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OAHOil 113 BaJKHblX rrpo6neM COBpeMeHHOit tfi1131!KII sneMeHTapHb!X 

qacTl!U RBIIRCTCR 11ccneJ:10BaH11e CBOi!CTB HOBoro Knacca KOpOTKOJKII

Bym11x qaCTIIU-p630HaHCOB. EonbllIOe KOnl!qeCTBO l!H4>opMau1111 

0 CBOi!CTBaX pe3oHaHCOB, o6pa3y1Dml!XCH B Heyrrpyr11x B3al!M0/:16H

CTBIIRX, MOJKeT 6b!Tb rronyqeHo c IIOMombro ny3blpbKpBblX KaMep, 

oco6eHHO B cnyqae B3al!MO/:l6HCTBllH, npllBOllHmllX K MHoroqacTnq

HbIM KOHeqHb!M COCTOHHllRM. 

HacToHmaH n11ccepTaUll& IIOCBHmeHa ll3yqeHlllO pOJKn6HIIH ll pac

nana peaoHaHCOB B peaKUllRX: 

17+p ➔ p17+17+ 17- )0 

+ + + - 0 
17 p ➔ p17 17 17 17 (2) 

17 +p ➔ II17 +17 + 17 + -17 (3) 

+ 
-Me3oHoB 2,34:!:.0,06 rsa/c. IIpll IIMIIYIIbCe 17 

HccnenoaaHlle npoBO/:IIIIIOCb Ha CHIIMKax c 40-caHTl!MeTpOBOfi 

lKl!llKOBOllOPOAHOH IIY3b!pbK0BOH KaMepb!/l/, o6nyqeHHOH cerrap11poaaH-

Hb!M. nyqKoM 17 + - Me3oHoB Ha c11Hxpo4>a30Tp0He na6opaTop11n 

BbICOKIIX sHepr11il OH.HM. 

L111ccepTaUl!H COCTOIIT 113 5 rnaB II 3aKnroqeHIIR. 

I. B rrepBOH rnaBe IIpl!BOlll!TCR o63op 3KCIIepllM9HTanbHblX 

naHHblX no peaKUIIHM (I)-( 3) B o6nacTI! rrepa11qHblX IIMIIYIIbCOB 

oT I no 8 rsa/c. Oco6oe BHIIMaH11e yneneHo aHann3y Kaa311nayx-
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'IBCTIPIHbIX peaKunfi, nAym.11x '!epea coBMeCTHoe polKAeH11e peaoHaH

coa, O6cylKA8IOTCSI peay/IbT8Tbl 0IIHC8HIISI 8KC1Iep11MeHT8/IbHblX ABH

Hb!X C II0M0mbJO p83/Ill'!Hb!X TeopeTl!'!eCKIIX MOAenefi, 

Il • BTopasi rnaaa II0CBSimeHa 0IIIIC8HHIO-MeT0AHKII o6pa-

60TKH 8000 4-ny'leBbIX 77+p - B38HMOAeHCTBHH, AHa/Il!3HpylOTCSI 

T0'IH0CTH H3MepeHHSI llp0GTp8HCTBeHHbIX K00P.tlllH8T H HMIIY/IbC0B 

'!8CTHU, a T8K)Ke 0IIHCbIBaeTCSI CHCTeMa rrporpaMM, II03B0/IHBill8SI 

o6ecne'IHTb 8BT0M8Tll38UHIO BCex 0CH0BHb!X 3T81I0B o6pa60TKH 

/2/ 
3KCIIepnMeHT8/IbHb!X .t18HHb!X 

llnsi onpe.t1eneHnsi iipocTpaHCTBeHHhIX xapaKTepncTnK co6b1Tnfi 

/3/ 
npnMeHsinacb reoMeTpn'!ecKasi nporpaMMa BU Ol1.fll1, llnsi npa-

BH/IhHOH o~eHKH HMIIYIIbCa '18CTHU B Hee BB0.t:IH/I8Cb K0ppenSIUH0HH8SI 

_MaTpnua 0111n60K, Y'IHTblB8JOmasi, Kp0Me 0111n60K ll3MepeHHSI, K0p

pensiUIIIO Me)K.t(y 0TK/I0HeHHSIMH B p831Ill'!Hb!X T0'IK8X cne.t1a '18CTHUbI, 

/4/ 
B03HHK8JOmyJO H3-38 MHoroKpaTHoro pacceSIHHSI 

KnHeMaTH'!eCKHH 8H8/Ill3 co6b!THH IIP0B0.t:(11/ICSI C II0M0mbJO 

/5/ 
.. nporpaMMbl H.t(eHTHIPHK8UHH K8H8/I0B peaKunfi.. , BoaMOlKHOCTb 

paa.t1eneHHS1 sKcrrepnMeHTam,,Horo M aTepnana rro KaHanaM peaKunfi 

rrpoBepsinacb rrpn aHanuae crreunanbH0 cMoAennpoBaHHhIX 4-ny'leBbIX 

77 + p - B38HMO.t1efiCTBHH, OT6op co6b!THH IIp0B0.tlll/ICSI II0 KpHTepHIO 

2 
C y'leT0M HHq>OpMaunn 0 II/I0TH0CTH H0HH38UHH TpeK0B, X 

C ·rr0Momb10 "TTporpaMMbl 8H8/IH3a MHoro'!aCTH'IHb!X COCTOSIHHH .. /a/ 

( TTAMC) .ti/ISi K8)K.t(0ro co6bITHSI Bbl'IHC/ISI/IHCb p83/IH'IHbie KHHeMaTII-

'!ecKne xapaKTepl!CTIIKH '18CTHU H IIX AB0HHbIX II Tp0HHb!X KOM6nHa

unfi, llaHHb!e .ti/ISi K8)K.t(0ro co6bITIISI 381IIICblB8/IHC_b B 0TAe/IbHYIO 

30HY Ha MarHHTHyIO neHTY cyMMapHb!X peaynhT8T0B (nCP), 

CTaTl!CTH'!eCKHH 8H8/Ill3 4-ny'leBb!X 77 + p - B3811MOAeikTBIIH 

/2/ 
nponaBoAnncsi c rr0Momb10 nporpaMMbI 'Ml1MI1CTAP' , B ocHoBy 

K0T0pofi 6b!nll II0/I0lKeHbl HeK0T0pbie o6mne llpHHUIIIIbl nporpaMMbl 

,, SUMX ,, 
17 I. 3Ta nporpaMMa II03B0/IS!eT K/I8CCHqJIIUIIPOB8Tb C06bI

TIISI no pSIAy' 1IpH3H8K0B ( TeCTOB). CTp0l!Tb A/ISi OT06paHHb!X co6b1-

Tllil rncTorpaMMbI, 381Il!Cb!B8Tb Ha MarHIITHYIO neHTy II Bb!A8B8Tb 

Ha rrepq>OKapTbl MaCCHBb! q>ll3H'!eCKHX Be/IH'IIIH, 

4 

B rrporpaMMe .t(0IIYCKaeTCSI He 6onee 30 TeCT0B n 38 0AHH 

rrporoH CTp0HTCSI 0K0/10 50 rncTorpaMM, Bb!.t(aBaeMb!X B Bil.tie 

Ta6nuu Ha 6b!CTpylO 1Ie'18Tb ll B BU.tie rpaq>HKOB - Ha AUTTY. 

Ill , · B TpeTbefi rnaBe rrpnBeAeHbI ·peaynhTBTbI paa.t1e11emrn 

co6b!Tllil II0 K8H8/I8M peaKUHil ( 1)-( 3.). Bem!'lllHbl Ce'!eHHH peaKUIIH 

/8/ ( 0-( 3) rrpnBe.t1eHbI B Ta6nnue I , 

Ta6nuua I 

PeaKUHSI a lJucno 
M6 C06b!THH 

77+p ➔ p77+77+77 - 3, 74:!:.0, 11 3422 
+ + - 0 

➔ p77 77 77 77 3,07:!:.0,!0 2811 
➔ n"+"+"+"- 0,24:!: 0,01 270 

TTocTpoeHne pacrrpe.t1eneHnii rro s<jJ<jJeKTHBHbIM MaccaM paanH'IHhIX 

KOM6HH8UHH '18CTHU II03B0/Ill/I0 o6HapylKHTb 6onbIIIOH BK/IBA P0lKAe

HHSI pe30H8HC0B B peaKUHSIX (1) n (2). 

llByMepHbJe AHarpaMMbl s<jJq>eKTHBHbIX Mace .ti/ISi K8H8/I0B ( 1) H 

II ( 2)' .npnBeAeHHbie Ha puc, 1,2, YK83blB8IOT Ha np11cyTCTBHe C0B

MeCTHoro polK.t1eHHS1 peaoHaHC0B: 

++ 0 
77+p ➔ N* p (4) 

➔ N*++ 0 
77+ p w (5) 

+ p ➔ N*++.,, 
0 

77 ( 6) 

llnsi onpeAen'eHnsi napaMeTpoB peaoHaHC0B B peaKunu ( 1) rrnoT

H0CTb pacrrpeAeneHII_SI C_06b!THH II0 ABYMepHOH AllarpaMMe armpoK

CHMllp0Banacb C II0M0mbJO MeToAa M8KCIIM8/IbH0ro 1Ip8BAOIIOA06HSI 

/8/ 
BbipalKeHHeM : 
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WN* .. w = 
P, dl\lldM2= ~[a! (-1- +IVN*) +a2( T+ wp·)+ 

N* p 

+ a a 

, w 
\\N*p = p.s. 

(--+W )+2(1-a -a -a )--]dM dM 
j N* p I 2 3 j ! 

N* p p.s. 
2 ' 

(7)·· 

rne M.1 H 1\1 2 - 3cpcpeKTHBHbl0 MaCCbl 1\1 p17+ H M,t17- i ai - rrpo-

ueHTH00 coneplKaHHe pe30HaHCOB N* 0 p O lI N* p 0 j W p.s.- Bbl-

palKeHII0 nm1 cpa30BOro o6'beMa qeTbipex qacTHU; \V a - Bb!palKeHIIR, 

03Ha'!alOIQlle rrpOH3B0A0HHR penRTIIBlfCTCKllX cpyHKUllil Epal!Ta-BurHepa 

Ha ¢a30Bhiil o6oeM pacrrana pe3oHaHca H o6muil cpa30Bhiil o6'heM; 

a- HOpMHpOBO'IHbl0 IIHTerpanhI. 

B KOH0'1Hbi0 COCTORHHR KaHanoB ( 1) H ( 2) BXO,QRT 2 TOlK,Q0CT

B0HHbI0 '!aCTIIUbl - 17 + - M030HbI, H II03TOMY Ilpll aHanII3e 3cpcpeK

TlfBHbIX Mace H006XO,QIIMO paCCMaTpllBaTb KaK paBHorrpaBHbie KOM-

6uHaUIIll C o6oIIMII 17 + - M030HaMH, C'IHTaR OAHY KOM6HHaUHIO ., IIC-

. /8/ 
THHHOil.,, a BTopy10 - "HeBepaoil". KaK rroKa3aHo B pa6oTe , 

aeaepHbl0 KOM6HH8UHH ,Q8IOT cymecTBSHHblll BKna)J. B aepe30HaHCHblll 

cpoa, oTnH'IHbiil OT cpa3oaoro o6'heMa. 

B Bb!palKeHHll (7) pacrrpenenea!e "aesepHbIX" KOM6naauIIil 

Y'IIITbIBaeTCR C IIOMO!Qb!O cpyHKUilll W a• Bbl'IHCneHHbIX MeTO,QOM 

MoHTe-Kapno. Bb1palKeHI1e (7) COCTEIBneHO 6e3 y'!eTa IIHTepcpepeHUIIOH

HbIX 3cpcpeKTOBo 

nnR peaKUIIII ( 2) nayMepaaR nnarpaMMa 1\1 + vsl\l + - o 
.- . 1T P 17 1T TT 

arrrrpOKCIIMIIpoBanacb C IIOMO!Qb!O •BbipalKSHIIR, aaanorII'IHOrO ( 7), 

TTony'!eHHbie MeTO,QOM .MaKCl!ManbHOro rrpaanorrono6HR rrapaMeTpbl 

pe3oHaHCOB nnR peaKUHH ( 1) II ( 2) rrpI1B0,QeHbl B Ta6nIIUe II • 

Han6onee5iH!TepeCHb!Mll pe3ynbTaTaMII cne,nyeT C'IHTaTb 6onb-

111Dil rrpoueHT c,ciBMecTHoro polKASHIIR p_e3oHaHcoa N* p 
O 

= (53%) 

H N*w 0 
= (50%), 

0 
OTCyTCTBIIe 0,1:lHHO'IHOro pOlK,Q0HIIR p -Me30Ha 

B peaKUllll ( 1) II U3o6apbl N * - a peaKUHll (2). 

CpaBH0HIIe C0'10Hllil nm1 peaKUIIll ( 4) n, ( 5) C ,naHHbIMII B 

o6nacTH 3Heprnil 1-8 f3a rroKa3bIBaeT, '!TD ce'!eHm1, orrpeneneHHbie 

orrncaHHbIM Bbi1110 M0TO)lOM, OKa3b!BalOTCR 6onb1110 3Ha'!eHHil C0'!0HHil 
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/9/ 
npn 6nn3KllX 3HeprnSix1 nony'leHHhIX B npyrnx pa6oTax • 3To 

CBSl3aHo, no-Bl!JlllMOMY, C TeM cpaKTOM, 'ITO o6bi'IHO cnoco6bI onpe-

neneHllSI ce'leHIISI pOlK)leHl!SI pe30HaHCOB B ,r+p " /9/ 
- B381IMOJlellCTBIISIX 

OCHOBaHbl Ha annpoKCIIMamrn OJlHOMepHbIX pacnpenenem1i1 acpcpeKTUB-;-.. -

HbIX Mace II npOBOJlSITCSI 6ea y'leTa BKnana "HeBepHbIX" KOM6l!H8Ul!M, 

B peaKUIIII 11 + p ➔ n11+11+11 +11- o6HapylKeHo polKnem1e 11ao6ap1,1 

N ~238 ➔ nrr - c ce'1eH1IeM a= 0, 14:!:_0,02 Mfi. 

IV. 4eTBepTaSI rnaaa ITOCBSlllieHa II3y'leHIIID CBOMCTB COBMecT

Horo POlK)leHIISI pe30HaHCOB N * p O ll N *w O • B cTaTIICTIIKY BKnID

'lamICb co6bITIISI, nnsi K6Topb!X 3Ha'leHllSI acpcpeKTl!BHblX Mace 'JaCTIIU 

ynoaneTBopsin11 ycnoBIISIM: (0,66 :'.: M 11 + 11 - ~ 0,86) faa II ( 1, 14 :S 

5:-M prr+ '.:. 1,30) faa nnsi cocTOSIHIISI N*p~ (0,75 ~ M
11
+

11
-

11
D:5 

-S. 0,82) raa 11 (1,14 _sMp1T+ ::_ 1,30) raa nnsi COCTOSIHIISI N*w0
• 

Llnsi KaHana ( 4) 6bmo oTo6paHo 1300 co61,1T1Ii1, nnsi KaHana ( 5) -

1000 co6bITHif. 

./10/ . 
B11n yrnOBhIX pacnpenenen1I11 polKJlennsi 11ao6apb1 B 06we11 

CIICTeMe ueHTpa Mace 0 * nnsi COCTOSIHIIH N * p O II N * w O yKa3bl-

aaeT Ha nep11cpep1I'leCKIIM xapaKTep npoueccoa (4) II (5) (cM, plic,3). 

Llnsi anan1Iaa n1IcpcpepeHu11anbHhIX ceqen11i1 peaKu11i1 ( 4) 11 ( 5) 

6bma aaeneHa aenll'IIIHa t '= t-t min, rne t - 'leTbipexMepHblM 

11Mnyn1,c, nepenaHHbIM OT npoTona-MllllieHII CIICTeMe "prr + " 1 a 

t min - MIIHIIManbHOe 1 KIIHeMaTll'leCKII JlOITYCTIIMOe 3Ha'leH11e 

nnsi naHHbIX 3Ha'leHIIM acpcpeKTIIBHbIX Mace M ,r + P 11 M11+11"""(M 11 + 11- 11°). 

BaeneH11e t' 1103BOITllnO 11a6elKaTb IICKalKeH11i1, BHOCIIMbIX B xon 

ceqeH11i1 CllnbHbIM 113MeHeH11eM tmln B npenenax lllllPIIHbl II306apbl 
0 

11 p - Me30Ha. 

3aa11c11MOCTb nncpcpepenunanbHbIX ce'leH11i1 da Id It' I ( CM. p11c. ·4,5) 

nnsi N * po ll N * ,,,o B 06nacT11 Man1,1x It' I OillICbIBanacb 

9KCilOHeHTOM BIIna: 

-b It 'I 
da/d!t'! Ae ( 8) 

10 

I 

03 
~ ~ 

{) 

= {) 

Cl) ,:,;: = 
0 Q) u s 

IO 
0 

al 0 

- Cl. 

"' n. * 
OJZ 
'g t 
"l Q., 
:,;:+ 
o; t: 

~ ~ 8 
't"-

~ 
= 0:: ,:,;: 
Q) = 
~ 12 
0 OJ 
n. Q) n. 

'+' 

>, 
<: o; 
~ <: 
>, t:! 

0 {) 
t:: {) 

OJ 
o; ::; • = 0 
0:: OJ 3 
Q) n. 
<: !-<* 

~Q.. ~ I 
g ~z 

~ 
~::it 
t:: Q) Q., 
{) ::; + 

.. OJ Q) t: 
<l) 0.. !-< 

C Cl) • 

0 "' (J • 
{) 

= 0.. 

--,.. C C ,..__ 
c;.. C C) I 

--t- (\I 
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~(~2 

30 

20 

10 

10 

0 

rp-N-p• 

a2 £!4 

q) 

5) 
10Kjl jl 1f1J1 I I 

f f f I fl 
I 

10.__....___._~___,-~~ 
o aD4 aos a12 

II II 11111111,11, 111111, 11, 1111, II 11 I 11,,1,1 II 
(l6 as 10 12 /t:/rG .. vJ2 

Puc. 4. Llu¢¢epeHuuanbHoe ceqemrn da/dJ t'J 11m1 peaKu1111 ,,+p ➔N*p 0 

a) /WSI O ..:;:J t' I :,.1,40 (f3a)2, 
6) 11nSI O~Jt'l:5 0,12 (r:aa)2, np>1MaSI nHHHSI - peaynb-
TaT annpOKCHMBUHH 3KCilOH8HTOfi C rrapaMeTpaMH 

A= 135,5:t._8,2 (M6/f3a
2

) 11 b = 8,54:t_0,52 (f3a/c)
2

, 
KPIIBaSI - pacqeT ITO OMEA nn" o6MeHa " - Me3oHOM, 

12 

: :I 
' ' 
I 
,1 
I 

:t. 
l ,1 

J 

d6111! 
dil/(GPV'f 

1QO 1tp-N" .. w" 

fffiJ~ 

/ I t rw-~,. l.. 

0 0,2 0,4 0,6 QB 1,0 1,2 11, 
2 1£/(GPV) 

P11c, 5, Llmp<j,epeHuttanbttoe ceqemrn da/dlt' I /JnSI pellKUHII ,,+p ➔ N*,,, 0• 
TipstMaSI nHHHSI - peaynhTBT anilpoKCHMBUHH 3KCTTOH8I-ITOH 

c ITapaMeTpaMH A= 102,3:t_l l,O ( M6/f:aa2) 11 
b = 2,84:t_0,34 (f3a/c)2; cITnowHaSI Kp11aaSI - pacqeT ITo 

OMEA /lASI o6Metta p - Me3oHoM, 

13 



Pe3ynbTBTb1, nony,ieHHbie nnH rrapaMeTpoB "b " M eTonoM 

H811MeHbWIIX KBanpaTOB, a T8K)l{e naHHbie 11p11 l!Mrrynbcax 3,5 II 

8 r:rn/c, 11p11Benettb1 B Ta6n11ue III 
/10/ 

BamHblM MOMeHTOM B 113y'IeHIIII pomneHl!H pe30HBHCOB srnm1-

eTCH a11an113 yrnoBbIX xapaK~ep11cT11K 11x rrponyKTOB pacrrana. Co-

/11, 16/ 
rnactto cpopMam13My, pa3BIITOMy B pa6oTax , yrnoBue pac-

rrpenenemrn pacrranHbIX 'IBCTIIU B CIICTeMe IIOKOSI pe30HLJHCa MO)l{HO 

CBSl38Tb C sneMeHTBMII CIIIIHOBOll MaTpllUbl IIITOTHOCTII. 

Ha p11c. 6, 7 rrp11Benenb1 38BIICIIMOCTII OT I t-t min I sneMen-

TOB onHoBepWl!HHOll CIIHHOBOll MaTpl!Ubl rrnoTHOCTII p , nnH N * p O 

0 / 12/ mm 
II N*w 

TAE/\UUA Jjj 

PEAKUUfl Ufv1[7Y/\6C - L1t(r3GfcJ2 ~ (f36/c)2 

1r+p-t1•f)O . 2,34 0-Q3 
' 

a,54:1:q52 

5,00 0-Q3 
I 

1q5 ± 1,00 

8,00 0-04 I 
12,7± Q50 

1tp-tt··w0 2,34 . 0,10-0,60 2,84= Q34 
3,00-4,00 q20-2,oo 2,30j; 0,10 

5,00 Q05-0,80 ~70± Q30 

8,00 0,10-Q90 2,70± Q50 

,rp_..,r•p 2,34 ao2~tE o,so 6,62:f: Q18 

8,00 Q04t!it~ Q60 7,20:t0,10 

14 

\ 

Np• 
Pao 

as 1 ~ ------- ,. . 
'I<+-+-+--, ~---- -;; - -; • (t-t..:i,~ 

0 qz Q4 • 
O ll2 Q4 c,; C,!I 1'.) asl Re?J-1 I 

as] P,, I_.,,,,_, • ..,,_ : •j 
}'M= 10-• , 0 jlii'.:::p--+=' 

0 -t---+---L.___ - . 
- I -~ .,,J 
l ~· -

as, R•P10 Q5 ReA1 

i15w·-o.a2 OL:.: ! '--+--'-_ __._ __ · 0 _ _ _____ _ 

-f-

P11c. 

-a 

8. 3aBHCHMOCTb 3neMeHTOB CnIIHOBOt'I MaTpHUbI nnoTHOCTH OT 

It , l = I t-t min I /]nS1 peaKUHH TT +p ➔ N * p O , flym<TH-
poM npoaeaeHbI KpHBb1e, cocqnTaHHhte -rro OMEA c napa-
MeTpa,m: Y 1 = 0,086; Y 2 = 0,065; c 1 = 0,95; 

C 2 = 1; 2 

g ''"P 
•Irr 

2 

15 
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I 
![ 
/1 
ii 

Poo 

:-+>1-- -j- I · I ------

0 QZ r·~ ----------
0 ~- I , I I ~ 

'Q5 

N~· 
to p33 

(j5 

4+. -+----~-
0 Q2 

Q5 Rvp:H 

-0,5 

Q4 

~,- -r-t-
£16 ciB to (t-t,n;,Jr.v' 

l ~Pm · 1 ~A, 
•·~c __ c_ __ ....----1=-, •tt-1• .j =++ 

-Q5 -Q5 

Puc, 7, 3aBl!Cl!MOCTb sneMeHTOB Cill!HOBOH MaTpl!Ubl nnoTHOCTl! OT 

Jt'l=lt-tmln I am1 peaKUl!l! ir+p ➔ N* WO. ITyHKTl!-

poM npoBelleHbl Kpl!B_bie, COC'll!TaHHbie no OMEA C napaMeTpaMn: 

Y1 = 0,086; )' 2 = 0,065; C 1 = 0,095; C 2 = 1 
g2 g2 
~= 10; PPN* = ~-
4 ir 4 ir 
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ITpn COBMeCTHOM pDlKlleHIIII pe3OH8HCOB MOl'YT IIOl!BIITbCll 

KOppen11u1111 Mel!<llY yrnaMI! llpOllYKTOB pac11aaa pa3Hb!X pe3oHaHCOB,llnll 

ll3Y'!e!Hll! KOTO.PhIX O11pea~n11n11cb aneMeHThl COBMeCTHOH CIIIIHOBOH 

nn 
MaTpllUbl llnOTHOCTII p mm' 

B Ta6n11ue IV 11p1rneaeHb1 aKc11epnMeHTanhHb1e 3Ha'!eHirn 

nn 

P mm' , Bhl'!llcneHHb1e MeTolloM MoMeHTOB an11 N * p0 
tt N*w 

0 /10/ 

0Tnll'!Hb1Mll 0'1' Hynll MOlKHO C'!HTaTb TOnbKO BblpalKeHllll (3)' ( 12) 

I{ ( 18)' KOTOphle cneay101lll!M o6pa30M CBll3aHbl C yrnaMH 

B CHCTeMaX IIOKOll pe3oHaHcoB: 

- - 25 2 2() (3) = p -p = -(1-3oos () )(1-3oos 13) 
33 11 g a 

75 
(12)= Re(p 10 -p 0

-
1 )=-sin20.sin20poos(¢ +¢/3) 

31 31 32 ,Jf; a a 

(18) 
1-1 

Rep 3-1 ~ sin 2 0 • sin 2013 cos 2( ¢ + ¢/3). _ a a 
32../3 

0 

B ipOpMynax ( 9) IIHlleKC a OTHOCl!TCl! K BeKTOpHbIM Me3oHaM 

p 0 0 
unu w ) , IIHlleKC /3 - K 1rno6ape, 

l! ¢ 

( 9) 

Anann3l!.PYll yrnOBb1e pac11peaeneHttll 11poayKTOB pacnaaa B pe

aKUl!HX COBMeCTHOl'O POlKlleH!ll! pe3OH8HCOB, MOlKHO oueHIITb BKnallbl 

cnnpanbHbIX aM11m1Tyll < ,\ a ,\ b I R I ,\ 
1 

,\ 
11

> , Olll!Cb1B810llll!X 

11poueccb1 BIi/la I+II ➔ a:_.12 +b. ➔ 34 

ITpouecCbl Tlllla (4) II (5), B KOTOpb!X o6pa3yIOTCSI '!aCTl!Ubl 

co Clll!HaMl! 1 l! 3/2, MoryT 6b1Tb on11caHbl C IIOMOlllblO 24 He3aBl!

Cl!MbIX aM11nnTyll, HO l!3-38 coxpaHeHIISI 'IEiTHOCTl! B pacnaaax 'll!CnO 

Heo6XOJlllMblX aMnnl!TYll yMeHblllaeTCll llO 12, 

AHanl!3 38Bl!Cl!MOCTl! aMnmITYll R OT yrna polKlleHnsi l!3O-

6apb! 0* IlOKa3bIB8eT, 'ITO npl! 0*-➔ 0 MO)!(HO orpaHl!'IIITbCSI pac

CMOTpeHl!eM TOnbKO Tpex aMnnl!Tyll: 

17 



r1 
I 

,-
/. 

(1) p''-poo 
(2) P33P11 
(3) p;Jp,~ 
(4) Re pio 
(5) P'_, 
(6) Re P31 
(1) Re P3,-1 
(8) Rep~ 
(9) Rep,., 
(10) Re~;, 
(11) Rep;_, 
(12) p'o A°'_, Rer 31 - 31 J 
(13) Rer Ao, -p-10 J 

3/ 31 
(14) Re Pt' 31 

(15) Re Pt 31 

(16) Ref p~~-P;,:! 
r11J Rerp01-:-p-1°1 

~-I 3,-1 

(18) pl·/ Re 3,:, 
(19) Re P;.' 3,·I 

TA61\UUA J.V. 
NP,o trw" 

ao$t~a2 ao$t~a6 

i-a609 ± 0,043 -0,315 = 0,042 

f-a284 : 0,044 -0,213 ! 0,041 

0,346 ± 0,117 0,175 : 0,097 

0,010 : 0,018 -0,078 ! 0,017 
0,002 : 0,020 -0,033 ! 0,021 

-0,010 ± 0,022 -0,049 ! 0,020 
0,005 ± 0,019 0,021 ! 0,019 

0,053 : 0,046 0,001 ! 0, 040 

0,018 ± 0,041 -0,021 : 0,050 
-0,062 :!: 0,059 -0,020 = 0,051 
-0,002 :!: 0,048 -0,061 ! 0,046 

-0,084 :!: 0,023 -0,055 ! op21 

0,036 ! 0,021 0,109 ! 0,020 

-0,019 ! 0,011 -0,001 = 0,017 

-0,002 : 0,016 0,011 = 0,011 · 

0,011 ± 0,019 0,016 = 0,018 

0,000 ! 0,019 -0,009 :!: 0,018 

0,055 = 0,014 0,053 = 0,016 

-0,000 = 0,015 -0,004 : 0,016 

18 

H =< 1. 1 : I! ! .!..> ,, 2 ' 2 

I! =<2.0!Hi .l> 
1- 2 ' 2 

I! =< - .L_1 ! f!! IL:--2 ' 2 . 

/14/ 
BLI'Il!CneHIIe [lMITnllTY/1 ( 10) nmr peaKUIIH 

0 
O* ~ 11 npneonnT K ehlBOny, 'ITO OCHOBHOA 

UIIJO naeT aMnmJTyna H + =< f O ! H l ½ ·, . 
nenax ow116m, rrpaKTl!'IecKn paBHbI eymo, 

( 10) 

TT 1- p •• \ "p O rrpu 

BKnan e aTy peaK-

a nee npyr11e B rrpe-

*++ 0 
Ecn11 o6oaea'IHTh cyMMapHb1A cmrn qaCTHU :"I · n p 

qepea S , a ero rrpoeKUHJO qepea S z , TO cm111OBb1e ai-rnm1-

,.,1~n S 
nmr peaKu1111 TT+ p ➔ N * p rrpn 0 * -, 0 TYDLI F2 ., z 

/14/ 
ynoeneTeOpSITb cnenyJOWeMy COOTHOWBHHJO! 

- ,, 2 2 _ 
IF 5 I": IF 3- I: IF~ I = 9: 1: ;J, 

6ynyT 

V , B nsiToli rnaee rrpneeneeL1 peaynhTBTLJ nayqemrn 

TpexqaCTl!'IllblX KOM61111auJiii e co6LJTIISIX, OTHOCSllUIIXCSI K peaKUl!I! 

+ 
TT p ➔PTT+ TT+ TT-, B KOTOpblX oTcyTCTByeT coeMBCT3Oe pO)KilBHHB 

peaoeaecoe N * ++ p 
O

, 

Cpenn Tpex'IaCTH'IHLIX KOM6neauuii c npoTOHOM na6nJOnaeTCSI 

oco6eHHOCTb TOITbKO B CHCTeMe ,,p 77 +TT_,, B o6nacTII ac~qieKTIIBHLIX 

Mace = 1500 Mae, rrpn ycnoe1111, ecn11 KoM61rnau1rn "pTT + "rrorra-

naeT e o6nacTh MB CCLI 11ao6apLr N * ++ ( l, 14 ::;: \I P TT+ ::;: 1,30) rae 

( CM, p!!C, 8). 3Ty oco6eHHOCTb MO)I<HO CBSl38Tb C rrposienee11eM 

11ao6apb1 N f4so 

Cpenn M83OHHb!X TpexqacTH'Il!blX KOM6rrnaunn o6Hapy)l,eHbl 

ITIIKII e pacrrpeneneHJUI ITO aqicpeKTIIBllbIM MBCCaM CHCTBM bl 'rr+TT+ TT-,, 

e IIHTepeanax ( 1,04-1,10) rae n ( 1,14-1,20) rae, COOTBeTCTeyJ0-
/15/ 

mux MaccaM A 1 u A 1,5- Meaonoe , 3TH rrnKu rrosiensi-

JOTCSI TOITbKO B TOM cnyqae, KOrna XOTSI 6LI onea II3 K0!-.!6l!Ha nnli 

"TT+ TT -,,rrorranaeT B o6nacTh Mace p 
O 

- Meaona (0,66-0,86) raa, 
0 

HBCMOTPSI Ha To, 'ITO O/lHHO'IHOe pO)l(/leHIIB p -MB3OHOB B peaKUHH ( 1) 

rronaeneno (pnc, 9), 
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N 

IV I ,a,, 14 ' l\ M ,. BO 1680 1
880 

PX 10MEV) 

Prrc, 8, PacnpeaeneHrre no aqiqieKTHBHbIM MaccaM M p17 + 17- - anH 

C06bITHH H3 peaKUIHI 17 +p ➔ p17+17+ 17-' B KOTOpbIX 

OTCyTCTByeT COBMeCTHoe po)!{aemre pe3oHaHCOB N * p O , 

a Mp 17 + nonaaaeT B HHTepaan Mace (1,14-1,30) fas, 

20 

N 

20 

10 

.M ,cx•1nM£VJ 
l..::::L=-----:..,_;:;_;;;-_----,.;;.-.;v .. ;-. ----~1't<JUtiii-

800 1~00 

Pile, 9, Pacnpeaenenne no a¢¢eKTIIBHbIM 1v1accaM ~I 17+ 17 + 17 -

anH co6bJTIIH 113 peaKUHII 17+ p ➔ p77 + 17 + 17- , B KOTO-

pbIX OTCyTCTByeT COBMeCTHOe pO)Kaemre pe3OHaHCOB N* p 
0
, 

a xoTH 6b1 oaaa H3 Mace ~1 17 +17 - nonaaaeT B HHTepaan 

(0,66-0,86) raa. 
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B aaKnroqeene ccpopMynnpyeM oceoeewe peayn&TaTw 11.nccep

Taunn. 

1) Orrpe11.eneew ceqeenH peaKu11A 

11+p ... p11+11+11- ( I) 

+ + - 0 
➔ p 11 11 11 11 (2) 

+ + + 
➔ n11 TT 17 'n' (3) 

1Ipll IIMIIYJibCB 11 + - MB30H0B 2,34:!:_0,06 rae/cr 0Ka3aBllIIIBCH 

paBHb!MII 3, 74:!:_0, 11 , 3,07:!:_0, 10 , 11 0, 24:!:_Q,Q 1 M6 C00TBBTCTBBHH0. 

2) C II0M0!llbID MBT0JJ.a MaKCl!Man&eoro rrpaBJJ.OIIOJJ.061!H orrpe-

11.ene&bl rrapaMeTp&1 peaoeaecoe II ceqee11H 11x polKJJ.ee,rn e peaKUIIHX 

(1)11(2). 

3) YcTa&oenee 6on&woA eKnaJJ. Kaeanoe coeMecTeoro pom-

11.emrn peaoeaecoe 11 + p ... N * p 
O 

c ceqee11eM 1,97:!:_0, 10 M6 

11 11+p->N *w 0 c 

4) Orrncae11e 

3KCIIOHBHTOA BHJJ.a 

qee11H rrapaMBTpoe: 

N*po: 

N*w O : 

ceqee11eM 1,54:!:.0,09 M6. 

3aBIICIIM0CTII da/ dj t'j 

da/ d It 'I= Ae -bjt'j 

A 

A 

135,5:!:_8,2; 

102,3:!:_l l,O; 

b 

b 

JJ.nH N*po II N *w o 

11.ano cne11.yrom11e aea-

8,54:!:_0,52 

2,84:!:_0,34 

5) Tip11 11ayqee1111 Mexae11aMa pom11.ee11H peaoeaecoe e peaK

UIIHX ( 1) 11 ( 2) orrpe11.eniIJIHCb aneMBHTbI oneoeepw11eeoA cmrnoeoA 

MaTpHUbl rrnoTH0CTll p , • 3aBHCIIMOCTb dp mm'/dlt'I 0lll!Cbl-mm 
eanacb c rroM0!llbID Mo11.enH 011.eoqacTHqeoro o6Meaa c rrornomea11eM, 

HeK0Topoe cornacHe C 3KCI1BpHMBHTaJibHb!Mil 11.a&Hb!MII ea6nro11.aeTCH 

Ton&K0 e cnyqae o6MeHa 11 - MB30H0M, llpl! 3T0M JJ.!!cpcpepee-

UHirnbeoe ceqeeHe da I d It' I 11 - Meao&HbIM o6Me&oM orr11c&rnaeTcH 

eeynoeneTB0pl!TBJibH0. 

6) ·· ilnH 11ayqee11·H yrnoBbIX KoppenHUl!A Memny peaoeaecaM11 
+ 0 + 0 

e Kaeanax 11 p ->N * p 11 11 p-> N * w orrpeneneHbI II rrpo,-
nn 

aeaJil!311p0BaHbl 3JIBMBHTbl COBMBCTHOA MaTpl!Ubl IIn0TH0CTII p mm' 

22 

7 ) Aean11a yrnoBbIX pacrrpenene1rnA nnH Kaeana 11 + p ➔N* P 0 

IIOKllGhIBBeT, 'ITO IIPH. Manwx yrnax p0ll<JJ.BIIIIH OCIIOBHOA BKJiaJJ. 

B 3TOT rrpouecc enocnT crrnpanbHaH aMrrm1Tyna < ~ 0 I RI ~ > 
. sign S -

II Clll!H0Bag aMIIJIIITYAB F z =F 5 2s 

8) B C06b!THHX pe8KUIIII 11 +p ➔ p 11 + 11+ .11 - • rne 0TCyT-
* 0 

cTeyeT oneoepeMeeeoe pom11.ee11e peaoeaecoe N p • 06eapy-

meeb1 oco6eeeocTII B CIIBKTpax a¢cpeKTIIBHb!X Mace KOM611eau11A 

"prr +"-"n n17+1T:TT-,, 

ConepmamnecH B n11ccepTaUllll M8TBp118Jlbl orry6JIIIKOB8Hbl 

/2 4 6 8 10 12 14/ 
e pa6oTax ' ' ' ' ' ' 11 JJ.0JI0lliBHbl ea Memnyuap0JJ.HblX 

KOH<pepBHUIIHX no <pll311KB aneMeHTapHblX qaCTIIU B Beee ( 1968 r.) 

11 nyene ( 1969 r.). 

n ll T B p a T y p a 

1. A.B.Eenoeoroe, E.H.llbH'IKOB II np. Tiperrp11eT OHHH 2554, 

lly6aa 1965 • 

2. H.M.rpaMBHIIUKHA, A.M.Monceee, n.A~Tnxoeoea, M.il.lliacp-

paeos. TiperrpnHT OHHH 10-3772, lly6ea 1968 • 

3. A.B.Enaroepaeoea n llP• TiperrpneT OHHH 2005, lly6aa 1965 • 

4. H .M .rpaMeenuKnA, n.A. Tnxoeoea, B.TI.llinHrrenKoB. Tiperrp11eT 

OHHH Pl-2148, lly6ea 1965. 

5. 3.M. HeaeqeeKo 11./lp. TiperrpneT OHHH P-2399, lly6ea 1965. 

6.· T.B.P&lJibueea, Jl.A.T11xoeoea. TiperrpneT OHHH 11-3458, lly6-

ea 1967. 

7. TC Programm Library v.3 •. 

8. H.Aerenoe, H.M.rpaMeenuKnA, X.KaeaanpcK11, n.Kepaqee, P.neA-· 

e11uKn, A.M.Mo11ceee, A. TipoKew,.n.A.Tnxoeoea,· A.E.¢eeroK, 

M.XpncToe, M.il.lliacppaeqe. TiperrpneT OHHH P 1-4611, ily6ea 

1969. 

9. H.Walter preprint PHE 69~1. Berlin-Zeuthen, 1969. 
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IO. H 0 AarenoB, H.M. fpaMemruK11i1, X.KaHa311pcK11, n.Kepa'IeB, 

P.nenHmtKII, A.M.Mo11ceeB, A.TTpoKern, n.A.T11xo110Ba, A.E.<Pe-
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