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BBEAEHI1E 
CHa4ana o6 3KcnepHMeHTanbH~X $aKTax, CTHMynHpoeaewHx AaH

HYIO pa69TY. B npo6neMe11•21 KyMynRTHBHOro pO>KAeHHR 4aCTHLI 6bl.lla 
YCTaHOBneHa YHHSepcanbHaR 3aKOHOMepHOCTb, OnHC~BaiO~aR HHKni0-
3HBHble Ce4eHHR pO>KAeHHR nHOHOB H KaOHOB'/3/: 

E dn· c 1 X .I 
-:~·= .exp -:- ' 
A dp <X> /1/ 

rAe X- MHHHManbHO B03MOlKHaR Macca /B eAHHHI.IaX Mace~ HyKnOHa/ 
$parMeHTH-py~eH MHWeHH H <X> :.0, 16. C APYfOH CTOPOHbl, 6blnO 
noKa3aHof41, 4TO AnR pO>KAeHHR nHOHOB HOPMHPOBaHHOe Ha aTOMH~H 

·sec RAPa HHKn103HBHOe ce4eHHe npH $HKCHpoeaHHOM apryMeHTe X He 
aaBHCHT OT A I A- aaaHCHMOCTb 11o61:1eMHoro11 nina/. 3r~ 3KcnepH
MeHianbH~e $aKTbl 6blnH ycTaHoeneHbl AnR 20-<A < 240 H 1 <X< 3, 
TO eCTb B.o6nacTH KHHeMaTH4eCKHX nepeMeHHbiX 3a npeAenaMH KH
HeMaTHKH HYKnOH-HYKnOHHbiX CTOnKHOBeHHH. 

3areM aHanorH4HaR cHnbHaR A -aaaHCHMOCTb 6blna o6Hapy>KeHa 
B HHKnKI3HBHOM 3KcnepHMeHTe c.perHCTpai.IHeH HHKnKI3HBHOH.4aCTHI.Ibl 
c 6onbwiAM nonepe4HbiM HMnynbCOM 151• 11AeHTH4HOCTb · A -aaaHCHMoc
TeH 11 11X xapaKTep yKa3b1BaiOT Ha.o6~HOCTb 3TI1X npOI.IeCCOB B CMblc
ne noKanbHOCTH/1/ B3ai1MOAeHCTBHR. 0AHaKO B onbiTe C 6onbWI1MI1 no-
nepe4Hb1MH 11MnynbcaMI1 RBHO X< 1 /4TO 6blno AOKa3atio 3KCnepi1MeH": 
TanbHO/ •• 
' nepeaR nonbiTKa eAI1HOro onHCaHHR KYMYnRTI1BHOro pO>KAeHI1R 4ac

T11LI H 4aCTI11.1 C 6onbWHM nonepe4HbiM 11MnynbCOM Ha OCHOBe MOAenl1 
>KeCTKI1X'COYAapeHI1H, ·TO eCTb, no.cy~eCTBy,-T04e4HOfO B3aHMO
AeHCTBI1R, npeAnPHHRTbl e pa6oTe 191• 

B HaCTOR~el1 pa6oTe npeAno>KeHa HAeR 3KOHOMI14Horo eaai1MOAel1-
cTBI1R, cornacHo KOTopol1 11HKnKI3HBHoe ce4eHI1e po>KAeHHR 4aCTI11.1 
B 3KCTpeManbHbiX 'cHTYai.IHRX, TO eCTb n1160 KyMynRTHBHOfO 

ipO>KAeHHR, nH60 C fionbWI1Mnonepe4HbiM HMnynbCOM, onpeAenReTCR 
I aaa11c11_T I MHHHManbHO B03MO>KHOH · nonHOH 3HeprHel1 cTanKHBaKJ~Hx
CR KOHCTI1TYeHTOB. 

3KOHOHI14HOE B3AI1HOAE~CTB11E . 
· Ka~· 11 paHee nt, Mbl npeAnomlraeM, ~To .4aCTb ycK~peHHOH AO 
3HepriAI1 Eo /HMnYflbC JEB -:-mSI 4aCTI11.1blm()'· a. H':r~oiJ!~.m 0 

-/0< xl < 1 I, HMeKJ~aR 3HepntKI X~Eo /HMnynbC Xo .Eo- (1,83aHMOAel1-

. ~!~j . bi:£!t4HEHH'bl~l ~H-lC H1T'd 

C> 198l.OtJ•u••••"'• .. cJ~··ii•p.w.x:'•ccae.aO.ia.i llrl•• . · · I _ 6~5nv10T~KA · . : 
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CTByeT C Macccii Ms.tWeHs.t X Am/rAe ID- Macca HYK110Ha. 0 <X<A2/. 
A

2 
-- aToMHbli1 sec RApa-Ms.tweHIII, npt.14eM RApo-·M!IIWeHb HliiKaK He · 

Bbl~eneHO no OTHOWeHI110 K B03MOlKHOMY·RAPY-CHapRAY, 8 3TOM <:ny-. 
4ae cy~eCTSyeT aHafli1TI14eCKaR CBR3b MemAY M11HHMaflbHO S03MOmHbi
MI1 no KI1HeMaTI1Ke senH411HaMI1 X 0 H XA AflR pomAeHs.tR 11HK1110311BHOi1 

4aCTI1~bl m 1 s 611HapHoi1 peaK~w11: 

. (X 0m0)+(XAm)->ID1 +(Xoffio +~m +IDg). 121 

rAe Macca m
2 

ecTb, Hanpi1Mep, M~cca HYKnoHa, ecms _4acp1~a _ m1 
eCTb aHTI1HYKflOH H T.A./fionee OOA.POfiHO CM. B pa6oTe!7 /.3Ta aHa

fl11TI14eCKaR csRsb ~aeTcR sblpameHHeM 

Eo 
XAm=T• 

0 

Et-_fbPtz +{; 
Et+IDg 

1-
XoTo 

. 131 

m~~ -
rAe !l.= m0 m2 - :Xo 1 ;p0- CKOpOCTb 4aCTH~bl ~O 11 lJ.z =P1 cos8 1 • 

CoOTHOWeHHe /3/ onpeAenReT MHOmeCTBO MHHHMH3HpOBaHHbiX se-
. . . Et+IDg 

ns.t4HH /KOHCTI1TyeHTos/_X0 11 XA. Kor~a X0 .... T , TO XA->A, 11 np11 
. . 0 

Xo-> 1 BeflH411Ha XA CTpeMHTCR K CBOeMy MI1HHMai1bHOMY 3Ha4eHHIO 
X A(X

0 
= 1) = Q, MS:SHHManbHO soaMomHOMY KYMYflRTI1BHOMY 4Hcny. . : .... 

npH 6onbWIIIX. nepB114HbiX 3Hepr11RX (f3o-t r. Eo» D., E. ) OHO 
coenaAaeT co · 11cseTosoi1 nepeMeHHOi1

11
: · 

1 
· 

·El-Plz 
XA:. -·· /4/ 

m 
CpeAH 3Toro MHomecTsa senH411H Xo·XA ecTb TaKaR napa, AflR 

KOTOPOW nonHaR 3HeprHR CTaflKHBai0~11XCR KOHCTI1TyeHTOB 

8Yz=/(X0 m0 )~( XAni ) 2+2(XAin) X0 E 0 .M11HI-1MaflbHa: 

J1§_ = o. 
dXo 

/51 

Ha ypaeHeHHR /5/ HaXOAHM 'raKI-'Ie sens.t41i1Hbl Xo m 0 11, cneAosaTenb-

HO /COOTHOWeHHe /3//, Macey Mli1WeHI1 m x<x>(x<g> ), KOTOPble · .. 
AaiOT MliiHs.tManbHO soaMomHyiO AflR pomAeHs.tR AaHHOi1 11HKfll031i1BHOi1 

4acn1~bl 3Heprs.tl0: 

* _ S Yz (X\?) ,XAO)) 
XA-----·· 

. ·m 
!6'1 . 

CTanKIIIBaiO~HeCR 4aCTI1~bl ~oX~O)#' 11 mx~> onpeAeflRIOT Cs.tCTeMy ll~eH
Tpa Macc11 , CKOpOCTb KOTOpOH~:pasHa 

':!r/-~ 

~ 

• 

. i 
• 

P.o. (3 * . . . 
c = m(X<0>d,~~+E .• 

.. • . A. 0 0 · 

171 

:nonHaR.3HeprHR/B eAHHHLtaX MaCCbl HYKnOHa/ CTanKI1BaiO~HXCR 
KOHCTHTyeHTOB pasHa 

. . . . . J'"· :;:_-.-~x~<""ur'l") --. -Eb--x--t""uri"""J ' 
· x~=x~> •. 1+<-if.f <x~/!~ 2·-m x~>-. /8/ 

3aMeTHM, 4TO BblpameHHe nOA KOpHeM, KaK lA CKOPOCTb· 11~eHTpa 

Maccii i7!, 3aBHCHT TOnbK~ OT. OTHOweHHR x_i0>;x~O). 
no .• TeXHiil4eCKI1M npH4HHaM 3aAci4y np~e pewHTb AflR pOmAeHHR .· 

. t111HKn103HBHOW. 4aCn1~bl11 C ID 1 =0. /crieAOBaTeflbHO• lng =0/ .: 143 .· . 
ypasHeHHR /5/ HMeeM 

x~>=~H+ yg(1-tVcosBr [~cos(60°-~)Jl+ 3 . :.-11{9/ 
To 3 · 3 y:(1-(3

0
cos8

1 
). · 

rAe 

1 + 3 3 9 

0 coscf,= yij(1~f3o_cos81) {"f'-''27) 
(1 + 3 . 31'2 .• /9a/ 

. 2 ) 
Y

0
(1-(3

0
cos8

1
) 

$opMyflbl /9/ MOmHO ynpOCTIIITb np~ y0 >>1 AflR KYMYflRT11BHOro 
pomAeHi1R 4aCTI1~, OAHaKo AflR swneTa 11HKnl031i1BHoi1 4aCTH~bl 11 sne;. 
peAu $aKTOP . . . 

2 . >'o (1- (30 cos81 ) 

HesenHK. 0 . 
0 

noACTaBHB X~) 1113 /9/ B /3/, HaXOAHM x~>: 
_10) Eo E1 . X(O) 
XA = - • -{1-(3 cos8 ) o , , 

. m To o 1. x<O> E If 
0- 1 (} 

lA OTHOUJeH11e 

X(O) X(O) E /T. 
0 0- 1 0 

.x<O)"' E E 
A --2.. • .=J. (1~(3 cos8 ) 

m To . o 1 · 

KoTopoe, nocne noACTaHOBKH X 0 113 /9/, pasHa 

. ·x<O> 2cos(60o- ip -)Jl+ 3 . -· '-·1 . 
_o __ = 3 y~(1-(30 cos8 1 ) /10/· 
X~ m -
,· A 3 liiQYo 

3 . 
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io ecTb aae11c11T TOJ1bKO oT nepBI14Hoi1 3Hepr1111 /T04Hee, y -!l>aK
Topa/ yrna BbiJ1eTa (81 ) 11HKJ110311BHOH 4aCTI1ltbl 11 He 3aBI1CI1T_ OT 
ee 3Hepr1111. 3To ealKHbli1 peaynbTaT •. OH oaHa4aeT, 4To 11 cKopocTb 
cHcT.eMbl 11 tteHTpa Macc11 /7 I .He aaeH~HT, aT 3HeprHH HHKJ1103HBHoi1 
4aCTHttl>i. Cei14ac Mbl nony411J1H 3TOT pe3yJ1bTaT, M11H.H.MH311PYR 3Hep
rHIO CTaJ1KHBaiOUlHXCR KOHCTI1TYeHTOB; B pa6oTe /7/.He3aBHCHMOCTb 

·cKOpOCTH tteHTpa Mace nony4eHa.H3.aHaJ1113a 3KCnepHMeHTaJ1bHbiX . 
AaHHbiX no KYMYJ1RTHBHOMY pblKAeHHIO ni10HOB; Ha'· aHaJ1H3a 3Kcnepi1MeH
TaJ1bHbiX ,qaHHblx171 Mbl nony411J1H nH_Hei1HYIO CBR3b MelKAY XA H X 0 , · • 
Tenepb Mbl BHAHM /nOCKOJ1bKY K03$$HttHeHT nponopttHOHaJ1bHOCTI1 on
peAeJ1ReTCR CKOPOCTbiO CHCTeMbl tteHTpa MilCC/, 4TO K03¢¢HttHeHT 
nponopttHOHaJ1bHOCTI1 3aBHCHT TOJ1bKO OT yrna 3MHCCHI1 HHKJ1103HBHOH 
4aCTHttbl. ·HTaK, K6peHb 8 BblpalKeHHH /8/ aaeHCHT TOJ1bKO oT yrna. 
BbiJ1eTa HHKJ1103HBHOH 4aCTH!tbl: 

·j ... X(O) (0) I 
' . o 2 Eo X 
F(81 ,y) .. l+(~f((o)J +2-·-:for··· 

. . XA m XA 

/11/ 

X A_"" X~)F (81 ,y0 ). /12/ 

A.nR pOlKAeHI1R npoi13BOJ1bHoi1 HHKJ110311BHoi1 4aCTI1ltbl m 1 3Hepri1R X A 
pasHa 

xA .. x~l- ce1 • Yo). 1131· 

rAe 
xO>_ aXo +b 

A- '• X0 -c 

. · E · . ·. ' · 2 2 
a .. in~ .[E 1-f1oP1z + ffio~2 ] i b"" m2-m 1,; :c ;, E1+1Il:2 

o Eo 2mT T 0 0 

x = r1 + Jc; +r{'. 

E 1 -·f1oP1z + 1m2 , 
r1 = o 

2E 1(1-f10 cos8 1) 

(0) E1 
X --m2-mf o To • r - 2 .• 

2 - 2mTo 5!_.!L_(l-,f1o cos81) 
m T0 _ 

a x<g> . AaeTCR BblpalKeHI1eM /9/. 
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HililiOCTPAUHR nOIJY4EHHbiX«<lOPMYil fPA«<lHKAMH 
:. ' 

Ha_ p11c.' 1 noKaaaH xapaKTep MI1HI1MyMa 3HeprHH CTanKHBaiOllii1X-
cR KOHCTHTyeHi'oe (X 'A) e aaBHCI1MOCTI1 OT apryt-)eHTOB X0 H XA. Mbl 
Bbl6paJ1H TPH BapHaHTa, AJ1R KOTOpbiX HHBapHaHTHble HHKJ1103HBHble 
ce4eHHR.np11MepHo.paeHbl: a/ polKAeHHe nHoHa c.nonepe4HbiM.HMnynb
coM.3,84 r38/c npH nepBH4HOH 3HeprHH npOTOHOB 400 f38~/ 
/Kpl1eaR_L2 AJ1R MHHI1MH3HpoeaHHbiX apryMeHTOB Ha nnocKOCTH X0 ,XA); 
6/ POlKAeHHe nHoHa-c ·yrnoM 3MI1CCHH 160° 11 HMnynbcoM 1500 M3B/c 
npH 3Hepri1H npOTOHOB 400 f38 /3KCTpanOJ1Rlt~R 'AaHHbiX/8{ Kpi1BaR . 
L 1 AJ1R MHHHMI13HPOBaHHbiX apryMeHTOB Ha nJ10CKOCTI1 Xo ,XA/;. 
e/ pOlKAeHHe nHoHa c yrnoM 168 H HMnynbcoM 1320 M3B/c npH 
3HeprHH nepeH.4HbiX npoToHoe 8, 9 f3B /3KCTpanonRttHR AaHHblx 191, 
KPHBaR L(, ' 

no OCH Z noKa3aHbl Bem1411Hbl 3Hepri1H. CTaJ1KI1BaiOUlHXCR MI1H11-
MI1311pOBaHHbiX KOHCTI1TyeHTOB. 

'Ha PI1CYHKa.BHAHO cneAYKlUlee: 
1 I npotteccbl KYMYJ1RTI1BHoro pOlKAeHHR 4aCTHtt (L 11 L 1 ) cooTeeT- · 

CTBYIOT XA>3, npl14eM, 4TO CYUleCTBeHHO, MI1HI1MallbHO B03MOlKHble 
KYMYJ1RTI1BH~Ie,. 411cna XA !X,0=1( npi1MepHo paeHbl, 4To ~neAyeT t.ia 
COOTHOWeHI1R /1/; .. · . · · ··· . .. . .. 

2/ eCJ111 3$<1JeK-r:I1BHble '3Ha4e~I1R Xo AJ1R. CJ1y4aR 8,9 r3B no nopR,(!
KY BeJ1114HHbl COCTaBJ1RIOT AeCRTble AOJ111, TO 3¢¢eKT11BHble BeJ111411Hbl x0 ·AJ1R 400 f3B - coTbie; · 

3/ MHHI1MYM B BeJ111411HaX XA_/3Heprl111 CTaJ1KI1BaiOUli1XCR KOHCTI1Ty
eHTOB/ e cny4ae 400 f3B.6onee pe3KI1i1 no cpaeHeHI110 c 3Heprl1ei1 
8,9 f38, HO 3Ha4eHI1R XA_e MI1H11MyMaX· npi1MepHO paBHbli . 

>·' ·X:.= Jx:·~~zr.xx~ · 
i2. 

H 

Xo 

4/ CJ1y4ai1 pOlKAeHI1R 4aCTI1~bl 
c 6onbWI1M · nonepe4HbiM · HMnyn'bcoM 

·, (L2 ) He 11MeeT OTHoweHI1R I< Ky
MYJ1RTI-iBHOMy POlKAeHHIO ·c X A '·< 1), 
HO 3Ha4eHI1e B MHHHMyMi npi1Mep
.HO paBHO COOTBeTCTBYIOUlHM een~-
411HaM e KYMYJ1RTI1BHoM polKAe_HI111 
C 11AeHTI14HbiMI1 BeJ111411HaMI1 11H
KJ110311BHbiX ce4eHI1H. 

Ha p~c. 2 noKa~aHa J111Hei1HaR · 
CBR3b MelKAY XA 11 X0 COOTBeTCTBy
BYIOlliHX MI1HHMYMY 3Heprl111 CTan
KI1BaiOUl11XCR KOHCTI1TYeHToe. Ha 

PHc.l. 3aBHCHMOCTh 3HeprHH 
CTanKHBaiO~XCH KOHCTHTyeHTOB' 

(XA) OT HX Mace Xo H X A A!IH 
Tpex cnyqaes L. 
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X.\ 
z 

1 

ltd' 

9ll 

(400) 

~ 
0 o.s 

Pac.2. 3aBHCHMOCT:& BeJlHliHHbl. 
XA oT X0 WJH MHHHMan:&HhiX sHep
rHH CTBnxHBaiD~XCH KOHCTHTyeH-. 
TOB, 

p~cyHKe noKa3aH~ 3aB~CHMOCT~ 

A~R yr~oe 3MHcc~~ ~HK~~3~BHOH 

4aCT~4~ 4, 4 °, 90 ° ~ 160° np~ 
nepBH4HOH 3Hepr~H npOTOHOB 
400 r3B /~eB~H PHCYHOK/ H AnR 
yr~oe 3MHCC~H 180° H 90° npH 
8,9 r3B H 5,5° npH 30 r3B /10/, 
W3 PHCYHKa BHAHO, 4TO K03~
·~HijHeHT nponopttHOHa~bHOCTH B 
3aBHCHMocni XA •a X 0 c~a6o H3Me-: 
HReTCR np~ 60~bWHX yr~ax 3MHC
C~H /0t>90°/ H Ha6n~AaeTCR 
C~~bHaR 3aBHCHMOCTb 3TOrO na
paMeTpa OT nepBH4HOH 3HeprHH 
~R Ma~~x yr~oe 3MHCC~H. Ho 
·eo ecex c~y4aRx 3Ta 3aBHc~
MOCTb ~HHeHHaR. 

COBMECTHOE OnHCAHHE 3KCnEPHMEHTAflbH~X ~AHHWX 
no KYMYflfiTHBHOMY PO)I(~EHHIO H 06PA30BAHHIO 4ACTHU 
C 60flbWHMH nonEPE4HWMH HMnYflbCAMH 

·· Ha PHC. 3 npHBeAeH~ 3KcnepHMeHra~bH~e AaHH~e no ce4eHHRM 
/Ha HYK~OH ~parMeHTHPY~Illero RApa/ KYMY~RTHBHoro PO>KAeHHR 
nHoHoe /nono>KHTe~bH~x (~ ~ OTPH4aTe~bH~x (o) I H KaoHoe 

~ i· .. ~ ., 
·I 

lt 

/oTpHijaTe~bH~x(•)/ 1111 e peaK4HH P(8,9)+Pb .... 17±,k- e 3aBHcH-
MOeTH OT. MHH. HManbHO B03MOlKHOH 3HeprHH B3aHMOAeHeTBY~IIIHX KOH- .·,l 
CTHTyeHTOB XA: /coorHoweHHe /13/ I. Ha pH~YHKe npHBeAeH~ AaHH~e t; 
no 3HepreTH4eeKHM 3aBHeHMOeTRM /or 0,4 ... 1 ;4 r3B/ A~R pa3H~X .J 

yr~OB Ha6~~AeHHR: 90? 120°, 150~ 168? 180 °. BHAHO, 4TO Bee j 
3TH AaHH~e OnHe~Ba~TeR eAHHOH 3aBI1CHMOeTb~ OT x~ .. TaKHM o6pa-· ~~ 

,30M, pa3BI1BaeM~H B AaHHOH pa6oTe nOAXOA 06"bReHReT HaHAeHH~e ' i' 

paHee 9 pa6oTen/ 3MnHPH4eeKHe 3aKOHOMepHOeT11·KYMY~RTHBHOrO 
pomAeHI1R ni10HOB 11 KaoHoe. Ha 3TOM me pl1eyHKe npHBeAeH~ AaHH~e 
no 11HK~I0311BHOMY PO>KAeH~IO ni10HOB /nO~OlKI1TenbH~X /+/ 11 .OTpl1ija
Te~bH~X /x// e 60~bWI1M nonepe4H~M 11Mny~bCOM, e yrnoM 3MI1eeHI1 . 
5,5° B npoTOH-npOJOHHOM B3ai1MOAeHeTBHI1 np11 3Heprl111 30 r3B 1101, 
Xopowee coenaAeHI1e. 3TI1X AaHHbiX c KYMY~RTI1BH~M pomAeHHeM 4aeTI14 
RBnReTeR ~aK~OM HeTpi1BI1a~bH~M. TaKOe eAI1HOe 0n11eaH11e eOBOKyn
HOeTI1 AaHHbiX rOBOpHT B nonb3Y 11AeH 3KOHOMI14HOro B3ai1MOAei1cT-
BI1R MI1H11MI1311pOBaHH~X KOHeTI1TyeHTOB, 

6 

9 .. · • 
90°,12d', 150',16(180 

10°~. \. ll'(•)1fi•J k 1~ 

30 
55' · · ' \ • "111+111 -, ., . 

2 \ 
ct 10 ... .... 

~~~ tt 
~a. 
~ "" t104 f: .. 

t>i\ 

... 
105~ f't t, 

f 1 
5 x: 10 

Pac. 3. 3KcnepaMeHTan:&Hbie ,o;aH- · 
Hble no HHKJII03HBHbiM cetJeHHHM 
po~eHHH KYMYnHTHBHh~ naoaoe 
H. K80HOB · ,D;nH :·: peaKI~lUf . . ... + 
P /8,9 fsB/ + Pb-oiT-,k-

B 38BHCHMOCTH OT MHHHManbHO 
B03MO~OA 3HeprHH B3aHMO
p;eHCTByro~X KOHCTHTyeHTOB, 

ll 
1.00 0 \ ni,9o:11a:137;160' 10 

'It 11l•lll1•1 l('(tll ., 
4.4' \ 

'= 
111+1 lf~ K-~ -2 

. d10 

~~ f"-
It . 
~-u(a. -4 

-I< 10 + r 
* 

-6 
1 

10 
t 

~ * 

5 x· 10 
A 

Pac. 4. 3KcnepaMeHTan:&Hbie ,o;aa
Hbie no HHKJD03HBHbiM· CetJeHHHM 
po~eHHH nHOHOB H K80HOB WJH 
peaKQHH P /_400 rsB/ + Ta_; '
-+17± 'k- H peaKQHH pI 400 rsB/ + 
+P-+ IT±' k-·.· 

Ha·p11e. 4 npi1BeAeH~ aHanori14H~e AaHH~e no KYMY~RTI1BHOMy 
PO>KAeHI110 ni10Hoe (z7+( • ), IT -(o )) . 11 KaOHOB (k-' ( * ))18/ A~R 
RApa Ta, no~y4eHH~e npH 3Heprl111 npOTOHOB 400 r3B •. Ha. 3TOM >Ke 
pl1eyHKe npi1BeAeH~ AaHH~e no PO>KAeHI110 4aCTI14 e 60JlbWHM nonepe4-
H~M 11Mny~beOM /5/ AnR 17+(+), 17-(x) H k ... ( *) TaK>Ke np11 nepBI14HOH 
3Heprl111 400 r3B. Yr~~ 3MI1CCI111 B KYMY~RTI1BHbiX AaHH~X 70°, 90°, . 
118': 137? 160~ yro~ 3MI1CCI111 a AaHH~x :c 6.o~bWI1MH P J. 4,4°, H 3Aeeb 
BI1AHo, 4To see AaHH~e onl1ebleaKlTCR /c.T04HOeTbiO AO Ko3~~11411eH
ra nopRAKa 2/ eA11HOH 3ael1e11MOCTb~~ nim4eM AnR Xl< 5 3Ta 3a
BHCI1MOeTb Ta >Ke eaMaR; 4TO. 11 A~R AaHHbiX npH MeHbWI1X 3Hepri1RX, 

, Ha pHe. 5 npHBeAeHbl AaHHble no noKa3aTe~io eTeneHI1 a A -a'ae11- · 
ei1MOeTH HHK~I0311BH~x ee4eHI1H :· . E ~ _ A" . · · .. 

dp 
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n 
t2~ I tf .f f 

# I . I 

1.0~- + t/ H f I 
. it It t 

:I 
,ttf 

x.· 
A 

2 4-------s----s:--1o 

PHc.5. 3aBHCHMOCTh noKasaTenn 

cTeneHH /B A-saBHCHMOCTH THna · 

An / OT MHHHMaJihHOH ::IHeprHH 

CTaJIKHBaiD~XCH KOHCTHTyeHTOB 

( • -·17- B peaKQHH pA-+17 -iipH 

Ep := 9 rsB; X-17-·H *- k~'B peaK-

QHH PP-+17-:·k- npH Ep= 
=400 rsB/. 

Ha PHCYHKe noKaaaH~ eenH4HH~ 
noKa3aTenR n AnR AaHH~xno 
KYMYnRTHBHOMY pomAeHH~ nHOHOB 

npH 3HeprHH 8,9 r3B~~.) H pomAeHH~ 4aCTH4 C 6onbWHMH nonepe4-
HbiMH. HMnynbCaMH npH 3HeprHH 300 r3BI5/ AllR 17-(x) H k-(*) B 3a
BHCHMOCTH OT MHHHMallbHOH 3HeprHH B~aHMOAeHCTBY~~HX KOHCTHTyeH
TOBXA"J13 PHCYHKa BHAHO, 4TO xapaKTep 3aBHCHMOCTH n(XA) B nep
BOM npH611HmeHHH OAHHaKOB KaK AI1R KYMYilRTHBHOro pomAeHHR 4ac
TH4, TaK . H. AJlR. pOmAeHHR 4aCTH4 C 6onbWHM nonepe4Hb1M Ce4eHHeM. 

BbiBO,llbl 

B pa6oTe nony4eHo eAHHoe onHcaHHe npo4eccoe KYMYnRTHBHoro 
THna .H peaK4HH C 6onbWHMH nonepe4HbiMH HMnynbCaMH B 3aBHCHMOc.:.: 
TH OT MHHHManbHO B03MOmHOH 3HeprHH,B3aHMOAeHCTBY~~HX KOHCTH
TyeHTOB. Xopowee omtcaHHe npo4eccoe KYMYilRTHBHoro THna e 3Ha-
4HTenbHOH Mepe RBilReTCR OTpameHHeM H3BeCTHOro paHee ICOOTHO
WeHHe /111 onHcaHHR AaHH~X e saeHcHMOCTH OT KYMYilRTHBHo~o 
4Hcna, H6o saeHCHMOCTb F(® 1) oKaaana7b cna6oH AllR yrnoe 3MHc
CHH 60ilbWe 90°, a Ta cna6aR 3aBHCHMOCTb OT yrna 3MHCCHH, Ko
TOpaR ecTb, YCTpaHReT He60nbWHe OTKnOHeHHR OT eAHHOH 3aBHCHMOC
TH oT KYMynRTHBHoro 4Hcna 14•12/ AllR 3MHCCHH KYMYnRTHBH~x 4ac
TH4 C C>TnH4HbiM OT HYI!R nonepe4HbiM HMnynbC,OM. 8 3TOM CMbiCile . 
nony4eHH~e YHHBepcanbHbte saeHCHMOCTH KYMYilRTHBHoro pomAeHHR 
4aCTH4 OTpama~T H e AaHHOM. noAXOAe. AOMHHHPY~~ee BllHRHHe KeapK
napTOHHOH CTPYKTYPHOH IPYHK4HH RAPa 121, To ecTb eepoRTHOCTH Aal-i
Horo X A•MHHHManbHO B03MOmHOH· Mace~ MHWeHH. ,llOMHHHpy~~ee B CBR-
3H C TeM, 4TO B KyMynRTHBHOM pomAeHHH 4aCTH4 3!fl!fleKTHBH~e ~Ha-
4eHHR Xo- 0, 1 H CTPYKTYPHaR IPYHK4HR HaneTa~~ero npoToHa, 
BHAHMO, He HrpaeT Cy~eCTBeHHOH pOilH. . 

. 0AHaKo COBnaAeHHe C Ce4eHHRMH KYMYnRTHBHOro pomAeHH~ Ce4e
HHH peaK4HH·c 6onbWHMH nonepe4H~MH HMnyllbCaMH RBilReTCR !flaKTOM 
HeTpHBHanbHbiM. 'BHAHMO, AeHCTBHTellbHO MHHHManbHO B03MOmHaR 

./8 

3HeprHR B3aHMOAeHCTBY~~HX KOHCTHTYeHTOB·OTpamaeT KaKHe~TO 
OCHOBHble. 4epTbl AHHaMHKH B3aHMOAeHCTBHR _4aCTH4· 

B HaCTOR~HH MOMeHT MOHcHO c!flopMynHpoeaTb ClleAY~~He npeACKa-
3aHHR pa3BHBaeMoro nOAXOAa: . . . . . . . . . . 

. 1. AonmHa 6b1Tb H3oTponHR·polliAeHi1R'4acTH4 e cHcTeMe.KoopAHHaT 
4eHTpa Mace CTallKi1eaJO~HXCR KOHCTHTyeHTOB, TO. eCTb B Cl-iCTeMe, 
ABHmy~eHCR. co cKopocTb~ P* I cooTHOWeHHe /7 I I. · "' . . 

2 •. Ce4eHHR 'pomAeHHR HeCKOilbKHX 4aCTH4 i<yMyllRTHBHoro THna) 
H c 6onbWHM nonepe4HbiM 1-iMnynbcoM 6YAYT. pasHbl. c'e4eHH~ ·pom
AeHHR OAHH04HOH 4acTH4bl c cyMMapHbiM apryMeHTOM ~ XA.:; eAHHOH 
saeHCHMOCTH AOilmi-tbl· cneAoBaTb i-1 ce.4eHHR _pomAeHHR 

1 
peaoHaHcoe · 

(p,f<J,f H T.A~ .•. 
' C4HTaeM ceoHM npHRTHbiM AOilroM BblpasHTb 6naroAaPHOCTb 

A.M.6anAHHY H A;B.E!flpeMoey 3CI AHCKYCCHH "C? paccMoTpeHHbiM eon
pocaM. 

,• 

nPI1Jl0l!(EHI1E 

!PopMynbl 171, 191, 1101, 1111, 1131 cnomH~ AllR npaKTH4eCKHX 
04eHOK. 0AHaKO HX MOmHO Cy~eCTBeHHO ynpOCTHTb AllR npaKTH4eCKH 
ecex H3BeCTHbiX Ha ceroAHRWHHH AeHb AaHH~X no KYMYilRTHBHOMY 
pOmAeHH~ Me30HOB H peaK4HH C 60ilbWHMH nonepe4HblMH HMnyllbCaMH. 

Ynpo~eHHR B03MOmHbl AllR cny4aR 
2 . 

y0(1- P
0 

cos® 1)» 1. 

npl1 BbJnOnHeHHH 3TOrO ycnOBHR. HMeeM 

fJ*::- fJo 17'1 
1 -l· 

l + (1;..f3ocos®1)[1 + 4y~(1-fiocos81) 

. . . . 1 
··2. {1+ .1. 

F(®1'yo)=j1+ 1-(3 coES 4y2(1-.Bocos®1) 
. . 0 1 .. 0 . /11 'I 

XA_= X~)F(®t•Yo) • 

. mom2 
rAe E1 -II, P1,+--;;o-:- (E t+m,)(t-~0cose1 )+ 

·(1) Eo ~---.....:..-:---·+ ·m X =-.f m A T · -0 

m2;.;..m1 .. ·1-f3ocos82 
+ 2 ·---.. --
. 2m E 1 -·fJo P1z 

.J. 
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'IEMATWIECKME ' KATErOPMM m'BJIMKAUMA 
• • ,>- • • ; • :; 

OB'bE,znnfEHHOrO MHCDfl'YTA H,llEPHYX . . ,. 

. .. .. MCCJIE,&OBAHMR • 

MHneJ(c 

1 •. 3KcnepHMeHTanbHaR clli'13Mi<a awcoKHx 3HeprHi1 

2. TeopeTH~~CI<a.R cllM~HKa BWCOKHX 3Heprl'1i:f 

3. 3Kc.nepHMeHTaJlbHa.R HeHTpOHHa.R ctlH3HKa 

4. TeopeTH~ecK~.R ¢1HaHKa ~3KHX 3HeprHi1 · 

5. HaTeMaTHKa · 

6. RAepHa.R cneKTPOCKOnH.R H paAHOXI'1MH.R 

7. ~311Ka T.R*eJlWX HOHOB 

8.-Kp11oreHHKa 

9. YcKopHTenH 

.1 0. AsToMaTH3a~.ti1.R o6pa60TKH 3KcnepHMeHTaJlbHWX 
AaHHbiX 

11. Bw~I1CJ111TenbHa.R MaTeMaTHKa 11 TeXHI1Ka 

12. X11MH.R . 

13. TexHHKa cll113H~ecKoro 3KcnepHMeHTa 

1~. HccneAOBaHH.R TBePAWX Ten H *~AKOCTei1 
.RAePHbiMH MeTOAaMI1 

15 •. 3Kcnepi1MeHTaJlbHa.R cll113HI<a .RAePHbiX peaKLtHH 
np11 HH3KI1_x 3HeprH.RX 

16. AoaHMeTpi1.R H ¢H3HKa aa~I1Tbl 

17. Teopi1.R K0HAeHCI1pOBaHHOrO COCTO.RHH.R 

18. HcnonbaosaHI1e peaynbTaTos 11 MeTOAOB. 
~YHAaMeHTaJlbHbiX ci>H311~eCKHX 11CCJleAOBaHHH 
B CMe*HbiX 06JlaCTRX HayK_H H. TeXHI1KI1 
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