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l.BB91l9BHe 

3a nocne)lHII9 rOJlbl llOSIBHnOCb MHOrO HOBblX Jl8HHb!X 0 pe30H8HC8X H 06 HX 

caolkTaax. B qacTHOCTH, HMeeTCSI uenblli pHil coo6meaall , B KOTOpbtX AenaiOTCSI 
Ill 

BbiBOilbi o6 o6aapylKeHHH aeH3BeCTRbiX paaee MRoroMeaoaHblX peaoaaacoa • On-

H8KO nO Mepe H8KOnneHHSI SKCnepHM9HT8nbHb!X Jl8HHblX cnyqaeTCSI' '!TO H9KOTOpb19 

Ha6nJOJl8BWH9CSI B SKCnepHM9HT8X nHKH, paaee 06'bSICHSI9Mbl9 K8K pe30H8HCbl, no-

ny'I810T HOBYIO HHTepnpeTaUHIO. 

B llBHHOM o6aope paccMaTpHaaeTCSI CHTyaUHSI, KoTopaSI cywecTayeT B aacTo-

SI!Uee apeMSI a aonpoce o B -Meaoae. 

2. B -Me3oH H ero ocHOBHbie xapaKTepHCTHKH 

B -MeaoHOM H83biBa lOT qacTHuy, KoTopaSI pacnanaeTcSI no cxeMe : 

0 

B ~" + "' 

" HMeeT Macey I Ml - 1220 Msa H nonay10 wHpllay "' 80 -+ 100 Msa. 

Bnepabie o aa6niOneRHH B -peaoaaaca 6btnO coo6meao Abolins 'OM H 

( 1) 

12 1 np. a 1963 roJly. 3 Ta rpynna aaTopoa c noMO!llbiO 20-ll!Ol!Moaoll aonoponaoll 

ny3b!pbKOBOli K8M9pbl aayqana peaKUHIO 

(2) 

+ 
-M930HOB 3,43 H 3,54 rsalc. Ce'!9RH9 liCXOilHOll peaKUHII npu HMrrynbce " 
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"+ + p ... "+ +" .p + (U 0 ' 

(3) 

B KOTOpol\ B03MO)KHO 6binO Ha6moaeHIIe 
B - Me3oaa np11 yKa3aHHhiX Bhiiiie IIMnynbcax 

rr + - Me30Ha, 6binO Hallaeao paBHbiM 1,2 :t_ 0,2 II 1,08 :t_ 0,10 M6, COOTB9TCTB9HHO. 

Ha p11c. 1 a,a np11aeaeHhi a 11arpa MMa .llam!Tus 11 cneKTp s¢xjleKTIIBHhiX Mace 

cu rr + - cllcTeMbJ I ~· curr I. KaK Ha ll~<arpaMMe .llan~<Tua, TaK R a cneKTpe sljlljleK

/3/ T RBHhiX Mace Mcurr xopoliio BRilHa aHoMaiiRH npR M curr = 1220M sa. Paaee 

3TRMR )Ke aBT OpaMI! 6binO YCTaHOBIIeHo, 'ITO B ( 48:t_8 ) % peaKURll (3) Ha6nronaeTCH 

~BMeCTHOe 06pa30BaHR9 cu 
0 

- Me3oHa H u3o6apbr N* (eM. pRe. Ia). 3/2 3/2 
.Qng TOrO 'IT06bJ HCKIIIO'IHTb BIIHHHRe TaKOrO poaa C06bJTRlf Ha IIRK B CUeKTpe 

aljlljleKTHBHhrx Mace M cu rr , ace crry'IaH COBMeCTHoro o6pa3oBaHHH OT6paCbiBarrr;:cb. 

PacrrpeaeneHHe s¢xPeKT HBHhrx Mace M w" 
ocTaBIIIJ1XCSI crry<raea npHaeneao Ha 

pH c. I c. BaaHo, 'ITO n11K rrpR M "'" = 122 0 Maa ocTaeTcH. KpoMe Toro, 6birro 

3aMe'IeHo , 'ITO B pacnpeaerreHHR aljlljJeKTRBHbiX Mace <reTbipex IIHOHOB ( rr+rr+rr-rr 0 ), 

KOrna HelfTpaiibHblil TpHJIIIeT nHOHOB He norraaaeT B o6naCTb 

npu M = 1220 Maa He Ha6rrroaaeTcH • .llrrSI OTHOIIIeHHH R curr 

CU - Me3 0Ha, II !K 
D ... rr+rr+rr-rrO 

3KcnepuMeHTarrbao rrorry<reao 3Ha'leHr;:e R ::; 0,5. B .. w rr+ 

TaK I!M o6pa30M, H3 coaoKynHoCTH 3Kcnepr;:MeHTanbHbiX naHHbiX, rrorryqeHHbiX 
' 12 ,3/ " + 

Abolins OM R ap. 1 crrenyeT, 'ITO Ha6rrronaeTCH HOBhBI p e3oHaHc B w rr -cRe-

Te Me c Maccolf 1220 Maa H nonaolf IIIRpHHoll 100 :t_ 20 Maa. 3ToT pe3oHaac 6biii 

l!a3BaH B - Me3oHoM. 

no3):<e B - Me30H Ha6nroaarrR BO MHorux npyrHX " ~ p - 3KCnepHMeHTax npR 
+ /4/ 

pa3Hb!X 3HeprHHX nepBR'IHOrO rr - - Me30Ha • npH 3TOM Ha6monanCH He TOIIbKO 
+ -

B 1Ho R B - Me3oH. 

l13oTOnJ1'!ecKHil CUHH. Bo ncex 3KCnep11 Me HTa x, B KOTOpblX Ha6nronarrcH 

0 + B - Me3oH , OH npoHBrrHeTcsr B cneKTpe a¢<PeKTHBHbiX Mace cu , rr - -'IaCTHU. 0TCiona 

CrrenyeT, 'ITO H30TOn H'!eCKHI CnHH 

CnaH R <rATHOCTb. Bnepawe 

HOCTH B -M e3oHa 6birro caenaao 

IIBJlH bl e CBOlfCTBa CHCTeMbl CU rr 

B -Me3oaa paaeH enHHHue . 

3KCn epaMeHT81IbH09 OUpeaerreHRe CnHH8 H 'IAT
/5/ 

D.Cal'!11ony H np. • 3TR aBTOpbi HccnenoaarrH pac-

' 18/ no MeToay, npeanox<eHHOMy F.Halpem OM 

B 061IIHX 'IepTax cyTb MeToaa 3aKIIJO'IaeTCH B cneny romeM . nycTb B - Me30H pac-

rranaeTcsr no cxeMe: 
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(4) 

0603H8'1HM I!M11YilbC KB>KJlOrO 7T -Me30H8 OT paCI1a)la 
0 

cu -Meaoaa qepea P 
1 

, 

p , p I a HMI1YilbC )l0110/IHHTe/IbHOrO 11HOHa - qepe3 
2 3 

'/for)la MOli<HO Hai1HCaTb ypaBHeHHH: 

f 2 ~ 1/2 ( p I- p 2 - p 3 + p 4 ) 

f ~ 1/2 ( p - p + p - p ) 
3 I 2 3 4 

~ 112 ( pI + p 2 + p 3 + p 4 ) ' 

p 
4 

(5) 

11pH'IeM f 
4 
~ 0 B CHCTeMe UeHTpa MaCC B -Me3oHa. B • 1101IHpHhiX" KOOpJlHHa-

TaX' 3TH ypBBHeHHJ! 11pHMYT BH)l: 

(6( 

II 

f 
X y = 2 

~ 
z 

(7) 

Bee cny'laH, o6paay!OlUHe CHCTeMy H3 qeThlpex 11HOHOB, MoryT 6biTb 11pencTaa-

neHLI B BH)le TO'IeK B HeKOTOpOM TpeXMepHOM 11pOCTpaHCTBe X, Y, Z . T aK KaK 

X,\', Z nono)KHTellbHhi H X + Y + Z = 1 , TO ace 3KCI1ep11MeHTanbHhie TO'IKH pac-

nonoll<aTCST a paBHOCTOpOHHeM TpeyronhHHKe, o11penenHeMOM c 110MO!Ub!O yKa3aHHbiX 

_/6,7 I 
ObiWe _ycnoaHH • OpH 3TOM 11/IOTHOCTb TO'IeK a TaKoM TpeyronhHHKe 6yneT 

11p0110pli!IOHallbH8 KBaJlpBTY MaTp!1'1HOrO 3/IeMeHTa, 11HTerpHpyeMOrO 110 BCeMy 

11pOCTpaHCTBY. KaanpaT MaTpu'laoro 3/IeMeHTa HMeeT cneJly!OlUHH B HJl: 

d 2 C7 
- E ) X d 

3
P N 8 ( M + E 

4 B N d X d Y 

x 8 ( P + P + P + P ) 8 ( ( E + E + E + E )'ii - M 
2 

] 
I 2 3 4 I 2 3 4 B 

2 2 2 2 
X 8 [ ( E + E + E ) - ( p + p + p ) - M l I f) [':P I I E E E F E ( 8) 

I 2 3 I 2 3 G; I 2 3 4 N' 
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rne d u ebi'IHCnHeTCSI e CHCTeMe ll9HTpa MaCC B -Meaoaa, N H EN -HyKnoa

Hbl.l\ HMITynbC H :3HeprHSI, M , M , M -Macca B, cv, rr 
8

. "' "x/ 
-'IaCTHIT, a E c 

I 

{ 2 2 1/ 2 
P 1 - M.,.) - aaeprHSI I -ITHOHa. 

18/ 
113 eHUHO, 'ITO nnH pa3Hb!X 3Ha'I9HH.II CITHHa H 'I !!THOCTH B -MeaoHa 

6ynyT Ha6nronaTbCSI pa3nH'IHbl9 'KapTHHKH' pacnpeneneHHSI nnOTHOCTH TO'IeK e Tpe

yronbHHKe X Y Z • 

Ha puc. 2 npueeneHbi ua oMeTp11'I9CKHe KapTHHKH pacnpeneneHHSI nnoTHOCTH 

TO'IeK aa nuarpaMMe Halper 'a nnH HeKOTOphlX 3Ha'IeHuA CITHHa 

H q !! THOCTH cu rr -cHcTeMbi, BHnHo, 'ITO HaH60nbwee paanuque nnoTHOCTH TO'IeK 

e UeHTpanbHOH 'IaCTH nuarpaMMe 

HMeeT CITHH H 'I!!THOCTb 1-, 

Halpern 'a aa6nronaeTCH, Korna B -Meaoa 

.UnH onpeneneHI!SI CITI!Ha ll 'I!!THOCTll 

>KaWHe e IiHTepeane aljlq>eKT HeHblX MaCC 

B -Meaoaa 6 binH eal!Tbi co6biTHll, ne-

M 
"'" 

1120~ M ""'~ 1320 Mae. (9) 

/2/ a 
KaK 11 e pa6oTe , ace c ny'laH coeMeCTHoro po>KneHHSI cu -Meaoaa c uao-

6apoA N *; I (1238) 
3 2 3 2 

6binll HCKniO'Iellbl 113 paCCMOTpeHHSI, 

Ha puc. 3a , e npHeeneHbi nuarp aMMbl Halpern • a nnll cnyq:aee, HaxonHmuxcl! 
/9/ 

e o6naCT l! 8 - Me30Ha , II cnyqaee·, HaXOllllll(llXCSI B KOHTpOnbHOll o6naCTI< 

I 1340 < M"', < 1600 Mae/ , Mo>KHO aaMeTHTb, 'ITO a n eHTpe nuarpaMMbl 

Halpern 'a nnH cnyqaee ua o 6na CTH B - Meaoaa neAcTeuTenbHO HMeeT MecTo 

3H8'IH Tenb HOe y MeHb llleHHe hnOTHOCTH T O'IeK ITO CpaeHeHHID C TeM, 'ITO Ha6nrona-

eTc!! nnll cnyqaee na KOHTponbao.ll o6nacTn, Ha puc. 4 ( a ., f ) rrpueeneabr 

rHCTOrpaMMbl , H306pa)!<aiOWHe pacrrpeneneHIHI rrnoT HOC TH TO'leK Ha lli<arpaMMe 

Halpern 'a e rronocax OZ, O'X, O"Y (pHC. 4 a-c) II ITO pan11ycy ( pHC . 4 ( d-f ), 

nnH cnyqaee CV TT -CHCTeMbl H3 KOHTpOnbiiOJ'i o6naCTH II 06naCTII B - MeaoHa, 

3KcnepHMeHTanbH bie r HC TOrpaMMbl CpaeHueaiOTCH C KpHeOH !jlaaoeoro 06beMa 

H Kpi<ebiMH, paCC'l liTaHHbiMH B npennonO>KeHHII pa3llbiX ~Ha'leHHlf CITIIHa H 'I!!THOCTH 

B - Meaoaa . VIa conocTaen eHHH aKcn epHM<iJ HTanbHbiX racTorpaMM c paC'I!!TH b!MH 

x / P , D 11 P HBnHIOTC H MaTp!!'lHbiMH aneMeHTaMH cv - pacnana , 8 - pac-
nana H B - po>KneHHH. 
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KpHBbiMH cnenyeT, 'ITO nnH cnyqaeB C<> IT,1 B35!Tb1X H3 KOHTpOnbHOM o6naCTH, HMe

eTCH x op o wee cornacne c Kp HBOA tpaaoaoro o6oeMa , a nnH cnyqaea, A3HTbiX H3 

o6naCTH B - Me3oHa, - C npennoJKeHHeM 0 CIJIIHe H '!i'!THOCTII nnH B -Meaoaa 

J P = 1-. OnaaKo KOnH'IeCTBO co6hiTHll, pacc M aTpHaaeMbiX a s Toi-i pa6oTe, HaCTonbKO 

Mano, 'ITO cepbe3Hhie BhiBOAhi a a 3THX naHHbiX nenaTb Henb3H. K;:> oMe 

r /7 / Jp 
6binO 3aMe'!9HO .!1 .KOIJbin0BbiM , aBTOpbl He paCCMOTpemt cnyqal! 

Toro, KaK 
+ 

= 2 

MeJKny TeM pacnpeneneHHe nnoTHOCTH TO'IeK aa nHarpaMMe Halpern ' a nnH cny-

'laH J P = 1- H 2+ a6COnJOTHO TOlKA9CTB9HHbl H, cnenoBaTenbHO, BCe, 'ITO r'OBOpHT 

B nonb3Y jP = 1-:: TO B paBHOl! CTeneHH OTHOCHTC Sl H K 2+. VIMe9TCH ewe pHA 

/8/ 
pa60T , B KOTOp blX TBK >I( e nenanHCb IJOIJbiTKII onpeneneHHH CIJ HHa H '!i'! THOCTH 

B - Me30HB, OAHaKO, H3-3B orpaHH'IeHHOCTII CTaTIICTH'I eCKOI'O MaT epHana onpeneneH

HbiX BbiBOAOB 0 j p He 6bi nO cnenaHO. 

EcnH npennonoJKHTb, 'ITO aHa'! eHH e cnHHa H q{!THOCTH I , TO 3 TO paapewaeT 

pacnana B -Me3oHa Ha 2 IT H K K, 0AHaK o 8 KC nepHMeHTanbHO pacnan 

no 8THM KaHan aM no CHX nop err;e He na6m onancH
191

. 

3. ApyrHe HHT e p n p eTaUHH OTKnoneHHH a cneKTpe 

B - MeaoHa 

8d>PeKTHBHbiX :v1acc w IT± - cHcTe Mbl npH Macce 1220 M8a 

EcnH npoaHanH3HpoaaTb n ee 8KCnepHMeHTaJibHhle naHHbi e, noHBHBWHeCH a 

nHTepaType no 1967 rona OTHOCHTenbHO B - MeaoHa, TO MO>!( HO aaMeTHTb cne-

nyiOmee: 

± 
1) nHK a cneKTpe 8cjlljleKTHBIIbi X Mace w IT - CHCTeMbt npH Macce 1~20 M8a 

Ha6niOnancH T OnbKO a -B38 11!\tO.nei1CTBH H X; 

2) no CHX nop He I!MeeTCH nOCTOBepHbl X 8KCI!epHMe HTBnbHblX ll8HHb!X OTHOCH-

TenbHO 3HB'IeHI!H Cl!llfiB II '! e THOCTll nnH 8TOI'O OTKnOH ei!HH; 

3) I! IlK I! pH MBCCe )220 M8B He HB6niOnanCH B KaKHX- nH60 npyr>tX peaKUHHX 

KpOMe peaKUHll (3)), a KOTOpbiX 003MO>I<HO e ro nosiBneHHe . Be e 8 TH cjlaK T ht, a 

TaKJKe HeKOTOpble TeopeTH'IeCKHe pa60Tbl, IJOHBHBlliHeCH B IJOCne nHHe ronbl , 3aCTa-

BHnH 6onee OHUMaTenb HO IJOCMOTpeTb Ha n epBOUa'lanbHY IO IIHTpenpeTaUHIO OTKnOHeHHH 

B cneKTp e 8¢cjleKTHBHbi X M8CC 
± 

WIT -CH C T eMbl . 

PaccMoTpHM BHa'lane pa6oTy G. Go! dh a her 'a H np. 
/ 10/ 

Hccn eny st peaK UHIO 

± 
IT± p ... B p (10) npH HMnynbCaX 3 ,65 H 3 ,7 f 8B/ C, 8 TH 8UTOp bl 06Hapy>l<l'Inll 

7 



HOBbllt HeO>KHA8HHbllt 3<j>ljleKT. nbiT8SICb yMeHbWHTb lj!OH B o6naCTH B -Me30H8, 88-

/10/ • 
TOpbl H8Wflli, 'ITO r O'IHWeHHbllt Ha6op c.> O -co6b1T!ilt He npHBOAHT K yBe-

flH'leHHIO cny'laeB B nonoce B - Me30H8 Ha AH8r'paMMe nannTna. nponenypa • O'lliCTKli' 

<j>oua 6bina cnenyiOwell. YlaBeCTHo, 'ITO MaTpH'IHbilt sneMeHT "' 0 -pacnana npo-

nopnnouanea I P x P \. 3To npnoonuT K pacnpeneneHHIO nnoTnocTu TO'leK ua nuar-
1 ' 0 

paMMe ilanuTU8 AflSI W - Me30H8, ll~:eiOWer'O llliK B UeHTpe All8r'p8MMe (CM, 

pnc. 7a). Goldhaber H ap . paa6unu nnocKOCTb nuarpaMMbi ua ABe qacTu: ua 

·neaTpanbHyiO" 11 "nepri<j>epi·I'leCKyiO•. Bbi 6upaSI cnyqau 
0 

"' - Me30H8 H3 UeHTpanbHOli 
0 

R ' = __ :?;1 __ =~~~~':.-
ljlou 

o6naCTH, 8BT0pbl CMOr'flli CyWeCTBeHHO yny'IWliTb OTHOWeHue 

( c~t. puc. 5a) • Hanpn Mep, anSI neHTpanbHoll o6nacTu nuarpaMMbi .nannTna 

R = 5, 7 ~ 0,8, B TO BpeMSI K8K AflSI nepu<j>epH'16CKOli - R 'n = 2,1 ~ 0,2. 
y 

npu 3 TOM npeanonaranOCb, 'ITO <j>oH pacnpeneneH paBHOMepHO, 

Ha puc. 6a,B npnBeAeHbl pacnpeaeneHuH Mace 4" C TpunneT8Mli TIHOHOB 

ua u e HTpanbHoii u nepu<j>epii 'leCKoll o6nacTeli n11arpaMMbi llanuTua. 3necb xopowo 

3aMeTeH YAHBIITenbHbiil peaynhTBT, nonyqeuabill Goldhaber 'oM u ap.: TIHK 

B - Meaoua oKa3biBaeTcH c nH38HHbiM, rnaBHbiM o6paaoM, c nuOHHbiMH TpunneTaMH 

ua nepn<j>ep11'1eCKOi1 o6nacTu AllarpaMMbi illlnuTua, T.e. c "paa6aaneHHbiMu' w -Me-

30H8MH. 

KpoM e sToro, GoJdhaber li np. Ha6niOA8flH ewe OAHH HeO>KHA8HHblil 31jl<j>eKT. 

Ha puc. 7a,c np11Beneaa uopMupoBaHHall nuarpaMMa .llanuTua nnH nHOHHbiX TpHnne

TOB ("+ "-" O), ll0ll81l810WHX B liHTepBafl 3ljlljleKTIIBHblX M8CC 

7f0 _::: M "+ " _ " 0 :._ 820 M3B, ( 11) 

Pacnpe.aeneHHe nnoTHOCTH cflyqaea no pa.auycy noKaaaao aa pHc, 7 B • 

.l1Har'p8MM8 .llanHTU8 npe.llCTBBneHa T8KHM o6p830M, 'ITO TOflbKO npu M8T-

pH'IHOM sneMeHTe co aaaqeHHIIMH cnHHa H 'll!THOCTeil paaHbiMI{ I , 'IHCflO Me30HOB 

6bino 6bt O.lli{HBKOBb!M B · o6eHx Bbr6paHHbrx o6nacTIIX. EcnH Tenepb Bb16paTi. o6nacTb 

M8CC 'leTbrpex llHOHOB (4n) , COOTBeTCTBylOWYIO 13 -MeaoHy, T,e. 

116C < t! < 1300 MsB ( 12) 
4 " 

11 TIOCTp011Tb All8r'p8MMY ilanllTU8 AflSI M8CCbl TpunneTa "+ " - "0' COOTBeTCTByiOweli 

0 
Macce w - Meaoaa, TO nonyquTCSI pannanhHOe pacnpeneneHHe nnoTHOCTH ToqeK, 

K8K STO TIOK838HO H8 puC. 7d. BepOIITHOCTb TOr'O, 'ITO STO pacnpeneneHHe COOT-

8 



BeTCTByeT MaTpH'IHOMY 31IeMeHTY CtJ O -Me30Ha C J P = paBHO ~ 0,5%. Ta-

KHM o6pa30M 1 B -Meaoa He o6saaTenbao cssraa11 c "'
0 

-MeaoaoM, KOTOpbill a Me-

eT KBaHTOBbie 'IHC1Ia J p G = 1 - - , 

11Tax, a a 3KCnepaMeaTa Goldt>aber 'a a Jlp. cneJlyeT: 

1) naK B pacnpeJleneaaa Mace cacTeMbi 4 IT npa M 
4 

IT = 1~20 Msa cymecT

ayeT, ecna Macca aeliTpa1IbHOro TpanneTa naoaoa orpaaa'Ieaa ycnoaaeM (11) a oaa 

npHHa)l1Ie)l(aT nepa!jlepa'IeCKOll o6naCTH JlHarpaMMbl lla1IHTUa; 

2) 3TO OTK1IOHeHae He 06SI3aTe1IbHO CBSI3aHO C CtJ O -Me30HOM, HMeiO!llHM 

KBaHTOBbl9 'IHC1Ia 

PacCMOTpHM Tenepb pa6oTy Maor'a a O"Halloran'a 
1111

, B KOTOpoll noSIB-

neaae naxa B pacnpeJleneaaa Mace cacTeMbi CtliT npa MC<JIT = 1220 Mss pac-

CMaTpHBaeTCSI B cssaa c cymecTsoaaaaeM aexoToporo nepa¢epaqecxoro nponecca. 

HecK01IbKO neT aaaaJl Deck 11 U npeJln0110)1(H11 1 'ITO 3KCnepaMeHTa1IbHO yCTa-

HOB1IeHHb!l! BO MHOrHX pa6oTaX nHK A I B cneKTpe 34$eKTHBHbiX MaCC IT p -cac-

TeMbl MO)I(eT 6 b!Tb 06bSICHeH C nOMOIUbiO npOCTOrO KHH9MBTH'IeCKOrO MeXaHH3Ma. 

Cornacao Deck 'y nax A 
1 

(1000) MO)I(eT 6hiTb nonyqea, ecna npeJln01IO)I(HTb, 'ITO 

nponecc o6paaoaaaasr A 
1 

B KOTOpOl! BHpTya1IbHbill 

MHllleHH. no aaanorHH C 

-Meaoaa onaCbiBaeTCSI JlHarpaMMOll Tana (eM. pac. 8a), 

IT -Me30H 11CnbiTbiBaeT JlH$paKUHOHHOe pacceSIHHe Ha npOTOHe
/11/ 

Deck 'oM 0 'Halloran Maor paccMoTpena H 

nepa$epaqecKall nponecc o6paaoaaaas B -Meaoaa, onaCbiBaeMbill OJlHOMe30HHbill 

JlHarpaMMOll (eM •. pac. 8 d ) c p -o6MeaoM. B cnyqae peaKUHH (3) npa aa-
/11/ 

JlaHHOM HMny1IbCe 1T -Me30Ha 3,6 faa/c aBTOpbl n01IY'IH1IH 3Ha'IHTe1IbHbill 

naK B pacnpeJleneaaa Mace "' IT -cacTeMbi npa M "' 
17 

= 1220 Mss. B pac'!i'!Tax 

Jla$$epeauaanbaoe ceqeaae B HH)I(Hell aeprnaae JlHarpaMMbi (eM. pac. 8 d ) 6panocb 

H3 3KCnepaMeHTOB 1 B KOTOpbiX aayqanaCb peaKIIHSI: 

1T + p-> p + IT • ( 13) 

Ecna 8 -Meaoa JlellcTBHTe1IbHO BBnSieTCSI KHHeMaTa'IeCKHM cneJlCTBHeM nepa¢e-

paqecKoro npouecca, onacaaaoro Maor 'oM a 

nHKa Jl01I)I(H0 3aBHC9Tb OT 3Hepraa nepBH'IHOrO 

0' Hallor811 'OM, TO nono)l(eaae sToro 

rr -Meaoaa. TaxaSI aasacaMOCTb 

XOpOlliO H111IIOCTpHpyeTCSI paC'!i'!TaMH, npaBeJleHHblMH B pa60Te Maor 'a a O'Halloran' a 

sa npaMepe nHKOB A a K* IT. PeaynbTaTbi pacqi'!ToB npaBeJleHhi B Ta6naue 1. 
I 
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Ta6mtua 1 

PI fas/c/ M A I /Mas/ M K*,/Mas/ 

3,65 1050 1180 

18,0 1020 1100 

Vl3 Ta6nHUbl 1 BllllHO, 'ITO XOTII IIOnOX<eHHe IIHKOB A H 
1 

nei!CTBHTefib"HO K*11 

38BHCHT ~ aHepr~tH nepBII'IHOrO rtHOH8, aT8 38BHCHMOCTb Cna6ag. 0TCI0ll8 CT8-

HOBHTCH IIOHIITHbiM, IIO'IeMy no CHX nop yK838HHOe YTBep*neHHe aKCIIepHMeHT81IbHO 

ae npoaepeao. 

Vlccnenosaane B03MO*HOCTR Toro, 'ITO B -oTKnoaeaHe smnSieTcH cnencTsReM 

' ' ' S Ch ' 
1131 

MexaHH3Ma, onHcaaaoro. Maor oM H 0 Halloran OM,6btnO nposeneao . ung OM H np. 

AsTopbl H3yqanH peaKUHJ011-p-.p+ ,++11-+ 11++ 11° IIpH HMIIYIIbC8X 3,2 H 4,2ras/c 

C IIOMOUlbJO 72-nJOi! MOBOM BOllOPOllHOi! ny3blpbKOBOi! KaMepbl. B 8H8IIH3 6btnH BKfiJO'Iellbl 

C06biTH9, KOTOpble HMeiiH TOIIbKO OllHH HeMTp81IbHb!i! TpHIIIIeT IIHOHOB, ne*8ll!Hi! B 
0 

HHTepsane M8CC W -Me3 OH8. 

Ha pnc . 8 \a- d ) npnaeneHbi pacnpeneneHHe Chew -low H D.HarpaMMa .[la-

nuTua nnSI aTHX cnyqaes. Mo)I{HO aaneTb, 'ITO o6paaosaaHe B -Meaoaa ~tMeeT 

MeCTO COBMeCTHO C !!3068p8MH N* / 1238/, N* /1518/ , N* / 1688/ R 'ITO 

o6paaosaaue ~t3o6ap 

2 
IIYIIbC8MR ( /1,. N* < 

npO:i CXOlll!T C M81Ib1Mll 'leTblpeXMepHb!Mll nepenaHHbiMll HM-

1.0 (ras/c)
2

). nocnenaee Ka'leCTBeaao cornacyeTcSI c TeM, 

'ITO Ha6nJOnanoCb B 60IIblllliHCTBe D.pyrHX pe8KUHH, OIII!C8HRe KOTOp b!X IIpOH3BOlliiiiOCb 

C IIOMOlllbJO OllHOMe30HHb!X nuarpaMM, rne B K8'1eCTBe 06MeHBOM '18CTHUbl BbiCTynana 

BeKTOpH8SI '18CTHU8 . 

.[lnSI KOmt'leCTBeHHOrO Cp8BHeHHII aKCIIep HMeBT81IbHblX ll8HHblX C p -o6Mea-

HOi! MonenbiO Chung c coTpy D.HIIKBMH ~tcnonbaosan~t Ton bKO cny'la~t, B3S!Tbte 113 o6nacTH 

N * /1238 / - H3o6apbl a c 

eBb! cnenyJOll!~te pacnpeneneHHSI: 

2 2 
/1 * < 1.0 (faa/C) • .£lnSI aTHX cnyqaeB 6 btnH IIOCTpo

N 

Cos (J , ¢T , Cos (J rne IJ -yron 
178 Y pp 11N 

0 
MeX<ny nepBH'IHb!M IIHOHOM ll HOpM81IbJO K IIIIOCKOCTll p8CII8ll8 W -Me30H8 B CHc-

0 
TeMe IIOKOSI W - Me3 0H8 1 ¢ T y -yron TpeliMaaa-Sl:ara ( ¢ T y =0 B IIIIOCKOCTH 

pox<neaHSI), () P P -yron Me)l{ny nepBli'IHbiM npoTOHOM- MllllleRbJO H npOTOHOM OT-

na'IH B CHCTeMe noKOSI N* - H3o6apbt. YKaaaHHhie pacnpeneneHHSI npencTasneHbi 

' / 14/ 
Ha pnc. 8c. 3necb >Ke npnaeneHbl Kpanbte , nony'leHHbte Svensson OM aa 

IU 



OCHOBe p -o5MeHaol! MOAenH c nonpaBKAMH aa nornomeHHe ~KpHBble B3BTbi H3 

pa50Tbi 
• !l!S/ 

Aderholz a ) • 3KcnepHMeHTAIIbHble pacnpe.rteneHasr HaXOABTCll: B xo-

pOWeM COrnaCHH C TeopeTH'I9CKHMH KpHBbiMH. llnsr Cny'laeB, B3li:Tb!X H3 o5naCTH 

5onee BbiCOKHX Hao5ap, 'laM N * /1238/, no.rto5abtl! aaanHa He npHMeBHM. 0Aaaxo, 

UD-BHAHMOMy, MOJKHO npe.rtnOnOJKHTb, 'ITO liplf HMnynbCaX 

MeHaasr MOAellb, npHBO.[lll:!llall: K o5pa30BaHHIO N* /1238/ 

rrpHBO.rtHTb K poJK.rteaaiO 5onee Bb!COKHX Hao5ap, HanpaMep, 

2 4,0 rsa/c p -o6-

H305aphl, 5y.rteT TaKJKe 

N * /1518/ lfllH N* /1688/. 

Torna .rtnsr o5nacTH M ,-P, AOCTynHol! npa sTHX sHeprHsrx, CHnbHbil! BKnaA B BHPTY-

anbHbil! nponecc AOnJKea 5biTb cneACTBHeM naoaaoro o5Meaa 

B t -KaHane, a o5pa30BaHHe H305ap - B S -KaHane. nHOHHbiJ! 05MeH B -Kaaa-

ne .rtns nponecca p + rr-+ rr + P AOnJKeH npHBO.rtliTb K nHKY B pacnpeAeneHHII no 

Cos 6 P P npH BenH'IHHe Cos 6 P P = ±._ 1. KaK BHAHO H3 pHC. 8, B SKCnepHMeHTanbHbiX 

pacnpe.rteneHHli:X no Cos () P P AellcTBHTenbao aa5niOAa e TcH n~;K npH yKaaaHHbiX 

3Ha'leHHli:X Cos() P P. '-lT05bi noKaaaTb, 'ITO B -OTKnoaeaae sansreTCH KHHeMaTH'IeCKHM 

cneACTBHeM nponecca Moor 'a If O'Halloran 'a, T.e. nponecca B!ipTyanbaol! 

AHCCO!l!iallHH B3aHMOAel!CTBYIOWero liHOHa 

MeTp H'IHbiM aeynpyrHM nponeccoM p + rr ... rr + p , 

C nocneAyiOIUHM CHnbHO aCHM-

5bin0 nocTpoeao pacnpeAeneaae 

Mace w rr -CHCTeMbi AnH cnyqaea c Coe () > 0,6 (eM. pwc. 8(c- g ). 
p p 

0Kaaanocb, 'ITO B -oTKnoHeHHe If cwnbHaB acwMMeTpas B pacnpeAeneHHH no 

Cos () P P SIBnli:IOTCH peaynbTaTOM OAHifX w Tex JKe cnyqaea. CneAoBaTenbHO, npoae-

AeHHbili Chung ' OM aHanH3 3KCUepuMeHTanbHbiX AaHHblX yKa3biBaeT HB TO, 'ITO 

liHK B pacnpeAeneHHH MaCe W rr - CHCTeMbl lip If 1220 M3B ( B - Meaoa) 

HBnSieTCSI KHHeMaT II'IeCKifM cneACTBHeM MeXaHH3Ma Moor 'a w 0 'Halloran 'a. 

TaKHM o6paaoM, cyM MH PYH peaynbTaT bi o6cyJKAeHHbiX Bb!We pa6oT, TPYAHO 

lipHATH K KaKOMy-nH60 onpeAeneHHOMy Bb!BOAY OTHOCHTenbHO HHTepnpeTa!llflf B-nH-

Ka. 8 3TOlf CBSI31f MO>I<HO paCCMOTpeTb cneAyiOmHe B03MO>I< Hble 05bSICHeHHSI ST OP 0 

lii-!Ka: 

I) B - Meaoa aa caMOM Aene SIBnHeTCSI pe3oHaHCOM , ao OH He o6SiaaTenbHO 

CBSI3aH C W O - Me30HOM , KOTOpbllf HMeeT KBaHTOBble 'IHCna 
PG - -1 = 1 . Torua 

noSianSIIOTCSI ABe B03MOJKHOCTH: a) B -Me30H - peaoaaHc, HO ero pa cnaA Ha w rr 

CTpOI'O aanpe!lleH ( HalipHMep, STO MO>I<eT 6b!Tb KOf'Aa 1 P G = 0 + +) H pa3-

pewea pac~aA Ha qeTwpe rr - Me3oHa; 6) 8 - Me30H - pe30H8HC H OH MD-

>l<eT pacnauaTbCSI Ha rr - Me30H H TpeXliHOHHOe COCTOSIHH e C MaCCOlf, paBHOlf 

w 0 
-MeaoHy, HO c 1P '! 1-. KoHe'IHO, TaKoro poAa o6bSICHeH HSI B03MOJKHbl, OA-

11 



HaKo, MOli<Ho npHaecTH uenhill pRa <PaKTOB npoTHB. HanpHMep, ecnH npHHRTb yTaep>Kae-

HHe 1a, TO Cpaay >l<e llOTpe6yeTCSI 06bRCHeHHe, llO'I:eMy TpH H3 'leTbipeX rr - Meao-
HOB oT pacnaaa B -MC30Ha OK83biBBJOTCR crpynnupoaaHHbiMH a6nH3H MaCChi 

w 
0 

- Me3oHa; a, ecnH npuHRTb yTnep>KaeHue 16, Heo6xoauMo o6bRCHRTb pacnpeae

neHHe :JnOTHOCTU TO'I:eK HB auarpaMMe .UanHTU8 anSI TpeXnHOHHOH CHCTeMbl C B03-

MOl!\HbiMH KBBHTOBbiMII '1:11Cn8MH JPG;>' 1- ( H8llpHMep, J Eo--,1~-: 2-- H T,J:I,}, 

2) B - Me30H He SIBnSieTcSI peaoHaHCOM , HO eCTb cneacTaHe KnHeMaTH'!ec-

KO!'O s!)J<!>eKT8, noao6HO Olli!C8HHO~IY ~~aor -OM " 0 'Halloran 'oM. 3Ta KHTepnpe-

Ta UHSI B -nuKa Ha M Ka>KeTCR Hau6onee paayMHoii, XOTR H OHa Tpe6yeT aononHHTenb-

HbiX 3KCnepuMeHTOB, npe>Klle BCe!'O 3TO OTHOCHTCSI, H8llpKMep, K npoaepKe 38BK-

CKMOCTH llOTIO>heHIHI M8KCIIMYM8 8 -OTKnOHeHKSI OT 3Hepl'KH HaneTBIO!llei! 'I:BCTHUbl 

H llOI!CKy B -nuKa o p p -aaaHr;wRUHRx, rae yKaaaaHbiii Bhiille s<jxpeKT He 

OOn>KeH Hl\·IeTb MeCTB. 

4. OoJICKH 8 - Me3oHa a p p -BHHKrHnRUKSIX 

Do nocneaHero op eMeHK nonhiTKH HaiiTH B -Me30H a P P -B3BHMoaeii-

/16/ CTBJISIX He npuaoa11nu K nonoli<HTenbHbiM peaynbTaTaM • TonbKO B Ha'l:ane 

/17/ 1967 roaa llOSIBHnBCb GW !HCTBeHH8SI pa6oTa C. 8aJtay , B KOTOpoi! B - Me30H 

Ha6nJOaanc51. 

Daltay K ap. uayqanu peaKUHJO flp -BHHKI'HTIS!UHH B llOKOe 

p + p -+ IT++ IT+- fT- + 1T - + 1T O 
(14) 

C llOMOlllbiO BOaopoaHorr ny3blpbKOBOH KBMepbi. 

0 
VIa 16934 cnyqaea p e aKUHH ( 14) 6bm oTo6paa 32:.!1 cnyqall c pol!<aeaHeM 

w - Me3oHa: 

p + P-+ wuo+rr ++" 

L + - 0 
fT fT fT 

l15) 
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Jln11 BCeX cnyqaeB peaKUHH ( 15) 6bin nOCTpOeH cneKTp 3qxpeKTHBHbiX MaCC CHCT8Mbl 

± 
"'" (eM, p iiC, 10), BHUHO, 'ITO B pacnpeneneHHII no M aCCaM Cl!CT8Mbl "' H 

± 
1T -'laCTI!U Ha6nronaeTCSI nHK np11 M"' 11 = 1200 M:;,a, B aHanorH'!HbiX pacnpe-

neneHHIIX cnyqaea u3 nayx KOHTponbHwx o6nacTei1 "cnpaaa" u "cneaa" oT o6nacTH 

"'
0 

-Me3oHa ( CM. puc. 1 Oa,c) HIIKaKoro nHKa B "' " -C IICTeMe ne Ha6nronanocb. 

0TCID.Lla 8BTOpbl .nenaiDT BbiBOll, 'ITO OHII Ha6nronaroT pO>Kll8H1!8 B -Me3oHa n 

peaKUHH: 

± 
tr+ p + p .. B + 

l "' 0 + 1T ± (16) 

L + +11"-+tro 1T 

Jlng Toro 'IT06br npoaepHTb1 IIBnlleTc!l n H nHK np11 M"' 
11 

= 1200 M:;,a neil-

CTBHTenbHO CBSI38HHbiM C CU O -M830HOM ( KBK 3TO O>I<Hll£l8TCSI nn11 8 -M830Ha ), 

HnH ~<e OH CBSI3aH C H8KOppenHpOBaHHbiMII nHOHaMH <jJOHa, UaHHbi8 6hinl! pa36l!Tbl 

Ha nae rpynnhi, 3To pa3nene.1111e npononuiiOCb no MeTony GoJdhober 'a, KOTOpbiH 

onHCaH Bbiille. ¢oH B "ueHTpanbHoi1" o6nacTH nHarpaMMhi .llanuTua npH6nH3HTenbHO 

B 2 pa3a MeHbllle, '!eM B "nepu<jlepu'leCKoit": o6nacTH • .llnSJ cnyqaen 1!3 Ka*UOI1 o6-

nacTH llHarpaMMbl JlanHTUa 6binll nOCTp08Hbl pacnpeneneHHSI 3<jl<jleKTHDHOM MaCChi 

CU 1T -CI!CT8Mbl, nocne CpaBH8HIISI 3TIIX pacnpeneneHHJi C Kpl!B OJi <jloHa nnroc 6pailT-

BHraepoBCKOH KPHBOH B pacnpeneneHHH no MaccaM cnyqae n "' " 113 U8HTpanbHOH 

o6naCTH nonyqeao 218:!:, 49 co6biTHH 8 - M830Ha, a B nepu<jlep1!'18CKOH o6naCTI! -

155 :!:_ 54, 3TH B8fill'll!Hbl HaXOllSITCSI B ny'llll8M cornaCHII C 1 : 1 OTHOW8H118M, 11pen-

CKa3hiBa8MbiM llfi!l 8 -M830H8, Korna OH pacnanaeTCSI Ha cu- II 

1 : 2 - Unll B -M830H8, KOrna OH pacnanaeTCSI Ha HeKOppenHpOB8Hilbie nHOHbl, 

.llnSJ Toro 'IT06hi npoaepHTh, SJBn!leTCSI n11 nHK B KHHeMaTH'I8CKIIM 

OTpa*eHHeM "+ "- -a3aHMo.ne l!cTBH!! l\6nH3u 6onbWHX 3Ha'!eHHi1 :;,<jJ<jleKT HBHbiX 

Mace nayx nHoaoa, Meaee TpeTu cnyqaea "' "rr 

B8TCTBYIDIIliiX Mafib(M KHH8TII'I8CKI!M 3 Heprl!SIM 

Ha nHarpaMMe .llanuTua, cooT

"' O -M83 0Ha, 6 hlfil! HC.KfiiD'I81lbl 

H3 rHCTOrpaMMbl 3<jl<jleKTIIBHbiX MaCC W 1r • 0cTaBWH8CSI Cfiy'lal! SICHO UOKa3biB8IDT 

OTKfiOH8BHe B o6naCTI! Mace B -Me3oHa. 

Bhiwe OTMe'lanocb, 'ITO KpOMe pa6oTbi 13altay 11 np., HMeeTC!I eme pS!n pa-

6 
/14/ .. 

OT , B KOTOpblX TaK>Ke IICKanu 8 -M830H B I> I> -B3al!MOU8HCTBH5!X. 0CHOB-
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HblMH peaKUHS!MH 6binH: 

P+P-+1) 0+"++" (17) 

0 
.. K + K 

± 
+ "+ (18) 

-+K+K+"+". (19) 

OnHaKo HH a onHoll: H3 yKa3aHHbiX peaKUI!ll: B - Me3oH He 6hin HallneH. 3TH 

pe3ynbT8Tbi 11 naHHbie pa6oT bi 13alta y npHBOJlHT K cnenyromHM oneHKaM (aepxHnll 

rrpenen) pacrrana B -Me3oHa Ha oTnenbHbie KaHanbi: 

± 
B .. '7 " < 25% (20) 

a .. w" 

+ 
B ... K : K -

(21) • < 5 % 

a ... w" 

B-+K
1 

K±"o 
< 4"1, 

B .. w" (22) 

± B ... K K " _I_ < 2 % 
B ... w" (23) 

± 
B-+ K K " I _2 __ < 6% 

B .. "'" (24) 
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5. BbiBOAbl 

AHanna scex npHBeAeHHbiX BbiWe ABHHbiX , aMeiOUIHXCll ua anpellb 1967 l'OAa, 

npaBOAHT K cneAyiOUIHM Bb!BOA8M 0 B-Meaoue : 

1) aMeeTCH y6eAaTenhaoe AO&a3a T enbCTBO cymecToosaHan naKa B pacnpeAene-
+ 

HUI! no Macce w " - - cHc TeMbi np11 M w "= 1220 Maa 11 c nonuoi1 wapi!HOil 

80 +- 120 Maa, KaK s "+P - TaK 11 p p - B3ai!MOA9MCTBI!f!X; 

2) AO CI!X nop HeT AOCTOBepHbiX 3KCnepaMeHTan bHb!X AaHHbiX OTHOCI!TenbHO 

KBaHTOBb!X 'IHCen 3TOI'O OTKnOHeHHll; 

3) He Ha6niOAanocb KBKI!X-nH6o Apyri!X KaHanos pacnaAa B - oTKnoHeanf! 

(uanpnMep, pacnaAa Ha 2", Kl<, KK" 11 Ap.), KpoMe pacnaAa ua w "; 

4) I!MeeTcf! pHA cepb e3HbiX ¢aKTOB, y Ka3 biBaiOUIHX Ha To, "'TO nollsneal!e 

B-nnKa np11 Macce 1200 Mas HBJISJeTCll cneACTBneM KaHeMaT H'IeCKoro a¢1jleKTa 

HeKoToporo nepl!¢epH'IecKoro npouecca . 

TaKI!M o6pa30M 0 HeCMOTpll na 6onbwoe KOnH"!eCTBO AaHHbiX, npo6neMa B-Me-

aona ocTaeTCll nepewenaoti. B a Toll CBll3n ueo6XOAI!MO AanbHellwee HB'KOnneHI!e 

aKcnepi!MeHTallbHbiX AaHHbiX o B - Meaone. B "!aCTHOCTI!, Ba)!<Hoe MecTo B pewe-

Hill! aToro sonpoca AOn>KHbi I!MeTb aKcnepHMeHTbi no nOI!CJ<Y B-Meaoaa B 

p p - B3aHMOA9HCTBI!HX. 
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PHc. 1. (a) Ll11arpaMMa LlanHTna AnSI peaKUHII rr + p -+ p rr+ cu • 

(B) fHCTOI'paMMa :3$jleKTIIBHblX MaCC CHCT8Mbl CU fT +, 

(c) fuCTOI'paMMa a<j>c!JeKTHBHblX MaCC CHCT8Mbl CU fT + 113 peaKUHII 

rr+p-+ prr+cu, xorna cny'laH c 1150 < M + < 1350 Mas HCKmo-
P fT 

'18Hbl H3 paCCMOTp8BH51, 
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'P.t.IIOIOC npoCTp.t.HCT&O ~ 

Pnc. L. npocTpaHC T BeHI!bi C pacnpenene HU51 ITIIOTHOC T H TO '-IeK !WS1 pacna!la 
8 -+ TT + W C pa3nJP1Hbl ~!lt 3H8'lCHJJ51MU j P 

P wc. 4. 

HALPt:RN PLOT J!• 

• Jl.:
' 

( . « 
4· • 4 · 4• 'I · 

Jl • 

4, _.'("a :ts .u - ~s . ., .;, ! · t• il 4s : .. h gf'i', li · Jlr..-k71a _,; -1• olr -fr -1• · j 11 it il ·- It li",Jl• 

Puc . 3. llua r pa~tMa Ha lpern 'a .Ltnn 11 4 cny traeo na o6na c Tn 8 - n aKa 

( 1120 < M"'" < 1320 ~\aa ) ; 
(e) T O n<e CaMoe , HO Jlll51 111 Cny q aeB 113 KOH T pD.'"IbHO ii 06118CTH 

( 1340 < M < ! GOO 1'\aa). 

"' " 
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( ll.WIT r6 HAlPERN PlDTI 

~acnpeneneHH9 rrnoTHOCTH ToqeK 
(a- c) B nonocax OZ,O'X,O"Y 
nHycy ( CM, p wc. 3), 

~Q) 

c ['\V•ll 
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z .... 
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a: .... ... a 
:::> z 

d 
~OHTPOIIbHAA 

0&1\ 

e 
,·o6/\A.C.1b 

Ha nHarpaMMe Halpern' a 
(eM. pHC, 3c) (d-f) 
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B - Me3oHa. 06b51CHeHHe Kp HBOM B TeKcTe. 

22 

# 

l 
~ 

1.0 r-
(o) • 

s.o ~ 

I 
4.0 

5.0 

.,_ 
't 

=Ew .,.-
0 

p p 
1143011-

1.0 r-
(d) 

.. ~ ~ 4 .0 . 

~ I 5.0 . 
._.. 

i 2.0 

1.0 

392 CA. 

!! 2 .8 

.• •• :a 

~·'~f reF I I 1.0 2.0 

..-nz• ... ,,Sial .. •u .. , 
5.0 

-:.- , . ..,. 

.,.-kw .,.-
p p 

1145 .... 

PRe. 8. (a, d ) PacnpeneneuHe Chew - Low NUl cnyqaea 
0 

(&J -weaoua a 
H306S.pb1; 2 2 
(c) nuarpaMMa llanHTIIa nnH cny'leea c 6 • < 0,35 (fga/c) • 

23 

liDO 



I 
-t 
~ 

230•" · 
M1J11"11120-13201 

"' 

+1.00 90 180 
+n (deQl 

(f) 

.204 01\ , 
,.-(1600-

(Q) 

48CA. 
:....-(>1800) 

0' I I I I I I 1 1.....,11 , 

-1.0 -

Ca. lpp 

60 

~ 

40 

30 

20 

10 

Puc. 9. Pacnpe.aeneHHe no yrnaM: 

(B) Cos 8 " N (B) cp T y 
uao5apbl N* ( 1238 ) n (e-n) 
HHTepsanoa M P 

11 

nnsr cny'taes c M P rr- a o6nacTH 
Cos 0 P P LJ.nst cny'taes ua paanu'tHbiX 

.... 

.. 
oJ 'i 1 ' t ., 1 I F • 1 t •' I 1 ' 1 1 1 1' I - ••• - ... .,.% (-) 
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(a,c) ~13 KOHTpOllbHhlX o6nBCTefi; 
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