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HpKeJ"ynoa A.lll., Ypaaaxoa 3.11'., lllBa'lKa A.E., lllaa'lKa O.A. 

qHcnennoe nccnenoaaane pacce~HHR aneKTpoMarHHTHwx 
·BOIIH Ha KOilbUeBOM cryCTKe 'l8CTHU 

1~ Pac'leT Koa~~HuHeHToa ypaaaeanfi pacce~HH~ 

P9 - 7951 

B pa6oTe npoaeneHI>I pac'leTbi Koa~HuHeHTOB pacceSIHH~ anexTpoMarHHT 
HhlX BOIIH Ha KOilbUeBOM CJ"yCTKe 'l8CTHU H naH 8H81IH3 STHX BellH'lHH B 38BH
CHMOCTH OT ~113H'leCKHX ~aKTOpOB BOII,Hbl H CJ"YCTKa. 

B HeKoTopbiX 'lacTHJ>IX cnyqa~x ynaeTCSI nony'lHTb KOHe'lHYJO cncTeMy 
ypaaaeanfi anSI· aMnnnTyn aonn. Opnaeneno ~nanqecKoe o6cy~neane peaynb
TaToa. 

Coo&leHM.e 061.e.QMHeHHOrO MHCTHTyT8 Jl,llepllhiX MCCJie~OBaHMJl 

,lbr6Ha, · 1974 

Irkeg~lov A.Sh., Urazakov E.I.~ Shvachka A.B., 
Shvachka O.A. P9 - 7951 

Numerical Study of the Electromagnetic Wave 
Scattering by a Ring Bunch of Particles. 
I. Calculation of the Scattering Equation Coeffi
cients 

The coefficients are calculated for the scattering of 
electromagnetic waves by a ring .. bunch of particles, and 
the analysis of thes~ values is made depending on the phy
sical factors of a wave and a bunch. In some particular 
cases one succeeds in obtaining a final system of equations 
for the wave amplitudes. Phys-ical discussion of results is 
presented. 

Commuieatioue of the Joint Institute for Nuclear Research. . 
Dubna, 1974 

©1974 06'bedimeHHblii UHCIIIUIIIYIII JfdepHbiX UCCAedoea.HUU ,lfy6Ha 
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_BBe;tteBB8 
· .. ' 

Kax noKaaaso ll Iii,· onaca~ze citaliHosapl!oro nportecca pacceHHHll 
I 

8X8K'rpOMarBBfBHX BOXB B8 HSOfpOilBOM_OrpaBB~eBHOM cryC'rK8 _CBO;ttlrtfCll 
K pemeHirtD CHC'r811H XHBeiBHX ;ttBtW)epeiriizan:r.BHX ypaBB8HBI ;ltJIJI 811Il1IKfy;tt· 
nollel Bona. · . . · · · ·· 

KoatW,iauzeata czcteMH xxHea&a%·~•tMiepeH~Hax:r.HHX ypaBHeHml ~ 
811IlXHfYlt BOXB_llBXHDfCll ~YHKitlrtftiiB aneKTplrt~8CKBX CBOIC'rll cryctR8t ero 
Clrtllll8fPBKt 8 f8RU BOXBOBHX B8.KTOpOB Il81t8DIII8rO B pacceHHBOrO mixeA. 

Pe1118Birt8 Ci!Cf811H 1IBB8IBHX ;ttBtW)epeHJ:tBSJl:DBHX ypaBH8HirtA IIOXHO no
llYUt:r., .aa;ttaBall rpaBB~BHe no . z asa~eBirtft a11nnaory~ nonel B. 11_ecnx 
BX0~8HHll BX B cryCfOKo _ 

CMcteMa ypa:BaeHBI-,;ttM aMnnMtYA nonea :Bons~ pacceHBaeMwc sa. ' . ~. . 

cryctKe, BMeet.BBA: 

f.'fi :t~-
2
1 .. ,. [L. Ai:3f: - .A i~

3 1 f:. + 
"L I( Q.i;! • • " 

'· 3m·~;· m 
· + i (~ i.K' ; K, . At:m~·j:)J, 

~ Jr':..-'~ 2-~~ [~ A:mj~"' ;_ i;"'.1t fi<m.-

-,n, . 3 

- i _( AiK
1 !K ., .nu:sJ._ J ")] AtK d2 K 

. :-

~. '·:. ., .-

,(I) 

r~e ~oatW,iBitHe~~ .. -cxcteMH c ~etou Clrtlllletpu cryctxa np~Be~~BH-~ II{ 
DpB pacceJIBBa :Bolls Ha Kon:r.tteBou asHMYf&n:r.so-cBMKeTpx~so• nn~s-

KeHBOII ( c =- c (~ 'f,~ W)) . cryct~e. ~08tW,iBttHeB~H ypa:s_BeBIII (I). 
' ,. ~ , ' . 

f8KOliH: 

·3 
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33 2. 1 33. 
A.tiK = i (Vpi +WpiWnK)· .1.iK (e), 

I 33 33 
A 1iK = Wn.K • JJ. iK (E.), 

mm. 
2 

mm. 
A1iK = iK .J1iK (E)~ 

33 2. 33 . A 2 i.K = i (Wpi Wn.K +- WltK )- J 2iK (E), 

A m.m . 2. J mm '. 
2 iK = tK · 2 iK (E)_, ·<zr>' 

3m - J 3m. A 2 iK = i1<11. (Wpi + wn.K) · 2 iK (c.), 
· m3 :;· m3 

A 2iK = iKpWttK. 2iK' (E). 

I. PacceHHHe anexTpouarHMTHHX Bonu Ha KOnb~eBOM crycTKe. 
Hay~aeTCH pacceHHH6 BORHOBO~HHX BOliH B KpyrROI 'l'py6e HS KOliL~ 

~eoOpe3HOM. crycTKe 118CTH~ KOHe~HO!_TOR~HN·no-r • CryC'l'OK no ~ 
HMeeT KOHB~HYD JJ;RHHy H pacnonOllteH CHMM6TPH11HO OTHOCHT6RLHO OCIII liOJI
HOBO~e, T.e. OCL cryCTKS ~OBne~aeT C OCDD BORHOBOlta*). CBO~CTB8 
crycTF.a o~Hopo.n;HN no .n;RHHe. 

K03~H~H6H'1'N pacceHHHfi H HHTerpaRLHNe MHOlltHT8JIH 1 BXO~H~e B 
HHX, JJ;JIH BCBX BH~OB BORH paCCliHTNBBJliiCL liHCJieHHO H8 SBM C~C 1604-A. 

Tax KaK KOSWWM~HeHTN.pacceauas ~aKTH~ecKH onpe7teJIHDTCH HHTer
paRLHHWH l&HOlltHT6liHliH J t iK (t:) 1 X8P8K'l'llpH3YIOllUU.!Iil CBO~CUS H CHIIWOT
pHJO crycTK8 /I/ 1 _TO pac~JIOTPHII noRylleHHHII peayliL'1'8'1'H lljlU6HHT8JILHO 
K 3THII XapaRTepHCTHKSII. 

2. SaBHCKWOC'l'L KOS~H~HeHTOB (HHTerpaROB) pacceaHHH 
OT ll0110llt8HHH cryCTK8 .B BORHOBOJJ;e 

B aa.n;a~e P8CCM8TpHB86'1'CH UliOCKOe K0Jlb~0 1 ~liH KOTOpOrO 

*)'B pa6oTe HCnORLaye;~H '~~RHH~PH~eCK&HCHCTe~a- ~oop~HH8'1' {r;~r}. 
Pa~Hyc :soRHo:so~a 6epeTca paBHHW I.· 

.-

4 

-E= 
{ 

1_, 

.. o, 

xu.·-1-~ ; ~ x'4 + f 
. .J . ·. ':. .J . 

· x sa..-> r > x· · .!::k. . :: _u. - 2. . '. u, + 2. , . 

TOJIDOIH& iton:r.~a no paltiiiYCY d = O,I a :, r;~~;e 'a -paltiiiYC :BoliHOBOlt&. 
CpeltHIIII pa;lUlyC KOli;LUe npH pac"«<e£e · lleHHliCl! B npeltllliSX . 

. ' "' ... O,IS ~ :Xu, ~- 0,85 •. 

llpollel{eHJWe_ p~cU'l'Y iioKaaaJIH, q'l'~: 
a. BeliiiUBa KO_a\MH~IIeHT_Oll pacoeHHIIH c poe TOll aauy-TULH_oro :BO~-

uo:soro qJlona YJIIIHLII88'1'Cll. . ._. 
. ':lt,"(p~S) % :J11:~(p= 15) -::::. J.O-.t.. (3) 

j1{(p•O) J11 (p=5) . · 
( G: Ha crto'l'K&X, pa~nonozeHHHX 6JIBZe K OOH.liOliHOliO~a, paoceHHBe 

:suc•u uno:a :ilOJIHOliOltlWX liOJIH HBll'l'OZHO llano (T.e. IIH'l'erpaJIH pacceH-
1 ' • 

HIIIB 6JI118EI K HyJim 7tJIJ! liOIIX THnO:B liOJIH). PacceHHIIIII 8'1'111X liOJIB li8KCIII-
M81IJ.HO HI oryoTKe, p&CDOJIOZOHHOM y OUHOK li01IHOBOA8 ( X'i = 0,85). 

B. ltnH xaQoro BKA& a-una 'pacceaHIJl uee'l'cB coone!c!:symiiUIA 
peaoaaucuul oryc'l'oK, xoa~axuieu'l'H paccel!Hill in11 KO'l'oporo M&Kcuant.
HS DO llllllllliiHO. Hanpuep, B cnyqae· paccfll!BIIB uarHK'l'HOl& liOliBH B Mar
HM'l'B~II ltJlll BB&UHIIl BH;~texcoB I' :i. 5, i = 5 H K = I peaouaHOHHl& 
cryC'l'OK B&XOAB'l'CB B 06Jl8CU_ .X'4_= 0,45(CII.llPMJ10lEHIE I; pllc.S).-ltJIH 
PICCOlllilllll ll&rHII'1'HOI BOJIIUI. B SJIIIK'l'plltiecKyll nplll p = 5, i.. = I II K = I 
peaoaa:aolndt cryC'l'OK JIOK!IUBOl!!l!! B oGnaou X If = o, 75 •. Sl1lliCJIIIOCU. 
IIH'l'erpanoJ pacceliBIS 0'1' cpeABero P&AII;JC& cryc'l'K& Xu, DPHBexeaa He 
pte~ I-8 (ell. ·nPUOIEHB I). r 

UaKcuauuoe paocuue Ba Kon~ellli.l. cryc'l'K&X aa6nll;~t&e'1'CJI AI:JI · 
p&COOI!Bill ll&rBI'l'HSX JO:IB J ll&rHII'l'BHII_ (J'1'0p01l !BD CUII8'1'p11) 88 0118'1' 
p8XB8Xl>BOI B&OABOpOltHOCfl cryc'l'K&. Xai£:npaBiJIO, liBBMIISX~HHe BB8118BBl! 
KO~JltiiiB!OJ pacciU!Hill ll80Jim;Jt8MCl! Dpl p&CCOBHIIK aneKtpnecD:X:/ 
liOJIB :a a:aeKTpJqecne (nepllai TID CJIIIJIII'l'PII) ~- · ' · ' •· 

C pOO'l'H: P8AI8UHOrO IH,UKC8 U&A&m.el liOJIHH KOS!WB~IIBTH pac
CIIl!BIJl ;J118H:r.l81l'1'CJio. oCoGellliO peaitoe 'DI;jl8UI llelli'IUIIUI K03\MB~H8B'1'0ll 
uaGnm,lae'l'CJI-DPIII IS ~ i .iS 20· (ell •. llPUOIEHIE Ii-PI!Ce 4-8). , . 

. ~ ~.'· ... _ 
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-'.J... IIoBe;zteHIHl HHTerpaJIOB pacceHHHH JJ_ V.(E) Jr,JIH cryCTKa 1 HSXOJr.lll!le
rO~ll y CTCHOK BOJIHOBO;zta ( X~ = 0,8S), MOXHO npOCJieJr,HTl> no T86JI. 
I-8 (cw. IIP~nOXEH~ II). B Ta6n. I-8 np!t!BeJr.eHH sHaqeHea HHTerpaJIOB 
JZiK(E.) . · ;ztJIH SJI8KTpllqecKHX It! MarHHTHNX BOJIH B SSBHCHMOCTH OT pa-

Jr,H8Jil>HWC: HHJr.eKco:s i ( K ) • IIpH STOll asHMyTaJI:&HNlt HHJr.eKc p : :su-
6npancH nocJieJr,o:saTeJI:&Ho paBHLDI I, s, IS n 20. AHaJIHa rioKasaJI, qTo 
Jr,JIH cryCTK8 1 pacnOJIOllt6HHOrO Y CTeHOK BOJIHOBOJr.a ( Xu, = 0,8S) 1 c· 
poeT Oil paJr.l!aJI:&Horo BOJIHOBoro qncna K · Jr.Jill pacceaHHNX BOJIH: HHTer
paJIH J11K (c), xapaKTepHBY~IIl!tle npeBpal!leHH8 warHHTHNX l!OJIH ll ·Mar
HHTHNe It! 3JI8KTpHqecKHX ll 3JI8KTpHqecKHe, peSKO yMeH:&maiOTCH. IIpH 
K ~- IO STH HHTerpanu:npaKTnqecKH o6pal!laiOTCH B nyn:&. IIoJr,o6HNM ze 
o6pasou BeJr.yT ce6H nHTerpanu pacceaHHll B saBHCHMOCTH OT pa;ztHaJI:&HO
ro HH;zteKca i pacceHBaewux BOJIH (cw. TIPHnO!EHME II, Ta6n. 9, IO). 

IIpH pacceHHllH BOJIHOBOJr,HNX l!OJIH Ha H60Jr.HOpOJr,HOM no r cryCTKe 
HHTerpaJIH J2 1K(t) C pOCTOII . I( y6NB810T 60Jiee MC;ztJI8HH0 1 qey HHTer
paJIH :J11K (e) , HI! ell OCniiiJIJIHPYIOIIl!tllt xapaKTep • 

.l(JIH cryCTKa C X<+= 0,85 llHTerpaJIN pacceliHHll l!CeX THnOB Jr,JIH 
KOHKpeTHNX BOJIH HMeDT O;ztllH H TOT xe nopH;ztOK lleJIHqHHN 1 ll OTJIHqHe OT 
crycTKa c X~=-.O,I5. 

Heo6XO,lllllol0 OTMeTHTl> 1 qTo Jr,JIH crycTKS~ pacnOJIOllt6HHOrO,Y CT6HOK 
l!OJIHOBO,llS 1 HHTerpan, xapaKTepHSYIO~lt paCC6HHHe uarHHTHflX.l!OJIH B 
aneKTpRqecKHe, npH na;zteHHH BOJIHN c p =. IS, K . = I pa:seu o •. TaKHII 
o6pasou, yKasaHHSH BOJIHa irarHHTHoro THna He pacceHBaeTCH B B01IHN. 
SJI8KTp!t!q8CKOrO THna. . 

CooTBeTCTBYIOI!lHe HHTerpanu ;ztJIH crycTKa, ·pacnono:ateHHoro B ~eHT
pe.:soJIHOBO.lla (X~ = O,I5), ,ll1IH SHaqeHHlt HHJr,eKCOB p = 0 It! K_~ I 
npHBeJr,euu B Ta6n. I3 (cu. IIPHnOIEH~ II). KaK BHJr.HO HS Ta6nH~N, 
HHTerpanu pacceHHHH, Huea TaKxe· ocn~t~nnnpyiOI!lHlt xapaKTep, no.nopHJr.KY. 
B6JIHqHHN paBHN I0-2 • .l(JIH l!NCmHX.H6CHMMeTpHqHNX THnOB l!OJIH pacceH-. . ' 

HHe Ha STOll cryCTKe HllqTOXHO uam). . . . . 
bb_ ~HTerpaJIN pacceHHHH J 1_ iK(e), llNqHCJI6HN TaKKe ,llJIH mHpOKOrO 
( d = 0, 7) H. ysKoro ( d. = O,OI) Kon:&ne:Bux crycTKOB. BeJIHqHHH 
STHX HHTerpaJIOB Jr,JIH 3JI6KTpHqecKHX H MarHHTHHX l!OJIH 1 a.TaKze HX OT
HomeHHe npH p = 0 H K = I npHBeJr,eHN B Ta6JI. II-13 (cu.IIPHnOIE-

6 

/ 

j 

"' 

TerpaJIN, COOTB6TCTBYill!lH6 npe:spiJI!l8HHIJ MarHHTHHX B01IH B MarHRTHNe· 
(BTOpOlt TRn CH~IIeTpHH) • MHHlDo!SJI:&HNe KOS!MJHUH6HTH pac'ceHHHH Ha6JIIl
Jr.SilTCH Jr,llll npeBp81!l6HI4ft MarHHTHHX l!OJIH ·B SJI6KTpHqecKHe (BTOpOlt T!tlfl 
CHllloleTpHH). 

3 a K n 10 q e H a·e 

PaccwaTpHBaJIHCl>_xapaKTepHcTHKH pacceHHHH BOJIHOBO.llHHX BOJIH Ha 
CHiolloi6Tp!t!qHOK KOJI:&UeOOpaBHOII cryCTKe qaCTH~·KOHeqHflX paswepol! n?·~ 
;ztnH pasnxqHsx noKanHaa~Hlt H nonepeqHux paswepo:s crycTKa. PaccYaTpR-
Banac:& TSKK8 CHCT6KS cryCTKOB. 

. YKasaHHNe pacqeTN uoryT 6NTl> npHUeHeHN ;ztnH crycTKo:B, o6.riaJr,am
lllHX CBOltCTl!BMH npOBO;ztHHKOB 1 Jr.RSJI6KTPHKOB (c flOT6pHIIH_H 6es nOTep:&), 
nnasuu, sapaaeHHNX qacTHU. . 

BblqHcJieHHH noKasa:nH, qTo B o61IleYcnyqae pacceHHHH Ha no,ll06HOM 
·KJISCC8 cryCTKOll KapTHHS pacceHHRH CJIOlltHSH H· onp8Jr,6JIH6TCH KOK Cl!Olt

CTBSMH H C14lolloi8TPHelt cryCTKa, TSK.H BOnHOBLDIH Cl!OltCTl!SWH na.llBIOI!lero 
nonH •. 
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llpl! STOll MOEHO OTM~TI!Th cne;ztyD!IlHB 06!IlHe 38KOHOM8pHOCTH ;ztnH 
TaKoro ~aaHMo~encTBHl'l: . . 

a) HHTerpanu JtiK(€) c yBe~zqeHHeM aaHYyTanhHHX a pa;ztzanh-
2 . 

HUX DO;!IHO~HX qzce;n yY8Hbm8DTCH no MO;ztyHD; 
6) ~~H cryCTKOB 1 ROK8;!11!30B8HHHX ~6~1!31! ~8HTP8 BOHHO~O;zt8 1 

HHTerpaJIH Jj iK (C.) C pOCTOII I!H;zt8KC OB p H i p83KO YJI8Hhma~C!f 1 

npaqell ;ztna nepit~epa~x crycTKO~ sora TBH;ztellllHH Bupaxeaa cna6ee. . 
llpH pacceilHHI! BOnHO~O;ztHHX BOJIH Ha KOnhqeBOII aazllyTanDHO-CI!M

MeTpl!qHoll nnaSIIBHHOII cryCTKB CHCT8118.~H~epeHqHa~hHHX ypa~HBHHI ;ztHH 
811DJIHTy;zt no~ea ~OnH pe;zty~HpyeTCH ;ztO 20 ypaBHBHHI(c OTHOCHTBJihHOI 
norpemHocThD.He donee 5%). · 

llo;zt60~0Y !lJHSati:ecKHX napayeTpO~ ~OHHH (;ztni!HS ~OJIHH) H BO~HO~O~a 
(pa;ztHyC BOHHOBO;zta, aanOJlH8HHe) MOXHO yY8Hhm/4Th q14cno ypa~H8HIIIif, 
BXO;ltH!IlHX B CHCTeMy • B 3TOJI c;nyqae 11yceqeHHSH11 . CI!CTBIUI ypa~HBHHI pe
maeTCH qJ4cJieHHO Ha SBM H ee pemeHHe ;ztaeT pacnpe;zteneHIIIe nona ~ ~on:.. 

HOBO~e npH HanJ4ql/la YKSSaHHOrO cryCTK8 1 .qTO Olli4~H~aeTCH ~0 ~TOpOl 

qacTH HSCTOH~ea pa60TUe 

!BTopu :Bupazam 6JiarO;zt13pHOCT:& E.ll.lH;ztKO~y H yqaCTHI4K811 CBYHHS
pa OHMY OHHH sa HHTepec K pa6oore a noneaHue o6cy~eHHa. 

I - . . . . 

Jl H T e p a T y p a 

I. A.m.HpKerynoB; s.H.YpaaaKoB, A.B.m~aqKa. qHc~euHoe accne;zto~aHHe 
pacceHHHH aneKTpOMarHHTHHX BOJIH Ha KOJih~eo6paSHOM DH83118HHOII . 
cryCTKe. ~OKH8;zt Ha COBe~aHHH no nporpaiiMHPOBSHHD H YSTBYSTHqec
KHM IIBTO;ztall pem~HHH ~1!3HqecKHX 3a;ztaq, OHHH, liD-7707

1
ly6aa, 1973• 

PyxonHcL nocrynHna B Ha~arenLcKHn or~en 
. I6 MaR I974 ro~a. 

s 

llPHJ!OlKEHHE I 

HHTerpanu pacceHBHX KSK WYHKnHH cpe~Hero paAayca crycorKa x~ npa 

~HKCHP0~8HHHX auaqeHHAX paAHa~hHHX H SSHMY~S~hHHX HH~BKCOB 

Hne zcno~nymcH cm~~yii!IlHe 'oi>oaHaqeHHH ;ztn~ H~Terpano~paccea-
Haa, npa~e;zteHHHX Ha pacyHKax: 

MM . aE HM J C. E ·J E!l"' 

I - ;JJ.iK!. , 2 - J1.:.1e , 3 - :l.z.:~e , 4 - 2t:oc , 5 - zioc I 
.• ME' 

6 - :J 2iiC. .• 

•J 

1 

~ 

3 

1 

-J. 

--:s 

-~ 

-T 

P.11c. I. "Horerpanu pacceHBKH XD p = o, i =·I, x:. = I • 
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Pzc. 2. HHTerpal!H pacceHHHli ltllfl p = 5, i = I, IC = I. 
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Pxc. 3. HHTerpal!H pacceRHifl ~s: p = I5, i = I, IC = I. 
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LT:_ 
PHC. 4. -HHTerparu;-'pacceliHHli ~fl 

r;;~~;,i;. 

L1 · I 

~r 
~3 
I 

~ ~-
!- -.l 

L_, 
1-

:...-s 

--7 

------·-

·-·-----·-
p = s, i = 3~ 

Puc. s. HHTerpam.~ paccel!HBI! ~ ·- p = 5, i. :;: S, 

II 

"" 

IC :::; I. 

._s 

IC:= I. 
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IIPMiJIOIEHHE II 

Ta6nzqu HHTerpano» pacceHHHft KBK-~YHK~HA pa~HBHbHHX HH~6KCO» na~a
JOm;eA ( i ) 11 pacceltHH!>IX { IC ) »OJIB npll \T!HKCllpO»BHHOM 3HBli6HHH 
8311WYTBHbHOrO 11H~6KCB p • 

Ta6nu~a I. MiaTerpam~ pacceltHIIH ~H crycTxa c Xu.= o,as, 
;ztnfi aHalleHIIA H~eKco» · l = I, 1c. = I - 20, 

d ~ O,I 
p = o. 

JJ .... .,o·• .. 
Jftf( 

:J .!! 
::~:.: 

" J~tl( 

·2 

3.8 I 0.1 

0.9 I 0.6 I 0.5 

-0,9 1 5.I 1-a.1 

c:.t' I-2.1J I o.7 

s 9 . IIO II I 12 I n I H I IS I 16 I 17 Ia I !~ I C:~ 

O.d 0.31 O.< I 0.2 I 0.1 

0.31 0.1 

9 •. H 7.tfl .-.c:Ju.;:: l~t.2 6.8 I 7.- I 6.4: l-1.9 1.3 I ·l.9 I >.I ll.3 11.8 I I,O ~0.3 l-0.1 

I.OI<.• I 3.d-3.I ll,I -:J.71 ).6 I I.S 1-1.~ I.e. I I.~• l-0.6 l-0.5 11.1 J-J..l I u.e 

J~.!: -J.6 1-U.It I t • .: -r:sl I.31 "·'I o I 0.1 -o.s 1 ·'·' u I o." l-0.4 I o.s 1-J.4 I u,< I n.I l-0.3 
I J,"::: •.7 H.< I 1.1 Ld ·3,01 ••. JI·3.G ! 2.S -I. I I D I O.l 1-0.I 0.1 ! 'J." 1-o. 7 I o.• o. l-0.3 I ''· 7 l-0.3 

Ta6nzna 2~ "HTerpan~>~·pacceaBIIH ABR crycTKa c 
;ztXH 3H8liOHHA HH;zteKCO» i. = I, IC 

x...., = 0,85, 
= I - 20, 

d.= O,I 
p = s. 

Jl'" ·,0' I I8 I I9 I 20 

'"-: 1.2 -o -o -o -o ·0 

. ::7.,!! 1.9 0 0 

0.51 •0,5 

Ol ·0.2 

:J,: ,.o,, I 0.1 I o •• ,-o.3,-0.sl I.5,-2.31 2.8,-2.612.o,-I.O,I.o,-o.91 o.71-o,,,-o.91 0.11 :"·' 

'••~e 1.2 2.1 .- 0.2 -1.6 2.7 -z.B 2.21 -1.0 -0.1 1.2 -1.6 1.5 ·I.o o.• -o .o.z -o.2 o.r 

'J:.: I-I.7 I 2.8 I -.!.6, I.SJ 0.21·1.71 •• II .... u 3.01 -I.5 Ol 11,81 •I,!I 0.81 ·O.• ·01 -o 

t 3,7! 1 o.1 1-1., 2.11 ·2.31 2.01 ·1.•1 0.61 0.11 ..0,71 o.•l •0,91 11.61 -o.•l 0.2 ·0 •01 
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Ta6nu~a 3~ MiHTerpan~.~ pacceRHHR·Anlt crycTKa c 
~HH aHalleHHA HH;zteKco» i = I, K = I -20, 

~ ... = 6,85' 
p =IS~ 

d_ = o,I 

J;, ... ,. .... 

3;'; 
j 
... .... -:JZ~IC 

1UIIIIIZ 13 I I• I IS I Iii I 17 19 

1.51 !.0 1·1.1 I 0.7 1-D.l 0.2 1-o..z I 0.2 l-<1.1 -o ·0 -0 o I -o (1 

7.71·1.9 1·0,8 I 1.7 l-1.6 I 1.1 1-o.• 

3..21·3.9 I·O.I I u.s I 0.9 1-1.6 I 0.5 
0.31·0.31 0.3,-0.1 I ' 0 I ·0 I 0 I ·0 

1.5 1-3.1 3.: -1.6 0.3 -tl.9 0,5 0.2 ·O,S I·U.1 

·01 Ol ·0 

1.1 H.a 1 1.1 

:J .~~ ,-3.II·I •• , •• o ,7.9 .,-s.e I I.512.21·3.51<.6 1-I.o I -o 
:J1~; 31 .. 7 ~n.s -6.6 r:s.J -9.3 I.a I.9 0.4 -s.61 9.I -a.6 

o I o.3 1-o.s I 0.1 I a.• l~o.6 I 0.1 , 0.1 1-I.I 

5.2 1-1.1 1 0.1 1-0.1 1 0.1 I 2.9 1c2,3 1 o.s 1 o.• 

::1~.':: I 0.71 -I.I I 0 .. 1 o I 0.1 1·1.0 I 2.2 1·2.8 I 1.2 H.o I t.z 1-o.s 1-0.3 1-1.1 I I.8 1-t.o I -o I 0.1 I 0.1 I o.s 

0 

Ta6nu~a 4~ MiHTerpan~.~ pacceltHHR ~nlt crycTKa c 
ABR 3HBli6HH~ HH;zt6KCOB i = I, tc 

X~= Oi8S, d.. = O,I = I - 2u, p = 20. 

.:7:~: I 2 .3 • 5 • Ill I< I B I "I IS 1••11'1 ~0:-!~ 
~J.,I(, O..'l o.e -0.6 o,j -u -u.z 

-0 -or ul -ul .-UJ __ -o 

-u ·0 01 • -u 
:1::. 5,0 -0.3 ·1.5 1.; -l.li D.lf al.l .... ' 

... ; 

-0 --o 
-·11 0,7 1.s1 -r.u -IJ..c ... 

·-u 

:J ~flit -5.£ .l.l 3.a :s.t-

}.f 1·<.• I.i..l -il.3 

I.•l -J.o,-tl,J,u.•,, -v .. , "" 
-o o o ···-~· 1.1 

:J.!: l),'i'l :t,t-1 -2~S 
o.~ I ''·' 

.-.0 

2.91-o.s 

-I.'l ol-2.1 ... q 

J.:: I-I5.lt V.91 13.1Ho.61 h.31•S.71-;J.'ol I.ol 0.11 cl.7 
1.31 -1.91 £.til ·o::.t.l LH 1 . ..-2.91 -1.8 

-._J;:! I 2,,,- -0.11 -iJ,~tl -1.~ I .!.21 -0.::~1 ;.o,·!l J.d -1J,t> 
1 • .:1 ·~.t. 

IJI -U.ll ''-~ •l.'tl -1.11 J.ltl -'l.t-1 't.l 0.2 u.~tl -r ... 

Ta6nz~a s. HHTerpan~>~ pacceaHHH ~nlt crycTKa c ~~= o,as, 
~lt sHatieHHA HH;zteKcoll i = I - 20, IC = I, 

JJ ... f(I-J 

.... 
:J .. .:. 

. J.!: 
.... 

~· 
3.1i I ?.u I o.~l1.o 1-1.1 

ll i H 

-11.6 I 11.1 

H 

-J.~ 

I> 1_16_1 17 

l),o\~0 

10 III 

I.e" 1-~.13 --:)I IJ., 1.9 l-r.7 

- 6 

9.0 1-1.2 I I.2 i-I.o I 0,7 l-0.3 1·0,1 I o.• 1-o.~.l u.s 1-o.>.l 0.2 I · -o I·O.I I 0.2 l-0.2 I O.I 

d.= O,I 
p = o. 

18 n9 1 '" 

· o 1 -o 

-3 1 -o 
:J .. u -0.9 I n.;o 1~0.6 1-I.s 1-o.~ I t.6 I l.B 11.:. I 0.1 l-0.2 I 0.91 2.0 I J.~ I IJ.~ o I 0.2 I 0.71,0.8 I t·.•l -o .. 
jZif 

·J.!: 
., •< 
"'Ztf 

~-· •.7 I 5.? I •·• I 2.0 I 0.2 I <1.3 I I.9 I 3.2 I 3.0 I 1.6 I >.9 I · o I 0.11 1.J I 1.2 I 0.6 I 0.1 o I 0.2 

I.7 I z.• I <.9 I 1.9 ·0. 7 1·11.9 I O.I 

o.s 3.5 I i.9 I 0.6 -o I 0.1 0 I !),1 OI·~·O,J 

1.71 I.81 D.I I 0.71 0.2 

.o 

o.s 1-0.l 

0.6. I ~-9' I O.b I o., 
o I 0.9 -o J 0 I n.1 

-0 r-o.t 1-o.zt-O.i 
1 
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TaCSu~& 6~ ltla!'erpam. paccel!JIU ltlUl cryc!'Ka c Xu,= 0,85, d = O,I 
AAl!_ suneul uQexc 1:11 i. = I-"- 20, . _K: := I, _· p = 5~ 

~ ... .;•I I I z I ' I - I 5 I.' 1a ltli I I I i3 I n I 15 I I6 117 I IS I n I zo. 

:1::: I 1.2 l-o.2 1-M I o.5 1-o.s I o.• 1-a.l I D.I o 1-o.I I 0.2 1-o.z I a.I l;.g_I I o I o I -o I o I o I -a 

:1,~:- I I.t 1-I.I I 0-6-l-0.2 1-o.I I 0.3 1-o.• I o.• l-0.3 I 0.1 I 0 1-o.I I 0.1 1·0.1 I 0.1 I -a I -o -o -o 

3.":: 1-o.J I D.I I 0.1 I -a 1-o.z l-o.2 1-o.I I -o I -a 1-o.I 1-o.z 1-o.' 1-o.z I -o o I o 

;},~: l-3.2 1-s.7 J-l.a J-o.- I 0.2 J-0.8 I·I.9 J-z.D 1-1.0 1-a.I J o.z J-o.z_I·0.6 1-o.• 1-o.J I -o 

J,";: j-I.?j-I.3 j-1.8 ti.B ti.O j-o.I I o.o, a.z to.5,-I.I ~-I.z ,-o.8,-o.l 

j ;;: I o.l f I.o I o .... o.z o.z I o.3 o.5 o.z o.z -a., -a.~ 0.1 . o.I 

0 I 0.1 I -o 1-0.1 

0 1-D.I 1·0.1 0 

-o 

-D -o 0 

-o u 

0 ·D 

TsCSu~a 7~ RH!'erpas peccefiHilll ltD cryc!'xa c Xu.,= 0,85, 
:~Wt s&aqeJWt aB::~texco:a i ='I-_' 20, IC = I, 

cl. = o,I 
p =IS, 

:~:: 
HH 

:J ••• 

2 3 I • I ' I • I 7 I e I ' liD III 1121 u I n lui u 1171181 ~ 
-I.2· o.9-o.• -o o.,.o... o.•-o.3 o.a-u.I ·a . o -a o -o: D-o~ 

7.7,-1 •• ,-o.61 1.5,-1.51 1.1 ~-D.51 -o I D.l ~-D.• I o.•l-o.zl 0.1 
_3.2 2.3 -1.1 -1.D D.i 1.3. D.6 -D.1 -o o.3 D., D.2 o 

·D D I·D.l 

D I D.1 

i 0.1 1-0.2 I o.I I ; ..0 
! 

·DI •DI• D 

3,~: 1-J.I l-3.7 1-D~• I D.2 I-D.9 I-1.71-I., l-0.7 I D.II M I D.3 I · D I -D t-o.zl-o.zi-D.2 1-D.J 1-M 1-o.z I. -o 

:1:: ,31.71 o.z ~-z.I I 1.a, 3.21 a.a,-z.l ~-3.5~-z.s,-t.o ~-a.I 
J.,. -o.I -o o -D -o -o -o -o -o •. -o -o 

-o I -o ~-o.2,-a.zl D.2,I.O ,l.j ,z .. o 
-ol -o -o -o -o o o D . il 

! 

TaCSu~ 8~ RHterpau pacceauJI _ ~ crycna c 
;lt:IIJ! 8B8UDI JIBJt8KCOll i = I - 20, 

~= 0 185, 'd. = O~I 
IC :i: I;. p = 20. . 

,, ..... 
-:1.,, 
•• :1.,, 

3::: .... ., ... 
3.~~ .. :J.,. 

· 7 I' 1 ID ~I IZIU n I u I' IS In I·IB· I u I 20 
D.7 I D.B l-0.1 I M -o 1 D.t 1 o 1-o.2 D.2 1-D.I -or -o .or .-or ot·•-o1 · ot-o.rl D.IJ 

• S,O 1-0.2 I•I.D I 1.II·D.B 0 o 1-o.z I a,~ (-0.2( O.II-D.I Dl ·DI O.li·D.I I'D.I Ol •01 0.1 
-5.61 0.5 I2.,1-D.3 1-I.II o.II·O.II 0,6 I .•OI·MI·0.21 .01 -ai•O,I -o o 1 a.I I·I.I 1-o.J 
·1.7 1-1.2 I ' D I-D.7 I·I.3 o 1 D.I D I 0.2 o 1-a.z I -o.zl -o.z 1-o.z I ~o.z I -o.IJ -o 1 o 1 -a I -a.I 

H.4 I 1,1 f..Z.I l-2.3 I D.l I a.3 I a ... I 0,5 I , a I a I D.II O.II ii.I I O,I l-o.21-o.6 I• .t I o.z I a.3 I a.I 

· 2.3 I ·0 I o.• I D.B I 0.6 l-0.9 I o.z 1··-D o I 0.11 o.z I 0.2 I D.I 1-D.I 1-o.z I•O.i 1-a.1 I 0.1 I D.I 

18-

TaCSu~a 9~ ltlH!'erpalil:l pacceHHHH Jt1ll! cryc~K8 c Xu,= O,I51 d = O,I 
JtliH saaqeault HH.~texcoB ·i. = I, /C = I - 20; p. = o. 

3;.,_,1;• 
.. .. 4 _,.,K 

:1 
•• 
"' 0.41 0.2 0 Ol - 0 

5.5 I U.51 I7,DI I5,5l ta.1 

0 0 0 o. 0 

1.51-2.71-6.61-7.61 -6.II·1.21-o.•l I.2 I.:t J ::."I·I6,I t25 t'8,b t2S.3 t16.8 ~-5.5 
j~!!. -2.e -s.? -s.? -z.9 t.s s.si t:l.71 9.31 7.51 ~.z o.51 -<.51 ... 21 -8.71 -6.81 -1.11 -0.11 I.I I.sr o •• 

:1::' I·0.21-o.si-I.2I·I.II 0.31 I.zl z.d 2.3I·I.BI·0.91-o.z 01 -o.II-o.•I-0.71-D.7I·0.1 I 0.11 o.•l o.• 

1 J;:! f o.•l o.z(-o.q-o.•l·1.q-1.21·I.q-o.•l ol o.•l o.8j O.·~l uf o.2f-o.tl 7o.2J-o.<f-o.~l -oJ o.1 

TaCiJIH~a IO~ HHTerpam pacceRHHl! JtliJI crycTxa c x~ = O,I5, 1 d= o,I 
.~tmistia'l:eHal •m:lt'excoB .;. =I·- 20, '',C =I, p = o. · 

I JJ.,., ... , II zl-" . + I 5 I 6 I 7 I 8 I d IO I II I I2 I I I I I I I ~ .... 
:J .... ... 
:I tit -J•u .. J,., 

' '~~: 

I} H I5 I6 I7 Ie 19 20 

5.01 Ml 2.6 1.I I-0.31-1;21·1.7I:I.7I·O.lj~D.II·O.IJ.0.31 0.61 0.61 0.51 D.3 ·D -o -o 
0.4 I 0,3 I o.z I O.I o 1-o.II -0.11-0.1 I :O.II -o.I 

I.s 1-o.1 I -3.3 l-4.6 I -3.2 

-o ·0 

-ol 2.s1 3.71 2.91 I.ll o.2 I6.1 I zs.s ~25. 1 ~Is.• 1-•;• 1·0,9 0,2 ·:I a~: 
-o 

·2.81 ·4.31 -•.o I -2.5 1·0.8 I o.z I 0.61 D.4 o.II -0.2 I -0.21 -o.II 'o 0.21 ·o.31 o.3 O.II :·OI·G.I 
-0.2 1-o.II-o.II ~o.II o.i I O.J I o.s I 0,4 I 0.2 ' 0 ol ·0.21 oar o.zl o.I 

:1,7: I a.. I o.•l o.5( o.3l - o 1-o~rl o I 0.2 I o.H o.J I o.II -o.II -a.21 -o.II '-o 
-o~ -o 
o ol -ol ;;ol -o•. -

TaCS.inl~a. II~ ldH!rerp&JDi paccenHH.R JtlUI. cryc~xa c x'i. = 0,_45 ~ d ~ o, 7 
Jt1ll! aHaqeault HHJteKcoB 1- = I,_ IC = 1 - .::0, p = o. 

Jl••',.;'l 'I " IO n I IZ I" 13 I 1 .. I I5 I 16 I I7 I I8 I I9 I 20 

3.,:· 
:J'' ... 

z.II o.21 -o.II ·-ol -ol -ol _.-oi --ol ~o 

' 3.31 o.II -o.I -ol : -ol -al -ol -ol · -o 

-o -01 . 0 . Ol 0 

-0 -ol o --o 

. J17: ~-80.3,·53.7,•I9.6,-II.OI·~,1~- 2.5, 6.61 S,I, 7.51 8.3,.5.91 '·'I z.ol O.I,-I.51 :•·O~·S.ll ~7,71 ~2.71· 2.? 
:J .,,. .. , •• -IZ.4 -12.1 2.0 8.9 s.o s.1 6.6 5.3 3.3 r.o -u.6 -1.0 -s.I -u.s -6.- 3.8 3.6 o.a ~ o.3 

j·~= 
j.':; 

-o.•l -I.91 -•-•1 -2.21 5.s1 .S-51 -S.31 -7.71 -•.sl -3.21 -I.21 o.11· 4.91 •.zl -z.sl -3.sl -o.71 o.3 

o.II o.51 o.31 •0.31 o.•l -I.61 ... 71 -I.•I 3.51 -o.zl -o.8J •.ol o.71 -2.01 -o.zl -a.~l -o 

17 

0.61· D ••. 

Ol ·O.I ~ 



~ 

TaiSxx~a i2'.' RH.Terpm pacceiliiu1· ~- cryc.!xa · o' ·x'i·; o,I05, 
'.;ltD ai:laileul x~eJtco:ii i :: '1, ; .. - ic ::: I - 20, 

d =-O,OI 
P= o~ 

'?;_'.., .. 1 I ; . J·. '. 9 IIo I ii; I fZ I n I n I nt· 161 17 I IB t· u I zo 

t :1.,"',". I Ml 0.21 O.II , ol : ol · ol · ol -ol '-ol -ol -ol · -ol -01 :-or -or -or ol . o 

:1:: I D.ll o.zl 0.11 ·o OJ :OJ -DI •0 -or -ol '-ol -ol -ol -ol -ol ·. o 

-7.:' 1-II.91-zO.ll-<6.•1-z,Jz9.8l-z6.7l-z~.7l-I2.6l -1.2 6.31 I5.or 21.61 25.6r26.5l 2'.11 IB.71 I0.9 I.8r -7.7I-I6.51.' 

:t.:: 
,, :J:; 

.. NE ... , 
•Z.71·6.51•8.9,-t.5~-~-I~.-~.7~ O,II$.71 II:51 I6.5,ZO._O, ~ •• ,2?·'1 I'-71 9.6,3.Z, .... Otii.I,-I7.3,-21.9 
0.6 I.B Z.7 . l.I 2.9 I.6 0,7 -0.6 ·I.B •l.OI -3.9 ......... ·l.B ..Z.t •I.5 0 I.6 J.O •.I 
O.II O.I ·-ol-o.rJ-D.2l·D.2l·D.2l·0.2l·D.Il·D.Ir Ol 0.21 D.ll D.lt·Mt o.•l Ml o.• 

TaiSu~a 13.' OTJio.ei~e ltB!erpa:a:oll paoc"eJIDB ~ ccyouo:a c X'4=0,I05, 
d. = 0,01. II X'~= 0,45, toll= ~~~ ~OOTBe~C~li~HfrO .)I;U !BI'II8U.Il IIH~eK-
:lt~J 1 

20 
.. ., 10 II IZ n 15 16 n 17 

~· u 

. . . t. IC 20. P- 0. . 

Ol 0.11 •O.I ·0 ·0 -o -o 0 -o ·0 ·0 •0 -a 0 Ql, 

Ol O,IJ-D.il . 0 

_OI 0.11 o.JI 2.7 

-o ..0 

I .11 -o.u -o.z 

·0 0,. 0 -o -o -o •01 ' 0 ·0 ·0 
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TR~ • .l(y6Ha, 1969 .. 
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1973. 
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