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A H H 0 T A n H H 

B CTaTbe BUli11CJieHU ,!111ifl¢epeH~I18.JlbHHe cel!eHI1Sl npOI~eCCOB TOpM03HOrO 113JIJ4eHI1Sl 3JieKTpOHOB 11 

pOlK,ll,e1!11Sl nap, d -KBaHTaMI1 Ha npOTOHaX C ylleTOM fpopM-tflaKTOpa B Hl13meM nopSI,li;Ke Te.OpHH B03MJl!leHHlt, 

~opMyJia_~l1tJ>tJ>epeH~I1aJibHoro celleHI1SI TopM03Horo 113JiylleHI1SI npoHHTerp11pOBaHa no seeM yrJiaM, KpoMe yr

Jia Me~.ny HanpaBJICHI1eM na.naD~ero 3JieKTpoHa 11 HanpanneHI1eM swneTa tf>oTOHa. llpose,ll;eHo cpaBHeHHe . . . . . 
,!111CfxflepeH!111aJibHOrO 11 IHlTerpaJibi!OrO Cellelli1Sl TOpM03HOro 113JiylleHI1H C COOTBeTCTBJil!lli1MI1 tflopMyJiaMH Ee-

Te-raMTJiepa. 
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B B e ,n; e H H e l ···, 
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IIponeccH ropMo:moro HSJiyt{enHsi sneKrponoa 'H po:~~:.nemHa nap !" -Ksali'raMH na nporonax dun11 

'paCC4HT6.HH Eere H ra~TJiepoM /I/ B HH3W9M nopl!,nKe TBOpHH B03My~eHH~ B npHdJIHXBHHH T0494HOrO·H 

. C pa3BH;HeM JCKOpHT9JILHO~ T9XHHKH llOIIBHJ16.CL B03MOJ:HOC;rb ~~aBHTb 3_KC,~epHM9HT~ npH .,I(OBOJibHO 
. . ' . ~· . . . ' . ' 

BHCOKH.X 3HBI!rHIIX na,nall~_HX 4acTH~. (aJieKTP?~OB '· J" -KBaHT.oB) .• , IlpH 3TH.X. 3HeprHHX .B paCCMaTpHBae-
• ~ " •, . - ' • • . ! . 

MHX nponeccax MOryT OKa3aTbCII cy~eCTBBHHHMH KaKzOT,naqa HYKJIO~a, TaK H .ero CTpJKTypa. Jle~CTBH~ . 

ren~no·~ '·onHTH-~ .np~~e.nenn&.e. XotiJm~~.nr·epoM H . .np/2<no p~cce~HH~ ~-~~KT;o~~~- c ~ueprHe·~ -~ soo Mas .. " ' . . . . .. '. . -.-

Ha BO.I(Opo,ne noKa3HBallT,. UO .I(Jill · Od'DIICH.eniu. 3KcnepHMeHTaJibHHX ,naliHHX HJKJIOHY CJie,nyer npHiiHCaTb ~ 

HeKOTOpyll CTpyKTypy. B CB'S:I3.H C ",3.THM. npe,nCT~BJI~er;_HH~epec BUIICHHTb. :BJIHSIHHe <J>OP)l-!lJaKTOpa H OT,I(a4H . 

aa raKHe, dJIM3KHe K pacceaHHil snenponoa, nponeccH, KaK ropMosnoe H3JiyqenHe H ·pox.nenHe nap na 
HYKJIOHa.J(3/. . ... ·'\ . . . . . ' . , , 

.. ~· 

HaMH d&JI npose.nen pacq~r .nHtP<I>epennHaJI&HiiX c'e·qenH~ pacc:uarpMaaeMHX nponeccos ,_B HH31UeM no

pa,nxe. reopHH B03~y~eH~R ~ rpa<J>HKH a)' d),,:· ar, r) •.. Ha' rpa<J>HKaX ABO~Ha.a ;H~HSI od~~H~~ae~ np
1

0TOH

HYil JIHHHD, 0,1(HH04HaSI - 3Jl9KTpOHHyll, a BOJIHHCTa~ - cpOTOHHJIO JIHmut. ·JlonOJIHHTeJI~HR~l_, BK~8.,n B, CBilBHltSI 

dy,ner npoHcxo,nn:& xax or :uesonno.lt_ m;du HYKJlOHo~ :(rpaquum ;J;) ~ e)), .• TaK H ~T HH:reprpep~H~Houuux 
tl~BHOB i' (a;5 J+j j ( C, ?.)+e. O.nnaKo ~. ero. yq'e.r IIB1l~e-TcJi\opa3~0 do~ee' CJIOl[HUM, .lleMj~~·qer. rpatf>H

KOB a), d), B), r), H H03TOMY B 'JiaCTOI!~e~ CTa:r:&e HaMH JIHmb odcyx,naeTCII B03MOli:HOCTb ero BKJia,na. 

He.naano a.padoref4/ pac.cMarpHaanoc.&, '~·JIHIIHHE(~rpynypu na 'nponecc_~ _;-opuosnqr_o ·H_;11Y.~~H~H H pox.ne-

HHII nap.: Paccw~ipe~H~ rip~i~~~~t'6 ~ 1~s: yr ~riB. e ' . ;~O:BJieT~OplllliJlH~ YCJI~BHIIM: . ' . 

~. l'1 . .· .. 
· 9 <<- ; p » M .. · .p ' .. ·· .· . . '(!) . 

rAe e .. ":"yr~_JI. wez,ny r -KBaHTOM H 3JieKTPOHOM (HJIH no3HTpOHOM), · .. · M . -Macca. HYKJIOHa Ttl 

P . ":"HMHJJILC · 3JieK'l'pOHa (HJIH H03HTpOHa) • .· JierK~ BH,I(8Tb, qro npHdJIHJ:eHHe I) orpaHH4HBaer paCCMOT

peHHe Bonpoca H cnp~se,nXHBO npH aneprHII~~·JI~~KHX qacTHI( :; ~- . IO EsB K YrJIOB ~ 5°. B cnyqae 
. ' .. ~ t : . ( • • .•• 

P"'M y,na~rca pacmHpHTb odJiaCTI, yrJioB .no Bk!5° ~ • O.nnaKo, · npH, a roM onycKaercll ¢opM-tP~Krop, caaaan-
. ._ ... \. . 

' Hlilt c aHOMaJibHYM warHHTHYM MOMeHTOM HYKXOHa •• 

§ I. J1H<MepengH~Jil>HOe: ceq'eHHe. ~opMO~Horo H3JiyqeHHII 

MaTpHI.IHU~. 3_Jl9M9H'l', COO'l'BeTCTBJil~Hlt CyMMe ,I(Hai'paWf· a) H. d) HM~BT BH,n:. : . ' ... , ;:' ~ ' : ~ -. -··~ ! . , ' . ,·" 
.'i. 

'', 1 

. ',' 
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M _ i e J M m ~ ( ~0 ·-t Po-P::-~ -:9-) .· : 1 
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{).;fl) YJ., ,fJ.-.(K/(.oC fo~E 
2 

[iJ~(P)f~w 5o(~)j[[f6(~)(e(K)_ (q>p_~t)-m.- _ ~+;w Q !Kc-m- e(KJ}u~<ij~)J . 
r,n;e M -Mncca HYKJiona, ni -Macca <JJieKTpona,Po (Eo}~), P (E,p)_ 4-x HMTIJJibCH nat~alibHoro n Kouet~uoro 
COCTOSIHHSI HyKJIOHa;~Jco,Cj}, q,.{t,Cf)- 4-X HMTIYJibCH Hat~aJibHOro If KOH04HOrO COCTOSIHHSI 3JI8KTpO!!a 1K(K,,it) 

- 4"'x HMTIY Jib C .. 1JoTOHa, W S (p}-cnHHOp, OllHCllBaD!l\Htt HYKJIO!I C HMTIYJibCOM p .H H~npaBJieHHe~ CTIHHa 5 1 

U(q)-coOTBOTCTBYllllll.ftt CllHHOp <JJieKTpo!la,: e.:. _4:.:x BeKTop 'noJIS!pJ>i3ai~HH <PoTOHa 1 e~y"-<e~ , (/" -,n;11paKOB

CKI.fe MaTpHUH, y,n;OBJieTBOpS!IOI!(l!O YCJIOBHIO f/!_~t;r~J".-.:lff/".YI;: . : • r'.:. e;~~H4HaSI MaTpllti~,-

~~ •. ·(~ c~ 6 g)·.· -~· .... ···. · .. --·· <!. 

. .. 9- . ' .. g g, -a~:~~- .: ... .. . . ,c :• .. . ·.· ~- • 

. r~ rJvJ; (/Po-PI"f~(_;,/~M)G")-"(A,-P)" ~- {(Po~pJA-). . ... 

9t (I P.- P[~ i•J.1<lJopM-!flaKTOp 1 3aBl!CS!Il!Hli OT OT,l(a4U HJKROHa; f.ioJ-J._)i -al!OMaJibHHll MarHHTHHll MOMOHT npo-

TOHa 1 BHpallteHHHil B Sl:nep!IHX MarHeTOHaX. · 

G"J¥,~ 1~- {yJty ~ivrJ') ;: . PC}= r~(;w'tv 
.. IlplilfS!Ta Cl!CTeMa 8,li;HH'i1ti' f?t'.,_C,;, 1" ,_<_eJlfJf;;_ l/J31• >.. .. ·;. •::_, "::.::·, 

, ~~\ • '-.- ~· · .. r ;· ~:_', .~ .,.' .. ~ , ,__ "'')',,~li;:~ ···:·\ 

B CI4CTeMe, B KOTOpott HYKJIO!l BHatiaJie 110KOHTCSI 1 lPOPIAJJia ,n;H<P<t>epeHUHaJibHOrO C848HKSI. TOpMOSHOrO 
H311JtleHHSI HMeeT BH,ll;: .. ·.• . . . . , . . " • ... '· o'-::: ;:·c•,: ' '.',_••~ J ·, < •,\,·,,,') _:•:c -' 

j '- < 'c' : ;, '''" ' '« ' 't ' \ .... <' < :··, 

. 6 
aG'= t . · dKo 

S(i.'JJ) 5 K~ME 
q, · 0..~0 ilK . · . '. q,:St-w .•, ' <fo Suv_ o · . ·. /-I d d {!~( -2. · Le ..... · -~ · .t-e 

If). [(6o-e-Ko)~ Q'-]~ (6- jlifCQs e)~ t :-(c.-;Jf)CosPJ'",-

~ -:. 

£/f.// if Sine~ Sin, 9 Cos tfJ c ~ . ,_ !. + __ )~J • '. ~· e,-JZJf~vs .9 . . ~ .. e.-/i(. /&Js eo)_ 
f ~-~ tl)l~ ~-~ )' 2.Jn.-Q+Ll K C.o -R,K ~- 2K . .. •. \l- '?. Ccs cr. l~..- ~ Cos e .. _.· •·. <; ••. o <' • : . ° Co"" tt&fCvs e.: .. C.-Ii(lCOs e ' 

· · r. · ~ · ·· · '~- .t ·"-_-·· ' · ·.~.- cp·sm.i.f/. · ,: ·· · ·· ~--· ~·: 
. [~ (/F!-P/)+(/1' )~(/Po-Pij (t17t:'E )+ M [ ( c -J{/CQs B)~ ({uK.-rco)- a]+ 

+ 4f Silf-t.~ •... (it+l-: )~Q')- ~!t;!lfi54o,s;,o~s'f• . .. · .. •• 
<. (co- If./ Cos e.)'- ' 

0 

. 

0 

(6-jf/Cos 9) (c.,-ji{. f~o~_e.;~ 

· ({c +ctK Vt ~e~K ·)-Q;~Kt)t!K• !i{J'S.•'Gt/if./~S.;/~ J [~.t~~~~~l~)~Z ifoh) . .tr_~fiR-P'~liM.E-'19fl 
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rAe QJ::cr"-r'ioti<~ J.jfoj/i{f (c;s tiJo.s,fl+~B. J-e:w(}Cos <f)~J.fff/i</~s e~ij{)fK/r;;s B.,, f{t.)~t~K.~eo-M+E (cJ 

( e H l: (l)naxo,n;llTCil H3 3aKOHa coxpaneHHSI ~ +fo =p+~ ;K ) ' eo -yroJI M8li:,D;Y B8KTopaMK Z[; H K 
e -yrOJI Mell:,ny B8KTOpaMH f H K 1 f -yr;JI Mex,ny BeKTOpaNH [i<ll ~0 ] K [K:t fl ; 
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qroelu HS (J) noJiyllHTb <PopMyJiy Eere-rattrJiepa H.eoelxo,llHMO c.nemiTb npe.neJibHUlt nepexo.n 

I) . M_-;-oa 

. 2) CllHTUTb HYK1IOH TOllSllHHM:. · ( "t-0 = 0 .. 
•• ~c' 

~ .·:;)·~ = 0 
" ~ ' . . ' 

'c'4 

,ii:r IlpH 3TOM;,saitOH ·coxpaHSHHJI 3HeprHH sanHmeTCJI B <flopMe 

~ . ' ' 

<PopMYJI!l;'~H<P<flepennHaJibHOro·ceqenHJI pollt,lleHII!JI nap aa HYKJIOHax MoxeT ClHTb noJiyqeaa HS (3) sa-

MeHolt 

'' • ~ < 

~'I.,. ~ f+ '1f ·'< 

r,lle SHalt.(+) CBJISHBaeTCJI C TIOSHTpOHOM, a (-) - C sJieKTpOHOM. 

. r(t:-)= E ~t-)-~·:.:.,\+·c_+tt-

clnh c/nl~= Sfn-Ci_,. de+;!Jiwe-.de_ dtf+ olf~ 
<i?OpMy1I~ ,llH<P<flepeHnHaJib.HOrO CelleHHJI TOpMOSHOrO HSR)rtiSHHJI (3) CO,llSplltlU C1IOliCHYil SaBH.CHMOCTb OT 

OT,llallH. ~YKJIOHa. qTOClli noJiyllHTb HarJisi~i-ioe 'npe,llCTaBJieime 0 BJIHJIIHUI OT,llallH, <PopM-<flaitTOpa H aHO-

MaJibHOro. MarHHTHoro M-~~eH'l'anporoHa .)"' ~a' 6eqenHe ropMosHoro .HsJiy~eHHJI, MH nponeJIH cpanHenHe 

<flopMyJIH (J) c <flopMyJio~t Eere-rattuepa. Ha~H npone,nenH llHCJieHHHe paclleTU ,llJIJI qacTnoro CJiyllaJI, 

Korona .. sHeprHJI ll.fl.Illl:llllle~Q sJieKTp.oHa pan~a0,?4, a sHepna. ! -KBaHra_ "' 0,25(n e,llHHHnax ft.,"' C= 

== M~l ). BH.Il <PopM-<flaKTopon 1, (/A,-P/.~..) H 9'i.(/Po'-P/) ClHJI n3nr H.s omnon Xo<PmTa,nrepa no 

pacceJIHHD sJieKTpOHOB Ha np·p~oHax .npH .. sHeprHH na,naximrric sJieKTpOHOB-500 MsB {sKcrioHtmtiHaJibitast 

MO,llSJ!b, 'fJ =. <JJ, ~0 :' ,;, 0;8.10-IJCM). ·. Buelop 3H8prHH r -KBal!Ta C,lleJiaH HS KHHeMaTHllec

KHX coo6pa~eHHlt ( CM. npH~Oll:eHHe) .• B TaelJIHrte 1 Mhl npHBO,llHM qaCTb noJiylleHHhiX HaMH llH~JieHHhiX· ,llaH-

1HhiX; KOTOphle HaHClOJiee TIOJIIIO. ;xapaKTepHSYil't BJIH.IIHHe OT,llallH, <flopM-<flaKTOpa H aHOMaJ!bHOrO MarHHT-. 

HOrO MOMSHTa Ha CelleHHe TOpMOSHOrO HSJiylleHH.II. 
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T a ·(.) JI R u . a I 

. ,IJ;vnpcpepeHIJ. .· 
·. ceqeHHe \3) 
des ytieTa 

·cpopM-cpaKTOpa 

fj dG' f.•2 XtcT
6 

• ~ dG x IOJG • ~J. ..sf&_ 
Yo ·dK.fifL~od.Jll( (erep)1<Jfi1 dK.dJ1.5.dJL" (aepi~pz d6s.·a. 

~6 c...u-:! 
I 0· cc:repaoJ2. '$fYl 

I 

60 
. 30° 

60° 
goo 

·120° 
. 150° 

60 
30° 
60° 
goo 

1200 
150° 

60. 
30° 
60° 
goo 

120°. 
1500 

2 

6003000 
136260 

3605 
544.4 
134.37 
36.71 

213900 
14407. 
2148 .· .. 
270.7 
68.49 
22.67 

·. 31085 
3214 
347.2. 
·179.40 

53.01 
.20.39 

3 

tf = 0 . 

5789000. 
126480 -· 

2252 
218.0 
48.95 
21.35 

4 

e = 30° 

0.9638 
0~9297 

0.6244 
0.4005 
0.3643 .. 
0.5814 

5 

6048000 
137370 

4398 
827.5 
287.2 
155.95 

-1 = o · e = 60° . 

183270 
13533 

1690.8 .. 
130.50 
21.03 
7.710 

.f=O 

25'848 
2787·. 
581.9 
125.89 
19.344 
5.721 

·a.8569 · 
0.9393 
o. 7873· 
0.4820' 
0.3070 ' 
0.3401 

. 234500 
. 13966 

2350 
3'76.9 

.110.03 
.54. 57 

e ~ 90° ', 

0.8315 
. 0.8673 
1.6761 
_0•7017 
0.3649 

. 0.2806 

.:--~-42610 .. 
3471 ·. 
699.4 
26r.o· 
83.31 
38.05 

JI:w;pq,epeHu. ce
tieHHe\3) des 

·yqeTa cpOpM~ 
cpaKTOpa H aHOM, 
MarHHTHoro 
MOM9HTa 

,· os' c;.u,2 
·-----=-~1 

6 

5863000 
129590 . 

2795 . 
314.0 
65.89 
23.'77. 

191760 
12022 

1795.9 
172.61 

27 .89. 
8.724 

25460-
2588 
40~·?, ' 
129~67 
,·, ... , 

2.3.23· 
'6·~184 
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60 
. 30° 
6oo. 

90 ° 
120° ~- .. · 

. ·. 6586 
554.7 

.·· 162.73 

30.47 
26.51 

-- - -- - -- - ~ ~ ._. 
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7226 -1.0972 -16771 
518.0 0.93_40 .· .· 2456 . 
194.71 . I. 1965 1792.5 
.· 78.17 .. : 2.566- .3II. I 

2I~ 96 .. (). 8282 . 57.25 

",-. ' 

5469 
400.3 . 
120.78 :, . 
. 46.84 ... • 

19.908 .. 
150° . 16.217 .· .. 6. 060 0.'3737- 36.31 6.327 . -

_. 60 

30°. 
60°· ··· 
goo 

120° .. 

150° 

64.60 
25,85 
7.154 
3. 705 -

6° .4884000 
30° 28440 
60° .. 2551 

90°. 475.0 
120° II4.8 
150°. · 34. 07 

2~811 79L~4. 0 . 
. · ·182.13 . ·-~1:;534 ·. ···391.3 

· 67.64 · r;o47I. •- · :- '139.59 
34.43 ·_ ~':r.3317 > : · 79.67 

918~7 

99. 79· 
43.68 . 

. . . 
20.84 

. 16. 852' ·2. 356 \. . 55.93 .' 
. ' . ' 

II.232 ·. 
7. 538 2~:034 . 40.65 . .. 6.306 

0 . '-f =.30 .... 

4641000 
.. 76360 

0.9503 
•: 2. 685 

.... ,· " 

~930. I 0~ ?565 . ;, : 
.· .. ·· 202.1 · ... 0.4254 

• • .~ '.,-> '~. '~ 

47. 29 c o. 4120 . 
2r. o8 -- o.-9rs6 

·87090 
' . 
. 3966 

784.1 
279•8 

. .. 
. ' 4718000 ..• 

· ..... : ,·: 79400 .. • .. 
2431 

' < } ~ 

290~4 . 
63.31. 

154.33. 23.43 . 

.. 6° ... 200500' 

. 30° . 19901 
60° · · -I505.5 

.. "~' '1707 40 .· 

' 17461' 
.. 0.8517 

-0.8774 
221600 
'. 19654 

. 179240 
~17673. 

1200.3 
I33.3I 
25.38. 
8.180 

90° · . 229.5 
120°· - 61~ IO 
150°' 20.97 .. 

.·, 1076.2 0~7 148 
100.27 :0.4368 
.. 19.257 o. 3152 

., 7.392: 0.3525 

. 1703.0 
... -:311.8 

. ~:_:. :102.99 
52.5I , .•. 
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60 20840 
30° 2583 

·60° 678.7 
goo· I52.82 

I20° 47.06' 
I50°. I8.g53 

60. 64I5 
30° 1I34 
6oo .. 190.31 
goo 65.29 

I20° 28.68 
I50° '' I5. 760 

60 ' II72.3 
30°.' ··. II2.53 
60° '60.83 

-goo ; \J 

2g. [J7 

'120° -· 8.g3I 
·I50°' 2.186 

6° ,· 32Ill000 
30° '40690 
60° 2336 
goo .. 399.2 

120° 100.57 ·, 
150° 27.20 

-·.8-

3 • l~ 5 

t.f = 30° . e = goo 
. 

24goo I~Ig52 4I580' 
'2I63 0.8373 2928 

562.2 0.8282 80I.3 
89.00 ·0.5824 2I3.2 
I6.508 ., 0.3508 74.87 
5.476· 0.288g 36.73 ' 

tf. = 30° ' () = I20° 
'' 

70go I.-I054 14553 
635.3 '0.5602 II14.2 
I72.I7 o.g047 284.4 
62.20 o.g526 131.97 

' I4 .864 0.5I83. 55.00 
' 5.200 0.32gg 34.60 ' 

' ..f= 30° e~ 150° 

337I 2.876 ·7907 
I74.57 I.55I2 ' 382.8 
6I.80 · I.OI60 I33.7I 
30. Ig .'· 1~'0386. 74.4g 
I5.238 I~' 7063 ·~- ·- ·· 53.18 
7.146 3.269· 39.11 

tf = 6o0 G= 30° 

3038000 o.g453 -J2g4000 
'34360 . 0~8444 .. ·44210 
.. 1345.9 0.5763 , .··3117' 

166.47 :·0.4171 . 685.5 
43.1g '. 0.4295 260.0 
16.691 0.6135 ·14g.63 

'6 

24560 
2088 
540.6 
98.26 
I9.g13 

- 5.893 

5363 
405.5 
135.70 
49.96 ' 
'17. 177 

s.g25. 

1562.2 
' g6.35 

41.66 
.. ' 1g.76g· 

. II. 020 
6.028 

' .~ ~'-. 

. :3113000 
~ \', 

'• 37210 . ' \ ., 
17'~5. r 
238.4 
57.03 . 
22.52 ' 

. :1· 

f ,, 
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I 

60 
30°. 
60° 
goo 

120° 
IS0° 

60 
30° 
60° 
goo 

120° 
·150° 

60 
30° ... 
60° 
goo 

120° 
150° 

60 
30° 
60° 
goo . 

120° .. 
150° 

2 

170750 
7080 

.... · 753.2. 
I4g.o3 
44.24 
16.600 

. 22290 ..... . 

.1486.0 
, 32L~. 6 

go. 74 
. 32.g3 
15.37g 

5g56 
; 

. 363.4 
I26.g8 
"47.gg· 

24.96" 

- g -

3 4 

143420' 0~83g9. 
. 

5723 0.8083 
.462.6 . .. 0.6142 

63. 17.... o. 423g 
15.577. 0~3521 ·. 

6:876 0.4142 

1g3I70 
7882 

5 

. g60.3 
22g~7 

87.61 . 
L~g. 22 . 

225gO I. 0135 ·.·. · · 35g40 
1175.4 0~ 7gro. 1g24.2 
215.2 .· 0.662g . 432. I 

43. 7Lt · 0.4821 137.32 
I1.54g 0.3507 58.05 
4.84g O.JI54 33.12 

6722 1.1288 
340.0. o.g357 .. 

g7 .31. 0~ 7664 
33.24 . 0.6927 

· II.658 0.,4671 · ... 

I40g7 
.683. 7. 
208.2 

. g3.g4 

; ,- ,-.' 

. 5. 08g: .. o. 3625 
50.40 
3I.g8 14.037 

1084 .g ·. 
go.35 
52.12 
30.26 
13;537 
7. 053 .. 

32g'7 ... 
155.16 
·48. 72 
22. '85. 
11.506 . ··. 

. 6.239 

... 

3. 039 .. 
1•7174 
o.g348 
o. 7553 . 
0.84g9 
0.8846 

7810. 
359.6 
117 .go. 
65.24 

. 44.93 •. 
35.41 

6 

"151750 
6148 
55g.7 
85.46 
20.13· 

7.529 

22350 
1189.2 
234.6 
52. 2g . 

: 13.870 . 
5.158 

5084 ··'. 
. 281.5 

88.6tf. 
. 32.37 

11.841 .. 
5.022 

1528.1 
87.21 
35.06 
17.716 
9.181 
5.366. 



- IO -

I 
..... 2 -· 

4 6 
e = 30° ·' 

6°--- ·- 2177000 2018000 0.9267 2267000 2090000 
30° 2ll01}0 17913- - o. 7452 26580 -2Q2go 
60° 1625.2 - goi.3 0.55ll6 2Jg1 1200.6 ;!\ 

goo 291.1 131,g4 0,4533.- 581.2 187.31 
120° 71.70 .38.4g 0.5368 -236.g 50.03 
150° 18.)~0 19.484 1.0624 - 143.5g 21.40 

.~.- ~ '•'·. • '·r 

f = goo (} = 60° 
--

6 
0 -

I40J310 II6180 - 0.8251 -164310 -124220 
30° . -- 3425 - 2544 0•7427 4355 2!:371 
60° 382~1 221.2 0.5788 5~g.3 27g.6 
goo- 84.38 ; 3g,l~7 0.4678 166.44 52.g7 

120° __ .. -- 26.65 '··"·-- 12.245 0.45g5 .72.58 15.372 
150° 11.2g3 6.252 0.5536 42.57 6.767 

-f = goo e= gqO 

60 --' ' 35082 -- 19784 23977 1gg36 0.8315 -
' ~· - > ' - -

30°---· .. 825.8' - 642.6 - - -0.7781 128g;a __ 666.2 • ,, --, 
60° 146.94 94.66 0.6442 255.-~: Ji07. 79 
90° 45.og 22.86 0.5071'' 8g. 74 '" 27.72 

_ 120°. 1g.210 -. 7.930:· o.4128 - 43.7g g,37g 
150° I1.I36 __ - 3,7g5_ 0.3~67 -- -· 26.45. 4.3g3 

' . \ 

@= 120° 
-

60-
--

5387-- 6274 I. 1647 - 13526 4735 
'30°, 232.1 242.0 1·. 042'7 _ 553.2 1g8,82 ----

60° . 65.10 52.65 0.8087 143.65.- 4g.7g Lh , ... 
goo 29.75 17.812 _ . 0,5g88 - 63.g7 18.332 

120° 16.687- - ·7.537 ·0.4517 •37.34 7.811 
150° 12.828 4.205 0.3278 27.39 4.132 
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I ·2 3 4 5 I 6 
-f= goo £1= I50° 

60 g63.5 3204 3;326 7688 I484.7 
30° 63.00 I37.5g 2.I84 34I.2· 75.I2 . 
60° 34.56 36.24 ·1.0487 g9.57 . . 26.94 ,·, 
goo . 22.22 I6~0I2 o. 7205 53. II .13.42(:) 

120° I3.I8g 8.379 0.6353 . 36.62 7.243 
150° 8.168 5.2g5 . 0.6483 31.25 . 4.633 . 

I 2· . -f= 120° £1= 30° 

60 1637500 I4goooo ·o;9o98 1732700 I559IOO 
30° I532I. · II362 0.7416· 19042 · I325I 
60° . II7I.O 652.I . 0.5568 I929.I 876.g 

. 90? 207.5 I08.23 0.52I7 504.3 I5I.08 
120° 46.71 34.73 0.7437 2I8.0 44.33 
150° 10.048 . 18.662 '1.857I I38.23 20.37 

·l= 120° e= 60° 

60 1IgQ40 . g6570 . 0.8I13 143050 104290. 
30° 

. 
2065. 1481.6 o. 7177 3006 1715.9 

60° 212.9 132.02 0.6200 . 420.3 I67.37 
goo 44.66 27.66 0.6I93 129.27 ~6.10 

120° 13.381 10.014 0.7484. . 6I. 75 12.211 
150° 6.627 5. 742 •. 0.8664 .. ·· . 4I.93 . 6.142· 

-t= 120° e= 90°. 

60 '25370 17757 0.69g8 33190 17642 
30° 499.9 410.2 0.8206 964.6 424. 9' 
60° 70.I8 . 54.57 0.7776 I78.75 61.14 
goo 20.34 14 .• 568 o. 7164 65.76 I7. 156 

120° 9.666 6.022 0.6230 35.48 6.864. 
150° 7.543 .3.686 0.4887 22.11 3.813 . 
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II .ji 
Ill t 

. ;.. 12 -

I 2 3 4 5· . 6 
i 

·f= 120°. 8= 120° i 
~ 

60 . 4852 5867 . . I.20g3 I2g88 ~44I3 

30°. 142.64 I7g.92 1.2614 416.5 "145~15 

60° 30.81 
. 

33.40 1.0842 . 1CJ7.87 ·31.00 

:{ . goo:.· 14.490 II.4I4 o. 7878' 47~74 11.664 
120° g.g74 . 5.444 0.5458' 2g.48 5.603 
150° 8.g3I 3.577 . 0.4006 23.g4 3.4g2 . 

( ~ 

. ~= 120°. · e;, I50° 

60 845.5-· >. 3109 . . ' 3.677 •7562 1437.1 
30° 39.05 II5.4I .2.956 304.2 . 64.50 
60° rg.287 28.12 · . ··L458I 85.62 2o.gr 
goo 14.142 •. 11.945 . ··.0.8447 44.34 10.26g 

120° 10.853 6.565 . 0.6049 31~20 5.816 
150° 10.735 . 4.5g6 0.4281 28.01 4.062 

60 1388500 1243200 0.8g54 1482000 1310'700 
30° 120'76 .8693 o. 7rgg 15764 '10336 
60° g2g.2 . 531.7 ... 0.5722 . 1682.1 716.8 
goo 157.43 g5.05 0.6038 . 458.5 ·. ·131.11 

120° 30.42 32.32. . I. 0625 205.2 40.78 . 
150° 4.312 I8.II3 · 4~201· . 134.37 1g.67g 

e = 60° 

60 106400 85490 0.8035 '130730 
30° 

. 
I5Qg 1043.6 0.6916. 2444 . I26g.7 

( 60°. I37.g5 g8.35 o. 7130 344.8 I22.gg 
goo 0~9280 

.. 
110.7':3 24.11 22.37 28.46 

120° 5.602 . 8.817 1.5740 55.71 I0.54I . 
\ 

150° 3.553 5.411 1.5232 39.76 5.745 l 
~ ' . 
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I 2 3 5 6 
-f= IS0° · e=90°-

60 26235' 16356 0.~234 31440. 16278 
30° .. 350.7· 314.5 0.8970 BI2.I 322.2 

j 60° 36.98 39.98 I.08I2 --145.25 43.57 
90° 8.509 11~267 1.3241 54.67 12.867 

120° ' < 4.377 '5. 074 I.I592 30.96 '5~662 

u:so0 5.258 3.382 ' :0.6432 '' 24.19 ... 3.471 

1~ 150° . e= 120° 
'" 

. 60 
. . ·-· -~ 

4L~93 5597 1.2456 12626 . 4197 
30° 93.52 148.94 1.~926 410.4 117.34 
60° 14.368' 25.63' I. 7835 · . 90.88 23.05 
goo . ' 6.817 8.844 1.2972 40.05 8.850 

120° 6.108 . 4~489 0.7349 25.50 ' 4.570: 
150° 7.224 3~223 0.4461 ' 21.92 3.131-

.., = 150° e= I50° 

60 760.5 3042 4.000 7465 1407~7 

30° 23.49 104.66 ' 4. 456. 287.3· ·. . 57.75 
60° 11.723 23.83 2.033 77.29 17.531 
goo 9.957 9.918 0.9961 39.36 8.576 

120° 8.913 ·5.606 0.6289 27.94 5.029 
150° 7.887 4.180 0.5301 25.99 3.718 

" 
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.UnR APYrHx 3Ha1leHHtt yrnon @o , G H V nonyqarorcH ~PHMepHo re xe (no nopRAKY nenH

llHHH, KaK D npnBeAeHHOlt Ta6nn~e) OTKROH9HHR OT WOPMYRU Here-rattrnepa. 

liHTep'ecHO OTM9THTD, llTO yqer TOJ!DKO OTAallH ( .7,:" "'1 ·.·"" "'0) . npHBOAHT K nepepacnpeAeReHHil 
. ' 

AH\(xpepeH~HaUHOrO C91l9H.ltH (3) no OTHOWeHHil K AH4J<PepeH~HaUHOMY C91l9HHil Bere-raRuepa. ci G
6

_r • 

Hanpnuep, npn '{ = o, (} = 30°, · £Yo= 6°, ••• 150° ce1leHHe (3) oxasunaercH BCilAY ueHue 

dG' ~-r , B TO Bp~MH KaK npH lf = l50° ~ (j = 90°, IY.= 60° ~ goO, 120°- C91l9HH9 (3) • BCil)ty 

6oume dGs-r 

AHOMaUHUil llarHUTHHll .MOMeHl'.npOTOHa BCDAY yBeRHllHBaer C91l9HHe, D TO BpellH Kalt ~Opll-~anop 

·'yMeHbwaer ce1leHHe. TaKHM o6pasoM He cy~ecrsyer npocroa s~oHouepHocrH H3MeHeHHR AH~epeH~Han»
Horo C91l9HHR(3)no OTHOW9HHD X AH\MlepeH~HaJibHOMY C91l9HHD .Eere-rallTJiepa. . ' . ' 

. § 2, HHrerpaRbHOe C91l9HH9. TOpM03HOfO H3RY1l9HHH 

.Un~ cpaBHeHHH c. sxcnepHMeHTOM ~eJiecoo6pasli:o npoH1uerpHponan ~opuyny (3) no yrnau 'f u _e 
, __ ,, -

H noRyllHTb HHTerpaRbHOe CelleHHe TOpM03HOfO H3Ry1leHHR KaK ~YHK~HD ~o , K0 H ~o • fiauK 6una 

nu6paHa sxcnoHeH~naRbHaa MOAeR» ~opu-~axropa, xoropaR xopomo cornacyercR c sxcnepuueHran»HHUH

AaHHh!Wi no. paccea~HID sneK~pOHOB Ha HYKROHaX ( 2) • Uure~p~poBaHHe npoBeAeHO ARH cnyqaR 'J, =- 7;. 

.Uo HHTerpHpOBaHHR B (3) npOH3B_eAeHa 3aMeHa I if. r::......~o 1 I cfJ -~~ 2cfL~I'oJ .·. ·~ Hurer~HPOBaHHe 
npOU3DOAHROCb TOllHO: no lf - .B npeAeRaX. (0 1 2:71) ., a IIO e B npeAeRax (O,JI): • 3THM Bii6H-

/.· paReR KHHeMaTH1l9CKHli cnyqaJt I (a,B) (CM.npHROl!CeHHe)~ 

IlORY1l9HHaH r!JOPMYRa H.Meer qpe3BH1lallHO rpOI403AKHli BHA: 

dG ( i>o ,110 I Bo) =Sin. e. a. e. d.'{od K. f ( &o. Ko. eo) 

J"(E-.,k.,&.)=].(~iJ;{r: ~/H/ +L .. z;:, ~::.] 
j=--2, ... ,1fjl .m=-.z, .•. 7' 

. . K=t,51 S,;. n.:),i5 

k ·;4+1 . -j, - ~~ dll . 
... '1 - -I h. +h,x + h,x• )"/: · 

4-1 

h,. = 6'-~z ... 2 6dll-r (d:~t)/;•2 j h, =-26d-2 (dz-t-(/)d ~ 

,.,~ 

h: : d 2 + ff 1 
I ll • I .. 2u •• -Ko)2 

l ' 
-6 =j +&. -,k• .. 

1 
~~ e.,k. ct-Co.,Je.J 

d •k• -E. CO-JGo ; ~ .. e. Sin So 

I: nonyqanrcSI H3 
, .. 

j saMe Holt 

f:.e.-k .... 6.e!~: Ct-~e.J 
6 Ha f , r,11;e 

·_(4) 

! 

I 

\ 

I 
I 
l .. 
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I 
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. -----"L =-tl ( 6.- K~- "· K..(i- cos e.) 

jj·i+ ~r,:~. (c-.-KJ. 
.t, . t= i.t.AL (6.-~) 

. J.M . 

r/.;= MY}" L 
G~ 

& ~- -~ (j- i) + cJ, 

r (c.-~<_) 
{i+At~ A = 1 

. I 2M~<?" 

A = Ci+;v/'L Sin-'-fJo 11, ' 
?v M Koj3 + ( i -Cos e.)~ 

. fl=-··(it;dJ.'-' .· .. 

_ 
3 

-- ~ K.~;l. (t~D;s__e.) 
ll = + (t+ ~LJ. 
" U1~" (c:.~I\)C:. (i-Cis~ 

· ._ 4 ~ ( t i4t<5. {1- Cgs ()~ ). 
s J.M~" (c.""'\) 

II .. ~~j'c:.~ 
6a. . f'1 I<.:, t ( c:.- K.) -~, . 

-A6z," &r {M+.tc..) 
M K0'f (t<.;t.-.) _ 

fl. = ~'-'J,._sk-J. eo 
tQ/ r1 ~<~" (t-~se.Y 

/ItS= 4f (MtJ.o~-:ltK} J.ilv1-rJ. 

M K..j/ (t<;t.) {I-eos eo)~ 

fl = ~Ltr [K.\2c. (c.-K)] 
~<¥- M K.4

1
'jtc,. (t.-~<r{l-cose.) 

- 15 -

. ~ . I . 
/-1 - . . -~ t · .. ' 
,~ . M c. (K;t.)~'f(t-Cds e.) 

s .. -~. e IJ.,·· ·. "'•fSM! • . 
10 M(t<;c..)~" {1-cos e") '· . 

_ ff,~ GC,J.of-6d~~ ~~~d~6CgJ.+Gdj 

·-·. ~J.,_ 2(6Sof~.3Gt·+6~!>_gof;tJ 

J~; 6 (ctofs-Jc/9~) 

·~ = ~Bol+~tmJ._.tt' 
I. . \ 

. ~.t, =- ).,(J.d~ ~ J,) 

· r = -!l, :r & + o~y _ 
~ ~ ct (~+.cJJL 

,_ . . 

H "-. ~LJ (p-it {. (f-i)(Jp+t) T rt (t-t)} 
. .• Co- K. . f fo 

_ (~-1?!./' (-!-1 -~-1) K-- -+--
. -. fo (c,-t<)'-. t f · 

'f .h'-1 
.. 

Jl/. = ;6---lJ..a...-1 ,., 

P. -~ ··. A" (t. -K.) ( r-1 + 1) 
LJ r , 

., 
I 

i 



j 

-I 

l I 
I. 

1 
1 

I 
l I 

~f} f1~(Jo+9 J ;+o'g-r{f+~ J.<rfx~~) . +Kg'*+ 
7 

+ 6g -r(P~~) t +9§ r~ _tg ll'*(JO+~)-f~JO ]-sg(rt1+~) --=-;rr 

{611111 -rf'$J;~; _rffr-tff(P+9) t+'ff'f+s<J~ j,Jp+~) == ~-H _ 

sg ~(Pf;)-:~ 'r -= ~-H 
_ fifj (f-~Jr _2_ _ 1rfj t-9 ·-~ = hH · 

~. . 'n . 'l' '~" , Ffi ~. . . 
·• 

6/;1 (/-3)"1 (2:+..-!.. l -1-lr'fj f.-<J. ___!.;. _ha ~ _"fa _!L_ + Ja _2_ = ~H ----:L" ~fj "fi/ '/" 'tfj . o 'fi u rfif> 71 'ifj t. .. . . ')--'" -•. . 

. 61!. -rf-~h ("ln ·Pfi) -"Jj .f.-CJ rn + 
J.. 'r 'f' 

. It i >n 9 "tg Ire 'J + 'r -) 
1
n ( • +-"l' ) 'rH + g Tfi +'r!Tfi--~nf+~ 'tfif> '"11 _rfj 'tfi. _,.t. 

6fj rf-'JJ~ ("Fn~+n) + 
. J. . 

+,1! ;-: n-"g'fi-rg 't~ -~-~gf'R r!9 +tp]+r9(Tfi+1n)-=:,.1~ 

. 61:7 f-? (fo+~)-"Jf f-'lf (p+~) -r(">i-
0

'})_+ 
J.~ f . ,.,., f . -r'Lll 

+-+ ?rfP+~)o+ rg'n _'tgpn (P+9)+fip]-lCJ(t'G'+n) ~=;H 

,.( p+ ~) { 6JJ f;_.-r('>t;JJ +'"9'D+"9(p+~)-o+'(rH) = ~-H · 

'g (fO+J) ,.(">t-"?J ._, l-N 
i . 'lUI"& .t. 

s t!l J + -f;) 'G,. ~'C(J 

hfj .J J + -f; ·) t;'J.,. St9_ 

it Jj ?J +'I> f. fj ~+'lfj'O = M <;j 

-9I -

o'll ( H + "Y'fi.,) -

_siJ[;+ f-~ + ·rff-aJJ f-~·,<i,o 
. '~"~ 'I"J n v 'r 'l' 

n fj }J -"'' tl/3,-<ifj'b = r.'9 

_g 9 J;l ~ + 11917~ + J)j '5. = Hg 

"17 r~ ++ -'J _l f-CJ "'oJg 
Ll . 1' :J '7' 

i*-Jj~ +"'f.jj ~ +'r/11'"0=69 

'o,fj_'l:_. _sjj·(~-+ f-CJ_l f-'J 80 
')I+>"H 'I T! ~-"' = v 

· .YBjj-; _17gfj ~ _ffj>'~;:tg 
{ •' ' ' 

$'8 I! l + "176/j ; +'"Jlr?'>-... 99 

s,/:1 ~ + '0')/:1 ; +rlf)'o .. sg 

u/;1 _:!_+'Dtf./ ..1_ +-r/1 ., ="o . . J., v ){ . , v 

~'fj _ _!_ + sfj f-'1 -~g 'I" >I . --:;;; -- . ,.r 
.i9fj l ~.:V9Jj ; ~r/J-rJD:TC(J 

j'<JJj l + "''Jj ~ + 'fj"r"f='CJ 

[,.J-(rirJ) 1~} 0~-~i .. )(. 

·. j .· 
(r+~r).,(F-rl) +-,:-:r (7-cl}-rrlo-=ft\ > 

[l'-(75-Vr)-r'7l(TjrJ J(~-·~J~ -=-A 

[l-(-o-il, )(1-~r 7] -ri>t~o;) hJ = n 
. ( r! /. ) 'r('x-"?) r;l .· . 

T-? + T-l ,;,7"1(1~9) -:=J 

,, 
'i 
tl 

:r 

il 
il 
il 
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f/: == o/811 +clL8,cdl3tv- (~+ol) 8,5- {~+Jd) VII~ 
f.!i .. d8,5 t- c{Vf/9 · .·; , -
ul. __ m:.. /J 
N_L- (oo-1)).~, t6 . 

/.J_~ = 2-810-2/13- 8,~+ efls-r~llia. ~(C.-td}5~;+ 1?./115 - (~-~KJ'"' U/1
9
+ / IJ~+~)/1,0 

u' m,. . 8 ts 8 .. IJ II . A o/IL . 
no= $.(C..-KJL g_f- .16+ ... ':f..a--P ~tYt- o,'¥ +.£Uf19 

J..l 1 = _ ' 8ts _. U /1 . 
. I . B-f 9 

J - m .~~. 
lfj_1 = (~.-1\J"' (f toi}.!V!I6a, 

.~-: ~ 2{f+d)JVfl6a,-{f-ro/)~llga,- (~~~JJ-(f+oi)Pfl9 +(f+d)X 11,
0 

. <ql =- ( f +3d) Jl/fl6cv+ {ftc/)# il1q,+ 2c/ (f+ d)H /Ita,+ 2 ( f+d)Pf/
9

- ol X 11,
0 

'. ". 
~3 ::. d.N116a-- d .!Vf/'lq,- d~.JV/18a,- ( ft-Jd) p llg 

1 . • . • ·'. ' . . .. • •. ·. . . . 

<RJ_·J= dP fl9 
J. . 

., lrJ 1., • 

~}. ·~ (t.-1<,)"' 816 . . ... ·· .... ·· ; ... 

~:.~ 818 - Q 8,6 +[.N+!J(f+d}] fl,a,-( f +d) PI/&~+ r~-~~. Uf/9 :.. (IJJ.+<Pj-1) fl,, . 

~4=- i~o:K,):., . ~~f + 8,6-JJ{/~~+Pil1o-:-o/13t1::.!J..o{l;. 
~~::. .l!..!.S'~· + u {/ . ·. ; ..... . 

i . /,- f 9 I 
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B npe~eJibHOM CJiytJae f'1- 00 , "t., "'"0 , )4-::. f:f l!HTerpaJibHaR ¢opMyJia ( 4) nepexo~l!T B npOI1HTerpl1 

poBaHHYIO aHaJIOfHlJII!lM ·. oelpa30M ¢opMyJiy. EeTe~:faltTnepa/5~ .UeltCTBI1TeJibHO' .l13-3a . io=- 0 H~= 0 . 

noJiytJacTcR: J,=O·, 0=-0 ,,.;.l, (~:f.-~IIpneloJihlliOMM .HMeeM:B=M.,.O(i) · 

/.; = f1 (to~~}+ 0 {1) 8~t, =- ~8 +0 ( ~ ); B11 ~--'J1s -ro{-~); B,,. 9.-fls 

4," lt-K.:: ~ 0 (-~) · .. J./j.K=O. np.u k.:t,s;·- j=::.;.,., ... ~~; :·_ ·-,l 

4~,(c.-K,) s~.t &. +O(~) J.!} -=---_ M· m_.t.8~ + 0 {1.) . 
.t t<o"- ~i .~e.) . · .-~. .. (S~ ~) · ~ 

li -- (l. -K{,) · 11) . uJ ... M"-'8 + 0 {11) 1 
H3- K.;c.. (f.-COso.)'~" Or;., · · · 1'1_1 · · · 1

'- · · 

4y = i1: ~!<:~-.:;.) +·o (.~-y--' ··1-1!·=- f113u- !tt1dfJ1£+ M-8,, + O(i) 

As" to (i-~B.) H/'=dl3u+rP'8f).,-di31Vc-f'1~f)/s+O(AJ 
J., W· {l.-K,I · . . 

~ ~ 3 J . 1 m"' f1 = .tl., +O (L) H,.;=-qP.)/s·; 1{;,=--/f. K.}-t-13 16 
64- Ko'( e. - '),) M . , . I ' ·-

, · M ··H 1 ·IIIIo.· ·. ()•· In /11f· ofn' -"1 1/9 
1166""-.K.~ +0(1.) -I=--IIJ...JI1+0ljf.{/:.-r.JI6-M+ Ql1i N,~- M.ti 

.-t h _ )!iu~(). Clj3 _ _ m'-(f+rfJI!f>a.-
A'Iq,.. 0 '<, D+O (-1.) ~~-~. - .. ( t.,;-1(.)"-

K}(I-Cos o.)~ ... ·· .tt ! .t d . - · 
11·<~ M .r4,:.e. +0(1) t~l~=9..{f+o/){16~-(f+d/11&~ ~rd~l), A!1-r(f+d}f1fl10 tO (-~) 
;i K; (I~ C.Os'Ool ~ .. . • .. . . · . · 

4 = J,[J<ot+J.to (lo-1<,)} · +ol.l.} 'Yo=-{ft3J}fh~V+(ftd){ll;tti-J.CJ/flio.+'I:'):-.Jt1~~+o (~) 
ia. . K~c. ll K.)'(J. "- II) I'M . . . . . 

• ...... ~ •I' ·- -L-VSu. . IJl~-d (A . . -. /1 ) _l/1-/1. . (J .. r3.i/) . (l. ). 4 -=- ~M.. -.;,- H6tV .~~ -q 11~a.- . 1'1 llg+O M 
ad . K;t. (1-~o.r,. o OJ,_ ·_ 3 . cl ....... r :·-, . . . 

fl ~ · ·M . + O{i) ·~.t =,M //9~ 0 (1'1) 
· 9. c. {L~Cos&.) . .. 

1 
. . · m"' ·-... 

/1 = I! o Sit, .t () c lflj_.t"" -(l.- ~<,) J. 5,& 

to M {K.;e.F'(J.-~B.) . I_\.·-..•. :(J.t.o/} . .t,_· ..... 

B,=St=B_,. ..... =B1o"'8 13 -o <gc-1--~~'"+llsa..- -r;r-llt.t+O ( M) 

BH ... :,~i 81J."':.J/3; ·B,v-:.U/J.; WJ:-= p_,;(,+ ~; 3 -d l3rri-O (~) 
B 11:. '1..11 y + o(_L) uJJ 1 119 . . (L) 
_ M MA "J :: --.,.. + 0 f1A. 

• .· ,/ . 1'1 ·. . 

Ilp11 !1~ 00 

u!J o~3 3 3 j .s ..,,s:/3 0 aJy3 
N J -o·· f.f '1----o· HY-o·· J1 . .,-. ;~.1'/ -o· -.1., -J. I· -1 -I I 0 1> • '· , ; I : t• . · .. · -1. ~ , . . I . 

I ttl I I I H J ~o · H Y-o· I I I 0 o I 

I I . · I ~ 

H Y -'>-oj '-Y. I -o-
-.t -.t . I ! ' . 

TaKHM oelpa30M 1 HHTerpaJibHaR !flopMy.[Ia (4) npl!HHMaeT CJie~YD!l\11ll BH,ll;: 



' ... 
l ., . l 
!!-

- !9-

. ue 

EcJIH Tenep:&' BBecTH oelo3HaqeHHSI. !"' :. H p·-*J,+'f (1-f)!Ut-~ f··· , . To. ¢opMyJia (5) nepexo,nH'l 

B cpopMyJiy, llOJiyqeHHYil .B paeloTe/5/ C TOqHOCTbll ,no 1lJieHOB, -v In-~ •. 

lJISI CpaBHeiiHSI HHTerpaJibHOrO ceqeHHSI C ceqeHHeM, noJiyqeHHUM nyTeM.HHTerpHpOBaHHSI cpopMyJIH 

EeTe-rattTJiepa, npHBo,nHM Taelmrny II.· - .. 
TaelJIHna II 

e .. r r~, K.,, f).;_ ·. ~-~ (to,k., e.) ' 
·g-

9$-1 

io0 o I2428 ro-28 · ·o.a9'22 ·ro-29 I,3~b6 
. 20° o:8322 ro-30 0.55lll ·I0-30 !.5092 

30° 0.!338! I0-30 0.10727 I0-30 1.2474 

60° o.3ab - ro-:32 ··'0.6295. I0-32' 0~6057' 
. .900 0.4427 I0-33 'o. !0958 '. I0-32 0.4040. 

!20° o.IJo3I ro..;33 0.2732 I0-33 0.4770 

150° ' 0.7!62 !0..;.34 0.7535 10-34 0.9505-

IlpHMeqaHRe: l!tiTerpa1IbHOe ceqeHHe MH sanHCHBaeM- B ·. BH,ne cJ<r{e.·, K;, 9, )c ,si.c.9,Jfid1f.dlt.,1{t.,li.,9.);' 'J;,r. {t~,ll-,,9,) 
aHa~orHqHaSI BeJIHqHaa H3 npoHHTerpHpoBaHHolt <~JopJiyJiu BeTe-rattTJiepa. tiHc,JieH~HR pacqeT npoBe,nea ,n1111 .. , -' . . ,· ·- . 

CJiyqaSI . c.,= 0,54, K0 = _0,25 •. 

CpaBaenHe q:(E.,II.~ e.,) . H 1:;,. 2 { <K,, e.,) ·,, npoB~,neHHoe ,,nJIII 61 rto" , noKa3aJio, 

qTo · c yMeH:i.meHHell ~ BeJIHqH!Ja tJ'(f..,A'.,, 8,) . np~dJIHJ:~STC1f K ~-~ (f., Y., 8,} , T!lK UO yxe 

npH ~ a 5° pa3HHUa llez,ny HH~H He npeBHmaeT-3%. 
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B omne EepHmret!Ha M ITaHOB.cKoro/7 /no H3uepeHHD noJIHoro ceqeHH.R ropM03Horo · M3JiyqeHHSI sJieK

rpouoa C ,:-JHeprifel! 500-550. M3Bjtci :B,O,I(Opo~e. 61:lJIO' ~~kasaHO 1 . QTO. B. 6'6JtaCTH yr JIOB 1 . He npeBbllllariiiiHX . 

7-10° 1 ¢opMyJia Eere-ranrJiepa aepHa c BIWoKon ~reneH.bll TOQHOCTH. B ro xe apeM.R. npoBeJieHHoe HaMH 

cpaBJIOHHe ( CM. ra6JIM.rzyii) noKa3HBaer; q;o. yxej1pH eo ;'-'. IO~ ·pa3JIHQHB ,D;OCTMrae;; 40% • Kal!Cymeec.R 

pa3HOrJIO.CMe 06'&.RCHSieTCS! TeM 1 QTO OCHOBHOfi BKJia,n; B ceqenHe ,D;aDT yrm~ (I.. I0° (MaKCHMJM M3JiyQeHMS! 

JlellCMT npH (}o"' ~ ) 1 r,n;e BJIHS!HHe !flopM-!flaKTOpaOT,D;aQH R-aHOMaJibllOrO MarH~THOrO MOMeHTa HHQTO~HO H 
0 . . . .' . . ., . . • '·' ' 

llO:JTOMY pa3JIMtiHe B 40% npH eo= 10° ne. BHOCHT cyiuecrBeHHbJX H3MEmenHR B nOJIHOEl ceqeHiie. 

Orcn,n;a cJie)(ye~, qro ,n;JISI 3KcnepHMeHTaJibHoro o6HapyxeHM.R BJIHHHH.R ¢opM-¢aKropa ~ paccMaTpHBae

MbJX npoueccax 1 He06XO,D;HMO M3MepMT.b .MHTerpaJibHJD Kpl1BYD KaK ¢yHKUHD yr Jia f) 0 XOTS! 6'u B HHTepBaJie . 

(5°- 30°). 

E_CJIM 3KCUepHMeHT UO,D;TBep.ll;HT !flopMyJiy Eere.:rattT.ixepa XOTS! 6H B yKa3aHHOM HHTepBil;Jie 1 TO 3TO 6y

,n;eT 03HaQaTb 1 QTO CJUleCTByeT 3aMeTH!:lll .BKJia,l( OT Me30HIIOil lllJ61:l HYKJIOHa H 1 CJie,n;oBaTeJibHO 1 OKa3HBaeT

.cSI cyiJleCTBeHHHM yqer rpa!flHKoB .n:) He) yxe npH sHeprRnx ~ 500, M3B. 

TaKHM .o6pa30M1 3KCnepHMeH·TaJibHOe H3MeHeHHe HHTerpaJI.bl!OrO ceqel!H.R npH He OQeHb o'OJibiUHX 3Hep

rM.RX ( .V S00-600 M3B) npe,ItcraBJiner o~pii)(eJienHull HHTepec • 
. . ~ . 

B HacTOSIIJlee BpeM.R HaMM llO,D;CQMT!:lBaeTCS! BKna,l( OT Me30HHOil IUJ6bl HJKJIOHa C llOMOlllbll ,li;HCnepCMOHH!:lX 

COOTHOIUeH111l. 

AnropH np11Hocnr rJiy6oKyll 6Jiaro,napHocrb A.A. noryHoBy 11 B.C. EapaweuKoBy sa noJie3HH_e .ll:MCKyc-
.•. 

CI1H, '· 

IIPMROJKEHHE 

!{11HeMaTI1Ka npoyecca TOpM03HOro M3JIYQeHHS! 

ITp11 sa,l(aHH!:lX sHepr11HX C.0 M J<.o H yuax. ~o • 1 G 11. tf sHepns pacceHHHoro sJieKtpoHa . . 

onpe)(eJI.Rercn as saKoHa coxpa~eHM.R saeprHH 

· M + &0 - K o-:- C- E =: 0 

np11 B!:lllOJIHelii1H saKoHa coxpaaeHH.R rpexuep!loro HMllYJILca 
_,.. ~ _.,. __,.. 
~o- p-:- ~ -K = 0 

T,e, H3 ypaBHeHHS! 

B-~-,J8~""'2,c+e:tt211/c.J.~m.~, =O, 
(!). 

r.ne ane.n:eHH o6osuaqeHMH 
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A = Ko cOs{)- jfo{(~s e., C?s e + S~e., J~() ·~~ cf) 

B = M -r &0 -1<0 

c = Mc.,-MI<o-60 K.,+m~fif:ft<o Cos e., 
OKa:maaercSI, · ttro He npH Kallr~OM uadope sa~aHHUX aenHttHH &., 
(I) HMeeT TOllHO O~HO perueHHe. 

B03MOXHH cne~yD~He cnyttaH: 
~ . ·, .·· 

I. YpaBHeHHe (I)'HMeeT TOll!IO 0~110 perueHHEl .!J·HHTepBaJie in~C f:.t0 -Ko ..• ·3ro dy~eT Bl.mOJIHeHO! Kor-

~a: 

a) ll ~ 0 C.-8m?:.O • HJIH · i ... • . . 

' · • a..·r~ I/ ) · c · PaaeHCTBO MO:ateT d!.lu ron~Ko 
.d)· A< 0 : . '· C-Bm. ~ 0 , /.ll/ ~ u l vo- "o· - B OJtHOM YCJIOBHH. , 

V{Co:-:'t<.)J.-m'J. fJ (6 0 -Ko)::-C. 
a)A<.O ; ;jfl/'-8 .. ;'··.~:; ·:.,. 4 ~ v(C. .. -Ko)~tw'-~; 

2. YpaaHeHHe: (I) .. HMeer o~HH ~aot!Hol! KopeH~>.•)ro dy~er npH aunoJIHeHHH ycnoBH!!: 

A<O,\ Jll/'-B, c~~~-~~+f>.~~o .. · ..•. 

Bm t: -1-fi~+IV· {cc,-K,.) 

3. YpaBHeHHe (I) dy~eT HMeTL ~Ba pa3JIHllHHX KOpHS!, Kor~a •· 

A <:0 I II]~ 8·,. c- Bm ~ 0, ·8·m /-18'--11~· {co-Ko) 
I 

I 
13 {C-o-Ko)-C 

C-m va~-/1:. > 0 , I II £::. 1/ {co- Ko)~~ mJ. '"" """' '' <. 

4 •. Bo BCex OC"TaJibHHX CJiyttaHX ypaBHeHKe (I). He .K.MeeT KOpHel!. 
;· 

/ 
'I 
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