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I.I. !!,y~rl_Jl.:i.Hl£I.Q'!.H_ ):L(!>~ 

, H3BeCTHo/I/, liTO iflyHKL\HIO EecceJlfl j~(x), pemeHHe 

~~~ + t ~II+ ( 1- ~ )~ -0 

~lllifJ!jJepeHI\HMl>HOrO ypaBH8HH.il BTOpOrO nopa,nita, MOlltHO npc,nCTUBIIITl> B 

Bli,l(~ CXO,l(.illl(CrOC.il p.ll,l(a 

co (X/: )2/c 
Jv (x) = (X/z)'~ I (-d' 2 

ho k!((vt-kt-1) 

8Ta WYHKL\H.il HMeeT oeCKOHellHOC MHOllteCTilO Hjnei1 Ha ,ne~CTDU'IC1l:OHOi1 OC¥1. 

Qjp3HallHM '!epe3 J~.n n -!ti ItOpCHl> (no OJJ.Bepy/11). Kopcu:o J~,n 
( aHaniiiTHqecKaa i.i)yumu~a HH,neKca v ) MOlKHO npe,ncTaBiiiT:O oKono Hyna B 

BH,l(C pa,na j~.n =Co +C.v +C.t'V2.+ ,. • 

oopall(CHIIICM CT8il8HHOrO pa,na j~(X). K COlKaneHHI0 1 K03iflifJIIIUIIICHT~ 

Co 'c1 '... oqeu:& CJIOiKHlll : 

Co=i'o,n, C~={l-o,n 1~Cio.n>f~ , ... 
EcJIIII ~ BeJIHKo, ~~. n npe,ncTaBHMa aclllMITTOTIIlqecKHY 

[ 
-.1/3 J -11/3 ] 

li,n"'v 1+dfv +c:;t..tV +··· v-oD 
pll.IJ.OL! 

r,ne c/,=of, cf.t=fo~L .... , 
t 

A, (-lx )= o (A i IPYHKL\H.il Sli!plll). 
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1.2 • ll.Y!!_li_IQ.:i.H!f.J.4!!H_ .Ii J.XL 

'llyiiKJ..tVIfl 1 ~ ( K) m11eeT oecrtoHetUioe MHma:ecTBO HyJre~i ua Ae;icTB.I1-
TeJII>HOil oml. 0\J03!Ial!VIIJ rt. -~ KOpeH:& ( C'U'IT8fl OT IIYJIH) l!epea j ~. n 

KpoLde cJiyl!aH n.. = 11 aT11 nyJ1VI - aHaJIHT11l!eCJtl1e iJYHKUHH VILI,l{ertca v 
·' .z. J11.n =Co+ C1 V +C.z. Y + 

llepnb!e KoaJi@llJ..tV~eHTbl :noro pH.zta 

Co•j1,n-•, C1=-[j •. n_,J;(j •. .,_.)r·, ... 
.B cJiytiae n = I (AJiil nepBoro KOPHH) noJiyl!Hu oupal!leHue;;; cTeneaaoro 
PHAa J~(X): 

J. , .~ [i 3 tJ. ,,.t ~ ~ 1 
~.4 = vJ.v + s 'Y- 3.U. v + 921r. v -~- .. · . 

EcJIH v BeJIHKo, ~~.n npe.ztCTaBHYa acHunTOTHl!eCKHU P~AOII /II: 
. I [ d. -ZIJ d -1',3 1 J ~.n = V i + 1 V t- t \) 1- "• , ~-oo , 

r,l{e 

c11 .. ex: 
l 

.J. .t- J_ d ~ = to ot' tOot , ... 

.11 o( ecTB n -H Kopea:r. ypasHeHVIH 

A:(-2'.bx)= 0 (A~ npoHaBo,ztHaa tllYHKJ..tVIH 9iitpl1). 

-1/,_ . { l). 
1.3. [Y!!_VI_QJ.Y,H.!£J.4!!VI _ _ X __ :r~.iXl __ 

H~l) 
OooaHal!WM l!epea J v, n n.-iit KopeH:r. ypasHeHVIH 

{ X-1/z J~ (X) 1, =0. 
I 

On:sep li!CllOJr<>ayeT oooaaatieHVIe £lm, ,_ 1 r.zte m ='V-I - noJIOlKVITeJI:&Hoe 
uenoe qwcno. Mo)KHO ,ztoKaaaTI> 1 liTO B cnyqae rz. #I HYJIH aaamrTwreCKlile 
,~yHKUilil liH,l{eitca -\J .11 OKOJIO HYJIH npe,l{CTaBiiMbl C'O CXO.Ir;HII!l'IMMCH p.II.Ir;a.MM: 

.(-!lzl .1. 

d~.n =C. +C,v +Cs.'V + 

4 

., 

j 

.'1 ' 

''"' ' 

t . 

HeTpy,ztHO AOKaaaT:& 1 qTo .ztJIH nepBoro KOPHH 
ypaBHeHHe He HMeeT pemeHHH. nna CJ!yl!aH 
paaJIOllteHHe no cTeneHau v --1, 

H~.) { Jv., ==V3(v-~i 1+fs(v-J:)+~ 
. (-l;J 

Ecmr V BeJIMK0 1 ~v. YL npe.ztcTaBMua a1 

.(-11.} .\[ d ."1-2/.J I _,-M 
~ ~.n ""v 1.. t- 1 v +a,. v 

r.zte, 
d.. -<:>t d 3 .(. 1- • 

.t .. - <X - '2(j;(_ , , 10 

M o<. ecT:r. rt -a Kopea:r. ypa:saeHHH A i (-2 

{ ¥.r. }' 
I.4. !!Y!M_i».Y.H.!£~H X Jv (xJ . -------

(~) 
06oaHa"~nu• tie pea ~ v,, n. -a KopeHJ 

{X 's JlJ (A')} '-= 0-
(Boaep/2/ STH 3!!al!eHHH 0003Hal!aeT n n.. 

{1/1.) I 

j \>,n. - aaaJI.HT~l!ecKaH 4}ynK~H MH.l{eKca 
npe.l{CTaBHT:& pa.l{ou: 

. (1/A) ... 
J\),11. ::C. -1-C, Y'f' C.t v + ... 

EcJI.H ~ 
. t•/l) 

BeJI.HKo 1 ~ v, "'- npe.l{cTaBHua a eM• 
. (lb.) .I [ d ' 1 -.t/.J cl ·' _, J i!.n -v v 1 + ' v -4- ._ v 

r.l{e 
do=~ 

' 
2. 3 ... o/. ,_ =;i <>< + .J.Ooe ? 

He< eCT:& pemeH.He ypaBHeH.HH Ai (-21/~)= o 

5 



• l!Y~U_iD;LH.!S_l@Ml_ J_j J.XL 

1~ (x) uiJeeT oecrwHe'llioe MHm:!eCTBO Hyne~i ua ,Lle;icTB.I1-

om:. O:.>oanai!.I1Ll n. -ki KopeH:r:. (C1!.11Tafl OT uynR) qepea j~.n 
JI!UR n. = 1:, ST.I1 l!JJ1.11 - aHaJIHTHll6CK.I16 iJJ!-!KUH.I1 .11d,llei<Ca v 

.I ~L 

J~.n=Co+C1V+C.tv + 

os;J!li.JllU.11eHTbl sToro pR,lla 

Co •it,n-• , C1 =- {j •. r~-~ J;{J •. n-•)r•, ... 

rt = I (,llJ!fl nepDoro KOPHR) !IOJIYIDIU oupaUieHner;; CTerreHHoro 

(x): 

.• , .~ [ 3 ~ ,,.t ~ ~ J 
~.4 = v:lv i + 8 'Y- 3.U. v + 921t. v • "· . 

DeJU1Ko, ~ ~~ n rrpe.ztCTaBHYa ac.11unTOTH t~eCK.I1Y Pfl.llOU /I/: 
. l [ .J -ZIJ _ 1'/.J 
dvns::v i+CA,V tdt"V ~ .,.)· v-oo 

I ) I 

d1 :CX: .J. .t - ..J__ cJ. 2 = to o/ tOot 1 
, ... 

B n -i1 1\0peH:& ypaBHeH.I1fl 

A; (-2'hx)= o (A~ npoMaBO.ztHaH tf!YHKUHlll 8i1p.11). 

-1/.z. ' f l). 
liJ~.11_WlH~l@.l1 _ _ X __ ~~Jxl __ 

H11) 
3HatlitlM l!epe3 J )1

1 
n 1\-~ KOpeH:& ypaBHeHHH 

{ X-t,lz 1v (X)}, ==0. 

CHOJI:03J6T 0603HatleHHe G..m, tL 1 r.zte m = 'V- f - !IOJ!OllWT6Jl:&H06 

CJIO. [;\Qli\JiO ,ZlOK83aT:&, llTO B cnyqae fl.. #I HYJI.I1 UHaJl~!TltJli6CKHe 

.11H,ll6!CCa V .11 OKOJIO HYJIH rrpe,llCTaBHMhl C'O CXO,lJ;RIIIl'!MHCR pJI,ll&m: 
. (- Vz) 
d ~.n =c. + c1v +CL ~,_ + ... 

4 

-

~ 

.·1 

j\"11 

' 

l 

HeTpy,ZlHO ,ZlOKa3aT:D, qTO ,llJlfl nepBoro KOpHH B HHTepBaJie 0~ V <i 
ypaBH6HHe He HM66T pemeHHfl. :ztJIH CJiytlafl V ~ i MOlKHO JIOJIJ'IWTD 

pa3JlOllteHH6 !IO CT6ll6liHY V --1, : 

Ecm1 ~ 

r.zte, 

. H~) I { 1 I z, I fl. 1 
J v,1 == I'3N-f.J 1 + '' (v-1.) + 6:o (v-xJ + .. · . 

(-l:J 
B8J!i'IK0 1 ~~' n. !Ip6,llCTaBHYa aCHMTI'rOTHtl6CK.I1U pli,ZlOU /I/: 
.(-~} [ -Z!.J d -lri.J 1 
~ ~.n ""v i rd., v + .1 \) ..,. .. • v---oo 
d. .... <:>[ , .t. 1- ... d - .J.. o{. - 2()o(. , .t - /0 

(- ~ ) 
H «. ecT:r:. rt -u KopeH:r:. ypaBHeHHfl A i. -2 X = 0 (A i.- \[JyHKUHH 8HpPI) • 

{ 0 }' 
1.4. J!Y!H_\ll:t,H~l.\!H _ _x_ ~ i (I)_ , 

(~) 
06oaHa'IWu qepea ~ v, n n... -H KopeH:r:. ypaBHeHHfl 

{X' s :lv (k' J} '-== o. 

(Bo«ep/2/ 8TH 3HalleHHH o6oaHallaeT n 11.. ) • HeTpy,ZlHO ,ZlOKaaaT:&, liTO 
i~) I 

j \), n. - aHaJI.I1T~tleCKaH tf!yliKUi!H HH,ll6KCa V, .11 OKOJIO HYJIH ee MOlltHO 

npe.ztcTaBMT:& pR.ztou: 
. (1/A) .t. 

dv,tt =Co +C• Yt" C.t. v + "' 

Ecn.11 ~ BeJIHKo, J ~~~~ npe,1lcTaBHYa acHMJITOTH qecitHM Pfl.llOM/2/: 
, (lh) [ -~/.J c1' .~ -V/J J J-v.n. ""VY .f+dtV ~ .t.v + ... , v-oP 

r.zte 
d f:= o<' 

) 

t 3 ... ol - .J. o( + " 0o( • L - /0 "'-

HcK 6CT:& pemeH.I1e ypaBH6HHH Ad-z1"XJ= o CA, tiJYHltU.I1H a11p.11). 
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B aTo~l pa6oTe Mil coc•ra:altlm1 Ta6Jil4Ubl paanolKeHl1ii HyJicLi Ha ocaoBe 

l1X aHaJI!tlTl1tlSCit11X CBOiaCTB. PH,Itil Mil nepe!IItlC8JIH B pH,l\ !TJ !IOJI!tli!OM8LI 

qe6ilweBa, 'lTO ,nacT caMyJo mtoHO!Jl1tJHyJO <J)opMy paanollteHH~i <iJJ Hitl.(ltl~t. 

2. MeTOA BiltlltlcneH!tlH 

Paanolitelmfl B ora6Jil1Uax I - IY Mil BbJI.fltlcmmH MCTOAOlJ ~II!TOpi1omiJ..(lHi. 

ITpaiCT!tltleCtt~lc paccMoTpel!Hff noi:aaD!BaiOT, tlTO mrTepnoJIHJ..(110liHan cllopi.iJ na e 

IB-24 'ieoblwencK!tlMH Y3JiallH .l(UCT .1\0CTaTO'IHO TO'IHble (c I5 .l(ecaTII'IHilMl! 

IJ.ItlQpa!illl) !WS\iJ~!tll.\1lCHTbl paaJIOii\OiUI~i IIO IlOJI!tll!OMaM qeC)ilWOBa. 3Ha'lleHHe 

WYIIKIUIW Mil .Bb!'IIHCJIJ.1Jll4 B ·rotlKax J.1HTepno;;mponamlll !.iC'rOAOM oopaTHO~i 

HHTCp!IOJifll..\1.111 l,immepa U JiiitOHCa. 

2 • I. ~OQ.Mi[Jl!?!. .Q.OQ.U:f.H.Q.H_H!!,T~!!,Ol!,fl.!!U!! 

Cyll\l!OCT:O l'JeTO,Ita COCTOUT ll TQI,;, q•ro ot.-IWpCH:O peweHUff 1 (X) 

,l(Jd~\j)epeHJ..(l'IaJ!:OHOrO ypaBHeHHH 

t' + J ~· + ~~ =' 0 

Hll\CM Itillt tJ!YHitl.(HIO BOJIH'IIHHbl 

U=~ 
a ItapOH:O f Ilp0il3B0.I(HOM ~1 

(X) Hll\OM KaK <J)yHKIUif) :BCJ1Htll1Hli 

v=K't-~. 
y " ~· 

MOJ:HO COCTUBi'IT:D pa.zt riO, CTCIIeHHM U H V : 

at , x [ ~ - u + -1 x 1 u .l- t x ,_·( f, + :_ 'i ,_- ,_ r) u 3 + ... J 
[ 

71 1 a' v~ [ t I ' /j:.__ ' 'Ttl' } p =x 1 +){,_1-f c1 +t-).f.Si~ + -r+~,_ (f+.tfJ-:tt,_-J(fhiif"· 

6 

·~l 

I. 
'· ... ~ I, 

'i' 
~~ 
4~' 

I 

!' 
[ 

ITpH rrolwiO!l\11 aTHX ll,lopMyJI ,l(aoTcH nTepauli 

JIOHHH cC H /> 1 TaK 'ITO npaByiO tlaCT:O cpOpMyl. 

COOTBeTCTBCHHO npl46JlHlKeHHblM 3Ha'llCHl40M ~H 

npH6JlHlKOHl1e ol H J'> , H T •.ll• 3Hall BW,ll Wl 
l4Cil0Jlb30B8Th CJIC.li;Y!Oll\He HTepaTHBHHe ~OPMYJlb 

r.j-v,tt; P , v"" r =-x ' ~ = 1. -xz ' 
X K+t • Y~c{i- 7k +J 'lfxz. t- (2x: -:l v.t.-:L) 

. , 
2. ~"·tl.. 

..,, _ 1v (K,) 
UK - ..r_.j V (x,) 

I=+ 
[ .JL Xr~ I = xk 1 +- r:-1/z. 

V:. .,. x,J; (X" ) 
I( !J.) cv 

.HU 
3 • J Vr I'L 1-~; 

xl(-j~.n 

' 0:1-:Y.::.. 
d x" ' 

.t 
+ K.-. + y"' ~t~ 
.t(X~-v--r· VK + 

. ) 
xk-Jv,n 

~=1- v:-L6 

Xur =XI< {1. + 1f'~e - V.-. 7/L+ {G v:- YK 

r·~ 1f'.. :::X LX' ]~ (x)) 
1<. x-*J>J(Y) 
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aOOTC Mbl COC'ralliUHl T8uJIJ.1Ubl paaJIOllteHl1li H;yJICii Ha OCHOBe 

CIUIX CBOtiCTB. Pfl,l\bl Mbl nepem1cam1 B pH,l\ ID IIOJII-li!OMaM 

0 ;nacT CaMyio SICOHOJ,li11JHy!O <l)OpMy pi13JIOlKeHJ.1~i \l!JHitUI-lli. 

2. MeTOA Bbl'll-lCJieHMH 

Hl-lll n raOJIHuax I - IY Mbl Bb!'!M!Cmmn MCTO.l(OM ~IIITcpao.I!Hl.\llli. 

paccMOTpemm noicaaoiBarJT 1 '!TO I1HTeprroJIHUllOHHaH ~opi.iJ Jia e 

oBCKllMH Y31Iall'H ,1\0.CT ,l\OCTaTO'!HO TO'!Hble ( c I5 ;neC.fl'l'H'lllbiMll 

Jit!J!t!UHOliThl pa3JIOiitSH:1~i TIO !IOJilll!OMaM 1le6b!WCDa. 3HaqeHir1e 

b11JJ.1C.iU1JII4 B 'r01JKax llHTCpTIOJUlpOBaHI!fi J,jQ'£0.1(0!<1 oopaTHO~l 

UHJIJiapa ll n•oHca. 

M;y_JI£!_ .Q.OE_a!ll.Qti_ll!!,T~!!,Ol!,ll,Wi!! 

:r, MeTo.na coc·roMT ll Tor,: 1 1JTO ct-Iwpeu:o peweHMH 1cx) 
:onoro ypanrreuHH 

~·, + f ~· + ~~ = 0 

tCL\14!0 BSJil11JJ.1Hbl 

u- .:L 
- l(~ 

npOii3BO,l\IIOti ~~(X) l1!1lSM KaK @YllKWlYJ BCJll11Jll.Hii 

v :::!!t . 
q N ~~ 

TaBilT:b pli,l\ riO, CTCIICHHM U l1 V : 

[1- u +1.xfuJ.-ix)..(f'+1-,i"-2.f)lr'+ ... J 
[ 

'If a' v• { 1 I ' f:__ ' '711' J d + x"! - f (!- + fr )x.sgl_ + - f + 9,_ (If .tf )-;(r -i(fhii'f) 

6 

-

r 
" 

f d 
f 

I 
' 

' 

1 
.)I 

r 
'~~ 
" ii 

ll 
1~ 
I 
I' 
l 

l1pH TIOI>IiO!IlH 3Tl1X @OpMyJI ,l\aCTCH l1TepaU~lOHHblii llO,l\XOll ,l\JIH onpe,l(e

JISHHH oC H /> 1 TaK liTO npaDyiO qacT:& @opMyJI Bbl1JJ.1CJIHSM 1 llOJiararl X 

COOTBSTCTBSHHO np~lOJll1)!(6HHbiM 3HaqeHl16M ot H f> H TaK TIOJiyqaeM HOB00 

npHc5Jil1lrtCHHe ol 11 p 1 H T .,11;. 3Hall Bl1,ll; \PYHKL\Hii f H 1 1 MOliiliO 

l1CllOJII>30BSTl> CJIC,li;Y!OIIll4e l1TepaTI4BHble \{>OpMyJibl: 

r.J"·"-i I=~ 7 ~ = 1. -~ , 
t 

X K+! - Xtc {1.- 7/!r rJ. 7/,/ r (2 x: -). yL-1.) ~,: +-(!. VL --IU,: f!} ~] 

"" - J v (.r.J . k ul( - X.,.Jv {x,) ' xl(- Jv.n • - OC> • 

. ' 
2. ~ 1?,tL I=+ ' ~=-~-~ ) 

[ .J(_ 
XtH == xt 1. + x:- 711. + ,t'K + V ~tJ.. + Ale - flv ;(.., + Y -:J. (:t't;- \) / _,,.s t. .1-t- vV Ar'.t t. ,,, t. t. t.I.J J 

.t(X~-vLJ!l VK G(X~- v"JS I/Jc 

. ) 
xk--- J v, n ' k- 00 

'if.. .. &J~ ( XK) 
I( :1 v (x,) 

.HU 

3. J "' I'L 
j /l ,,L I 

r=x ' ~=1-vx~;; 

Xu,= XI< [1. + 1f'l( - vk 7/L+ (6 v:- YK- x: + vl,- ~ )7/&] 

~ r-~ )'/, x!c 1!. ::::X LX ]~ (x) v -- . (-f/z) 

I( x-* J~ ( y) ' "" J-v.n. 
· x-X~c 

k-oo 
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.NzJ 
4. d ~.n. f = 0 ' ~ = I - v .. ;fr ' 

[ If ( • .-IlL (. .t t. .t Jb:_4} Xk+t=X~e {+-7/1< + 1-YK)U~r + 2.1f-XI< +\) -9YI(+6YK) _, 

.,, .... ~ 

v". -::1: ·'"'+L XK-v 4 

. {lfz} 

x;_-Jv,n 

V'l( =X (y'lz '1v (xJ) J I 
X~ Jv (x} x=Xt ' Y. _ xt 

1(---

k -CJC) I 

B rrpe~~~ymKX ~TepaT~BH~ wopuynax HY~HO 3HaTb aHaqeH~e 
lf=Y/(X'J'J 9To aHaqeHHe B~palliaeTca qepea F "'JvrxJ/Jvn (X) H 

HueeT cne~yiDmH~ BH~: 

~na d. ·' n · 11 = - _£_ 
v, ' X-'VF ~na J ~. n 7f==v-~ , 

~na 
. (·'lz) 

t v,n : 
~r'_.,_.L_L 
v-v .:z. F ., ~Jill 

• ('/'1.) 

J v, n ?f=v+f-L F 

3HaqeHHe F::: J v (x) hv+r CX)B~tntcnaeM rrpH rrouol!ll1 ero rrpe~CTaBneHHH 
B BH~e Herrpep~HO~ ~po6m: 

F =: (V+1)- ~(v+:z./ _ -::----'-"'---
x -} (V+3)-~ 

2.2 • ~O.Q.Y,YJI!!_ !!,e.l2,B.Q,r.Q. !!,P!'!,6l!l1!e!!,H.!! 

!lepBOe IlpHCinHllieH!IIe Hy:neitt YOlliHO B~qJ.1C:IIHTb H3 CJie~YIDU!iiiX 

aMrrHpHqecK!IIx @opuyn: 
a), Cnyqaii uaiwro apryueHTa ( v ~ n. ) : 

~na J .,), n : 
1 

X1. = 3.I5n + I.46v -Q~87; 
·I . HIZJ . U/t) 

~na J v, n , d v 1 n , d ~ 1 n : 
X1 = 3.I5n +I.46v -2.44. 

6). Cnyqai1 CiOJibmoro apryueHTa ( \) :>, n ) : 
.nna j v, n 

8 

~ 

~ j',-.. .. 
" 

'.1: 
,f-' 

\: 

,, ~~ 

J; 
~I 
•/•, 

tl 

'\, 
?I 

X, •.,) [ 1 + ~ + Jo A~ J 
[ ( 

G 3 JL/J 
~.= s, +-rrs.;)v , s, ={n-~) 

JtJlli • I 

d VI 11 

• (-1/2) 

d VI 11 

. ('h) 

d v,n 

x, = v [ 1 + ).t + ;D A~ 1 
[( 19 "12/J At. :: s,. - /LiiiS.. ) v s t ::: ( n 

~opuyn~ 6) rrp~Ha~nelliaT 3MpH 131. Hama rrpaKTH 
C STHUH HaqanbH~YH rrpHCiJIHllieHHliMH ~OCTaTOqHo B~ITOJIH 
HTepa~itt K ~ocT~llieHHID ToqaocTH IS ~ecaTHqH~ ~wp. 

3. "CITOllb30BaHHe Ta6JIHUi nHTepaTyp 

3HaqeHHe Hyne~ MOlliHO B~q}'JCJIHTb npH ITOM0llll1 qac 
pa~a. qacTHqHyiD cyuuy 

N • 
F( u.),.. l CK T I( ( u) 

I( cO 

y~o6Ho B~q}'Jcnan no MeTo~y KJJ.eHmoy 14!. IlycT:D 

BN+t =0 &111'"CN • 

nanee Bblq}'JC:IIHeY 8 , ~JIH n = N-I' N -2' ••• 'I' 0' 

Bn .. ~ (~u.. -1) BnH - Bn+L + Cn . 

Tor~a 

F (u)!!! Bo- (.2n-1} Bt, 

9 



f 
v .. ~ 

=0 ? ~ =1-~ ' 

{f+ 71,/" + (1- Yl<)lJ't+ (215"-Xt + ,/'-9Y~e +6Y;) f-' j 

V~< ==X (X'Iz. 1v (xJ)' / 
xi1 Jv (X} X=X.t ' YIC = 

k ---oc::> ' 

AYII\HX HTepaTHBHUX WOpMynax Hy~HO 3H8T:& 3HaqeHHe 
8To aHaqeHHe Bb!pa~aeTcH qepea F = Jv (X) /Jv+t (X) " 

11\H.it BH,zt: 

v. n : 1)' == -x~vF 
-'lz I 
v,n 

1 X v=v-:2:--;= ? 

,nna 

,nnH 

• I 

dv,n 
. cVzJ 
J v, n 

y::y-~ , 

?[::)l .. f-~ 

= :J v (X) hvtr (X) Bb!~CJ1ll8M npH nOMOll\H ero npe.ztCTallneHHH 
pb!BHOM .ztpOoH: 
~ ) f x ( v +1 - ....,&,...(_v_+_.t.....:):_-__ ....,1 __ _ 

x f(v+3)--f,:-

QMZJI~ geQBQr£ gp&6!H!e~H~ 

I!pHOJll1llteHHe Hynei.i MOJEHO Bbl~CJIHTb !t13 CJie,nyiOII\It1X 
@opMyJI: 

aLi Manoro apryueaTa ( v .:!: n. ) : 
J v. n : 

x1 = 3.Isn + I.46v -o.a?; 
. I . HlzJ . (!/&} 
J v, n , d v, rr , d ~, n 

X1 = 3.I5n +!.46\) -2.44. 

ali ooJI:omoro apryMeHTa ( v ~ n ) : 
J v, n 

8 

_...; 

> 

.J,'()' 

~·.:., 
f' 

,1' 

t·' 
t ~~ 
v 
:¥, 

X, • V [ 1 ~ ~ + fo A~] 
[ ( G ) 3 JL/.J .A,= S1 + -n-s-1 v S1 = (n- 0,) 7i. 

' J 

JJ;Jlll • I 

J Vo 11 

(-/f2} 

J v. n 

. ('h) 

d l),n 

x1 ='J[1 +At+ ~o>.~] 
[( 19 312/.J 

At- ::= s,_ - '""s~ ) v St ==(n-·%)JL. 

~opwyJihl 6) npHHa.ztJieJEaT 3~pH 131. Hama npaKTHKa noKaaana, qTo 
C 3THUH Haqan:&HblMH npH6nHJEeHHllMH ,ZlOCT8TOqHQ BblnOnHHT:& ,ztBa mara 
HTepa~HK K ,ZlOCTHJEeHHIO TOqfiOCTH I5 .zteCHTHqfiblX ~WP• 

3. ~CnOJI:&30B8HHe Ta6nHg; nHTepaTypa 

3HaqeaHe Hynei.i MOlltHO Bb!~CJIHT:& npH IIOMOII\H qaCTHqfiblX cyuu 
pH.zta. qaCTHqfiYIO cyuuy 

N • 
F(u.),. l. CK Tl( (u.) 

l(zO 

y.zto6Ho Bl:lqillcnaT:D no ueTop;y ff.JreHmoy 14!. llycn 

BN+t =0 &111 = C111 • 

,llanee Bbl'lfi!CnHeu & " .ztJIH n = N-I, N -2, ••• , I, 0, no cpopuynau: 

Bn • ~ (~u. -1) BnH - 8, .. ,_ + Cn . 

Tor.zta 

F (u) ~ Bo- (.2n-d Bt. 

9 
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I. IlpHMep. BhltlHCJIHT:& J11s,lf 

ltic.noJI:osyli Ta6JI.I1UY tJ:eT:sepToro KOPHfl,nOJiytl.I'IM: 

rt Bn 
19 . 0 
I8 -. I 
17 . 88 
I6 -. 5884 
I5 . 37712 
I4 -. 2401% 
I3 . 1537742 
12 -. 99~339 

II . 64647369 
IO -. 426163724 
9 . 2849%9135 
8 -. 19404594419 
7 . I35I993073I9 
6 -. 97II893I3355 
5 . 7277636647320 
4 -. 58037787699121 
3 . 5II9076I3352298 
2 -.05472725258366515 
I 3.00I4009II45878229 
0 9.40251586473086603 

TI03TOMY 

50 + 0.9B.= Il.I0377668504377009. 

EoJiee TO~Oe 3HatJ:eHHe/I/ 

~ 1;5,, = 12.103776685043769172 

CO:BllaAaeT C HaDIHU npl10JI.I1llt6HH6M flO Kpai.tHei.t Mepe C TOttHOCTl>IO ~0 

I5 ~eCflT.I1~biX UH~P· 

10 

2. Ilpii!Mep • .Bb1tl.I1CJI.I1Tl> d 110, 10 • 

3To sHatJ:eHHe MOlltHO Bhltlii!CJIIIIT:D .113 pfl~a uaJI( 

.113 pa~a ooJI:oruoro apryMeHTa. Bo-nepBbiX, 

F = 43.606764901379515 

.11 BO-BTOpbiX: 

IOM F = 43.60676490137951, 
ll03TOMy, K8U BIII~HO, CO:Bll!iA6Hl'.l6 npii!OXItlllteHHiit lt1M66TI 

C TOT.IHOCTJ>IO ~0 15 ~eCHT!tltlHbiX l(!tl~p. 

ABTop llbipalltaeT OJial'O~apHOCTl> r .!ti .MaKapeHKO I 

sa nonesay10 ~.11cKyccHIO npm paooTe. 

JIItiTEPATYPA 

1. F.W.J. Olver: Royal Society Mathematical. Tab: 
Bessel Functions Part III. Zeras and Associat• 
University Press, Cambridge, England, 1960. 

2. T.H.Bojer. Concerning the Zeros of Some Funct 
Bessel Functions. Journal of Matk. Phys. Vol. 
1744, 1969. 

J. J.R.Atrey. The Numerical Calculation of the R, 
Function J 11(x) and its first derivative JD, (: 
Magazine" 1917, (6) J4, pp. 189-195. 

4. C.W.Clenshaw. Chebyshev Series for MathematiCI 
National Physical Laboratory Mathematical Tab' 
Majesty•s Stationery office, London, England, 

PyKODKCl> fiOCTynHna B K3~a~ 
17 uapta 1972 r, 

II 



ITpii!Mep. Bb11:lii!CJU1Tl> J115 ,4 

on»sya :raonii!UY qeTBep:roro KOpHa,nonyqii!M: 

rt &n 

I9 . 0 

I8 -. I 

I7 . 88 

I6 -. 5884 

I5 . 37712 

I4 -. 240196 

I3 . I537742 

12 -. 99~339 

II . 64647369 

10 -. 426163724 

9 . 2849969135 

8 -. 19404594419 

7 . 135I99307319 

6 -. 971189313355 

5 . 7277636647320 

4 -. 58037787699121 

3 . 511907613352298 
2 -.05472725258366515 
I 3.00140091145878229 
0 9.4025I586473086603 

O;)TOMY 
~o + 0.9B1= l2.10377668504371QQ2. 

:ro~oe sHaqeHze/I/ 

~1/5,1f = 12.103776685043769172 

aeT C Hamii!M ITpi116m1llt6HlieM ITO Kpa$iHe~ uepe C TOqHQCTl>IO AO 
liTH \lHbiX UHifJp. 

10 

..1 

2. flpii!Mep. .BblqJ.tcnii!T:& d'•o. 10 • 

8:ro sHaqeHII!e MOlltHO Bbl\lii!Cnii!T:& 1113 paAa Manoro apryMeH:ra 1.1 
11!3 pHAa 6on:&illoro apryMeH:ra. Bo-ITepBbiX, 

F = 43.606764901379515 

1.1 BO-BTOpbiX: 
10* F = 43.60676490137951, 

noaTONy, Kai~ BllAHO, COBITaAeHII!e ITpHOnii!JlteHJ.tH II!MeeTCff ITO !tpa11He~ Mepe 
C TOqHOCT:&IO AO 15 AeCffTii1~bi.X Ull!ifJp. 

ABTOP BblpalltaeT OJiai'OAaPHOCTl> r.Li.MaKapeHKO 11 A.:\.KopHetiqyKy 
sa nonesHyiO AHCKyCCII!IO np1.1 pa6o:re • 

JIJATEPATYPA 

1. F.W.J. Olver: Royal Society Mathematical. Tables Vol. 7 • 
Bessel Functions Part III. Zeras and Associated Values Cambridge 
University Press, Cambridge, England, 1960 • 

2. T.H.Bojer. Concerning the Zeros of Some Functions Relatedto 
Bessel Functions. Journal of Math. Phys. Vol. 10. No9, pp.l729-

1744, 1969. 

J. J.R.Atrey. The Numerical Calculation of the Roofs of the Bessel 
Function Jn(x) and its first derivative J 0 (x). "Philosophical 

Magazine" 1917, (6) J4, PP• 189-195. 

4. C.W.Clenshaw. Chebyshev Series for Mathematical Functions. 
National Physical Laboratory Mathematical Tables, Vol. 6, Her 
Majesty's Stationery office, London, England, 1962. 

PyxonKcL nocrynKna B H3~arenLcKHA or~en 
17 epra 1972 r. 

II 



4. TatS.a!Wa I. Rvu ¢yuu•• flv (x) - .,. ~/ j~,-1= 't;0C~T"' (u.}, ~A-= t£<1. 

K CK 
0 3.80177524363347ti 
I I. 360704737SI II20 
2 -· 307077I026I 106 
3 • 4526823746202 
4 -. 808R82A32I34 
5 • I592I8792489 
6 -. 33225I8976I 
7 • 7205599763 
8 -. I60SII0397 
9 • 365439424 

I 0 -. 84498039 
I • HI7938I5 
2 -. 4687054 

. 3 • 1120052 
4 -. 26G767 
5 • 65~0 
s -. I596I 
7 • 39I4 
8 -. 965 

j.J L::: ~ CK TK*'(«..) I (,(. = V/z. < I 
' K::-o 

K CK 
0 6.992370244046161 
I 1.446379282056534 
2 -. 23458616207293 
3 • 2172I49448700 
4 -. 246262775R20 
5 • 30S90I 80959 
6 -. 4I54I83047 
7 • 580766328 
8 -. 83648I75 
9 • I23l7355 

IO -. I8448A7 
I • 280076 
2 -. 42986 
3 .. 6658 
4 -: I039 
5 • 163 
6 -. 2H 
7 • 4 
8 -. I 

9 • 239 
20 -. 59 

I • IS 
2 -. 4 
3 • I 

J·~ ., = ~ 'i ciK T: r J' v=(-.f)li.J J,h/z. 
, K::O I, " ' 

K c)_K 

j~.t,"" J ~<)dl< ~"'(17}, J"=(f}l/~ .J?.-,t. 

K ..J.., 

0 I.7350634I2537096 0 2.4656II86426R400 
I .78447RI0095I978 I I.6079529A847I069 
2 • 4888I473I80370 2 O.I3875A03443I497 
3 -. 5782797A302I 3 -. 368779II82054 
4 -.. 3R984957864 4 -. 5I27R007868 
5 . 57582978791 5 . 45113570749 
6 -. 327583229 6 -. 7579I72I52 
7 -. 3R5::l878 7 . 736489208 

8 . 22A4653 8 -. IIII852'7 
9 -.. 153079 9 -. I19I9884 

10 -. A95 IO . 2696788 

I .; 283 I -. 3I4488 

2 . 43 2 . 8I24 
3 . IO 3 . 5211 

4 -. 3 4 -. I292 
5 . I 58 
6 -. 4 
7 -. 3 
8 - I 

12 

- I 

'r80U~8 0. lly.a• 4IJHXWIJI Efi (lr) -j' ""~· '2.. CK T:( iJ) 0< ~~1 
1.Jof K:<> I 

K 

0 
I 
2 
3 
4 
5 
6 
7 
8 
9 

IO 
I 
2 
3 

CK 
I.I58343197852390 
o.I50237849282402 
-. 7300687445935 

-. 
-. 
-. 
-·· 
-· 

707R82249086 
84I8926I532 
IIOI5325923 

I520I5I268 
2I6929478 

3I67I635 
470I496 
706842 
I07852 
IM41 

4 -. 
2538 

393 
5 • 61 

IO 8 -. 
7 • 2 

./ -n 1 = ~ z. J. T.,.(-r11J' 
1 K=o K K I 1 

.J .,._, 1. 

I< 

0 
I 
2 
3 
4 
5 
6 
7 
8 
g 

10 
I 
2 
3 
4 
5 
6 
7 
8 
9 

rJ.I( 
I.418559088388762 
.42 I 482Q335020'13 

I936I 03745997 
-. 8A87825::liiB9 

8'126446642 I 
-. 23I7866SM 
-. 572733880 

59159414 
694MII 

-. 1672575 
-. I::lg969 

88062 
-. 4086 
-. 3415 

728 
70 

-. 5fl 
6 
2 

-. I 

13 

i~,t,:: ~ ( 
K I(:O 

0 
I 
2 
~ 

4 
5 

" 7 
8 
9 

10 
I 
2 
3 
4 
5 
6 
7 
8 
9 

20 
I 
2 
·' -N . .t.-=vL. 

K 

0 
I 
2 
3 
4 
5 
6 
7 
8 
9 

IO 
I 
2 
3 
4 
5 
6 

K:c 



4, Ta0JIKU8 I , I!yJia dtyHJCUU rJ .J (X) 
TaO.a•u• n. Rv.a• cUBK!lU JJ (r). 

c,. T,. ... (u-}, !A..= "l.t. <f. jaJt= f CK TK""''(u.) I u.= "l.z. < I -
='0 

' K::-o j~1 =ID· '? CK T: ( iJ) 0< ~~ 1 
I .... \7, 

cl( K CK 
, K-n 1 

h ~, = ~ CK T~< "'"(u) u.=f~ o"' V<.t 

3.801775243633476 0 6.S92370244046161 K CK 
1 IC:O 1 I -.. -

1.360704737511120 I I.446379282056534 

K CK 

-· 307077I02fH I06 2 -. 234586I6207293 
0 I.I58343I97852390 0 5.300832108549420 

4526823746202 3 2I72149448700 
I o.I50237849282402 I I.433046143I4II81 

. 2 -. 7300687445935 

-. 80BR82A32I34 4 -. 2462627751\20 3 
2 -. 312~0257~~~6 

I592I8792489 5 30090180959 
. 70'71\82249086 ~ 40451008757IR 

. 4 
. 

-. 3322518976I 6 -. 4I54I83047 
-. 84189261532 4 649982724667 

5 II015325923 
-. 

7205599763 7 580766328 
. 5 . 1I69I36Q4168 

. 6 I520151268 

-. 1606110397 8 -. 83648I75 
-. IJ -. 22526072660 

365439424 9 I23l7355 
7 . 2I6929478 7 4542506243 

. 8 3I67I635 
. 

-. 84498039 IO -. I8448A7 
-. 8 94582I2BO 

9 
-. 

HI7938I5 I . 280tl76 
. 470I496 9 . 20I6I9896 

-. 4687054 2 42986 
IO -·· 706842 IO -. 43755580 

-. I 

II20052 3 ... 6658 
. I0'7852 I . 96303II 

-. 26\1767 4 -. I039 
2 -· IM4I 2 -. 2I43742 

65420 5 . I63 
3 . 2536 3 4RI692 

4 
• 

-. I5961 6 -. 26 
-. 393 4 -. I0909I 

39I4 7 4 
5 . 6I 5 . 24874 

. 11 

-. 965 8 -· I 
-. IO 6 5705 

7 
-. 

239 
. 2 7 . I3I5 

59 
- 8 305 

-. h 1 = ~'f J.l< T,/'(~-Z/1) J?/1 
-· 

. I5 
I 110 I • 

9 . 7I 

-. 4 

20 - I7 

I< o/.1( 
I . 4 
2 -. I 

I 0 I.4I8569088388762 

~"" ., (- t- l/ ja).2, = J ~ J_K T,/'(-{1}, :J'=(ffh ~7/.t, 
I .42 I 482Q33502a'IB 

iJ~..-:: vi oil( T,tt"") "=(.!:.)ttJ .;,./.2,. 

'f/'K TK (J}I-J= T) ~ V?/,t 
2 I936I03745997 

1 IC:O ' ..J I 

I K-0 I 

. oil( 

c)_K 
ul,.. 

3 -. 8R87825~I 189 I< 

K 
4 872644R642 I 0 2.08886RII21423I3 . 

I.7350634I2537096 0 2.4656II86426~00 
5 -. 23I78668M . I I.I7R349008812742 

.78447RI0095I978 I I.6079529A847I069 
6 -. 572783880 2 • 8769724I996774 

4888I473I80370 2 O.I3875A03443I497 
7 . 59159414 3 I83234386I8I I -. 

-. 5782797A3021 3 -. 368779II82054 
8 . 694MII 4 -. 29722923004 

-•. 3R984957864 4 -. 5I27R00'7868 
9 -. I672575 5 I642629488I 

10 
. 

5758297879 5 45IIfi70749 
-. I$969 6 2326439~I4 

. I 
-. 

-. 327583229 6 -. 757 I72I52 
. 89062 

.,. . 2092584I4 

-. 3R5~78 7 . 736469208 
2 -. 4086 8 -. 6725455 

2284653 8 -. IIII852'7 
3 -. 34I5 9 -. 1902354 

-. I53079 9 -. II9I9884 
4. . 728 IO 484880 
5 

. 
-. R95 IO . 2696788 

. 70 I -. 62747 

~ 283 I -. 3I4488 
6 -. 5& 2 358I 
7 

. 
43 2 . 8I24 

. 6 3 . 469 

IO 3 . 52 II 
a . 2 4 -· I 59 

-. 3 4 -. I292 
g -. I 5 22 . 

5 . I 58 
6 -. I 

6 -. 4 
7 -. 3 

8 . I 

I 13 
12 

-



-

rt/.t... l' 
TaCSJJ~a m. H.yu !hyKKUU: J< ~ \) (x} J 

(-tf.t..) o- (-1/.t.,) - • 

h, 1 = ~ f:/1( ~"(!A.],(..(,-= ~-f .f~ J ~1. h2.. = ?;.,cK T,....,(v.J, u.-= ~, o~ J~-t 
K C'l" I< C1< 
0 I. 104300'243788224 0 5. I~8556~9I25~757 
I • I00663866690I97 I I .456860IA7807255 
2 -. 33806467II96I 2 -. 358604I~3584IO 
3 • 233395068860 3 .. 503724335724I 
4 -. 20I70I42378 4 -. 8724239800IA 
5 • I942334I50 5 • IA8I49877082 
6 -. I990I64I7 R -. 34538::149794 
7 • 2I2I0290 7 • 7395428384 
8 -. 2321782 8 -. IRroi7147T 
9 • 259070 g • 367089559 

IO -.. 29324 IO -. 84026050 
I • 3356 I • I 9484464 
2 -. 388 2 -. 45662I9 
3 • 45 3 • ·, I079590 
4 -. 5 4 -. 257171 
5 • I 5 • 6I6RO 

(-1/.t.) -

H/-= v "f;f-~< T,/(<~), tt~{t\l )2~3 v ;r%._ 

!<. d_K 

0 I.22846I498898861 
I .. I9694I40I439634 
2 -. 34495872054353 
3 -. 305RRI~76220 
4 -. I0485658I426 
5 -. 2~636I79I88 
6 -. 2074082430 
7 -. 287597657 
8 -. 36072063 
9 · -. 452R66I 

IO -. 723844 
I -. 8A22.4 
2 -. I!92I 
3 -. I953 
4 -. 207 
5 -. 3I 
6 -. 5 
7 -. I 

14 

6 -. I4868 
7 • 3A03 
8 -. 877 
9 • 2I4 

20 -. 53 
I • I~ 
2 -. 3 

' (-'/.t) ... - ... .%. .LIJ 
J ~.L: V "~/1( /" (b'), "'"=(~) , J 7/_t_ 

0 
I 
2 
3 
4 
5 
6 
7 
8 
9 

IO 
I 
2 
3 
4 
5 
6 

2.073385608IOI699 
I.I57670877546555 

• R26340047I7884 
-. I7I5551403722 
-. 2736I56RI4 

-. 
-. 
.. -. 
-. -. 
-. 

9ROa57016I 
I545684935 
17995~64 

I596R303 
55~258 
I63336 
45843 

6611 
!\14 

I5 
I2 
2 

TaCS.alll(a IY. Rvn d!.yaxu•• {}<.'/~ fJ(l')j 

K 

0 
I 
2 
3 
4 
5 
6 
7 
8 
9 

IO 
I 
2 
3 
4 
5 
6 
7 
8 
9 

20 
I 

(1/.t,_) Oo 

jV,f = "J;OCK T,/("~). 0~ V!ii:1 

c,.. 
I.5622887I8908008 

.6II236::146I6577I 
-. 8727686II3048 

I26517602I348 
-. 2295a77985I6 

-. 
-. 
-. 
-. 
-. 
-· 
-. 
-. 

464ai74I667 
99907592fii 
2225367224 

5072857R9 
117540434 
27574I06 

6533591 
I56II80 
375767 
9I029 
22I79 

5432 
I337 
330 

82 
20 

5 
2 -. I 

ft/l} o- I .,.( - 2/.J "'' 
jJ, 1 =V'f=0o<-KT,. v ), V"'/1 

K J_K 

0 I.5400524I9883052 
I .583862593274430 
2 • 42896208050615 
3 -· 935771930669 
4 -. II8123I5706 
5 • 8768387516 
6 -. I I94274687 
7 • 48875593 
8 • I439282a 
9 -. 29402I3 

IO • I6437 
I • 80021 
2 -. a929 
3 - 2325 
4 • 741 
5 • I6 
6 -. 47 
7 • a 
a • 2 
9 -. I 

15 

(Vz_) .,., 

J.J,L-= 2. c/( 7 
1<>0 

K 

0 5.41 
I I. 4 
2 -. 
3 
4 -. 
5 
6 -. ., 
8 -. 
9 

IO -. 
I 
2 -. 
3 
4 -. 
5 
6 -. 
7 
8 
9 

20 -. 
I 

(1/1..) 

i., z. = .,) 'i fl( 
I( 

0 2.1< 
·I I.Il 

2 • I 
3 -. 
4 -. 
5 
6 -. 
7 
8 
9 -. 

IO 
I -. 
2 -. 
3 
4 -. 
5 
6 
7 -. 



\ 

5 - 6336 

r.HeMeTX 

TABJIHUY PA3JIOIEHHA llEPBYX 10 HYJIEA 

c)YHKUHA BECCEJIH 

~--...-·-..-

t --: ... ~ ... ~;-~! ;_~ ... ~~ ...,r .. 

..... .r:l:~"". . • 
. ·~.-· 



~-l/.t_ I 

Tai5JUU~8 m. Hy,aa !hyHXullJil'X if 0 (x) i 
(-{/,t_) • 

o- .,. _ '_ I I V < ~ · _ - _., ;) 
'J;<'Ct<TK (v.},u.-v z,,E.:::= 'L JiJ,2..-'J;aCKit<(v.J,u.=..t.,O~J~~ 

Ct< K C1< 
I.I04300243788224 0 5.I98556Q9125~757 
• I00663866690197 I I .456860IA7807255 

-. 33806467I I96I 2 -. 358604I~3584IO 
233395068860 3 • 503724335724I 

20170142378 4 -. 8724239800IA 
1942334I50 5 • IA8I49877082 

1990I64I7 " -. 34538~9794 
-. 

2I2I0290 7 • 7395428384 
232I782 8 -. IR~I7I47T 

-. 
259070 9 • 367089559 

29324 IO -. 84026050 
-. 

3356 I • I 9484464 
388 2 -. 45662I9 

-. 
45 3 • ·~ I079590 

5 4 -. 257171 
-. 

I 5 • 6I6AO 
6 -. I4868 

-. 

tK~"'"(rJ-), ~-=(t'\1 )1~3 V 7/~ 
o(K 

I.22846149889886I 
.I9694I40I439634 

-. 34495872054353 
-. 305RAI~76220 
-. 104856681426 
-. 2::l636I79I88 
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