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A H H 0 T a U H H 

f.13y'leHa 38BIICHMOCTb yrnOBbiX pacnpe,lleneHHl! npo.llyKTOB peBKUIIl! no.llXBBTa (p+n) 
22 

II cpb!BB (p + Jn) OT 3Heprllll HaneTB!OWIIX I!OHOB Ne B IIHTepaane 90-140 Maa 

(n.c.K.). f.1ccne.llOBBHIIH npoae.lleHbl .llnB HHTepaana yrnoa 0 -180°. 

nonyqeHHbl9 yrnOBbl9 pacnpe,lleneHIIH npo.llyKTOB B peaKUIIII 
A}97 ( Ne22 • + d) Na24 

yKa3biB8!0T Ha TyHHenbHblll MElX8HII3M nepe,lla'll! .ll9l!TOH8 HaneTaiOWeMy H.llpy. np11 3TOM 

aKna.ll MexaHII3Ma 11 grazlnq 11 oKa3biBaeTCH aHa'IHTenbHO M9HbWIIM. Xo.ll nonHero ceqe

HIIH peaKUIIK nO.llXB8Ta (p+n) .llnH OKOno6apbepH&IX 3Hepr11l! nony'leH 6n113KIIM K ¢YHKUKII 

B036y.lK.ll9HIIH .llnH nepe,lla'lll O.llHOrO Hel!TpOHa, B COrnaCIIII C T9M 0 'ITO MO.lKHO O.lKII,ll8Tb 

a cnyqae nepe,lla'lll accoullllpoaaHHOll rpynnbr ( p + n ) • 

B .llll¢¢epeHullanbHbiX ceqeHIIHX peaKUIIII cpbraa (p+ 3n) 11 peaKUIIII no.llxaaTa (p+ n) 

Ha6niO.ll89TCH HeCKOnbKO MaKCIIMYMOB B pal!oHe yrnoa 90 -180°, 'IIICnO II nonO.lK9HII9 KOTO

pblX M9HH9TCH B 38BIICIIMOCTII OT 3Hepr1111 HaneTa!OWIIX IIOHOB, npe.llnOnaraeTCH, 'ITO o6-

Hapy.lKeHHbll! a¢¢eKT 06H38H o6pa30B8HII!O HeKOTOpOl! COCT8BHOl! CIICT9Mhl, T,e, CIICTeM&I HE!'" 

nonHOrO Cni!HHIIH B3aiiMO.llel!CTBYIOWIIX H,llep, Ha OCIIOBBHIIII npoae.lleiiHOrO aHanll38 nony

'!9HHbiX yrnOBb!X pacnpe.lleneHIIll .llenaeTCH B&IBO.ll, 0 TOM, 'ITO CHCTeMa HeDOnHorO CniiHHIISI 

ol5na.llaeT yrnOB&IM MOMeHTOM nopH.llrta 15 h, 

Abstract 

An experimental study of the dependence of the angular distribotions for the ( p+ n) pick•up and (p +3n) 

22 stripping reactions upon the energy of Ne ions has been made. The measurements were performed mr the 

range of angles (f --180°, and for an energy interval 9()-140 MeV ( laboratory system). As the target Au
1
9

7 
was 

used. A catcher-foil method was applied. 
197 22 24 • h 1' h . f 

The obtained resulta for the reaction Au ( Ne , + d ) Na potnt to t e lllnne tog mec antsm o 

the deuteron trauofer into the incident nucleus. Besides, the contribution of the 'grazing' process of the ( p+n) 

transfer tams out to be much smaller. The behaviour of the total cross section for the generation of Na 24 of 

energies near the Coulomb barrier tamed out to be close to the exd,itation function of single neutron transfers, 

in agreement with that one may expect in the case of transfer of an associatecl(p+ n ) group. 197 22 

The dependence upon the energy of the angular distribution of final producta in the reaction Au ( Ne • 

• p • 3n) F18 shows, that in the stripping of ( p +3n) from the Ne22 nucleus, the prevalent reaction mecba• 

niem ia the transfer of nucleons in grazing collisions of nuclei. In this case the degree of association of the 

tranafer process seems 1D blllow. 
1 d' 'boti f the 

h f 
..1 9"-180° for the differential cross section of the obtained angu ar tetri 

00 0 

In t e range o an&'es v- • 
. • d ( p+ 

0 
) pick-up reactions there ere observed several maxima the number and 

p + 3n ) stnppmg an f 
position of which changes with the incident particle energy. It is proposed that the observed e~ ects a:" con• . 

'al fu . s stem) of the mteracting nuclei. 
t d with formation of a very abort-lived compound system ( a partt 

8100 
Y • nee e 1 • drawn that the partial 

On the basis of an analysis made of the measured angular distributions a cone uston waa 
• 

1 
Jar momentum of about 15 h • 

fusion system of complex nuclei (in the investigated case) bas mBln y an angu 
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Bae.lleHIIe 

83811MO.llellcrBIIe ycrtopeHH!.IX. TSI.lKenbiX IIOHOB CO cnO.lKH&IMII H.llpAMII npiiBC 

It IIX nonHOMY CniiHHH!O, Ce'!9HHe o6pa3088HIISI COCTaBHOrO H.llp8 npll SHepr 
2 

noHoacrtoro 6apb9pa, 6nll3rto rt reoMeTpHqecrtoMy rr( Rj'" R
2
), B crtonb3SIWHX 

H .ll81lbllHX nponeTaX OCHOBHbiMH HUH cyweCT89HHblMH a¢¢ertTaMH B38HMOlJ 

CH: p8CC9HHHe, rtynoHOBCK09 B036y.lK.lleHH9 II peartUIIR nep&T.la'IH HyKUOROB, 

-26 2 
nponeccoa MoryT .llOCTHra Tb- 10 CM • 

. ,j 
HertoTopbi& sKcnepaMeHTbi, npoae.lleHH&Ie a Te'!eHae nocne.llHHll';lllfT , 

/1 2 3/ '• ' : 1 

6pOMnH H .llp, ' ' , 8 Tart>K9 nocne.llyiOWH& TeOpeTH'I9CKH9 p8CCNO'rpfl~l 
; ' 

lOT H8 B03NO>KHOCTb rtBa3HMOneKyUS1pHOrO 838HNO.ll9l!CTBHSI CUO>KHbiX ,R.llep 

B8HH9 M9T8CTa6HnbllOl! COCT8BHOl! CHCT&Mbl C BDOnHe onpe.ll&neH1fbiNH rtBa 
' 

CKHMH xapartT9pHCTHJtaMH, cl>H3H'leCKHe HBU&HHSI, H8 OCHOBe JtOTOpbiX 6Mnll 

paMB M01l9KYD!IPH8R npo6neMa - STO, B OCHOBHOM, SH9preTH'l9CXH8 pe30H81 

12 14 16 12 14 
Haynpyroro pacceHBR HOHOB C , N , 0 H8 narKHX MlfW&HSIX ( C 1 N ) , ( 

6nro.ll8.M&IX pe3oHaHcoa He y.llanocb .llOK83BTb HanH'IHSI 6on&woro yrnoaor• 

, Tpe6yeMoro Teopaea MonertynHpHoro ocuannHTopa HnH poTaTopa. 

nocne.llyiOWHe 3JtCnapHMeHTbl, npoBe,lleHHble 8 KoneHrareHe H OrtpHll 

161 . /3/ 
pHH , a TaJt>Ke KaHa.llcrtoll rpynnoa .llOKa3&1BaiOT cywecTBOBaHHe ¢n) 

H8 B peartUHSIX C TSI>K&nblMH HOHaMH Ha nerKHX MHW&HRX, 8 CBS13H C STHI\I 

MO>KHOCTb 06'bSICHHTb DpHpO.llY p830H8HCHbiX RBn&HHll, Kart cnyqae B pacna 
. 17 

R.llpB, Cnoco6HOCTb K ¢p~MeHTaUHH nerKHX R.llep, a TSK>Ke K .ll&neHHIO 

npH'IHHOl! nony'la&MbiX ~OilbWHX npHBe,lleHHbiX WHpHH .llnR pe30H8HCHOJI pel 

paaHbiX MaCCSM BO BXO.llHOM KaHane. 

EcnH DpHHRTb, 'ITO o6pa30B8HH9 HeKOTOpOl! MeTaCTa6HnbHOl! COCTBB 

ABYX R.ll&p - B03MO>KH08 RBn&HHe, TO paCDB.ll CHCTeMbl ,ll0U>K8H COUpDBOlt 

/8/ 
CHell TR>K9nbiX R.ll&p B KaHanbl peal(nHJI nepe,lla'IH ( OCHOBH&IM KaHaUOM 

Mbl ·HenonHoro cnHHHHR, no-aH.llHMOMy, RanReTCSI o6paaoaaHHe nonHoro CO< 

B oTnH'!He oT paHee npe.11nomeHHblx M&xaHH3MOB peaKuHll nepe.lla'IH, T,e, 

/9/ 
HHX nponeTaX ( TYHHellbH&Il\ MeXaHH3M ) H nepe.lla'IH B CKOnb3RWHX COY• 

-22 • /10/ 
- BpeMH conpHKOCH089HHR'V 10 ceK ) , xapaKT&pHbiM HpH3HaKOM yrnOI 

Hill! npH !Tep&.lla'!e HYKilOHOB, CBR38HHbiX C pacna.llOM '::HCTeMbl HenOnHOrO CUR 

3 
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npOJl)"!<TOB peaKUHll ROJlXB8T8 (p+n) 
22 

Ne s HHTepsane 90-140 ~ss 

-180°. 

197 22 24 
peaKuHH Au ( Ne , + d) Na 

H8119T8!0lll9MY S!Jlpy. npa STOM 

a<~HTBnbHO MBHblllHM, Xon nonaoro ceqe-

saeprall ROII)"'IBH 611H3KHM K ¢YHKUHH 

C TBM, 'ITO MO:>KHO O:>KHJl8Tb 

(p+3n) H pe8KUHH UOJlXB8T8 (p+n) 

'IHCIJO H UOIJO)K9HH9 KOTO-

npennonaraeTCSI 1 'ITO o6-

COCTBBHOl! CHCTBMbl, T,e, CHCTBMbl He"' 

a ocHOBBHHH nposeneaaoro aaanHaa nony-

0 TOM, 'ITO CHCT9M8 HBDOIIHOrO CIIHHHHH 

( p+ n) pick-up and (p +3D) 

made. The measurements were performed mr the 

MeV ( laboratory system). As the target Au197 was 

Na 24 point to the tunneling mechanism of 

contribution of the 'grazing' process of the ( p+ n ) 

total cross section for the generation of Na 24 of 

the excitation function of single neutron transfers, 

of an associated'(p+ n ) group. 
' 197 22 

of final products in the reaction Au ( Ne , 

the Ne 22 nucleus, the prevalent reaction mecha• 

In this case the degree of association of the 

section of the obtained angular distribution of the 

there are observed several maxima the number and 

It is proposed that the observed effects are con• 

( a partial fusion system) of the interacting nuclei. 

distributions a conclusion was drawn that the partial 

has mainly an angular momentum of about 15 h. 

• 

,,,' BseneaHe 

BaaHMOJleACTBHe yc'KopeHHLJX TH:>KellbiX HOHOB CO CIIO:>KH&JMH S!Jlp8MH DpHBOJlHT1 B OCHOBHOM, 

K HX ROIJHOM)" CIJHRHH!O, Ce'!BHRe 06p83088HHll COCTBBHOrO S!Jlpa npH SHeprHHX1 Bblll19 Ky-
2 

noaoscKoro 6apb9pa,6nHaKo K reoMeTpH'IeCKOMY a(Rt R
2
), B CKOIIb3llll.IHX coynapeHHllx 

H Jl811bHHX Dp0119Tax OCHOBHbiMH HIIH C)"lll9CTB9HHbiMH s¢¢eKT8MH B38HMOJl9ACTBHll liBIIH!OT

Cll: pacceRHHe, xynoaoscKoe soa6y»<llBHHe H peaxuHR nepeoa'IH ayKnoaos. Ce'!eHKll STKx 

-26 2 
nponeccos MoryT JlOCTKra Tb- 10 CM • 

HexoTopbJe sxcnepHMeHTbl, nposeJJeHHble a Teqeaae nocneJJHHX neT AnhMKBHCTOM, 

/1 2 3/ . /4 5/ 
BpoMnK H JJp, ' ' , a TBK»<e nocneJJy!Oll.IHe reopeTH'IeCKHe paccMOTpeHHll ' yKa 3 blsa-

!OT KB B03MO:>KKOCTb K883HMOIJeKyllllpKOrO B38HMOJleACTBHll CIIO:>KKblX liJlep, T,e, K8 06paao

B8HHe M9T8CTa6HIIbHOA COCT8BHOA CHCT9Mbl C BDOIJH9 oupeaeneHHbiMH KB8HTOBOM9X8HH'Ie

CKKMK xapaKTepKCTKKBMH, ci>H3K'IeCKHe HBIJeHKll1 HB OCHOBe KOTOpb!X 6blll8 UOCTBBIJeKa 8BT0'" 

paMJI M0119KYD!IPH8H npo6neMa - ST01 B OCHOBHOM 1 SHepr9TH'I9CKKe p930H8HCbl ynpyroro H 

12 14 16 12 14 .l 
Heynpyroro pacceHHll KOHOB C 1 N 1 0 Ha nerKHX MHW9HHX ( C 1 N ) • 0JJ"'aKO JliiH Ha-

6nroaaeMbiX p930HaHCOB H9 y JlSIIOCb JlOKaaaTb KBIIH'IHll 60IIblllOrO yrnosoro MOMeHTa ( -10h ), 

Tpe6yeMOrO TeopaeA M0119KYIIllpKOrO OCUHIIIJliTOpa HUH pQTBTOpa. 

nocneJJyromae sxcnepHMBHTbl, npoaeaaHHble s Konearareae H OxpHJllKCKOA na6opaTo-

/6/ . /3/ 
pHil , a TaK»<a KaHaacxoll rpynnoll aoxaabJsaroT cyll.lacTsosaaHe ¢nyxTy&UHH 3pHxco-

aa B peaKUHliX C Tli:>KBIIbiMH HOHBMH Ha narKHX MIIWBHIIX, 8 CBH3H C STHM B03HHKaeT 803-

MO>KHOCTb 06'bHCHHTb npHpOJly pe30HaHCHbiX HBII9HHll, KaJt Cll)"'!aa B pacnaaa COCTilBHOrO 

171 
Hapa. Cnoco6HoCTb K ¢parMeHTauHH nerKIIX Haep, a TaKlKe K aeneHH!O MO>KeT "'ITb 

\ npH'IIIHOA DODy'la9MbiX !)OIIbWHX npHBeJleHHbiX WHpHH Jlllll pe30HaHCHOA p99MHCCHH Mace, 

paBHbiX MaCCaM 80 BXOJlHOM KaHane, 

EcnH DpHHliTb, 'ITO o6pa30B8HH9 HBKOTOpOA MeTaCTa6HIIbHOA COCTaBHOA CHCT9Mbl 

JlB)"X l1Jl9p - B03MO>KH09 11Bn9HH9 1 TO pacnaa CHCT9Mbl ,llOIJ>KBH CODpOBO>K,llaTbCSI p99MHC-

/8/ 
CHell Tli>K911b1X l1Jl9p B KaHSIJbl peaKuHll nepe,aa'IH ( OCHOBHbiM KaHSIIOM pacna,aa CHCTe-

Mbl ·aenOIJHOrO CIIHliHHll 1 DO-BH,llHMOMY 1 RBIJlleTCSI o6p830BaHHe DOIIHOrO COCT8BHOrO ll,llpa), 

B OTIIH'IIIa OT paaee npeJJno>KeHHblX MBXBHII3MOB peaKuHA nepe,aaqa, T,e. nepeaa'IH a nanb-

. ( /9/) ( 
HHX nponaTaX T)"HHellbHbiA MBX8HH3M H nepeJlB'IH B CKOIIb3llll.IHX coyaapeHHliX qrazlng 

-22 • 1101 
- BpeMll CODpHKOCHOBBHHll"' 10 CBK ) 1 xapaKTepHblM RpH3H8KOM yriiOBbiX pacnpenene-

HHA npH rrepe,aaqe HYKIIOHOB, CBH3aHHblll C pacna,llOM ~HCTeMbl HeDOIIHOrO CIIHIIHHH, SIBIJSieTCll HX 

3 

... 



o/11,12/ 
CIIMMeTpiiR OTHOCIITenbHO 90 , YcnOBHeM CHMM9TpHH RBnReTCSI 0 0'19BHaHO, npeanonO>Ke-

-20 
Hlle, qTO epeMR )1(1131111 CIICTeMbl ::: 10 CeK, 

/13/ 
B paHee ony6nHKoeaHHolt pa6oTe o 3BBHCIIMOCTH yrnoBbiX pacnpeaeneHHit HeKo-

2!) 40 
TOpbiX peaKulli! nepeZI.B'III c HOHBMII Ne , H A oT Z Rapa MHW9HII 11 'IRena nepeaaeae-

MbiX qSCTIIU yK83b!B8nOCb HS B03MO>KH09 npORBneHH9 KB83HMOneKynRpHoro B3811MOaeltCTBHH 

cno>KHblX Raep. HacTOS!lUSR pa60T8 HBnR&TCSI npoaon>KeHHeM HCcneaOB8HHit B STOM Ha-

npaeneHHH, 

C nOMOlUb!O MeToaa, OnHCSHHOrO B UHTHpOBSHHOit_ pa60T9 0 H3y'leHa 38BHCHMOCTb yrno-
22 24 22 18 

BbiX racnpeaeneHHit npoayKTOB peaKUHit ( Ne , +d) Na H (Ne ,·p·3n ) F aa MHweHH 
197 

11 3 Au oT saeprHit aaneTS!OlUHX 'IBCTHU. Bb16op TR>Kenolt MHWeHH o6ycnoeneH npe>Kae 

acero KHHeMBTHKOi! peaKUIIH 11 y ao6HbiMH ceoltcTBaMII 3onoTa B sKcnepHMeHTe, KpoMe Toro, 

B cnyqae MHW9H&JI C 6onbWIIM z· 
p93KO OTaenReTCR OT ycnOBHOrO 

MSKCIIMyM, COOTBeTCTBY!OlUHit TYHHeni.HoJI nepeaaqe, 

grazing - npouecca nepeaa'IH HyKnoaoe, 'ITO npH 

eapb11pOB8HHII SHepriiH aaeT B03MO>KHOCTb HCCneaoBSTb HeneHHe HenonHOrO CnHHHHR cno>K-

Hb!X Haep, 

3KcnepHM9HTSnbH8SI 'ISCTb 

,llnR HCCneaOB8HHH 38BHCHMOCTH yrn OBbiX pacnpeaeneHHll npoayKTOB peSKUHit Cpb!BS 

22 
(p+3n) H noaXB8T8 (p+ D) OT SHeprHH HOHOB Ne . npHM&HeH M9TOa c6opHb!X <}Jonbr, 

/13/ 
V!aeHTH<}!HKBUHR KOH9'1Hb!X npoayKTOB peaKUHit npOBOaHnHCb0 KSK H B npeablaymeJI pa6oTe 0 

no xapaKTepH&IM raMMa-nyqaM H nepaoay nonypacnaaa. 4To6bl oxBBTRTb eecb HHTepean 

yrnoB OT 0 -180°, H3MepeHHR yrnOBbiX pacnpeaeneHHit anH a&HHOit SHeprHH npOBOaHniiCb 

B aea STana: H8 nepBOM STSne - anR yrnoB 5-85°, BO BTOpOM - 95-175°, 

06ny'leHIIH 6hinll BblllonaeHbi Ha BHyTpeHHeM nyqKe UIIKnOTpoaa OVI.HVI, Ha p11c. I 

noK838H8 CX9M8 YCTpOitCTB8 0 npHMeHeHHOrO B 3KCnepHM9HT8X 0 B C9'19HIII:I, nepneaaHKy-

' nRpHOM HanpaeneHHIO MSrHHTHOrO nonA UHKnOTpOHa. 

8ap118HTbl YCTpOl!CTBS anR HHT9pBanOB yrnoB 0-90° II 90-180° 0603H8'19Hbl COOTB9T

CTB9HH0 A H B • CTpenKolt, nepneHaHKynRpHoi! oc11 c6opHoro uan1111apa, o6o3Ha'leHo 

HanpaeneHHe K U9HTpy UIIKnOTpOHS, ~lllll9Hb (2) B 060IIX cny'ISSIX YCT8H8BniiB8n8Cb noa 

yrnoM 30° K OCII c6opHOrO UllnHHapa (3 ), V!3-38 OTKnOHeHHH HBneTSIOlUHX HOHOB MSrHIIT

HbiM noneM UIIKnOTpOHS OCb ny'IK8 (8) (e6nH3H MHW9HII) COCTSBnRna C OCbiO c6opaoro 

ullnHHapa yron, paBHbii! npiiMepHo 2° an11 cny'IBR A 11 1° -anA cny'laR B. Bo epeMR o6ny

'19HIIR KOnneKTOp TOK8 (7), KOpnyc UllnHHapa (He o603H8'19HHbilt HS pHCYHKe) II KOnnHMS

TOp ny'IKS ( I ) oxna>Kaan11c b eoaolt. 

C6opHHKOM KOH9'1HbiX npoayKTOB 6bin8 15 MK 30nOTBR· <}Jon bra 11n11 16 MK nn&THHOBSH 

4 

• 

~-1 

<}Jonbra (4), Ha3H8'19HH9M nepBOit 30nOTOJI <}JonbrH (5) TOnlUBHOJI 5 MK RBn5l 

C60pHOit <}JonbrH OT nonaaaHBH HS Hee npoayKTOB COCTSBHOro Bapa, 8 cnyq1 

COKHX SHeprHJI ,npHM9HBnHCb ao6BB0'1Hb18 38lUHTHb19 <}JonbrH 113 anJOMHHHII TC 

TonmaHa aamHTHbiX <}!onhr 6blna aocTBTO'IHO ManoA, TaK 'ITo aii}Ke ana ca 
22 

SHeprHH HOHOB Ne H Bbln9T8 KOHS'IHbiX npoayKTOB noa yrnoM 45 ··ana 135 

asneaae a6cop6uaa accneayeMbiX npoayKTOB peaKuHA nepeaaqa, Co6apa10m1 

pea o6ny'I9HH9M 6YnH M8pKHpOB8 Hbl HB Y'IIICTIIUI 0 COOT88TCTBYIDUlH8 HHTep84 

Y'IIICTIIUI, cooTBSTCTBYIOlUHe yrnaM MSHbllle 10° H 6onbwe 170° (sapaaHT B), 

BYIO WBpBHY 3,8°, TO'IHOCTb M8pKBpOB8HHII c6opHYX <}Jonbr COCT8BDIID8 - 2'll 

MS>Kay TO'IKSMH B yrnoe&ix pacnpeaeneHHBX (7,5°) 6blll0 Sb16p8HO C y'I&TO~ 

yrnoeaa paapewaJOmaR cnocotSHocTb npa6opa cocTasn11na npa6nH3HTenbllo 5-

paapewaJOweA cnoco6HOCTB npa6opa npBHHManacb so BHHMaHae aepeeaoueJ 

p.eneHHB nnoTHOCTH B ny'IKQ, 

· .. J 
nocne o6ny'ISHHJI OTaeDbHbl9 KyCKH c6opHOJI <}JOnbrB 38>KHN8DHC~fi~i" 

Bb!MB nnSCTBHSMH TODlUHHOll 1 MM, aocTSTO'IHOJI an11 DODHOI SHHHrHnJ.t~ l 
!, \·.,;; 

nocne qero nposoaHDHCb 113MepeHHR SKTHBHOCTB Ha CUHHTHnDIIUBOHHOM·l. raton 

M9Tp8, ,llna nOHH>KSHHR 9CT9CTB9HHOrO <}!oHB C'IQT'IHK 6bln DOMSWSH s' ,)KSD 

RlUHK. Bo Bp8M51 B3MepeHBit KSlJH6posKa C'IST'IHKa nposoaanacb c DOMOWJo 

60 65 137 
H3oTonos: Co , Zn a C• • 

nonyqeHHbie raMM8""CD9KTpbi 8HSnB3HpOBBnHCb C DOMOlUloiO H3B9CTHYX 

no>KeHBB Ha cocTasnaJOmHe. .llna Ka>Kaoro y'lacT&a npoao.aancll 8HenH3 en• 
• 18 24 

xapaKTepHbiX raMMa-nwHHll F 11 Na • npa STOM nony'lanocb xopowee c 

24 
nH'IHbiMH aaHHbiMH. VIHTeHCHBHOCTb raMMa-nHHHit Na B cpeaHeM DO'ITB 

KB npeeblwana <}loa, o6ycnosneHHblll BKTHBBUHell c6opHbiX <}!onbr 6bicTpYMH 
22 . 18 

pacceRHHbiMH HOHBMH Ne • B cnyqae F aaMeTHYIO aon10 aKTHBHOCTH n 
24 

COCTBBnHnO BHHHrHnBUIIOHHOe H3Dy'I9HH9 (Na ), 

4Kcno OTC'I8TOB B <}J~OnHKS aaHHOrO KOH9'1HOrO npoayKTS B MOMeH 

o6nyqeHHB 6panoCb 113 rpa<}JHKOB Bp&MeHHoro cnaaa SKTHBHDeTeJI raMMS-nl 

SKCTpanonRUHH. BenH'IHHa ceqeHIIR HB eaHHHUY yrna B na6opaTopHoll cHc~ 

onpe.aenRnacb no <}!opMyne: 

do 
d¢ 

2 A 2 

-,--------:--:------ (em I 1°) , 
[1-up(·.\lj,)} fb < 0 R N,_MT(~.p) 

rae A - 'IHCnO OTC'I9TOB B <}!OTOnHK9 B eaHHHUY epeMeHH B MOMeHT OKOE 

t;- - Bp9MH o6ny'I9HHH 0 .\ - KOHCT8HT8 pacnaaa, f b - KOS<}!<PIIUH9HT 0 onpe, 

raMMa-nepexoaa, ( n R - s<}!<}!eKTHBHOCTb perHCTpSUIIH <}!oTonHKS, Nl - 'II 

qepe3 MHlll9Hb HOHOB B eaiiHHUY BpeMeHH, MT - 'IHCDO Raep MHW9HH B 1/ 

BSSI lllHpiiHS aaHHOrO KyCK8, 

5 
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• 12 ; YcnoaHeM cHMMBTpHH HBJlHBTcH, O'leBH.OHo, npe.nnono>Ke

-20 ?: 10 ceK. 

I 13/ 0 3 aaHCHMOCTH yrnoa&Ix pacnpe.neneHHll HeKo

Ne20 H A 40 
oT Z H.npa MHlliBHH H '!Hcna nepe.naaae

oe npoSianeHHB KB83HMoneKynHpHoro aaaHMo.nellcTBHH 

SIBJISIBTCSI npo.OOJl>KBHHBM HCCJlB.llOB8HHll B 9TOM Ha-

HHOrO B UHTHpOB8HHOll_pa6oTB, H3Y'IBH8 38BHCHMOCTb yrno-
2 2 24 22 18 

(Ne ,+d) Na H (Ne ,·p·3n ) F Ha MHlliBHH 

qacTHU. Bbi6op TH>Kenoll MHlliBHH o6ycnoaneH npe>K.ne 

.no6HhiMH caollcTBBMH aonoTa a axcnepHMBHTe, KpoMe Toro, 

MBKCHMyM, COOTBBTCTBYIOlUHll TyHHBJlbHOll nepe.naqe, 

grazing - npouecca nepe.na'IH HyxnoHoa, 'ITO npH 

HCCJlB.llOB8Tb SIBJlBHHB HBROJlHOrO CJlHHHHSI CJlO)I(-

3xcnepHM9HT8JlbH8SI '18CTb 

pacnpe.neneHHll npo.nyKTOB pe8KUHll Cphl88 
22 

Ne · npHMeHeH MBTO.ll c6opHhlX <Ponbr, 

/13/ 
TOB peaKUHll RpOBO.llHJlHCb, KBK H B npe.llhl.llylUell p860T9 , 

nepao.ny nonypacna.na. qT06hl oxaaTaTb aecb HHTepaan 

rnoBbiX pacnpe.neneHHll anSI .naHHoll aHeprHH npoao.nHnHcb 

- anR yrnoa 5-85°, BO BTOpOM - 95-175°, 

BHyTpBHHBM ny'IKB UHKJl0TpOH8 01-'H!Yf, Ha pHC, 1 

Horo B 3KCR9pHMBHT8X, B CB'IBHHH, nepRBH.llHKy-

0-90° H 90-180° 0003H8'19Hbl COOTBBT-

OCH COOpHOrO UHJlHHapa, 0003H8'19HO 

o6oHx cny'laHx ycTaHaanaaanacb noa 

(3), Yfa-aa OTKJlOHBHHSI H8J19T8101UHX HOHOB MBrHHT

(8) (a6JIH3H MHlliBHH) COCT8BJ1SIJ18 C OCbiO COOpHOrO 

A H 1° - anSI cny'laH B. Bo apeMH oony

(He 0003H8'19HHhlll Ha pHCfHKe) H KOJlJlHMS-

Obina 15 MK aonoTeSI <Ponhra HnH 16 MK nnaTHHoaaSI 

4 

.;a. 

;Ji:.'' ' cPOJibra (4), Ha3H8'19HH8M Depaoli 30JlOTOll cP01lbrH (5) TOJllUHHOll 5 MK SIBJlSIJllilCb 381UHT8 

c6opHoll <PonbrH OT nona.naHHH Ha Hee npoayKTOB cocTBBHOro H.npa, B cnyqae 6onee aw

COKHX SHeprHll ,npHMBHSIJlHCb ao6aBO'IHb19 38lUHTHbl8 cPOJlbrR H3 8JliOMHHHII TOJllUHHOll 5- J0MK. 

Tonmaua aalUHTHhlX <Ponbr ls~o~na .nocTBTO'IHO ManoA, Tax 'ITO .nWKe .nn11 CBMOII HH3Koll 
22 0 -

9HeprHH HOHOB Ne H Bh1Jl8T8 KOHB'IHbiX npOllyKTOB ROll yrnoM 45 ··anH J35 He B03HHK8Jl0 

HaneuHe a6cop6uHH Hccnelly&MhlX npollyKTOB peaxuall nepella'IH, Co6Hp810lUHe <PonbrH ne

pell o6ny'IBHH9M OhiJlH M8pKHpOB8 Hhl H8 Y'I8CTitll, COOTBBTCTBYJOlUHe BHTepean8M yrnoa 7,5°, 

Y'IACTitll, cooTaeTCTBYJOlUHe yrnaM MeHhlUa 10° H 6onbme 170° (aapaaHT B), HMBnH yrno

ayJO ll!HpHHy 3,8°. ToquocTb MapxapoaaHHSI c6opuwx q,onbr cocTaangna - 2%. PaccTOIIHHe 

MB»Clly TO'IKBMH B yrnOBhiX pacnpell91l8HHIIX (7,5°) 61>1110 Bhl0p8HO C Y'IBTOM TOro, 'ITO 

yrnoaaSI paapemaJOlUBH cnoco6HoCTb npR6opa cocTaanSina npR6nH3HTenbllo 5-7°, npR oueuxe. 

p83pelU8101U8ll CROC06HOCTH npR60pa npRHHM8Jl8Cb BO BHHM8HR8 Hep8BHOM8pHOCTb pacnpe

ll8J18HHH RJ10THOCTH B nyqxe, 

nocne o6J1y'IBHHII 0Tll81lbllbl9 KyCKH C60pHOll cPOJlbrR 38»CHM8J1HCb M8»Clly 8JliOMHHRe-

18 
a&IMR nnacTRHBMR TOnlURHoll 1 MM, llOCTaTO'IHoll llnH nonRoll aHHHrHniiURR noaRTpoHoa F , 

nocne 'IBrO RpOBOJlHJlHCb H3M9p8HHR 8KTHBHOCTH H8 CUHHTHJ11lHUROHHOM r8MM8-CR8KTpo

M8Tpe, .Llna ROHH>K8HHH 8CT8CTB9HHOrO cPOH8 C'18T'IHK 61>111 fiOM8lU8H B »C8J193HOCBHHU0Bhlll 

SllUHK, 80 Bp8MSI H3M9p8HHll K81JH6pOBK8 C'18T'IRK8 RpOBOJlHJ18Cb C UOMOlUbiO rBMMB-JlHHHll 

H3oTonoa: Co 60 , Za65 
R C• 1~ 

nony'IBHHbi8 r&MM8-CR8KTpb1 8H81lH3Rp088J1HCb C ROMOlUbiO H388CTHbiX MBTOJlOB paa

JlO»C8HHfl H8 COCT8BJlfiJOlUR8, .LlnSI KB~.noro Y'I8CTK8 DpoBOJlBJlCH 8H&IIH3 CD8Jl8 CO Bp8M9H8M 

18 24 
xapaxTepHblX raMMa-nHRHll F R Na • np• aTOM nonyqanocb xopoll!ee cornacRe c Ta6-

1lH'IHblMH Jl8HHblMH, YfHTeHCHBHOCTb r8MM8-nHHHll Na
24 

B Cp9llH8M RO'ITH H8 JlB8 nopHJl

K8 npeBbllli8J18 cPOH, o6yCJ10BJ1BHHblll 8KTHB8UH9ll C60pHblX cP01lbr 6bicTpbiMH HBIITpO~MH H 

22 18 
pacceHHHblMR ROHBMH Ne • B cnyqae F aaM&THYJO .aon10 BKTHBHOCTH nHHHH 51 I xaa 

24 
COCTBBJlHJlO 8HHHrH1lHUHOHH09 H31lY'IBHH8 (Na ), 

' qiiCJlO OTC'IBTOB B cPOTORHKB Jl8HHOro KOHB'IHOro npollyKT8 B MOMBHT OKOH'IBHHSI 

o6nyqeHKH 6p8110Cb H3 rpaclJIIKOB BpBMBHHOrO CR8ll8 8KTKBHOCTell r8MM8-J1KHHII fYT9M 

axcTpanonSIUHH, BenH'IHHa ce'leHHH Ha eaRHIIUY yrna a na6opaTopHoll cac-reMe xoop.nHHBT 

onpe.aenHnacb no clJopMyne: 

do 
d¢ 

2A 2 
--::------------- (em I 1°), 

(1-exp(-,\lj_)J fb < !1 R NiMT(~cf>) 

rae A - 'IIICJlO OTC'IBTOB B cPOTORHKB B BJlHHHUY apaMBHH B MOMBHT OKOH'IBHHSI 061ly'IBHHR, 

t1 - apBMSI o6ny'IBHHII, A - KOHCT8HT8 pacna.aa, f b - K09cPcPHUH9HT, onpe.neJISIIOlUIIll BBTBb 

raMMa-nepexo.na, • n R - 9cPcPBKTHBHOCTb perHCTp8UHH cPOTORHK8, Nl - 'IHCno npoll!BJllliHX 

2 
qepea MHlliBHb HOHOB B BJlHHHUy BpBMBHH, MT - 'IHCnO IIJlep MHlliBHH B 1/cM , ~cf> -yrno-

BBSI ll!HpHHa Jl8HHOrO ,CK8, 

~ 

5 

-~ . 



1-faMepeHHH yrnoB&JX pacnpe.aeneHHlt npoae.ae:Jbl .anR HecKon&KHX &HeprHlt HaneTaro

WHX HOBOS, KaK .!lnH yrnos snepe.a, TaK H .anH yrnoB Haaaa, COOTSBTCTSYIOWHB senH'IHHbl 

&HeprHil S CHCTeMe ueHTpa MaCe H HX CpaSHeHHe C SbJCOTOJl KynOHOSCKOI'O 6apwpa .aaHbl 

s ·Ta6nHue 1. 

Ta6nHua 

E (Mas) 126 121 115 105 99 92,5 
CM 

22 
ECM - Ecs (Ne ) (Mas) 31 26 20 10 4 -2,5 

E CM-[Ecs ( F 
18 

)+ Qqql 30 25 19 9 3 -3,5 

24 
EcM-[Ecs (Na )+Qqql 30 25 19 9 3 -3,5 

22 18 24 
BenH'IHHbJ Ec

8
(Ne ) , E ( F ) H Ec8 (Na ), Hcnonb3yeM&Je a Ta6nHue 1, 

Cll 197 22 201 18 
o6oaHa'laJOT BbJCoTy KynoHOBCKoro 6ap&epa .anSI CHCTeM (Au + Ne ), ( Hq + F ) H 

195 24 
( Pt + Na ),cooTseTCTBeHHO, 4HcneHHbJe aHa'leHHR &THX senH'IHH aaH&J B Ta6nHue 2. B s&J-

'IHcneHHRX E cs• r 0 npHHHManoc& pasHbiM 1,4 f • Q o6oaHaqaeT &HeprHJO peaKuHlt: 
197 22 24 197 22 18 CJCJ 

Au ( Ne ,+ d ) Na H Au (Ne ,-p·31l)F npH nepeaaqe HyKnoHoa Ha ocHOBHbla co-
18 ·24 

CTOHHHH KOHB'IHbiX H.!l9p, 3Ha'IBHHH Q CJ ( F ) H Q CJCJ (Na ) Bbi'IHCneHbl Ha OCHOBe Ta6-
/14/ q 22 24 

nuu Mace H cooTBeTCTBeHHO pasHbl +8,8 Mae H -5,6 Mas (peaKIIHSI ( Ne 1 +d) Na 

HBnSIBTCR 9K30T9pMH'I9CKOJl), 

Ta6nHua 2 

22 
E (F 18 24 

ECB (Ne ) CM CS ) CM ft:s (Na )::M 

95 Mae 87,5 Mae 101,5 Mae 

B O.!lHOM o6lly'leHHH H3MepHnoc& yrnosoe pacnpe.aeneHHe aayx peaKUHlt - no.axsaTa ( p + n) 

H CpbiBa ( p + 3D ) , 

197 
npHM9pbl yrnOSbJX pacnpeaeneHult, nony'leHHblX npu o6ny'leHUHX MUWBHU Au I no-

KaaaHbl Ha pHc. 2, r.ae yrn&r SbineTa KOHe'IHbJX npoayKTOB cf> .aaH&J 6ea nonpaso~ 
. . ·~ 

Ha OTKnOH9HH9 B Maf'HUTHOM none UUKnOTpoHa, HO C y'leTOM <1JaKTa HeCOBnaaeHUSI OCU 

ny'IKa c oc&ro c6opHoro cocyaa. Kpus&Je, npHae.aeHH&Je Ha pHcyHKe 1 HBnHJOTCH aKcnepu-
22 24 

MBHTanbHbiMH, CTaTHCTU'IeC/{He ou1H6Ku nony'leHHbJX ceqeHult .anH peaKUUH ( Ne 1 +d) Na 

O'leHb M8nbJ, na>Ke .!lnH HaH6onee HH3KHX 3Ha'I9HHlt UX senH'IHHa He npeBbiWaeT 10%, 

22 18 
nml peaKUHH ( Ne I -p - 3n ) 'F ua-aa Manoro ce'leHuH &Toll peaKuHu H uano-

6 

• 
' 

18 
>KBHUH aHHHI'UnHUUOHHOlt nuliuu ( F ) Ha KOMU'I'OHOBCKHlt CfiBKTp CUnbHbiX r 

owu6Ku 3Ha'IHTen&Ho 6on&we, 1-fx cpeaHHH aenu'luHa pasHa - 15%, a a· Itp 

MO>KeT .!lOCTUI'!lTb 50%, 

Ha puc. 3 u 4 npeacTasneHbl peayn&TaTbl uccneaoaaHHlt ¢oHa H socr 
22 24 22 

¢opMbi yrnoBbJX pacnpe.aenaHHlt peaKuult ( Ne 1 + d ) Na u ( Ne 1 -p· 

BBTCTBeHHO, npeacTaaneHHbiB ceqeHHH de- I d <P B CHCTBMe UBHTpa Mace 
2 . 

UaX CM /cTepa.aHaH, npSIMbJe OUHUH (8) Ha puc, 3 U 4 OTHOCSITCH K 9CT9C' 

C'IBT'IUKa, CooTBBTCTsyrowult ypoaeHb ecTeCTBeHHoro ¢oua d u I d cp Bbl'l 

eHH·Oi! CTaHaapTHOJl OWU.6KU <1JoHa C'IBT'IHKa H J:lnH HCDOnb3yBMbiX S aKcne 

'IUH -, TOOWUHbl MUWeHu, UHTarpana TOKa o6nyqeHHH H cpe.!lHHX speMeH Hl 

HOCTH <1Jon&rH, KpiiBble (7) Ha pHC, 3 H 4 nonyqeHbl B <1JOHOBOM aKC~9pH~ 

HH. OaHaKo TonwiiHa aaWIITHolt <Pon&rH !p11c. I) yseneqeHa Ha aenH~HHf• 

\I} TODWIIHe MIIWBHH, 

VIa KPHB&IX Ha puc. 3 11 4 sll.aHo, 'ITO anH yrnoa MeHbWHX 20° ~~. 
peaKUHelt Ha CIICTe~e KonnHMaTopa, CTaHOBHTCH cpaBHHMbiM C 'a<1JtPB·K'IIOM' 

qae· paaKUUII CpblBa ( p + 3n), 

B o6weM, .anH ocTan&HbiX yrnos&IX pacnpeaeneHHlt annapaTypHblll <P 

Ha OCHOBe aKcnepHMeHTanbHOI'O XO.!la KpHBbiX a6COpOUIIH KOHe'IHblX npOLlyK1 

o6paaoaaawuxcil s MaTepeane KonnHMaTopa (Meab) s co6eparowell <Ponbr• 

nnH yrnos Haaa.a <1JoHOSbl9 9KCU9pHM9HTbl Bb!UOnH9Hbl npH o6ny'I9HHH 
~2 

MH Ne c aHepreell aaMaTHO HH>Ke H aaMeTHO s&Iwe KynoHoscK~ro 6ap&E 

(KpHs&re 5 H 6 ). nos&Jweaue ¢oHa np11 o6nyqeHuu c aaeprHell - 75 Ma1 

o6ycnosnaHO aKTIIBauuell C60pHolt <1Jon&I'II HaliTpoHaMH H raMMa' uany'IBHIIBII< 

ruu 126 Mae noa&rweaue ¢oaa, no-su.auMoMy, ao6aaoqHo o6ycnoeneHo a¢ 

H.!l9p MUW9HII, 803MO>KH00 'ITO .anH UHTepaana yrnoa 130-180° npu 9H9pi'U 

' HBKOTOpbiJl BKna.!l OT peaKUUII nepB.!la'IH, 

Bocnpouaso.!lUMOCTb yrnosbiX pacnpeaeneuult npe.acTaBnHJOT KPUBble 

qae '2' cpe.!lHIIH 9HepruH HOHOB 6&Jna HBMHOrO HII)KB (- 2 Mas), l-13 Up! 

HbiX suaso, 'ITO aocnpollasoauMOCTb peayn&TaToB yaoanaTBOpuTenbHaH, HE 

H9HU9 8 paltOHB yrnos - 180° He HBnHeTCH cywecTBeHHblM 0 T8K K8K 06WI 

coxpaHRBTCSI, 

2 
nu<tJ<1JepeHUU8n&Hble Ce'leHUH du/d{l S e.!lUHIIUaX CM /cTepa.auaH Up! 

puc, 5 H 6. nepeC'IBT yrnoB SbJneTa KOHe'IHbiX npo.ayKTOB B CHCTeMy UBHT 
/12/ 

.a11ncH c noMoW&JO ¢opMyn&J .anH HepenRTKsucTcKoro cnyqaH , Benu'IHH< 
22 24 22 

npuHHM&nacb pasHOlt 10 H 15 Mas Lln!l peaKuult ( r:e I+ d )Na u ( Ne 

COOTSeTCTBeHHO, ( l-fa6biTOK 9HepruH HaneT810WKX IIOHOB H8.!l KynOHOSCKUM 
OCHOBHOM, T9pH9TCH Ha S036y)KJ:leHHe KOHe'IHbiX Hnep), 

7 



noBblX pacnpe.aeneHHll npoee,ae!lbl .an11 HBCKOnbKHX sHeprHll HaneTaro

yrnoe enepe.a, TaK H .an11 yrnoe Haaa.a, CooTBBTCTBYJOlUHe eenH'IHHbl 

UBHTpa MaCe H HX cpaBHBHHB C BblCOTOli KynOHOBCKOf'O 6apbepa ,aaHbl 

Ta6nHua 

126 I 121 115 105 99 92,5 

sal 31 26 20 10 4 -2,5 

Qggl 30 25 19 9 3 -3,5 

) + Qqql 30 25 I 191 9 I 3 l-3,5 

(Ni 2 ) , E ( F 18 ) H ECB (Na24 ), HCUOnb3yBMblB B Ta6nHUB 1, 
ce ca 197 22 201 18 

KynoHoecKoro 6apbepa .an11 CHCTBM (Au + Ne ), ( Hq + F ) H 

TCTBBHHO, 4HcneHHbl9 3Ha'IBHHII STHX BBnH'IHH ,aaHbl e Ta6nHue 2. 8 ebl

npHHHManocb paeHbiM 1,4 f • Q
9 

o6oaHaqaeT sHeprHJO peaKuHll: 

24 197 22 18 q 
Na H Au (Ne ,-p-3D)F UpH nepe,aaqe HyKnOHOe Ha OCHOeHb!B co-

18 -24 
,aep. 3HaqeHHII Q ( F ) H Q 1111 ( Na ) eb!'IHCneHbl Ha OCHOBB Ta6-

~ ~ 22 24 
TBeTcTeeHHO paeHbl +8,8 Mae H -5,6 Mae (peaKTIHH ( Ne , +d) Na 

'IBCKoll), 

E 
CB 

22 
(Ne ) CM 

95 Mae 

Ta6nHua 2 

ECB (F 18 CM ~e (Na
24pM 

87,5 Mae 101,5 Mae 

aMepHnocb yrnoeoe pacnpe.aeneHHe .aeyx peaKuHll - no.axeaTa ( p + n) 

197 
Bh!X pacnpe.aeneHHll, nonyqeHHhiX npH o6nyqeHHHX MHWBHH Au , no-

.ae yrnhi BhineTa KOHB'IHbiX npo.ayKToe cf> .aaHbi 6ea nonpaeo~ 
. up 

f'HHTHOM none UHKnOTpOHa, HO C y'IBTOM <PaKTa HBCoena,aeHHII OCR 

oro cocy.aa. KpHBbie, npHee.aeHHbie Ha pacyHKe, HBnHJOTCH sKcnepH-

22 24 
HCTH'IecKHe ouu16KH nonyqeHHbiX ceqeHHll .an11 peaKuHH ( Ne , +d) Na 

n11 HaH6onee HH3KHX 3Ha'!eHHli HX eenH'IHHa HB npeeb!WaBT 10%, 

( Ne 22, -p _ 3n) "F 18 
Ha-aa Manoro ceqeHHH SToll peaKUHH H Hano-

6 

~ 

~ ~ 
)I(BHHH aHHHrHnHUHOHHoJI nHHHH ( F ) Ha KOMU'I'OHOBCKHII cneKTP cHnbHblX raMMa-nHHHll Na 

OWH6KH 3Ha'IHTBnbHO 60nbW9, Vlx Cpe,OHIIII eenH'IHHa pasHa - 15%, a e JtpaJIHHX cnyqagx 

M0)1(9T .OOCTHf'!lTb 50%, 

Ha pHc. 3 H 4 npe.acTaeneHbi peaynbT8Tbl Hccne.aoeaHHll <PoHa H eocnpoHaeo.aHMOCTH 
. 22 24 22 18 

<PopMbl yrnOBbiX pacnpe.aeneHHll peaKUHll ( Ne , + d ) Na H ( Ne , -p-3n)F , cooT-

BBTCTBBHHo, npe.acTaeneHHbiB CB'IBHHII do- I d cf> B CHCTeMe UBHTpa Mace .aaHbl B e.aHHH-

2 
uax CM /cTepa,aHaH, npHMbiB nHHHH (8) Ha pHC, 3 H 4 OTHOC!ITCII K BCTBCTBBHHOM)i lPOHY 

C'IBT'IHKa, CooTBBTCTBYIOlUHll ypoeeHb ecTeCTBBHHoro <PoHa d u I d cf> Bbi'IHcneH .an11 y.aeo-

BHHOII CTaH,aapTHOll OWH6KH lPOHa C'IBT'IHKa H .Onll HCUOnb3yaMbiX B SKCnepHMBHTax eenH

'IHH - TOnlUHHbl MHWBHH 1 HHTBrpana TOKa o6nyqeHHII H cpe,aHHX ep9MBH H3M9p9HHll aKTHB

HOCTH <PonbrH. KpHBbiB ( 7) Ha pHc, 3 H 4 nonyqeHbl B lPOHOBOM SKCUBpHMBHTe 6ea MHwe

HH, O.aHaKo TOnlUHHa aalUHTHoll <PonbrH (pac, I) yeenaqeHa Ha eenH'IHHy, SKBHeaneHTHyro 

TOnlUHHB MHWBHH, 

VIa KpHeblX Ha pHC, 3 H 4 BH.OH0 1 'ITO .an11 yrnoB MBHbWHX 20° lPOH 1 o6ycnoeneHHb!ll 

peaKUHBll Ha CHCTB~B KonnHMaTopa, CTaHOBHTCII cpaBHHMbiM C 'SlPlPBKTOM' Ha MHWBHH e cny

qae peaKUHH cpbiea ( p + 3n). 

8 061UBM 1 ,anH OCTanbHblX yrnoBblX pacnpe,aenBHHll annapaTypHblll lPOH OUBHHBanCH 

Ha OCHOBB 9KCUBpHMBHTanbHOI:'O XO,aa KpHBblX a6cop6UHH KOHB'IHblX npo,ayKTOe peBKUHH, 

o6paaoeaewaxc11 B MaTepaane KonnaMaTopa (Me.ab) B co6aparomell <Ponbre, 

JlnH yrJIOB Haaa,a lPOHOBbiB 9KCU9pHMBHTbl Bb!UOnHBHbl UpH 06ny'IBHHH MHWBHH HO!ia-
~ 2 .. . 197 

MH Ne c 9Hepraell aaueTHO HH)I(a M 3BMeTHO BbiWe KynoHOBCKoro 6apbepa Au 

(KpHBbiB 5 H 6), noBblW9HH9 lPOHa UpH o6ny'IBHHH C SHeprHell - 75 M9B B UBHTpe Mace 

o6ycnoBnBHO aKTHBaUHBll C60pHoll <PonbrH HBliTpOHBMH H raMMa H3ny'IBHH9M, 8 Cnyqae 9Hep

f'HH 126 Mse noBbiWeHHe <PoHa, no-eH.aHMoMy, .ao6aeo'IHo o6ycnoeneHo s<P<PeKTOM .aeneHHH 

II.OBp MHWBHH, 803MO>KH01 'ITO .an11 HHTepeana yrnoe 130-180° UpH SHBpf'HH 126 Mae BCTb 

HBKOTOpbill BKna.a OT peaKUHH nepe,Oa'!H, ~ 

8ocnpoH3BO.OHMOCTb yrnoBbiX pacnpe.aeneHHll npe.acTaBnHJOT KPHBbie 2, 3, 4. 8 cny

qae '2' cpe.aHHH sHeprHH HOHOB 6bina HBMHoro HH)I(e (- 2 Mae), VIa npr:ee.aeHHbiX .aaH

HbiX BH.OH0 1 'ITO eocnpoHaeo.aHMOCTb peaynbTaToe y.aoeneTeopHTenbHaH. HeKOTopoe OTKno

HBHHe B paliOHB yrnOB - 180° He HBnHaTCII CylUBCTBBHHblM 1 TaK KaK 061UaH lPOpMa KpHBblX 

coxpaHHBTC!I, 

2 
JlH<P<PepeHUHanbHblB CB'IBHHII do/d{l B B.OHHHUaX CM /cTepa,aHaH npe.acTaeneHbl Ha 

pHC, 5 H 6, nepeC'IBT yrnOB BbineTa KOHB'IHblX npo,ayKTOB B CHCTBMY UBHTpa Mace npoao

/12/ 
.aHnCH c noMOlllbiO <PopMynbi .an11 HepemiTHBHCTCKOro cnyqaH , 8enH'IHHa Q -peal\UHH 

• 22 24 22 18 
npHHHManacb paBHOll 10 H 15 Mae .anH peaKUHll ( r.e '+ d )Na H ( Ne • -p-Jn) F 

COOTIIBTCTBBHHO, ( Vla6biTOK 9HBprHH HaneTaJOlUHX HOHOB Ha,a KynOHOBCKHM 6apb9pOM 1 B 

OCHOBHOM, t\.p!19TCII Ha B036y)I(.09HH9 KOHB'IHblX H,aep), 

. T A . 
7 

:'r 
' 

.l 



!,1 

l 

18 24 
Yrn&I B'&Ili&Ta F H Na 8 ll860p8TOpHOll eHeTeMe KOOp.t\HH8T DOIIY'I&Hbl nyTeM .t\O-

68Bli8HHll K 9XenepHM8HT8llbllbiM . yrnaM 00Dp8BKH H8 OTKIIOH8HH8 KOH&'IHbiX DpO.t\YKTOB B' 

MarHHTHOM none UHKnoTpoHa (aeliH'IHH8 1,5- 2,7°). B pae'leTax </>eM y'IHT&I~~~~qll TBKJKe 

¢aKT H&eOBD8.t\eHHll OeH ny'IK8 e OebiD e6opHoro UHliHHllp8, 3TH DODp8BKH Ha-aa eeoero 

OU&HO'IHOro xapaKTepa BBO.t\SIT H6KOT~py10 eaeT6M8TH'I6eKyiD H60Dpe.t\6li8HHOeT& yrna cp eM· 

nopllllKB 1-2~. 

nyT&M eyMMHp088HHll ee'I8HHll llllll OT.t\enbHbiX Y'l8eTKOB nohy'I8Hbl ee'I8HBSI pe8KURI B HHT8p-' 
0 0 0 18 24 

san ax yrnoa 0 -9.0 H 90- 180 • 4aeneHH&Ie aaaqeHHR o t F ) H o ( Na ) npe.t~eTaa-
18 1" ~" 

li6Hbl B T86liHU8 3. XO.t\ ee'leHHll Ol5p830B8HHll F H NJ B DOIIHOM yr11e 4w B 388HeHMo-

eTH oT saeprHH HaneTBIDUIHX aoaoe npe.t\eTaB:IIeH Ha pae. 7, CTpenKaMH o6oaHa'leH&I eooT

aeTeTByiDUIIIe BbleOTbl KynoHosCKoro 6ap&epa, 

Ta6naua 3 

0° - 90° I 

ECM (Msa) 92 99 105 121 ' 

0 
( F 18)[ 10-27 c:m2 1 , 

0,04 0,13 0,09 0,15 
~" 

24 ·27 2 
o ( Na ) [ 10 em 1 0,15 
~ .. 1 3,8 5,6 

90° - 180° 

E (M~el 91 
eM 

99 105 115 

uaw ( FlB) [ 10·27 em 21 0,01 0,02 0,015 0,01 

24 -27 
em 

2
1 o~" ( Na )[ 10 0,5 3,2 \ 2,1 0,75 

CyMM8p11bl8 OUIH6KH DOlly'I&IIHblX DOliHblX eeqeHHll MOryT '.t\OeTHrBTb 30%, 0THOeHT8li&;

HOe paenoiJOJK8HH8 TO'I8K (pHe,7) MOJK6T M6HliTbCll 0 rliABJI/>IM Ol5p830M 0 H3-38 OUIH60K H3-

M8p8HHSI. TOK8 HOHOB B npe.t~enax He 6onee 10%, ( CTaTHCTII'IeeKHe OUIH6KH DOliHbiX ee'le

HHll npHMepHO p88Hbl B8liH'IHH8M npHB8.t\8HHblX Ha pHeyHK6 T0'16K), 

B Taonaue 4 npelleTaaneH&I aenH'IHHbl HaHMeH&Uiero e6niiJK8HHll llaneTaiOUIIIX w;oHoa 

e llllpOM MIIUieHH ( R mln 

Au
197 

( Ne 22 , + d ) Na 24 

-no ¢opMyne: 

llllll,peaep¢0p.t\OBeKHX MBKeHMyMOB DpOllYKTOB pe8KURll 

197 22 18 
H Au (Ne"" , ·p-3a) F. B&I'IReneHHR Rmln npoeoaanae& 

• Z I' Z2 • e ( 1 + csec 0 I 2 l · 
Rmin 2 E eM 

8 

• 
• 

Ta6naua 4 

EeM (Mse) 121 105 99 91 

<Ao max 630 82° 103° 125° 
24 

-13 Na 1\nin ( 10 em) 14,7 14,4 14,2 14 

r
0 

( 10"13 em ) 1,69 1,66. 1,64 1,62 

q,o max 59° 78° 110° -I F 18 -13 Rmin ( lll . em) 13,7 13,2 12,5 -
-13 1,62 1,55 1,45 .:. r

0
(10 em) 

-- I 

;:-t 
BenH'IBH&I r0 ,, ( r 0 = Rmln I (K~+ Jt~,npeaeTaaneHHble a Ta6naue 4, a·~re 
JKeHHH, 'ITO !Jo~MeTaiOUIIIe 'IBeTIIU&I llBHJKyTCll, no Kaea Ten&H&IM K sapy J.u 

,Llenanae& DODbiTK8 Heell6.t\088Tb B HaeTORII.leM 9Kenepi!M6HTI!I p6~KUH.R 
197 22 28 

k. ( Ne , + 2p + 4 n ) Mq • OaHaKo nonHoe ee'leHae peaKUHII noaxaata , ( 

22 -29 2 
Ne OK838liOeb M8llb1M ( - 10 CM ), D09TOMY 6onee DO.t\p06Hoe H3Y'18JIHl 

C DOMOUlbiO DpiiM8H8HHbiX M8TO.t\08 liBllli8TCll H8B03MOlKHbiM, 

.. 
06ey>K.t\8HHe pe3yllbT8TOB 

,Llnll DOlly'leHHbiX 388HeHMOeTell yrli08biX pacnpeaeneHHll OT 9HeprRR f 

X8p8KT6pHO eHllbH06 p83liH'IHe 8 DOB8.t\6HHH p68KUHll DO.t\XB8T8 (p+D) R.e 

197 22 24 
TaK, ee'!eHae peaKUHH Au ( Ne ,+d) Na (pae. 6) RMeeT MBKeHMyM, 

CBSI38Tb C .t\j!H:lKeHHeM H8li'\'810UIHX '18CTHU DO KYIIOHOBCKHM TpaeKTOpHSIM, 

9HeprHH H8lleTBIOUIHX HOHOB 9TOT MBKeHMyM CHeTeMBTH'IeCKII CMeUI86TCSI B 

UIHX yrliOB TBKHM o6pB30M, 'ITO paCCTOSIHHe HBHM6HbUiero Cl5liH>K6HHll eTB 

llllep OCTB6TCll DpHI5liH3HT6llbHO DOCTORHHbiM (eM. T86liHUY 4), npa'9H6p!'lll 
22 197 

CKoro 6ap&epa cacTeM&I Ne + Au DPHMepHO H8 3 M98 C6'16HH8. peB 

c yaenaqeHReM yrna 8&1JleTa Na 24 
DJlBBHO B03p8CT86T1 .t\OCTHrall M8KCHMI 

npa 180°, TaKoe noaeaeHHe yrnoaoro pacnpeaeneHHll npa 9Heprusx, 6J1H3KI 

My 6ap&epy, O>KH.t\86TCR 8 CJlyqae nepe.t\8'1H HYKJ10H08 TyHH6JlbHbiM M6X8H; 

OaHaKo bn11 TBKoro o6'bliCH6HHll MexaHH~Ma aay'laeMoll peaKuHH Hy>KHO eae 

:lK6HH6 1 'ITO nep6ll86TCll BCCOUHHp088HH8!11 rpynna ( p + D ) , , TBK K8K' UOll}" 

a. palloae yrno8 Peaep¢opaa 6on&woe. TyHHen&Hblll MexaHR3M peaKUHH noa 

UO.t\TB6p>Kll86T XO.t\ HHTel'pBJlbHOl! ¢yHKUHH B036Y:lK.t\6HH!II UpH Ol5p830BBHHH 

9 

~--------------



18 24 
B&IneTa F H Na e na6opaTopHoll CHCTeMe KOOP.IlHHaT nony'leHbl nyTeM .llO-

axcnepaMeHTanbllbiM yrnaM DOnpaeKH Ha OTK;IJOHeHHe KOHe'IHbiX DpO.IlyKTOB B 

none uaKnoTpoHa ( eenH'IHHa 1,5- 2, 7°). B pac'leTax </> CM Y'IHT&l~~nqa TaK>Ke 

na.lleHHSI ocH ny'IKa c ocb~ c6opHoro uHnHH.Ilpa. 3TH nonpaBKH Ha-aa caoero 

xapaKTepa eBO.IliiT HeKOTopy~ CHCTeMaTH'IeCKY~ Heonpe.lleneHHOCTb yrna </>eM· 

20. 

HpOBaHHSI Ce'leHHII Jl;1lll OT.Ilenbllb!X y'ISCTKOB DOily'leHbl C8'18IIR11 peAKilRI B HHT8p-
O 0 0 18 24 

0 -90 a 90- 180 • 'iacneHH&Ie aHa'leHHII u ( F ) R u ( Na ) npe.llCTae-
. 18 t" 2" 

aue 3. Xon ce'leHHII o6paaoeaHHH F H Ncf B nonHoM yrne 4" a aaBHCHMo-

raa aaneTaiOWHX HOHOB npencTaaneH Ha pac. 7. CTpenKaMH o6oaHa'leH&l coo-r

e BbiCOTbl KynoHOBCKOrO 6apbepa, 

Ta6naua 3 

0° - 90° 

(Mae) I 92 I 99 I 105 I 121 

F 18 )[ 10 ·27 an 2 1 , 
0,04 0,13 0,09 0,15 

24 ·27 
Na ) [ 10 em 

2
1 0,15 I 3,8 5,6 

90° - 180° 

M 
(Mael I 91 I 99 I 105' I · 115 

( F18 ) [ 10 ·27 an 21 0,01 0,02 0,015 0,01 

24 ·27 
em 

2
1 Na ) [ 10 0,5 3,2 \ 2,1 0,75 

pH&Ie OWH6KH nony'leHHbiX nonHblX Ce'leHHII MOryT '.t:IOCTRraTb 30%, 0THOCHT8;1Jb:

>KeHHe TO'IeK (pHc,7) MO>KeT MeHSITbCSI, rnaeH1>1M o6paaoM, H3-38 OWH60K H3-

a HoHoe e npenenax He 6onee 10%. ( CTaTHOTH'IeciOie owa6KH nonHbiX ce'le-

o paeH&l eenH'IHHaM npaeeaeHHblX Ha pHCYHKe TO'IeK), 

nue 4 npencTaeneHbl aenH'IHHbl HaRMeHbWero c6na>KeHHII HaneTa~wax ~oaoe 

weHa ( Rmln 

, + d ) Na 24 
H 

Rmin 

llnll.peaep¢op.t~OBCKHX MaKCHMYMOB UpO.t:IYKTOB peSKURI 
197 22 18 

Au ( Ne , •p·3n) F • Bb!'IHcneHHII Rmta npoaoaanHCb 

zl' z2.e 
2 E CM 

,.. 

(1+csec 0/2). 

8 

T a 6 n • u a 4 

E (Mae) 121 
CM 

105 99 91 

¢
0
max 

630 82° 103° 125° 
~4 

·13 Na ~In ( 10 em) 14,7 14,4 14,2 14 

r
0 

( 10"
13 an ) 1,69 1,66 1,64 1,62 

q,o max 59° 78° 110° -
18 ·13 

F Rmln(lJ) em) 13,7 13,2 12,5 -
r

0 
( 10"

13
cm) 1,62 1,55 1,45 .;. 

BenH'IHHbi r0 ,, (r
0
=Rmln /(J~:+i":J,npeacTaaneHHble e Ta6naue 4, Bbl'IHcneHbl a npeanono

>KeHHH, 'ITO ~eTa~WHe '18CTHUbl .t:IBH>KYTCII, no K8CaTenbHblM K ll.t:IPY MHWeHB TpaeKTOpHIIM, 

.£lenanacb DODbiTKa HCcne.t:IOBaTb e HaCTOIIWeM SKCnepHMeHTa peaKUH·~ 
197 22 28 

J!IJ ( Ne 1 + 2p + 4 D ) Mq , 0.t~HaKO DOnH08 Ce'leHHe peaKUHH DOllXBaTa ( 2p +4n) HOHaMH 
22 -29 2 

Ne OK838;1J0Cb M8;1Jb1M ( -10 CM ), D09TOMy 6onee noapo6Hoe H3y'leHHe STOll peSKUHH 

C DOMOWb~ DpHMeHeHHbiX MeTO.t:IOB SIBnHeTCSI HeB03MO.lKHbiM, 

~ 

06cy>KneHHe peaynbT8TOB 

.£ln11 nony'leHHblX 38BHCHMOCTell yrnOBbiX pacnpeneneHHII OT 9HeprRR Han~Ta~WHX HOHOB 

xapaKTepHO CH;IJbHOe pa3;1JH'IHe e DOBelleHHH peaKUHll DOllXeSTa (p+n) H CpbiBa (p+Jn) ,· 
197 22 24 

TaK, ce'leHue peaKUHH Au ( Ne ,+d) Na (pac, 6) HMeeT MaKCHMyM, KOTOPbiii MO>KHO 

CeH3aTb C .tll'!H.lKGHHeM HaneTa~WHX 'laCTHU n\ KynOHOBCKHM. TpaeKTOpHSIM, C yMGHbWeHHeM 

SHeprHH HaneTa~WHX HOHOB aTOT M8KCHMYM CHCTeMaTH'IeCKII CMewaeTCSI e CTOpOHy t5onb

WHX yrnoe Ta~HM o6paaoM, 'ITO paCCTOSIHHe HaHMeHbWero C6nH>KGHHII CT8nKM8alOWHXCII 

llllep OCT8eTCII npH6nH3HTenbHO DOCTORHHbiM (eM, Ta6nHUy 4), npa'aHeprHH HH>Ke KynoHoB-
22 197 22 24 

CKOro 6ap&epa CHCTeMbl Ne + Au npHMepHO Ha 3 Mae ceqeHae pea KUHH ( Ne , +d)Na 
24 

c yaena'leHHeM yrna e&meTa Na nnaeHo eoapacTaeT, aoCTHraH MaKCHManbHOII aenH'IHHbl 

npa 180°, TaKoe noeeneHue yrnoaoro pacnpeneneHHII npH aHeprHHX, 6nHaKHX K KynoHoacKo
/6 15/ 

MY 6apbepy, o>KuaaeTCH e cnyqae nepeaa'IH HyKnoHoe TyHHenbH&IM MexaHH3MOM ' • 

OaHaKo .nn11 TaKoro o6'bHCHGHHII MexaHH3Ma aay'laeMoll peaKUHH HY>KHO cnenaTb npennono-

>KeHHe, 'ITO nepenaeTCH accouaapoaaHHSII rpynna (p + n) , TaK KaK'nony'leHHoe Ce'!eHHe 

a palloHe yrnoa Peaep¢opna 6onbwoe. TyHHenbHblll MexaHH3M peaKUHH nonxaaTa neliToHa 
. 24 

DO.t:ITBep>Kll8eT XOll HHTerpanbHOl! ¢yHKUHH BOa6y.lKlleHHII npH o6pa30B8HHH Na (puc. 7) ' . j, 

9 
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~. 
f 

/16/ 
K<?TOp8H H800MHH89T tPYHKUHIO B036y:lKll9HHSI B CIIY'I89 09p9ll8'1H OllHOro H91tTpOH8 • 

npH H93aBHCHMOA oepea8~9 H9CKO/IbKHX HyKIIOHOB oocpellCTBOM yc/IOBHOro M9X8HH3M8 

"grazing'; ll/111 SHeprHH H8119T810UIHX HOHOB Bb1W9 Ky/IOHOBCKOrO 68pb8p8 tPYHKI.lRII 1!103-

/10/ 
6,Y:lKll9HHII llOII:lKH8 CHIIbHO B03p8CT8Tb , 'ITO He H86/IJOll89TC!I B H8CTOSIUI9M 9KCOepa-

M9HT9 ll/111 p98KI.lHH UO,OX88T8 (p+ D) 

197 22 18 
Y'rnoable pacopeaeneHHII opollyKTCIB peaKUHH A1J ( Ne ,-p-3n) F ae opoiiBIIIIJOT '19T" 

Koro M8KCHMyMa, KOTOpbiA MO:lKHO 6bi/IO 6bl CBII38Tb C oep&ll8'1&1 8CCO!lHIIpot18BHOA rpyoobl 

( p + Jn ) :ryHH9/IbHbiM M9XAIRH3MOM. no/IH09 C9'19HH9 STOlt p98KUHH B o6ut9M M81IO ( Ta6-

/13/ 
IIR!l8 3). B cp8BH9HHH c p8He9 oony'I9HHbiM C9'1&HH9M ll/111 o6p8THoro- opou9CC8, T.9. 

197 :!) 
p98KUKD 00llXB8T8 ( p+Jn) DOH8MD Ne , C9'19HH9 Cpb1B8 T8Koro 'IDC/18 HYKIIOHOB H8 Au 

opnMepno B Tpn p838 M9HbW9. B cny'l89, 9CIIH na B9/IH'IHHy ce'!eHHII p98KIXRA oepell8'1, 

H9CKO/Ib!CHX HyiCIIOhOB B OCHOBHOM BIIR·519T 0/IOTHOCTb ypo&Hell !1llp8, 00llX&8TbiB8JOUI9rO 

HYKII0Hbl 0 OTHOW9HH9 C9'19HHit pe8KUHA Cpb18-00llX88T llO/I:lKHO 6b1Tb, H8060pOT, 8 H9CICO/Ib

KO p83 60/IbWe. Hy:lKHO 00ll'19pKHYTb, 'ITO 3H8'19HHII ftO/IHbiX C9'19HDll Cpbl88 R DOllX88T8 
:!) 

ll9liTOH8 8 pe8KURIIX C HOH8MH Ne H8XOlliiTCII 8 XOpOW9M cor/I8CH!~ C ll8HHfilM~ H8CTOII-

u.tell p86~Tbl. CTeoenb 8CcouR8UHH HYKIIOH08 8 rpyooy (p+3n) a cTpoenae oo8epxnoc,Tnoro 

C/1011 llllep OY'IK8 OK83bi88JOT,'no-8RllRMOMY 1 601199 CH/IbH09 B/IHIIHHe H8 89/IH'IRHY n~nHoro 
197 20i 22 

·ce'!&HHII, '19M onoTHOCTH ypo8Hell !lll&p A1J H Ne • 

H08blM stPtPeKTOM, H86/IJOll89MbiM B H8CTOIIu.t9ll p860T9 0 IIB/IR9TC!I MOllYIIII!lllll 38llH&-
x) ' o 

ro CK/1088 M8KCHMYM8 TYHH9/IbHOll nepell8'1H H 803p8CT8HH9 C9'19HHll Dpll yrne 180 • 

3TH sQxp9KTbl npOIIB/I!IIOTC!I KaK B p98KUHD DOllXB8T8 ll9liTOH80 T8K H 8 p981CUBR Cpb188 

(p+Jn). 'iHC/10 MOllYIIIIUROHHbiX M8KCHMYM08 C pOCTOM 3HeprHH HM9T810tllHX '18CTHU 

Y89/IH'IH881lTC!I. np11 3HeprHIIX, HH)J(9 KYIIOHO&CKOrO 68pbepa, SIBII9HH9 MOllYIIIIUHH Rp8KTR-
' 
'19CKH HC'I9389T (pac. 5, 6 - KpR88ll 1 ). 

Y'rnOBbl& paCOp9ll9119HHII HCC/I9llOB8HHbiX pe8KURit B H&KOTOpoll CT909HH npOIIBIIRIOT 

I 0 
8HMOrR'IHYIO MOllYIIRURJO B HlfT9pB8/I9 yrnoa Q-90 , 'ITO M0)1(9T 6b1Tb' OpR3H8KOM BKII8ll8 

npouecca OTHOCHT9/IbHO M9ll/I9RHOrO, X8p81CT9pR3YJOUI9rOCR' CRMM9TpH9ll OTHOCHT9/IbHO 90°. 

OanaKo a~~:naa &Toro npouecca a aecKo/IbKO p83 M9HbW9 8KII8ll8 nppu9cca o9p9ll8'1K ' 

-22 
RYKIIOHOB 8' KOpOTKOlKRByu.tRX C09llRH9HHIIX Rll9p ROpRllK8 10 C9K. ()I' ron DOBOpOTa 

CHCT9Mbl M91fbW9 90°, T.9. KOH9'1Hb19 OpollyKTbl pe8JCURll Bbi/I9T810T DOll MMbiMII yr-

' l 
118MB). 3To oco69HHo Bblll911119Tcs a cny'lae peasuna c pblB8 ( p + 3 n.) ( pac. 5, Ta6naua 3). 

Dbl/18 Cll9118H_8 OOObiTK8 p83/IOlK9HKR B pRll r A2L p 2L (cosO) oony'leHHblX yriiOBbiX 

p8COp9ll9~9HRll ll~ll RHTepaana yriiOB 90-180° (op~HKM8/IOCb, 'ITO KpHBb19 TYHH9/IbHOA 

/18/ 
09p9ll8'1H HM9JOT O/I8BH&IA CU8ll ) • 

x) 
HeKOTopas MOllyllliUHSI M8KCHMyMa TyHH91IbHJf7 ?epeaa'IR, aepoSITHO, H861IJOll89TCII 

a yrnOBbiX p8cop&ll9119HHSJX pe8KUHR cp&IB8 npoTOH8 , OllH8KO, a yKa3aHaoll ,pa6o'l'e 

STO RBII9HH9 He p8CCMOTp9HO. \,_ 

10 
., - •• 

.. 

I 
0KOH'I8T9/IbHbiM p93YIIbT8TOM 3TOro IIH8/IK38 SB/IB9TCR 38KIII0'19HHe, , 

00/IHOro C/IR!IHH~ MO)J{9T 06/I8ll8Tb 0, B OCHOBHOM, yriiOBbiM MOM&HTOM, paa 

npa 9TOM B03MOlKH8 n~RM9Cb 60/199 BbiCOKHX 3H8'19HRll L (ao 20-li ). 

OU9HKH CpSllHero 3H8'19HR!I MOM9HT8 COCT88Holt CKCT9Mbl Rll9p •H, nap8M9TJ 

ii 2; 2J • 20 K3B 3Heprng apau.teHIIll CKCT9Mbl H9 llOII:lKH8 Op9BbiW8Tb 8 Ms 

'IKB8 oapaMeTp8 KH9pUKK (20 KSB) IIB/Ili9TCll M8KCHM8/IbHOit ll/Ill pOT8TOp~ 

B paccMaTpHaaeMOM cny'!ae sHeprHH HaneTaJOu.tRx HOHOB (115 Msa) 

npHM&pHO H8 15 Msa BbiW9 KYIIOHOBCKOrO 6apbepa, ll/IR r 0 paBHOrO 1,4 f • 

6pOBKH aHeprHH H8/I9T810u.tHX HOHOB OU9HHB89TCR p8BHOlt 1:,5 Ma&)-• .lliiHTa 
' ' 

ao36ylKll&HIIR Rllep, CBR38HKoro c nepeaa'leA nyKnoHoa, ae Mo:lKeT 6biT'b' < 

we BpeMeHII lKII3HII CHCT&I\'Ibl H900nHoro C/IHRHHRo nosToMy K8)1(8'1CSI 0 'ITo 

HH&M CHCT9M8 ll0/I)J{H8 COB9pW8Tb· KonepaHRII, 3HeprHII KOTOpbiX npH1149ptl 

P~noueaH&IM liBIIR&TCR opeanonolK&HIIe, 'ITO 6apb9p CHCT&Mhl onp~~-e:'l 

ro - 1,2 f • 0llH8KO B 3TOM CIIY'l89 Tpe6yeTCII• B8/IH'IH9 tPIIYKTya~;·!'lj 

T8K K8K C8'18HHR p98KUHH opH OTHOCHT9/IbHO M8/Ib1X 9HeprHRX 6onbWHi ~~pi . ·( 

't ~ ' 

Ceoieu11e pacnaaa cllcTeMbl nenonaoro cnHIIHHs, KOTopoe MomeT.,.06nl 

'ell OTHOCHTQ/IbHO 90°, B K8H8/I p98KUHH Cpb188 ( p+Jn) H OOllX88T8 (\'p\fpJ 
-29 2 

HM99T nopllllOK 10 CM • 8 Cp8BH9HIIH, HanpRM&p, C BbiXOllOM pe8KUIIR 

T>:HBEIII,bHbiM MQX8HII3MOM ORO COCT8B/IR9T 89/IH'IRHY OO'ITII 118 TpH ROpRlllt 

38BHCIIMOC'fb OT 3H&prHII 00/IHOrO C9'19HHll p98KURII Cpb188 (p+3D) 

aenax B03M0)J{Kb1X OWH60K) H8 p930H8BC B6nK311 KYIIOBOBCKOrO 6apb9pa 

nee TO'IHOM paCCMOTp&HHR p98KJXHR DOllXB8T8 ll9ITOH8 IIM&EIT, no-&HlliiMO~ 

18 
oco6eHHuCTb. B Ta6nHue 5 np9llCTaaneHbl C&'I&HHII o6pa30B8HBR F -• f{c 

o.f sH9prau HaneTaJOu.tRx '18CTII!l ans BHTepaana yrnoa 10-30°. Ce'!e&asf'll 

HbiX 9llBHH"8Xo A6COIIIOTHhle 3H8'l9HIIll C9'19HHlt B 9TOM RHT9pB8/I9 yrnOB I 

I0-28cM2. 

' 
Ta6naua 5 

E"' 
(Maa) 92 99 105 121 

18 
o-10°· 1o0 ( F ) 6 20 7,5 6,5 

0" ,. 0 ( trJ4) 10 40 16,5 20 
10 •10 ---

22 24 
l-13' npnaeaenH&IX, '!Been cneayeT, 'ITO peaKnHR ( Ne , .,.d ) Na 01 

- 100 Maa, T.e. - !fa 5 Maa B&Jwe KynoHOBCKoro 6apb~pa_,xap8KTepa3yeTC.Il 

KHM pe30H8HC:OM, 'I&M peaKnHR cpb!Ba (p+3n). nonywapana sToro, no-aa; 

pe3oHaHca ~ocTaanseT 8-10 Maa (Han&'lll& pe3onanca npH aneprHllx, 6nH 

11 



un10 eo36y>K.aeHHSI B cnyqae nepe.aaqu o.alloro HeATpoHa116'~. 
e HeCKOllbKHX HyKnOHOB nocpe.acTBOM ycnoeHoro MexaHH3M8 

HaneT&IOlliHX HOHOB Bhtwe KynoHOBCKoro 6apbepa cpyHKUHH ilo3-

/10/ 
B03p8CTaTb , 'ITO He Ha6lliO.!l8eTCSI B HBCTOSillleM 9KCneps-

8Ta (p+n) 
197 22 18 

HKSI npo.ayKT<1B peaKUHH Au (Ne ,·1)•3n) F ae npoaBllHIOT qer 

MO>KHO 6blll0 6bt CBSI38Tb C nepe.aaqel llCCOilllllpOsllHHOI rpynn&t 

aRK3MOM. nonHoe ce'I9HIIe 9TOI p98Killlll B 06llleM MllllO ( Ta6-

/13/ 
aHee nonyqeHH&IM ce'leHHeM .ana o6paTaoro· npouecca, T,e. 

~ ~ 
uoHaMK Ne , ceqeaae cp&Iaa T&Koro qacna uyKnouoa Ha Au 

bwe. 8 cnyqae, ecna Ha aenH'IHHY ce'!euaa peaKuRI nepe.aa'l ~ 

HOBHOM BllKHeT RllOTKOCTb ypoauell ll.!lpll, RO.!lXB8T.b!B810lllero 

HKll peaKuKll cphta-no.axaaT .aon>Kuo 6&ITb1 aao6opoT, a aecKOnb

o.a'lepKHYTb, 'ITO 3H&'IeHRSI ftOllBbiX Ce'leHRll Cpb!B& H RO.!lXBllTll 
~ ' 

aMK Ne HllXO.!l!ITC!I B XOpOllleM cornacaB C .!lBHHtiiMJi: HllCTOSI-

OUBaUHH HYKllOHOB B rpynny ( p+ Jn) H CTpOeHHe ROB9pXBOc,THOro 
' 'I 

T, no-sH.!lHMOMYo 6onee CHnbH09 BnHSIHH9 Hll SellH'IBHy ROnHOrO 
197 20, 22 

posHell H.aep Au H Ne 

1
_ a6nJO.aaeMbiM S H8CTO!Illi9A p860T9 0 HBnR9TCSI Mo.aynlluHll 38.!lHe-

o· 
YHH9llbHOll nepe.aa'IH H B03pacTaHH9 C9'19HHll llpH yrne 180 , 

II K8K S pe8KUHH RO.!lXS8T8 .!l9liTOHa0 Tlllt H B p98KUHH Cpb188 

OHHbiX MBKCRMYMOB C pOCTOM 9HeprRH HBn9T810lliRX 'lBCTRil 

HHX, HK>Ke KYllOROBCKOrO 6apbepa, RBn9HR9 MO.aynllllKH np&KTR

- KpRSB!I 1 ), 

HRSI Rccne.aoBaRHb!X p98KilRI B HeKOTOpOI CTeD9HH npORBnRIOT 

RlfTepaane yrnos 0-90°, 'ITO MO>K9T 6b1Tb' DpH3HllltOM BKna.aa 

.aneHHOro, X8p8KTepR3YIOlll9rocH CRMM9TpHell OTHOCIIT9lllooll0 90°, ~ 

ecca a aecKonbKO pa3 M9Hbwe s~tna.aa npouecca nepe.aa'la ' 

-22 
nx coe.aRHeHHHx 11.aep nopHdKa 10 celt, (Yron noaopoTa 

• KOHe'IHbl9 npo.ayKTbl p981tllHll BbtneTaiOT DOL! MBilbiMH yr-

' l 
enHeTcH a cnyqae peasuua c pbtaa ( p + 3 a.) (pRe, 5, Ta6naua 3). 

Ka p83llO>KeHHH B ps..a [ A
2

L paL (cosO) nony'laHHbiX yrnOBbiX 

sana yrnoa 90-180° (npiHHManocb, 'ITO KpHBb19 TyHHellbHOI 

cna.a
1181 ), 

SIUHSI MaKCHMyMa TYHHenbHJl'7 ?epe.aa'IH, aepOHTH0 0 H86lliO.!l8eTCH 

x peaKUHH CpbtBa npoToHa , o.aaaKo, B YK838HROll ,pa6oTe 
peHo. "-

10 

,1/J 

I 
0KOH'IBTenbHbiM pe3ynbT8TOM 9TOrO 8HBnH38 HBnH9TCSI 38KniO'leHH9 0 'ITO CHCT9M8 He-

UDnHOrO cnHHHH~ MO>KeT 06nll.!l8Tb1, S OCHOBHOM, yrllOBbiM MOM9HTOM 0 paBHblM 12-1S -!i I 

npa 9TOM B03MO>KH8 n~RM9Cb 6onee Bb!COKHX 3H8'19HHll L (.ao 20ft ). KaK cne.ac;TBH9 

OueHKR cpe.aaero 3H8'19HH!I MOM9HT8 COCT88HOll CHCT9Mbl H.!l9p H napaMeTpa HH9pUHH 

ij 2/2J •20 K9B 9HeprHII spameHH!I CHCT9Mbl He .aon>KHll Up9BbiW8Tb 8 Mas, TllK KllK B9llR

'IHR8 napaMeTpa HHepuHR (20 Kaa) HBillleT~R MllKCHM&nbHoll .an11 poTaTopa Au 197- Ne 22• 

B paccMaTpRsaeMoM cny11ae aHeprHH HaneTatomax aoHos ( 115 Mas) a cpe.aHeM 

iipaMepHo a a 15 Maa s&IWe KynoHOSCKoro 6apb9pa, .an11 r 0 paaHoro 1,4 f • ( To'IHOPTb Kana.,. 

6pOBKH SHeprHR HaneTatoWHX HOHOB 0U9HHB89TCSI paBHOI ;!.:..5 Mas), JlnRT9nbHOCTb Dp0ll9CC8 

ao36y>K.aeHHH H.aep, caH3&HHoro c nepe.aa'lell HyKnoaoa, He MO>KeT 6hiTi. 3HS'IRTenbHo MaHb

we BpeMeHR >KH3HH CHCT9t,lbl HeUOllHOrO CllHSIHH!I, noaTOMY Kll>K9'PCII 0 'ITO KllpH.ay C BP,I:\W9'"' 

HReM CHCTeMa .aon>KH8 coaepwaTb· Konel5aHHH 1 aHeprHH KOTOpbiX npRM9pHO paaua E -E 
' ' CM CB ·I 

PaaHoueHHhiM HBnseTcR npe.anono>KeuRe, 'ITO 6apb9p CHCT9Mbl onpe.aenReTCH 3H8'19HR9M 

ro - 1,2 f , O.aHaKo a aTOM cnyqae Tpe6yeTCR· HanH'IHe cpnyKTyauaa s&ICOTbl· 6apb9pa, 

T8K KBK Ce'l9HRH peaKURH npH OTHOCHT9llbHO MBnbiX aHeprHRX OOnbWH9 (pRC, 7), 

\ 

Ceoieaae pacna.aa CHCT9Mbl H91lOllKOrO CllHSIRHH, KOTOpoe MO>K8T 00/lB,.!lBTb CBMM9TpH-

ell OTHOCHT9nbHO 90°, S K8H8ll p98KUHH Cpb184 ( p+JD) R DO.!lX88TB (p+D) DO 0U9HK9 

-29 2 
RM99T nop!r.!lOK 10 CM , 8 Cp8BH9HBH 1 HBilpHM9p0 C SbiXO.!lOM p9BKUHH llO.!lXB&T& .aeiTOHii 

TyHR8ll,bHbiM M9X&BR3MOM ORO COCT&BnHeT aenR'IRRY llO'lTH liB TpR nopll.axa M9HbW8o . . , 
3AsRCRMOC'fb OT &HeprRR 00/lROro Ce'I9RRII p98KilRH CpbtBB (p+JII) yKB3bi8B8T (l' npe~ 

.aenax aoaMo>KRbiX owaiSoK) ae pe3oHaac aiSnaaa KynoaoacKoro 6apb9pa (pac. 7). npR 5o

nee TO'IHOM p&CCMOTp9RRB pe&KUHR DO.!lXBBTB .aeliTOHB HM89T0 no-BH.!lHMOM2~ aaanorR'IHYIO 

. ~ 
oco69HRuCTbo 8 T861tHU9 5 npe.acTaBnaabl C9'19RBII o6p8308&HIIll F H Na 8 GSBHCRMOCTJI 

( 0 I 

OT aHepriiR RB/l9TBIOWIIX 'IBCTRU .anSI RHTepaana yrnoB 10-30 , Ce'19HHll .!l&Rbl B OTKOCHT9llb" , 

RbiX 9.!lRHHIIBX• AoconJOTHble 3R8'19HHll C9'19HRA B 8TON HHT9p88ll9 yrnOB RM810T nopR.!lOK 

l0-28cM2, 

' 
Ta6naua 5 

E,..., (Maa) 92 99 105 121 

18 
u1o 0 • ao0 ( F ) 6 20 7,5 6,5 

a .. o (Ncf4) 
10 •80 

10 40 16,5 20 
---

' 22 d 24 
Vf3' npaae.aeHH&IX, '!Keen cne.ayeT, 'ITO peaxuHR ( Ne , .,. ) Na npa auepraa 

- 100 Mea, T,e. - !Ia 5 Mas BbiWe KynoHoscKoro 6apbkpa.,xapaKTapH3yeTCll He Meaee pe3-

KHM p830R8HCOM 0 '19M pe~KUHSI CpbiSB (p+Jn), nonyWRpHHll 8Toro, no-BR.!lHM>My, CltO>KHOrO 

p930H8HC8 ,cpc~snReT 8-10 

. ~ 

Mas ( HBllR'IRe pe3oHaHca npa aHepruHx, 6nR3KRX K Kynoaoa..; 

11 
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CKOMY 6apbepy, 06!138HO, o6pB30B8HHIO UOTeHUH8nbHOi! liMb! ~JlepHb!M B38HMO.llei!CTBHeM ' ), 

0JlH8KO H8Jl0 UOJl'lepKHYTb0 'ITO nonywHpHH8 UOTepb aHeprHH B MHWeHH ( -·6 Mae) llO 

aenH'IHHe cp8BHHM8 c nonywHpHHoi! wJnyqeHHoro peaoHaHc8, T8KHM o6paaoM, oueHKY wHpH

Hbi pe30H8HC8 cne.llyeT C'IHT8Tb CKopee UpH6nH3HTenhHOi!, 

To, 'ITO pe30H8HC npH M8nbiX. yr;mtx OTK noHeHH!I Kone'!HbiX npo.llyKTOB, no-aH.llHMOMY, 

UO!IBnHeTC!I K8K B pe8KUHH 110JlXB8T8 ( p+n) , T8K H Cp!>IB8 ( p+ 3n), ,llOUOnHHTenbHO YK83bl

B8eT H8 TO, 'ITO 3TO HBneHHe 06!138110 06p830B8HHIO KOpOTKO>KHBywei! COCTBBHOi! CHCTeMbl 

/19/ 
!l.llep 

npH l!eKOTOpb!X npe,llllOno>KeHH!IX yrnoaoe pacnpe.lleneHHe pe8KUHi! Uepe,ll8'1H HyKno

HOB MO>KHO npe.llCT!IBHTb B BH,lle: 

~ a!f (O)+C(a)f (OJ!~, 
d n 1 2 

r.lle f
1 

( 0) - aMnnHTY.llS peaKUHH nepena'IH HyKnonoe a npHMbiX npoueccax, f
3

( 0) -aMnnH

Ty.lla nep&,'l8'1H HyKnOHOB B npoueCC8X C o6pa30B8HHeM nepeXO.llHOi! COCT8BHOll CHCT9Mbl 

/ H.llep, C (a) - UOCTO!IHH8!1 1 38BHCIIW811 OT U!lp8M9Tp0B COCTOHHHll CHCTeMbl !l.ll9p (cOCTOHHHII 

cHCTeMbl !IBnHJOTCH, O'I9BH.llHO, KB83H.llHCKpeTHbJMH). CTeneHb 8CCOUHBUHH npouecc8 nepe

.ll8'1H HecKonbKHx i:yKnOHOB BBO.llHTCH B p8CCMoTpenHe K8K nap8MeTp. P83t:leneHHe 8MnmtTy

.llbi peaKUHH Ue.pe.ll8'1fl He ,llBe 'IBCTH - Up!IMYIO H pe30H8HCHYI0 1 HBn!I9TCII B 3H8'1HTenbHOl! 

. 1201 
cTeneHH yrnOBbiM • 0JlH8KO peaynbTSTbi H8CTO!Iwel! p86oTbi yK83biB8JOT H8 To, 'ITO 

T8KOll UOJlXO.ll HMeeT ¢H3H'IeCKYIO OCHOBy, 

PeweHHe nocT8BneHHoll aa.lla'IH Tpe6yeT BBe.lleHHSl 3H8'1HTenbHbiX ynp~weHHll H ycpe.ll

H9HHll, CBH38HHbiX 1 npe»<.lle acero, c H8.'!H'!KeM B036y»<.lleHHll H.llep H nepe.lla'!ell yrnoaorg 

MOMeHT8 B !IKT8X 06M9H8 HyKnOH8MH, 38Jl8'18 JlOUOnHHTenbHO ycno>KH!19TC!I BCn9JlCTBHe 

TOr0 1 'ITO He BCe KB8HTOBbl9 U8p8M9Tpbl ypOBHell CHCT9Mbl H9UOnHoro CnH!IHH!I H.llep H3B9CT

Hbl B JlOCTIITO'IHOll CTeU&HH, 

Bonee no.llp06Hbill 8H8nHa Hano)l(eHHbiX aonpocos 6y.lleT .ll8H B OT.llenbHOl! ny6nHKa-

UHH. 

B 38KnJO'!eHHe 8BTop C'IHTeeT CBOHM npH!ITHbiM JlonroM Bbip83HTb 6n8ro.llapHOCTb 

npo¢. r.H,'¢neposy 38 cnoco6cTByJOtUHll Jleny HHTepec K sToi! pa6oTe. AsTop T8K»<e rny-

6oKo 6n8rO.ll8peH C.M.nonHKaHoBy 38 ueHHoe o6cy»<.lleHI!e peaynbTSTOB p860Tbt H .llHCKyc

cuu, rpynne 3KcnnyaT8UHH UHKnOTpoHa M311 38 o6ecneqeHHe 6ecnepe6ol!Hbll p86oTbl MawH

Hbi, Oco6y10 6naro.ll8pHOCTb 8BTOP Bblp8>K8eT r.M.EoroMonoaoll H 3,,Ll.noKpOBCKOl! 38 

60nbWYIO paooTy, BnO>K9HHYIO B UpOBG,lleHHe 3KCUepHMeHTOB H o6p860TKY nonyqeHHb!X pe-

aynbT8TOB, 

Bb1J:8>K810 T8K»<e 6n8rO.ll8pHOCTb B.M. CTpyTHHCKOMY, !O.A.Mya&J'IK8 H E. CnoeHH-

CKOMy 3f'l MHOrHe JlHCKYCCHH H Kpi!TK'I9CKH& 38Me'I8HHII, 

12 
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/4 51 
HO o6pa30BBHKIO llOT9Hl{K8JlbHOi! HMbl lUl9pHb1M B3aHM0.09i!CTBK9M ' "), 

HYTb, 'ITO nonywupuHa noT9pb sH9prKK B MHweHH (- 6 Mas) no 

nonyumpKHoll ne>ny'I9HHoro p9aoHaHca. TaKHM o6paaoM, oueHKY wHpK

T C'IHTaTb CK0p99 npH6JlH3HT9JlnHOJI, 

C npH MBJlbiX. yf';lBX OTK JlOH9HHH KOII9'1HbiX ~pO.OyKTOB, no-BK.OIIMOMY, 

K!IKK llO.OXBBTB (p+n) , TBK H Cp:>IBa (p+3n), .00llOJlHIIT9JlbHO yKa3bi

HBJ19HH9 06H38HO o6pa30BBHIIIO KOpOTK0)KIIBYW9ll COCTBBHOJI CIICT9Mbl 

np9.ononu)K9HKHX yf'nOB09 pacnp9.09Jl9HH9 p9aKuKll n9pe.oaqu HyKno-

Tb B BK.09: 

~~If (O)+C(a)f (11) 1
2

, 
d n I 2 

n9p90B'IK HyKn~uos B npHMbiX npou9ccax, fa( 11) -aMnnu

os B npoueccax C o6paaosaHK9M n9p9XO.OHOJI COCTaBHOJI CHCT8Mbl 

HaH, 38BHCHIUBH OT napaMeTpOB COCTOHHIIJI CHCT9Mbl H.Oep (coCTOl!HIIll 

'19BK.OIIO, KBB3K.OKCKpeTHbiMII). CTeneHb accouKBUHII npou9cca n9pe

ouos BBO.OIITCll s paccMoTpenlle KaK napaMeTp. Paa.o9neu11e BMnnKTy-

Ha .088 'IBCTK - UpliMYIO K pe30HaHCHyiO, liBJlliSTCll B 3Ha'IHT9JlbHOll 

• O.ouaKo p9aynbTaTbi uacTOl!W9ll pa6oTbl yKaabiBBIOT Ha To, 'ITO 

<joii311'19CKYIO OCHOBY. 

BJ19HHOJI aa.oa'IH Tp96yeT BB8.09HIISI 3Ha'IIIT8JlbHbiX ynp:llll8HIIJI II ycpe.o-

9)1{.09 ac9ro, c Ha.'IK'IKSM aoa6y)K.08HKJI g.oep 11 n9pe.oaqeJI yrnoaoro 

eua HyKnoHaMII, 3a.oaqa .oononHnTenbHO ycno)KHSieTcH acne.ocTBIIe 

HTOBbl9 napaMeTpbl ypOBHell CHCT8Mbl HSUOJlHOrO CJlHSIHIISI S1.08p K3B9CT-

eneu11, 

olll aHaJ1113 K3Jl0)1{8HHblX BOUpOCOB 6y.oeT .oaH B OT.08JlbHOJI ny6Jl11Ka-

BTOp C'IHTaST CBOIIM npKHTHbiM .OOJlrOM BblpaaiiTb 6naro.oapHOt::Tb 

a cnoco6cTBYIDWHll .oeny HHTepec K aToll pa60T9, AsTop TaK)Ke f'ny

.nonKKaHoay aa U9HH09 o6Cy)K.09Hlf8 peaynbTBTOB pa60TI>t H .OHCKyc

BUKII UKKnoTpoua M311 aa o6ecn9'19HKe 6ecnepe6ollubll pa6oTbl Maw~r-

HOCTb BBTOp Bblpa)Ka9T r.M.Bof'OMOJlOBOll II 3,,ll,noKp08CKOll 38 

)K9HHYIO B npoB9.08HK9 3KCU8p11M8HTOB K o6pa60TKY UOJlY'f9HHbiX pe-

e 6naro.oapuocTb S.M. CTpyTKHCKOMY, IO.A.Myabi'fKB H B. CnoBifH

KyccKK K Kpl!TII'{9CKII9 38M8'1'-IHKll, 
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Pac. 1. CxeMe ycTpollcTBe llnll aaMepeHHII yrnoBbiX pecnpelleneHHA peeKUHA nepelle'lll HyKnOHOB MeTOllOM 
c6opHbiX <Ponbr. (A - llnll yrnoB D-90°, B - llnll yrnoB oo--180°). 
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1. Konn&MeTOp iiy'IKe ( llHaM8Tp OTB8pcTHII - 4 MM) • 1' • 3eiUHTH08 KOnbUO. 

2. MameHb. 3. Ocb c6opHoro UHnHHllPH'IecKoro cocylle. 4. C6opHell <Ponbre -15 MK Ia &nH 16 MK PT. 

5. 3emHTH811 aonoTell <Ponbre TonmHHOII 5MJt.6. 3aiUHTHell <Ponbre KonneKTope TOKe. 

7. KonneKTOp TOKe. 8. 0cb ny'IKe TH)K8nbiX HOHOB (cTpenKOII o6oaHe'leHO sanpaaneHHe 

U8HTpe UBKnOTpoHe). 
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Pac. 1. CxeMa ycTpoliCTB& .on& R3MepeHH!I yrnoB&IX pacnpe.oeneHRll peaKURll nepe.oa'IH HyxnoHoB MeTOllOM 
c6opHbiX <Pon&r. (A - .on& yrnoB 0-90°, B - .on& yrnoB 90--180°). 

1. KonnHM&TOp ~y'IK8 (.OHaM9Tp OTB9pCTH!I- 4 MM ), 1', 3aiUHTHOe KOn&QO, 

2. MHmeHb. 3. Oc& c6opHoro uHnHHllPH'IecKoro cocy.oa. 4• C6opHa& <Pon&ra -15 MK Ia HnH 16 MK PT. 

5. 3aiUHTH8!1 aonoTa& <Pon&ra TOlllUHHoli5Mx.6. 3aiUHTH8!1 <Pon&ra xonneKTopa TOK8, 

1. KonneKTOp ToKa. 8. Oc& ny'IKa T&>Ken&Ix ROHOB (cTpenKoll o6oa&a'leHo HanpasneHHe 

ueHTpa uaxn~oHa). 
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Pac, 3. BocnpoaasonaMOCTb yrnosblx pacnpeneneaail peaxnaR nonxsaTa (p+n) (xpasble 2, 3, 4) a «Poucr 
Bble ODbiTS (KpRBble 5, 6, 7), KpHB8H 7 - ODbiT 6ea MRWeBH, npHMble nRHHH (8) - ypoBeBb 

eCTeCTBeHHOrO,cPOH8 C'leT"'RK& rSMM&, (Ce"'eHHH rJq/dcf> n8Bbl B CHCTeMe qeHTp8 M8Cc), 
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Pac. 4. BocnpoasonHMOCTb yrnoBbiX pacnpeneneuall peaKQHH cpb1B8 (p+3n) (KpHBble 2, 3, 4) 8 q,080-
Bble ODbiTbl (KpHBble 5, 6, 7), i:<pHB8R 7 - ODbiT 6ea MIIWeHH, nRRMble nHBHH (8) - yposeBb 

ecTecTseuuoro «Poua C"'eT"'HKa raMMS (ce'leHH!I do/dcf> naubl a CHCTeMe qeuTpa Mace), 
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PKc, 5, lJ.aqxpepeHQH&nbiibie C9"19HB~ du/d0 peaJtQHH Au (Ne ,+p+n )Na B CHCT9M9 neHTpa Mace, 

TonwaHa MHweHB 5 Mr/cM • EcM - sHepraa HOHoa Ne 22 
(cacTeMa neHTpa Mace), 
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PKc. 5, .LJ.u<txl>epeHuHanbl!bie ce'leHR~ du/dO peaJtuHH Au (Ne ,+p+n )Na B CHCTeMe ueHTpa Mace, 
TontUHHa MHWeHK 5 Mr/CM • EtM - SHeprKH HOHOB Ne 22 

(CHCTeMa ueHTpa Mace), 
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PHc, 6, .LluqxpepeHUR&nbHbie ce'lt!HH~ du/dO peaKuHn.Au (Ne ,-p-311) F a CHCTeMe ueaTpa Mace, 
TonUlHHa MHWeHR 5 Mr/cM • ECM - SHeprHH HOHOB Ne22 (cHCTeMa QeHTpa Mace), 
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Pac. 7. 3~cHMOC::Tb nonHblX ceqeaaA o6paaosaaaH H.nep Na a F OT aaepraR aaneTalOWHX BOHOB 

N e ( 3HE7pi"HSI HOHOB ,naaa B CHCTeMe neHTpa M8CC). 


