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. '· 

MC::aE_H3U B3a~mo,n;ei!CTBHSI He HaEJI~RBaeTC.fl HHRaKIDC oppaHHti6HHt1, 

KpOMe 06ntero Tpe60BaHH.fl H30T00Htl6CRO~ HHBapHaHTHOCTH. ECJIH 
. \)' .. ,.. ' . 

npe,ItUOJIOJ:HTb, ~TO peattnFlSI vt).!;eT ny~e-M ~6~eHa O,!tHHM . ~-MeSO HOM,, 
. . . •f, J . . I 

TO COOTB6TCTBY~~ag ett·lH~rpaMMa ~enH~a~a MOX6T H~6Tb, aanpm:- . 

r.~op, .tm:J.t, m:soCSpe.::o!lP-~~ .Ha p:rcc. 3 1
, T~.e. ·: odJla,JtaeT-~.D;BYM.fl ysJial.ut,, 

. . . . ,:~.~.t ~ .. ~ · . ,.~, . . I 

COeJT.I~li6HHU:W-! O~I!~Ii S'J -Me30HOM. B Eaz,ftOM H3 3THX. y31IOB CYIIte-
. . . ,. ' ,• 

• .. ' . . \, ' '.'. ',.:'i·l: 

CTByrJT CBOK tiaCTH!:!S H30TOOHtle CRH6 CO OTHOmeltHSip tiTO .~DOSB01I.fleT 

!!OJJ:yq~~T:b H5EO TOpao ,u,'ono~HHTeJibmte .. M~OTOttHil~'ottMe ~e~tiTHOme·H~SI 
'I ,• , '!f. 

)!I.:fl EliJICH~}!Jm IC!6~lr,!£XG.8 3,146CJ., B03~l011Hdcf~tt .iiytJttte BCero 
• I I ·' 

p-ac(;~01'pe~r, Eobt~.:r..rio EOEr.poT.:mx DJHILM,epo~i · H~t~aen c Hau6o1Iee 
. . 

· r:pccroro cny-:t.ait y7:p;y:;oro 'i~aociSsJiltsr& PaccMoTpmt ynpyroe pac-

' 

:r:~r,l\a noc~e D::e.?::~c~~Jt!:CTtrn:.a Rez,D;ast ms ttacTHU npmuepHo coxpa-

" HSieT HanpaBXeHH6 CBOero ~B~SH~.fl, H peaK~HH nepe38p.fi~KH 

j 

. :t:Or,IJ;a 'tl8.CT!l~U !LeHSIIOTC.!I MeCTatJ:H X) • 

-------
x) IIpm 6clir~mwx 3E~!':':'!~~x. jT.Uhl J;:acceHHtt_SI ~axli H pa~aHtiHe 

~~r::~~Jr,y p~v'""'"""'::~::: Jl! TI':'ji~:;"'!.'~.r.rtour cpHsi-tt~eCKH onpaB,IJ;aHO 
• (cr" ·r· ·M;;.D-':)'j lm § 3)- ~ · 

. :.H ~--·..,., t1 "~.~~ J 
. . . '• ... ·-- ,_, 
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CooTileTCTBYIDntHe ,nuarpawm npHBe,n:eHb! Ha p~c.4 xx) • 

. llPOJl8CC H,IteT B ,n;Ba 3Tana. CnaqaJia npOTOH MCnycxaeT BHpTy-. 
. ~ 

aJihHN~ ~ -Meson, KOTOPU~ saTeM nornomaeTCH He~TpOHOM~ lHCCO·· 

nHaUHH npOTORa MO~ST. npOHCXO~HTb no ,ll;By,M CXeMalt: 

., 
.. 

PIS KOTOphtx nropaa :s,n;Boe Bepo.erHett nepnon , (eM. r'.n"aBy m, § 3)/· 
.··. . 1/ 

Ha BTOpOM S,'rane TC'.K)l;e ~meeu: .n;Be IHipTyaJI:&Hble peaKitt1:H: 

I. /ipn - 12. .. o; 
2. u+12 --:;. 1· tJP: 

ITonhsynch MeTO~YiKO~ Esno~eHnon ~ rnane m, § I, Jierxo y~ex,n;aeu- · 

en, '~!TO: 

·r 
(5.2) 

.X) ~KC.4 COOTEGTCT~yeT CR~!aD, KOr,n;a ~! -MeSOH. HSJiyqaeTCH 
·neB~M ys~OM H norRO~aeTCR npa~~M. RerKO npoBepHTh, qTQ 
odparnoe np e.D;noJioxeHHe np:m30.IUfT It Te:u xe · c&~w· lisoTonHt~ec
KMM COQTHOmSHI.ffM •. 3TO llOJlOxteHMe LU1eeT 06ntHil xapaKTep. 
C TeopeTHqeCKO~ TOqEM.speHHR CSespasJIH'IHO MSJiyqaeTCH JIM 
HanpHMep, JreiU:lM YSJWM _fi~M.S30H HlUt npaBi:U4 YSJIOM. ff.-MeSOH 

· R .T • .n;. nosxouy, :sooCSnte roBop,a:, B ,n;Harpm.tMax ~ettHMaua nanpaB
ne.m1:e ,ItBMjf.eHJ!S nmpTya.n:&HblX ll8.CTV.U MOltHO He yRa3btBaTh. 
B ~ennx y,tto6ctna., lW dy,Itel4 O,ItHaEo BO_er ,Ita npe,I(no.naraxh,. 'ITO 
tiacrru~s l'ISJ'lytiaiDTcn neBJ-U! ys.11ou 11 norno·mamtcs npaBHM~ 

I ' . 
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I - b3.-
' . '. ~-

IIoaxoMy ce.tieHMe. pacceaHJiH nponopn~oaaJI:bHo I/3. b~ ,
1 

a_ cetzean.e 

nepe38.JUIJtKU -- 4/3 ~ • TaKMM o6pasoM, npH O.ltHOJ.tesoliRol! ' ·' 
' . • ' t(. . . . . . 

o6MeHe.nepesapH.ltJi ).(OJI:!Ha npomcxo.ztMT:& B tieTNpe pasa:tzante, 

tt.eM · I)aCCe.flHMeX) • 3Kcnep.TtiMEmTaJI:OHLie · )taJIHhte COOT~eTCTBYDT, 
. ' 

nb~BMiHMOMy, o6paTHO~ KapTHHe: npH 6on:&mMX 3HeprmnX ceqeHH~ 
• t • • •• • • • • • ':' ' • ' '! 

· ynpyroro. p,Yl. ·- · pacceaHM~ no l!Horo pas npe:socxo,n;MT cetzeHlie · 
'1 0 • ' 

nepe3apsi,ltKM. ECJIM 3TO )tetiCTBHTeJI:&HO Ta.K, TO· paCCMaTpl{B8.eJ!biij . . :. 

npOI(eCC'bi o6.asaTeJI:&HO bBaSa.Hbl C 06MeHOM H.eCKOJI:biU1MFI lvfe30H8.MM, 

'I ' 

x) · C:rporo roi3opa, .. ,ttJia BNtzM9JI~HMH. cetteHM.f! RBltO~-Juido pea~:o

HCH1. pruir.q!u~· :HYltHO ·Ha:ViTH BblpaJieHHe ee HaTpHtmoro 3JieMe:tt;& 
' : I \ ' \ 

ttepes uaxpittiHH~ ~JleueHTll BHpTyaJl:&Hwc npo~eccon. · 

B cJiy~ae·, .idr;ta. peaKJ.tHH COOTBeTCTByeT TOJl:&kO 0,11;H8. 
' ' . ' !', I 

O.ltHOMe30HHllH .Itlfafpa:MMa, TO HCKOM.bJ~ MaTpHtiHLiii 3JieUeHT 

paneH npOH3Be-)'.teJUIIO MaTpH'tlHbiX 3JielleiiT~B, CO?TBeTCTBYIO!ll~X 
. . . 

JieBouy 11 npanouy ysJiaM. Taruw: o6paso:u, ·cetteHHe paccr.tax ... 
' . ' 

p:unaeuon. pea.KJ.tlUI. nponopruwaan:&:Ho npouane.~tea.t.u> xB6Jl;paToa · . ... ' . . . 
' ID' . , ·' . I 

MO,ltyJiefl .MaTpl1llBHX : ~ 3JleMeH:rOB BlifpTyaJILHSX npoJ.teCCOB. 

Tioaxouy aame rpy6oe pasAeneame peax~HM aa ~Ba a:rana ·. 
. . 

• , c • I 

11 nepeMBOJlteH:He COOTBeTCTBYK)J!\MX B~pOHTHOCTeil B '.1(8.HHOM . 

cnyqae ~aex npaBHH:OH~.n KOHellHNH p~sy~:r,xax. Pasyueercn, . 

TaKOi1 DO,l(XO)( COJ?·epmeHHO Henp&eHHM 1t pealt~IUUI, ICOTOpm.t 
\' '• 



llp:H :3TOM. B 06nte:M CJiyttae MOJCHO noiJytiMT:D· 'JlD60e COOT}JOme

HHe M9JI.ItY. CetteHHJIM.H paCC9JIHHJI M nepesapst,II;KM.ECJil1.,HanpH-
. / \ . 

uep, · npon;e·cc. H,IteT nyT~ht ol'Sueaa .ltBYlUI <Ji -uesoa&n1, cyll-. . . . . . 

MapHNtl l130TOJ1MtleCKHH c·nv!H KOTOpmc paBeH HYJU:>, TO n_e-
- . 

pesapR,II;Ka B006nte He MMeeT MeCTa.3TO npSIMO CJle,II;yeT H3 

TOro, ttTO CyMMapBNH sapJI,II;. HSJiyttaeMHX BHpTyaR:DHHX 

~- -Mesonon panea aynro. 

YnpyroMy. o.IiHoMesoHHOlly pacceJIHHIO .A 0 .-tzactHn; a a 
If • • • .. ..? 

ayxitoaax cooTBeTCTnyeT ·,~;uarpmD.Ia, noxa~a.HHaa aa pHc.s. 

· Taxo~ np.on;ecc npHHn;MnMaJI:DHO aeBosuoxea, f:~k • oi-I npOT.Ttl-
, . . . . . ' 

BOpetiMT npHBI.'(HllY HSOTOUMtteCROlf HHBap.HaHiHOCTH_.JleitCT- . 

. }JHTen:oao, MsoxonHtteCKMH c~HH A 0 
- ~act:Htitt paBeH HYJID. 

noai-oMy B JteBOll ysJie (A 0 ... ,h•m) m.teJio 6H J4ec:ro 

BapymeHHe SaROHa COXpa.HeHHJI 'H30TOUMtteCK01"0 CflHHa. 

J{JUI pa:cceaHMJJ 71+N_. "'f-toN O,D;HOMe30HHM cxe.t.ra ~ee'l' 

BH,D;, noxasaHHHli aa pwc. 6. Jierxo noxasaT:&, 'tiTO :re.xoa 

npon;ecc :raxxe sanpe~ea,no aa a~oT pas Hs-sa aapymeaHa 
' . . 

1
. 3aKOHa COXpaHeHHJI qeTHOCTH B Y3Jie "JT .. if:tr. )let1CTDH

T9Jl:bHO l3 CMCT'eMe n;eHTpa TJIXeCTH HaJieTaJOntero 'J'i" -Me30-

Ha, noJiytteHHHe B pesyJI:DTaTe·ero ,II;HCCO[(HaD;MH ,ItBa HODUX 

Jr - uesoaa .ltOJIXHIJ aaxo,II;MT:ocs B Z-coc:rosam:M, 

nocxon:oxy cnMHH ncex Tpex Y~30HOB paBHbl HYJIIO. TaR. 

KaK TIHOH TICeB,ItOCKa1IJipHasi ttaCTHn;a, TO tt9THOCT:& CI.fCTe

MN .ItO',II;HC~On;Han;MH.OTpHn;aTeJI:DHaJI, ~ llOCJie ,II;HCCOD;HaD;HH 

noJIOXHT9JIHa, ttTO npOTHBOpettHT 3aKOBY COXpaHeHHJI tteT...: 

HOCTH B C~~:DHU.X B3aHMO,II;e~CTBMHX. 

AaaJiorHt!Hmt ocSpasoM nnKaSblBae:roJI, ttT·o nro6oe pac

C.~f.IHJ1e.m'- Me30HOB Ha HYKJlOHax· liOlCeT npQHCXO)J;HT.D nyTeM 

OcSMeHa TOJI:bKO tteTHWl lJHCJIOM .'jf - ·ye30HOB. 
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TaK:t:'fM o6pa30M
1 
pacceHHI'Ie · ti Me3-0HOB na HYKJIOHax npomcxo.n;~tT 

nyTeM 06MeHa He MeHee, tteJ,! )J;BYlM! BHpTyal.l:bHI:U.m (j' -:-Me30H8.MI<I. 

llpm: paccenHv~ c yqacTmeM cxpanHax qacxmq ceqeHMH o~Ho

uesoHHblX npO{\eCCOB 30.Bi.'tCSIT OT T.lma InlPTYM:OHOfO l:teSOHa 

( ti HJIH l{ -uesoH ) • PaccMoTpo .1VlH npMMepa· · B3atmo.n;ettc?:BHe 

·2:-- rJ>me poHa C npOTOHO:M. flpkt 06MeHe O,II;HnM Jl.-Me30BOM 

B03MOXIme .n;~rarpa.Ml.m i13o6pruteHht Ha puc. 7. 

PaccMaTpHBa.si nocn:e,n;oaaTeJI:bHO n:poueccu :a JieBoM ysne R B 

npaBoM, Jierr.o noKaSaT:o, ~To ceqeHMe nepesap.a:.n;KM c>y.n;eT B.n;Boe 
' .. ? 

60JI:bme ce~emUI pacceaHHS. C )'(pyrot:i CTOpOHbl) e:CJIM npo~ecc 

npouQxo.rr~tT nocpe,r.:c'l'BOM o6Mena It' -MesonoM, TO ·aosMO~Ha. TOJI:&· 

r.o o~Ha ~m:arpcu~ia, nor.asannaR :aa pMc.8~ 3Ta ~HarpaJ~a cooT

BeTCTByeT nepesap.e:,1ute. t!To r.acaetc.a: pacce.llHrut, TO B )(aHBOM 
. . •. .. . 

. \ ; 

CJiyqae OBO B006~e HeB03MOXHO, !~ .KaK ~pH pacceaHHH B ~eBOMI 

y3Jie ,IJ;ORE:Ha IlpOHCXO,I(MT:O ,1UtCCOD;M8.Il:HSI )l ~ ~ lf 0 
, KOTOpaJI . 

sanpentena sax<moM .coxpaHeHit!f! cT:panaocTu. 

TaKIW o6pa30M npr.1 06MeHe Me30Ha.ML1 pa3miX TRflOB noJiyqa~ 

DTCJI COBepmeHHO pa~Jll!"Q:Hb!e ~I30TOfiHtieCKHe COOTHOmemm. 3TO 

oCScrostTeJl:bCTDO MOj!teT · 6HT:D oqen:h CYIIteCtBeHnau npm: an rums~~ / 

coot:seTcTByrorqm:x sKcnepm.;teHtaJI:r:.mtx .n;anHux. , 

.Alia.JIOfHtiHID.f odpa30M MOliHO DOJiyttaT:b ,ItODOJIHHTeJlbHbte 
' ' ' ,· 

H30TOIIHlteClt:t-te COOTHOD!0IIHSI He TOJI:bKO DpH ~ paccestHlUI, RO H )J.JISI 

pa3JUI"Q:lmX ·neynpyr1L1: IlpOD;9CCOB, · eCJILf npe~TIOJIOXItiT:b, liTO. OHH 

npOHCXO,ItSIT nyTeM 06Me:aa TOJ!:brtO O,i(HmM Me30HOM. PacCMOTpHM, 

HanpHMep~ peClltlll!lU: 

· fi+-rjt_., li"'r&~) J~ fil-+jt-- $1-tfp 7-) 
.. . . " 

COOTBeTCTByiOtnRe O)J;HOMeSOHHb!e ,ltHarpa.M.tru np:~;me,n;emr Ha PHC. 9. 
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97 .. 
lleBae ysna B odomx c~yqan~ coBn~aDT. ~To xacaeTCR npaB~x 

Y3J10B, TO, B CHJl! H30TOnmtteCROit CIDAMeTpmm, BepORTHOCTH BHpTy

aJlhHNX B3aKMO~e~CTBHn 

. TaKEe O~HHaROBU. 0TCID~a, CJle~yeT paBeHCTBO 3~eRTHBHHX ce~eHH~ 

o6emx paccMaTpmBaeMHX pea:rtum~. 

B :rtattectBe BTOporo npm.tepa.paccMoTpmt npon;ecc:a: "o ~-f -+.A/)+} t %/) u A p ~ .~A: t 1t -1- tt 1-)_ 

. ~.Qll:HOM~\lOllHHe ,n;~arp~ RO?OPUX DOKaSaHbt. Ha pmc .IO. 

'.Ta:s: Ra.Jt Hso·to~HttecRH!!. cn~Hj Jj o- .qactm.tH .paBeH ~~Jill, TO BHPTYan:~»
Hble pacceSIHHSI 

r; r.; t- P c: t- A P u ':A (/1 _., llll Jt u A · ___, i!t -t J. 

HJJ:YT C 0,1J;HHaKOBOtt·BepORTHOCThiD. C ,n;pyron CT~pOHH~AHCCOIJ;HauHH 

THna Jt ~ jjft npO.HCXO,lU'lT B,1J;BOe qa;me,. l!e:M jt ·~ If J .OTCD,n;a. 

CJle,n;yeT; liTO 3~~eKTHBHOe Cet~eHHe BTOpo~ peaitn;HH B,1J;BOe npeBOC- · 

·xo,n;HT aqxpe:rtTmBHoe .ceqeaHe nepBon. 

B HeKOTOPbiX CJiyqagx ,IJ;OOOJ1H~T8JlhHHe COOTHOW8HHR :Mellt,D;Y· 

cetteHHHMH MJryT dHT:b OOJlytteHU nyTeM HCOOJlb30BaHHSI HHBapHaHTHOC

TH no OTHOmeRHD K sap.JU(OB.OMY CODpSI:&eeHl110 X) • CpaBHMM, HanpH:uep, 

peaKUHI1: 

Jf+-1-jt ~K~:fjjt a l(1t _,l(;fi~~~-)t 
ECJlH B3aHMO,n;enCTBH8 odyCBOBJleHO 06MeHOM ·O,IJ;HHM ~ -Ue30HOM, TO 

COOTBeTCTBYIOntme ,IJ;Harp&ml:l HMe.DT BH,IJ;, . noKa3aHHHti Ha pHC. II. XX) 

' ~ \ 

. X) ·3apR,ltOBOe COOpR:&e~HHe nepeBO,IJ;HT l!aCTHI.\H B aHTH'tlaCTHI.\li. 
- ' .. ·, ' ,. ' 

xx) .Itmarpa:Mw, B KOTopsx BTopmt~HI:itll Pl·-.¥-~.~PH .. cBSI3aH c xeaa~ 
Y3J10M MOJICHO He paccYaTpHBaTh;t ±ai· ltaK B 3TOK cJiyqae B:·. IIpaBOM 

yr Jie· HMeJia 6Lt Me cTo ,n;Hcc.on;Hatims1-~. }( ~ K;t· , :KoTolfaSI, xaK · -

· · JierKo Bil.n;eTb, sanpemeua ( w. cocidpa.Zeus, · npHae,~; eaHble B 

3 TQM naparprupe n 0 ·UO BO.Jty .]tMC CO!lH8.UKH ff/ -"'. $ ff/) • 



p 

p 

\ 
\ . \ 

\ 

/ 

;..· + 

I. 

K+ 

j\0 

0 

1\. 

Puc 10 

p 

IJ 
I 

Puc II 



- 99 -
' . . 

. . I . I' 
kf3 HHBapHaHTHOCTH no OTHODleHHI> It 3ap~,Jl0BOIIY conp$lzeHHJ) CJie;JJ;yeT 

·. ·I ~ . :. .. } : 

o,ltHaagdB~.fi B~poSitin1cor:& npoueccoB B np~issx yaJiax j 

rrocKoJI:&Ky npoueccbl B .neBHX ys11ax nooCSnie 'boBnaita.r;T,.Td ceqeuHa 

oCSeHX pacc.l(aTpHBaeMHX peaKUHit ,ItOJI:!Hhl CSHT:& OJJ;I1Ha.KOBIIUH. 

Kaz~~ H3 pacCMOTpeHHEX BHllie peaKUHl COOTBeTCTByeT TOJibKO 

OlHa lHarpauMa. 3to, ~ooCS~e ronopn, ue o6nsaten:&no. 

Tax, uanpHMep, peaKUHH 

p +-Ao ~~ J1 + 1:+ + r.o 
,. ~ . ' 

COOTBeTCTBYDT ~Be O~OMe30HHHe ~arpaMUH (pHc.I2). 

B TaKMX cnyqaSIX TaK~e MO~HO DOJiyqHT:& HeKOTOpHe ~OfiOJIHHT8Jl:&HHe 
' '#!I 

H30TODHtt8CK•e COOTBOmeHmH •. 

§ 2 • lSE!_f!tlaTHqecRHe O.Q.06eHHOCTH O,gHOMe30HHhl;_ 

·ne~~!!!tl nJ2!>1 ,BHCOUX 3HeprHHX. 

IlpH B38ID!O,i:.;eltCTBHH tza,CT!!U BHCOKOV. 3HeprHH liOryT B03HHK

.. HyT:& H8KOTOpNe cy~eCTBeHHhle KHH8YaTMtl8CKH8 OCOCSeHHOCTH. Mhl 

nosuaxouvMcg c HHU~ ua npMMepe ·~nyx nponeccoB, paccuorpeuiHx 

H .E. TrumoM, ·xotophltt npe,r;noJio:r.m:JI, ttTo nepM(llepMllecxMe cTOJIItHo-
. . 

BeHHSI HYKJIOHOlt uoryT npOMCXO.ttHTb nyTEha: 06MeHa O,IU1Hll1f- M830-

HOM C oCSpaaoBaHHCU OJUIO~ lUI¥ .1\BYX H306ap. COOTB8TCT!YDUUte . 

.lHarpamlhi H300pMeHh! na ~me. IS, a a KotopoK noitasan taue 

noc.ne~yrnDttdt. f'~\:na,u; ~tsodap Ha. nyEJIOH H Tl - ·Ke:3on. 

Ha't!H8M pa.CCMOTpeHHe C OJlHOH30dapHOii CXe:t.fhl. COOTB8TCTBYD-· 

•as ~arpaHKa OUMCNBaeT, B006~e rOBOpa,.Bce B03liOSHhle pCaKUHM 
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06pa30BaBill8.HCR l130dapa MO:eteT J!6T6Th KaK B TOM xk ~anpaBJI6HHH,. 
i . 

npOTl!BOflOJ!OXHOM 

HanpaBJI6HHH. TOtiHO TaK iX6 . BTOpOM HYKJIOH Md:m:eT np:ID.re pHd . coxpa

HHTh uanpaBJI6Hl1:6 CBOero ,ll;BJIX6HMSI, HO MOl\6T M HSMSHHTh ero 

Ha npOTHBOflOJIO~BOee ITOI0~6HHe, OX~aKO, H3M6HS6TCh, edJIH 

~He prMS CTaJIKl1BaiOliU4XC.fi HyKJIOHOB oiteHh. B6J!MKa ( HanpHMep, 

nops.n;xa necKO.Ehrotx MlltJIJIHap,n:oB ~nertTpOHOBOJihT). TaR :ttl:m: o.n;Ho.:. 

Me30HH06 B3aMMO,n;encTBH6 npOHCXO)J;HT, B 

If, /V ,.. , TO rn.myJI:DC Bl'IpTyMhHOro 
m{ib . JlkJI 

nopMKY Be~nttMHli! IJt1f t ~ lr~ 7 

OCHOBHOM, Ha paCCTO.fiHHX 

· f7i -MesdHa paBeH no 
. 

• ITO~TOMY npM 60JihmOM 

OTHOClifT6JihHOM ldlmyJibCe CTaJIKutBaiOiqHXCSI HJ'KJIOHOB · BTOpHtiHDia 

HyKJIO.H ,JJ;OJIE:eH JieTeT:D B 1Iari.paBJI6HMM · nepBHtillOrO HYKJIOHa, CBS38.H

HOrO c npanuM ysnoM ,n;Harpa:A:MH. ID.myn:&c H3o6aphl AOUeH Ch:lT:& 

HanpaB~'IeH B npOTYLBOTIOJIOtltHyiO CT~pOHY i ~!HbiMH CJIOBaMM BTOpHtiHHe 

qacTJU:(hi coxpaHn~Y:c uanpaBneame ABtiltenn.a ·ne pBHtiHhtX t~aCTM~. liTo 

KacaeTca Hy:a:JioHa :v. nuoaa, odpasyiDmuxc.a npn nocne.n;yi>nteM·pa~na-

. ,n:e M306a:ph!,. TO OHM 'JieT.HT B TOM lite HanpaBJI6HHH, "'TO ·n H306apa •. 

ECJIM M300apa JieT:t1:T'.· B .!(pyryro CTOpony, TO B COOTB6TCTBYI>tnew 

,n;HarpaMMe J!e nun ~~ npaBHki ysJihl MensD:rc.a uecTaMH. TaKm~ o6pasoM 
. ~ 

OJJ;HOViS06apHOM CXeMe COOTBeTCTBYIDT ,I(BC ,ll;ltarpaMMH, noita3aHHHe 

na pMc.Il~o' 
• 

ARaJIOrilt!HI:!O COOdpalte!H'lSI OTHOOSITCR, KORetmo, H K ,I(BYXH306apHOtt 

cxeMe: Kazc.u;asr M3. tmo6ap, rmo6pruteHHhlX aa npaBott )'(Marpa.M:Me 

puc .!:3: ,D;BMl1!;6TCSI B Ha.npaBJI61U1U HJKJIOlla, CBS3aHHOrO C TeM JB:e 

ysJIOJ'.A. )UitarpaMMni. 

3Kcnept1M6HTaJiblt~e )_7;8.HII!lle, no-BM.ItMMOMy,. CBH,I(6T6JihCTBYD~ 

0 TOM, liTO npt1 nepJ.1cpepvctieCKuiX CTO.JIKHOBeHHSX 6htCTpbtX npOTOHOB. 
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Mt:ptlb.IX uccJJeJlQBanniA 

6H6JTHO T EKA. 
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C He~TpOHa.MH t!HCJIO BTOpHtUILJX npOTOHOB, Bhl1leTaiOIIU1X B CV.CTeMe 

U€HTpa TJIJIC8CTH B HanpaBJI8HMIJI nepBMt!HOrO npOTOHa, 38.M8!HO npe

BOCXO~IJIT tJHCJIO BTOp.tJiqHHX npOTOHOB, JieTHllt.tJIX B npOTIJIBOllOJIOXHYD 

CTOpOHY~ PacCMOTpHM C 3TOH TOt!KM speBHH CBOmCTBa O~OM300apHO~ 
, I 

H ~Byxv.so6apHo~ cxeMH. TaMMa. EcJIM ~ns nar~H~aocTH IJI3o6paxar» 

CTpeJIK&HI HanpaBJieHHH J{BHJ:eHHH COOTBeTCTBYillltHX ttaCTHU, TO B 

pai.fKax o~no.tJiso6apuoR cxeMbl B03MOl!CHhl cne,nyDutHe peaKUHH: 
~ ..,._ _,. -- y¥2, + .-

i. _r:; -:-· r} ---? n o., 
. ..I. 

<-_,. .... ~ y.VL 0~ 2. p -t f') ___... n + ' 

~ - •.. ,. y:4i 
~ 

(5~3) 

3. L) + n _.,. p + ...... 
_,. ... J-!i -r LJ 07' ''1. }!fh~ 

3qKIJ8KTMBHb!e cetteHH.H peaKI.U1t1 I H 3, a Ta.KJite 2 H 4 O,D;HHaKOBhi, 

TaK KaK O~HIJI peaKUIJIH llOJiyttaiDTCfl H3 ,npyrHX C llOMOmhD 

H30TOllHQeCKOrO conpszeHHB H llOBOpOTa B 06blqHOM npo-

CTpaHCTBe . na 180° (eM. rJiaBy lll,§5). IIepBott peaKUHM 1 • 

COOTBeTCTByeT JieBa.H ~lfarpaMMa pliC. 15, BTOpOit -

. -npaBa.H. BeJI.tJiq.tJIHH cetteHHt1 o6eHx peaKUH~ nonyttanrcR nyreM yMHO

JieBMR BepOP.THOCTe!! AHCC O~IJiaUHH B JieBhiX ysJiaX Ha cetieHlHi BHpTy

aJibHl:lX peaKUMil, H.n;yllU1x B npaBhlX ysnax (eM. rJiaBy Y, § I). 
Tio,ncTaHOBKa COOTBeTCTBYIOlltRX BHpaKeHHM flOKa3~BaeT , tJTO 

(5.4) 

Pacna,n; Hso6ap npomcxo.n;MT (cM.rJiaBy ill,§ 4) no cxeMa.M: 

A' p1i() 2' . l· 0 

I 
dl 

·3 y - ·2- ~., 111i ·'73 
'[ ~t. /~.r /' 

I • 
I 

-· ~f11i-t 
! 

~3 ~--
1 

)• 
O~.il .... }; 

.... 
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- 'IUS ... 

i 

( tmcJia I/j vr ~/3 PaBHLI OTHOCMTeJI~HhiM B~poaTHoctnM booxaeT• 

CTBYIOiitVIX pacha,n;oB). IlOGTOMY, t!MCJIO npOTOUOBt JI8Tstl1U1X B I·IELnpan .. 
r 

JI6HMM nepBMtiH~ro. npOTOHa 1/!)i , nponopt(tWHaJibHO B6JIV!tiMH6 

...& ,,... .J... ,::- ,I • .._ 

_.~..,~ ,;.~ =-~o .,. ~ ' 

'tl:l1:CJIO npOTOHOB, JISTJ!ll\HX B llpOTHBOllOJIO)ltHOM HanpaBJI61UU1 

nponopuwouaJibHo, Kax nerKo BH,D;STb, TO~ ~e aen11qvrae 

!2. .;- ........ - !;- ··-
~- . f ::/ - 7 ~~ 
~ .~ 

TaKHM · Oc5JE sqM, O,II;li01130Cill.pHa.Fr CXSMU, BOllp8Kl1 OKCll6plU.!6HTY, 

' ..,.., 
He npe,n;cRasuBaeT HHK8KOtt aCliMM6TplU1 B yrJIOBOM pacnpe,n;eJieH:£111 

I ,. . 

BTOpMqHhiX IlpOTOHOB ·~) 
PaccMo~pHM :renep:o ,n;Byxi-moc>apuyro cxeMy. Boo6~e roaopg, 

B0:3MOll!Hbi CJI~,2J;YIO~He peaRUMH: 
--~ ----· * j .J •V 

I y:: y-J .'!I 1. + li --- + "?I 
-~ .. -.,. ..... ,J ~~ . a. jt +- l' 

J,..;: +- J'"t ~· rr:< .. 1:-
___,. t- ,;;, :l 

~., (5.5) ......-
-~ c:- ;y~~ -.! l'r ... :). 

~~ )2.~ ..I: f J' .·~ ;;. j, 3 
_, <::-

1. -~ 4li- " ,. I 

jt f y·;. + ;.. -/?~ v ~., .. .v . ! . 

------·--
x) 3To~r' Bt-rso.n; cne.n:veT :raKme Henocpe,n;pTBeuuo .1-m Toro, q:ro 

Cpe~H npoqecbOD (5.3) npaaNe qacTH peaKUHH I H 2 M COOTBeT-
1 • • 

CTBeHHO ·3 H l~. nonapuo · CMMM6TpMqlthi OTHOC!t1T8JibHO . . 
llJIO CKOCTV! t nepneH,n;MRYJISrpHon nanpaBJI6HMIO ,II; Bln!C6Hli.R nepBMt!HlliX 

tiaCTliU, M 06Jia,n;aiOT BM6CT6 0 T6~{ O,II;HHaKOBhiM~ C6tJ6HHRMH. 
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. B U.&CTHOM CJiytiae O)J;HOMe30HHOrO OOMeHa BTOpa.JI peaitiWlJI, dile~ 

Bl1,II;HO,_HeB03MOY.ma, ±~It. l3 K~)(OM 113 y:3JIOB ltt30TOTI11tieCK11~ CTII'iii 
,· i 

MGMeHJieTCSI Ha ,nna. posTOMy, ~~ ~0~ 0CTBBlliiD.1C.fi TpeM peai\Ul1.fiM 

COOTBeTCTBYIOT ,n::viarpaMMI:J, IlOKasaHIU.Ue Ha piiiC.I6 • 

.UJin Toro, tiTodi:J csrrsaTL r;mil£.n;y' coo9n I!enMtirmhi ~ , o
3 

11 o't. 

HYJKHO ytieCT:b cooTHomeliMSI MCJK,n:y sepoR±HocT·sn.m pasJUftiHbiX TMITOB 

)l;I1CCO[(I1aUMM B JieBJx ysnax 11 COOTHOfrreHMJI MeJit)J;y CetiEmkRMM BMp-. ·, . 
TyaJILHhl~ peaKI~Mii B rrpaBbiX ysJiaX ~ (OM~ r JiaBy Ill)§ 4) • B pesyJI>-

TaTe ITOJiytiaeM: 

' 'iO 

); o; 1 I, j I I () ::J , ~ f • • - . - • ~ <~' :) •. A. ;/ 0 
(5.6) 

HYY.tHo eme 

ITpMHJITL. BO BHMMaHMe OTHOCk1 TeJI!>Hhle BepOHTHOCTM :fa crra.n;a I1300ap 

no pa3JIV1'UIUM B03MOTh:HbiM .KBH f.lJiaM 
I (cM.rJiaBy ill, § 4). 

- ~ 

Paccyl!qJ;aH. TaKMM odpasoM,nerKo nony'llVITL, liTO pasHOCTh ,.jt""'- e-·fjt, 

OTHeceHHa.R K O)l;HOMY aKTY B3al1MO,JJ;e11CTBIHI, COCTUBJIJieT 5/7 ~X) 
3TOT pesyJILTaT He llpOTMBOpeqMT 3KCI1epMMeHTaJibHbiM ,n;ammM. 

PaCCMOTpe Hiible BhliUe KMHeMa TM'lle CKHe OCOOeHHOCT11 B3aMMO

,n;etiCTBl1ri I1pl1 dOJI:blli11X DHcprMJIX MoryT OLITL l'ICriOJih30BaHbl 11 npM 

pac CMOTpeHMM OOJiee CJIOE:HblX O,I(IIOMe30HHhlX peaKUMH, )l;Mar.pmvU!a 

IWTOpbiX cxeMcm'lleCK11 flOitasaHa Ha PMC. 17. Bn11,n;y Mam>H BeJIMtiMHhl . ' 

MMny m,ca BHPTYaJI LHoro '1T - Mesona, oc5pasyiOma.Hc.rr B JieBOM ysJie 

.I 

BTOp11t!HaJI THEeJian tiaCTMUa ( HYKJIOH HJI11 1f30c5apa ) ,JJ;OJIJE:Ha JieTeT:& 

B HanpaBJieHJU1 dmm:rcoM K uanpaBJiemno nepBn'l!uoro HYKJI()Ha. CyiiJeCT·· 
' . 

BeHIIO, 'liTO 3TO OdCTO.HTeJihCTBO He 3aBI1CMT OT npoueccoB, npoTe-

KaiOillMX B npaBOM ysJie, B tiacTHOCTH, OT TJtma tiaCTHUU A • 

---- I'" ' ' 

x) ECJU1 paCCMOTpeTL B3aHMo.n;etiCTBt~e e.l d·r~,y,v c oO:MeUOM ueCKOJIL-
KMMU Me30HaJvm, y KOTOpbiX CYMMapHbi:iti H30TOI1l1tieCKHti CllHH' paBeH · 
,IJ;ByM; TO CHOBa llOJIYtiHTC.H -~Cl'IMM0TpHJI B yrJIOBOM pacnpe,n;enemnt 

npoToHo~, uo y>Ke ,n;pyroro 3HaKa. 
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ITpJII HYK JIOHHOil ,IJ;MCCOl\JIIau;uu ( BTOptrqnan tiacT 1-n~a B JieBOM 

ysJie - .HYKJIOH) ,n:JIJI npOTOUa l'IMCIOT MCCTO ,I(l'IarpaMMbi, IIOKa3aH- ' 

Hhle Ha p11c. IS. ,I(l'Icco~Jtian:t-u! jt ->) [iQ npoJIIcxo,n;JIIT B,n;Bo e 

pelKe, liCM ) ·-~It ~v .,_ • C ,n;pyrot:t CTOpOHLI, CCTCCTB CHl!O npe,n;no

JIO)ll:l'ITb, liTO np11 60JI:&I1H1X 8HCprURX CC'tiCHJIIC B3UliU.tO,n;et1CTBliHJ i!ac- · 

xvrnhi t·i e ;;; - Mesoua.uJII ne saBMCJIIT oT JIIX sHaKa (cu.rJiaBy II,, 

.§ 2). CJie,n:yeT 1108TOMY OJKJII,I(aTb, liTO B CJIICTCMe ICOOp,TI;I1HaT, CBSI-

3aHUOi1 c nepmPUiblM npoTOIIOM, cpe,n;JII BTOPJIIliHl>IX tiaCTHU Me,u;nen

Hble HCi1TpOHhi ,IJ;OJIJKHil BCTpe"tiUTbCSI B)l;BOC -qame, 'tiCM MC,I(JICHHblC 

IlpOTOHhl. 

' 
ITpu li306apHOll ,lJ;I1CCOU:v.tUIJ;JIIH JICB1IC Y3Jibl ,lJ;MarpaMM, COOTBCT-

CTBYJOinJIIX pasJIHlJHLIM B03MOlF.HhiM peai\T~lH!M, COBTia)l;atoT C H306palli:CH

Hb!MM Ha p11c.I6. B 8TOM CJlyqae, B yriOMRHYTOM CJIICTeMe KOOp,D;III

HaT B03HJIIKaiOT naphi Me,nneHHhlX qacrMn - HYKJIOHOB 11 U-MesoHoB, 

o6pasyiDIIU1XC.H npM pacna,n;e :t1so6ap. YtinThl·aas:r cooxnomemr.r:r MeJK.n;y 

BepOJITHOCT.fiMM oc5pa30BaHI1SI t130c5ap C pasJIHtrnhtMJII T i 
BCpOJITHOCTJIMH pa3JIWIHblX TI1TIOB HX pacriEJ)l'.a, JICrKO TIOIW.3aTb, 

lJTO npo IJ;CCChi B JICBOM. ysne npo TCICaiOT B COOTBCT CTBY.UI CO CXCMOtl, 

noKasaHnon ua pl1c.I9. 

H3 npJIIBC,II;CIIIWM QXCMLI CJIC.JJ; yeT, liTO np11 CTOJIKHOB eHHJII 6hiCTpOM 

tiaCTHIJ;bl vi C, npOTOI-lOM ll:v!CJIO MC,TI;JICHHbiX BTOpt~tiHI"J!X npOTOHOB 
. ' 

B . 3,5 ; pasa npCBhlliiaeT 'liJIICJIO MC,JJ;JieHHblX HCMTpOHOB, llepeXO.l( 

0~ peaiCIJ;UJII (/fr jt lC peai<UlUt vi+ J<i,- TIPJIIBO;JJ;l1T· ,I(JIJI' o60MX Tl1-

IIOB .l(l1CCOIJ;MaiJ;MI1 K 3aMeHe JICBhiX Y3JIOB BCCX ,II;HarpaUM Ha 1130!0-

c • nHlleCKH conpmr.enn11e x). 

x) Cne.ll;yer TIOAtiepKHYTh, 'liTO qacTHna At npH eToM He 

3UMeH.n.eTC51 Ha U30TOTIM'liCC!\J! COIIpms:CHHyiD •. 
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u. UYKflOHbl G CKDdKax Yl\ GJhlbCliOm mun pa cnaqa U3o6apb1) 
bHe CKOOOK !:IKQJbtOa;om mun quccot.tua l{ uu H!::IKnoua 
c oom 6emc m h 11mrn OmHocumen bHbiM 6epollmHocm/lM. · 

j}ucJ9. 
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I 

I .. . 
0TCD,Ita cne.n;yeT, 'tiTO t!HCJIO Me,ItJieHHHX npOTOHOB B peaKUHH: 

:Jf +' fl: . ., .. i Tit 'lJIICJIO M9,Il;JI9HHI:lX npOTOHOB B peaKI.1HH 

d -J- /b CBs:I3ilHbl COOTHOme HMeM: . 

J)t (df-jt) 
·,· -

df (dt-li} ' (5J7) 

.. !::·1·'· 

ecJIM ,n;l19conl1?-t1Jds:r;· n·YkJioHuan, H cooTJiomeHI1eM : 

J)'/.e t-}) - .,_!:. 
- . ~· J 4 (d+lt} (5.8) 

eCJIH ,ZI;MCCOll;Ha1.1MSI. H3d6apHaSI. 

Bh!nie h;pe.n;no:nara~oc1, 'tiTO qacT,nna · d o.n;MHaxoBo Bsa1iko~ 
.n;etlct:Byet co J36e~lf :nma.MH ff · -MesonoB. EcJIH axo ne True, ~o 

' ' ; ' , , ' I ) ,\' ' ' 

CJie,n;yeT COfiOCT8.BrutT:b TOJI!IKO Te npone.CCII, Kti!Opue CBSI3allh! C 

o6Me ~~~ ff ~ Meso:a&nt o~uoro H Taro xe suaKa, Ko TOphle cne,n;~e·! 
i I o ' • 

: ·• ' . I :., I ' . 

. OT6HpaT!I no Me,n;JieiiHOMY npOTOHY HJIH H9!1!pOHy. IIpH 3T9M ,Il;Jls:I 

HYKJzOHHOn ~HCC0ll;H8.tiHM HMeiOT MeCTO paBeHCTBa: 

~fJtJ = 1 
Ujt(d~olt}. (5.9) 

.AHaJIOrU\IIruM o6pa30M npH M306apHOxt ,ItMCCOUMaiU1H ,I(RSI nap .Me,D;JieH• 
'" . 

Hh!X qacTMU c noM Olll:biO .cxeMh! .P4c. I9 JierKo noJiyqHT:b cJie,DyiOll\Me 
. f•·· 
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B 38.KJIIOtiern-te OCTaHOBHMCSI Ha CJIYtiae, KOr,ll;a tiaCTH~a d 
'" ) . ,,. 

HBJISieTCR ~ -MeSOHOM H paCCMOTpHM nponeccu, npOHCXO,ll;R~Me 
. ' 

B npaBoM ys11e. HatmeM c P.eaKnHa .fl+ jt , n.pe.n;noJiaran, ti:ro 

~ncconnanHn RBJine:rcn HYKJIOHHOti. ECJIH B pesynb:ra:re peaK~MH 

BOSHHKaeT Me,IJ;JieiiHliiH Heiii:rpon, TO COOTBeTCTByi01ll8.SI ;B;HarpaMMa 

uMee:r BM,IJ;, Hso6paJitimnhl:t1 na p:vrc .20.' rtpaBhlit ysen· .IUia_r:paMMbl · ~oo:r ... 

BeTCTByeT peaKnl-iH fi+r u- . fiOGTOM~ B CHCTeMe nen:rpa HHePUHR : 

paccMa.TpM:aaewx Me;30HOB ,IJ;OJlltHa HMeti>Mec:ro onpe)l;eJieHHa.H 

sapn,ll;OBM CMMMeTpHn: tiHCJIO B.TopHtiHhlX. ,fjt- uesOI:i'oi, R€!TSintHk B 
' .: ~ \ 

O,ll;Hy c:ropqHy, ~ouno 6a:r1> p~BHO w cny. f!- -Meso HoB, ne~R~*:x: 
B rtpOTHBOllOJIOJB:HYID CTOpd~y H H8.0dopo~ (. CM. rJiaBy III, §5. J•: 
B peaK~I'!H a++f I .:aTe~ xe ydJIOBkSIX (:r.e. npn,HaJIHtiHH I 

Me,ll;JienHoro Heti:rpoHa ) B npaBoM y3Jie, :mAeel' 1 ~ecTo BSaJIIMO,ll;ei1c:r,BHe 
• ' • 'i :·' 

!["~-t-U+. B 3TOM CJiyttaeB CHOT~¥eUEht~pa TSilll:eCTH Me30HOB )J;ill.fl 

Kax.n;oro ~HKCHpOB8.HHOtO 3Haxa tiHCJlO ~ - MeSOHOB, JieTSI~HX 

Bll epe.I(, ,ll;OJIJKHO 6hiT~ paBHO tlHCJIY' fj · -Me30HrlB TOrO · )!te 3Ha:k~, 
' .•. :i 

JieTnmHX Hasa,n: • .AHa:JIOrlitiHble BhiBO,ll;H MOJEHO llOJiytiHTh H ,ll;.tl!I CTOJIKH(l-

BeHM:t1 . ~ - MeSOHOB C Hetf:rpoHdJlM .B CJiyqae, KOr,Ita cpe,IUi .B:rd:. 

pH't!HhiX qac:rHn .HadJuo,n;ae:rb.Fr. :Me,I(nJn~un np bTOH ~) 
CKOpOCTh "paccMaTpHBaeMOti ~HC·~·eMii\UeHTpa T.fiJKeCTH He JlBJIJieT-

, " ~· . 

C.H BllOJIHe onpe.n;eJieHHOti BeJIH't!HHOti,. TaK K8.K BHp:ryaJI:bHI:d1 fi -Me-

SOH. HeJih3SI C't!HTaTh HellO)l;BIDKHbiM •. CBSI38.HHble C 3THM 06CTOSITeJI:b

CTBOM OTKROHeHHR OT CHWdeTpH~, llO-BH.n;MMOMy, HeSHatiHTeR:bHU, 

~ ct. . 
X) )lJI.H )l;MCCOUHaUMM MS06apHoro . TMTI8. B peaKU~JIX iJi + jt MO~HO I . . 

B aHaJIOrHtiHhiX Ue1ISIX, MCllOJI:bSOBaTh CJiytiaM, B KOTOpbiX 

o6pasyro:r~SI napu Me.n;JieHHhiX qacTHU ( Han:Inwep, Pi.,. n }' · , 
!HIOO fil. JA ,.I- CM. PHC -~9) ~ 
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E~CJIJII aHeprM.fi nepB MtiHOro .'f/ -Me30Ha ).1;0 CTaTO'iHO BeJIHKa. B 
l'eKOTOphiX CJiytianx ,IJ;BJIIJCeHJile BHpTyaJI:bHOrO :JT -Me30Ha MOjXHO 

' 

I~ooc5nte He ytiMThiBar:o. TaK, nanpMMep, )J;JIR peaKn;IIlii, 11!30dpaJKeHHhiX . 

1~a p:tw. 2I, npo,n;yKTbl IisauiMo,n;e~ cr BHSI, c B.H3atlHh!e c npaBhiMJII ysna-

1tii1' )l:OJDKHh! C5LIT:b sapMOBO-COTip.HJKeHHH:MM He3aBMCHMO OT xapa1hepa 

.JfBHliteH:t.UI BHpTyaJI:bHOrO 'J/ -Me30Ha. 

PaccMorpenHhte npHMepu nbrtash!BaD!t, qro .lVHI o,n;HoMesoHHhlx 
. . ' 

pea.KD;:tdi MMeiOT MeCTO ~OBOJI:bHO JR:eCTKUe KHHeMaTMtie CKJIIe IJ.t H30.TO-

ti.M'tleCKHe· COOTHOWeHH.fl, KOTOpbie MO:lB:HO HCTIOJI:bSOBaT:b B KaqeCTBe 

:&plirept1SI ,n;JISI a!CcnepvtMeHTaJI:&Jtoro ordopa OAHbMe30HHhiX B3aHMO ... 
I .,, 

,n;ettcT~H~ pasJIHqaoro THna, a· raKJICe ,n;JI.H npdBe pKH H30Tonm eoKon 

l1HBap:kaltTHO CT11. 

rnABA YI. 

~~KgHIJ.t C ItecOxpaHeHHeM .· ~30TOTIHtieCK6ro CTIHHa 

( PacriAAhl) •. 

i ' 
Dhlme OTMetiaJioc:o, qTo cJiadtle B3a.HMO,JJ,etlcTBHSI napymaiOT 

HsoTp~nHio H:3oronHtiecioro npoo rpancTBa. 3To BhipruKae·Tca B TOM, 

tiTO H30TdriHtieCKHn CriMH CHCTeMhl tiaCTHD; MO~eT 11I3MeHSIT:bCSI C Te~ 

qeHJIIeM BpeMeHH, B qaCTHOCTl1, 3HaqeHHe JII30TOTIJIItieCKOrO CTIHHa 

,D;O KaKO~-JI11IdO peaKD;HIIl 1/IJIH pacna,n;a MOJKeT OTJIJ/ItiaT:&CSI OT era 

3HatieHIIISI llOCJie peaKl'(IIliil.X) llpH 3TOM,BOOO~e rOBOpSI, B03MOJICHO, 
I 

X) TIOCJie peaKl'(HJII ·HJIH pacn~a MOryT.B03HHKHYT:b l!aCTHl'(hi, COCTO~ 
RHHe KOTOphiX ~e xapaKTepH3yeTC.fl no COBpeMeHHhlM npe,JJ,CTaBJie
HH.fiM KaKIDl-JIHdo snaqenHe:M vt3oronvtqecKoro cnHua. B Kaqec'rBe 
np11IMepa MOlCHO yKa3aT:& Ha pacna.,n; rntoHa no cxeMe 

. . 1! __.,_ j117- J} ' . 

B ,n;aJI:&HeilmeM raKHe ·cnytiaH He paccMaTpKBa~TCR.TipeAriOJiaraer
cn, qro BCe BTOp!itiHble tiaCTHqhi .HBJI.HIOTCSI CHJI:bHO B3aMMo,n;e1tCT
BYD~HMH, B CHJIY qero Kax,n;o~ M3 HHX MOXHO rrpHITHCaT:& onpe-. 
~en§unoe SHaqenHe HsoxorrHqecKoro CriMHa. 
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~TO H3MeHeHHe H30TOTIHtieCKOrO CllHHa npOHCXO~HT He npOH3BORLHO, 

a B COOTBeTCTB11H C onpe~eJieHHbiM npaBUJiaM, Hanpi!IMep, no 3aiWHY 

ILl T I ;;:_·, .. /. 
2 

·;/1'(/- .. :J . 
._.. - ~ I ::-

EcJivi n3secTHhi npamma oT6opa .n;n.rr I TO MeE:~Y 

M~'l'pl'ItiHLIMH 31leMeHTaMH pasmr~-IHhl?C peaKUHH MOi!CHO ycTaHOBHTL 

Or,Ipe,n;eneHHYIO CB.H3L. 0Ha 6y.n;eT, KOHetiHO, He TaKOll, TCllt B 

C1:IJ'qae co:xpaHeHH.H 7' • 
• • 

PaccMoTpYIM uecKORhiW npHM·epoB, 11JIRIOCTpHpyromnx TexH11KY 

D?JfYll8HM.fl yta3aH flUX M30TOlll1tteCKHX COOTHOIIleHMili, npe.n;nO.hara.r., 

q-r(l 
I : 

I
I Jl Tl. ;_:_;, I 

L.l I ii 

2. Pacna~ rMnenouoa~ 

x) 

ilpOCTe!1IIIHi1 TipliiMep - pacna.n; .!1C>- qaCTl.ft~hi ( MJUI o(}paTHblll 

DfC~I~eCC 06pa30BaHL1.H 

C l.IYKJIOHOM). 

1\0 L~ - qaCTHUhi np11 CTOJIKHOBeH1111 DHOHa 

I • _./\c ~:::- :f .. + p s 
I 

(6.I) 

----x) · 3To npe.n;nono)lteHne .rrBJI.HeTC.H B uacTo.mnee apeM.H Han6onee · 

BepOHTHHM, XOT.H ero cnpaBe,IJ;JIHBOCT:b HeJlb3H CllHTaTb OKOH

ttaTeJibHO )J;OKa3aHHOH. 
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IIcnoJI:&3YR MeTo.n;~uty H o6osna:qemur, npHMenaeMble Bblllle, HMeeM 

(.'7/-p) - c ' ; . (3 . ~') + c ' (J ... :~)\ 
./I .--- 7("p -1 -tf 2- J . 2 ' lf/J j- -j . !?.. , p ' 

Ma;rpHqHbltl 3JieMeHT nepBoti peaKrum 

It= ((Ifl/!H/ ( Aj)= 
- r;,-pJ-t(fJ,'-jf;x!fo,o~ + CuN-2 (fJ,-Jf/7tl (qoJ) 

EcJII1 j A 7'/::::: -j , TO nepButi qJien B 3TOM BblpaJrteHitH 

o6pamaeTc.fi n HYJih, T.e • 

~= c"-pj-J ((i·-tfl7t/(o_oJ)= 
. ;t 

=- Iff (( 1' -1 )17£1 (o, 0)) 
AHanorHqHo Mo~eM sanMcaTh 

( 
71" on) - rl · (3 I ) -+ II ·. /_ 1 .( ) 
II . - .LJrn -J -f { 2'-2 / . l..J!on-j -l ( -g, -2/ 

OTKy,n;a cne,n;yeT 1 liTO 

TaKHM o6pa30M, OKQHqaTeJihHO HMeeM COOTHOllleHHe 

(6.2) 

llOCJie,JJ;HHtl pesyJI:&TaT MO~HO llOJiyqHTh H ~Haqe, HCTIOJib3Y.R 

CJie,n;yiOllt:HH MeTO,JJ;HlieCKHH npneM. 3anHmeM peaKI\MH (6.I) B Bkf).l;e; 



II8 

1
0 0 . 'A" r-1-~ +. ~ 1.- + l - 7 + n · o .t r ~,.I + r ;;- Jr+,/_7 

2. Ao -t f+ ::;;::!:9/ o.,.. ,b 2.' .110-+ fo:z.= Ji" -1-- n . 6,; ) (6.3) 

r.n;e ClfMDOJibi COOTB8TCTBYIIT pa3JIMl.lHUM M:SqTo-

IlM'4eCKMM COOTOSIHUeM HOKOTOpOti tfnUtTHBHOH -qaeTH~hl. - umypHOHa, 
. I . . . 

MMeiOnte:tt H30TOTIPI'4eCB:Mit CIU1H - !1 BBe,IJ;eHHOti B paCCMOTpeH:tie 
2 

JIHillb ~Jlfl TOro, 'qT06H ~OpMaJI&HO MOXHO dYJIO Cl.lMTaTL~ qTQ 
' 

peaKUHM (6.3) M,IJ;YT c coxperi:reHweM HsoronMqecKoro cnHna. 

Tor,IJ;a, ttcnoJih3YR ynpomeHHH:tl MeTO,l( nonyqem1n HsoronM'4eCK11X 

paBeHCTB ( CiA.rnaEY: Ill), cpasy IIOJiyqaeM COOTHOill8HMe (6.~) 

PeaKUTtU'£ (6.1) H (6.3) Ha nepBblH B3rJISI)J; KW!tyTCSI COBep

meHHO pasnH'<IHlitMH. Cne;tyer, o.n;f!aKo, yqecrh, qro.HettrpaJI!:>Hhi~ 

mnypt-tOH .. , f 0 
"yHOC HT" TOJibKO l130TOllYI'48CKMtl CllHH·, HO He 

sapH].{. nos roMy, cpe.n;:a pea.Kt(M~ ( 6. 3), pe artUHIII I M 2 
1 

, 

H)J;YntHe C coxpaH~HHeM H30TOfiMqecKOro CllMHa M C yqacTHeM 

mnypHOHa, COBn8J];aiOT, no CYTH ,u;ena, C COOTBSTCTBYIOIIUtMH peaK-
/ 

UHRMH (6.1), npoTeKaDntHMM des yqacTHSI mnypMOHa PI. C Hecoxpa-

HeHMeM H30:TOllHtleCKOrO CllftHa. TI03TOMY paBSHCTBO (6.2) OTHO

CMTCSI B TIOJI}lOt{ Mepe .M K peaKt(VISU! (6.1). :li30TOnntreCKMe .CBOtt-. . 

crBa f - qacriuia aHanorHqHbl nsor~nk!t~ecKHM cBoi1cTBaM I( -Me-

sena, TIOCKOJibKY ].{JISI f - tlaC.TMUhl 7;;:::. + ~ ,' a ,ll;JISI 

fo ~ tiaCTMUhl .~ =- ~ . . 
( ) . CJie.n;yeT saMer:vrr~, t~To peaKqvnt , 6. I MOi::HO om.fcaT:& Iii 

Hnaqe, BBe~s mnypHOH .n;pyroro r:vma no cxe~e 

A0~ J1/+71+ p ···\· 
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B 3TOM.CAyqae BMeCTO (6.3) HMeeM peaKqHH; 

.I • ..11 o --71-+p+ p" l .11°--;r+ + n-J.p
~.· _/{ ..._ Ji 0 + p.,. p- :z: A~;r· + n-+ p ", 

H3 KO TOphlX CHO J?a CJie,n;yeT paBeHCTBO. ( 6 • 2) • llpPI 3TO'M llO,I(Xd.n;e 

HSOTOm"ttie CKHe CBOtlCTBa nmypHOHa · P · COBlla,I(aDT CO CBOnCTBBMH 

'"""' K -Me3oHa. 

Ilpe,n; CTa DJieHHe 0 l!InypMOHaX :MO:EHO npHMeHMT:b Ta.Kllte ,I(JlSI , . 
0 . . . . 

MsyqeHHSI pacna,I(a A - qacTHUhl, Haxo.n;SimettcSI BHYTPH ir,n;pa (pac-
. ~ . 

n~ rmne~parMeHTOB). lJISI npHMepa, llOJIY'IHM COOTHOWeHHSI ,I(JIH 
. J 

pasJIJtttiHHX Ita:aa.JIOB pacna.n;a r~mepTpHTHH A.·~ no cxeMe 

71' 3 ___,_ :97+ 3K . 
Ao-~ .. 

EcJiH CtlviTaT:&, QT.O H30TODHtleCKHl-l CllHH rHnepTp~~HH paBeH HyJt:D, X) 

TO HHTepecyronu1e. Hac peaKUMH :MO:!Ho sarntcaT:& B BM.n;e: 

t''.lf7( 3 --7-+Pp+n+p"· 1.~.JC.J--j-++Pn-~"f'+p- S.~ · 

, rzpJ-- 5'fr-+ 3 n '+ po '2.' ()7l;J~J1+3p + p- 62 
'LJ~ . A 

I %3 D . np-
~ .· ~Jl + 2n..,. . .,. 

A• , r · . . . 

CpaBHHBa.fi tl11CJIO sapaemhlX M Hei!TpaJI:&HhlX DHOHOB, noJiyttaeM 

~,Jt:/-.7.+2?+17)-+ ~ ~Jt;. 3 ~7i-~-+3n}=2~ ~p~
3

__;.Ji"~2,~). 

--..:....--
x) IlinepTpl{~jl~l COC:r'O HT H3 ~etiTOHa, H30TOflH'IeC&Ht:f cmm KOTOpo-

. ro /=- 0 ( ell. r.11any YII )!.A0
- ttac:ruua. IIoeToMy, Bec:&Ma 

·ec:reCTBeHHO. CtlHTaT:&, 'ITO 1130TOflHQeCIUtt:f CDMH .J(Je: TaiUte 

pa Ben; nymo. 
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B rtaqecxne .n;p.yroro npm4epa paccMOTJ?MM pacna.n: :z· -tiac

TJUJ;, npe.n;noJiaran, ·no-npe:nmeMy, liTO /LJ T/ = f .HaqneM c 

qacxnoro TM~a pacn~a 
I 

~+ . •. 2.. ___... P: J1C> 
• • f • 

BOJIHOBYID :t130T0llHl!8CKY~ ~YHKU~ID naqaJihHOI'O COCTOSIH:t1R 
i 

MO%HO 38nMCaTh B BM~e 

~(lt. = (I, !), 
BOJIHOBYIO. M30TOllH~SCECYJO cpyHKitiiJO KOHetmoro co'CTOSIHHSI-B Bl1,Ue 

1.1 -c. . (3 1) +"{1 . (rl 1) 
. 'f"'JL()H. - 7/fJ l ~ 2 I 2 . ,L.7top -j i 2 I;_? 

.n;nn MaTplil!Horo sJieMeHTa nepexo.na :vtMeeM nbipa*e:Hltle 

h = C.p U (fr, I )*JJC/ (-i;, f))¥- c;Pil (1, i) JI7C/ (i, £ J) 

Kax.n;un l!JieH sxoro n~p~eHliR cooxneTcTnyeT ycJioBMID 

L1T= -J . llosToMy, B OTJIHl!He ox cnyqaJI pacrra)~a .A0 
- qac-

THUhl, .n;JISI ,Il;albHenmero pemeH:Ti!Sl. sa,n:al!ii TpedyeTC.fi BBSCT:v! KaKOe-TO 

,Il;OllOJIHHTeJihHOe YCJIOBHe, C llOMOmhiO KOTOporo MO~HO dHJIO dbl 

CBSI3aTh BSJIR,~liHU (( 11 f) * /:Je/ (J. rj)) H (f~J) */:7£/ (fJ-JJ) • 
06LI'IHO 3TO y.C.J!OBHe cpOpMym-tpyen:cSI HeSIBHO, llOCKOJlhKY npe,u;no-

JiaraeTCR, 'ITO H3MSH8HBe r. Ha; ( IrlJIH, · OK8XeM, Ha ] ) 

npOHCXO~HT IDv!eHHO TaKHM 06pa30M, KaK eCJIH dbl B peaitrUU1 yqacT

BOBaJia ,IJ;OllOJIHHTeJihHa.a tiaCTl1IJ;a, OdJia,u;aromaSI M30TOllH\!8CKIDA CUM-

HOM T =! ( Jll160 'f =: ) .TaKHM odpaso_M Mbi CHqBa 

np711XO,ll;l1M K npe.n;cTaBJiemno 0 mnypMOHax, C llOMOIItbiD KOTOpHX 

pacna.It 
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t-~-1: ~ ;V+ g; ' 
I1,IJ;ymett c coxpauem1eM MaoronHtrecrwro cm.ma. IIpH aToM HMeiOT 

Mecro cne,IJ;yromHe npouecchl: 

J o ·\:"+ 1. +~ --p-r.7io 

3. ff + E+ ~ f+..l7-r. 

' I' 

4. fo + Z:o _,.17 + .7io 

5. f() + zo __.,. fJ~" Ji~ 

3.' I"+ z:-- ~ n + .7i

t/y.,.-+ Zo->P + 7io 

Hx ceqeHHJI CBSI3aHhl ,IJ;BYMSI paBSHCTBaMU 

61 ~ ~ + ~ = 2 ( 6., .,. ~) : 

6. r 6 -r d · ~. 2/ et + 6.t } .) 
'5" ;!? . 3 

113 KOTOphlX CJie,IJ;yiDT TaKH8 paBSHCTBa: 

6.1 -::: ~ 

:~-~-~ = 2~ + t1 
BeponTHOCTH paanHqH~x rmnoB pacn~a ( B e,IJ;HHHUY BpeMeHH) 

W :npoqopuHoHanbHH BenHqHHaM ·COOTBSTCTBYJOU~Hx ceqeHHl1. IIoaToMy 
. i 
OTOpaChlBasr·He}iTpaJibHble mnypt10Hhl, noJiyqaeM COOTHOWSHH.fl: 

:1{. ....... P~'-J70 ::: ~0--;.p.,. .n~ 
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IIocxcoJillKY Zo .. 'Q.aCTJAUa: 6acTpo pacna,n;aeTCR no cxeMe 

zo~/\
0 

+ J I 

to ftepnoe H3 ntvrx cooTHOuteHM~ B aacTonmee BpeMR HeJI:03ll 
I 

COl10CTaBL1Tb C 3KCnepMM9HTOM. Ilo GTOM iKe l1pl1trUIHe BTOpOe 

COOTHOill8HMe nenecoodpa3HO 3aTIHCaTb B B~e 

~'Jf+_,..n,.;r+ ·f- U{.-.,.n.,..;r > M{ .. _..p.,.__po 
Pacna,n;hl IttlCKa,IJ;HhiX rime pOHOB MOJ!\HO npe,n;cTaBMT:b B BH,IJ;e: 

i. ~--+Ao +.Jf:.- -f Jo t: zo _.. Ao~J+ + f- oL, 

/2. 2 .. -~P/{ + Jio -t j- ~· .so--./t ·I- ]7o ·t- Jo d.-2 J 

r,n;e o(.,i BepOJITHOCTH COOT~eTC'.tBYIOll.{lfX pacna.n;OB) OTH8CeHHhi8 

K e,n;MHHne Bp8M8HIII' a f - runypHOH, OCiJia,n;aiOm11t1 !II30TODHt-IeC-

I KIDA CTIMHOM z . ilO,I(CtU1TbiBaSI 'l!HCJIO TIMOHOB pa3HhiX 3H~l\OB, 

nonyttaeM 

=2~ 2. ) 

r.e. 
T~- I 
_.:.; . 
Z' CJO 

-· 2 " .:-.. ,--, 
s,u.ecb rr-"" ~....;cp WI: Hee BpeMSI E:t1.3lnt '--:-1 

-rY£ne poHa. 
£.:!• 

Pacn~y I< - MesonoB Ha ,IJ;Ba·nMoHa coorneTCTBYIDT 

CJ18,I(YJOII\H6 peaKIJ)!H C y-qa6TI18M mnypli10HOB .' 

.l. -/(0 -r:- .Ji + + 71- + f 0 .!.'. /{+ - .JI~+ .:f ... -f .f+ 

2 . I( 0 ....._,. _;po -1- 7io + f o 

3. !(o-;yo-;- Ji~ J +. 

Knit oduttHO, noJiyttaeM ; 
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(6.4) 

llE~Tpy)l;HO ,n;anee y6e,Il;:t'iT:bCP. B. TOM, tiTO 1113 npam-ma/ Ll ~/--j_ 
' .: I 

11 nt3 CB01TCTB C11MM6TP11H BOJIHOBOil cpyHKI.l;:t1lf CI1CT6Mbl ,n;~yX DlfO~ 
noB C!l!e,ILyeT paBeHCTBO HYJIIO B6JilftiRtTh1 ~ • .llettc~nM±eJI:bHO, 
cninm K - r~~ie3oua 11 .7i -Mesoua paBHbl nyJIIo. TiosToMy·, B 

p eaKl(t1M 

K + . ·r,+ ··c-6 
--- ..// ~r- .// (6.5) 

m1oilbl Huxo,ILstTcn :B. ,S - co6!oJutiu1 11 (corJiaci-Io pe1

3YJI:bTaTcu..i 
' I i 

rnaBH YTI) .n;onJF.HLI MMeT:b . treTHLii{ M:3btonHtiecidii1 bm1u ~ 3Hatieune 

'/ = 0 HCKJII0tt6HO, TaK KaK 'Jl. =+I. Cne,JtOIDTSJlbHO., B 

IWU6'4HOM COCTORH11I1 f =2, 11 pe~KIJ;JriR (6 • 5) M,D;eT 0 113M6He..; · 

HlleM H30TOTIMtiecKoro CTIMHa ua i ·· TaK~M odpasoM, c Tott!tk · 

speHrin npaBnJia I LJ 7' I ... :: £ pacna.n; 3apmrteHuoro K -Me3o-

Ha Ha ,ILBa n:vwua oKa3hiBaeTC.fi sanpenteHHUM, T.e. 

COO THOme HJrl6 (6 • 4) npvro6peraeT. Bli,I( 

o(_ ::: 2~ 
I . 2 

O,ILIIaKO, -J< + - Me 30H uecTadnJI:oHaR ttacTM:o;a: pacna,IL 

(6.5) uaCiJiro,IJ;aercn, T.e. 

npaBHJIO / /J T / == -j 
o(. if- 0 . 3TO 03HaqaeT·, \ITO 

' :J 

crporo ue· BblnonuneTcn. C ,n;pyrom 

croporm nKcnepm.mHTaJI:bHO 11£3BeCTHO, ttTO cf.,:, B IOO pa3 

' M6Hhl!I6 c:;i 
2 

, VI 3TOT q_1aKT ,IJ;UeT B03MOXHOCT:b ITpliM6H.ITT:O 

yr\a3aHHoe npaBMJio, rcart npi16JII1XGHHoe. 
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rJIABA YIL 
-~ 

§ I. 't!agn~_lJ.!i_ c O,TI_;HHfiKOB.HM ... J130TOITl1Y~CI~MM CTilHIOM. 

]}]M.J~g_g_~t_?'I Qtm_h~o TQJL~B;HX rPYHKijMtl .. 

.. -

B HfiCTOJimeM na:parpaq1e i;m pacCMOTpMM CBOVICTBa CHMMeTpVUil - ' 

BOJIHOBHX H30TOIT1F!tlClttlX ftyHKgi1ti G!llCTeMH ,n;ByX tiaCTMI.J; C o,n;:~ma-,., 
lWBbiMM Ii30TOll!11I8C!-!:.tiMH CIHnlaJ.,tH• ·B ttaCTHOCTU, dy.n;eT TIOKasaito, 

I 

ttTb HGO~OmiJ:l!SCKHe tflYHIUFrH ( _3 IIOJUIOti aHaJior:r;m C qlyH!d~MSIMM 

OdH•m6ro Cll!lnia), OTIHCb!Bc<I.Ou.t:r;H~ bd CTOIIHHe C onpe)l.eJieUHhlM o/. , 
06JI3aT 8JlhHO CliW..teTptr~H.bl I!IJ:J/1 aHTMCiiMM8Tpl1l!Hh1 OTHO CJJ Te JThHO 

nepecTaHOBF.n qacTHJJ., Hon~fTHO 111i no.rrytiHM npam1J1o .n;JISI onpe.n;ene

DHn T~na CllMM8TpHH BonrronJVi H30TOTIHti8CKOI ~YHKI.J;HH ,n;JIH 

pa3 JIV.\1 HbiX K OHlC p e:r Hbl X 0 .i'I yq ae B., 

CVIMMeTp:it.H, I) KO TOpOM I1,I!)3T peti:b, OKa8 10lBEL8TCJI, KBK dy,n;eT 

TIOK8.3aHO HIII::¥.8, ESCLMa DO JI83HOH ,ll;Jl.H TIOJI;,n:reHIIIH VI30TOTI11l.WCKHX 

COOTHOI118HliH MH!{,!l,J' CetHm.llSHLH p.~:v~a peS.:KI~i·di., 

Co CBOiitCTBaMV! CLUD.f:8Tp~'LI'I ~l30TOTIH'iecK:1X cl1YHKI.f(1H Jiytiiiie 

BCero TI03I-IaiWMI1TI<C.H Ha I\.OHitpeTHhiX npr-ruepax. 

PaccMoTp¥.M cvrcTm.ty, cocTO.rriitYID H3 ;a;Byx qacTM:o; c T~ d~'L • 

' 
B03MOlitHhie OpTOHOplAI1pOBaHHUG 11:30TOTII1tieCK£1e QlYHKI.J;HVI \laCTHI.J;hi 
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·~ •.•' I 7 

HM6IOT BH~ 

I. "~ t~J'f'IJ, w 
.f · r~v,Jd.J cr ... o/~w 
3

• cf ~~(i) tf-~t,_(t) . 
"
4 

• rc-~~w 'f 4/~ (~J 
' • 1 

(7.!) 

I\poM~·· $T~tt .cmc±e~u opTouopuk~o~niWx ~ydtt~uh. cy~edtBye! 
tiHoiJct:Bo ~pyrmc ·,3KBRBaJieHTltHX ~4 CRHTeM ~pToubpkHpOBaHH~X . · 

! ( ' ' ' 1 ' i , .< 

tf)yu~bm~ • .rtnR 1Iamux ~eJiett y.zt·'o6Ho . BMeotb (7 .I) pacbMoTpe~:& · 
I. ;' ! ·.~ . j ~!I: • , ;; i}. . ' t , . . .· .. , 

cmdieMy, B :KOTopott cpyHKl\Hli 3 H 4 3aMeHe~hl Ha M:X: CHMMeTplrq-

HHe H aHTHCHMMeTpHtiHHe(o+HOC~T,i:b~d nepedTaHO:SpjH qacx'itn) : . 

~· '· . 

I. 'ffL(J.) f#t,CIJ . '·.,. 

2 • tf~ It~, ( 4.) <f-4t,. f ") ' 

3. tf1fsC4.J f-rz.C£J -rCf-r,.CtJtt~ (f,J_ 
. -. Vt . 

4• tfdlt,CJ.}Cf~.~~t.tli- tf-4t.Ct) Cf4&(") .. 
n 

' .. 

(7.2) 

3~eC:b nepB~e ~Be ~YHKnHH OfiHCHBRDT COCTOSHHe C rr =I H 

OHM, oqeBJIU(HO, CHMMeTpMtlHbl OTHOCMTeJI:bHO nepeCTB.HOBltM qac-

THn. 

x)_ IlbMepa qacTvtn MCfi01Ib:30BaHbl B KaqecTBS apryMSHTOB y BOJl-
HOBhiX cpymcnvtti •. 3).1;SC:b 3TO y.n;o6HO, TaR KaK npM aTOM . 
CBO~CTBa CMAmeTpHM BOJIHOBOM cpyHKl\HH npOHBJIHIOTCH B ca~OH 
sanvtcx.r. ·· 



1 - 126 -

I • • 

Trm CHMtvteTpum He 3aBHC!IlT OT no'BopoTa CMCTeMbl KOOp,n;:r,maT, 

ll03TOMy CHMMeTpi.fGJIYIO tPYHKD;1IIO 3(7.2) cne,n;yeT OTHeC'.I:ll! K 

COCTORHMID. C ~ :I, a OCTaBlliaRCR aHTMCMln~eTpRtiHaR ~YHK~HR 

4 ('7.2) onMChiBaeT cocToanue c T = 0 • TaKHM oc5pasou, B 

3TOM npv.Mepe CO CTORHkte . C ·p = I ODHCblBUeTC.fi CMMMeTplftJHblMH 

. cpyHKrtHRMH, a cocTO.fiRHe c T = 0 ¥IMeeT aHTHCMMMeTpHt~HytO: 

BO JlH 0 B yro cpyHK~liiO • 

Pacc:r..{OTPMM eme )J.Ba .aHaJIOrMtiHhlX npHMepa. 

a) CliCTeMa H·s .TI.BYX tiaCTHI~ c 'T = 0. 

~1eeTCH TOR1KO O~Ha CHMMeTpHtiHaH BOnHOBaH ¢YHKUHR 
~» 

lf { tl.) f(C'-1 " 
I . 

6) CviCTeMa H3 ,IJ;Byx qacTM~ c · T = I • 

3T-B. CliiCTeMa xapai,TepM3yeTCR ,IJ;9B.fiThKl OpTOHOpMJ1pOBaHHbiMM. M30-

(7~3)' 

I)J,WCTO CHCTeMM (? .3) Ubi paCCMOT~HM. ,IJ;pyryiO, 3KBJ4BclJ19HTHYIO 

C!i, CliCTeMy OpTOIIOpMUPOBaHHblX H30TODHtiSCKHX cpyHEn;Hn (aHan:·o·-

riPIHYIO CHCT,eHe (?. 2) ) • 
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I • ~ti(i)~-tJ. (~ . 

2. ~+i (4) tfoCt) t tfti (~% ( i~ 
n::;. 

3. ~oC~foC~. 

t{)-i (1-)tfo(tJ f cf-J.C~tfo <fl. 
4. 

\[£ 

5• tf_1(i) lf-.t (~ 
. 

6 • !f·t<t. (!J'fo (f1-'fi.tJ"fof4) _ 
- .\J'E .. · 

. 7. tp_1 (~) \f1-tc~- tf-.tC1J f+t.C d.) 

{2 

8. Cf~j(4..J<foC~-cf-!(!,)Cfo (d.) 

~ 
9. r-~ c d.) e+! c ~ + tf-4. c I) 'f+ .1. (d.) 

f]? . . 
Pacc~an TaK xe, · Ka.K npm: aHaiim:se .nepBoro npHMepa, JierKo 

. . 

y6e,IU1T:OCH B· TOM, liTO CIDAMeTpH"~Ulbte·!lJyHK~HH I, 2, 4 m: 5 (7 .4) . . 

. npm:Ha.n;JiexaT K COCTOSIHHID c T = 2' a aiiTHCMMMeTpHtUihle <PYHKIUU4 

6, 7 H 8 (7~4) K COCTOJ=iHLiiO c T =I • BOJIHOBasi. cpyHK~HSI COCTO

SIHMSI c T · = 0 MoJKeT 6aT:o noJiylieHa TOJILKO Krut mmettHa.fl KOM6Hua

:UHSI ;n;Byx o eTa Bmi1XCH ·cnMuerpHliHblX <PYHKnun 3 H 9 (7. 4). C1Ie.n;o

BaTeJI:bHO, 3TO CO CTdSIHMe OTIHCl.maeTCSI CIDJMeTpHliHOt-l cpyffitnHell. 't!TO 

.KacaeTCH. B~JI~OBOH. CfJYHKUiiH. COCTORII~~ C ,T· = 2, . ·~ .. ~= 0.' TO 

ona BUpax~eTCR c nouom:oro .n;pyron iumenuoti KOM6m:HaUHH. cpyHKUMi1 
·· '• I' '' 1 , ; : ' ' 
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CO,ll;GPJK8.HHG paCCMOTpeHHbiX np!tiMepoB CBO,ll;HTC.Il K TIOCTpoe

FUiiO hbJI~Jtt b:PToti.opMMpoBaHHon 1 ;CHct~l.ttr, H30TODlrlleCK!tix <PYHitiU1M, 
' ' ! ' ' ' I 1 ' I · • 

ohvrci:on3aiO~H.X docT6st.H1H! c onpe.n;elrlcht,Hntllti1 ·T 11: T.e . 3Ty one-

pan;HIO l_{OJKHO np0~8BeCTH I1 Mnaite, :3arlvrcaB C tioMom:&IO Ta6JIMU 
,.· . . I ' , j , : . . ., .' . • 

IY t1 Y1 pa~JIOlltEHm.ll yKasa.H HbiX ., HtJb t6n:vrtn:j CKI4xt1 tiJYHKn;i111 no 
\ . '; "< 

£i1YHitD;J.lfiM " cpHsw~ecitm~". HpM. s±m.i, ttaK Jiento BM;n;eth; nqJI~nmroT-

C.fl npe)ltHMe peayJI:&Ta~u. B. qaCT~oc..tw, ,nJIJ1 n MSOTOilMtH:~cKI~~,j 

<iJYHKI~HM (2,0). H (0,0) C npHMep d) l HMetoT MedTO B~pa~efH1Jl 
> I 

(2,0) = ~ th (4.) 'P-P·J-rJ/f 1fc,(11.Jfot6+ ft fp_p.J~ Cl-) 

PacCMOTpeHHbie np~Mepll IIIJHBb,T.(.flT Hac K CJie,IT,yiDmeMy o6meMy 

rrpanHJiy: npH o6pa.sonamu1 cll!c TeMbi H3 .n;nyx qacTHU c o,nHHaKo-

BLIMJII M3Q"?OITMtieCKUMJI CTIHH8Ml1 COCTORHHe C Hal1c50JI:&li!MM CyMMapl!biM 

II130TOTIH"<IeCKMM CTIHHOM · Cl11AMeTpMtiHO; COCTOHHHe C l130TODLflJeCKHM 

CITHHOM Ra e,IT,HHHUY MeHhillHM aHT!tiCMMMeTpvitiHO, · l1 ,Ir.a.llee, npl-1' ' ' 

!ti3MeHeHH11: MSDTOTI!Atiecxoro clun1a na e.n;MHIU.\Y npol1CXO)(!IIT . qepe-

,ll;OBaHne CMMMeTp!tiM H aHTHCMW!eTpliiM M30TOTIMtieCKHX BOJIHOBhlX' 

¢YHKD;MH• 

§ 2 ~ tiacTMqh! o,nnoro MyJI:&TvmJieTa. ITJ?HMeph1 11CnOJI:&so BaHHfi :. 

£.HMMeT:R_nM·Jt130TOUJiitieCKl1X illYHKJ.\HH. 

CnotiCTBa CMMMeTpun H30TOITVIttecl\Jiix n()JIHO BbiX ¢ynrtn;Iiiil 
., '· 

. MOlillO, MCITOJI:&30BaT:& ,Ir.JI:tC1IOJiyqeHJi!R' .H.eiW TOplifX BLIBO,If.OB, :QTHOCfill{HX~ 

CII I~ CHCTeMaM. 'lJaCTlilli,·. RBJIIIlOm'Hxcn· iOWJOHeH:_raMH·. O)J;HOro :vi. ~0~0 

iiC~ ·MyJI:&THnJieTa. B cr-my odmHx ~PMH~MITOB '·KBaHTOBoll MexaH:t.ntr~r 
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. 
11 npe,n;DOJIOJK0Hl1H 0, TOM, tiTO pa3JH1'Ulbl0 KOMTIOH0HTbl MyJihTHUJieTa 

HBJl.filOTCH pa3HI1IM1'1 CO CTO~lHH.HMVl O,ll;HOiii I1 TOt\ JB:e tiaC T'VIUbi, DOJIHHe 

BOJIHOBble ~YHKUHH TaKHX CHCTeM 

~::: '"'f't.co£9: Y ~ .' 'fu1Pt-ct1. x) (7 .5). 

~OJI~Hbl 6b1Th CHMMeTpHtiHhlMM ,ll;JI.fi 6030HOB ( 06bltiHbliit CllHH U0Jihln) 

Iti aHTHCHMMeT pl'ltiHhlMPI )l:Jl.H tjlepMHOHO B ( OcJbltiHbli1 CDMH DOJIYU8Jlhlll). 

Mbl BH.TI.HM, TaKHM o6pa30J~, ·qTO )l:JIII .CHCT8Mbl TOl!\,lt8CTB8HHhiX tiaCTI-iU 

cymecTByeT"HeKOTOpan CBH3:b M8JK,ll;y H30TOllHti8CKHM, npocTpaHCTB8H

HUM H CUMHOBhlM COCTO.fiH:H.fiMH CHCT8Mll:. 
. , : 'til'; ' ~ 

BcTpetiaiDTCH CJiytiaH, KOr,na nppcTpaHCTB8UH08 M CllMHOBOe 

COCTOHHHH tiUCTHU, o6pasytomHX paccMaTpHBaeMyiD CHCTeMy HJIH yqaCT·· 

ByiOmnx B nsyqaeMott peaK.uHLi> H3BeCTHhl. Tor,n;a H~OTOTILI!tiec'itoe coc

TOHHHe OKa3b1BaeTCII TaK~e H3B8CTHhlM, JIH60 tiHCJIO B03MOXHhiX 1130-

TODVI1.18CKJ/IX CO CTOflHHi1 orpaHMl.IGHO ,. IIO Cp8.B~8HHID C o6mHM : CJiyqaeM, 
' ' ' 

B_ 3TlliX o6cTO.RTeJihCTBax y.n;aeTcn o6Hapy:Hn1Th HeKOTOpble ttac:r·HLie 

CBOnCTBa Cl1CT8Mbl tiaCTMU, a TaKl!\8 KOHitp8TVI311pOBaTh JII30TOTIH1.18C

KH8 COO THOJllG Hl1H. 

PaccMoTpliiM npiDAepu. 

a) JioitailCeM, 'ITO JII30TOriHti8CK11ll CTIHH .n;eUTOHa paBeH ·HyJIIO • 

.Uei1cTBliTen:cno, HYKJIOHbi B .n;eMToHe Haxo,n;.RTC.fi;KaK vrsBeCTRD_, B S . 
JIIJIH C}) COCTO.HRMH, T.e. TipOCTpaHCTB8HHafi BOJIHOBa.fi cpyHKUJIIH 

,n;eilTOHa CHMMSTpHttHa. 06IiltiHbliit CTIMH ,ne:tiTOHa· p:t BBH e.n;l1HH1\8. 
• • - J 

x) Tip:t-me.n;eHilan sanvrci> o THOC}tTC.fi. K cnyqmo, rtor.n;a o:p6HTaJI:b-

Hhltl ~MoMeHT,. o6HtiHh1t1 cnvri-i 11 vrsoTOTIHtiecKHti cnHH CHCTeMhl 

¢HKCHpOBaHhl•·B o6meM cnyqae BOJIHO~afl ~YHKUH.fi MO~eT .6h1T:b 
' . '· ~ I 

npe.n;cTaBJiena B Bi1)(e JlHHet1HOJ:1 KOM6HHaUHVI· Bhipru!CeHI1M TMna 

.(7. 5)... . ,, 
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3T6 'saati:HT, tiTO HYKJiqHU HO.XO,ll;!ITCll B TpHnJieTHOM COCTOSIHJHII,. VI, 

CJI~,nbJJTeJI:OHO, ctimHOBa.a BO~HOBaa ~YHKUHR.TaK~e CRWMeTpHtiHaX) 
I • . ' :!' . ; i' ; 

fiOJIHast BOJlHOBaSI cpyitKUI-HI )tO~JICHa·. 6r!T:b aHTHCHMMeTpt1tlHOiL> TaKte! 
· I I • 

66pa~du H30TOn:H'H~ciKaSI BOJIHOBaSI cpyHKUli:R ~e~ToHa artTVICHMMeTpHti 
' i• 

aa, Hs ttero cne.I(yeT, liTO HSOTOriHt~ecKRti. cmm .neMTOHa pane~ 
I, ; 

HYJIIO. 

q; yqeroM srdro orpaHYI'IeHH.a MOEHO, oqeBH,nHo, no.hytntT:o 

~OriOJIHHTeJILHHe CBe~eHHSl 0 npoTeKaHHM paSJIHqHHX peaKUH~ C 

y'llac!:0eM ,It~t:tTOHa. B llaCTHOCj~H~ AJ!Sl peaKUHia: 

JV'.r-/11 ~ tV+-;V-i7f 
(7 .6) . 

(7.7) 
I 

noiiy~aDTCR pasm'fqHhle Hsotom'ftieci:He cooTHOlllennn, np:HtteM, 

. COOTHOIDeHVIR )I.JUI peaKUHM (7 .6) BepHb1, K,OHettHO, VI ,I(JIR peaKU.Htt 

(7 .5), HO ,IJ;JI.fl (7 .5) :t1MeiOTCSl eme cneu:HaJibHhle, ,I(OTIOJIHHT~JlbHhle , 
' '-· . ' -

C OOTHOIDemHI • 

.Ile~CTBHTe1lbHO,. ,lJ,JtSI peaKJ.J,:t111 (? .6) ,KOTOpble MOXHO sanH

CaTb B :an,n;e: 

1 . p +-p --. p -~- p + 1i o d..'. n + J1 ~ h + n + ':IT o · 6 J. 
. . .. 6: .· 

i. p -~a p __,. P + h +- :Ji+ 1 ~ 11 ·t- n ~ h ~J) .+ 1io .... rf. 
3 . 2 . .,. 11 ~ P+ 11 + :rr 0 

· 3' ,... + p __, 11 .;-p + Ji 3 
+ ' r• . . _. (7 .8) 

tt.~P+h -'Ph+n+7i · '-!! n+P-? E+.P+'Ji 6 tt 

5: p ,;. n ~ E -1- .f + 11.- 5.' n+p ~ f1 + 11 + Ji+ 'OS' 

X) CBOttCTBa CHMMeTpMII! BOJIUOBhlX cpyHKnHt:i: 06blqHoro H. li30TOllH~. 

'!.leCKOrO CIU!Ha, oqeB»i,IUIO, COBepmeHHO O~HH8.KOBhl ~ 
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cpaBHJA£8.fi 't!VICJIO DJAOHOB pa3HOrO 3HaKa, DOJiyqaeM 0)J;ltiHCTBeHHOe 

CO OTHOilleHVIe 

nh.H peaKUH~ C yqacT"eM .n;e~TOHti _ 

J.. P ~P _ ol+ 'f.'+ / n t n _,. o/ + 1T 0.e, 
0 tJ! ,., +J? _... -.J + 'JTT 6:· 1. J? -t" n _.,. c{t<f7. :T.... rt vr :.3 

HMeeM COOTHOI!18HH8 

tiTo Kacae'l'c.H peaKUI1i1 ananornqnhlx peo,KUM.HM 1(7 .B)', 4(7 .~) H 

5(7.8), TO B ,n;aHHOM CJiy-qae OH_H, 01!8Blf,1J;HO, He li1)1;yT, T.e. 

, oJ. ::: 6'4 :: o s- -::: 0 
TaKMM o6pa30M,paBeHCTBO /7.9/ TBKEe OKa3HBaeTCH BHnORHeHHHMX/• 

CJie)~yromMe npMMepbi OTHOC.HTCH K paKIVHIM, nporeKaiOll\MM' 

Bc5Jil13M no pqra .xx) 

6) Yrrpyroe pacceJinMe n:yKnona na HJ'KROHe 

;\/~IV~ ;V~A/ 

B .n;annoM cnyqae BhlpaxenHe "BC5JIH3H nopora" osnaqaer npocTo npH, · 

M8llhlX 3HeprHHX, KOr,na HyKJIOHhl HBXO.IVITCSI B. s -COCTOHHHH.CflHHOBcle · 

CO CTORHI18 MOlK8T ClllT:O Cimr JieT HblM ( OelbitiHLil1 CDJAH paBeH. fiYJIIO) M 

TpiiDJI8TII11M ( CITI1H paneH 

I. P+.P~ J?+.J? 
2. n+P ~n+e 

--·---· 

e,ll;!tiHI1TI;8 ) , 3anitill8M B03MO:HCHhle peaKUHM 

".1_,1 h + h .... f1 + '1 . 8i 
)/. e + n _,. J?-r h oi.. (7.IO) 

X) ECJIM 6EJ Kai\VI:M-JIVIClO Oel:pa30M OT6Mp81II1CL TOJI:OKO Te' CJiytiaM, B 

Koropux nropMtinue ·IiyKJIOHoi MMeroT. Msoronvrq:ecK_Mn. cmm T =I,. 
TO, Kait Jieri\0 BI1)1;8T:O,.KpOM8 COOTHOIII8Hl1J! (7.9) 11M8JIO 6bl MeC

TO ,n;6nOJIHMTe JI:OHOe. COOTHOmeime od. -t- 6'~ T 6"s--.::::. ~(~.2. + s~) 
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I 

,IlJI.H TpitmJieTHOrO COCTO.HHVI.fl HYI~JIOHOD :vt:MeeT MGCTO .o'tleBiili• 

HOe CO OTHOIII8IIVIC 

6" J. = o, 
TaK KaK peartU.I-114 I(7 .IO) He MOryT npoTeKaTh B COCTO.HHiiV£ C 

nsoronvrt1ecrniM cmmoM T = 0 x) 

nnn CmHtJI~THOrO CTillHOBOrO COCTOJIHHH (7.10) MO%HO 

nepenHcaTb B BM,ne: 

I. ·p+j? _, ':Ji. 
2. .e -r Itt. -~ ':J 0 

. .t 
1~· h +11~ y-
.1. ~ }1.-:1- .E ~ 1j 0 

r.n;e tiepes "::} ociosHattena Hei\oropan IDMI\TliBHaH ttacr:vm;a 

( n ~l300apan) c H30TOTit~tieCKHM CTIHHOM T = I. 
( UH,n;eiw cBepxy yKa3blBcteT npoe:Kuino VIsoronMttecxoro cm·ma T~, 

d;_, - cetteHIIIB: Bh!m1CaHH1IX pe aK~VItt). n tiacr:vm,a" ":/ "pa en a.:. 

,naercn" no cxeMe: 

Y 
I 1.-~-J. 

d.. ~ -1' p .f-p :f.. ::J -J) 111-11 

t. :1 o_,. J?+n 
tlepe3 J3~ Od03HatiGHbl B9p0.HTHOCTJ.1 C~OTBGTCTBYIO!l."(VIX ·pacna,n;oB. 

OtteBrr.n;Ho, tiT o 
r;::' ::: o< • • l~ • 
vt... ·(... rl., 

Odhll!HhlM cnococioM nonyqaeu: 

c(i :: lei..~ 

~ i = ~j..' , . 
X) . 8TOT BhiBO)J; MOEHO TIOJIYtiVITh H€ TipiiiBJieKa.fi TIOHJITJ.1.fl VI30TOTIVI-

t!CCKOrO emma, MCTIOJih3Y.fi TOJlhKO TIPI1HU.Ull Ilayn:vr. ,UetiCTBM-. 

T9JlhHO, )J.Ba TOiX,II;9CTB9HHllX qlepM:!t10lla )J;OJI%Hbl, cor naCHO 3TOMY 

npl1Hl\MTIY, HMCTh aH1'11ClAMMOTp11liHYIO BOJI.HOBYIO rpyiiKIJ;UIO.HyKJIO

RLl B. rea:rtLW!HX I (7.10) no 'ycJIOBVIlO Hf.t~O,li;RTC.fl B CMMM9Tp11ti

HOM COCTO.HHVIIII. CJie,n;OBaTSJlhHO, peaKUVIVI 1(7.10) He VI)J;yT. 
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T ~e., npY! CJIIHfJieTHOM CllHHO.BOM COCTOHHHJ.i HYKJIOHOB 

51 :::. ~i 6:l.l 
x) 

0 
B) ]?eaKU.\1M OCipa30BaHIIJ:fi j":.._ - qacTRIXbl rrp11 CTOJiltHOBe-

l J I<' +,·v~ .... _A O_L. V + JA RHM ~ - uesona c nyxnonoM: ~~ l~ ~ 

BdJIHSII nopora cli!cTe!.!a K - MesOHoB {K, K} HaXO,IllfTCH B . 

·S - COCTOSIHVrl!i. rr•aK Kalt t( ·- Me30IU1 f!BJISIIOTCSI 6030HaMn, TO 

I!SOTOnl!qecKllll Ci~H c~cTeMh! {I< J KJ paBen e,lllfHHI\6 xx). l1soTo~ 
1111\leCKJ!ilf c'ti:t1H .i1 ... tiaCTHUhl paBeH HYJIIO, M: OHa He BJll!SieT Ha 

qaeM, 
- , -:- fJ f5 0 .f...vfO bK . .- :.:> "ol·:·r~,+ -- L K+ }'1 _,J~ #( "' 

- ~ .. J., "'" 

3TO COOTH01ll€HB18 coxpan.aeTCfi I1 B,l~aJII-1 OT nopora, eCJIH OTdH

paiDTC R TOJILKO Te cJiytiaH, B JtOT<>phlx HMnyJibChi K - Me30HOB · 

6Jil!3R~ ~pyr ,TI;pyry ( T. e. OTHOG11TeJibHaSI CKOpOCTb Mana) • 

----·----
x) 8TOT Ee pe3yJibTaT MOXHO, KOHeqHo, nonyqHTb He npHBJieKaSI 

"n~~odapy'~ :J , a :3amiChlBaSI BL!paJ:IteHlUI ,1l;JISI MaTp:t<i'IHblX 

3J.lt::Meu~ro:e cooTHel'cT.syron~HX rrpoueccoB ttepes naqaJI.bUI::le 

H KOHettHUe M30TOITMttBCKHB ~YHKUHH H~ HCITOJib3Yfl 3HaqeHHSI 

KO::HJ)qHIIU·HJHTOB H: .. -r .. 

xx) CJie,noBa.TeJibHO, K - Meson: n HYKJJOH ,n;o peaKUHH TaitJ:e 

n:axo.rtRTCR B cocToSimni c 1130Ton:vrqecKHM crrHHOM T = I. 
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r) PeaK~HH po~~eHMH ITMOHa npH CTOnKHOB8HHH ITMOHa C HYKROHOM 

B6nM3M nopbra CHCTeMa ,I(BYX BTOplltiHHX TIHOHOB MOZBT HMBTb 

M30TOI1Hl!BbKH11 ch11H T = 2 11 T =0. Coc·ro.H IIMe c T = I. 

3aTip8ll{BHO • 3TO ynpou~aeT 1!30TOTI11tiBCKI1B COOTHbllleHU.fl VI, B 'l!aCTHOC.i.. 

™' npJ.rao,ItHT K IH:i:ttd'l'ophlM Hol3LIM panencThaM. PaccuotpJIIM, nantmMep, 

peam~mi! 

A 
l ;;-r + 17 0 .ri! --+-.P J., ... c T" ....... 

l. - :7..,.. -r.Ji+ -rn :7 '-t- E _.,. •" 

:J . ...,....1'"" +- ll _,. rrr 7(0 +-11 
... . 

' -;-o-r ~ ~ _,.....,... --1"" ~;;0.;- I'J 
'1· ~. - 'c 

C:vrcTBMI.J. ~~BYX BTOPitl'l!HhiX nwonoB He MoryT,O'llBBI1)l;HO, 3ABCb t1M8Tb 

T = 0, 11, TI03TOMy, OI-H1 naxo,n;nT~n B cocTOBHML1 c T = 2. Cne

,n;onaTenbHO, nepBJ:I'llHLIB IH10H ll H:fKJlOH HaXO,IJ;.ITTCH B COCTOJIIll'IM C 

T::: ~2.. • 'for.n;a, no cyn\BCTBY, It1MeeM peai'-~:vm: 

1. ul;~ ~ ljJ.-rlJ 

t. . J. i. --1' ...,....., 
'-f t+ r1 ... 

3. ' J.)...-? lfJ..-rn 
vl ~ 

4 !.A J./2, ~ '!1..,. n . ' ' 
r.n;e tie pes lA"' H ':It-- Od03Hat!BHH ~HKTMBllhlB ~aCTVIUhl, COC

TC:.BJIBHHUB 1'13 nepmftiHOrO TIUOHU H HYRJIOHB. VI 11:3 ,I(Byx BTOpl1:tiHHX 

TI1WHOB COOTBBTCTB8HHO. X) 8TOW 3aJU1CbiO 1llil XOT8J1ll rro~qepKHYTb, . / 

. ' 

) 

,,{,. tp(.. . ~ .. 
X Il306aphi i-"1 1i .J 06JI~TI;aiOT 1130TOITVI'llBCIUiMll CIT11HBMH .:>/t... 11 

2 COOTB8TCTBeHHO VI " paCna,I~aiOTCH" ua TB tiaCT~1D;bl, 11:3 KOTOpl:IX 

omt cocTaB JieHH ( eM. IlpMnoxeHHe YII ) • 
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liTO BCe peai':U:IU1 M.IJ:YT qep€'3 O).~mi vt301'0niiJ:'lGCKvi.l;i ·rcaEaJI.M, CJle-

,TI;OBaTe.liLHO, ,Il)I.fi HX c;et!6tn1ti IIOJiyqaTCS1 IWHO \iHhte. CO OTHOHieHMH 

( eM. rnaBy II,§3 ). 
IIo.n;podHbie BbllBfCJielUHI :vi KOHe tiHU8 pe3yJIJ:>TaTI:J TIIJUBe,I(eHbi 

B IIpHJIOi!WHT.IfH YII .. 

Kan: :vi pau:orne, BCe BHBO,TJ;H OCTriiOTCR B Cl'IL7le H BAaJUI OT 

nopora, HO ,n;JIR m.wr-ton, o6Jitt)(cuomMx OJU'l3KVIML~ m,my Jihcru.tM, a 

Tai{i!l:8 :vi np11 JII060M (iHr!KClipOBB..HHOM ~eTHOM. UTHOCMT8ll:bHOM op6tnaJI:&-

HOM MOllie HTe fii10HOB. 

! 
§ 3. 3aMetiaHHe o pe!~9JU.IT_!( ne:Q~~aJI.fi~Ku. 

B r JiaBe II Mbi ueo.n;HoKpaTHO ynotnma.nM o peartuM.ax pacce.HHIDI 

11 nepe3ap.H,n;KVI. CMhiCJl nepesap.H.n;Kn oqeBl!'I;n;eH, rwr )f. a B peaKTJ;HM 

yqacTBYIDT qacnu.J;hi pa3HhiX I130TomiqecKI1X MyJir,TwnJieTo B, HanpHMep 

tii-+p ~ 1io+ n 
3;n;ecb nepe3aprr.rr,Ka .HBHO OTJIJirqaeTc.a OT ynpyroro pacceaHMH, Tar~ 

KaK B xo;n;e. peai~~lU1 Ji'I3M8HH8TCH Tipl1po.n;a tiaCTJ<HJ;. IIpH CTOJIKHOB6RHM 

qaCTl1TJ;, nptUia)I;Jlejltall:p.tX K O)l;HOMy H30TOlll1ti8CKOMY MYJibT~I1JI8TY, 

B pe3yJI:oTaTe peaiw;uH MX npvrpo,n:a He l'I!3MCH.HeTCR: 

p--t n _... n+E 
KaK cne~yeT fiOHHM8.Tb nepe3~pfl~KY B 3TOM cnyqae?ECRH nepBH~HHe 

! . . 

~aCTVIlJ,bl B38.HMO)J.et1CTBYIOT B COC TOR Hl'!VI C I~aitVIMH-Jil'!CiO onpe)f, eJieH-

H!Uffi CriVIHOBJ:.U.U1: opdHToJI :bHbiM MOM8HT8.MVI, TO pe ai~I:(lHI C nepe 3ap.H.n;-

ynpyroro pacceaiiHH. 

J.let!CTBMTeJibHO, B CHRY; l'!3JIO:llceRH~X BbiiUe CBqHCTB Cl1M.M8Tplim B 3 TOM 

cJiyt~ae yr no Boe pacnpe.n;e Jiem!e tiacnu~ B cucTeMe ueRTpa Mace 

Cl1W.1eTpH~HO OTHOCUTeJI:OHO llJIOCKOCTH, 1 nepneH,IUU~YJI.HpHOiii K HanpaB-
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nemno nytiKa, · M i3 .i1lo6oM TeJieCHOM yrne 6y.n;eT Bcer.n:ac na6mo.n;aT:bCSI· • 

O,Il;MHaKOBOe liltCJIO qacTMU 060MX TMllOB. Ta.Kasi CMTyaUM.FI 'MOJIC6T HM8T:b 

M8CTO, HanpVIMep, .B 06JiaCTH MaJihlX OHepr:vrtit, Kor.n;a B3a11!AO,D;e!ifCTBH6 

npO:t1CXO,Il;MT npevrMymeCT B8HHO B S - COCTOSI HIUIX). TipH B3aHMO-. 

,nei1CTBH11 llaCTHU Bht COKOti 3Heprli1:t1 llOJIOJK6HH6 ·:K3iieH.a:eTC·~. B STOM 
' . ' . . -

i v . 

c~yqae··· paccesrHHa51 BOJIHa Bcer.n:a 5IBJI5IeTcsr cynepnosHI..Utelt 6oJI:bUIO-
•• 1 ' J. ' 

r Q ·~ t{J'I!CJia naprrt1EdlfH!:lX BOJIH. C pa3J1Rll Hh!MH 0 p6 HTe.JI :bHhiMH MO Me m:aMM 

'· \' 

pactipe,IJ;eJieHH11 Lictiel3aeT, liTO .n;aeT B03MOJ!CHOCT:b OTJIHliHTi> paCC65I-
' --~ 

H:vre OT nepesapRAkli1 • 

. . T1IABA Ylll..!.-

3KClleJ?MMeriTaJI:bH¢;a npoB epKa rimoTe Shl imoTOriHli ecKOJi 

11111 sap HaH Tlt QC ±£!. 

Pauee . _(~M .r~aByi)I. yJEe 6LIJIO paccKa.Sano Od OCiibBBhiX 

C006paxeHR5IX, OTHOCR~HXCR K n.n;epHOll ~113HK8 :vi ~H3MK6 3J18MeH

TapHUX. /qaCTHU, Ha 0 CHOBa~HH KOTOphiX 6hiJia B CBOe BpeMH BBe,neHa 
~ 

r1InOT63a H30T0ll:t1'l!6CKOH HHBapHaHTHOCTM. K HHM OTHOC.HTCR M;J;eH-

TH'l!HOC·T:O CBOit1CTB 36pKaJI:OH1IX R,Il;ep, np H6JIM3HT6JI:OHOe pa B8HCTBO 

Mace HeHTpoua H npoToHa H T.n. 

X) ECJIH B3aHMO,D;6llCTBYIO~:t1e 'l!aCTHUI:J 06JI8J(aiOT CllHHOM, TO 

CTIHHOBOe COCTORHHe Cl1CT6Mhl TaKJIC6 npe,IJ;TIOJiaraeTCSI onpe.n;e

JI6HHhiM. 
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B 3TOti rJrane Mhi .n;a,n;MM K:paTICVI:ti nepeqeu:h, npone,n;eHHbiX K 

HaCTO.fil!\8My BpeMeHM mtcnepitiMeHTOB B OOJiaCTM (lHi3HI\1i BbiCOKHX 

~Hieprnn, KOTOpblG ll03BOJUIIOT Cy,J.T.MTh 0 cnpaBe,JJ;JU1BOCTM r:t-mOTe3hi 

1130 TOTIIIJ:tJe CKOH 11HBapltlaHTHOCT11 Vl 0 CTeneHH B03MOl\H1IX OT , Hee 

OTKJIOH8HMH X)~ . llonyTHO npnBe,JJ;eHO TaKlKe H8CI\OJihKO bT,IJ;81I:bHbiX 

3aMetram-tt1 OTHOCUT8JI:bHO H8KOTOpbiX B03MOY.\:H1IX B 3TOM HanpaBJieiUm 

,ILM:bH8MillHX OriLITO B. 

a) Tipoqec c11 Tuna g~--:rJi+,/. 

]CJll1 rl1IIOTe3a l130TOTIMq~CKOM MHBapnaHTHOCTH cnpane,n;JIHBa, 

. TO ,J.T.OJilli:HO BhiTIOJIHRTLCR COOTHOllieHHe 

f,ff.(o} = UW:toh(~;tf'- {cri.(OJ-{o/fl]!(:/(G+-6-}: { M} 

' . 

r,n;e ;/( - BOJIHOBOe tiMCJIO M830HOB,·. ~(o)!, f5o(O) U <§..{o) -

- ;rr.Hqlqlepenu;MaJI:DHa:e cetreHHH paccenHHII no.n; HyJieM )J.JI.fi npOI{eccoB· 

1/t+fr ~ /('++f, ii'-+f~;;?rn u %-rf-+%1-f' 

a G - cooT~eTCTBYIOmHe n·oJIHhie cetieHliiR. 

3TO paBeHCTBO JierKO MOlKHO TIOJIJtii.fT:b, HCTIOJIL3YSI QTITJiltreCKYIO -

TeopeMy :11 'BbipalteHYiR ,l(JlSI aMTIJIHTY)!; peaKnMM· 

f/(+v{-? a{+~ llpYIBe.n;eHHhie B rJiaBe ll, § 3. 

X) 0030p JIMTepaTypu TIO nponepKe 1tl30~0TIMtieCKOM MHBapnaHTHOCT~ 

nplil B3aimo,n;eUCTBHRX OOhitiHbiX qacTHU MOXHO HaMTH B .JJ;OKJI~e 

E.M.IIoHTeitopno rra IX Me:llt.n;ynapo.n;uon Kou¢epemrvrll! ·no <!1wsHKe 

BhtCOKIDC 3Heprntt r .1\MeB, 1959 r. 

~·- . 

! r~· -. 

', "', 

' 
:"'··· .. ; 
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COOTHOllletme (8.I) dbiJIO npo BepeHO npH_ llSITH 3Ha\!6HHRX 

sHeprH11 , - M630HOB B HHTepBaJie OT 150 M3B .n;o 307 MaB. 

PesyJI:&TaTbl CB~eTeJlbCTBYDT 0 TOM, \ITO OTKJIOHeHHB OT paBeH~ 

CTBa (8.I) He npeBhiillcLlOT 10%. 

!, • 

0dbl\!Hb1M MCTb,ll;OM HeTpy,n;HO nonyt,tHTb COOTHOill~HHe, CBR3b1Ba-

IOfl\Ce Mem,n;y codoti · noJIHbie cetieiiL'LH o<5pa3onaHJti.H nei1!p8JJ.:bHh1X H 
'. ' 

sap~lteHHhlX 

coy.n:apemii1 

f/( -MC30HOB B pa3JIHtiHblX. nmax HYKJIOH-HYKJ!OHHhlX 
·r 

( cu. rnaBy III, §6 )!! 
(j ·' 

x) 
(8.2) 

PaBeHCTBO (8.2) 6uno npoBepeuo B o6nacT:VI aHeprM:Vl .oT 

rropora oopasoBaHM.fl §I - MC30HOB ("'"" 320 M3B) ,JT.O . 660 MaB •. 

:S 3TOM IUITCpBaJie. 3HeprJtiJ1 bHO BhiDOJIHS'IeTC.R. C TO'llHOCTbiO 

( IO + I5)%. Tipvr sneprMM 970 Ma,B· 6t1no noJ:ty~eHo HeoxM,n;aH-
o . . ' 

HO 60JI:bUIOe CCt,teHMC tEf,n, ,, t,tTO npHBCJIO K BCJIHt,tJtiHe OTHOme-

IUUI (8.:2) 3ru.teTHO OTJIHtiaiOif(eiiC.FI OT e,JT.MHHI~hi (0,6I !: O,I5). 

TIOCJie.I(HHf1 pe3yJI:&TaT He CJie,n;yeT IlOKa CtiHTaTb;HaJ(eJKHHM,.TaK 

KaK ceqeHMe po~,n;eHH.fl ~q- MC30HOB Ha CBOOO.D;HLIX HCHTpOHax 

BhitiMCJI.H~OCb KOCBCHHhiM o6pa30M, HCXOAH H3 ceqeHHB poz.n;eHM.fl 

[J:0 -Meso HOB npVI BsanMo.n;eticTBH.HX HYKJIOHOB c ;n;etiTep:vreM. TaKoii 

x) B u;eJI.HX <5oJI:ome:V1 Har JI.H,n;HOCTI4 s.n;ec:o II{CTIOJIL30B atthl o6o3Ha.-;. 

t,tCHM.H, OTJBrqaiOU{UCCR OT npHHSIThiX B rnaBe Ill, § I. 
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' 
nepectJe± ne finn.R,eTca o,u;Ho3HatrwM. 

·>. . . . . ,:, ' 
Pai:leHcTBO ( 8. 2) MMeeT Me CT.O vr .n;JIR ,!l;t1cli!JepeHB;HaJI:oHblx ceqe-

HIJJ:tt. · tlosTOMY: Cj'l.n;{e;.prme · yr-JioBke pacnpe,u;e.ilei-fvrR Be ex He~t~IaJI;E>IUlX 
l1 BC~X 3apnxceHJ:itiX (]( - Me!3ohoB, oc5pM6BaBml1XCH B /'1/ft- Itt~~)~. 
CO y,n;apeHirH!X, 

rc:;:/" (Jl} +6ft,:,_ ( ~) u- Gf~-+ 6/n (~ t-6~'-;t (J}/ 

,II;OJl:iKHbl dhiT:b 0,ll;}1HaKOBLIMH. TaK KaK npM SHeprJILHX M8Hl>illMX 650M3B 

yr JIOBHe pacnpe,u;eneHr1n Me3oHo B xopomo om1CoiBaiOTC.H noJIHHOMa.M:vr 

THIW. a. (f -t ~{I (b!. ~r),} , ~; , TO BbiCKa3aHH08 YTB8pXC,IT,8HM8 

SKBHBaJieHTHO paBeHCTy: 

(8.3) 

Tip11 sHepr1n1 nepBwnmx npoTOHOB 600 M:JB yrnoBoe pacnpe.ne

neHHe f/(0 -M830HOB OKa3aJIOCl> ClJIM3KMM R M30TpOllHOMY 

( /;po =. O,I6 ! o·,Olt) • ]JIH 3aprr:m:eHHHX r -Me30HOB 3:K-cnepvr-

M8HTaJI :&Hhle ,I1;8.HH1Ie OICa3aJI11Ch npOTIIJ:BOp8tiiilJ3biMM. 

B) PeaKiivr vr jt + rf ~ 1/ 3 
+ 'J(+·~U.. ~ + t1 -7- 1te 3 -1-I(" 

EcJivr ytreCTI>, tiTO ~ 3 
1t1. if 3 

JIBJI.rriOTc.rr pa3JIMtiHbiMM 

ROMTIOHeHT8.Mitl M30TOTIMti8CKOI'O )~yc5JieTa, TO. JierKO llOJiyti:I1Tb COOT-

HOill8HJt18 

l~50 MsB, npvrtteM BeJimi MHC OTHOIIT8H11Sl 

paBHOH I , 9I : 0, 25. llpM E, = 600 
6;r3 + = 2,26 - O,II. 
G~te3 

,(8.4). 

npn SHeprvrvr npOTOHOB 
6#3 
6'..u3 . ORB.3aJiaC:& 

MsB OLIJIO no.nytreHo: 



\ 

IIocJie.n;IiH~ pe3yJiBTar uec.ko.ri:oito orJnrttaercJI or (8.Lt). O.n;uaKo, · 

ecJIH rtpvx BbiBo.n;e ( 8 .L~) yq'ec Tb rronpaBKVI Ha pas Hoc ·ri> Mace l-le
3

u H
3 

· 

H Ha KYJIOliOBCitOe BSaHMO).I;etiCTBlle TO, Kait coo6maeTCSl B padoTe 

l{e.nJiepaX)) BeJU1trHRa OTHOlli6HV1H ~ OKa3J:JBaeTCJI 
bHe3 

dJI113KO~ 1\ 3KCIIepliU~i6HTaJihHO~. 

r) PeaKp,vxa 
HaHdoJiee o6ematomHM Mero,n;oM npoBepKH JllsororrV11lecKon H.nBa...; 

pHaHTHOCTH B npoueccax C yqaCTH6M IIMOHOB It! HyKJIOHOB, SIBJUI8TCH 

HCCJ18)LOBaHR8 B03M01KHOrO cyll{eCTBOBaHliLR peaKI~HU 

(8.5) 

KoropaR, KaK .rterKO 13'M,rt.eT:h, sanpemeP..a. saKonoM coxpaueHViR Mso

ronHqecB:oro .cn:vma xx) ~ OrrhlTb! no· o~napyxeHHD yKasanno:M peaK-

1\IUI np11 Eo/ = 400 Ma B .naJ!ll o Tpllria±eJih Hllll pes y Jib Ta Txxx) • G ne

poarnocTbD 90% scMJeKTHBHOe ceqemlfe npouecca ( 8. 5) ue 

npeBOCXO~T Io-31cM2• 

x) CM • .n;ortJia.n; E .M. IIoureKopBo ua IX MeXt.n;yuapo.n;uon KontJ!epeHUlfVI 

no ~MSHKe Bh1COKHX aueprHA. r. KHeB,I959r.' 
XX) COOTBeTCTBYDutee npe,IVIOXeHHe rrp:~oma,n;JielCHT JI.H.JianH.n;ycy. 
xxx) D.K.AKHMOB, O.B.CaBtteuKo, JI.M.CopoKo "PeaKUHll 

o{ + d -f> 1/0 + He.l.f npll! sueprHH .n;enrpouoB 400 MaB" 

llp~npHHT OHHH, P-422. 
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Ha:M.n;eHHbili BepxHII!M npe.n;en ecTecTneuuo cpaBnvmaT:h c ceqeu:H:eM 

G.IIeKTpoMarHI.1:THoro nponecca: 

cl + cl -+ ~. ~ -t (; 
) 

(8.6) 

KOTOpOe paBHO I0-32 CM2. ' .. ; 

}., ,. ·. :l 

' 
§ 2 .• Jlpo geCCLI C Y'tlaCTMCM CtpaH HhlX ttaCTli!J~ 

. t . . : ~ . 

I{OJili!tiCCTBC~Hafl npo~ep~;fL M~,OTOI'p.1:l.leCJttH1 MH~apMaHTHOC'P1. 
• -:. ·;,. ~ ' • • J' 

)l)IR B3aHMO,TI;CMCTBI.1:11 C yqat:Tii1eM CTpl!iHHhiX l.JaCTMU di-via npoBe,II;eHa 
,! - .• 

TOJI:bKO npn UCCJIC)J:OBamni hpdn.e6coti tima: 

£-+cl-- ti+i'+;r-
1l-+ d->- k+9ir / 

(8.7) 

. ·. ,, 

KaJ.t . TIOKa3aHO B r JiaBe l1I,. § 2, ,JJ;JIR f/( -MeSO HOB, o6paSOBaBill1tXCJI 
'· 

B pearuu~nx TJima (8. 7), MMeeT Meb!o cooTnoruem·w: 

t.:~ 11 (848) 

- tiRCJIO sap.FI)itCHilbiX 

x) )loroia.n; JI.B. A~I>Bapeua Ha IX MeJK.n:yHapo,n;Holii KompepeHJ~HM no 
·nio tPM3HKe BhlCOKMX 3Hepr11~. :KMeB, 1959 r. 
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llpM ~aJI:bHetimeM 113YtiCIUB1 .TipOI.leCCOB THTia (8. 7) .li1HTepeCHO 

li13Me pnT:o ceqenun peaitr~Ht:!: 

/(,- + rl~ <::1-fo "f ffiD li1 /(, ..- +d-+ ~"-+ ~~ + fft- , KOTOpbie 

B Cli1JIY H30TOril1tieCitOM HHBapM:aHTHOCTH ,TI;OJl)ltHbi CibiTb paBHbi .n;pyr 

JJ.pyry. 

§ 3. HeKOTOPbie BOSMOJICHLie omtTbi no npo:aepKe M30TOnHqeCiw:!ii 

Cli1MM6TPt1li1 npH 60JibillliX 3Hepri.1JIX. 

Ilpo BepKa l130TOTil1t18CK011 HHBapHaHTHOCTli1 np11 dOJibill:viX 3Hep-
. ' ,., 

rl1JIX OCJIO)!CHReTCR T6M OdC'.COf!TeJI:OCTBOM, 'liTO B pesyJILTaTe B3a:vnt10-

.n;eli1CTBli1JI OCipasyiOTC.fi OdbitrHO He_CKOJlbKO tiaCT11~. ilOSTOMJ COOTB6T

CTBYIDll\li18 H30TOUkltleCK11e COOTHOJU8H11.fl, KaK npaBMJIO, CB.fl3I:.IBaiOT 

MeJIC,n;y COCion C8'!8HVIH MHOrMX pean:~l111, 113MepemHt KOTOpisiX (BBI1,D;Y 

l'IX doJI:omoro tiMCJia) OKa3LIBaeTCR 3aTpy,nHHTeJI:bHh1M.B CB.fl3M C 

3Tli1M, B HaCTOfl!l{ee Bp8M.FI en.te ReT KOJIMtieCTB8HHOll 3KCnepli1M8HTaJib

HOll llpOB epKH rMTI01'831! li30TOllVI'l!eCJ:W~ li1HBapl1aHTHOCTt1: )l;Jl.H 3Hep

r:vri1 Bhlme I l>s B. 

B rnane n, .§· 3 paccmaTirilBaJIMCh peaKUl1VI nepesapR.n;Kvr. III 

pacce.FIHMSI •. COBM8CTH00 ll3yti6HHe 3TJt1X npo~e.CCOB ( B tiaCTHOCTM,

nepesapn,n;K:vi n racceJIHJ!..H TIHOHOB Ha HYKJIOHax) MOJlteT ,JJ;aT:O BTIOJIHe. 

ocymeCTBttMyro Bo:::tMOJK:Hoe TI1 npon e pKu HSOTonw.wcito¥i mrnap:vraHTHO c

TM llpH BhlCO!Cli1X 3Hepr.!IIHX. B HaCTOfiTI\8M naparpacpe HaM XOT8JIOC:O 

du odpaTl1TL BJB~)ran11e HE~ o,n;MH cpaBHJ.IITeJI:bHO npocTow cnocod 

llpOB epKU l130TOmttteCitot1 C:t1MMe'£prm B OCiJiaCTM CiOJI:Oillli1X SHepr:vrfi, 

ll03BOJ!SIIOU~vrtt 1~ TOMY iKe 110JIYt!UTI> HeitoTOpytO 3KCnepHMeHTaJI-:OHyiO,. 

_MmpopMauuro q pacnpe,TI;enernm cTpaHEhlX qacTt1l\ no sap.rr,n;oBUM MYJI:b-, 

THITJieTai\!:. 
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CHa~ana pacCMOTpHU BSaHMO~e~CTBHe T"na ~e~TpOH-AenTpOR. 

B CHJIY M30TOllJ..1:tleGKOit CHMMeTpliU1 B JIIJOO~ CUCTeMe KOOp)(lUlaT 

4HCJIO KaKHX-JIH60 ~aCTHU, BHJieTaD~HX 110~ HeKOTOpBM yrJIOM sr , 
paBHO tUtCJIY H30TOllK~eCKH COnp.nxeHHUX 4aCTHU, OT.HOCR!llHXCil K 

TO:MY :lle MYJih.THllJieTy. 

TaKID4 o6pasoM, 

ECJIM OT6HpaT:b TOJI:bKO Te CJiy'laH, B KOTOpHX odpasyDTCS, 
AO · . ._; . 

uanpm.tep, · ..J.l. .:. qacTHUH, To ·paBeHCTBa (8.9), o'leBH,ru:ro,. He 
' ' ' ' 0' ' 

HapymamTCst, llOCKOJihKY M30TOll~'leCKHit CllHR _f;..- 'laCTHUbl pa!eH. 

RYJIIO. C ,llpyroti CTOpOHbl, OHM ,D;OJIXHli HapymHThC.S:, eCJIH OT6HNJ.TI-· 

CJiyqaJil, CO.ztep:&all\He O)tHH TOJI:bKO x''+- 'laCTHUH, HO CHOBa . 
' ' 

BOCCTaHaBJIHBaDTC$1 ,D;JI$1 Bbl60pKM CO,~epxauteti. O~HaKOBOe KOJIH-
+- - ' . ' ' ' ' 

ttecTBO 2 - M 2 ·- r~mepouoB, npM'ieM 3TO nocne,ttHee YTBep~ 

:S:,ll;eHI-ie COBepmeHHO He. 3aBHCHT OT B03MOJIH·oro pa3JUflUrUl B 3!}lfll&Jt-
, 

THBHOC T SIX MX perHC TpaUHH. AHWIOrlitrHOe YTBe:(}X,D;eHH~ BepKO,. :: . 

xoueqao , H B oTuomeHJUI conocTan»eitMJt ~'!._ H K 0--itesoso:a· 

H T.J{. 

Bee CKasaHHOe CrtpaBe,lt1IHBO He TOJlbKO ,2t]I.H pea.ItUJA¥ d+cl 
- ~~ ·':·,. . . 

HO OTHOCMTC.H TaKze·,,. C O'leBM)UiWH H3MeHeHH~, Jt K ;·Q:,OfiOCTa:B ... 
J • :' • 

neHPIPi 11106ax .It:Syx· M30TOnHttecitM conpRJEeHHhlX perutu:aa. IJ'xattec1-
' 

·Be nptUAepa MOJIHO np~BeCTH peaKIUdt flOJIO:IH.TeJI:f,HNX lt OTpHUa-. 

TeJibHhlX '1f· - . Ue30HOB C HeKOTOp1:UIH Sl)J;p&UIJ1. , H30T(mH.f.tecltHtf 

cnwH ~otopHx paBeH uyJIJJ • B eTou. c.ny~ae c.ne.;zyeT. cpaBHHBaT:& + . ' . ',,•' 
'tUtCJIO 1r - uesonoB, o6pasoBaBmlnccst B pea.Ku~m JTt+- M , c 

· tntc.nou. ~r;- ·- Mesono:a, nony'ieHHblX n peaKn;~Pi :Ti"-+11. :v; ·r. p,. 

' .i . 
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· HeKOJOpue M2.,0TOTIM~~-9K:H~ Q...OOTHomeHJ,HI llP.~ pacceHHMH 

t.IacnUJ, BbiC OKO~ 3H8Dl'J..1M Ha n.n;pax .. 

§ 3 OTM~qaeTcn, QTO B oOnaCTM BNCOKMX 

·~ ynpyrux pacceHHMh. 

B cB.H3}1 c OTMM npeAcTaBJiaeT vmrepec cJIGltYIOma.H reopm.{a. 
• I 

. ~.,...., \ 

IlyCTb np0113BOJlbHaH tl8.CT11.1~8. ~~ e' . C 1·~30TOIH1li8CKMM CllMHOM 

• 1 J rn J pacce;macrca Ha qac2jl!l\8 A '' c l'I30TOmF!ecKl!M cmmoM 

J YI ere npoer-tUMet1 m . Tor .na, eCJIJil paBHh1 HYJllO ,TI;Ba JII06HX 
I' 

cetieH}JH paccemm:H c nepe3apH,JJJ\.OM \)1CKJIIO'!a.H cet.IeHlt1B. c .II.B011-

H)~ nepe3apH,I(KO~), TO: 

a) paBHH Hynro MaTpMqaue aneueHTU m ceqenms ncex 

OCT8.JihHhiX pacceHHllill C nepe3apH,11,KO~; 

6) paBHW Me~~y C060~ ~aTpHt.IHhl8 3E8M8HIN H ceqeHHS 

BC6X B03MO~HHX THnOB ynpyroro pacceHHHH. 

8CTh 

(I.I) 
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. " 

• ~ ~/Jt 

.&,=.(!tt1"::rJI1tlf~ ', 7iJ)= · 

= • . 1 • . [JI/-IIt +I )(/-JJt tP.)/ +(P.jrt)(j-m •l)!jun)j 1-
P.jljd)/P.j+l) . .. . .. . . . 

. . . . + (j+l)l/"'!}ljrm-I)J] . . · 
I . . 

Ji~ = (!J),m1ij;1t/fd/,nt": ll})==. 

~ /fj~~·t)l/~l!t} fj(/-mi.a)/f (J./+1)/m-1}1.1-lj.•I}//IIIJ-1 )/] 
lijljff)(~j+l)i' . . . · I . , . . 

. . , . . 
. ,a~::; < (J 1'~ tii-!J1tl (J/,IIl-~ fi +)) = 

' 
= '[j~;m-1/]fi-I!W.)(j~m) {//-f£j+l}f+lj+4J] 

flji/;1)/P.j +f) . 

Ul 

r 
r 
i: 
I~ 
1: 

1
'.:, ,. 
I' 

. j:, 
1.: 

ii:: 
''I j ~~ 

~i! 
11 1 

li' 

. :: . . 1 . . ~lj-IMI}(jtJnrl)/ r (J.irl}mj4. t (/+1)/J-m)/;t~~t)/Ji\ .'·,i.· 
·. . ~/ (f~l )(Apl) l' . . . . .· . If ~· . !I , 'j i 

• • . • ~! 
· . · · II 



,&r = (f~i~ :r)i1t/(d;,~ J•J)= 

. -:)r;;·~::;;~ [11J-~·I}/r~fi1')Ntj-lj'•l}(jfPt)J} 

elli6 = (fJ;:~ ft/711/(,i lll!~' !i+)) = 

= ::;~.:~~:~ {;fi~Pt~q/-1-!J+tJ!tbj-IJf'J/;'-Pt) I] 
. . . 

Jt,- (1t-~l;~~f/1tl(.l 1in-li+))= . 

. . :: P-/fj:l)(P/11) ~~I +Jflf l}(jiiiiiRJ/ + ( '/rl) f/t)fU l}~=t-;n)J + !;'' )/;~JIZ-I}j;..M i 
, 

.· ' . . .1/1,1 = (f J I~ $+/J;;tj(,tj,llt•ffJ )= . 

. - IIJ +Ml}l;-~~t-) r rj' 'II . . . ' ' ~ li)!jt~Jiij"JLII/fllttA.;r ~(~j+l}f~~t•l}j · -~·l)!;-~~t -1) J 
· . dtg= ((11"':5+/1~/!FI;.m:~.fr))= 

= Vfj~-(~~t+I}L](j+M r~)t/-llt) r ·;· • , 
· a;'(jri}(J.jtl) fl -(J.j+I}J t-(jti}J] 

Tipe)J,llOJIOl!!:MM HanpMMep J/ - J/ - ;- ---- -· . .. .,. 
' ' .'llTO ~a,._- #"Jt.-'!1 - () . 3To )laeT 

nau ~II!JTeMy ypaBnenllll . . : · · . I • 
· . !:j-Ill+?.)_/+ ftj• I)(Ht·l}f- ljri)lj'rJJ£ -1)' ::() · · 

//- (~/~'I)IJ + 1/~I)J :: {) ·· 
M3 KOTOpO~ CJif)J.yeT · . . · ·. . 

·I=J=J· . . ) . 

. . .. ? 



... 147-

'ITO I!pHBO)J;HT K paB8HCTB8M 

J/ I -:, jljtlt ~ e/t; = /. 
eftl- =ell~=#/-!" =-dt, = 4 - dl? == tJ 

TeopeMa, TaKHM 00pa30M, ,D;OEa3aHa. R.aK OTMeqaJIOC:b B 

rJJa.Be TI, § ~' fPH3Hli8CKH~ CM~CJI ee CBO,D;HTC.fi K YTBepx,n;eHniO, 

qTO OTCYTCTBHe nepesapR,D;OK 03HaqaeT· H63aBHCHMOCT:b B3a:v!!.JO,D;et1-
' . 

CTBHli OT HSOTOfiHqecrtoro CllliiHa • .flCHO U03TOMY, ·liTO llOJiyqeHHHe 

BlitBO,I(H O.C TaHyTCR B · CHJie, iCJIM BO BC8X HJIH B H8KOTOpbiX :peaK

~HHX (I. I) 't18.CTIU~y .. d ~~Itt C Dl>OeK~Meti H30TODHt!6ClCOrO\ CTIHHa ; 
. . . . . . lit' ; 

.... nz,"'"" saueHHTI> na qacTI~l\Y d/, c npoeKnHe}i nsoTonjrqecKo- ; 

.rO CTIHHa Ar J1tl,.- • 

Co Be pm~HHO aHanorHt~HO .i!oxno npo BecTm .n;oxasaTeJibCTBO 

.n;Jin cJiyllaa, :gor.n;a_ n~amm~ itacrHn;a oOJiaJ.(aeT npoHsBOJII>HhlM. 

H30TOnHq8CRHM.CfiKHOM. 

" 
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IIPJliJIOiKEI-IlK..E ll, .,,...,__ __ _ 
COOTHOmeHH.f! Me:m:,n;;y Ce'tlelU'I.f!MH n:I~,H· H8JIVi'lllU'I_ ~Byx HSOTOfi~l

qeciUtx KaHaJIOB. -

llOKaJteM, tiTO SCJUi ,n:ByxttaCTMttHaSI pe8.K{\HS!, H,Il;eT 'tlepe3 ,D;Ba 

HSOTOn~eCK~IX KaHaJia, TO COOTBeTCT_ByiOll\He ,D;Hrpq>epeH~H8JlbHble . 

ceqeHuUI ncer,1ta cnsrsauu coo'!HOirre HIIISI1UI Tvma HepaBeHCTB M_elt,TJ;y .. 
CTOpOHa'LtM TptixyrOJibHlU~a •. l{e.t1CTB:ui:TeJibHO, B03:bMeM TpH MaTpltt'll~ 

HElX aJie~eiiTa, COOTBSTCTBYIOntHX JIJ)dhlM TpeM nepexo.n;aM 

· .Jf, = ll-t/r "j 
dl{/_ = all/ f ~j 
t~ll$ = tlg I~-~ J 

Bcer.n;a UOltHO. no.n;odpaT:o .n::ea tnicJra /-: 

ti.T06H nanOJllHIJlOC~ pa~~B~T:~J 

/ 

(2.I) 

" 
DeJIH't!HHhl o<. M J onpe.IteJI~lOTCJI tor)(a H3. ypaBHeHH!it 

. r;,<a1 ·1t--/ at =·a~ 

o{~+~~ :~ 
. YciiOBMeM paspemrt'MOOTIII. 3TO~ CHCTeMil IIBJUieTCJI Tpe60B8.HHe 
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1.. I49 -
~ .... 

0HO BCeor~a BtmOJIH.ReTCR' ecJIH CtrHT8T:b, liTO Bhtpal!CeHM.R ,It.1IR 
0 

'-, 

M8T:PMllHHX 3JieM~HTOB 

e&t!J,a~l+ J;/ 
. ·e&P- =:a~/+-~~ (2.2) 

nesaBJiiCOMMbl .n;pyr 
0 

O'l ,n;pyra. TaitiDl o6p~30M ncer.n;a. MOJKHO san~tcaT:b 

° COOXHOmeHMe (2.t), OMS KOTOporo Cl>asy,- CJie,IJ;yiDT Hoe~BeHCTB8 
0 • 

· uen~y ceqeHMRMR.TMna ~ 

.I 

. ' 

" 

. ·} 



··-·- ·- .. ~--~ .. -------------------~----..... -~. _____ , .. , ~- ·-··- .. - ·- ··-- -- ·--·-·· .... -~ --··-· ---·-.--

.r .. 
!··' ... -

.• 
'· IIPIDionmm. m. 

' . 

xmna:. · 

·. z· ~ ~. .·. ~-.· '7.;> 7: . J) ~~ i 7iJ . 1' ~ ~h 
' .it",t f ' ~.t_._ ·pt,. . + 1/ 7 
' ' . . . ... (3.1:) 

I 

B 
. . . ' . . . . - .. I 

:_. ~ ".iJ7} .. ·;J~·~ ?;a~·': JJI r;?;. lJ· ~~~. (1·~~-~ . 
w ... · .4. f. -v . __..._ .w ~.,. . ~ + :;.; ~ (3.2') - . . . . . . 

. I 

'l!ePIIll 8.111I~~l:YAB,. · .f '!' ~~ onEi:r myllinlle, if!~c~poB aHI!OII1{ ·. . 

· sua11eB¥Jl. :laotonuqecxoro bnHHa cucxew 1' . B · (3.!) H (3.2) 

CHJf~OJIO~_ .. • Z,'r.__'lj.t. 0603HalleH~ qaCTH~a c: ·msoTODH'tleCltml _· _. '• 

· :· cnHH~~, ·. ~ -_H. -~:P~._e_K~HA : HsoxonHqecKoro cniiua . 7;-t. _,. TO lte . 

· ,c8.)!1~:e- o~u-oc~~9~ K qacr~~aJI · If.. ; IJt , Jl, J . CetieHJ1si .. pas-

. JIJqHSX peaxuittt. ·o · . CBSSaHH C a,aiJIHTy,lJ;&m ~ . COOTHO~eHHeM . 

' . . ' .. . . ·, . ~ . ·. ;;I 14. ~-~~ ' ' . ... -, . . . ' 
- ~ xP,.b\c;.z Mil ;~eH ony~~BB:.IIKCKTi :P~y;.~~~Ali~J' 

-~- ... octalUtaa··. tOJI~ltO ... ~RJ(eltC.Ii 7~ . • B CBJIY H30TOIUt"'eOKOlt cmnteT-. 

' . ' PHH. ·.l/7;4 I ~4-, ·7;~ I 7;~) = ill!~ 7;~ } ~ 7;A, -7je~ ) -7;~ ) . I 

.ABrutoruqaoe. yxBep;ieaue, KOHettHO, Bepno H ~itn peaKUH11 (3.2) 
. . .· . ' <..;._ .·,r;, ~· 

a) :rl, 'li, + ~~~~,.~- 'Jll tt~f J/ i, ?;" 

.' . ,4 i / i . . ./ . ~)~· . -;·l .. 
. #"t It I i. . ' .·j' ~ . = . . ·. . 
,tfj;+J;-"j,~J)= ;1/1~1/ .. . ~ ' ""! . ·. . . ··;~;y~ ) ..4/ ' . ./ 1' I+ J 1) - ~ -. 1//· '"'. ~· J +. ~- j . ~ ·I· - ~ · - ij , . 



... ·-t·--~-·-··"·~-~-·-J. ····· . ·- I5I ,._ . 
' . 

. · ·--- _,.. ____ ...._: __ _ 

...4..(' j . 1. d ) = '/1 . . . 
Jib . I . ~- I . I ~ ~- . . 2 .1 . . 

. J(~. Ji IJ, J )~)t#fJ-/1-+19 

.J{P, J; 1, -~ )= 'lf(/~~~J) 
. .t t -1, f; -t,+~ > = 1 rl; -rttl!) 

;t.t-.1 1. ~ . -1)= J! !(1. _../l) .. ,. } 1-1 / p.. ~ /) . 

_3TH 8J.mJIHTy.n;N COOTBeTCTBYilT :peaxrrm:srM- Tmiza 

\ : 

li1{"-" fi~#', ·. fj.JJ( ~ /i~J(, ~ +J"~2. f;.r, 3•#(.Z.JH t.n. · 
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~~, -

I" 11. ~'~ r-1., ri ,,-.t) :;: -?t +- 7 
_J ( I I . -1 }·. :::;. .. -:-li'L ~~- !' J.\ 

j£- - /., 1 j_ I -J., ~ :- pr.. 

.,.d (· I l () 
Ft. -j..' ai I 

. . 

/} )- I() 
-:-. ;; . 

. ' 

It paccMaTp~Baeilott rpynne ·otnoc.aTCSI pea.Kn~w.no.n;o6as~ 

)(~#/ ~ ;z + ft 
' ~ f ., . 

.. ~· 

J{JI.R peaxnHtt TMna (3.2),. 1t0r.n;a B, :rtoBeliB~M co CTOSI~HM · 

· HMeK>TCsl TPH· t~acxun:~(· ._1? __ t1. ~.J-. a.~1!!.n~_Ty.n;M. peaKnM« · 

MOryT . B~~a.~~Tl>C.R i :.~~~3 ·. ~~ r_ .. :~ ·p~3~~q~~ ~_tsp&30~ (. )lettCTBH

T6JihHO, B sToM cnyt~ae' .. HsoxoiniqecK~dt crui1f Koie~nC>ra· · cocTOSIHHSI · 
. . . • . . . . . ..-·--·"r 

'T CK1IMbtBaeTCSI H3 Tpex H30TOTIHli~CipiX_. CTIH~OB r, , ~- i.:·~ . 
3To cJioxenHe. :uoxHo· np o:HsBo.n;ml:::o pasJlHtiHHM o6pasol!. Mo:m:ao, .• ~- . 

. . . . . 

Hallp:trnep, CHatia11a paCCMOTpeTh DO,li;CHCT6yY H3 ,ItByx llaCTHU tf/ M. 

?! . H ,ItJISI Hee HanHCaTh pa3JIOJIC6HHe no H30TODZlleCKHM H'fllYHKUHSUl, 
. . . . .. 11 .. . . . . 

a s·aTeM BH.tntc11.RT:b ·KosqxpmnHeHTli . K,-r • .ltJISI coBoKynaocTH its no.n;- . 1 

.crlfcTew {'It , ?J ) H qacTlU~H ,f. Hati.n;SI xosqxpHUH6HTH K .. -r. . . 
.n;n.a .cliCTew {~, 1! ' / J, w cMoxell BHpasHTh rumJIHTy.n;H·; B~ex 
Bos:Mo:ttHNx peaKUHti qepes / '!;., 7. , r.n;e ·?; - msoTOfl.~t~ecK.~tt .. 

CUI!R UO,l(CI!CTeMhl, 'T ~: 1!30TOfil!'le Citi!ll Cfii!J! itO Re•!Roro . coCJro~IIB_lll 
peaK~lUI (3.2). x). . . . . · . · · . . · -~-,-· .. , 

X)' B Kat;eCTBe ~O)J;Cli!CTeW W :MOrJIH 6!1 B3!!Th COBOK~OHOCTh {1/, ,-$ 
. MJIM {~ , ,9 ~ ~ 0ti6Bl1,1J;HO, tlTO cpH3MqecKH6 BBBO)J;ll ( B \laCTHOCTH 

.cetteHMSI :[S~ED;H}i He' ,Il;OJI:l!:Hll 3aBHC6Tl> · OT BH60pa DO,llCHCTetm 
HJili~ ,Il;pyrnMM CJlOBa:MH, OT .cn~co6a cJto:m:eHHSI .li30TO.DH\16CEIDC 
CDHilOB. 
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.. ~-.. ~·-· 

!: ' 

"'"'""( 
. ~ : .. .. . 

HHxe w npHBe,tteM a:MilJIHTY.It:&I peatt~Mti '· ·ttor,na B KatteCTBe· · 

DO,ItCHCTeM:&I BI~Ch!pamtC:b '.JaCTHO:bt lj£ M 1!. 
. . . . . 

I IT' ./ tP · !( 'f · I 'f · 1 · ITt_ 
.ll) z "jl I~~-~- f"P-1 .,tilt -- 1l II., ;i!g f ll L I 4 1- / I £~ 

' ' - ' ' 

. ' 

' . ' 

. llpHBe)teHHBe aMDJIHTy,na. COOTBeTCTBYDT peaKO:MJ=IM. ,fi. ef' -'1) ~#+([, 
" ,...,. ·.-. 

K+tf ~ /(1-/+fl, · J(t-eJf.~;I-tH rlf H T.n. 

. e) {¥ 1 /i!J,~ f i, ·l'e~ ~ It f, 'Jj, f 1/' f, 'lg~ f / .1, 'l'tts 

------.. ---··-·--·······.· .. ------·· -----. •' ······ .. -·· ... 
. . . ··- - ...... ,. . __ ....... -·- -~"' -~ ... - - ______ .. _____ .... -· ..... ·.---·· ........... --- /•"··~--··-""''''""'-- .. 

·· . .. :•. :' ... _.". 
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' 

d(F~i; -j, o, I)~ 3~[1i/1'1-ii.fid_Jl/t(j/!'1] . 

li (1,-t;-{ ,+,, .-.tr:~-!Jf-1-/N- fi_ !'If~~~ ~~1/f/1'1) 
~ . . \ 

.'. 

f 
· . 

1
.3-~ . · l fJ 

J I " . ) '[. -1-. rfl ,_ i -. ·t . -~ -t· i = - ·. . 1.. J. . . 'J.. '.f). 
11 

. p.J 'p_l I·.·· {§ ·.· .. -5 ... ·.· 
... 

., ' . 

fi+J-- Jl""-f$-r/1, :Z+,r~.z+~fi /r-~-%~i.J.J.;$. . . 
· . · · . J. , H T.,n;. . 
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llPHJIOiKEHJAE IY. 

~3oToiutttec1tMe paB.eHcTBa ,JJ,l!SI Ra3JIHttHNX · Jleaxu:H~ 
I . . . I I :I 

B 3TOM np~Jioxetnt~ ynpol!leHHhlM MeTO)tOU ( CM. r JiaBy lll,l § I) 

BhiBe.neHIA J130Ton~4ecttHe coo!norueittui :M.H ueKoTopax npoueccoB. 

I. PeaKu,Jdij.,k ..:;, M~3oHob.' c! ie~~q?oH&!H H uyKJioH~H. 
I I ~ . . . I • • :

1 

) I/' -f ... J ~~ Jc::- ~ Y1 I 

a " u 11 I j L. 1 •• • I • , 

1 

1 rs 
I. K -+ d __. ~ 0 + ~ J'; p -t- d :...,; ~ 0 

+ p .. CJ. 
es· 

2. K--t-.d ~__,. ~~-+ E .fl.~ ~:K0 + ol --9- ~-+ f> ~ 
I 0 "+ 

CpaBHRBall ttHcJio ~-u G. - rmnepoHoB, HMeeM: 

(4.1) 

(4.2) 

PeaKURSI a) SIBJISieTCSI peaKI1r-reH - aHaJioroM (eM. rJiaBy II,§ 3) 

no OTHOIDeHJ.1D It paeKU,HH 6),TaK KaK HaJIHttHe B flOCJie~e~ 

N - qacTYtU~ ue H3MeitJ1eT Hso.TonMqecKHX · paBeHcTB. 
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...• ~ ... ·- 1._ 

/ 
\ 

/' •.. 

( 4.3) . 

r) /( + d ~l> ~- + -:JT+tl 
I.· f'--rd~ 2°+11+:1i 0 1..1 'i01-o/ ~ :i:

0
-+£-+3i

0 0~ 
2. t<--ror~ 2.1!)1 .. J?+'Ji- fl! zo +d.~~ 0+ n_,..r,+ 6'~ 
3. t:_ .... .,.o! -7> 2-+ J? +Jio "''3~. '£0+ o! ~ "'2. -t +11 + 1i0 o3 . 

4,JC-+r1:.., 2.++11+'1i- t,l.; 'i<0 +ol~ x-+P+TiT · ~ 
5. tc-+d -P "S. --~-n +1i+ s. fC ro/-+ ~ + + f' + r;- O,s-

(4.4) 

H . . 
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3Ta pea.KUHSI JlBJUleTCSl peaKUHeit-aHaJIOrOlril nO; O'l'HOmeHMD It peaKIJ;HH 

k+cJ.-,.J:-rn H U03'XOMY COOTBeTCTBYDntee HSOtbmrtteCKOe paBeHCTBO. 

aHaJiorHQHO (4.!) (cu. rnaBy IT,§ 3.) 

rJ). K.+He. 11-fi>/1.0<~-Jr+H3 u K+He.ii~.Ao.+11+fle3 

YKasaH~aM peaKnRa aDJISieTcg: peaEUHen - ananoroM no oTHOmenuo 

K peaKIJ;H;! k...,. ol ~ ./l 0 ..,. N + 7T . 

I 

P'ea.KIJ;HSI SIBJI.f!e'l'CSI peaY.IJ.HeA - a}IaJI'Oro:i~ no OTHOWeHHD K peaKU. 
' I ' 

3. TIRogeccH aHHHrmnngHH. 

, . rv ~ 

a) tv'+ IV --4 ~ +' ~ 
. !":" - ,....._, ~ 

I~ E -1-r ... I+ t- ~ 1' 1.~ n+ n .. ~ .,.. ~- OJ. 
. 2 p ~ r.J r-J_ 1 "'+ nC'.....,. ~. +-'- ~.,. r:-t . + p ~ 2: -. + L: t . , f ..r:.. .- ~ u ~ 

3.p+'ff-::Io+'i'o ·3~ M+~~:So-~"~o 5'3 
4.,p.,.n~:z+-+:f0 4! .h+P~~..c.+'i0 6''1 
s.e+·h~~o+_z ... ~( n+P-!i ~ 0+~+ ·ff r 

· . x) He2. H H3 SIBJISIDTCSI pasHHMH Ko:unoH'eHTaMH o.nHoro Msoto

nmqecKoro ,I(y6neta. 
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. . 0 + -
GpaBHeHHe ttHcJia :[ - m 2 - runepoHOB ,JtaeT: 

~ + ott+ 6'2 == q_ (63 + o5 ) 

CpaBuesHe ttHcJie. ~ 0 m ~ + npMBo~·T it pa:eencTBy: 

5i + 0.2. + 05 = !t ( 6'3 ~H5q) 
0TCJJ)ta HUeeM 

64 ·= 6s-

s~ + -~-==~63176~ 
(4.5) 

....... 
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4. Eonee cxo~Hue npHMepu ,. 

~ + C3 ~ r5r.-t6:t t-G'e +~o .,.~f/1-~3rl-~5-f~6 t~a.::: . 

:::-t(6~-~-df -tc% -r f/g.-t G'/; -r6Jtrf6jj) (
4

•
7

)' 
' ~ '·' ' ' .. 
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0TCYTCTBV!e TIO.l1Rpl'l3an;HM BTOpMt!Hb!X 1 -Me30HOB npHB0,1\l1T 

K COOTHOmeHHIO: 

f5'.t-t- 6~+ cllf + ~ -rtOi i 6g +~RJtO:sr~sf-tP/o t 6,~ = 
· · == ? { te/3 -t G 5" --166 t- GJ,'o + d,1 f 6/'1 + G,3 J ( 4. 8) 

Yc~osne pa:Suoro BH6btisam1.ff · nepBHttuax tJ( -MesouoB npHBO~HT 
. . 

~ HSOtOnHqecKOMY paBeHCTBy: 

6/·+fi( +~ ~~- -~· G~. --fd6 tG{ -f ~· == 

~ J., ( ~g -:t<ii'to -ttii,,-..,. Cofl/.,tt0/3 -tdr¥ 'f~5 .,.~G +611 t6,11) ( 4. 9) 

YCJIOBHe paBHOrO. BHOblBaUHR -r;: -M830HOB ,n;aeT COOTHOilleHHe: 

(4.IO) 
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• •• 11''~-. 

nP~koxtHRE Y. <. 

~3~Irhic>.n;e~c.fim:~ .r4so~onuttecE1i! -~-.·po1uipu3onan~oro nyttrta 
' I -· ' ' ' ' ' 

riadnoB c Iie·noii.Rpmso BanHotl uameH:bJO~ 

Ec.JIH H8. ·HsOTOD;mqecxu !{~no.nn:pusoBaHHYIO :MHmeHh C nanpm.{ep~· 
umneH:b, cocTo . .am:VD H3 R.n;ep . e!/. · , o6Jia.n;aromHx .H30TOTII1ttecrt~ 

CllHHO!A ,'f' : . = 0) X) ll8,1lae T eye C I> lll!O H 0 B , ,!IJU! KO TO po II , 
. tJ!it <' < 

. I·- ;._'J_ 
. . : vf:t o· -- ~ ' . .r? . ' < 

. lB.a ,ll;OKa3aTe.1ILCTBa BOCfl0Rp3yeMCSI 0603HatteHHSIMH H pesyJin

.. TaTaw ··pa.q_cMoTpel;iHsi. nsaoo.n;et!cTBHSt nenoniipHSOB&moro · nytnta 
: . . . . 

· '_.fj' - lle30HOB c · aenoJUJpH30BaHHOM ;,jiumeH:&D;j CO_CTOs-t~e~ ~3 . .a,u;ep 
: • < • • •• < < • < • < i-7-_: __ : .:·.~------- < -- -- << ""-

·c Hyne:aH1i Hsoion~tie~xo ennnoK :C cu.rna.By III, §2 )~_] 
' • < < • < < ; < • ' '"·· .,. - ,;;- 11 

· . EcJiu· B ·na.,n;a:D~e.~ ny11Ke otiioi:niTeJihHt:e ,n.oJnf PI: , :t tr ill - . 

-M~a~HOB cocTaBB.JI~T bL -,/9 ·m / ; TO ycB~BHe / 

·.lfii:t=~ . 
-h# . 

npHHHMaeT· ···Blt;lt: 
' 0 < 

' (5~I) 
< < 

-· B 060 3HatieHHSIX: r Jla~a ·ill, ,§ 2 ,ll;JlSl qptCJia BTOpmtiHilX flxiOHO B 

nonyqaeu: · 

xj Moxno · ObtliO ~H pac~MaTpm.Ba:r"L ·n rtattecTBe mtmenm Heno1l.apMso
·.BaHHYIO CMeci> HYKJIO.HOB. IIo,3TOMy.·tteBaxiio nponcxo.n;IiT ·nH · 

., -peaKilRSI cpasy· CO. BCeM SI,D;POM KaK· rteJIRM, HJllii. IIOCJle,IJ;OB~TeJIL-. .- . , 

·. · · ao c !Xl:sn:r,tti~ID.lVI_ ero. tracT.aMM • 

. ~x) .AHaJIOJ;"MlJ.Hoe yT-sepx.n:enm:e ·Be :pRo l! .n;JISI :Z - tiac Tun. 



.-.·-

..;,. I62 ... 

- Jf = d. d + itJ ~ -1' f ,- . 
flf1j-l . ;- / . 

,/j- = d ~ r/;1., r. /~" 

t/~11 = /d t)t f /:k. 
0TCIO,n;a, 

---= 

Ho 

(5.2) 

)J.JISI TIHOHOB, He npOB38.HMO,ll;etiCTBOBaBmHX B Mlt1IIl6HH paBeHCTBO 

.(5.2) Ta.Kllt6 cnpaBe,D;JIMBO, T8.K KaE C~treHHSI B3am!O,I(~HCTBHSI 

· Pf: $ ... H"· 2.,~Me30HOB c dt paBHLl ;n;pyr ;n;pyry .B CMJIY 

H30TOTI~l'tl6 CEOJ.i .MHB apMaH '!HOCTH. 

x) ex. rJiaBy Ill, § 2. 
.• 
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TIPHJIOJKEIHffi YI • ~ 

Ko~ffiQ?I1yNieHTa Kne6ma~rop.no£!!!...AJist b:Mc~h~Mhl .n;Bp· qa.Q:dux .. 
c zsoTonHt~ecKHMH. cnHHaMH tJ M I/2 .• 

····-·------ . jj r1ta~jfr1Y 6HJia Jiaia npocraa H Harna,n;Haa cieMe. BJ»o,l(a' 
. . . . I . 

ItoaqxpuiUtenroB K:-r. ,n;Jia ,n;Byx qacrHwc oJiyttaeB. HHxe npHB.e.D:esd 
. ,• ; . 

BI:lliHCJ:eHHe no aro~. cxexe ~oatiXPHIUteHro:a K-r .nJia· 6oJiee od~ei'o 
._, .-., x·; --------·-- ... ·--··------------·····-·····--······---····· 

-- CJIY~,~a.". _ .. 1 --____ J 
TiycTh ~meercSI · cPl:cTeJ.ta~ -.·cocrosnqaR ·Hs .n;Byx qacTHU c tt3oTo-. . ' 

llH~eCKHMH.CllHHaMH ;I H I/~. llOJIHH~ H30TOnMtleCKH~ CTIHH TaKdn· 
~ . . . 

cw creua MoxeT vtMeT:& ,nBa sHa'tleHHSI: / +I/2 H : ;- I/2_, a t~HcJiq 

ero BO~MO~HbiX np;oeKUHti dy,n;eT COOTBeTCTBeHHO paBHO ( Jlj +2.) H 

u.;).i . I . . 
~· Pa:ccMoTPHM cnyqaR, Kor,n;a 1 - uenoe ·tutcno. :BunW¥eM 

. . p H 

BC~BO 3M0Jrl:Hb!e pa3JIOlteHMSI
11

tPM3H'l·e.CKMX tPY~l\IiiD{I no11H30TOU~qeCKHM 
cpyHKUHI.fiM CHCTeMN B nop.H,D;Ke B03plCTaHiist m: ~X) 

. -

-f;: tJ) (f, .f..).::::: r;(L /1'-f/ J -~) 4f -~-. f/,_f_ 1 £.) . / 
. ) t' pt ) i. r~ A. _A. /j t; ~ . J. 

~1('/ • (!J .-!; .. ft1. (jf !~·~) -lrlt.fi-1 I 1-) 
· ~· 1/Jn-{jfJ, 1) == o<mf/fJ, JJt} +.fi)J~i ~j 

·· !;~Hit ~)(Jr~f )::: j311t (/'+{, bt) f Jilt 1;·-1. ,)It} 
', . 

... • " 4o ,t 4 .,. . e • • • t • ~... • .• ••' • • I t • 

(6.1) 

l/i-t){tlf);:: ~~~(Jff, /·!} + /;-11/-1;)-1) 
. (f~/)(1) -1:)= J;-1 (;1-J,J-j)+ J;-f//-1/-1) 
,~~~~ /) (1_, 1) ;__ dj1 J_ (jt-JJIIj)! . 

X}··· l1pl·IBe,ne~HliltU BHBO,ll;. 6HJI C,IteJiaH r .jhltonHJIOBhiM 

XX) l1pll! 3TOM. He 6ylJ,yT BiifiHCI:lBaT:DC.fl HSOTOfiH'tleCKH conpmteHHHe 

paBeHCTBa, OTJIH'tlaDniHeC'.fl nepeMeil?H 3Ha.Ka y ·J - .KOMUOHeHTH • 

. M30TOflM.lleCltOrO CBMHa CHeTe:t.ru paCCMaTpHBae~X llaCTHn.BuBO,n; 

).tJIR mnc UOJIHO CT:OX) a.HaJIOfHqeJt BHBO,D;y, npHBe,n;eHHOMy HmiCe. 



Bee seJIIrttnma d.;· , ;9; , ./t M ~: ctJmTaroTc.H ,IJ;e·nth·1nt-

'!e.Jihmu.m ( TIOJIOJIHTeJihliDMH H OTpHUaTeJibHbiMH ) 'tlliCJia:MH. X) . . . . ·, 
'· 

, . . I ' 

,II;~ C Tpoqeit C. OJ(HH8.KOBll~i1 npoeKnH.HMYI N13f»TOTIH'tleCitof0 CTIHHa 

ycJIOBH~ opToHaJI»Hoc TM :xx) · ' 
' ' ' ' : ' ; . ,. "·. fl. . ' ·' 

(/IJ>MJJ/J,-.1}/')=J"'~ rrf"' =I 
(/(/; ~f)(J' Ol) =: v<; rf;/= I (6.2) 

·· (/f/~~t-{)(1 'O}[(;;a+-J}(J,-J)J)==~jm+fi~ (6.3) 

Pac.cuotp.t1:M tenep~ BCeBOSMO:m:Hlie pe.attn;HH c · o6pasoBaHHeM ·. .. ' . 
BCTIOMOraTeJibHOH 'tlaCT W.{Ii; o6,~aDmett .H30TOfiHtleCJ:tHM CfiHHOM 

··. 'T = ;'+ 1 . Hcn~~:&sya oCSHt~llYil MeT9.JtmtY.j(_.·:~·~-_r_i~fii~-~--·§Ij~ 
· DOJiytlHM ,ltBe CH CTe~UI pa:ee_HCTB~ 1!3 ·Ito TO~~X' nepBS:SI C~ TBe.TJT ByeT 

• ~ ' . . . ' 1' 

. y~llOJSHil .. paBRoro BH6biBtUtMsr HS nyttEa .Be ~x EO:MIIOHeHT qacTHD;bl c : 

T = / . , ~; O_IXl.ll - yc JIOBHil o rc y~c r B\!11 HsoronaqecKo II n OJillpHSa-

n;Hm 'tlaGTHJ:t C r= ~~1 : 
- . . 
x) ·Ka~ noKaaaHo; :B r Jia.Be IY 3Toro ·Beer .n;a M.Oxao .n;o6YtiT»C.H c 

nO:MOIItbl> ·COOT 00 TCTBYK>D~er 0 onpe.n;e JfeHM·ll lit30TOTI ~ eCKRX" H 

. II cpM3H'tle.cEMX11 BO JIHO BHX !{lyiDtnml~ . u . ·. . 

_xx) .Itns cTpotJeK-·c _p_asnhntH_ opoettnasn..tm IiiSOTOriHt~ecxoro cnmHa 

yCJIOBHR OpTOrOHM:bHOCTli BhiiiOJIHI!IOTC.a· To:Jt.n;eCTBeHHO H He 

np~OART ;fi03TOMY. K. KaKMM-JiM6~ COOTHome~Iii.HM Mex.n;y paecMaT-· . \ ' 

pMBae:MHMM RO 3qxp~~MeET aMH. ·. 



I . ' f . 

Bhl'l!I1Tan noqJielffiD tis BepxHet1 CViCTeMhl paBeucTB Hl1JKHIOIO no~y'l!ID4 

t :t ·:{., ,Jl;, . ~· ..t -t cJ .t - _/3 i. -. }3 J. -fi'3 =,. ~. s:: ./3hJw1---:ft fr1 =~hl-fl: ~~ z:..r;· '/ /) 
L J, :L 1- . (Ofo 

· t _ t e ' · 
= ~1-l .!}·,-1 =Jo/1 =4; 

r,ne L\ . -· HeJWTopan onpe,neneHHa.H Be·;rn:~MHa. Terre ph npO!i3Be,n;eM 

notmemroe BLitJHTaHHe cHcTeMu paBencTB (6.5) ~~!C6.4)inpe,n;BapM
Te JlhHO " C)J.BMHYB" BepXHIOIO CUC T6MY p~ 6HCTB BJI eBO Ha O,II;HO 

paBeH CTBO. Tor ,n;a TIOJiytJMM: 
~ . . t, . .t t z . . ~ - - /1, .t I I "/} 

/3- d.t.- . ::::- ot -1.-p{J4A_tf =~I» -p(/)1-(-:,. -:()(, .i+:t~ptj-1. { to;TJ~ a I 2. - .... tn- ,, -<- . a ~, q· ·~ , 

,Uanee cpaBHJtiBa.H nocne,n;Hee pa.BeHCTBO B (6.4) li nocne;n;Hee 

paBeH CTBO B (6 .6), TI OJIY:t!MM: 

~- t . t . z oi ', 1. -ril 1 = 01._1. -fit- :L. =.Ll r/T ~ . a- ,. J:Jq· 1.. q : 
. TaK1'LM odpaso:M, Mhi CB.R3aJIH ode CI1CT6MLI paBeHCTB C O,UHO'ii 11 TO£! 

i!e6·B6JIHqJ>1HOti·L\ .",ll)MraSIChn no (6.6) cnpaBa HaJI6BO, BUpa3ID! 

qepe s A. Bee BeJII1tl11Hhi fl f , a Ta:rt>Ke . d~ : · : 
.. . ~ 

j3ll ~lA, P}:[::3A ..... fifn=(/-m-+J)JJ.,.. j}-""/A1dj;=(/#}A 
J.Itanee /' .UB¥'!ra.Hch" no (6. 7) cJieBa mrrpano, Bhlpa311M qepes ·A L . . ~ . . . 
BCe d l . ,IJ;O d ~~1 BKJIIOql1T6JlhHO: 

oi.J; = (/+2}4, rt{-f/-tJ)L . .t! =(j+fll.~j)11 .. 1tp=(Rj"'1}11 
~ . - . 



: -.!. . 

C ,rtpyro~ CTOponu, H3 YCJIOBHJJ HOptmpOBIOt .mteeu: 

.. .;;;·· ·, ·. . ._: 

'· T .• e. 

< (6.8) 
. .!• 

l!Cl10JTh3YJJ yCJIOBHSl HOp:MHpOBKH (6.2), HaXO,D;Hl( OCTaJlhmte :K03dxPH-

ltR ~HT!l: · 

4 

(6.9) 

YCJIOBVie op:rorOHaJihHOCTH HaKJIS)(~Bae'r TOlihEO O,rtHO Tpe60Ba-: 
' I . ; . ' , . . ~ : 

HH6 . Ha 3HaKM BHtiHClleHHHX ;I£0 acpcpKJ.:tHeH'rOB: 
.•. ; 

d ~}om==- (m ·cfk · .. 
. . . I . 

U03TOyY ~f3~TCSl HeC~~KO' H~60pOB ttoaqxpitti!eHT~B, OTJiiJt~amntspcCSl . 

. TOJibltO 3~8KWUI m YJt.OBJieTBOp!ll>nlMX MCxO,iJ;ItSJ ydJioBiUtll., O:ttk~~·, 
m~ dwtO ~t're.qeao slioie"( ~~:rJidiJ'Ifj]llrd He~~H03~1ntocThe 
CKaSHBaeTCH Ha <}lH3HtteCRHX ··BH::sbli&·~.--- ·. · 

' 1
1 

0 o • .t' I 

l!03hli~ll Itoa~HI~Hell:m •?k.Jri , ]3;., ; /,.., no.iioan~J#l!ina, 
. !\ ~ - o:rpl<lll~~!iJiiojlll!f• B ~fb11 CJlY'Ia~ no~HJi it03~~~~11ii~!i. 
·K~r.,.:·COB~AA~!>.~~~, 'CJ.Tad JUAitiHWM .c~·¢1i .~a6Jiw~y n) .. 
• ~. '· ; ., ·, •,' :; :·:, :':.~:;:<·'< ,,>\. • t :- :'' ' ·'. .~• • .'' :\ • ; • I i ' • 

. . CoBe.pme~_iio .aR~O~HtiHO ·•o~e~( OHTh PtiCCYOTpen cJiyqal~·. xor,1ta 
• t . -' ' • • . . 

J .:. n OJIY 11 ~.110 e 'IIi o~oe · 
: "· :=: . :~· 



...... ~ . -~"i67 - . ' l .. 
l 

-:·., ,. "· 
. ,. ~~:~~ ' ·,. 

.. 

/ 

.·. . '. 

• 1 "' • • • • • '. • ... 

. . . .· . BCI.n!!S~ J,lapora ,l!;Jij! c!li:tel!Jol IIHOHOB 11'f(} BOSJ.!Olltllinil! 

SIB~ DTC SI co CTOJIHHSI c· 7' :;:Q ' H r =2,:. l{Ji~ .pea.Knu~ . J., 2' It, '6 

BO 3MOX~o ~OJI:bKO o~Ho oo c!osmHe c 7'·=2~· '· 
• • ' ' ' • < • ' ••• ~ • ' • 

· · .. · P~cc_MoTpH:M. H3Q·xon~t~ecRHe '6ooTHOiifeHHSI uex,D;y cet~e!mRMH . 
. ' ' ,· . ' ' ~ ' . ' ·t; . . ' . . . ' ' . 

. ·. ~ -7- (f/
8 

,ItJ!a· CJIY:tl8.SI, ~Or.JJ;a_ J;IMOHJ;l. H~O)tSITCSI. B ·coc TOJIHHH C 7' =2 • · 

. . ·. BBe,lJ;~M )tBe ~Jl~TH~~e ". 'tlaCT~nlil" ~ ~~ao~apu") y c r I~ f . 
. . H U .. f::;. T= z, ·~ .lC!fLCCMOTpnt' noc~e~OB-aTeJI:&HO nponecclil 

~ ...;: . 

. . 
. ' 
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06 hl~HhlM 0110 CO 6 OM no JiytiaeM COOT HOllleHH .fi Me JK,IJ;y Be po .fiT H 0 OtsiMlii 
. . . . ""c# 

~ COOTBeTCTByiDmHX peaxnHM 

JlJIR BepOSITHOCTell COOTBeTCTByiOll\HX nponeOCOB cnpaBe,IOIHBhl . . . ' 

pa.Be
1
HCTBf:l.: 
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I 

d. I 

'CoOTHO.illeHlHI M~)lt)J.y Bepos:rrHO CT.fiMXi . ll · HMelOT BAA: 

J,.= i. 
dt =~J . 
~·~jcf 
' ( 1~ I" 
df- .30 . 

r,ll;e J - npo~3BOJlbHa.fi KOHCTaHTa. 

Tenep b MOjXHO ~an·ncaTb. ~CIWMbi~· COO THOtneHM.R MejX,ll;y CeT.JE}HH.RMH 

peaKnllli (7 .I): . 
. . . . 1 . . . 3 . 
G7 = WI ·rlvt ·eft. "" 3•i {JJ·.;, J ~ l Jl-

. G'~" Wf. '1 ·ell -<: 3. t {JJ'. t£ "= {, .5L 
ro; = Uf£·rLI( l~ .;._ t· ~ (J)'·tiJ= f ,Q 
~lf =-LRJ:· r~v3 ~tt = J.:i rJY·ct if,= 3 ·n 
(;'$== ut· rill ~J'J :; 2,-i (JJ!·j ·J·= ~ rJ. 
c;;_ leK ' . 3 fl./ . 3 )(. · 

·.~ : W;: ct, .Jl ·.~ "i rff.~ ·J ~ i 9. 
7 . : J ri~ ,J'I := # flY.,l·cf:; ~52 

'1 = ft(· dr·l. :: } 1.¥' .. .:.~ ~_r; ~ n · · ~ ·· 3 w~ q: 3J( 
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I . I \ 

HeKOT oprui n.pOH3BOJl:OHaSI KOHCTam:a. 

ECJI11 OKa1teTCSI, qTO B6Jl:t13H nopora: peaJUISY~~-C~-~~JI:bKO COCTOSIHMe 
I . 

·· ·. nli.oHOB c ·T=o, TO peaKn;HH 1,2,4,'6 He 6y)J.':iT HAT~i, a ocTaJI:&HHe ·· 

IQ'l;yT, HO ,Il;JiSI .Hli1X BWIOJIHSIIOTCSI. BfiOJIHe onpe,n;eJieHlthle COOTHOmeHJtt.!I, 

OTJ1!tttJHble OT hpt~II~e,Il;~HI-IblX Bblnie. ECJIJ;t OKal!eT.C.!I, tl'XO peaJili3yiO'XCSI 

·co cTo .mnu1 Jtt c . T · =2, li · c T ~0 , 'io 11,n;yT BC e pemw:11:vr, 
.. 

HO .D;JISI peaK!{Mti 3,5, 7 M 8 He BblllOJIHSIJOTCSI yKa3aHF111e Bbillle paBeH-

CTBa • 

. . , 
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0 r !I A B !I E H 11 1 E. 

Il.pe.a..ttcnOBHe •, ••• , • , ••••••• , •• , , 2 

rna:ea 1. lHIIOTe~ri }1.30TOIIH'l9CKOA HHBapHBHTHOCTH. 

§ 1. J130TOOH'l9CKHi1 cnmi .. . . . .. . . . . . . . . .. . . . . . . 6 

§ 2. Vf30TOnl!'I9CKQ9 npocTpaHcTBO H ero CBOilCTBB ••••••• , , 8 

fl 3, 3aKOH. COXpaHeHmt ll30'l'OOH'l9CK.Oro CliHHB • , •• , , ll 

f"na:ea '11. 06w;ag CTpyKTypa H30TOIIB'l9CKHX COOTHOW9HHfi H Koatjl~H
UkleHThl K ne6wa:- r'f()p.uoaa • • • • • • • • • • • • • • • • • • • 

tl 1. Vf30T0llH'l9CKHe BO~HOBbte tflYliK.UHH, npocT.pBHCTBO 

BOnHODblX H30TOnHtreCKHX ~H.Kniifi • , • , , • , , , 16 

§ 2. Koa¢qmnHeHThi Kne6wa-I"'opnoHa /onpe.o.eneHHe/ • • • • • 22 

fl ~. Ilony'ieHHe H30TOIIH'l9CK.HX ·COOTHOU!9HHfi C nOMo"Il.lblO K09<i:l-

<i:lHUH9HTOB Kne6wa-rop.a.oaa • • • • • • • • • • • • • • • 28 

1. Oow;IIe MeTo.a.~ IIcnonb30BBHH51 Koa¢cpHuueaToB 

1-<·ne6wa-rop.a.oaa • • • • • • • • • • • .• • 

2, }.leTanllp3BUHSI H30TOIIH'l9CKHX COOTHOW9HHfi: .a.nst HeKOTo-. 

pbiX 'lBCTHbiX cnytme • , • , , , , 

3. 3aM9'1BHH9 0 peBKUHRX 8HaJIOrax 

rnaaa 111. Yl30~0nl!'l9CKH9 paBei'[CTBB, 

§ 1. YnpomeHnbifi MeTo.a. nony'leHHSI H30TonuqecKHX. cooTHome-
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28 

37 

41 
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tl 6. H30TOnH'leCK.ue· cooTaoweHRS! anSI pa3nH'lHbiX yrnoDbiX 

HHTepBanoB . . . . . . . . . . . . . . . . . . . . . . . . 

66 

69. 

66 
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72 
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