOmeHHe f,_ {Q~(Q'j .l{OJIZHO yYeHI,maTI,C.IJ C POCTOM 
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J~ - ,, ,,.,,,.. __ \\ 
{I ( ' ~ '......__,,, 

~ '-~ .... p p♦q 

1T 
ll_ '--'i 

Pwc.14. THnW AHarpaMM ~e~HMaHa, Y4TeHHWX npH BWBOAe ¢opMynw 
78.fli7. 

-q-

6 

5 

? 4 
I 

"' 3 ~ 
~ 2 
C\I 

0 
0 

2MW1 AM nPOTOHA 

W>2 f38 Q
2
> 1 f3B

2 

/ 

t /// 
? ¢ .~ /// 

O oO~o~~~~~ .. ~·-·r· +T 
-------- . 

0.2 . OA 0.6 0.8 Xs 1.0 

PHc.15. 3KcnepHMeHTanbHhle T04KH noKa3waanT, 4TO ~y~K~MA 2MW, 
onHCWBaeTCA awpameHHAMH /8.1/, /8.10/, Ha4HHaA C ~ = 4. AyHK
THpHaA nHHHA COOTBeTCTByeT OTHOWeHHD 2MW1 /(1-x.fnpH "• = 0,5. 
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G1-1{a~ 
&-1: cQV = 

r,, + /(_ f.1.., ' 

T" /'.£) -v L' 
T1 f-li(H.,_ Jc f'.z Q 

(8.15) 

tJTO TaIOlte yKaa1rnaeT Ha napymemre cKawnmroBoro rrone.nemm yrrpyrux 
qx>pMpaKTOPOB rrpoTOHa. 

. r-,£ 
He HCKJIIJ'ISHO, '!TO cpopMpaKTOpU rrpOTOHa y6IlBaJOT c pOCTOM uc 

I . . 
6UCTpee, '!SM Q, • B STOM CJIYtJae BSJilitJllHa p ~ I .L(OJIJKHa y.non-
JISTBOp!ITb HepaBeHCTBY 

p t-1 > 1/. , 
a~ B (8.?) MOXST Ha'IllHaTLC,I C 60Jiee BUCOilliX CTCITSHCfi, tJSM 

! = 3 •• 

3aMeTHM, tJTo B o6meM CJIY'Iae - cM.CtJOPMYJIY (6.~id - rroKaaaTeJIL 
cTerremr B (8. I3) paBen BeJIH'IllHe p t- f" , r.ne 5" -anoMaJILHrur 
paaMepuoCTL. B 3TOM CJIY'Iae COOTHOIDenue J(peJIJia-:-rlua-BecTa !.IO)!teT Ha
pymaTbC.rI. 

Ha pnc. I5 rrpnno.nu·rc.r1 cpanuenue aKcrrep11MeHTMLHUX .nmmwc 
MR · .M-1 W1 (r;_L) c qx>JJMYJiw.ni (8.9), Co.IO). 

Jier1t0 3aMCTllTL, '!TO rrone.n;enne :v'-f W1 ~ ( 1- X s) j .rIBIIO 
He cor;racyeTC.fI c aKcnep11MeHT8JlbHUMH .n;aHHUMH n tJTO :pymuum tl1/1 
BH.n;llMO, 6JID:e K rrone.n;em:rxi" ( ,.,_ Xs)i{ • 0.n;HaKO C'll!TaTL, '!TO , 

m.ieDTC.fI .n;o.KaaaTeJIMTBa Toro, '!TO rrone.n;eune 1 ·f- Jt 1.J~ nenepno, 
IlOKa rrpellf,l(eBpeMeHHO. C;re.n;yeT rrpoBeCTH IIOBYJO 3KCrtepnMeHT8JILHYJO 
rrponepey qx>PMYJI (8.6)-(8.IO). 

Brurmmnr .n;JI.rI noHnMamm HapymenH.fI cKafunrnra .rIIlJI.fIJOTCJI :rncrrep11-

MeHTU ITO paCCS.fIHlI!O SJISKTpOHOB Ha .n;efiTOHe, rrpone,nemms B O.L(llmUCO
BWC KHHeMaTHtJSC!OOC YCJIOBHJIX (,naHHUe O cpyHKUIDIX V WI(, H J,H 11%, ,t 
6UJIH IlOJIY'ISIW .n;J.l.fI Tex lite TO'!SK, KOTOplle H306paJKem1 na pnc. I2). 

Ilpn a TOM BeJIU'Illi!a ll,1_ ( B rrpe,nrrOJiolltenun, tJTO 011a ,nOJ!lltlm 
6uu nocTO.rIHHott) rrozyrnJiacL paBHott 

/} + 0,009 (cTaTHCTWieCRUe OIDH6KH) 
K,I = 0,I?o (8.IG) 

+ M60 (noaMolmlle cncTeMaTWiec-
- KHe OIDH6KH), 

'ITO B rrpe.n;eJiax OIDH60K conrra.n;aeT C . R.p = 0' I4. ECJill rrpe,nrro.10J1t1ITI,. 
'ITO a. .. = R., , TO IlOJIY'IHM, tJTO i!, = Jl.. 11. • 0,nmmo n rrone.n;e-. ~,,, . "-
mm cpyHJtWiii 'Y W,1. H V W.i. HMeeTC.fI 3Ha'!UTeJII,HO 60JILIDee 
OTKJIOHeHne OT qJOJ>MYJI Tuna (8.6), (8.?)x(8.9), (8.IO). JTO OT
.ltJIOH8HHe JIY'!IIIS Boero Bl:I.L(HO H3 Ta6JI;mll Il 129~ 

55 



! 

:7(1 : :' 

' 

I 
I 
I 

I 

I 

I 

I 

I 

:ii 

Cl) 

:1 
;,:, 
I__, CD 

0 

·-j . t.: -~ Cl ~- J 1:rl 
... t'"'- ,.,... 
H ~ ...... ( ➔ l-----1 c3 
kl (!) o r__, 
v i i~ 0 <l> 
CO ,•} 0 0 0 ::C: C\l 
[-, ~ 1::1 ::! II &j l:1.: 

0 ~'~ 0 ~ '"> K "' p,:,: 
0 CD 0 

Q ~o Plti: u 1::1 ::i:: 
~ w 
(l) 0 
o ·o 
o tr. tr. • ~~ I • s, ~ ~ '11 r--,. 8 IJ! 
I oru oru C') O :S.<.> 

,! r-r:co ::i::cu o 1::1•©8 
-... '<'" [➔ ::>< 8 P' 0 'O ~ ~ 
~ ~ ~ ~ ~ 0 _• a, ,. ~ ----'" 0~ 0~ 0 ,'-4:1:1~ - p., :~ p~ ~ 0 Cl) 

(l)O a><.> II ~OP-, 
ill 1::1 r'1 ::: ~.... 1::1 :r: r'1 :>, 

<'o) "" 

C--· 
0 ........ 
I~ H N 

0 0 
ctl IJ! 0 t::: IJ! 
l:::f o .. o r_:J o 
11 '· E-1 J, ca +I E-1 
~ Q) I C) H a, 

0 -:::::>l C\l l CO H C\l 
C'.l ....c. ~ N ::>< O ~ 
[, ~ C!. ~ :..) ~ 
lr~ ? :~ o ~ I ~ 
C'~ o I o o 
A ~ ....__, .. .,.. II :S: 

2 ~ 
0 

,[-~ 
, • I I 

H 

u: u: u: 3 5 
() () () • 8 

~ ~ ~ ~. gJ 
<>.. I C\l C\l Cu N 6 
~ f;i ei· ~ 'j ~ 
~ ~ ~ ~ :,: 
• :~ ::i-! :~ CJ · 0 

o 8 8 I t=~ 
,_.,. µ; ...,,., 

II 
~ 

r::;-, ,7 
C5 "" ' 
......, ~ ---. ,_,., ----. -.l>, 

,. r + - + ~ ...,,.- ~ ... ~ 
I -::;' c:s-- I >(. ,~, '-~ II ~ C:S 

lC: ~ __, '---' ,..___, ~ 

:·/ 

'' ~ r+ -::--.. H- r-, j :-! f-1- _::; . ~ . ~ 
;=,,r, r+ 1-+-
~J- ... -~ 

()! )::-::( 

56 

I J[' 
C IIOMOl!II>ll nepeMeHHofl: t-u S == Xs :::: W + ~ T81Cll:e H8Jll>8JI OOMc-
HHTb 0,ItHOBpeMeHHO ~amwe ,llJifI IIPOTOHa H HeffTpOHa. 

Tamm oopasoM, cI>oPMa HapymeHHJI cRafl:Jnrnra ,llJifI HetiTpommx ipyHR
~ He COBII~aeT C q>opMoff HapymeHHJI CRafl:Jnrnra ,llJifI IIpoTOHHWC 
\PYH~-

Qqelib HHTepecmn.m, HO MeHee acmn.m ,llJifI WHSHqecRo~ HHTepnpe
T~H, npe~cT~TCJI pesyJll>TaTH no pacceJIHmo /A- -MesoHoB Ha 
~ aenesal

32
• I'mioTeaa oRatbnmra osHaqaeT, qTo e~ BeJlltqJfHH 

'V H Q 1, YMHODTb Ha 0,ItHO. H TO lie qxono, TO OTHoineHHe 
Y.,:: _..%11 OOTaH8TCJI H8H8M8HH!lM, a M8~0BaT8Jll>HO, H8H8M8HHHM 

~OJD!HO OOTaBaTbOJI H oeqeHHe Heynpyroro paoceJIHHJI II.PH IIO~OOHOM 
MaomTaOHOM npeo6pasoBaHH1r. IITaR, o~enaeM Me,DylOillee oRaffnHHroBoe 
npeo6pasoBaHHe: 

E _. ,\E 
0 . 

/ I - / E -,.111::; 
(8.I7) 

0 
0-+ ~-

IlpH 8TOM 'V ➔ A J , Q L - ,\ Q 2. H ..X -= ~ k#- • 

cl>opuyny ,llJifI ~qqiepeHUKaJI1,Horo Heynpyroro oeqeHHJI paooeJIHHJI 
~ - MeSOHOB B oclnaCTR MaJlliX yr~OB MOJCHO 8aIIROaTb B Me~ 

Jll8M :mme: J'-o . l/,r'1..J., 1 ~ ) f II~ 
-- = _ 1 :t _ _£_ (8.I8) E iJ(dj- ,y,f ' Jt.JL l ; -t- J..{IH-) ], 

r~e ~ ~ ~-
Jlr) Tor~a ornomeHHe ceqeHHft {E my 

8
,,.)£0 

rr{w1 aj::::; {£·_,i,) 
q!L,{,f (;-:: 6a .. 

lOJIXHO OOTaBaTbOJI IIOOTOJIHHOa Be~oA. _H8M81)emii! OllJ!R O~enrum 
.ltJilI mr,x aHepI'HA: rso raB ~ 56 raB ( A·= IS0/56 = 8/3). 

KmieMaTR'leORaJI·oonaoTb, OXllaqeHHaJI BTHMH 8Heprnm.m, IIpe,ItOTaB-
JreHa Ha pxo. 16. 3aBRoHMooTb ~ ( (,i} , Q L ) OT eu IIPHBe~e-
•a Ha PRC. 17. 

HTaR, HapymeHHe ORSibnmra IIp0JIBlJJIOOb H·B BTOM Myqae. O~aRO 
~qellll,IUlo, qTo HHTepIIpeTSilR1I S~8Cb ropas~o MOJEHee. HapymeHHe ORaA
bHra MOXHO oqxTaTb ~0Ra88.HHID,f TOJII,RO B TOM Myqae,.eMH Ml:l oy~eM 
~aOOMaTPHBaTb JJ,I{PO RaR Toqe'iHllA OOMRT O aapimoM ~ Q 26. Ho MOX• 
10· JtY)UiTD, qTo CRB!IDmr CIIpaBe.ltJD[B,,a OTRl[OHem1e OT ,Hero IIp1!1 
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PMc.16. KMHeMaTM4eCKaR o6naCTb B 3KcnepMMeHTe no 
pac:ce,i"HM~ µ-MeaoHoe Ha RApax ~eneaa. 

1p 0,5 
X 

0,2 Q.1 0.05 OP2 0,01 

1,4 
~12 ~· i 1p 

.., 0,6 

x! 1: df 

-, ---~-~~-~-

).4 
1,2 

~1.0 
C!f-

J 0,8 ,.. -x 2-13,3/17 

0,6 
1 2 5 10 20 50 100 

PMc.17. 3KcnepMMeHTanbHWe AaHHWe AnR ~YHKl.lMM 
~ ). CnnowHaR nMHMR omtcwaaeTCR ~YHKl.lMeil . 
r-(w/wo)n , n = 0,096 :!:. 0,028, "'o = 6,1".:_83~ 
o - ace AaHHWe 2 · ' 
■ - V < 0,021, ,V • _g_:_ 
• - 0,021 < V < 0,057 

2
ME 

□ - V> 0,057 
df - o6o3Ha4aeT cTeneHM ceo6oAW 
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paccemnm Ha H,D;pe lieJiesa BDSHRKJIO ns-sa CJio.imoii CTPYKTYPU H,D;pa. 
Jram,He.lhnrur rrpoBeprm cK3Ml!HI'oBoro ir0Be,I1;emm qiy1nutrui 'II w.,_, ··. 

H M-1 W1 6UJia rrpoBe,Il;eHa ' s'crrepIIMeHTax no paccemuno .,,,u -Meso
HOB Ha rrpoToHax H ,I1;eiiTeplll 32 • SltcnepmieHT 6UJI npoBe,Il;eH Ha nytr-

Re ~ -M880HOB C 8H8PI'H.IIMH IOO II !50 raB. RlmeMaTITT8CKaJI 06-

JiaCTI,, OXBatJeHHrur 8TIIM 8KCII8PllM8HTOM, rrpe,Il;CTaJJJieHa Ha puc.I8. 
3amTpIDCOBa.HHrur 06JiaCTI, COOTB8TCTBY8T 06JiaCTll MBJIOli CTaTHCTHKH. 
Krut o6u~o, 6UJIH y:q:TeHU pa,I(Ifru,uroHHUe rrorrpaBKU, a .rtJIJI pacceRHIDI Ha 
,!1;8ftTepHH - ,Il;OIIOJIHHT8Jil,HO, rJiayelepOBC!llie norrpaBKU (H,D;epHUe T8H8Blle 
8ipl)8RT!i) H IIOllPaBRH Ha ipepMReBCROe ,Il;BIDJt8HH8 HyKJIOHOB B H,D;pe (o6e 
noCJie,Il;Hlle norrpaBRH oxaaaJIHc1, MaJIID.m B ,Il;aHHOM axcnepHMeHTe). 

A,HMHa _,):-< + f ~ / +- X pacceRHrui: rrpoBo,Il;UJicR rro qiopMy-
JI/33/: 

lo = ..:!._. Je1,L,(l'J(1ce'- fJ~(~a~r{Q~k~) W1 C~tlJ] 
clvdQ.z. P,P' f" r ~· . (8.!9) 

G{,, l{_E£
1

- p,'~0 -~'J. 
L I · 

ECJIII ~ Q-O II Jt f , f= ·~ f 
1 

, 
0 

TO MfJ. IIPHXO,Il;IIM R 06!1'!-

HOMy Bllpa.Jtemm .rtJIJi .te'J.Q • <ropMyJia (8.,!9) MOllt8T 6UTl, 3aIIHCaHa 
TaIOlG B Bll,Il;e (cpaBHH c qJOpMyJIOii (2.!3): 

• .' I ) 

J., ' ' 

..4-£ = r(t/ 1 e) [,~ +{c+}) <-] 
<JV J.Q2. I - , - (8.20) 

- .2~(,f- t.) ·, '' '-.·~& '.. 'i{i+11)f.§2- 1 7-1 

~ - ' l - + [ L JL Ql.. , ".,,.,. Q2. ,f-~ . 
Q'-

HMeHHo C IIOMOIIll>D 3TOft qJOPMYJIU 6UJI npoEe,Il;eH aHaJIH3 SaBHCIDdOCTH 
R. OT Cu (cM.Ta6.mm;y Ill). 

W¼. Wv~'+H,., 

I00-!44 

(DJ.''-

~'/sJ. ·· 
I-2 
2-6 

Ta6.Jnma Ill. 

. <w? R.. 
80 - O,IO ± 0,27 

30. ''"' ,, o.~~ ±-D,30 
· ',:, • ·· ·, , -'.•-l: •' ,- . { ~ ·• r,, ~ • .. ,; • 

Hs TaelJnntii Bll,Il;HO, "ITO H8T yxasruimt Ha -Y']38JIPl'tJ8HlI8 SHa'!eHIDI 
napayeTpa ft O Y]38JIH'tJ8HH8M 3HatJemrlt ~ • qTO RaoaeTCR OTKJIO-

'59 



( 

! 
. I 

.!( 
! ,1 

I 

,:i 
r: 

'1 

:l 
I 
f !, 

,f j 

!. 

HeHHJI qiyHKI~m y W.i ( Jl. , 'J,L ) OT cKattJmltroBoro noBe;n;emm. Jt1IJi 

O.IUIHaKOBllX aHa'Iemm ~ ,nJUI r.7IY6OKOHeynpyroro paccemnm a~eKTpo
JiOB H /"'- -M83OHOB Ha IIPOTOHax, TO OHO HMeeT O,ll;HHaKOB!ill xapaKTep 
; 33/ (CM,pHc; I9). 

CyMMHpyJI Bee pe3yJII,TaTu: no;zy-tJeHHUe B if- , ul- , ,,,,u;-
H ~- fe., -r.7IY6OKOHeynpyroM pacceJIHHH, Mll ;n;e~aeM BllBO;n; O TOM, 
'ITO CK8MHHr HapymaeTCJI BO BCell.,lJ;OCTynHOll HaM Ha 8KCIIepHM8HTe 
o6~aCTH H3M8H8HHll aHeprnil R.rrepe;n;aq a.t., Ilpll 8TOM c~e.nyeT rro;n;

'I8pKHyTJ:. CJia.6yro qyBCTBHTe~J:.HOCTJ:. ~
1
.t, It B!i6Opy fl , Tai<, 

HaIIpHMep, B o6~aCTH He6OJII,llIIDC 3Ha'Iem Jl IIPR R3M8HeHHR R.. 
OT 3Ha'IeHHJI O,I5 ;n;o 3Ha'IeHHJI 0,35 qiyHKUHJI W.t. MeHJieTcJI rrpH6Jm3H
TeJII,Ho Ha 5%, 3TO 03Ha'IaeT, 'ITO BllBO;n;ll O HapymeHHH CKSibnrnra 
;D;OJilKHll ;n;e~aTJ:.CJI TO~bKO Ha OCHOBaHRH CTaTHCTR'I8CKH o6OCHOBrumllX 

SKcrrepHMeHT~HllX ;D;aHHllX, 

40 

30 

":I... 
u 

120 
b 
N 
0-

10 

0 

CJ •1 

w •5 

I 

w=10 

/ 

I/ 
/ // w•SO --------~-- c.1•100 

50 1(r38) 100 150 

PHc.18. KHHeMaTH4eCKaA o6naCTb B 3KcnepHMeHTax 
~CeRHHD µ -MeaOHOB Ha npoTOHax H AeHTPOHax. 
AaHH~e H3 3awTpHxoeaHHOH o6nacTH He Hcndnb3oea• 
nHCb e aHanH3ax /H3-3a ManoH cTaTHCTHKH/. 
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',_ (XI 

0-JO 

0-20 

0-10 

0-~ 

fi (X) 

0-30 

0-20 

0-IO 

0 

Q 

2 
-1<i<2 

0.5 
X 

-2<q2<5 

at 

6) 

0.5 Jt 

l·O 

kl 

0·60 

0-50 

o-~o 

f2 (XI 

0-30 

0-ZO 

0-10 

0 

·~~I 
0·50 

0.tiO 

"z(~l 

0-30 

0-20 

0-10 

0 

--- 5<.q2.<t 

a) 

~ 

o-s X 1·.0 

---•<,z .. ,s 

r) 

i·O 

PHc.19.· F2(x) = vWi(x) KaK ¢YHK4HR X MR pa3nH4H~X HHTepeanoe 3Ha4eHHH q 2 AJlR 
Heynpyroro pacceRHHR 3neKTPOHOB /TpeyronbHHKH/ H µ -Me30HOB /Kpymo4KH/. CnnowHaR 
KpHBaR - no~rOHKa K KOM6~HHpoeaHHYM 3KCOepHMeHTanbHWM ~aHHWM. 
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§ 9. Teopemecue IIO.TIXOltH 1 omrClraaJlll!H8 O'l'MOHemrn 
OT CKalmmra 

Hapyme:ime CK&itmmra IIpoJIBJilleTCH yxe B 06.nacTH HSB8CTHHX Hl!M 
8Heprml. MH He SHaeM, KaRHM 61){8'1' 8KCIIepHM8HTSJil,HOe IIOBe~eHlile 
HHBapHaHTHHX iPYH~ IIPH o-qem, Bl,ICOKHX 8H8pI'KIIX. CTporo roBOPJI, 
CK8itmmr o6JISaH 6HTL HapymeHJWM, IIO KpalHel Mepe, 
IIOTOMY, 'iTO B JiaI'paHDaHBX B38.HMO~elc'l'BIDI eon MaCCOBl,le tJJieHl:l. 
Maces 8JieM8HTapma 'IaCTKI:t npe~CTaB.lllD>T co6ol H8KOTOpid MB.CmTa6 
~. KOTO,PHI B 11HBapH8.H'.l'Hlll: ~ rJJY60KOH8ynpyI'Oro pacoe.a:
HIDI .no.ueH npe~CTaBJIJITl,CJI K8.lt HapymeHHe CK8lmHra ( CM. § 4). EC'l'L 
~ TeopeTH'leCltBX IIO.IOCO~OB, OIIllCliBaJllltKX OTKJIOH8HHe OT CK8A.mmra. 

B H8H13HOI napTOHHOI M0~8Jill OTKJIOH8Hll8 OT CK81.mmra MO&O 
IIOJIY'IHTL B CJJY'Iae, 8CJIH napTOHl:l OIIHCliBaTL C y-qeTOM H8KOTOpol 
qi0JlLIP8KTOpHOI qiyH~~ 

0TKJIOHeHH8 OT cxaitJIJmra MODO IIonyqll'l'l, IIPH BeCLMa o6~eM pac
CMO'l'pemm IIOBe~eHllfJ TOKOB B6JIHSH OB8'l'OBOro xo:eyoa (cM.qiopqJJY 
(6.I7)). 

B KBSHTOBOI xpoMO~aMHKe (Hea6eJI8B8 KaJD16poB011H8JI T80PJIJI) 
TaJ<Ze H8T 'IHCTOro Olt81bmrra (§ 6). K:uJi'l'OBO-XpollO,JtlDl8&1180KaJI 
KOHCT8HTa OBSISH ofs/ri 88.llHClilT O'l' nepe~a"DI e;f- H M8Jl8 

~l 
Tl 
,p 

I 
0,8 I 

I 
126 \ 

0,4 
I 
I 
I 

0,2 

II 1011 10211 10311 104A 0. 

PHc.20. 3aeHCHMOCTb KeapK-rn~oHHOH 
--- a (Q2) 
KOHCTaHTW CBA3H -·-- KaK $YHKUHH OT 

2 11 

Q /V1A r ~ 4. /3KcnepHMeHTanbHOe 
3Ha~eHHe A= 0,5 f3B/, 

&2 
) I 

1 . 1 
•• {·u:·'•L ·1 . ' . . J Jj__ 

,,i, ,., 
TipH dOJiblHUX m.!IIy.'II,CaJC: 

ol.5 (&1..) .:c 

J[ '-ftrL = (.B- i.f Ji''"' c;·.1111.i... (9.0 

3.neci, f ; - KBaHTOBOe 'H1CJIO "sanaxoB"' a J\ ~ . llOJ.tl'OH01iHI.:ii 

napaMeTp Teop1m. . 

KOHCTaHTa CDR31I J..l/r. OillICl:lBa.8T BSallUO)teiicTB:m l~BeTIIUX 

rJIIOOIIOB C KBapKaMll: (nap'l'OllaA!ll:). LlMOCTI, KOHCTaI{TU CW{3l! HpH 00.'lb

umx &,., nosBOJIReT 11a,ne1ITbC/l Ha IlCIIOJII,30BruIIIe J,mTOJ(OB Teopim 

noauymeHm1 c ,~em.IO UOJIY'Iel{llll TO'IHUX KOJ!U'leC 1rBeHHUX peayJWTH'l'OB. 

OTMeTlIM, 'ITO "'sfr. .... 0 rrpH Q't -= , 'ITO COOTBCTC1'll_yCT acmmTo-

TH'leCKOll CB06o.ne I T. e. Ha r,tallliX paccTOHHlUIX IrnapK11 rrpaKTJl'ICCIG! 

CB060.ItHH ( He BSfilll,IO.zteiicTBYJOT) • JLrut f = 4 H I\ =- o. 5 ran 
SaB.HCHMOCTI, ,tl0'l /'{Jj.l. OT (Q np1rne.ne11a Ha pnc. 20~ ITOJH,30-

BaTbCJI TeOpll:eii BOSMYII!eHHli MOlltHO yxe np11 311aqel{IDIJC {Q.t.. ~I raB, 

npu KOTOpllX 1leJI.H'I.HHa f(Q'} 1.,~1. '~ cD,3. 
B paMKax KBaHTOBOH Xp0.MO)UlliaMllKl! M_02KIIO DBeCTU CJie.ny:IOUtee 

HaI'~Hoe qui:snqecKOe npe.n;cTaBJienue noHBJielill.fI aam1cm.10CT.H imBa-

pHaHTHiiX qiyl{KUl'lli OT Q"- .• }lonyc'l'HM, 'ITO 11ce COCTailJIJIIOlllIW 

Hy-RJIO!la HMeIOT pasmrn pa31,1epu. Tor.na (!lClTOH C HMITYJihCOM Q "ynu-
1 . 

.nHTtt uapTOHH pasMepoM "'- ,fr H " ne 3-aMeTUTn 'iaCTI!IT.11 Me!lhl/lUX pas-
r,iepoB, T.e • .nrumw1 qJOTOII oy.neT Bll:.neTI, Jlilllll, )(OCTYTillYJO m.ry :Jiy1rn1um 
pacnpe.n;en:8.HIDI f {~, Q .tj (cu. (3.9)). 'lioTOH C JU.UiyJibCOM 

Q' ;;, a 6ylI,eT BU)t8Th nee npe.D:II,eylltl!e qacTiuT.!1 I! ~PYI'lre. IJBIIL!llllX 

pasMepoB, BITJIOTL.JIO pasMcpoB - '/a·:. H .STOM -c.eyqae {IJOTOH c 
lUA!IYJ!bCOM a I "yBlf.IUIT'' lfHYJ) (l)YIIKI~IIIO pacrrpe,neJiemm ' - . 

i uc, i1'1) .H T • .n. Trutm,1 o6pasoM, DBe,nemrn pa3IIHX pasuepoB coc

TaBJIJIIOllllDC HYKJIO!la TOJK,nCCTBeHHO rrpe.nnoJIOlitBHUJO O TOU, 'i'l'O '[,yum.um 
pacnpe.neJieHIDI / CCTI, q)yHitl(IlJI, 3aBHC.lil!!llil OT .)( ll Q .t 

0TKJIOHClillC OT CK3li.mmra MOlitHO BD0.1{11TI, qieHOI\ICHOJIOrII'ICCKII, MO

.l{eJII,HllM nyTeM. 06paTIIMCJI CIIOBa K MO.nll(lllll.UfpoBaimoii MO,IJ;eJil1 l{yTll:

IlaiicKompa ( § -'J). IlyCTb -<l)YHKUl'lll · pacnpe.neJieHIDI' KBapKoB u rJ1IOOHOB" . I 
OCTruoTCJI npe21t11lllllll: foM.tiJOPMYJill (? .2I)), a KOHCTaHTU j ll -Y ..,_ 
1l WoPMYJia:X: (7 .21) llOJ!OllliUA paBHllMII n 3aBl!C5IlllUMH OT nepe,1a'm Q 
0 TOM, 'ITO --rrutrur sanHcHMOCTI, CYII!ecrrByeT, -iru snaeM, uarrpm.mp, I!3 

KBfillTOBOii · xpoMo.n11naMmm; • • Ey,neM npe.nnoJiara Tf>, · 'ITO rrnapft-r J100Ii116e · 

B3WIMO,neiicTBHe BeyTPll uyKJIOHa ·onHCUBaeTcJI.' HeKOTdpoii pe11opr.CTpyeuofi 

cxeMoii, .a Hapymenn:e cKafunmra odycJiaBJIImaeTC,r a((,cKTOM rro.JIRpnaa-

1.UfH ipnsnqecioro mieyyua. Y'leT IIOJUipnaaumr Bru,yyw1 npii:BO.i!IIT 1, · !3a-
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I q,YQ'-) 
MeHe Be.mmm J. :a: J Ha mmap:a:aHTHHI sapm <7· <Ir . (011. (9.I)). 
BlipazeHJIJI I! '( j) :a: C ''(j) B ( 7. 21) m~e.peu B B1',D;e: 

( 
.. - 1/. ,,,,_ Yntl 

_ (' f)""' C'cj)= C'rj/== ,f'(a~ (9.2) 

( TO'lley HOJJMKp0BKH /\ nOJiaraeM PaBHOI 0, 5 raB) • CJ.te,uyg ;D;SJiee npo
ne,uype, ormoarmoit B § 7,MoJtHo nOJiy'DJn Bllpazeln'IJI ,ItJIJI'HHBap:a:aH'l'HWC 
q,ymunrlt y lC-'1 (i<,cl~) lI .:. w,._( x, Qlj B BH,D;e- (OM, q)OPJAY.1Ill(7,I4), 
(7 .I5)): 

,, l/ , • L·-c· --- Ql' 1.. ; 'J] 
W1 (;., Q J "'.2M a• lt, · J :t- 3 .L-1t Cx/!1' -, 

11,Jl ''-11 -[- . -ti L r. ( ,,i,7 vlt'.i 1~,<1 1 -= Y.. 6-i.v-.Ct,(l 1 +: J v-1e x,lX J 

(9.3) 

,,:: ·. . {J ·- O· (<-)I.) ~C(~) if: [cr,r1cr,;;1, ~ (J (1:.·Jlf] 
C~n-V., <1 J - · . • ) • _ --

& (t 1_,Zl'/f) ·1-1 jj [C:fJ/1 .f.c{tJ.+11 ,.- P,.' }·(S.
4

) 

{' -(. t/ (1(~)(,<~:j_j2c1v~½.··:~[q,J,l.o,J.;_};:"!pi<1~JlJ] ; 
c_,.,:.. --1Q;=· - ' 

1c I. . . Jx . 'p_ [ C'(3)' 1.l'lf)+¾, :) J . , 
r.ne . '¢ .. - Bllpoir.neHHM I'lIIIepreoMeTplI'IJecRM qiyHronm.' C Ht:>mnm · 
<pyHK~ /¼11, ;_ (x,QZJ Bee 8KCil8Jll™8HTaJIJ,Hll8 ;D;amll:le no I'.71Y601to-· 
HeynpyroMy paccemnm 

1 1
e(µJ P , e(µJ d ' ormcHBaDTCJI ooBMeOT

HO BeCLMa y6e;o;nTeJILHO' 35 ( CM. PRC, ~I-43). 
3aMe~. 'IITO. B o6JJ:acTH M8JIHX JI. ( Jl-+c;') <pyHKnIDI Gi1r JI G1c· 

(CM q)OpMy-Jill (7 .I5), (9.2)-(9.4)) llPHIDIM8DT B1',D;: • 

C I _, __ _,_ 
~iv -+ . 'Ji. _' B [ t, .t_c'ftJ;;_;,J 

(9.5) 

.( C'(if) 
~fr ·-+ ·--

' ' 3.>l • 
lloc.,re IIO,D;CTaHOBKH (9.5) B (9,3) IlOJIY"fflM B oc5JiaCTH ,j(_ ➔ u 

v ~ {x a1/- cr,f,,, -Yr.C< = . <i:' tf't'., J:1 
1 

·. 3.x Jg.'(Q'). 3G .J"" 

Tamm o,6paaoM,· B o6Jrac'l'll'. MMHX JI.. Ha6.outaeTcJ1.•pooT . :'Y lti, Ct, aJ 
0 p00TOM Q': , 3TO IIOB8,D;emre CTJJYK'l'YPHHX qiy-mw;:e:.A: 06CYll,lt8JIOCL'· 
B KOHne § 8. Ilp:a: SHS'lleHWIX ::/ ~ 0,3 qiyHianm .(9A)· ,D;8D'l' ,, 
na,Ilemre '4JYHKnRR V W,2, ('IJJ'l C, POCTOM , Q 2.. , Tattoe IlOBe.n;e~e 

(9.6) · , 

64 :;-

. II 
1! . 
E 

~ V ~{tlaJ np:a: M8JIHX :e: 6o.nm:e:x JL xopomo IIO,D;TBepz-
-;D;aeTCJI 8ROII8pml8HTMl>tmMII ,D;8HHlllm (cM.p][c. I3a). 

M0~8JU,, ROTO,PM COOTOZT B xoppeimim qiy-mw;:e:.A paonpe;o;eJieln'IJI, 
npe;D;Jiozemm:x KyTE:-Ba!CKOII\POII (Oll.~JJMYJIH (7 .2I)), :e: BBe;o;emm sa
mr:omtOCTJI ltOHCTaHTH CBJISH ff OT nepe;o;a-q:e: Q~ xopomo ce6JI 
onpaB,Itl,IBaeT :e: B npm.teHemm K 0II11c8Hl!ID nponeoooB w6oxoHeYIJPYI'O
ro pacoeJIHWI H8ftTpHHO (aHTHHeftTpHHo) Ha HYitJIOHar30/, TaRHM o6pa
SOM, KBaPKOBSe pacnpe;o;eJieln'IJI (7.21) 06Jl:8,Il8DT ymmepC8JILHOCTl,ll 
B OMHOJie HX npHMeHHMOCTH K 8JI8KTp0Mal'HlITHHM :e: OJia6HM BS8l!MO,D;eftc'1'
BlUDI. 0,D;HSRO paocMaTp:e:BaeMSJI MO;D;en ~aeTCJI B o60CHOBSHHH B 
PaMK8.X RBaHTOB0:11 Xp0MO,D;HH8MIUGI • 

103 

3 

, 102 

3 

101 

r (IJ 3 

~ ,oo 

-~t 3 :0 

~ ,o-1 

3 

10'2 

0 

~. 
. ~ .. , .. ._,_ 

• - 19.5r3B 
• - 16.0r3B 
" - 135r3B 
■ - 7.0r 3B 
-t) = 50° 

0.2 0.1. 06 
X 

0.8 1.0 

PHc.21. nH!M>epeH~HanbHoe ce4eHHe rny6oKOHeynpy
roroep -pacceAHHJI, CnnOWHble KPHBble - npeACKa-
3aHHR MOAe.nH 135 ,361 • T04KH - 3KcnepMMeHT. 
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P1-1c. 22. AH(!)<l)epeHL1H3/1bH0e ce«eHHe rny6oKOHeynpy
"'rorc,ed -pacceRHHR. Cn11owHble KPHBble - npeAcKa-. 

33H'1R M0AellH 135,361 • T04K'1 - 3KCnep11MetfT • 

~ ~·~~ . ~\1-t~ 
._ _ 19,5 r3B i-l{l.: 
• _ 16,Qr3B 

♦ - 13,3 
• - 7,06r3B 

ti = so• 

0,2 0,1, 0,6 
X 

0,8 1,0 

P11c.23; A'1¢¢epeHL111a11bHoe ce«eH'1e r11y6oK0Heynpy-

~ . rciroe.d ~pacceRHl1R. Cn110WHble .KP,'1Bble - MO-

~ ~Aellb 135, 361 • T04K11 - 3KCnep'1MeHT • 

~ 
: = ~~~!! "'~-.. ~~ ♦ - 13,3f3B · {t\."J 
" - 10,4rlB • ·. \~• 
■ - 6,Sr3B , 

fl• 60" \\ 

\ 
0,0 0,2 0,4 

X 
0,6 0,8 1,0 
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§ IO. {( J -r.ny6oKoHeynpyroe paccemure 
/ i 

~MLHeffmrur npoBepKa cnpaBe,ItJIHBOCTH rRITOTe3H CK3ilJrnHra H 
pa3Jill'Il!llX KBapK-napTOHHHX MO~e.11eil CTpoeHlliI HyMOHa CBJI3aHa C yBe
JrnqeHHeM 3HeprHil .11enTOHOB H nepe~aq HMIIY.llLCOB. Cos,n:rume .MJOOHHHX 
JJY'IKOB Ha ycKopuTe./IJIX B UEPHe (SP$) u EaTaBHH (CIJIA) o6ecneqHBaeT 
BO3MODOCTL IlOCTaHOBKH HOBWC aKcnepHMeHTOB no H3y,leimn rRY60KO~ 
Heynpyroro /</ , /~ .i , ,A,< + JI.Itpo paccemnm. J{ q1rnRY 3THX 
HOBl:lX aKcnepHMeHTOB Me~eT OTH80TH 3KCUepm.ieH~/llpoBO)l~CR 
KOJIJia6opan;z ett Eo.1101WI-.I(y6Ha-tliwxeH-<.:8Me-UEPH/3 { ua ycKOJlliTMe 
(llEPH). B aTOM aKcnepHMeHTe M8.RCHM8JILHM aHeprrui: l• -Me30HOB 
6y~eT ~OCTl!l'aTL 300 raB, MaKCHMMLHOe 3HaqeHHe (;I,:, )lOCTKraeT 
BBJIBlllIHH JHEo -=- Q~., = 550 raB2(.ItM cpaBHeHHR HaIIOMHHM, qTo 
.B .IIHJ(JIJ)3HBHOM ,Z f -paccemmH, HCC.lle~OBaHHOM rpynnolt 5 L /l C - f1 i T, 
BeJllllDIHa Q ::.., .n:ocTHraJia ::::: 25 raB2). Kru!eMa.Tmta npuBe,n:eHa 
Ha pHc.24. 

IlpH HcnoJILso:aamm fa -M830HlWX JJY'IKOB B 3KcnepHMeHTax: no 
rRY60KOHeynpyroMy pacceRHHD,.118IlTOHOB Ha HyMOHax: H JI,Itpax: npmco
~TCR C'IHTaTLCR C PJI.ItOM TPYJU!OCTeii: , . I 

! ) 8JI8RTPOWU'HHTHO,e C8'l8ffil8 na.n;aeT "' 'iJ , noaTOMy npH ne-
pexo~e It nepe,n:a'laM Q;~, ~ 500 (raB) 2 Ha6~aeMoe ceqeHue 6y,n:eT 
B (500/25)2 = 400 pas MeHLme; 

2) MaRCHMAII,Hliff noroK ,;'-< - wesoHoB Ha SP/ OEI.ZtaeTCR paB
HHM, npHMepHO ro8 _/A- -M830HOB/nmync, B TO BpeMJI KB.R llOTOK ,a.11eK-
TpoHo:e Ha JIHHeboM· ycxopueJie SLAC ~ roI4a.u:enpoH/c. · 

TB.KJIM o6paaoM, .ItM YB8JIH'l8Hltll CBBTHMOCTK ~8T8KTOpa ero aeo6-
XO,ItlD(O opaTL O'l8HL 00.ILIJIKM no cpaBxemm c o6H'IHO acnOJILsyeMHM B 
8Jl8KTpoHBHX axcnep&eHTaJC (B KOTOpHX .Jt,llDa Dlll8HH .D;OCTlll'aBT o6H'l
HO HecKom.KHX CaHTHM8TpoB ( 5-6 cMJ. BCJ18,ll;CTBH8 roro, 'ITO pa.n;Ka-

1 . ' 
~OHHlie nonpa:eRH ~ iiji , 11111118HL MODO B3JITL ,ll;OCT&TO'IHO 60.llLmol. 
Tax, Mllll18HL, 8KBJIBa.lI8HTHaR MKlll8HK B 8JI8KTPOHHliX 3KCnepIDr1eHTax no 
pa.Itl!an\lOHHHM noTep!U,1, B OJIY'l&e Heynpyroro /2<!'- pacce.!Dllm 6y,IteT 
Dl8TL pa3M8p!il hi ,t, L J J ~ r" ~ ~ ['/: (.lav) = ,2,,to ,.,_. = . le.u, 

J. ™"' c... • 
" TaltDl 06pasoM,llPaRTH'l8CKll 11e CYlll8CTBYBT orpaml'leHHJJ Ha Mmll8HL. B 

,.aHHOM axcnepllM8HTe )O[JD8HL HM88T MJIHY 50 MeTpoB. 0Ha pasMemaeTCR 
mryTJm I:(J[Jlllll.lt,8CKOro MaI'HJITa TOil ze ~- A.ItpoH!i, qioTOHH JI' 
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aJieKTPOHIJ, po~emme B npouecce ✓f{f -coy.napemm, o'1$t1ll,Tpo-

BllBaJOTCII B llCJI03HOM MarHHTe, 0CT8JlTCSI JralllI, ~ -M030Hll, KOTO-

pue np.n .neilCTBHeM MaI'HRTHOro IlOJVI Ha'll!HaJlT oc~poBaTa BORpyr 

OCR Mal'HRTa, HanpaBJiemtol B,nOJII, r.mmeHH (RJIR B,nOJID HanpaBJie

HRSI nytIRa) - CM, puc,25. 

Horo 

CBIISh MaRCHMaJil,HOrO OTRJIOHemm OT OCH Ilj"IKa 

,),<- -M030Ha C B0JIH1mHOI M!U'HHTHOrO nOJISI 8 
· fi-= My;, , Q'-.., Hp x.-.1 

d;jf3 QI"., "· 18 I 

Y- ., ~- - o6wnme cRaitmntroBHe nepeMemme 

Ii. paccesm-

HM00T BH,n: 

Q'-
j_ .,,_ JJ,tv 

r 
'J -: E-E 1 

E J 

I 
-J-: {:-I= 

( e.llHHHUll HsMepemm :- raB, Tec;ra, MeTp) 

Q~ •• = .JH,E , [ - aHepl'Kll'. HaJI0TBlllllero /i<. -MesoHa, 

t 1r: 0 · 
Q = lfff ti11.l £ , 0 - yroJI pacceSIHl!I! .,A. -MesoHa. 

.lf,mma nepHo.na ROJie6amm ,A -uesoHa A BllpaitaeTCSI 11epes HM-

nyJll>c pacceSIHHoro .,A -MesoHa H BeJIJI'llmY WU'HRTHOro noJUI /3 
q>O JlMY JIOJ.i 

r.ne 

P,._ Ii = I3,32 -B- I 
; 

Pl -= I~, I; hii l1_ 1 0 - yron pacceSIHRSI ,,,« ~esoua. 

riixmsBe.neHHe_ . -~-- ~ _ £ '{,1- c~J u J 
Jl.1,- 'JHE .- . f1; 

.. f ' ' 

0CTh cpyHKUlffl T~RO nepeMEJ~ . A< -M~SOHa. · Mesommff. TpeR pe-

rHCTpHpyeTCSI npom,>pUHOHaJihHllMH KaM0PaMH, pacnOJIO,JteHHHMH B Mal'Hl'I- · 

Te. l3os~o~e · sa~rumSI Be~ ; t · is-sa uo~s~O!ffilll ~o,- ' . 

T0Ph fa -M030HOB, HX npHWX CTOJIRHOBem C Be~eCTBOM.MlU'HHTa . 

H T,.n. BIIOCSIT Heonpe,neJieHHOOTh B . onpe.neJieim:e . h, H V ' He 60- ' 
Jiee 5%. TaROBH OOHOBHlle -qep'l'll romeMS.TRRH paOCMaTplIBaeMoro OIIHTa, . 

B Hacrg,~e~ ,BP,~MSl,~3~~-~TCJ; -p~c~~~e,' .-1<. ,;;MeSC>HO~iH!i ,YrJiepq-, 

,ne ,B IJOCJI0JtY,19,ll1~M nJI~PY0?,'~ . R~Y'i!:Jn!0. f :11Yf5,9ROH0ynIJYI'?rO pacCeSI-

HHSI /4( -MeSOHOB Ha BO,Jtopo.ne JI! .neATepHH. 
/ 

6$ 

!( 
fl 

11, 

" .. , ,, 

l 

Ii 

f 
l 
•_.I . 
i 
\ 

[ 

1. 
J 
! 

.. 
! 

·. 

CD 
(T) 

L 

"' C7 

CJie,nyeT .nodaBI!Tb, "ITO paccrmTp,rnaeMan YCTaHODKa M.6. l!ClJOJIL-

30DaHa ,lL]1R 1!3Y'!CHl!II napymemm 'WTIIOCTU D 3JI0KTpOl,!aI'IH!Tlll1X D3aJU.lO

.neiicTBJUIX ( arixpeKT MOJKCT Haci.mJ,naTbCII Ha YPODHC HCCICOJJblmX ,1poue11-

TOD) t ,lL]1R IIOIICKa llOBllX '!aCTHU (eCTL yKasamw, "ITO o•iaponmmue 

'laCTHUH pOJK,naJOTC!I D 3JJCKTPOMaI'HUTIU1X nsanuo.neiiCTDlifilC UIITCl!CI:ll-

Hee t '!BM D CUJJJ,!UlX) t M!I rroncKa TJOKeJillX JICIITOHOD I a C ,l\OIIOJ!HJI

TCJJJ,Ifill,lli ycTpOHCTDaW! u. 6. IICJlOJIJ,30BaHa I! M!I IIOJISipl!3fill]!O!IHUX 

3KCnepnMeHTOB. 
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PHc.25. BHA TpaeKTOpHH 1• -Me3otta e nnocKOCTH 

69 



:1 

l1 

;\ 
II 

ll 

!I 

\\ 
:1 

§ II. JI1m.JIJ03l'lBHIIe crreKTPhl B rrpcgeccax r;ry6oKo
neynpyroro pacce.fIHl'l.fI JieIITOHOB Ha ttyKJIOHax 

Ha BaJKHOCTh u3y-qe~ UHKJII03l'lBHHX rrpoueccoB Brrepmrn o6paTl'lJI 
BHllMaHlie A.A.JIOrYHOB/38 • l13y-qeHne UHKJI!03llBHHX crreKTpOB a,n;pOHOB, 
polK,ll;emrwc B rrpoueccax rJIY6oKoHeyrrpyroro paeee.fIHU.fI JierrToHOB,rrpe.n
cTaBJI.fieT 6oJI:r,moil lffiTepee KaK e TO'!Kl'l 3peHU.fI uceJie,nOBaHll.fI eTPYKTY
pu HYKJIOHa, TaK l'l e TO'IIDI 3p8HM rrpOHl'lKHOBeHM B co.nep:l!m.mie uexa
Hll3Ma, Jieiw.mero B oeuoBe eK3llJil'lHra. 

PaeeMOTPUM rrpoueee (cu.pne.26) e+ N - e' + h., + Bee, 'ITO yro,nHo, (II.I) 
B KOTOPOM tiaeTHIU1 ( n I,_ perHCTPRpyxJTCll Ha COBIIa,IJ;emm ( h, o6o-
3HatiaeT a,n;pou). IIpoueee (II. I) 6y,neM paccMaTpnBaTo rro CJieJJ:YIOllleii 
uerrotIKe: , 1 

l ~ e jA (II.2) 

J f- Al ~ a,n;pmru ( II • 3) 
II.JUI J + IV -,. ti, + a,n;pOiill . ( II .4) 

Bnpzya.m,Hhlii <p()TOH ')<- B peaKUU.fIX (II.2)-(II.4) xapaKTepn3yeT-
eH tieTupex111epHoi1 rrepe,na-qeii Cf J., ll rrapaMeTpoM qlOTOHHOH ITOJIHpirna

u;mr £, (cM.2.I4).BBe,neM eme o.nuy rrepeMeHHYJO S' - KBa,n;paT 
IIOJIHOit 3Heprmr Cl'leTeMU 'J' + IV B ee cneTeMe ueHTpa Mace. 
CB.H3o .nnqxpepeHUIIMoHoro ceqemm peaKu;nu e +- 11,1...,.. e 1 + a,n;p01m 
C .n:ammmr 3Ha'leHlIHMl'l f/, I... , l. H f' C IIOJIHhlM cetieHIIeM 

61-, peaKUirn (II.3) rrp;r Tex JKe s11aqemmx 1/1.,, tf IIMeeT 
Bll,IJ;: 

0b>1- (i ~ ->') = (' 

.(_ 
.Ir;' 

4j/ J $ (II.5) · 

r,ne r -o603IlatiaeT IIOTOK BllPTYMoH!lX qlOTOHOB B peaKu;Hl'l (II.2) • 
By,neM paccMaTpHBaTI, peaKUIIJO (II.4), ormcUB8JOUlYIO UIIKJII03llBHhlH rrpo-
uecc polK,ll;eHM a,n;poHa ( ( Ji" -Me30Ha) BllPTYMLHUM J< -KBaHTOM, 
KOTopu.i1 xapaKTe p,rnyeTCJI, KaK yrrm.mHaJIOCI, Blime, llHBapllaHTHOH BeJiu-
'lUHOH 1 L u E, B CUeTeMe ueHTpa Mace ClleTeMl:l ~ + N 
RlrneMaTIIKa B 3TOH Cl'leTeMe rrpocTa. BBe,neM CJie,nyrolljlle o603HatieHU.fI! 
4 - :m.my.m,c~ If ll # o603JiatIIIM COOTBeTeTBeHHO tiepe3 

Cf (ff,. , 1 J II 9 ( €.,.,, P} , 4 -nMrryJILC a,n;pona A -
qepe3 f { E1,

1 
f J , a ero Macey - t!epe3 ~ , rrpo,noJioHYJO n 
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--+ ·-+ 
IIOIIepe'll!YJO IlpOeKUIII! B8KTopa P Hn HarrpaBJie1rne 'y '!Cp83 f

11 
l! Y1. . , COOTDeTCTDeHIIO, 1,mnnpllaIITHYJO Macey IWHe'IIIOI'O coeromr;m 
a,n;ponoB (6e3 a,n;poua Ii, ) qepe3 fv/y. . Ilo orrpe,neJiemm m.Ieeu: 

-t- -,. - -~ . I l i 
~ + p = 0 , C.J...= r ryi 1 

: V f4 t-P1 + «,._ 
1... / 

S = (ty+~)L =(1w + ;;J.,_M~•J 
t '- . <71 ) 4 .t ( ) M, = ( i + 9 -f J = ( cl' + Jj + f - 2f, 'r r 7 

( [I.6) 

fl,/ '11. ::: f 1 t-/<t - 2 S 1/,1, (~ L t-'r/ t t'}) 1/.:., • 

A.npon h, B 3TOH Cl'leTeue MOlKHO orriICUBaTL, 11aupm.iep, CJie;JzyIOIItJ!Mll 
rrepeMeHHUMII: KBa.n;paTOM rrorrepe_'illoro llMrryJII,Ca Pi: , a3HMYTaJII,Ill1M 

yrJIOM '{ ' orrpe,neJIHeMUM HOpMa.JI.fIMII K ITJIO!;KOeTl! PJCeemrnH Jierr
TOHa H IIJIOeKoeTl'l, 06pa3onrurno.i1 BeRTopaMH } l'l 'f H B8Jill'llI
HOii OTHOIIIeHU.fI 

_fu_ = 
pmax 

XII , c n. 7) 

r.ne fi...,_ - MaKCllMaJILHllH m.rrryJILC a,n;poua 4, B peamµm (IL,1) 

rrpn .ll:aHIIHX a2- II, ,r . Ou JierKo Hruco.nnTeH 113 (II.6) Ilpl'l YCJIO-1. i,Y 
Bl'll'l M.,_ =M : 

tit.tu = 
St-_,,«2.- HL 

(II.u) 
J. s•h 

E k,i:, = (fht~,. +/'-. (II.~) 

. . ll. 
3aM8.Tl'lM, "ITO BeJIIIlllllla .lc:'.11 6Jll'l3Ka K cpeiiHMaHoDeK~i neper.101moii.}F: vj 
)!eiieTBl'lTeJILHO, IIPU $ - °"' 1 C_..,._,_ - f..,., - !,:1.,l 1 'J' 
a B8Jll'ltrn:Ha . ,,., • .,,. 6Jll'l3Ka K Be~I'lUHe f n • 

B CB.fI3l'l C 06ey~emie1.1 RUHeMaTUKl'l Hf¥1OMlUWI _eo,nep:l!IBlme rIIIIOT83U 
npe,neJII,HOH. qiparMeHTauuII, BU,IUllUIYTOit · .HliroM. c eoanT9pru.n/ 4o/. Cxe
Ma_TH'ieeKu Olla BUr.7IJI,!J;l'lT -TaK, KaK IIOKa3anq Ha p:ircyime 27. B COOT
BeTeTBIIH C rHIIOTe3oii rrpe,nrroJiaraeTCJI, ~To· JJPH O'i8HI, BllCORlIX 31!ep- . 
rruiic HM8TaI01ller6 BllPTYaJII,HOI'O . J<- .::.ltBaHTa· BTOpll'mue tJaCTI.IUU BO3-
HUKa.JOT RaK q>parMeHTU MllIIIemr (B HaIIICM CJIYtJae - HYKJJOHa) ll i[lparMeu-
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Tll 'f -1rnam:a. ECJIB rrpouecc, nao6pa.ii:em111ii Ha pnc. 27, pacc1.1aT

p1maeTcn B Cl!CTC!.18 1ieHTpa !.lace ( 1<.~ + rtyit..'IOHU), TO 3Ha'ICHJUI 

P,, > 0 ( X;: :;,, C• ' j(" > (' } 6y;zyT CB.ff3aHl1 C q1parMeHTru.urnii 

HaJieTaIOl:{Cl'O )" -KBaHTa, a pi( < (YF <v J -<11<~·) - C qiparMeH-

T1ll\l!Ci,i M}!rJCJITI·. n o6JiaCTH .x.,, < 0 B8JIH''llllla P,, ' B!ItJlfC-

JICHHM B JiaoopaTOPHOii CHCTCMe' HC aaBIICJIT OT ,sr ' 'ITO, O'Ie-

BH.JJ;HO, ,I{aJIO OCHOBaHite IIa3BUTI, rrpouecc "rrpe,neJII,HOii qJpal'MCHTamfCH", 

06.'!aCTI, P,1 XO ( x11 ~.; , X.;: ~v ) uaaIIBaeTCJI 1\CHTPaJibHOH 

00.JIUCTI,IO. 

nepHCMCR CHOBa K o6cyl!!,I{eHllIO wflixiiepCHl\IlaJibHOI'O cetJCHll.fI BHP

TYaJihllOro (IK>TOPOJK.nemm am>oua. Ilpu .nauHIIX auatJeHWIX 'f L , l 1 H 

l wicp-pepCHl\IIaJibHOe cetJeuue poJK.neHII.R a,npoira B HHTepBaJiax .d P} 
I 

.6'{' H ·XI, onpe,neJIReTCJI CJIC,nyIOL'fl!M o6pa30M (cpaBHH (p(JPMYJIY 
(II.5): . 

cic(iz.,n __ ,. Jo 
Mt df J .x,, - P /4fi.!.· il{. l:J. 11 - t1f, c!S. (II.IO) 

J3oJiee y,no6no B3JITI, OTl!OillCHHe CC'ICHiill (II .IO) H (II .5) c TCM, 'IT0-

6u IICitmotJIITI, no H8ROTOpoll CTerreHH rrpOH3BOJII,Hy!O BCJIH'IHHY f7 : 

do (<f,1,j) _ Jo , ,~ 
G'M{tf~ 5) ifl,,q . . f.Xn - tfi.J{Ji,r•J{dJ ' Jl<tS · (II.II) 

PaBeHCTBO (II.II) IIHTepnpeTHpyeTCJI J(OBOJI!,HO npoc'To. BeJII!tJJIUa CJIC-

na CCT!, OTHOlilCIIIIC CC'ICIIUH W..H pearuum ,? + IV - e , .... It,_ + BCC. 'ITO 

yro.nuo u .Z.,.. l1i ...... t. 1 + nee, 'ITO yro.nuo, T. c. oTuomemie tJII;Jia 

paccemumx Jl8JITOHOB co 3Ila'ICIIII8M 'f-t. , .r: H3MCpemmx Ha COBIIa

.nemm c a,npouou, co auaqem1mm t,/ , f , X11 JC 'IUCJIY paccemr

HillC JienTOJIOB c TCMI! xe 3Ha'IemUI11rn tJ, L , l .nJIR rrpouecca rJiy6oxo

Heynpyroro paccemmJI. JieBylO 'IaCTI, BL!paJKemm· (II.II) 06!1'IHO 3Ulll!

CUBaIOT B JiopeH!l-lrnBapnaIITIIoii 1IJOPMe: 

_I_.[, A~ = i£ If-<, . d((l J) 1 (II.12) 
!Jpf ,lp' , .. :;--· JPJ.L,Jf. tt1,,. u;.., ('?~ 1J. 

Ha IlpaKTIIRC 'IUCTO TIOJII,3YJOTCR cfiymunrnii, 3alllJCJII:lCH OT 0,I{HOH nepeueH-

HOJ:i. 3Ta <pyHm:um t. F (X11) rroJiy•raeTcJI 1rnTerpnponamreu BHpaxe-

mm (II. 12) ITO Pi_ H ycpemreHJICM IIO l.f H Ha3I:lBaeTCJI CTPYK-

Typuoii (He cJie.nyeT cMemnBaTI> ec co CTPYRTYPl!llMlI (Iiy1mrnrm,m .tH W1 
n Y Wu): 
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. hr C>Q 

. f (;,.) = J jq J.,,; f. ~-"" 
,- ' . dOlt~J) 

n~-"" J~'--r,.,,1 "1'1. , ,hf- d X, 
a. o 

6'1-1 (1~r) ~ 
(II.I3) 

lfa qJOPMYJil:l (II .12) MOJKIIO _p,?JIY'IUJl: $,lltC 0,I{HY .nmJxpepemniaJII,IryIO BCJIJl'IH-

HY= · , .i± ( r,, (t1J ·J ". j j L dof.t:rJ I 
11 IV .){II .¥,, .=-- di.· ..ff. ll1. ,JAL.;~ l,J • ~) (II.I4) 

: J JIN· . · •7J_ ""'f' •r~u 0 hl1<j-,! • 
,l::J:. I, (,/ (U~ a o J 

r,ne · Ll ,v ( .X11 X., - tJHCJio C±) aaPJIXCHHillC 8,Iij)OHOB, npHXOM-
' . . ( (U 

lltllXCJI Ha HHTCPBaJI · l).)(11-:: x,,'1 - x,,. 3ncnepuMCHTBJILIIO U3-

MCpJieM~e cetJenue do{ i\'011: d.f &{ x n , CTMl!1CC TIO.I{ lIHTerpaJiai.m 

B _<popMyJiax (II.I3), (II.I4), aIIIIP.OKCIIMlfpyeTCJI, RaK rrpaBl!JIO, nupa-

' 1. ( 
-ePi, 

.e · (A +8ll1f+ <P C;ii.f). 

,KCHHCM CJie,nyIOlllero TllIIa·: ' 

c1r (q,:J) 
#ld.f d/11 ,..., 

(II.IS) 

B qiopMyJie (II. 15) npe.nnoJiaraeTCJI 3aBIICIIMOCTI, BCJIJitJIIH e '' A ' 
B I!· Q OT JI.,, ' , 1I.7IeH C u-Jf ormcuBaCT IIHTefXIJepemnno 

Mel!W.¥ 'aMrrJIB-ry,naMII paccem1im npo,noJII,IfilX u norrepetJHllX, QJOTO)IOB, a 

tJJIBiI c · i U1. t f · onricuB'aeT HaJIU'IHe JII06oii noJIJipnaauuomroli aaB11cu

MOCTll ,nJIJI nonepetJHoii tJacTu m1poryaJibHoro qlOTOHa. 

ECJIII' arrnpoRCUMauJ!SI (II.15) C o~oil 3KCIIOHCHTOH uey,noBJieTBO

pnTeJII,IIa, TO ncnoJIMYJOT _arinpoRCHMauJIJO TaRott iKe · q,opr.ru c ,nByMII :mc

nolieHTaMH. 3RcnepHMCHTaJILI!lle ,nmmue yKa3UBaIOT Ha TO, 'ITO arrnpoK

CHMa.I.U!JI ,nByMII 3RCilOHeiiTar,m do;ee TIPC.IUIO'ITHTCJII,Ha. D 'pamca.x pac:.. 

CMaTpHBaeMoii. Harm ItBapK-ITUpTOHHOM MO.I!CJIH HyMO!Ja 3TH 3RCIIOileHTU 

MOryT UHTepnpeTJipOBaTI,CJI dJIC.llYJOlltl!M o6pa30M. O.nira 1!3 HUX' .nruoman 

OCHOBHO:tt BKJia,n, B03IIHRaCT OT po,K.JJ;CHHR l!HKJII03JIBIIIIX a,npOHOB ua na-

JI0HTHill{ 1rnap1cax, a, ,npyran, IIPOJIIlJUII01!1MC.fI JIHJ:II, !IpH Ma.,,IillC . .Xu 
B03!UUtaeT OT POllf.nCHJUI a,npoIIOB Ha RBapRax 11MOPJI". B cpopMy-Jiax (II. 10) 
- (II.I4) MOJKHO ncro,ny !IponeCTI! 3a.MCHY Jt,, - .X.F • B CHJiy neyc

TaHOBIIBIIJHXCJI 0003Ha'Ieuun B JII!TCpaorype MOlKHO BCTPCTIITI, 3aBIICUMOC-

TH CTPYICTYPHIIX WYHKl\IItt RaK OT JI. II ' TaK H OT .x. F 
EoJiee ycTaHOBnmecJI o6oana'Iemm ilBe,neuu ,nJIJI. rrepeMeHHoii ~ 

(aTa nepeMeHHM IIO CMUCJiy u 3HatJeHIUIM 0JIH3Ra R rrepeuemruu X11 H 
:X.F ) . . Et.. 

l ~ 11' (·II.I6) 
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r.n:e F4.. - :meprrur mIKJII03liBHoro a.IUJOHa B JiadopaTOpHoil CJICTEme 
ROOp.n;liHaT, JI )T,1IJI 6UCTpo.Til ';f : 

~ Ye-I' .:, E"'J , .,.; ) ( C +1 II , . I t-1,, 
1,/ =- i 111. _.,_., _ I' { f,/.A..(,{ i = I {i,, e.: -P. "'" (II .I7) 
(/ t. •I I/ I 

-'f.A 
r.n:e t::. · - :meprrur lll!KJII03HBHOii tiacl'IIUU B CliCTeMe ueHTpa Mace· 
BlIPTYMI>HOro ?<- -KBaHTa JI IJYRJIOHa. PaaHOCTI, Me;,imy OUCTpoTaMJI 
.IUJYJC tiaCTHU eCTI, HHBapUaHT llPJI JIOpeHI{OBCKOM upeo6paaOBaIIlfil -OTHO-
CHT0JII,HO OCH, HaupaBJiemroii B,n;OJII, HMiyYJII,Ca BHPTYaJII,HOro ·]< -RBaH.;_ 

Ta UJIU ( 'ITO O~IO lI TO xe) B,n;OJII, P II • PaaHOCTI, Melf,ey 6ucTpOTa-
MU ItHTepecyromero Hae ~poua n JII06oro ,npyroro, polll;lteHHoro B .itaHHOM 
C06llTHH,.naeT OTHOCnTeJII,HO llOJIHy!O RaPTHHY Bcero C06llTIDI. OTHOCll
TeJU,HO UOJIHYJO IIOTOMY. 'ITO rrorrepetIHUe lIM!IYJII,Cll ~POHOB, XOT.R'. n Ma

Jlll, Bce-TaroI HCRaJKalOT pacCMa.TPHBaet,ruil aHaJIU3 CJiyt{rur~ B aHaJIJI3ax 
,n;JIH KruJmOro ~poua o6hltIHO 6epyT P33HOCT1, 

f1':j•:: \j..,.K - !:f t 

r.ite ':J -~'1)( -MaRcm.1a.JI1,HO D03MOlltHM BeJill'IJllia 6llCTPOTll .IVI.H .naHHo
ro ~poua. IlOCROJII,Ity crreRTP BIIPTYaJII,HllX J<. -ImaHTOB n:MeeT lllllpo
Rl!H paa6poc no :meprmr. a Ta pa3HOCT1, 6.llCTpOT CCTI, 60Jiee o&!.eR
TIIBHM xapaRTepncTmta HHRJII03HBHoro a,zwoua~ TJeM caMa BemtTJJrna 6HcT
poT!l. 

EO./II,lliUHCTBO 8Rcrrepm.m!ITaJII,HllX )taHIIllX B RaCTO.fill!ee BpeMll rrpe.n
cTaMHCTCH B irme CTPYKTypHWC 'LJYHRUHii, 3al3HC.fill!JIX JHimI, OT o.n:uoii ne-
peMCHHOH ( P 1.. , '2: , .Xf lIJilI a Y ) • TaRoe npe;tCTaBJiemre 06-
JierTJaeT HX CpaBHemrn C COBpeMeH.lillMII KBapit-napTOHHllldK Mo.n:e.irm.m. (,'l!M

BOJIH'ICCRII CTPYRTYPHllC <pyHR~IU aanIICllBaIOTCH RaK l!HTerpaJIH OT Bllpa-
" E Jlf I J35"" 

13:emrn ~ · •lf, HJIU ~ ~) : 

~ ~-- . 
i I 

f[M) ~ j jcl.f j df1.2. 

0 

c 1 3tr ·-·--· 
~ df' 

¼- Jr 
Fl+J -= r.o . .,~ 

!) 

_/{ (Q • (t) 
.1 IV X11 ,X, (cM.(II.!4)) 

J' (i.11) (cM. (II.I3)) . 

1>nan:qecrurii CMEWJI CTpyitTYPHhlX y;,yumnrn f(~J II 

pe.n:e,1emm 8TIIX cpymmm1 II o603HatieHitii .n:JIH . J; 
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H!i'1) Hcou na orr-
:u: ti;/ • 

OcTaHODUMCH HeCKOJII,RO rro.n:po6nee Ha o.n:uoil ll3 mmueii:nmx CTPYitTYPllhlX 
cfJYHRUH:ii - cpyHRUUU F (x,,) . Oua uayqaJiacI>, naupnimp, B aRcno-
pUMeHTax: no paccem14 aJioRTpouoB c aueprueii £~ = I9, 5 raB mi 
rrpoTonax H .n:eiiTponax 41/, pacce.mrn:10 aJie?pouoB na npoToHax n .nei:iT
pouax rrpu mrnRux aueprnmc (.n:o 2 raB/42 , pacceHHUIO ,,.,<,< -M§l30IIOB 
ua rrpoTouax rrpn aueprWIX I4 raB/ 43/, · paccem;mo >~ ~MeaouoB na 
npoToHax H .n:eiiTponax rrpn BucoroIX aneprimx/44 ( ~ " !47 raB). 
Ha pnc. 28 H .. 29 liJIJIIOCTpnpyeTC.fI corJiacne ltaHHllX/ 41 • 42 • 44/ OTHOCU
TeJII>HO JZ" .:.a~mIC~OCTlI cpyHKI.U!U , -F{)( ,,) • · CJie.n:yeT B6e J;t() OTUe
THTI,. 'ITO B T9 BpeMII RaR B o6JiaCTH BllCORlIX aueprnii .x' I/ -3aBUCII
MOCT1, . _F_{)l11). . . . B TO'IHOCTH COBII~aeT ,n;JIJI IIHRJm3IiBIIllX "!aCTHU 
o6onx 3HaROB, B o6JiacTn HU3RUX aueprIDi'c-rp'.YftTYPHM r~yHKI.UIJI .IJ;JUI 

IIOJIOJKHTeJII,HllX a,npoHOB JI0JKHT Bllme, "!eM .1tJIH OTPIIUaTeJII,HllX. CTpyit-
TYPHM, <py!!Rl(IDI f tx.,, J • IIO.nyTieRH~ B ,~Rcrrepm,IeHT~ .. rro rJIY-
6oROHeyrrpyroMY pacceJIHIDO ueiiTpHuo ,xopomo corJiacyeTCJ c .n:aiuruim 
IIO paccemnno .,,,A- -Me30HOB IIPJI BllCORlIX aueprnm/44 ; Han60JII,lliHH 
liHTepec C TeopeTlltieCRO:ii TO"IRJI apeHIDI rrpe.n:cTaBJIHeT, ROHeTJIIO, orru
caHJie CTPYRTYPH!lX <pyHRUHii B paMRax RBapR-rrapTOHHOH 1.10,neJIR. Pac
CMOTPHM TaR Ha3llBaeMoe HMIIYJII>9Hoe rrp~I6JIIDKeHUe. Ilpe)tllOJiaraeTCH, 
'ITO:.'' 

l) aueprHI! BlIPTYaJII,HOro qJOTOHa, CTBJIRlIBaIOuterocH, C O)tHI!M H3 . . . ' 

RBapROB nyRJioHa, IIOJIHOCTI,10 rrorJioutaeTCll 1rnapROM; · 
2) rrapa" q,"i, ., poJK.IteHHrur B nyKJione BHPTYMI>HilM ;}< ·· -

RBaHTOM, o6paayeT HeROTOphlii ~6ImO:ii, aazyxruontir~ rrpouecc B036YJK.Ite
HIDI BHYTPU HYKJIOHa, 

B IIPOUElCCEl' aazyxaurur O,IUIH ll3 RDl:ipKOB (aHTIIRBapROB), polll;lteH-
HllX, '}<- - ·KBBllTOM, 06'I,e.1tJIHHeTCJI d RaRlIM-JIII6o auTHRBapRoM (RBap-
ROM) MOPJI nywroua n o6paayeT, 6030H. OcTaBmniiCJI aHTIIKBaprt (RDapR) 
H3 TJJICJia pOJK.I!eHHllX ',t-. _ -RBaHTOM Ir KBapR (aHTllKBapK), - ll3 MO.PJI 
nywroua rrpo.n:oJDKaIOT aHMOrlltIHIJe rrpouecca: 06'I,e.1tJinenuH .c ,npyrm,m 
RBapRaMH: MO!)JI II o6paaOBaHHII 6030HOB )tO OROH"laHIIJI CIIHTU.fI D036yiK
)teHIDI HYKJIOHa. IIpouecc CHHTM B036Ylll;lteHHI! HYKJIOHa . .n:oJixteH 3aROH
'lUTI,CJi peKoM6Jiiiauneii ,ne'IeTuoro TJJicJia ~a.nen~HllX RnapKoB (Tpex) 
CHoBa B uyKJion. B rrpouecce o6paaoBrumJI 6oaouoB rrpumn.rruoT yqacTne 
TOJII,RO "aamrTepecOBaHHlle" RBapim II aI!TlIRBapRU: Bee OCTaJII,Hlle 
yqaCTBYJOT B TaROM rrpouecce B POJilI CTaTUCTOB. 

TaRJIM rryTeM B uyKJioHe MoJKeT u.n;Tu rrpouecc o6paaonaHIIH T -
MeaouoB, KiZ. -nap, ,1/,V -nap n T.,n. 

75 



I 

I 
I 

"' r 
0 ... 1,0 0 
a. 
C 
u:: 
5 .. ,_ 

( 

h }HHKnt03HBH.blH 
a.QpoH 

}aQpOHbl 

P"1c.26. CxeMa 11HK1103HBHO
ronpo4ecca e OAHO~HOH
HOM npw6nH>KeHHH. 

¢ h+WAloomis'IAPJ 
f h" 

01 >0,3;5>100; 
w>20-

' " --j:~Bebe k H AP. } 
' - 0'=13· 5•7 
',\ ,:,.4,2 

1.0 

t .. 
r 
0 ... 
0 
a. 
C 

=c 
P,,c.27. CxeMa npo4ecca 
¢pan,et+TallMH 

4 

,00 

A 

o h + WA.l .. oomi5 H .Qp} 
"h• 0,5<0' <3;5 >100 

! ~) T.Dakin HAP } 
0,5 <Q2 <1;1l<S<30 

! ',i, u:: 0.1 "°o A 

•\ -o0,1 ' ' . 
' .... 

l---
a. 

{:Jg-
u.(b 

o 0.2 0,1. x' 0.6 o,s 1.0 

P11c.28. CpaeHeHHe 3Kcnep11MeH
Ta.nbHblx AaHHblX H3 pa60T t-42 • 44 , 

AllR ¢yHKUHH ( !,__ 4 ) 
" dp 

/ o.2 - B /r3B/c/2 , S - B 

/r3B/:t 

C: 
q 

~ 
u.. 

76 

A 

+\ A 

❖ 

'i 
0,0 0,2 0.4 , 0,6 

X X 
0~ 

p.,c,.29. CpaeHeHHe <t)yHKlll1H- F(Xn), 
nony4eHHblX e pa6oTax /4J,44/ / Q2 

H S - B /r3B/c/ 2 H /r3B/2 • COOT
BeTCTBeHHO/. 

t,0 

I 

Oro1>,11;a, ll ll&CTHOCTJI, CJI8)tJ'e'l', llTO IIJ)Oxtecc MHOZ8CTB8BllOro poz
.1temm BJU)OHOB DeeT MHOI'OCTeneHHHlt xapaxTep, 'IITO, ll CBOll Oll8pe,ltI,, 

Belt8'1' It ,PIIJtY' CJl8.D;C'l'BKI. Bo1' 0.ltHO 113 ma:. 8aKOH cpe,ItHeil MHOU0'1'B8H

H00'fll pos,J;emm sapaemmx ll&C'l'Jllt < h 34'> He .lt0Jm8H M8HJl'l'I,CJI, 80JDI{ 
ll IIHOI'OCT8neBBOM nponecce llHltlil)'q)l'l'I, OJtBY ll&C'l':Key'. Il,Pl[ STOii B8Jmtll[

H8 < n Ja., ~ , otzeBlf.ltHo, ,1;0.DHa CS.ll'l'I, M8HJ,J11e no aCScOJ111THol Be.JIH1DI-

He, a qx)JBl!:l SSBHCJ'IMOCTH <'n,ll.,p > 0'1' nOJmol 8Heprmt 1-V MeBfifi, Bj .1tOJIDa. 3ro xopomo no.1tTBe.PZ,Itae'l'CH HcnepoeHTMI,mDa 

.1t8BHlDdll 45 (cu.p:e:c.30,3I). Ilpa:BJt&,BBTePBU saeprmt 3,2 rsB < W<. 
3,6 rsB (p:e:c.3I) CJDIIIUtOM MM, 'l'l'OCSli MOXHO CSH.n:o I'OBOJ>K'l'I, o rJJ;yCSoxoi 

npo11epxe paccMaT,Pl[llaeMoro CJie.1tc'l'llU. BePJ18MCJI _It qiyH1t1.tHA 'f (x11J 
B'. paccMO'l'PDI ee c:eoilcTBa 11 p8Mlt8X RBap!t-ila:pTOBHOI MO.D;eD. OtzeBH,ItHO, 

'IITO JI 1)8Mlt8X DIIIJ'JtLCHOro ~pxd.mmeHJU{ ~parMeH'l'~ x:eapxa He ,ItOJDma 

samrcen OT TOI'O, ltUJDI Dy'l'eM OH CSWI BOSCS~eH. !liparueHTan;:e:11 Rll&P

Ra CSY',)l;eT Sam£08Tl, JDlllll, OT .ltOJm 8H8PI'llll, KOTOPYJ) OH nOJIYtIVI OT ~en-

TOHa, H OT TOff .D;OJJlI 8Hepnm, It01'0pyl) OH OT.D;aeT a,Iij)()Hy. B 81'0M 

CJIY1m8 a,Iij)OHHyl) CTpYlt'fYI)HYD qiymw;m 'F V' ") ecTeCTBeHHO onpe-

.lteJDl'l'l, ll BB,Ite ± ( ) 1 ef • .x.·. /,. (~J. 2 :1: Cx,,J 
7F x,Xi, = • I fl;_._, 1 _ /. (v.J . (II.IS) 

8,Iteci. iWB~ ~ ± ( ><11) omrclillae'l' o:itolc'l.'lla ~panreHTmtn 

1t:eap1toB :a IIOJIODTeJtT,HHI (+) JfJill 0'1',Pl(It&Te.lll,HHI(-) BJU)OH 0 .lt0Jl8ff 

mmynca.Jl11, ~ i.. /. 

.I{ueoe Ha BeJIB:1DmY 'V Wa. {i)-= L ei i' 1 i (~) 03Ha'laeT ycpe.D;-

Heoe 0JllCl.(JDl ~± Cx11J no 110e11· cocTUmDl oap!WI 8,1ij)0Ha;npo-

e11e,1teoe ./il'f) ,S± (<tu) :e 'IB'.CJlll''1'8,.e (u.·ra) &puaeT Hesa-

ucoocn ~parMeB'l'anD nap1ta OT BeJI:e:IDIHl:I BHBPI'llll ·y • nOJiytieH-
Hol. KBapltOM OT ~enTOHa. . . 

HeS8.l!B'.CJIIIOCTl, C'l'J)YX'1'YJ)Hlll ~llXIl;ld + ±;(:1,,x 11} OT CR81.mmroBOI 

nepe11eHHol JL: Q/J/111 11ono nOJIY1Dln CJie,VDlll!M oCSpasow. .nn:a Tpex

ll8Jr8HTHOI nap1toJ10I 110.D;8JDI BJMORa 88.Pl'Jt01108 conpaemre ,l{,1IJt KB&P- . 

xo:e 118.D:8'1' K OOOTHOmemm + . ~ ) 
~LL {x11) ::::: ~ii C~,, • (a) 

8,Iteci. moteKOB l( H ii · oaiiatz81l'l' KJ1ap1t11 JI aH'l'llltBapDI, · 0001--

Jle'l'C'1'118BHO. JISOTOIDA8Cltll CIIlilHOBSJI JmBa,Pl[aHTHOCTI, (:e IIpeJtIIOJlOU

m, llTO oapu ~parMeH'l'B'.PYJ)'l' TOJU,KO B Jj -MeSOBH} 118.lt8T It 0001'-

1[0m8BDI ,f, ' ) - ) 

~«< (}(.,, :: X,-l {'I.,,• (CS) 
C00'1'BOll8HJDI (a),(CS) MOI'J'l' CSHn, eC'l'eC'l.'B8BHO.lllillmCaBH ,ltJlJI Bcex 

COpT0ll JCBapROB,ll 'l'OI'.D;a ~8I'KO y:BJJ,Jt8'1'1,, tI'l.'0 11:e:CJIO B83am!CDIHX 
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'I 

;J -<iJYIUU.Oiii MR r -Ue30HOB paIJHO Tpe.M: 
+ - - ·+ 

:gk ~ 9d = ~r:; .: 9 l 
.v ·i- ,:: 

./ 
$- - 9:!: 

k. - .... = .&.r 0 

(II.I9) 

XI f-
- + -

= f9. = ,~- = :l)-
.!. .s .1 .1 • 

IlOJIOJKHM, 'ITO .,ll;OJIS! CTp8.HHUX KBapKOB B ITpouecce cpparMeHTa.LUIB KBapKOB 

B X -Meaonu Ma.na. Ho.ncTB..ID!M cooTHolllemm CLI. I;;) B ¢op-
r.ryJIY (II.IS) . .· 

. t- ( ) _ 1-- [f .. ~:(Xu)+ :t,;; &-) i; ()l.,n + j UJ<t-J.&.t {,:,J t-fil1J$.{lx.,fl 
t x,Xu - . _ ] I - r :-J r UI,( 4- h + I Lf,<~J r 1il"-)J 

,- ( J = t [f ... 1~>2: (y,,J 1-f;, t•l~; {i£1,J] + l {J.1l:J:f(x,,) +j;;wJ~[(>l,[} 
i i- Xu · ] --4 f- ] 1 

} U~ {-J-) t- h {'/-) t-, J L,~ l-t) f-_ ~ {'1-J 

lI o6paayeM C'fl/U,ry \PYHKUI!il ft- ()(, X 11) ll f {x/ 'i11) • Tor.na 

YBIUJ:HM, 'ITO 

+- -t (-1,x.,)+t(i,x,.)"'" 9): {x11) +' »: ( J("), (II.20) 

T • e, C'fl,Il.ta CTpyKTYPHHX tJYHK!Uf:U ,nJUI po1li.1(eHJIJI ITOJIOJHJIT8JII,HO . lI OT

p,!UaTeJioHO aap,me1mux 1i, -Me30HOB He 3aBIICl!T OT 6I.epKeHOBCKOH 

ueper.iemmil, a 3aDHcaT TOJihltO OT ~ii • CJre.l(yeT OTMeTJITh; 'ITO 

rrepei..eHHM .t11 ,r,,1rn: anaqemrii X11 > O,I5 ITO'ITU COBITa-

.naeT UO 3Ha'l:8Hllffil C uepeMeI!HOM Z lI ITepeM8IIHOH ..ll;: 

TaKIIM od'paaoM, Ha OCHOBaHl!U Bllpa;1mmm (II.20) l\lOlilliO rpBOpIITb 

0 npl!UJilOK8HHO!.I C!t3ii.JUIHrDBO!J IIOBe,l(effilu CYJ,U',1II CTpyKTypHUX ~YHKtillii 
-+ r-t II r .OTHOCIITCJihHO ITepeMeHHUX .ltu • Jt.F IrJiil z . 

flp;rne.neu ciea .nchmaaTeJIMTBa mra.noru1nrue BUp~e1rnJI MR CTPYKTypHWC 

~JYHl~Iii l 1- II r - . KOTOpue ITORBJimOTCJI B HeiiTPUHHUX peaKIUIRX 
ITp01\8CCa rJIY60ItoJieyrrpyroro paccemrrur Ha IIpoTOHe: 

1-· + - - I ) 
fv =;:;"ex,,,); t.., =~.,,.,._t,, 

(II.2I) 

t./ +fv- =-2: (JI,,)+ 2.,- {Jtu). 

CpllilH!!BM .BUpruKCHl!JI .(II. 20) 1I (II. 2I ), MU B!l,l(lIM, 'ITO cyr,lMU ITOJIO..;;: 

78 

'\ 

l!WTeJII.HO-Sap;meHHUX U OTPIIUaTeJibH0-3apmKeIIJrux llHKJII03IIB!lliX r -Me-

30HOB, poJK,J:terurux B ITPDUeccax rJIY6oKoneyrrpyroro paccemmJI sJieKTpo

HOB (MIOOHOB) Ha ITPOTOHax u HeilTpIIHO Ha rrpoTOHax, PaBHll. 3Kcrrepu

.MeHTaJII,HUe .Itamrue xopomo corJiacyioTCR c STliMl! 3a.KJIIO'leHrurMn uo.nemr 

(cM. pHc.32,33,34). BcJie.ItCTBl!e rlIIIOTeau O He3aill!Cin.mcTH cpparueH
TaUHH IrnapKOB 3aBHCHMOCTI, ~ ;t ex,,) WJHKUllii OT ..!tu B e +e-_ 
IIHKJII03HB_HllX cITeKTpax .ItJI.II rr± -.MeSOHOB .ItOJI'1tHa 6UTb TaKOii_ xe, KaK . 

HBO B3rutMO,neiiCTBHJJX JieIITOHOB C HyKJIOHa.MJI. 

K COJKaJiemm, 3KCJiepBMeHTam.HHe .nawme ITO l!HKJII03IIBHUM cneKTPaM 

B tZ t-e- -aHmrrll./IlIUIIII, ITOJIY'leHirue Ha YCKOPlITeJI.lIX SLAC ( CIIIA) 
H DESY ( <»PI') , He corJiacyioTCH .Itpyr C .npyroM, H 

0

ITpe,n:cTOliT .norrOJI-

HlfTeJII,HM 8KCITepUMeHT8JlhH8.II rrpoBepKa IIOJIY'leHH!lX peayJII.TaTOB. EcJIR 

Ee K ,naHmlM (cM.pirc.30,31) .It06aBHTI> .n;runrae ITO po1li,L(eHmo sap!DlteH

HIDC ~aCTffll B'rJIY60KOHeyrrpyroM paccemnm HettTPHHO Ha ITPOTOHax, TO, 

ITO-BR.ItBMOMY, MOlltHO roBopHTI> o CYllleCTBOBamm YHIIBepcaJII.Hoil qipar

.MeHTaIUm KBapKOB B llllipOKOil 06JiaCTB 3Hepruil ( 3 faB$ W~ I50 faB), 
He 3aBHCilllleii oT crroco6a Boa6YJK,IteHIDI KBapKa (cM,pac~35). IfoKJIIO'l:e

Hne IIS oirnTHUX ,naHHWC, KaK Bll.ItHO ua pRCYf!Ka, cocTaBJIHeT o6JiaCTh 
Jl.

11 
~ 0.8. . 

B HaCTOilllleM rraparpaqie 6wm saTpoeyTU• HeKOTopue xapaKTepHHe 

oco6eHHOCTH IIHKJm3IDlHIDC a,npOHHUX. cITeKTpoB. HSyqeHxe KOTOPUX eme 

,Il;8JI8KO He 3aKOH'leHo. qTO Kacaerosi: KBapK-II~PTOHHOii MO,neJIR ll ee 

HMIIyJII,CHoro rrpu6JIHxeHIDJ, TO oHa si:BJI/IeTcsi: mrm1, rrepBoii nom.rntoil 

IIOHIITI. cpusHtrecrore JIBJieHrur, ITpoucxo.Itmlll!e B IIHKJIJOSIIBHUX rrpoueccax. 
2 5 10 20 
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PMC.30. CpeAHRR MHOJKeCTSeHHOCTb 3aPR*eHHWX ~acTHij 
<n3ap > KaK· '4JYHKijltR log w • .llaHHWe np1t Q2 = 0 
AllR W>- 2,5 f3B cornacyoTcn c AaHHWMM no 3neKTpo
P0*AeH1tD. 
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PHc.31~ Ha AaHHbl)(. npHBeAeHHbl)( Ha PHC-30, HCK/I04eHa OAHa "acTH~a no cxeMe 
p>tc .l la-. Hoeble 3KcnepHMeHTanbHble Aaii'iii.'e xopo,uo onHCblBaoTCR TeopeTH><eCKOH 
KPHBOH, paCC'<HTaHHOH DpOACKHM H ryHHOHOt'\, 

.tJ 
:r:: 
8. 
C{ 
ro 
!!!10 
~ 
X 
(I) 

;I; 
o:; 
a. 
ro 
l'l 1 

~~ 
~·l'ct 

OJ 

t, 
·t 

~, 
•n ,. . 

6 

4 DECO(COR NEW 

4 
• 6 

a SLAC.-Mll(Bogopog) 

f 

' 
• SLAC-MJT (AeCtmepu(JJ 
• SANTA CRUZ-SLAC H•D 

4 

~ 

O l .2 .3 .4 _5 .6 .7 '.8z9 1.0 

PHC, 32:. 3aiHCW<0CTb ~ OT z MR aapR>KeHHblX 
aAJ)OH08, nonyt.1eHHaff 8 pa3HWX 3KCnepHMeHTaX. 
HeKOTOpoe pacxO>KAeH .. e np<t Z ~ 0 ,6 MO>KeT 6b1Tb 
OPl-18HeceHO npot.teccOM- P"O)l(,qeHMR p 0 -Me30HOB. 
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PHc.33. 3aBHCHMOCTb ~ OT Z MR aa
~blX aAPOHOB, no.iy><eHHaR 8 npo~ecce 
rny6oKoHeynpyroro pacceRHHR µ -Me3oHoe 
Ha BOAOPOA_e H Ae<1TepHH. BKnaA_ OT PO -
Me3oHa HCKIIJ04eH. 

• -AACHEN-DESY 
WUPPERTAL . SLAC/M1T (Bogopogl 
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PHc.34. CpaBHeHHe HHKn03HBHOro cneKTpa 
"

0 -Me3oHoe /o6oaHa><eHo ceeTnblMH kpy
>K04KaMH/ co cpe~HJ.1MH 3Hal.leHHRMH 11++11-, 
nony4eHHblMH B 3KcnepHMeHTax no rny6oKo
HeynpyroMy pacceRHHO 3neKTPOHOB. B 06-
naCTH Z ~ 0,8 Ha6noAaeTCR He6onbwoe 
paCXO>KAeHHe. 
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PHc.35. 3aBHCHMOCTb ¾= 3apR>KeHHblX aApo
~ony4eHHB~ a npoqeccax e+e--aHHHrH.nR
~HH H rny60KOHeynpyroro pacceRHHR HeHTPHHO 
/><epHble KBaApaTbl/. 
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§ .I2. Usuemre, CTpYitT;{PH a,nponoB B rrpoqecce r.rryCioKo 

neyrrpyroro paccemIIIff II0.7Uipll30BaHHUX JieIITOHOB 

11a rro.1UipnsoBattHWC HYMOH~ 

HHTepec It II3J'IeHl!IO npol(BCCOB C IT0.7UIPII30BaillillMII IIJ'IKaMlI II un
rnenm.m rrpoCiy,n;HJICff n no0Re,n;1me ro,nu. n CBff3II c cos,n;anrreM "sru.mpo

ilt8HHIIX" II0.7UipU30BaHHHX MJnneneii. cos,n;amrnM lll!TCJICIIBJIUX UCTO'IHUKOB 

ITOJiffPII30BaHHUX ::meKTpollOB, cos,n;aurreM KaIIMOB BllCOK03HepreTH'Iec-

KHX IIJ'IKOB U., -M830HOB. 

B . SLACe , narrpm.1ep. cos.n;an MOlJIHI,IH llCTO'IHRK II0.7UIPR30BaHHHX 

3JieKTpOIIOB, KOTOpllli lIMeeT HHT6HCRBHOCTb "' I09aReKTpOHOB/I, 5 _.µ C 

B RMIIyJibCe (.-v I2D .l'IMIIJRbCOB B ceeyu.n;y), IIOJiffpl'l3al(I!IO 0,85±CJ,08 

II BllCOKJIO CTaOHJibHOCTb B padoTe. 

_/,{- -Me30HHlle IIJ'IKII aBTOMaTII':WC'KII IIORJ'IaIOTCff II0.7UIPII30BaHHll

Mll B,Il;Mb HarrpaBJieHIIff ,Il;BID!teHllf! paCIIa,ll;aIO!I!IIXC.lI ,;f -M630HOB ( ITO ,Il;BII

JKeHIIIO llJill npOTllB ,Il;BUJKemm). 

B Ta1faune I rrpune.n;el!ll ueKoTopiie ,n;anuue no "aaMopoJKeHHuM" no

MpIIaonrumuM Mlllll6H.lIM, .n;eiicTBJ!OlllllM (ItJIII coa.n;anael:lllM) B HaCTO.lI!llee 

npei.m. 3aMeTUM, 'ITO BllCOKM IIHTeHCllBHOCTb ll0.7UIPl'l30BaHHOro IIJ'IKa 

RBRH6TCR IIOMexofi rrpll 3Kcrrepl'IM6HTax C II0.7UIPII30BaHHllMII MlfillCIDI!.Ill, 

Tart Kait IIJ'IOK .n;eIIOJIJipll3JeT Mlllll6HI, ll3-3a Pa.IU181UIOHHOro 3aTJXaHim. 

B 3Kcnepl'IM8JIT8X C HCrI0.7UIPil30BaHHOi1 Ml'lllleHblO orpa.mrqemtit Ha mI-

TeHCUDHOCTI, II0.7UIPU30Da!IHOPO IIJ'IKa HeT. , 

HMU'Il!e IIOJIRPl!30DaHHIIX MIIrneueii H Bl:ICOK03HepreTll'I6CKllX ITJ'IKOB 

JI6ITTOHOD coa.n;aeT rrpertpacm,ie B03MOlKHOCTll Kart .n;JIR UCCJie,Il;OBaHHR CTPYK

TYPll HJMOHOD B 3JIBKTPOMarHUTHllX B3al'IMO,Il;6HCTBIDIX 'IaCTlll(, Tart ll 

lf,JUI l!CMC,Il;OBaHIIff .n;pyrruc BOIIPOCOB, TaKUx,Kart npoBeprta coxpaneHUR 

C/l -'IeTHOCTU, nponeprta IIPaBWI CY},~A, lI3J'I6HUe CTpyiiHOCTH ll T • .n;. 

Hae 6y.n;eT k'IHTepecoBaTb npodReMa llCCJie.rtOBaIIHff CTPYKTYPII HJR

JIOHOB B rJIJCio1toneyrrpyrux rrponeccax paccemrnR rroMpuaoBarIHl:IX ;reh

TOHOB Ha ITOJiffpll30BaHHllX HJMOHax. 

JT,uJ~epemorMbHOe cetJeHne nponecca rJIJ6ortoHeyrrpyroro pacceR

HIIlI ITOJUIPll30DaHHllX JI8IITOHOB Ha IT0.1UIPH30BaIIHllX HY.KJIOHax, npocyMMll,

poBaHHoe ITO BCCM KOHe'IHIIM a,n;pOHHllM COCTORHH.HM, a TaIOKC no IIO.lUipllaa

l(lllIM ROIIC'IHOro JICIITOHa B Jia6opaTOpHOli CllCT8Me KOOp.n;IIHaT llMeeT nn.n;: 
,.,o ~E' 

-!!._ = ol L w (I2.I) 
dE'JQ q,"(t.p) -_),IV ,µ". 
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r.n;e 

"(- ; t • I ,zj 1!'1' ,I • 
L/",1~ ,{, k,.,IC.,. +-5.,Kv -1-IJ;;,,,j! r-<.L l,,,uv,\,Cf ,k.; {I2 •2 ) 

W, ., = {- Cl - -t- ,i-_,.,q,,,,} ~1(vo.L)+ /I - ~{n)l/.P,;- <J-_,,_(1il.hU((v.-:-1 
';t<V ✓;,," <f). . I Y fa 'i).. J • 7'- J;, ;t 1f} 

+ i l~ .,,\, · 1 X [Ms r Cl v
1
,,i.) ~ }Js r(f1) -p'{.r,,J] C.t. (v/l) j . 

3.n;ecb HCIIOJib3JIOTCR CJie.nyromne 0603Ha'I8HUR: 

k, , IC. 1 
- 4 -RMIIyJII,Cll B Hff'la.JII,HOM ll ROH8'CJHOM COCTOfilllliIX JI6IITO-

HOB i 
() - yroJl pacceRHHR JI8IITOHa B Jia6opaTopHott CHCTeMe ROop.n;lIHaT; 

1 - CIIllPa.JII,HOCTI, JI6IITOHa B Ha'IaJ!bHOM COCTOflHllll (B CJJY'Iae 

npeHe6pe~eu:im MaCCOH JieIITOHa B.KJia,n; n cetJeHHe .n;aeT TOJILRO npo,n;OJII,

Haff IIOJUipH3anwt) ; 

P , ty - 4 -IIMIJYJibCll Ha'Ia.JII,HOro HJMOHa ll Dlf PTJMbIIOro qJOTO

Ha, COOTBeTCTBeHHO. i5' - CIIHH Ha~aJILHOro HJMOHa. 

Ta6Jiuua I 

liHCTKTJT HanMHeune T' H u= II0.1Uip1rnye-
( It) 'IllCJIO ( CM) S~all'il- MOCTb (D %) 

raycc BllCOTa 

BNL EyTaHOJI 0,5° 25 2,3x2,0:xI,3 ~60% 

Olliill IIporran.n;nM 0,04° 27 ~ 3,0 X 2,6 95$(COTHH tt) 
C£K(SqdP.J} Ilponan.n;noJI 0,5° 27 ~ I,5 X 8,5 ~75% 

Ci=K../1/ IIporran.n;nOJJ 0,05° 27 ~ I,? x I5 .? 90% 

/J.ni.11. cf <c1r5 o4 )x ro IO ~60% 
Haw1tl.1<uH X 9H20 

f#AL 3TRII8HrJIH-
0,4° ~ 85% RMb 25 8x2x2 

AAIL 0,5° 25 ~ 80% 
£4!hez~,.., ByTaHOJI 0,5° 30 tv 65% 

80>IN' lIJ)OIIaH.!(llM 0,5° 25 6 CM3 , -~?0% 

Sl,+C. IiYTaHOJI Io 50 25 mi3 50% 

LAl-1PF IT pGI!aH.!(llOJI 0,5° 25 Macca Bo.n;opo.n;a .. 
= 4 r 75% 

J!awwe Jllll{De.lteHU no· ,c;OCTORHJW Ha I9'/8 ro.n. 
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Arwomruli TCil30p \X~ v , O•IeBil'AHO, CO'A8fllK.HT BCIO 1mc.(JoprMU.l:UKJ O B03-:: 

OYJ'UlCHl-m JlOJJJIPll30B8lfHOro HYRJIOJ!a BHPTYaJJI,J!UM r]ioTOHOM. <.liyHRIJ;Jm 

W1,(v,q,1-J, t.t'~(v,'r.l..j &1Cv/'Jt') n C-i.,(v1'Jt½ ne-

mecTnenm, H IIU3HBaJOTCJI CTPYRTypmlMn <l>YHIU\,!JIMH. Omi Y'AOBJJeTBOp.moT 

CJJe'AY),n:tm., yc.~OBl!JIM CJU.1MCTPH11: 

U\ .t (. - \I; fj.,L) "' - W-1/ .<'. ( V, r;/-) 
(12.3) 

¼{-~cv!J~ C-,.(~t~. G1 (-",t".J ·== - C-1 ( ;,, "/-J / 
BMCCTO WYHRllttii G-1 1v J 1mor'Aa noJJo3YJOTCJI (lJYl-!IU\,!JIMH X1 , 

X. 

X ·: M G-1 + V ~' 
-1 I 

V ~..t 
_/1..J_ = - M . _ (I2.4) 

EcJJI! ttyJCJIOH ITOJUip1!30BaJI nepne1m1rnyJIJipHO R ITJJOCROCTH paccemmoro 

Jl811TOHa, TO acm,1M8TPHJI paccemnrnx JI8ITTOHOB panHa HYJIKJ - :lTO CJie

:n;yeT H3 :imBapUaHTHOCTH OTHOCHT8JJI,HO 06paII18HI-IJI npeMeHH. 3KcnepH-. 

MCHTaJil,110 ITORa3aI-!O, 'ITO B npe'AeJiax onrn6oR 3Ta acHMM8TPHJI :PanHa 

HyJJIO. OTJJH"IJIM OT HYJIJI acnMMeTpHJI B03HHKaeT D TOM CJJy"Ia8, KOr,l{a 

IIyl\.!lOH ITOJ!JipIH30BaH B ITJIOCROCTH paccemnm JI8ITTOHa. B. 3TOM CJIYtiae 

BBO'AJITCJI CJie.eyll!IR8 • K03@:MD;l!8UTH aCHMMeTpmI ,ItR@le:peHD;I!-

aJihl!OrD C8"I8HRR: 

A 1r -=-
ii-' (fJJ - lrU1J 
lo(N) + lrettJ 

. (12.5) 

,zi,UI IIylLJIO~OB, ITOJIJIPH30;Bamrux aHTHnapaJIJI8JJI,HO U napaJJJICJII,HO HM-

TIYJJbCY le HaJJCTaIOlllero JJ8ITTOHa H 

Ac= lo' (t.,.l - iii' u~ J 
JLO u➔) + J'•o u-) (I2.6} 

,zi,UI HYILJIOHOB, noJIJipU30BaH!IllX B ITJJOCKOCTU paccemnl.ll JI8ITTOHa nep

IT8JI'AHRyJIRpHO HMITYJJl>CY HaJJ8TaIO!ll8rO JI8ITTOHa. Jlq HJ 
Bupal!teHHJI MJI ceqemdi .1:';; (NJ u ,le' ,'11. m11e10T BH'A: 
i .t ·.i. ft . ·, Jr = .x.., ~1 ... ,.. Lt>:i -1- ,Hr1f w1 ± Jtlf (Et-E'~JH61 ± 

i«='A.52 i/EL h.,vf :!: g ;l--,,1.fl: r .lf C ] {!2.7) 
EE "l ,2,. t,1-f L • -.2.. 

• 
r.zte aHaR (+) oepeTcH,n.,m ( ti, )-rmM61mronm cnHHOD, a :mru< (-) -
,n.,m { H )-RoM6Hnau:im cmmoB aJJeKTpoHa u ttyRJJOHa. , 
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Ila COOTHOmeHHii {!2.5) H (!2.7} JierKO ITOJIY'illTI, B11paJKeH.He MJI 

xoajxllmornHTa acHMMeTpmr A,1 -qepea cTpy-KTypHHe (lJYl-!KIOnr ll'11 

t(i • . (;.1 H G:2., 
A _ {E+e

1fc11J)M6-,. -+ Qt..G.-1:., 

II - W1 + ± c~ 1 ¾-1'W.2, • 

Blip8.llte1me 1f,,JIJI A.1 HM88T Bli'A: 

AJ. = 
£ 1{:;110 (H&{ +-~ ,G-.i.) 

W1+ t~~f W~ 
B o6meM CJIY1lae,Ror.na..HYKJIOH ITOJllIJ)H30BaH B IIJIOCROCTH pacceJIHHJI 

aJJeKTpoHa no.n yrJioM If R BeRTOpy HMITYJll,Ca HaJJeTat0l1lero aJJeKTpoHa, 

acm.1MeTpIDI ,nmppepem~aiµ,Horo ceqemm ;meeT B:tm: 

J~~) JLo(ifJrJ 
~ ,- de'JQ f U1ffEleJ[.{-D# H6,( ~<v1-2£f'@,t--6tf;-4]6t(~f) 

,i1·o(<-iJ + Jt.r{,fuJ -:::. 
cl£'· JQ J£' JJ2 

W1 +-fc1111 w~ 

llCITOJll,3YH KOaqq>HUH8HTl:l ac.HMMeTpmr A II lI A J. MOJitHO .nmixJiepemor-, 
aJII,HHe cetreurur samrcaTi, TaIOKe D BH'Ae: 

if (. Jlr;') ( ) JE1ili.= t1e'Jfl. ~-· 
1!+1r,,A,,+fr.LAl 

"4c,11o<•H '(J2.8) 
r,l{e 1 - cTeneHl> npo.I{OJil>Ho:ii noJIRpHsar:orn. JienToHa, Sn - npo-

.I{OJll,HaJI ROMITOH8HTa Hy-RJJOHHO:ii ITOJIJIPH3fmllll Il'AOJII, 11anpaBJJ81Il1JI B8KTO-

pa IDIIIIYJII,Ca HaJieTaIOlllero JienToua, S1. -nonepetIHaJI KOMITOH8HTa 

ttyRJJOHHOH ITOJIJIPH3a.rum, HaITpaBJJeHHaJI nepnell'AHRyJIJIPHO K mmyJII,cy 

HaJJ8TaIOlll8rO JI811TOHa B ITJJOCROCTH paccemum JJ8ITTOHa. 

H.1!l!.te 6~eT ncCJI~OBaTl>CJI TOJII,KO Roa@MIJ;l!eHT A n • IIo

aTOMY y Hero 3Ha.K ,, 6y.I{eT orryCKa.TI,CJI. 

CetieHue ll0.1.mpH30Bal!HllX JJ8ITTOHOB Ha ll0.1IIIpH30BaJIHilX Hy-lLJIOHax CBJI-

3aHO C C8"I8HH8M BHPTYaJJI,HOro KOMITTOHOBCROro pacceHHIDI Bnepe.I{. 

ii BB8,!{8M ,nJlJI BHpTyaJJI,HOro ROMITTOHOBCKoro paccemum CIT8UUaJJb!Ill8 aM-

IIJrnTYl\H : ! x, >..; , ~, >. r,/. _ -

Bli6epeM CHCT8MY ROop,nnnaT, B KOTopoii OCI, Z: HanpaBJJeHa 

B,l{OJII, mmyJIMa BUpTyaJJI,HOro ipOTOHa, a OCI, ..I( JJ8JKlIT B ITJJOCROCT.li 

pacceHHlIII 8JJ8Kirpona. BKPTYMl>HllH <poTOH HM88T TPH cm!paJJI,!IllX 

/ii COCTOJIHIUI A 4'- = 0, J, -I. ITpe.I{CTaBUM RX rpaijJUtI8CKH, COOTBeT-

CTB8HHO, B BH,l{e: • ----? , -<:- • HYRJJOH HM88T ,nBa CTIH-
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I I 

C 

pa.m,HHX COCTOJIHIDI; + ± , - i , KOTOPlle rp8llJWI8CRlI II3O6paa:m,1 B 
BII,ne ~ , ~ , COOT;i38TCTB8IlliO. TaK ItaK CIIIIpaJII,HOCTI, COCTO.IUilIJI 
B peruuum: .n;OJIJKHa coxpaHJITl>CJI, rro.11y,mM c;re.n;yrolJll{e tJeT!lpe Heaamrcu
Mmc ru.lllJiliTY.IJ;H : 

Tt.t = T (1/~ -1,Y.l) 
/°J;J, == T (f,-½,-- t,--½) 

TL '= T(o1 'l'.1,. ➔ t11½J 

TLT "' T ( o;~Z. ➔ 1, iLJ 

(--) 9 c~-J 
o~-J~ ~➔J 

( ) ( 
\ (I2.9) 

-~ =;, ·~ 

(·~) ➔ (~-) 
MHiiMlle 'IaCTJf 3TilX 'IeT!lpex a.MIIJIUTYA, C TO'IHOCTI,IQ .n;o Koa(!$Ir.ureHTOB, 
BUpruKalOTc.11 qepea cTpyKTypHHe W"HKIUIH W-1

1 
t H · G--1, -l. c rroMonu,10 

CBJI3II, CYJ!leCTBYIOil!eii Me.l!U(y MHIIMolt tJacT1,10 aMIIJIUTY.IJ;H BIIPTYMl>Horo 
Ko1vmToH-9qXl)eKTa ]..., T ,µ" H a.ripo1IHHM TeHaopoM ~" : 

J»,, ~v ~ i{,rLr;J.. ~v~ (I2.IO) 

BBe.n;eM .IJ;JIJI cetJeHHii BliPTYaJil>flllX ipOTOHOB Ha HYKJIOHax c a.MIIJili-

Ty.n;aMir rrepeXOAOB '/;., ~ ½_ (T:1.) Jf ¼ - 1/,t (T1/ .. J COKpa-
Ill8Hllll8 o6o3HatJeHIIJI: 

V¼, 

tJ'3/J., 

~h,,,Twz.WJ.. 
) 

.~ ~ T1-fz, ;-1,t,, 

n 06O:matJemrn 

bLT "' I¾.. 

l,IOJKI!O IIOKaaaTI,, 'ITO ce'I8Hliff 
(CM. cpoprvty.n:y (2.I4)): 

. !J7 :: ± 

T, ,;~ o-'/,., 
I } • 

fi''/,._ Jf fi'>ti... 

( 6'1.1. + rv ... J. 

(I2.II) 

(I2.I2) 

CBJI3ruIU C · 6' T 

(I2.I3) 

OTMeTIIM, 'l:TO BeJlli'llIHH 6"y.(, , GVJ.. li or Bcer.n;a noJioJmTeJlI,HH, 
TaK KaK eCTI, KBa,D;pa.Tll COOTBeTCTBeHHwc ru.rn:JIHTY.IJ; BllpTYa.Jll,HOro KOMII
TOH-3ippeKTa Ha HYKJIOHe. BMH'llIHa ()TL co.n;ep)!UIT l'IHTep_pepeimmo 
ru.mJIUTY.IJ; pacceJIHUJI rrorre pe'!HOH II rrpo.n;OJI!,HOli KOMIIOHeHT BliPTYaJil>HO
ro !pOTOHa li MO~eT UM0Tl> JII06OH 3HaK. 

IlOJIHUe cetJeHIDI rrorJIOI1!8HIIJI BllP,TYaJil>HOro !pOTOHa C pa3JIU'IHOH no-
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JI.llpuaarnreii BUpa.JKaIOTd.11 tJepea CTPYKTYPHHe rliYHimim t,1:1/,,, ~; G1· , 
6-.z. ciJie,nyrolJll{M o6paaou: · 

C- _ '-fi;LJ.. 1V/ 
'07 - J(_ IN -1 

G = l{r,-Ld_ r(·-1 + i.'l,.J it'I;. - w.i ] 
L ~ L~- Q" .. • 

3TH cpopMyJlhl do.n:y-qaIOTCJI H3 {[lopMyJI (2.I4). 06oaHatJeHtte 

qx>pMy.11y ( 2. I3) • 

GLT "' vn:;_-L ~ i.a.,_· [ H '-1 ~ ,; C-}.. 7 
; 

6?,. - G"1/,t -= i(';: [ M V G--1 - QLG-,._J 

(I2.I4) 

:k_ - CM. 

(I2.I5) . 

BBe.n;eM .IJ;OITOJIHHT8JII,Hlle o6oaHatJeHHJI, HCIIOJII,30BaHHHe 
HllX rrOJIR:p:e:aar.uromrux :ntcrre pHMeHTo~ 46/: · · 

aBTOpaMII H8,1(aB-

A :: ~ {A1 ~? ,4i) / 

13 = 

I 
E-E 1l 

£ (1-+£ R.) -

A "' f'/,..- u•A 
~ o½,_ + lilf,1, 

( 4-£ ~½. CM t 
1-rE.R. 

4.t.-=-
:t.f°LT 

·rr1.,_+f'/4 

(I2.I6) 

r.n;e lj, - yrOJI Me.l!U(y HarrpaBJiemutMR. crrHHa rrpoTOHa H mmy;r1,ca BHP

TYaJil>Horo ~OTOHa 

t J G_l

/: £-f/f.,-::. ( )
½. 

· ~- •i111fztq'f ' 
1+l if (J /, 

12-=-

B HOBUX o6oaHa"tJemmx: .zur@iepeHIUIBJII,HOe cetJeIIBe HM86T Brr.n;: 

G"t.. 
~T. 

,1.lu'-= Ii,) ( 1 )•tv,, l 1+tR±(1-t~~e,,r:J1 t 
,IE' J.Q C,.Q lt,tt l. ( I i-~Ya•J l 

±.VJ.&(,(-£.), (ii,</'· ,h } . (I2.I7) 

B (I2.I7) anaIIB (+) :e: (-) OTBetJaIOT +t H H Komfmrypa.IUIJIM 
crrRHOB s~eKTpoHa H rrpoToHa. Bee rrepetJIICJieHHUe BHme wopMyJlhl (I2.II) 
- (I2.I7).HaII6oJiee yrroTpe6HTe~1,HH B coBpeMeHHOil JIHTepaTy-pe. K co
JKaJiemm,Tpy.n;nocTH rro.n:y-qeHIDI 3KcrrepHMeHTaJII,HHX ,I(aHHflX C_IIOJIJipH3O
B8.HHIIMH ITy-g:KaMH II MRIII0IDIMU IIOKa eme BemIKll:, Jf 'll!CJIO 3KCITe pHMeHTOB 
B o6~aCTII r.n:y6OROHeyrrpyroro pacceSIHIDI ~eITTOHOB Ha Hy-KJIOHax HC'illC
JUieTCJI Ha rram~ax o.n;noii pyrur. B TO ~e BpeMff ecTl> MHoro TeopeTwrnc-
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1mx pa6oT, I 47- 57/ ~ B ocHoBe ROTopmc Jiexn:T PJI.U Mo.n;eJ11,HUX coo6pa- -

JJ:eHJJH, IlJ)C.D;Cim3l:lB8101IlliX pas.75woe IlOBe.n;eHIIe R03cjrFJUUWHTa aCIIMMeT

pMU. B cepMM 3RcnepHMeHTDB" 46 
61:lJI npMBe.n;eH R03<ppIU.(1feHT ; ~ I/, 

(CM. (I2.I6)). Us-sa MMOCTM ? BRJIB,Ii '?IeHa ? 4.t B aCMM-

MeTpIDO A 0RasaJI9R MaJIW:i. Ha pttc.36 .n;aHa SaBMCMMOCTI, BeJIII-

•nmu lt/lJ cm .X ·, a Ha pnc. 3'1 .n;aHo CpaBHeime HeKOTopux 

TeOpeTII'IeCRMX npumu c,. 3RcnepiJMeHTaJII,HUMl! .D;aHHW.m ( 3RCnepMMeH

TaJibHlie ,JJ;aHHlIC IlOJIY'leHI:l B npe.n;IIOJIOJltemm HeHapyruemmro CR3HJIIIHra. 

3TO n .n;aruroM CJIY'{ae He MemaeT cpaBHemoo c TeopeTH'IecRliMM pactJ:e

TBMH ns-sa 60JI1,mnx omtt60R B onpe.n;eJiemm aRcnepnMeHTBJII,HJ:lX sHa•rn

HMH R03(JX:IimnreHTa .A:11' ) • l{PaTRo ocTaHOBJIMC.II Ha TeopeTH'!eCRIIX 

MO.n;eJiruC • .B Mo.n;e.1rn/35, b/ (pnc.3'1 'RpnBa.iI I) EMeIOT MeCTO CJie,eylOll!Re 

. I' 1t ~ J. c "" , f,>t 'I U,i, {v, r) '= J( L ei,' i {x) = r:i {>l) 
t=4 · 

CBJ'ISH: 

P. 'i-- J., I' 1,~ 'T l,i, 
,iM W ," (v tl) -= 2.. e; ' l>-i (,{J S: T1 (J') 

1 I ( ,~~ 

llv G-1 (v
1

t1J := j,,ctJ; /1-1'-C-2 (~11=:J~t)l.J; 

J,, (>l) = -4- {- e/[ e-/ r.,.1 
' 

c./citj; 7: 6.J = o. 
(12.18) 

/"'t r,f 
1..,-i n u-i - WYHRIUIM pacnpe.n;eJieHHR, aHMOPK'!Hl:le (pyHRlJ;llJ'IM 

G i , uo coOTBeTcTDyIOllllre CimpaJ,U,HOCTIDII napTonoB, coBna.naromnM 

co crmpaJibHOCTbIO HYRJIOHa J!JIH npoTJIBOilOJIOJKHile MM, COOTBeTCTBeI!HO. 

ITpe.n;noJiarM, '!TO BRJia,n B CTPYRTYPHHe WYHRIUIII ,1I,lIII noJISipnaoBaH

Horo paccemlliJ'I )];810T TOJibRO BMeHTHUe RDapror, a TaIOKe npttHHMaJ'I co-
OTHomeHlliI/55/ · 

t i J 1 · -1 [ ~i- (f-} - r;,,. (>lj '-=- J {,Ir (~) • 
- 1 .i ] I ± L t;i,- (IL) - &tz- {'I-) ':: - J Ct .. {>lj, 

(12.19) 
IIOJIY'IHM 

1" f' ,0 . 
J/1-J -=: Ti 6;.ll- {i) ; 

11 

J,, ('IL}= 0. 
(12.20) 

C IIOMO!!II,IO 8TIDC COOTHOllieIDifi MOryT 61:lTb pacC'!HTruru KOajqJmmeHTU 

18 

--~;------~ 

acJ1MMeTp1m A,, H A1 . Bal!tlro OT1.1eTYTh, 't/TO B pacc1.1aTp1rna

eMoM no,nxo.n;e RaR .n;aqxiiepem:nm.1r1,11oe ce'!eHIIe 11enoJIRPHSOBaHHHX tJacTIII.\ 

11a HenoJI.1IpHSOBaHHOH MHl!leirn, Trut H .n:nifx.I.>epemnrnJI1>Hoe ce't/euue noJIJI

p1rnoBammx JienTOHOD Ha nOJIJIPU30BaHHUX_HYRJIOHlix BUpalKa!OTCJ'I lJepes 

O.n;IIH JI Te Jlte WHRitlIM pacrrpe.n;eJieHHJI' f , f , f (CM. ( 7. 21)) • 

TrumM o6pasoM, BQ3HHR810T .n:onoJIHHT8JII,Hl:le orpaUH'!e!llm Ha rrpOM3BOJI B 

BU6ope lJ:JYHRIUIH, pa~{!pe.n:eJieHUJ'I f , :{ , Y: 
B MO.n;e.Jml .:m , 36/, Krut H B Mo.n;eJIH l{yTu-BailcRonqia, HeT pas-

JIII'Ili!J B pacnpe.n;eJieHIDI l,( II cl - KBaPIWB no Il1ffiYJil,C8llf' B!JYT-

PH JIY1UIOHa. B npHHunne TaROe paaJil:llille MOlKHO BBeCTH. RpoMe TOPO, 

M0'1tli0 npe.n;TIOJIOJKHTI,, '!TO B acIIMIITOTUKY Ce'!8HHJ'I PJIY60ROHeynpyroro 

paccesrn:M JienTOHOB Ha JIYIUIOHax BRJia,n MOJKeT BHOCJ!TJ, He TOJILKO pe.n;

JlteBCRM TpaeKTopuJI A -MeaoHa, 110 H · ;u.otJ:elHHe TpaeKTOpmr. 3TH 

npe.n;TIOJIOlKeHWI JieJltaT B OCHOBe .n;pyrofi MO.n;eJIII15 I. Olla .n;aeT BeJ!l!'!IIHY 

acUMMeTpmr, 6JIH3~ K pesyJII,TaTaM/~D, 36/ (CM. pIIc.3'1, RpHBa.lI :.:). is 
pime Mo.n;eJiefi/5r,5 I BBO.n;HTC.II BpameHJ1e B cnuuoBOM rrpocTpa:HCTBe 

(npeo6pasoBamrn MeJioma) TrotOe, '!To crrm10Bo-saBHCJ'IlllHe MaTpwurue 

3JieMeHTU ORa3HB810TC.II tJ:YBCTBHTeJibHHMH R HeMY, a ycpe;u.Hemme no cmi:

HaM BeJilitlliHU - HeT. CM!:lcJI BBe;u.emm TaROPO npeo6pa30BaHHJ'I B MO.n;e

JIR HYRJIOHa, COCTO.filllero H3 BaJieHTIIlIX KBapROB H MOPJ{ q,i -nap JI 

PJIIOOHOB, COCTOHT B PHITOT83e • '!TO DaJieHTHUe RBapmI H RBap1m l\!Op.A: -

paslllle. RBapRII. ITpe.n;noJiaraeTCJI; 't/TO BaJieHTHlW RBapror .n;aro-r- oimca-

HHe Bcex KBaHTOBUX 't/HCeJI HYRJIOHa nyTeM CJIOiKeHM me co6cTBCHHI:lX 

IrnaHTOBIDC '!HCeJI. IlpH 3TOM DaJieHTHlle RBapRII He "tJ:YBCTJ3YIOT11 MOpJ'I, 

TaJt RaR He B3aHMO.n;efiCTByroT C IrnM. O,mm1m, B npmnnme, BMCHTH!:l8 

rrnapRU (HJIK COCTaBJrmounrn KBapRH) uaxO,nf!TCJ'I D OKpyJKeIIHJI RBapROB 

U PJIIOOHOB MOp.A:, M8ll!,Izy HID.m B03M0'10UI BSam.10.n;eficTBHJI,H TOr;u.a B03-

MOJltHIL CM81J{eHHJ'I cnHHOB RBapROB Ha HeROTOpue yrJIU. ,3To - CBOero po

.n;a peJISITlIBJI3armSI Mo;u.emr lJYRJIOHa, ROTOPM MOlKeT npOBO.D;IITbCJ'I pa3JilI'!

HUMK TTYTSIMli. O,imn H9 B03MOJKHUX nyTeii 8CTI, BBe.n;e:ime npeo6pa30BaHHJ'I 

MeJioma, YtJ:MTl:lBaIOlll8PO CMe111e11He cnHIIOB DMSHTHUX RDapROB. OHO .n;aeT 

CB.flab MeJK,ey COCTa.BJUilOlllllMH (BaJI8HTHUMH) RBapltaMll H TORQBHMH RBap

Rru.ru (RBapRaMR MOpH) H .n;aeT Hall60Jibruee OTRJIOH8HKe OT npe.n;c:imsamrn 

MO,lleJieH RyTH-Bailc1wmpa H 1.10.n;em/Jb,::.b/ B 06.JiacTH MMWC HM-

IIyJibCOB rrapTOHOB MOJ)JI. 

HcrroJibsoBaHHe rrpeo6pasonamm UeJioma BBo.n;nT no cpaBHemuo c 

Mo.n;eJUlllnl24 , 35 , 5G/ .n;orrOJIHHTeJI1>1ruii cBo6omrutt rrapaMeTp -· yroJI mm

Jiorra cmrna coCTailJUIIOlllero RDapKa oTnocnTem,Ho cmma cru,1oro JIYltJIOHa •. 
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~TOT impru,reTp MOllWT 6!1T1, UCII0.7ll,30Dail ;II.J!JI y.1zy1lllJeHHJI cor.naCIDJ Teope
Tli!':teCKOil Mo.n;emr rrpu onuca.Hun: rro.JUipuaarurnHHux .im.nermll B rrpo~eccax 
r.nyuo.1<01rnyrrpyroro pacceamm JIOIITOHOB na Hy.KJiouax. )i.elicTBHTeJII,HO, 
no cprumeumo c MO.D;e.Jll,d'~o.~G/ n~par.ieTp acm,BAe'I'pnu Nir 
n oo.nacTII MMHX Jl ;II.JIH aTIDC Mo.n;o.Jieii .1reJIIBT mrJKe, a B 06.1racTH 

J( Q: 1_ Bllil)O, 'ITO, IIO-Bil.l{!Il.lOl\'fY, J!Y'llllO omrn1maeT 3RCrrepuMeH-
Ta.JII,irue .n;aHHUe (cu. puc. 37 , KpKBW! 4) • 

Mo.n;eJII, UCTO'llUl:ROB lllBlmrepa m.ieeT COBO~ae,HO nnyro !ffe13II-
'leCityJO HHTeprrpeTaruuo ncex Ha6JIJO.n;aeMUX mvremtli 54 • B pro.max Teo
pilll lICTO'llUIROB i!lmmrep OO'hflCHWI a,zvrepoBCKlie npamura Cj'l,'lM H 

IIpaBKJffi; cyi,:?wl l 1iocca-j.JJiene.rJJmHa-L"MHTa ,rr,.,'I.li pacceruum HeiiTpR-
RO na uenoJI.1Ipu30:aru1HHX uyMouax,npamma cyMM E1,epKeua JXJI.lI paccell
HM IIO.JIJIPH30Ba!!HHX 3JIORTPOHOB Ha ITOJJJIPU30BaHlIIDc HYltJIOHax, ;IJ.an 
mmoe Bllpa.JKemre ;II.J!JI KoaipJm:~reuTa ac:m.1MeTpmr A/.&- • )!,JUI :.me-

-- ~ -1 

a.n1,uoro CJIY'IB.ff r.Jzy6oRoneyrrpyroro pacce.mnm ( -~~ ... o , f.. + o ) : 

A -½, Oit,1 ..t..1 f 
7J ~ W • lv :/ 

3TO oopruiwmie ttaxo.nwrc.fI B xopomcu corJracnn c aKcrrcpm.mwra.n:1,lll1.m 
• nanm1MH (cM.pnc.37, xp:miaJI 6). . 

UOlKIIO 3aY..JIY.l'lHTb, 'ITO HBIWTOpue rmapK-rrapTOHHUB M0)(0JUI, BII)UtlllO, 
BOPHO yra.n1irna10T 38.BUCIIMOCTb K03iJx!Jm.urnHTa J,, OT Jl , O)(Hill{O 
Ha COBpcMeJIHOl.1 yponne 31,crrepnMellTa.JibHUX TO'lHOCTeti Tpy.n;Ho OTJra'IliTb, 

• MI<M HS Mo.n;e.1re11 .n;aeT do.nee na.n;emoe orrnca.Hne .n;amrux. · 
UccJie.nonamre rro.1mpusa.L(ltoHHUX JIBJieunii B rrpoueccax r.ny60K01reyrr

pyroro pacceJimm, no cymecTBY, TOJibKO na'!lmaeT-OJI. 
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PMc,37. CpaeHeHMe 3KcnepM
MeliTimbHwx·AaHH~X C Teope
TM4eCKMMH MOAenRMl1. 

I 

§ 1~1. r!poDepRa s,MieKTa I!CCOXpaI!eHll./I ~'I_CTIIQCT>l 
n rJiydonmcyrrpyroM paccenmrn 

3Rcrrepl!MCIIT 6wr IIpOll3DC.I\8H B Wt>B3 {r._CcpnyxoB)rjS/ .!la ITY'!lmlC 

MIOOIIOB c HMIIYJibCOM 20 raD/c. OIIliT npoBO.n;HJ!CSl c UeJII,10 o<lnapyJKltTb 
,rnTeµIiepeHI~IO M0JK.ltY aMIIJUI'fY.JJ;Oit C O.JUIOqx)TOIUWM O<lMellOM 

C' f I I J: aif 
VYrr·"'- </' j fA f > ii.· ,. (T3.I} 

n aMIIJillTY;IJ.Oll CJia6oro nsaauo.n;eil:CTBl!Jl {HeilTpa.JII>I!Hil TOI,) 
. (A/ . 

C~ / j I 1,/ ( . J"'H' . fi <..)'- p ,(+ Y,-) It) "• (I3.2) 

,(µ) r.n:e '->11 - ltoHGTaHTa, KOTOP8.f1 .n;omma {Jb(Tb orrpe.neJieHa 1!3 3KC-

nepUMCHTa. 3qxpeKTHBHOe ce11erme nponecca 11MeeT BM.Ii 

l'G" (/•f') { · -'I L(r
1
,.
1Jl -::. ·-- 1+ S (aJ ,fW ,Q -~ j (13.3) 

J-J.JQ'- ,1}1.Jv c.i-1. :,,0 · l-F 

r.ne· 3 ~ Q .s: 4; s-/k - npo.J];OJlbHM !10.JI.lipl138W!Jl /4 -MC30Ua, 

'1: - qiepMneBCRM KOl!CTaHTa CBR3H { f/) • , . 
Be.Jll'l'lllHa, KOTOPM U3M0P.fIJiaCb Ha onuTe, orrpe;IJ.eJI.fIJiaCb CJte.n;yIOflll!M 

06pa3ou: 

~= 
6'l+J - <i(-) 

G{-r) + 6"C-) 

(13. 11) 

r,ne 6L +_) - sifxpeRTUBHoe ce-qenue, U3MepneMoe ,It7lJI ~ -tiesouon 
C IIOJ!O,KllTCJII,llliM sna11eimeM Xe.JIUCUTU, o{-} - aj1}:1CitTUBHOe ce-
qeHne, H3MepneM00 lI,lIH _,,M- -MeSOHOB C OTp~aTeJII,J(UM 3!laqel!fillM 
X0J!IICHT}J. PesyJII,TaTH 113Mepemrn: npe.n;CTallJI0Hl1 Ha pnc.38. Bit,nHO, 
'ITO BCJIH'lilHa I{_ pa:aHa Hy.JI!O. lfa 3KCnep:m.1eHTaJII,HW{ )J.aHHHX CJie,Jzy-

eT, 'ITO c;' = {+i ·± /ll) GF. 
B 3aKJIK)'I8Hlffl npmmmy r.ny6o:eyn 6Jiaro.1tapH0CTb A.B,BI>peMOBY,' 

npo'lltTaBmeMY JI8IOJ;ID! B pyKOIIKCZ K c,1teJia.B111eMY PH.It ueHHHX saMeqrumtt. 
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