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Ill 
B paooTe ohma onHcaaa Mo.nenb napuHanbHo-sonaosoro 

aaanHaa peaKUHil: rr N ... rr rr N c y'leTOM sKna.ua TpeyronbHoro rpa$HKa. 

B aacToSimeil: paooTe npHso.nSITCSI peaynbTaTbi aaanHaa, npose.ueaaoro aa oc-

HOSe OllHC8HHOA MO.QenH,sCeX llSITH KaHanos peaKUHH rr N ... rr rrN npH aaep-

rHSix ( 430-450) Mas H .uaeTcSI oueaKa .unHHbi rr rr -pacceSIHHSI a 0 s coc-

TOSIHHH C yrnOSblM MOM9HTOM ] =0 H H30TOUH'l9CKHM CUHHOM T =0. 

3KcnepHM9HT8nbHbl9 l18HHbl9 

B oonaCTH 350-450 Mas HMeeTCSI nHillb HeoonblliOA HHTepsan aaepl'HH, 

.QnSI KOTOpOI'O K H8CTOSIIIleMy speMeHH CyllleCTsyiOT aKCUepHM9HTanbHbl9 .UBH­

Hble UO SC9M USITH KaHanaM peaKUHA OllHOUHOHHOI'O PO:l!<l19HHSI.CSe89HHSI 00 

aTHX Kaaanax npellcTasneHbi s TaonHue /. 

TaonHua I 

N~ 3aeprHSI KaHan ceqeHHe 'lHcno CCbinKB 

peaKUHH (Mas) peaKUHH (Mo) COObiTHA 

1 430 77:-p ... rr+rr-n 3,84;!:.0,16 2241 !21 

2 447 rr-p ... 77o"o n 1, 90;!:.0,25 3875 131 

3 430 rr.IJ -+ 77-77 °p 0, 87;!:.0,05 528 121 

4 450 rr+ p -+ rr+rro p 1, 00;!:.0, 13 100 141 

5 450 rr+p-+ 77+n-+n 0,28;!:.0,07 28 141 
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nns KOnH'l:eCTBeHHOro 8HanH38 no MeTOQy H8HM9HbWHX KB8Qp8TOB nOMH­

MO nonHbiX ceqenHll: HcnonbaosanHcb cneQylOUIHe /lBHHbie no KS)I{JlOMY Kauany 

peaKUHH! 

PeaKUHR 1 - pacnpeJleneHHR no KBBJlpaTaM 9<lJ<lJeKTHBHbiX Mace M 2( 77 -n), 
2 2 

M (17+17-), M (17+ n) H paenpeJleneHHH no yrnaM 

e e.u.M. cos (} * , cos (} * 
" 77-

cos (} * 
77+ 

PeaKuHSI 2 - JlBOll:Hbie JlH<iJ<iJepeHuHanbHbie ee'l:eHHH 
d 2 u 

d M d cos (}* 
1777 n 

nns epaBH9HH51 e Jl8HHbiMH no peaKUHH 1 yKa3aHHbie JlH<iJ-

<lJepenuHanbHhie ee'l:eHHR npH 9HeprHH 430 M9e HaXOJlHnHeb 

/3/ /5/ nyTeM HHTepnonsuHH JlaHHbiX npH 447 M9B H 417 M9B • 

PeaKUHH 3 - pacnpeJleneHHH no KBaJlpaTaM 9~eKTHBHbiX Mace M2 ( 17-p )• 

M 
2 

( 17 °p) , M 2 (rr- 17 °)H no yrnaM B e.u.M. cos(}* 
cos (}* 

/1 • cos (} * 0 • 
17 

77-

PeaKUHH 4 - paenpeJleneHHH no KHHeTH'l:eeKHM 9HeprHHM 11 -Meaouoe , 

PeaKUHH 5 -

a TaK)I{e no yrnaM B e.u.M. cos (} * 
/1 

pacnpeJleneHHH no yrnaM cas (} * + 
17 

,-eps (}* 0 , cos(}*+. 
17 17 

H cos (}: 

TaKHM o5paaoM, npH ouenKe napaMeTpoe MOJlenH Hcnonbsoeanacb HH-

<iJopMaUHH o ecex nHTH Kauanax peaKUHH 11N ~ 1111N B HHTepsane 9HeprHll: 

(430-450) M9B ·- eeero 20 pacnpeJleneHHll:. 

flpoueAypa MHHHMH3aUHH 

ITpH pae'l:eTax npeue5peranoebl HSMeHeHHeM napaMeTpoe MOJlenH npH 

H3MeHeHHH 9HeprHH OT 430 JlO 450 M9e; HSMeHeHHe KHHeMaTHKH npH 9TOM 

Y'~HTbieanocb. 

LJ He no HeKOMbiX napaMeTpOB MOJlenH - 17, "'HCno CTeneHefi eBOOOJlbl 

x 2 
<iJyHKUHonana 152. HaqanbHhie ana'l:eHHH HeKOMhiX napaMeTpos aaJlasa-

nHCb e noMOUibJO reuepaTopa enyqaJl:HhiX 'l:Hcen; eeero OhinO Bhi5pauo oKo­

no 30 HaqanbHbiX npH5nH)I{9HHfi. floHeK MHHHMYMOB <iJYHKUHOHana rrpOBOAHneg 

4 

.! 
I 

1: 

161 MeTOJlOM nHHeapHaauHH, onHeanHoM e • BBHJly 

MeTpOB U -MeSOHa MHHHMHSaUHR npOBOJlHnacb np 

u -Meaoua: 150, 300, 400 M9e. HaHMeHbWHe aa 

na 5hinH nony'l:eHhi npH aHa'l:eHHH WHpHHhi u -Mea 

B JlanbHell:WeM npHBOJlRTeg peaynbTaTbl MHHHMHSaq 

HHH WHpHHhlo Cne)lyeT OTMeTHTb, 'ITO peaynbTaTbi 

/2 11/ oT wHpHHhi u -Meaoua. KaK H B pa5oTax ' , e; 

well: MOJlenH 9KBHBaneHTHO <iJeHOMeHOnOrH"'eeKoMy ) 

e 9HeprHefi. 

Bcero 5hwo rronyqeuo TPH peweHHH, OCHOBHhi 

rrpHBeJleHhi e Ta5nHue 1/ • 3Ha'l:eHH51 )(2 B 

Ho 5onbwe, 'l:eM TeopeTH'l:eCKH O)I{HJlaeMhie - H 

)l{eH 5l>ITb paseu -n ( n -'l:Hcno eTenenell: cso5oJlhl 

HHX CBOOOJlbl x 2 
paenpeJleneu· no fayecy co 

eM - V~ • 0JlHHM H3 <iJaKTOpOB, KOTOpb!ll: MO)I{eT 

)( 
2 

no epasneHHJO c O)I{HJlaeMhiM, HBnHeTeR uanH 

TH'l:eeKHX OWHOOK B HCnOnbayeMbiX 9KenepHM9HTanbJ 

B HaeTOHUiee Bp9M51 H9B03MQ)I{HQ OU9HHTb BnH 

OTeyTCTBH51 XOT51 Obi JlBYX rpynn 9KCnepHMeHTanbHbl 

OeHOBHhiX KaHanos peaKUHll: llpH 9HeprHH 430 M9B C 

'l:eeKofi TO'l:HOCTbJO. Mbi nhiTanHcb HcnonbaosaTb Jlaf 

peaKUHH 11- P' ~ 11 + 11 -n BMecTo JlaHHhiX CaKcoua 

COBMecTnoro auanHaa scex nRTH Kauanos peaKUHH ( 

HenonbaosanHCb Te )l{e caMhie JlaHHhie) 5hinH nony"'E 

3HaqeHH51 

/9/ 
H llp. 

)( 2 ( - 1,2 ua CTenenb eeo50Jlhi). K c1 

HaMHOro MeHee TO"'Hhi, 'l:eM JlaHHhle CaKCO 

WeM auanHae HenonbaoeanHCb JlaHHhie CaKeoua H llP 

CneJlyeT OTM9THTb, 'ITO B HaeTOHUiell: pa5oTe·y 

no epaBHeHHlO e HMelOUIHMHC51 nOJlOOHbiMH aHanH38MH 
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/6/ 
MeTO~OM nHHeapH3aUHH 1 OnHCaHHOM S • BsH~Y Heonpe~eneHHOCTH napa-

MeTpOs a -M930Ha MHHRMH3aUHH npOSO~HnaCb npH Tpex 3Ha'i9HHHX IIIHpHHbi 

a -MeaoHa: 150, 300, 400 Mas. HaaMeHbiiiHe aHa'ieHHH 

na 6bmH nonyqeHbi npH aHa'ieHHR IIIHpHHbi u -MeaoHa 300 Mas. noaTOMY 

S ~anbH9HIII9M npHSO~SITCSI pe3ynbTaThl MHHRMH3aUHR TOnbKO npR aTOM 3Haqe­

HRH IIIHpHHbi. Cne~yeT OTM9THTb 1 'iTO peaynbTaTbl aHanHaa cna6o aasRCHT 

/2 11/ 
OT IIIHpRHbl a -Me30Ha. KaK H S pa60TaX 

1 

1 
BKniO'i9HHe a -Me30Ha S Ha-

III9H MO~enR aKSHSaneHTHO ~eHOM9HOnOPH'i9CKOMy yqeTy pOCTa ~a3bl "" 

c aHeprHeA. 

Bcero 6binO nonyqeHO TpH peiiieHRH1 OCHOSHbie xapaKTepHCTHKH KOTOpbiX 

IIpHBe~eHbl B Ta6nHU9 /1 • 3Ha'ieHHSI 

HO 60nbiii9 1 'i9M TeopeTH'ieCKH 0)1{H~aeMbl9 

S aTHX peiiieHRSIX cymeCTBeH-

152. KaK HSsecTHo, x 2 ~on-

)1{9H 6'bi'I'b paseH -n ( n -'iHCno cTeneHeA cso6o~bi) H rrpa 6onbiiiRX CTerre­

H~ cso60~bl )(
2 pacnpe~eneH· no fayccy CO CTaH~apTHbiM OTKnOHeHR­

eM - .,j~ • 0~HHM H3 ~aKTOpos, KOTOpbiH MO)I{9T IlpRB9CTR K ysenR'ieHRIO 

)( 2 no CpaSH9HRIO C 0)1{H~a9Mb!M1 HSnHeTCSI HanH'iR9 H9Y'iT9HHbiX CHCTeMa-

TH'i9CKHX OIIIH60K S HCnonb3Y9MbiX aKCIIepHM9HTanbHblX ~aHHbiXo 

B HaCTOSIIII99 speMH H9S03MO)I{H0 OU9HHTb snRHHH9 aTOPO ~KTOpa H3-38 

OTCyTCTBHSI XOTSI 6bi ~syx rpynn aKcnepRM9HTanbHbiX ~SHHbiX no O~HOMY R3 

OCHOBHhlX KaHanOB peaKURH npa aHepPHR 430 Mas CO CpaBHHMOH CTSTHCTR­

/9/ 
qecKoA TO'iHOCTbiO. Mbi nbiTanHcb acnonbaosaTb ~aHHbie KHpua a ~p. no 

121 
peaKUHH "- p -+ "+" -,. sMecTo ~aHHbiX CaKCOHa R ~p. • B peaynbTaTe 

COSMeCTHOPO aHanH3a SCeX nHTH KaHanos peaKUHH (no ~pyPHM KaHanaM 

RCIIOnb30SanHCb Te )1{9 C8Mbl9 ~aHHble) 6binR nonyqeHbl cymeCTSeHHO ny'iiiiHe 

SHa'ieHHH )( 2 - 1,2 Ha cTeneHb cso6o~b!). K co*aneHHIO, ~aHHbie Kapua 

/9/ 
H ~p. HSMHOPO MeHee TO'iHbl 1 'ieM ~aHHhle CaKCOHa. noaTOMY S ~anbHeH-

IIIeM aHanH3e RCIIOnb30sanHCb ~aHHbie CaKCOHa H ~p. 

Cne~yeT OTM9THTb 1 'iTO S HaCTORIII9H pa6oTe y~anocb nony'iHTb nyqiiiee 

no cpasHeHHIO C HM9IOIIIRMHCSI no~06HbiMH aHanH38MH OIIRCaHHe aKcnepRMeH-
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TaJlbHbiX )laHHhiX! 3Ha'IeHHe )( 2 Ha CT8I18Hb CBOf 

IlHH B Tpex peweHH51X HaXOJli!TC51 B npeJlenax OT 

IlpH OAHOBpeMeHHOM OilHCaHHH TOnbKO JlBYX KaHa. 

If TT- p -+ TT
0 

TT - p IlOJlY'IHJlH 3Ha'I8Hife )( 
2 

Ha 

Ha pHc. 1-3 npHBeAeHbi sKcnep!IMeHTanbHhie Aa 

TT P -+ rrrrN B CpaBH8Hiflf C pesynbTaTaMH 

)( 
2 

Ha CTeneHb CBOOO)J.bl JlJ151 KaHana TT- p 

KaHana rr- P-+ rr+ rr-n -2,06 11 ang KaHana 11 

_0f5CYM88HHe pe3YJibTaTOB 

PaccMoTpHM cso:iicTsa nony'IeHHhiX peweHH 

AOB OT paCCMOTpeHHblX B MOJlenH COCT051H!IH npe 

iln51 BCeX peweHHll BKJla)lbl COCT051HHH C li30TOI11! 

MHoro 6onhwe, 'IeM BKJiaAhi cocT051Hlfii c T = 3 

Ko, 'ITO cocT051HH51 c T = .112 MO/I<Ho He Y'IliThiB 

11 P ·~11rrN KaHanos. T aK, HanpHMep, BKmo 

lfleCTB8HilbiM An51 OflliCaH!151 KaHana TT- p -+ rr 0 rr 0 n 

B scex pel!IeHM51X rnasHhiM no senM'IliHe n1 

CH p 
11 

If [) 13 COCTOHHIIH 1 npH'leM B8Jllf'Il1Hbl 

lliell!HlX OOJlbWe B p 11 COCT051Hlfll
1 

'18M COOT 

B [) 13 COCTOHHlflle 4TO KacaeTCH Apyr!IX COCTO 

HaOJliOJl88'rC51 38M8THOe OTJlli'IH8 BKJiaAOB B COCT 

H 5 J 1 COCT051HH51X • 

x/ 
CneJJ.yeT OTMeTHTh, 'ITO npHBeAeHHhie oru 

C yqeTOM AHaroHaJibHhiX 'IJ18HOB MaTpHUhl OWHOO 

HHIO OWHOOK 1 B OC008HHOCTH npH HaJIH'IHH CHJlbHI 

CTH 1 3TO npHBOAHT K cymeCTB8HHOMY 3aBhiWe HHI 

BKnaAOB p 11 COCT051HH51 H3 -sa CHJlbHOll AeCTJ 

<jloHa H a -MesoHa. 
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TBJibHbiX ABHHbiX: 3Ha'ieHHe X 2 HB CTeneHh CB060Abl no nSITH KaHanaM peaK­

/2/ UHfi B Tpex peweHHSIX HBXOABTCSI B npeAenax OT 1,9 AO 2,0. CaKCOH H AP· 

npH OAHOBpeMeHHOM onHCBHHH TOnhKO ABYX KBHanoa peaKUHH - + -TT P->TT TT n 

H TT- p -> TT
0

TT - p nonyqHnH 3HB'ieHHe X 2 
Ha CTeneHb cao6oAbi 2,4-2,5. 

Ha pHC. 1-3 npHBeAeHbl 3KCnepHMeHTBnhHbie ABHHHbie no TpeM KaHanaM 

TT P -> TTrrN a cpaaHeHHH c peaynbTaTaMH 1-ro peweHHSI. BenH'iHHa 

x2 Ha CTeneHh CB060Abl AnSI KaHana TT p -> TT 
0 

TT - p paBH8 1, 40, AnSI 

KaHana 1T- p -> TT+ TT-n -2,06 H AnSI KaHana rr P TT
0

TT
0 

n -2,60. 

_06cy~AeHHe peaynhTaToB 

PaCCMOTPHM CBOHCTBa nonyqeHHbiX peWeHHH. 3naqeHHSI IIOnHbiX BKna­

x/ 
AOB OT paCCMOTpeHHbiX B MOAenH COCTOSIHHH rrpeACT8BneHbl B Ta6nHUe /1 • 

nnSI BCeX peWeHHH BKnaAbl COCTOSIHHH C H30TOITH'ieCKHM CITHHOM T = .!._ Ha-

2 
MHoro 6onhwe, 'ieM BKnaAbl COCTOSIHHH C T = 3/2 • 3TO He 03HaqaeT,OAHa-

IW, 'iTO COCTOSIHHSI C T = 3/2 M0'1<HO He Y'iHTbiBaTb AnSI OITHCaHHSI BCeX 

1T p -~ TTTTN KaHanoa. TaK, nanpHMep, BKniO'ieHHe P
31 

OKa3anoch cy-

HleCTBeHHblM AnSI OITHCBHHSI KaHana TT- p -> TT 
0

TT
0 

n 

B acex pemenHSIX rnaBHbiM no aenH'iHHe napuHanhHbiX BKnaAOB SIBnSIIOT-

CH p 11 H D 13 COCTOSIHHSI, ripH'ieM BenH'iHHbl ..) J- 71 2 BO BCeX 3THX pe-

I!ICI!HSIX 6onbrue B p 11 COCTOSIHHH, 'ieM COOTBeTCTBYIOWHe BenH'iHHbl 

D 
13 COCTOSIHHH. YTo KacaeTCSI ApyrHX COCTOSIHHfi, TO B pa3Hb1X peweHHSIX B 

Ha6niO):laeTCSI 38MeTHOe OTnH'iHe BKnaAOB' B COCTOSIHHSIX C 

H S 3 1 COCTOSIHHSIX • 

T=3/2 : B D 33 

x/ 
CneAyeT OTMeTHTb, 'iTO npHBeAeHHbie OWH6KH paCC'iHT8Hbi TOnhKO 

C yqeTOM AHaroHanhHb!X qneHOB M8TpHUbl OWH60K. 3TO IIpHBOAHT K HCKa~e­

HHIO OWH60K 0 B OC06eHHOCTH npH HanH'iHH CHnhHbiX KOppenmlHH. B 'iaCTHO­

CTH1 3TO rrpHBOAHT K cyrueCTBeHHOMy 38BbiWe HHIO OWH60K AnSI napUHanhHb!X 

BKnaAOB p 11 COCTOSIHHSI H3 -aa CHnhHOH AeCTpyKTHBHOH HHTep<tJepeHUHH 

<PoHa H a -MeaoHa. 

7 
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PHc. 3. CneKTp Mace M(TT
0

TT
0

) peaKUHH TT-p-> TT
0

TT
0

n •. 

CnnornHaH KpHBaH-MOJlenb. 

10 

\·~vi, 
1~#::: 
Ji<' ;;)l'i~ . ,, 
(~ 
.· 'l 

JlnH HnniOCTpaUHH BKna}lOB pa3nH'IHbiX COCTOSIHJ 

senH'IHHbi y 1 - 11 2 1COOTBeTCTBYIOlliHe 1-My pew 

aynbTaTaMH !llaaosbiX aaanHaos ynpyroro · "N-pacc 
1 /10/ 

UEPH e H CaKne • 

8 COCTOSIHHHX p 
1I 

HM !llaaosb!M aaa.IJH3aM. B 

D aarnH peaynbTa 
13 

S
11

, P
13 

, P
31 

tl'l· 
, ·.'r.~\~ peaynbTaTbl npOTHBOpe'laT TeM li!a30BblM aHanH3aM 

H~ Kne), KOTOpbie B paftoHe 430 Mas JlaiOT HyneBbie 3H 

" 

I
~· 

' 

' . 

'~ 
I 
l 
.I 
I 
I 

KHM o6paaoM, cpaaoBbie aaanH3bi ynpyroro "N - P• 

Hbl K COCTOSIHHSIM C ManbiM Ce'leHHeM H no 9TOft npJ 

xapaKTep. 

Ha pHc. 5 peaynbTaTbi aacTOHIUeA pa6oTbi cpa1 
/2,11 12/ 

MH napuHanbHo-sonHOBbiX aaanaaos ' , JlBa a.:: 

TpHBaiOT KaHanbi TT- p -> " + "- n TT-p 4 1T I 

aHanaaHpyiOTCSI Kananbi TT + P -+ TT + TT
0 P H "+ p ... 

PeaynhTaTbi aarnero aaanaaa cornacyiOTCSI c p 
/2/ 

H llP. H npoTHBope'laT peaynbTaTaM JJ.e Eapa H i 

SIX 1 a HMeHHO: B D13 BOnHe HalliH TO'IKH HaXOJlSITC 

aa JJ.e Eapa H Jlp., a B Dj 3 cymecTBeHHO HH>Ke H' 

/12/. 
TaToB Eaynepa H KarnMopa , nposoJlHBlliHX aaana 

Kananos B H~Tepsane aaepraA 470-550 Mas, To aau 

B cornacHH C HHMHo 0TMeTHM 1 'ITO B T=3/2 E 

no senH'IHHe Ce'leHHft COCTOSIHHSI H COCTOHHHH SJJ 

c D 
J3 

/2 11/ 
o OoaTOMY npeHe6pe*eHHe 

1 
COCTOHH 

no cpasaeHHIO c D 
JJ 

ne onpasJlaHo. 

B Ta6nHue Ill npaseJleHbi senH'IHHbi ce'leHHA P• 

P 
13 

H D
13 

• CneJlyeT oTMeTHTb cneJlyiOIUHe 

pacna}la yKa3aHHblX COCTOSIHHft no pa3nH'IHblM KaHan 

11 
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dm•~· M3 

10 

l l i 

2?0 330 390 450 M(1C•1C•) 
M3! 

M( 0 0) - 0 0 
Pnc. 3. CneKTp Mace rr rr peaKUIIH rr P -+ rr rr n •. 

CnnowHaB Kpneas-Moaenb. 

10 

t 
,~. t. 

'··l· 
"{(,! 

·~ 
l 
1 

I 
j 
I 

.Qng nnmocTpauHH eKnaaoe paanH'IHbiX cocTOBHHA Ha pnc. 4 npneeaeHbi 

eenH'IHHbi y 1 - T/ 2 0
COOTeeTCTey!OIUH9 1-My perueHHIO e CpaeHeHHII C pe-

aynbTaTaMH cjlaaoehiX aaanHaoe ynpyroro · 7TN_pacceBHHB, npoeelleHHbiX e 

• /10/ 
UEPH e H CaKne • 

B cocToBHHBX P
11 

, D 
0 

HaWH peay nbTaThi He npoTHeope'laT o6o 

HM cjlaaoeb!M aHaiJH3aM. 8 S ll 1 pH 0 p Jl , D JJ COCTOBHHBX HalliH 

peaynbTaTbi npoTHeope'laT TeM cjlaaoehiM aaanuaaM (nu6o UEPH, nu6o Ca­

Kne), KoTopbie e paAoae 430 Mae aa10T ayneehie aHa'leHHB v 1- .,.,
2 

• Ta-

KHM o6paaoM, 4Jaaoehie aHanH3bi ynpyroro rr N - pacceBHHB Mano'lyecTenTe. 

Hbl K COCTOBHHBM C ManbiM Ce'leHH9M H no aTOH npH'IHHe HOCBT Ka'leCTeeHHb 

xapaKTep. 

Ha puc. 5 peaynbTaTbi uacToBruei!: pa6oTbi cpaeuuea!OTCB c peaynbTaTa 
/2 11 12/ /2 11/ 

MH napuuanbHO-eOnHOebiX aHanH30e 
0 0 

1 aea H3 KOTOpb!X 
0

• 
paccMa· 

/12 
0 a· e TpeTbeM 

TpHea!OT KaHanbi TT- p -+ TT + TT- B TT- p -> TT-TTO p 

8H8nH3HpyiOTCB KaHanbi TT + p -> TT + TT
0P H TT + p -+ TT + TT + n 

PeaynbTaThi Hawero auanuaa cornacy!OTCB c peaynbTaTaMH CaKcoHa 
/2/ /11/ 

H llP. 11 npoTueope'laT peaynbTaTaM .ne Enpa H np. e D -cocToBHH· 

BX, a HMeHHO: e D lJ eonHe HalliH TO'IKH H8XOaBTCB ebillie T0'18K H3 auanH· 

aa .ne Enpa H ap., a e DB cyruecTeeHHO HH>Ke ux. 4To KacaeTCB peaynb· 

E K 
/12/ '· 

TaToe aynepa H alliMOpa 0 npoeOilHelliHX aHanua 
TT + p 

17+ 17° p 
... I 

rr+rr+n 

KaHanoe e HHTepeane aHepi'HH 470-550 Mae, TO HalliH peaynbTaTbl HaXOilBTC 

e cornaCHH C HHMH. 0TMeTHM, 'ITO e T=J/2 eonHaX H8T ebiileneHHOI'O 

DO eenH'IHHe Ce'leHHA COCTOHHHB H COCTOBHHH SJI H 

c DJJ 

/2 11/ 
• noaTOMY npeHe6pe*eHHe ' 

no cpaeHeHHIO c D 
JJ 

ue onpaellaHo. 

COCTOBHHBMH 

P3 , 

SJI 

cpaeHHMbl 

H PJl 

B Ta6nHue Ill npneelleHhi eenH'IHHhi ce'leHHi!: pacnalla cocToBHHi!: 
p 
11 

PIJ H DH • CnellyeT oTMeTHTb cnellYIOIUHe xapaKTepHbie oco6euuoc~ 

pacnalla yKa3aHHbiX COCTOBHHi!: no paanH'IHbiM KaHanaM: 

11 
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Ta6nHua Ill 

BKJia;zu,l I-e 2-oe pasnwaHJ>~x tlJie-
CocTORHHe HOB pemnHe peweHMe (M6) 

HeMsodapHhl~ 
llJJeH 2,65 0,74 

LJ 1236 -
Prr P630HBHC u,54 1,51 

TpeyroJI:&Hbl~ 
rpa\lJJ,lK 0,12 0,32 

L1lc56-

llr3 peaOHBHC 3,82 3,50 

Tpeyron:&Hwt1 
rpaqiMK 0,38 0,34 

!J U36-
pesOHBHC 0,59 0,19 

.PH 
TpeyrOJII>Hbl~ 

rparimK 0,03 O,OI 

14 

3-e 
pemeHMe 

1,50 

0,82 

0,13 

4,04 

0,39 

-
0,53 

0,02 

1 ) 8 P
11 

- COCTOSIHHH CylUeCTS9HHblft SKnaJl Sl 

nan; TaK KaK 9Hepl"HSI 17 N -CHCT9Mbl S CHCTeMe U• 

6mraKa K pe30HaHCHOMY 3Ha"'9HHIO 9H9pl"HH S P11 ·-' 

r =165 Mas), TO 9TOT !flaKT npeacTasnSieT HHTep 

cuTenbHbiX sepOSITHOCTeft pacnaaa P 
11

- peaoaanca. 

2) B D - COCTOSIHHH pO>KJl9HHe H306apbl S S 
13 

6onbllle, qeM S P
11 

-- COCTOSIHHH ( p -pO>KJl9HHe H:: 

8) TpeyronbHblft rpa{jJHK SHOCHT HaH60nblllHft Sl 

17-9/ 
B pSIJle pa6oT aa6niOaanocb npeshillleHue 

oonaCTH oonblllHX MaCC CIT9KTpa 17+ 77--CHCTeMbl OT p 

s6nH3H rropora o6paaosaHHSI ·1'1
1236 

-peaoHaHca. E 

a(jlcpeKT OO'bSICHSieTCSI COSOKYITHOCTbiO MHOI"HX cjJaKTOpC 

MH B f
11 

( $OH H a -Me30H), HHTepcjJepeHUHeft HeJ 

6apHbiM S p 
11 

, a TBK>Ke HHTepcjJepeHUHeft Tpeyi'Ol 

6apHbiMH H HeHao6apHbiMH qneHaMH s P11 H D 
13 

rrpHseaeHbi sKnaJlbi paanuqHbiX "'nenos s crreKTpe 

CTBy!OlUHe rrepSOMY pellleHH!Oo 

B paMKaX Ha!lleft MoaenH yaanocb onucaTb see 

11N ... 1111N rryTeM SSeJleHHSI ITOMHMO 1'1 1236 - P' 

JleftCTBHH S pll S 11 - COCTOHHHHX a -Mea• 

ro I'pacjJHKa ~. P
11 

, Do H p 1J- COCTO 

BOITpoca 0 He06XOJlHMOCTH SB9Jl9HHSI TpeyronbHOI"O I" 

Jl9H aHanH3 9KCnepHM9HTanbHbiX Jl8HHbiX 093 BKniOqe 

HOI"O rpa{jJHKa ( T,e. a 
0 

=0) ; npH aToM qucno rraJ: 

lllHnOCb H8 9JlHHHUy, 

CornacHe c axcrrepHMeHTanbHbiMH JlBHHbiMH cy1 

TaK, narrpHMep, x 2 anH 1-ro pe!lleHHH soapacTan HI 

ro - Ha 86 H anH 3-ro - aa 28. Coi'nacHo KpHTepHIO 

yrsep>KJlaTb, qTo ecnH rrpH ysenHqeHHH qucna rrapaM 

16 



~RHH6 

BKna;qu 
paa JIWiHbi.X 'lJie­

HOB 
(MC5) 

aeHao6apHhl~ 
Y.JreH 

Ll 1236 -
pe30H8HC 

Tpeyron:&Hhl~ 
rpatPklK 

L11c56-
peaouaHc 

Tpeyron:&Hwtl 
rpa1IJI1K 

!J IC36-
peaoHaHc 

TpeyrOJil>Hhl.it 
rpailJvlK 

14 

Ta6nHua Ill 

I-e 
peweaHe 

2,65 

u,54 

0,12 

3,82 

Ov38 

0~59 

0,03 

I 

I 

2-oe 
peweHHe 

0,74 

I,5I 

0,32 

3,50 

0,34 

O,I9 

O,OI 

I 

I 

3-e 
peweHI-1e 

1,50 

0,82 

0,13 

4,04 

0,39 

0,53 

0,02 

:j 

J 

J 

I 

I 

1 ) 8 P
11 

- COCTOSIHHH CyllleCTS9HHbiH SKIIall SHOCHT H9H30oapHbiH Ka­

aan; TaK KaK aaepi'HSI 1T N -CHCT9Mbl S CHCTeMe UeHTpa MaCe (1403 Mas) 

6nuaKa K peaoaaacaoMy aaa'leHHIO saeprnH s P11 -- cocTOSIHHH ( 1470 Mas , 

r =165 Mas), TO 9TOT <flaKT npencTasnSieT HHTepec lliiSI BbiSICH9HHSI OTHO­

CHT91lbHbiX sepOSITHOCTefi pacnana P 
11

- peaoaaaca. 

2) 8 D - COCTOSIHHH p0)1{ll9HH9 H30oapbl B S -COCTOSIHHH HaMHOI'O 
13 

OOI!blll9
1 

'19M B P
11 

- COCTOSIHHH ( p -p0)1{ll9HH9 H30oapbl) • 

3) TpeyrOIIbHblH rpatiJHK BHOCHT HaH60IIblliHH BKI!all B D1 3 - COCTOSIHHHo 

17-9/ B paoe pa6oT aa6n10nanocb npesbillleane aan ¢aaosoa Kpnsoa s 

o6nacTH 6onblliHX Mace cneKTpa rr+rr--cucTeMbl OT peaKUHH - + -rr p-+rrrrn 

soi!H3H nopora o6paaosaHHSI ,fl 
1236 

-peaoaaaca. B Hallie!>! MonenH aToT 

atiJcpeKT OO'b SICHS19TCSI COBOKYllHOCTblO MHOrHX tiJaKTOpOB: HeH300apHbiMH 'llleHa-

MH s P
11 

( ¢oa H a -Meaoa), HHTeptiJepeauHefi aeuao6apaoro qneaa c H3o-

6apHbiM S p 
11 1 a TaK)I{9 HHTep<!JepeHUH9H TpeyrollbHOH llHBrpaMMbl C H30-

6apHbiMH H neuao6apHbiMH qneaaMH s P11 H D 13 - sonaax. Ha pHc. 6 
2 

npnseneHbi sKJtanbi pa311H'IHbiX qneaos s cneKTpe M (rr + rr-) ,cooTseT-

CTBYIOIIlH9 nepBOMY pellleHHlOo 

8 paMKaX Halllefi M0ll911H ynanocb OllHCaTb see llSITb KaHaiiOB peaKUHH 

rrN ... rrrrN nyTeM sseneHHSI noMHMO A 1236 - peaouaaca 1T 1T -B38HM0-

nefiCTSH.R S P
11 1 

S 1l - COCTOSIHHSIX ( a -Me30H) H Y'I9T8 TpeyrollbHO-

ro rpatiJHKa S P
11 1 D 

13 1 H p 
13 

- COCTOSIHHSIX, .Ung SbiSICHeHHSI 

sonpoca o ueo6xonHMOCTH sseneHHSI TpeyronbHoro rpa¢HK8 HBMH 6biii npose­

aeH aHaiiH3 9KCnepHM9HTallbHbiX ll8HHbiX 093 BKJll0'19HHSI S M0ll9llb Tpeyrollb-

aoro rpatiJnKa ( T.e. a O =0) ; npH 9TOM 'IHCIIO napaMeTpOB M0ll911H yMeHh-

lliHI!ocb aa enuauuy. 

Cornacue c sKcnepuMeHTBIIbHbiMH naHHbiMH cymecTseaao yxynlllanocb: 

TaK, HanpHMep, )( 2 llllSI 1-ro pellleHHSI B03pacTall Ha 51 9JitHHHUY lliiSI BTOpo­
/13/ 

ro - Ha 36 H lli!SI 3-ro - aa 28. Cornacao KpHTepHIO !f>ulllepa , MO)I{HO 

yTsep)l{ll8Tb
1 

'ITO eCIIH npH ysei!H'I9HHH 'IHCI!a napaMeTpOB Ha 9llHHHUY npo-

15 



N 

2 + PHc. 6. BKn8Ahi paann"iHhiX "ineHOB e ClleKTp Mace M ( 17 17 ) peaKUHH 

17 - p -+ 17 + 17- n • x -HeHao6apHhiil qneH P
11 

, 0 -Hao6apHhiil 

"ineH p11 , A -HHTepcflepeHUHSI TpeyronbHOil AH8r'p8MMhi C H3o6apHhiM H He-
H3o6apHhiM "ineHoM B P 11 , 0 -Hao6apHhiil qneH B D 

13 
, • -HH-

TepcflepeHUHSI TpeyronbHoro rpacflnKa c nao6apHhiM "ineHoM B D
13 

0 -HHTepcflepeHUHSI H306apHOI'O H HeHao6apHOI'O "ineHOB B ~ 
1 

, :f(. -BKnaA 
811 COCTOSIHHSio 

16 

H30llinO YM9Hblli9HHe )( 
2 

R8 .fl )( 2 
, TO BepOSITHC 

pOA8 rrpH OT6paChiB8HHH pelliQHRSI C M9HbliiHM "iHCnc 

a .< P ( )( 2 > ll )( 2 ) ' 
I 

rAe )( 
2 

eCTb )( 
2 

C OAHOil CTerreHblO CBOISOAhlol 
I 

3-x pellieHHil a < 0,01 %. TaKHM o6paaoM AnSI o 

nOB B p8MK8X H811Ieil MOAenH BKnlO'i9HH9 Tpeyr'OnbH 

npH aTOM llpHM9"i8TenbHO, "iTO B A8HHOil MOAenH, : 

pellieHHil, AnH.a 17 11 -pacceSIHHSI eo acex pelliel:l 

aonSieT orrp.eAennTb aHaK H aenn"iHHy AnHHhi pacceSI. 

CneAyeT aaMeTHTb, 'ITO aMrrnHTyAa rr rr -pacceSIH~ 

MOaenH orrpeaeneHa K8K KOHCT8HT8i OAH8KO MO~HO 

pa)KeHHe 8MilnHTYAhl C y"ieTOM "'neHOB THII8 acflcfleKT 

114/ 
B pa6oTe X.illMHTa 6hino rrpnaeaeHo ypaf 

AOBano, 'ITO TpeyronbHhlil I'pacflHK 1:19 BnHSieT Ha Ma 

/15/ 
TeMhi. OaHaKo, KaK rroKa3aHo B.BanyeBhiM , rro; 

TaT SIBnSieTCSI cneaCTBHeM HCIIOnb30B8HHSI HerronHOI' 

TYAhl Tpeyr'OnbHOI'O rpacflHKa. 

npoBeAeHHhlil H8MH 8H8nH3 IIOK83h!B89T, 'ITO I 

nH AnSI OIIHC8HHSI BCeX KaHanOB peaKUHH 17 N -+ 17 11 

17+ 11- n 

Tpex KaHanoa ,, 11-:..P -> TT
0

11° n He06XOAJ 

17 17° p 

ro rpacflnKa, 'ITO rroaaonSieT orrpeAenHTb aHaK H ae~ 

HHSI a o 

.LlnSI yTO"'HeHHSI rrony"'eHHhiX peaynbT8TOB )Ken! 

l!hiH aHanH3 BCeX K8HanoB peaKUHil IIpH M9HblliHX 31 

Bane 350-400 Mas. 

B aaKnJo"'eHne aaTophi 6naroaapSIT B.B.AHHCO 

MHOI'O"'HCneHHhie none3Hhle o6Cy)KAeHHSI H COBeThlo 

17 



N 

2 + i 
KJlBJlhi paanu"'HhiX qneHos B cneKTp Mace M ( rr rr ) peaKUHH 

rr + rr- n • X -Heuao6apHhiil: qneH P11 , 0 -uao6apHhiil: 

, /). -HHTep<iJepeHUH.s! Tpeyi'OJlbHOii JlHBI'pBMMhl C H306apHhiM H He-

"'JleHOM B P 11 , 0 -uao6apHhiA qneH B D 
13 

, e -HH-

.9: TpeyronbHoro rpa<iJHKa c uao6apHhiM qneHOM B D13 
n.honeHUH.s! H306apHOI'O H Heuao6apHOI'O "'JleHOB B ~ l , ~ -BKJ18Jl 

16 

H30lliJ10 yMeHbllleHHe 
)( 2 HA fl )( .2 , TO sepO.s!THOCTb OlliH6KH nepBOI'O 

pOllB rrpH OT6paChiB8HHH pelli8HHSl C M9HblliHM "'HCJ'IOM napaMeTpOB 9CTb 

a .< p ( )( 2 > fl )( 2 ) ' 
1 

2 2 I'Jl9 )( 
1 

eCTb )( C OJlHOA CT9IT9Hbl0 CB060Jlhi.B HallleM cnyqae Jln51 BCeX 

3-x pemeHHA a < 0,01 %. TaKHM o6paaoM an.s~ onucaHHR scex rrSITH KaHa­

nos B p&MKBX Hallleil: MO)leJlH BKJ1JOqeHH9 Tpeyi'OJlbHOI'O rpa<IJHKB He06XOJlHMOo 

npu aTOM rrpHMS"'aTeJlbHO, 'ITO B JlBHHOil: MOJl9JlH, HSCMOTp.s! HB HeCKOnbKO 

pemeHHii, anu.a TT " -pacce.s~HHR so scex pemeHHRX cosnaaaeT, 'ITO noa-

BOJl.sieT onp,eJleJlHTb 3HBK H BeJlH"'HHY JlJlHHhl pacce.siHH.s! a O =( 0,65+0,16 )lt71 o 

CneayeT aaMeTHTb, 'ITO aMnnuTyJla rr rr -pacce.s~HHSI B aaHHOM sapuaHTe 

MO)leJlH onpe)leJleHa KBK KOHCTBHTBj O)lHBKO MO*HO BBeCTH 6onee ITOJlHOe Bhl­

pa*eHHe aMITJlHTYJlhl C yqeTOM "'JleHOB THOa a<iJ<IJeKTHBHOI'O p8JlHYCBo 

/14/ 
B pa6oTe X.lli MHTB 6hiJ10 rrpHBe)leHO ypasHeHHe, H3 KOTOpOI'O cne-

JlOBano, 'ITO Tpeyi'OJlbHhiH rpa<iJHK He BJlH.sieT Ha MaCCOBhiil: crreKTp TTTT- 2HC­

/15/ 
TeMhi. OaHaKo, KaK noKa3aHO E.BanyeBhiM , nony"'eHHhiA lliMHTOM peaym,... 

TaT .s!BJl.s!eTCSI CJ'Ie)lCTBHeM HCITOnb30BaHH.9: HerrOJ'IHOI'O Bhipa*eHH.s! )lJl.s! aMITJlH-

TyJlhl Tpeyi'OJlbHOI'O rpa<IJHKa. 

npose)leHHhlii HaMH aHaJ1H3 ITOKa3hiBaeT, 'ITO B )laHHOM sapHaHTe MO)le-

J'IH an.s~ onucaHHR scex KaHanos peaKUHA "N -+ TT TT N unH, no KpaiiHeii Mepe 

rr+ TT- n 

TpeX KBH8J10B T1-:. p -> TT
0

TT
0 n He06XOJlHMO BBe)leHHe Tpeyi'OJlbHO-

T1 TTO p 

I'O rpa<IJHKB, 'ITO IT03BOJ1.9:eT onpeJleJ'IHTb 3H8K H BeJ'IH"'HHY JlJlHHhi TT TT- paCC9.9:• 

HHR ao 
Un.s~ yTO"'HeHHR nonyqeHHhiX peaynbTaTOB *enaTenbHO rrposecTH cosMeCT 

!lhiH aHaJ1H3 BCeX K8H8J10B peaKUHii rrpH MeHblliHX 3Ha"'eHH.s!X aHepi'HH B HHTep· 

sane 350-400 Mas. 

B aaKmoqeHue as Tophi 6naroaapSIT B.B.AHHCOBH"'a H E.H .Banyesa aa 

MHOI'O"'HCJ'IeHHhl9 ITOJ193Hhle o6cy>KJl9HHSI H COBeThlo 
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TeMaTHt~eCKHe Ka 

ny6JIHKa~H: 

06'be~HHeHHOrO HI 

.H~epHbiX HCCJie~~ 

~Kcl TeM&THKa 

1. SxcnepaMeHTan&HaSI rjJH3HK8 BhiC 
2, TeopeTB'I8CK&SI rjJH3HK8 BhiCOKHX 
3, SxcnepHMaHTan&H&SI HeATpoHHast 
4, TeopeTH'IecxaH rjJ&3HKa HH3KHX l 

5, MaTeMaTez:a 
8, SUlepH&Sl CDQKTpOCKODHSI H pal1H4 
7, ~R3HE8 T~QllhlX HOHOB 
8. Kpeorenxa 
9, -YCKOpRTenR 

10. ABTOM8TB3&UHSI o6pa6oTKH aKcn 
11. BI>I'IRcneTen&HaH MaTeMaTHKa H 
12. XHMRSI 
13, Texaaxa rjJH3R'Iecxoro 9KcnepHM 
14, Hccne.llOB&HRSI TBep.llhiX Ten H ~ 

MQTO.Il8MH 
15, I 3KcnepHMaRTan&H8.51 rjJR3HK8. 51.118 

DpH HH3KHX 9HeprBSIX 
18. I Ll03HM8TpHSI H rjJH3HK8. 38.WHTI>I 


