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I. BBe,ll,eHl1e 

BH411cneHI1e CTaTI1CTI14eCKO~ CYMM~ peweT04HHx MO,ll,ene~ Ha411HaeTCR C 

BH60pa 0pl1eHTaUI1I1 peWeTKI1. TepMo,ll,I1HaMI1Ka MO,ll,ene~ C "HopManbHHM" no

TellUl1anOM B3aI1MO,ll,e~CTBI1i1 lie 3fiBI1CI1T aT Clloc06u CTpeMneHI1R rpaHI1U 

K 6eCKOHe4110CTI1. fJ03TOMY ,ll,nil peWeHI1R 3a,ll,a411 BH(jl1paeTCR 0pI1CIITaUI1R, 

npz KOTOPO~ OCIIOBHHe onpe.ae.aeuas I1MelOT llpOCTe~WI1~ BI1,ll,. Hanpaxep , 
CTpOKI1 11 c r o aous KBli,l(paTI10~ peWCTKI1 pacno aaraor ca , KaK n pasano , na

panneJlbllO OCRM KOop,ll,I1HaT. Il uer o.ae rpau cpep - MaTpl1l\H rpaHI1Ubl OTO)[

,1l,eCTBnRIOTCR ,ll,pyr C ,ll,pyroM ,ll,nR C03,ll,aHI1R nepl10,ll,114eCKI1X ycnOBI1~,11 peweT

Kli npeBpamaeTCR B Tap, 06pa3YlOml1MI1 KOTOpoI'O cnY~T CTpOKI1 11 cTonel-

II"'. TpaHc!fiep-MuTpl1ila B nOM C,~Y4ae C'l8.JlI1HReT COCTOill1l1R B ,ll,BYX 

1I0cne,ll,OBUTenbHblX CTpOKliX PCW3TKI1. 

Ec.~11 B MO,ll,enl1 ~13111!I'a 11 ,ll,pyrl1x pelU1\CM"'X MO,ll,enRX x nacca CBO()O,ll,

IIfH rfJepMI101l0B IH>irJ0P 0PI1UHTUIlI1I1 PCaJ8TKI1 IlBJlllCTClI Ball pOCOM Y.JlO()CTBft, 

TO B cny4ae MO,1l,enet1, PPlIIllUMHIX C 110MOI~bK) au aana 1"lTC, BO:JHI1KUeT o o nue 

CIIOJl(lIllll CI1TYlllll1JI. IlopHO'l PClUf!HI1C b -BeplllI1HHO~ MO.Jlenl1 III, KIlK 11 

1l0cnCJ\YKllI\118 0()0()1I1CIII1H 1;'1, ()hlno lIiltl,11fJIl0 MW]'O,1l,OM TpflIIC'flep-MflTpI111"', 

,ll(l~CTHYKllI\etl Me][,1iY CTPOKIlMI1 KUIl,ll,Plll'IIOtl jHll11CTKI1. lrcxo po TCMllcpnl1 11 

1l11() I JI O()lInpY][l1nl1, 'ITO pf!IUOTKIl. 110/lHPIIYTIlII OTIIOCI1TCnbllO OCIIO/lllotl 

0pl1elll'lllll1l1 lin 't' 1'1, ()OJIOH y,110()lIfl Ilpl1 COIIOCTlHIJIOIII1I1 J~Ilr.MepllhiX KJIIlC

CI1QUCKI1X 11 O,1l,1I0MI)PIIIIX KIJflliTOHl1X MO,J~()Jlet1. II pll()OT!1 11/ 1I0/l0POT 

II/l 11 III rJl>in [[P(~.J~Cl'IlHnf)1I KIlK 1I0POIIOC POlll()TKI1 HII ClloTonotl KOIIYC, 'ITO 

IIOilllOl\l1JIO IIlltlTI1 'lClllCTlllllIllYII r:IlJl:lh MO]l{.J~Y nepilll1l1l1llMI1 MOJlf!JIHMI1 11 

I1I1TI:I'PI1!'YI'MhlMI1 M[[.J~I:I"IMI1 11,'1'11. 

il-!'OMI: IWII,:III:III111 I:llHilUtl MO)(.JIY plI:IJII1""11M11 MO.l~O)IHMI1, pellllJII110 (;, 

IIUpll"1IIIIII,1 MIIJ(I!1I11 1111 1IIIIII'pilyTotl pOIIl'!lKIJ 110)10:'"11 IlJl1i ,/lOKII:lllTI'JI\,l:THII 

',I[{I1I1I1I1IJUIITIIIII:1'1i 1'1I,'1111 111111X I'PI'III1'1I1IIX YI'IIIIII~,~1 .IIJIH :/Totl MO,I1UJII1. TpY,I1II1I1:

111 I'IIKOI'II .IliI/U\,I/"I':II"t:l'/lIl II ,IlYXU TUIIIIIIMII 111111 /111111 nhl)111 IITMO'lfIllIl It
II,' ' 

PIIOIITO I. IlpliMIiO 111,'111('111'"110 I""IITI'YMMII ,/lJlII IlplIl1:lllOJI"11I1X OPl1l1l1Tlllll1tl 

1111111"'1'1\11 11I1:lllOJlI1I\O Oil /l'II1/tilllT" :'IUlI1I1I1JlllIl'l'lIlll:T",111I KPlltll!otl Mlljllt,llOIiX 

"" pll111111 'I III' KI1 X .v t: Jill 1111 ~. ',II: 1111. 'I'[' II I' '1'1111.11,/1 pr II I,tl MOTO.ll 'I' pll II ';IIIlJp-I,Ul 'I' p11111' 

""lIpI1M"III1M .II/Ill ;1TII~ '[1"1101 WI- '11\ t:JIO*lIl1tl '1"lpMII ypllltll'lIll111 ,1lJ11i l:1I()l:TItI1I1·' 

IIIIX '111/1 'l"II"tl. 
II'110,/111111111 IllII'TII'llItll1 / I1UII o JII.:1tI 1111 II (. Illlpllll111I1YII Mll.lltlJlb .11 1111 pI!

11IIIIII1It 1I.llllllMtlPlilitl '11\.1111'111 II n:1l1Io1MII.lllltl':llt,YIIIIII1X IlJlY'llltlllll~ ()IIYIINlIlIo1I1X, 

III1TlqWIJI 1I11:llll1lilltlT IIpl1 1111111'111110111 ,1~I1IIKt'Y:llo1l1 I'TlIlIl(l1ttll'"'II1~I)H 'InUTI1Il. 1111

"MilT!," 1111 'I'll, '1'1'11 ,l'IlI pllllll1l1l111 IIIIIlTOI'''"], OI'IIlIlllIlW 'ItlPTl~ I1TIIlI,l\lIpTIIlIl'O 

"".I~ ~ 11,11,11, II P 11,111:'1'11 It 111111 ~ II 1IIIII'tJI11'y pn IlI1Il 1.1 11.110 JII1 II 1111,110 "" nil 11/1 'I' Pit 11 Ii 'I' II pl1 ~ 

o IIY *,1\1111'1111 X '/I"TL1Il IIIHI:II~ItI\"Tl'1I III1I1"'"111M /LIlli ,.v"llilllllllllo1l1 nll"O,I~/I ,Vpllllllll 
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HZH aHSaua BeTe. B ~aHHOM CTaThe ~ Bocno~bsyeMcR STMM npe~CTaBne

HMeM ~ pemeHRR MO~eKM ~b~a ~.R npOMSB~hHOM opMeHTaunn pCmeTKM. 

Mo~e~h ~b~a Bu6paHa ~ npoCTOTU Es~o~eHllR. 0600illclrne rrpe~araCMoro 

MeTo~a na sees reraco 6 -BeplIlHHIUlX Mo~e~ell He BI1SUBaOT nplffimmMa~h

HhDC saTpy~oHll:;1. 

2. rrpe~CTaB7IeHMe c~Y'ffiillu,[K 6~ylK,IJ;aIrnit 

.II,n.a nocrpoenas nOBepHYToM peuerrcr paccMoTpMM BCl1oMoraTe~hHYI) 

I.lc~O'D'lCJIeHHylO peweTKy <t:.. paaaepov .£" X L~ , paCnOJIOlKeHHylO OOl,'il!Il!,l 

06paSOM II cBepHyTyro B UMilll,IIJJ C OCbKl, llapamleJIbHOM BOpTMKaJIbHoit OC,l 

KOOP;mJH8T. OOpaSYIClllmMli nexropascr OCIlOBHOH pOUIOTKll L 6y~eM CcillTL1'cr, 

oproronam.aue BOKTOphl (a , > «-.2.) H (- ~.2., ct.) ,rJ\e it, H ct4. - nC1JILi" 

'Illc~a. rrO~OlKl'JM ~ onpencnennocrn Ctl. > ct.. • PlJ'c. I llJIJIlOCTPMPYCT 

:lTO nocrpoenae )J,IUf CJIy'lDJI 4, =-1 , a .. =- 3 
'llIGJIO Y3JlOB BCIIOMOraTeJI J.llOM 

pellIeTffiI 0003H8'll'lM xepes ..,k'- • 

'l'orna 'llICJIO Y3J10B OCHOBHOii [Jf 

UJeTlUI panno ..A - / ( a ,"'- -t-a;) . )l,iLf 

mWOJIIIeIll1JI IIOpHO)J.l1'ieCKIDC rpaLIl'I" 

IlLlX yCJ)()]ml-! ,lVJ5I OGliOBlIOi! peue-r Kll 

1I000'POOyOM, 'l1'O(iI~ 'illMO CT~6l\OE 

1l1;1l0MOrm'OJII,I1ol-! jl(JlIIOTKH d' x 
OILlIO IQlU1'I10 (Cl,:" I <t:)' 

KlIJIV(Oll pnopo peUIeTlrn L 
ClIllO.n;J1M C'I'pUJlI{Otl 1-1 norpeoyc» 
1IIWOJlIIiIIlJ.tJI yeJIi)lIl1J1 ~L,na: 'iEMO 

I;T!K)JIO!{, IIXIJ)l)llltIlX II uepllMHy, ~0JlJi(-

IIO r\IITI, 1~IIlIlO '11IOJly ()Tpe~OK, BI1

)C0,lVlllt.1X 11:1 II!!O. :!II)~(j'1ll COCTOlll' 13 
I'llc. I OIlPO)\IUIIIIlVHI 'H1':Jill 1(lIll(llVlr,VpaI.I;ll~ 

11'1' p"JIIII{, ,y)\, IIUIO'I' II( 'IUIKlltHX npasany 

JII,.II.II. 1I11.11flJIVIM VI:\ MIlIIJK'II1'1'1111 1'"1\''1' 'I'll, .Y 1{1I'1'IIPllX "'I'II"JII01 1I11111ll.1TliIeHhI B 

11'1' I "'II U1'1'11,11 1,1/' 1M 1111111 II1I1J1111111L1 II(' P'I'III{Il.Jl!,II' ,tl 'HiVi. IIpi 1,/11:'1'11 lUll I111111 IUIY'/ufulhDC 

OJl,VlII,/llIlIlI1l 1I0JI.Y'IIH"I'lIll. 1It:J11I 'l'I'lllll,l('"J'I'III1'I'I, IIII.lII1JII .uuII" \'11r.\'11 II ,Y'/I.WTKaMll 

'1'\1/1111('1'11 PI-III (lJIY 1K,/[lIKIIIIIX '11111'1'1111.. II PIIlIl1JI<l m',llli 111\'1<: 1111' 1L1II11I1'I' IIOX pUlIOllJ!lC 

'ILl1IJ11 I '1'I~tol('l'IIPI1tl. /{lIllqllll'.YI~llllUI MII.lI/lJI11 II p".I1.1 1'1'11 IVI 1111'1' (J"d"tl IIlin"p J.t:l tv 

'I·PIIII/('l,,,p~tl. 11\,11/l1l'1'1I1"J1I1I1II1IIX 1I,1\lklll, 'HIli 11IIJII1II,1I.I~1 VI 1111 IIIlP"1l11I{/1K~III1X 

JllI,YI' .I1P,VI'II. 0""1111111111 """r1nllll""'I'I, f; 1I1l1'1I11111IIot\ M",1I"JI11. 11'I'JIII'III1IHllIlJl ,Ii'
 
0'1' MO,l(IIJIII lIl\lI(I'),I\IIIH 1!"'pMI1"IIIIII, lI1IIUlkl'IIIIl'!'1I11 II 'I"IM. '1'1'11 'l'I~IflI{'I'lIplI" MO
 

I'.Y'I' ""lIplllUl'IIITIoIllI 1\ .y:lJlll. "" 11\,"KO.Jl)1 """MIlIl'l'1I1I 1111 ",11.11"1'" 'y11JIII plllll'''I'In1. 

IIplllI'I'.Y 111111 II 1111 , Jt"..,I1JIIlIll1', IHIIlK IIt':IM"ItIIIIIK H"II(III\I'.Y1~1I111lt MII,I\"JII1. 1111'1 

HeM, KaK OOU'iHO, co cRY'iaR ~~ 1 • PaCCMOTpHM rrpOM3BOJIbHYID TpaeKTo-

PEIO, Ha'lRHa~IOCR Ha BepxHeH H OKaH'lHBalOmylOcR Ha ~e~ cTpoKe pellIeT

Kll;;(. • HOMep CTpOKll OTOJK,JJ;eCTBEM C ~cKpeTHw MOMeHTOM BpeMeHH t 
(0 ~ -t < et: ~) • 0603H8'll'lM xepea sc; , -to zoopnaaaru rtepso

ro ys~a peUIeTKH L , acrpesamreroca aa ,naHHoti Tp8eKTOpllE. O'ieBH,nHO, 

'ITO Y3eJI (Xo,t~) HaXO~TC!l B nOJIOce (1:; x~~.i'~) ,(0(, t~{ Q~-1). 

KOOp,nllHaTY x~ Ha30BOM n~OlKeHEeM 0RYlK,IJ;alOilleti TO'iKH B Ha'iaJIbHhlH MOMeHT 

BpOMeHll to 
0603Ha"IMM xepea WI: (oc) 'IllMO TpaCKTOPHlt C lla'ia~OM B TO'iKe :2'", 

nonanamzx B MOMeHT BpCMeHH t B TO'lKY r . Y<rn:TI1B8R, 'iTO rpaexrcpza 
rrpOXO;u,HT no peopax OCHOBHOH peUIeTKH. HaJllIllIeM pexyppeurnoe COOTHOUIeHMe 

WI: (x) "" Wt - It .2 (X+4-.) -t: W~_<t. ('X--az.) (1) 

C IW'I8~bIlhlMI'I YCJIODlliIMll \,\/ t (x) c; 0 WIll f < t ~ ,Wt " [x ) =iI.,x•. 
IlPll BhlOpaHIIIlX HI]'i8JIhlll.lX yCJIOBlliDC rpYJIKl1WI \,t't (x) OTJill'/ll0TCR 0'1' JIyllif 

TOJIbKO B YSJl8X P()IUOTKll L • Tll8)U1IMOJIHhlll MOTO,n TpllIlCIPO!>-MaTpmU1 

JIPO)\I10~araCT CJW,1\Yllll\ll1l JIOpn,nOK IIOPOXOJ\ll K TOPMO)U1110Mli'ICCKOM,Y trpono-
JlY: ::('j ~ o-a , ,1', -> ,,,., • 'I' flIt 'ITO GJl3'iIlJIll puumo-rcn 30~Il'iU .nJIR OCGltO,

1I0'llIO WI1mIlOrO J\IIJlJ.tIl)\[}{J IWJlO'iI\O!'O [lfJ)IKycn, a :lO'Cf!M :1'1'0'1' PI])(lfYO .VO'1'

POMJIJlOTCJI K OocltOJlO'IJIOG'['I1. 

ilnC)1[)M II !JOJ!I:11I0JtJlillY KI IflYllKl\IIKI 
f~;' 

vv (~ ) ~> ~~'t rk ) ? (in
f . (." 

.JI)UI !{()'I'O!JOIl, (;OI'JIIII:IIO (I). MMIIIIM .YrlflllJlllJnIO 

w(.) - ? 
q) 

W I I , " ,)1 I 
Q 

/ t, '/,) I Ii I ( J) n, o », 
(:ll 

1',ItI , 

, , l • ) ;I d Il! I t « ) l~ ," (, ) • \V, I J I I ~ l ~ J , 
d II , (,I) 

Ii , I' ) LV.. ( '. ,/ , ) , ~I " h 'I , ) I' ; , \(..' ( " 
' . 

''. I I 
• J 

•, 

'D'yIIIO~1I {{,II) II Ii, I,) 0,1\110:11111'1110 '11l1"')\IIJIIIIII'I":1I IIII'IIIJIIoIIiIMII 'ylIJl/)III111MII. 

I':OJIII 1.111 ~lMlil'M ,1\11,11" " 1I,'l~'"II'I'I\lIll1l1IM 'IJly'lllltllllM I\J1.YIK,llllIIVlIIM, 'I'll • 1111'/'1111'1' 

I\fI II II" , IIIIJI , ))1111'1' I, ~~ " I 'J) ,I. '. .I\JlJl (- I' ; Wi (. ) - {, 

,11)111 I.. { ... '1,' • IIW1L11~11l 'I'IlM IlIlMIlM IIIllIplllUIIIlIlIII 111I11II(I\" 11111 

1'/1. 111'1-1 '1'llltIlM 111/'\"1''' H / II) II,., II /1'. ( t l : (' • 

11IiI"',J\II.IIL'M ,1\IIIII1PO'I'I'"11 'llYl'l'll IIP;)(~\1'1I:1"1"11l"" ,r'.YIII{/~1I \,V (~ ) ; 

'1 :1 



r-: ;(0( 

w (k) = L ~\o/ (;r ) -€- " k x 
tx v-t 

( 5) 
113 ypaBHeHIDl: (3) CJIe~eT 

a _, k Q. 1 ~ Qc 1 ,"I~Jt~ ,"Ie>;0 

1,.\/ (k) "" ~ 2. ~ W ( k ) -t- l e -I -e -' (6) 

TaR 'ITO 

, k X o 

-e 
w (II..) 

a.2,~1'k.a.1 tt., ('Ircw...L (7)
'1-2 e -2 e 

~YP:he-npe06pa30BaIDle \.-1/+ (k) H'{ (x) ,COrJlaCHO (I),WYIIKWlli 

y.n:OBJIeTBOIlflcT ypaeneuan 

. •Ja. 
.-1 c" ' k {J • W, ( k)".C' 1 \,L t ~V{ <I, (k ) (8). ", 

l'l BUpBlKllBTCn 'WpC3 wU~) 111.1 OCIiOBallIDl OllpC,I\CJItJIIJ'!tl (2) 11 (tl): 

/" 

{ ,/?\.\i( (/.. ) - n(/..) .r I ' I ( 9) /7[1 

KOIITY P 1111'l'OrpHpOBllll11J1 n (9) .. IIPY.!' PfU\HYCI.I ) < ( ;/ ,. (;.) I , r.nc 

7 (lot") - IIflUMlJlIl,lIlHtl 110 MO,l\yJllO KOP(:lIh 'y1~lIIlIOlHUl c 

,k~,"', il, " /..:u/ (' I ~ , ' (I • ( ID) 

MU!MIMO!xIUlllll Ifl,YIIIUUUI W ( /..,) IIPI''yMOII'l'11 7 MOIf(,,'!' nun, IIpo.n:cT8IlJrCIW 

II 1111)10 cyMMU j'J111ll1l1IX '1111:'1'1111 II" JIOp:IIIl'IICIUlX IIII: IJlm\ll111l1\ O'I'IIOCl1'rCJIbIIO 

IH:OX IlolIO'II111X [IOJI~IC()II. ACI'IMII'I'O'I'HIUI (/"/ (~,) Ollj II ',1\IIJI'I "'j'nJ! 1I0JlKICOM, 

OJll'IlKlIl-\IIII'IM II 1If1'lIUI,Y IIOOP,lIIllIIiT. 11111))(11 ". ~ I" I (~ ) , IloJI'y'II'lM ,
 
H, 0 -: ) A~ (I[) 

1I0JIIl'lIlllIl )." HILlIII,,'!',:1I IIIIIIJI"I'OM MIIIICIIMlIJII,lIll1\' U"O"'J'I1UlllIlll~) :IIIII'IC 

IIKIl 'I'P"'II/.'I' MlI'I'I'KIUI ! • ,11,IIt!U'I'I1,YIIWllflll Mfllll./\,Y ':'I'\KIIUlMII lIt:lltlMtll'II'I'IUII. 

lID" IMlllln'I'IIK. (:Ol1II'I',"tllllol\ 11i,YIIIO!Hflll. 11110'rl1fl'l'c'I'II.V"Wllfll\ i.'I'IIM.V :1I1I1'lfll(l\"I, 

MIlJlUlll U'IK'I'Il'I'I, .' I~" • Jlllllti'I'IH,fl MII'I'I'IIiUI I 11/' t!J.VllltilHill ItDO 1',11,11 I 111'1' 

.IJl,YlIl./lIIIIWlln" 'IIIU'I'IIIUI l'II1'0,llIlJIII/I'I'1111 UJIU,ItY"WII"M IIdINI:II,M. 

1'llI:UMO'l'I'IIM ll'I'IK"(,V 1'"11111'1'1\11 ,f • lI"I'flllflIIJI".'lYIII 'l'I"llIlt'l'Ol'1I111 (\JI'y~1 

.I1"UII"" '1I1O'I'IIIUI 11 'yi1Jl11 IM'IIII1'I'I\1I / MII'I'PIlIVI I 1I111"II1I1,/llI'" '11111'1'1\ 

IlY ""JUIOM 11:1 JLII,YK 11I11I1~IILllfllIllt! '~I('~"I, p"nfll' 111"'"1111,,1\ 1"'IIIII'I'llIl I Jill 

nepecexeuaa co CJIe~!OII\etl: CTpoKOM pCmeTrot ,;Z . ECJIH TOqKa rrepe
Ce'IeHl'lR crpcza peuerza L l'l TpaCKTOpl'lH HC aanaerca Y3JIOM L ,TO 

~B~emle qaCTl'l~ rrpO~O~aeTCR rro pe6py pemCTKl'l L ~O rrCpeCCqCHHH CO 

CJIe,mr!OlI\cl1 CTpOKOtt -;Z • ECJIH WHKUWl xoopnanar l'lI/leeT Bl'l,ll .e,' k "C" , 

TO rrOCJIe rrOJIHOrO rrpoXO~CHl'lR pc6pa OCHOBHOn pCmCTKH B O,n:HOM HanpaB-

JICHlm OHa YMHOlKaeTCR Ha -e - ""'- <I. -1 • a B ~pyroM - Ha e" "'- 'I... • 

ITpe~CTaBJICHl'lC CJIY1.J:attHax 6JIy~aHl'ln n03BOJl.ffeT HaXO~T:h codCTBeHHue 

3Ha'IeHRiI M.aTPl'l~ T ,HC BWmClIDa.ff CC B .ffDIlOM BH,1\C. 3BOJIlOUWl WYHK

UIDl xoopnanar 6JIy~a!OlI\el1 xacrans onpC~C.1UICTCR ypaBHCHl'lCM (8) C Ha'IaJlb-

HHMH YCJIOBRRMl'f W< (k) e- -e ' k ::t o. ~YHKIJWI ift (k) npenoraaaaer 00

dolt CyMMY no BoeM TpaeKTopIDIM 'IaOTl'lf.\hl aa t uaron C BCOaMl'l e -,1>"1 

HJIH «' k t.l. z, ria Ka~OM npon.rLelllioM peope H nOJIHOCTblO onpcnenace 
pcuonxe 3a.na'lli B CJIY'Iac fL = -t 

ITo CMOTPl'lM , KnK llUr.1UI,f\.llT B 3Tl'lX '1'0PMll1l8X H,1\eOJIOIWI auaaua Be-re 
,Il)l.II CJry'Ian n. » 1 

3. AmJa u [)eTe 

PaCCMo'rpHM n Tpnel\'l'0pJ-l11 OJlY1KH,I\KlIIUlX 'VICTHl\ WI po!UeTKo L 
KI.Ill\JLol1 'lflc'rMLU) npmllllUoM "lltlJIIlDlIOO '1II0Jro" JoD Ha(iol~l j k \ -' k , kz ,1
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