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§1. BBEAEHHE 

HacTo~~aA pa6oTa nOC8A~eHa ~ccneA08aH~~ pacnpeAeneH~H nap 
8TOP~4H~X n~OH08 no a3~MyTanbHOMy yrny (¢) Me*AY ~X no nepe4-
H~M~ ~MnynbCaMH, KOTOp~e ~n11 PO*AeH~ 8 , -p-, , -n - 11 8 ,- t2c-
83a~MOAeHCT811AX npH p a 40 r3B/c. KaK 6~0 noKa3aHO 8 pa6o-
Te I l l , 3TH pacnpeAeneH~A An~ TO*AeCT8eHH~X nap n~OH08 (rr ±,±) 
CHnbHO 3a8~CAT OT HX ~HTep~epeH~~H, ~CKn~4eH~e KOTOpOH npeA
CTa8n~eT co6oH cne~~anbHY~ 3aAa4y, ~ no3TOMY M~ 6yAeM o6cy*
AaTb HX 8 OTAenbHOH pa6oTe . 3AeCb M~ OCTaH08~MCA Ha a3~MyTanb
HWX KOppen~~HAX (, +,-)-nap, KOTOpWe xapaKTep~3Y~TCA K03~~
~~eHTOM aC~MMeTp~o~~: 

/1/ 

3Kcnep~MeHTanbHWe pe3ynbTaTw nony4eH~ np~ aHan~3e 9940 ,-p - , 
3590 ,-n- 11 11000 ,-12c-83a~MOAeHCT8~H, 3aper~CTP~P08aHH~X 
8 2-MeTp080H nponaHOBOH ny3~PbK080H KaMepe nB3 OHRH, o6ny4eH
HOH ,- -Me30HaMH c p .. 40 r3B/c Ha cepnyX08CKOM ycKOP~Tene 
H~B3. B 3THX co6~T~o~~x xapaKTepHCTHK~ 8cex 8TOP~4H~x 3aPA*eHH~x 
4aCT~~ 6~n~ ~3MepeH~. AnA ,- 12 C-83a~MOAeHCT8~H OTAenbHO aHa
n~o~3~po8an~Cb Heynpyr~e 83a~MOAeHCT811~ TT- -Me30H08 C OAH~M 
/OAHOHyt<nOH~e 83ai1MOAeHCT811A/ 11 HeCKOnbKHMH HyKnOHaMH /MHOro
Hyt<nOHH~e 83aHMOAeHCT8~~/ ~APa yrnepoAa. PaaAeneH~o~e "- 12c -
83aHMOAeHCT8~H Ha pa3ni14HWe THn~ npo80A11nDCb no nonHOMy 3neKT
p~4eCKOMY 3apAAY 8TOP~4HWX Me30H08 / 2 / 

121 

B 3TOM cny4ae AnA ,-1>- ~ , -n -83a~MOAeHCT8~H 3Ha4eH~o~~ 

Q c 0, -1 (IT- p) H Q • -1, -2 (11 - 0) / 2 / 8 3aBHCHMOCTI1 OT KOnH-
4eCTBa npOTOHOB C p ~0,7 r38/C . npH4eM C06~THA C Q .. -1 
AnA IT- p - B3ai1MOAeHCTB11H COCT aenA~T - 20%, COOT8eTCT 8eHHO All A 
TT-D -cOyAapeHHH c Q .. -1 - 90% 11 c Q = - 2 - 10%. no3TOMY 
npH aHan~o~3e a3HMyTanbH~X KOppenA~HH 8 , - 12 C-e3aHMOAeHCTBHAX 
AnA C06WTHH C Q • 0 H Q • - 1 Mbl 6yAeM cpaBHHBaTb HX C KOppen~
~HAMH 8 rrJ>- 11 " n -coyAapeHHAX cOOT8eTCTBeHHO. Co6~THA 
C Q ~1 OTHOC~TCA K HeynpyrHM B3aHMOAeHCTB~AM ,--Me30H08 C He
CKOnbK~MH npoTOHaM~o~ AAPa yrnepoAa. B 3TOM cny4ae MO*HO npH6nH
*eHHO C4HTaTb, 4TO 
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r.Qe "P - 4~cno np083a~MO.Qei1cTB08aaw~x npoTOH08 2 • Co6tH~.R 
C Q ,5 -3 OTHOC.RTC.R K 83a~MO.QeHCT8~.RM IT- -Me30H08 C HeCKOnb 
K~M~ Hei1TpoHaM~ R.Qpa. O.QHaKo ~3-3a Manoi1 aepo.RTHOCT~ npo~ecca 
n -+piT- (w .. Q, l ) CTaT~CT~Ka C06b1T~H C Q:;-3 He8en~Ka /:;1 % 
"- 12 C -83a~MO.Qei1cT8~.:1/ 12

' . no3TOMy Mbl He 6y.QeM ~x paccMaTp~-
8aTb. 

0pe~My~eCT80 ~3y4eH~.R a3~MyTanbHbiX KOppen.R~~H COCTO~T 8 TOM, 
4TO C T04K~ 3peH~.R MynbT~nep~~ep~4eCKOrO /~n~ K8apK-napTOHHOrO/ 
nO.QXO.Qa 3T~ KOppen.R~~~ .Qa~T Henocpe.QCT8eHHY~ ~H~pMa~~~ 0 4~C
ne CTOnKH08eH~i1 (v) nep8~4HOH 4acT~~bl 8HYTP~ R.Qpa ' 3 '. 

AhA 
A hA 

<v· /4/ 

r.Qe 

A hN ~ ~ (A hp + A hn ) /51 

ecn~ R.QPO ~MeeT O.Q~HaK080e KOn~4eCT80 HeHTPOH08 ~ npOTOH08. 
003TOMy .Qn.R IT- l

2
C -83aHMO.QeHCT8HH Mbl 6y.QeM HCnOnb308aTb ~p-

Myny /5/, Afl.R Q > O- A_ ~ Afl.R Q: - 1 - A -
• - 11 p rr n 

§2. A3HMYTAnbH~E KOPPEnRUHH B 3ABHCHMOCTH 
OT PA3HOCTH 6~CTPOT BTOPH4H~X OHOHOB 

BHaYane Mbl paccMorp~M 3HaYeH~R A < \y p .QnR pa3n~4Hblx T~-
no8 83a~MO.Qei1CT8HH 8 3a8~ C~MOCT~ OT pa3HOCTH 6biCTpOT IT+_ ~ T1 --

Me30H08 ( ji\yJ ,. 'Y *(, +) -y "(rr- lP I ra6n. 1 I. B 3TOM c ny4ae 

pa3nH4Hble o6nacr~ o6pa3o8aH~R n~OHHbiX nap /~eHrpanbHa.R ~ ~par -
MeHT al.I~OHHble/ .Qa~r 8Kna.Q 8 3Ha4eHH.R A <l,\yi). 0.QHaKo np~-1 
J'\y j <- 2,0 OCH08HOH 8Kna.Q 8HOC.RT (,+11 - )-napbl, o6pa308aH-
Hble 8- lleHrpanbHOi1 o6nacT~ q y • (17 +)I , Jy *(17 -)I s 1) ' 1' * . 
H3 Ta5nH~bl 8~AHbl cne,tzy1004~e o6~e 3aKOHOMepHocr~ no8e.QeH~R A( l:\yJ): 

1. 3Ha4eH~.R A (n - 12 C) 8c er.Qa MeHbWe, 4eM A (17-N).O rc~.Qa 
no ~pMyne /5/ ncny41-1M, 4TO < v(rr- l 2 C) > .. 1,35+0, 04. Koppen.R~~~ 
n -Me30H08 yMeHbWaiOTCR 8 .Q8a pa3a np~ y8en~4eH~H j.\ y j, TO eCTb 

KoppenALIHOHHa.R Afl~Ha L ..: 2. 

2. Koppen.RLIH~ yMeHbWa~Tc.R c y8en~4eH~eM Q, 4TO C8.R3aHo 
C POCTOM 4~Cna 83a~MO.QeHCT8~H /eM. /3//. H3 ~ 8~AHO, 4TO 

* y• - 6blcTpora 8 c~creMe ~eHTpa ~Hepu~~ n~oH-HyKnOH. Kop -
penRLI~H np~ I~Y I 22 o6ycno8neHbl .QanbH~M~ Koppen.Rl.I~RMH rr-Me-
30H08 ~3 pa3Hblx ~parMeHTal.I~OHHbiX o6nacTea:1 1 11 
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AfiR C06b1HtH C Q : -1.0 3Ha4eHHR v ,. 1 , 8 TO 8peMR KaK AfiR C06b1THH 
C Q c 1 H (;;. ,. 2 3Ha4eHHR ~· He npOTH80 Pe4aT COOTHOWeHHIO / 3/. 

3. A3HMyranbHble KoppenR~HH (, +, - ) - nap 8 u-p- 11 .1 - n -83a~o~MO
Aei1cT8HRX np~o~ p = 40 r3B/c 8 npeAenax OWH6oK OAHHaK08bl H yMeHb
waiOTCR C pOCTOM ji\y J. 

AHanorH4HOe no8eAeHHe A(!Ayi) 6blno Ha6nJOAeHo "' np~o~ APYrHx 
3HeprHRX 8 1rp- , pp -83aHMOAe.:'tCT81-1RX ' <I . 

nony4eHHble 3Ha4eHHR • 1· · cneAYeT paccMarp~o~8aTb KaK nepsble 
O~eHKH 4HC/1a Heynpyri-1X COyAapeHHH ni-10H08 C HYKilOHaMH RAPa 
yrnepoAa, TaK KaK pa3nH4Hble o6nacn1 o6pa3o8aHHR (, .. , -)-nap 
AaJOr pa3Hble BKnaAbl 8 /4/. 

§3. KOPPEnRUHH BTOPH4H~X nHOHOB 
8 UEHTPAnbHOA H ~PArHEHTAUHOHH~X 06nACTRX 

Bb1AeneHHe o6nacrei1 o6pa30BaHHR (17 ·,-)-nap npH p .. 40 r3B/c 
R811Re TCR YCI108HbiM 113-3a OTHOCHTellbHO HH3KOH 3HeprHH nepSlo14HbiX 
4aCTH~. noaTOMY AfiR ~eHTpanbHOH o6naCTI-1 3Ha4eHHR A(, · , -) 6bii1H 
Bb14H CnCHbl AfiR ABYX BapHaHT08 : Jy*(, •) ; , ; y~(,-) j•_1 H <;_0,5. 0Ka-
3~110Cb, 4TO B npeAenax OWH60K OHH He pa3nH4aiOTCR/ CM. Ta6n.2/. 
no3T0 My B AallbHeHWeM npH 06CY*AeHHI-1 Mb1 6yAeM HCOOI1b308aTb 3Ha-
4eHHR A(, t II'-), nony4eHHble AfiR o6nac TH !Y •(, ~ )I , 'y ~ (.1 - ) < l . 

OrMeTHM 0~1-1e aaKOHOMepHOCTH e a3~MyranbHbiX KoppenR~I-1RX 
AfiR pa3Hb1X Tl-1008 B3aHM0AeH CT BHH : 

I. B ~eHrpanbHO.:i o6nacr~o~ Ha6nJOAaJOTcR re *e xapaKrepH~:o~e 
4epTbl OOBeAe~HR A(,+ 11- l 8 3aBHCI-1MOCTH OT THna B3aHMOAeHCT-
8HH, KOTOpble 6blnH OTMe4eHbl np~o~ aHan~o~3e A(J \y;) /eM. §2/. 

2. 8 o6naCTH $parMeHTa~HI-1 ,--Me30Ha AfiR 8Cex THOOB B3aHMO-
AeHCT8HH, KpOMe CO&iTHH C Q > 2 (I' ·. 3) , 3Ha4eHHR 1· "' 1 . - v -

3. 3Ha4eHHR A(,+rr -) AfiR .- 12 C -83aHMOAeiicreHi1 e o6nacn1 
~parMeHTa4HH RApa MeHbWe, 4eM B o6naCTH $parMeHTa~HH OHOHa 
H 8 4eHTpa/1bHoH 0611aCTH, 4TO ecTeCT8eHHO C8R3aTb C yBe/1H4eHH
eM 4HCna nepepacceRHHH MeAJleHHWX 4aCTH4 /KaCKaAHble np04eCCbl/. 

4rofibl HCKn104HTb H3 paccMOTpeHHR npo~eCCbl AH$paK4HOHHOrO 
1o1 KOrepeHrHoro THna, Mbl nony4HI1H 3Ha4eHI-1R A(,+,-) AnR paa-
11H4HbiX OfinaCTeH HX 06pa30BaHHA 8 C06b1THRX C fiollbWOH MHO*eCTBeH
HOCTbiO (n h~ <. Oii· )/ra6n.3/. 8 3TOM Cl1y4ae Ofiu(He 4epTbl noee-c c 
AeHHR A(,+rr-)e pa3nH4HbiX o6nacrRX e 3aBHCHMOCTH or r~o~na esaHMO-
Aei1creHi1 ocranHCb reMH *e caMWMH, 4TO "' AfiR ecex Heynpyr11x 
B3aHMOAeHCTBHi1. 
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§~. A3~MYTAflbH~E KOPPEflRU~~ In 'n-)-nAP 
8 MHOfOHYKflOHH~X B3A~MOnEACTB~RX 
C Y4ETOM 8TOP~ 4H~X nPOTOHOB 

np~ BWAene HHH Knacca MHOrOHY KflOH HWX B3a~MOAe~CT BH~ M~ He 
Y4HT~ BaflH OTHOCHTen bHO MeAfleHH~X n pOTOHOB C p · 0 , 7 f38/c 
/eM. ¢K>PMYflY / 2/ pa60Tbl 2 /. 4acTb H3 HHX C p _.:-0,2o-Q,3 f38/c 
CBR3aHa CO B3 a HMOAeHCTBHe M n- -Me 30 HOB C HyKflOHaM~ RApa yrne
POAa., no3TOMy npeAc Ta BnReT HHTepec ~3y4eHHe Afn+n -)AnR MHOrO
HYKflOHHYX B3 aHMOAeHCT BHH , BbiAeneHHWX C y4e TOM 3THX npOTOHOB 2 

Q 1 : n+ +n P ( 2:0,2 f38/c 

Q 2 = n ~ + n P ( ? 0,3 f38/c 

- n_, 

- n_ . 

/6/ 

/71 

8 3TOM c n y 4ae 1• • nony4eHHOe no /3/ , y~e BK~4aeT a ce6R He 
r - -TOflbKO Heynpy r He B3aHMOAeHCTBHR n -Me 3 0 HOB C npo TOHaMH RAPa 

yrnepoAa, HO H ynpyrH e nepepacceRH~R. B Ta6n.4 n pHBe Ae Hbl 
3Ha4e HHR A (,+ n-) Anfl pa3nH4HbiX 3Ha4e HHH Q I H c 2 . 

0T C~Aa BHAHO , 4TO KOppe n RUHH He 3 a BHCRT OT Bb16opa rpaHHU~ 
HMn yn bc a npo TOHO B, BKn~4aeMbiX a onpeAe n e HHe Q 1 , Q 

2
. 06~1o1e 

3 aKOHOMepHOCTH noaeAeH~fl Al,',-)ocTanHCb TeMH ~e . 4TO H 
B Cfly4ae BbiAeneHHR MHO rOHYKnOHHbiX B3aHMOAeHC TBHH no BeflH 4HHe 
Q /~2,3/ . 0AH a Ko ~a6n~Aae TCfl yae nH4e HHe KOppenR UH~ n pH nepexo-

Ae OT Knacca C06biTHH,Bb1AeneHHbiX no Q,K C06~THRM, OTOf.paHHbiM no 
Q 1 HQ 2,oco 6 e HHO AJlfl Q 1, C2- 0, l. 3To yae nf.14eHHe A l 11 ~n-l 
MO~eT 6W Tb CBR3aHO C BKfl~4eHH eM ynpyrf.1X nepepac ceRHHH 11- - Me-
3 0 HOB, KOTOp~e He Bfl~R~T Ha KOppenAU~~ BTOplo1~HbiX 4aCT HU. 

§5. 06CY*DEHHE PE3YflbTATOB 

Ka K Mb1 y~e OTMe4anH /§1/, 8 Mynb T~nep~~ep~4e C KOM /11n~ KBa pK
napTOHHOM/ nOAXOAC a3HMyTaflbH~e KOppenRUHH Aa~T npRMy~ HH¢op
Mal.l~~ 0 ~HCfle 11neceHOK11 ( r,) , y4aCTBy~~HX 80 B3aHMOACHCTEJHJ'IX 
/eM. /~/I . B o6t~~eM cny4ae OAHOHyKnOHHWe (n- N) - e 3aHMOAeH CT
B~R MO~HO npeACTa BH Tb 8 BHAe AHarpaMMbl , ~306pa*CHHOH Ha P~C. l a. 
Pa3flH~He.le THnW MHOrOHyKnOHHWX B3 a f.1 MOAeH CTBHH (t'p e 2) n peACT a a
flCHbl Ha PHC. 16-r. 3ACCb AHarpaMMa 16 COOTBeTCTByeT B3aHMOAe~
CT BH~ AB)'X K8apKOB (q) , H3 KOTOP~X COC TOHT nepBH4HbiH ,- -Me30H, 
8apHaHT le COOTBCTCT Bye T Cfly4a~ nepepaCCCJ'IHH R KBapKa B RAPe, 
H B03MO*HOCTb KacKaAH~x npouecco e OTpa*eHa Ha p11c. l r . CpaaHe-

• npOTOHbl C P <;_ 0 , 2 f38/ C B OCHOBHOM 06pa3y~TCR n pH 11P8 3 Ba
ne" RApa yrnepo Aa. B Ka Mepe H.QeHnllfJHUHPY~TC fl npOTOHbl c ~Mnynb
caMH 0, 14+0,7 f3B / c. 
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3AeCb ~e AaH~ npeAcKa3aH~~ AKM An~ ~eHTpanbHO~ o6nacT~ 131
• 

B npeAenax ow~6oK nony4eHKWe 3Ha4eH~R • v He npOT~aope4aT Teo
peT~4eCK~M . HHTepeCHO OTMeT~Tb, 4TO 3Ha4eH~~ <v > AnR o6naCT~ 
¢parMeHTa~~~ M~WeH~ 6onbwe, 4eM < v ~ AnR ~eHTpanbHO~ o6nacT~, 
4TO yKa3~saeT Ha BKnaA KacKaAHWX npo~ecco s /p~c.lr/. 6 o6nac
CT~ <)lparMeHTa~~~ ,- -Me30HOB 3Ha4eH~~ '- ,,~ ,. 1 3a ~CKnl04eH~eM 
B3a~MOAeHCT B~i1 C Q ::<: 2. 3Ha4eH~e '' ,. 1 OM<~AaeTC~ , ecn~ A~arpaMMbl 
THna ls,r AaiOT BKnaA B aApOH-~AePHble B3a~MOAei1CTBH~ . AllR 6onee 
nOnHoro cpaBHeH~~ MOAeneH C 3KCnep~MeHTOM He06XOAHMO npOBeAe
HHe 4~ Cne HHblX paC4eTOB. 

Mw np~3HaTenbH~ 3a none3H~e o6cyM<AeHHR E.M.neBHHy, M.r.P~c

KHHy, B.M.WexTepy ~ y4aCTH~KaM COTPYAHH4eCTBa no HccneAOBaHH
~M MHO~eCTBeHH~X npo~eCCOB B rr -n B3aHMOAeHCTBH~X npH p = 
= 40 r38/c 3a npeAOCTaBneHHe MaTepHana. 
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