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B pa6oTe Hay4aeTco ponb •• - BOaoMoae•cTBHo a ·~ - CTOnKaosenHox npa 

HMnynhce nopa.,aoro naoaa OKono 7 Baa. 11oKaaaao, 'To a ynpyroM nN -paccooHHH 

BKnan >0 -B30HMoaeHcTBHO HeaenHK H OHO MOCKHpyeTcg ao;'POKOHOHHhlM POCCOOHHeM 

OT KepHa HyKnOHa. 8 cnyqae Heynpyrwx 'II'N -cTonKHOBeHHH BKnaLl "Ill -B38HMO-

MHCTBHH y>Ke BOOnHo 3BMeTeH H H3 OKCOepHMOHTBnwmx MH><h<x 00 MHO>KeCTBeHHOMy 

po>KaeoH•o OMOHOB MO»<HO ODpe;wnHTb Ceqeaae >n - B3BHMoae•cTBHo. PaccqHTOHo 

u Ll.15! npouecca 
pacnpeLleneHwe nonepe'lHoro HMnynbca OTLl8'lH HyKnoHa rrpw rrpoueccax 

tr -t N __, f\" -t- K + 1T .,. .. Ill ~ N'.,. :a.11 

naCIIH C OllbiTHb!MH Ll8HHb!Mif
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§ 1. Ynpyrue cTO.r1KHOB8Hll51 

npH BhlCOKHX 3H8pf'H51X ynpyroe pacce51HH8 HUOHOB H8 HYK1lOH8X
1 

B OCHOBHOM
1 

CBOLlliTCSI K L1HC\Jp8KUHOHHOMY pacce51Hl!IO, [ loaTO:I.IY B03:1.10:tl'HOCTb Oollapy A'8HI151 lflf 

B38l!MOL19itCTBH51 H3 Ii3MepeHU51 ynpyroro paccemlll51 Ill!OHOB H8 HYK.r10H8X 38Bl!CI1T OT 

OTHOCHTE'11bHOit p011H nepliCl)~U'i8CI\.11X Yllpyrnx 1J1f -B38H:I.IOL18HCTBIIH H nH<\,p8KUI!OH

~:oro paccestHHst, Bbl3B8HHoro ueuTpanbHbi:-.111 nenpo3pa'iHblMH qaCT51!l.-IH HyKnoHa (Kcpna l 

B 3TO~I pa3nene !\lbl paCCMOTpll!\1 OTHOCUT81lbHYI0 p01lb 3TltX L1BYX BK.'18;10B B ynpyroe-

pacce~mlle. 

1
'\\bl npenCT8BI1!\I BOllHOBY~ (!'yHKUlliO CI1CT8:1.1bl nuoH-HYK110H c\> ("'• 'J) 

')( - Koop-

• 
nauaTbl HyKno\~. _y - KoopnuHaTbi nuona) B eane cyMML>I: 

( 1 ) 

(2) 

f (-.c, y) ecTb BKnan oT nepenop!l.mooeau-

3necb 
HOJ:\ Ullt\rpaM:\Iblt KOTOp8S1 !\IO:thOT Ob!Tb p83;10:tKeH8 C TIO!\!O!Ub~ OL1H0f'O ceqeHHSI H8 nee 

qacTH, CB5138HHblO :1I1Wb c onnoJ:\ nyKnoHHOH nnniteil (eM. pac. 1a), \(, H K
11 

- nepenop-

npeLlCT8B11518T lYIT - B38Ii!\IO-

nefiCTBlle ( Ll\18f'p8:1.!M8 puc. 16) i onepaTOp I.A.. naeT BK118ll BC8X OCT8JlbHbiX Jll18f'p8:1.1:1.1 

( 1B) xl. 
C:\1

01 
HU11pi!~IOp 1 puc, 

L:cnu pa3nenl!Tb 
t(>t.'j) na nBe qaCTH! 

.. (3} 
,.( ... ~.., = \• c .... y, + "'" (,.,y), 

•' 
f'_l,O \L (" ,oy\ o6yC.10B."IGHO pacce51Hne:-.t K8pH8 II ynoeneTBOpSieT y paeneHHio: 

( 4) 

o6yc:JOllnena 
1111 - B381ll\IOLl8HCTBil8M II 6yneT ynoeneT-

TO BOJ1H8 '\,. hi, yl 

eopRTb ypaenemuo: (5) 

x) 9 TeopHSI ypaaneHH51 (2) nana P.Un:~.1MepMaHo:-.t-, 1t :l.tbl npneonHM ero B HecKonb-

KO li3M8H9HHhle 0603H8qeHKSIXo 
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B STOM ypaaHeH!flf BTopoH: 'IJieH .llaeT LlHcppaKUHIO Ha KepHe pacce.HHHoH: IIlfOHOM BOJIHhi

1 
a TpeTHH 'IJieH-peaKUHIO pacce.HHHOH IllfOHOM BOJIHbi

0 
nosToMy I'JlaBHbiM 'IJleHOM 6yL{eT 

rrepBbiH If 1 IIplf6JI!f)KeHH01 MO)KHO Il0JIO)KifTh: 

'tn (x,y) ~ Kntd)C,y). 
(6) 

ll plf BbiCOKOH 3Hepi'Jflf IllfOHa BJllf.HHife HyKJIOHHOI'O KCpHa IIpH6Jl!f)KeHHO MO)KHO OIIH

CaTb OIITH'IeCKOH MQlleJihiO. flosTOMy 

... 

)< 

, .fC ... ,y) + '1.' (~,y) = ct"' (><,y) + <$> d,(>V~) 1 (7) I_ v .. 

P.lle <t.tlx,y) ecTb BOJIHa LllfcpgaK,J,IlfiOHHOPQ pacces;~a~~. TaK,RM o6pa30M
1 

Hallla 3a.aa'la

1 ITOCKOJibKy Mbl lfHTepecyeMc.H TOJlbKO BJllf.HHifeM Tftr 
! 

B3aHMO.lleHCTBlf.H 1 CBO.llHTC.H K 
HHTerplfpoaaHHIO BbiJ3a)KeHR.H: '. 

1n lx,y) ~ K"tr ( 4>,t.c> <t~ ly) -t 4'4 (,.,y)- PCx,')l) • 0 0 ) 

{8~ 
t ·.> • ' !' ',. : . ·, ,. ',. ,, 1-

CxoLlCTBo MeM.lly HHTerpanoM ( 8) If. cJ:>e.HHMaHoBcKHM HHTerpanoM .llaeT BOqMO)KHOCTb 
.. i l (', i . . ; ·' . 'i / J i ' I ,' - . 

rrpu6JIIf)KeHHO orrpeL{eJilfTb ~'If !-..,.,) 'lepe3 COOTBeTCTBYIOlUifH cpeiiHMaHOBCKHH lfHTe-

rpan, eCJIJf BMeCTO ITa.llaiOlUeH IlJIOCKOH BOJIHbi lfCIIOJlh30BaTb lfCKa)KeHHyiO KepHOM BOJIHy 

<t>;c.,<t, ... c'1> -t +J b.y)- 1'<"·~> 
T aKlfM o5pa30M Mhr nony'IHM lf3 (I ) , ( 3), ( 7) 

<tc,.,y) -<t;c .. >+.OC"J) + <l><t (x,'J) +'tT,Cx,':f) + '\tr, !:x.')) ..,.l, ... !.C .... 'J), 
(9) 

I'.lle t~('l') ...... (y) -:::: 4>, ('X-~) 
- nnocKa.H rra.uaroma.H BOJIHa, a 

ct>.,c.,.,y> +'\r;, <><.y) +'\• .. t.•.>')+1-"Jl"·Y) 
pacceHHHas:r BOJIHa. n PH 3TOM 

1.11, (X,y) ' '\ n._ (Y, ::1> , 'tlll (,.,y) Bbi3biBaiOTC.H 'IJieHaMlf ,Pc .. ,y> , <t.t (x,)!) , r 6vy> 
1 COOTBeTCTBeHHO ( CM. ( 8) ) , JlHcppaKUH-4>" hr,y) l3] 

OHHyiO BOJIHy 
B CHCTeMe ueHTpa Mace rrHoHa If HyKJIOHa, cornacuo 

1 MO)KHQ rrpe.llCT8BlfTb B BHL{e; 

_;t.,.•o-il..,,of 
.Q, -7~ 

<1'ac'l(,y) ==- l't ~-r -l'4e_- ... ) 1'~ 
..... s 

£;pl1-1'1 

{ t-a<r'>} "-y,.if' 
~ 

1>!-:f>t 
-•1 :il 4. fllll'o -j,o'Yo 

i;~t- ;p,_y JJ ) 4 ~ .. ;. • I ... I • • <, ,. .... Y.ta- r·~ ... "-~-l£ s 
( lO) 

p .. ,l d1rJ {1- n(f'. 1 Ns' - , 

, _____ _ 

11 

e 

I'Lle 

rrpe)K 

flo.ll 

I'Lle 

• 
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- pacceHHHbiH HMIIYJibC B c.u.M. 

'Ill - M8CC8 HYKJIOH8 1 )" - M8CC8 IIHOH8
1 

- HCX011HI·I~ HMIIynbC. 

-f, 0 = J ;>'•r• , .Jf'~: f'J !- 3y' - HHTerp1!pOB8!U:Ie I1p0!!3B01li:ITC51 ITO 

BCeif IIJIOC KOCTH S ~ 

1 rreprreHllHKYJIHpHOH p; 11 Ilp0X0115I!Ueif '-Iepe3 U8HTp KepH8
0 

6) rrpH 

II pH R .. p81li:IYC KepHa. 

I lpu r- :>> R., 

7l 

lf8, 
(lOa) 

6 - yron M8)1<1ly H8IIp8BJI8HH5!MI:I p' -, OH cosrranaeT c HimpasneHI:IeM " 

BN'-!I:!CneHI:Ie rrepsoro HHTerpana B (8) rrpi:IBOlli:IT K pe3ynbTaTy: 

( 11 ) 

nHy 
rne ~ - HH118KC CIII:IH81 1r - OTHOCI:!TeJibH85! CKOpOCTb B ColloM., I:! MeeT 

,..l,('X) paBHo: 

( 12) 

(9) 

r Io,'J061!b!M )J<e o5pa30M: 

( 13) 

rne 

IOTCSI I. "' KUH-

' 
)!{HO 

~ 

( 14) 
, I ~ &' I ) 

x -:.(-__.:_t'_'n_9_'_-_t'_)_._')~ .. ,~·· !o:.,q. _-_f_'l_,_ .. _l_ ... __ .. _..,_• __ -_f __ ~ ,_ .SHf'>} 1 
21 u)L 

( 10) 
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3.necb X - yron Me.>K.ny HanpaaneHJHIMH 
~ 
'(' H (9', , ) 

• BpeMeHHhie cj:Jaabi O.llHHa-

KOBhl .llliSI etA (X,oy) '\"lr, (~,y) • 1 .... {'11,'j) • H Mbl HX OIIYCKBeM. 

n peHe6perasr 

HOA BOliHbl ( spinor ) 

,. lf2 ( ... ,y) H 'l"l (,c,~) 1 IIOliY'IHM Bbipa)KeHHSI .llliSI pacceSIH-

:,.. ~ ~ 

~ [A& (;'l·f-Y4'E ... --)'1~ufi +~:t!_ "6J:,(&) (up:,_· u~}u-p'r) 
... 

J ;l'f' .. s't's: .. & _, 
Ae= iJr ~ d.! f 1- St(f'J} 

s 

B= .L 
~I!> 

\ "3. l 
lr ~ e ~. ln "1 • 

0TCIO.ll8 1 .llliSI . .llHcpcpepeHUHBlibHOrO Ce'leHH SI pacceSIHHSI
1 

HBXO.llHM 

( ~~)~~ ( ctr) -t 

\~ J.;~.a ( ;:: )lf, , 

IIpH'IeM HHTepcpepeHUHOHHhle 'llleHbi IIOliHOCTbiO OTCyTCTBYJOT. BenH'IHHa (diS"') 

( 15) 

( 16) 

..,-_ 
nocne 

ASZ. n, 
ycpe.nHeHHSI IIO HB'IBlibHbiM H CYMMH£10BBHHSI IIO KOHe'IHblM IIOliSipH38UHSIM OK83hiBBeTCSI 

paaHoA: 

( Ar\ = ....1... " .. ( 1 ce)) .. [o-~~•)y"+ 1 "'"3.]. "Jt) 1~.._ I 
11, ... ( 17) 

B cne.nyJOIUeA Ta6nHue npHae.neHbi 3HB'IeHHSI 

mero MeaoHa P,. .. s = 6,8 Esa/c: 

e• 

dr) 
("~ " _s; . ·~-c.TCPf 

00 

2,96 

12° 

1,74 

( !::) B C.U.Me .llliSI MMIIYlibCB na.naJ0-
1r, 

24° 

1,02 

36° 

0,62 

6hlliO IIpMHSIT01 'ITO IIepeHOpMHpOBBHHBSI KOHCTBHTB B38HMO.lleACTBHSI ~.,_ ... , t" 
x) 411 

npH STOM 

a KOHCT8HT8 IIHOHHOro B38MMO.lleAc TBMSI \~ 0 \ = 4lf X 0,3 • 

Ha pHC, 2 IIpHBe.lleHO COIIOCTBBlieHHe Bbi'IHClieHHOro Ce'leHHSl SKCIIepHMeHTBlibHbiM. 

x) 
3To 3Haqer!He IIpHBO.llHTCSI 1\\aH.lleliblU TBMOM H l.{y .llliSI MBlib!X SHeprHA. EcnH 

HMIIYlibC IIB.llBIOIUero IIHOHB B na6opaTOpHoA CHCTeMe paaeH 6,8 Esafc, TO B CHCTeMe 

IIOKOSI IIB.llBIOIUero H BHpTySlibHOro IIHOHOB STOT HMIIylibC COCTBBliSieT TOlibKO 680 Msa/c
1 

H IIOSTOMy IIpHBe.lleHHOe 3HB'IeHHe )
0 1 BH.llHM0 1 MO)KHO HCIIOlib30BBTb 6e3 60libliDA 

OIUH6KH ( CM. § 2.4) • 

,, 

J 

1 
l 
~ 

i 
1 
j 

l 
I 

1 

I 



• 

7 

KaK BH.LIH0 1 ( ~i\T, pacTeT .LIJIS! pacceSIHHSI Bnepellt HO COBCeM He TBK pe3K01 

tAcr)' KBK aKcnepHMeHTanbHBSI KpHBaSI • .Uanee npH fA .. S = 6,8 Basic, ~.Q.. "• MHoro MeHb-

L,e 8KCnepJiMeHT8JlbHOI'O. Boo6me npH r -7(;4' (E) y6biBBeT KBK -r' & npH 
..tJ2. "Jf I 

0 H KBK npH 

Cne.nosaTenbHO, B cny'lae BbiCOKHX aHeprHil ( :;2; 5 - 6 Bas na6.cHcT.) BKna.ct 

nn - B3BHMo.neiicTBHSI B yn~roe 1f N - CTOJIKHOBeHHe HeBeJIHK H 6y.neT Haxo.nHTbCSI 

B rrpe.nenax aKCITepMMeHT8JlbHbiX OWH60K 
l41 

Jleno 06CTOHT MH8'le B CJiy'!ae MeHbWHX HMITyJibCOB ITHOHOB f,. .. s ~ I- 2 BaB/c • 

HanpMMep, npH ~A"'A = 1.1 BaBic, (J<r) rv Jo .,..r . npH aTOH Me 8HeprHH 
.lSl 11, &:o 'rer 

8KCITepHMeHT8l1bHOe 3HB'leHHe (::!~) MeHbWe 10 M61cTep. 0TCIO.Ll8 CJienyeT 
\..t Jl.. "*"-9 .. o 

38KJIIO'lHTb 1 'ITO pOJib 1tlf B3BHMO.[leHCTBHSI B ynpyrOM 1f IJ - pacceSIHHH rrpH 

r .... ~; < ' - l. BaBic oqeHb 3HB'IHTeJibHa. 

PaccMoTpHM Terrepb 3HaiJeHHe HeKOTOpbiX c.nenaHHbiX HBMH ynpoweHHH. Bo-nep

BbiX, OTMeTHM 1 'ITO eCJIH 6bi H8pSI.Lly C ITOI'JIOWeHHeM B KepHe HMeJIOCb 6b! npeJIOMJieHHe, 

TO BeJIH'lHHB 

peHUHOHHbiH 

{I- SHY'> 1 
(rrpu S =0) 

HMena 6b! MH HMYIO 'IBCTb; npH aTOM yCJIOBHH HHTepc!Je-

'lJ!eH B ( 16) He HC'le3BJI 6hi. OueHKB ITOKB3BJIB 1 'ITO eCJIH MHHM8SI 'IBCTb 

COCT8BJIS!eT < 5% OT .neitCTBHTeJibHOH 1 TO (&tr) < 0,5 M61cTep. ..an ..... T_.,., 
'ITO TBKMe O'leHb MBJIO ITO Cp8BHeHHIO C pacceSIHHeM OT KepHa. 

Jlanee, Mbi npeHe6pernH BOJIH8MH p (x, )I) • EcnH coxpaHHTb 

'lneH 
1 TO pacceSIHHBSI BOJIH8 HMeeT BH.Ll! 

( 18) 

Dm1 oueHKH BJIHSIHHSI 1 .. l f)) ITOJIOMHM H 

Torn a: .. 
T ~, 

I,.(&)= J d(-u~9') J J'f'1 1{'X) 

0 0 

(19) 
J( 

( :X - yron Me)KllY HanpasneHHSIMH H ). 
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TaK KaK: 

a) 11 (~) HMeeT M8KCHMyM UpH X 0 H 6biCTpO yMeHbWaeTCH KOr.na 
"X '0; 

6) 1 J 1 ll' ~ o ~;,. e' > I 
~i .. 9' HMeeT M8KCHMYM IIpH 9; = 0 H 6biCTpo yMeHbWaeT-

CH KOI~.aa e'~o TO 1!8f'KO BH.Q8Tb1 'ITO 112 (,)), -I I.(O) l 
"''"" 

f) 

(ecnH & =-0, TO 

'l = e' ) 11 6biCTpO YM8Hbill88TCH
1 

KOT .na • 
OTK.'IOHH8TCH OT & =0. 

3Ha'!eHHe I! J.{&>) B (19) COCT8BJIHeT rvo,4 I 1 CD) ( Dl!H f?,£ D.,"J.! 
.!"''-

11 fM~ =P,8 6as/c) H 3H8K !l.(e) o6paTHbiM 1, (0) , T.e. 

'11 

'M 1, (o> - r , - r (,~&'+ 1 > , , ,_, 
- J J~ ""1,(&) Ko J,(yR0 (:~5. = -o.r 

D 4 

)to 1 1 co) -t .. 1 1 co)::::. o,7 ( "- l)o\= 4-nYb.1 , ~.::(!),7 :c.)• 

8 3TOl\! CJiy'!ae BKJ18.Q nn - B38HMO.QeACTBHH B yrrpyroe lfN - pacceHHHe 

6y.neT 

(.la-) ' .. • ~~ - =i.E"~ 8 ( 1.,(->, .. ~ •• '}. [(1-c~&) r'-tl. ... ~ J ';!( i ,.,..b 
111-tll,, t) -11 "' c.Tii!f 

T,e, C y'feTOM 
~,... ( "'") YIIOMHHyThie Bb!Ule Bb!BO.Qbl He H3MeHHIOTCH, 

~ 
JJ.nH H3oTonuqecKoro COCTOHHHH T = "i , f (.,..y)- o ; a .anSI T-

=-t , )>b.,y) ~o • Mo.nynb tb--)') HeCKOJibKO MeHbWe, '!eM ;d ('lt,:!!J) , cne-

.QOI38T81!bH0 1 YITOMHHYTbie Bb!We Bb!BO.Qbl B ynpyrOM CTOJ1KHOBeHHH T8K;>Ke He H3MeHHIOT-

..._ 
CH IIpH y'leTe Bl!MHHHH 

'\ 11, (~'Y) H '"1J /)t,")) 

T 8KHM o6p830M ITO.QTB8p)K.Q88TCH TO o6CTOHTeJibCTBO, 'ITO BK1!8.Q "11"11 - B38HMO-

.Q8MCTBHH B ynpyroe -n ~~~ - pacceSIHI!e II pH 3HepnfH .> 5-6 6as H8B81!HK j U03TOMy 

' 1:13 .Q8HHb1,: no ynpyroMy pacceHHHIO "1r t-i 1 II pH BbiCOKOM 3H8pf'Uif IIHOHOB_, Tpy .QHO orrpe-

.nennTb "lrlt - B38UMO.Q8MCTBHe, 

§ 2. Heynpyroe CTOJIKHOBeHHe Tuna 11'-tN~~~~'l.lf 

Mbl rroKa)KeM Terrepb, 'ITO BKna.a lnl - B38UMO.QelicTBHH B Heyrrpyroe li.J -pac-

C8HHHe He Man H MO)K8T 6biTb HCnOJib30B8H .Ql!H nony'!eHHH .Q8HHbiX 0 "lf'ft - B38HMQ-

.netl:CTBHH. 

J..l.JIH TOf'0 1 'IT06b! y'leCTb BK1!8.Qbl OT p831!11'!Hb!X cf:JaKTOpOB UpH npOH3BOl!bHb!X HM-

nyJibC8X KOH8'!Hb!X nHOHOB ~ 1 H \1. 

WT8MOBC KOMY ( CM,pHC, 3): 
, Mhi npHMeM npe.nc TasneHHe, rro.no6Ho Ma~nenb-

~ 

;, 

f 
f 
f 

t 
f 
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s=- (p+'l)~ 

t ~ - <r-v>~ 

9 

(20) 

T,e. 
paccMaTpHBael\r nea KOHe'!HbiX Me3oHa KaK eJJ.HHH'!Hyro qacnruy c Macco.H ')Tt x) 

I ll!jKe paCCMOTpeHbi M8Tpi1'!Hhle 3JieMeHTbl
1 

K8K cjlyHKUHH rrepeMeHHbiX 

Jl!06b!X rj•HKCHpOB8HHb!X 3HaqeHHHX OCT8JibHb!X liapaMeTpOB. 

:1. 
KOf'.[la ');'( tjlHKCHpOB8H0 1 TO TOJ!bKO JJ.Be H3 \. ~, t 

1 llpH 

( 21) 

Hb!X COOTHOWeHH ti .LlllSl A(~. s. t) ( OJJ.Ha H3 HHBapu 8HTHb!X '!8CTeH 8MllJIHTy .Llhl 

npouecca, ITOKC138HHoro Ha pH c. 3) npH ~ • ,.,.,1:, 
Mb! 3HaeM, 'ITO HMeeT TpH nomoca: 

If pa3pe3bi 
If 

TaKHJ\·1 o6pa3oM, Mbr npenno.rro)!(HM, cnenys:r lv\aHnenbruTaMy, 'ITo 

151 
npeJJ.CT8BHMO B BH.[le 

-+ 

·: -;. ( ?0 (~ ---"-·-)_(_;;_'_. t_'_)_.,.._'_J_t_'_ 

J J {1: 1 -t) l ~~- ~) 
'lr~ ( .... )",. 

+ 
<t'-1:)(~'-s) 

\ 

X) 

3necb Mb! rrpeHe6peraeM .LlHarpaMMOH 1 ITO KOTOpo.if CH8'l8JJ8 HYKJJOH 

CKaeT O.LlHH ITHOH, IIOTOM llOf'JIOWaeT II8.[l8IOWHH IIHOH
1 

H ITOTOM lfCIIyCKaeT JJ.pyro.ii ITHOHo 

Ho BK.rran aTo.ii nu arpaMMhr TaKoro )!(e nopHJJ.Ka KaK BKJJB.Llhi rronroca S= m._ H S .. m.t 
(cM.HIDKe), U IT03TOMy Man. 
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+ ;. r r 
("'f)'), c ........ ,. 

A,J ( ~·' s I) J s ... !; I (22) , 
cs'--s)(s'-~) 

r.ue cneKTpanbHbie cpyHKUJHI A,, Cs',t'), A11 lt',s') 
1 

A1• (s.',~') He IIC'Ie38IOT 

TOnbKO B o6naCTHX ( 1'>~,.. .. , ~'::> l•-t..-.)~) (t':>c:tJ"'", s'.> ( .. .,_,..),) 

(s'.> { ... +~).._, ~· "> (-t,..)") COOTBeTCTBeHHO. 
,. 

r.ue 

l-is (22) (Kor.ua '111.,. cplfKCI!posaHo): 

A"". (~_r;, t) =-.c
,u. ... - t 

GO 

+ - 1- + - _I_ ( dt' 
')M·- i'" 1r J 

.,,. .. 

dJ 

Ob (t',s) 

t'- t 

Ol3 (1:', s) = .! J ds.' 
A1, ('~ t.') 

s'- 1 

h .. -t,.>'" 

pO 

_, -s. -;; ++]A~' llJs~~) 

<-.... >· 

,.,,_ '"' -+rl'- t' +j ds1 A ~l, (S', t') 

s-s 
-.oo ' 

/ 

( 1:
1

- -f•··-' s:'- s'cs'>) .. 
Ot1lS'. :.) , :i I ·h' 

,.,.,,.., J
H'-'Ip'"-s'A _, ' 

I .J , 1 (s,\) 
- <OS' 

11' s ,_ s 

A,
1 

c~·, ;') 
s:- s 

-oo 

(~'--f'"~, t' ,.1:'(s')) 

yp8BHeHI!e (23) - K8K pas Lli!CnepCHOHHOe COOTHOWeHI!e .llnH A l~- s, t ) 

npH onpe.ueneHHOM $ 

(6) B c.u.M. KHHeMaTH'IecKoe paccMoTpeHJfe .uaeT ~· • 

, l$- {,..., ,.)''- ][ s- {,..-,..)') r= r= lrl = 1\1 4s 

1 ls- ( ..... ?t'tf ll.- c ... -110'] 
r·==--------~~--------~- r- = 'r· ' = 1 a 1 4S 

" 

' (23) 

-{;.~ ·-

(24) 

~ 



• 

(23) 

(24) 

II 

(25) 

9 - yron Me.iK.uy 
.... , 
f ' 

'll'(a ne.iKaT B rrpe.uenax 

E - o6maH aHepruH), 'l Jie.iKHT B 

Vf3 (24) BH.UH0 1 'ITO f'=o , Kor.ua 'J1'C= (1:- lM) ... • KpoMe Toro, rrpu orrpe-

Ll8JI8HHb!X 3Ha'leHHHX ~ H ')'l'e cfJH3H'IeCKH B03MO.iKHbie t Jie.iKaT B rrpe.uenax: 

t I=- t ( Jo1
1

- ~ ~ 4pP' - ) 

) 

Ha puc, 4 IIOKa3aHbl .UBa Kpat!:HHX CJiy'laH c H 

(uMrrynhc rruoHa B na6op.cucT, ::_ 6,8 Bas/c). 

IIOCTeiieHHO .UBHrahlTCH 

Harrpaso, 

6) cfJH3H'leCKH BOe>i.!IO.iKHhlH 0Tpe30K {t.,tl) Ha JIHHHH S=7o1,I.JA1 IIOCTeiieHHO 

YM8HbW<'leTCH OT(t,~-o,1.b.l"l.•t,.~-bll,4)'1 ) .UO (1 1 ~-tao,J/<"-, t:a=-f~l...a1) 

s) paCCTOHHHH 0Tpe3Ka Ha JIHHHH OT ITOJihlCOB 

t1 pa3pe30B IIOCTeiieHHOF'yBeJIH'IHBahlTC51 0 

0Tcm.ua MO.iKHo c.uenaTb cne.uymmne Ka'leCTBeHHhre BhiBO.Uhr: 

a) rnaBHbit!: BK.TI an HaXO.UHTCH B o6JiaCTH 3Ha'leHHSI 

OT He.uaneKoro oT 

'lt't .. 
' He o'leHb .ua.rreKoro 

• .lJ.eHCTBHTeJibH01 6JI7r30CTb 

OT rronmca ,UaeT IIO.UaBJISihllllYhl BepOSITHOCTb TOro, 'ITO f" HMeeT Harrpas-

neHHe Ha3a.u 

6) cne.uymmHA Ba.iKHhrt!: BKna.u .uaeT pa3pe3 , KOTOphlH B OCHOBHOM 

naeT BKna.u B pacceHHue Ha3a.u ( 'i-:. 1) 
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BepORTHOCTb TOr0
1 

qTO p' 

a) BKna.llbi nomoca ~=10\1 
H paap~aa $ ~ (004-t}'l),. oqeHb Manbi

1 
T.e. 

uanpaaneuo anepe.ll .( i =- 1 ) 
1 oqeHb Mana. 

J-1a pHc. 4 Mbi TO.>Ke BH.llHM, qTO HaHMeHbUJHe 3HaqeHH.R 3HaMeHaTeneA qneuoa 
nonroca t.: )41 

1 paapeaa t ~ 'l,-.1 

paBHbi f"t-)<~~ tvf 1 \ t-q_.. .. , ""ft~ , nonroca 3' = ,.... H T • .£l. a ypaaueuue .(23) 

1~- ~ot'"\ "' S'o H T
0
.£l. 

COOTBeTcTaeuuo. Cne.lloBaTenbHo, .lln.R nepaoro npH6nH.>KeHH.R .llOCTaToquo yqeCTb 

BKna.ll TOnbKo nonroca 1 ,.,. ,.... 
1 

T.e. 

< f h\ i > = 1'211)
4 ~4( p a'-r' ) 1o (i(f 1r ":) 

2.lJl 't ~ -,,-"{ .. 

(to'-,, ..... I" '1 

('1t,11a 11111') 

Jw, .... ._JJ 

HyKnoua Mbi nonyqHM .lln.R ceqeHH.R ~ .... ~ ,., • ., ..... 
nocne CYMMHpOBaHH.SI no KOHeqHbiM H ycpe,llHeHH.R no HaqanhHbiM nonRpH38UHRM 

(} ........ ~ ,.,+11,+tr,. = <a: 
;;)'• 

I 

ll.trwr' J S4 
(f+"\-r'-1•-1•) J (lf,w._t,n')\ 1 x 

"-'
f .. f.:' '1'•f.' -1rf~$&-'2 ..... .,.}1 .. ) '1. 

fofo'- rr'u~&- ..... ef1r, ~~.d 3"\. 

P·fo -uMnynbc H aueprHR na.llaroruero HyKnbua, 

fY, ,:- "iMnynbC H aueprH.R HyKnoua OT.£laqH 

"'I ...... W 

~- OTHOCHTenbHag CKOpOCTb Me.>K.lly HCXO.llHbiMH nHOHOM H HyKnOHOM 

,, Wq '\.t...,J. - HMnynbCbl H 3HeprHH OKOHqaTenbHbiX nHOHOB T; , Jl' .. 
1 """" ~ r•+,..~ - aueprH.R na.llaroruero nHOHa 

WI, J" - MaCChi HyKnOHa H nHOHa 

& - yron Me.>K.lly 1 H p" 

( lr,'JI, lvn') 

<"TT,,f,. \s\11"11'')-~ (n, .. ,.Jww') ! 4 ('l+t'-1,-1,_). 
4 J .......... ..,.u, 

- noxo.>K Ha HHBapHaHTHbiA cpaKTOp B MaTpHqHOM aneMeHTe: 

(26) 

(~]lr.J 

"'llr·Al) 

(27) ~ 

• ,c 
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Mbi 6y neM c•mTaTb aMrr nHTY ::1y IIOCTORHHOA If II03JlHee o6~yJlKM 

3TO npenrronO)!<eHHe, npH 9TOM rrpenrronO)!{eHHH HMeeM: 

rne 

I 1 i 
p.,w /1; 

t<r'>- \(lf, ... ~:lf-;')1. ( o .. (r+'\-r'-\,-1a) 
.111' J 

-t <r'> 
1 {o) J 

4)t .. 

1- {"E-ro'>a-

·------
(£- tb) ... _ f'a 

,, ... 
I 

~:: 1 

I I 
rr aHe3arrHo rranaeT no HynR rrpH r ~ r-·· 

{ 0 <. p, < r' ....... ) 

r:.."'."' '1.~J (~-+.,...l.,...)("£ .. --l"><'E- ...... l,....)(G- .. -'l.p.). 

Vf3 (28) MO)!{HO IIOK838Tb1 qTO! 

a:- \ (1,,,. '-rw'> '& 1 j r'... (y. y.:- rr' ~e - ....... ) 
{2"'>4 1., u .. oo~ r.w r: (2l'•f.:- :rr~~e-z ... •+)'~y " 

X r-,_ 4 ,. ... 

It l~- ,., ... _ p'& Jv' 

(29) 

(30) 

HMeeT pe3Kifi!: M8KCHMYM IIpH ~ =0, T,e, HyKnOHbl OTJl8qf! pe3KO HarrpaaneHbl H838Jl 0 

nanee, •• 
2) pacrrpeneneHHe rronHoro r' a c.u.M. vN 

~ ct" 'll'tl4 _. ,.S'+tr, T If~ ~: lbr .... \ll'l'~i" r''l 
X 

~P.' (l..;;)'!. ,,, .... fo~A> 
to' 

(31) 
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HMeeT M8KCHMyM OKOno p':: P~M 
(cM.pnc.5J.(Ecna Y"'IITr.rsaTb BKna.o. pa3pe-

38 t ')1,-" , TO• Mai,CHMyM pacnpe.o.eJieHHH Ha PHC. 5 HeCKOJibKO CMeCTIITc'H Ha
JieBo). 

3) Pacnpe.o.eneuae HOnepelfuoro Hll.mynhca HyKJIOHa OT.LJ.<llfll pl._ 
cpopMyrwti: Bb!p8)KaeTCH 

~ lr1f .. ,...,.,. .... n, .. n, 1-: ltn,ll.lllw')) 1 

'"" )<. 
~p..= 

{'l..n)l II. 11'11/J p,,_, 

(32) 
I a '" 

J
.tf p;,..lr -pJ. 

I II' I p I 1) X P.a. \.?oP•- I'!:-.,. 
--, , ' "' 6'1. r. ( 2p.p.- 1pfl -l .... -+-"') -J ,1 0 'L 

P,...,.-,:a. (p''::::: p{'+p;') 
J 

41"' 
1--, .. <.e:-ro> -r·'" a .... ' 

rill: • 

rlonepe'fHhii1 HMnynbc Hyxnoua oT :1a'III 
p~ , COOT8()TCTByJOLL!IJM MaKCI!MyMy 

pacnpe.o. eneua H fl., ITO"'TH He MeHHeTCH C 3Heprneti Ili!OHa: 

p;op-t ~ "!."!. o- 'l.)o 

(cM.KpHBhie pacnpe.o.eneHHH Ha pac. 6). 

4) nonHoe Ce"!eH!fe peaKUifH 

~")P, 

c. 

paaHo: 
llTN-. ~'+TI 1 -+1fa 

, cornacuo (28) 

6" I -11~".," +'ll',+lf,-
,: I Clf,lf..\ 1flf 1 ) 1 .. 
(.'111)') ib.lTlfol 

----- r''" I I Jr.. .. ,. ........... 

::::: 

f3W " ~ 
0 

)I l-' ),~ 
4fP' G 

' 4pp' ) ........ J 
; -t - 1 I 

. (2p.r~-1rr'-1 ........ ,...) t1roT~-h·'+,...">- 4p"p'" ~r 
(33) 

1: l ("'f. 11', 11111') 11 

l11l)\ I~"'T 
'lf'N 

fo u.> 
'l( b. t". 

~ ... -

ta 

I 
l 
' 1 

' t 
I 
! 
! 

• 

.0. 

B 

6,8 

lfac 



1.5 

B 9TOM HHTerpane rnaBHbiH BKnan npaxonHTCSI oT o6nacTH r' 
rro9TOMY 6yneT npaBHJihHbiM B ¢opMyne (33) nonpa3yMeBaTb non 

I 
OKOJIO p ,..,.If 

j( 1T I"· I 11"11"') 1
2 

, 3TO COOTBeTCTByeT TTfi -pacceSI-

Hf!JO npa 
B na6opaTOpHOH CHCT8~1e H 

:= 1 '{.'I== 880 M9s/c B CHCTeMe ueHTpa Mace 

~ _l_ 

b4'TT 
.-l. 
w• 

If 

\(1T,n .. \lr'l')\1 H838BHCHMO OT yrna), 

no9TOMY OTHOLUeHHe ceqeHHH 

H -n/ , Danee 

(B C,U,M,) 

(34) 

8,8 D9s/c OK83bisaeTC51 paBHbiM 3, 

C npyroil: cTopoHbi, ceqeHHe nnSI 

~(fdiJ"'' ~ _!_ (j' 

f'.l. ~ \ JAC. ( = 14 .. f""'!S.) OK83b!B88TCSI 

n1-N•rt'+ .. ,.-n-. 2.&) ..,..,.,., _..,,_.,+w,+tr1 1 
IIpH HMIIynbCe rrepBH'iHOrO IIHOH8 

no npensapHT8JibHb!M U8HHb!M ceqeHHe Heynpyroro paCC851HH51 

x) ,r .. " .Ao"-> 

nnSI acex 

xx) 

KOHe'iHhlX K8H8JIOB COCT8BJI518T tr-.,-p t8<C. 

EcnH H CTw-.. r_,.V't'11o.,..w-
,._ 2o1,. " (J n-p cs<-e)' 

H cr,.-.. f ~ ,.,_,.,~ ~~- ~ --)A f) _, .. <r tr .. ~.Ao'-) 
p-... \'~'ft+Tt ..... "'\-

TO ceqeHHe ynpyroro pacceSIHHSI ITHOHOB <r,.--t-n+ ~.,.-~,.-. 

fiJI!! COCT8BHT 15-30 M6, (83518 11 l!CIIOJ1b3YSI MeTOU 

T80p!1:!1: B03MyLUeHH51 1 Mbl TO)Ke IIOJiy'iHM 
B TOM )J{8 IIOpS!UKe, 

KBK , 3TO 3H8'IHT 1 qTQ npaBHJibHO B II0p51UK8 UJISI 

aaHHoro cnyqaSI B § 1). 

3aMeTHM 1 'iTO 8CJIH cPBKTOp 

BM8CTO ( 28) !1Jvl88M 

He cqHT8Tb IlOCTOSIHHb!M 1 TO 

(35) 

xl 
no H3MepeHHSIM B nponaHOBOH K8Mepe, B nyqKe Me30HOB c HMIIYJihCOM 

6,8 Bas/c. Y.acTHOe coo6meHHe BaH raH-t{8H8 J1B3, OVIHVI. 

xx) r·l 8 o H3MepeHHSIM B 9MYJihCHH B nyqKe M830HOB c IiMIIYJihCOM ,8 D9s/c, 

4acTHoe coo6meHHe P,M,J1e6eneaa, J1B3, 0¥-!HVl. 
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rne 

....,, w~,. 
(36) f'< 1,·. e)= .~ J l<it,.,..,"'l'w'll. ~ .. ;,.~ 1 -p•-·,..-4.·) d.~,. J\'l· 

B aToM cnyqae BhiBODhi I ) , 2) • 3) ocTaiOTCSI npaaJinbHhiMH • .UeiicTBHTenbHo, 

t<\'') B (29) 

n. 2> H 3) ~ 

eCTb nepBOe ITpH6nH)KeHHe nnSI r 1 
( f! 8) B ( 36) 1 BbiBOllbl 

.,. ( "II I - 'LI>'> 9 - ,.. • \ 
OCHOBHOM onpenenSIIOTCSI LjJaKTOpOM _I_ r 0 Pf 

fo l•t;f:- 1 rP''-•' 9 - 1 ... ' .. /'• J' 
H He O"!eHb 'iYBCTBHTenbHbl K f lf'> H f'<r'.&> 

Yl3 aToro coo6pa)KeHHSI cnenyeT, "!To eGnH Mhi TO)Ke paccMoTpHM npouecchr 

MHO)KeCTBeHHOro pO)KlleHHSI ITHOHOB B ITHOH-.UHO.l!HQM B3aHMODeHCTBHH 0 COOTBeTCTByiO-

U!He nHarpaMMe pHc. 7, ro BLIBOllbl IJ H 3) o pacnpeneneHHH HMnynbCa OT~-

"'H OCTaHyTCSI B CHne 1 TaK Kt!ll{ OHH He "'YBCTBHTenbHbl K y3ny lflf - B3aHMoneii-

CTBHSI ( y3en A0 ) ; KpoMe Toro, MaKCHMYM pacnpeneneHHSI Ha pH c. 5 cMeCTHTCSI 

euue Haneso H3-3a coxpaHeHHSI aHeprnn. 

Mbr npon3aenn TaK)Ke Bhi"!HcneHne nonepe<rnoro nMnynbCa oTnaqn 1\ -qacTn-

Ubi nnSI npouecca, noKa3aHHoro Ha pnc. 8. 3Ta naarpaMMa naeT HMnynbC /1.0 """'--
pe3KO 

H83an • flpH aTOM oKa3anocb, 'ITO nnSI ncesnocKanSipHoA aepwHHhi ( /1° N t< 

nonyqaeTCSI cnHWKOM 6onbwoa, a nnSI cKanSipHoii:-cnnwKoM Manhrit nonepe"!HhiH HM-

nynhc • .UnSI cMeCH ncea nocKanSipHoro H CKanSipHoro Tnna ( I ±.. )~ ) npH nMnynhce 

nepBH'iHoro naoHa 6,8 Eaa/c nonyqaeTcSI fJ.,.. :::::::: 413 M9a/c, a aKcnepnMeHTanbHoe 
x) •r-

3HB'ieHHe rJ. c: 41" j: 42 Maa/c • 
ort 

~.,.. 

"r~J,. 

~ ("''""" lA: 
ocb Jr~>v~~ ~ .. ; 

...... ... .L 

( . . ) 1 ..... ,. )( 

1- -----,-).-(-.-.-.-.) 
(E-Jr;>r~;~ .. ,.- r ..... ~P,.~ 

J ,~ ,. • •' 
Po 1",... • r,.~. .. .,.,. - f '"~ 

X 1. ,. "' 1. .. ~ ( 2.f• j l'~J. • p~ • .... ; -lrp~1 -"' - ... ,. ~""') 

( 37) 

f;J. Ay;~ ' 

rne "'' 'W'I\ J 'W\K 1 r - MaCChi HyKnoHa, 1'1" - qaCTHUbi 0 t( - Me30H8 H '11' -

Me30Ha) • 

X) . 
;]HH Da-uao. 4acTHoe coo6uueHHe. 

A 
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(38) 

fo l1 f; orrpe.neneHhi KaK paHhwe. 

Ha pRe. 9 npHBe.neHo pacrrpe.neneHRe fA.~- npR reHepam:m '18CTHU f\0 
R '< 

3aMeTRM
1 

'ITO B381iMO,UeHCTBiiSI THII8 l±iJ" 6y,neT npHBO.UiiTb K II01IS!p!i38Uiili fl" 

'18CTRU. 

Pe3IOMe 

I. BKna.n nn - B381iMO.U9HCTBiiSI B yrrpyroe pacceSIHHe IIROHOB H8 HyKJIOHe 

rrpH 8HeprRR IIROHOB > 5-6 08B H9B91IHK: OH CylUeCTB9H9H npH :aHepnm 

~ 1-2 E:aB. 

2. B TOH )K9 o6naCTii :aHeprHH IIHOHa ( ") 5-6 08B) BK118D 1111 - B38HMO.Uei!:-

CToiHI B Heynpyroe paccei1HH9 IIHOHOB BIIOJIHe 38MeTeH. Y13 npe.UB8pHT91lbHbiX .U8HHbiX 

no 1'"+ N ~ t-~'+ n, +1l._ rrpoueccy MO)KHO oueHHTh ce"LJeHHe ynpyrorn 1111 

- B381iMO.U9HCTBHSI ~ }5-30 M6. ( B CJIV'Iae C HMIIYJlbCOM B C.U.M. Ji'Ji"'-6801'f;(,) 

3. nonepe'IHbiH liMIIYJibC OT.U8'1H HYKJIOHa rrpH 11 N -cToJIKHOBeHHH cna6o 

3aBHCHT OT :aHeprHH II!iOHa. B ll:HTepsane 7-1000 E:as/c, r~~ ~ 330-350 ~:as/c. 

4 • .LlnSI reHepamm rr -qaCTHU nonepe'IHbiH HMIIYJihC fii.L opt cornacyeTCSI 

c orrhiTOM B npe.nrroJIO)KeHRH, 'ITO sepwRHa (~oN I( ) B38HMO.nei!:cTBHSI HMeeT cTpyK-

Typy 11: 'rr • B :aToM cnyqae cne.nyeT O)KR.U8Th rronSipH38UHH reHepHpyeMbiX (\
0 

qaCTHU. 

ABTOpbi Bbipa)KaiOT 6naro.napHOCTh KHM 3e-nxeHy 3a 'IHCJieHHbie pac"LJeThi. 

O.nHH H3 aBTopoB (BaH .IK.yH) 6naro.napHT A.B.EcppeMoBa, li)Ky XyH-I08Hh1 

42iwy ryaH-q)Kao, X:a Uao-:-c10 38 none3Hhie o6cy)K.neHHSI H ueHHbie coseThi. 

Ohe.Ji.KHtHHird\ BHCTIIT}"J . 

uepHWX acue.-a .. 
6H6m10"( KA 
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I I I 1 I {~)JL casGcAS M. o I q95 a9o 
oo tOo 15° 20° 25° 30° 

PHc. 2. 

3KCnepHM9HT8nbHb19 naHHbl9 :q- P - CTOnKHOB9HHA 

npH P 
6 

= 6,8E::m (eM. [ 4] ) 
na • c 

' 
KPHB8SI (ddc;) c A 0 = 4 m x0,3 .n. Ji, ~· 

' 

·-



p 

.. 

0 >Q=q +D 
,./'~ '\ /'I 1-2 

/ /0 
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•• 
Puc, 4(6), 

t=S t-o 

(¢aauqecxas o6nacT& 
COXp8THTCH B TQqxy) 



( w·r~':J) 

:;If/" vs'~I= XrJUI d 

• 

aHHaual7aduoed 

oOHq Uo.LHOOH.LO 

:nfv'~I=d 

,{g·g~ = 3 



t 

VfMnynbC llHOHd 

= 335 /Vba 
c 

Eaa ( ) ~ 6,8 -- n.CHCT. 
c 

PHc. 6 (A) 

25 

---- - ·-- ---~----

(JQ Eaa) OTHOCHTenbHOe 

/ 

4' 8 1-P Jj' 
tJ' : P. 37 vnif S = 332 Mea a 

I ip,ot 

5aa 
kiMnynbC llHOHB ~ JQ-C- (n.CHCT) 

PHc. 6 (5). 
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D3B 
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( 6,8 Eas) OTHOCHTenbHOe pacnpe.aeneHHe 

'A,1 

PHc. 9. 


