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§I. Memoou1<a 

B uacTo.ffmett pa6oTe npeACTaBneHhl ueKOTOphle JKCne­
PHMeHTanhHhie pe3ynhTaThl no HHKnI03HBHhIM npou.eccaM 
B rr-p- n rr- n -aJaHMoAettc:rBH.ffX npH HMnynhce 40 rJa/c. 
B pa6oTe ncnonhJOBannch cTepeo~oTorpa¢nH, nonytJeHHhie 
npH 0·6nr1eunn ABYXMeTpoaott nponauoaott nyJhIPhKOBOH 
KaMephI B nrrne 1T - -Me30HOB C HMnynhCOM /40,00± 
±0,24/ rJa/c cepnyxoacKoro. ycKopHTen.ff. 

Ilpn ABYKPaTHOM npoCMOTpe 21000 CTepeo¢oTorpa¢ntt 
6hinH 0To6panh1 rr -P H rr-n - co6hITH.ff cornacuo i<pHTepH.ffM, 
onncaHHhIM pauee It I. Ilocne H3Mepeuntt oKaJanoch, 'ITO 
B 3,trKTHBHOH o6naCTH KaMephl npOH30lllnO 2200 C06hI­
THH . CpeAH.ff.ff MHO)KeCTBeHHOCTh BTOPH'lHhIX 3ap.ff)KeHHhIX 
qaCTHU. B JTHX co6bITH.ffX cornacyeTC.ff co cpe)J,Heii MHO­
)KeCTBeHHOCThIO, nony'leHHOH B npoCMOTpe /I , 21. HeH3Me -
pHMhie TpeI<H cocTaan.ffIOT - 3<1/o OT nonttoro •mcna rpe1<0B 
H HX AOn.ff ue 3aBHCHT OT MHO)KeCTBeHHOCTH BTOpH'IHhlX 
qaCTHIJ,. CpeAH.ff.ff oum6Ka H3MepeHH.ff HMnynhca BTOpH'IHhlX 
tJaCTHIJ. oKaJanach paattoii 12<1/o, a naH6onee aepoHTnoe 
JHatJeuue - 6<1/o. CpeAH.ff.ff oum6Ka B HJMepenHH rny6nuuoro 
yrna paaua ti tga = /6,l±O,y.1O-3 H An.ff nnocKoro 
yrna - !1{3 = /3,5±0, 1/ MpaA. 12 

• 

PacnpeAeneune acex BTOpHtJHhIX qacrnu. no aJnMyranh­
uoMy yrny ue ornntJaeTc.ff or HJOTponuoro/ f= 3,14±0,02/. 
OAHaKo pacnpeAeneHHe no ¢ An.ff npoTOHOB yKa3hIBaeT Ha 
noT/:o/° :;: 14<1/o MeAneHHhIX npoTOHOB, neT.ffmnx KO AHY KaMe­
phl 2 • IlpOTOHhl C HMnynbcaMH AO 700 MJB/C HAeHTH¢n­
U.HPOBanHCh no npo6ery H HOHH3aIJ,HH. IlpH 6onhlllHX JHa­
tJeHH.ffX HMnynhCOB pa3AeneHne nonO)KHTenbHhlX tJaCTHU. Ha 

3 



+ 
IlPOTOHhl II 11_ ·Me30Hhl He 6hmo npoBeneHo, Il03TOMy cpenu 

BTOpH'!HhIX nonO)KHTenhHhlX 'IaCTHI.( conep)KHTCH :::, l So/o npo­

TOHOB C HMnynhCOM, npeBhIIIIaIOil.(HM 700 M3B/c. 3Ta 

oueHKa 6hma cnenaHa c npennonoJKeHuu, 'ITJ BepoHTHOCTh 
nepe3apHnKu npoToHa B HeiiTpoH paBHa 0,4 / 3 • 

Ifa OT06paHHhIX C06hITHH 6hmH HCKn101IeHhl cnyqau yn­

pyroro pacceHHHH u KorepeHTHhle Tpexny1IeBhle co6wTHH. 

Ynpyrue C06hITHH Bhine.riHnHCh 113 Bcex nByxny'IeBhIX co­
rnacHO cnenyIOil.(HM KpHTepHHM: 

1/ C06hITHH He conep,KaT y ·KBaHTOB H V0 •lJaCTHI.(; 

2/ OHH YnoBneTBOpHIOT KHHeMaTH'IeCKOMy COOTHOIIIeHHIO 

"yron 0-'.+ - yron 0 _ " nnH ynpyrux co6h1Tn:ii: ® --: ~ 0,02; 
l,57~ 9+ ~ 1,20, rne E>±- yrnh1 BhineTa nonoJKHTenhHo:ii 
H OTpHl.(aTenhHOH 'IaCTHllhI; 

I , 2 
3 BenH'!HHa Mp = 1 ( E i -:- p icos 0 1) ne)KHT B o6naCTH 

0, 92 ~MP -s_ 0, 98 I'JB. Ilpu BhI'!HcneHuu MP nonoJKuTenhHaH 

'IaCTHl.(a C'IHTanach npoTOHOM. 3nech E i ' P1 ~ 3HeprHH 

H HMnynhc BTOpH'!HhIX 3apH,KeHHhIX 'IaCTHI.( B n. C. KOop­
nnHaT. 

KorepeHTHhie C06hITHH HCKn10qanHch TOnhKO H3 3-nyqe -
BhIX B3aHMone:iicTBHH no TpeM KPHTepHHM: 

1/ co6hITHH He conep,Ka T uneHTuqmuupoBaHHoro npoTo-
Ha, y -K~aHTOB H V 0 -qaCTHI.(; 

2/ 1 sin 0 i ::; 0,20; 0 i - yron BhineTa BTOPH'IHOH '!aCTHl.(hl 
B n.c. KoopnuyaT; 

. 3/ Mt = ~ (E. -p 1cos0
1
) ~ 0,025 I'3B. 

3TH KJ?HTeplrtl fihmH nony1IeHhI Ha OCHOBaHHH aHanu3a 

MeTonuqeCKHX pacnpeneneHHH. B peJynhTaTe HX npHMeHeHHH 

6hmo HCKnIO'!eHo -::,,20o/o nByx- u :;22o/o Tpexny1IeBhlX C06hI· 

THH •. 3TH BenH'!HHhl cornacyIOTCH C HaIIIHMH 01.(eHKaMH, 

cnenaHHhIMH B npenL1nyll.(ux pa6oTax 111 . 

§2. Cpecmue xapa1(1!1epucmuKu 11-pu 11 n- B3aUMooeiicmeuii 

B Ta6nuue I IlPHBeneHhl cpenHHe MHOJKeCTBeHHOCTH 

BTOPH'IHhIX 3apH,KeHHhIX 'IaCTHI.(, 11° ·MeJOHOB H He:iiTpanhHhIX 

CTpaHHhIX 'IaCTHI.( / A0 
u K0

_ / nnH 11 -p,-H 11 -n - BJaHMone:ii- . 

CTBHH npu p == 40 I'3B/c. KaK BHnHo H3 Ta6nHl.(hI, 11 -P-H 
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1 · 

17-n -BJaHMOAeiiCTBHH npaKTHtJeCKH He OTilHtJaIOTCH no 3THM 
xapaKTepHCTHKaM. 

B Ta6nnue I I AaHLI cpeAHHe JHa11eHuH nonepe11HL1x, 

IIPOAOITLHLIX IfMIIYITLCOB u <cos0*> B c.u. HHepuun AITH 

17 +,17- -MeJOHOB, y -KBaHTOB A0 - u K 0 -qacTuu. CpeAHee 

JHatJeHue p*I onpeAeneHo B HHTepBane OT -2,5 AO 

+2,5 rJB/d, a <p;,i·> - B · HHTepBane 0-:1,5 rJB/c. KaK 
BHAHO H3 Ta6nHULI, ·.::peAHHe 3Ha1IeHHH nonepe'lJHLIX HMIIYITL-

+ - B ~ COB AITH 17 - H 17 -Me30HOB OAHHaKOBLI. nocneAHeH 
KOITOHKe .;a6nHULI I I AaHLI qucna 17+-H 17 - -Me30HOB, BLJ­

neTaIOJUHX Ha3aA B na6opaTopHOH CHCTeMe KOOPAHHaT B 
17-P-BJaHMOAeiiCTBHHX. OTCIOAa BHAHO, 1ITO BepOHTHOCTH 
<liparMeHTaUHH npOTOHOB Ha 17 + -Me30HLI Hnu Ha 17- -Me30HLI 
OAHHaKOBLI. 

§3. O0HO'laCmU'IHble UHK/l103U8Hble pacnpeoe11e11uJ1 

OnHotJaCTH1IHLle pacnpeneneHHH HHKill03HBHLIX npoueccoB 
THIIa: 

- + 17 p ➔ 17 + ••• 

17-p ➔ 17- + ••• 

- + 
17 n ➔ 17 + ••• 

17-n ➔ 17 + ••• 

/1/ 

/2/ 

/3/ 

/4/ 

6LIJIH nony11eHLI nnH H3Y1IeHHH o6mnx xapaKTepHCTHK 17 P-H 
17-n-BJaHMoneiiCTBHH IIPH p= 40 rJB/c. 

B Ta6nnue I I I npnBeneHLI aenHtJHHLI Heynpyrnx ce11e -

HHH (ain) 1IHCna Tpe.KOB, .N17+ H N 17- - cpenl{He 3Ha1IeHHH 

<nrr-> H ~n17 + >, ucnonLJOBaHHLJe Ami HOPMHPOBKH /npu no­
CTpOeHHH rpa<linKOB. 3AeCL, KaK H B pa6oTaX /t • nonHoe 

1IHCJ10 Heynpyrux 17 -p-H 17 -n -aJaHMoneiicTBHH HOpMHpo­

BanoCL Ha COOTBeTCTBYIOJUee cetJeHHe Heynpyroro B3aHMo-

neiiCTBHH ( ain = a tot - Ge£, ),, rne IIOITHOe CetJeHHe (a tot ) 
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6hIITO B3HTO H3 pa6oThl 14!, a ynpyroe - a ef - npHHHManoch 

paBHhlM a ef = 3,50+ 0,35 M6H * • 

B npHBe.D;eHHhlX HH)Ke pe3ynhTaTax Heonpe.rr;eneHHOCTh B 
HOPMHpOBKe Ha a in He yqHTbIBanach, oHa cocTaBnHeT =20/o. 

Ha pHC. 1 /a,6/ npnae.rr;eHhl CTPYKTYPHhie qiyHKU.HH 

f(p2)=-2- f E* 
.L rryS 

da d * 
2 pl! 

dp .L dp f1 

;; 
~ 
.;;-
• LI 

~~ 
~~ 

!J['p-f'* • ... ♦Or.i/c 

., 
•f 
Ii 

I J 
\IH 

• -sr· 
0 -,t• 

I 1f1;1 

I \j/lp jl 
li1t 

0.IL----'---'--_;.-~---'-' 
0 0.2 o.• 0.6 08 t.O 

P: CM/c)1 

,r·n -,rt •... •o r.£/c 

~ 

~ Cl J 
~ f i 

• - ,r· 
0 - ,r• 

:;' 1' ;;; i t 

:I:' !1,~I I 

:F. r I I 1//1 ~ I t ! 4.0'--

~ ! ~l i 
O.t L __ __,___.J_~- L t I 

o 0.2 a+ o.s o.s 1.0 
P,1 (r.1/c)' 

Pnc. 1 

.rr;nH peaKU.HH /1/ -; /4/ .nn.11 7T -t.H 7T - ·Me3OHOB. 3TH pac­
npe.neneHH.H qJHTHPOBanHCh C IlOMOIUhlO qiyHKU.HH BH.D;a 

2 2 · 2 
f(p.J. )- exp(-Ap.L )+Rexp(-Bp .J.) 

2 2 
e HHTepaane O .Sp .L.S 1 /r ·~rn/ c/ . 3HaqeHHH nonyqeHHhIX 
K03qlqJHU.HeHTOB npnae.rr;eHbl B Ta6nnu.e IV. 3.rr;ech )Ke . .rr;nH 
cpaaHeHHH .rr;aHhl pe3ynhTaThl, nonyqeHHhie npH annpOKCH· 
MaU.HH 3KcnepnMeHTanhHhIX .rr;aHHhlX no TT +p • B3aHMO.r(eii:-

da Bt 
* BennqnHa aee ou.eHnaanach no qiopMyne ---e , 

r.ne B = 8,5 /r3a/c/-2 dt 
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x. ap: /<r 

PHc. 26 

OT X )J;JIH Tr - p-H Tr - n - B3aHMO.u;eii:CTBHH. ,!(JIH o6JiaCTH 

x > 0 Ha6n10.u;aeTCH 3<M>eKT "JIH.u;Hpyro~eii:" qacTHU:hI / rr-- Me -

30Ha/. B u:eHTpaJibHoii: o6naCTH / 1 x L::S. 0,02/ HHBapHaHT·. 

Hhie ce'leHHH )J;JIHTT+-H Tr- ·Me30HOB B rr-p-B3aHMO,u;eii:CTBHHX 

O,IJ;HHaKOBhl. B o6JiaCTH qiparMeHTaU:HH npoTOHa(x < OJ CTpyK· 

TYPHhle qJYHKl.{HH O,IJ;HHaKOBhl ,IJ;JIH Tr -n "B3aHMO,u;eii:CTBHH. 

Pa3HHU:a B IlOBe,u;eHHH f(x<O) ,ll;JIH Tr+_ H Tr- ·Me30H0B 

B Tr -p ·B3aHMO.u;eii:CTBHHX MO)l<:eT 6bITh CBH3aHa C npH· 

MeCblO npoTOHOB /cM. §1/. Ha pHC. 3 npHBe,u;eHhl OTHOI1Ie· 

HHH CTPYKTYPHhlX qiyHKU:HH ,IJ;JIH npou:ecccrn: 

rr-p ➔ rr+/rr-p ➔ rr-, rr-n ➔_rr+/rr-n ➔ rr-, 

T[ -P ➔ Tr-/ rr -n ➔ Tr -

B 3aBHC:{U,fOCTH OT X • 3.u;ech )Ke npHBe,u;eHbl pe3yJihTaTLI 

,12 

t 

i 

t 
'1 
I 

' 

pa60Thl /sf, Il0Jiy<,IeHHhie npH 16 r3B/c. KaK BH,IJ;HO H3 

pHCyHI<a, 0CHOBHhie oco6eHHOCTH fioBe.u;eHHH f( x) He Me· 

HHIOTCH B HHTepBaJie 16-40 r3B. 

ti 

t6 

t♦ 

u 

.8 

.6 

•♦ 

.2 

II 

:,r- ~ - ri + ••• npu 40 fi&/c 

t 
IC 

f 
IC 

{
.-t., • .4. 

♦Oli&/c • -f.,...;,_:· 
•-t•p•/f .,... 

i6 r,&/c IC -f.p+/f.,. 
IC • 

,c 
IC 

IC f 
• 

• It ! 

1-
IC 

-~ :8 -.6 -.• -.2 0 .2 .4 .6 .8 I 
X • 2rt/fl 

PHc. 3 

Ha PHC. 4 /a,6/ .u;aHhl pacnpe.u;eneHHH rr+-H Tr --Me30HOB 

.. 1 E*+p* 
B 3aBHCHM0CTH OT y*= -2 .en . IL -. 

. E* -p* 
u · II 

O,u;HOH H3 HHT_epeCHhIX xapaKTepHCTHK MHOroqaCTHlJ· 

HhIX npou:eccoB HBJIHeTCH pacnpe.u;enemie dQ I dx, . r.u;e 

Q • cyMMapHbIH 3ap11.u; Bcex BTOPH'IHhlX qacTHI.{. C'IHTaH, , + 
'IT~ BT0pH'IHhie 3apH)KeHHb1e qaCTHU:hl • npoTOHhl, .Tr - H 

TT -Me30Hhl, IlOJIY'IHM 

d Q · J d a d a · + d a -) I -·-=-. -1-(p)+-(TT )- -(TT , 
dx a. · dx · dx dx zn 

13 



I 
I 

Jp-f't + ... 40 liL/c I I .ff"•I\-Kt + ••• 40r;&/c 
-.--,--

I I I I qi 
I I I JI I I 

IOI:-
I I I I I) I I I I 

i 1 I i f i I 

lt 
I 

l I I f I Q I 
ll 

I u 

fi I I I 
I -'ml-

1 f I 

I 

11 
• ,r· I • ,r· 

0 ,r• 0 ,:-• 

~ I 
D.I 

·:5 •Z ·I 0 I 2 5 + 
0.1 

·:5 ·2 ·I D I 2 3 • y• y• 

Puc. 4 

B :HoM cnrme HHTerpan J ~? dx = 0 ,nnJI "- p •eJaHMo· 

,neiicTBHii u paeett-1 • ,nnH rr -n ·cToJiKHoeeHHii. Ha puc. 5 
npuee,neHa JaBHCHMOCTb dQ I dx ,nnH p = 40 r:rn/c 
H p = 16 r :rn/ C. B 3T0M pacnpe,neneHHH JIBH0 BHAHa ponb 
dJparMeHTHpyIOLQHX qacTHU • npoT0Ha H HeiiTpoHa ( x < 0) u 
rr-·MeJOHOB (x ·> O). AHanorH'IHa'Jl JaBHCHM0CTb Ha6mo,na· 
eTCJI H ,nnH "-P •e3auM07eiicTeuii npu p = 16 r3Ii/c /cnnom· 
HaJI KPHBaJI Ha puc. 5/ / 7 

• 

,ll;nH npoeepKH runoTeJbI MacmTa6Hoii HHBapuaHTH0CTH 
. /cKeiinHHra/ B CHJibHblX BJaH·Mo,neiicTBHJIX B "ueHTparibHOH 
o6nacTH" ( x = O) nony'leHHbie pe JynbTa Thi cpae1rneanucb 

+ . I C HMeIOLQHMHCJI ,naHHblMH no 1T - p - CT0flKH0BeHHJIM Err~ 
:as r3e/ u no pp ~coy,napeHHJIM / EP ~- 1500 r3e/ * . 

* Iloee,nettue rr- n • BJaHMo,neiicTBHH e "ueHTpanbHoii 06· 
nacTH" 0TnuqaeTCJI OT 77-p •BJaHMOAeHCTBHH. ,ll;nJI HJy'leHHJI 
3Toro 0TflH'IHJI He06XOAHMa 6onblllaJI CTaTHCTHKa co6bITHH. 

14 
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,c. ap: /iJ 

Pn:c. 5 

CpaetteHne npoeo,nn:nocb no TpeM xapa1nepncTHKaM: 

f(x=0) 

a .fot 

1 
a. 

in 

da(0*=90°) 
dO , H 

N 
R - 77 + 

- N 77--:_ 

B cnyqae cKeiinHHra f(x=0) He ,nom1rno JaenceTb OT 
3HeprHn: CTanKHBaIOLQIIXCJI 'laCTIIU. Ha PHC. 6 npHBe,neHbl 
3Hat.JeHHJI f(x=0) AllJI 77±p "CT0llKHOBeH11ii B JaBHCIIMOCTll OT 
S -t/4 /6/ * . KaK BHAHO HJ PllCYHKa, f(0) AllJI 77-p-+ 

... 17-+ B3aHMOAeiicTBIIH noCTOJIHHa B npe,nenax Olllll60K ,nm1 
paJnllt.JHbIX 3HeprHii / E ~40 r3e/. OTCYTCTBHe 3KCneirn­
MeHTanbHbIX AaHHbIX AllH 3TOH peaKUHH npH 6onee BbICOKHX 
3HeprHJIX He ,u;aeT B03MO)KH0CTH c,u;enaTb npJIM0I'O JaKnIO· 
t.JeHHJI O HeJaBHCIIM0CTll f(0) OT 3HeprHH. O,u;HaKo HOpMH· 

* 3Hat.JeHHe f(x =0) 6pa_noc1, no HHTepeany lllxl :5. 0,02. 
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poBaHHhie 3HatieHH.ll f(O) I a tot ,nn.SI rr-p - B3aHMo,neiicTBHii 
npH p = 40 r:rn/c n pp ·B3aHMO,neiiCTBHH npH E::1000 I'3B 

coana,naroT no a6conroTHoii aenHtIHHe *. 

P"" (r,h/c) 
0. 10' ,01 40. ZS1 I I I I I I O 7.v •·· 

o ,r+p_,r+ I ii 

0.20 

O.fS 

-0 
_-;::0.10 

4,1 
o.os 

:,~~ -:: I I 
ISP.f ! ! } 

! 

! 

i 

! 

0.2 0.! OJ+ o.s Q.6 
f;t/'4 ( r,!, , 12) 

Pnc. 6 

* 3TII aenHtIHHhl B cnyqae Mac111Ta6HOH HHBapnaHTHOCTH 
a paMKax Mo.nenH Pe,n>Ke TaK>Ke .non>KHhl 6bITh o,nHHaKOBhl 
.nn.SI pa3ITH'IHhIX THilOB nepBH'IHhlX qacTHU. 
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IlpHMOe cpaBHeHHe TaKoro me THila MO)KHO npoBeCTH 

H ,llml BeJIH'IHHbl 1 da(0*=90°) -
- -~--......:;..- ,llJIJI TT p-H pp·B3aHMO· 
Ufn .. dO 

7, Ta6nnua V ; 171 . KpnBaJI Ha pnc. 7 ,lleHCTBHii /pnc. 

A 
COOTBeTCTByeT - --- • B npe,lleJiax omn6oK HOpMHPOBaH • 

sin 3 0* 

Hble yrJIOBbie pacnpe,lleJieHHJI npH 0*::; 90 ° COBila,llaIOT ,llJIJI 

1r -p·coy,llapeHnii npn E 
17 

= 40 r:rn n pp ·cToJIKHoBeHnii 

npn EP = 500 ~ 1500 r:rn *. 

f.0 

~ ,n 
"--J ,--, 

GI 

~ 0.5 ...... 
~ 

0 

18 

I 

i r 

,r·p ,r· • 
,r·p f'. 0 

f £ 

t t 
f 

! I 
! 

2 t 

! ! ~· I 

30 60 90 120 150 s· 

Pee. 7a 

180 

• Xn. sr· 

I O r·n ~· 

I 
I 

1.0 

~ 
t-1 
~ 

l~II ~·p I 
II~dl 

f I I i I 

0 !0 60 • 90 ~o 150 180 
8-
Pnc. 76 

HaKOHeu, BeJIH'IHHa R B 3TOM cnyqae ,llOJl)KHa 6bITb 

paBHa 1. Ha pHC. 8 npHBe,n;eHbl 3Ha'IeHHJI R .llJIJI pa3JIH'I· 

HbIX 3Heprnii. IlpH E
17

= 40 r3B H EP.= 500-1500 r3B 

3HatJenue R B npe,n;enax ·omu6oK / ±6o/o/ paBHO 1. 
TaKHM o6pa30M, aHaJIH3 3KcnepnMeHTaJibHblX ,n;aHHbIX 

no 1T - p - B3aHMO,n;eiiCTBHJIM npH p = 40 r:rn/ C noKa3bIBaeT' 

'ITO nopMnpoBaHHhie CTPYKTYPHbie <PYHKUHH 1r+-,1r-H 1r
0 ·Me· 

30HOB COBna,n;aIOT C aHanorH'IHblMH BeJIH'IHHaMH .llJIJI pp • 

B3aHMO,n;eiiCTBHH npn Ep = 500-1500 r3B B "ue11TpaJibHOii 

o6nacTn" * . 
* 3qJqJeKTbl, _CBJI3aHHbie C "JIH.llHPYIOIUHMH" qaCTHUaMH, 

3,D;eCb He paccMaTpHBaIOTCJI. 
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Pnc. 8 

3Ha'-leHHe BeJIH'-IHHbl R B npe.ne11ax ouni6oK TaK:>Ke paBHO 

1. OTcIO.na c11e.nyeT. '-ITO eCJIH HMeeT MeCTO MacrnTa6HaH 

HHBapHaHTHOCTb .D.JIH pp - B3aHMo.neiicTBHH npH E ::1000 r 3B, 

TO OHa TaK:>Ke, B03MO:>KHO, HMeeT MeCTO H B cJiy'-lae 17 P • 

B3aHMo.neiicTBHii npu p = 40 r3a/c. 

B 3aKJIIO'-leHHe aBTOpbl Bbipa:>KaIOT 611aro.napHOCTb rpyn­

ne 11a6opaHTOB, KOTOphle npHHHMaJIH y'-laCTHe B o6pa6oTKe 

3KCnepHMeHTaJibHOro MaTepHaJia. 
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