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~ fBOMBTPH~BCK8H HHTBpnpBT3UHR COXP3HBHHR 3H~PfHH 
H HMnynbC8 B 8TOMH~X CTOnKHOBBHHHX H npoueccax pacmennBHHR 



H.EJIATOH 

I'EOMETPH'll.ECKAH HHTEPITPETAIU1H COXPAHEHHH 
JHEPI'H.H H HMITYJlhCA B ATOMiillX CTOJIKHOBEHHHX K 

ITPOUECCAX PAClllEITJIEHIDI 

( IlpHHOX8HHe li nepeBOA JI.M.JIAilli~YCA) 

OC11,eJU1HeH111Jll HHCTHT~:• I 
, 'i l•~fillWX HCCJICJOBaHR 

- ,- l!Jll'OTEKA (, 



B B,e .It e H He 

Bo Bcex rrponeccax CTOJIKHOB8HHSI H pacmemieHHSI Mbl HM99M. 

;teJio C COOTHomeHHSIMH .ItBYX copTOB, a HMeHHO C ··C_OOTHOII19HHSIMH, 

nonyqaIOmHMHCSI HS np0CTblX saK0H0B co~paHeHHH, npHqeM 0HH 

cnpaBe)tJIHBU H B KJJaCCHqecKoti n&KBaHTOBOfi Te0pHH, H C. CQ0T

HomeHHHMH, KOTOpue )tJIH paSJIHqHux npoueccoB pa3pemaDTCH 3aKOHa

MH coxpaHeHHH H ,n;aIOT BepOSITHOCTH, noJiyqaIOmHeCSI H3 KBaHTOBO-
' MexaHnqec1wro paccMoTpemrn. 

Bo i:3cex rrponeccax CT0JIK:1f0Bemrn H pacmerrJieunsi B HaqaJILHOM 

C0CT0SIHHH HMeeTC_Sl O,ItHa HJIH )tBe qacnmiiI; HeT Heo6xo,1:rMM0CTH pac

CMaTpHBaTL OT)teJILH0 c~yqatf o,n;Hon qacTHUR (cnOHTaHHiiill pacrra,n;)J 

TaK KaK 3TO crrenHaJILHiiin CJiyqan· rrponecca C ,n;ByMSI HaqaJILHHMH 

qacTHUaMH, ·o,nHa HS K0T0pux HMeeT paBHlie HYJIIO Macey H HMilYJILC. 

RoHeqHoe cocTomme co,11;epnTv.1lBe HJin 6oJiee qacTH!Ul, n' ,n;a;n,Henme:M, 

0,ItHaK0' . Mbl cly.neM paccMaTpHBaTl> rrpoue CC!:l _T0JILK0 C .ltBYMSI qacTHrta

MH B IWHeqHoM COCTOSiHHH; HeKOTOpiiie 3aKJIDtl0HHSI )tJI.fl CJiytia.fl Tpex 

~acTHit 6y,11;yT c,neJiaHbl B nocJie,n;He~ pa3,n;ene. 

HacToSiman CTaTLSI CBH3aHa TOJILKO C COOTHOID8HHHMH, KOTOpliI~. 

MoryT c.1blTL B!:lBe,n;eHH HS 3aKOHOB coxpaHeHHH ~rnepr1m li. HMnyJILCa. 

3aK0HH coxpaHeHHSI npHM8H.flDTCSI B peJISITHBHCTCK0ti cpopMe H TOJILK0" 

)tJISi HeK0T0PliIX npHMeHemdi Ml:l nepexo,n;HM B HepeJISITHBHCTCKYlO 

06Jiacr1,. 3aK0HiiI coxpaneHHSI ,n;onycKaDT. 1rnrepnpeTanmo c noM0IItl>IO 
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npocTott reoMeTpHqecKon KapTHHH, H3 KOTopon .ItJIH mx.n;oro nponecca 

CTOJIKHOB8HHH H pacmenJieHHH MOXHO nonyqHTb KaqecTB8HHUe H KOJI~qe

CTB8HHU8 -3aKmoqemrn, OTHOCSI!l1R8CSI K B03MOlCHOMY liMilYJibCY H :rneprmi 

ttaCTlUl B KOHetIHOM COCTOSIHHH. 

nnSI cnenHaJibHOro cJiyqaH yrrpyrHx CTOJIKHOB8HHtt 3TY KapTHHY 

,ItaJIH TiaH,nay H TIH~lliHU (I), HO OHa·MOX8T 6bITb pacnpocTpaHeHa Ha 

Bee Blt,Itll nponecCOB CTOJIKHOB8HHSI H pacmenneHHH. 

RaK 6y,neT BH,ItHO B § I paccMaTpHBaeMaSI reoMeTpHtI8CKaH KapTHHa 

COCTOHT H3 3JIJIHI1COH,Ita BpameHHSI C 60JiblliOtl OCblO B HanpaBJiemrn IlOJI-

HOro HMTIYJILCa CHCTeMH BMecTe c .ItBYMH TOqKa.MH Ar H A2, ne:iicamnMH 

Ha ee 60Jibmon OCH Ha pacCTOHmrn:, paBHOM TIOJIHOMY HMilYJibCY CHCT8}.rn . . , 

(qmr.I). 3TOT 3JIJIHTICOH.It Mm1.teT 61:lTb Ha3B~H 3JIJIHllCOH,ItOM m.myJII,COB. 

ECJIR Ar ~epeTCSI B KaqecTBe- Haqana HMilYJibCa O,ItHOtl 11:3 ,n;Byx qacTHU 

B KOHetIHOM COCTOHHHH (0003HaqaeMOi Ka.K qacrnna I), TO Bee KOHetIHhle 

TOqKH B 3TOro B8KTOpa m.myJILCa nexar Ha noi3epxHOCTU 3JIJIUI1COH,Ita 

RMTiyJibCOB. COOTB8TCTBYl0!11Htl HMTIYJibC tiaCTllUH 2 B KOH8tIHOM COCTOHHHH 

,naercH BeKropoM H3 B B A2• IIapaMerpH, onHc1rna10111He s11J1Hnco11.14 HMnynL

coB (T.e. MaJiaH OCb H 3KCU8HTPHCHT8T) JierKO nonyqa10TCH H3 IlOJIHOtl 

3Heprm1 H TIOJIItoro HMTIYJibCa CHCT8MbI H H3 Mace TIOKOH . m 
1 

H m2. , 
. . I . 

qacTHU I R 2, COOTB8.TCTBeHHO. ,llJIH ,naHHOto 3Jimmcon.n;a 3TH ,n;Be MaCCH 
. I - . . . 

H onpe,neJISilOT" nono:m:e1rn:SI OTHOCHT8JII:,HO 3JIJIHI1COH,Ita COOTBeTCTBYIOIJlltX 
I 
I . . 

TOtieK Ar R A2· Toqm Ar MOXeT·Jiexa.Tb BHYTPH HJIH BHe. 3JIJIHilCOH,na 

w.my JlbCOB HJIH Ha ero ·_ noBepxHOCTH ;ro · ice cnpaB"e,ItJIUBO ,ItJIH TOtIKH A2. 
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It0JI8Ta BiiIJieTaIOnten qacTHUH HMeeTCSI H8CKOJl!:,KO pa3Hli1X B03MO~HOCTell. 

B § 2 H3 reoMeTpHlJSCKHX ·crnOtlCTB ::>JIJIHitCOH.n;a HMitYJibCOB BliIBO-

,ItSITCSI ItOJI83Hli18 COOTHOlli8HHSI uex.n;y COOTBSTCTBYIOIItHMH B8JIHQHHaMH B 
•,, , 

Jia6opaTOpHoll CHCTeMe H B CHCT,8Me It8HTpa. HH8PitTtm • Henocpe.n;cTBeHHO 

MU rronyqaeM IPOPMYJill .n;nSI BeJIHttHH 1rnrrym,ca H _sHeprim qacTHrtU 

KaK IPYHK[(HH yrJIOB tJ Mex.n;y HarrpaBJI8HHSIMH ItOJieTa qacTHUlil H 

ItOJIHOro HMnyJILca·cncTeMH. RpoMe Toro, BliIBO,ItHTCSI COOTHomeaHe Mex.n;y 

yrJIOBHMH pacrrpe.n;enemrnl!H BllJieTaIOil.{HX qacTHrt B CHCTeMe J:t8HTpa 

HH8PUHH H B Jia6opa.TopHOil CHCT8M8. Oco6eHHO apocTon RBJISI8TCR CBR3L 

M8llC,ItY yrJIOBHM pa.cnpe.n;eJieHH8M B CHCTeMe U8HTpa HH8PUHH H pa.cnpe~ 

.n;enemreM no :rneprHRM B Jia6opaTOpHOil CHCTeMe. Bo Bcex npaKTHtI8CKHX 

·11PHM8H8Hlrnx MI:l MOJB:8M npe,ItllOJIOJICHTL,. lJTO O,ItHa H3 qacTHI-l B HaQaJII:,-

HOM COCTOSIHl1H nOKOHTCSI ; 3J18M8HTU rem.rerpnqecKOtl KapTHHH ,ItJISI 3Toro 

CJiytiaR .n;aHbt B § 3 •· B IIOCJie.n;yJOil.{HX Q8Tlitpex pa3JJ;8JiaX. (§ 4 - § 7) 

reoMeTpHlJ8CKaSI KapTHHa np1rneHsreTCR K o6cyx.n;eHHIO HeKOTOpliIX (l)H3HQ8-

CKHX BaXH_bIX cnyqaeB. YnpyrHe CTOJIKHOBSHHSl o6cy:llt,ItaIOTCSl B § lJ •. B 3TOM 

cnyqae' roqm A2, OTHOCRntaSICR K qacTHU8' KOTOpa.SI ,ItO CTOJIKHOB8Hlrn 

TIOKOHJiac:r:,, JI8JKHT- Ha TIOBepxHOCTH .3JIJIHTICOH)ta m.myn:r:,coB, B TO BpeMSI 

KaK TOttICa Ar JI8JltHT BHYTPH HJIH BHe 3JIJllrncon.n;a B 3aBHCHMOCTH O.T COOT-· 

Homemrn uex.n;y uaccaun cTaJIK1rna10ntHXCSI qacTHU. 06cyx.n;e1rne 's:r.n;epmllx 

peaK~Hil B § 5. ynpomaeTCSI T8U cpa.KTOM, QTO 3,It8CL · MH B00611te HM88M 

.n;eno C HepeJIRTHBHCTCKHMH ~rneprlrnMl{, ,ItJIR KOTOpLIX 3JIJIHncoH,n; HJ,myn:r:,-

COB o6pantaeTCSI"B Ctpepy. 3TO n03BOJIReT TIOJIYQHTI:, npocroe reoMeTpHtI8CKOe 
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npe,ncraBJISHHe ,l(JISI ZBa,l(IE,THhTX KOpHen H3 KJl!HSTHqecKHX 3HeprHn 

au11era10~Hx qacrnn. 

B § 6 paccMaTp:rrnaercsr q>oropacmenJI~HHe. XapaKrepHhIM .nnn sroro 

nponecca ( Ka.K sH.n;oTepMHqecKoro ·nponecca) HBJIHeTcSI To, qro suep

rirn H BO3MOJ!CH,hie HanpaBJISHHSI noJieTa npo.n;yKTOB pacmemremu1 6HCTpO . 

R3MeHHIOTCH .n;nH cpaa1rnreJ11,Ho Manora Jl!3tteH_eHHH sHeprmt na,I(a10mero 

q>OTOHa OKOJIO ·IIOporoaon 3HeprHJI!. 

§ 7 CBSI3aH co CIIOHTaHHhTM pacrra.n;OM .M83OHa Ha ,I(Be t.IaCTH_UhT. 

. 3Ta 3a,n;at.Ia itMeeT 3Hat.IJl!TeJII,Htl~ 1rnrepec B CBSI3JI! C OTKpbITJl!SM IIoysJI

JIOM JI! ero COTpy.n;HHKaMH ( 3) THJ!CS JIHX M83OHOB. IIo.n;ct.IHTlrnaeTCSI yr 11O

BOe H 3HepreTHt.ISCKOe pacnpe.n;e11eH1rn BTOPHtIHHX t.IaCTHU ,l])ISI . .n;aHHO~ 

sHeprHH nepBnqaoro Me3oHa. 

IlaKOHeu, B § 8 IlOKa3aHo, t.IT9 uero,n; MOJKeT 6.IiITb np:0:MeHeH K CJIY

t.IaIO Tpex qacTHU B KOHeqHoM COCTOSIHHH H K8.K npm.rnp ,n;aHa reoMeTpH-

t.ISCK8.SI K8.pTHHa ,l(JISI ft -pacna,na n.n;pa. 

§ I. reoMerp1rqecKS.S1 Kapr:trna saxoHoB coxpauemui 

B 111060M npouecce, KOTOpun.npOHCXO,l(Jl!T .C yqacTJl!eM TOJibKO ,n;ByX 

. tJaCTJl!I:( ,3aKOHbl coxpaHeHHSI :rnepr1rn: JI! HMIIYJibCa MOJ!tHO npocTO HHTepnpe

THpOBaTb reoMeTpHtJ0CKH. MH pacCMOTpm.! ,l(JISI onpe.n;eJieHHOCTH Hat.IaJl~HOe 

COCTOSIHHe, B KOTOPOM HM8IOTCSI ,n;Be. CBO6o,n;m,re qa'cTHUhT (I H II) C Maccami 

nortoSI_ m r H .m rr JI! HtmynbcaM11: Kr H kn (HMnyn~c H Macca B.cn.n;y ·· 

H3MepmoTcSI B sHeprerHqecK:t{x e,n;1rnm~ax, T .e. "i< o3Hatiaer HMIIYJlbC 

, 



B o6IitQHLIX e.n;Hmn.tax, YMHOJiCeHHllfi Ha CIWPOCTI:, CBeTa. c, a m -Macca · 

B o6uqHiiIX e,n;HHHnax, YMHOXeHHan Ha c2). -Cnyqafi cnoHTaHHoro pacna,n;a· 

c O,D;HOit qacTHl\eiLB Hattam,HOM COCTOSIHHH MOJR:eT. 61:ilTI> omrnaH no,n;cra-

HOBKOf,i m n =- _o ' . 'R\1 .= 0 •. ]tBe. CBOCSo,n;mite <tlaCTHJ1I,I I H 2' 1rne~-

ntHe CSI B K0H8QH0M ~0CT0SIHHH, H800Sl3aTeJU,H0 .Te xe; QT0 H B HatiaJII>ll0M 

COCTOSIHHH; nycTI> HX MaCClil TIOKOSI 6y,ItyT m H )YI~ , a HMnynI>Cbl 
. 1 C. 

"" .,... 
1-<

1 
H 1<2 • 06o3Hatmsr noJIHYJO aHeprmo cncTeMu qepe3 E,. a non1rnM 

HMilYJII>C qepe3. K , npn paCCM0Tpemrn HatlaR:&H0ro C0CT0SIHHSI .MU nony-

H cornacHo 3aKoHaM coxpaHeHHSI! 

-· --k =_1<
1

·+ K2 • 

]na npOH3BOJILHOtt CHCT8MH HopeHqa B8JIHtlHHa 

(I .I) 

(I .2) 

(I .3) 

(I.4) 

(I.5) 

SIBJISl8?CSI.HHBapHaHTOM, ,n;aBaSI 3HeprHD CHCT8MN B CHCT8M8 qeHTpa 

1rn·epqmi. CKopocT:& qeHTpa Mace B e,n;Hmn.tax CKOPOCTH CB8Ta paBHa 

(I.6) 
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B HatJaJU,H0M, TaK xe Ka.K lI B K0_HetJH0:M C0CT0Simrn, tJaCTHniit . ,I(BHXYTCSI 

B CHCTeMe neHTpa m1epn1rn B np0THB0ll0JI0J:iCHbIX HanpaBJiemutx; HM8SI 

paBHiite adc0JIIOTHHe BeJIHtJHRiit m.my m,ca. ]JISI K0H8tJHoro C0CT0SIHHSI . 

BeJIHtJHHa TaKoro HMIIyJILCa B CHCTeMe neHTpa HHepnHH, K0T0py10 Miit 
' 

o6o3HatJaeu ttepe3 t ·, 61rnrpo noJiy'laeTcH H3 3aK0H0B coxpaHeHHSI 

B CHCTeMe neHTpa HHepnHH H 0Ka3HBaeTCSI paBH0tt 

g, = -.i.~{N_2. :..(m
1 

+ m 2 )2 JfNZ..: ( m 1 - m
2
YJ

1 

lN . . . .. ·· .. . . ··•· . (I.7) 

C00TB8TCTBYKJII!H8 3HeprHH 

e*=~mZ+fJ 2 
I I 

Ii e,* = ✓ ma '*" P.2' .. 
.2. 2 0 (I .8) 

tJaCTHU I H 2_ B CHCTeMe nearpa HH~pnmi T0r,Ita paBHii: 

e*-=l!..(1+ mf- m;). 
I z . N 2 ) 

2. z 
e* _..Ji(1 ml - m••) 

2. .,_ i · + N2 · (I .9) 

3HatI0K * 0TH0CHTCSI K B8JIH'IHHaM B CHCTeMe ~8HTpa :e:aep~H: 

ITp0B0,I(SI npeo6pa30BaHHe JiopeHna, KOTOpoe·B03Bpamaer·Hac odpaTHO 

B nadoparopHy10 cHcreuy c o'c:r:,10 1. B.It0JIL na,.npaBJieHHsr noJI_Horo HMnyn:r:,ca -K , Uhl .IlOJIY'llHJIH CJI8,ItYIOntee ypaBH8HHe ).l;JISI K0Mil0HeHT 1<1 

r,n;e 

a 2. ··c . 2. k',x ~ + Kn. - ex,) _ 1 f!,2 . · a z -

f, 
0 = ..J 1-yz 

JJ e* d,=~1-p£ I 

(I.IO) 

(I.II). 

(I.!2) 
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AHaJIOrHtJHOe ypaBHe1rne, B KOTOpOM ~ . 3aMeHeHO Ha 

.ft. It. 

c:J..2 = ~ e2 = K- J.,' 
1-,2 (I.I2a) 

cnpaBe.n;mrno .IJ:JUI KOMTTOHeHT mrnyJibCa -K2 • 

YpaBH8HH8 (I.IO) npe.n;cTaBJISieT ypaBH8HHe 3JIJIHTICOH,n:a BpanteHHH 

c oc1:,JO c:mmeTpMn no HarrpaBJieH:0:10 K H c ueHTpoM, cMenteHIIbIM 

n~ccTosrnne cJ. 
1 

. no H~rrpaBJieHn~ . K OT naqaJia Ar BeKTopa · 

1(
1 

x). IIpoHaBoJibHb!tl BeKTop Hs,. T~qKH Ar K npoH3BOirbHoi1. T0tIKe B 

Ha TIOBepXHOCTH 3JIJIHI1COH,na npe,ncTaBJISI9T TeM caMiiIM B03MO:lltHhltl 

HMTIYJibC tJaCTHqhl I B KOH8'llHOM COCTOSIHHH MJIH HaodopoT. no .n:pyry10 

CTOpOHY OT ueHTpa 3JIJIHTICOH)(a, Ha paccTOSIHlllI d.2. OT Hero Jie:m:nT 

. -roqKa A2 H BeKT0p B B A2 npe.n;cTaBJISl~T CO0TB9,TCTBYIOll!Hfl m.myJibC K2 

qacTHUbI 2. 3JIJIHI1COH,n:, onpe.n;eJISieMHM ypaBH9Hll9M (I.IO),Moxer 6bITb 

Ha3BaH 3JIJiuncon.n;oM :mrnyJI1:,coB.. ~lanan nonyocb :rnmmcoR.n;a HMITYJibcoB 

paBHa BeJ111q1,rne b . n1,myJ11>ca o6enx qacTHU B cncreMe ueHTpa 1rnepq11n, 

KaK onpe.n;eJieHO B (I. 7)' B TO ,BP9MSI KaK '60JibDiaSI II0JIY0Cb a 

.n;aeTCSI (I.II). 3KcneHTpMCHTeT 3JIJIHI1C0H)(a paBeH CK0p0CTH 

ll9HTpa Mace, T.e. 

x) -CorJI~cHo saMetiamrn rrpoq>.3.RJiei1Ha, aJIJIHrrcoH.n; (I .IO) M0JCH0 pac-
CMaTpHBaTI> KaK ceqemrn B K, rrpocTpaHCTBe qenrpexMepHoro 
aJIJIHI1co11:.n;a BparrteHHSI B ( K, 

1 
x" ) npocTpaHCTBe. YpaaHeHHe a Toro 

'l!8TbipexMepHoro 3JIJIHTICOH,na HMeer BH.n;: . . 
· · . ~ K ~ + ( x 

11 
;- m ~ )Z ·+ ✓.-(-=I<-, ---::-R~) z=-. +-( x-~ ---rn-

2
_,), = E .... 

iio.n;cTaBJISUI x~ =Of MH TIOJIY'llllM ypaBH8Hll9 , KOTOpoe Heu:e.n;JieHHO 
II0JiyqaeTCSI H3 ( .3) ll (I .4) .<l>OKYCH 3TOro qen1pexuepHoro 3JIJUm
COH.n;a Jie>Ia.T Ha IIJIOCKOCTH ( i<, 1 K~ ) H HM8IOT TaM KOop.n;t,rnaTU( o, m, ) 
H ( I{ mz. ) , C00TB8TCTB8HHO ; dOJibDiaSI 0Cb paBHa E. . 

11 
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j3 ~ f/a. -.: ✓ o.2.- ,;2 
a 

'f: ✓ 02 -gz• 

' 

paBHO IIOJIO~Irne paccToiimrn Me:llC,I(y q>OKycaMH (q>Hr .I). 

(I.I3) 

(I.I4) 

IlpOBO,ItHMOe 3,ItecL H B CJie,ItyDmHx pa3,IteJiax paCCMOTpeHHe 0,ItHHaKOBO 

cnpaBe)tJIHBq )tJISI o6eHx qacTH~ I H 2 H Mh[ IIO3TOMY o6o3HaqaeM Bee 

B8JIHQHHJI, OTHOcSimHeCH K O,ItHOM H3 3THX qacTH~ HH)teKCOM n 

( n = I,2). 

PaccTOHHHe d..n MOJICHo, yttHT_uBaSI (I.I2), (I.a), (I.I3)1 samrnaTL. 

TaKxe D BH)te 

ot.. _J.. ~oz+ m2.·· n-e, o _n 

(I.I5) 

OTKy.n;a BH,ItHO, ttTO )tJUI ,ztaHHOro 3JIJIHIICOH,Ita HMIIYJILCOB paCCTOHHRe 

~"' IIOJIHOCTLD onp~,zt8JIH8TCSI COOTB8TCTBYJJmen Mac con m n • 

PesyJILTaTu nocrpoeHHH An HS (I.IS) IIPHBe_.n;eHJI Ha q>Hr.2. 

li3_(I.I5) HMeeM, QTO Bcer,Ita 

PaBeHCTBO MeJ!t,I(y o( n H j-

o(n ~/ f • 
,D;OCTHraeTC.H TO_JILKO IIpH mn = o. 

B 3aBHCHMOCTH OT BO3MOlCHblX HaIIP3.BJI8HHtl HMIIYJILCa ttaCTHilll . \'\. 

B KOH8ttHOM COCTOSIHHH, Mbl 6y.n;eM pa3JIHttaTL ,ItBa CJiytta.H; a MM8HHO 
. i< . . -

o( n "7, a M c<n ~ a • B · nepBoM cnyqae BeKTOp"Bcer.n;a odpasyeT 

c HanpaB JieHHeM , t ocTpiiitt yro11 li . , xoropun He IIpeBFimaex 

H8KOToporo MaKCHMaJILH9ro yrJia ,Jnm~x. , B TO BpeMSI KaK. BO BTOpOM 

·----~-. -------~--------



- 13 -

6. 

ol n. 

-~Hr. 2. reoMeTpHqec1we rIOCTpoemrn TOtIKH An. "(HattaJIO BeKTOpa 
kn ) c ITOMOlltI,PJ nporropqirn: d.n:~fl+m~'=f~& 

cJiyqae TaKoro orpaHHqeHHR HeT. 

nJIR pa.CCMOTpeHHR 3THX ~BYX CJiyqaeB Mli BBe~eM 

(I.I6) 

Tor~a nepBHfi cJiyqan xapaKTepHsyeTcn cooTHomeHHeM on~ 1 . , a 

BTopon cJiyqan o'n < 1 • BeJIHqHHa on HMeeT npocTon ~u3uqecKHfi 

CMiiICJI. KaK Bli~·uo H3 (I.II) H (I.I2) 

(I.I7) 

B CHCTeMe USHTpa HHepuirn 

panHa 

(I.IS) 
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Mbl IlOJiytnm: 

on=~= P/ "'if . a rn 
(I.I9) 

B nepBOM CJIYttae ( a,, '?Ii) CKOpOCTI,. neHTpa uacc' TeM caMblM . npeBl:lmaeT 

HJIH paBHa CKOpOCTH ttaCTHnN OTHOCHT9JILHO neHTpa HH0PnHH, BO BTOpOM 

CJiyttae ( y <. f ) OHa Me Hime CKOpOCTH OTHOCHT9JILHO neHTpa HH0PnHH • 
, Oh 

Bcer,Ita · 

Qn. >if 

PaBeHCTBO . ,ItOCTHraeTCSI npH mn = o. 
Ha qmr. I MOJitHO rtpocTo noJiyttHTL uaKCHMaJILHHtl yrox Vn max. 

BcTpettaIOIItHtlCH B .cxyqae an >d ( CM. TaKxe cJie,ItyIOIItHtl pas,Itex) 

HJIH ttepes Yn 

. f,. 
sin .Jn m·o-)( = '1o<.~-p· 

H , 

. ri"=-JJ cl . 

Sin Un mo.x =\J~-yz . 

.npyroe BHpaJJCeHHe BMeCTO (I.2I) HM~eT BH,It 

. - 'I, . f,2 
Sin Vn ma.x = -fm n 

'Un mo.I' f Jr/2 

§ 2. COOTHOmeHHSI·MSX~y COOTB0TCTBYDmHMR BSJIHqHHalm 

(I .20) 

' 

(I .2I) 

(I.22) 

B m6oparopHott CHCTeMe H B CHCT8Me neHTpa HHepqHH 

re01.1eTpHtt8CKaSI HHTepnperanHSI coxpaHeHisr 3HeprHH H HMilYJILCa 

B8,It8T K reoMeTpHtt8CKOMY nocrpoemrn CBSI3H M8JUYB8JIHtmHOll H HanpaB

JI8HH8M HMnyJILca ttaCTHnH B CHCTeMe neHTpa HHepnHH C COOTB8TCTBYIDIJtlllm 
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B8JIHq1rnaMH B Jiac5opaTopHOH CHCTe:ue' KaK YKa3aHO Ha qmr .3. fis (plfr .3 

(2.I) 

3Haqo:r-c * OTHOCHTCSI K BeJUflJHHaM B CHCTeMe neHTpa ·HHepI{HH. 

(2.2) 

'PYHKitHSI * cos J,., .Tf.JISI On >,, 1 SIBJISJeTcSI ,n;BysHaqHoti noToMy, qTo, 

npSIMO BH,Tf,HO H3 qmr.3, JIHmrn, H.Tf.YntaSI H3 An ITO,Tf, yrJIO.M 

k 6y,1J,eT,.Tf.JISI;BCex yrJIOB Vn MeH.blliHX 1'n ma.x., HMeTI, 

.n;Be Toqxn rrepeceqeHHSI 9 3JIJIHITCOH,Tf,OM HMITYJII,C0B, ,naBaSI ,Tf,Ba B03M0J!C

llli!X 3Haqemrn ,nim 1); . " H .n;Ba B03M0J!CHHX m.myJII>ca n nac5opaTopHoi1 

cHcTeMe. 3HaK nmoc B (2.2) OTHOCHTCSJ K c5om,meuy HS ~osuoxHI:lX 

sHaqeHHtl HMrIYJII>ca B HaIIpaBJiemrn Vn • Ita.K Bll.Tf.HO It3 (2.2) 

B CBSI3H C (2.2I) Vn = vh ma-x * COOTBeTCTByeT . V"no 

* -f GOS tJ. =-- -
no On (2 .3) . 

B c11yqae Xn 5:: 1 ,n;JIH Toro, qT061t -rroJiytIHTI> npaBHJIMIOe 3HatieHire 

iJ"n* Heo6xo.n;m,o 6pa.T1, T0JII>K0 3HaK + • Ils (2 .2) MOJ:tHO JierKo 

rroJiyqHTl> m.myJII>c qacTHitN, .n;Bt1ra10mencsr no,n; yrJiou vn 
MU BH,Tf,IiM, t.JTO 

. :If 

k,,. (1.t) = 0 . fn -1- cos u,., 
'' ·• COS t1n . (2 .4) 
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TaK qro, corJiacuo (2.2) 

k' n (1.q: f-j3~coN., · / (., cosiJ., ± ✓ f- f ~j f' Sin•iJ~} 
- - (2.5) 

r.n;e 

p = g, ✓ i-JF··· 
•. 

(2.6) 

napaMeTp 3JIJIHIICOH,IJ;a. ~TO Ka.CaeTCR 3HaKa, TO ,IJ;JISI Hero cnpa.Be,IJ;JIHBl:l 

re xe ycJIOBHSI, QTO ,IJ;JISI (2.2). 

. 3HeprHD .en = ✓ 1<~ +: m~ . qacTH]1H . n ; MOJltHO TOJ!te BHpa3HTb 

qepes -v,,, • Ypa.BHeHHe )I.RR npeo6pasoBamrn :rneprim H3 cHcTeMH -

~eHTpa HH~PJ1RH B· Jia6oparopHyn CHCTeuy HM88T BH,IJ;: 

€11 = . ;- f cos v:· . l"'I 

(2. 7)· 

H3 . a Toro ypaBHeHHH H8M8,IJ;JieHHO CJie,ItyeT, tJTO o6JiaCT1, 3He prHH Ka:at,rtoff 

qacTH~H. B KOHeqHoM COCTOHHHH .n;aeTCH paCCTOHHH8M 2f 
cp0Kyca1rn, r.e. 

q:~-. 

C 

Bupaxaa 

enmo.x-enmill\. = 2 f 

e n MCLX : o( n + f - . j , 
o(.,, f e" mi,, =T-

* cos un C IlOMO!q:E,IO (2 .4 ), JlH IIOJiyttHM 

Q.,n = ~ 1-Jl C2,: + JI<~ cos '1"n = T d.n + J_kn (,05 tJ-n 

\....,_ 

M8:!lt,IJ;Y. 

(2.8) 

_(2.9) 

(2.I0) 
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C roqHoCTLJO ,no rrocTOJIHHOil- P/Jdn , 3HeprMJI qacTHUH B KOHeqHoM 

COCTO.RHHH ,n;aeTC.ll npOM3Be,n;eHMeM KOMTIOHeHTbI HMTIYJibca B HarrpaBJieHHM 

TIOJIHoro MOMeHTa Ha 3KCUeHTPHCMTeT 3JIJI.vmca. 

C IlOMOIItblD (2.2) ML! MOJ:teM JierKo rroJiytIHTI, CBJI3l, Mex,I(y yrJIOBiilM 

pacnpe,neJieHHeM qacTmt B JiadopaTOpHoti CliCTeMe H B CMCTeMe ueHTpa 
.. . 

• ,Q. ~ * 
1.rnepuim. EcJIH od03HatIJITJ, qepe3 611 ( Vn) Y') H crn (V'n l y,) BepOSITHOCTii 

Ha e,n;irnMUY TeJiecHoro yr Jia HatiTH. 'tfaCTMUY 17 B orrpe,n;eJieHHOU 

HaITJnBJI0HMH B JiadopaTO}JHOil CMCT0Me M B CMCTeMe ueHTpa HHepuim 

COOTBeTCTBeHHO, TO lW HMee.M: 

(2.II) 

· 3,JWCii }.!bl aHaJIOrlft1HO (2 .2) H (2 .5), dy,n;eM pa3JUitiaTI> ,n;Ba CJiyttaR 
. . . * 

tn :;;:,, 1 H fn :: 1 • B nepBOM CJiyttae cos -Jn KaK 4lYHKUHSI cos \J"n 

nreeT MUHiu.IaJII,HOe 3Hatiem1e cos Vn mo.i.: • TaKHM odpa30M cos Un~ 

TaK JJCe Ra.K R d c.os Un-If .fIBJISIIO?=CR ,D;BY3HatIHbIMH <pyHKUHHMM,.. co5 U"
11 

, 
dc.os Vn d cos vnff 

a d u CTaHOBMTCSI 6eCIWHetfHbIM )J.JIH Vn -= ~ mo.x • )IJISI ,I(Byx 
cos n 

B8TBett (KOTOphle COOTB8TCTBYIOT pa3JIHtIHbIM adCOJIIOTHhIM 3Haqemrnu 

MMIIYJILca) d COS'UnH m1eer pa3Hble :rnaKH. 3HaK IIOJIOJJCHTeJieH ,D;JISI 
d co:; 'JJ'n 

tiaCTMUhI, .rtBHrarometfcSI B HanpaBJI9HHlf Vh C 60Jiblll8ti BeJIMtIHHOti 

' 
HMilYJILCa M 3HaK OTPHUaTeJieH ,I(JIH qacTHnH, ~BHraIDIIteffcn B TOM xe 

HanpaBJieHirn C MeHI>IIIMM ;n,myJI:E,COM. B IIOCJie~HeM CJiyqae ITJIOTHOCTb 

BepoSITHOCTn ,n;aeTcH /CJ/ • 

061.e.1ume1IHL1it HHCTl-lT~ ' 

ff}lepmu rHCCJIC)tODaim.t: 

, __ EM6flJ10TEKA 
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-= 
]I.JUI fl'l.=S.i co-s\%,. SIBJIH8TCSI 0.I(H03HatIHOti cpyHKUHefi cos vn , a 
d cos'l1~ . · : 
d co5 tt" O.I(H03HaQHa, KOH8QHa H IlOJIOXHT8JILHa. 

ITpOBO.I(H .I(Hrp<pepeHnHPOBaHne, MU IlOJIYQHM H3 (2.II), (2.2) H 

(2 .5). 
* .,, ( 1<.,)a 1 · • ) 

0, ( 1'-11 ~)=-±On (&11, 'f) & ~I- ~~ -~a. SinZiJ: 
11 , I - j3' " (2.I2) 

r.n:e 1< 11 , Bl:lpaxeHo qepes 1'"
11 

B (2.5). tJTo KacaeTCSI 3Harm, TO 

.I(JISI Hero cnpaB8.I(JIHBbl. Te xe YCJIOBHSI, QTO 11 B (2.2) H (2.5). MN 

BR.I(HM H3 (2.I2), 'l!TO B CJiyqae 011 > i H .I(JIH ccpep11qecKH CHMMeTp11q

Horo yrJI0Boro pacnpe.I(eJieHHSI B C.HCTeMe I.t8HTpa HHep1tm1, IlJI0TH0CTi, 

BepOSITHOCTH .I(JISI ,n;aHHoro yrJia 15-11 H3-3a <paKTOpa k'~ Bcer.n:a 

dOJILme .I(JISI QaCTHI.t C 60JILillHM~3 .I(BYX B03MOXHHX}3Ha'll8HH8MHMITYJILCa. 

B C JiytJae tn = , KO To pun ocyntecTBJISiercH, Harrp1rnep, B cJiyqae 

ynpyroro CT,0JIKH0B8HHSI, K0r.I(a tJaCTHI.ta .I(0 CT0JIKH0B8HHSI Il0K0llJl~CL 

B JiadopaTOpH0tl CHCT8Me (cpaBHH §·4) (2.I2) npHB0.I(HTCJI C TI0M0!!tLIO 

(2.5) K BH.I(y 

(J = (J ,,. '-t ( 1 - pz) cos ~ 
n n ( 1. z i Q. )z n 

. -, C.05 Vn 

:0:MeeT M8CT0 ·0Q8HL np0CT0e C00TH0memH:: uex.n;y yrJI0BHM pacnpe.n;e-

JI8HReM B CHCTeMe r.teHTpa ~rnepu1rn: H pacnpe.n;eJieHHeM, no :rneprm1 <5
11 

(Q,11 ). , 

Ha e,n;HHH'l!HHM HHTepBaJI 3HeprHtt B Jia6opaTOpHOtt CHCTeMe, KOTOpoe 

cpasy BHTeKaeT ns (2.7)~ 

H3 3Toro ypaBH8HHSI .I(Hq><pepeHUHP0BaHHeM cpasy IT0JIY'l!HM 

* dQ, 11 =fd C.05 tJ11 
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TaK KaK cr/'(JJ~+. 'f) BOodnte He 3aBHCHT OT a3m.ryra 'f , TaK 4TO 

, TO Mbl TIOJIYllHM, TIOCJie l1HTerpttpOB6.Hl1SI no a3M-

HYTY 'f 

cr: (12. ) = 2JT er* (1',.) 
n n f n n 

.. 
• 

r.n;e 

(2. 7) 

V: * 
11 Bblpa,merc.H qepe 3 Q,n C IlOMOntbIO q>OpMyJibl 

.4 * l ( "'" ) COS v,., = f e,n - T 

Ec1rn yrJioBoe pacrrpe,n;eJieHrre B c11creMe ueHrpa 1rneputt11 cq,eputtec1rn 

CIUU.rnTpt14HO ( o-* = 4~ )nepo.HTHOCTI:, o-,, (e.,.,) Ha RHTepBaJI :rnepr11n 

TIOCTO.HIIHa 11 paBHa 

f 
O',, ( Q,.,) = 2 f Q,n min ., e,., ~ e.., m CLX. 

4TO xopomo l13BeCTHO B HepeJIRTHBHCTCKOM cJiyqae ( 4)_ 

§ 3. CTOJIKHOB6HR.H c rrepBOHallaJibHO IlOAOSimettcn 

llacr11uen 

Bo Bcex rrpaKTHlleCKl1 Ba:;rnrnx CJiyqanx M1l MOl!CeM rrpe,n;rrOJIOllCHTI:i, 

l!TO B JiaOOJR TOpliott CUCTeMe O,ItHa 113 .l\BYX qacrnn B HaqaJI:bHOM 

COCTOSIHHH IlOKOlrnacI:i. B IlOCJI8,ItYJOIItl1X rrpm!eHeHMSIX ( §§ 4-8) IlOKOIO-

ntettcn cq11raercSI qacr11ua rr Ci<rr = o). Ji3 (I .I) ror.zta cne.ztyer, l!To 

(3.I) 
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n ,n:nn sHepr11n N CHCT8Ml1 4aCTHU B CllCTeMe ueHTpa nnepunH 

N =~M[ + 2mrrWL, 
(3.2) 

r,n;e HH,Il;8KC i, 0TH0CHTC.fl K Haqam>H0MY C0CT0.fIHHIO CHCTei.m, 'w -

KHHSTHqecICaR :rneprmr c11cTerm ( onpe,n:enReMaSI ICaK noirnan :rnepr1rn 

,.nrnyc uacca noKon) 

W· ::a~m'L..- K 2 - h'1 
L I I I (3.3) 

n M - cyi.o.m Mace noKO.fl paccuaTp1rnaeMhIX qacT1ru 

HH,IJ;8KC f 

Ml -== mr + m Jr 

MJ =m 1 ..-m 2 

0TH0CI1TCR K KOHeqH0MY C0CT0.fIHllID CHCT8Mhl. 

(3.4) 

3.5) 

3He prH.fl peaKUHI1 Q , pean113yeuan n nponecce, paBHa Tor,n:a 

Be JIH"lH1H8 

Q = M1, - Mf 
1 

K0T0pan non0EHTSJlbHa ,n:JIR 3K30T8pMll48CKMX H 0TpHnaTenbHa ,IJ;Jl.fl 

3H,IJ;OTepMH48CKHX npoue6coB. Ecnn 
1 M= 2 (ML+M,t) 

(3.6) 

(J. 7) 

cpe,n;Hee apmpMeTzt-IeCK0e CyJ.Um Mace !I0K0.fl B K0H8t!H0M H B HaqaJU,HOM 

cocTostHHRX, Mhl uoxeM Hami:caTb nenHl!HHY B Manon nonyocH 3JIJIHTICOH.zta 

RMnyJlbC0B B BH,Il;8 

b =-~(QM+ m.av,h)(QM-t-mn Wi, + 2. m, rnc!)' 

Mt + 2 mrr WL (3.8) 
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Jl)m 3H;n:0Tepmrqec~11x npo~eccoB (. Q ..c. o . ) Mbl noJiytJaeM M3 3Toro 

ypaBHemrn 3Hepr:mo nopora w~ = J , IlOJ[E>3YSICb TeM, 'I.ITO &, ,ItOJIJitHO 

dhITb ;n:ettCTBHT9JibHO 

· o == !:l. IGI 
mrr 

(3.9) 

H .n;nsr 3TOif B8JUltJHHhl WL MiiI HMee:M • 

UcnOJib3YSI (3.6), MOlltHO rronytJHTb 

(3.IO) 

§ 4. _Yrrpyroe paccesrHHe 

B 3TOM ocodoM cnytJae MaCChl IIOKOSI ;n:Byx qacTMD; OCTaIDTCH 

H9It3M8H8IIHIDrn It TetJeHHe npon;ecca m I = tn 1 , h12 = tn IT li, QJI8,ItOBa--

T9JibHO M = Mt = Mf • 3nmmc,mr.n; HMITYJibCOB orrpe,Iten.HeTC.H CBOHM 

3KC_n;eHTpM~HT8TOM J ·. ( : CKOpOCTllI n;eHTpa ttacc), nonytJaIOl!lllIMC.H_ 

M3 (I.6), .(3.3), (3.I) H (3.4) 

p = ✓ wi,(2m, +w;.,i' 
M +WL 

a napaMeTp p =- E, ✓ 1 - !z 
;n:aeTCSI 

J (4.I) 

, corJiaCHO (4.I), (3.8) H (3.6) 

. (4.2) 
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MaJiaR H 6oJI:r,man nonyocH Tor.n;a 

m2J3 . 
f,: ✓ 1-p I 

a= niz.J 
t- j2 (4.3) 

PaCCTOSIHHSI °'1 H CX2 fIOJiyqaJOTCSI H3 (I.I2); (I.9), (3.2) H 

(4.3) 
m, 

w'i. -t- m M . o( -= 0. ix: l a, 2 
I W1,-t-M 

(4.4) 

H3 (4.4) H.(I.I6) MbI BH)tHM cpasy, tJTO r. >11 )tJISiml )'/n,2 H r1"1 

)tJISI m, <- m2 , B TO BpeMSI Ka.It cY2 = 1 TaK Ka.K tJacuiua TTOKOHTCSI 

.n:o CTOJIKHOBeHHSI H HMeer CKOpOCTb y; = J OTHOCHTeJibHO uearpa 

HHepnHH Ka.It B HatJaJibHOM, TaK H B'KOdetJHOM COCTOSIHHSIX. 

TpH B03MOJB:HbIX cJiytJaSI m 1 ~ m, , 
TTOKa.3aHht Ha qm:r. 4 ,- 5' 6. 

h11 ) n12 H m, 1.. m 2 

H3 reOM8TpHtJ8CKOH KapTHHbI MI:l M0%8M JierKo BbIB8CTH CJie,n:yD11tHe 

pesyJibTaTU )tJIH yrrpyrHx CTOJIKHOB8HHll: 

I) l1Mnyn:r,c tJaCTHUhl OT,ItatJH, )tBHraro11tellcSI rrocJie CTOJIKHOB8HHSI 

B Hanpa.BJI8HHH v'2 'H3 (2.5) rronyqaeTCSI paBHbIM 

k 
_2m2 .f3wsJ-2 

2 - 1-} 2 co5Z ~ 2 (4.5) 

· 2) MaKCHMaJibHbiil HMny n:r,c 1< , rrepe,n:aaaeJ.rnn rrpH yrrpyrHx 
Z ma.II 

CTOJIKHOBemrnx qacr1m;e ,or,n;aqH .n;aeTCSI 60Jibmon OCblQ 3JIJIHilCOlI.n;a, 

Ka.K onpe.n;eneHo B (4.3).( =2a). 
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3) I{HHSTlfl!eCICaSI :rnepr1rn, rrepe,JJ;aBae1mSI. 'l!aCTMI.(e OT,JJ;a'l!H H3 

(2.IO), (4~2) H (4.4) 

. (4.6) 

.. " 

paBHa rrpOH3Be;rr.e~HIO rrpoeKUHH HMTIYJILCa 'l!aCTHI{U Ha rrepaonaqaJILHOe 

HarrpaBJICHRe~ Ha 3ItCI{0HTPHCl1T8T :rnJIRrrca~ 

· 4) MaKCHMaJil,HaH :rnepr1rn rrepe,1taeTcSI rrpH 1'
2 

= o. , . rrp~qeu 

j3z. . 
(wz)mo.x = 2mz 1-.Pa-= 2f 

(4.7) 

(Wz.) ma.x "' ' TeM "cru.nar, paBHO paCCTOSIHHD MCX,I(Y <pOKycauR, KaK 

IlpSIMO BH,Il;HO H3 (2.8). 

5) YroJI lY"2 Mel't,Ity Hanpa.BJieHH8M tJaCTHitl:l OT,I(atJH H rrepBHtJHliM ·. 

Hanpa.BJl8HH8M rra.zta10mett tJUCTKI.(U, onpe,IteJISISTCSI H3 .(4.6). 

(4 .8). 

6) Odna~TL yrJIOB 1Ji: qacTHUbI OT,IJ;a~m, )J.JISI ;rr.aHHOM nepe,ItatJH 
--••-.....~ 

sHeprIIi1: w2. . 11s (4 .8) 

t.?z. (wz.) <. 02 (W2 ) 
1 

-zJJe ct~ 02 =~ 
2
~2. '. 

(~~ 
\ -'; 

(4.9) 

3TOT rpamrqHu~ yroJI 0z. He·. 3aBHCHT OT. MaCCl-l 11> 3HepruM rra,IJ;aIOll{elf 

qacTH~u. Rs (4.9) cne;rr.yer, qro nyqoK qacTHU, ,JJ;BHra1011{HXCSI c peJia

THBMCTcKott 3He prirnn npll yrrpyroM CTOJIKHOBCHHH ( We > > tnz.) Bcer,JJ;a 
" 0 r • • ,. • 

odpa.syer •oqeHL Mamzti yron c nepBlitIIIIDJ HaIIJRBJieHHeM. Haodopor, 

JJ.JIR ,n:aHHoro ·yrJia [5J~ 

Wz <. 2 ctaz. 0:· 
n, d ? 

2. . . 
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7) Macey 11'1~ . na.n;a10meft qaCTlff(bl MOXHO onpe,IteJIJITb,3HaSI 

HattaJibHHli _ HMnyJibC K (rro MarHHTHOlt KPHBH3He) _H HanpaBJiemrn • 

IIOJieTa H HMilYJibC ttaCTH~bI OT,ItattH H3BeCTHO~ MaCCbI (6). C CTOMom1,10 

(I.6) II (4.6) Mbl MO:KeM onpe,ItemITI, IlOJIHYIO 3HeprHIO CHCTel.rn 

[=;=I{ Ki:t,.z H TeM caMhtM TaK :s:e 11 ,h1
1 

, KOTOpaSI corJiaCHO 

(3.I) .rcaeTCSI B BH)te 

2. :( k2 coSu'z )2. z m=l{--"---"-m -K 
I 'w 2. Z. 

3Ta cpopityna ynpomaeTcH .B cnytiae m 
1 

>,. m 2 'HaIIpHMep ,lCJISI CTOJI-

KH0B8HHSI Me30H0B C 3JI9KTp0Ha1m. 

8) K1mernttecKaH 3He prmi: wl na.rca10me~ tiacTHUbl npH ynpyro~.i 

CTOJIKHOBeHIUI C .rcpyron ttacT:m:~eU paBHOii MaCCbI ( h'1 = n, -= m ) MOJKeT 
• · I 2 

chi1TL onpe.rceJieHa H3 .ICBYX HanpaBJieH:aJ nocJie CTOJIICHOBemur (ns 3nmmca 

Ha cpnr.4) 

W'i, -t- i = eta J1 .. ctj Jz 
2m, . d 

• 

(4 .IO) 

}IJISI KtmeTHtt8CKHX 3He prittt, MaJmx no CpaBHeHHIO C Maccoll II0K0SI, 

1u:i1 meeM v, + ½ ~ IT/z rtaK xopomo 11:snecTHO .ICJI.H Hepen.aTHBHCTgKHX 

c1topocreft. TeM caMHU cpopMyna (4 .IO) Y.ICOdHa .ICJISI onpe.n;enemrn 3Hepr1m 

dbICTpbIX tJaCTmt. 3KcnepHM9HTaJibHO 3To· dl:ilJIO npoBepeHo tieum10HOM(7) 

)tJISI CJiyttaSI· CT0JIKH0BeHHSI ,n;Byx 3J18KTP0H0B. 

9) YroJI o/ Mel!t,ItY qacTIU~aMH IlOCJie CTOJIKHOBeHJ.rn B cnyttae -

m, >m 1 uoxeT 11sueit.aT1>cSI OT O .n;o Jr/2_ , no npn m, = m 2 :~meeTCSI 

HHXHHli npe,n;e JI ~ m In .ICJIH a:roro yrna, .rcaBaeuHM 

w~ 
COS· 't'min = W1, + 4rn 
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MJ1ImmaJI1,IIOe 3Hat1eHJ1Ie )tOCTHraeTCSI rrpH 1', = tJ-2. • 

IO) HurryJmc K
1 

q,oroHa. c nepB0Hat1aJII,HiiIM HMnym,coM 1< pac-

ce1rnmerocsi Ha yroJI ½ 
Hott q,opM0it ypaBHeHHSI :rnimrrca B Il0JISipHbIX K00p,ItHHarax 

k' = n1z j3 
· 1-pcosl1z (4.II) 

' = I< mz-t-k (4.I2) 

3ro ypaBHeHJ1Ie . rrpe,n;craBJISier xopomo H3BecrHy10 q,opMyJiy K~Mnrona. 

'C!acro ynorpe6JistercSI (B) orrpe.n;eJieHHe snepr1rn q,orona c nouo11r&n , H3Me

peHHSI HMIIYJII>ca (HJIH snepr1111Y KOMIITOHOBc1eoro sJieKrpoHa. 

H3 (4.II), (4.I2) H (4.6) HMeeM 

k = m2 
Kzt""z cos i'e-1 

Uz = o · , B narrpaBJISHHH K0T0p~ro .Bep0.RTH0CTJ, )l;BHJlC8HHSI 3JI8KTp0-
• . . 

Ha HaHBl:iIClllaH, M1iI Hl.!88M H3 rpaqn1Ka 

II) B CJiyqae m. > m2 MaKCHMaJu,mdt yroJI OTKJIOH8HHSI . na,Itatl11ten 

qaCTHI~lil .naeTCSI lt3 (I.22) H (4.3) B BH)te 

SinV:maK 
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§ 5. H,11;epHue peaKnHn 

.nim npnMeHeHHSI reoMeTpHt1ecKoll KapTnHH coxpaHeHHR :rnepr1rn n 

m.mym,ca MI-I 1.rn~eM oc5pa.THTJ,CSI K HepeJISITHBHCTCKOll O~JiaCTH ·H c5y,D;eM 

paccuaTp1rnaTb. TOJil>KO CJiyqafi, B KOTOpOM KHH8THqecKaH :rnepr:irn Ita.K 

B HaqaJil>HOM,. TaK H B KOHeqHOM C_OCTOSIHHH MaJia no cpaBH0HHIO C Mac con 

nOKOSI JIIOc5Oll H3 paccuaTpHBaeMblX qacTH~. 3JIJIHilCOH.It HMnyJil>COB 

nepexo,11;11r B c<pepy c pa.n;11ycoM, nonyqarommrcSI 113 (3.8) 

. 1 ' . 
a.= g = M ~ 2 m, ml (tnlI \,v'L -t- M .. a) 

. (5.I) 

·Paccrosrnne cJ.. n . nonyqaeTcSI 

* 
113 (I.I2) IlO,D;CTaHOBKOll, n 

Q.11 ""h1h y~~ 
paBHbIM . .. p i . K/M . .' m 

,J - -==- e - .======- m . ;:,,: n K 
"1, - 4l- _p2-' n - ~i- f<}'Mc? • n - M 

4'H3HqeCKHit CMblCJI IIOCJie;tHett <pOpMyJiu nceH, o< n npe,ItcTaBJIR0T renepL 

qacTl> HMilYJil>Ca qacr11nu l'1 , KOTOpan IlpOHCXO~HT OT-,Il;BH~eHl1R 

neHTpa. Mace' KaK BH,n;HO H3 qm:r. 7. 

Bupamn d. n ttepes KtrneT11ttecKy10 :rnepr:mo wl 

MLI IIOJiytiaeM 

.J = m"~ZmrW, U.,, M . L 

rra,11;a~men ttacrnnu, 

.(5.2) 

,UJIH oc5cy,x,ttemrn pa3JIRllH1IX CJiyqaeB y.n;oCSHO BB8CT.M B01IlltIHHY. 

l M 
=mnQ J (5.3) 
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KOTOpaSI B cneuimJII>HOM CJiyqae ::nr,n;oTepMRtJSCKHX. -npou;eccoB -npe.n;-

CTaBJISieT noporoByIO 3HeprHIO 8 C OTPHUaTeJII>HhIM 3HaKOM. -
,. 

HanpaBJieHirn' B IWTOphlX tJaCTRUU - I H 2 )tBR:llCYTCH B KOH8'l!HOM 

COCTO.HH'£Hr, onpe,n;eiIHDTCSI- tJepe3 [
1 

H 02 , KOTOphie COrJiaCIIO 

(I .I6}, (5 .I), (5 .2) H (5 .3) .n:~10Tcsr B mute 

(5.4) 

. 
- JJ.JI.H o'n >1 1 HanpaBJISHHe Bh1JieTa10men qacTHUhl h 06pa3yeT. C nep-

BOHatJaJII>HID,t HaTipaBJISHMeM OCTpUtt yr~JI, M8H:bllllif1 11'.JIH paBHHi1 V"n ma.x 

KOTOphiti,c6rJiaCHO (I.2I),.. B HepeJISITMBHCTCIWM CJiyqae, pacm.mTpH-

BaeJAOM 3,n;ec1,, ,n;aeTcsr nupa:m:emrnM 

(5.5) 

-B ,naJII>HenmeM MhI 6y,IteM rrpmn:rcI,IBaTI, HH,1t8KC I -Ton H3 . .n;Byx tJacT:mi 

B KOHStJHOM COCTOSIH~H, KOTOpaSI HMeeT M8HI>my10 !JaCcy, T.e. 

h11 ~ m2 

Tio'l!TH BO B~e_x sr,nepm-..rx pea1tu;:mrxx) _n,r ~ m rr • Tarmu odpa30M , 

. . .· ~ :.~ ~· < 1 ( " 1) · .. 
" 0 . 

,ItJISI 3K30T~pMHtJ8CKOll · (3H,Il;OTepMHtJ8CIWt1) peaKUlU1 t1 B03pacTaeT 

(na,ItaeT) C pOCTOM wi, • C IIOMOll{I,IO 3THX ,n;aHHI,IX Mlil MOJ!t8M Bh1B8CTII 

113 (5,4) cne.n;yromHe p~3YJILTaTu: 

x) B .n;ettcTBHTSJILHOCTH e.n;HHCTBeHHhIM HCKJIIOtJ8HH8M SIBJI118TCSI .doMdap.n:11~ 
pOBKa .n;et!TpOHa o( - ttaCTUUa?,m:. ' . . 
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3K30Tep1.rnqecKHe pe_aiq_Urn 

I) Bemrturna cJ, Bcer.Ita •~em,me e.ItHHHilU; cne.l(oBaTeJI:bHO HanpaBne-

HHe .ItBiuicemrn 6onee nerKon qacTm~u mm: o6eHx qacTHU, ecirn OHH 

HMemT 0,IJ;HHaK0BLie :uaccLI, He orpaHHl.JeH0. 

2) BeJIHtIHHa 02 6OJI:bllle HJIH paBHa e;rmuine TOJI:bKO B peaKI~Irnx,. 
. . 

B KOTOpbIX h7r > h11 (T.e. B (d,p ), ( d, n ), (o{)p ) lf (o(,n) 

peaKUHRX) U B KOTOphIX 3~eprm1 WL- Y.rtOBJieTBOpSieT YCJIOBHIO 

wi, >/ m m~.m Q 
I I . 

Hanpa.Bneune .rtBlUteHirn SI,n;ep oT,n;atIH orpaHnt1eHo Tor,na yciromreM (5.5). 

3H.ztoTep1mt1ecK11e peaKgirn 

I) IIpH noporoBoii :rneprm1 W: = J , a.,., o ( v "' v ·= ooJ ode 
L 01 OZ 

qacT:tUlH B KOHel.JHOM COCTOSIHHH. ,ItBH:H!.YTCR .. B nepBOHatfaJI:bHO:M HanpaBJiemrn 
h1 

c 3Hepr1rnmr m mr Q H . m2 r Q .llJISI · qacTHU I H 2 
1 M rn lI M n, II 

.COOTBeTCTBeHHO. 

2; BeJIHtfHHa Oi MeH:bllie HJIH pa.BH8.. e.n;mrnue, B 3aBHCHM0CTH · OT 

Toro npeBHmaeT Jilt. sHepr:ttsi wL rra,n;aromen t1acT11uu noporOBy10 

3Hepr1rn J . . Ha Be.JIHtIHHY doJI:&myIO HJIH p:l.BHYIO 

m r m.Il . 8 
M(m,-m,) 

OTCD.Ita, HanpaBJie1rne .JJ;BHJKeHUSI nerKon. tfaCTHUH orpaHHtf8HO TOJI:bKO · 

TOr,Ita, •· KOr.I(a 3HeprHR li,,'i_ JiemtT B MaJIOM HHTepBaJie, ,rcaBaeMOM 
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. :., TI-IM , BI:i1pa:xce mrnu. ]lJISI MaKCHMYM KHH8THtteciton 3Heprm1 ttac-

· THU!:J I rrpm5nnsnTeJII>HO. atteTBepo rrpemm1aeT :meprmo B6JIH3H rropora. 

3) BeJu1q1,rna ti MeH1,me HJIH pa.BHa e,n:1rnm.te TOJII>Ko B pea1tn1rnx, 
. . I~ 

B KOTOphlx m 
1 

> mi. (Hanpm.rnp _N (n,cx >'' B ) H B KOTopux 3Hepr1rn 

\v'L rrpeBlilmaeT noporoByIO 3HeprHIO d H~ B8JIHtJHHY CiOJI!,lliYIO HJil! 

paBHyIO 

)Ina Toro, qToeiu rroJiytrnTI> npsurn 3Hepr1rn yxo.n:SintMX qacTHI.t rpaqmqecm-m 

IIOCTpoem1:eM, y,n:odHO BB8CTH )J;JISI KaJC,Itoi1 tiaCTHI.tU (I H 2 ) OT,It8JII>HU8 

illKaJIIil ,1J,JISI a c< 

, ,n:JISI ttaCTHI.tlil I, 11: 

' a =-_Q__ _· ~mtmn ~I,./•+ o' 
Z ~2m~ , M t 

MTaK, MH BBO,ItHM 

C = d,; .· = ,Jm,111r' ~ 
1 ✓ 2.m, M ~ 

,1J,JIR qacT.11I.tbI 2. BeJIR'tJHHa (an )2 _SIBJISI8TCSI Tor.n:a :meprirnn, KOTopyIO 

HHepnm1: •. Co_OTB8TCTBYIOlltH8 .. B8ETOPH 
I C 

qacTHr.ta ✓ rroJiyttaeT B Cl1CT8M8 I.t8HTpa 

. B reoMeTpHtteciott KapTHHe Ciy.n:yr ror.n:a rrpsrMo .1taBaT1, K_Ba,1.tpaTHlile :rwpHH 

113 :.rnepr1d1 ttaCTln.t, KaK IIdKa3aHO Ha q>Hr .8. 

· § 6. cl>oropacmerrneHne . 

ITpH O6cyx,n;eHHH-q>OTOpaC11t8IIJI8HHSI qacrnnen I SIBJISI8TCSI q>OTOH 

( mr = o) 1rnrry.n1,ca i< , a ttacuu.ten IT SIBJISieTcSI · st,n:po c Maccot1 
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tn IT =- rn •· B. IWHet.JH0M C0CT0.HIUm mr m.rnell . HetiTp0HbI C -Maccon m 

H OCTaK>Iq88CR R.I(pO_ C MaCCOti · m2 _ • J!.!IR IlOpQrOBOM 3Hepnut <pOTOHa 

MH rronyqaeM 113 (3.9), 3.6)~H (3.7). 

a'-= I a l ( 1 -i- ~ '::i} 
3Hepnrn rropora B 3T0:U cnyt.Jae . rrpeBmnaeT :.rnepr:mo CBR3H IQ I R.n;pa 

. 2 . . 

T0Jl:&Ko Ha Manyro BBJ!HtmH·y Q /2 m • JJ,JtH .n;eitTpona (IQ j = 2, 2 M 3 & ) 

I 

HarrpnMep, rropor_<poropacrqerrneHHR nex11T T0Jl:&Ko Ha I.3 K3B Burne 

3Heprm1 CBR311 • ,IlJl.fI 3HeprHn cpOTOHa MaJihlX no cpaBH8HHRJ C Mac con TIOKOR 

SI,I(pa ( f< ~.( m) ; KaK H pa.Hee, Mbl M0llteU o6paT11T:bCR IC HepeJIRTH-

BHCTCK0MY rrpu6imxemuo 11 nonytnni It8 (3.8) 11 (3.9) 

0 ::: b =~ 2m,mz (1<- o) 
. m . 

J _ mn K 
"'-n - tl1 11 H3 (I ~I2) 

M3Mepmi f< - J. B ·_ e.n;nn11uax Bennt.JHHhI rropora · 

. t<-J 
X=-o-

im .rronytn1M )J,JIR.· 0THomeHHtl 
cl., 

t = a 

\ fm:"r' )( + -f 
t.=~~ 'JX ) 

\JmT X+J t2 =-~2mM . rx · 
I 

.. H 

s . , ·T .e • BB0,Il;R. 

. o<z .. 

02 _=. a 

3TU 0THOmemrn, 6y,n:yt.Ju 6eCIC0HetJHblMH 0K0JI0 rropora X = 0 , Ol.J8Hb 
. '"°'" , . .. 

()bICTp0 YMBH:&maIOTCR He,n:aJieKO OT rropora H CTaH0BffTCR paBHliU.rn 8,I(IUIHU8 

rrpH m.J 
X = ----- ' 1 2m m · 2 

m2 J · 
X2:= 2m,m. 
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)I,]IR qacTHU I H 2 , COOTB8TCTB8HHO • ITOJIYtla.IOIJtH8CSI Het:iTpOHhI MoryT 
- ,- - ' J 

m.rnTI> · 11cqe3a1011ty10 KHHer1rnecKyro :meprmo TOJU,Ko ~rrpH :.rneprmr tporoHa, 

coorBeTCTBYJO~eit )( I • 3Hepr1rn qJOTOHa .ItJISI 3TO~O. c'JIY.~SI 61rna onpe

)J,81leHa 3KcnepHMeHT_aJII>HO BH.rteH6eKoM H Maproqiepo11 ·c9) JI.JI!{ .rtiM~poHa 

(2, I85 M3B) H SI)J.pa 6ep:trnJIHSI (I, 630 M3B). JI,JISI ,n;et1TpoHa. 3Ta 3HeprHSI 

npenamaer aHepr1110 cBSI3H Q Ha B81I!l'tUJHY ~ 2,5 KaB. 

MHHlU.faJII,IIOe 3HaqeHH~. t1 ~ .. _ J2 · ,ltOCTHraeTCH npH X = I, T .e •. 
- : ~- ·" 

Kor,na 1< = 2 J • 3TH MHHHMaJI:&Hiiie 3Hallemrn 'lf, H . (r
2 

· paBHtl 

· .I . m, <J I J tl1 /J 1 

¥, min =l2 1112 · m f,min =~2 rn~ m 
H H3,-3a MaJIOCTH a;:,; SIBJISIJJTCSI oqeHl> ·MaJIUMH 

. . . . . . 

B8JIHttHH8.MH ; B 3TOM 

cnyqae )J.Be qacTHUhI )J,BHJ!CYTCSI npH6Jm3HT9JII,HO B. npOTHBOilOJIOXHhIX 

HanIRBJiemrnx. 

· TpH THTTHllHhtX cJiytJaSI 1< = S , ti = 1 , 1<·= 2. J nomsaHht ,rr.JIH 

1, .;,.. 

§ 7. Pacna~ uesoria Ha !Be qacrHgu 

B HallaJl:&HOM COCTOSIHHH MI:lHMeeMnepBHtJHYIO qacTHUY (Me3oH) 

'. •\, 

- -+ ..... ) B MaCChI m I = M C HMnyJII,COM Kr= J<(mn::O, kn =O • KOHetIHOM COCTOSIHH~, 

nonyqanmeMCSI OT pacna,na nepBHttHoro Me3oHa, MhI.HMeeu ,ltBe BTOpHllHhie 

ttacrm~bl c Maccamt m, 

corJiaCHO (I .5) · N = M 

H n, 
2 

• IIpHHHMaSI BO BHHMaHHe, llTO 

, MH nonyq11M (I. 7) ,ItJISI uanon nonyocH snnHnco-. ::· ' 

H,lta HMilYJII>COB . ( = HMIIYJII>CY BTOpHllHOtt qacTHUH, 8CJIH · nepBHlJHaSI . 

qacTHUa IlOKOHJiac1,): 



- 32 -

() 1 . . . . -, 
o = 2M ~{MZ-(m, + mz)zl{M2-(m,- mz)z} (7.I) 

3KCU8HTPHCHT8T,3JIJIHilCOH,Ita paBeH CKOpOCTH _j3" nepBH'tJHoM qacTHUhI. 
, 

.n1m: ,ItaJU,Heumero paCCMOTpemrn Y.rtOdHO BB8CTH COK'pall{eHHJI 
. i?j 

.. L ::; k/M = JJ/~1-Jz' (7.2) 

L * = _l = y; /.J 1 - }Zn*' 
n mn /' (7.3)-

r.n;e :matlOK ~ OTHOCMTCJI K CHCTeMe IlOKOJI nepBHqHolt qacnruH. 
; . 

MH Moxeu Bi:J:pa3HTI> . L ~ q~pe3 KHHe r11:qecKyJD 3Heprmo 'vJ n'lt , KOTopyll 
• • • I 

HM8JDT BT0pHqHhI8 tlaCTHUhI, noJiyqaJDll{H8CJI npH pacna,Ite 0CTaH0BHBmerocn 

M830Ha: 

" ~ w"'' w.~I ' Ln = m: (2 + n;m~) 
n . 

(7.4) 

lfa (I.9) MOXHO BR,D;eTI>, tITO npH pacna.rte OCTaHOBHBmerocst M830Ha, 

* KHH8THtt8CKa.R 3Heprm1 W n ttaCTHUhI I, ee Mac ca mj_ H 0THomeHHe 

Mace · M/ mi onpe,n;eJI.RIOT Macey mz. .n;pyron BTOpKtrnon qacrm~I:l: 

. ~- =~(~ .,.1. )2.-2 M w,,,,.' 
m, . m, rn, tn:1, 

BosuoEHhle yrm~, c Koropu1m BTOpHt1Hble tiaCTHUH Moryr .rtBHrar1>cSI 

0TH0CRT8JII>H0. nepmmHoro Hanpa.BJI8HRJI H MaKCHMaJU,H0e 3HaqeHHe 

3Toro yrJia HaXO,ItHTCJI H3 (1.21)' (7 .2) H (7 .3)' 

L* 
Sin ,jn mo-• -= Ln 

(7.5) 

Ton1>1to ,ItJUI L > L ~ nanpa.BJieHne noJieTa orpamiqeHo (7 .5). :0:1.myJI1>c 

tiaCTHUlil h , HCilyll{8HHOli B Hanpa.BJI8HHH V"n ,Ita8TCSI (2.5) 

HJill B HamRX HOBUX odosHatieHHSIX, ·HCTIOJil>3Y.R (7~2) H (7. 3 ) ypaBH8Hi18M 
• I , 

-----~ 
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(7.6) 

, llro :rmcaercSI sHa:rm, To s.n;ecL crrpaBe.n;JnrnhI Te xe paccyx.n;emrn., "tlTO 

B cnyqae (2.5), T.e.: .n;im L f: L~ 6epeM'smIC +, B ·ro BpeMSI ICaK .n;JISI 
* . . . . ; . . .. 

L >, [, n M:bl 1meeM B JIIOdOM HaI1paBJI0HHH .n;Ba B03MOXHbIX HMI1Y JII:,Ca, KOTO-

pb!e OTJIHqaJOTCSI _3HaKOM B (7 .6). 

]JUI HadJIIO.n;emrn: pacrra.n;a HaJieTy M830Ha C BpeMeHeM JB:H3HH 'C 0 

B ItaMepe BHJl!,COHa, cpe.n;HriU CB06O,11;Hiilll I1YTL ,11;JIII pacrra.n;a 
f3ec L i = ~ t 0 = eo eo =C'to ( c -::: CKOpOCTH 

. J3 . 
CB8Ta) ,ItOJI:HceH d:bITL I1OpJJ,ItKa 3-30 CM. J(JIII _ BpeMeHH Jm3HH 't0 _, Io-IOC8K 

( £ 0 = 3 cu) 3To .n;aeT L rropn.n;:rta I - IO, B to BpeMn· KaK .n;JIII 

BpeMemI D3Hl1 'to~ ro-:,9ceK. ( eo _,· 30 CM) MI:l ,D;OJIJB:Hbl HM8TE> L 
rropII.n;Ka o,r - I. 

BeJIHqHHa L~ ,D;JIII BTOpHqnon qacTHUbl, Ha6Jiro.n;eHHon I1PH pacrra.n;e 

~ -:M830Ha- MO:l!teT 6bITI, I10JIYtJ~Ha H3 pa60Tli! Jienreca, OKKHaJIHHH H . 

Hoy3JIJia (3), Koropble H3MepSIJIH.rrpo6er BTop:nqaHx qacTHU, rronyqaJOntHXCII 

I1PH pacrra.n;e OCTaHOBHBmHXCII M830HOB B SMYJII:,eHH. ITpe.n;nonaraSI pa3JrnqHble 

3Ha"tleHHH )J;JIH Mace BTOpl-1}tHlitX qacrm~, . OHH I10Jiyqaror COOTBeTeTBYJOntHe 

. * 
BemfqHHI:l )tJIH HX ICHHeTirqecKHX 3HeprlIM vv'n , H3 KOTOPLIX C I10}40Il{:&IO 

(7.4) L-lff ,< MO~eT ul:lTb orrpe.n;eJieHO paBHW: 

Macca m.(B e,n;1rnm~ax 
3JI8KTPOHHLIX Mace) 

IOO I50 200 250. 300 

\,I, ;If B M3B 3,0 3,6 4,I 4,5 4,85 

L~ 0,35 0,3I 0,29 0,27 - 0,25 
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TaKUM odpasoM, MliI m1,1u-m, ,1To Bo ncex CJiyqaJix, r).(e L > 0,35 . 

BTOpllqHaSI tlaCTHUa B · JiadopaTOpHoil cucreue HCilYCita8TCSI BHYTPII KOHyca 

c noJIOBHHon yrJia npu nepmrne panmm (7.5). 

B CHCTeMe. IlOKOII nepnMqHott qacTKI:(bl BTOpHtIHaSI qacTHI.1a MOJ!CeT 

6bITI, McnymeHa BO Bcex HanpanJieHirnx C o,n;1rnaKOBOiJ BepoSITHOCTI>IO. 
. , . . . 

H:3 H30TpOilHDCTH yr JIOB oro pacnpe,n;e JieHRSI B CHCTeMe · !leHTpa 1rnepurrn . 

cJie.n;yeT, Ka.K . yKa3aHo B § 2, qTo BepoIITHOCTl> Ha e,n;HHHI:lY :mepreTn- I 
. ' ·1 

qec1rnro MHTepBaJI~ ,n;JIR BTOpMt1Hoil t1acTm~1,J, m1e10meti :rneprmo e-n 
Jiemmyro BHYTPM npe.I(eJioB 

Q,n min !: Q,n .fc e, n mo.x 

IlOCTOSIHHa H paBHa 
· 1 · M 

(jn (en)= 2f = 2g1< 

M1rn:vU.iaJil>HaII H MaitcmJaJI:E>HaJI 3HeprHSI BTOptttIHOlt llaCTlU~li ,ItJIII ,ItaHHOrO 

UMIIYJII>Ca iZ nepBiitJHOff tJaCTHUlil .l(aeTCJI (2~9). · 

YrJIOBOS· pacnp~.I(eJieHHe BTopuqHHX t.IaCTHU .l(aeTCJl (2.I2) •. B 

cnyqae L > L~ HanpaBJieHue tiacrnuu 

BlUIOH yrna rrp11. nepm1rne Vi;, ma.x 

· yrna ·cTaHOBHTCSI· deCKOH8tJHOtl )I.JIJI 

h JI8DT BHYTPH KOHyca C IlOJIO-

H BepOSITHOCTI> Ha 8)1.HHH~Y xeJiecHoro 

Un = "Vn mo.x • Jl.JISI 3Toro 

CJiyllaR 6onee Y.Jl.OdHO BB8CTl1 11:HTerpaJII>HYJO B8J)OSI_THOCT1> Pn ( U'n) . Toro, 

tlTO HanpaBJiemte BTOpMtmott tlaCTHllll JieJ!CHT BHYTPM KOHyca C IlOJIOBHHOil 

yrJia J;)aCTBOJ)a \J"n B cJcTeMe ~eHl'pa Irnep~H yrJiy V\'). COOTBeT-

CTBYlDT .JJ;Ba yrJia, '\Yn! 11 ~! ; yrJiy -UVn = o cooTBeTCTBYDT B CHCTe-

Me neHTpa HH8PI't1IH yrJl bl t,9;:, == 0 II tJ;:;: 1- = Ti • CJie,JJ;oBaTeJII>HO, Tenecirnil 
. . . _, • ... 

yroJI B CHCTeMe r.teHTpa ,rnep1nrn:, KOTOpun COOTB0TCTBY8T KOHycy C IIOJIO-

BJ/IHO~ yrJia, paBHOH ~ ' B JiaOopaTOpHon CHCTeMe paBeH 

2 JT c 1 - cos v; +) + 2 JT c 1 -t- cos tJ l-, ) 
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JJ,eJISI Ha 4JT , Mll. IIOJiytrn:M B8p0SITHOCTI, Pn ('\J) H3 (2.2) 

Pn (lln) =-1 - c~~ v~ 2~ ✓ 1 - ~:a Sirf ll~ 
. 1+ s,n n- L,n , . 

JJ,JISI pacna.ita odlilttHoro uesoHa (~ ~ 200me) Ha 

Mhl RM88M JI.JUI 3JI8KTpoHa, 113 (7._I) H (7.3) 

3JI8KTpOH H He~TpHHO, 

,/j 
*". . 

Le - 100 
. . ;1(-

TeM caMw , . cJiyttal!, odcyx.neHm,dt Bume L >Le peamrnyexc11 TOJII,KO 

;n.JISI 1:< > roo M, T .e. ;n.JISI ue3oHoB c sHe prn:elt Blilme roIO sB. l{JISI 

M830HOB C :rneprHSIMH MHOro M8H1,IDHMH, tieM roIO. 3B •· MH MOJ!t8M npeHedpettb 

L 
2/2 ""! ) ( ) , ) / L "' no cpaBH~HH!) c I ( te = j - H IIOJIYtIHTI, H3 2 .I2 H (2 .5 

.II.JISI BepoSITHOCTH Ha e;n.HHH~Y TeJieCHoro yrJia HatfTlt 3JI8KTpOH pacna;n.a 

no;n. yr JIOM V', lf K nepBHtIHOMY uanpaBJI8HHIO 

(7.7) 

BepOSITHOCT:& P ( IT/2) TOI'O; tITO 3JI8KTPOH .n;BHJ!t8TCSI B HarrpaBJI8HliH 

Bnepe;n. paBHa 

P(IT/2)-= I (1 +f) 
(7 .8) . 

. 0 

cl>opMyJilil (7. 7) H (7 .8) crporo crtpaB8.D;JIHBI:l Kor;n.a BTOPHtIHlle tiaCTH~lil • 

HMeIOT HyJieByIO Macey IIOKOSI. 

/ 
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§ 8. j3 - . J)eCTia,n; SI,n;pa 

)Io . CMX nop Ubl pacc1.mTp1rnaJiu TOJibKO npoueccH C ,n;ByMSI CBOdO,:n;HI:lMH 

qacTHUaMH B KOH9tIHOM COCTOSI~lm. B CJiytiae C T_peMSI ti:aCTHUaMH B 

KOHetJ:HOM COCTOSIHHH 3aKOHLI COXpaHeHHHHMeIOT Ell.It 

E = ✓m~+ K~ + ~m~ + K{+ ~mj + Kf 

1Z = R", -t- K°2 + k., 
.... 

EcJm Mlil Tenepl> sa<pHKCHpyeM HMTIYJII>C O)tHOii H3 Tpex qacTm~, CKa:S:eM 

qacT:tu~l,I 3, Mb! 6y,n;eM HMeTI> TO :ate, tJ:TO H B § I, eCJIH BO Bcex ypaBHe-

HMHX R H E 3aMeHHTI> Ha K' H E' , nprrti:eM 

K'==l<-"R"3 ; £. 1
=£-~m~-rK{ 

3JIJIJIHICOH.It m.{~YJibCOB BM9CTe c TOtJ:KaMH Ar H A2, onpe,n;eJIHeMmm 

- I • • I-<', E, m 
I 

H m 2 .naeT B03MO:atHue m.myJILChl qacTHU _I H 2 ,n;JISI_ BhI6paH-

Horo HMTIYJibca ti:acTHUiiI 3. Mmimo 3aMeTHT.b, •tITO cHcTeMa ueHTpa 1rnepu11H 

B npOBO,Il;HMOM paCCMOTpemut SIBJISieTCH He CHCTeMoll ueHTpa 1rnepu1rn ,Il;JIH 

BceR CHCTeMu, a TOJII,KO ,Il;JIH ,n;Byx qacTHU I i·2. 

Mu dy,tteM np:trn:eHHT:E:, Tenep1, reoMeTpnqecKy10 Kapurny K Y -pac-

, na,ny R,n;pa C Mac con l10IWH M ( K = 0) • ·B KOHeqHQM COCTOSIHHH MI:l 

m.i:eeM TpH ti:aCTHl{I:l; :rneKT_poH, ue11Tpirno H R,n;po OT,ItatJ:H. MI,J npe,n;TIOJIOXli:M, 

QTO Macca TIOKOSI HellTpHHO pa.BHa HYJID. MI,J dy,:n;eM HCTIOJib30BaTb KapTHHY 

,n;JISI onpe,n;eJieHHSI B03MOXHI:lX HMTIYJil,COB 

HeilTPHHO ,n;JUI ,n;aHHoro HMnyn1,ca K oT 

--- ~-
1-< Q, u kv :rneKTpoHa H ~ 

H,n;pa. OT,naqrr. 3TOT HMilYJibC 

,,.,.,,,.r· 

! 
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-MO:Jlt8T H3M8HSITbCSI Mer:t.n;y rrpe.n;eJialU'I k ~r m; n = O H H8KO TOpbIM k o-i rna.x 

Oc5osHatian ttepes moT H · w'oT Macey H KHH8THttecKyIO 3HeprHIO 

R.n;pa OT.IJ;atIH, MH HM88M 

[I= .6 -WOT 

' (8.I) 
r.n;e 

I 

pasHOCTb Mace uatiaJlbHOro H KOHEPmoro n.n;pa. 3Hepnrn N c11cTeMhl, 

COCTOnmen H3 3Jl8KTpOHa H HellTpHHO B C11tTeMe TIOKOR 3THX .n;nyx 

ttacT11~ paBHa Tenepb 

N1=~E 12
- l<'e .;~112

- 2M WoT
1 

Manan nonyocb snnnncon,n;a m.myJll,COB paBHa Tor,na, corJ1acHo (I. 7) 

a a g _ ~ - m ~ - 2. M w' oT 

- 2~,1Z- 2MW
0
r, (8.2) 

He MOJ!teT c5htTb OTpm,aTeJlbHUM, Mht B11.1J;HM, tITO },faKCtfMaJibHaR 

Be JIHtIHHa \,JOT .n;aeTCSI 

vJ - 62- m~ 
OT. ma.x. - 2M 

H, CJiff)J;OBaTeJibHO, ~ MOXeT c5HTb orrpe.n;eJieHa H3 H3MepeHHSI MaKCHMyMa 

3Hepnm OT)(atJH(IO). lT,JISI 3Toro MaKCHMaJibHoro 3Hattemrn 'vJ OT Mhl l1M88M 

f, = 0 H, T8M caMhtM o(v = j = 0 ( d.v OTHOCHTCR K H8HTp1rno), TaK 

tITO 3HeprHR HellTpHHO oc5pamaeTCSI B HYJib. Tart Ka.K KHH8THtI8CK8.SI 3HeprHSI 

n,n;pa OtieHb Mana, Mht MOX8M no.n;cTaBHTb C c50Jibmon CTeneHbIO TOtIHOCTH 

2 
K0 T = 2 MWoT 

OTKy,n;a TIOJIYtIHM H3 (8.2) 

~ _ ( KoT. mo.x.}2. - l<~T 
- 2. ~Lla - k~T· 



- 38 -

AJIR 3KCUeHTpHCHTeTa 3JIJIHTICOH.n;a Mhl nonyqHM H3 (I.6) H (8.I) 

J3: ~OT 

(8.3) 

H .l{JIR OOJI.blllOti OCH, B TOM ,rce rrp11dJimitemrn: 

0 = _A_. ( k' or. ma.x.)2- K~r 
. 2. ,1z - f<l.oT 

3JIJ1Hnco11.n; mitnyJJbCOB npeBpamaeTcH np11 Kor = o B cqJepy n yMeHJ>maercn -npn I< OT, ma.J<. B TOqKy • :SOJibillaSI H MaJiaR nonyoc11 yMeHl>IllalOTCR C 
\ 

pOCTOM I< OT • Ha qaJio fl Q, BeKTopa m.mym>ca :rneKrpona Haxo-. 

,It;HTCSI Ha paccTORHHH o( e OT ueHTpa 3JIJIHI1COH,n;a 

2 ) kor t me 
o<'e, =-2.-(1 L1l-ktT 

(8.4) 

B TO BpeMSI Ka.K o(v ,n;aeTCSI 

o{ -j- kor M (1. 1 I< ( l<z z ) v- - (Ll2-l<z ) WoT.ma.x.-1.N'cr)= or er.max.- kor 
or 2(Llz--l<~,..) (8.5) 

Hm1rnnn .v1 Bepxm1n npe,n;eJihI B03MOJJtHh!X mrnen1qec1rnx sHepr11n BJieKrpoua, 

,It;JIR ,n;aHHOro HMTIYJibCa fl,rt;pa OT,n;aq11, 113 (2.9) paBHhI 

o(.e j de, f W'e min = ft - me - j We ma.x. = -,- - mQ.... COOTBeTCTBeHHO • Tio,n;cTaBJJHSI 

BMecro o{Q, , j M } Bem1qmm, ,n;aBae1me (8.3), (8.4) 11 (8.5), 

Mhl nonyttHM: 

.)2 (L1-m12,-k.or I 

We, min= 2 (Ll - Kor) 
(.1- me+ l<or) 2 

Wei ma.x. = 2·(Ll -t- koT) · 

TipH rrpoBe,n;emrn HHt'erpHpOBaHHH no BCe},{ B03MOJ!tHhlM 3HeprmIM 3JleKTpOHa 

,I{JIH ,n;aHHOM 3HeprHH n:,n;pa OT,n;aqu, MOJlCHO 3aMeTHTb, qro I.NQ, MOJ!CeT rrpn:-

HRMaTb BCe BeJll1tt1'1HbI Me:llt,rt;y \tJe min. H We mo.x- 11 qro, TaK KaK TOtJKa 

A Q, JJe:lltHT BHe qlOKyca 3JIJIHTICOH,n:a m.my JibCOB, yroJI~BJIHeTCH o,nH03HattHon 

cpyHKUHetl Wri • 



II P li JI O X E H liI E 

(BHBO~'OCHOBHHX COOTHomeHHR) 



I. BUBO)]; COOTHomeHHM (I.7) H (I~9) 
-,),-

B CHCTeMe neHTpa HHep~HH R = 0 

N
2

-= E2
= ( ✓ m~ + g,· -1- ✓ mt+ e/)'; Ne.- if/- (m,2 + '1:1V-= 2·✓m,2 + ,"l' • ✓ m~ +e,~· 

{N'"--' Z. &2
-( m/ + m: )} 2 

= ~ ( m~ + g,2. )( rnf -1-. tfc!) = L, [rrif m~ ... B2 (n:if +mi) + g ~] 
Ai4- e JIZ ( m,l· + rnff )-rm,~ .,. 2 m~ m; + m; + ~ f, ~:... ¼N'a t,t?+ 4 t,,?. ( m: + m;) = • 
~ 'tm;mJ-r<tf/(mt·+m;)+ 4g~ 

Lt N 'Zf/ = N~- eN"\ mf + ':'f) 1-( m,2 - rn: )z;:: ! Ne~ ( m, + mziJ { Alz- ( m, - m
2 
l} 

Aaanorntrno nonyqirn, qTo 

e* ,/ z z' N { mZ - mz ·1 · 
a = vmz + g = T f + N' ' . 

2. B~BO~ COOTHOlli~HHR (I.IO) 

B CUCTeMe neHTpa HHepn1u1: 

" a o 2. e. 
· t) IX + b 1:f + g ll. 

.. gz = 1 
HJIH 

., 

ITpeo6pa3yeM STO Bblpa~eHHe B Jia6opaTOPHYD CHCTeMy c nouombID peJIRTHBHCTCEHX 
COOTHOll10HMil 

I I V ~' 
I{ :: I< k = k,, + ct t.. • 

.1. 'J- II ~1-:-f,?.' ) 

Bu 6paJIH ~a OCb ~ 

Tor,n;a 
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g1i = ✓ 1- R2'(1<,i - h, e/') 
F 1-J . 

Ilocne qero (A) nepexo,nHT B 

k2 + z 
IX . k,i 

g2 + 

. ·. j3 . x)Z 
( I{ IZ - ,[i::J3" BI =: j 

g¼1-,2) 

z z· 
I< 1x -t k, i ( I<, 1. - oC i) a ...:. .

1 
_ 

~z + 0 2. - rn. <J. 
2. 2. 6 

a= t-1'2. 

AHaJIOrlitIHO noJiyttlIM )J.]ISI 1{2 
z. ~ ' 

l<zx + kz.~ (ka -o<.z )2 
_ 1 gz + 0 2 -

_r ft * 
<Az :::; ~ . z' ez 1-p r,ne rrpHqeM 

' .ft . . . 
d.., + o(z = --==~·(e"" *) ~1-,~_. I T e,2. -:: k' 

BupaxeHHe ,nJIR 3KCU8HTplICHT8Ta 3JIJIHrrca 

. /. ✓ al. - f/ ~ gz , 
3KC!l8HTplIClIT8T= a:::. a = 1 - az ::: j3 

TaK KaK f =~ a'- gz.' g/a = ✓ 1-p 2 

4. B11paxemrn (I.I5) 

d. n = ft e ~ - fl ✓ mz. oz f Io. . ~ z . g z f ~ z ~. ~ 1 ~ }3'1. . - ~ 1- f3 z.' n + b = ~ 1 - r~' . m n + = I g -t- m n >/ t 

I{ ~ 2 . 

.fin 

-...,__ ____ o(n --------..i ~,C.~ C 

· Pu.c. 3. 
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H· 

X = a C.O~U°n 

' Ca-/v: { 1-Jc?c.o-/ Un 1 + 2 [n Si~c?J-n (o-;) Unlf + [ r~ Sin 2 V"n ~ ( 1-f c?) co-s:iiYn}=- 0 

Co1i'tlf =. i {- r 5in2J,; ! .v: $in~1"11 -(1-cl~2J'n)[v'\in2V'n -( 1-J,?J_.G,-lJh] J 
( 1 -_f Q>-;)c!Un) n_ , o f _on_ - •· . . 

Il0AK0peHHOe BhlpaxeHHe M0XH0 npeo6pa30BaTb 

O~ Sin '1J"n - ( 1- J3 2 
(.0:)

2 J°n )[ O~ Sin
2 J-n - ( 1_-J 2

) C.0~
2 v'n J = 

= f/{t-2co-9ziin_ -t-CO-J 1/ IJ'fl. } -~~ Sin~Jn + O ~ f 2.Sin
2Jn C.o-~/·J-n t-( 1-fz)CJ>j24i -Jt1-f1)(bj~J,f' 

= i; CD~ZUn (eo-ltJn--1 )-t- r~ !i!Sirhin (,o;) 'tin +(-1-_t> ( 1~ yzcolvn )u,~ZiJn =(1-j2)ce;,"1,Jn I t-J2eolJn -
. . . 2 ,? . 

z. eJ j ( z) c?,. { -. 2 z e)c.: v~ l z z 2_,. , tn -} . z \. ·] · -t11 5in n: 1-p (.ojUh t~_p-((n-j .J,n Un]=.(1-J) CO;)Vn (-
1 

_ !' 51n Vn _ 

TorAa: 

(.Oj Jn* = 1 • {- V Sinc?Vn ± ( 1-}2
)~ V. '1- 'tn

2 
- pz Sinn. ·1 (J.-rco-521%,,) On n ~ 1 _ p z Vn 

3, BhlB0A Bhlpaxemrn AJIH MaKCIU.IaJlbH0ro yrJT,a 0TKJI0H8HHSI. 

o!-/3a 
I - 1 - P' 5. z.'? ·-o 1n Un ma.JC --



" 
- 44 -

. J g/f . g2 
S,n n ma.~ = ~ ra z. = -r-

. b + h'ln -1 fmn 
. . g2 

t C00THOlli8HHB (2.3) 

.; w~J,,: =~ r:,,s;n 2 J,,, =- t,,(1-t; __ rn (1-l> _ 
1-l COSZtJ'n, o~·_;·t-J2

(~~ -f-l+ t) - 0~ ( 1 - Ji!) 

5. C00TH0llieHHe (2.5) 
, H3 ·· ttepTexa 

-~ 

· · ~ 4 Jt . · ·. · 0 n + (oj J,,;"" 
k h (-J..,) (.a-:) Un = o( n ;-a.C.OSlYn. ==a ( tn ;- (oj v,,); k' n (Vn)::: a. (.en {j 

· OTKy,11;a 

I< n (11,) = o. !'n .,- ,_;,ra,'ff. {- I{. s,n'J. ! ( 1- p' ! a,, i1J I -u .,~•J, j 
-co~ Jn 

1 

on 

k (Vn) = a . v 1-r. (o,;) Vn - S, n Vn . + ( z) , t O 
- p q. · • .( [ . A.? ,? q. • i! 'l- ] ~ 2 Z } 

. " t-_p'c,,'O• 
1

on eo,J-n - 1-f 1- t-p' 5in'vn = 

_a(t-j3z) l _ t!-pz· . ] 
- t-jl'Co>'Jn On u,,J. ± 1 - I - f Sin'Jn 

.· g 
(a= ~t-pz' 

a ( 1 - p z ) = g ~ 1 ~ y1- · = P) 

OTEy,11;a BH,Il;H0, tIT0 ,11;nn tn S 1 

6. COOTH6meHHe (2.7) 

Ha,11;0 ocTaBHTD RHlliD + • 

. 2 . 2' g ~ l' ~p 
c?. z. g _ - - 1-1+ -= z.' f ,,_fcT.F = ~ 1-p' g - ~1-y•· p k J 

. . . 

~ * * e Q,n-t- ft~ eo~Jn 0n 

n-= q =~1-pz.' + 

- ,t 

¥ Co~ J",, 

7. CooTHorueH_He (2.I0) 

k'n (~n)Co~Un y - --All(. e, - e: + "(kn c.o-:,J·r) - V). a - On - UTJ n. ) n - ~ 1- p<!' T a . . 0 n ) 

1 = ap ·1 on -= P/pnit ) g,. Cb~,: 

{ 
i 

t 
~ 
l 
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Ta:K EaK Re~~oln~-P') = I" 0(1-p')•-fc,(n 

8. BupaxeHMe (2.I2) ~nH c~yqag Yn = I 
k ~ . 

on'=<Snlt(J:J(f<n)j! i I:; G"n(1"n) •(l<r,)2 
· g. -~1-5in2 '1n unv,, . _f> 

k11(Vn) = (1-pz)'/2 1~Jn1-~1-5inzt1,,·L~ i:,Co-:'JJ-n (1-ftl)1/~ 
g (1-J 2Co~'iJ'n) · ] ( 1 - j 2 Cojzun) 

COOTHOlli0HMH (3~2) H (3.8) 

N =:~ E z_ l<i ~ ~ mr + l<l -t- 2mrr~ mi+ k'2~rn2n-H~~ mf-1- h1k + 2 mr rn 11 + z ~Il (~mr+kz-mr)= 

=VMt +2mrrw·' 

g =-1_. ,1l-N2-(mr+mz)2
} • {N 2- (rn,-mz)lJ ·=-

NJ 2 _ . 2 

ME+ i?, mu.'W'i. -(m, + mz )' 
z., . 

Mf + z. m.nW;.. -(m,- mz)2 

z 

= ✓ Mt!zm~~li,°. l (Mi,+Mf)(~L-Mf)+2mil\./~ }I (ML+Mf) Mi,~Mf)+_~_m,mz+Zmnl.vi, j -

~,I ( QM +fnlJ~i. )(QM+ m:uw'i. + 2 m, mi) 

~ ML -t- Z mJI wl . · . 



CooTHOlli8HH8 (4.I) 
..... 
k ~=E 0

1 E=M-t-\..v'i, 
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K § 4. 

Hs saKOHa coxpauemrn :rnepr1rn: 

( 
2. z z. 

WL + m I) = mr + I-< i 
2 2 · 

k' = WL : i m I Wt. k' -= ✓ WL ( 2m; ... Wt), 

·~ :::: ✓ 'w't. (Zm, +w'i,). 
r . M .... wi 

2. CooTuomenHe (4.2) 

p = g~ 1-f! ·: g = 
(QM+ mz\,./i,)(QM + rnzWi, + ;?.rn, rnz.) 

M z. + 2, rnz:w'i, 

1
.:.. Az- (M+Wi.)2 -WL(2rn,+Wi,}::. M2+ZMW1,+Wf-2m,W.:.-W/ _,t'l'+Z(M-m,)\,v'(,_ 

r - (M +w'1,) 2 (M+W~) 2 - • (M+WLF· 

Mz.+2,mzWi, 
(M-t-Wd2 

P ~
m~\t.li, (\.vi,+ im,J(Mz.+Z..rn2Wd - . - m A 

- (M'+~rnzw'i,) · (M+Wi,)z - _ Zr 

3~ COOTHOmenHe (4.3) 

g p md, 
= ~ 1-Jz , = ~ 1- jz. 

g = 
a=~1.,._p2· 

mz.J3 
1- f'· 

4. Coo!Homenne (4.4) 

d. = j3 e~ =~~"a· o1. =·J3 e"'=~ 1-Jl
2
.e"'a · v-7=~~2\J.:. 

1 ✓ i-yz-' , - mz. , , z q z mz. z , .r · {!'-,+Wt.) 

e*=M +Zm
2

Wi. 
1

+ m, - mz.. =M -1-Z.mz.Wi, m,+mz+2.m,mz+Z,m 2Wi,-t-n1,-mi 1 ~ z 'l z ' i ~ z '{ z z . ·- z· l 

1 2, Ma+ 2-mzWi. · . (Mz + imzWt,) 

e,H- ~M 2 +2.mzWi,
1

f 1+ m~-rn7 }-~M
2
+ZmzW~ 

z. - z. \ M 2 + i m z. W~ 2-

e/' - (m~ -t- m,mz + n,z \Ni,) 
1 

- ~M2.-t-2.rn2Wi,' 

e"' _ • mz {M ~ w'i.) 
2 

- ~M2 +2.m2 Wi,
1 

I 2 z. · ., L, z z} l m, + mz. + i..m, mz + 2m2wt.+mz-m, 

( M 2 + Z-mzWi,) 

I 
l 

j 
' i . 
~ 
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cl.. _ ~Mz.+ Zmz l..v'~ · 
1 

- ~Mz.-t-2ma w~· 
ma . ( m ,

2 
+ m, rn z -t- m 2 Wd ...: W~ -t-* M Cl ~ y -::. ex', = w'~ -t-~ M 

. m 2 ( M -t- W'~ ) - M + wi, o' a M + \IV\ 

{ k (-J'.) _ P - I J I_ i?, P eo~iJ.? _ - imzft~J-z 
') l z. - f -pzco~ziJz.. l ~ ~ z 1- 1-Jz~zJ-z - 1-11.co~z.iJz , 

l,1ma.x_ zmz.p~J-z. -1 _ irnz.P 
(2) 1\ - --;,..,- = ia z. - i- pz ~z.cJz. ~:O - 1-pz.· 

(,) ez.: f dz •-t-f kz. ~~ ~ = f l<z Cl]-j½ 

(~) l,J', ~M = ! 1<, o,-, J, J.i-. = 0 = p 1<, =-¼ i a = z} =zm, l ;, 

Cs) 

( 1- pZemlj-l.) 

l n1 z f (.Oj J'z. 

Si Ymin 1~ 

n i =~~. 
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(9) W'z=pl<z(.o:)~ 
- Wz 

fJ = l-<z [.ojJz 

-.. 

(to) 

.· 

R - 1-( 
r. - h1z. +K i (k+mz)f=I<; l-<(l-j)=m2p;.k= 7-1 

Wi _f_ 
m z ·-iz;- ~ iJ z. 

I<= w-z. 
i - k' a c.ru lo/.? 

~2 

Sin½ma.x= -fm, 

ma 
- l<z. r-,J- 1 - ur.,,? 

W'z. 

map 
g = ~1-p2. 

l = ~o•" g• ·= ,';_'/,J ~ 1~ 1. J' = ;;': J.~ 
Sin. U, mo.x =. rn1 pz.· I mz ·ftz _ ma 

m, (1- j3Z) ( 1-p1) - --m, 

K § 6. 

I. 3HeprHH nopora 

a = mz p· 
1- .Pz 

L. 

8:.tLIQI. Q::.M- -M :::rn-ro,-m,? ~ O=~ (m+m,+mz)1Q1·c_z.m-m+m,+mz)=/Q/(l+/Q/) 
m IT · 1 ~ · f ·· · · e m Z m . Zm 

2. BupaxeHHe ~nH pa~Hyca c~epu 

-- ' m 
a= & =~ ~rn,mz(mrrWi, + MG) cf::.!:!... /QI . r QI= _rr & = .... m . J 

Mc! , 1 mu ' M m+m, +rnz 

_ P -~ Z.m,mz (-mS+rnk) ·-~- <i<-o)Zm;md a-v- 2 -. M ~ . 

3. BupaxeHHe ~nH ot. n 

* 'It I< 
o(n = f fl,z e,n ~ mn J3 = rr, 

t'nn 
o(.· = - I< n m 

0 o<, _m, K~ m ' ~· m, .. '6( ) ,r;;s X.+1 
,=a=-.:;:;--z_m,mz(J<-8): ~mzmoX f+X =v~,·{x' 

1. Bb1po.J1C'2H1.JQ. (7, ~) .1< ~ 7 
* L«- = J_ = ~" . 

n tl1n ~ 1.:.,:z• 

,. 
. if mn 

If- - m .-t-vJ"n = -~,a. ) e,,- n 111-Pn p: = 
z. 

vi',, + i!m,,Wn 
( m n + Wn ) z 

j 
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K § ? . 

..,,.,2 i .,.. z . z - J . . . ff 

~-1 +· !::1_ _ ,.W, M _ l:..!2!:__. M . mz _ ( - M'" . M) · · M W-
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J. Bupa~eHne (7.5) 

L *"t ( 1 ~ Le) _ L ~ 
Sinllnma.JC=- (l+LZ·)Ll ---c-

4. COOTH0lli0HH9 (1.6) 

5. YrJioBoe pacrrpe.rteJieHHe rrpu 
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I 
/ ~ lz lz., ~ . )' Z 1 ✓ 2 ' 2 U 2 • J , . 1 

• N =E -k :=(A-:-Wor -k'0r =A+ 2A~T+LJ;,r-r;oT =Ll .-i?,Ml.JoT 

TaK KaK 4 = M - moT 

2. BHprut8HH8 (8.I) . . ·r 11'-<mW"oT-m~ 
g: e~' ✓ {N'C?-(m, -t- mzf}{N'c?-:-(m,-rnz) = t?,\j,1Z- ZMW-or' 

me1,x 
~ :: 

112 
- rn~ 
2-M . , 

~ 

k oT = G MW'or g= 
Z 2 k or me1,ir. - I< or 

zfo2
- k~r · 

3. Blipa~eHMe (8.3) n dORDlliafl nonyOCD 

(.? : Ji_ = I{ OT ':::: /.(oT 

r E ·L1-W-or a 

0: g ::. g :: gA = ~ 
~ i-jz. ~ f- ldr ~,12- ka;' Z 

A' 

LI' ' r\ oT. mo.,.. - k oT. 

( ,1z _ kz ) or. 

' . 
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PHc. I 
reouexp1,rqecKoe uso6r.xemre coxpaHeHHH 
SHeprHH-V.MTIYJILca. ( .7) npe,n;cTaBJIHeT. 
TIOJIOBHHY M8HLmen OCH 3JIJIHrrca. 3Kc~eH
TpHqHQCTL_paBHa cxopocTH ~eHTpa Ma.CC 
CHCTeMH. k, > k2 HBJISIDTCH HMTIYJILCaMH 
qacTHq B-KOHeqHOM COCTOHHHH. 

L ___ o< --· ,.._ g ---1 , .· 

1· n ~~ ~ 

Pnc. 3. 
Ilepexo,n; H3 C. lj. u.. B nadopa.TOPHYIO 
CHCTeMy. Be1111:qHHH, OTHOCSintHeCSI K C;IJ, LL 
o603HaqeHH- 3B83,11;0lIKaMH. BeKTOp . ~fi· .·. 
C HaqaJIOM B . qeHTpe SJIJIHTICOH,n;a mn:eeT 
,11;JIHHY g H_ero KOMTIOHeHTa,·neprreH,n;H-
KY JISip!J..aSI I-< , paBHa KOMilOH8HTe BeKTO- . 
pa~ k., B TOM xe Harrpa.B JI8HHH, TaK ICaK 
. I<~ H kn CBSl3aHH nw.o6pa30BaHHeM 
JiopeH~a C OTH.Q.CHT8JILHOtt CKOPOCTLD B 
Hailpa.BJieHHH R • .. 
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PHC. 4. 

Ynpyroe CTOJIKHOBeHHe .ItBYX. qacTHU.C paB
HbtMH MaCCaMH. rrocJie CTOJIKHOB8HHH CKopoc
TH Bcer,na oCSpasynr ocTp:Eiltt yron, lf = 1"1 + '-"z 
KOTopult 66JII>me HJIR paBeH '1,/i, 

( (o:).'t' min :. w~ -t' ltm ) 

PaccTOHHH8 2 f M8XAY F, u F'2 = EHH8TH-
qecKott sHepr1m wi rra,nanmett qacrnnH 
H CSOJII>maH OCI> 2a = R. 

A1 

°'1 

PRC. 5. 
Ynpyroe CTOJIKHOB8HH~, B KO.TOpOM. na,naD
JilaH qacurna HMeeT CSo.nI>myn Macey, qeu 
qacrnna unmeHH ( m. > ma .. ) •. MaKcH..; . 
uaJII>Hbttt yro11 OTKJIOHeHH.R na,nanmett ttac-
THUH ,nae T CH . _4 .. _ _ m z 

.· S1nv1 mo-x .--:- m
1 

HanpnMep, CTOJIKHOB8HH8 M830Ha C 3JI8K
Tp0HOM. 

.. 

j 

I 
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PHC. 6. 

Ynpyroe CTOJIKHOBeHHe, B KOTOpOM na,1taD
ntaH ttacrm:na HMeeT :u:ea1,myn Macey noxon, 
tJeM tracxmna 1u1memr. Hanpnep, paccesrn1rn 
'l>0TOH0B CB060,ltHin.l'.H :rneKTp0HaWi (B 3T0M 
CJiyqae At COBila,ll;aeT C F1 ) • . 

,,.,,....--:--- --
/ -..... "' 

/ . " . 
'\ 

I \ 
I \ 
I '<p \ 

t--·--A➔, -1......j----L-~;;; 

i ~«1 ~ . o<,--i 

~a~ 

PHc. 7. · 

·reoueTpHtrecxoe J\306paxeHHe 3KsorepMH
qec;oit peaitnHH. D( di p)3 H, ( Q __. '-IMe.v) 

,ltJI.fI 3HeprHH Wi, = 2. Me,v na.,u;aID!!Je ro 
.zteHTpOHa a= 83,5Me.v, 01 -=2l::ti?M'!,v, 

Oz :: J Q 1 
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C2. 

PHC. 8. 

PHCYHOK nr,e~cTaBJIReT SHeprHH BhIXO,ItR~HX 
qacTHn B ~H'AorepMnqecKott peaKnHH 

9Se(p, n)9S(Q ==-1,83Mev, 3
1
=Z~Mev) a1 = fo ~Wt -z,03,' 

Oz= T 0 1 1 C1 = 10 -.jW~ 1Cz = ,3C 1 J · 

,n;JIR SHeprHH Wi, ' KOTOpaR COCTaBJISieT 
25 kev ~Bhlme noporoBoi:t, r.ite a,= c1 = 

= '-t15~k.zv Wn. ,.,, wP.. npe,n;cTaBJIHDT - · 
SHeprHH BhIXO,n;snqero Hel1TpOHa H Sl~fQ. cfopa. . 

A kp kn A2 
I K 

. i;;EJ.I<,, 
A 1 · Az 

I< 

Pim. 9. 
~oropac~enneHHe ,n;enTpOHa A. ~~s O=O 

. I 

ToqHo y nopora (I=3KfV aa~-3aeprn-
e~ CBSI3H ,n;ellTpOHa); npoTOH H He~TpOH 
,ItBHraDTCSI B nepBoHaqaJibHOM HanpaBJI0HHH 
H Ka~,n;un HMeeT SHeprHD O 65i~v 
B, ~ .. S (1:,i~~ IlpH :mepnrn I, 3 v.ev Blillle no
poroBoH; HanpaBJieHH~_BhIJieTa npOTOHOB H 
HellTpO~OB o6pasyDT npSIMO~ yron, He3aBH
CHMO OT HX yrna C nepBOHaqaJibHhIM HanpaB
JieHHeM C. ll.='28. t"'0,0l/ · npoTOH H Heil
TpOH ,ItBHXYTCSI B noqTH npOTHBOilOJIOXHHX 
HanpaBJieHHSIX. 

f .... _, .., 
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