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HacTOSIIUHH SKCIIepHMeHT IIpOBO):{HnCSI C IIOMO!Ub!O 25-caHTHMepOBOH 

Ill u 

BOJ::tOpOJ::tHOH KaMepbl n.fiD 0l1.fll1 , IIOMeiUeHHOH B MarHHTHOe rrone 

12, 12 KSo Dy'IOK 17 - -Me30HOB OT BHyTpeHHeH MHIUeHH CHHXpOUHKnOTpOHa 

Ol1Hl1 aHanHsHpoBancSI pacceSIHHbiM rroneM ycKopHTenSI, a T"aK)I(e J::torronHH-

o 
TenbHbiM OTKnOHSIIO!UHM MarHHTOM C yrnoM OTKnoHeHHSI 10 • Cpe):{Hee 'IHC-

no '18CTHU, BBO):{HMbiX B KaMepy 38 UHKn pacumpeHHSI, COCTaBnSinO 10-12. 
/2/ 

DoJ::tpo6HoCTH OIIbiTa orrHcaHbi B pa6oTe • 3HeprHSI rrepBH'IHoro rry'IKa 

17 
-Me30HOB

0 
OIIpe):leneHH8SI IIyTeM H3MepeHHSI paJ::tHYCOB KpHBH3Hbl IIY'IKO­

BbiX TpeKOB Jl ycpeJ::tHeHH8SI liD BCeM ceaHC8M pa60Tbl 0 paBHSinaCb 339!.. 

:t..12MsB. 

PercTpHpoBanHCb cneJ::tyJOIUHe rrpoueccbi: 

1T p .... 1T 
+ n (I) 1T 

- p .... TTO p (II) 1T 1T 

1T p .... 1T yp (Ill) 

- p (IV) 1T p .... 1T 

rr-p .... 11° n (V) 

Bcero 6bmo IIpOCMOTpeHO "' 4()() Tb!CSI'I cTepeo~oTorpa~HH:. 
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/ 
ITpouegypa HSMepeHHH H KpHTepHH oT6opa 

ITony'leHHbie ¢oTorpa¢HH JlB8)K.Qbi npoeMaTpHBanHeb Ha npoeMOTpOBbiX 

npoeKTOpax, npH 9TOM a<f><f>eKTHBHOeTb 06Hapy)!{eHHH JlByXny'leBbiX 3Be3Jl 

eoeTaBnHna "' 99%. 

feoMeTpH'IeeKoe BOeeTaHOBneHHe H H3MepeHHe Haifneil:Hb!X eo6biTHft 

IIpOH3BOJlHnoeb e ITOMOIUbiO eTepeonpoeKTOpa. ilnH ITOBbiiiieHHH TO'IHOeTH 

HSMepeHHft OT6HpanHeb TOnbKO Te eo6b!THH 0 KOTOpb!e YllOBneTBOpjlnH ene-

llYIOIUHM reoMeTpHqeeKHM KpHTepHHM: 

1) yron Me)!{JlY nepBH'IHbiM TpeKOM H MeJlH8HHOft nnoeKOeTbiO KaMepbl 

0 
He npeBbiiiiaeT 4 ; 

2) paeeTOHHHe OT TO'IKH B38HMOJlefieTBHH 110 rpaHHU "BHJlHMOrO 06'be­

M8 KaMephl 6onbiiie 4 eM; 

3) yron Me)!(JlY nnoeKOeTb!O paeeeHHHSI OTpHUaTenbHOH qaeTHUbl H Me-

700,, JlHaHHOfi nnoeKOeTb!O KaMephl He npeBhliiiaeT 

4) nnHHa npoTOHHoro TpeKa 6onhiiie 0,5 eM. 

IToene 9TOrO H3 BeeH: eoBOKYITHOeTH OT06paHHbiX eo6b!THH BbiJlenHnHeb 

HeynpyrHe eo6biTHSI. KpHTepHH pasnenesHSI ynpyrHx H HeynpyrHx eo6biTHH: 

¢opMynHpoBanHeb pasnH'IHbiM o6pasoM JlnSI Tpex HHTepBanoB sHa'leHHfi yrna 

paeeeSIHHSI nonO)!{HTenhHOft qaeTHUbl 8
2 

/3/ 

0 0 
ilnSI HHT9pBana 1 0 < 8 

2 
< 70 B KaqeeTBe Mepbl OTKnOH9HHH OT yii-

pyroli: KHHeMaTHKH npHHHManaeb B9nH'IHH8 

p2 =( 11¢ )2 
a(/1¢) + a (1'18) 

) 2 ' 

rne OTKnOH9HHe OT KOMnnaHapHOCTH C06hlTHSI 0 - OTKnOH9HHe 

OT ynpyrofi KOppenSIUHH yrnoB paceeSIHHSI IIOnO)!{HTenhHOif H OTpHUaTenhHOfi 

qaeTHU. 

B HHTepsane 0 < 10° B CBSI3H C 6onhiiiOfi rrorpeiiiHOCTh!O H3MepeHHSI 
2-

aSHMyTanhHOrO yrna sa Mepy OTKnOH9HHSI OT yrrpyrofi KHHeMaTHKH npHHHMa-
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/ 
)2+ ( ---=!'!.:...:::.0_ 

a (!!. e ) 

E = E +E - E 
+ 0 

) 2 

E 
0 

- Ha'lanbHaSI 9HeprHSI 1 E+, E _- a He prHSI BTOpH'IHbiX 'IBCTHU. 

0 
B HHTepsane 0 > 70 OTKnOHeHHe OT yiTpyroj;j KHHeMaTHKH xapaK-

2 -

TepH30Banocb senH'IHHOH 

rae /). 0 f - OTKnoHeHHe OT yiTpyroH KOppenSIUHH yrna pacceSIHHSI H ITpooe­

ra ITOnOlKHTenbHOH '18CTHUb!, 

BenH'IHHbl a(!!.¢) oa(!!.e).,a(!!.E) H a(!!.ee )- aHCITepCHH paciTpeaeneHHH 

COObiTHH ITO COOTBeTCTBYIOIDHM BenH'IHHaM1 OITpe;:teneHHbie 9KCITepHMeHTanbHO, 

2 2 
Co6biTHe C'IHTanocb HeyiTpyrHM1 ecnH senH'IHHbi p 

1 
p 

2 
H p 

3 
ITpe-

BbiwanH 3H8'1eHHSI 16,5; 15 H 16,5- COOTBeTCTBeHHO, f1pH 9TOM ITpHMeCb yiT­

pyrHX COObiTHH B HeyiTpyrH'e He ITpeBbiWana 0, 2%, 

06c'leT co6biTHH H HgeHTHdJHKaUHSI 

0To6paHHbie HeyiTpyrHe co6biTHSI ObinH asaJKahi H3MepeHbi Ha cTepeo­

rrpoeKTope. Pe3ynbTaTbi H3MepeHHH o6C'IHTbiBanHCb Ha 3BM "MHHCK-22" 

/4/ 
ITO rrporpaMMe TREPANG , KOTopaSI ycTpaHSina CHCTeMaTH'IeCKHe owHo-

KH, CBSI38HHbie C ycaaKOH ITneHKH 0 ITpenoMneHHeM B Boaopoae, KOHH'IeCKOH 

xl 
perrpoeKuHeH IIpH H3MepeHHH paaHyCOB H TOpMOlKeHHeM '18CTHU, 

x/ 
HMITynbC '18CTHUhl OIIpeaenSinCSI 110 paaHycy KpHBH3Hhl oaHOH H3 KOCO-

yronbHbiX ITpoeKUHH: TpeKa Ha ropH30HTanbHYJO ITnocKOCTb, PaaHyc H3MepSincH 

rryTeM COBMeweHHH IIpOeKUHH TpeKa C ayroj;j OKpylKHOCTH 0 HaHeCeHHOH Ha 

ITneKcHrnaccoByJO ITnacTHHKy, 

5 



.uanbHeii:IUHft o6c'leT co6hiTHSI npoBoJlHncSI no <jJHT-nporpaMMe ( 1 

( 151 
- C <jJHT), KOTOpaSI HCnOnb30Bana anropHTM, OnHC8HHbift B pa6oTe , 

Ka)I(Jl09 C06biTHe o6C'IHTbiBanOCb B 3-x rHnOT938X, COOTB9TCTByiOIUHX 

peaKUHSIM I • n H m 
llnSI Jl8HHOrO C06b!THSI rHnOT93bl ll H lll OTBepranHCb, eCnH OJlHO-

BpeMeHHO Bh!ITOnHSinHCb cneJlyiOIUHe HepaBeHCTBa: 

X 
2 > 7. 

III 

EcnH *e uapSIJlY c 
2 

XI < 7 OK83biB8nOCb 0 'ITO XOTSI 6bi. OJlHO H3 

2 2 
X II HnH X III M9Hblll9 7, TO npHBneKanaCb JlOnonHHTenbH8SI HH¢op-

M8UHSI 0 C06biTHH, TipoBOJlHnacb BH3yanbH8SI OU9HK8 HOHH38UHH nonO)I{HTenb-

uoro TpeKa, HanH'IHe OT'IeTnHBbiX paspbiBOB Ha TpeKe OJlH03H8'1HO HC-

KniO'I89T peaKUHH ll H lll t T,K, 11pH Jl8HHOH 9HeprHH BCe npOTOHbl HM9IOT 

cnnoiUHbie TpeKH, B aeKoTOpbiX cnyqagx npHMeHSinacb HJleHTH<jJHKaUHSI no 

rrpo6ery, llnSI aToro onpeaensmcSI rrpo6er npoToHa, HMeiOUlero HMnynbc Ha 

3 cTaHaapTHbiX OIUH6KH 6onbiUe HsMepeaaoro HMnynbca nono)I{HTenbHoft 

qacTHUbi. EcnH Bbi'IHcneHHbiil: TaKHM o6pasoM rrpo6er oKa3biBancSI MeHbiUe, 

qeM JlnHH8 nonO)I{HTenbHOrO TpeKa, TO peaKUHH ll H lll HCKniO'!anHCb, 

llnR pasaeneHHSI peaKUHH I H V HcnonbsoaancSI TOT <jlaKT, 'ITO 

2/6/ 
99,8% nap llanHua HM9IOT HHBapHaHTHyiO Macey w + - M9Hblll9 100 Maa/c_- , 

e e 2 2 
EcnH oKa3biBanocb, 'ITO we+e- npeBbiiUaeT 130 Maa/c (30 Maa/c co-

oTaeTCTByeT npH6nH3HTenbHO 3 OIUH6KaM B 9TOH BenH'IHHe), TO C06b!THe 

C'IHTanocb rrpHHaane*alllHM peaKUHH 1. EcnH *e w + - oKa3biBanocb MeHb-
2 e e 

IUe 130 Maa/c t npOBOJlHnHCb HOHH38UHOHHbi9 H3MepeHHSI, H aneKTpOHHb19 

171 
C06biTHSI OTJl9nSinHCb B COOTBeTCTBHH C pesynbT8T8MH pa60Tbl , 

Ha pHc. 1 rrpHaeaeuo pacnpeaeneuHe no anSI co6biTHil:, npHaaane-

)1{8UlHX peaKUHH 1, fHcTorpaMMa xopoiUo onHCbiBaeTCSI X 2 - pacnpeaeneHHeM 

c 1 cTeneHbiO cao6oahl. 
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llnSJ co6biTHit, ITpHHaane>KalllHX pea?HSIM II H m 6binO ITOCTpoeao 

paciTpeaeneaHe ITO KBaapaTy aeaocTa!Omeit Macchi ( pHc. 2). Co6hiTHSI 

B rHCTOrpaMMe rpyiTITHpy!OTCSI 

2 
H 135 • B Ka'leCTBe KpHTepHH 

BOKpyr aByX 3Ha'!eHHii M 2 , paBHbiX 0 
0 

paaaeneHHSI C06biTHii peaKUHH II ID H 

M2 
6bina Bbi6paaa BenH'iHHa 0 

4 = 9000 M :3B/ C 1 COOTBeTCTBY!OillaSI MHHHMY-

My Me>Kay aByMsr ITHKaMH. Co6biTHH c 

Hbl K peaKUHH m . a C06biTHSI c M~ 

2 2 4 M 
0 

< 9000 MaB /c 6hinH oTHece-

> 9000 MaB
2 
/c 

4 
- K peaKUHH II. 

llnSJ oueHKH ITpHMeceft peaKUHH m B n H II B DI ' a TaK>Ke ansr 

ITpOBepKH ITpaBHnbHOCTH HCITOnbayeMbiX B $HT-ITporpaMMe OII1H60K H3MepeHHft1 

ITpOBOaWIOCb MoaenHpOB8HHe C06biTHH peaKUHH II H m . llnsr aToro CHa­

qana MoaenHpoBanocb 'To'!Hoe' co6biTHe c ITOMOillb!O 5 aeaaBHCHMbiX cny-

qaftHhiX '!Hcen, KOTOpbie OITpeaenHnH cneayiDillHe KHHeMaTH'leCKHe ITapaMeT-

pbi: 

1 ) HMITynbC ITy'lKOBOH 'laCTHUbli 

2) HMIIynbC HeitTpanbHOH 'laCTHUbl a c.u.u.; 

3) yron pacceSIHHSI HeftTpanbHOH 'laCTHUbl B C.U.H.; 

4) yron BbineTa IIpOTOHa B CHCTeMe ITOKOSI ITapbl 38pSI>KeHHblX 'l8CTHU 

ITO OTHOilleHHIO K HanpaBneHHIO aBH>KeHHSI :3TOH rrapbli 

5) 83HMyTanbHbiH yron IIpOTOHa B CHCTeMe ITOK05I :3TOH rrapbl. DpH 

aToM HMenacb B03MO>KHOCTb aaaaBaTb paciTpeaeneHH5I 5 yKaaaHHbiX aeaa­

BHCHMbiX BenH'lHH ITpOH3BOnbHbiM o6pa30M ( ITpaKTH'leCKH anSI HHX aaaaBa­

nHCb 9KCITepHMeHTanbHbie paciTpeaeneHH5I) • llng ITonyqeHHOrO TaKHM o6pa-

30M 'TO'lHOro' C06biTH5I Bbl'lHCn5InHCb H3Mep5IeMhie BenH'lHHbl B na6opaTop­

HOH CHCTeMe 1 H B HHX BHOCHnHCb HOpM8nbHO paciTpeaeneHHbie cnyqaftHbie 

ao6aBKH1 COOTBeTCTBY!OillHe cpeaHHM :3KCITepHMeHTanbHbiM OlllH6KaM B H3Me­

p5IeMbiX BenH'lHHax. MoaenHpoBaHHoe TaKHM o6pa3oM 'aKcrrepHMeHTanbHoe' 

co6biTHe o6cqHTbiBanocb ITO ifJHT-ITporpaMM e. 

lln5I peaKUHH IU 

~p 
+ 

= 0,090; 

aaaaBanHcb cneayiDillHe aKciTe pHMeHTanbHbie omH6KH: 

0 
~ p- /p- . = 0,075; OII1H6KH B yrnax "" 1 • 3TH 

8 



N 
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28 . •-, 
I 
I 
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24 
I 
I 
I 

20 
I 
I 

L-
I 
I 

16 
I --· 

12 

8 

" 
-20 0 20 4o f.IH,arc•J M: 

PHc, 2, PacrrpeneneHHe IIO KB8Jlp8Ty HeJlOCT810Weii M8CCbl Jln'il C06biTHH THII8 77 -{' -+ 71 -rr 0 p 
H 11-p-+ 11- y p. nyHKTHpHaH rHCTOrpaMM8 - MO'JlenbHOe pacrrpeneneHHe, HOPMHPO­

B8HHOe H8 3KCIIepHMeHTanbHOe KOnHqeCTBO C06biTHH, 
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i\ 
' 

BenH"'IHHbi 5binH IIOnyqeHbi yepeaHeHHe~ OIIIH50K 0 BbiA8HHbiX ITpOrpaMMOH 

reoMeTpH"<IeeKOrO BOeeTaHOBneHHR. 

Ebmo pa3birpaHo 300 eo5biTHi!:. M oaenhHoe paeiTpeaeneHHe ITo M 2 , 
0 

ITony"<IeHHoe ITpH p03birpbune peaKUHH Ill , eoBITano e neBbiM ITHKOM aKe­

ITe pHMeHTanhHoro paeiTpeaeneHHR ( pHc. 2). M oaenhHbie paeiTpeaeneHHR 

ITO X 2 ( y ) 
In 

( T.e. B BepHOH rHITOTe3e) H X l~ ( y) ( T.e. B HeBepHOH 

rHITOTe3e) T8K)!{e XOpOlliO eOBITanH e eOOTBeTeTBYIOlliHMH aKerrepHMeHTanh-

HbiMH paeiTpeaeneHHRMH • 

.Qng p03birpbirna peaKUHH II BHB"'Iane 38A8BanHeh epeAHHe aKeiTepH-

= 0,091; ~p_ /p- = 0,086; MeHTanhHbie oum5KH, paBHbie ~ p I p 
+ + 

0 
OlllH5KH B yrnax = 1 • f1pH p03blrpb!Ille e T8KHMH OlllH5KaMH MOAenhHOe 

M2 
paeiTpeaeneHHe ITO 

0 
oKa3anoeh. 3Ha"<IHTenhHO IllHpe, "'!eM ITpaBbiH ITHK 

aKeiTepHMeHTanhHoro paerrpeaeneHHR, H3 qero eneaoBano, 'ITO OlllH5KH B pe­

BKUHH II , ITO-BHAHMOMY, 38BbiilleHbi. Ha aTo )!{e o5eTORTenheTBO yKa3bi­

BaeT T8K)!{e H TOT ~aKT, 'ITO aKeiTepHMeHT8nhHOe paeiTpeaeneHHe ITO 

X 2 ( 11 o ) ( B BepHoi!: rHITOTe3e) y)!{e, "<I eM O)!{HAaeMoe x 2 paeiTpeaeneHHe 

e 
11 
I cTeiTeHhiO eBo5oAbi ( pHe. 1). 3aBbiilleHHe oum5oK B peaKuHH II MO)!{-

HO, ITO-BHAHMOMy, 05'bReHHTh HeTO"'IHbiM yqeTOM MHOrOKp8THOrO paeeeRHHR 

ITpH Bbi"<IHeneHHH OlllH5oK HMITynbeoB B reoMeTpHqeeKoi!: ITporpaMMe. B pe-

8KUHH II aTOT ae¢eKT AOn)!{eH eK83b!B8TheR eHnhHee, T.K. epE01IHH HMITynhe 

qaeTHU B aToi!: peaKtiHH MeHbllle, "'!eM B peaKUHH III 

B peaKUHH II p 360 MaBle, p 140 MaBle, 
+ 

B peaKUHH DI p 430 MaBle, p 240 MaBle. 
+ 

c yqeTOM aT oro o5eTOSITenheTB8 p03birpbllll peaKUHH II 5bm rrpoae-

naH 3aHoBo. ITpH aTOM B ~HT-ITporpaMMe ITo-ITpe)!{HeMy HeiTonh30BanHeh 

aKeiTepHMeHTanhHbie OlllH5KH 0 a B p03birpbiille MO):lenhHOH 3Be3Abl - BABOe 

MeHhlllHe. Ebmo pa3birpaHo 360 eo5biTHi!:. ITonyqeaaoe B pe3ynhTaTe Mo-

aenbHoe paeiTpeaeneHHe ITO YAOPneTBOpHTenhHO eOBITano e rrpaBbiM IIH-

10 



KOM &KcnepHMeHTanbHoro pacnpeaeneHHSI ( pHc. 2). MoaenbHbie pacnpeae-

( 2 ( 0) 
neHHSI no x 

1
:. (" 0 ) ( sepnaSI rHnoTeaa) H. X lll 11 · ( HesepHaSI rHnoTe-

aa) xoporno cosnanH c sKcnepHMeHTanbHbiMH. 

OuenKa npHMecH no KpHTepHID 
2 

X cymecTsenno npeBhirnaeT ouen-

M 2 
KY npHMeCH 110 pacnpeaeneHHID 0 , 'ITo, no-BHJlHMOMY, ecTb cneacTBHe 

3aBbillieHHb!X OlliH60Ke 00CKOnbKY SKCnepHMeHTanbHb!e OlliH6KH H3BeCTHbl 

HeTo'IH01 a MoaenbHbie pacnpeaeneHHSI no M 2 
0 

XOpOlliO COBnaaaiDT C &K-

cnepHMeHTanbHhiMH, oueHKH npHMecH, caenaHHhie no MoaenbHhiM pacnpeae-
2 

neHHSIM M , paccMaTpHsanHCb KaK OKOH'IaTenbHbie H Y'IHThiBanHCb npH 
0 

Bhi'IHCneHHH ornH60K B ceqeHHHX. BenH'IHHhi npHMeceA peaKUHH II B Ill 
H lli B ll OKa3anHCb paBHhiMH 10 H 9 COOTBeTCTBeHHO. 

OueHKa paapernaiDmea cnoco6nocTH 

PaapelliaiDIUaSI cnoco6HOCTb ITO OCHOBHb!M ljJH3H'IeCKHM xapaKTepHCTH­

KaM peaKUHH 1 onpeaenHnacb C noMOIUbiD MaTpHUbl OlliH60K BapbHpyeMb!X -· napaMeTpos H , Bbi'IHCnHsrneiicH B ljJHT-nporpaMMe. 

nonyqeHHbie · oueHKH paapernaiDmeA cnoco6HoCTR anH HHBapHaHTHhiX 

Mace nap qacTHU H yrnoBbi~ pacnpeaeneHHii B c.u.H. npHseaeHbi B Ta6-

nHue 1. 

w -
'11 n 

w - + 
17 17 

cos (J -
17 

cos (J + 
17 

cos (J 
n 

Ta6nHua 1 

Paspemao~aa cnoco6HOCTL 
,JtJUI peaR!lHH I 

11 

8,4 MaB/c2 

B,I MaB/c2 

6,5 MaB/c2 

0,032 

o,oso 
o,oao 



CeqeHHH peaKuHii I -DI orrpe.uenHnHch rro oTHOIIIeHHIO qHcna aape­

rHcTpHpOBaHHhiX C06biTHif .QaHHOif peaKUHH K KOnH"'!eCTBy yrrpyrHX C06bi­

THif. Y"'!eT ne6onhiiioii rrpHMecH HH3KOaHepreTH"'!eCKHX qacTHU B rryqKe 

H ITa.QeHHSI 8~~eKTHBHOCTH perHCTp8UHH ITpH 6onhiiiHX a3HMyTanbHbiX yrnax 

181 
ITpOBO.UHnCH OITHCaHHbiM paHee CITOC060M • 

DoiTpaBKa K ceqeHHSIM peaKUHii II H DI , o6ycnoBneHHaH oT6pacbiBa-

HHeM C06biTHif C ITpo6eroM IIpOTOHa, MeHbliiHM 0,5 CM 1 6bina OUeHeHa ITO 

CTaTHCTH"'!eCKOMY paciTpe.ueneHHIO .UnH HMITynhCOB IlpOTOHa B 8THX peaKUHSIX 

H oKaaanacb paBHOii 1,4% .unH peaKUHH II H 2,9% - .unH peaKUHH DI . 

B Ta6nHue II ITpHBe.QeHO KOnH"'leCTBO OT06paHHbiX H H.UeHTH~HUHpO-

BaHHhiX co6biTHii .unH peaKUHii I- DI , a TaK:lKe Bbi"'!HcneHHhie ITOnHhie ce-

Ta6nHua II 

OonHble CeqeHHSI 

PeaKD;HH KoJIHt~ecrBo Cet~eHHe 
codurufit 

- + 1200 1,39.±0,05 
17 p-+77 17 n 

- 0 152 0,17,±0,01 17 p-+77 17 p 

17 p ->77 ·Y p !55 O,I7.;tO,OI 

Ha pHc. 3,5 ITpe.ucTaBneHbi aKciTepHMeHTanhHbie yrnoBhie paciTpe.ueneHHH 

qaCTHU B C.U.H. 1 a Ha pHC. 4,6 - paCITpe.ueneHHSI ITO HHBapHaHTHbiM MaCC8M 

ITap qaCTHU .unH peaKUHA I H II 
x/ 

x/ /9/ 
PeaynhT8Tbi o6pa60TKH peaKUHH m o6Cy)K.uanHCb B pa6oTe 

• 
12 



Bee yrnoBbie pacnpeJJeneHHSI xoporno orrHCbiBaiOTCSI paano)l{eHHeM 
( 

ITO IIOIIHHOMaM ne)I{8HJJpa A 0 p 0 +A I pI +A~ p 2. Kos¢qmuHeHTbl A 0 ' A I 

H A 2 , orrpeJJeneHHhie no MeToJJy HaHMeHhiiiHX KBaJJpaToB JJIISI Ka)KJJOro 

pacnpeJJeneHHSI, IIpHBeJJeHbl B Ta5nHUe m 

Ta5nHua m 
Kos$<PHuHeHThi paano)l{eHHSI yrnoBbiX pacnpeJJeneHHii 

2 

B pSIJJ I. A k P k ( Cos e ) 
k= 0 

PeaK~s 
qaCTH-

A0 (Mb) At (M~) A 2 (Mb) }4a 

1T - o,689.;t0,022 -o,29~0,039 o,I47.t0,048 
- + 

1T p->TTTT n + o,690.t0,022 O,I86.t01037 -0,049.,t0,048 1T 

n o,694.tO,o22 o,I64.t0,038 O,OIO.t0,049 

1T o,oa~o,oo7 -0,020.tU,OI3 01009.t0 10I7 
- 0 

0 o,oar.,t0,007 0 .;t0 10I2 -O,O~.;t0 1 0I7 TT p-+rr 1T p 
1T 

p o,o83.to,oo7 O,OII.:.t0 1013 01003.,t010I7 

AHanHa gea~nhTaTOB 

5 
I 101 

B pSIJJe pa oT noJJqep~HBanach 3HaqHTenhHaSI ponh o5paaoBa-

HHSI H3o5apbi !). ( l/2 3/l B npoueccax rr N -+ rr rr N . 
Ill! 

B 1963 r. OnccoHoM H HoJJXOM 5bma rrpeJJno)l{eHa ycoBepiiieHCTBo-

BaHHaSI H3o5apHaSI MOJJenh JJIISI onHcaHHSI peaKUHH 17N _. 17 17 N • Cornac-

HO MOJJeiiH 0nCCOHa-l1oJJX8 0 peaKUHSI OIIHCbiBaeTCSI JJHarpaMMOH 1 IIpHBeJJeH­

HOH Ha pHC, 7. B KaqecTBe IIpOMe)l{yTOqHoro COCTOSIHHSI 8BTOpb! MO/leiiH 

pacCM8TpHB8IIH pe30H8HC /). B S -COCTOSIHHH ITO OTHOIIIeHHIO K KOHeqHOMy 

17 -MeaoHy H HepeaoHaHcHyro CHCTeMy N* ( l/2 1/2 ) TaK)I{e B s -coc­

TOSIHHH. CyrueCTBeHHbiM H IIpHHUHIIH8IIhHbiM HeJJOCT8TKOM MO/lenH 5biii8 ee 

Hecrroco5HocTh o5~SICHHTh cneKTp Mace rrrr -cHcTeM c T = 0, B KOTOp0M 

Ha5niOJJaeTCSI 3H8qHTenhHbiii H35b!TOK C05hlTHI IIpH 5onhiiiHX 
I 12,3 1 

w 
TTTT 
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/13/ 
B pa5oTe AHHCOBlPia H ap. 5hmo _troKasaHo, 'ITO Ha5moaaeMaSI 

aHoManHSI B cneKTpe w B OCHOBHOM M0)1{9T 5b!Tb 05'bSICH9Ha HHTep-
TTTT 

lj:JepeHUHeil: M9)1{llY llBYMH KaHanaMH: pesoHaHCHhiM C pO)KJl9HH9M B p -COC· 

TOSIHHH H Hepe30HaHCHhiM ( o5a KaHana HM910T Ha'l:anbHOe COCTOSIHHe 

P+ ) 
J2 ' 

AHanHs, npoBeaeHHhiH B HaCTOHIIteil: pa5oTe, HcnonbsyeT Moaenb, 

Y'l:HThiBaJOIItyJO cneayJOmHe KaHanhi: 

I) s pO)KJl9HHe Hso5apbi ~ H3 HaqanbHoro cocTOSIHHSI D ~ 
2 

2) p - p0)1{)l9HHe ~ H3 HaqanbHOf'O COCTOSIHHSI Pj 
2 

( HaqanbHOe COC­
. + 

TOSIHHe P I He Y'l:HThiBanocb, T,K, cornacHo <j:JasoBoMy aHanHsy ynpyroro 
3 2 

17 N -pacceSIHHSI nornomeHHe H3 sToro cocTOSIHHSI npH HH3KHX sHeprHHX 

Mano); 

3) pO)KJl9HHe cHcTeMhi N* ( V2 V2) B s -cocTOHHHH H3 Haqanb-

+ 
Horo cocTOHHHH P J 2 ( HepesoHaHCHhtll: KaHan). 

AMnnHTYllh1 1 COOTBeTCTBY!OlilHe 8THM KaHanaM, HCITOnb30BanHCb B TOil: 

Ill! 
QJOpMe 1 B KOTOpoll: OHH 5binH OITHC8Hbl B pa5oTe OnccoHa • 

J.1cnonb30BaHHaSI Moaenb coaep)l{ana cneayJOm:n:e 11 napaMeTpoB: a 
I 

a 3 S - p0)1{Jl9HHH ~ B H30TOITCOCTOHHHHX T "" 112 
T 

ll9HHH 

C I H 

"" 3/2; <IJ 
l 

- <j:Jasa M9)1{Jly HHMHi g l H 

~ B COCTOSIHHHX T "" 1/2 H T .. 3/2; 

c2 - aMnnHTYllhl p0)1{)l9HHH N*( l/2 

g 3 aMnn:n:Tyllhl p - pO)I{-

<IJ 2 - QJasa M9)1{Jly HHMH; 

B COCTOSIHHHX T ""112. 

H T 3/2; <IJ - <j:Jasa M9)1{Jly HHMHi <IJ 
3 4 - <j:Jasa M9)1{llY KaHanoM 

C p -p0)KJl9HHeM ~ H Hepe30HaHCHbiM KaHanoM; <IJ 
5 

- cpasa M9)KJlY KaHanoM 

C S -p0)1{jl9HH9M ~ H Hepe30H8HCHbiM KaHanOM, 

ITapaMeTphl MoaenH 5hlnH onpeaeneHhl no MeToay HaHMeHblilHX 

KBaapaToB, ITp:n: sToM Hcnonb30BanHCb cneayJOmHe sKcnepHMeHTanbHhie 

aaHHbte: 

1 7 

., 
·; 
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' 

1 ) Il0l1Hb!9 C9'19HHSI peaKUHit 

11P-+11 

' ' ' 9[ 

PHc. 7. 

11 + n 

11 0 p 

' ' ' ' '}[ 

HafuleHHbl9 HHTepiiOliSIUHeli HM910IUHXCSI 3KCIIepHMeHT8llbHbiX ll8HHbiX IIpH 

/14/ aHeprHSIX < 600 Mas. PeaynbTaTbi HHTeprronSIUHH rrpHseneHbi B pa6oTe ; 

19 



> 
' I 

\ 
,.! 

2) cneKTpbi HHB8pH8HTHbiX Mace ca -+ - , w - 0 w + 
f17 tr 17 n 1T n 

3) Koa<jJ¢HuHeHThi paano)l{eHHSI yrndsbiX pacnpeaeneHHA peaKUHH 

11-p -+ 11-11+n s pSill no nonHHOMaM ne*aHapa. 

'IHcno cTeneHeA cso6ollbi pasHRnocb NDF = 38. Ylcnonbaosanacb 

nporpaMMa MHHHMH38UHH KBaapaTH~Horo ¢YHKUHOHana MeTOllOM nHHeapH­
/15/ 

aauHH • Ha~anbHbie aHa~eHHSI ¢aa <I> 
1 

-+ <1>
5 

aaaasanHcb reHepaTopoM 

cny~aitHbiX ~Hcen, 8 peaynbTaTe MHHHMH38UHH H3 20 cny~aAHhiX Ha-

6opos 6bmH nony~eHbi 2 perneHHSI, HMeJOmHe X 2 = 52,7 H X 2 = 55, 2. 

06a perneHHSI npHseaeHbi s Ta6nHue IV • 
I n 

Ilapa.uetp 

a, 
a3 

'a• 
~3 
c, 
c~ 
$, 
<+>z 
<p3 
<Ptt 
~s 

~L 

NDF-

Ta6nHua IV 

OapaMeTpbi MoaenH 

( aMnnHTyllhi a, g, c npHseaeHhi s ¢epMH, ¢aabi <1>-s rpaaycax) 

0,007.t0,011 
o, 020.;t0, 014 
o,128.±o,oo9 
o,04,i0,07 
2,48.± 0,12 
o, 23.± O, 10 

-6 .±720 
-87 ,±33 
207 .± 67 
15~73 

210,t75 

52,7 
38 

20 

PemeHne II 

o,oo9.±0,018 
0,017.±0,022 
o, 131,±0,008- -~ 

o,o5 ,±0,08 
2, 1~0 .±0' 13 
0,22,±0,10 

-3 ,±640 
82 .±22 

202 .± 56 
293 .± 57 
202 .± 58 

55,2 
38 



06a Ha6opa IIp8KTH'IeCKH 0LlHH8KOBO XOp~lllO OIIHCbiB810T MaCCOBbie 

H yrnoBbie pacrrpeaeneHHH B peaKUHH 1 (pH c. • 3,4). -
I 

HH yrnoBbie, HH Mac cOBble crreKT·tJbi peaKUHH rr- p ... rr- rr c. p rrpH 

orrpeaeneHHH rrapaMeTpo13 He HCIIOnb30BanHCb, CneKTpbl 8TOif peaKUHH
1 

Bbi­

'IHCneHHbie c IIOMOlllbiO Ha6opoa I ll n • oTnH'I810TCH Llpyr OT apyra He­

cymeCTBeHHO, CornacHe c aKcrrepHMeHTOM a peaKUHH 17 - p .... 
17 

-
17 

o p 

3H8'IHTenbHO Xy)l{e 1 'leM B peaKUHH 71 -p -+ 71 - TT + 0 ( pHC, 5,6) 1 OCo6eHHO 

a pacrrpeaeneHHHX no w 
71

_ P H w 
710 

P 

C rroMOIUbJO rrony'!eHHbiX rrapaMeTpoa 6binH orrpeaeneHbi rrapuHanbHbiEl' 

ce'leHHH peaKUHH 11 N -+ 11 rr N, , oKaaaamHecH paBHbiMH: 

a(P ) == 3,48±..0,25 M6; 
11 

a (P ) == 0,1±..0,2 M6; 
31 

a(D ) 
13 

a(D ) 
33 

0,01±..0,08 M6; 

0,2±..0,2 M6, 

Bbi'IHCneHHbie rrapuHanbHbie ce'!eHHH He rrpoTnaope'IaT peaynbTaTaM 

/16/ ~aaoaoro aHanHaa yrrpyroro 11N.-pacceHHHH1 rrpHaeaeHHbiM B pa6oTax , 

OLlHBKO BenH'IHHa a (P ) 1 rrony'IeHH8H B HaCTOHIUeif pa6oTe 1 cymecTBeHHO 
11 /17/ 

6onbme aHa'IeHHH, rrpHBeaeHHoro B pa6oTe Bapefipa H ap. • 

B Ta6nHue V rrpHaeaeHbi ce"<JeHHH paanH'IHbiX peaKuHfi 

B Ka)I{LlOM KaHane 

+ + + 
11 p->7777 n 

+ + 0 
77p->7777p 

11-p ->77-rr 0 p 

- - + 77p-+77rrn 

o,o3 J: o,o4 
o,I .± o,2 
o,oi .:t u,o3 
0,05 J:U,02 
o,oo~u,oo9 

Ta6nHua V 

xauam:o~ 

21 

P -pox)teHMe ~ 

o,oi .± u,o4 
0,05 .± 0,20 
u,Io .± o,u2 
0,32 .± 0,06 
u,I8 J: o,o3 

nepe30HaHCHbtll 

o,o4 .± o,o3 
o,OII.±0,009 
0,08 .:t0102 
0,99 .:t0,06 
0,69 ,±O,I5 



tf_IOnb30B_aHHaSI MOJl€nb B OCHOBHD!f XOpOliiO cornacyeTCSI C SKCIIepH­

MeHTanbHbiMH JlaHHbiMH, J.1M€IO!UH€CSI pac:ito)K)l€HHSI C SKCIIepHM€HTOM ( rnaB­

HbiM o6pa30M1 B MaCCOBblX CII€KTpaX peaKUHH rr- p -+ rr- rrO p) OTHOCSITCSI 

K peaKUHH C ManbiM Ce'leHHeM1 IIOSTOMY MO)KHO HalleHTbCH ycTpaHHTb HX 

C IIOMO!llb!O ManbiX IIOIIpaBOK K MOJlenH, 

B aaKniO'IeHHe aBTOpbl C'IHTaiOT CBOHM IIpHHTHbiM llOnroM rro6narollapHTb 

Jl,JJ,HeMeHOBa aa IIOCTaHOBKY 3alla'IH 1 IIOCTOHHHOe BHHMaHHe H CHCTeMaTH­

'18CKHe o6cy)KJleHHSI, r.M.CenHBaHOBa, B.A.)f(yKOBa, B.f.fpe6HHHHKa, r.JJH6-

MaHa H rpyrrny na6opaHTOB - 3a 6onbliiYIO IIOMO!Ub B rrony'leHHH H o6pa-

6oTKe rrneHKH, a TaK*e KonneKTHB BU !jlHnHana JJ<I>TM - 3a CDileil:cTBHe 

B o6pa6oTKe pe3ynbTaToB, 
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