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CoapeMeHHaSI (pH3HKa aneMeHTapHbIX qacTHU nayqaeT HX 838-

HMO.O.elicTBHSI KaK rrpn Bb!COKHX aaeprnsix Ha ycKopnTensix, TaK H 

rrpn caepXBbIC0KHx aaeprnsix B K0CM1IqecKnx nyqax. B rrocne.a.Hne 

ro.O.hl B o6nacTH 9Heprnli .OT HeCK0nbKHX e.a.HHHU .a.o .a.ecSITK0B raa 

0TKpb!T0. MHoro KBaanqaCTHU - Me30HHbIX If 6apnoHHbIX peaoHaHC0B, 

II Tenepb 6bICTpb!Mlf TeMIIaMH H.O.eT no.a.po6Hoe nayqeHne HX CB0HCTB 

n ae.a.yTCSI Il0HCKlf H0BbIX KBaanqacTIIU c ewe 6onbllleli Maccoli •. TTpn 

K0CMnqeCKHX aHeprHSIX B C0THII H TblCS!qH raa rronyqeHbl onpe.a.eneH

Hbie yKa3aHIISI Ha o6paaoBaHne MaCCIIBHbIX aoa6yJK.a.eHHbIX Ten -"qiali

ep6onoa"' n cnnbH0 aoa6yJK.a.eHHbIX HyKnoHoB. 

Ha-aa ManbIX apeMeH )KH3HH yKa3aHHb!X BbIUie OO'beKTOB 

-24 -22 · 
( .. 10 - 10 ceK) OCHOBHb!M MeT0.0.0M HX 06Hapy)KeHHSI H 

nccne.a.oBaHHSI S!BnSieTCSI nayqeHHe oco_6eHHOCTeli KlfHeMaTIIKII si.a.ep

Hb!X peaKUIIli II, B qaCTH0CTlf, .a.eTanhHb!U aHanna K0ppenSIUIIli MelK.O.Y 

npo.a.yKTaMII MHoroqacTIIqHbIX Heyrrpyrnx peaKu1Ili. O.a.HaKo c yaen1I

qeH1IeM aHeprnlI peaKUIIII pacTeT MH0lKeCTBeHH0CTb o6paayrollllIXCH 

qaCTIIU II q1Icno B03MO)KHb!X (plI31fqecKIIX K8HanoB peaKUHH, qTo 

38TPY.0.HS!eT naaneqeHne lf3 8KCrrep1IMeHTanbHb!X .a.aHHbIX rrone3HOli 

IIH(pOpM8UIIH 0 KlfHeMaTnKe H .O.HHaMHKe o6pa30B8HHSI II pacrra.a.a 

KBa31IqacTnu II no.a.o6HbIX nM Ten. noaToMy <plI31!Ka Bb1coK11x n caepx-
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Bb!COKHX 9HeprHli ocooeHHO HY)Ki:taeTCSI B 11pOCTbIX H SICHbIX 11pei:t

CTaBneHHSIX H MeTO.i:tax, cymecTBeHHo 0611eraqa10mnx aHanna SI.i:tep

HhIX peaKUHli. 

rnaBHbIM HCTO"IHIIKOM TaKIIX 11pei:tcTaBneHHli "n MeTOJ:lOB SIBlllI

eTCSI Ba)KHOe 110HSITHe 11pocTpaHCTBa CKOpOCTeli MaTep11a1IbHOli TO"l-

/1-4/ 
KH • B penSITHBHCTCKOM cnyqae 9TO 11pOCTpaHCTBO SIB1JSl0TCSI 

11pOCTpaHCTBOM nooa"leBCKOrO C pai:tHYCOM KpHBH3HbI, paBHbll\11 ( C 

TO"IHOCTbJO J:10 MHHMOli 0.QIIHHUbI) CKOpOCTH ·cBeTa C .PenSITIIBIICTCKalI 

KHHeMaTHKa B o6paaax aToro 11pocTpa~cTBa B11epBb1e ccpopMynn-

/3-6/ 
poBaHa H 110.i:tpooHO paccMoTpeHa qepHHKOB~M • B 9TOli cpop-

Myn11pOBKe OHa BbirlllIJ:lHT ocooeHHO 11pOCTO II HarnSI.i:tHO H CBOobi:tHa 

OT HecymeCTB0HHbIX ocooeHHOCTeli, CBlI3aHHbIX C BbJOOpOM KaKoli

-nn6o CHCT0Mbl OTC"l~Ta. 

B pecpepnpyeMoli anccepTaun11 paccMoTpeHbI MeToi:thI aHa1111aa 

SIAepHbIX peaKUHli 11p11 Bb!COKHX H CBepXBbICOKHX 9HeprHSIX B 06pa

aax 11pocTpaHCTBa cKopocTeli nooaqeBcKoro. Hano)KeHne pacc"IHTaHo 

rnaBHbIM o6paaoM Ha q>H3HKOB-9KC11epHMeHTaTopoB H He rrpea11ona

raeT y "IHTaTenst 3Hamrn reoMeTpnn nooa"leBcKoro. Heo6xoaHMbie 

CBei:teHHSI 110 9TO!i reoMeTpH_H 11pHB8J:l0Hbl 11011YTHO. 

PeGynbTaTbI, Ha OCHOBe KOTOpb!X Hal1HC8Ha J:lHCCepTaUHSI, 

/ 12-22/ 
011y611HKOBaHbl B paooTax , a TaK)Ke AOK1Ia.Qb!B81IHCb H coo6- · 

manHCb Ha M8)KJ:lyHapoi:tHbIX KOHq>epeHUHlIX 110 q>H311Ke Bb!COKHX :ClHep-_ 

rnli ( KpaKoB, 1963 r. - KOHcp, cou11am1cT. cTpaH; ily6Ha, 1964 r. -

XII Me)KayHap. KOHcp.) n 110 KOCMH"leCKHM ny"laM ( MocKBa, 1959 r.), 

Ha BC8COI03Hb!X COBeIUaHlllIX 110 lpH3HKe KOCMll"l8CKHX nyqefi ( MoCKBa, 
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1963 n 65 r.r.), Ha cecc11stx 0TJleneHHSI lIJlepHoli cpH3HKH AH CCCP 

(ily6Ha, 1964 r. n MoCKBa, 1966 r.), Ha pec11y611HKaHCKHX Me)K

BY30BCKIIX KOHcpepeHUHSIX 110 ¢nanKe aneMeHTapHhlX qaCTHU (Y)KrO

poJl, 1964 r. n 1967 r.) n Ha paoo"leM ceMnHape 'ITpo6neMbI cpali

epoona' ( MocKBa, MapT 1968 r.), rrpQBei:teHHOM OTaeneHneM SI.i:tep-

Hoft cpna11Kn AH CCCP n CoBeToM no KOMnneKcuoft npooneMe "KocM11-

qecKne nyqn". 

ilnccepTaUHSI COCTOHT H3 BBe)leHHSI, 11SITH rnaB, 3aKnJ0-

"10HIISI H 11pH1!0)K8HHfi, 

BO BB e J:l e H II II 11pHBei:teH Kp8TKHli HCTOpH"l8CKHli 0030p 

II OTMe"leHa ponb 11pocTpaHCTBa CKOpOCTefi B penlITHBHCTCKOH cpn-

3HKe. 

Eme B 11epBbIX paooTax rrpn ocBoeHHH c11eunanbHOft Teopnn 

OTHOCHT011bHOCTH OTMe"l8110Cb, "ITO 11pH perneHHH penlITHBHCTCKHX 

3a)laq 1101!83Ha H88BK11HAOBa HHTep11peTaUIISI 9TOfi TeopHII B TepMH

Hax reoMeTp11n nooaqeBcKoro. 3To HanpaBneH11e B TeopHH OTHOCH

TenbHOCTH, Ha"laToe B paooTax <l>.KnefiHa, A.3 OMMepcpenbJla, B.Ba

pH"laKa H i:tp., pa3BHBaBrneecSI B.Bapl!"laKoM H OTMe"leHHoe B.na-

. /1/ 
ynn, 3aBepIIIH110Cb 3aMe"laTenbHOH paooToli A.IT.KoTellbHHKOBa 1 

KOTOpb!H B118pBbie ccpopMynnpoBan B 1923 r. ITOHSITHe 11pocTpaHCTBa 

CKOpocTeli, J:lOKa3an MeToJlaMH 11poeKTHBHOH reoMeTpHH, "ITO OHO 

o6nai:taeT BHyTpeHHeft reoMeTpllefi 11pocTpaHCTBa nooaqeBcKoro 

ii: SIB1JSl0TCSI 6ecKOHe"I.IIO yi:taneHHbIM 11pocTpaHCTBOM B 4-MepHOM 

Ml!pe MHHKOBCKOro. ij i:tanbHeftrneM 9TH Ba)KHbie peaynbTaTbl Bbl-

11ann H3 1101JlI 3peH_HlI q>H3HKOB H ObillH B03p0)K/l0Hbl ctiaKTH"18CKH 

/2/ 
aaHOBO nHIIIb crrycTSI 30 neT B.A.<l>oKOM n HeaaBHCHMO H;A,qep-
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/3,4/ 
HHKOBblM • B rrocnei:rnee BpeMSI IIOHSITHe rrpoCTp8HCTB8 CKO-

pocTeii H8XOIIHT BCe 6onee illHpOKOe IlpHMeHeHHe B penSITHBHCTCKOH 

/5-11/ 
¢H3HKe H oco6eHHO B KHHeMaTHKe penSITHBHCTCKHX qacTHU • 

B II e p BO ft r n a Be Ha npHMepax HepenSITHBHCTCKOfi H pensi-

THBHCTCK0H peaKUHH npeBpameHHSI IIBYX qaCTHU B nae D + T .. 

.. He+ n + i7,6 MaB H K- + p ➔ A+ 11 ° + 182 MaB nosicaeHbI: no

HSITne rrpocTpaHCTB8 CKopocTeii, a6conIOTH8SI, TO eCTb CIIp8B8JtnHB8SI. 

K8K B HepenSITHBHCTCKOM, T8K ll B penSITHBHCTCKOM cnyqae, ¢opMy-

/3 4/ 
nHpOBKa KHHeMaTHKH B ero o6pa3aX 

I 
H HenpepblBHblH nepexon 

OT eBKnHL!OBa rrpocTp8HCTB8 CKOpOCTefi B HepenSITIIBIICTCKOM cnyqae 

K npocTpaHCTBY CKOpocTefi no6aqeBcKoro B penSITHBIICTCKOM cnyqae, 

a T8K)K8 
/71. 

IIOHSITHe KHH8MaTnqeCKHX ¢nryp ( Henpepb!BHOH - nmi: 

naHHoro THIIa peaKUIIH n IIHCKpeTHOH - nnsi oTnenbHOro co6hlTHSI). 

YKaaaH reoMeTpnqeCKHH CMbICn H3BeCTHblX 8KCnepHM8HTanbHblX 

M8TOIIOB THIIa .. MeTOna SIK06naHHoro IIHK8 .. ( E.Marnn-qa). 

Bb1BeneHbl ¢opMynhI Tpex KOH¢opMHblX OT06paJKeHHH npocTpaH

CTBa nofiaqeBCKOrO B 8BKnHII0B0 IIpOCTp8HCTB0 1 IIpHBOIISllllHX K 

/5,12/ 
MonensiM flyaaKape I, II n K "nonocHofi" Monenn nnocK0CTH 

/13/ 
no6aqeBCKoro ( Ta6n. 1). Ha 8THX MonemIX OCH0B8Hbl yno6Hble 

/12-14/ 
rpa¢nqecKne MeT0IIbl , paCCM0TpeHHble Ii ncnonb30B8HHbie 

B nnccepTaunn. 

6 
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Ta6nnua 1 

MoJJ.enb npeo6paaoBanne MeTpnKa ( dS2 
) 

?. 

nyanKape I w/c =w,;,th ( r/2c) __ 4_c_ {dw 2+w2 ( d0 2+Sin2 0d,p2)1 
( 1-c,})

2 . 
nyaaKape II ( = exp (z/c) ~

2

2 

I d(. 2+(dx/c)2 +(dy/c)2 
t: . 

2 
C 

"nonocaasi" e=<11/2)-II(r.L/c) -{dt:2 II 
Cos 2 e ,,. + ( d r / C >2 l 

3necb Il(rl. / c) ➔YHKUHSI nofiaqeBcKoro Il(rl/c)=2arctgexp(-rl/c); 
.. 

r - pacCTOSIHHe B rrpocTpaHCTBe CKOpocTefi, H83bIBaeMoe "6bICT-

/7 14/ 11· poToii' • • r - rrpononbHaSI 6bICTPOTa BL!Onb BbIIIeneHH0H rrpSI-

M0H B, H83bIBaeMoii 6aaoii, rl - rronepe'l:HSSI 6bICTpoTa anonh 

-B " N /5,6/ I 
rreprreHL!HKynsipa K ; w - rronycKOpOCTb w = T p ( T -KHHe-

THqeCK8SI aHeprHSI, p - HMIIYnbC qacTHUbl); X, Y H Z - neKapTOBbl 

KOOpL!HH8Thl CO0TBeTCTBeHHO HS opnc¢epe (rrpenenbHOH c¢epe panH-

yea 

aeii 

R = ~ ) B rrpocTpaHCTBe no6aqeBCKOro n HS opToroHanbHOH K 

/12/ . 
rrpSIMOfi - OL!HOii H3 oceii opnc¢epbl • 

OTo6pa)KeHHSI flyaHKape I n II rrnoCK0CTH no6a'l:8BCKOro Ha 

/14/ 
eBKnHII0Bbl Kpyr ll rronyrrnocKOCTb CBSI3aHbl C "rronocHoii" MO-

n_enbIO KOH¢opMHb!MH npeo6pa30B8HHSIMII, KOT0pbie ocymeCTBnSIIOTCSI 

rrpoCTbIMH ¢YHKUHSIMH KoMrrneKcHoro rrepeMeHHoro x = 1/ + i ~ , 

aanaHHblMH Ha rronoce, ;;; = th ( ;1 2 ) - nnsi OT06paJKeHIISI Ha Kpyr, 

(. = exp x -nnsi oTo6paJKeHHSI Ha rronyrrnocKoCTb ( pHc. 1). 
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/ 13-14/ 
.. IlonocHaH' MO)lenb coxpaHSieT 8llllHTHBHYIO 6bICTpoTy 

rll BllOnb B H HHBapHaHTHa OTHOCHTenbHO rrapannenbHhlX rrepeao-

COB, H30MopiflllhIX nopeaueBhIM rrpeo6p830B8HHSIM KHHeMaTH'leCKHX 

xapaKTepHCTHK '18CTHUhl npH nepexoae HS OllHOli CHCTeMhl OTC'leTa 

B Jlpyry10, 6esOTHOCIITenbHbie CKOpOCTII KOTOpblX npeJlcTaBneHbl 

TO'IK8MII npHMOli B ( pIIC. la,6 II 2B, r). 

Bo BT Op O li r n a Be paCCMOTpeHhl MeTOllhl II cnoco6b1 rpa

qin11ecKoro peweHHSI pasnH'IHbIX 38ll8'1 penSITHBHCTCKOli KHHeMaTHKH. 

Ha ocHoBe MoaenII IlyaHKape ll npocTpaHCTBa flo6a11eBcKoro no~ 

/ 12/ 
ny11eH npocToli rpaqJII'leCKIIli MeTOJl onpeJleneHIIH IIMnynbca 

Py qJOTOH8 B 38BHCHMOCTII OT ero yrna BhmeTa 0 B na6opa-

TOpHOli CHCTeMe OTC'leTa H CBSl3H Me)l(Jly yrnaMII 0 H . 0 * BhmeTa 

qJOTOH8 B 8TOli CHCTeMe H B CHCTeMe ueaTpa Mace (pnc.2a II 6). 

/13/ 
Ha OCHOBe 'rronocHoli' MO)lenH nnOCKOCTH flo6a11eBCKoro 

rrocTpoeaa H8I'ITSlllH8SI anarpaMMa CKOpOCTeli penHTHBHCTCKHX·'laCTHU 

/ 14/ / 13 14/ n - mrarpaMMa (pnc. 3 6-:nd • PaccMoTpeHhI ' MeTo-

llhI H cnoco6b! peweHHSI npn noMOIUH 8TOli anarpaMMhl H nollBHlKHOli 

KOOpllHHaTHOli ceTKH (pnc. 3a) npocTelilliHX penHTHBHCTCKHX 38ll8'1: 

nopeaueBbIX npeo6pasoBaHHli yrna BhmeTa 0 
1 
➔ 0 2 11 HMnynbca 

P 1 ➔ P 2 llITSI '18CTHU C nono;,imTenbHOli II HyneBoli Maccoli no-

KOS! ( p11c. 2 B,r), nocTpoeHHSI yrnOBhIX. n HMrrynbCHb!X pacnpeaene

HHli B llBHlKYIUelicH Cl!CTeMe OTC'IE'.!Ta, onpeaeneHHSI MoJ:lym1 rrepe-

ll8HHOI'O HMnynbca. To11HOCTb pemeHIISI 8( g) COCTaBnHeT o6bl'IHO 

1, 7-4,5%, ecnn KOOpllHHaTH8SI ceTK8 BblllOnHeHa B M8ClliTa6e 

C = / 13 14/ 
10 CM ' , II OCTaeTCSI npIIeMneMo:li ( .. 3-9%) 

8 

I 

} 
£ ~ ~·_, -

(pnc.3B cnpasa) npH M8ClliTa6e 

/15-17/ 
np11 cBepXBbICOKHX aHeprllHX 

C 5 CM, 6onee yL106HOM 

/5 12/ 
KaK eCT9CTB9HH09 p83Bl!Tl!e pe3ynbT8TOB pa5oT 

I 
paCCMDT-

peHa saaa11a O coeLIHH0HHII LIBYX '!8CTHU B OllHY H pacnane OllHOli 

'!8CTHUbl Ha l1B9. ilm1 TpeX B03MOJKHblX cnyqaeB CO'I9T8HHSI B 8TOli 

38ll8'19 rronOJKl!TenbHOli: H ayneBoli: Mace ITOKOSI 06e11x qaCTIIU rrpeLI

nolKeHhl COOTB9TCTBY!Olllll9 rpaqJl!'!9CKll9 M9TOllbl pcwemrn, SIBITSIJOIUl!e-

/12-14/ 
CS! rrpDllOITlK9Hll9M pa5oT • 

YKasaaa CBSl3b C HOMorpaqineli 11· rrpeLinOlK0H HOBbili yJJ.o6Hblll 

npn6op THna norapnqJMH'I9CKOli nnaefiKII llITSI paC'IeTOB'no penSITII

BIICTCKOli KIIHeMaTnKe, cyniecTBeHHO yrrpoma10mnli II ycKOPSIIOIUIIli 

T8KH9 pacqeTbI. 

ITp11rOL1HOCTb paCCMOTpeHHb!X M9T0ll0B LIITSI KIIHeMaTH'I9CKOro 

aaan11sa pesynbTaTOB <pH3H'!ecKoro aKcnepHMeHTa norcasaaa Ha 

KOHKpeTHOM npnMepe. 3TII MeTOllbl MOryT npIIM9HSITbCSI TSK;>!{e 

)J.nSI o6pa6oTKH ae60JJbllillX cepnfi co6bITllfi. q aCTb II3 HIIX 6hma 

a<p<peKTllBHO llCITOITb30B8H8 B rpynrrax 50-caHTHMeTpOBOli: rrporraHo

BOli KaMepbl nB3 rrpll nOLII'OTOBKe K M9lKllYHapOllHblM KOH<pepeH

UllSIM. no <pH3HKe BbICOKHX aaeprnli 1962 n 64 r.r. 

/14-17/ 
B T p e Tb e fi r n a Be Ha OCHOB9 n - LillarpaMMbl ,pa3BIIT 

yao5Hblli: .-i;,teTOLl aaan11sa nHBHefi ll cTpyli: '!aCTHU ( BKITJO'IaH <pOTOHb!) 

2 4 
C aaepr11eli: 10 - 10 faB ll Bbillie. YKa3aHa CBSl3b qaCTHblX cny-

qaeB npnMeHeHHSI n-LinarpaMMbl C ll3BeCTHhlMll MeTOllaMH aaanusa 

TaKHX nHBHefi ll CTpyfi. Ha xapaKTepHblX npnMepax aaan11sa nHBHCli 

u cTpyli: c aau6onee nonHofi 11aqiopMauuefi o BTopu'IHhIX qacTnuax 

noKasaao, 'ITO aTa AHarpaMMa yLio6Iia JJ.nSI orrpeneneausi pasnn'!HhIX 
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THnoB B3aHMonettcTBHSI Memny HyKnoHaMH, cymeCTBOBaHne KOTOpb!X 

/23/ Bb!T0KaeT H3 rnnoT03bl n.H.Bnoxnaueea O CTpyKType HyKnoaa 

06cymneao 
1171

npnMeHeane anSI TaKoro onpeneneanSI H3BeCTHoro 

KPHTepnSI OTHOW0HHSI npaenonono6nSI. 

/16 18/ B TepMHHax n-nnarpaMMbl paCCMOTpeH • nepexo)l OT 

/24/ 
o6paaoBaHHSI nByx ¢afiep6onoB (pnc. 36, B) K 06paa0Baan10 

· /25/ 
onaoro ¢attep6ona (pnc. 3 r-m) npn yMeHhweann nepeaaHHofi 

HM sneprnn, 'ITo cneayeT na npennomenaofi r. T.3auerrHHbIM Moaenn 

MHO)K0CTB0HHOI'O o6pa3oBaHHSI M030HOB · C N -11 H 11 - TT B3aHMO

nefiCTBHSIMH, orpaHH'i0HHb!MH no BenH'iHHe nepenaHHOI'O 4-nMnynh-

/22 26/ 
ca ' • PaccMoTpeaa TaKme o6aapymeaaaH rpynnott H.A.ilo6-

/25/ 
pOTHHa acHMM0TpHSI Bbln0Ta ¢attep6ona no, OTHOW0HHIO K CTOnK-

HYBWHMCSI HyKnoHaM H IlOKaaano, 'ITO OHa KHH0MaTH'i0CKH CBSI3aHa 

/16/ 
C H00JlHHaKOBblM B036YmA0HH0M HyKnOHOB ( pnc. 3 n,e). 

/15,17/ 
ITonyqeao yKaaaane Ha cywecTBOBaHne B o6nacTn anep-

rnfi E O ~- 3. 10
3 

fse cneun¢nqecKoro npouecca cnnhaoro Boa6ym

nennSI CTOnKHYBWHXCSI HYKnOHOB (conpoBomnaromerocSI o6paaoBaHH0M 

2 
neyx ¢afiep6onoB c Maccofi 3-4 fse/c) n nocnenyromero ncnycKa-

HHSI HMH TSimenblx M030HOB THna p , c.> C saeprnefi B Tb!CSI'ill fsB 

B na6opaTopaofi CHCTeMe ( Ta6n. 2) .AHH30TpOilHhlH pacna)l 3TIIX 

M030HOB MO)K0T npHBOJlHTh K nepenaqe OJlHOMy nnoHy no 30-50% 

9Heprnn nepBll'iHOI'O HyKnoaa. HenaBHO 9TO yKa3aHl!e 6bmO ITOATBepm-

/ 27 / 
neao rpyrmofi M.Kown6b1 , o6aapymnewefi ncnycKanne cj, -Me-

+ -
30HOB ( cp-+ K K ) CHnhHO B036yJlHBWHMHCSI HyKnOH8MH MJIW0HH. 

10 

Ha OCHOBe n-anarpaMMbl H nnarpaMMbl YJlB00HHbIX nonepe'iHb!X 

nonycKopocTefi 2<lll { rul. r-JlnarpaMMbI) nocTpoeaa 1191 unnnanpn'iec

KaSI KBa3HKOH~pMHaSI eBKnH)lOBa Moaenh npocTpaHCTBa CKOpOCTefi 

( p11c. 4 a-r) • ITOK838H8 npJIM0HIIMOCTh ee K II3Y'i0HIIIO ¢op Mb! 

¢afiep6onoB B npocTp8HCTB0 CKOpOCTefi, snnnnconnanhHOCTh KOTO-. 
pofi (cM. 

.L 
(l) anarpaMMbI Ha pnc. 4-II ) MomeT YK83bIBaTb Ha 

Hannqne y HHX 6onhWHX co6cTB0HHbIX MOM0HTOB H Ha B03MOmHyIO 

/ 19/ 
KOppenSIUIIIO M0)KJlY nocne)lHIIMII B cnyqae JlBYX ¢attep6onoB • 

/7/ 
Ha OCHOB0 H)l0H pa6oTbl Bb!SICH0H KHH0MaTH'i0CKHfi CMbICn 

¢eHoMeHonorH'i0CKIIX noHSITHH ¢afiep6onoB H '$aKenoB' (nponyKTOB 

pacnaaa CHnhHO Boa6y)KJl0HHhlX HyKnOHOB) C TO'iKH apeHHSI npo

CTpaHCTBa CKOpOCTefi H yKa3aH $H3H'i0CKHH C~bICn 3THX noHSITHH. 

3TO yKa3aHH0 BOCXOJllIT K H3B0CTHb!M I'HnOT038M <f>epMH-HHra, 

n.H.BnoxnHueaa, M.A.MapKoBa, B.C.HeraHoBa n nepeKnHKaeTCH 

C o6o6meHHb!M noilxonoM B.BattcKon¢a K KB83H'I8CTHUaM - M030H

Hb!M n 6apHOHHb!M peaoaaacaM. 

B 'I e TB e p TO fi I' n a Be paCCMOTpeH ( B nopSIJlK0 nocTaaoB

KH 38Jl8'1H) MeTO)l aH~nnaa KHH0M8THKH Heynpyrnx peaKUHH npH 

aHeprHSIX, JlOCTyilHblX COBp0M0HHblM ycKopHTenSIM. 

ITpn nOMOIUH unnHHJlpH'i0CKOH Monenn npocTpaHCTB8 CKOpOCTefi 

/ 18-20/ . 
paCCMOTpeHbl xapaKT0pHbl0 oco6eHHOCTH KHHeMaTH'i0CKHX 

¢nryp nn·SI peaKUIIH C o6pa30BaHH0M H3B0CTHblX KBa3H'iaCTHu: He

npepb!BHOH ¢11rypb! - )lnSI peaKUHH naHHOI'O THna H JlHCKpeTHb!X ¢nryp 

- nm1 oTnenhHb!X co6b!THii. KnaeMaTl!'i0CK8SI ¢nrypa nnSI OT)lenhHOI'O 

co6b!THSI .peaKUHH ecTh HHBapnaHTHb!il: reoMeTpH'ieCKHH o6pa3 ero 

KHHeMaTHKH, conepmamnfi BCIO na¢opMaUHIO O KHHeMaTHKe co6b!THSI. 

11 
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B KaqecTBe rrpHMepoB Ha puc •. 5 rrpHBeAeHbI wl_ u n.!'.rrpo

eKuuu"' KHHeMaTH'ieCKHX 1jmryp Ami xapaKTepHblX C06bITHii H3 cne-

LlYIOlllHX 110LlTHl10B 11 - p- H pN peaKun:ii 6uHapHoro THna: 

( 

m (p) = 0,76T::m/c2 ) 

m ( B 1) .. 1,04 faB/c2 
j . p 

-TT-p(7,SraB ) ➔ N*.f!A ➔ (PTT)+(TT! l) 
6 8

1 

B -TT-P(7,SraB ) ➔ N""'+p(B) ➔ (N*TT)+(2TT), 

I" -17 - p ( 17 f9B ) ➔ N ** + A ➔ ( N * TT ) + ( TT p ) ' 

A - P/(24 faB )} ➔ N**+N,** ➔ (N*TT)+(N*TT), 
e -np (5-SfaB) 

nnSI HarnSILlHOCTH TO'iKH-CKOpOCTH KB83H'i8CTHU - napTHepoB B 

peaKUHH H HX rrpoAyKTOB pacnaAa H306palKeHbl Ha BepxHeii H HHlK

Heii rronoBHHax paaBepHyToii R-AHarpaMMhI H coeLtHHeHbI cTpen

KaMH - 'rrpoeKUHSIMH"' 0Tpe3KOB B rrpocTpaHCTBe ,CKopocTeii AnSI 

COOTBeTCTBYIOIUHX aneMeHTOB KHHeMaTH'ieCKOii «jmrypbl, TO'ie'l-

Hb!MH CTpenKaMH noKaaaHbl H3MeHeHHSI 6.p 6bICTpoT IIpH npeB-

pameHHH CTOnKHyBlliHXCSI 'iaCTHU B peaynhTaTe B38HMOLteiicTBHSI. 

0THOllieHHSI MelKAY qacTHUaMH ( rrpeBpameamr, p'acnaAbl) t npeACTaB-

neHHbie 9THMH aneMeHTaMH qmryp, 110.IICHeHbl rpa«j)aMH <l>eiiHMa-

Ha An.II yKa3aHHblX 110ATHl10B peaKUHii. 

IlpHBeAeHHbie IIpHMepb! unn10cTpHpy10T 'CXOACTBO"' aneMeHTOB 

«j)uryp AnSI OAHOTHl1HhlX pacrraAOB KBa3H'iaCTHu: An.II pacnaAa H30-

6ap -N * n N **, COOTBeCTBeHHO 11p5IMOI"O - a,6 H KaCKaAHOI"O 

B-e, An.II ABYX'iaCTH'iHOI"O pacnaAa Me30HOB THIIa p - Meaoaa 

. /17,18/ 
( o6oaHa'IeHHbIX B cnyqae 6onbII1eii Maccb1 KaK X (B)-MeaoHbi) - B -

H An.II KacKaAHOI"O pacrraAa A - Me30HOB A ➔ TT+ p ( B ) -a, 6, I"- C 

B03MOJKHb!M yqaCTHeM )((Bl - M030HOB B cnyqae '\(A a H T,1.1,)- 0. 

12 

3TH aneMeHTbl 110XQ)KH C TO'iHOCThIO AO HX OpHeHT8UHH B npo-

CTpaHCTBe CKopocTeii:An.lI N * - a H 6, Ltns:r A - a H r, Ans:r 

N*" ➔ (p3-4+) - A H e,-H C TO'IHOCTbIO AO HX paaMepoB, CB.II3aH-

HbIX C MaCCaMH OAHOTHIIHbIX KBa3H'IaCTHU : An.II A 1,2- a H 6, An.II 

2 
N ** ( 1,5 n 1,9 - 2,2 faB/c ) - e n Ll. YKaaaHHOe CXOACTBO 

coxpaHs:reTC.II rrpH H3MeHeHHH 9HepI"HH peaKUHH - a,6,B Hr; a He,

a Ans:r «j)uryphI pacrraAa MeAneaaoii nao6apbI ( cneBa Ha puc. 5 a-e), 

o6pa30BaBlli0llC5I IIpH B036YJKA0HHH HyKnoHa-MHllieHn, H rrpH H3Me

H0HHH npHpOAbl HaneTaromeii 'IBCTHUbl - B, I" H A,e, - a T8KJK0 

THna peaKUHH - pnc. 3 6,B,A - * n puc.5 a,6. 

06cyJKAeHbI: rrpHHUHII "cXOACTBa"' KHHeMaTH'IeCKHX «j)uryp n HX 

aneMeHTOB An.II 0/.1HOTHl1HblX C06bITHll rrpH OAHOii II pa3HbIX 3Heprus:rx 

peaKUHH H B03MOlKHOCTb BbIAeneHH.II H3 Bceii HH«j)OpMaUHH O KHHeMa

THKe peaKUHH ~H3H'I0CKH cymecTBeHHOll ee 'IaCTH rrocpeacTBOM 

cpaBHHTenhHOI"O auannaa 9THX «j)uryp Ha OCHOBe 11pHHUHl1a HX cxoa-

CTBa. 

3aKOHOMepHbIM pa3BHTHeM 3THX peaynhT8TOB srnunacb 'rrocTa

HOBKa 3aA8'IH O pa3AeneHHH co6bITHii 110 THITaM H IDH3H'IeCKHM Ka

HanaM peaKuHii, KaK aaAa'IH pacrroaHaBaaus:r o6pa30B B rrpocTpan-

/28/ 
CTBe CKOpOCTeii, KOTopas:r onnpaeTC.II Ha H3BeCTHbie cnoco6bi 

«j)opManH3B_UHH 110HSITH5I "CXOAHbIX" ( 6nH3KIIX) o6paaoB. 06cyJKaeno 

rrpHMeHeHne KpHTepns:r OTHOIIleHH.II rrpaBaorroao6ns:r,KaK KOnH'IeCTBeH

HOI"O KpnTepns:r An.II CT8THCTH'IeCKOI"OOTAeneHH5I «plI3H'IeCKH cy-

/20/ 
II!eCTBeHHOii HH«pOpMBUIIII OT HecymecTB0HHoii. PaccMoTpeHbl TaKJKe 

crroco6hI rrpHMeHeHH.II aerrapaMeTpH'IeCKOii CTaTHCTIIKH Amr o6pa6oTKH 

Bb!lleneHHOii rroneaHOll HH«pOpMaIIHII C B03MOJKHO MeHbIIIHMH rroTeps:rMH. 

13 
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ITpHMeHeHHe IlOHHTHfi H npHHUHna, ne>Ka!UHX B OCHOBe paccMOT

peHHOro MeTona, nponnnrocTpHpoaaHo npu aHannse qaCTH co6b1THfi 

Ha 11 -p - peaKuHfi npn aHeprHH 7,5 H 17 faa H H3 p N -peaK

/ 18,20/ 
UHH npH aHeprHH 24 faa • KpaTKO o6cy>KLieHbl nepcneKTHBbl 

pa3BHTHH MeToaa. 

8 Il HT O fi r n a Be Ha OCHOBe paHee H3BeCTHbIX peaynbTaTOB, 

/ 15-22/ 
a TaK>Ke HOBbIX, nony'leHHbIX aBTOpOM O npoaeneH cpaBHHTenb-

Hb!H aHanH3 OCHOBHbIX oco6eHHOCTefi KHHeMaTHKH HeynpyrHX N N -

H 11 N - peaKUHH B IUHpOKOM HHTepaane 3HeprHfi ( .. 10-10
4
faa). 

. /23/ 
Ha ocnoae MonenH cTpyKTypaoro HyKnoaa, HMeromero 

/21/ /236/ 
'KepH'H IlHOHHYID o6ono'IKY, yTO'IHeHa nepBaH oueaKa 

atJiqleKTHBHOro ce'leHHH (T pp • n p H OTHOCHTenbHbIX IlOTepb aaep

rHH K = /1 E/ E LinH HeynpyrHx nepmpepnqeCKHX CTOnKHOBeHHH HyK

nOHOB npH 3HeprHH 1-10 fas. Pac'leTbl npOB0ll0Hbl no M0TOllY 

BettuaeKKepa-BHnbHMCa B aepenHTHBHCTCKOM npH6nH>K0HHH ann 

HyKnoaa; B K8'10CTBe ceqeHHH pacceHHHH BHpTyanbHbIX ITHOHOB Ha 

HyKnoHe HCilOnb30BaHbl aKcnepnMeHTanbHbie nonHble ce'leHHH u't( E) 

+ 
nnH 11- p - pacceHHHH. Hannyqwee cornacne peaynbTaTos pac'leTa 

C aKcnepnMeHTanbHb!MH naHHblMH ( pHC. Ba), naseCTHbIMU K MOMeHTY 

nony'leHHH aTUX peaynbTaTOB (1957r.) 1{3 aKcnepHMeH'!'OB Ha yc

KOpHTenHX - 'lepHbie TO'IKH (app) H H3 Oilb!TOB B KOCMH'10CKHX 

nyqax - 6enaH TO'IK8 ( O'·NN), llOCTHrHyTO npH paanyce KepHa 

rK""'h/m JC c .. 2h / MN c 

g 2 ( tM ) 2 = 0,08 ) . 

/26/ 
Ha OCHOBe MonenH 

H KOHCT8HT0 CBH3H 
2 

g = 15 ( f 2 = 

C N -11 H 11- 11 -B3aHMOLieficTBHHMH, 

orpaHH'leHHbIMH no aenH'IHHe nepenaHHbIX HMnynbCOB /1 NIT H A"" , 
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/22/ · 
paCC'IHTaHa KUHeMaTUKa o6paaoaaHHH q,afiep6onoa B N N - H 

. 2 4 3 
n·N - CTOnKHOBeHHHX IlpH aHeprHU • 10 -10 H alQ-10 fas, 

" 
COOTB0TCTB0HHO. IToKa3aHo, 'ITO llBa q,afiep6ona BM0CTO OllHOro 

. o6paayIOTcH, Korna nepeaaHHb1e Meaoaorea'epnpyromefi CHCTeMe HM-

nynbCbl q c B ee CHCTeMe ITOKOH np0Bb!IU8IDT xapaKTepHblH HM

nynbc rr -- 11 B38HMOLieficTBHH A "" = µ c • 

Ha pnc. 
/22/ 

66 noKaaaHa nonyqeHHaH aaBHCHMOCTb MHO>KeCT-

BeHHOCTH D s aapSI>KeHHblX ITHOHOB OT aenH'IHHbl HMnynbca q e -

• i 2 y e 11 M c e.J;"Y2 y ~NII ~ npu paaHbIX aHa'leHHSIX µ / M , -rne M - Macca HyKnOHa, K 1 , K2 - Koaq>q>HUHeHTbl HeynpyrocTH 

HaneTaromero H IlOKOSIJUerocSI HyKnOHOB, Ycrr - nopeau-q>aKTop 

Me30HOreHepnpyromefi CHCTeMbl ( T. e. c.u.M. OllHOrO HnH o6oHX q>afi

ep6onoB KaK uenoro) H ye N - nopenu-q>aKTOp c.u,M. HyKnoHoB 

(a cnyqae NN -CTOnKHOBeHnfi). TaM >Ke npHaeneHbl H3BeCTHbl0 

K MOM0HTy nonyqeHHSI aTHX peaynbTaTOB (1959 r.) !pOTOaMynbCH-

2 
oHHbie naHHbie nnSI nepBH'IHb!X N N - CTpyfi C 3HeprHefi .. le 

4 . 
10 . fas ( 1 H. 2) H nnSI STOpH'IHbIX, npeHMYJUeCTSeHHO 11 N -cTpyfi 

2 
c aHeprnefi "'10 - 10 fas· ( 3), a TaK>Ke aaHHbie nnst NN -nHBHefi 

2 /25/ 
c aneprnefi 1-5,10 fas na pa6oT (4). 

Ha aKcnepHMeHTanbHbIX naHHhIX nony'leHa oueHKa nnSI Benn-

'IHHbl 
- /22/ 

µc _= 11 1111 .. (1, 1±_0,6) Mc • 

ITpn cpaBHeHHH 6HHapHbIX H TepHapHbIX N N - H 11 N -peaK-

UHH C o6paaOB8HHeM KBa3H'laCTHU B HHTepaane 3HeprHfi 5-30 faa, 

a T8K>Ke 6nHapHb!X, TepHapHb!X ( TpofiHbIX) H TeTpapHb!X ( qeTBep

Hb!X) peaKUHfi C o6paaoBaHHeM B036y>KaeHHblX HyKnOHOB H q>afiep-

15 



6onoB npJI 9HeprJIJI B COTHJI JI TbICSl'IJI faB BbU:leneHbI 06mJ1e lllISI 

3TJIX srnneHJlli KJIHeMaTJl'IeCKJle oco6eHHOCTJI (cM. pnc. 3-5). O6cy:lK-

11eHa B03M0:lKH8SI CBSl3b yKa3aHHoro B rn. III cneumpn'IeCKOI'O B036y:lK-

. /23/ 
)leHJISI HYK1IOHOB C rJ1nOTeaoli n.H.EnoXJIHUeBa O HYK1IOHHOM 

"KepHe" • Ha 0CH0Be BbillleHano:lKeHH0ro YK838Hbl HeK0T0pbie $H3Hti:ec

Klle 38118'IJI no BblllCHeHmo IIpHp0/lbl cpaliep6onoB H CHllbH0 Boa6y:lK11eH

HblX HYK1IOHOB JI JIX KBapK0Boro C0CTaBa. 3TJI 381l8'1JI M0ryT 6hITb 

J1ayti:eHb1, HarrpJ1Mep, Ha CepnyxoacKOM ycKopJ1Tene (70-100 raa), 

3 
,. 10 faB = 1 Tsa) H Ha Ha yCK0pHTene co BCTpeti:Hb!MH IIY'IK8MJI 

MH0I'0T9BH0M lIJIHeliH0M YCK0pHTene. 

B n pH no :lK e H HSI x llaHbI npHeMbI rpac!mti:ecKoro pemeHHSI 

paCCM0TpeHHhlX B llHCCepTaUHH aanaq penHTHBHCTCK0li KHHeMaTHKH 

H npHBelleHo onHcaHJ1e 11J1HeliKH ll1ISI penSITHBHCTCKHX padti:~ToB. 

OCHOBHbie pe3ynbT8Tbl H BbIB0llbI llHCCepT8UHH. 

1. TTpe)llIO:ll<eH HOBbili rpaqiH'leCKHH MeTO/l B KHHeMaTHKe pe

aKUHil: C y'IaCTHeM qJOTOHa, 0CH0BaHHblH Ha H3BeCTH0il: MonenH TTy

aHKape II rrpocTpaHCTBa no6a'IeBcKoro. OH rrpome MeT01:w snmrncon

noB EnaTTOHa, II0CK0llbKY ponb snnHIICa B HeM Bb!II01IHSieT 0Kpy:lK-

H0CTb, 

2. BrrepBbie IIpHMeHeHa KOHq>OpMH8SI .. rronocHaH" Mo11enb rrnoCK0-

CTH no6a'JeBCKoro K pellleHHIO 3a)laq penHTHBHCTCKOil: KHHeMaTHKH. 

Ha ee ocHoBe rrpenno:lKeHa rrpo11onbHaH nnarpaMMa cKopocTeli 'I8CTHU, 

yqaCTBYIOllIHX B peaKUHH ( n - mrnrpaMMa). 

16 

PaccMoTpeHbI MeTollhI rpaclmti:ecKoro pemeHHSI npJ1 nouomH 

9TOJi llHarpaMMbl paanlf'IHblX 38/18'1 KlfHeM8TlfKlf. 3TH MeT0llbl 0T1Ilf'Ia

IOTCSI 601IblliOJi HarnHllH0CTbIO, 'ITO cymeCTBeHH0 o6ner'IaeT 8H81Ilf3 

peaynbT8TOB n Bhl6op ycnoBlfli 3KCIIepHMeHT0B II0 lf3y'IeH!fIO Heyrr-

. 
PYI'lfX peaKUlfii. TTpH o6pa6oTKe M81lb1X ceplfii co6b!TlfH, K0I'/18 HeBbl-

I'OllHO lfCII01lb30B8Tb sneKTp0HHbie M8WlfHbl, 0Hlf o6ecne'IlfB8IOT ll0CTa

TO'IHYID CK0p0CTb H T0'IH0CTb paC'IeToB. 

3. Ha ocHoae n - JllfarpaMMb1 npenno:lKeH MeTon aHanHaa nHB-

Heli 2 4 
H CTpyli 'laCTlfU C 9Heprneli 10 - 10 raa JI Bb!llle, Yll06Hblli 

IIpJI Jl3yti:eHJllf oco6eHHOCTeH KJIHeMaTHKH MH0:lKeCTBeHH0Ji reHepa-

UHJI '18CTHU. TTpHMeHeHne MeTona rrpoH111110cTpnpoBaHo npJ1 

aHannae oco6eHHocTeli o6paaoBaHHH q>aliep6onoB. 

C noMOWhIO aToro MeTona anepBb1e nonyti:eHo yKaaaHne Ha 

cymecTBOBaHJ1e cneunq>nti:ecKoro npouecca cnnhHoro aoa6y:lKneHHSI 

HYK1IOHOB (npn o6paaoBaHHH llBYX M8CClfBHblX q>aiiep6onoB) C nocne-

llYIOllilfM lfCIIyCK8HlfeM lfMH TH:lKenbIX Me30H0B THna 
p' Cu C 9Hep-

rneii 
3 

;;, 1.10 faa B n.c. B cnyqae aHHaoTponHoro pacnana TaKHX 

Me30HOB 9TOT npouecc M0:lKeT 6b!Tb 0TBeTCTBeHeH 3a nepe11aqy on-

HOMY Ha nponyKTOB nx pacnana 110 30-50% SHeprnH aaneTa10mero 

HYK1I0Ha. 

4, Ha 0CH0Be n - llHarpaMMbl If 

norrepe'IHbIX rronycKopocTeii 2 eu.l. 

eul.- nlfarpaMMbl YllB0eHHHblX 

rrpenno:lKeHa KB83lfKOHq>OpMH8SI 

eBKlllfllOBa UlfnlfHllplf'IeCKaSI Monenb IIp0CTpaHCTBa CK0pocTeli, y1106-

HaH ll1ISI 8H81IH38 ¢opMbi q>auep6onoB If ¢aKenoB B IIp0CTpaHCTBe CK0-

pocTe11. 

17 



ITpn IIOMomn UIIlIHHllPII'IeCKOli Monenn paccMOTpeHbl xapaKTep

Hbl9 oco6eHHOCTII KHH9MaTH'IeCKIIX <!>nryp nm1 11 N - H NN - peaKunii 

rrpn aaeprm1x 7-24 raa - naaapnaHTHbIX reoMeTpn'leCKHX o6pa30B 

HX K.HHeMaT.HK.Ho ITocTaaneHa 3ai:ta'la ·o pa3i:teneHnn T.HIIOB n 

<!>n3H'I9CKHX KaHanoB peaKUIIii, KBK 3ai:ta'Ia paCII03H8B8HHSI o6pa30B 

B rrpocTpaHCTBe CKOpOCTeli C rrpnMeHeHHeM Kp1IT0p.HSI OTHOllieHIISI 

rrpaBi:tOIIOi:to6nR. 

5. Ha OCHOBe Monenn CTPYKTypHoro HYKlIOHa rrony'IeHa oueH

Ka nnR a<!><l>eKTHBHoro ceqeansi reaepaunn Me30HOB n nnsi Kos<!><l>nunea-

Ta aeyrrpyrocTII rrpn CTOlIKHOB9HIIII HYKlIOHOB C 9Heprneli · 1-lOfaa. 

PaccqnTaHa K.HHeMaTnKa o6pa3oBaHHSI <!>aliep6onoa B NN - II 11 N -

2 4 
CTOlIKHOBeHHSIX C 9Hepr1Ieii .. 10 -10 f9B II IIOKa3aHo, 'ITO o6pa-

30BaHne OltHOro II ABYX <!>aliep6onoB MO>KeT 6b!Tb o6'bSICH9HO Oi:tH.HM 

.H TeM >Ke rrpoueccoM B036y~neH.HSI M930HHOro IIOlISI rrpII CTOlIKHOBe

HH.H qaCTHU BbICOKOH H CB9pXBbICOKOH 9Heprnn, KOTOpblH xapaKTepII-

3yeTCSI orpaHII'I9HHbIMH rrepenaHHbIMH .HMIIYllbCaMH. 

Ha OCHOBe cpaBH.HT0llbHOro 8H8ll.H38 xapaKTepHbIX oco6eH

HOCTeli 6.HHapHbIX, T0pHapHbIX H TeTpap_HbIX NN - H 11 N -peaKunli 

B yKa3aHHOM HHTepaane 9Heprnli rrpei:tnoJKeHbl . HeKOTOpbie <!>H3H'I9CKHe 

3ai:ta'IH ltlISI H3Y'l9HHR rrpnponbl <!>aliep6onoB II C.HllbHO B036y>Ki:teHHbIX 

HyKnoHoB rrpn aaeprIIsix 70-100 faa, .. 10
3 

faa = 1 Taa II >.l Tai3. 

Tax 

0cHOBHbl0 peaynbTaTbl i:mccepTaUHH orry6n1IKOB8Hbl B pa6o

/ l 2-22/ 
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P11c. 2. fpac/lll'IeCKl!e MeTO/lhl B MOnen11 nyaHKape II ( a,6) II B 

"11onoc11011" Monen11. (a,r). 

a - O11penene1111e p * / P B 3llBIICIIMOCTII OT yrna 0 , 
p* II P -11MrrynbCbl c/ioTOHa B c.u.M. II B n.c.; 
6 - orrpenenenue CBH311 Me)!(ny yrnaMII O 11 0* BhmeTa 

rpQTO!Ja B n.c. II B c.u.M., 6c30TIIOCIITenbHb!e CKOPOCTII 

KOTOPhlX rrpencTanneuu COOTBeTCTBe1111O 6eCKOlle'JHO ynanen-

noii TO'!KO!'l a y< Z= 00 \ I! TO'IKllMU an n a 0 

n - cxeMa nopeuuenhIX 11peo6paaona11nfl yrna 0 BbineTa 

•rncTHUbI c m.::: 0 11 HMrrynbca qacTnubI c m > 0 ; 
r - TO )Ke /WI! l!Mllynbca p Y cjioTOHa ( m = 0); CKOpOCTII 

CIICTeM OTC'JeTa I II 2 rrpencTaeneHbl TO'JKaMn a I II a 2 • 

rryHKTllpHbIMII cTpen.{aM11 rroKaaano orrpenenerme rrono)!(eHnH 

na n11arpaMMe CKOpocTe11 TO'IKII a 2 ( B COOTBeTCTBIIII C 

OTHOCIIT. nope!IU-ip/lKTOpOM Y12 = ch p 12 CIICTeM OTC'IeTa) 

II TO•!Kli am< a y) ( B COOTBeTCTBIII! C IIMrrynbCOM p I 

11 yrnoM O I DbrneTa 'IllCTIIUbl B CIICTeMe I), crrnO!llllblMI! 

CTpenK/lMII - C'!IITbIBailue' peaynbTllTll ( 02 , p 2) l rrocneno

BaTenbllOCTb 3T/111OB pemeHl!H YK/l3llHa unqipaMll i 
KpllBOnHl!CltlII,IfI TpeyronbHl!K a I a 2 am ( ay) eCTb enKnll-

4 

/lOB o6pa3 TpeyronbHHKa 6b!CTPOT B rrpocTpaHCTBe CKOpOCTeii. 
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a-B• a - 'OonHpHall' KOOpAHHaTHaSI CeTKa B 'nonOCHoil' 
'MOAenH co IIIKanaMH yrna BbmeTa 0 °, HMnynbCOB p/m c, 

,.6b!CTPOTbl'r (a eA11HHU8X c),p=r/c = arsh (p/mc), 
K08<pqlHuHeHTOB aeynpyroCTH J.. HyKnOHOB K 1,1 =ti. El, I/ E O 

H nonepeqHblX HMnynbCOB p / m c i 6,B - n - AHarpaM
Mbl (cKopocTeil) Anll ABYX CTpyil C 3HeprHeil 20 H 1 TsB 
( 103 fsa), npeAcTaan1110mux TeTpapabre (qeTaepHbre) 
peaKUHH C o6pa30B8HHeM AByx qiailep6onoB, ueHTpbl Mace 
KOTOpb!X yKa3aHbl CTpenKaMH H CHMBonaMIJ C ~ -
AnH MeAneaaoro, C /' - AnH 6blCTporo B n.c •• HyK-
noHbl AO B38HMOAeilCTBIJSI H306pa)KeHbl Ha OCH 8 : 
cnpaaa - aaneTaromuil, cneaa- noK011111uilc11 B n.c •• 
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Puc. '3 r-JK.r _, CE!TKa ,, SKBIJAHCTaHT' K nepneHAHKyn11py 1T Ll ( Anll 

onpeAene11H11 nonoJKeHHSJ c.u.M. cpailep6ona Cf, b ) , .z:i. -
CeTKa ."1130KnHH' C paBHOMepHblM no cos0 l!laroM ( AnSI 
np6aepKJI 11aoTponHH yrn_paoro pacnp1aeneau11 nplf 
pacnaAe cpailep6ona c . Pf, b ;,Jr;_ b "' v, f, b "' 0 ) ; 
r-)1{ - fl-AHarpaMMbl Anll nHBHe!l c SHeprueil 0, 1- 0,3 T3B, 
npeACTBBnll!OlllHX Tepaap11b1e ( TpoilH~!e) peaKUHH, B KOTO

·pb!X 06paayeTc11 OAIIH ¢ailep6on, c:.~M- KOToporo yKaaaaa 
TOqKoil' C 1T ; TOqKoil C N 
IIIHXCSI _ HyKnOHOB. YK83aHa c.u.M. CTOnKHyB-
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P11c~: 6. ·a - s<p<peKTIIBHOe ceqe1111e (T o6pa30B8Hllll Me30HOB II Kosqi
tpl!Ul!eHT aeynpyrocTH KB nepnqiepnqeCKIIX CTOnKHOB9HHl!X 
HyKnOHOB C Kl!HeTl!'!eCKOll SHepr11efi T = 1-10 rsB, 6.- aa
BIICIIMOCTb Ml!OlKeCTBeHHOCTII Meao11006paaona1111S1 OT l!Mnynbcon 

q c .. K 2 y err Mc, nepenaHHbIX Mea0Horenep11py10n1efi iclic4eMe 
nee c.u.M~ B NN-: 11 rrN -cTonKHOBeH11S1Xnp11E;;,IO-IO rsB: 
L(nl!. llBYX <pafiep6onoB - llfHKTl!p II Jlnll 0/lHOPO qiafiep6ona .;. 
cnnoll:~an Kp11Ball·(np11 t.. 1, 1 /(Mc)2= 0,4 11i

1111
/Mo =·0,5-2); 

SKcnep11MeHTanbHbie TO'IKII: 1,2 - nnn nepBll'IHblX NN -cTpyfi, 
3 :- Jlnll BTOP,ll'!Hb;X, npenMyII1ecTBe11110 11 N :..cTpyfi, 4 -nnn 

N N -nl!BHefi 113 pa6oT/25/ • T!!llbl Kllli9M.'.!Tl!KII paCCMOTpeH
HblX peaKUll.fi IIOl!CHeHbl rpaij:,aMI! <!>eiiHMana. 

28 

'·f' 


