B9 uULh 16SUYUL ZUUULUULTUL

S. L. ZUrnkeE3NkhL3UL

GSNhrU-LhNbrdbLE BGRLUSPUL UL MR

UuUU I

BN 20USUNUTYNRE3NRL
Greduu
2014



287 517.956.223
QU 22.143
Z 422

Zpunwpulnipjub E Epuojuwdnpty

ENZ dwpbdwnhljugh bt dkhiwtthljugh $uljnyntnh
ghnuljub janphnipnp

Qpufunu’ & Zwlnppub

Zwpnipiniyub S. L.
2422 Sumpd-Lhnuhth qpuyght juinhpp.- Bp.: 502 hpwwa, 2014,
Uwu I.- 44 bo:

BNZ2 dwpbdwnhluh b dkjupwtuhfuyh dwlnyunbnh «thtptughw; hujuwuw-
powdutpy wdphntund wppbt Epup wwphubp juppugynd E «Cwunipd-Lhnwhih
Eqpuyhtt fuinhpp» nuupbpwgp, nph Spugqpphtt hwdwywwnwujpwing gpuljwtnipeniup
Juntih E gl wuppbp gpplipnud (nku, ophtiwl, [6]-[14]) b ghnnwlwt wduwgptpnid
(hpduw-juwunid pniubpbung b wagbpkuny): Uju gppnud thnpd E juwnwpydbp dhugnpty
Spugnphtt hwdwywwnwufuwing yipghtt wpnyniupubpp:

Qhppp Jupnn E hinwppppty ny dhuytt dwpbdwnhlnuibpht, wy twb $hghlnu-
ubpht b wyt dwubwglnttpht, ndpbp nruntdbwuhpnud Bo nuwnwinnujut tpbnyp-
ubp:

2587 517.956.223

QU 22.143

ISBN 978-5-8084-1843-1 © ©BNZ hpuw, 2014
© Zwpnipjnilyub S.U., 2014



Pnjwinuljmpinih

UBERWSNLPINLU ..o 5

UuUI

§1. Cinipd-Lhnuhih huduwuwpdub jnusnudibph dwuh e 7
1.1. Lkpwdnipinil b wipynibptbinh dbwlEpugnid.... 7
1.2. Lndnudutiph gnynipyniup b wuhdynnnh quippp e, 11
1.3. Lnwdnudubiph Juijuudnipintin G-g .o 22

§2. Cuinipu-Lhnuhh Eqpuyhtt juunhpp: Ubkthwlw wpdbpubph qnnipniip b

BB hDLRINLUN vt 25
§3. Cunipd-Lhnuhih fmunhpubph pinwtthph ubthwljub wpdbpubph $niuljghwi........ 35
QPUIGWUDLRINLIL s 41






Ukpwénipjni

cumpd-Lhndpih —y” + ¢(x)y = py hujuwuwpdwb hwdwp kqpuyhtt juinhpp
wnwohtt wuquu phuwpldl) t 1756p. twuhh) Pnunyhh Ynndhg, wdpugjusd
Suypwljntipny juph mwnwidwt pughpp (nstne pipugpnid’: Uyt dudwbwlhg wyn
hunhpp Ukd nhp E opuwnnud  nwnwundubph nbunipmniund b puphwipuwbu
nuuwlub Ukjpwthuynud, nph hhdpnud pujus £ Puwhwl ‘Uinunnth Epljpopn opkupp,
hwdwduwytt nph dudwtwlh ¢ wwhht y(t) Ynnpphtwwn (gupqugnyt dhwswh
owpduwt nhypnid) niikgnn dwpdh owpdnudp tyupugpdoud & (= %)

y'=Ftyy"),
y(0) = y,,
y'(0) =y,

Ungm futmph uhgngni] b npp Yupkih b uprun bty kpy

Ept Ukq hwjnuh Gt pnjnp nidbpp (F), npnup wqnmud o dwpdth ypuw, dwpduh
uljqpiljw ghppp (¥o) b dwpdth uhjqpiwljul wpugmpinibp (v;), www dkup ghunkip
uyn, dwpduh pwpdnudp: Uwpbdunhlugh 1kqny qu tpwiwlnud k, np bpp pipdws
Ynpnt jutighpp nibih y(t) inusnud b wyn jnusnudp vhwlb B

1927p. dbpubp Zuyqbupbpgp Atwlbpuybg wjuwybu Yngjus «ubnpnonipjuh
uljgpnipp», npp (Ynuhn wuws) yugnd £, np htwpwynp sk dhwdwdwbwy hdwbug
dwutthih nhppp (vp) b wpugnipmniup (y): Uju wundwnny unnugynud k, np dkip skup
Jupnn Yhpwebk] Ynpont juunhpp dwuthih phtwdhlut (Qupdnudp) ujupuqpbine
hwdwp:

Epght Sptighughpp wowewpltg dwutthih nhtwdhljut tjupwugplnt hwdwp
hpwdwpyt] Ynnpphtwwnp npuybu wihwjn $nibljghw oquuwugnpsdtinig, wy npuybu
wihuwyn  $niijghw oquuugnpst] wyuwbu Ynsyws «wjhpughtt $niiljghwi»  (wyu
wnhpny wpwowpynd Lup Jupnuy [2] gqpph §24.6-p): NMwpqykg, np whpuyht
pmibihghwl (ypyht Ynuhn wuwd) whnp b pudupuph (=5 -y +q@)y = py
wutuph hwjwuwpdwip, npubn x wpgnudbunp tinthnjoynd £ ny el Jbpowynp
hwndJuwdnid  (htyybu npuuwlubt  dhjupwbuhiumnd), wyp wbdbpe  dhowluypnid:
Ujuyhuny Cwunipd-Lhnuhth hwwuwpnudp Yphhtt Enu wuwhwbowpljws, puyg
wpnkt ny phk Quuhly (Quuuwlwi) dbjpwihfumnod, wy ny phjjunhdhunwlui
pYwtiinuyhtt dkpwthuynud, npuntn tw Ynyynud k Spknhuqiph hwjwuwpnud:

1929p. dhunp Zwdpwpdnudjubp (nbu [3]) dhwufbpylg wjuybu Ynsgdus
«<hwljunupd funhppy, npoud whnp Ep kpuljuiiqutk) Sptnhugbph (Gunipd-Lhnuhih)
hujuuwpiut ¢() gnpdulhgp  (ynukiighwip) npng  «apunwplynny  dhahlulub
Ubkdnipynitinbpny: 9. Zudpwpdnidjubp niskg wyn ughpp vh dwubwynp plypnod:

' Luph nunwbdwl juimph mstwb gundnipndp b gpuhbn juuggus dupbdunhljugh
qupqugniip hhwtunh Yepunyd swpunpgus £ R, Cthdwih [1] wphwinm pyniinad:
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Zhnwquynud yuipqytg, np hwljunupd iphputpp gpuynid o YEunpnuwljut nhppp
dhqhjujutt  hEkwnwgnumpmnibubpnud,  whpdws  Wmph  juonigqusph b
funuqujpuut gpdwl wbunmpnibibpnd (nbu, ophtmy, [4] qhppp): Zwlwunupd
hunhpubpp,  Juwyyws  Cumipd-Lhnidhth hwjwuwpdwi hbwn,  wlnhdnpkl
htwnwgnunynid Eu XX nuiph 40 pyuljwukph kpehg Uvhis wjuon:

zwgnpn nupuwopohly puyp Snnipd-Lhnudhth hwjuwuwpdw wuwwndnipyniinud
nu vh ns gdujhtt dwutwljh wswugyuubpny hwjuuwpdwi (npp hwynth £ YUnpntdtq
- nk dphqh hwjwuwpnid wiudui nwl) hwdwp Ynpnt juunph musnud & (1967p.)
<hwljunupd punph Enwbwlny» (nku [5]): Uju wiqud htnwgnungmd Ep wdpnng
bpwlutt  wpwugph Ypw phuwplynn Swunipd-Lhnujhth  owbkpwwnph  hwdwp
hujupwpd Jutimhpq:

‘Upkip, np Unpubkykq — nk Sphqh hwjuwuwpdwi hwdwp Ynont junph jnsnudp
ubkpunpbl juyuws kp gbpdwdhenijuyhtt nbwljinnph junnigdwt hbnwgnunnipniu-
ukph htwn: Ujp hwiquuwipp jupwitg Uks pubwlnipjudp hbnmwgnunipniuutp dh
puwquyuonid, npp Jupkh b wiubl] «dwubtulh wswiguutpnyg ns gduyht
Knpnighntt hwjuwuwpnudubph jmisnudp hwljunupd pinph Enubalng»: G gy
nbunipjut hhdpmd pujus ko Sunipd-Lhnidhih hwjuwuwpdwi hwdwp hwunupd
Jutinhplbpp (wppbp gpdwéplibpny):

Uyughund fuupl dkjuwbthw, plutnught dkmtho, gpdwb nkunipjub b
uybklnpuw) whwihgh hwijwnupd punhputp, dwubwlh wewigpubpny ny gdwyht
Enpnighnt hwjwuwpnidubph nisdwt dbpnnubp hwjunupd jpungph bnubwlnyg -
whw  wjit  phwqudueubph  Ypdwn  gnigulp, npnugmd  Tunipd-Lhnighih
hwjuwuwpnidp punnud £ jupbnpugnyt ghp:

Udbjugubup pnit phdtpbughw; hwjwuwpnidubph  wbunipinitip, npunbp
wprynitplbpp, uvnwgdus Snnipd-Lhnwhth hwjuwuwpdwt hwdwp, «adnpbjughts Gu
owwn niphp hwjuwuwpnidubph hwdwp b dwpbdwnhlugh wy) ptuquyunttph hudwp
(ophtwy” $nipskh swppbph b wdpnne hwpunuhy wiwihgh hwdwp):

Qpph wpwohtt dwunud  pungpyduws Eu Sunipd-Lhnwhth  hwuwuwpdwb
wmbunipjut vhwyt npny hhdtwljwt hupgkpp (nku pnduwinuynipiniup):

Zhnptwlyp hnwunyd k np wyju wibunipjut hp swpugpuipp Yipugih Sunipd-
Lhowhih hwjuwuwpdwinp tdhpjws puqiuphy gpplipnud ubpjujugyws unypp:

S. Zupnipnilyub, Gplhwl, 11 ghljunbdptph 2013 p.



Uuu1
§1. Cuinipd-Lhmhih huduuwpdwi jnusmdubph dwuh

1.1. Ukpwénipinit b wpymuphitph dhwlkpuynud
Suinipd-Lhnughih hwjuuwpnid Ynggnud E

=y" +q)y =py (1.1)
tplpnpn Jupgh, gduyhlt unynpuljmb phdkpkighuy hunwuwpnuip, npntn () qnp-
dwlhgn x wtlwju thnhnpufuih $ntljghw t, npnopdus (a,b) (JEpowynp Jud
wi]kpe) vhowljuypnid, u-t Ynduybpu wupwdknp b (Ukp qpoud kup 4 € €), hull yp
wihuynn  $mibjghwtt k' Unynpuwlwb  phdbptughw;  hwjwuwpnidubph
nuupupwgubpnd gduwyhtt hwjwuwpnidubpp niuntdtwuhpynud Bu gnpdwlhgubph
wipinphwnmpjut wuydwinyg (g € C(a,b)) b hwjwuwpdwb psnud Ynsgnud &
wyyhuh  $niulghw, npnodws npbk (c,d) dhowluypnwd, (c,d) € (a,b), npp
ubnunpbng hwjuuwpdw dky, unwind Lup unyunpmib (¢, d)-nwd: Ophtwy, Lpk
q(x) =0, (1.1) hwjwuwpuwb psnd E hwinhuwimd y(x) = sin+/px $niuljghwls, npp
tpt  wbnunptip (1.1) hwjwuwpdwb  dby, Yuuwbwlp psinyux = psiny/px
unyunpniip: Cwn whqud, npykugh juntuwhtip Vi gpling, (1.1) hwjuuwpdwi g
wuwpwubnph wbnp gpoud Lip =22 & wyy phypnd —y” = 2%y hwjuwuwpdwb
nsnulubint b, ophtily, sin Ax it cos Ax dniljghwitibkpp:

Uwljuyl, Epbk dkup nignid Eup nhunwpybp wybih pinhwinip nlyp, ophiwuy tpk
q € L*(a, b) uuupt, wyuhtph g-tt swhbih, pun Lipkgh htnkgpbih (uwyu ghwypnid wund
Lup hwbpwgnidwplih) $mbljghw b (nbu [15]), wyu dbkp phpdus nsdwib
hwulugnipniip nueinud £ wihdwuwn, pwth np nppwt b nynply 1hth y $niuljghwle
q() - y() dmulyghwt npnows Yhuth dhuytt hwdwpu wdbkunipbp, hswbu b q
$nuhghwt (huyybu ghnbup, [15], tpt g € LP(a, b) quuh $niuljghub thnjumd Eup qpn
swthh puqunipjut Jpu, wyw uvnnugus $ntualjghutt b g-ut hwdwpynid ko hwdwpdtp,
wyuhtpl tnyb $nitijghwbkpt kb Lhplgh LP(a, b) nuuh hywuwnny): Ujuyhuny, g € LP
nhypnud hwjuwuwpdwi dwp dwup (=y"”(x) + ¢(x)y(x)) npnodus b dhuyl hwdwpyu
wdktniptp, hu we dwup (uy(x)) wdbumpbp (puwth np y msnudp whwp L (huh
wnujuqt kpynt whqud nhptpbugkih b, hbnbwpwp, wipunhww, wyuhtpt npnoywsd &
wdbkluniptp (¢, d)-nud): Ujuhtpl, g € LP phypnud unyunmipniip Jupnn £ wbnh
sntibiw;: Uy wuwwndweny, Jdktp, wjunihtn,jpunhwbpugubip  mddwb
hwulwgnipymip’

Uwhdwbmy: “hgnip g € Li(a,b): (a,b) Uhowhuypnid nhuwpyyny (1.1)
hujuwuwpdut psnid Yngdnid £ wyn $niuljghwb, npt npnodus t (a, b)-nud pujus
(c,d) dhpwluypmd, pugupdwly wiptnhwwn £ hp wpwghtt jupgh wdwugyuh htwn



(¢, d)-h Judwywluwb hwy thipwhuwnjusnd b pujupupnud k (1.1) hujuuwpdwbp
hwdwpju wdkiniptp (¢, d)-nud:

QYhungmpymi: Opkny q € Li(a, b) Uklp nignud Llp phngsk), np -4 Jupnn &
1huk] Ynuyy kpuwpdtp $niiyghw, huly qpliny q € L puggdnid Lup, np bw wwpinwghp
hpwjubwpdtp k:

Ujuyhuny, punhwipugnidp juyuind E tpwinwd, np msnd Yngynud E
dniuljghw, npp hwjwuwpnudp qupdund | ny ph inyunipnit, wy hwjwuwpnipind,
npp wnknh niuth hwdwpyuw wdkunipkp:

Umniu Lounnudp Juywinud £ ipuinad, np nisnud (hubnt hundwp $niulghughg
wwhwigynid E «lhhdw» nqnpynipinil, dkp giypnid wwhwbeynid &, np y' wnwght
Jupgh wéwhgiuyp (hth puguwpdwl wbptnhwwn, hiyp wywhndnud t y” Gplpnpy
Jupgh wéwuguh gnoipnitp hwdwpuw wdbkuniptp (wjuhtiptt wyt Jupkh b
ntnunpb] hwjuwuwpdwb Uky):

Zhpkgukup Gwl (nbku [15]), np [a,b] hunduénd pugupduly wiptnhwn u
$nilyghwt (Ukup qpnud Lup u € AC[a, b]) nibh v’ wdwlgyuy, npp L[a, b] quupg &
wnbknh niih hbnlyw) hwjwuwnpnipyniip

x

u(x) =u(a) + f u'(t) de:
Zuljunwy, kpk v € L*a, b], wmyu ’

X

u(x) = fv(t) dt

a
$nihghwt pugupdwl whpighwn kb o' (x) = v(x) hwdwpyuw wdkbniptp [a, b]-nud:

dipp vwhdwijuws msdwb  gnmipniip b hwnlmpmibibpp skl
nuunidbwuhpynid «Unynpuljutt nhbtpkughw) hwjwuwpnidubpy nquuplpugnd b
wyn wwwdwony dkup wjunbn ppuip Yniunidbwuhpbup: Uhts dkp phoptdubpp
Atwlykpubp b wywugnighip boklp, np g € L4[0, 1] phypnid wyu hwpgkpp paujwljuhi
dwbpudwut ntuntdtwuhpyby B [12] gppnid: g € Li[a, b] nhypnid jmdnidukph npny
hwwnlnipmibubpp  nuunwdbwuhpdty  Bu [2],  [8], [16], [17] L npnp wy
wpiunnipinibibpnud:

Zhnuqumud - —y” +q(x) =%y  hwjuwuwplub  nsnwdukph hwdwp
Joquuugnpstp y =y(x) =y, ) =y(x,4,q) Wwwhwlynudukpp, npnbg  pdwunp
tpwinud k, np (kpp whwp L) pungstup jmsnudubph jujudusdnipiniip ny dhuygh x
wiwh thnthnjuwljwihg, wy twb 4 yupwdtnphg b g gnpswlighg:

Lowlbwlkup y;(x,4,q)-ny, i =1,2,3,4, (1.1) hwjwuwpldwb wyb |nidnudubpp,
npnup pujwpupnid ki



{%(0'/‘1'4) =1, {}’Z(Or/va) =0, {}’3(7T;A;q) =1, {J’4(7T.)1. q) =0,
y1(049) =0, y2(0,4,9) =1, ly3(mA,q) =0, (miqg =1
uljqpiwutt wuydwbbbpht:

Zhiown k wbkutik] (pu htwnbnud £ Thnuhih pwbwdlbkphg dpntuljhwth hwdwp,
wkbu [18]), np y; b y, udnudubpp (Epk nputip gnjnipnit niukl) génpht wulju B,
uwyuhupt uqunid Eu (1.1) hwjuwuwpdwi jnusnidubph hhdtwpup hwdwlwpg: Unyup
ybkpwpbpynud £ y3 by, qnuyght: Ujuintinhg htnbnud E, np (1.1)-h judwjulju y jnisnid
Qunkih k ubpuyuguty

(1.2)

y() = y(O0)y1(x,4,q) +y'(0)y2(x,4,q) = y(@ys(x, 4, q) + y'(0)ya(x, 2, 9) 13)
wnbupny: Ujuyhuny, judwjuljut pisdwt hwmnlnipniuiutph ntunidbwuhpnipiniup
hwiugnud ky; by, (Quu y3 b y,) qunuygh ntunidiwuhpnipjubp:

Ptnptd 1.1. Yhgmp q € Lg[0,7]: Ujn phwypmd (1.1) hujuuwpdwb y;, =
1,2,3, 4, jnudnudubpp gnynipinit niikt b dhwlt b Pugh wyn, npuitp hwinhuwind
kb hwrdwguunwujuwb hinbgpuy hwjwuwpnudibph pnsnodubp’

x

v1(x,4,q) = cos Ax +f

0

SM(AL” a®) y1 (6,4, q) dt, (1.4)

X

_sindx sinA(x —t)
vl hg) =+ [ S g0 yale ) d, 1s)
0
v3(x,4,q) = cos A(m — x) + f w q(t) y5(t, A, q) dt, (1.6)
o) = ATy (D 4y, 00) ae (17)

Shpuws x-h b g-h hwdwp y;(x, 4, q) nusnudubpp b nputg y;(x, 4, q) wswlgyuutpp
(i = 1,2,3,4) hwinhuwind tu 2 wupwdbnph wdpnne $niuljghwkp:

Pnpbkd 1.1-p wunwd k, np Ynont puinph nusdwt gnmipjutt b dhwlnipjub
dwuht phnptdp, npp hwynuh Ep wipughwwn gnpswljhgubph nypnid, wknh niuh twb
hwitpwgnidwpbh gnpsulgh (Ukp nhwypnid g gnpdwligh) nhugpnid:

q € L4[0,7] ntwypmd pkopkd  1.1-h  wigmdubpp y;-h b y,-h  hwdwp
wyugnigyus tu [12]-nud: Uklp wybkjmgpl) Gup wunnudubpp y3-h b y4-h hwdwp b
Juwnwpl] kup wywgnygubpp g € Lg[0, 7] hwdwp: Ljwinkbp twl, np phnpkd 1.1-p,
puwn Enipjuil, wuyugnigyws b [16]-nud: Ukp wywugnygp npny swhny wwppbpynud k
upywd hwyjnth wywugnygutiphg b ogunugnpdynid £ hbnwquyniud ptnpbkdubp 1.2 1 1.3-
b wuugnygubpnud:



Zwgnpn, phinpldp gnyg k wiwhu, np pugupdwly wpdtpny] puduljubwswth Uks
A-ukph hwdwp y(x,4,q) L y(x,4,0) musnwdubpp phy Eu wwppbpynud hpuphg:
Ljuunklp, np y;(x,4,0) = cosAx, y,(x,4,0) = sinAx

7 73(1,2,0) = cosA(m = 1), ¥, =
sin A;n—x): Ubpuniskip hzmhmllnLL[hhp\

%mm=%@=fmmm, (1.8)
0

%m®=%w=fmmm: (1.9)

Poptd 1.2, y; jmsnuwdubph b npuitg y; wdwbgyutph hwdwp (i = 1,2,3,4) wknh
mukt htnlju ghwhuwnwlubibpp (4] = 1 ghypnid)

ao(x) e|1m11|x+"°(")

ly1(x, 4, q) — cos Ax| < T [Z (1.10)

sindx| _ 0g(x)  jimajx+%i)
y2o ) - 5| < o T (L11)
. In()
|nujm)—amﬂn—w|s%%2Jm“””*MI. (1.12)
i — o (x)
A ) — sml(;‘l' x)l - UI;;(IJE) ImA=+ (L13)
L
lyi(x,A,q) + Asin Ax| < Coy(x) - elmAlx | (1.14)
C
lys(x, 4, q) — cos Ax| < % - eltmalx (1.15)
lys(x,4,q) — Asin Ax| < Cop(x) - eMmAlm=2) (1.16)
C
lya(x, A, q) + cos A(m — x)| < GlﬂT(lx) - eltmal(m—x) (1.17)

npntn € = 1 + go(m)e?™:

Quuwhwinwlwbubp y;-h, y2-h, y1-h b y3-h hwdwp, npnip puduljuithtt swihnyg
adwt Lo (1.10), (1.11) b (1.14), (1.15) quwhwwnwlwbbkphy, g € L4[0,7] nhwypnd
unwgduws  bu  [12]-mud: Uppywhuh  quwhwwnwlwibbpp, npnup  Ynsgynud Bl
wuhdywnnunply (puh np bpwbp Juplnp tu 4] = oo ghypnid), niunidbwuhpdly Ea
owwnkph Ynnuhg (nku [2], [7], [9], [17], [19]): Ukp guwhwwnwljuittpp ns uljqpniupnpki,
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puyg npn2 swithny wnwppbpynid B bwhljhind Enwustbphg b wyugngdus tu
(nkgniyjup nhwypph hwiwp wewyk) pighwinip) g € LE[0, 7] nhwyph hwdwp:

Ujniu wpryniupp ighpdus E nsdwt juppdudnipjuip g qgnpswljghg:
Btnpkd 1.3. Gpk g, — q (m > ) LE[0, 7]-h hdwuwnny, wyuhlipl f:|qm(x) —q(x)|dx -
0 tpp m— oo, wyw G qn) 2 ¥in @) b yiCrngn) = yil, @) huduwuwpuywh
[0,7] X C-h vwhdwbwihwl Gupwpuqunipinibitph Ypw, wyupliptl (R-p wjuwnbn
Judwyuwl gpuljut phy k)

max |y;(x, 4, ¢m) = ¥:(x, 4, @)1 = 0, Xrel}g%]ly’i(x. A am) =Y i(,4,q)] -0

x€[0,7]
|A1sR |AlsR

ppm > o0 (i =1,2,3,4):

Uunklip, np tdwh wagmd Yu [12]-nud b [14]-md hnbyug nkuph
Bpt ¢ — q L*[0, 7]-h hdwuwnny, wuw ¥4 2 G, @) = ¥12(, ) hujuuwpuswth:
Uwljuyt wbwlgyuutph dwuht wunnud shu:

B wyuybu, dktp dhwlbkpybtghtp wyt hhdtwlwh wyunnudukpp, nponbp onunny
Juwugnigtp:

1.2. Lmémudukph qnynipiniiip b wupdwjinnunply Juppp
Uju pwdhtp tdhpquws £ pinpbd 1.1 b 1.2-h wmywgnygubpht:
Lkddw 1.1. Yhgnip f € LL[0, 7], a, b € C: Uy nyypnid

—y" =2y~ fx) (1.18)
y(0)=a (1.19)
y'(0)=bh (1.20)

Unpm juliphpt nith dhwl jnisnid, npp Gupbih tikpuyugit) hnbyw) nbupng’

X

in A inA(x —t
y(x) = acos Ax + bSH;L al + f st (; ) f(@)de: (1.21)
0
Uwwgnyg: Uwhdwkup yr dniughwb htwnlyuy hpyy'
[sinA(x—0)
def (sinA(x —
yr(x) = IT f@®de, (1.22)

0
npp Jupbph £ abpluyughty twb hbnbyu) whupny’
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ye(x) = 7 fcosltf(t) dt — cosle—f(t) dt : (1.23)

Ujuinknhg kplnud E, np yp(x)-p pugupdwl] whpinhun $nibljghw b hpbpkughng
wju hunjwuwpnipyniup b jpdwntyng tdwh winudbbpp, junubwbp

X X
y}(x) = cos /'{xf cos At f(t) dt + Asin Ax f %Mf(t) dt : (1.24)
0 0
Uju hwjwuwpnipinitip mtnh nith [0, 7]-nid hwdwpyu wdkiniptp (how.) b hbnbwpwup
wdbklniptp [0, 7]-nwd, pwth np we dwup pugwpdwl wiptghwwn $niulghw b
Thptptughing (1.24) hwjwuwpnipinibp junwbwbp, np haw. [0, 7]-nud
x

Y/ () = —sin Ax f cos At f(£) dt + 2% cos Ax f SINAL -y de +
0 0

+(sin® 2x + cos? ) f (x) = =22y;(x) + f(x),

wyuhlpl’ Y ()-p, punn vwhdwdwh, hwinhuwind £ (1.18) hwjuwuwpdwt nisnud:
(1.23) 1 (1.24)-hg kplinwd E, np y¢(0) = y£(0) = 0:

sin Ax

Lwlth np cosAx-p b ——n hwinhuwimd & (1.18)-htt hulwwywnwuhiub

—y" = 2%y hulwukn hmt{mumpduﬂl gdnpkt wbljwhi (nisnudkp, hulj tpwbg a cos Ax +
pnix géughtt  Yndphtmghwt  puwwpwpnud £ (1.19) b (1.20) ulqphwljub
wuydwbbpht, wuyw (1.21) $niuyghwt hwinhuwinud £ (1.18)-(1.20) Unont hauinph
[nwdnid: Nputiuqh wywgnighup wyn nusdwt vhwlnipiniup, upunpbup np ju bu
Uky z(x) qmsmd: Ugy phypnd v(x) = y(x) — z(x) $mulghwt hwighuwbimd
—v" =22y, v(0) =0, v'(0) = 0 Unpnt pubnph |nidnud (hwunwnnil gnpswlhgukpny
hwidwute hwjwuwpdwt hwdwp), npt mbh dhwgb inghwpwp qpojwlub pusnod’
v(x) = 0: Liddw 1.1-p muyyugnigdws k:

Ujdd wigukup (1.1) hwjuwuwpdwb y; (i = 1,2,3,4) jndnudubph jupnigdwbip:
‘Lwhu wytih hwiquuwinptt putwpykup y,(x, 4, q) 1médwt urnignudp, npp dbup
thtunpkip htwnlywy nkupng’

¥2(5,0,0) = oG 2) + ) SiCo A a), (125)
k=1
, huly Sp-utiph YEpwpkpyuy dkup YEupwnpbiup np tpwip pujupupnid
E htwnlyuy ulul]dulhllh

sin Ax

npunkn Sy =

Sk A, tq) = tkSp(x,4,q), t € R, (R = (—o0,00)): (1.26)

Utnud wn winud nhdtpkughing (1.25) swppp 2 wiqud (Kupwnphip nu Jupkh ),
12



vy (x,4,q) = —AsinAx + Z Sk (x,A,q),

k=1

U whnugptyny (1.1)-h dby, junwbwip'

=Y S = ) S A9) - a6 ). S Aa) =
k=1 k=1 k=0

o

= D RS0 D) — 41 A D

k=1
®nfuwphbyny Ybpeht huwuwpdwi dke q(x)-p tq(x)-ny hudwdwgh (1.26) wuydwih
Juinwbubp'

=Y S AR = ) IS0 A,0) — 4@ (6 A4 )
k=1 k=1

npuntnhg, hwjuwuwpkguting gnpswlhgubtpp ¢t-h hwjwuwp wunhfwbubph hwdwp,
wnwbinud kup'

=SP4, q) =22 S, (x,4,q) — q(x0)Sk-1(x, 4,q), k=1,2,..: (1.27)
(1.2) uljqpuwljut yuydwblbphg, npnig whwnp b pudupuph y,(x,4,q) $muljghwi,
htwnlnud £

yZ(O'A' tq) = Z Sk(olﬂ-' tq) = Z tksk(o'}-l Q) =0 ’
k=1

k=1

y5(0,4,tq) =1+ ZS,;(O,,L tq) =1+ Z tksp(0,4,9) =1:
k=1 k=1

Ujuntinhg Si-h hudwp unwbm kup ulqpiwlwi wuplwibbpp
Sx(0,4,q) =0, S,(0,4,q)=0: (1.28)
Ept ghuwpytup (1.27), (1.28) Unont juunhpp npybu (1.18)-(1.20) unph dwutwynp
ntup, (Eddw 1.1-hg hkwnltnwd k, np
X

sinA(x —t
Sk(x,4,q) = f%q(tm-l(t,&q) dt, k=12,..: (1.29)

0

By wjuytiu, dkup Eupwnptghtp, np S-ukpp pudupupnud B (1.26) yuydwuhy
U, np (1.25) pwppp Jupkih E Eplint wiqud winuwd wn winuwd wswugk) pun x-h
wpyniipnid uwnwguip, np (1.25) owpph S wunudubtpp whwnp E npnpdtu (1.29)
nkinipkun putwdbny (nph nhypnid (1.26) wntnh niuh):

Ugdd bbp Yupnn klp nuymuih nhunaplyty (1.25) puppp, npubn S, = 252, hul
Sk-tpp npnoynud B (1.29)-hg:

13



Ujunbinhg, dwubunpuugbu, unwbmd kip

X
sinA(x —t) sinAt
S = [AnAE=0

0

q(®) dt,

t
Sz(x,l,q)—J.SlnMx t) 4 fsm)L()tL t) sm)Lt1 q(tp dt, | de =
0

0

X

_f sm/1t1 sinA(x —t) sm/l(t
B A A A

(t)Q(tl) dt, | dt
0

U1, punn htigniyghuyh, S,-h hudwp unwind kup hknlyw wpunwhuwpnnpmnip’

x thtn-1

S, q) = ff f fsmltl sm)L(tl+1 )q(ti) dt,dt, . dt,, (1.30)

npp hwpdwp k gpby hnbyu nkupny’

n
sin At sinA(t; 1 — t;
Sa(t,,q) = f === (‘f D g(t) dtydty ..dty

0st S Stppr=x i=1

Zwph wntikyny [sin At] < et wihu]wuwpnipyniip b wyl, np

elImalty . glImAl(E2=t1) ... olIMAIGx—tr) = limAlx

(1.30)-hg S,-h hwdwp unwbmd kp htnbyuy ghwhwnwljuip'

[ImA|x
sl sSmr | ]_[m(t )l dtydt, ..dt,, (131)
0Sty < Styyq=x 1=
nnhg hwupdwp koquty (4] = 1 ghypnud: Gpp (4] < 1, (I, dwubtwnpuy by, [Ima] < 1)
nknh mbh htnljw] gbwhwinwlwip'
t t t
= fcos/lx dx| < f elmalxgy < f eXdx=et —1<el: (1.32)
0 0 0

sin At‘
A

Uy wwingwnny, bpp [4] < 1, S,-h hwdwp whnh mh hbnbjw) gouhwinwluip'

n
[Sn(x, 4, )| < f efr . e(tz=ty) ~~~e(’“t")1_[|q(ti)| dt,dt, ...dt, =
i=1

0sty S Stppq=x

n (1.33)
—et [ [e@ldude, .dg
0Sty<Stpyq=x i=1
Ujuwwnklup, np (1.8) uwhdwimuhg hbunlmd L np op(x) = [q(x)] (hudwpw
wdklnipkp):
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LEddw 1.2.

| ]_[|q(t)|dt1dtz at, = 8, (134)

0sty < Styyp=x =
Uwwgnyg: LEddwl wuwgnigkup hunnijghuyny: Gppn = 1, mukup (1.8)-p: Gppn = 2,
hwoyh wnlikyny, np of(x) = [q(x)], vnwbmd kup’

x tz
lq(t)] lq(e)] deydt, = f la(t) ( f la(ty)| dq) dt, =
0st,st,stz=x 0 0
x
— [ 5te) - e de, =

0

N =

X

d 1
[ bt dty = 5500
0

Cwpnibwlnipniip hunmyghwyny nhgnip (1.34)-p &hon t n =k — 1 nhypmd: Uy

nhujpnid
[ 1)
[ el H|Q(t)|df1dtz ey ) dei = [ ajte0 - G5 de =
0

0sty S Stppq=x

o (x)
k!

k",_n

X

d
J‘d_ka(;{(tk) dt, =
0

LEddwt wyyugnigqus E: LEddwl.2-h niphp wywgnyg phipyws b [12]-nud:

Upjuwhuny (1.31)-hg b (1.34)-hg [A| =1 nhwpmd Sp-h hwdwp Yunwhwbp
htunljw] ghwhwinwlwip'

ellm/l\x g(x)

1SnCe, 4 Ol € =t TR (1.35)
huy tpp 2] < 1, junwbwbp' ((1.33)-hg b (1.34)-hg)
[S,(x, 4, q)| < e* %('x) : (1.36)
Uydd wpnk (1.25)-hg b (1.35)-hg Yuinwbwbp (bpp [2] = 1)
o d0) ] < Zwk(m gl < eltmals % -
= (1.37)

_elmixg; (x) Z af () e“m’”xcfo(x).z ot (x) _Uo(x)ellmllx+a(|’/%f)
IVIE [Aet - k! 1412 — 1Al -nt '

wyuhliptt unnwugl) Lup phoptd 1.2-h (1.11) qghwhwwnwlwp: y,(x,4,q) $niuljghuyh
hudwp [4] > 1 phypnid junwibwbp’
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emAx 5o (x)  jimaje+2C ( ay(x) "ﬂ“") e/tmalx
XA q) < ———+ e i =(1+ ‘e 1 : (1.38)
A VTR VIE 21 7
Bpp (4] < 1, (1.36)-hg Y i=1 Sk-h hudwp junnwbwbp
Y swaq|<er "k(, ) (139)
k=1 k=1
hul y,-h huu[mp‘
© kK
[y2(x, 2, )| < e* + e* Z G"k—(,x) = g¥X+o0(®); (1.40)
k=1

(1.37)- (1.40) wuhwwuwpnipnibibpp gnyg bt wwhu, np  (1.25) owppp
hwquuwpuswth  quiquihinnid £ [0,7] X € x LE[0, 7]  puqunipjut judwjulwb
uwhdwiwhwly LipwpuqUnipjub pu:

Zujuuwpuswth  qniquihnnipniip poyp Eonwjhu wipuod we - wigud
huwnbkqply swppp (oqunykyny (1.29) inyyinipinithg)

sin Ax sin Ax
y2(x,4,q) = +sz(x)1q)—

= xsml(x sin Ax
+ZJ (t)Sk_l(t./l. qQdt = Tt (1.41)
k=19
/‘1( = ,1 (sinA(x —t)
sin A(x — sin Ax sinA(x —t
- f st (t)Zsk (2 =22 [ D g0y, (6 g
0 0

Uju hwjuuwpmpniip gnyg E wwihu, np (1.25) pwbwdbng npnoynn y,(x, 4, q)
dnruljghwt, npnbtn Sp-tpp npnpynud Eu (1.30) pwtwdlng, hwiunhuwimd £ (1.5)
hunkgpu) hwjuwuwpdwb jnisnid:

Ujuntnhg htwnlmd E np y,(0,4,9) =0 b wdwbgpuh hwdwp wnknh nith
hbwnlyw tnyunienip
x
v5(x,A,q) = cos Ax + f cosA(x —t) - q()y,(t, A, q) dt: (1.42)
0
qhpoht tnyumpinitihg, vwubwnpuybu, vnnwbmd tup, np y;(0,4,q) = 1: Lubh np
(1.42)-h we dwup pugupdwl wipunghwwn $niuhghw b, wyw, nhtptuglinyg (1.42)-p,
Junwiwbp hujwuwpnipgmi, npp whnp Euknh mukiw hodwppu wdbbmpbp

vy (x,4,q) = —AsinAx + q(x)y,(x, 4, q) — AJ- sinA(x — t)q(t)y,(t, 1, q) dt =
0
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X
sin Ax sinA(x —t
+J‘ (x—1)

=q()y,(x,4,q) — 22 < 7l 7l q(O)y (¢, /Lq)dt> =

0
= q()y2(x,4,q) — 2%y;(x, 4,9),

wyuplipl’ y,-p, pun uwhdwiniwh, hwtighuwtnd & -y + ¢(x)y = 22y huuuwpdub

usnud: Ukq dunud £ wwugnigly, np y,-p (apb npnpdws £ (1.25) pwtwdlny) wyu

hwuwuwpdw dhwl [nidnudt E, npp pudupupnid £ y,(0) = 0, y5(0) = 1 uljqpiuful

wuydwbbkpht: Thgmp ¢-u tnybybu (1.1) hwjwuwpdwb  nwsnuwd E, npp

puyjwpupnid E unyt uqpuljut wuydwbbphl, his b y,-p: Lhddw 1.1-h hwdwdw

) = sin Ax + j(sinl(x —t)

7l q(O)p(t)dt:

0

Uy wuwndweny v(x) = y,(x) — ¢(x) musnmudubph mwppbpmipniup pudupupmd &

htwnlywy hwjwuwpdwip

X

inA(x —t
V() = f %q(t)v(t)dt: (1.43)
0
sin Ax
Lowlwlkup V = max [v(x)| bc = m[gzx] 7 |
1T

Ujuhwyn E np c-u b V-u hwjuwuwpwswth vwhdwbwthwl Eu (pun A-h) C
Unuuyiipu  hwppmipjut pnnp  vwhdwbwithwl Eupwpuqunipnitubph  Jpu: Ujn
wuwndwnny (1.43)-hg Ynitubbwp’

v <c-V-ay(x):
Stnunpking wyu ghwhwnwlwbp (1.43)-h Uk, junwiwbp’
X

[v(x)| <c- flq(t)l c-V-oy(t)dt=c?-V- fcro(t)ao(t)dt: 2.y
0

Unpyhtt wmbnuypbing wju  quwhwwnwlwbtbpp  (1.43)-nud, Junwbwbp hEnbyug
wihw]wuwpnipnibubpp’

99 X) (x)
2

nop) _ e ag()

-
lv(x)| <V o <V p

y

npnbp wknh nbkh gubjugws n-h hwdwp: Ujunbnhg htnlmd E np v(x) =0,
wjuhupt dhulnipniup wywugnigyws k:

Ujuwhuny, dkbp gnyg willightip, np y,-p tkpiuyugdnud b htnlyw) pwppny

S
YZ(x'll Q) =
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npuntn S, (x,4,q)-ukpp (k =0,1,2,..) hwinhuwind &b wdpnng $niuljghwikp A-hg
($hpudus x-h b g-h hudwp), b swppp hwjuwuwpwswth qniguihnnd k[0, 7] X € x
Lt[0,7] puqUnipjul uwhdwbwihwl bipwpuqunipmnibibph Ypu: dwybponpuuh
phnpluh (nbu [20]) hudwduygl y,-p (wjuhtiph’ wdpnne swppp) bu hwighuwinad &
wupnne $niljghw A-hg: Lwbh np y5(x, 4, q) wdwbguh hwdwp unwugjus (1.42)
wpunwhwynmpjuit weg dwup hwinhuwind bt widpnne $niujghw A-hg, wuyum
v5(x, 4, @)-n tnybybu wdpnne $nihghw b Ujuyghuny, plnpbd 1.1-p wdpnngnipjudp
wyugnigjusd k y,(x, 4, q) nisdwt hwdwnp:

Puywbu yo-p, iyl bqubwyny Yhtunpblp y; 06 4.9), y3(64@) b yalx4,q)
nusmukpp htnlywy wkupkpm]’

y1(x,4,q) = cos Ax + Z Cr(x,4,9), (1.44)
k=1
npunkn
At
Goan= [ sty ]_[ [S‘“ G 28 o )] dtydty .dty,  (145)
0Stosty < Stp=x
v3(x,4,q) = cos A(m — x) + Z Pr(x,2,q), (1.46)
k=1
npunkn
k
sin )'(tl - ti—l)
PeCe A, q) = f cosa(n—0 [ [0 | dbdty, (147)
x=toStyS-Stp=m i=1
sin A(mw
ya(6.2,9) = 7+Zok(x 2,0) (148)
npukin
Kk
sin A(m — x) sinA(t; — t;_q)
0t 1) = f - 1_[[ ()| dedty s (149)
i=1

x=tostySsti=m

Ljwwnklp, np C,(x,4,9)-h b S,(x,4,¢)-h dhoh niwppbpnipnibp juyuwinud E dhuyl
(1.30)-h  (1.45)-h dbtp huwnbgpuih wpwh wmwl wnwehtt wpwwnphsubph wwppkp
[hubnt Uk (wy £ % b cos Aty): Uy wuwdwnny, kptk (4] = 1) S,-h hwdwp dkup
unwinud Lup (1.35) quuwhwwnwluip, wyw C;-h hwdwp uwy Yuwppbpdh dhuyt
tpwbny, np hwynwpupnd Yhth ny pk o A" wy A", L, htwbwpwp,
[Xr=1 Ca(x, 2, @)|-h hwdwp quwhwwnwlwip Yuwpptpyh (1.37)-hg hwypnwpupnd [A]-h
Ukl wunpgwbng, wy £
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e

[y1(x,4,q) — cos Ax| < ZICk(x,/'Lq)I <

k=1

on(x go(x)
e (1.50)

wjuhlpl vnnwgup phopkd 1.1-h (1.10) gbwhwwnwlwup: Gpp [4] < 1, ghwhwnwlwip
Yhudpuljuh (1.39)-h b (1.40)-h htn:
(1.31) gtwhwwnwlwh vinwgdwip twdwb Py-h hwdwp (1.47)-hg bt Qk-h hwdwp
(1.49)-hg Yunwwbp
lmAIGT=t1) .. olimal(ty-x) &

|Pk(le'Q)| < f |/,l|k l_llq(tl)ldtk dtl =
i=1

xX=tos—stp=m

k
eIImAI(T[—x)

[Alk | q(¢)dty ...dt;,
1

x=to<--stp=m i=
huy Qr-h hwdwip tnijup, puyg hwynwpupnud |41 Oquykny (1.9) towbwlnidhg b
wjuwntiny, np oy (x) = —|q(x)|, jupkih E wyugnigl) (Eddw 1.2-h htnbju tdwbwlp:

Lhduw 1.3.

. k
oz (x)
nl qe)ldt ..dt, = ==

x=to<stp=m =1
Ujuntinhg wppkt (1.37)-ht tdw ding Juunwbwbp ptopbd 1.2-h (1.12) b (1.13)
quwhwwnwlwbbbpp: 1] £ 1 ghypmd (1.36)-h vnnwugdwip bdwb Pe-h b Qp-h hudwp
Junwtwup htnlyuw) guuhwnwljuuttpp.

[PeCe, 2, 1 1Q (e, A, )l < e™ -

oz (x)
k!

npntp |4 = 1-h hwdwp qwhwnwluibtph htn dhwuhtt wywhnymd G (1.46) L
(1.48) pwipptiph hwjwuwpuwswih qniguihnnipniup: 9kpp owpwugpyush hhdwb Jpu
Quiptih b wunt) hnlyup:

Bhnphd 1.4. (1.25), (1.44), (1.46), (1.48) owpplpp hwjuwuwpuwswih qniquihinnud B
[0,7] x Cx LL[0,7] puqunipjul uvwhdwbwhwl Gipwpuqunipmnittbph  Jpu
hudwywwnwujuwt Ynont juunphpubph dhwy nisnudubipht, npniup hwinhuwbnud tu
twl hwdwywwnwuppwi (1.4)-(1.7) htnbkgpu) hwjwuwpnidubph (nsnidubp: Shpuwsd
x-h b g-h hwdwp wyy msnudubipp b npuitg y1, ¥, ¥3, o wdwbgyuubpp hwinhuwind
. 2 wwpwdbnph wdpnne $niulghwbip: Pwugh wyn, wbknh nikt  (1.10)-(1.13)
quuwhwwnwlwubpp:

Ujuyhuny wyugnigdws tu ptinpbkd 1.1-p b plinpbd 1.2-h dh dwup: Npybugh
wywpunbup phopkd  1.2-h  wwywgnygp, dumd  E unwbw)  (1.14)-(1.17)
quuwhwwnwlwbubpp: Fpw hwdwp tunkup, np (1.38) guwhwwnwljuithg hkpnnipjudp
htinlnud £
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ellm/llx

Y24l <C- I (1.51)

quuwhwwnwlwp (kpp [A] = 1), npunbn nputu € Yupbh Egbpgutyp
C =1+ op(m)e™: (152)

Oquuytiny wju quwhwwnwluwihg, (1.42) wpnwhwjnnipjui htnkqpuih hwdwp
unwbinud kp'
x
J. cos A(x — t)q(t)y,(x, A, q) dt
0
wyuhupt wywugnigyws k (1.15) quwhwwnwlwp: y;-h hwdwp (1.50)-hg (1.51)-ht tdwl
A Juinwbwip ghuhunulwi’

X
|ImA[t I |ImA|x
SC[e'lm’”("‘t)~|q(t)|-e ar = E00e
0

- 4] '

% . eUOT(T)> elmilx < ¢ . glimalx, (1.53)
Uhliunyt € hwunwwnniuny: Ogunytny wju guwhwwnwljuihg b
X

y1(x,4,q) = —AsinAx + J cosA(x —t) q(t)y,(x, 4, q) dt
0

|y1(x, 4, @) < (1 +

ubpuyugnithg junwtwip (1.14) quwhwnwlup:
y3-h b y,-h hwdwp (Gpp [4] = 1) winwbnud Gup

Un(x) ()
lys(x, 4, 9| < 1+W~e ) elmalm=2) < ¢ . glimAl(m=x), (1.54)
GH(X) on(x) eIImAI(n—x) ellmﬂl(n—x)
A< [1+—= e 1 <C- 1.55
G 2,9l <+ e il il (155)

ghwhwnwlwbibpp, phg npowd, pwth np o,(x) < 0,(0) = 0p(n), wmyw npyku C
hwunwunmb  wju  gqhwhwwnwlubtbtpnid  Yupkh E gkpguly C-u (1.52)-hg:
Oquiwugnpstyng (1.54) b (1.55) quwhwwnwlwtkpp,

X

v5(x,4,q) = AsinA(mr —x) + J cos A(t — x) q(t)ys(x, 4, q) dt,
0
X

Va(x,4,q) = —cos A(m — x) + f cos A(t — x) q()y.(x, 4, q) dt,
0

ubpyuyugnidutphg (tnybnipnitttiphg, npnup hiwbnd G (1.6)-hg & (1.7)-hg)
unnwunud Eup (1.16) b (1.17) ghwhwnwluubpp:

Zhnwquymu dbq whwp Y1hubl y;(x, 4, 9), i = 1,2, 3,4, jmsnudubiph wbih unipp
quuwhwwnwlwubp: Ujp byunwlny juwywugnigkp hwenpn wunnudp:

Lbddw 1.4. Yhgnip q € L¢[0, 7]: Uy nhwypnid
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1
y1(x,4,q) = coslx+ﬁa(x,l), (1.56)

sin Ax 1
" 1.57
yZ(x'llq) ﬂ. leb(xrl): ( )
v3(x,A,q) = cos A(w — x) + c(x A), (1.58)
sin A(m — x)
va(x,4,q) :T—ﬁd(x,l), (1.59)

npntn a, b, ¢, d-u pun x-h Lpynt whquud nhdtpkughh $niulghwibp B (wydkjh
&qphw ', b', ¢’, d'-p pugupdwl wiptinphwwn $nitjghwtp &), pun A-h wdpnne
$nitijghwlibp b b nputip Yupkh b ibpiuyughby htnbyug Yrpy

a(x,A) = sinAx - f q(t) dt + J' q(x) sinA(x — 2t) dt + Ry (x, 4, q), (1.60)
0 0

b(x, 1) = cos Ax - J q(t) dt + f q(x) cos A(x — 2t) dt + R,(x, A, q), (1.61)
0 0

c(x,A) =sinA(r — x) - f q(t) dt + J’ q(x)sinA(2t —w — x) dt + R3(x, 4, q), (1.62)

X
s

d(x,1) = cosA(mr —x) - f q(t) dt + J- q(x) cosA(m + x — 2t) dt + R,(x, 1, q), (1.63)

hul Ri-tpp, i = 1, 2,3, 4, pujupupmu b htnljuw) qhwhunwubbpht (Gpp (4] = 1)

eIIm/lIx
Ry(x%,4,@), Ry(x,4,q) = 0 (W) , (1.64)
eIImAI(rt—x)
Rs3(x,2,q),Rs(x,4,q) = 0 <T> (1.65)
Uwubwynpuybu, hpulwb A-tkph hwdwp nknh niikh hbnbyu) ghwhwnwluabtpp
sin A 0o(1)
v1(m, 4, q) =cosln+7f ®) dt+T , A—> oo, (1.66)
sinAm  cosAm ( )
vo(m,A,q) = YT f ®)dt+——, 21— oo (1.67)
( )
v3(0, 4, q)—cosln+— qt)ydt+——, 21— oo, (1.68)
sinAm  cos /171 o(1)
v4(0,4,q) = - 7z A — oo: (1.69)

A 222
0

Uugniyg: Ukipluyugikip (1.25)-p htwnbyuy whupny’
21



- sin Ax
¥206,2,0) = 50062 + S0 ) + ) S D) =
k=2
b
sinA(x —t) sinAx sin Ax
+I% q(®) dt+zsk(x = - (1.70)
0
1 X X . A
SIn AX
_ﬁcosleq(t) dt+uzfq(t) cos A(x — 2t) dt+k225k(x,l) == 2/,lzb(x 2,
] =

npunkn
X X

b(x,A) = cosAx | q(t) dt — | q(t) cosA(x — 2t) dt — 22 > S,(x, 1) :
o] 2

Ujdd, (1.35) quwhwinwljuubphg htnbnwd k, np

iSk(x,A) <

ellmllx. Z(X)Z O.O Z(x) :ellmllx, Z(x)Z 0'(1)1(96) _
IE AT (e = 2)! IE FIEREY

0 e“m)‘lx.oé‘(x) _ e|ImA|x (x)z 0.0 Z(X)
ATk KR PN

_eMm of () AW 0f() et
FIE VR ‘

‘Lowbwkny Ry (x, 4, q) = 222 ¥, S (x, 1), uinwinid up (1.61)-p b (1.64)-p: Ujuwghuny
wwwgnigytght (1.57), (1.61) b (1.64) pwhwdlbpp, tpp |A] = 1: b(x, 1)-h nynpynipnip
puw x-h U pun A-h htbnbnwd £ (1.57)-hg: (1.67)-p unnugynid E ninpuijh mknunpnidng:
Y1, ¥3, Ya-hU yEpupbpynng wiunnudubpp wyugnigdmd bu bdwb dbing: Lhddw 1.4-p
wwugnigyusd k:

1.3. Lmbdnudubph Juwju]wbmpiniip q-hg

Ujuntin dkup uuywgnigbup plnpkd 1.3-p:
Lwlbhnp g, > q LE[0, 7]-mu yuydwihg hkwntinud , np
T

160 (T, @) — 00, 9| < f|qm(x) —qWldx<e
0

tpp m > Ny, npnbn Np-U hug-np puduluihtt Uk phy E wwyw gnmipnit nith
wjiwghuh M > 0, np 6o (1, ¢n), 05 (7, ¢) < M pninp phwub m-tph hwdwp:

Thgnip A = [0,7] X B, nputn B-u C-h Yndyuwlun Lupwpwuqunipmit & Uy
nhypnud (1.35) b (1.36) quwhwwwlwtbbtphg htntmd E np [S,(x,4,p)] < CIZ—]
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hwjwuwpwswth A-h ypw, npuntn c-u hs-np hwunwwnnu k, huly p = g, Jud p = gq:
Uy nbygpmdt
No

132062 4m) = 72 A D1 < D 150C6 A, ) = Sax, 2, )] +

n=1
) No o Mn
) USaGo 2 aml + IS oA DD < D ISa(i A )~ SaC A Dl +2¢ )
n=No+1 n=1 n=No+1

hwuwuwpuwywih A-h Jpu: Lwith np wpwghtt gnidwpp Ykpowynp k, hull tpypnpgp
Jupbih £ qupdub) thnpp judwjwljub € > 0 pyhg Np-h puwnpnipjut hwoyht, wuyw
V2 (0, 4, qm) = ¥2(x,4,q) hujuuwpwswh gniquihnnippniip wyugnigkine hwdwp
Utq puulub t gnyg vy S,(x, 4, ) = Sp(x, 4, @) hwjuuwpwswih (puun (x, 1) € 4)
qniqudhwninipiniup $hpuws n-h nhypnud: Lwth np

1S0C6, 4 @) — Sp(x, 4, )| =

inAt s At t) n n
sin sinA(tj 1 — t;
f 1 - 12-1 i [1_[ qm(t;) — 1_[ q(tl-)] dty ...dt,
. 1 i=1

0StoSStpy1=x i=1 i=

nputn F(x)-ny bpwtwlb) Eup

<C- B*(x),

n

rw=

0stoS Stppq=x

dtydt, ...dt,,

an( = | Jae
1 i=1

wyuw pujulub b wywugmgk, np F*(x) = 0, kpp m = o hwjuwuwpwswih [0, 7]-h

Ypu gujugus Jipgwynp n-h hwdwp: Ujn thwuwnp wyugnigkup hunnijghwyny: Gpp
n=1,

i=

Fx) = jlqm(x) — gl < j|qm(x) — qGOldt = 041, G — 4) — O,
0 0

hudwdwyh phnpivh wuydwh: Zhtw Bupungpbup F*(x) = 0 hwjwuwpwywih [0, 7]-h
yJpw hug-np k-h hwdwp: Ugugnigkup, np F 4 (x) = 0 inybybu hwjuwuwpuswth
[0, 7]-h Ypu: dpw hwdwp pudulub k tjuwnky, np

k+1 k+1

[ Jan = o) = [@nCties) = 4] - () - am(e) = am(e) +

Ham ) - gm(t2) - qm (i) = q(81) - q(E2) - q(ti)] - q(tyess)
unyunipiniihg hbnbnud E, np

X
FL () < f 1@ (tess) — qCtis) s - 0T, G) + F ()t (,q) > 0
0

ptinptivh wuydwihg b hunniyghnt Luipwunpnipiniihg:
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Uswugyuubph hwjwuwpwswth gniqudhunipmniip wywgnigkhnt  hwdwp
ujuwnkup, np

x

f €05 20x — D) [qm (0204, ) — 4Oy, (6 2, )] dt
0

[y2(6, 4, @) — y2(x, 4, @)| = <

< elimalx [ f lam () = a(O 1y2Co A, gulde + f 14(O)] 1y2 G 4, o) — yz(x.A.qndt] <
0 0

< C[ sup [y,(t 4, qm)l - 0o (T, Gm — @) + sup |y,(t, 4, @) — y2(t, A, Q)| - 0o (r, q)]z
tefo,m] tefo,m]

dbpp wyugniglus hujwuwpuswih  quiqudhnnipnihg v, (54, @) = ¥2(54,q),
[y (x, A, @)]-h hwjuuwpwswih (A-h Jpw) vwhdwbwhwlnpmnithg (app htnbnd &
(1.40) b (1.51) quwhwwnwlwuutphg) b tpwihg, np oy(m, gy — q) = 0 (phinpkd 1.3-h
wuydwithg) hbnbinud E, np 4ipghtt wpunwhwjnnipniup dqunud £ qpoh, tpp m — ooy,
¥z, Ya [nudnidubph hwdwp wywgnygubpp vnwugynud tu tdwb diny: Phnpbd 1.3-p
wwugnigyusd k:
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§2. Cunipd-Lhniphh qpuyht jmughpp: Ukthwljwh wpdbputph gnnipiniup b
hwpyt hmpniip

Upwbwlyp L(g, @, #)-ny Swinipd-Lhnulhh bqpuyhl ubghpp

def
ty =-y"+q@y=py, x€Om,pecC @D
y(0)cosa+y'(0)sina=0, ac€ (0], 22
y(mcosp+y (@sinf =0, fe[0m) 23)

npnkn g € L[0,7] (wyuhlipti ¢-4 hpwlul, swihkjh, LEpkgh htwuwnny htnkgpkh
dniughw b):

Lnisty (2.1)-(2.3) tgqpuyhtt juunhpp tpwbwlmd b quubp dh $niblghw, npp
pudupupnid £ (2.1) hwjuuwpdwip b (2.2), (2.3) kqpuyhtt wuydwbbbpht: Zkown &
wbkull), np y(x) =0 $nituyghwt pudupupnid £ b (2.1) hwjuwuwpdwip b (2.2), (2.3)
Eqpuyht wuwydwbttpht: Uy $nrujghwut Yngnid Gup jpunph miphydhwy jnisnid:

Upy mp L(q, & B) jubnhpp Yupnn E nibikbwg ns nphypwg (nusnud: AYhnwpljkip
L (0,;, g) dwuwynp nhwpp, wjuhtipt

-y =W,
y'(0) =0,
y'(m) =0

tqpuyht punhpp: RLwih np wju ghypmd hwjwuwpnudp gduyhtt E, hwdwubkn b
hwuwnwwnnit gnpswljhgutipny, wyw tpw punhwinip (nudnudp nith

y(x) = cieVHX 4 e VTRX
wbupp, b mdwugyu niith
y'(x) =-u (creV7Hx — cyeVTHx)

wbupp, nputn ¢ b c;-p Judwjulwd (Ynduykpu) pykp Gu: y’'(0) =0 Lqpuyht
wuydwihg unwnwd Lup

\/—_P- (c1—c) =0,
huly y'(m) = 0 yuylwihg
c eV g eTVTET = ¢
wuydwliibpp: Unwghtihg hknbnud E, np jud p =0, jud ¢; = ¢c;: Gph p =0, myum
unwtnud klp, np inidnidp hwuwnwwnnit E (Qudwjuljub), hul) tpk ¢; = ¢; (# 0), muyw
tplpnpnhg htwnlmd E np ¢y (eV7#™ — e™V7H™) = 0 jud e?V"F™ = 1. Lwith np 1 = €™k,
k € Z, muyqu e?V7ET = 2K wyuhlipl v=1 = iy} = ik, jud p = k?: Ujuyhuny, L (O,TZ—I,E)

2

lbnhpp nitth ny wippdhwy nudndubp dhugh g wupuwdbnph npnowyh (p=k?, k =
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0,1,2,..) wpdtpkph phwpnid b wyy ny wphyhwy nesnudibpt bu ye(x) = o (e +
e ) = 2¢, coskx, k=0,1,2,.., pnblghmlkpp (¢ — Juduyuliul hwununnt b,
qpnyhg niwuppbp):

Uwhdwtmd: L(q, a, f) juiinph ulithwlwub wpdbp Ynyynud £ g upudbnph wi
wpdtpp, nph phwypnud fjuinhptt niuth ns wphdhwy jnesnud: Uy nusnudp Ynsynwd &
ubthwlju $niulghw:

L (O, g , TZ—I) hutinph ophtialjp gnyg k wwihu, np wy nith hwipykih pyny ubthwljum
wpdbplkp, npnip Juqunid ko hwenpryuubmipinit {p, 35 = {n?}5,), npp dqunid £
win]tpoh: Upn np tdwh puh nbknh muh L(g, @, B) jutigph hwdwp pighwinip ghwpnud:
Onnpy  g-tiph  phwpnud L(g, @, B) Jutnph ubthwlwb wpdtplph  gnmpniip,
hwpybihnipniip b wuhdynnunwlwb pubwdlbtpp gpuig hwdwp ntuntdbwuhpdty Bu
nhknhu XIX nupnud b XX nuiph uljqpnud (nku [21], [22], [23]): Uju qupuqpudnud dkip
Ypbptup juhun wywugnyg L(g, o, B) hunph ubthwljwt wpdbpubph gnnipjut b tpubg
puqUnipyut hwpybhnipyut Jkpupkpyuy q € L[0, 1], a € (0,7], B € [0, ™) nluypnid:

Utup Ygnpdkup htwnbjuy hEppuuinipjudp: Ulqpnud dbup juuywgnighup
L(q,m, 0) juunph ubthwlwb wpdbtpubph (ww.) gnymipnitp b hwodbjhnipnibp: 2Zknn
Juwywugnigkup L(g,mB) puunpp wvw. gonmupmitp b hwpybjhnpmiup B € (0,m)
nypnud, wyunthtwnl L(g, o, B)-h hudwp judwyulw (o, B) € (0, 7] X [0, ) nhuypnud:

Lowbwlkp @(x, 1, 0) b P(x, 1, B)-ng (2.1) hwjwuwpdwb nisnudubtpp, npntp
pujwpupnid Eu

00,1 a) =sina, ¢'(0,ua) = —cosa, 2.4)
Y@, up) =sinp, P'(mup) = —cosp, 25)
uyqplulul wuplwibbpht: Byuhugn B np (uku (1.3))
o(x, 2%, @) = y,(x,A) sina — y,(x, 1) cos a, (2.6)
PY(x, A%, B) = y1(x,2) sin B — y,(x, 1) cos : @7

8nipwpuitignip hpuws x € [0, 7]-h hwdwp @(x, p, @) b @y (x, p, @)-u hwinhuwbnd G
p-h (bl 2-h) b a-h wnipnng poubyghwlibp, huly $0r 4, 8) b Y40o AU ph b fh
(2.4)-hg htnlnwd &, np @(x, 4, @) mmudnudp puupupnud | (2.2) Eqpuyht uwypdwthpt b,
htwnbwpwp, npytuqh tw 1huh L(g, a, f) futunph (nusnwd, dunwd | np bw pudupuph bwb
(2.3) Lqpuyhtt wuydwhb, wyuhupl, np @ (7, 4, @) cos B + @' (m, w, @) sin f = 0:

Ujuyhuny, L(g, a, B) ugph ukthwwb wpdbpupp hwdptyuncd G

def
D) = o, a,p) = Pp(u) = @(m,1,a) cosp + ¢'(m, 1, a) sin 2.8)
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wdpnne $mlighwyh qpoubkph htin: Llwbwybu, (2.5)-hg pluntd £, np (x, g, B) nisnudp
pujupupnud k (2.3) kqpuyhtt wuydwuht b, hbwbwpwp, L(g, «, ) juunph ubthwulwu
wpdbtpubpp huduljunud

() = W) = We() Z B0, B) cosa + (0,1 B) sina 29)
wdpnne $niughuyh qpnukph htiv: @ b ¥ $niughwbtipp Ynsynud tu L(g, @, f) Jutnph
punipwqnhy $nruljghwibip: @ i Y snulubinh ypnuhwth

Wip, 1) Z 0y’ () — @ () hunfup Lhoujhih  pulwdlhg  (nbu  [18])
htnlind &, np wyy ypnbulhwbp hwunwnnth &, wyupip Wle, $](0) = Wle, p]1(n) L,
htnlwpwp, Y(p) = - (w):

Zhnwquynud yhwnp Yqu htnbyug hwynth (nbu [19]) (Eddwb:

Lhddw 2.1.6ph |z — 7n| > % popnp wdpnng n-tph hwdwp (n € Z), wmyu

|sinz| > % eltmzl; (2.10)
Zhpkgukup twl Mnipkh phinplidp (nku [24]).

Dnpkh phnpbdp. Gph f(z) b g(z) Imuyghwitpp whwhwnhy & D dhwljuwy,
uwhtwbuuly whpnypmd b tpu € kqpugsh Jpu, piy npod” [g(2)| < [f(2)| C-h
Jpu, wuww f(z) b g2+ f(z) $mulghwubkpp D whpnypnid nibkb  unyb
pwtwlnipjudp qpnubp:

Uygpnud wyugnigtp, np L(g, 7, 0) fughpp nith hwoyth pynyd ubthwlwb
wpdbpltp: Ujunkn hwpdwp £ g ugbuopu) qupudbnpp gplp g = 4% nkupny:
L(g, 7, 0) fubighpp nih htwnlywy nbupp’

ty = 2%y,

y(0) =0,

y(m) = 0:
y(0) =0 Lqpuyhtt wuydwiht pwjuwpupnd b §1-md niumdtwuppqus y,(x, 1) =
@(x,22,m) ménudp npnoqus y,(0,4) =0, y5(0,1) = 1 ulqphwlui wuydwibkpn:
Ujuwhuny, L(g, 7, 0) Nugph ubthufub wpdtpubpp hwinhuwind tu @ (g, m,0) = 0
puntpwgphs hwjwuwpdwh pisnidbbpp fud, np ingbb B

(A2, m,0) = y,(m, 1) = 0:
hwjwuwpdwt wpdwnbph punwlniuhubpp:
Zadwdwgl (1.11) ghwhwinwljuth’

in ( ) _UT,(J) [ImA|m
sin 7T| og\m) - e e (211)
,A) — < . :
y2(m, A) 7| 7l H
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TYhunwpyup wyt popnp Ynduy tpu A-tpp, npnig hwdwp 2] > 1, Az — n| = % (wyuhtiplt’
[A—n| = i) L Al > 40p(m)e®™:  Upm phypnid, pun 2.1 (wddwgh,  (2.11)
wihwyuwuwpnipiniup punnih

ya(m,A) — (2.12)

sin A sin A
<

=]
wbupp:  Ujdd I}hmulpllhhp llnL[u.uhpu hwppnipjutt Jpu  Cy = {A' [A] = l}
sh qupunud b npnug Ypw nknh nith

2p2mhmq?5hpn,
[A=n|=>- mhhml{uluulpmp]mh]} Nnpkh phinpidnud Jkpgukup g(2) = y, (7, 2) —
huy f(2) = : Uy phypnud (2.12)-hg b Onipth phnpbdhg htnbnud E, np CN
Yntniph hhpunu[ ¥o(m, 2)-u mup tnybpwb qpn, nppub b —— RLECA Ujuhtipi' 2N
qpnutp: 2qutguking N = co unnwtnud Lup, np y,(m,1)-t nituh hmzl{h]_b pUny qpnutp,
wyuplpl L(g, 7, 0) juunhpt nith ubthwlwb wpdkputph hwoybh puqunipnil, npnbp
dktp towbwlmud Gup A2 = u,(q,7,0), n=0,1,2,... Ruth np ®(42,m,0) = y,(1, 1)

pumipwigphy $mibghwit qnig wdpnng dnibiljghw k, www bpw qpoubpp jupth &
nwuuwnply hknbyw) hwenpruljwbm pyudp

sinmz

sinmz

=Dy =Dty e =21y =2y s Aty woer At Ay

npuitin [4;] < 12411 WRed; = 0, kppi > 0:

Ujdd nphunwpykup 24 Ynduybkpu hwppnipjut dby R, = {2: [A=n|= i}
opowtiughdn: Fujuljumbiwswh Uks n-tiph nhypnud wju oppwtiugsh Yhnkph hwudwp
bu wbnh mukh || > 1, [A =n| > %, [4] > 40, (m)e®™ wuylwhubkpp b, hknbwpup,
wtnh nith (2.12) withwjwuwpnipmniop: Zudwduwy uny Onpkh phoptdh, R,
opowtiugdny uwhdwbwhwlywsd opgwtnid, y,(, 1)-u niih tnyipwl qpoubp, npput b

sin A $miyghwl, wyuhliptl' 1 qpn, wyuhlipl' Ukbp Yupnn Lbp wiyky, np L[nr}nl_]_nq ubis
uhlhulllulh wpdbpubpp popnpp wupg ko U pudupupmd o |4, —n| < E wuydwh:
Ujuhlipli' 4,, = n + a,,, npunkn |a,| < é: Ujuy huny wyugnigdws k htwnbyuy wyungnodp:

Lkuw 2.2. Yhgnp q € Lg[0,7]: Uy nhypnud L(g,7,0) jtnhpt nith hwpykh pyny
ubthwwb wpdbpubp, npnughg uYhuwyt Jbppwynp hwwp YJwpnn Eu  (huly
puquuuuunhl, hulj pugupdwly wpdtpny pudujutwswt Ubs ubthwljub wpdtpubpp
hwjuuwp E (n + a,)?, npuntn |a,| < %:

Epk q(x) gnpdwilhgp (1.1)-nid hpwlub $niilghw b (hunwpynd bup g €

L%[0,7] nkwpp), wwyw pwy hwynth E (nky, ophtwy, [10]), np A2 = p,(q, 7, 0), n =
0,1,2, .. ubthuljut wpdtputpp bu hpwljut Lu:
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Uupugnigblip up (kliw, nphg Ypluh, np guijugws L(q,@ ) fubnph (q €
L[0,7], @ € (0,7], B €[0,7)) ponp ubthwlwh wpdbpibpp wupg Lu (Epk npuip
gnjnipnih niukh):

Lhddwm 2.3. wbjugwsd B, B; € [0,7), By # B, b a € (0, 7] hwdwp ntnh niih htnbyug
hwwuwpnipniip’

T

2 _ CI)(#' aHBl)CI)(Iu' a, BZ) - CD(#, a, ﬁl)q)(ﬂ, a':BZ) .
Oj @*(x,p ) dx = Sin(G, = B0) : (2.13)

Uwwgnyg: pkup uwy thwuwnp, np @ pa) = e, pw)-ut £y = py huwjuuwpdwl
snwd k, hswhu bwb nhdbpbughip hwdwywunwupwt tnyunipniup! pun p-h

(f = 5.0)
=", 1) + q()e e, p) = w-(x, 1), (2.14)
=" (6, 1) + g9, 1) = o (x, 1) + - @(x, p1): (2.15)
Puquuygunlyny (2.14)-p @(x, )-n, huly (2.15)-p @ (x, w)-ny, junubwip
—0"9+q)p-p=p-9- o,
—0"p+qx)-@-9=p-@- @+

Bplypnpy tnyyuntpymithg hwikip wowghtp b unwbwbp tnp Gnybmpyn’

. . d r .y
¢ 9=¢"p=—"lo" ¢-¢ @] = 9%

Puwnbkqpbiny wyu unyunipiniut pun x-h 0-hg 7, Junnwbwip np
™

f >, @) dx = @' (1, 1, @) @ (w, p, @) — @' (70, 1, @) (71, 4, ) (2.16)
0

Ujuinbn skp qpbp @' @ —¢'- ¢ Imulghugh wpdpp 0-nuf, pwbh np @(x,ua)
nudnudp pujupupnud £ (2.4) uhqpujut wuydwbbpht tnybwpwp puwn pojnp p-tph,
U wyy wungwneny ¢(0, 1, ) = 0, ¢’ (0, 4, @) = 0:

Glukny (2.8) uwhuwunilhg, gpkup, np
(D(M' afy) P a pfy) = [(,’0(17.', wa)cos Py + ¢'(m, p, ) sin ﬁl] :
o, 1, @) cos By + @' (m, p, @) sin Bp] = ¢ - ¢ - cos By cos Bz +

+@ @' -cosPBysinfy,+ @ - -sinfy-cosP, + @ @' sinpy -sinBy:

b Unyytinipymt wubjny wyuntn hwuwind bp, np hw]wuwpmpyniap nknh ntth hwdwpgu
wuklniptp [0, 7]-nud:
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Bpt wju wpunwhwjnnmput dkp Fi-h b B-h wbkntpp thopbkup b Jbkpp qplws
wpunuwhwjnnpiniithg hwtkup vnwgqusp, wyw junwwp, np

q)(lu' a, ,Bl) : q)(lu' Q, ﬁZ) - (D(#' a, Bl) . CI)(/‘L' a, BZ) =
= @¢'[sinB, - cos B; —sin By - cos B,] + @' - @[sin B - cos B, —sin B, - cos B1] =

= [p@mua)- o' (mpa) — @' (m,p, @) - @' (1, @)] - sin(B, — B1) =
= f @2 (x, 1, @) dx sin(B, — B;)
0

hwdwdwj (2.16)-h: Lhdudw 2.3-p wyugnigyws k:

Zhwmbwtp: L(q, a,f) Munph ponp ubthwlwb wpdbpubpp wwpq o (Epk gpubp
gnjnipnih nitki):

Uwwgnyg: YMhgnip p'-p L(g, @, f) Nunph ubthwlwt wpdbpt b 2Zudwduyt wppt
wujwsh, wyl hpwluwt k &', a,p) =0 b ¢(x, 4", a)-u ubthulub $niuljghw k, npp
unybybu hpwljwhwpdtp kb wwuppbp £ unguwpwp qpn $niuhghwghg: Uy yuwngdwnny
(2.13)-n1d dwpt dwup gpuijuit b g = gt ghypmd: Gpk & (u*, a, ) = 0 (nhgnip B = By),
www (2.13)-h we dwunid Yhuh 0, wyuhtpl, dkp vnwind Lup hwlwunipini:
Ujughuny &(u*,a,B) # 0, wjuhtiph p* ubthwlwi wpdbpp wwupq b Ldw dung
wwugnigynud £ 2.3 (kuldwb:

Lhuuw 2.3, Swbljugws ay, a, € (0,7], a; # a, b B € [0, m)-h hwdwp wtnh nith

q—'(ﬂ, aq, ﬁ) ) qj(ﬂr az, ﬁ) - Lp(l‘l' ay, ﬁ)'-l-’(u, a3, ﬁ) .
sin(a; — a;) ’

[ v ax =
0

hwjwuwpnipmniip:

Ujuyhuny, dphbs wydd dbq Unnn wywugmgqus b, np L(g,m,0) jugph ubthwlub
wpdbplbpp q € Lk[0,7] nhwpnid ppnpp (hwpykih pyny) wupq bh, hpujuib &a b
hwunhuwnd &u 4,, n = 0,1,2, ... pytiph punwlniuhubpp, npnup ujuws hus-np ny-hg

(n = ny) mukh A, =n+a, (pnby |a,| < %) wbupp: Zhwnbwpwp, L(g, 7, 0) hunph
ulthwwl wpdtpbpp, npnup Yupwbwlkip pa(q,7,0), n=0,1,2,.. jupny kup
hwdwpulu ) wddwh jupgny®
to(q,m,0) < py(q,m,0) < -+ < up(q,m0) < - : (2.17)
Yhunwplkp wdd L(g, 7, 8), B € (0,7), juinhpp

Ly = A%y,
y(0) =0,

y(m) cos B+ y'(m) sinf = 0:
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Luth np @(x,4%,1m) = y,(x, 1), wyw L(g, 7, B) uunph ubthwliwb wpdtputpp htwnbjug
hwjuwuwpdwh wpdwnbbpb b (@ = 42)°

d(u,m,B) = y,(m, A) cos B+ y3(m, ) sinf =0

Bpth (2.13)-nud yipgutup a =, f; = B, f> = 0, myyw unnwinud kup

D, ,0) - D, ) — P(u,m,0)P(u, 7, f)
sinf

us
f yZ (x, Ddx =
0

hujwuwpnipnip, npp, puquuywnykng sin f-ny b pudwikny ®2(u, 7, 0)-ny, Yqpkup

m
sin
T | 7= -
0

d [ B)].

iloanol (2.18)

wtupny: Lwh np B € (0,7) ghwpnid wyy hwjwuwpnipjut dwp dwup puijub b
hpuwlut p-tph hwdwp (@ # pp(g,m 0), £k =0,1,2,..), wyu wjunbnhg punwd & np
Ziﬁjiﬁﬁi Ukpnunpd pniyghwie hpuljube p-tph nlwypnud (¢ # ) jupun Wwjugnn pmiyghw E
huy puh np p(q,m0)-t b pyeyq(gm0)-t phbintibp &b, wuw (e fice)
dhoulyuyplpnud) wyt iugnid k +o00-hg dhtish —oo: ZEnbwpwp wyn phtintubph vhel Yu
Ukl U vhwy uky g Yhw, npnud d(u 7w f)-t nuntmd £ 0, wyuhlipti' w, (g, 7 0)-h
#i+1(q,m,0)-h dhgl Yu L(g,7,B) Munph mnhn UEy ubthwljub wpdtp, npp dkup
Ylupwlwlklp & = pe44(q, 7, B): Gpk Uklp gnyg inwlip, np

eump) _

im ————==+w 2.19
u==00 ®(p, m, 0) 219)

wyw  uyy  Ukpnunpd  $mihghugh  Wjwquwh wwwndwnnd (=0, 4e(g,, 0))
Uhowljuypnid bu Ukl whqud @ (g, 7, £)-u punund £ 0: Uy 0-u (qu ubithwlw wpdtp

bE) Yupwtwlbup pe(g,m A-ny: Uju dun] Juwwgmgyh L(g,7, B) juunph ubthwlub
wpdbplbph puquUnipjut hwoybhnipiniiin b wyl, np nbnh niukh

#o(q, 1, B) < po(q,m,0) < - < pn(q, 7, B) < pin(q,m,0) < pinia(q,m, B) < - (2.20)
wihwjwuwpnipnibibpp, wyuhtiptt L(g,m,f) b L(g,m, 0) Nughpubph ubthwluib
wpdbtpubtph dkypugdhonipinip:

Npuybuqh wuyugnighip (2.19)-p, Ukp juywugmghip hbnbyuy jkudwt’

Lhuuw 2.4. t — oo niypmd
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te™ 1

- [sin asinf + 0 (?>] , tippa, B € (0,m),

Tt 1

%[sin[)’+0<?>], tppa =m,p € (0,m),
CI)(—tzla' ﬁ) = emt 1

T[sina +0 (?)], tppa = (0,m),8 =0,

em 1

_t[1+0(?)]’ tppa=m,p =0:

Uwwgnyg: Lwbh np y,(x, 1), y,(x, 1) pénudubph b bpwbg yi(x, ) b y;(x,2)
wéwugyuutph hwdwp huwynuh tu (1.10), (1.11) b (1.14), (1.15) guwhwwnwluuttpp,
npnughg ppunud Eu

eIlmZIn

21

sin AT ellmlln ellmlln'
y(m,A) =——+0 <—>, y5(m,A) = cosAm + O <—>,

y1(m, 1) = cosAt + 0 < ), y1(m,A) = —Asin A + O(e”m’””),

J) |1]2 1]

wuhdywnnunhl putwdbbpp, wyw Jipghtng 4 = it, p = 22 = (it)? = —t%, &(—t?,a,B)-
b hwdwp junwbwp

. _ ) e_’“ ) _ [sinint e_’”
d(-t%a,p) cosint + 0 ; sina cos 8 T +0 o) cosacosf +

et
+(it sinint + 0(e™)) sinasin f — cos int + 0 <T> cosasinf,

quuwhwihwljwbp, nphg p}unu[ hh EUdw 2.4-h wugmdubpp (hwoyh wnbbnyg, np

wt -t

cosimt = ,sinint = ) LEddwt wmywugnigjws t:

Ujuinbinhg, dtwubwnpuybiu, punwd k, np

o 2w o(=t*mp)
p—=-o0 ®(u,m,0)  to+oo d(—t2,1,0)

gy 1
— lim M:}L{g[tsinﬁ+0(l)]:

Q)

wjuhtipt wuyugnigyus k (2.19)-p b, hknbwpup, (2.20) wnbsnpynibp:

N

Uydu nhwnmplikbp L(g, @, B) atinhpp: L(q, 7, f) Jutnph ubthwlwh wpdtpltpp

o, B) = —P(umB) = O,1mpB) =0 (2.21)
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hwwuwpdw (nisnidubpt Bu: Pugutiu (2.18)-p hkwnbnud £ (Eudw 2.3-hg, wjtybu
(Ut 2.3'-hg wyugnigynud £

Lhutw 2.5. Sknh mith hkwnbjuy hwdwuwpnipyniip (@ € (0,7) phypnid)

d [¥(wa,pB) sina [ .
T v p)| T Y2 p) Of $*0ou p) dx : 2.22)

Ujuuntinhg pluntd &, np o= w(u 2 ﬂhpnt[npil) dnrujghwutt juhunn wjwqnn £

(—°°'llo(q' Tl.',ﬂ)), (.u()(qrnlﬁ)nul(qrn'ﬁ))) e (ﬂk(q:ﬂ,ﬁ)lﬂk+1(q,n—;ﬁ)))

Uhpwljuyptphg jmipwpwisnipnid, pn npmd Wjugqnud £ +oo-hg dhtigh —oo, L,
htnbwpwp, wyny dhowluyptkphg mipwpwbgnmipmd Ukl wbquud nwuntind £ O:
(e (@, 70, B, i1 (@, 7, B)) dhowluypnid puud 0-tt hwdwpwluklp k + 1 hunlwpny,
wyuhipt wytt Yhth pge1(q @, ) ubthwlwb wpdbpp: Ukq duwg wwwgnigh, np

:Eﬁ:g = +oo: Ppnp, wyu vwhdwbp, pun 2.4 (kddwgh b ¥y, a, ) = -, a, )

hwpwpbpnipjub, hwjuuwp £

lim,,, o

t
im cb(—tz,a,ﬁ) = lim %kinasinﬁ o (%)] = limtsina = +oo :
RSN e

Ujuyhuny judwlub a € (0,7) b B € (0, 7)-h hwdwp wknh niukl

to(q, @, B) < po(q, m, B) < po(q,m,0) < -
< tn(@, 0 B) < n(q, 1, B) < n(q,m,0) < -
wihwjwuwpnipnibtpp, npnup wwihu tu L(g, @, f) unph ubthwlwb wpdtpubph
Ynntljun hwdwpuuwnudp judwyuw (a, B) € (0, 7] X [0,7) qnijgh hwdwnp:

(2.23)

Lwth np u, = u,(q, @, f) ubthwlwb wpdbpubtpp g yupuwdbnph wyt wpdtpubpl
ki, npnug hunlwp wknh niih

o(m,p,a)cosf + @' (m,u,a)sinf =0,

huuuwpnipiitp, wyw 9,0 = @0 (@ 8), @), n=0,1,2,.., $nblghublpp
hwinhuwinid o ubthwlul il)mhllgbulhl:p, Un uhquullulh wpdbkphl
hwluyuwunwuiwbng: Llwbwuy by, 1l1n(x) 1/)(x un(q, @, B), B)-u u hwbinhuwtnd &
ubthwljwt $niulghw, npp hwdwywnwupwinmd g, ubthwlwt wpdbpht: Lwh np
Uy ubthwub wpdbpubpp ponpp wupq &u, wyw gooipgnit nukb ¢, = ¢,(q, @, B),
n =0,1,2,... hwmunwwnniubp, wjiyhuhp np

on(x) = b (x): (2.24)
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@n U, ubthwlub $nilyghwbkph L? tnputph pupwlniuhbpp pignibgws &
wowlulhy a, by, wyuhtpt’

T

an = an(q,,B) = f @5 (x) dx, (2.25)
0
_ def [ 2 .
b, =by(q,a,pB) = f P (x) dx (2.26)
0

a, U by, Ukdnipnitibpp Yngynid ko tinpdwynpnn hwunwwnnibp:
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§3. Cinipu-Lhnigpih ughpiubph pivnwihph ubkthwlwb wpdtputph niuyghwie

Utthwwt wpdbpubph juwpidudnmipiniup g-hg puwulwuht janpp niunidbw-
uhpquws E [12] b [19] wohiwnnipniuttpmd g € L4[0,7] nhyph hwdwp: Ukthwfub
wpdbtputph Jupuénipmniup @ b f wupudbnpbiphg hhdtwjuinid ntunidbwupp-
Unud kp htnlywy typutwlyny. gpught wuydwbtbpp pupdwynud Eht 4 nyptph’

1. sina # 0,sinf # 0, wyuhtpt a, B € (0, 7);
2. sina = 0,sinp # 0, wyupiph @ =7, B € (0, );
3. sina # 0,sinf = 0, wyupuph @ € (0,7), = m;
4. sina =sinf = 0, wyuhipia = m, 8 =0,
b wpmynibpubpp, dwubwynpuybu ubthwlwit wpdbpubph wuhdwywununplud,
Ahuljipyynid Eht wmnwtidht 4 nhypbph hwdwp wipudwut wpnruwlp pipus
L [17]-nud).
™

2 1
1) un(q,a,B) =n*+ ;(ctgﬁ —ctga) + ;f q(t) dt + 1 (q, . B),
0

3.1)
tpt sina # 0,sin B # 0, wyuhuph a, B € (0,7),

2 T
2) un(q,m, B) = (n + %) +§ ctgf + %f q(t) dt + 1r,(q, B), tipk sinp # 0, (3.2)
0
2 T
3) un(q, @, 0) = (n + %) —; ctga + %f q(t) dt + r,(q, @), kpk sina # 0, (3.3)
0
1 T
D @m0 = @+ 107+ [ g de 41 (@) (4
0

nputn 7, = 0(1), kpp n = oo, puyg wju guwhwinwljuipn hwjuuwpwswh sk pun
a,B €[0,7] b (3.1) pubwdlhg hupwynp sk vnwbwy dhwgusp @ - 7 Jud g - 0
uwhdwbwhtt whgnudubpny: Ujuhly, husybu gnyg Yupyh uwnnpl, ubthufu
wpdbpubph Yuwpquénipmiip @ b f wwpwdbwnpbphg nnoply b (bnyuhuly
whwihwinhly), b Ukup nignud kup nitktuy Ukl pwtwdl snpuh thnjowpkl, npp hwoih
Junth wyn nnnpl juhpdusnipmitp: Uyp tyuwnwlny juwwgnighip htnbyug
wunnudp:
PBhoptd 3.1, Udbtwthnpp ubthuwwb wpdbpp, p(q, @, B)-u, muh hhwnbyug
hwwnlnipiniup.

lim uo(q, @, p) = —oo, ll;iglruo(q.a.ﬁ) = —oo; (3.5)

Un(q, a, B) utthwjut wpdtpubph hwdwnp, tpp n > 2, mbnh nitth hinlyw) pupbwdlp.
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(g @ B) =n+& (e, +ql+n, n=23., 3.6)
nputn [q] = 2 [ a(x) dx,

1 cosa
6p(a, B) = —|arccos -
n J[n + 8, (a, B)]? sin? a + cos? a

cosfB 3.7)

JIn+ 8,(a, P2 sin? B + cos? B

— arccos

huly r, = 1,,(q, @, B) = 0(1), kpp n = oo, hwjwuwpuwswih pun popnp , B € [0, 7] b ponp
q-tph L%[0, 7]-h vwhdwbwihwy upwpuqunipmiutphg (Ukbp Ygpklp g € BLE[0, 7]):
U &ogppun

n

(g, a,B) = +%f q(x) cos 24/ u,(q, @, B) xdx + O (%),hph a € (0,m),

0 (3.8)

1 1
r(q,m pB) = —EJ. q(x) cos 2y un(q, @, B) x dx + 0 (Z):
0

Yhungmpynt 3.1, Bhyng B.7)p §,(e, f)-h hudwp ubphuyugmd sk, wy dhuyl
hujuwuwpnud (npubugkinkin), wjt pujuluiht hwpdwp b 8,(a, ) $mulghwgh b
ubthwljut wpdbpubph wuhdwununhluyh hbnwgnudwi hwdwp: Twubwynpuybu,
(3.1)-(3.4)n (3.6) u (3.7) pwwdltiph htmbwupubpt i, b (3.6)-nwd dkup Jupnn Lup
wligul) uvwhdwtp, bpp a —» 7 jud f - 0:

inpbd 3.1-p wyugnighine b ubthwlwb wpdbpubph Jupjwsénipmniup a b g
wuwpwubnpbphg hbnwgnubine  hwdwp  dbup  Yubpdostup  Cunipd-Lhnighih
uunhpubph puinwuhph ukthwlw wpdtpubph $niulghuyh (U.U.S.) qunuthwpp:

Uhly wyn, tjuwnbup, np judwjuljwb y € (0,00) Juphkh k ubpjuyugut; y = a +
mn whkupny, nputn a € (0,7], hull n=0,1,2, ..., b judwywlub § € (—oo,m) Juphih k&
ukpjuyuguly § = f — mm nbtupny, npntn B € [0,7), huym =0,1,2, ...
Uwhdwinwd 3.1. x(,) tpynt hnthnpuwluih $nityghwb, npnpqus (0, 0) X (—oo, )
puqunipjut pw
u(y,6) = ula + 1k, B —wm) = tyesm(q, @, p), a € (0,7], B € [0,7),k,m = 0,1,2,...,  (39)
putiwdlny, juiquitip {L(q, @, B), @ € (0,7], B € [0, )} nunhputph punwihph U.U.$.

Uwhdwidwt hdwuwnp qwy wuwunlbpugubnt hwdwp wwbp tlwp, npubn
U.U.5.-h npnodwtt nhpnypep pudwtgws b punwlniuhubph, npnughg wdku JEynud
U.UL3.-u hundpulunud £ hudwyuwnwupwt hwdwp niikgnn ubthwljwb wpdtph htin:
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SA
|
w |
Bl mo | my | M2 | bs Hn | Bnit -
o] a« [m 2 [3m |+ |4 D ;
Hy Hz | U3 Hn
-
Ha Hs Hn
—2m
Hs Hn
—3m
Hn
Hn Hns1
—nm
Hn+1
—(n+ Dm

Uwnnpl pipynn pinpbdp tupugpnid £ U.ULD.-h npnp hwnnipiniaubpp:
Bhnpkd 3.2. U.U.S.-t odinduid k htinlbju hwinlnipiniiikpnd.

w) Ukl Uph $hpuws B-h hwdwp (B € [0,7)) u* (y) “ pu(y, B) $niujghwt juhunn w&nid
E (uwdpnne (0,00) Yhuwwnwbgph Ypw), b tpw wpdbpukph whpnypp wdpnne
hpwjwt wpwigpt k: Udkt dph $hpuws a-h hwdwp (a € (0,7]) () o u(a, 8)
$mtjghutt uhun wjugqoud £ ((—o0, ) Yhuwwnwigph Ypw), b tpw wpdbpubph
wnhpnypn wdpnne hpwlwh wpwgpl k:

p) Uikl uh (,6) € (0,0) x (—o0,7) Yhnh hudwp gnmpymih mbh wyy Yhwnh U, 5 € €
2ngwljuyp, nph Ypw npnpws b dhwpdtp whwihnhy $nibyghw A(7,8) (7, § bpyne
Unduybpu  thnthnjuwfubitkph), npp hwdpuljund b p(y,6) U.UD-h  htwn
wpgmuknibph hpuljwl wpdbpubph phuypnid: Uy Yhpy wuws u(y, §) U.U.S.-4
hpwlub whwhnhy $niulghw k (0, 0) X (=0, 7)-nru:

q) Gppn =2 b u,(q, @, B) = 0, ntinh nitth htnlyw) pubwdlp.

Vin(q a,B) =n+6(a,B) +2[n++](mﬁ)]+fn(q,a,ﬂ). (3.10)

npntn dbwgnppujhtt winud £, = £,(q, a, )=ol hujuuwpwsw uwn pnjn
pntn gnpruyj T} n puay puin pojnp

apelon b qeBLhlon] b pugh wm, af € (0,m) nrupnid £(x) 2 5,4,
sinnx $niuljghwl pugupdwly wiptinhwwn £ (0, 27)-nud, wyuhtipl € € AC[a, b] wdkl
uh [a, b] hmnwsh hwdwp, npb puws & (0, 2m)-nud ([a, b] < (0, 27)):
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hnptd 3.2-h w) b p) Yhnbpp juyugnmghip wju wupugpudnid, q) Yhnp
Juwwugnigyh §4-nul: Bhnpkd 3.1-p inyuybu juuugnigyh §4-nud:

Uydd, U.U.D. mbwjhnhnmpju (p) YEnp) wuyugnygh hwdwp wpwehtt hippht
uinklip, np ® (i, @, B) punipwgphs $nilyghwi Jupnn kup gplp htnljuy wkupnd’

P y1¥2) = (i y1) cosyz + @' (7, y1) sinyz,

b wyt nhnwupll] npybu Epkp Ynduykpu thnthnjuwljwitbph wipnne $niughw (nku
ptnptd 1.1): Zudwduwygl (bddw 2.3-h, ®(u,y1,¥2) punipugphs dniulghugh qpoubpp
wuwpq LU Gpypnpn, oquykp wipuguwhwyn $niuljghuyh dwuht phnpbdhg, htnlyug
Alruljkpunudng (inku [20], ko 166):
PEnpkd 3.3 (whpugwhwyn $nibghugh dwupb): Thgnip y € €2, p € C, F(u,y): U - C,

npunbn F-p (4o, ¥o) Yhnh npnp U ppowaljuiypnid npnpyws whwipinhly $niiijghm k, plg
npoid

oF
Em (40,70) # O:

Uy niypnud F(w, y) = F(lo, ¥o) hwjuuwpnidhg (u-h tjundwdp) dhwpdtp npnoynud
ki =fly): V- C $mulghub, nptt wbwjhnhy & ¥, YEwh npnp V oppwluypnid
wjbighuhti £, np F(A(¥), ¥) = F (4o, ¥o) pninp y-ukph hwdwp V-hg:

Nputu  F(ry) wdd  Jbpguklp @) = @ y1,v2) = ¢(m 1 y1) cosyz +
@'(m, 1, v1) siny, pumpugnhy pnilyghwi, npp hwbghuwbmd E 4, y;, ¥, Epkp §nuy kpu
tnthnjuwubttph wipnne nitlghw: thgnip yP-b judwjulul gpuljub phy b npp
Uklip Yubpluyughkbp htwnlyuy nkupny y? = a + 7n, npunkn « € (0,7, n=0,1,2,..
y? =B —mme€ (—o,m), npnky B €[0,7), m=0,1,2,... G nhgnip uo = p@d,vd) =
ula +mn, f —mm) = pym(a, f): Uyy nhypnoid,

(o, ¥7,v2) = (D)™, o, @) cos B + @' (1, po, @) sin f] = 0:

L(g,a,f) pugph ubthwlwb wpdbpubph wwpqmpmnithg htwnbnwd k op
Z—i (1o, 2, v3) # 0: Ujuinkinhg, hwlwduyh whpuguwhwyn $nmtlighuyh dwuht phnptuh,
htwnlnd E np gnmpgnit mth (v, y9) Ykwnh nplk V Ynduykpu ppewljuyp, npinkn
Uhwpdbpnpkl npnoqwss E fi(yy, y,) whwihwnhl $nitiyghw, wjtwhuhl, np @20r2,v9) = po,
Q) v1,¥2) = Do, v, ¥2) =0, poinp (y1,¥2) €V hunfup: - Uwubunpuiggbu,
¥ =(y1,¥2) €V hpulub qnygkph hunfwp Z(y1,¥,) = u(y1,v2): Lwlh np (,¥2)-t
(0,0) X (=00, ) pwqumipyull juduwyulub Yhwn L wwyu p(y,y,) ubhujub
wpdbpubph $niuljghwyh whwihnhynipmniip wywgnigdus b, wyuhtipt wywugnigyws k
ptnpbd 3.2-h p) Yhwp:

Ulglbnyg w) twnh wuwwugnijght, twhu wwwugnigkp, nn
ut() b p () niujghwbkiph wpdtputiph whpnypep wdpnne hpuwjwh wewbgph b Ypw
huwdwp pujului t wywgnigh), np guuugws pgy € R-h hwdwp gnjnipmnit nith
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By € [0,m), wtnghuht, np Bp, (o) = 9T, o, @) €08 iy + @' (1, g, @) sin fy = 0 (afutrur-
whu, pujuljut k wyugnigh], np gnpnipjnit niuh aq € (0, 7], wyiyghuhl, np Yo, (1e) =
Y(0, o, B) cos ap + ' (0, o, B) sin g = 0): Ppnp, kpk ¢ (7, 1o, @) = 0, p|kipgukp By = 0,

hul bl ¢ (m, 10, @) # 0, wgw Yyipglikup ctg By = — L 742 (wlih &how, Yytpglkip

Bo = arcctg (— %)): u*-h nhypp wywgnigynud £ tdwb dliny:

Ulighiklp pt ()-h wdwb b u~ (1)-h tuquubt wyugnyght:
Lbduw 3.1. Sknh nibkb htnbyw) hudwuwpn pymabtpp'

w@.B) I "
4 y=a+nn an(q’a'ﬁ) ( )
au(a, ) N
B Nypon  ulgap) (3.22)

Uwwgnyg: Cunn @(x,pu,y) mddwt b pu(,) UUD.-h vwhdwidwl, ¢(x,uly,p),v),
y € (0,0), $miulyghwt hwinhuwimd t u(y,B) = pla +an, ) = u,(a, f) ubthwljul
wpdbph hwdwywunuwupwt ubthwuluwi $niughu: Ujuyhuny, nknh niubku hbnbyug
unyumpmibtbpp! (Gup&nipjut hwdwp Yqpkup @ (x, u(y, B),v) = ¢(x,v)).
=" (%) + q(e(x,y) = uly, Bex,y),

="y +8y) + q()pCx,y + Ay) = p(y + Ay, BoCx,y + Ay):
Puquuyunltiny wnwghl inympnip ¢ (x,y + Ay)-ny, huly kppnpngp @(x, y)-ny,
b Epypnpnhg hwukng wpwehtp, unwunid kup htwnlyw) tnyunipniup.

d
o [o" e, V)olx,y +Ay) — @' (x,y + AY)o(x, )] =

= [u(y + 87, 8) — 1. Pl (x, V)@ (x,y + Ay):

bPuwnbgptny Jpghtt inyunipiniup pun x-h 0-hg 7 b hwoyh wnbbng, np @ (0,1, y) =
siny, ¢'(0,4,¥) = —cosy pnnp Yndujytpu p-tph hwdwp, huy ¢(x,y) = ¢ (x, uly, £),v)
ubithwljwb  $nijghwtt  pudupupnud t @(m,y) cosf + @' (m,y) sinff = 0 Lqpuyhle
wuplwithl (pnpnp hpuljwh y-kph hudwp), vnwbnd Gup'

™

sindy = [u(y + 4y, B) — u(y, B)] f @ y) @(xy +4y) dx:
0

Pudwikyny Ay-h Jpu b Ay dqunkghtny 0-h, junwbwbp’

_owwp) |
1= f P20y, B dx (6.23)

1

‘Unyunipjntt wubiny wjunbn hwulwind Gup, np hwjwuwpnipmitip wmbknh mth hwdwpyu
wuklniptp [0, 7]-nud:
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b, vwubwynpuwbu, kpp ¥y = @ + 7n, uvnwind up (3.21) hwjwuwpnipnitp: Ldwb
nuunnmpnibbbpng - P, 6)  msdwt hwdwp  uvnwind Gup hbnbyug
hw]wuwpmpniap’

1= 6“(“ 8) f W2(x, u(a, 8),8) dx, (3.24)

npntnhg, bpp 6 = f —mn, vnwinud bup (3.22) hwwuwpnipniip: Lhddw 3.1-p
wywugnigyus k:

Lwh np py,s) uwbthuub wpdbputph $nitlghwyh wpdpubpp hpwlwb ko,
ponp ¥ € (0,0) b § € (—oo,m) hwdwp, hull hpwfwt g, y, 6-h hwdwp @, py) b
P(x, 1, §) nusnudubpp hpuut o b wyy (nusnudubpp mupplpynud Eu tnybwpwp 0-hg
(qu htnbnd  (2.4) & (2.5) uljqphwljut yuydwutphg, npnug pujupupnud B ¢-ht b
Y-htr), muygu (3.23) —nud b (3.24)-n1d vwutiuljgnn hhmhqpul[hhp]} npuijut kb, npunknhg
hbnbnd k a“(y £) woéwugyuh npuljub jhukpp b aﬂ( u.lbu.lhg]m]_h puguuwljui

1hubp:
Ujuyhuny, pnpbd 3.2-h w) b p) YEnkpp ;phy wywugnigqus tu:
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