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ITPElli1CJIOBHE 

o, 

0 • 0 

Hacxoml{aJI opadoTa onanHcana cin'!3MI~al.m-s:Kcnepl1MeHTaTopaMn 

)J.JIR cpl1311KOB~3KocnepvrMeHTaTopoi3. x) UeJI:OIO ee JIBJHI8TC.H pacCMOTpe-
\ . ·, . . 

Hl18 TIOH.H~H.H H30TOTIHti8CKOrO Clll1Ha, KOTOpOe CTaJIO a TIOCJI8)J.H88 

BJl.8MSI tlJyn,rr.aMeHTaJI:OHh!M npH l1CCJI8)J.O BaHMH I!UtpOKOrO KJiacca npo- 0 

I\8CCOB, npoHcxo,rr.Rll{MX c sJieMeHTapnh!MH ~acTMl(aMI.f. Texmma noJiy

treHHJIO vrsoTonHtreCKHx cooTHomenvr~ .rr.ocTaTotrno npocTa 11 ooma. 
. . 

B TO X~ Bp8MJI B ee OCHOBe JI8ZMT ~M3Hti8CKH SICHaH rl1ITOT83a, M 

BC8 paCCYE)J.8Hl1J1 y.n;aeTCH npo rfeCTVI )J.O KOHIJ;a H BTIOJIHe CTporo. ' 

Cettqac, Kbr~a H8T eme y,rr.OBJI8TBOpHT8Jl:OHOM TeOpHH npOIJ;8CCOB, B 

~OTOpbiX .. yqac~BYIOT 3JI8M8HTapHbie traCTL!IJ;bi 3TO 06CTOJIT8JI:OCT BO · 

Kazi:8TC.f! OC068HHO IJ;8HHhiM. 

0 I!OHJITH8 M30T.OTIHtieCKOrO CTI1Uia MaTeMaTHti89KH anaJIOrMtiHO 

TIOHJITHIO C06CTB8HHOrO M8XaHl1tieCIWrO MOM8°HTao KOJIHti8CTBa )J.Bm:ce

llHJI. CTporaJI T80pHJI TIQCJI8)J.H~ro CTpOHTCR OObiQHO Ha-6ase TeOpHH 

rpyrrn. Ma±etraTHQ8CKlii1 annnapT s.rr.eci> .rr.ocTaTotrno cJioEeH 11, KaK 
'• 

. ·o npaBHJIO, H8:t13B8CT8H· 3KCTiepl11vi8H'"-9.TOpaM. 3TO 06CTOJIT8JihC'l'BO, 

MelllaeT I1M I1CTIOJih30BaT:o :B no JIHOil 'Me pe H30TOITHtrecKi-rt1 anamm B 

TIOBC8,1(H8BHOll rrpaKT.VII~e. ABTOpb! 
0 

HaCOTOJill{8M pa60Tbl C)J.eJiaJU'! TIOTII>IT~ 

KY M3JIO~HTh MaTepHaJI, ne ~PHBJieKan TeopHro rpynn. B ocnoBy 

H3JI01.r8HHJI TIOJIOJK81Ibl IlpOCTLie £flHI3liti8'CKH8 C000pa:lK8HHfl ,1(0CTJI1Hb!8 

--·---
X) 0CHOB9ll TIOCJIJ'l[HJIH JI8Kl1Hk1, I1pOtil1TaHH1I8 O,TI;Hl1M 11:3 HaC 

(M.I1.Ilo,n;ropenKMM) .B Jia6opaTOpJ.IH BbiCOKHX 3Heprl1iti 0Iill!1 
BecnoM. I959 r. 
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0CHOBHOe BHID!arme· y,IJ;eJteHO Ha.MH pa3'1l.fiCReu:mo <iJH311tJeCK·Or.O 

CMHCJia TIOBHTW.fl HSOTQITHtJCOKOrO CllHHa H MCTO,I(OB DORYtJCBHH · 

H30TOm1tiCCKMX paBeBCTB 11 uepaBeBCTB npMMeHHTCJibHO K CHJibHbl.M 

BSaHMO,UCMCTBHRM SJICMCHTapHllX tiaCTHU. B COOTBeTCTBlH1 C 

' . 3T11M 1130TODHtfCCIU1e COOTHOillCH~R npH pacna).l;aX 3JICMCHTapHbiX 

··qaCTVID; paCCMOTpeHbi OtJCH:& .Kp~.TI~O, a- npou·eCCbi C ytJaCTVICM 

1 -KBaHTOB Irl k130TOTIHtJeCKHe COOTHOmeHHSI B pea.KD;HRX C 

yqaCTMCM SI)t~p He. paCCMOTpeHhl BO BCe XX). He paCCMOTpCHbi 

TaKEC npe,n;eJibi npiDAeH.HMOCTM 

X) 11pe.n;noJiaraeTCR, qTO ttirte.TEIJib 3HaKOM C OCHOBHbllH1 TIOJIO:m:e

HHRMH KBaHTOBOll MeXaHHKH. Hs OOJiee cnert;Ha~bHblX BOllpOCOB 

Tpe6ye-:."' SI JtiMeT:o o6ll{ee npe.n;dTaBJienne o pasJni.tJHh!X TMnax 

BSaKMo~eMCTBHH (CHJibHOM, CJiaOOM H aJieKTpOMarHHTHOM) H 
. . 

0 !CJiaCCHqHiKatVHl 9JieMeHTapH.biX tJaCTI4D;, CBR3aHHO.ti C TIOHSIT11CM 

·"CTpaHHOCTH". 

XX) flo TIOCJIC,IJ;HeMy BOTipocy. CM, Hanpl1Mep,. A.C. ·,llaBhi)J;OB 

"TeopH.H aTOJ.lHOrO R.D;pan rocy,n;apCTBCHHOe M3.It8.TeJibCTBO 

l}>Ms.MaT.JII4TepaTypa, MocKBa I958 r. 
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ImoTomrqecKMX cooTHOIIleHMil, cBnsaHHhte c BJiHiiRi1eM 3.riei<.TpoMarHM'~

HbiX B3UI1JMO.TI;8tiCTBt'rti. 0THOCJ!ll\li!8CJI ClO.n;a BOnpochi J.1·ano· Jaspa60Ta

Hhi, CJIOiKHLI 11 He CJIMIIlKOM cymeCTB~HHti .TI;JIJI cpi131IKM BRCOKI-iX 

3HeprMU. 
·. •'. 

. . . ~ ~ . : .. : ;' : ~ 
]JIR OdnetqeHMS OCHOBHOrO T8KCTa MaTepma~hi 6np~~bqHoro 

xapaitTepa, BCe CKOJI:bKO-HII6y.n;:o rlp0M03.TI;KI18 Bb~tli1CJieliMSI ;tlf He

KO TOphie CITel\MaJI:OHhie .BOll})OCbl M3JiOJiteHhi B COO TBe TCT~YJO!It~X 

npMJIOJKeHMsx. no. xapaKTepy :vt3no~eHM.H HacTo.rintaa pa6oTa He 
' 

JIBJiseTCJI o6sopoM. il03TOMy, i!.1hl cqMTMM B03MOE:HLIM He IlpHBO.TI;JIIT:O, 
. . 

KaK npaBHJid, JIMTepaTypHhiX CCb!JIOK, sa I1CKJ1KrqeHH8lvi T0X c)iyqaeB, 

KOr,n:a COOTBeT CTBYIOtnHe MaTepMaJibi He ony6JIIU<O :Balm B UI:VtpokOti 

rreqaTM. 

ABT9Phi npiisHaTeJI:OHhi M.R.]aHUIIlY sa yqacTIIe BO BCeX 

oc5cyJIC,n;eHJIInx. 

HaM Ta:KJKe npr,u:rTHO no 6nero,n;apt.!T:o H.M.rpaMeHMI.\KOro, 

r.B. E~MMOBa~ n.r. 3acTaBeHKO, r.M.KonbiJIOBa, D.E.KopoJieBnqa, 

~. M.IIeT:i~pn~, B. H. CTpeJI:Ol\OBa 11 ,Il. C. tiepHaBcKoro sa nonesHLie 

.TI;l1CKJCCMI1 DO p~y OT,n;eJI:OHhiX BOTipOCOB. Tip11 00CYJK.TI;8HI111 rJiaBhi 

Ylll cyntecTBeHHYIO noMorq:o oKasan11 A.~I.MyxMH, C.E.HypymeB 11 

10 • ,I(. llpoitoii1K11H. 
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rJIABA I .. 

rMTIOTE3A H30TOTivJqECKOn HHBAPMAHTHOCTH. 

§ · I . Hso ronHtJe CltH~ cn:~m. 

HCXO~HHM flYHETOM MOX6T cny~HT:b pacCMOTpenHe He~TpOH~ H .. 
nporona, Kax o~no~.qacTH~- HyKnona, naxo~H~encR B pas~x . . 
sapsr.D;OBhtX COCTOfiHvUIX. 0CHOBaiUieM ~JIH TaKOrO IIO,I(XO,I(a · HBJIR~·TCR 

. ! 
• 

flOt!Tli flOJlHafl H,II;eHTHl.!BOCT:b OCHOBil1IX CBO:t!CTB npOTOHa H Be.H~pona. 

B KatJ6CTBe npMMepa Ato:iCHO yxasaTh Ha O,D;HHaKOBhte Cll:mlli H ll)?HMep

HOe paseHCTBO Mace ( C TQqHO¢T:i:>lO ,I(O 0,2 %)• 

AHaJIOrHfl Mex,ny llpOTOHOM H H6HTpOHOM pacKpbiBaeTCJI em&· 

6oJiee no.iiHO npH ,H3yl.!eHJUI smepHhfX CWI. J(OCTaTOl.!HO YflOMRHY~b 
( . 

. ClfWeTpHro B CBOitCTBaX TaK Ha:nrBaewx sepKaJibHEIX Jl)J;ep X). :3epltaJI:b .. 

Hore R~pa, xartHe rwx 'Ju-- 3 
PI :/{

3 

HJI.rr. c!1
" H O''~, m.reror · o~HH<!-JCOB&e , 

CIIHHH, paBHhie 3Hepi'¥IH CB,.qSH ( eCJIH npeHe6peq:& 3JieKTpouarr:tHTHIH4 

BSa~ro~e.HCTBHeM npOTOHOB) H CXO,I(HOe CTpOeHHe cneitrpa B03~~eH-

. HbiX ypOBHeit. 3TO OcJCTOSITeJIJ:.,cTBO MO:litHO Ctt:HTaT:& 's:rtcnepi1M6HT.MbHilM 
I: ! 

· ,II;OKaSaTeJibCTBOM 'I'Olt,li;6CTB6HHOCT;'! .1!).1;6pHhiX CliJI, .D;ellCTByDIItMX MeJJC.rtY 

npOTOHa:MH M HeiiTpOHaMII! •. #llieeTCJI MHOrO 3KCnepxrueH~8JI:OHHX ~asa-

HH~ na ro '· qro CHC'J:euu {pjz,} , {fa ;z,} , H { n, Ill} : naxo.n:nuu~e csr. 

B O,IUfHaKOBHX npocrpaacTBelllihlX H CTIHHOBI:riX COCTOIIHMRX, OtJ6H:b 6JIH3-
.. 

KJ!I .n;pyr It .n;pyry BO Bcex JIBJieHHn:x,r.n:e ·poJI:o sJieKrpouarmfTHht.X 

BSaHMO,I(eitCTBHft Mana. · 

AHa110r:Hl.JllO OOCTOUT ,n;eJio c ff(+, g;o H . r- -uesoHaMH, 0 

KOTOpbtX MOXHO CKa38.Tl>, tiTO OHM RBJIRIOTCII rpeM.a sapSI,I(OBblMM COCTOf.l 

· HUstMH O,D;HOil M TOil Xe '<HlCTHI\H - TIHOHa. Xopomo M3BeCTIW npl~epb! 

X) .IJ:Ba R,I(pa Hci.sUBaiOTCR 3e,PitaJI:&HWH,- . 6C11H O,I(HO fiOJiyqaeTCR US · · 

,n;pyroro.saMeHoti Bcex HenxpoHo~ na r:g;>orom n uao6opo:r. 
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R H3 o6naCTH-cTp8HHhlX ~acTHil, r~e t,aKXe C~eCTBYDT OT~eT~HBO 

BH:paxeHime sap:a;n;onae MYJI:&TmiJieTnt; T. e. ceueitcTna 6JI~3KHX 

~pyr K ;n;pyry qacT~m. 
'I 

ITp:t.rHSIToe. B HacTO.SIIItee npeMSI pacnpeAe JieHue ttaCT:Kil no MYJI:b~ 

· THnJieTaM npHne;n;eno n ta6~~tie:r. 
' 

, KOMllOHeHT~ MJRSTHOJieTOB o6na;n;a~T conepmeHHO H,IJ;eHT~HHMH 

cnoncrnai!i.i .( e¢Jnt hpene6pe~:o cJia6aMI1 11 aJieETpoul:lr?HTH~Mil 

B3aHMO,n;eitCtB1Uttnr), pasJIYI~8..fiC:b TOJI:OKO B6JiifQ]dHOt:i ,ki SH8.EOM 

_ ·aJieKTPH~ecEoro sapn.n;a .• Cne.n;y~T rto.n;tzepKuyr:o, t!ro nee nocne.n;yD-..,, 
ntee paCCMOTP,9HH6 OTHOCMTCSI. TOJI:bKO It TaKHM SIBJH}HIDIY, B KOTO

pNX BJIHHHH6 aJieKTpouarHHTHHX ~3a11MO,n;eitCTEM~ npeHe6pe~KMO MaHO. 

IIoatoMy pon:o aJieK Tp~rqecKoro sapSI;n;a octaeTcSI ~He To ua:PKHpo BO'I~· 

non ( BHYTPH ;n;aunoro sapg,n:onoro MYJI:&THnxeTa). 

TaKHM o6pasou, KOXAOMY KO~IOH9HTY ~yJI:bTHllJieTa COllOCTaB

JISieTC.fi HeKOTOpOe MapKHPOBOtiHOe tfHCJlO - ero 3Jl8KTpiDISCKHil 

sapg,u;. )lJISI .n;y6Jieta HyK JIOHOB, Haiip:w.tep, 3apSI).(N +I M 0 COO.TBeT- · 

CTBYJ)T npo TOHY H H6~Tp0 HY. JlJI.H TpKllJieTa llHOHOB 3apR)!;b1 +I ,f:.Oi. 

H ~ 1 COOTBeTCTBYIDT ff+, f( 0
JA f/(-- M630Hy II T.,ll;. ( CM •. ·,, 

ra6JIHUY I). Tenep:& w BUJIOTHYID no;n;omJIM K noHSITHD x.rsoronMtiec-. 

KOrO Qlll1Ha, KOTOpoe BBO,JVITCSI ,D;JlSi OllHcaHl1SI sapan;OBhlX COCTOSI

HM~ ~ac~um;, BXO,li;HlitHX B MyJI:&T'HllJieT • Bee ~ac:nn~ ·HeKOTOporo . 

MYJI:b~HnJieTa xapaKTepzsyDTC.H B 3TOl1 CXeMe B6KTOpOM H30TOllH~ec

KOrO CllHHa ''f , onpe.:r.(eJI~HHbiM · B H6KOTOpO:M BCUOMOrateJI :&HOM 
. I • , 1/1-1 

npoctpa.HCTBeH paBHhl no a6COJI:IDTHOl1 B6JIHtU1H6 ~ , r,Ile 

ft, - 'tiHCJio xo:u:noHeHT B MYJI:btHnJiere. )lnsi CHHr~eTa T== 0 , 

){JISI .n;y6ne~a T = ~ M T • .n;. Ot,D;eJI :&HhlM tiJieH&t :uy JI:& TJ.1nn eta 

COOTBSTCTBYDT pa3Hhle npoeKUHH 3TOrO ~eKTOpa Ha O,li;HY H3 oceM 

\, 
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N "' A. i· ~ p,~ 0 .. f' 0 -I 
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1""~- t -f. l ~~ - l' 0 0 2 
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1~ {·.r- I -1,0,•1. d -l,l!,+J -i 

, ..... - ,-,o ! • I -. I -2 -1.0 • I ~J ~ ... 2 • ~ 

..;c..~ I -tL - J •2 i I ,II ·I .,:...-:., ;? 2 ' ~ 
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KOOp,t\IIJJID..T, HallpiiMep, Ha OC:h z . TaR, rrpOTOHy COOTBeTCIBYOT 

rr I r-r it,t..= + "2 , Hei1TpOHY l;t, 

){JIJI TJ!HITJI8Ta IHWHOB, 

CO OTB8 TCT ByeT T;., = + I , 

7;_, = - I ( eM. Ta6.iB1nY I). 

= - ~ 8 

1fsoTOITMl:fecJcMti crrtm BBe,n;en no aHrurorvm c o6Lrt!BllM cnnuoM .. 

,Uet1CTB:t1T8JI:bHO, :3.ii6KTpOH HM88T CTil•iH ~~ ::: ~ Y! MO::t-:eT HaXO)l)IT:&C.H 

. "/ + I .. rre'-'TOit o' J() = - --, ,u, 14 • 0 . JIO.,TJ; 8£T CDHHOM 
,1-J ..,, 2 

B ,I\Bj'X CO CTOJIII:vl.HX C 

J =I H :MOJ.teT HaXO,ll;MT:bCJI B Tpex CO CTOJXHI'!.HX C ';h= + I,O,-I ,..., 

11 T • .n;. 

CymecTB8HHO, l-ITO B OTCYTCTBYH! BH8Iil!H:!X TIOJ181~ pe.3JH!t!H.b!e COCTO

JIHliiR 3JI8KTpOHa, ,,11;8MTOHa VI ,n;pyrMX l.IaCT!iiU: COBepmeHHO 3KBPIBM8HT.

Hb!. :VhteHHO ll03TOJ.iY Mbi MOE:8M rOBOp11T:& 0 ·:tU1X KSK 0 pa3HHX COC'rO• 

.HHVIRX o.n;noi1 u TO~ JKe ttaCTU~hi, a ne o pa~:nmx '4c:J..CTMl<,cx. Ep~1 HKJuci ... 

qeHJim BHeutnero noJI.fi YKasanntie coeTO.HHMs, B006nte ronopJI, nepe

CT&IOT 6NT:b 3KBYIB8..JI8HTHhUH1 sa Ct.IeT pa3JI.Hl.IHOrO B3aiD.W,JJ,8HCTIHtH 

c sTMM noJieM •. BosnMKaromvxe pasJIHl.IHR He MrparoT, o;(HaKo, cymecT

BeHHOli J)OJIVI, B C:t1Jiy t.Iero :MX .Mm[HO CtH1T8.T:b t.tHCTO Mapi<..WJ)OBOt,!HbBil<I, 

. aHaJIOrH'llHO TOMY, tiTO c5I~JIO CKa3e.HO Bbl:Ill8 0 Map:tCI>I.POBO l.!HOM CMhiCJie. 

·3ap.H,n;a l1 B006II\e 3Jl8KTpOMarHHTHBX B3Cl.HMO,E;ei1CTBMi1. 

0c5bll.IHb!H CTIIt!H onpe)~eJieH B OCihltiHOM HenpepUBHOM TpCXM8pHOM 

npocTpB.HcTBe .. BeKTop nsoToni-It~ecr..:oro cmn-Ia T BBO.n;HTCJI. B ne:KoTo

poM BCDOMOfaTeJihHOM HenpepbiBHOlf TJ)8XM8J)HOM npocTpaHCTB8; KOTO-
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Cpasy ICe B03HMKaer · CJie,ICyKlii(B\1 BruiCHblti BOITpoc: CYllt€CTByeT 

JIM B H30TOITHli€CKOM npo'crpaHCTBe (pH3Hti€CKM B~eJieH.t-rne .Hanpan

JieiHHI ? CBO~CTBa neKTOpa r F.:~ :MOryT 6htT:b ·_onpe.n;eJieHH des 

perueH:vrJI aroro nonpoca. B Hacrogmee npeM.s: orner Ha Hero MO)ltHO 

. O:lKH.n;ar:o TOJil>KO co cropoHhl aKcne p~meHTa. Eorary10 nporpauMy 

cpHSHli€,C1tl1X MC CJie,IC OBarU'ft1 ,ICaeT r:rino :resa H30TpOITHH sapSI)J;OBOro 

npoc:rpaHbTBa. ORa I13B€CTHa I-taK rnnoTe3a V!30TOllHtzeCKOfi l1HBapl1-
I 

8HTH06TH M <Jy,n;eT ·.fiBJISITl>CR HCXO,!l;IihiM ITyHitTOM flO CJI€,1l;yiDIIl€rd U3JIO-

Jlt€HM.fi. 
' w:> 

Co,n;epiJtaHH€ 3T0Jf r:t1llOTe3H CBO.IJ;MTCSI K CJie,ItyiDIIteti CUC!OM:e 

CBfl38.HHhiX M9!l:,D;Y COC50H npe,IUlOJlOX€HHHj. 

a) HsoronHqecKoe npocrpaHcTBo1 paccMaTpHBaeMoe. c<.u~o no· 

cede, nsoxponHo no aHaJiorHn c o<JuttH&M npoc:rpaHCTBOM- ITo3TOMY 

CBOi1CTBa OTJI:€Jil>HOtl 1IaCTID~hf He 3aBHCJfT. OT Op1!CHTaD;1H:i ee JWOT\_J_ 

mrqecKoro cnRHa. 

6) CHJI:&Rble B3ffiiMO,IJ;et1CTBHR MeJR:.n;y traCTHD;aMH, BOOdrqe ro BOpSI, · 

MOryT 3aBHC€T:& OT B3ammott Op¥IeHTaUHl1 l130TOllHli€CKHX CllMHOB, 

HO OHM He HapyillaiDT H30Tp0llHOCT11 H30l'OflHti€CKOrO npOCTpaHC~Ba, 

·T.e. He C03,ItUIOT B HeM Bhi.IJ;eJieHH1IX HanpaBJieHHt:i., x)· . 

B) :Li30TOUHqecKUe CBOt:iCTBa traCTHI.{, CBR36-HHtze. C CHJI:bHhiMM 

B3CU1MO.D;ei1CTBUJIM11, MOryT cJhiT:b OITJWaHbi annapaTOM, TOX,l{eCTB eHHbiM 

C TeM annapaTOM, KOTOpili1 HCIIOJI:b3Y8TCJ:r .IJ;JIR OITMCaHHR OObiliHOro 

emma. Ca'Mo codon. pasyuee·TcR, ttTO TaKaR BOSMOJJCHocr:o CYll\eCTBeH

HO CB.R3aHa· C nepB.b!MH .,IJ;BYMSI npe.n;nOJIOllteHMRMH. 

---·--
X) AHaJIOrHqHa.fi CHTyal{HH JIIM€81' MeCTO l1 B OOii!liHOM npOCTpaHCTBe: 

B3aHMO.IJ;e~Cl'BHe Mex,n;y qacxun~AH B 06~eM CJiyqae 38BHCHT OT 

B3C1!1MHO}i;OpHeHTa~HH HX Cl!HHOB, HO He HapymaeT H30Tp0lll1H 

HpOCTpUHCTBa, IJOCKOJ!l>KY B OTCYTCTBMH BH6111HHX ITOJieK B HeM 

He !303HHKaeT B:U.D;eJieHHJ1X HanpaBJI~HHi't. 

1/'/• ., . 

'J 

j . 
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llxo ·.Kacaexcsr cJia6ux n aJien:xpo~arHHTHhlX nsaPIM.o.n;eitcTBHM, 

TO OHH, MoryT npHB6CTH K flOSIBJ16HHlO Bbi)J;eJieHHhlX HanpaB.1I6HliJI B 

HSOTOriU'tieC~OM _npocxpaHCTBe X) ·• Hapyruemte Fr30TOllR'tl6CKOki HH

BapHaHTHOCTH 3THMH BSam.w.n;etiCTBJ.iiRMJi1 RBJisteTCil 3KCne pru.te HTaJI:b

H!iM cpaKTOM. 

· Q.CHOBROi1 BHBO,ll; 13:3 :rimOT63hi H30TOllH'tl6CKOi1 HHBapHaHTROCTH 

uoxHo cwo:PMYJIH:POBaT:D TaK. -B.cHJIY OTCYTCTBHR B!l)J;eJiennHx nanpaB

Jiemiit, .CBO~CTBa CH-CTeMLI CHJILHO B3aiD!O)J;etiCTBYJOllfHX ttaCTM:U He 

H3MeHHIDTCil llpH COBMeCTHOM llOBOpo:re COOTBeTCTBYIOlltHX li30TOlli:t

qecKHX CUHHOB B H30TOOHtteCKOM npoc:rpaHCTBe. aTOT BEIBO)J; MOJB:HO . . . . . ,.., ... 

Ta.Klte paCCMaTIJHBaT:b H :rta:rt H6CKOJI:bKO HHYJO cpopMyJillpOBitY H30TO-

flH'tl6CKOlt HHBapMaHTHOCTH, 3KB~U~aJieHTHyro, no CYnteCTBY, npHBe

.n;e HHO :M Bbtille • 

Ms HsoxonH~ec;co~ uHBapnaHTHOCTH, B ttaCTHOCTI1, cJie,I(yeT 

.. 'tiTO MSOTOflH'tieCKHlt CflHH T MO'JKHO,. iax. ·_yxe O.tMetiaJIOC:b, C'lMTaTh 

anaJioroM BeK:ropa MOMenTa K~JIHttecTBa ~BK~~HM~, xpeTbeki KOMno

. BeRTe KoToporo T%.· ·cooTBeTcTBYIJT nosMoxaHe co6crBeHH!ie sna

tteHWI 

X) )lJist' RarJISI,I(HOCTH MOXHO npe.n;c:raBHT:D ce6e, \ITO Jj 3TOM 

C~yqae B HSOTQOHtieCKOM npOCTpaHCTBe flOSIBJISieTCSI ReKOe 

iiOJie, BSaHMO,Itet:iCTBJIDll.lee C 1130TOflHtteCKt1M CflHHOM. 

XX) TaKOBhl xe, KOH6'tiHO, H C06CTBeHHhie SHa'lleHH.f! COOTB6TCTBy-

DntHe rrpoeKqHH ~ Ha JIID6YID ~HKCHpOBaHHYID OC:b. . 
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CocTO.a:HHe c ~ .: - T MOrAHO paccMaTp:~maTL KaK CVICTe

MY, C '1'~ !::_..f.T TIOBepHyTyiO B J130TOIH1'leCI\O.M npOCTpaHCTBe 

Ha 180° BOKpyr OCH, ~e~~et{ B lJJIOCKOCT~! / t X} ~} • 

Ta~9n no~o~oT Ha3MBaeTcs H3QTonuqecKHM conpHEeHHeM. 

llso±~nM~eCKM COTip.Rjl(eHHbie CHCTeUbi OCl.Tf8Ji,aiOT O.l(liiHaKOBbiMH 

cncHl~TBaJ.kH. IIp:vu1epoM t.wryx cJiy)lttiT:b napH sepKa}IhHhJX 
. + -

JI,14 ep-, rrr ~ l1 . gr . 
: { / / ~ ' ~? 

fJmo~esa.: ·H~OTOnHqeCKOH MHBapnaHTHOCTH · OOOlf~aeT MHBtJ.PH.aHT-

HOCTl). C~oi16TB CvlCTeMbi llpJi Bpai!\eH1H1 B H30TOTIMt.IeCKOM 
' :. . . ~ ~ 

npoc~paHCT~~ OT yrna !80° D~ npOH8BOJ!hHhle yrJIH M OKO~O 

§ 3. ~aKOII COX]2aHeHHR H30TOTIM~eCitOro emma.· 

iH3~qecKHe CBOBCTBa C~CTeMH H~CKOJibKHX ~aCTMQ 
c. 7 • • ' • ' 

3ahHCRT; B006IIte rOBOpR, OT Be.TfMqHHH BCeX H30TOTIHqecKMX 

cn:vmon· T-t .. ,Ti, ..... '"f'~ M MX opMeHT~QH~ ... ,O~Haxo, B 

C11JIY :V130.Tp~TIHH H30.TODMqec~or~ llpOCTp8.HCT.i3a, OHM He 
' .• . : :. . ·. 

Meryl' l13YeHUTbC.fi .TIPH rsmeM TIOB~pOTe B.CeM p_aCCM_(lTpl1Ba~-

MOi1 COBOKYTIHOCTM BeKTOpOB, ecnM TipH 3TOM He H3MeHSieTC.fl 

HX OTHOCHTeJihHOe.paCTIOJIOZeHHe. 

',· 1' 



- 12 -

0TCID,JJ;a, B qaCTHOCTl1, CJie,ItyeT, tJTO onepaTop ra.Ml1JibTOHa, 

OI111Cf?IBaJOllfvii1 CMCTeMy tiaCTvl~, ViHBapVIaHTeH DO OTHOIUeiB1ID 

· K npanteHMJIM B M30TOI1:t-PWCKoM npoc_Tpancrne. Tar<otl ra.MVIJib-

TOHMaH KOMMYTvtpyeT c onepaTopaMM T 2.. 1-1 T :t: . , 

OTKy.n;a 

CI1MHa 

BhiTertaeT saiWH coxpaHeHWJI 

T . t n.eoe~l.jLIJ-1_:"' x) 
H ero I _1'2 .. , 

TIOJIHOrO H30TODMtJ6CEOFO 

'3,JJ;eCb :CHOBa MMeeTC.fi DOJIHa.fi aHaJIOrM.fi C RBa.HTOBOMeXaHM

qecKM.M: OTI:VICaHl16M :MOMeHTa KOJIHtJ6CTBa ,1J;Bl1~eHMR B 

OciblqHoM TpeXMepHO:M 11pOCTpaHCTBe. 

x) Tl< · M T 'J TaKX\e coxpaHRDTCJI no BpeMBHH. 

B. ,naJI:&He~IUeM BHHMaHHe aK~eHT:VIpyeTCJI Ha CO'XpaHe-

. HYIM·. TOJI:&Ko Tr , TaK KaK m..renno STa neJuttJMHa 

CBR3aHa C 3R6KTpMtieCKMM sapR)J;OM. 



; ' 

. -13 -

Coxpatt eHne H30TOTIKtie CROro CTIHHa He 03HaqaeT, qTO OH 

Bcer.n;a liMe ex onpe,n;eJiermoe snatt eHHe, no.n;o6ao TOMY, KaK coxpa

nenl1e nMnyJI:Dca MM _3aepr11n ue osaat.IaeT, · "t!TO BCaKan cue Te:Ma 

BCer,n;a OChrsaHa HaxO,IJ;HThCR B COCTORHl1H C orrpe~eJieHHh!M l1MTIYJ!I>

COM H :JHepriiietl •. CMCTeMa MOl!CeT HaXO)J;MThCJl B CO CTOJIH:VUI, ltOTOpoe 

.HBJineTC.fi cynepn03iUJ;MePi COCTO.HHHW C pa3IUlMH H30TOTI¥1t.IeCKMMM CITH-. 
' . 

HaJ~ ( COOTB8TCTBYIOII.Ute TipMMepbl dy)J..yT rrpnBe,I{eHhl HMJ!e). B 3TOM: 

c11yqae saK ou coxpaneHHJI T YTBepJE,n;aex, t.ITO KosqxP.vtirHeHThl, c 

KOTOphiMH BXO).tRT B cyneprr03HJ.lHD OT).'(6.1'1 hHLie CO CT O.fiHHH C onpe.n;e

JieHHhiM H30TOni1qecKHM CTIHHOM, OCTaiOTCs:I IIOCTORHHbiMI1 BO BpeMeHK, 
' • .• I I - ' . 

T. e. BepOSITHOCTh 06HapYJKHTh n:P"H COO TBeTCTBYIOnteM. l'I3Mepelil1III TO 

11JI11 .vmoe sHa'tleHMe T ue aaBMCLIT OT MOMEHITa npeM~HM, :s KOTO

pun npoHsBo.n;nTcR HSMepenHe. B .qacTHOCTM,_pesyJI:&TaT He saBncRT 

'• 
OT TOre, M3MepeH JIM III30TOUHt.IeCKHM CTIMH CHCTe:Mbl ).'(0 KaKO~-JIH60 

peaxnMM HJIH nocJie nee • .AHaJiorn*ume coodpa:m:eHna cnpaBe,n;JIHB1I, 

KOH eq HO, H B 0 THO rueHIUI Cyri epno 3HnH~l C~ CT OSJ HHti C pa3Jiltti Hh1M11 

3HC.qeHUJIMH rrpoeKnHtl H30TOTIHt.IeCKOrO CTIHHa.' 

3aKOH COXpaHeHvi.fi · 7i rrpM BO).'(HT K BW!CHIIM npaBL'!JiaM. OT6.opa, 

· sanpentaiOIIUiM npoTeKaHMe HeKOTOpbiX THTIOB SI)(epHLIX peaKnH:ti. ,llJISI 

pea.KnHi1, B KOTOphlX He yqacTBYJOT CTpariJ:n:~e qac.TMn1I, yKasaHB.ble 
-· -·· 

npaBHJia OTdopa BliiTeKfl:IOT TaKite H3 s.axoaa coxpaHeHHR sapa,n;a • .[eU-

CTBHTeJihHO, ,Il;JIR CHC.TeM 06bftlHllX qaCTID:J; cnpaBe,I(JIMBO COOTHOill6HMe 

(I.I) 

. r.ne e- - sapR.n;, Bb!paxe HHil:ti B e.n;MHHnax :3JieMeaTapaoro sapMa, 

7l - UpOeKnMn ITOJIHOrO H30TOITH'tleCKOrO CTIMHa, ~ CJMMapaoe 
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dapMOHHOe · llf1! CJIO, paBHOe pa3HOCTH tiMCJia 6apHOHOB 11 aHTH6apHO

HOB, BXO,Il;.H~MX. B CO CTaB ~HCT8!11bl X). ilOCKOJihKY B .R,Il;8pHLIX peaK-· 

IJ;Jil.HX BeJIMtiYJ:Ha n- coxpann eTCR, TO coxpauenMe TJ. paBnoc:wr:ono 

coxpanenHro 3ap~a e . IToJioxenme H3MeHReTc.H ,n;nn peaK~Hn c 

yqacrueM crpaHilhiX qacr Mn;. PaccMOTPHM, nanpHMep, peaKI\MIO · 
C/- . 0 t::r'0 
(!// + fv ~. A ..,. (II 

3axonu coxpanen:vur · e 11 ft. B .1!;8.HHOM cnyttae BblnOJIHenLI, o,n;naKo 

peaKn;I1n Bee llte 3anptm~ena, TaX KaK BeJIHtnma ~ He coxpaHneTc.a 

(n uattaJihHOM coc TO.HHI1:M
1 

T'l = -' I/2, a B KOHetiHOM ~ = 0 ) . 
I _,, 

C ,n;pyron CTOpOHN, peaK~Hn 

fl(- + j-v ~ 110 + /(IJ 

He 3anpemeHa, rart KBK B xo,n;e 3T011 peaxn;1ni ~ coxpan.ReTcSI. 

I1cnoJI:b3Y.R I13Becrrme sHatieHH.H T£ ,n;n.H pa3JIH'tlHhiX ttacTH:O: 

( cu.Ta6JIHr~y I;), MOJEHO anaJiorH~HI:ntt.o6pasoM no.nytiHTh npaBuJia ·, 

I 
. I 
. ~~ 

e - T + Jk . .J.. ,_, , - I:£ fl, -. j_ j 

,S - llOJIHa$1 CTpaHHOCTlJ CMCTe~ X) 

(I.2) 

x) 3natteHM.R BeJIMtiHH ft. 11 J' ,n;JI.H pasHbiX ttaCTMn; np)me,n;enu 
B TaOJlMn;e I. 

XX) Od 3TOM no,n;po6uee OM., Hanplruep, KHHry M.A.MapKOBa 
. "rlffiepoHh!· t1 K -Mesoml: rocy,n;apcT BeHHOe Ms,n:aTeJibCTB 0 

¢11s.MaT .·JlnTepaTyph!. Moc:rtBa I958 r. 
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BeJIHtimHhl e H tt, B .H.n;epnux peaxn;Hnx coxpanJIIOTcn. IIosToMy, 

Ms (I.2) cJie,ll;yeT, tiTO coxpanemte Tz paBHOCI1JI:ono coxpanenuiD 

J n oc>paTno. 

3aKOH COXpaHeHHH TIOJIHOrO M30TOTIMtieCKOrO CIIHHa TaF~e 

np:MBO,ll;HT K IIeKO :rdpm1 ,1l;OIIOJIHHTeJI:OID:lM Ilpa.BHJiaM OTClOpa. PaCCMOT-
j 

· . I.' I 

PMM, nanpHMep, perut1U1IO 

d+d~ d-rd-tffi~ 
11so~onMtiecKHii cnHH ,n;~nTona paBen, Kart »snec:rno, nymo ( eM. 

' ' 

Hmte, rnany!,YTI ). tibaTOMy, BeJIHti.V!Hbi e, If,; U 'T1. B yxasaHHOH 
r " . i . lit;· . . 

· peaKD;lUi coxpan.HIDTCR. Bee lite ona sarrpemena BCHJIY necoxpaneH:VI.H 
. .., i 

IIOJIIIoro H30TOIIHtiecibro CtiHHa ~' KOTOpH~ paBeH HyJIIO ,If;Jl.fl JieBOM 

tJaCTH paBeHCTBa H e;UmHn;e .... ,n;JI.R r.tpaBoi1. Mo>ltno da:Jio 6H 

npHBeCTH lii .n;pyr:vye atiB.JiorHtiHile npHMeptt ( CM.r.naBIJ y H Ylll ). 

O.n;HaKo, OCHOBHhle nprtMeHeHHR 3aKOHa COxpaHeHMR ~ CBH3aHU 

.. ne c npaBHJIBMH OT6opa, sanpemarommiH Te MJIH Millie peaRUHM, a 

c noJiytieHHeM onpe.n;eJieHHiifX coo THomenHii :Me:m:.Ity ceqenkaMH pas.JIHti

.HblX paspemenHf:lx pea.Kn;HFi. Bo1r:&ruaR\ -qac:rl3 no cJ1e,n;ytomerb MaTepnaJia 

l10CBSJil{eHa HMeHHO 3TOMy BOnpocy. 
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rJIABA II. 

OEliWI CTPYI\TYPA H30TOIUNECK!1X COOTHOiliEHlilW 11 I\03tMHLU1EHTH 

IUIEEllJA-rOPJlOHA., 

§ I. I'IsoTOTIMl!eci\ue BOJIHOBhie · WYHKift1M 

ilpOCTDaHCTBO BOJIHOBbiX 1130TOTIVI't!8CKlilX . 
• •t - --

.UJIR noJIHoro onpe.:n;eJieiUUl e~ocTostHllH tiaCTH:Uhi Hyxmo sa.:n;aT:& 

HapR.:n;y C ee KOOp,ll;ItiHaTa1J11 !11 CllJ!iHOM. ente 1130TOll11tiGCit:Hfi Ch11H n 

ero npOGKU11ID. ECJIM petiL :a.:n;eT o·cMCTeMe tiaCTM:q, TO HGOdXOJJ;MMO 

sa.:n;aT:& M30TOIU1tiecKHt1 cn11H T M ero ~poeK:uMrb T:z: .:n;JIR 

Kaiit.:n;Ot1 qacTHI:J;I~. Y CMCTGMbl tiaCnUJ;, _ TaKYIM 06pa3oM, IlO.f!BMJIHCb 

)J;OIIOJIHHTGJILHhiG CTGTIOHH CBOdO,D;bi1 COOTB6TCTBYIOllfHC 1tSOTOil.HqecK11M 
. ~ 

nepeMeHHhlM. B .:n;aJI:&HetimeM Mhl.dy.:n;eM HsyqaT:& l130TOTIMtieCKHe 
. . 

CBOMCTBa KBaHTOBbiX' CHCTeM, OTBJieKaRCb' KaK ·npaBMJIO' OT ncex 

.:n;pyrVIX CBOMCTB 3Tl1X ClfCTGM. B03MOl\HOCT:& TaKOrO llO,IJ;XOJJ;a 

CJie.:n;yeT 113 Toro, tiTO :£130TOllHti0CKHe nepeMeHHhie (11 COOTBBT

CTBYIOII{:£10 CTGTI0Hl1 CBOdO.:n;hi) He 3aBHCRT , KaK HOKa3biBaeT 3KCTie

p11MGHT,OT .:n;pyrvrx nepeMeHHUX. (HeKOTOpa.a KOCBGHHaJI _CBR3b 

Me~.:n;y KOOp,n;HHaTHm1H l1 H30TOlll1tiGCKMMl1 XapaKTepMCTMKaMM 

11MGGT MGCTO )(JIR CHCTeM 't!aCTMU tiJIGHOB O.:n;HOrO.MYJibTMTIJieTa. 

IIo 3TOMY noBo.n:y eM. rJiaBy YII). 
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B 3TOM cJiyqae ;B 

COOTBeTCTBYJ)nteM BOJIHOBOM ypaBHeHHlf nepeMeUHhie paa.n;eJIRIOTC.fi. 

3To no3noJiaeT roBOPI1:T:& o6 vrsoronvttiecKoti qacrm BOJIHOBOfi!: <PYH

E~HH CHCT6MM H M3jqaT:& H30TOllMti6CKRe CBOfiCTBa llOCJie.n;Hefi!: OT

,IteJI:&HO, adcTparmpyRC:& OT OCTaJI:bHbtX. ee CBOfi!:CTB • 
. ' 

BBt1ne yz.e otMetiaJIOCJ:,' tiTO H30TOOH'I8CKMH cmm : BUOJIHe 

a:aanorHtieH 06bltiHOMY CllHHY C TOtt TOJI:&KO pasiUIUEHi, tiTO M30TOIIM

' qecKHM cmnr onpe.n;eJie:H B cnenvr&}I:DHOM MSOTOnHtiec:ttoM npocrpaHcT

~Be. B .n;e.nl)He~meM w 6y.n;e:M: HecJ.t~JI:&:rto ynpomeHHO ct~1fTar:o, t~ro 
~ li30TOnvrqe CK}f~ Cllli.ni. RBJI.a:eTCR aHaJiorOM He C06CTB6HHOrO, a 
~ opdltTan::&Roro 1!0MeHra KOJIHtzeCTBa .n;Bm&eHH.fi. CTporo ro oopa~ aro, 
~ 
~ KOHetiHO, HeBepHO, XOTJ1 6R DOTOMy, tiTO, B OTJIH'!He OT opdMTaJIJ)~ 

HOrO MOMeHTa, H30TOm.rq eCKli~ cmm MO&eT. nprmiDAaT:& He TOJL&KO 

n;eJihle, HO H noJiyi(eliLle aHatrenrui. :{:ttasaHnrur HecrporocT:n He 

c:ttaaa.naerca, o.n;HaKo, Ha HHTepecyrom:vrx Rae cefi!:qac Bonpocax. 

BMecTe c TeM, Mbl noJiyqaeM ttero.n;vrttecttvi otreH:& y.n;odHT.O BOSMO!t-, 

HOOT:& CtiHTaT:O H30TOllHtreCKJIIe BOJIHOBbte <J>YHKI~Hii OJ(HOK01mOH8BTHh1-

MJII, aHaJIOrHtiHbiMH 06LitrWM BOJIHOBhlM cpyHKUHRM HepeJI.H:THBMCTCKl'IX 

deCCDHHOBMX tiaCTHQ. I 

Paccuorpm.t c JKasaHHOti TOtiKH 3peHHJI KaK~"'D-JIMdo qacTnuy, 

OdJia.n;aiDntYID H30TODHqeCKMM CllHHOM~. K~J(OMY H3 2~+1 B03MOZ

HttX sHa.treHI-ifii. ero upoe:rtl(Im T~ cootBetcTByeT o,n;a:oKoMnOHGHTHaR . . .. ~ 

C06CTB8HHaSijBOJIHOBaa 'iJYHKUHSI i, onpe,n;eJieHHasr B TpeXMepHOM JII30-
' 

xonnqecKOM npocxpancrBe H onHcuBaromaSI ~acrHuy, naxo,n;amyrocn 

B COOTBeTCTBYID~eM COCTORHHH. Bee paCCMaTpHBaeMue COdCTBeHHUe 

Che.nv.ueHHwil HHC~;:,~; J '• 

D.!lepuwx uccJteJlona•·~~:.' 

6H5JU10JEKA 
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cpyii.Kr(lUi oc5pasyiOT, Ita.K H3B6CTHO, llOJiltytO .OpTOHOpl.UipO~aHHYFJ 

CHCTeMy tlJYHK~HHe ltaK _y'l!.e OTM6tiaJIOC:& Bhlme, tJ8.CTvm;a MOX6T Ta.K>Ke 

naxo.n;uT:&CSI B co cxosrmni c neonp.e.n;eJiemmu suatteHMeM 1 ~ . 
130JIHOBa.s: IPYHKt\HSI, COO TB6T CTBymta.s: JIIOdouy TaiWMY ·co CTO.S:H:PIIO, 

MOJ::eT c5UT:& npe,n;CTaBJie'na B BH)te JIHHeitHOM KOJi!dxiHaiUtH MCXO.D;IlhiX 

2 T+I cpymtnuti. KBa.n;par }xo,n;yJIJI xru.t.n;oro 113 K03cfxinn:(MeRTOB. pas

JioxeHH.s: paneH BepOSITHOCTH, C KOTOIJdil B6Jii11.ZHH8. 'f~ npltm.niaeT 

n pesyJI:&TaTe lisMepeHJIR xo HJIH HHOe sHaqeHHe. , 

Jirodyro BOJIHOBYR> cpymtn;mo MOlltHO paccMaTpHnatJ> EaE BeKtop 
.,.; 

B ( 2T +I ) - MepiiOM npOCTpaHCTBe, KOTOpOe OdtitrBO H8.3:&tB€1.eTC.H 

rHJI:&c5epTOBii.M npo crpaHcr:sou. C?dCTBenBUe cpymtrutH npoeKqH:m 
I . 

H30TOUHti6CKOro CDHHa odpasyiOT B rRJI:&depTOBO~ rtpOCTp8HCTBe . 

CHCTeMy B3aHMHO oproroBaJI:&HHX e,n;KHH~HHX daskcHHX B6KTOpOB -

OpTOB. YK~aHHa.a. CHC TeMa OpTOB He S:BJISI6TC.fi, 1\0 HetlHOr ~O!H

CTB6HHO BO 3MOl\HOit. CYJ!t6CTByeT, KaK H3Be CTHO, 6ec~oi-tetlHOe 
. . 

MHOE6CTBO UOJIHhiX OpTOHOpMUpOBa.HHI!X CI1CT6M tlJyHKnm:tt, KCJtt.D;OJi 

¥13 ~oxopux coox:seTc~:syeT .cno.a ;HCTeua opxon, KO~opa.s: MOX~T 
dUT:& COBMenteHa C RCXO,ItHOit OlfCT6MO~ C flOA-tOII{:&ID COOTBeT CTByro-

; . ' 

mero noBopoxa B rnJI:&depxo:soM npocrpancr:se. · 

P~CCMOTpHM npHMep. Bee H30TOUHti6CKlte_ COCTOJIHHSI .c?HOHa 

HcttepntiBaiOTCSI TpeMa co6cTBeHHHMH cpynxnMaMH· x) j 

1jff%'+J =l%7; y(Jr;= rrtJ,' 1/'ffP)=t!JrP 
3Ta CHCTeMa q}ymcnH~· OpTOHOpMMpOBa:Ha, T.e. 

• • . • 1 

_, ____ _ 
x) Kax.rta.a 113 cfJYHKnM,li 3aBHCH.T] OT :rpex vi30TOflHll6CKUX KOOp

,ItMHaT. Buc5p~H8,-SI c.HoT.eMa san HCH y.n;odna TeM, ti'fO oHa 

llpSIMO yxas.DIBa~T H30TOfi¥rqeCK06 COCTOHHMe ]?aCCMaTpHBaeMOtl 

ttaCTHnDI. 



-19 -

x) 

(2.1) 

. Jli06aJI 1It1HeiiHaJI KOM6:WHaUMJI BVI,na 

~ = C1. "f("Ji'-r) t-C~ yr:r;o) ~C3 "f'(:ri-) 

TaKJ~te OllMCbiBaeT IIeKOTOpoe B03MOiitHOe VI30TODJ1"4'CCK08 COCTOmtwe 

nMoHa, B KOTopoM npoeKIV1JI L130TOIH1tzecKoro em-ma T-? He . z= 
11MCST onpe,r.ceJieHHOro 3Hal.le~HJI. 13eJnrqviHbl rei I :t' I c2..'!. 11 

{ C31 ~aroT BepoJITHOCTH roro, ti'to nMoH JIBJUieTcJI :r.+ -MeaoHovr, 

~O - M830HOM.l1 'Ji-- Me30HOM • 
.,.; 

PaCCMOTp:WM Tenep:& Jt130TOmftieCK:We q)yHKUTU1 CMCTCJAbi ):J.BYX 

l.laCT1111, Ha!1p~iep TIV'IOHa ~~ HJIOIO_Ha. 

l{aJ!t,r.caR TaKaJI IPYHKI.l;:WR saB:t-ICMT or mecn1 rrepeMeHHhiiX '.: 'l'p!·1 cBssa-· 

Hhl C V.30TOllVIl.l8CK:WM CllHHOM ll¥10Ha, OCTali1Hfi!C Tplii •• C l-130T01Ul-

tiCCKW.M CfiVIHOM HYIOIOHa. 

Db16CpeM COBOKYIIHOCT:b IIIeCTJ-1 (IJYHKUl1t1 i' (.!il ~~), VIMeiDIIU1X 

(':n t- P) = (11+) (J?) (:!i~ h) =(7i·~-) ·(n) 
(Ji< p) :::. ('Jio)(l>) (':!io1 h) :-{1;-o) (n), 

(11-) P) =(:Jr-)(e) (:!ij n) ={11-)(n) 
(2.2) 

KaJK,!CaR 113 STMX tPYHKll;YlH paBHa IIpO:W3Be).TeHI1IO HCl'COTOpO~ tPYHKI~JrB1, 

OTHOCJimetlCR TOJI:OKO K HYKJIOHY, Ha <j)J'Hl\l{M!O OTHOCRilCIIDCR TOJLhKO 

K llMOHY. IIOSTOMY, KaJK,!CaR V'I3 HMX OIU1C&IBaeT CYrCTCMy ll~iOH-HYIOIOH 

B ROTOpOti ode tiaCTMlr&l ·HaXO)J;JITCJI B OTipe.I(eJIOHHOM .W~OTOTIMqecKOM 

X) 3,n;ecb llp.WHRTO 0603HUtiCHMe ~ ( ) 1 < "+' (Ji) 'f'(r.') > = J "'~--'1i (:<) "t:Jr' x, CiJ( ' 
r,r.ce ;}(,- ;COBOKYTIHOCT:b Tpex M30TOTil4qeci01X ROOp,nm:IaT. 

Mnrerp.wpoBaH.we Be.n;eTCR no nceMy o6'.&8My 1130TOimtiecKoro 

npocrpaHCTBa. 
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COCTOSIHHM: WJHKUHSI . cff; ~) COOTBeTCTByeT CJiyttaro, F.Or,n;a 'TIMOR 

.HBJIJieTCSI f!(-r- -Me3oHoM, a HYKJIOH -npoToHoiA, cpyRKIUii.ff (f/(,"t) 
cooTBeTCTByeT · f/(0 

-Me3ony M nenTpony n T.,n;. Bb!n~danuue <PYHKIUU1 

odpa3ytOT, KaK JierKO BH)J;8Tb, . no.iiHYJO OpTOHOpMnpdBaHityiO ·. Cl1CTeMy. 

)Xe11CTB:viT8JlbHO, npM mi'rerpHpOBa~Hl1 ITO Bee}.! lliE~CT~I ttepeMCHHhiM 

i . . 

·<ri; #;rt/vti'/): <{J(), tJr1 )·(rvrJ ( vtt}) 
0TCIO,n;a, Ha OCHOBamn1 (2.1), CJie,n;yeT, tiTO 

{('I; v¥), (ft' /')) = J.¥vV1 ~ dirw' 
: . ~ 

llpOM3BOJibHaJI BOJIHOBO.JI. cpyHKI~kf.H, ODY!:ChlBaromaa JIIOdOe COCTO-

.HHHe Cl1CT8M1I II110H-HYKJIOH, MO:l!C8T di:iiTb pa3JIOli!eHa ITO 6a3HCHHM 

cpyHKUH.flM (2.2),KOTOphle MO:l1CHO,TaKHM o!Jpa30M, paCCMatpt1Ba~bKa.K 

opTbl ~ H8KOTOpOM meCTHMepHOM rHJI:&6epTOBOM npoCTpaHCTBe X). 

ITOJIHIIX op~OHOpM:tipOBaHHbiX CHCTeM cpyHKUHt1 H COOTB8TCTBYIOII\H~ HM 

OpTOB cymeCTByeT, KaK H B CJiyqae O)J;HOH qacTHqM, CKOJibKO yrO,JJ;HO. 

B qacTHOCTH, B KatteCTBe TaK011 OpTOHOpMMpOBaHHOt1 CHCTe~~ MO~HO 

B3.HTb meCtb q>yHKIJ:t"IH, Ka."t:,JJ;aH H3 KOTOphiX OIIHCbiBaeT CHCTeMy TilWH

-HJKJIOH, Hcl.XO)J;.flll\YIOC.H B COCTO.HHIUi C OIIpe,n;eJieiiHIIM 3Ha'tl8HH8M UOJI

HOrO H3oroinrt~ecKoro c nMHa T H era npoeKUMH T;z. • YKa3aH1Ihie -
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(2.3) 

11.( 3 1) -· ·( 3 -1): 
7 r,-:-;; - ;~v' ~ ~ 

?I ( J _ 1) - (.1. .:. ~) .. 'L' p - 111 )..; 
I . / 

3,I(ec1 nepButi MH.n;exc J'Ka3EIBae:r•13Hat~eHMe '/- BTopoiit - ~, 

:raK 'ITO, Hanp:~u.!ep, q>yHK:UH.H ( f, - [ ) OlUiCblBae:r c:vrc-

. ~ . 1 
. TeMy llHOH-HJ'KJlOH npM . r::: 1: H T:t :=. - 7v • 

Bne.n;eHHbte paHee cpyHKIJ;MM (2.2) OPl'ICblBaiOT CMCTeMy 

HaXO,I(.HmyiDC.H B onpe.n;eJieHHOM 3ap~OBOM COCTO.HHHM, HO He 

o6n~anmyv, Boo6me ronop.H, onpe.n:enenauM M30TOnMt:IecKHM cnH

HOM • 

. ' )teltCTBHTe!ll>HO; Cl'ICTe!.la {fj} !.IOXeT Od!la,J\aTl> l'I30TOfil'I-

qecKHM cmtnoM T= t; vt T= f . npMt:IeM o6a coOT o.aHM.H . 
. . : 

npMCYTCTBYDT O,D;HOBpeMeHHO H MoryT 6b1T}) peaJIH30BaHh1 C onpe-. . 
. . ~ . } .·~\:'• '' ·. 

,n;eJiennwnnepo.HTHOCTRMn. 

~YHKIJ;lUi (1. .. 3),:, nanpo~nm, OIIUCblBaiOT. COCTOSIHHe. CHCTeMhl 

C 'bnpe,n;eJieHHhlM 'f. , HO He yKa3b1BaiOT .? UOMOII.(:&IO KaKHX KOHltpe'!. 
' . 

HO qac~um; peaJIH3Y6TC.fi STO. COC TORHMe. Ta.K, lPYHitiJ;HSI 

·. (;,,,_~f) 
. . .. 3 

OllMCbi:B~eT COCTORHJ1e :,c T::: £ , KOTOpoe 'MOj]te.r OI::ITb peaJIM30-

'. ·=: ' ..-.""- • - • • -
nano --n BM.n;e cyncp.n()mnvnt: eVIcT eMu . CJi-: Mesona n npoToHa\ 

11 Cl1CTetni JT~ Me3oHa u. ~~ 
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~~~ § 2 • Jio 3~J-\!t~.!Ll~.~Q!~~::f.9.JlllQ..Iia 
.(~eJie.~t!JiL*-

l{rut)I.yD 11:3 yfJyintu;}Ilt CMCTeMhl (2 .. 2) , MO:ltliO npe.n;cTaB~ITb B 

BM,n;e JUIHe~HOll KOM6umamn! pa3JIMttHNX tPYH:S:JJ,!J!i'a Cli!CTtnm (2 .3)". 

PacCMOTpMM, Hanp:mlep, qlyHKll}UO ( .'¥~ ft) ~ KOTOpyiO, D006-

~e rOBOpa, MO~HO 3aUHCaTb B BM~e: 

l{JI.fi CllCTeMilT (:J7--€1fl ) ripOGKL{MR 1130'1.'0m1tr8CKOro CDMHa · rr
2 

:_ -i,/2) 

ITOSTOMY ~OnXHN dUTh BHDOXHCHU p8PGHC~na: 

rJ.) -·· /J - tfj-- /f· -- 0 v·"'- - •"C) - _.. (.., -- t / (. ' . 

AHa..rwri,FIHHM o6.pa8o:M, ytJJ.n~NJ:laR saJtnlW coxpaHE:HH1SI T n ~ 
"'-

I 
(2.4 ) 
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_Kosrpcpnu;BeHTbl C. Ha3h!BaiOTcsr Koscp¢~1UHeHTaMH KJie6ma-rop

·,n;ona ( n .IJ;WibHeilmeM 6y,IteM inmaTb K.-r.). 1\aJK.n;hlif Kosqxin1u;MeHT 

3aBHCVIT OT lli9CTVI :v.m;n:eKCOB 

C ..::: C r ' ~' '1'11 "7" 'l"f1:: 

11HAeKC1I C O,IJ;IU1M mpMXOM OTHOC.flTCfl K nepBOW -qaCTHu;e, C 

,ll;BYMH. lliTpHXa.MH - KO BTopoU, HelliTPHXOBaHiihle HH.n;eKChl yKa3biBaiOT 
: . . ,. 

ne nvrqymy nonHoro VI30TOnHqecKoro cnnua ~;.JiC'reiJbi H ero _npoeKr('J1io·: 

Toqno Taxxe MOlltHO nonyq:fiTI> H. o6paxnoe pa3JIOl!eHHe q)yHttUH11 

(2:~3) no <flY,H~ll;I;'I.fP~ (2.2), ,li.JIR llero cne;n:ye± pemHTb CHCTeMy JIH

liE~llHbiX ypanneiiHM (2.4 1
) OTHOCYf'~eJihHO cpyHK11HH (2.3) .. 

PaCCMOTpHM eme, B KatieCTBe BTOporo, np:wMepa CllCTeMy ll3 

.·E:yKirona ~ //{ .;..Mesona. B STOM cJiyqae o6e qacTvU\bt HMeroT· H30To

mJ:q~·cKnti cn'Mll ·r= i li1 nMecTo (2··4 1
) 'vrM~·e':M cne,rr.yiOII\yiD vncTeMy 

paBe iicTB : 

(f, f(,r} =, {jt/G• {f {1, 1) 

(j&, f(, ·) = eft" •lq (-!, oj -t tr~· (;(} ( IJ, 0) 

( ~t, ~ + J == Crv K:' 1u ( -t, o) .,_ ch x+oo ( o, o) 

( ~,.~ 0) = Cn,J(•-t-t ( 1,- t) 

CYI!\ e c T Be H H o sa~.~e T l!T L , q To KO sq,jil!l\l! e HTU X. - g: { c,., 'I'; 'l'''fk • '~''1) 
CHOBa 3aBHC.HT OT meCTl'i: HH,IJ;eKCOD, :t1lt1eiO!lU1X npe:OCHJtill CJ,,U>ICJI. 

Tio.n;o6Hbi e pasno:ocenn.H MO~Ho san neaTh .n;Jin JII06ot1 napu t~acTmu; c 

npOl13BOJI:bHiifMH Yi30TODHtieCKI1MH CTiviHa~rn,. ITpJirtleM B Kaii,JJ;OM CJiyqae 

6y.n;eT CBO:M Ha6op K03WlPltU~HSHTOB K.-r ~? 
3aBHCHI!\HX OT Ili8CT!I[ HH,TI;CKCOB •. 
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KosqxpHI.ltteHTbl. It:-r. CBR3LIBaror Me:m:.n;y coe5o~ .n;ne onpe,D;eJiennhle . 

CMCT8Mbl opTOHOpMHpOBaHHhlX lPYHKUHti. IT03TOMY OHM Moryx C5HT:& 

Q,IUi03HatlHO onpe,D;e118Hbl ITO M3BeCTHblM npaJPIJI~, . npmqeM MX Blil'lUfC

JieHMe· ecT}). nonpoc qac:ro MaTeMarKqecitH~ x). HH~e 6y,D;eT noxaaano 
. . 

xax MOXHo cpaxxHqec.KH npoBedTlf sxo ~utrHcJieHMe. Ceitqac xe,. 

ID48JI .B BHAY. npa.K~Hqec.KMe np:vr}.leHeHMR 1 Mbl BOCDOJI.DSyeMC.fi ro

TOBNMH Ta6JIHUaMHo 

.D;eH.bl B TadJIHUaX IT H Ill. CyuteCTBYIO~ Ta.dJIHUbi H ,I(JUI doJiee CJIOJJ:-

HhiX cnyqaenxx) • , , . . .. 

C ITOMOII{biO Tae5JIHLJ; IT H ill JierKO ITOCTpOHTI:t Matj;)~UY K03qxpH:... 

uHen:ron K:-r., cn.RsHnaromyro cpynKruu«; onMcl:IBaDutHe 66bt6suni~ .. c · 

neonpe.D;eJieHHHM T (cpynKLJ;l:UI nma (2 .2) ) ; c tPYHittiU.a:Mli, oiiHch1..o. 

· BaiOIUHMM cocro.RHHe c ~npe,neJiennhlM ~ ~ T ~ (<l>YHKUHH :rwna . 

(2.3) ). Ta6JIHULI IY-YI npe.n;craBJI.RIOT M3 ced.H TaKHe Marpwuu, 

COCTaBJieHiihle ,1Vl.H HaHOOJiee qacTO DCTpeqaiODUfXC.H Ha npaKTHK.e 

.cJiyqaeB. 

x) TaK·KaK BOJIHOBhle flJYHKUMH HMeiOT neonpe,n;eJieHHYI> 4lasy, TO 
H K03~HUP.teHThl K-~ onpe,D;eJieHhl TOJII:tEO C roqnoCTI:tlO )(0 
MHOlrHTeJieit :nma " e lo . • 3TO ·ne CKa3hlBaeTC.R. HH na KaKHX 
WH3HqecKHX Buno.n;ax, nocxoJILKy nee na6nro.n;aeMhle ¢HsHqecxHe 
nenHqHHhl Bblpaxarorca qepea xna.n;parmqnue Bhlpazenua , coctaB· 
Jiennue H3 Eoa<W,m:rr~teHTOB R ... r. 

xx) CM.,nanpiW:ep, A.M. Ba.JI)(HH, B.H.roJI.D)(ancttMn,H.JI.Poaentanl) 
"KHHeMaTHKa S!,n;epHbiX peaKUH~'~ focy,ltapCTBeHHOe H3,1taTeJII:tCTB9 
<ll~?.-MaToJIHTeparypH, :Moc:KBa I959r. HJlH H.~.HeJIHna 
"CB.R3:& cporooc5pasoBaHH.f( 'Jl ... Me30HOB c pacceanHeM~ 
-ATOMH3.n;aT .I959 r. 



LlnR T'"' 1 
T' _. J 

l 2 

- 2') -

" . I VT"-T1 i ~-
I 

+ T1 + 2 
T :T"+ j 

2 r·· + f 
' '!T" • 1 ..,-, 

T ;;3T"- J. T"-T2 + 1 'V;" T I - 2 
2 

+ J + ?. 

2T" + 1 2T'' + 1 

"' 11 n11 T'~J. 
' 
T~1. 

T; = 1 T; "-0 T' '-I 

T=T"~J I~ IT. T,_ ltT"•r.·~ 1 I (T "-Tt ~ JJ(T'!,:Ji·t1) MT"-T,JIT'T, •f) 

Cc T" .. IJ( 2T "+ 2 J V (2T"+J}{T" .,.1) ('2T"+J)(2T"•~J 

T::-T" 
/ (T'' .. TzJc.T"-Tz ~- J) .,.l -\ ftT"-TtJ(T''~Tl.,. JJ 

2T"(T"-t- J) VT''(T"-t-J) V 2T"(T"+I) . 

I 

T-T"-1 ~T''-T·J(T"-Tt ... JJ _ v (T"- TzJ CT"+ Tl) ·I [<T".,. Tt,.iJ(T" ;! ~ J 

2T"(2T"-.-JJ I T''('2T",.I) l 2T'('2T'' • I) 

·~ 



·- 26 -

(t I) ( l, 0 J (- t. f) IJ.U 

(I·~J(t·i) 1 a J J 

(I .( }(1 ,-f.J j ..L 0 .L 
1 1 2 2 2 ff {f 

(.!.- i)[! .-:) . a t 0 r ?. 2 • 

(I· -J}(~ . ~ .) . ""' 
,. .., __ .J.. 

IJ ff v 
'If 

tJ, tJ ,~. 1) 
2 l (f ... :J (l ,.l) 

"I '} (-• . .. ) 
2 ·2 (~-.- iJ 

' 

(I, IJ(J, :·) ' II _....,.. iJ tl u u 
•. 

''· w j .. ,, I 
0 Vf II jj l) u 

~-
l (t,UHj.-!-) , 0 yj 0 0 {f, 

It -•JI f . ~ j·J u 0 D I a u 

(I, UJ( j- , f J' u 1f u 0 IJ u 

i' • ·IJ, 1' iJ u 0 -Vf 0 D ~ 
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~£ 
'-;1 

fl.-~ 2·rJ t:.:ll 9.~ lf 1.'0 1' ... ,1 0-{') 

11,1 I II, I) I 0 , 0 ll 0 ,, 
'I It 

' 

{I, Ill I, II) II .L II II D - I 0 II I 

{i ..,.z . 
{I, I}( I, ·I) 0 0 ..!.. u (I n _J. J rk ., h 

{I,IJ)(J. /} II u () I 0 0 () - .( II 
i2 v? 

. ' 

(1,-I)(J,· I) 0 IJ 0 0 J 0 () .0 IJ 

II. OJ( I,/) II j_ 0 0 a _,_ 0 IJ D vz -{~ 

(I, U)(J./1} (J D -11· 0 0 n 0 0 1 -v:. 
(I, ·jJ(t,U) 0 0 () J. 0 II IJ r 0 vi .rz 

' 
•(J, '11(1,1). Q .0 1. () D 0 .1. 0 ·' v6 '(2 ~ 

Ill 
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iJ?yHRUIUI, OITl'ICbiBaiOnnre CO CTO.HHUe C H80IIpe,IteJieHHhlM T , B1ITII1-

CUHbi B JieBOM I<.:patlHCM CTOJI6U,e .. l{aJK,IJ;aR !}lyHKIJ;VI.H RBJI.He TC.H rip0113-

Be,n;emWM ABJX H30TOIII1'liGCKMX ¢YHitUV.M .n;nyx qaCTMU, o6pasyrom:vrx 

cM:cTeMy. TaK, nanpMMep, rpymnUHI. 
. . .f 

(I, I){ 1 r ·- ~ ) 
MOilCeT COOTB8TCTBOBaT:& GM9TeMe &(-~"- M830R8. !tl HeitTpOHa 

ll T • .n;. Pa3JIOJKeH ne Ktz.n;cH1 . TaKO ~ cpyHKIJ,Tt111 no $YHKIJ;Y1.HM7 OillfCH-

" 
narom:vrM oocTomuie c onps.n:eJtemtili:r:.~ 7' n ?;.. (. Bb!:n:wcama B aepxuen 

C',? . 

CTpOKe)., ocymeCTBJIJieTC$1 C IIOMOJ.i{b!O KOs(fx£wrr:(Vt.eHTOB, sarniCaHHhlX 

a· COOTB8TCTBYIOlll.611 CT.pO:Ke. OCipa:IIIh!e pa3JIOilteiUI.!I cpyHKD;l1ll nma 

(2 .. 3) ITO ~yHKniHIM nma (2.2) OcyiJ~eCTBJ!SieTCP. 0 llOMOD.{blO IW3qxp:lii~ 

l{l1eHTOB, sanucaiUihiX B CTOJI6u.ax. B ,D;a:1IbHet1:rneM Mbi HeO,n;HOKpaTHO 

6y.n;eM TIOJib30BaThCH pa3JIOXeHllillv'ilf o,n;mtX tPYHKIJ;HW no ,n;pynrn. 

YcJIOBl1MC.f! na3biBCJ.Tb (flYHK4ltH! nma (2 .. 2) " gn13Hqec:rcw.m", ·Tax KaK 

nx apryMeHT1! Herrocpe.n;cTBCHHO yKa3h!BaiOT Tvtn · qacnm, o6pa~ 

3JIOI!tV1X CI1CTeMy. c;?YHKIJ;:£U1 T:r.ne. (2.3) dy,n;eM HMhiBaTb " 1130TOTIM-

. H A • 
tiSCKUMM • .t:..pryMeHTH 3TIDC <pyHKI(MM JKa3UBaeT ¥130TOllllti€CltMll CIH1.H 

'T I1 ero npoeKI(!110 T''f ,JJ.JlH Toro CO CTORIUI.fl, B KOTOpOM HaX0-

,1J;11TCJ! C11CTeM&. ( CM. IIO :3TOMY ITO BO,n;y npHJIOitGHHe ill). 

§ 3 .. l]oJiyqel!Ji~ ... }130TO~l~PIEl£1lliX COOTHOlUeHIDl C llOMOII.lbiO 

~93C£QiMI!.!1QHTOJL!{..iie6ma-f'O:QJ!OHa •. 
I. 00II.lt18 MSTO,IJ;hi MCTIOJI:030BaHlHI K03qxpl1I(I16HTOB 

l{Jie6ma - I'Jp,n;oH~ 

Tenep:b MOiiCHO npUCTynMT:O E. llOJiytieHIUJ COOTHOlliSHMti Me:m:,n;y 

ceqeuua:MM po.3JlJrqHbiX peaKI\1111. B. HacToameM naparpcupe J&r paccMOT·-
'._./ 

pMM TOJ!bltO Tai\.11:8 peaKJ1'VIM, B l:W TOphlX B HaqaJI:bHOM VI KOH€ tiHOM 
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cocTORHvU4 MMeexca no .n;ne qacTHqbi. Peax:q:r,m .I(pyrmc ±HIIo:B 

6y.n;yT o6c~.n;aTbCR B cne.I(yiD~Hx rnanax. 

HatiHeM c KOHKpexnoro npnMepa: ynpyroe pac~enHHe H 

pacceaHHe c nepesap.R.I(IWti K....;!.te30HOB Ha HyKnonax. BosMOiltHbi 

cne.n;yrom11e peaKUHH 

r. J&+ -t tv -7" 
:/{.,. ..,.. fv ~ I 

2. XT ·-t f1/ -7"' 
j(;f -t ~ <P'"-' 

3' 
:;r; .f: + /'V ---7'" ;Kb + r 63 (t.~· 

4 .. 
j{o t t ---?* JLo, +fr ~ 

il7 lf 

5. 1£0 _,. 11,· ---?>'- ;j(f -t /~ ~ 
6. xo + /'V ~~ jCO· _,.. /1, df, 

(tie pes <?{. . o603Hati6Hbi .I(H~epeH:qHaRhHbi~ 
"·~ geqeHHSI COOTBeT-

+"· C' 

CTByromHx npoueccon). 

ECJIH He TIOJib30BaTbCR TIOHSITH6M H30TOTIHti6CKOrO CTIHHa, 

TO MeJ!l:,.n;y BbiTIHCaHHhiMH peaKUMSIMM He 1 B~HO HMKaKon CBR3H •. llpe,n;

CTaBR6HHe 06 H30TOTIMti6CKOM CTIHHe ll03BORReT paCCMOTpeTh 3TH 

peaKI{VUI C e..n;MHOH TOtiKM apeHMSI: petih H.D;eT He 0 ·p~3RMtlHhiX 

pe~kUHRX, a 0 paaJIMtiHhiX KaHaJiaX O.I(lton H TOH·ilte peax:qMH 

J( -r/-->- {ft;-t vfl 
llpM TaKOM TI0,1(X0,1(6 cpasy J[e. BhlRCltR6TCR CYJlt6CTBO BaHHe He

KOTOpLIX GBR36H Me:m:.n;y yKa3BHHlU.tR KBHM:aJlH. -· 

CetieHMe KaKOi1:-JIH6o RAe pnoi1 peaxuHH nponop:qHOHMhHo, 

KaK M3B6CTHO, KBa,H,paTy MO.I(YRR COOTBeT CTBYIOI.!t6:I'O MaTpHtiHOrO 

GReMeHTa { jU J~, saBnC.filltero ·ox oo JIHonux <f!YHKUHI1 HatiaRbHoro 

li KOH6t!HOrO COC TO.fiHHfi _H OT xapaxxepa B3a:mw,iJ;encTBHSI. 

TaKH~. o6paso~i uMeeM: 

(2.6) 
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BenM~HHa K~~oro MaTpH~HOrO 3RCM8HTa ~i onpe~eRSICTCH, 

I3ooome roBOpR, 11 xoop,II)1HaTHbiMH 11 usoT011l1~ecrniM:H tJaCTSIMH BORHO·-. 
BhlX q!yHI\.lrt'tt-1. fip:H COllOCTaBJieH1'H1 paSJIWIHhlX peaK:UMii Mbl Oy,Ite:M 

cpaBHHBaTL KOHet,tHSe COCTOJIUH.fl C O~HHaKOBW.IM 11MilYJihCa.MH, 

yrJiaMH BblJI.eTa 11 T .).'(. l103TOMY, KOOp,!(HHaTHbJe ~aCTH BCeX 

MaTpY.I~HbJX 3JieMCHTOB .lfL,; OKa3oiBa.IOTC.!I O~:HHaKOBbiM~X), 
. 

B CHJIY ~ere B ,ItaJihHellmeM MX MO~HO BOOOII.(e He Y~HThlBaTh, 
r 

C~11Ta.fl, tiXO B (2, 6) BX0,1J;JIT· T.OJihKO M30TOlllritieCKHe tJaCT11 
~, 

MaTpHtiHbJX 3JieMeHTOB. 
' 

ECJI11 B pe3yRbTaTe B3aHMO~eMCTBH.fl CHCTeMa nepeXO~HT 113 HatiaJI~~ 

HOrO COCTOHHHJI (BOJIHOBaJI cpyHKUVI.fl ·tj'fUUL. ), B HeKOTOpoe 

KOHe'lJHOe COCTO.fiHHe (BORHOBa.fl cpy~KUVI.fi. )V.~ ), TO COOTBeT

CTBYIDlll)1H MaTp:vitiHhlll 3JieMeHT Mbl Oy,n;eM; CHMBOJIM'lJeCKH 3ail~ICbiBaTJJ 

B Bl1~e.: 

onepal'op nepexo,n;a. C TO'IKH 3peHMH :reopMH B03Myll.(eHHn 

npHl!eM ;4 COOTBeTCTBJCT TOt1 'lJaCTl1 raMkiJI:&.TOH:HaHa, KOTOpaH 

OTBeTCTBeHHa 3a paCCMaTpHBaeMbili nepexo,n;. B UeJIJIX'IIarJI.fl.IJ;HOCTl1 

Mhl dy,D;eM CtiJ.1TaT:&, \iTO MaTp11~Hb!M 3JICMCHT BCer,n;a MO~HO npe,D;CTa-

.. BHT:& B TaKOH cpOpMe. 0)(HaKo, cpaKTH~eCKM 3TO · ynpo'!IlCHMe He 
---------·--~---- . . 
X) CKa3aHHOC cnpaBe,ll;JIHBO TOJihKO B npenedpelteH1111 HeC50JibiiiOi1 

pl:i3Hv1Ueti Mace MeJI,ItY KOMllOHeHTaMl1 3apR)(OBhiX MyJI:&THTIJieTOB. 

Ytd~T 3TOi1 pa3HHUhi npMBCJI cJbi K HeKOTOpOMy pa3JIH'lJJ.1IO B VIM

nyJI:&CaX qaCTlilU, T • e. K. pa3JI~ql1IO B I~OOp)(HHaTHHX tiaCTHX . 

BOJIHOBUX ~YHKQMH •. 
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liBJI.H8TC.H H80ClXO,I(l1MhiM, TaK KaK HaC l1HTepecyeT TOJI:&KO ca~me 

OClll{Me· H30TOITl1ti8CKl18 CBO}iCTBa .vi,) , He 3aBHCSIIl\H8· OT KOHKpeT-

Horo BM,n;a onepaTopa ~ • 

B npYIHRTbiX OCl03HatteJUISIX MaTp:t1tiHl18 3JieMeHTl1;. COOTB8TBYIO

ll{l18 peaKJ41HIM (2~5) HM8IOT Bl1,I(: 

vU1 =<O<;PJ~ /NI{k~f)> 

JL!L =<~~n)*/ HI~~ n) > 
vU 3 = <( K. ~ f?) * I H I Oc 01 P) > 
vltlt · =<{k. ~f) *I H l{!C~B) > 
J.As =<(K, ~f J */HI {K ~h)/ 

I 
G· 

1 

J)G =<(K~n)fi"/JI/(K.:hJ>, (,1 
-

(2.7) 

~ 

liJIH TOro, tiT06hl BOCllOJI:&30BaT:&CR CJI8,I(CTB~RMH H30TOlll1ti8CKOM 

MHBapMaHTHOCTl1, pasJioJKMM BOJIHoBue <PYHKIVm cHcTeMu K -uesoH -· 

HYI\JIOH IIO BOJIHOBb1M tllYHKIJ,l1RM11' COOTBeTCTBYIOil.{kfM onpe.zteJieHHUM 

T H .Tr. . Ha ocHoBaHHH T~6Jm~b! 11 HMeeM: 

c~ ~ £ J = 1· r 1.,1.) 
'K.+ n) = :L. {1.. o) +.L (o o' 

x) 
(2 .8) .. ' , . . w::. l VE ' 'I. 

fvo f) ::: 1. (! o\l- rJ.. [·o ol 
(i' I .. T!f ... ,~ '/ VI I '/ 

~r!(.~ 17) ::: 1. (/L,-1} 
x) Ha. nepBb!tl nsr JIR.n;. £PyHKI.V111 (~~ n) 11. ( t<~ p) onHCEIBaiOT O,I(VL• 

HaKOBhi8 l130TOIIHtleCKHe COCTOSIHMSI: O~Ha 'tlaCTHI\a HMeeT 

17't = d.~ I 11 o.n;Ha ~ fJ'e ::--:. 4i .O.rtHaKo, KaK. · BH.ItHo 11s (2 .B) 
COOTB8TCTByiDmMe pa3JIOEeHHH ITO ~YHKnMHM C orrpe,n;eJieHHHMH 

tJ} 11 If~ OTJintiaiOTCR 3HaKOM B;'Oporo tiJieHa. 3TO CBSI3a.HO C 
I • . ~ 

TeM, ttTo nepecTaHOBKa M30TomrqecKHX cni-moB cn.asaHa c ne-

pecTaHOBKOr! CaMMX ttaCTHlt, T. e. c.· 113MeHeHHeM COCTORHHR 

paCCMaTpvrBaeMOtl C11CT8MLI. . . ' 
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I 

lien a Jlb3YJI :3 TVI pasJio:m:eit WI' sanHme:M MaTpJfliHble" o.heueHThi 

jl(, :t1 Jl/."'v- B .Bvr,rr.e: 

. dll;= ((t,t)~/111( 1,1} >;: f 

ill"'= 1 ( ( 1, or' Nil( 1, o J> t /; (6, Pj*"!'/111 u, o) > -t 

-:~-J (( tJ, ())* /11/ (fJ, o) l+j ((o, o) -1/111 (1, o)) . 

B xo.n;e peal\!Uni ITOJIHbiM t130TOITH'tleCK~ftt CmiH coxpaH.HeTCJI. TI03TOMy 

'-Lnmm {(ioJ*/JI/{~oJ>. ~~ vr ((f4o)'?'/11(-1, o)} · 
. })UBHhi Hymo. C ;n;pyroli CTOpOHill, Hesa.BMCHMOCTh .fiBJieHHH OT 

COHMe~_THOro ITOBOpOTa BC8X BeKTOpOB B H30TOITVI't18CKOM npOCTpa.H ... 

CTBe rrpHBO~HT X paBe~~TBY . . 

. . ((-/, o)*/11/ (4, o)) = ({4, 1}* I '!I/ ( 4, I})== I 
/ ' . 

/1{= 1 (/tf)' 

j= {(q o/7+ j 11/( Q, OJ) 

AHMO!'¥£~IHTJ!e rrpe oc>pasoBaH:tH! c .n;pyrvrMH MaTpMtiHhiMH sJieMeH-

T31..U'I )T,fHOT 

eft& =·= { ((1, oj~ 171/( 1, ()) }+ f ((o, tJ )* 1111 (I, o)} -. · 

- {( ( t, o )" 171 I ( o, o J ) - f{[ a o)7f 1'/1 I ( &, o} )= j ( /-J} 
(/~II.( =::: -1 ({ •/" J) .=7 fll ~ . 

Ill-= /- ({·- q) == J~/3 
\, :J. ;.1 (/ 

}1/ = j_ = )/., ;·"6 I I 
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Htait, OKOHtlaTeJI:bHO noJiyt~aeM:X) 

Mi. = .M. 6 -:::I 
M~-, = /Vtlf =- f_ (t + 9) (2.9) 

M3 = Ms= t- (.f..-.9),-
r,IJ;e· f 11. 5t · - HeKorop~e onpe,lteJieH~hle, ao B0061l(e ro!opa, 

H6H3B6CTHb16 KOMll1l6ECHhle qiwJia. TaKI'IM o'Opa30M ,MCllOJl:b30BaHHe 

_rHnore3hl Ii3oronHt~ec:B:olt HHBapHaaraod411 :rlpHBeJio R TOMY, tiro 

meCT:b npelt,IJ;e He3aBHCIUih1X EOMI!/IeECHliX t1HC6Jl ivl;, ,yx"a.Jio6:o 

Bhlpa3HT:o c noMonu.n. Bcero ~ Jniw:o n~x Ko1LnJieKcn~x t~J.lrce.d f. m j~ ' 
~g onpe,lteJieHHH STHX B6JIHliHH ,ltOCTaTOtiHO SKCnepHMeHTaJI:bHO 

. H3MepHTb CetleHHSI Tpex peaKrUdt ( ~ , 01_, H 0
3 

) , B TO 

BpeMa EaK npex,IJ;e ,ltna nonno~ xapaKrepHETHKH nponecca (5) aeoo

, ·XO)UIMO 6blJIO, H3MepHTb Ce'CI6HHH BCeX meC.Tit peaKD_HitXX) 

PaBeHCTBa 

/vt-:1. .f ,vt6 ) M~ ==My ; U3 = Ms 
H paBeHCTBa COOTBeTCTBYDmHX CetleHHM, 6CTb npHMOe CJie)J.CTBHe 

.H30TOnHqecKO~ HHBapHaHTHOCTH. 3TH paBeHCTBa MOZHO OHJIO 6hl 
'"' 

HanHCaTb cpa3y, ITOCKOJlbKY peaRUHH I H 6, 2 H 4, 3 H 5 

(eM. (2.5) ) SIBJISIDTCSI H30TOUHlleCRH conpa~eHHhlKH. 

~) 

xx) 

ITpH BblBO,lte (2.9) HBHO HCllOJI:b30BaJICH TOJibRO 3aKOH C0Xpa
H6HHH HSOTOUHtleCEOrO CfiHHa ~ • 38XOH COXpaHeHHH npoeKUHM 
T~ 6blJI yqTeH yze paaee npM HaiTHCaHHH HCXO,Il;HhlX peaKUH~ 

(2.5), KOTOplle H.ItYT C OdSI3aTeJibHUM COXpaHeHHeM aJieKTpH-
qecKoro sapSI,lta. . . · · oS 
ECJIH 3aiTHCaT.b .f. H '} B BH~e: j::: ~~ /e c.cf u ~:/~}12 .) 

xo 6i , . 61(., H 63 B:wpaxanxca, ItaK nerKo BH)(er:b,ae_ 

t1epe3 t~erape BeJxmqHHN If [ -, [ ~I , tf H 6 , a T01lbKO .. 
qepe3 TpH H3 H~X (f.f.f , fqf . H OTHOCHTeJI:&HyD <fla3y r.{J- o- ) • · 
)J.JISI onpe.n;eJieHHSl STMX Tpex BeJurqHH )(OC TaTOtiHO, H3M6pHTb 
ceqeHMSI Tpex peaxuH~. 
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]LaJie e l!I3 ( 2. 9) cJie ,n;ye T, tiT o 

/1~ = /ll:u + ~ 

3TO 3HatJYIT, \:ITO B K01IDJI8RCHOM llJIOCIWCTH B8KTOpbi, COOTBeT CTBJIO

~lile KOMTIJI8KCHhiM 'l!MCJiaM Jll1 , Jl{ft.J k'I .JlfJ , OdpasymT TpexyrOJih

HMK • Kale CJI8).l;CTBM8, lm810T M8CTO M3Be CTHhle HepaBeHCTBa MeJir,n;y 

CTOpOHaMM TpexyroJI:&!fMita j.Jl/,1/ 1 /.fll:vf lk· fj/13/
1

. T.e. Me2!t.n;y 

BeJIMtiMH&m 1 

16.,,.~ 1N 

1?,~/i;.+J;;;, 
~ :v ~ JGi + ;:;;.3 . 
ir5.3---=.~-~ -r.JG'.t., 

., ,· 

(2.IO) 

.I(aJII>He i1mHe BHBO,n;hl o cet.IeHMRX paccMa TPM BaeMHx peaKUHM · 

MO~HO c,n;eJiaTh TOJihKO Ha OCHOBaHliiH pa3JIM'llHhiX C006pa:&eHMti He

Vl30TOTIM'll8CKOrO xapaKTepa. ITpMMephl TaKnx coodpaJKeHttti 6y)J.yT ,n;aHhl 

HMl!te • 

IIpoaHaJIH3HpyeM aHanorH'IJHhiM cnoco6oM peaKD;liiH ynpyroro 

pacce.HHUR 11 pacce.HHHR C nepesapR,Il;KOM TIHOHOB Ha HYKJIOHax. 

r! :!- -r ;, -7 [}(- -t ;r, 6t 
2 , 7f o T IV --J'" ']( o ·i if; (?'{. 

I rr.-0 · 
3 Jl ..,.. tv --7" ']/- -t ;~ ~. (t.11 
4' 1(1 t It/ --r- :J(t t /~ . df( 
5 I !f(+ -f- /1; ___,. 1(0 -j- /•/ ~5' 

no~yt.IaiOTCR H3 peaK~Hn B nepBOM 

CT0.1l6u;e M30TOTIMti8 ~KMM corrpmKeHH8M • . ilOGTOMy OHH MMeiOT O,ll;T/IHaiWBhle 
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!1cnoJI:bsyn no.rryt~eHHlle c n6Mpnt~>ro ra6;mtw .. D pas;wteHTtHt 

., 1 1.1. l 
( ~I) t,.:J fi.~( 3 J ( -; 

:JI I /"J = ~ J l. f ;;, - jj . ,& I ,f.,. 

MO:m:Ho sanucaTI> )J;JISI MaTp~rqHh!X :1.neJ.reHTOB pa.ccMaTpn_BaeMblx 

npo~eCCOB BgpaEeHMR 

( t. flvj 

' -K?f} < r ftll 1:111 rt, 1))1 J"' (rlii*Jr/11( J, f; 
--

X) B )(aJI:bHeltmeM npM IIOJiylleH:v!I1 USO'l'OIIKtieCKMX. COOTHOWeHHi1 

MEl B 60JI:billHHCTBe CJiytraeB ()y,n;eu Yfi0Tpe0JISIT1 npl·!Be,I!;eHHyro 

Bume lf>opMy san liCH 11 o003Hat~eHI·rtt. 

xx) IlpH BHBo,n;e (2 .I2) ~lcnoJI:osoBaHa, KaK. H B npe.n;u,n;ym.en . 
npHMepe, HeSaBHCJJlt~ CTh 1 If lj_ OT BeJIMtU!Hht -npoeKIUDii 

MSOTOIIlirtleC.KOro cnima. YlHIU.Ui c1roBaM:III, MCHOJI1>30 B8J!l1Wl> 

pa:aeHCTBa . ~ 
1 (( i ti;}*J'IIj{it ~) >::: {(]., iJ 1111 ( 1: I i:}) 

(ff?fl/7tfff, 1)): ((1~-1)/r:~t/(11 -i~ M X,)(, 
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CetteHM.fi peax~Mn nponopnMoHaJil>Hhl KBa.n;paTaM Mo.n;yne:t1 

COOTBeTCTB~mHX MaTpHtiHHX 3Jl6U6HTOB: 

(2.I3) 

( Koaq>cpHUH6HT nponOpiJ.HOHaJI:bHOCT1t1 BO BCeX ll.fiTH COOTHOme-

HH.fiX O,ll;HH H TOT :m:e. CM. CTp. 25.} •. 

Tin:rL ceqen1111 . nuplllltaDTCJI 11 eJ?es :r~11. neJIH'I I!HH: l f. I , I ~ J 

11 seJII!'II!BY { {(* + Q(') , <:Msa!!HyiO c yr JIOII Mel!)(y Beic:ro·

paMn, oripe.n;eJI.fleMWH KOMIIJleKCHbiMM tntCJlal.UI -{ . . H ~ • 3TO 

3HatiHT, tiTO MeJQJ;y cetteHH.fiMM cymeCTByeT ,n:Ba COOTHOilleHl'I~ 

TMna paBeHCTBa x). llerKO y6e,n;HT:bC.H, tiTO 3TU paBeH CTBa 

HMe IDT BH,Il; XX) : j -' 

6'3 ::::- 6}; ~ + "'' ::: ~ ..,.~ 
x) B npe.n;ht,n;~eM npHMepe aaa.nor11ttm e cooTuomeH:vi.fi Me'H.}.~y 

. cetteHH.fiMM OTCYTCTBYIOT, \TaK KaK tntCJIO cetteH!!H paBHO 

tiMCJIY BeJIHqHH, ttepe3 KOTOpUe OHM BapaxaiDTC.fi. 

XX) PaBeHCTBO ~ -;:-. dS" MOXHO llOJiyt!MT:b cpasy, Ita~ CJie)J.C'J.BM.H 

· paBeH cTBa ceqen11::t1 np.fiMO:t1 n oc>paxuo}t :Peaxn:m~:. )J;JUI aToro 

,ll;OCTaTO'lJHO 3aM6TMT:&, liTO peaKU.It.fi · 5' HBJI.fi6~J:CJI Olipanwt:: 

llO· OTH0ll6HMIO It· pea.I~U.MU 3, H peaKU.H.fi 3 1 
- odpa~'Ha no 

OTHOmeHMIO K peaKU.MM 5 • 
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J{,POlW TOro UMeiDTC.R CJ!e)tyromHe COOTHOill9HHR M9JKJJ;Y MaTp.Htiiilnn! 

3JleMeH1'aMl'! 

Jill{ = t_f/1,_ -.P;) A'= v'i ( .!llr-!ll") 
Ir.rux;toe Lts mix ~ononmrTeJI:bHO ,n;aer er.qe TPM HepaB~m TBa Mex.ny 

cetieHMSIMH, aHaJIOrHtiiUle no CWCJiy HepaBeBCTBaM. (2.10). 

TipMBe,n;eHHHe npHMep~ ~OCTaTOtJHN ,ItBR YHCH9HHH TeXHHRH 

~ flOJiytzeHFr.fl H30TOfiHtJeCitlfX COOTHOmeBHit. Cne,nyeT no,n;qepKHJTT:&, 

t!TO M paBeHCTBa r;,:na (2.14)1 14 HepaBeHCTBa THna (2.10) noJiyqe~· 
. . 

Hht llB.MM ,!4JI,q .r\U!PcpepeH:t:(H8..D:bHHX~;CetteHHt:i • C ~pyro~ CTOpOHH, OBH 

~MeiDT O~HH H TOT Xe BM~ ,I(JIR JID6NX yrJIOB, HMnYBLCOB H T.,It. 

OrciJ.n;a cne.n;yer, tlTO paBeHc TB_a, · c>y.n;y\IH JIHHetiHhlMH no OTHomeHHD_ 

K B9JHftl:l·fB8.M ti5l , OCTCUOTCSI cnpaBe,ItJIHBHMH H )l;JlS! HHTerpa11:&HHX 

ceqem1~ x) .• 

B OTHOill9HlUI HepaBeHCTB 3TO YTBep:a:.n;eBHe, 'B006~e rOBOpst, 

He HMeeT MeCTa, llOCKOJILKY HepaBeHCTBa CBSI3NB8DT MeX,Ity C060tt 

He ca.Mvi ceqemta, a KOPHH H3 cetJeHHtt. 

2.AeTanH~~B_~Q10TIHtJeCKHX COOTHOmeHHtt ,ItJIH 

~eRO!OpHX tJaCTHHX CJIYtJaeB. 

COOTHOWeHHR, .noJiy\leHHhle Ha OCH0~8.HHH H30TOnHqecKOrO 

cl.HaJIH3a, :MoryT llOCJiyXHTl> TaiOB:e OCHOBHOl\ ,ItJIS! nonyqeHHR ,ItaJil>

Heftme~ HHlfJOpMat(lUI 0 CBOttCTBaX COOTBeTCTBYI>IItHX npO:t:(eCCOB.IlpH 
- ; ' ' < '~ 

STOM He06XOfJ:HMO, O~HaKO, npHBJieKaT:b P8311H'CIBBe ,n;ono JIHHTe:JI~HIJe 
coo6p~e_HMSI, ae CBSisannue nenocpe~Q~Benao c rHnoresott 'HsoTo-

n~qecKo~ HHBapHaHTHOCTH. ilpHBe~eM npHMep& TaKOH ~eTaJIH3at(HH •. 

X) .HeKOTO:pEe .11C~JIDtieHut:SI .BO~MOXHH ).tJIH pea.Kt(HH, B KOTOpl:iX 

yt.IUCTBYIOT t~aCTlU.\H o~noro lt30TODH"lecKoro MYJI:&THnnexa 

( cM.rnany Ill, § 6 ). 



}13 OflltTa. ns:seCTHO, liTO B 06JiaCTH SHe prHH paBmiX ·:aeCKOJ1:0~· 

E1i;W COTHmJ M3B llMOHJ:A pacceliBaiVTCH Ha H:JKJ!OHax, B OCHOBHOM, B 
~ . . . 

coc~~HIDfM c r= i . TaxRM odpasov., cymecx~eHHHM RBJineTCR 

TOJibEO O)(HH H80TOJ1Hl18 CE11M £8..H8.Jl 1 . B CBR3H C tiel! MOJ!(HO CqJIT!J.Tb1 

tJTO B (2 .IJ) .BeJIHTD!H8. 1 .. paBH~--!:1-';:~;:Jl!!_~:~!~~~~~!:~-!-~c.-~-~Q .. :!! l. 

3TOM CJiyqae ,n;JUf peaK~lllil· (2.II) .~ ....... fi''])&Be~d~~~~~ f · 

G.,: d3 :·.o'~ = 9:2:I xf. . <fl:t..:·dlf··:ii -·-··--··---.-·: ; ci:i:s) 
Tiepsoe i!3 ant:x cootHomeHMM: xopomo nO].(TBepli,1l;eHo 3Itcneplwenrrut:h-. .. ' 

HO. EcJim, aao6opox, rroJIOlU-ITJJ f = o , xo 
.... 

.,...> • _:) • __) - I • 2 • 4 TJl _...) - h"\ 

w~~4Ps ·rot,- • • .n col...,. I../ 
(2.I6) 

EcTb yxasalUISI Ha TO, '!TO llPJtl 3Hepr!UIX IUIOHOB OKOJIO 800...,I000M3B 

CIU:y:at{HSl npr.t6JIID!aeTC.f! K paCCUOTpeHHO!tl, T .. e .. Cyll\eCTBeHHYIO ·POJih 

·. mrpa.ex T01IhltO OJUiH liSOTOTIHtieCitRi'i 1£aHaJ£, eoox:se TCTBYIO~IfM T= t . 
• 

B oc5nacTn :suco:ttnx sHeprH~ paccuarp~raaeMH~ nso'!on~'Itlecltue 

coor:aomeH1HI Amxno ynpocTMTb, noTtaras: ce'!eBiliJI nepesapst.n;Kn G3 
11 G~ paBHhtMH :ay.an. 3To npe)J.noJioxem~e :snoJin:e· ecrecrBeHHo, · . / 

Hanpm.tep,, C TOt.zltH· 'spemlJI CTaTiiCTHtieCRO}i T90IJHH. ,IleitCTBHT9Jl:DBO 
. . ~ .. ; ' " 

·c B03pacraHHeM.sHeprHH CTaHKHBBDmHXCR t.zaCTHq tlMCJIO BOSMO~HHX 

KaHa.JlOB npoTeKaFHlll pea.Kl\!iU B.03paC:raer, npKtze:M BCe OHH KPOMe_ 

. EaHMOB ynpyroro pacceaBH.!I,. MOI'YT Ct.zHTaThCSI npMMepHO paBHO~ 

npaB:tll:!UM. 'qTo KacaeTCS':t: ynpyroro pacceSIJUHI, TO OHO oKasu:saerc.a· 

w;teJieu:aw 6Jial .. OJEapn BKJia,n;y .l\lf$paKI~MOHHoro pacceS':t:HliSI', cetieBHe · 

KOTOporo paBHO IIO llOPMKY BeJI~tUUlht CyYMapHOUY CetieHHD BC9X 

HeynpyrKX nponecc~·B. 3TO. 03Haqaer, tzTO np11 ,nOCTaTOtiHO 601!:bmO]l 

s.:aepr~11: ceqeJnte K8.%.II:Oro Heynpyroro KaHaJia, :a TO!l ttn cJie H 

nepe3apa.rtKH, cTaHOBHTc.a npeHe6pei:I1MO MaJihtM no ,cpaBaemno c 



CEH-IeHFteM ynpyroro pacceSIIiHSI. :ECJIH 3TO ,IteitCTBiiTeJI:DHO MMeeT 

J!9CTO, TO M3 '· BI>lpaieHiiilt )tJI.fi MaTpM:ttHHX 3JieMeHTOB CJieJzyeT, tlTO 

KaK ){JlSl .P68.EJ.lHif (2 .. 5), Tatt !1 )tJI!i peaKf(HK (2.II) cnpa:se).{JlHBO 

l=rJ 
Ta.KID! o6pasou, Bee cetteHH,a Bbipa:!KaJOTCSI ttepe 3 O,B;HY BeJIH1iJllHY 

i ,-,~ .. ~ , 1 XOT.H J:lSamto;tetlCTBHe ocymeCTBJI,a:eTCJl qepe3 CO CTOliHHSI · C 

IH:i3miiH1 MSTODiit~ecKl!IUH cn:aHami• UHbllm CJIOBauH, B stou cJiyttae 

B~38J1UO,D;ettCT BUe . B006n:te _He 3aBHCHT OT Nr30TCmHlJeCKOrO Cl1HHa. J{JIR 

.PtlCCe!IHiiB .. - :/C -lie30HOB Ha HYK1l~Hax B paCC:Ma.TJH!BaeMOJi npm6Jltm8-
. . ....... . . ' 

Hmt llOJiytzaeM, Bl18CTO Tp~x RepaDeHCTB (2.IO), paBeHCTBa 

<ti' :::0 .3. 

n.,1n Jlacce.ainu:t nn:oHOB na ·HyKJioHax m.tee.u ( noJiaran :s (2.!3) 

t1 ·-g ;' $ .. .. ~:~ -
• I • 

. r;; = CO:t..' .:r ~ = l/1 ~ ; . ~- = 'esS = 0 

B CBSI3H C H3JIOXeHIDU.1,KatieCTB8HHO · .. HCH~, t!TO :sepHa CJie.I(yn

n;::Ji: 6oJiee o6mWI xeopeMa, -orHoMml\aac·!I K pacce!IHHID nponsBonimlt 

<Jll;EI ,13i-'· C H30!0HII1!!lCKJII,I 'cnH!IOII j' - na qacrne JIJ,m 

\:.:·7;(iTOm!'-H~CK~ CIIMHO:M d M ero npoeKrtirteii fYl : 

Jr<& pa:sHli aym'J cetteiniR pacce.aHu -c nepesap.a)I;K~i1 x), To 

.>.;?HH MeE:;ttY C060it M.aTpMttH&e 3J!eY8HTE! H CetteHI1JI BCeX B03MOXHH:X 

)t!WB ynpyroro :pacce.aHH.fi.. "~ 

''*~-·-,----· ...... -
!:..) llp:I CTpOrOl£ pacC:M(I'fJ?eHittii Olta3HB8.8TCH, tiTO ){OCTaTOt.IBO 

no Tpe6onaT:b pa.BeH CTBa HYJUO CelleHHit He BCex, a TOJIJJKO Be

l~OTOpax paccemntli c r.repesapa;uwn .. PaBeHcTBo ~Ylli> ceqeguil 
ocTa..rn:,Hax pacces:Hmli c nepesapH.n;Ron M:OICeT 6aTJJ :ror,11;a noJiy
tieno :a:ax c.ae.r;cT:aMe ( cJu .. npR.iiOlteiB·Ie I).· 
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0)J;Hl1M M3 CJie,li;CTBU.t1 31'011 TeOpeMbl JIBJI.HeTC.H TaRJKe paBeHCTBO 

Mel[~'J;Y COdon DOJIHhiX CetieHH:H H Ce'tleHHti COO TBeT CTBYJOlqHX Heynpy

r:vrx npoueccon 
I • ' 1 ' I • I 

6i, ( /3J: lf1 t I .P'' Jrf) ~ ~ ( /!J J, 111 ~J fl" "') 
G} J13i,' M'b jl/~ "');::. G/. ( /?Jj: I"'' X /1'' m'J 

th v: I I "·" I I 
I I 

rrpM Bcex B03MOJ!CHhiX 3H8.'tleiU-i!!X·DpOeKt(lm In; In,( MJn., I.e. 

)J,JIR BC8X B03MOJ!!:HblX KOMC:hUt8.D;PIM 38.pR;t;OB1IX COCTORHltl1 CT8JIKt1:Ba·ro-
.. ...~ 

mMxcn ·qacii-u~ •. YKasaHHHe paBeHCTBa cpasy Jite noJiyliaiOTCSI, ec.rm 
. - . .. 

np MBJieti:D M3Be CTHYID OTITHtie CKyD. reopeuy, cor JiaCHO KOTopo~. flOJIHOe 

cetzeaHe cngsaHo · c aMTI.riHTy.n;ot1 ynpyroro paccenm~!l Bnepe.n; (rro.n; 

HYJIGM rp~yCOB) • 

(2.I7) 

M~TIJIMTY,11;1I pacce.HHM.H rrponOpUMOHaJI:&H1I, KaK 'H3BeCTHO, COOTBeT

CTBYIOntVIM MaTpM'tlHhiM 3JieMeHTa.M, H3 pe.BeHCTBa KOTOpl:lx, C. yl!eTOM 
I 

(2.IO), BbiTeKaeT paBe~CTBO fiOJtHHX CetteHH~ H, K8.K CJie,n;CTBPie,-

paBeHCTBO Ce'tleHMM Hey.qpyrHX B38.MMO~et1CTBHn. 

3Ia Teopeua MOE:eT 6U I:& IIOJI83Ha, .B ttaCTHOC TH, )J;JIR 
I 

aHaJH138. B3UID.W,n;ek!CTBHH qact~U~ BblCOK0!1 3HeprHM CO CJIOJ!CHhiMJ.ii 
' ' 

.H.n;paMM. Ee ,n;oKaaate.ii:&cTBO .ztaao B IlpHJioxeaint. I. 
. : 

I~ npo.n;eMOHCTpHpOBaJI~ MeTO,ll; no~y'tleHHR H30TODH'tleCKMX 

COOTHOmeHHi1 Ha He CKOJlhKHX KORKpeTHUX npHMepax. B o6meM cJiyqae 
I , 

' 
CXeMa OCTaeTCR Tfi.l\0~ J;e., HO 'tlliCJIO H30TOOVIQeCKHX KaHaJIOB 

MO)!t6T 6h1T:b JIXl0blM. Tax,_ B ;D;.ByxtlaCTH'tlf~X peD.Kn;HRX B38.IDlO,l(e!i

CTB1HI fJ( -Me~OHOB C .{/(· - t{e30Ha.MH ... , -

. 1(+$ ~ ~-+F 
tlMCJIO KaHaJIO B p8.BHO. Tpeu.: . 7' =2 , 'f =I , 'f =0. 

. . 
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' 
' 
't 

\ 
I, 

JiM COOTBe.TCTBYBJT Tpi! !lll.'rpi!llllbl~ aneMesra · ~ jf 1 ~ . • Bee 

ceqeHM.fl BHpa)!taJOTCSI qep es mec-r~ ~~e JIMtm: H: I /I ' '9 rf., ' I ~12J' 
( f l h v 1$} ' ( fJ fv) X) :.}KO 6K~ 3,11e CL _,? 60 3Ha'le!IEI CKMJlp!IEie npOI!:i

Be,n;eHM.fl BeKTOpOB f , !I , lll 4 , oqpe,n;eJISierrux KOMIIJieK ... 

eahtMiii q111 CJICUJA:H I , f/ M l-v • Ilo CKOJibKY pasm1:qHI:itX peaxrufitr 

B 3TOM CJiy4ae HMeeTC.fl dOJibille ll.flTH, COOTBeTCTBYID~He 11M ceqe~HSI 
CBSI3aHbl HeCKOJI:&KliM.i1 lii30TOTIHqecKHMM paBeHCTBaMH. . . 

I" , f 

Ha npl1Mepax CdOtHOmEmrHt (2,15). H (2.16) Mli yYi.e BH,IteJUI, 
i . . . i ' 

qTO ecJIM peaKUHM H,IJ;YT qep~s o~MH M30TonuttecKH.t1 KaHaJI, ±o 
;; I 

pas1n1Hmte ceqeHHSI o'npe.n;eJISIIOTdJI TOJl:&ltO O,Il;HOti '·BeJivrqHHOH, M 

MoryT 6.~T:b no~ToMy Bupaxeaht ttepes Kaioe ... td b.u;lto JIJ06oe ce.tieHHe. 
0 ' ! \, ;" I' 

. ,. \ ' ~ I [ l '. 

QqeBH,IJ;HO 3 TO Be pH 0 H B OdnteM C1Iyttae t.: I!oJieSHO ~Taiciite OTMe THTb, , 

qTo eCJIH peaKUHlf HAYT qepe3 .,IJ;Ba lf30~0TIHtteCKHX KaHaJia, TO, l'!X 
. 'I 

ceqeHHSI ~cer,n;a CBSI3aHhl COOTHO~eHHSIMM .tHlla "TpexyrOJI:OHHka" 

( ,IJ;OKa3a TeJI:& CTBO CM, B IlpHJIOJICeHHH II) • JJ.iik dJI.jqaSJ Tpex ~. 60Jib• 

mer o qzcna xaaano B TaKxe cyme CTByiDT liEir(d±bpUe llaoT~ri~e·CKHe 
COOTHOilleHI1SI. 0,IJ;HaKO B OChqeM CJiyttae, OHH Ha~Jta,n;llB~IOT S~aqHTeJi~-' · 

HO doJiee cnadhte orpaHHtteHHSI aa cetteHHk pacdMaTpHBaeMax peax~l! 
I 

3. 3aMeqaaHe B peaKUH.flX aaanorax. 

Ml:l OTMettaJIH y11.e B aattaJie sTo.tt rJiaBa, ttxo Bee li86TonH-
, . . . .~/'. ' . 

tteCKHe COOTHOilleHH.fl CTpOJITCR Ha OCHOBaHHH O,IJ;HHX TOJibKti H30TOTIH...;. 

qeCKHX CBon.9:t.B. 0~aCTHn H He 3aBHC.flT OT ~pyrHX OCOdeHHO CTei!. 

B3a:viMO,n;eUCTBH.fl H npHpO,!tbl ttaCTHD;. 11osT0!4Y C H30TOlllilti8CKOtt·±o!i:mif 



.. 
3pbHHsl :Bee ttaCTMI.J.hl C O,Ill1HaKOBblM~ M30TOTIM\leCK1HIM: CfiMHa.MM 

( 'lG ~ ,·\/, -:'!' Ttl :2. 111 ~ .,n;$) He OTJIHl!aiDTC.R ,npyr. OT 

~pyra. 0TCD,11;a CJie~yeT, tiTO M30TOTIH4eCKHe COOTHOillCHM.R ,I\JI.R 

peel.KIJ.Hf1 

• "5 + :'V -I"' \ 
I . L 

MJIH 
. ...._, 

.2 + ,tv; -i" 2: t- fv' 

To xe caJ.tfoe MOJJCH,O CKa3aTb 0 peaKUMHX 

l~ r /V' ~ / .. .' -t-lv' 
.. _., ~ 

~~ + N'~ /... r/J 

1./ -r lt/ -;;. l/ + lv 
a TaKXe M 0 MHOl"':HX ;rpyrnx rpynnax · peaKUHIJ, OdJla,J~D.lOlltHX O,J.WIHa-

1. 

KOBOH H3
1

0TOfiHqeckotl CTpy:kTypoti. TaltMe rpytlnH pe8.KI.J.M~ H 
:I . 

~ltni,Hei1ineM J;hl dy~eM Hasu:Sa.Th peaitrUHIMvr ... aHanorruu1. 

£1lABJ\ III • 
· U30TOIIW-IECKVfE PABFJICTBA. -----·- - --·-

§ I. Ynp9r~ggnh1i1 Me!Q.t:; noJI~.eHM.fl I-1]0TOnltttecKHX 

COOTHOIJieHHH., ' ----=:=- I ·-· a •• , .. 

I. Bh!BoA..,l1,;!.Q.~~cKiiX paBeHcTB. 

Bhlme 6biJia> onMcaHa M:exo.nH.Ka nonytreHMSI H30Ton:aqecKYIX · 

paBeHCTB H HepaBeHCTB, 'CBSI38.HH8SI.'C BB8,11;eHHeM K03cM1HUHeHTOB 

K;-r • ECJill OrP,aHHtiMBa'XhCSI TOJl:bKO paBeHCTB&Ut, TO MOJKHO npe,n;-. '·,,' ,,, 

JIOJJCHT1 6onee npoc·To11 cnoco6 MX nonyqemu:, oouoBaHHLit1 Ha 



-'43-

.aenocpe)( C! BSHHOM ~CDOJ!1>30BaHHvi M30TIJODfU! H30 TOill1l.l6 CKOrO 

npOCTpf+HC!Ba x). BBe.I(eM ~JLff' ~TO~l neJU1 npe,IJ; CTO.BJiemre 06 H30TO

nJ1:tleCKif, He no JIHPK30BaHHOAi nyq:s:e qacTm~, co.n;epllta!l\SM B paBHOM 

tU!C.lie ~ce M30TOITJ/f~eCKH8 ROMTIOHSHT!l .n;aHHOro MyJII>TYIIJJieTa. 

. ,.-- + (£'; b cr;;· -TipnMepqu Mo:areT cJTy~a1TI> cMec:& paBHoro "~BWJia U , s7t M vt 
_ ...:Mesoii~B JlfJUI cMec:r, paBnoro qncJia npoTOHOB lii HeMTpoHoB. Pac-

CMOTpHJ4 Tenep:o Mb!CJISH HH}i 3KC118 pnMeHT, B 1\0 TOpOM ocymeCTBJI.HeT

CSI Bsamw.uer1cxm1e nytiKa rrenoJIHPlii30Baimhlx -qacnu~ c neriOJHrpu3o

:Brumott 1ll1lli€HhiO. BBH,lJ;y OT CY!;.C TBJ:HI BI:I.I(6JieH HhlX HanpaBJieHV.it, CBH-

3aHHbiX C HO.t!aJI hHhUJ: COCTOJU·UieM, li_ B CHJIYJ130TpOTIMk-i K30 TOIT:VItiec:rwro 

npo_cTpancTBa KaKxle-JIMdo Bh1,n;eJISHID:Je nanpaBJierurs· He Mory1· rroa

B~1T:OC.fi 11. B KOHetiHOM COCTORHM:U. ¥!HUMH Cl10B$1MM, BCe_ npo,n:yiO.'Ii 
: @. • ~r.o J:.l. f!.J.?.k:{t;...f&-,r 

:peaKqLU'l TaK~e· ,lJ;OJIXHhi di:IT:b H30TOIU1tzeCKI1 H6l10JIRPI130BC1HH1H.fl'f., 11~0\\ 

J€~ U30T011l<Fie CKUe KOMllOH 6Hl'I:l BCeX MYJ11T!1IIJleTOB C~OJia ,lJ;ORJ!:tHH 

clbiT:b npe.n;cTaBJieHI:il C paBHILMlir Beca:MH,. 3TO ·odCTOJITeJihCTBO MOJR:eT 

di:IT:& KCTIOJih30BaHO )J,JIR DOJiytieHHR IIICKOMbiX 1 M'30TOTIHtieCKHX 

- paBeHCTB. CMLICJI C)\eJiaHHhlX YTBepi!Ol;eHll!t~ JierKO HOHHTh Ha KOHI<:pe·r

HEX npm-.{epax. 

PaCCMOTpHM COBOKYITHOCT:b Bcex B03:MOlCHI~X peart~MH TI1ITa 

2+ 1(. 
' 

HMS~ll{HX M6Cl'O npM · B3ali!MO,n:e~1CTBMH HeTIOJI£IPI130BaHHOrO nytfKa. 

TIHOHOB C HeTIOJIRpMSOBaiiHOH MMID6Uhl0, _COCTaBJieHHO:tl LiS IIYKJIOHO B. 
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I. %++ jt- + + .L + /(r; I I • Vi+ )Z ~ 2+ /{'~ 61 
2~ !ill+jl.~ 2 ~~ )(t 2'. ffip+-12 ~ ~ 1)+)( 0 

~ 
3~ Ji"+n ~ ~+K~ 3'. fi"' +-)2-+ 2++- )(" o; 
4~ fii-+jt ~ ~-+)(+ 4'. + .. 21- )(() 64 ,ff +)~~ .+ 

5'. 
. . ·' .~ . {) -..... 5~ g-+jz·~2o+/(/) fl*' + it ~ z + J( fJ5 

3aMeTMM, tlTO B CHJiy:IUtBapHaHTHOCTH OTHOCHTeJI:DHO H30TO-
. . . . 

nutiecxoro conp.HjjteHHJ1, peaxtunt, o6oaHatzeHHhle OJU·tHaKo BUMM 

HOMepaMH (CO illl'pHXOM M 6es l!!TPHXa) HM6l)T.paBHhle cetteHHfl . 
61: . ~aJiee, tl~CJIO o6pasyD~HXCR rHnepOHOB ( JIH60 }( -Me30HOB) 

!fJHKc11pOBaHHOro Tlitna nponOpi:(MOHaJI:bHO, O'teBM,B;HO, CJMMe 3qxpeK

TMBHMX CetleHH~ Tex'peaKI:(H~, B KOTO~X 3TH rmnepoHH~~M630-
Hu} poE:~aKJTCR. 

TaKMM odpasoM, M!!eeM: . ' 

tf;-
! 

/ 

/Jrr;. r-v(~-ro;.+o;+~f%} 
I 

ll~KOJI:DKy KOHS'lHOe COCTO.HHHe HSOTOllHtl9CKH HSDOJIJ1PH30BaHHO, : I . , , . , 

1'9 MOli;HO Ha~IHCaT:D CJISAYiJIItHS paBe·HCT Ba: 
' . 

• 
,· 
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Y CJIO BHe npHBO~HT K COOTHOilleHM~: 

x) 

~ + o; + r11; = :J/~ +r5§) (3.I) 

PaBeHcTBa tA{ + = ~- n vt; f· :: /x" Bhlnonns:mTC.FI 

aBTOMaTHtieCEM, TaK KaK 11HBapx!aHTHOCTb OTHOCMTeJibHO l130TO-

n.HtieCKOI'O conp.ms:enu.F.I ci:OIJia naMII! yrr..e Hcnonhsonana. xx) 

Eme O)l;MH Tlifl COOTH0!11eHl1ti MeJK).ty CetieHHRMli MOili:Hb TIOJIY-
• I ' 1 >, 

qHT:D, ecn11 paccMaTpHnax,t; pem~v;m1 o6paTHhle !i+ J ... :..i;i :2 + )( • 

B nameM cnyqae nonuaP. cosoxynHocTh Tax11x pea&~MM KMeeT 
B:t1,1.'(:. 

I. _2})1+--.. _fi~+f 

. 2.:2 D+)(+ ~ ffiD~jt 

3. I-:-+ H+ ~ %"+ Jt 

4. 2 -.f !{'"~ £ -.,. )i 
5. 2"+ ){*"~ tl++ )t 

I 1
• 2,-t-1{ 0~ fil~IZ 

2'. 2 0+-kf)~%;)+)2. 
3'' • ~ + r )(o ~ /f7"+ Jz 
41. ~+ + j(~ ~ :11.,.+ )t 

s'. ~o + /(0
-. ffZ + jt 

X) HanOMHHM, 'liTO IIOJiytieHl~Oe COOTHOll1eHHe
1 

paBHO KaK M BCe 

APYI'H8 ~30TODU'll0 CKitie paBOHCTB a, cnpaBe~JIMBO Ka.K ,Il;JlR 

i:mJxpepenuHanhnLix, Tar< u ,nJrs:t lfHTerpannHPlX ceGeHM£1,ecnH . . . . 
TOJI:&Ko · B pea.ItiiVLH ue · yqacTBYJOT qacnnJ;u o.n;noro·MyJI:OTimne-

:ra. 
xx) To liCe .cnpane,n;JIIIfBO )I! B odrueM cJiyqae: ,n;;w JIIOOhiX sapn,n;o

BLIX MYJihTUTIJieTOB ,COTIOCTaBJieHHe U30TOflM\leCKl1 conpmB:eH.:. 

HhiX KOMTIOHeHT He npUBO.ztHT K nonB1IeHMlO KaKMX-JII1CiO HOBbiX 

CO OTHOlllem1i1. 
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(3.2) 

HSBeCTHO, OHaKO, tiTO cetteHHSi COOTBeTCTBYIOilti1X llpJW~:jX H 

o6paTHNX peaKU~Il1 nponopumoHaJl:DHhl ,lij)yr JI.pyry, T. e. 

·-w ' =' CAJtt,yt " 0 . . 
{., ,.; ; :: (... 

(3.3)' ·. 

. Il03TOMY H3 (3 .2) . CJle~yet TaKJB:e 

&1. + f) 4 _,. ct, -=: 2 ( 6'2- + ~) (3.4) 
. ..... .. .,, 

ConocTaBJlem~e' (3 ... I<~: l1 (3.4) npHBO~T K paBeHCTBY o.:f7t ?s 
TiocJie,l(nee p~BeHci~o ~· paBeHCTBo (3.4) coBna.ztaDT c non§qeJtHhiYH 

panee paBeHCTBa.M~ {2 .i4). 
PabcMOTp~n#e Ob;aTH~X peaKUHtl MOXHO Ta.K:Ie 3~~ifHTb 

CJie.l(yDliU:1M YTBep:at,llSHM~M t B npmn,rx peaKUH.HX HeiiOJISipH§O:BaHHOro 
• • • j ·.,_ •• /. 

nyttKa tiaCTMU C HefiOJI~p~30BaHHO~ MHWeHblO Bhl6b1BaHHe ::Bti'e~ koM-
. . 

noneHT 3apaAOBbiX Myn:b'irmnexoB, yttaCTBYI>lllMX B pacc:uaTp~:Bae}.{blX . . ... _.. . 
nponeccax (cnSisaHHJ,IX u o nyttKOM H d M:iuii~Hiuo noposH:DJ Ju>.7n~:ao 
npOHCXO,ItHTb nopOBHYX). 3TO YTBepz~eHHe Taxze RBJIReTCH npHMNU 

CJie~CTBHeM H30Tp011HOCTH l130TO~HtfeCKOrO llpOCTpaHCTBa. 

nnSI llORBHeHHR H3JIOXeHHOrO llO~O~a CHOBa paCCMOTpHM 

peaKUHIO Ji.,. /tl'-. 2 + K, . axueH.THPY a BHID4aHHe Ha Bb16UB8.HHH nHo

HOB pa3JIJ1qaoro. THna 113 nepn:uq~oro. nyqxa. qHCJIO .'1f +_ '~~30HOB t 
llpOB3aHMO,I(e~CTBOBaBlllHX ~· HYKJIOHa.MH MHWeHH 

N~t· ··~ ( ~ + ·~ + 6'
5

) 

x) . BosMoxna ·H .npyr~a B~~nne, ·.~K~~BaneHTHaa tjiopwy;mpoBRa 

COCTO.fUI(aR B TOM., ~T9 · ~~·npOBS~~MO~eHCTBQBaBH,Ure, qapT~Uht ;Ka.K 

nytrKa, .. TaK . H )4HllleHH·, )I.O!IXHH OCTaTbCR HellOJIRpH30BaHHhtMH • 
,· •• 't [ • 



,\ 

l~7 
I 

A~anofn'UihlM o6pa30M 

,....___) a ;·rT; + o-; ). 
:L ..... 

TipupaBHHB8.5l oC)e B8JivttUfHht, npHXO.IT,'HM K COOTHOill8HHIO (3.4), 

nonyxzemtoMY paHee .n;pyrMM cnococ>oM x) 

3. fiBMMepbi. 

M3Jio~eHHhie MeTO,TI;HtieCKHe hPHeMhi AerKo npMMSHMTh K 
' ...... 

peainMSIM Jno6oro Tvtna PaccM.g~JlHM' aanpMMep, peaKIU1H ~·I( l'el:., ·.~/Z 

I • K i-)2 _.,. :2 -+- fit- r 

2. K--f /L -~ 2 () + /i" 
·-;- . --3. u-+ l~ ---1> ~ ;.. ii 

I - -() 
4. ){ +- )t --:I" +VI. 

5. l{- 1- lZ ---? '< /) +- ,·;~ -

I I~ 

l 2 • 

'J I • 

'' 4 • 

5'. 

~~ ·-
J{o+ ft. ~ .::2 -;._ /? 

"' ,.-...; . :p 
)(D + Jl-42 /)+ llJ;& 
,-...,. 

;ro + fl ~ ~ - +- a+ 
/""'J 

X:, + It -- 2.. T- + ,t:ff) 
111) -~-·;z -? .2 ~t /Ji+ 

3,D;eCb ycJIOBMe. OT·CyTCTBI1SI H30TOTIHti8CKOH llOJI.Rp~manitn,:. fi" _.;.Me- ·~ 

30HOB M 2 - .tl8.CTl.fJ~ npHBO,D;MT COOTB8TCTB8HHO · K paBel:ICTBaM:: 

.(.3.5) 

('3.6) 

X) CTporo rOBOpJI, ,ItJISI t/j~;,_ l1 . e-f'~;r MMeB;>T MeCTO HeCKOJI.hKQ ... 
. ~;; ' . {/ 

.n;pyr He fBblpaJ!C~~~~ ~ ~ t r .) . _ . · . _ . -

1 
£-'- {)J;, /tJ';_' r Oj)J· . 

l/jl;;,. v 1 - 0 f t ~, ·.~-; ~ ,...t:~-tJ ;'J l- c:, . 
lv . ' 

r,IJ;e B8Jl,HtU1Ha )j · CBSI3aHa C tUfCJIOM HYKJIOHOB, CO,ll;SpJiCaJI(HXCSI 

B MHIU8HM. YKa3aHHoe·yTOtlH8Hl1e, OtieBH)(HO, He MeHSieT OKOH

qaTeJibHOro pe3yJitTaxa. 
' ' 

l'• 



- lt8 -

ti 
· YcnoBMn paaHoro BhidhmaHMR /( · JA )( -MesoHon, a TaKY\e npoToHon 

M HetiTpOHOB HOBhlX paBeHCTB He ,n;aiOT, T.K •. li1HBapuaHTHOCTh OTHO-· 

CJtiTeJlbHO M30TOf!J.1qecKoro COllpHilteHH.H HOJ.,Hi cJhiJltt yYI.e IiCHOJlh30Ba-

PacCMOTpli1M Teneph necKOJibl·W :vmoti nm peaKIU:ttf, a HMeHHO: 

x) 

I I 

m1eeM: B a~OM cnytlaa 
' ;t+-11> ~+ 

., - ·-' ~·~· ·' iii++ :Jl ++ I jfj rr--

I. I " 
t ..-> _,.. t··z -t L ~ ' -.. .;. zo_,. [;l +- + i)f /"'"'7"-

2. 'i+- .2D 20_.,.. .zo I' . (;. • .t~1 + ilt + rJ 

~~7++ 
/) /% /).;.. 'L+. ~ 

3. "5" ~ 3' ~ 'if-+ "'> 0 /f.,+- ~- L-...;... ik ....._ . _,.. 
0'3 -tz++ 2 - ffi + +- 4'. tit-+ "'5+ 4. -+ 5- /l--r '-.:.:-+ (J ..;._ .._,. 

c;;::.. ·- 't 'If++ :2 - g--}- 5' • v--~: "':;- + 5. l• ' 
__.. 

.L"'" 1/. . . _, ;;z+ + >- ()_ - ...._ 
6 

6. Ji+ f- > - 'ip 6 , •. :;!l- .;. ~ + /I/~..,.. L:c ..:..- ~ t;; t ~ 
p ....,....,. o-; ~ 

--- () > + r.JP 7,. qo + ~- u'+ 7. 11. 1- ...:_ --+ ill .+ :> + 1/J ....:;.... __...... 2 r:·· ,) 9. 

8. g () +- > -I:_. /1.;. f- "5"" 
/) 8'" ffl f) .f. 2... - -i" tJ!-.,. ~b r;---"-- ---- "'- /. ,;? 

9. u/+2 /) ~':"'{) 0 9,. ---.... ;.t f :?-: Sg 
IO. aD+-L: 0 c-

.L 
.,. ro' . r,:-0 ;> {) ll-rt- 2:-~ t'l,, .j- t/t +- ...... ~ ()-'/P 

PeaKUHR 9' TOJR:,IJ;eCTBeHHO COBTiaAaeT C peaKnJI[eVI 9 M ll03TOMY 

ee He HYJICHO OT,n;eJibHO pacc:MaTpM:BaTb.YCJlOBHJI pal3Horo BhidHBaHMR 

. 9T -Me30HOB M· ~ -tiaCTH~ ,n;aiOT COOTBeTCTBeHHO paBeHCTBO: 

---·------
X) Pas~eeTCR, pa.CCMOTpeHMe tiTHX p~a~Irlilti HOCJ.IT TIOKa q:£.ICTO 

MeTO,ItHtieCKMH xapaKTep. 
', .. 
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o;+o;~Oi+~+6}+%= ~(f.J+-~+tiit1)~~1) 

o; + ~ -r o; ... +lf6- to; r?; = ~./tJQ + ~- t o;t') + og 

(3.7) 

(3.8) 

YCJIOBvUI' OTC yT CTB MSI flO Mpltl3aiU1VI. B. nytn~ax npOB3aJttMO)J.et1CTBOBaB

IlJli1:X ,fj H 2- -tJaCTJiU:( npMBO)J..HT K paBeHCTBat~: 

~.,. 6i + ~ +- t% .J- o; + ~ = /~ /o; +-o; +~)+o; (3.9) 

o; r o; + o;;.,.. o;. +-01 + o;tJ = .tl.. (o; to; +Oj) + 09 (3.IO) 
vt~? / ' 

BbtQTeM H3 (3. 7) pa.BeHCTBO (J. 9), a 113 (3.8) pe.BeHCTBO (3.IO). 

B peayJibTaTe nonyqHM: 

~-0'3.::-o;-o; 

o; -f o; ::: o; f 0P 
0TCD)J.a nerKO nonyqaeM )J.Ba paBeHCTBa: 

ltOTOpble MO~,J!O 6uno 6H TrutJite flORyQHTb 113 nponop~HOHaR:OHOCTH 

MeJ!t)J.y ceqeHRSIMH COOTBeTCTByromax np.R~MX H 06paTHbtX .peaKqHH. 

BliQMTaHHe paseHCTBa (3.8) H3 (3.7) npHBO)J.HT It paBeHCTBy: 

O"'JL = ~ (3.II) 

noCJie qero (3.9) MOJlCeT 6blTb raKllte 3anHcaHo B BH,IJ;e 

!0 to; to;- = o;_ +- o; +-o; + 69 (3.I2) . 

,I(anbHeliUJMe npMMepa npHBe)J.eHhi B llpHnoJICeHHH IY. 

neritO' BJtt)J.eTb, qTQ B 06nteM CJiyqae )J.JISI npOH3BOJibHOll 

peaKt'(JtlH: 

) 
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BCe. ~30TOllH'lleCK~e paBeHC~Ba CBR3aHH C 'llaCT~UaM~, 06JI~aDmHM~· 

.. H30TOn~qecKHM cn~HOM f > I/2. .lJ.JIR r =0 H30TOllR\leCKNte 

paBeHCTBa He HMeiOT CMhiCJia, T • K. cyme CTByer TOJibKO O,ItHa KOM~O

... HeHTa. B cnyqae r =I/2 MO:atHO roBOpHTb TOJibKO 06 H~BapHaHT-
' ' 

H,OCTH no OTHOnieHHIO K H30TOTIH'tleCKOMY conpmiteHNtiO, KOTOpO.SI YtiC-
. ' ' 

· noJI':&syeTCR c caMoro ·HB.llaJla B caMoiti <IJopMe sanHCYti. 

§ 2. Pea1_\_gHH__9_Hec1mKcnpoBBHHhiM tiHCJIOM BTO:QHtiHHX 

.!!~!lli.!. 

PaCCMOTpeHHyiO B.§ I Me~O,ItHKY MO:atHO npHMeH~Tb· ~.npH He~ 

· CKOJibKO HHO:M riO.CTaHOBKe BOllpOCa. f!p~ CTOJIKHOBeH~H ll8.CTl'il~ 

onpe,I(eneHHoro Txma MoryT ocymecTBJISI TbCII pasJI~tiHbte peaKD;MH. 

Ta.K, HaiipHMep, npM cTOJIKHOBeHH11 .n;Byx HYKJIOHOB B03MOJKHa rene-
. . . . 

pa!\HR O,I(HOro f7{- .Me30Ha, ,D;Byx [ff- Me30HOB H T.,n. B Ka.JC.nOM 

OT,I(eJibHOM CJiyqae' HMeJJT MeC'l'O CBOM: BTIOJIHe onpe,neJieHHble H30TO

nH\leCKHe COOTHOllleHHli. CymeCTBeHHO, O,D;HaKO, OTMeTHTb, 'liTO· 

HeKOTOphle H3 HHX .RBJIRIOTCSI YHHBepcaJibHhiMH H cnpaBe,ItJIHBhi ,I(JIR 

.. peaKUHti Bcex THTIOB• ,llJISl .HX TIOJiytleHHR MOJKHO .. flQ3TOMy. He· KOHKpe

TH3HPYSl BR,D;a~peaEIJ;i'IM, paCCMaTpHBaTb BCe B03MO!:Hlie pea.RD;HH 

O,ItHOBpeM:eHHO• TIOSICHRM CKa3aHflOe Ha npMMepe. 

TiyCTb K.MeeTCSl H30TOTIH'lleCKH HeTIOJISIPH30BaHHaSl MHllleHh, 

COCTaBAeHHaSI H3 Sl,I(ep ~ C,H30TOTIYti'lleCKHM CTIHHOM ~ =0 

( CitF~ " /' ~~ ) ' , HanpHMe p, t/U :1. , £, 
6 

M T .,n • • . 

PaccMoTpim: neKoTopoe tiYticJio aKTOB BsaH:Mo.nettcTBHSl Hsotom-ttieCKH 

i 
I . 
I 

. nenonnp~sooo.HHoro n·yHKa if- Meso~oB. b · 3~oH MHmeHhD. CoBoKynnoc~ 
Bee~ B03MOJKHhiX B~aimp,I(eH .. CTBHH %!M~30HOB C ~peu~ C~MBOJI.H'lleCKH:. 
aanmmeM.B Bl1,Il;e: 
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A. g fl r:; 1! ..: 
r,IJ;e trepes 1-'t , t\. , v , . , •> 11 u .ouosaatre HO cpe.n;nee tr~ cno 

BTOpHtrHDIX £f · -MesoHOB 11 HYKJIOHOB .cooTBeTCTBYIOll\HX ·T·HTIOB~ 

BCH11Y H30TOTIHtreCKOiii CHMMeTpmi, B36J.1MO,Il;eiiicTBH.R t/Z. -Me30JjOB 
•• •• • J •• •• -' •• j·i 

MO~HO SaTIHCaTh B B11,Il;e: 

1<' ' '· " 

I • (4- t ~~ft -·> ,;f. fi -+ e$l'j:;.. r t ~l 0 + f) l't f 6. 1t :~ 
I 

' .. ~ 
J~' 'I 

tJ ,. ... ',: . ' ' .. ' ' -';',; .. · ;,:· 

2. lfl +-ift_.-~ ,i[;,~~~.Jtf-+ a:t "~ :/jl r {vt. 
,;.·' 

:~~ .'1' ./·~ 

B KOTOpOM TIO,Il;tre PKHYTO paBeHCTBO ~qMcna ii +11 , ~~ 1e~b~f1~ 
~f ••• 

H COOTB'et.~TS'6HHO tiHCJia np .. OTOHOB .11 '1te~T·p6iiQ~. 06A \Q-~1{ :,~f:~e·p-. 
- '. ' ' ~ . < ?·_t . ',' ~. \ ;~:-~.'·: · .. _ - . '• . ··:\ '-~. '(_ ~-- j: .... ·-:· 

l!l:}.teHHst taKl!l:e ·~BJI.RIOTO'SI fi}!J!rltrM CJieACT BHeM. H's'()TO~VltttfC~OM d.tlMJ4!3T-
···- ... ': :~:~- • :~ ~:-·_: ·_ i ' . • 'i;1j 

1

j_ .·_ •. ~ -::· ~--:;·-.,~ ~ ' ·. _,\·-~:),\ 
pHH, Tc$ rtaK · ttptt MootonM:tle·cKoM conps~emu1 CHCTe~a -:cno.M} If~pe-
xo,n;HT c~~~ r B 6~6~. · · 
,UaJISe, i31hr,zty d TcyT0'tiHtsi ~Jtst npo)tyKTo B peart!.lYiuf Mi,l,IteJteHinix 

.,.. . - cr:- tl 
HanpaBJieHHtf tiMCJIO Oc5pa30BaB1Ul1XCR tif , f[ H tZ, ~e30HOB 

,Il;OJI)ICHO 6bl T:b 0).1;!1H.aKOBil.M. 

3TO 06CTOstTe.JibC TBO llp11I BO,ll;MT K o6meMyi COOTHOUietn1tO' 

(3.I3) 

KOTopoe cnpaBe,l\JIHBO ,1\JIH peaKI.\HM. c Jlm6hiM t~HcJIO'M. :BT'opHtrHhiX ·'j; 

uesouoB. cJie~yeT Ta.Exe oTMeT~~h; trTo (3. IJ) oTH{l'cH±cs · K~K xo 
,. ' 
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!PMKCMpOBaHHOM MHTepBaJie TeJieCHhiX yrJIOB H liMllyJibCOB. 

BoJiee MHTepec~e COOTHOWeHHH liMeDT MeCTO llpH B38MMO-

~eMCTBMHX HYKJIOHOB c n~paMH, y KOTopux ~ =0.· ITocxynan 

coBepmeHHO TaimM Jite oCi:pasoM, KaK M B npe~~~ymeM npHMepe, 

MMe eM: 

I ~ 

I'. 

,; ' 

0TCYT c·TBMe riOJI#p:vr'sh~1H1 ~JIR J:\TOplttrHhlX fi -Me30H~B npM~O~~~ K 

paBeHCTBY 

.. ~ . 

(J.I4) 

': ;, . 

C ~pyro~· CTOpOHhi~ B KaJlt~OH CTpOKe, T.e. B peaiCUHHX C O~ltlm'H 

TOJI:bKO Iipo TOHaMH ( MJIH HettxpoHaMH) B ox~eJibHOCTH, tJHCJIO 

sap mteHH~X ;;;,- -Me30HOB Jli t = d+- /d, 
· il~o = /1' • 
t/f vZ (.... 

TaKYIM o6pasoM~ ~JIR sTMX peaK~Miil noJiyqaeM cJie,nYJ>me,e oc5mee 

COOTHOilleHMe f 

x) 
(3.15) 

· lloJiytJeHHiiliil pesyJib_TaT OTHOCPITCH, KO He\JHO, H KO BTOpHtJHblM 

f/j -Me 301IaM l1 ~ -. r~nepOHa:M, o6pasyDII\HMCSI llpH B38HMO,neii1CTBTtl~ 
j( -Me 30HOB C SI~ap:MJti, y KOTOp!::IX 7':::: () • . · · · ; 

.X) PaBeHCTBO (3.I5) cnpaBe,nJIHBO, KOHeqno, He ,ItJIJI KaJIC~Oro 
. ' . '~ . . . . . . ' ' .. ', \ ~ ' 

KOHKpeTHOroaKTa B3aMMO,Iteii1CTBHH, a TOJibKO B cpe,nHeM. 
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·. CooTHomeHMe (3.I5) cnpaBe](JIMBO Taae H no OTIIOIJie HHIO It 
{) ·' . . \ . ·' 

B3aMMO,IJ;eticTBYIJ!M 1\ - qacTHU c HYKJIOHa.Ml'l, nocEOJibKY H30TO-

IlH'llecEJtiit cniiiH A c - -qacT MU paBeH HyJiro. 

B CBRSl!I c paBeHcTB OM (3. I5) MOlR:HO c)(eJiaT:o cJie,n;yrolllee 

3aMe'llaHMe·: npe;D;CT a.BHM Cede MJ'II!lie Hb, CO CTaBJI8HH YD 113 He CKOJib-

' 
Kl1X b,n;HHcl.ItOBhiX HertbJIRp~I30BO.HHhiX Ml1II.teHHtf TaKYIM o6pa8oM, tiTO 

ttacnmN, BbiXO~;Hl{Me l!I3 ne IJBOH MMIII8Hl1 IlaJJ;aiOT saTeM Ha BTOpyiO 

MHlll~Hb vt··T •• l\. ( 6M:.p11c.I). 

COOTHOl!lemte (3.!5) cnpaBe)l;JHfBO, O'lleBH,D;HO, Ha JIIOOOM 3Tane 

peaKUYIM, T,e·~ noc.n:e Bb!XO,n;a tiaC'r:vil:( li13 JII060t1 Ml11lleHl1. 0TCIO.n;a, 

Bh!Te:ttaeT TeopeMa: 

eCJil1 He. l130TOilVIl!CCKY. HellOJIRPJ/130BaHHYIO MliUUeH:b IlOJ(aeT CMeC:b 

IlHOHOB TaKaR, 'liTO 

"~7 t: = .~ - ,;){,. 
vl'~t.? · 

TO 3TO COOTHOllleHne B XO,T(e pea~<;f(:VHA He 113MeHR8TCSI ~) 

' •' 

AHaJiorli1tiHaR Teope~·da. BepHa H ,ll;JIR ,2. - qacTuu. 

I)accMoTpJtrM ·renep:o B3a.HMO,JJ;ei1cTBI'l:R Vi" -MesoHOB c HYKJIO-

/du - C Pl
0 

+ £) )l -J- & )t o; 1--I • 
;;t, t + )z A"z-r-+ ik i

1 

. I c- ll it /l-- .;- . ~ 'l'"' ~ ft
0 

-1- tf) It+ b jt o--I I tit -1- --t> 
( " 1- f 

2 .. til - +- jl~ . --1> IJ_,fi t +- J tr +- t pj
0 + "i:.if ell Vi 

. , fi + t- n ---..'~> 
,...._ t /t + + t It/)+ . Jt + t jt ' Oi 2 I /1.- vt + 

J. fif)+- ~t~ tT fir i"' 1}£' $- +- £!if)+ dl )t t ~)ill o; 
, _, ;T-9:-+ l'l{. fi + +- cL fil f).,... dt & + Mljt tJ3 3. VL, *II,.. j,_l ~ • • II . l' 41 .... 

- -
X) ,Upyroe ,D;OKa3aTeJibCTBO 3TOti .TeOpeM~ npii!Be.n;eHO BilpHJIOlK8HHvt,t· 

liTO Kacae'ICR COOTH0lli6HJ4~ Mejit,n;y eliJ+ tt t.Ji'- , TO 

.'npu ocymeCTBJieHlUI MHOrMX ho'cJie,I(OBaTeJibHhlX aKTOB B3aJA:MO

,:n:et1CTBJ.1Jt vlftr ~ t4lft- , T. e. KOH8'llHOe CO CTOI!Hl1e OKa3htBa-
8TCR J430TOllMt!e CKlii HenOJIJtpYI30BaHHllM~: 

...... 

... _,f7_,.. :=: Jf/t::.- - / .. J5.P 
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(3.!6) 

. PaccMaTpH.BaSI TOJI:bKO Te CTpO"'KH, KOTOplie COOTB9TCTBYIOT peaKI.\:HSIM 

1/ J..MeaoHOB c npoToHaLni m.'>JiytiaeM· ,n;JISI BTOPHliHHX /J -MesoaoB 

COOTHOWe.HHe 

(~.I7) 

YKaac..HHhli1 pesy JI:&TaT cnpaBe,.n;m!~ Ta.ttxe M ,n;JIR peaKqH~ c y-qacTHeM 

O,.li;UHX TOJI:bKO He~TpOHOB. PaBeHCT BO (3.17) no CBO.eMy CM.b1CJiy 

~aKTH\IeCKH COBn~aeT C (3.I5),:noCKOJlbKY B HHTepeCYIOlltHX Hac 

cei1qac <;>THOWeHMRX l130TOfiH"'eCKMe CBOt1CTBa CMeCH. U: Ji -H __ , 
J1. -Mesouoa coana,n;aiOT co c aolicxaaMH R.n;pa, o6Jia.n;a10mero / =0 

( B o6oHx cnyqaSix HeT au,n;eJieHHhl~ HanpaBJieH:wn). 
) 

YCJIOBHe paBHOrO Bbi6IiB8.HHSI nepBHliHhtX fi- Me30HOB H3 

nyqKa ,.n;aex eme o.n;no cooTHomeHMe, CBR3IlBaiOmee :MeX.ltY co6oti 

llOJIHbie ceqeHHR COOTBeTCTBYDlltHX peaK~Ht1: 

(3.!8). 

UJIH, B donee pas aepuyToii q:lO PMe . 

PaBencTBO (3.I8 1
) cne.n;yex 

peH~t.R ynpyroro pacce.aHHH 

HO, 113 (2.12) BH)(HO, liTO 

(3.!8 1) 

xax:ate H3 npoBe,nennoro Bawe paccMoT-

. I£ -u:eaonoB na HYKJIOHax • .I(ettcTBHTeJI:b-
.,. - . r::-., 

aMilJIHTy,.n;u pacceSIHHSI 1fi , tlf a /t -
Me30HO~ Ha IlpO TOHaX y)J,OBJieTBOi)RlOT COOTHOWeHHJ> . 
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I ' 

(3.I9) 

Cor JiaCHO I13Be CTHOH OTIT1fqe CKOti TeopeMe: 

ot -=-;/;li-t 0t~/IJ) . 
OTCIO)J;a, .cpasy Jli:e.BhlTeKaeT paBeHCTBO (3.18). 

- . : 

HeiWTOpbte na pac6Moi'peHHhlX H30TOTIMtJeCKHX paBeHCTB ,I(.M 

peaKUHH c HeqniKC11:pOBaHHJD.f ~HtlJIOM BTOpMtJHhtX tJadTH~ '.uoryT Ch~T:b 

l1CTIOJILSOB8.Hhl .IJ;JI~ ~Ec~Jp~enr&~~Hoi1 npciBC~pKn nsoto~~ttebltot1 . 

·· MHBapHa.HTHOCTvt npl1: cttlJIKHOBeHvtlj; ttacTM:tt J31lboKbtt anJprHH. 

§ 3. !ti30TOflHtJeCK~e COOTHdmeHtiSI )J;JISI BH'QT.Y8.1I:bHhiX 
' 

rrpo~eCCOB •. · 

; I i B TeopeTHtJeCKIDC paCCMOTpeHHSIX-tJaCTO roBOpSIT 0 BHpTya1l:D-
/ .• . . 

HOit .IJ;HCCO~Hai(lfH KaKOt1~JIM60 GJieMeHTapHOii tJaCTH~hl Ha .D;pyrHe 

qacxHuu. TipHMepoM MoJ!te T CJiyjHT:b .IJ;vtoco:ruta~I-III HYK·~ona H~ HYKJIOH 

vt ffJ -MeSOH, JII16.0 Ha HYKJIOH H HedKOJILKO . /J ·-Me3.0HOB:·.x): 

r . 
vi ~ ef!Pf it t#r ~ el'ff fit fl , • • # 

B CBSI3H C 3THM BBO)J;RT TaKJKe npe,IJ;CTaineHvte 0 T. H. ":Me§OHilOM 

o6JiaKe", oKpyxaDmeM HJKJIOH. Hapsr,IJ;y c .IJ;H'c con;HartMeit paccMa:r pH-

BaiOT TaKEe npo~eccht Tvtna norJiomeHHSI: 

06a Tuna npo~ec coB, 6y,I( ytJH BHpTyaJI:& HhtMH MYT, KaK H3B ecxno, 
; ' 

-----
x) llpvt paccMoTpeHHH BHPTYaJI:DHl:JX npoi(~ccoB w ne CKOJI:DKo 

OTCTynHM OT npMHSITilX HaMH paHee odo:3iialleHHti. 
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,llJig HaC Ba:lltHO, O,ll;Hel.KO, TO, .tiT OJ B COOTBe TCT BH1t1 C OdiitSH 

CTPYKtypoH Teopz.~VI, sTu npoueccu He napymaroT HSOTOnVIt~ecKon 

JmBapRBHTHOCTH x). llosToMy BhiBo,n; VISOTOnHt~ecKHX cooiuollleHHM 

~JIR BlipTyaKOHhlX npo~eCCOB IlOJIHOCThiO aHaJIOrHtl6H BhiBO~y li30TO

. flHtl6CKliX COOTHOlllSHHH )J.JIR npon:eCCOB p~MhHhlX. 

nnn npm.!epa paCCMOTpHM cuaqana O)J;HOM830HHYIO )J;HCC0]1Haql1:IO 
. ' 

HYKJIOHa, npoTeKaiOUtYIO no cxeMe tl~~ i7efi BOBMdl!tHhle TMilhl ,n;Hccb- . 
I 
I' ' 

~HatU'IM npo±<JHa 1t1 ne:L1Tpoaa l1:MeiOT B~,n;: 

' ·7' 0 
., lv Vv 

... 1 - .... , 

3,n;ech . <'
1 

H . :{_,, BepORTHOCTH ~HCCOqJ.TaqHR no Ka:l!t,II;QMY 

113 B03MOJitllhlX KaHaJI:S XX). ECJIM I1CXO,n;Ha.n CM6Cb HJKJIOHOB dhiJia 
. ' ·. ·-. ,/ 

H30TOillitl6CIClll H8IlOJIRpH30BaHa, TO /t -Me3.0Hhl BCSX THilOB )J;OJilltHhl 

dbiTb npe.n;cTaBJISHhl IlOCJie ,D;HCCOUMan;t-111 nopOBHY • ~TO npHBO,l]jftiT K · . 

· COOTHOlll6HHIO. 

X) PeaJibHUe npoqeCChl RBJIRIOTCfl C TeopeTHtlSCKO~ TOtlKH speHHfl 

pesyJibTaTOM IlOCJI6,ll;OBaTSJihHOrO ocymeCTBJISIIHSI poaJIL"ttlHhiX 

nHpxyanLHhiX npoqeccoB ( nanpz.~Mep, HcnycKanHa H nornome

IIHSI BJ1ptyaJihHLIX ttaCTHti ) • IlOSTOMY, ecn:t~ dhl H30TOilHtl6CKCI.SI 

HHBapHUHTHOC Tb Ha pymMaCh. ,lJ;JI.fJ. BHIJTYaJihHbiX ·npoqeCCOB, TO 

OHa, BOOdlJle fOBOpSI, H8·HMeJia dbi M8CTa H ,lJ;JISI peaJibHhlX 

npon:eccoB. 

xx) AJISI HsoronHtJecKM conpn~eHHhiX KananoB BepoRTHOCTH ,n;Hcco

UMa!lRH0 otteBH,n;no, paBHhl ,n;pyr ,n;pyry. 
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(3.20) . 

BooO~e rOBOpg, HyKnOB MOXeT BBXOAMTCR KaK B ~HCCOUMHPO

B8.HBOM, TaK H B BeAMCCOr(HHpOBaHHOM CO CTOSIHMH.ECJIH HMeT:D B BH;ll 

TOJI:DKO Te cnyqaH, torAa HyKnOH AHCCOr(HHpOBaH, TO 

o<., -r r.X a = I 
OtCDAa, -nonyqaeM, 'tiTO 

. . 1 _/ ~ 
, , o<.,= .~ u ?A-$ = F 
T~~M d6Pasou ;i.list npoxoaa c ~eposrnocr:or>.2/3.IDAeeM B o6Jiaxe 
v:;-1- .. ·• . '·. . a;;-P 
~ -Me30H H C BSpORTiiOCtbiO I/3 - J:ll .- M830H1 8. ,l(JIR Helixpo-

f no Jio~iixeJIIumi 
Hldf. 

I . . ·., . . . 

f7 -M830H CJie,l(yeT 38MJJI/HTb H8. OTpHI(liT8Jih-

IIpu )UfCCon;Harunt xz.tfia /-;2-J( poJi:o / ~Mesona Mrpaer, oqe~ 
BHAHO, _2 - rMnepon, B. xo Bpe:Ms Krut % -Me3oa virpaer pon:o 

+ 
nyKnona. IT03TOMy, nanpRMep, npoxon AHCCOr(HHpyeT na~ B~Boe 

. qa~.qe, t~eM na.;? ~ EcJIH ,n;HcconRan;Hsr HYKJIOna npoHcxo,n;MT no. 

cxeMe J-A tJ I(, TO BOSMoxme peaKr(HH HMeDT BH,IJ;: 

Jb --A/( r , 12 ~ ll () /{ tJ 

npH'tleM OOa nponecca M.!tYT OAH.HaKOBO 'tlaCTO. 

B 3TOM cnyttae /( -uesonno~ o6naxo npoxona Bcer.n;a sapm~Ceno, 
a nettxpoua -nenxpan:ono. Ananornqno Moxno paccuoxpet:o H. 

APYrHe 6onee cnoxn&e cnyttaH BHpryan:onon .n;MccotiHar(HH. 

Bame yxe roBopHJioc:o, 'liTO B MesonnoM oonaxe nyKJiona ne 

00.R3a~~JI:DHO AOJIE:eH BaxO)J;HT:&CSI TOJI:&KO O,ll;HH OHOH •. C onpeAeJie.H

Hditi BepoRTHOCTbto B· o6naKe Mo:acex Ob!Tb ,n;Ba, TPH nnona H T.,n;. 

~JIR oomero paCCMOTpeHRR Been COBOKYOHOCTH 3THX npon;ecCOB 
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npeAUORO~~M, qTO y HaC I!MeeTCR onpeA~ReHHOe qHCRO UpOTOHOB 
I 

11 fe.BHoe eMy q11cJio nei1TpOHOB• EcJIM "bYMMapnoe b6haKo",cs.a..~ 
3aHHOe C npOTOHaM11 CMMBOJIJ1qeCK11 3anUcaTh B B~.n;e: 

' i 

rAe ·tt , -t[:f H t- cpe.n;Hee tUICJ!O ~· -Me~bHOB 'KaJ!C,lJ;OrO 
' . 

THil~, TO, B cmk·y 3apB,IJ;OBOM. CMMMeTp.tU!~ " cyMM:apnoe Me30Hl10e 

nreTh su.n;: 

. . 

0Tck>.n;a, CJI eAye T, qTO B Me30HHOM 06JiaKe O.zi;HHX TOJibKO npOTO

HOB ( 11R11 O)l;H~X TORbKO HetiTpOHOB) qJ.IcJto 3ap.axeHHHX ff-Me-
' 

30HO B B)I;BO. e npe BO CXO,IJ;J4T q11 CRO H6HTpaJibkhlx. Bl1pTyaJ1bHasi 

.nne cotHre.nJs:r .n;pyr MX cmJihHO ssaHMo.n;et{ CTB y~m11x qacT ttu ~oJKe T 

6b1Tb pacdJoTpeHa aHaJIOrHqHblM o6pa30M. 

llo,n; l130c5apori Jl Mbi, KaK Oc5UqfiO, by.n;eM llOHHMaTb 

qacTHUY x), o6pa3yiDmyK>cs:r npM coe.n;MHemmM fi- Me3o~a c 

HYMOHOM 11 6blcTpo pacna.n:aromyroc.H na nMoH ~ HYKJ!OH. HsoTonM

qecKMfii. cnLIH · 113o6apli 'T =3/2. BeJlliitll1HY npoexnHH .113()TOnH

qecKoro CllMHa Jii306apli .7; 6y;n;eM 0603HaqaT:& COOTBeTCTBYDI!tHM 

,-----
x) B CB.H311 C HCKJIIOql'IT6JI:OHO MC:.JihiM BpeMeHeM ~113Hl1 

( f"" ro-23 ceK ) qacTo oc5cyx,n;aeTcs:r sonpoc, MOJEHo JIM 

B006nte cqHTaT:& H306apy " HaCTOSinteiii qacTHD;eti".To 11Jl11 
. .' '' • .• f. 0 

11HOe penieHHe · 3Toro sonpoca He ~IMeeT 3HaqeHH.a .D;JISI .n;aJib-

Hetiiiiero 113JI0~6HHSI' T.K~ Mhl 6y,n;eM I1HTepeCOBaT.bCSI TOJI.bKO 

1130TOll~!ll ~.KitiMH COOTHOIII6H11RM11. 
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MHAe~COM npH Y . CB.R3:& MeJ!t,II;y 

3a~aeTC.R xa6nHUeil YTI. 

HaqHeM C BMpTyan:&HO~ ~MCCOUMaD;MM HYKROHOB Ha H306apy 

.Y M fi -Me30ll. B03MOJK!llie KaHaJihl TaKOH )l;LiCCOn»taD;MVI 

HMeiOT B~: 

,_f 
COOTBeTCTBYDD\~te BepO.RTHO CTM - ,:;(, , 2J H __ /.'" CB.R3aHhl paBeil

CTB8MH 

(3,2I) 

(3.22) 

M3 KOTO~x nepBoe nonyqaeTC.R npM cpaBHeHHM qMcna M306ap 

C pa3RWIHblM/i 7;· , BTOpoe npH cpaBHeHMH qMcna U -Me.30HOB. 

I\poMe xoro; ecnH HCJtniOqHT:& H3 paccMoTpeHH.R cnyqa11, rwr.n;a 

,D;HCCOI:(Man;H.R He MMeeT MeCTa, TO ~OTIORHHTeR:DHO MOXHO nono-
. . 

c)._ +- /B -i- II,. - :1 
0TCIO~a CJie,nyeT, qTQ 

(3.23) 



r 

- 6l 

' .. , 
Tabauu.CJ. Vq -

OloJua t~eHue 3apRq 

y Jj2 e =+2 

y 1/Z e =+ ~ 

y-t/2 e -- 0 
y-l/2 . e =-~ 

I 

.. 
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ilepeii.n;eM T~ne p:b K pacna.n;y 11:306apbl y _, t/)}j. 
' 

.l(JI.R He no Jl.Rp11:30B.aHHOM CM ecn HS06~p B03M:OJ!ciiile pacna.n;hl HMeiOT 

B.M)J;: 

3.n;ecb. . i/J; , ~ 11: ~ -. BepO.RTHOCTH pacna.n;OB HS06ap no 

COOTBeTCTBYIO~HM·K~aJiaM, OTHeCeHHble 'K e,IJ;HHHUe BpeMeHH. 

ilO,IJ;CtieT tiHCJia " BhldblBaJ)ntHX" H30dap H flOJIBJI.fiiOntHXC.R ff -Me-· 

soHoB .n;aer: 

ll!a + ~ == ~ ' (3.24) 

LtJ; -j- tv; =-- j UJ' ~ (3.25) 
0TCI>,IJ;a 

(3.26) 

j . -~ 
· Jfsodapll Y i ut Y ~ _ pacna.n;arorc.R e.n;HHCTBeH HhlM . 

I . -1 • 

o6pasoM, .Y :1 11 J! ). Moryt pacnElJ:(aT:bC.R rio .n;B~ KaHaJiaM. 

ConoctanJieHH.e BeJIM'qHH ~ ·H ~~ nosBoJisteT noJiytUITb . 

COOTHOmeHHe Me~,n;y flOJIHHMH BepO.RTHOCTJIMH aJILTepHaTHBHHX 
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' : I; ' ' 
. ' . 

cxeM _pacna.,n:a Hao6ap : · 

c o,Iutcitf dtopotiu, 

x.e. 
o<.tt 

0 .n;-pyro~ CT OpOHhl, 

j/)'p_ 
Ul' ,.; 
vv .3 . 

~· fl ~a 

- .1 a (3.27) • 

. _AHanorHqHQ MOXHO paCCMOTpeTh npoQeCC 06pa30BaHHR 

Hso<Sapw , ll/~ y. 
llpH 3TOM HMeiDT MeCTO cneAy~Me B03MO~Hhle peaKnHH: 

~+~ 
g -- -1 I ~ ....... y :J. tit ll -? J! $.. 

I . -I -
fi+-Jt ~ 

1. !i-)t -+ y i Jl x itfP. 

. fJi) I) f J! 
-1 

ff () Jl - J' 
-1 

0:· .ft· - 9... P. ' i 3 i 
'. 



r 
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IIo,»;ct~e:r BbldHBaHHSl ?r - MesoHoB M no.aBJieHHa Hsodap ·npHBo

~T K CBe~D~ COOTHOWeHHBM MeX,»;y CetleHHHMH: 
/ 

I s 1 + 6'.t = ~ 03 

6.2. + 63 = 61. 

(3.28) 

H 

T.e • 03 = ~ 6"~ u ~ = 3 ~ 
(3.29) 

.(3.30) 

.AHa.norH'lHhl.U: o6pS.3DM MOlCHO noJiyqa:rh H30l'OfllPleCKMe COOl'HOIDeHMJI 

B ADdHx npoueccax c yqacxHeM uaodap,,paccMaxpnBan Haodapy 
' .,.,., " 

xax tlaCXH~Y C H30XOflHQeCXJIM CflHHOM paBHRM 3/2 (eM. rBaBy 

y' § 2). 

Bume MH paccuoxpeJur peaKIJHH odpasoBaHHJI Hsodap H 

'. B03llOXHNe ·Hx pacna;thl. Paccuoxpo x'enep:o nocJie.n;oBaTeJihHOe 

npoxexaHHe s~Hx npo~eccoB, npoHcxo.n;.a~ee ·no.cxeMe: 

7itV~Y~7TN 

: y!t4, p 0 
1i+n-. ~-;11 
' ~h:rr+ 

o' 
J. 
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' 

Mcnon:osya paBeHcTBa (3.28 
1 I I 6; f o; : o; = 9:2:1 

+ 3.30) H (3.24 7 3.26) nonyqaeM 
I I 

III o;: tfi =2:I 

HeTp~HO B!II~eT~, qro 3TH COOTHOrueHHR COBna~aiDT C COOTHOllieHHH

MH (2.15). C~Bn~eHMe BflO~F.e ecTeCTBeHHO, TaK KaK BBe~eHHe 

xa~K~Hoi1 peaxn;mH ~~;-~~)1-.~~c npo~exyroqHoii Hsodapon 

ecr:o He qro HHoe, KaK paccMorpeHne'odHl!JthtM cnoco6oM peaKn;MH 
. I 

fii~ 5/ ~,n;yl!{et! no O,D;HOMY KaHaJiy C T = i ( CMe rJiaBy II, §3 ) 
: . . . :·. . . fl, . ,. . . . 

AHanorHqHhlU CflOC060M BbltUtcJISIIOTCSI H30TOfl.lot"qecKHe COOTHOme-.. 
HMSI .,I(JISI JIIOdon O,I(HOKaHaJI:bHOfti p:eaKD;HH. llpH 3TOM pOJl:& H306apu 

HrpaeT H9Ka.FI rHllOTeTHqecKaSI tiaCTHJJ;a C onpe,:n;eJieHHUM H30TOnHqec

KHM CflUHOM. 

Paso6paHHblM BI:liiie MeTO,n;HqecKMVi npHeM npOCT H ne HCflOJI:&

SyeT xosqxfmr~Hel,ITOB K-r. B ,n;aJI:&He~meM M1I dy)(eM. Heo,n;HoKparHo 

m~ non:&soBaT»c.a ( cM:.rJiaBhl IY, Y, YIT H·llpMJioxeHHe YI). 

§ 5. ~TOflMti.eCKlle COOTHOI£!.!!_HHSI ,n;JISI ]8.3JIHqH§g£ 

lrJIOBhlX HHTepBaJIOB. 

MHOr)(a-Oita3I:lBaeTCSI B03MOJB:HhlM flOJiyqHT:& M30TOfl!l!qecKHe 

COOTHOmeHHSI,. CBSI3biBaiOntHe _,gmdxiJepeHUHaJI:&Hbie ceqeHMSI O,llHO!:Q..J! 

TOrO ~.J!l!QY~CCa ,I(JlSI pa3JIHqHb!X yrJIOBblX1 HHTepBaJIOB B CHCTeMe; 

n;eHTpa HHepn;HH. CBCTeMa n;eHTpa !I!Hepn;HH-OK83blBaeTCSI B~eJieHHOVi . ( ., ' 

B CBR3M C TeM, tiTO.B HeM B pn,n;e c~yqaeB MO~eT HMeT:& MeCTO 

,ll;OflOJIHMTeJI:&Hag KMHeMaTMtze CKaSI CIOOteTpHSI. 

Ilpex.n:e BCero paCCMOTpMM B3a.HMO,n;ei1CTBHe TOJE.I(eC-TBeHHilX 

H T.n. 

.. 
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.IJ.nsr TaKHX B3atruo.n;encTBJ4ti B CJ4CTeMe UeHTpa HHepUHJ4 Hanpa.BJ16HHS1 

"Bnepe.n;" H "Hasa.n;" coBepmeHHO paBHonpaBHH. Orci>.n;a cpasy xe 

cne.n;yeT B~BO~ 0 CHMMeTpMm B pacnpe.n;eneHHH BTOpHtiHHX tiaCTHU 

OTHOC~!TeJibHO llJIOCKOCTH ," nepneH,ll;:tlRYJUlpHO~ HanpaBJI6HHJ> ,ll;BHX6H~Ul' 

nepBHti~biX qacTHU. EcnH,HanpHMep, Mhl o6osHatiiD4 qepes · E)+' (8'--) 
.nHqxpepeHUMani>Hoe celleHHe pea.Ku~m c BhlJieToM no .D. yrJIOM · · <J- ·. · nono-

:IICHTeJI:&Horo. ~ - Me30Ha, TO cnpaBe.lUIHBO paBeHCTBO: . 

(3.3I) 

,. 
AHaJiorHtiHHe COOTHOrueHHSl KMeiDT MeCTO H P,JISl ~yrHX BTOpHqHHX 

'iaCTHU, a TaKtte ,D;JISI HX ·npOH3B01l&HblX K01d6MHaUld~ • 

.IJ.aJiee nepe:M.n;eM K CTOJIKHOBeHHnM H30TOllHlleCKH conpaxeHHblX 

;- ~ - ~ + ...,.. " - ~.P .+ -~ '' 
tiaCTHU ( JT ·T- Jl , ~ ~. t t • H T~.It.) 

B K~tieCTBe npm.tepa pacC.lWTpHl4 B3rumo,IteliCTBHe 

P + J1 --:> A 1r + + B Tt- + C'"1i 0 +'ilp +fn (3.32) 

H 6y,n;eu HHTepe.coBaTb~Sl tiMcJio~ 7i - Mes'oHoB m HYKJIOHOB, BH~e
xanmHx B pasJIHtiHue nonynpocr.pencTna ("Bnepe,n;" H "HasaA") B cHc

TeMe UeHTpa MHSPU.UH x). PesyJihTaT B38ID!O,D;etic~BHS1 HOJJ:HO HarJISl,D;HO 

sanHCaTb B BH,D;e Ta6JIHUbi a PHC • 2 o 

C~peJI:rtm · Ha.n; HYEJIOH&m noKa3hlB8.IDT aanpaBJieHHe · .. HX .n;Blute~Ha_ B 

CHC'l:eMe U6HTpa HHepUHli! }1.0 CTOJII:HOD6HJ4.fl; t;.:~pe3' ct.;_ , H .]3£., '· 0603-

HatieHO tiHCJIO B'l:OpHtiHbl.X- tta.CTMU pa3.1Jl!llHHX THDOB, BblJieTaXUI{HX B Han~. 
\ 

paBJieHHH nepBHtiHOrO npOTOHa H,COO:r.lH~TCTBeHHO,- Ha~TpOHa. 

X) · CH.cTeua 0603HatieHHt;f B (3.32) CODDa,lf,aeT C npHHSITO~ B 

rJiaBe ffi, § 2. 
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B CJiytiae:, KOr.rr,a CJieBa JieTHT Hei1TpOH, a cnpaBa npOTOH,. 

pesyJibTaT B3aHMO,D;e:t1CTBH.R MOJ!teT 6h1Tb noJiy'tleH·C OOMOIItbJO M130TOTIH-
.:';! .. 

qecKoro conpRl!C~HH.R; (,QOO'~Be TCTBYIO!lla.R p~aKUl'UI M306patteHa Ha Ta6JIH• 
. ;. ~ 

u:e J pHC. 2 .. . d
1

T~~~e OT npe,D;ht,D;ymero CJiy'tla.R COCTOHT B TOM, 
l f J :, ~:,, •• r\>.{_ · · ~~~/~- ~ :~t~--:~.t. . · 

\ITO KruE,D;a.R qaoTHUa 38J4.eHeH.a H~ COOTBeTCTBYIOillYID I130TOnJ..fqecKH -

conpmteHHYIO. ti~CJrJd:h§: 6:e:3 l1§:M$Je~1f!· no:Pa;tKa CJie,D;OBaHH.R BeJIH'tlitiH 
•• ~ 1" -~ •• ··.' .:: >' '_; ::~ < ·,,;:_. 

d.; Ilf ja; • llpOH3~~~~1~ ~~{i~~b.- Oo~p_pbT .. (·Hal~'-'~~9-~ _B . 06M'tlHq~ (\'. H€1~ 
~. . ' .. ·' • • . ·." f • l:r.; • ~·· ·' : ,; • r'l. 

HsoTonHt~ecitdM) npd,c TPaaci'Be orao.cH~enB.#b deli nepnelt)(HKy~apHotl 

nanpa Bn emno ,nnLtie~im ne p!nriiilhiJt ~rac{~u ~) i. ~'or.n;a BM&.cTo .Jt~~qmry
pauHu J nony'IUM ~on;ID koitcpvlry~~uJ~' ;/ , oTJI~~~riJJ~~~sR or 

·. . . ~ ',· .. ' ·. .... . . . ' . . . . . \ :_ ;(' -.:" ' . ' ,,: .. r.: ;_' . ~· ol•" f ·,. 
npejf\Heti TOJibKO nepe cTaHo:BKofii c·roii6u;dn. B1

MecTe · c TeM tlLI baona 
I . . 

~- ' \ ·i .. ~~}~: .. " ~\. ···i . 

npii£X0,1U1M' K HCX0,1l;li011 C~Tyat(HH /b , doot':8et C,.~BYIOntefi CJJY'l.EiX> ltOr,D;a 
. '· : ~. "' .. ;\::· . ::; ' .~ .. 

cneBa neTPIT nepBH'tlHHR npoToH, cnp'a:Ba..:.:aeMTpoH. Cne.n;ooo.relxbno, 

pesy n:oTaTbi Bsarn..m,n;evtcTBMI.f, sanHca.dirux· :a BH,D;e Ta6JIHn; it 11 / 

AOJU!tHlll COBn~aTb MeJK,ny codovt. tlltcJid ffj'~- -Me30HOB, ·ieT:·~mHX B 

nepe.n;HioKl nonyc4Jepy B cxeMe lb .n;oli~cno 6a;b paBHO 'tl:HCJI~ ffl'"~--Me-
soaoa JieTRIIU1X B TOM. E:e HanpaBJieHHH B cxeMe I . 2)To .n;~eT COOT-

HOilleHHe: 
. o(, = /giL 

PacYJ!t.n;aa ananorH\IHO .n;n.R ncex BTOPMtiHhiX If- :t.tesoaoa 11 ltJKJIOHOB 

nonyqaeM OKOH\IaTeJibHYID ClfCT eMy paBeHCTB: 

d1 ::: ft:J. 
I 

d. a_ :: II 
(3.33) 

dg = !j 
o{" = 15 
rJ. ;- =}4 

X) 3,n;ec:o Mbl )J;JISI npOCTOTB npe,nnonaraeM OTCYTCTBHe aSH·-. . 

r. 
I 

I 

l f 

1 

.. i 
r •• ~ 

'! 

I'. .. 

! I ·. 

1
!,: 
.. 

I 
:~ ,, 
li . 
I . 
1
:. 
jl' 
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OdpaTMMCH Teneph CHOBa K nepBOHa'la.JihHOi<t TOOJIHUe /'b • 
KaK HeTPYAHO B~eTh, paBeHCTBa (3.33) 03HatiaDT, 'lTO BO BCeX 

peaKUMHX, MMeDmHX MeCTO npM BSaHMOAenCTBHM npOTOHa C He~TpO
c"~- r.;-- r:r:-~> 

HOM tUiCJIO llt , lt , tlJ,- MesoHoB, neTHmHx B nepe,nHtoiO nony-
lhl - c:-; .,_ 0;' () 

ccpepy paBUO COOTBeTCTB8HHO tiHCJIY {It 1 t-"t JV i/Z -Me30HOB, 

Jie THmHx B sa,nmoro. nonyc<Pepy. i 

TaKHM o6pasoM: 
--...· ..... 

e/ar eJ~-

.(3.34) 

_, 

}13 (3.34) CJie,nyeT TcutJite, 'lTO llOJIHOe tiHCJIO saps:ateHHhlX #l·-Me-

30HOB, JieTsmHX Bnepe,n paBHO 'lHCJIY sapsxeHH~X Af-Me30HOB, 

neT .FimHx nas 8Jl:: 

Bee~ cKasaHaoe 'Burne, oqeBH,nao, cnpaBe,nJIHBO ue TOJI:&Ko 

,nJISI llOJiynpOCTpaHCTB, HO li )I.Jifl JI106HX TeJieCHHX yrJIOB, CHMMeTpH'l

HHX OTHOCMT8JihHO llJIOCKOCTM, nepneHAHKyJispHOH HanpaBJieHHD.ABH

:m:eHH.R nepB M'lHUX 'laCT HU. 

Aaa.n OrM\IHble COOTHOmeHMSI :MOJltHO llOJlY'lHT PI npH r eaepaiH-UI 

CTpaHH~X qaCTHI~. COOTB_eTCTBYJOII\He paBeHCTBa )I.JIH :::£ -rMnepOHOB 

\. 
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.1.; 

COBna~aDT, Ka.K .nerEO BU,l(eT:&, C (?.34 ,), .n;Jt.h: ft·~lvi630HOB . , - C 
{:,' ' . 

(3.34' ). tiro Kacaexc.a ./\
0

..;. lmc~~uh ro oJ:tt-i· ~OJillCHH Jiexer:& · 
.., ~ ' 

Bfiep·~~ u Has8JI; ·B pasuoJl itomrtiecT~e, xa.K xa1t· I!X Hsoronvil!eCKI1~1 
;. ,·;.:;1 . < 

·~ ~ J£, '..I 

paBeH. HyJuo. 

. '. ~ 

CJIJti8.e, Kor,Jta pacCMaTp~IBaJDTCR H~ B'ce B03MOlCHbfe peaiU\HH (3.32 ) ' 

a TOJI:OKO peaKI:(HH onpe.n;eJieHHOro TMna, Haninniep, peaKqt:~u 

x) 
(3.35) 

IJo.nyqeHHhte 1130TOTilltle Cit He . COOTHOUtefU!W MOryT Obi T:O 11HOr,~a 

ll0JI63Hb1 npH aHat1M3e 3K cnep M.11eH TaJ!];)HhiX )T,UHHbiX. 

llpe~nOJIOlitHM, · HanpMMep, tiTO MsyqaeTCR B3aMMO,IJ;6~ICTBkie HetiTpOHOB 

C npOTOHBMH, np~tleM BTOpMtiHhte qaCTtU\bi. He l~JJ;eHTMtJHt:ILlMPY!OTCH 111 3HB.Itl!l 

u:x Iie onp~eJIHIDTca. B STIIIX ycJIOBl1HX, onnpaRCh Ha (3.34" ) MO~Ho 

X) flpl!I 3TOM, KOHetiHO, npe.n;noJiaraexcn, tlTO CYMMMPYIOTC.f! IIpO,D;JKTbi 

BC6X 6e3 HCKJilOtl 61U.fR BH.l(OB pea.Kl(IIH:I (3 • 35) . Oe 30 THO CHTeJI:OHO 

K SHaKy BTOpHtiHllX M630HOB. CJie,n:yex, BnpoqeM, OTM6THTb, 4TO 

B H6KOTOpbiX cnettHan:OHHX c.nyqa.ax MOllCHO orpaHHtlMT:bCR paCCMOT

peHH6M Ka:rwll-JIHOo <?.n;Hoi1 ttacxHoit peaxuuw:. TaK, HanpMMep, 

COOTHOmeHUR (3.Jll ) So (3.34.,11 
) OTHOCRTC.fl TaKxe ~i peaKI.J;I1M 

._ ..- + v::- r;O 
)t ,.. It ~) r- It + !I +- t11 1- il~ , . · ... 

paCCMaTpMBaeM01i BH6 CBR3H C OCTaJI:OHhiMI.f peaK~HR1UI. (3.35).-

I ll . 
. I 
I i 
I . 

·r ; 

:: 
! 
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Bee xe cKasaT:o, "liTO ~na CHMMeTpHqa~x TenecHHx yrnoB pas~ 

HOCTh "llHCJla sapSIJ:eHBHX qac~nu~, 1t8TS1li\HX Bnepe,lt H Ha:3a.D: CBSI3a

Ha HCKJID"llHTeJ:t:bHO CO BTOpHtUiblMH npOTOH&Ul. 3TO JiaeT BOSMOl!C

HOCTh UOJIY"llHTh HeKOTOpoe npe~CTaBJI8HHe 0 "llHClte BTOpH"llHRX 

npOTOHOB H od M~ yrJIOBOM pacnpe,:n;eJieHKH. Tipe,:n;noJIOl!CHM Tenep:o, 

"liTO HcnoJIDsyeMaSI _attcnepmMeHTaJibHaa MeTO.ztHKa nosBoJiae± onp.e

,n;en!Ji'L sHaKH BTOPH'HlliX. qacT:£m. B sTOM cJiyqae .tm:cJio npoTOHOB 

JieTSIIItHX···B HeKOTOpOM TelteCHOM yrlte paBHO paSHOCTii tUfCJia 
. . . ~-" . . · .. . . I . . , 

. ROJIO:IHTeJI:&'HHX-jtiaCT~Ul;, JleTSill\MX B 3TOM JTJie, H tiHCJia OTpHn;aTeJih-t 
I . ) 

HHX ,tiaCTH!ll, Jt8T.flll(J4X B CLiMM~~TpiNHOM Te.TteCHOM yrJie.*X 

a 

.. 

---------
x) B npmBa,n:enwx npHMepax AJia npocTOThl.npe,I(noJ:taraeTca,. 

tiTO cpa,:n;H BTOPHllHhiX sapnxennux tiaCTHn; HeT k -uesonoB • 

. ..... 
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§ 6. Qco6eHHOCTH m30TOnHqecEMX COOTHOmeHHI 4J1H 

ppoge~qoB c lq~cTHex qacrmg, otuocamuxca K o~HOMI 

!~9TonuqecitO!fi MYJI:bTRnJieTy. 

I • .QQoraomeHHSI JVUI np~ H ,ItH(M>ep~mnHa.JibHhiX . 

ceqenMR. ---

.... ~-

YnpOJJtEhiHHi:t MeTO~ no.rry·qoHMst H30TODHtleCKHX COOTHOm~HHti, 

C l!OTOpm.t lW D03H8.EOMil1lMCh B 3TOM rJiaBe, D03BOJI.H81'. CBS:t3HBaT:b 

Meilr.lty· co6of;t KaK noJnn1e, TaR ~~ ,n;niJxpepeBnMa.n:Lmze cet~eHHSI. 
CJie.n;yeT, O)tHaKO, 3a:MeTHTh, tJ. TO COOTHOl!ll8!UUl neJi;ty .ztHcppepeH-

. .. 
ru~anHHl!H ceqemuunt ·pea~trtM.t:i, an;ynun:: c y-ctactueM -qactHti,npH

na.n;ne:mnu.£:ic K O,ltHOMf ·· H TOKY lte H~O'f.Ofi~qe Clt~YY MyJI:bTHDJieTy, 

m.teD:r ae~oropLte oc66e1l!ocTx.t. 3ro. Mo:scao sauetHTh paccyz,Jtaa 
tl ' . 

CJI~ yDntm.t odpaSOJit~ 
:, \ 

llyct:& B H6ROTbpo:R pealti(IUf B EOHetiHOM OOCTOSIH~· HI48DT-

CSI JtBe t~aCTHitbt tl1 m tl.t , .HBJiaDntHecst :ttounou~a~'aKH O.JtHoro . 

H TOrO !Ce H30TOflMtl8CitOrO :MJJ1:b'l:HD1le Ta. Yit8.3aJIHSe ·,:qacTHJ.lH 
0 : ' 

COOT Bet cTByDT pa3J1HttBI:U.f 38.p.R,It0BhtM COCTOSIHHSfM Q,D;HOI:! H TOit J:e . 
': c- " . . • '·. ~ 

ttaCTH!lbt, 1103TOMY HX nepectaHOBita He HSMeHs''etif. ty tt8.CT:b l48.TPHll· 

aorq sJ!eHesra, :tto;ropas saB.HcHT or npocrpaacrBeBQx m cniiao

Bux nepeMeHHilX. Buecte C Tell, H30'l:ODH~6CK8JI ttacT:& 148.TpHtiHO

ro sJieueuta npH raxott nepectauoBKe, )tOHettuo, -~su:eHnetca. 
' .. ' . ·. . ' 

Ilo 3TOn llPHtlHHe, BL111HCHB8.H CHC te:uy BOSllO:&:HH'.& peaKJ.lH~ .itJISI .. 
' , ' 

. . ' . . . 

nonytteH~H C00TBOm8HHI MeX~Y ·~H~~epeunHanLHHKH cetteHHSIUH,MH 
. . . '. . . . . ' . . . 

)1;01IXHJi · .O.T.It~JI:&HO BLlllHC_8.Tb pea:&I(HH, OTJIHtl8.DltH8CSI ,nepec;ra~OBitOt-1 
' . . . .. 

tta6tHJ.l -- tftt H /tA.- B EOH8tlH'OM COCTOSIHHH• 

· IIpocJie.ltBM ·YEasa.HHYJ.l oco6eHuoct~> aa .n;Byx xoaxpetHSx 

:1'': 
I i 

I!' ,, . 
il 

il 
il ' 
'I• i: ' 
r'l I 

1: 
,! 

i : 

! 
I 
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npuepax. 

a) Paccu"otpHM peax~HH 

(3.36) 

. . . 

( . ID&nyJIJ, c nm:ona, oqeBH.n;Ho; o.n;Hosnaqno onpe.n;enfHI :mtnyn»cmnt 

"' !4 ~~ ). 
tt' , ,.l 

•• ' f " 

> 

. ' IRJ;· ~~~ ;ft) "'.!Ji ;J:ft:) ill~ J ll P- tljtt d) a. · 
ecTh Bep~HITHPCT:h 7oro, '!TO· o.n;MH liyxJioH .n;BHZeTca B 31leueHTe 
Te~~CHOrO· yrna. JJ/,: {) U· tmee:r ,.lUYIY~:fiC. BeJUi'tiHHa.:KOTOpOrO . 

. ~,~e~ •. ~,~~a E npe~e~ax oT. :}1 ;.n;Q f.~ .+djt.-1 , ~ Bt.~pon 
H~JIOH .n;:amtetca B 3JieHe!1te TaJiecnoro yr.na . i/J2a. H ID4eeT 
:~Yn:r.c t l.iO.llYlll> itotoporo J!eE.IIT ll · ilpil)lei!ax 41> ;1.llO jttz + ~ Sl. 

' ' • ':· .. 1·' .• 
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Peart'-'HH 3 (3.37) IIOJ.tY'tfJ.lOTCii H3 peaKUH~ 2 (3.37) 

nepecTBHOBXO!t BTOpMtUUiX HYKJIOHOB, DOSTOMY SICHO, qTo 

63(}~JI~J = ~(}-:,.AJ. 
To ze cm1oe c.ne)tyer cn:aaa:r:h o peaKn;Hmc 4 H 5 

r.e. 
. o;; 1/i,,J~) = tii/}:/ fi) 

(3.37)' 

CpaBHHBaH qmcno sapa!eHHUX H HelTpan»BHX DHOHOB nonyqaeK 

e)UUiCTBOS:HOe H30TOml'H~CXOe COOTHOmeBHe :Ue:&:,ltJ' )U!qxpepeHUHaJI:D-

HWUt cettear1mnt pea:ttumlt (3.37): .· . 

£[ o; ~~t:;;) f ~(It:}';.) f- o; ~JP-:.,;;,)] = 
(3.38) 

= ~~(jt:,Jt~)~ o;~~t-:.~/t)f o;!}:IJ;) ~ o;!Ji;,J;) 
llepeXO~ K DOBHWH ceqeHHHH ·OOy~eCTBRS8TCS HHTerpHpOiaBH8M 

. . . . ~ 

a:roro BHpaE&HitSI no Bceu · BOSHOlltH~ saati~HHml Bex:ropoB A 
llpH 3T0ll lH~~peHnH~»HHe cetteHHSl . 

. ' 

o; #:jt), o;jt;j;j u Oi/Jt:,f;J. nepexo:a:ar 

B OOO~BeTCT!Y!)IUHe y,r.;D06HHNe DOJIHiie ce'leHHB, TaK K&lt KU,lOe 

COCTOJIHHe lUYX TOX1.eCTB83HBX qactHU ,(ABa DpOTOHa HRH ,ltB&· 

uelrposa) yqa:ri:ree.nrca .;&;BMJtY. KpoKe roro noJJesuo sauetBT», 

'ITO DOJ!HYe cetteHlUl Oit M Oil . p&IHH ,lpyr ~yry • 

3To y:rBeplr,tteHHe aenocpe.~;ctBeHHOC.Ie;tyeT ws :roro, q:ro.peun•a 

6 H j p~aKnHa 7" no cy:rK .J;eJI~ o.r.Ba H :ra ~e peax.u•~, pacowa~pxBae ... 
Maa c :rol!I'Jf speHm:a pasHNx · cac:reH Kriop.uaa:r· ( o,ua ·cHcTe:we 

Roop.»;HIU\t no:sepny:re. ~.THocu;eJII>HO fll)yrolt,. a a. I8Q0 ~~0.-JIO·. o~x.:, ~ . :· .. 

nepne~,J;HEYJLSipHol. K · uanpan.ieHJUJ no~e:ra· nep-BH'IHNX qac:r•n)~xj · 

'x) 3:ro:r xe pes yJ!lt Ta:r cne~ye:r :!3 tor a, -q:ro p.p:a:rcmiii·' £ :1 7 
. Sf)J!/!1'~"-~A/1. 'PSO'!H>T.r).~U.t;}~~"- .r-~1'1p.I!:"!'!DH11'JJ.'-f.J! ... 
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TaEHM o6paaow, oxoa~atex:&no KMeeM AXB noxnux cet~eHH~ 

COOTHOmeiUte 

K. 3TO,My JKe COOTHOmeitHlO _:MU :MO:ie1i I!pL!;!!TM nenocpe,n;CTBeHHO, ecJtH 
. ' . i .· . ' 

BM6CTO (3.37) paCCMOTpUM CJie~ytOillY!O cuc·xeMy peaXl\Mg ; 

J.. } + ft .... Jt + 12 + If+ 
._; 

I . 
8 . }2/ f )t/..., It + )t 1- til /) 

' 

. . ' 

; .. 'LITaK, B 3TOM :t;JP11£Mepe COOTROmeHJtta, ,D;Jlf!. .n;~epeHUYI6_J.t:bH.~~. cetre-. ' ' . .., .•. ·· ... ··:. '• : ' 

. HHII. OTJIH'tlaeTCJl OT COOTBeTCTBJ'lllllero COOTII9WCUH.R ,ltJlB no JU!l:lX . ... ., '• )'•' ' 

cetteHH!. 131!~, 06CTOJl'feJI:&CTBO I!BJlR~TC.a, ltOH6'1!HO, THnzqn~ 
. . - . . . ~ . ~ ' " . . ' . .. ~ ' 

)(JIB Bcex. npoQeccon, npo~exanntmx ~ yqact.~eM ,a.c·nn:t~; ~TBOCHntHX-
• • : _' ! • ·L ~ • ;. t' ·_· , ' ~. ; • 

CSI K O;ltHOilY l! TOYY xe. I'.SOTO~l>IqecKOYY MYJI:bTH_nJie TY •... 

PaccllOTpmt auxutrMJUtUtd[) na.pu ayp:nou-MtmHyuou no 
•' '• r ' -, • ' ., 

cxeue 

1.-,t, 

(?.39) 
• .,·J 

~ , : ., 

... 
I,' I 

; .J ~ ' 
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. . 

Jtnsr nonyt~eu:ma cooTaomeHmit uelr)J.y .ItmqxpepennuaJibHbUlH ce11eHlfstMH 

perut~lt~ (3.39} cne,n:ye·r sarmcaTL B BH;te: 

.. 

0, /#) 

o~./&) 
o; /~) 
t!i I~' 

o;/#) 

6j ( l9) .n;mqxpepeH~HaJ!b!m8 C8ti8HHSI, : 3~BHCSilltH8 OT 

yrna Ke~y nmame~ pasnera nmonoB H aanpasnenmeu nyqKa nepBHtt

mtx ttac:nu~ x) ~ 

C'l'Ba: 

TaR ze, Ka.K it B nepBOlt np~epe, MM6J)TCR OtteBH)tHUe paBeH.::. 

o; /!J} = p; !li- f!) 

o; (fJ} == 'O"it ($- & )) 

TaK Ka.K peax~:tUt I H 3 DO?IY ttaDTC.fi H3 peruttlHa 2 H 4 __ . 

nepectaHOmtO~ llHOHoB·. Mu 6j,Itel4 CttM.TaT:&, '1~0 B pe8.1ttlH.fiX.(3.40) 

fili!OH. SaiUteamu~it· ~·ep'Bbll! BtlJie;raeT DO .It yr JIOM & ft HanpaBJteHHD 

~mnteHH.rt nepB:H~'ffux· ttaC'l'mt, a llHOH, 3aiiHCaHHUi'! BTOpi:.U4, BUJietaeT 

U~.lt yrJIOM flj & . Tart. Kcirt B JII060M TeJieCHOM yr.ne MSOTOllHtleCKan 

noJiapH38.I.tlHI BTOpiitiHaX qaC'l'iPl .()TCYTCTByer,· TO JtJIR llOJiyqeHHSI H3Q:0 · 
.' ' ~· { :. . :, . . .·. . . 

xonm:qacK:viX coori-IomeHidl' Ai9zao. OT.1J.e~:bH9 pacc1darpmBar:o riJ.!oau, net .a= 

ntHe'no,n; yrJWM ./J H no,n; yrJIOM f'- ~ • 3TO .:naeT-!JtBa COOTB;omeHH.fi 

----........-
x) 3aBt!CIUtOCT:& cet!eHmtt OT a6C01IIDTHOti BeJIHlJHHii :tumyn:oca mtOHOi3 

B ,lJ.aHHOll CJiyq~e Hac. He HHTepecye·T, PeaxnHH paC
1
CU:aTpHBMTC§ 

B CHCTeue ~enrpa uacc. 
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61/P)t ~(3-&) fOi/&) = Jl.o;f!-&J +- ~o; (&) 

o; /B) f df /%- ~) + o; (fi- &) = lrf8 !&)+ !l o§/tP) 

t.e. 

HJIH . 

. ~~~)- o;(fi·-tJ)=tiftFg!Jl-&)- o; !&)]} 

o; I~) = rJ$ !iii --tP) 

(3.4I) 

(3.42) 

llpu nepexo~e K · noJIHHM ceqe:am.aM paBeHctna (3.4I) m: ~3 .. 42) 
' ' . . ' "'? . 

np:kBO,D;.R:T ~ O,D;HOMY H TOMY l!te COO TTrlOUieH~UO )tJlH flOJIHHX .. ceqeiU1Vi 

~~~ +- O'it ···· ... fl( tf3t +- IUlf:f) 
llpPI HHterpHpoBa~HH rio Teire·caouy yr JIY '+% 
y,n::BaHBaetcn; rax .ttait Itax,ll;oe :cocTo.anHe ,n:Byx 

ceqeJ;.uw · o;- · 
/) ' 

fZ ~M~.330110B 
, , . I .. ..:.:..() 

YliHTllBaetca .IJ:Btl.t~Lt ... ( IJi ...;uesoHht -To:RQ:leCTBeBHhie tiaCTIUlb1 ! ) 

IDtrepecuo 6tMeJit±I> Iie±pHmta..rr~>Hoct:o paBeHcTBa ·:3. 43) .- Ono 
maeet uecto CSnaro.n:apa Tolly; tiTo M11 pas.nMt~aJIH nMonht. ae ToJI:oio 

' . . . , .. , . '; . . l 

no 3H8.Ky sap!!,n:a, HO H no HartpaBJieHttD PiX ,!tBJiilteHHR. J1pH TaK~M: 
' ' . ' 

no,ttxoJte pea!t~HH (3.39) nno;me ananortttUJLt peaitrtUHM 

(3 • .45) 

,ltJUI KOTOpYX B ltOHeliHOK COCTOSIHHH li!MellTC.a COBeprueHHO pasJI~'1HHe 
• ' • .; :'. ; > 

qacTHJlfi; ( CM.npHJIOJICeHHe IY). PaocMaTp.HB~SI coo~~omeiiH!! Me:ar~y 
,' 

HOB,_fi.OSTOMY HeT l303MOltHOCTH OTJlMttaT:b O,ll;HH mmH ·O'r ).(pyroro. · 
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B D~"'nM cF..·"'fiw,e' y;;e,::raHi!an aHanor~tn ltex.n;y. (3.39) ·M {3.~~) Helle- · 

~la~?T ~ :Bnecrq ;tr;BY"..C coo THOnie HMl1 (3.4!) H (3 .42) nonyilaerca toJI:&

Ko O~HO COOTBOilleHBe (3.44) 

(}~;p8.'l'1tU BR!!M8.HI!e H:L OCOc5eHHOCT:b H30TOfiHtieCKHX paBeHCTB 

?)i:.i :?::;a.J\HJla o Y'1acn1e1:1 roJ~ecT:seHnl:lx ttacTHih 3Ta o coCSeHaoct:o 

~,a.r\illUt!aeTc.a B TOMJ trro rro.mme cet~enHa npmwx H oc5paTHijX 

r,.:;:r~"t_~~r'Tf,:i "1'~1''\B IT~' ..,n 1'\'"""'IG'"~' r~an1P11"Htnr COO'~'HOmeuua"•.· llo'fJ'o..,.eM nto, y •• 1.~. ~·~~· .. • J ·""' ._.. J ·.,;; .~.n ~ JJ.a :.J "'- J! · ·~' ~.n '"i .t:l'J.U • 11'#~114 .U.'-4olllo 0:1 

0. I 

'6: 
A. 

') ;, . . . ... .. : ';,1 . ·,w ? ;.• .... , , ..,., i~i· _ .. j'o ~- ·~'" 
'·""" I' ['it' i1 "' ·/ ")' .. ~ 

I 

(3.46) 

cr = fl.. o:. 
·l . It. (3.47) 

_a.n::i JT.WiPt!JspeHJ~~Ia:"::hH!i!X cet!eH~~f.i oeip~:rnux pe.aKrtHil 

r, :tr -1· t1 _,.. } .,. jt 1. ~ :r + i '.. It .,. It 101 

;~J· ;Jl'} -:'- tl -l> Jz 1- 11.. -: · 1),~1 ·$0 + d:~ 12 +} w~ 
m,reeM coQTRomcn~e coBnaJr,aromee c (3.47) 
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dl 

Mttt~rpupya soro cootnomeHHe no nceM yrndu, _nepem.n:e},( It no}nmM . 
·r 

COCTOHHHH. 3TO npHBO)tHT It paBeHCTBY 
.,-.:. ., 

(3.50) 

He con~~am~euy c (3.46) x) 

COOTHOmeHHe. (3.50) YOXHO DOJlY'lHT:h H nenocpe,n;CTBeHHO HS paCCIIO'

TpeHHSI peaK~Ht{ {3. 48), Hj1XHO ~OJI:hKO 3&4eTHTL,: trX O·, ecJI~ p~q}, · 

H)tST 0 noJIHhtX ceqeHHSIX; TO. o6e'peaiti{HH 2 (?.48) H,tteHTHtJ:Ha,-

H cne,n;oBa~eJI:hHO, Y'lHTliBaT:h HYXHO TOJI:h~O O.ltHY ~3 HHX. 

x) CorJiacuo npxmrrmy .tte:ra.JI:&Horo pa.Baone.cHa .n:i$I>~:Pen~HaJIJ.Hl:le 
cetzenma_ npawx_ H o_6paTBHX peaxrtHit nponoprtHOHaJI:&Hl:l ,n;pyr 

)J.p¥ry (cu.· rJiaBy III §,I) I Conna,JteHH.e c.oo:rapmend (3.47) H · 

( .3.49) SBJI~eTC~ D03T014Y: .. He06XO,ltHWJ.l~ ~JJSI _\ DOJIHliX celieiimtit -.,. 

~ COOTBeTCTBYDJI(He\ COOTHOmeHHR (3.46) H (3~~0). ,He .. P,O.BDa)tCil>~_,_ 
~TO, Ha nepBhlil B3rJia,lt, ppoTHBOpetzHT Iipmnquriy" ~etWtbHOro.· ' 

paBHOBeCHSI. ITpOTHBOpetzHe CHHMaeTCR, eCJIH 38JleTHTL, \ITO 

~ CTaTHCTH'leCKHit Bee CHCTellli ,II;Byx TOE,lteCTlleHHllX tzaCTHit (;n;Ba 
npOTOHa HJIH ,ItBa HettTpOHa) B,D;BOe MeH!tm&, tJeU J;JISI ·CHCTeMH 
.JtBYJC JJI)1'0 .. lt9C:I'B9!ML!X IJ&r."!.M!l ( mtOH.:H ,Jtel!TOH). . . . 

' . 

,;. :'. 

·\ 
\ ' . 

! 
( 
I 

c II 
I[. 

II 
I' 
I 
i 
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rJIAJlA IY • 
........ 'llto:wa ·-

. ~.. . ~ .. ·:·, 
§ I. Qncteya ~>IS Wi qacTMY c :t-!30TOn~rttecKI~MM 

crhtH&ui· pa,BHbiMH· Il2 ~ · ·. - · 

B rnaBe II dHJI. pasiRcHefi· cPHsHtJecKH~ ciiscn ·KosqxpHuvreittoB 
K~r H rrp.~rBe.IteHH cpopMynw .ua HX BhltJHcJiea;ui. Cettqac Mill' saaMeM-
ca ,l{ORas·aTeJlhC.TBOM 3THX lPOPMYJI. 06httJHO ,JtJUI 3TO~ UeJIH HCOOJib3~Di 

' . . . 

o·ripe,D;eJfertHhle MaTeManttieCKHe_ CBOACTBa rpynn Bpa~eHH~ .B COOTBeT~ 

CT.BHH ·c 061ltl1M ,ityxoM HaWero H3JI01teHHSI lUi H3CiepeK .npyroi! nyT:& 
1 ~' . 

nor~tz&clCH uoxer. 6h1Th. ueHee ·crpoaHstt, ao .sa To: 6onee npocToA , . 
. ' 

M Har itSI.tUI_att. · .. \ 

. B .tta-ttec TBa npoc reitme"I·o npMuepa ~Boslie:M cuc·T·eMi lf3 .nByx , 

qacTHU, HsoTonHttec:Kue ·cnuiiJ1 xoropux pa:BHH-I/2.:11y~!J; aTo 

·csy.nyT, cztaxeu, R- MesoH H HYKJIOH. PaccMoTpHM nosl4ox:Hlie 

"WH3HtJeCKHe" COCTO.RHHSI STOlt CHCTeMbl H HX pa3JIOJICeHHJl no "H30-

TOOHtteCKHM" COCTO.RHMHM: 

· ("-~-,.P) =e.Uf.(J.,d.), (lf~n)=e ;.~{d.;-i) .· .. ·· · 

(K~ :P) ~ rJ.. elPt,(d10)t pe~{ 0, ij J }"/1)::; re toi( ~b)(, oe.':~(O;oJ (4.I) 

Bee aenMqHHbl:: -. a!- , ~ I ~ir' 'j ' t ·. ·. ~ Oi· C~HTallTCII )lellcr1 

BHTeJibHhlMH tJHCJlalfM, ripHqeM, npe,nrio'naraeTCR,,. tt.T0 W~3N_; eSt ,Bhl~paHbl 
'l'aK~Ul ~~Pel:SOM, ,liTO·. d. , -p·,· , r; H_., 0,~ .. -. nOJIOltM~eJI.~-

Hhl. Koaqxpun;m:e~TH pasJio:m:eHM.ff ( 4 ~1) lt .aBJI.anTc.a:·HcKoMIUUt KoaqxpH-
j, .· c ' • 

n,HeHTSJlH R.-r .. , no.nne:a:amm!H BhtqHcJieHHn. 

~,n;ecb CJie,D;yeT HafiOMHHTb, 'ITO JID~aSI H3 .. }'~H3HlleCKHX" /tPYHKUHR 
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. . . II 

paDHO KaK H JID6aSI. Ii13
11 
m30TOrl:W~eCit11X cpyHKr(Jdi MOJICeT 6:!iT:b ytmO-

. xeua:, na Jirodoe. tiHCJIO Tr.ma g td . des aapymeHHSI opxoHopv:mpoBa.HHoc-
1 . • • • .• 

Tii. C ,Itpyro:tl CTOpOHll,; KOBqxpl~_nMeJ:I'thl pas.nOl!t6HJA:H .fiBJI,stiOTCSI BflOJIHe 

onpe.rteJieHHhiMH BeJII1tiunia:MM TOJILtto np:Vr nnoime onpe.rtenem!oM Budope 
# . , . .• . 

tPH3M'!eCKHX 11 ii30TOfiJriqecKMX cflYHKr(H~i. CBJI3aHHan C OTHM- 06CTO.RT6JI:b· 
}I . b . . . , . '· , . . • :. . 

CTEOM HeO.npe.n;eneHHOCT:I). B K03qxfm:IJ;)teHTil.X Jt.~r 41 He cltaa&B~e~CSI HH 
. . ' .. ' ' . 

' . 

Ha O,D;HOM 1113 tP1!3trqeCIUtx BUBO,ItOB nOCKOJlhi<CY BCe q)iJ3L1'lJeCK:U uaO.ii!O.rt.a

eMLie xapa:ttrepTiiCTMlt~ C3SI3aHH C KBa)(paTHQHl:U!H o6pa30BaHHRMH~ £13 
f . . . . (4 ~ 

KOTOpbix ·BeJU\\tmHH Tlma # t'A ,_,; Buna,n;a.JJT (It' Y =· I) • · 

; Ha·.ocHoBaHm.i c:Kascmaoro Mhl ncer,Jta Moxe:M nepeonJ)e.rteJtMTh 
II 

, l'I30TOnT1trecrme lPYHRJUni (I,I) m ·(I, -I) TaKHU o6pa30M, tiTOCihl Be-

t1 

J!I1~tl~Rhl .. , r£ 11 . ~1 OCipaT11J!I1Ch · B HyJib_~ TOliHO TaK ~e ,!!3MeH.as 
It fJ/1 

Jl 

coo ~Be TC'!By:IDII.t~<n! o6paa 011 onpe)(eJieH.me 11 1430 :con:uqe CKHX lfJyHxr.ufi1 

(I,O), M,(().O) ilO~HO )J;CHlPlTl>CSI KcqesHOBeHM.S:I <Qas_ ·'~··.II o;. • 
'flpH 3TO::! llSJiv:tHiHh! ~~- R ~ B.HYJih, B~oqme rOBOp.a,He. 

o~pamam~c.acx) 
IT.O::>TOr!y pa~eHCTBa (~.I) 

-- ~~ -1') 

... ,, 
.l{aJiee , MCIIOJ!h3yeM yCJIOBif9 OpTOI!OpMI1pOBKM

11
cpli3.LfqecKMX H ,, ' 

. MsoronMttecKMX codcT-BeHHhlX IPYHK~Idi: ... , 

x) IIpH ,ItpyroM B03M02.CIIOM onpe,neJieHH11 \f>YHRT.\Mil cr,o) H co,o)., 
MOl'tHO ,D;06MT:bC.R HC'le3HOB9HHSI £Pas cf5 H c&· , IlO TOr,Ita 4 .·. M. 4- ·,. B006l1le I'OBOp.a, OTJU1'1Hli OT HyJI.a. 
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/;,/t- )* . + J)· . ~. r.t . 
\ t n, It ). (K It . := / + o = 1· 

(!k~Jtli<JtJ)= ot.IL+l"= I . ( 4.3) 

. . . . . ' tt£.- ,J. .. 
(!1fijt)1

71(J(/Jt))= ~/# _11 rJJ # ~ lJ 

Tax xax cL ' fo ·' Y '.f .n;en ... 1xBHTe1I:PHl:le H noJioxPITeJI:PHHe t~HcJia,. 
TO US nOCJie,n;Hero YCJIO-BIDI (4.3) CJie,n;yeT: 

; i/rf -tl.) ('6 ~ . 

t. . ·. =.-1. ':'' 

ITosToMy CHCTe:ua~ pa.BencTB ( 4~'3) · npwmna:ae~· BPI.it .. 
. ' ~ . 

;/i+ tf:~. =I . . . ... 

d~+ ~~=I (4.4) 

d/-;aJ=/))_ 
a BMeCTO ·noc:ne;naero COOTHOileHHSI'(4.2) DOJiyqae:M 

. IK>J= l!iJ;.{f!tP) -J/P,P)j . . 
MsMeHHM renep:P onpe,IteJieHHe ()(~It) taxHM o6pasou:, : tiT06H 

BeJIH1JHHa ~- o6paTHJiac:P B HYJI:P. B stwx· ycnoBHSIX Bee 
II II 

cpli3HtleCKHe H H30TODHtleCitHe ci>YHKIUiH yxe OltOHtlateJl:&HO lPHRCH-. " . . . " . ' 

p~BaHH, ·a COOTHO~eHHe ( 4.2) npHHHUaDT ·}m,n;: . . .. 
. . . 

fK;jt)=/~1, /lfp~t)= I~~;~) 
(4.5) 

(If';.)) c{/~P) ')~P); (1(1t)~/0P)-:If/IJP) 
~ r' •. , . ·, 

I 
I 

I .I 

I 
I 
I. 

I 
I 
I. 
I 
' I 
I 

I. 
1\ 
ll 
jf 

1! 

II 
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PaBSHCTB ( 4. 4);0tiSBJd,1\HO He,n;o CTaTOtiHO )J;JIII onpe,IJ;eJieHH.fi BCSX 

neJI~qJin a{ ; j3 , ;f :it J .. .TI:JISI nonyt~emm neioc-Tanm·e·ro. · 

paBSHCT~ UICTI.OJI:03yeM CJie;n;yiOtqMtf BCTIO:t.mraTeJI:hH1Itl npMeM. Ilpe~TIOJIO

J!£11M: _tiTO np11 BSaHMO,IJ;eMCTBMJ.i . /(- Me30Ha C HYKJIOHOM B np OMe

l!tYTOtiHOM co CTO.Rmni o6pasyeTc.H HexoropaR -rtmoxerHqecKaa qacTH

~a Y c .. VISOTOlll1tiecEuM cnMHOM T = I. x) H dy.n;eM paccMaT

PMBaTI; peaxumo .';(~ YC cM.rnaBy III, §4 ). 

Cpe,n;H BOSMOl!\IlbiX Kf:tHaJIOB 3TOrO B3ai'U.10,IJ;eticTBHSJ MMeiOT MeCTO 

_peaK~tm:' • 
~7 

/(f)-rjz, ~ ,yp Jt /{f+/l-> y()·. 
' 

CetiSIU!R KOTOphiX paBHM ;n;pyr ,n:pyry B CHJiy ~30TOTIHtieCKOti CliMMST

pHM. C ·,n;pyron CTOp~>HU, Ha OCHOBaHMM. (2.6). MX CetieiiMR ; . '; . :.:.: ,,;, . . ' a. 

npo~opu~mHaJI:bHhl coo TBeTCTBemto' d. JJ.. 11 f . CJie;n;onaxeJI:bHO, 

. ol.=~ 

0Tcro;n;a, MCTIOJI:b3YR paBeHCTBa (4.4) JierKO TIOJiyqMTL 

o( - A--~~ -J - ...!. - ;--. - - ~ 

TI,0.3TOMy )J;JISI _pa..9JIOllteHYI.fi ( 4.!) OKOHtiaTeJILHO MMeeM: 

,• :-· . 

(If,.})=~ {1~1+111 PJ} J i /(1+~t)= J/1~ c;)4iff .. 
. . ' 

---
x) TipHBe.;n;eHHoe .. Kpai1Hee. np~ArroJio~euue nu6paHo B ueJISIX 6oJI:ometi 

riar'Jin,IJ;HOCTM 11 o6JiertteH.HJf SC3.IllfCH peaKIUtli • .l{JIR n~!IYtt.~Hua 
. . '" :;. 

BCeX IlOCJI e;n;yiOII{11X pesy JILTaTOB ,Il;OCTaTOtiHO npe;n;nOJlOlEMTL, tiTO 

.B3aU¥O,IJ;e1tC~BMSI · /{ >~Me30HOB M HYKJIOHOBOilpOHCXO,Il;JIIT TOJILKO 

B COCTOSIHJI.CJII C T =I' • 'TO'CiHO TaK:a:e ,!(OCTaTOtiHbiM SIBJISieTC.fi H 

Ilp.fiMO npOTMBOllOJIO~HOe rrpe,n;~OJlO~eHHe ( B3aHMO~ellCTBMe'TOJIL-
. KQ npH r = 0 ) • 
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BsTexarontHe Hs (£••6)· suatiermn xosqlijnuu~ea~oa lt.~r. cpDna,D;aiDT 

C Tad.iiliqubiMH ( OM. ~UOJIHLtY II ) • UOCROJI:bltY. rtpH BbiBO,D;y 

(4.6) · Hcnon:&so:BaJU1Cb TOJibKO MSOTOnHq~Cm~e CBoticxaa K~Meso-

. HOB H HYKJIOHOBI 1'0 '~e )lte oaM,bte ~b.dcpq)l1ttHeH~bl Krr. Oy)J.y't )J.JlSI scex I 
\ .. 'I . I .•. ' I 

· riap ttacTHtt ·c T = I/2, B qacxlioc~~, ·,D;Jla bv.~TeM{j;J}, ()(j{j, 
!e s· v. x.,I\. · 'p 7 

: ' ' 1 : ' ... ': ~ ' l ,. . . t 
§. 2t .Q.roS:n ,~B.Y"'· ~a·Q.! .. vUJ jJ: qsqj,.Oni1!f~.ClsHMH· cnijHaMH ·.• . . 

.. I It I 12: • ............... -~ .. -
I . 

Pacc~mTpMM aecR.OJI:&Iw ~ohbe cho!Hurt npl!i!ep .l 6ncTeMy 

rntOH•HYI~liOH • .PasJIOlE9IiM.R cpHt3~ti9CKPIX
11 

cdc~Or:tHI1~1 'rto HSOTOnt1qec~ 
' . . . ' , . ' . . , 

KMM''oy.n;yx mMeT" aM! · . . · 

I , . 

( fiT- 12).: I i ... -.8/' · 
I ( ~ J .~ 

-1 • ·~ 

. ' 

(4.7) 

Hpe,ztnonaraeTcn,. 'iTO ace seJIHtU1Hb! . /Jt , v , J H A 
HBJlRIO'rCSI ,1t9t1CZBH'l'9J1:&HUMH · .. 'ilfCJiaMt~, ,a ~i H. /J . • · ,ItetlC'l'BH'l'6J1:b

HblMH ilono~HT eJihHhtMH tntcJiaMM. OTero acer,I\a MOli\HO ;todHt:&cn 
,.>: .... · . . . . . . . . . # .· .... 

np~· C,OOTB.e'l'cT BYIO~eM onpe.~eneaHa,usriTom~qecxMx cpyHI~_~an ,,Mcnon.b-

sy.R O!lDtte~ypy Bnonae aaanorH'iHyJOnpoBe.zteHHoil, BbliUe'.n;Jis:r cHcTe

Mbt, tJaCTI1If C MSO~Onl1tJ9CKHM COltiltOM r · =·. I/2 • 
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. . 
·~· .·· J.. tl. U., 

o<~ +J, = I ' . otil j4 = I }· 

o<., ~ ~~~!P. ~ t? . ' . 

l~J=o· ; 
. I 

I 

c4.ar·· 

(4.9) 

' 

Tio~.TOMY tlOOJie,ItHJ.16 ~Ba paBeHCTBa ( 4. 7) MOJB:HO sammaT:b .. 
. . . ' .. 

B ~H)l;EH .•. , . . · 
··A';) ·. t;~ /: ,,·. . "')'2 -~-·I J ~~ /j ~ J // ?)1 
t~e;jt/ = l ~.1~ j, ·~,· fi (1~~-i 'J) I~ ltj :::: IJ }'dJl{j_J p/ +):J.Ii, I~/} 

. I . . . ' 

ll~pe dhpe,IJ;e JII1lk Te1:1 epb, cpH3Rl!e CKRe'' tjJyHKUIDi ( ~ ~) , H 

· (·~/It) !aKHM oopasoM, · ·qT.oO~ .:BSJIHthtHI.it. /" n J od.pa~~mtci 
. .. I. A' 
B HyJih. TipH STO~ BCe paccMaTpHBae:..me tiJYHKrtHH-11, cp!13Hl!ebKHe, 

R11 H30TOll!1tleC~He - 0~1ryTCR .n~JIHOC'!hiO cpHKCHpORlHHbiMH H paBeH-

CTBa (4:7) npHMYT BH,n;: · 

/lf/~. /J I i)} '~~~~~~It}:: If),-J) . 
.. t,c 1 h,)~ ·(l I}~ · . 'l'.l -1 I ;:r.-jt J: PI // 1) . A II I ) 

.. r'llJ_Iv· -o/.".3.''3: -~~t1 1J,J) J'/t '/ I ~~-l +j"lfP.I·-1/ 
/' 

($,)) ~ o<~ !J~ -1)~ 11,-1)) ~~~//;)=~ 111 f) JBil/1) f) 
. . . ' . 

•.: 

,I(JIR BL!tiiWJieHHR KOscpqntrtM.eHTOB 1\-~ .paCCMOTpHM B Kal!eCTBe 

MeT.O,II;HtleCKOro.npHeMa .. peaKrtHH THna ffivf -fl··Y t r,n;e Y 
·H~KOTopaSI: cfll1KTHBHaf! 'llac:rHrt~ x? . c T =: 3/2: , , .. · 

••• ' • ~ • • ' ' < 

. . ''" ~ 

' ~ I. • "., • ., ' 

·, ! ,J '· 
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CBH3aHLI COOTHQnteHIUIMM: 

0TCIO,n;a·, CJie,n;y~Tt ·tJTO· .•. , · · .. j_ · ·· 
.·· ·. :' . ' A/. ;_, \~. fA ,-.OL •. ::; . ~r:::"3-. .()\-:1- v~ ,_, . v;:, 

:vlcnOJib3Y .a paBeHCTBa ( 4. 8), \ Ha~,neM OCTa1I:bHhie lt03cM>HUH~H.Tbl: ~· 

h •• f3t.:::. VJj (I }A. ;-v-+s .•. 
OKoHtJaTeJI:&Ho MMeeM: 

I •" '• " ,'••: 

( :r;t,P):: C~2 ;3~J·; Crt~n) ==(3~~--~.tbJ 

('Ji"~P)='if(~/,4)-ij(t_;~ ·,(Ji~n)= ~(~,-4'£)+~(\ i"~ (4.m 
(}i))=*(~,-4'i)~{f('irtJ·fri-i;YI},:fs'C~~~)-t~(~,¥,y' : .. · 

'• 

·. BNTeita10mHe · H3: (4. II) sHa\leHHSI KoacpcJ>HI(HeHxon_ Kfr,;·coBna,~ta:roT 
o I 0 • ·} • 

c Ta6JIHtJHNMH ( cu. Ta6nHny II )'. . · 

AHaJioi'}Itt:HHM o6paso~ MOJ:Ho Bhl'UfCJI~T:& ,K·o:a~ii(HeHtbi · K:-r •. 

M B. doJiee cJIOJrHhlX c·nytta'nx ~ (cu ~rip.aJio:aceH~e YI).~· 

X) 3,n;ecb f . - BeJIMtJ~Ha,: .nponopD;IJIOHaJI:&Ha.a ~aTpHtiHOMY 3JI~MeHTY 
peaKUvUt 1i+J/.-.7i+JV , H.l\Yntetl no H30TODHlieCKOMY KaHaJIY 
c T = 3/2 (eM. r JiaB y rr', § I • ) . 

) 

· ........... 
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HsoTom1t~ecxae co oxHomeHH.R .ztJI.R . o,:gaouesoauoi ex ell! 

.• B3am&O)teitCTBH.fl ttaCTHR:.." .. 

. ' \ 

BHme yze ronopHJIOOi o nponeccax us,JiytteBH.Rl! norJio~eHHa 

. BHPTYaJiiHHX. uesol!on·, n:PHBo~nnutx. x· rioaiJieHHJ) .r.u. "M:esosaoro · 

06Jiaita", .CBSI3aHHOrO. C .It~,ttOt! p!_aJIJ;HOI. ttaC~HJ.lei. ··ua~OrlttHHM . . • \iF? 

. . o6pasou peaxnHH uexJty ·pea.n1lHLtmt qactHU&Ut p oreoperxqecxol 

~ : . if~ 'litH . 3}:e HI~B · MOltHO ··CBSI3aTi .? npoueooeu .od~esa pa3JIH11HOrO 

~ J?O,Ita BHPT.YM:&lWMH uesosa:am •. Jt~g .ClOlLJmX. BSWO.lteAorBd coor
~ ' 
~ :aercTBYJ'ntt-te ROHcTaBTH cnasu BeJim:ttm.t .nosrouy, sood~te rosopa, . 
~ ~ 6oJI:Lmo« s~poaTHO.CTiD :t.!oseT npomcxo,ttHT oduea dOJIYID 'IH~OM· 

I . . . . . ' . . . 

. J!HpryaJibHHX Y830BOB, ~TO. Otte.H:L . OC.JIOZHaeT ttapTHRY . B3aHIIO;telt-
. ' . . 

< OTBHSie O,ItHaKO, B O"t,Iten:&HSX cne~HaJII>HHX. CJiyttaJIX. Ha OCHQBaHKH 
' . . . '). . 

.. 

!!8ROTOpllX TeopeTH'll8CltHX: coodpazeHHit, .Olt83HBa8TOJt· BOSIIODHII 
· 1 f!i_tiUIIfSI~~TICHHfb . . . 

npe~noJIOXHT:&, tlTO. peaJtuHlr'if.ltiPf, ny.Teil aoMeua o,ttHHM 11esouou •.. 
. . . ': . : 

Jiiis raxitx ·B3am.to~emc·rBift~ uoauo iioJiyqurJ. ·· .u;ono.Jiaure JU>mte · :usoro-

nHqee&He pootHomeaMa·, Eoi'opse HHrepeeas ·M oauH :no cede K, 
,• 

fJlaBHiiU _odp8.30JJi ·,.- . C. TO'IltH speHHJl. npo:sepEK C~paBe)tJIKBO.C!H 

MO~OJtHOrO npe,n;no~ozeHHSJ 06 O,llHOKe30HHOM:.~6~e~~--J · .. 
. . . 

lHH npH¥epa paCCMOTpHH peaitqHm: 

. . (5.I) 

:B odnteu cJiytrae ee oxe:ua~Htze~RM "r.tOZHO H·~odpasJtt:L B BH,lle : 

J.tHarpa.l4JIH ~etta¥aH~,". noita3.a.JuioR. Ha pHo.3. · "1JepHidt RDlR" I . . ' _. ' ,' 

ysJI·e ~Harpa.MMbt OOO'.I!BeTCTBye'l' TOMY OdCTOST8JliO.TBy', 'ItO Ha 
\. ..:-:o_ 

Ohe.aKneunwit HHCTliT)"l . 

QepHbiJI. · _wccnt:lloBanHiil . t·· 
·-~ 6H6JU10IEKA · 
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